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Zusammenfassung 

Das Hepatitis-B-Virus (HBV) ist ein kleines, behülltes Virus mit einer zirkulären, überwiegend 

doppelsträngigen DNA. Eine Infektion mit dem Virus führt beim Patienten zu einer akuten oder auch 

chronischen Infektion der Leber. In der akuten Phase der Infektion spielen die körpereigenen CD8+ T-

Lymphozyten eine entscheidende Rolle bei der Virusabwehr. Beim Übergang von einer akuten zu einer 

chronischen HBV-Infektion kommt es zu einem Versagen der zellulären Immunantwort gegen das 

Virus. Bei der Analyse von CD8+ T-Lymphozyten in chronisch infizierten Patienten dominieren T-

Lymphozyten mit einem Phänotyp, der durch Merkmale charakterisiert ist, die auf Erschöpfung oder 

Gedächtniszellen hinweisen. Betrachtet man die Interaktion von CD8+ T-Lymphozyten mit infizierten 

Hepatozyten stellen Epitope aus der Core-Region des HBV Genoms ein bedeutendes Ziel dar. 

Interessanterweise könnten zwei verschiedene virale Proteinquellen als Ursprung der präsentierten 

Epitope der Core-Region dienen: Zum einen könnten die Epitope vom Core-Protein stammen, das aus 

der prägenomischen mRNA (pgRNA) translatiert wird und das virale Nukleokapsid bildet. Zum anderen 

könnten die Epitope vom N-terminal verlängerten Precore-Protein stammen, das aus der precore-

mRNA translatiert, anschließend prozessiert und als Hepatitis-B-Virus-e-Antigen (HBeAg) sezerniert 

wird. 

Der HBeAg-Status des Patienten dient als wichtiger diagnostischer Marker für die Prognose und 

Klassifikation der chronischen Hepatitis-B-Erkrankung. Eine HBeAg-positive chronische Infektion ist 

durch eine hohe Viruslast und geringe bis nicht nachweisbare CD8+ T-Zell-Antworten gekennzeichnet. 

Im Gegensatz dazu ist der Übergang zu einer HBeAg-negativen chronischen Infektion (HBeAg-

Serokonversion) mit einer verstärkten Aktivierung HBV-spezifischer CD8+ T-Lymphozyten assoziiert. 

In HBeAg-negativen chronisch infizierten Patienten können häufig zwei Mutationen im Virus 

nachgewiesen werden, die mit einer verminderten oder fehlenden HBeAg-Sekretion assoziiert sind. 

Die erste Mutation befindet sich in der basalen Core-Promotor-Region (BCP) des Core-Promotors, 

welcher für die Transkription der pgRNA und der precore mRNA verantwortlich ist. Diese Mutation 

umfasst zwei Nukleotidaustausche an den Positionen A1762T und G1764A und wird als BCP-

Doppelmutation (BCP mut.) bezeichnet. Die zweite Mutation führt durch den Austausch eines Guanins 

durch ein Adenin an Position 1896 (W28*) zu einem vorzeitigen Abbruch der Translation der precore 

mRNA. 

 

Ziel dieser Arbeit war es, den Beitrag von Precore/HBeAg-Peptiden zu den auf der Zelloberfläche 

präsentierten Epitopen festzustellen und die Auswirkungen des Verlusts von HBeAg auf die CD8+ T-

Lymphozyten-vermittelte Immunantwort zu untersuchen. Für diese Untersuchung musste zunächst 

ein HBV-Zellkulturmodell etabliert werden. Dabei diente in vitro generierte kovalent geschlossene 

zirkuläre DNA (cccDNA) als Grundlage, die in HepG2-hNTCP-Zellen eingebracht wurde. 
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Die Fragestellung sollte an Viren der Genotypen A und D untersucht werden, da diese den Großteil der 

in Deutschland und Europa zirkulierenden HBV-Stämme repräsentieren. Zusätzlich zu den von 

Patienten gewonnenen Virussequenzen wurden Konsensussequenzen der Genotypen A und D erstellt, 

um die genetische Diversität angemessen abzubilden. Die Analyse der Düsseldorfer HBV-Kohorte 

iden*fizierte, neben den bereits bekannten HBeAg-Muta*onen (BCP-Muta*on und W28*), eine 

vorwiegend im Genotyp A auAretende Muta*on im Startcodon des Precore-Proteins (Startmuta*on). 

Zudem wurde nachgewiesen, dass sich die Genotypen in Bezug auf HBeAg-selek*erende Muta*onen 

unterscheiden. Genotyp A zeigte eine heterogene Verteilung, während Genotyp D eine homogenere 

Verteilung der HBeAg-Muta*onen aufwies. 

In den durchgeführten Experimenten führten alle Precore-Muta*onen zu einer Reduk*on der HBeAg-

Sekre*on, wobei quan*ta*ve Unterschiede zwischen den einzelnen Muta*onen auAraten, jedoch 

unabhängig vom Genotyp. Die BCP-Muta*on bewirkte eine Reduk*on, jedoch keinen vollständigen 

Verlust von HBeAg, während die W28*-Muta*on und die Startmuta*on zu einem vollständigen Verlust 

von HBeAg führten. Darüber hinaus wurden Zellen, die mit cccDNA transfiziert waren, als Zielzellen für 

CD8+ Reporterzellen verwendet, welche einen HBV Core- oder HBV Surface-spezifischen T-Zellrezeptor 

(TCR) exprimierten. MiDels dieser TCR-Reporterzellen konnte nachgewiesen werden, dass der Verlust 

von HBeAg mit einer Reduk*on der Ak*vierung der Core-spezifischen Reporterzellen korreliert. 

 

Die Ergebnisse dieser Studie zeigen, dass, obwohl die Anwesenheit von HBeAg ein wichtiges 

Entwicklungskriterium für die Progression zu einer chronischen Infektion darstellt und zur 

Immuntoleranz beiträgt, von HBeAg abgeleitete Epitope dennoch maßgeblich zur Präsentation auf der 

Zelloberfläche beitragen. Diese Entdeckung stellt einen wich*gen SchriD zum Verständnis der viralen 

HBeAg-Serokonversion dar und könnte zur Entwicklung verbesserter Therapien beitragen, mit dem 

langfris*gen Ziel einer funk*onellen Heilung der HBV-Infek*on. 
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Summary 

The hepa**s B virus is a small, enveloped virus containing a relaxed circular DNA. The virus can cause 

an acute or chronic infec*on of the liver. During the acute infec*on, CD8+ T cells are essen*al in 

controlling the ongoing infec*on. The development of a chronic HBV infec*on is associated with a 

failure of the cellular immune response against the virus. During chronic infec*on, CD8+ T cells exhibit 

an exhausted or memory-like phenotype. Epitopes in the hepa**s B core region are an important 

target for HBV-specific CD8+ T cell-directed immune control. The epitopes in the hepa**s B core region 

could originate from two dis*nct viral proteins. The core protein, which is translated from the 

pregenomic mRNA (pgRNA) and forms the viral nucleocapsid, and the N-terminally elongated precore 

protein, which is translated from a different viral transcript (the precore mRNA) and further processed 

and secreted as the Hepa**s B virus e-an*gen (HBeAg). The HBeAg status is used as an important 

serological diagnos*c marker for disease prognosis and classifica*on of the chronic disease stages. 

While an HBeAg-posi*ve chronic infec*on is characterized by high viral loads and weak or even 

undetectable CD8+ T cell responses, the transi*on to HBeAg-nega*ve chronic infec*on (HBeAg 

seroconversion) is associated with an increase in ac*va*on of HBV-specific CD8+ T cells. Upon HBeAg 

seroconversion, two types of muta*ons that are associated with decreased HBeAg secre*on are 

frequently selected. The first muta*on is located in the basal core promoter (BCP) region of the core 

promoter responsible for the transcrip*on of the pgRNA and the precore mRNA. The muta*on 

comprises two nucleo*de exchanges at posi*on A1762T and G1764A, called the BCP double muta*on 

(BCP mut.). The other muta*on associated with HBeAg seroconversion is a muta*on in the N-terminal 

elonga*on of the precore at posi*on G1896A which introduces a stop codon (W28*). 

The project aimed to beDer understand how precore/HBeAg pep*des contribute to the epitopes 

presented on the cell surface. The hypothesis of this work was that loss of HBeAg leads to a decrease 

in the abundance of epitopes for HBV-specific CD8 T cells, thereby contribu*ng to a CD8+ T cell immune 

escape. 

The HBeAg muta*ons in the Dusseldorf cohort were analyzed, and an HBV cell culture model that uses 

the covalently closed circular DNA (cccDNA) in HepG2-hNTCP cells as a star*ng point was established. 

Sequences from HBV genotype A and D infected pa*ents and inferred consensus sequences were 

u*lized in the HBV cell culture model to test the hypothesis. Furthermore, the cells transfected with 

the cccDNA were used as targets for CD8+ reporter cells carrying a core- or surface-specific T-cell 

receptor (TCR). 

 

Analysis of the Düsseldorf HBV cohort indicated, besides the two known HBeAg-altering muta*ons, a 

predominantly in genotype A occurring third muta*on in the start codon of the precore protein. 
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Further, it was shown that in genotype A, a more heterogenous, and in genotype D, a more 

homogenous distribu*on of HBeAg-altering muta*ons was found. 

In the HBV cell culture assay, all precore muta*ons decreased HBeAg secre*on with quan*ta*ve 

differences between muta*ons but independend of the HBV genotype. The BCP muta*on resulted in 

a reduc*on but not a loss of HBeAg, whereas the G1896A stop muta*on and the start codon muta*on 

led to a loss of HBeAg. 

Introducing the reporter cells containing the core-specific TCR into the HBV cell culture model could 

demonstrate that the loss of HBeAg correlated with a reduc*on in ac*va*on of the reporter cells, 

whereas this did not affect the reporter cell containing a surface-specific TCR. 

The results of this project provide evidence that despite the contribu*on of HBeAg to an immune 

tolerant state at the beginning of a chronic infec*on, HBeAg-derived epitopes contribute to the 

presented pep*de repertoire in the tested model system. This discovery is an important step in 

understanding the viral HBeAg seroconversion and could contribute to developing beDer therapies 

with the ul*mate goal of a func*onal cure of HBV infec*on. 
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The virion (Figure 1 A), previously known as the Dane par*cle, has a diameter of 42 nm and consists of 

a nucleocapsid enclosing the circular, par*ally double-stranded DNA bound to the DNA polymerase. A 

lipid envelope surrounds the nucleocapsid, carrying the embedded small (S), middle (M), and large (L) 

hepa**s B surface an*gens (HBsAg) [11]. During replica*on, addi*onally rod (22 nm) and spherical 

(17- 25 nm) shaped subviral par*cles (Figure 1 B) are released from infected cells previously described 

as the “Australian an*gen”. These par*cles comprise the lipid envelope with the HBsAg present but 

without the nucleocapsid or viral DNA [12].  

 

Today, viruses are classified taxonomically by the Interna*onal CommiDee on Taxonomy of Viruses 

(ICTV). HBV belongs to the Hepadnaviridae family, which cons*tutes small enveloped viruses with 

par*ally double-stranded DNA and a narrow host range [13]. The Hepadnaviridae family includes five 

genera, with HBV belonging to the orthohepadnavirus genus. The orthohepadnavirus genus differs 

from the other genera in the Hepadnaviridae family by a 20% nucleo*de sequence divergence and can 

only infect mammals [14]. The orthohepadnavirus genus comprises twelve known species, each with 

a highly conserved species and *ssue specificity. The members of the Hepa**s B virus species infect 

Hominidae, whereas the other members of the genus infect rodents (woodchuck hepa**s virus, 

ground squirrel hepa**s virus), bats (Long-fingered bat hepa**s B virus), shrews, or ar*odactyls [15].  

 

1.2 Hepa''s B virus genome 

The isola*on of the viral DNA in 1974 by Robinson et al. made it possible to inves*gate the viral genome 

[8]. In the viral par*cle, the genome is present as a rela*vely small, par*ally double-stranded relaxed 

circular DNA (rcDNA) with an approximate size of 3200 base pairs (bp) [16] (Figure 2 A). The viral 

genome consists of a full-length minus DNA strand with the coding informa*on and an incomplete plus 

DNA strand [17]. The minus strand displays an overlap at the 5’ end where the viral DNA polymerase is 

covalently bound [18]. The posi*ve DNA strand covers two-thirds of the viral genome of HBV and 

overlaps with the 5’ and 3’ ends of the minus DNA strand, ensuring the circular structure of the genome 

[19]. The coding informa*on is organized in four overlapping open reading frames (ORF). The largest 

ORF encodes the viral polymerase (Pol). Inside the Pol ORF, the surface proteins are encoded in a +1 

shiAed ORF (S). The S ORFs feature three transcrip*on ini*a*on codons, pre-S1, pre-S2, and S, resul*ng 

in different subgenomic RNAs. The Core ORF (C) par*ally overlaps with the Pol ORF and contains two 

transcrip*on ini*a*on sites transcribing the precore RNA and the pregenomic (pg) RNA (Figure 2 B). 

The X ORF is the smallest and par*ally overlaps with the Pol ORF. It encodes for the X protein [20]. The 

viral transcripts of subgenomic and genomic RNAs differ with their 5’ ini*a*on site, but all have the 

same 3’ terminus [21]. 
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neutralizing an*bodies [37]. Besides func*oning as a structural protein in the viral envelope, the 

func*on of the M-HBsAg is not well described. It func*ons as a transcrip*onal ac*vator [38] and 

harbors a cell permeability mo*f [39]. The preS1 N-terminal extension in the L-HBsAg is essen*al for 

binding to entry receptor NTCP and entry into the host cell [40,41]. 

 

1.2.2 Viral non-structural proteins 

The viral polymerase is a versa*le mul*func*onal tool for the virus. The Pol ORF covers 80% of the viral 

genome and consists of three func*onal domains and a spacer. The so called terminal protein (TP) 

domain is located at the N-terminus. The domain func*ons as a linker-protein aDached to the first 

nucleo*des of the newly formed minus DNA strand [42,43]. A highly variable spacer region *es the 

terminal protein domain to the other two domains [44]. The other two domains are the 

polymerase/reverse transcriptase domain, which displays a DNA- and RNA-dependent polymerase 

func*on [45], and the C-terminal RNase H domain, which degrades the pgRNA template during reverse 

transcrip*on [46]. 

 

Hepa**s B x-protein (HBx) is a regulatory protein with a wide variety of func*ons. The protein can 

interfere with cellular prolifera*on, DNA repair, transcrip*on, and signalling [47–49] but is also involved 

in the transcrip*onal regula*on of the viral genome [50]. 

 

The last non-structural protein is the hepa**s B e an*gen (HBeAg) and its precore precursor protein 

(Figure 4). HBeAg was discovered in 1972 by Magnius when he studied HBsAg posi*ve sera [51]. HBeAg 

is a secreted form of the core protein with completely different processing and func*ons [52,53]. It is 

transcribed as the precore RNA star*ng from a 29 aa N-terminal extension of the Core ORF [10]. HBeAg 

is found in all known orthohepadnaviruses [54] and derived from animal studies, the protein is not 

required for infec*on, replica*on, or assembly [55,56]. The precore N-terminal extension sequence 

contains a signal pep*de that directs the translated precore protein from the cytosol into the 

endoplasma*c re*culum (ER). In the ER, the cellular signal pep*dase cleaves 19 aa from the NTD [57]. 

The remaining 10 aa long extension mediates the forma*on of a disulfide bond between the cysteine 

at posi*ons 7 and 61, preven*ng a mul*meriza*on of the protein [58]. The protein is further 

transported via the cons*tu*ve secre*on pathway into the Golgi apparatus, where the C-terminal 

domain is cleaved by a furin-like protease [59], resul*ng in the mature secretory HBeAg. The role of 

HBeAg was not clear for a long *me, but several studies over the years demonstrated 

immunotolerogenic and modulatory func*ons [60]. Further, in chronically infected pa*ents, the loss of 

HBeAg from the serum can occur and is an important marker of disease progression.  
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1.3 Hepa''s B virus replica'on cycle 

HBV not only displays a very narrow host tropism but is also only able to produc*vely infect 

hepatocytes, the parenchymal *ssue of the liver. The circula*ng virions reversibly aDach via their 

surface proteins to heparin sulfacte proteoglycans (HSPGs) on the hepatocytes [67] (Figure 5). The 

aDachment to the HSPGs is followed by an irreversible binding to the sodium taurocholate co-

transpor*ng polypep*de (NTCP) [68], a hepatocyte-specific acid bile transporter [69]. AAer binding, 

HBV is assumed to be internalized via clathrin-dependent endocytosis [70]. The virus is transported via 

the endosomal pathway, but it is s*ll poorly understood how the HBV nucleocapsid is released into the 

cytoplasm [71,72]. In the cytoplasm, the nucleocapsid containing the relaxed circular par*ally double-

stranded DNA (rcDNA) is transported along microtubules to the cell nucleus [24]. The rcDNA aDached 

to the viral polymerase is released into the nucleoplasma [73]. In the nucleus the rcDNA is “repaired” 

to form the covalently closed circular DNA (cccDNA), but the exact mechanisms and enzymes involved 

are not clear yet [74]. The cccDNA binds to cellular histones to form some sort of mini-chromosome 

[75] and func*ons as the transcrip*onal template for the six viral RNAs. The precore RNA and the 

pregenomic RNA (pgRNA) transcrip*on is coordinated from the core promoter. The preS1 RNA 

transcrip*on is directed from the PreS promoter. The S promoter is responsible for the inita*on of the 

preS2 and S RNAs. At last the X RNA is controlled by the X promoter [76]. The capped and 

polyadenylated RNAs are transported via host factors in an unspliced form out of the nucleus into the 

cytoplasma [74].  

The X-proten (HBx) is translated from the X RNA. It is believed that the X-protein is one of the first 

expressed proteins as it seems to play an important role in the transcrip*on regula*on of the cccDNA 

[50]. The large hepa**s B surface an*gen (L-HBsAg), the middle (M)-HBsAg and the small (S)-HBsAg 

are translated from the preS1 RNA, preS2 RNA and S RNA. The different HBsAgs are transported to the 

lumen of the endoplasma*c re*culum (ER) where they play part of the envelopment of the viral 

nucleocapsid. The hepa**s B e-an*gen (HBeAg) is translated as the precore protein from the precore 

RNA. The precore protein is processed as explained in detail on page 5 (sec*on 1.2.2) and secreted via 

the ER as HBeAg from the cell.  

The core protein (HBc) and the polymerase (pol) are translated from the pgRNA. Both proteins and the 

pgRNA are further involved in the complex forma*on. The viral polymerase binds the packaging signal 

ɛ near the 5’ end of the pgRNA inita*ng the encapsida*on by the core protein dimers [42]. AAer the 

forma*on of the nucleocapsid the reverse transcrip*on of the pgRNA is ini*ated. The pgRNA is 

covalently linked to the polymerase and the complete minus DNA strand is synthesised followed by the 

plus strand resul*ng in the rcDNA [23]. The mature nucleocapsid containing the rcDNA and polymerase 

can now be transported in two direc*ons. It is assumed that early on in the infec*on the nucleocapsid 

is transported back into the cell nucleus leading to aggrega*on of up to 50 cccDNA copies for an 
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enhanced viral protein expression [77]. The other route is the envelopment by the lipid bilayer 

containing the surface proteins and the release of virions via forma*on of mul*vesicular bodies 

accociated with proteins from the endosomal sor*ng complex required for transport (ESCRT) [78]. 

Similarly it was found that the subviral par*cles are released by the forma*on of mul*vescular bodies 

[79].  

 

 

Figure 5 Hepa''s B virus replica'on cycle: HBV binds the NTCP receptor on the surface of the hepatocyte. The 

virion is transported into the cytoplasm. The nucleocapsid containing the relaxed circular DNA (rcDNA) is 

transported to the cell nucleus. The rcDNA is transported into the nucleus, forming the covalently closed circular 

DNA (cccDNA). The cccDNA is the basis for all viral transcripts. The different viral RNAs and the pregenomic RNA 

(pgRNA) are transcribed. The pgRNA translates the core protein (HBc) and the polymerase. Further, the pgRNA 

and the polymerase are encapsidated by the HBc. During encapsidaAon, the pgRNA is reverse-transcribed into 

rcDNA by the viral polymerase. Especially in the early phase of the infecAon, the nucleocapsid can be transported 

back into the nucleus, but is mainly further processed to be released as a virion. The PreS2/S and PreS1 mRNAs 

are translated into the L-HBsAg, M-HBsAg, and S-HBsAg. The encapsidated rcDNA is enveloped in cell lipids 

containing the HBsAg and released as the mature virion. The HBsAg is further also released in high concentraAons 

without nucleocapsid or DNA. From the precore mRNA, the precore protein is translated. The precore protein is 

processed and released from the hepatocyte as the HBeAg. The X mRNA is translated into the X protein.  

Graphical representaAon was adapted from [80] and created with BioRender.com. 

 

1.3.1 Animal and cell culture models 

In virology, models are essen*al for studying the replica*on cycle, drug targets, and immunological 

aspects of viral infec*on. Infec*on studies in apes were crucial in early findings regarding HBV [9,81]. 

They are s*ll influen*al in exploring fibrosis, cirrhosis, or hepatocellular carcinoma (HCC) but have 

some apparent disadvantages, making them not the ideal and versa*le replica*on model needed. The 

use of other viruses from the hepadnaviridae family, such as the woodchuck hepa**s B virus (WHV), 

in combina*on with the animal host, was essen*al for studying virus-host interac*ons [82]. 

Nevertheless, they had the problem of requiring expensive facili*es and high-level animal maintenance 

and care. Therefore, many animal experiments involving HBV were conducted in mouse models, even 
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though they are not able to sustain viral infec*on without significant modifica*on. Liver Humanized 

Mouse Models allow HBV infec*on but are highly immunodeficient, lacking T-cells, B-cells, and NK cells 

[83].  

 

Compared to animal models, cell culture models have many advantages, from handling to cost. 

Unfortunately, for HBV, no good cell culture model is available to address all diverse scien*fic ques*ons. 

Each cell system has its advantages and disadvantages. Primary human hepatocytes (PHH) are naturally 

permissive to an HBV infec*on and allow the study of many aspects of the viral life cycle [84]. 

Unfortunately, the cells are oAen difficult to obtain, and a poten*al lack of reproducibility between 

donors can be a disadvantage. Furthermore, PHHs can not be subcultured and rapidly lose their 

permissiveness for HBV infec*ons [85]. HepRG cells isolated from an HCV-posi*ve pa*ent's liver tumor 

*ssue allow the differen*a*on into hepatocyte-like cells that can par*ally sustain an HBV infec*on [86]. 

However, the HBV infec*on efficiency is low, and the differen*a*on into hepatocyte-like cells takes at 

least four weeks, making the cell line labor-intensive [87]. 

With the discovery of NTCP as the specific receptor for HBV entry [68], it became possible to work with 

the hepatoma cell lines Huh7 and HepG2. NTCP is expressed only in low quan**es on those cell lines, 

but ar*ficially expressing NTCP in high quan**es makes the two cell lines suscep*ble to HBV infec*on 

[68]. Compared to PHH and HepRG, the two hepatoma cell lines s*ll need a high ini*al viral *ter for 

infec*on. The introduc*on of Polyethylene glycol 8000 (PEG 8000) to facilitate the HBV aDachment and 

Dimethylsulfoxide (DMSO) to slow down cell prolifera*on enhanced the efficiency of an HBV infec*on 

in the cell lines but not nearly to levels similar to PHH [88].  

Another problem with in vitro infec*on systems is to generate viral stocks. That is done with the help 

of stable integrated HBV cell lines. Genera*ng viral par*cles is fine when looking at replica*on 

mechanisms but introduces an inflexibility when differences between muta*ons must be analyzed. 

Historically, plasmids containing overlength HBV genomes were used for transfec*ng cell lines or 

transduc*on via adenovirus. The overlength is needed to incorporate an addi*onal core promoter, 

which is needed to generate the pgRNA [87]. As the HBV replica*on cycle involves the cccDNA 

resembling a mini plasmid, the idea emerged to u*lize the cccDNA to introduce the virus into the 

hepatoma cell lines. One way to generate the cccDNA is to co-transfect HepG2 cells with two plasmids 

containing the cccDNA in combina*on with a Cre-/loxP mediated recombina*on genera*ng the 

cccDNA inside the HepG2 cells [89]. Another method involves the introduc*on of aDP/aDB sites in the 

HBV genome inside a plasmid and the expression of a PhiC31 integrase and Sce I endonuclease. The 

PhiC31 integrase mediates the recombina*on of the cccDNA at the aDP/aDB site, whereas the Sce I 

endonuclease degrades the remaining parental plasmid. Yielding high amounts of cccDNA from a 

bacterial transforma*on that could directly be used for the transfec*on [90]. Although the generated 
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cccDNA can produce all viral proteins and the pgRNA, the recombinant aDL site is introduced between 

the core promoter and the precore start codon, poten*ally altering the transcrip*on of precore RNA 

and the pgRNA. 

 

1.4 Hepa''s B disease 

To this point, hepa**s B infec*on is a significant global health burden, with an es*mated 3.8 % of the 

global popula*on chronically infected with HBV. The prevalence of chronic HBV infec*ons is not equally 

distributed globally, with the highest prevalance of 7.5 % in Africa, directly followed by the Western 

Pacific region, with 5.9 % of the popula*on being chronically infected. The European region has an 

es*mated prevalence of 1.5 %, and together with 0.5% in North America, the region with the lowest 

prevalence [91]. In countries with a high prevalence, most chronic infec*ons result from perinatal 

transmission or during early childhood exposure. In many low-exposure countries, most infec*ons 

occur via horizontal transmission [92]. Most of the prevalence stems from infec*ons before the 

widespread deployment of the vaccine [93]. In 2019, the prevalence of HBV in children younger than 

five was 6 million (0.9 %), a reduc*on of 0.4 % compared to the last es*ma*on in 2015 and a significant 

reduc*on from the es*mated prevalence of 4.7 % in the pre-vaccina*on era (1980 – 2000). Most of the 

reduc*on in prevalence originates from the Western Pacific region and a rigorous vaccina*on strategy 

in newborns, bringing the prevalence in children (0.3 %) to lower levels than the eastern Mediterranean 

region (0.8 %) and similar levels as in the European region (0.3%) [91,94]. The reduc*on of the HBV 

prevalence since the introduc*on of the vaccine is a testament to the success of the vaccine, but in 

Africa (prevalence of 2.5% of children under five), there is s*ll much to do. 

 

1.4.1 Clinical course of infec>on 

HBV is transmiDed when contaminated blood or other body fluids of an infected person get access to 

the bloodstream via the skin barrier or across mucosal surfaces. Acute hepa**s B infec*on can range 

from asymptoma*c to symptoma*c disease with fever and nausea up to fulminant hepa**s and 

depends on different factors. In newborns and children, most hepa**s B infec*ons are subclinical, and 

young pa*ents rarely develop jaundice. In adults, 30-50% of infected individuals develop symptoms, 

and <1 % of the cases progress to fulminant hepa**s [95]. In an acute infec*on in adults, it takes 

approximately four weeks un*l HBV DNA, HBsAg, and HBeAg can be detected in the serum [96]. HBV 

DNA and HBsAg persistence correlate with the clinical symptoms and are cleared with the fading of the 

symptoms. HBeAg is cleared during the peak of the infec*on, and the produc*on of an*-HBe an*bodies 

is a cri*cal serological marker that indicates the recovery of the infec*on [97]. An*-HBc an*bodies can 

be detected shortly before the onset of symptoms. Ini*ally, the an*-HBc an*bodies are 

immunoglobulin M (IgM) class but are replaced by immunoglobulin G (IgG) class an*bodies later in the 
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infec*on. The transi*on of the immunoglobulin class allows the diagnos*c dis*nc*on between an 

acute or chronic and previously cleared infec*on. The last an*bodies to arise are an*-HBs. The an*-

HBs an*bodies generally persist and are associated with sterile immunity. Adults undergoing acute 

hepa**s B resolve the infec*on in more than 95% of the cases [98]. In Infants, hepa**s B has a much 

higher chance of progressing into a chronic infec*on, with the most prominent determinants being the 

age of the child and the HBeAg status of the mother [99].  

 

 

Figure 6 The four phases of chronic hepa''s B and func'onal cure/occult infec'on: HBeAg posiAve chronic 

infecAon (light yellow) is characterized by high viral load, high HBsAg levels, and normal ALT levels. No or 

infrequent occurrences of HLA-associated mutaAons are found during this phase. The CD8+ T cell immune 

response against the virus seems non-exisAng. HBeAg-posiAve chronic hepaAAs (light orange) is characterized by 

fluctuaAng viral load, reduced HBsAg levels, and increased ALT levels. There is probably an increase of Precore 

and HLA-associated mutaAons found in the viral quasispecies and an increase in CD8+ T cell immune pressure. 

HBeAg-negaAve chronic infecAon (pink) is associated with low or undetected viral load and near-normal ALT 

levels. Most viruses contain precore and HLA-associated mutaAons, and the CD8+ T cell immune pressure is high. 

HBeAg-negaAve chronic hepaAAs (light red) is associated with fluctuaAng viral load, HBsAg level, and increased 

ALT levels. FuncAonal cure and occult infecAon (green) are associated with no detectable HBsAg. The viral load in 

the serum is undetectable, and ALT levels are normal. Graphical representaAon was adapted from [100] and 

created with BioRender.com. 

 

Chronic HBV infec*on is characterized by the persistence of HBsAg, and HBV DNA for more than six 

months [101]. The course of the chronic HBV infec*on is oAen dynamic and can be divided into 

different non-sequen*al phases (Figure 6) [92].  

The HBeAg-posi*ve chronic HBV infec*on is oAen also called the immune tolerant phase. It is 

characterized by high viral load, HBeAg in the serum, low ALT levels, and near-normal liver histology 

[93,102]. Due to the high viral *ter in the serum, pa*ents in this phase are highly contagious. This phase 
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is primarily observed in pa*ents who developed the chronic disease as a newborn or young child and 

can persist for numerous years [103]. The mechanisms that lead to the loss of immune tolerance and 

the progression into the next phase are unknown. The HBeAg-posi*ve chronic hepa**s B or immune 

clearance phase is characterized by an onset of T-cell mediated immune response against the infected 

hepatocytes. The immune response leads to increased alanine transaminase (ALT) release and 

decreased HBV DNA levels [96]. As the immune response fluctuates the ALT and DNA levels flare, which 

is a factor in the development of fibrosis or even cirrhosis [104–106]. The phase ends with a reduc*on 

of HBV DNA and an HBeAg seroconversion. The HBeAg seroconversion is the emergence of an*-HBeAg 

an*bodies and is associated with the loss of HBeAg in the serum, and it is believed to be the endpoint 

of a gradual accumula*on of precore and core promoter muta*ons during the immune clearance phase 

[107,108]. It is es*mated that the yearly rate of spontaneous HBeAg seroconversion is between 2 – 15 

% [109,110]. The HBeAg-nega*ve chronic HBV infec*on or previously inac*ve carrier phase is 

characterized by the presence of an*-HBe an*bodies in combina*on with near-normal serum ALT 

levels and HBV DNA levels below 2000 IU/ml [102]. Pa*ents in the HBeAg-nega*ve chronic hepa**s B 

phase are seronega*ve for HBeAg but seroposi*ve for HBsAg. There are detectable HBV DNA levels, 

but they tend to be lower than in the HBeAg-posi*ve chronic infec*on. ALT levels are elevated and tend 

to fluctuate, and liver inflamma*on at a histological level is detected [102,111]. An increasing chance 

of fibrosis and cirrhosis and the development of HCC are associated with this phase of chronic infec*on 

but can also develop from other phases of chronic infec*on [112].  

Only very few pa*ents with HBeAg-nega*ve chronic HBV infec*on spontaneously achieve HBsAg 

seroclearance with or without the development of an*-HBs an*bodies [113], termed as func*onal cure 

[114]. A func*onal cure is defined as the absence of HBV DNA and HBsAg in the serum, with persis*ng 

cccDNA and possibly chromosomally intgrated HBV DNA in hepatocytes. 

 

The development of HCC is the most significant consequence for pa*ents with chronic hepa**s B and 

may even develop in pa*ents with effec*ve treatment [115]. Nonetheless, hepa**s B treatment can 

improve survival and prevent disease progression. The therapy op*ons for pa*ents infected with HBV 

can be divided into two classes. The first are the immunomodulatory agent's Interferon alpha (IFNa) 

and pegylated Interferon alpha (PEG-IFNa). They are only used in a small subset of pa*ents. Here, the 

treatment goal is a long-term control of the virus with a limited dura*on of therapy. However, the 

likelihood is low, with approximately 30 % of the pa*ents achieving long-term viral control and only 10 

% achieving loss of HBsAg [93,102]. The sub-op*mal treatment success is coupled with adverse side 

effects requiring careful monitoring during therapy [116]. The other classes of treatment agents are 

directly ac*ng an*virals (DAAs). The nucleoside or nucleo*de analogues (NUC) are structural analogues 

of nucleosides and nucleo*des. They inhibit the reverse transcrip*on of the pgRNA to the rcDNA, one 
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of the later steps in the viral replica*on cycle [87]. NUCs are very potent in suppressing the viral DNA 

levels and have few adverse effects, making them the first-line treatment op*on in most pa*ents [93]. 

Unfortunately, due to their mode of ac*on, they do not impact the HBsAg levels or directly degrade 

the cccDNA; therefore, lifelong treatment is required in most pa*ents [117]. 

 

1.5 Immune response against the hepa''s B virus 

1.5.1 Role of the innate immune response in an HBV infec>on. 

Innate immunity is widely recognized as the direct defense mechanism against invading pathogens. It 

acts as the first line of defense and remains ac*ve un*l the adap*ve immune response takes over and 

successfully eradicates the infec*on. The role of the innate immune system in HBV infec*ons has been 

the subject of debate. Due to the poor induc*on of inflammatory cytokines, it was unclear if the innate 

immune system recognizes the virus [118]. Recent studies have shown that parts of the innate immune 

system consistently contribute to the response. The inadequate recogni*on is likely due to limited 

sensing combined with ac*ve suppression from the virus [118]. Part of the belief for the "evasion" of 

innate immunity was that an HBV infec*on only triggers weak interferon alpha or beta (IFN-⍺, INF-β) 

expression [119–121]. In this project, I focused on the role of CD8+ T cell responses, which are part of 

the adap*ve immune response and, therefore, described in more detail below. 

 

1.5.2 Role of the adap>ve immune response in an HBV infec>on. 

Adap*ve immunity is a crucial aspect of the immune system. Unlike innate immunity, adap*ve 

immunity targets pathogens with high specificity. It encompasses humoral immunity, which produces 

pathogen-specific an*bodies generated by B lymphocytes. In addi*on to the humoral response, 

adap*ve immunity provides a cell-mediated response via different types of T lymphocytes. 

Immunological memory, which is responsible for preven*ng subsequent reinfec*ons from previous 

infec*ons or vaccina*on, is also a func*on of adap*ve immunity. In HBV infec*ons, adap*ve immunity 

is the primary host determinant for the infec*on outcome [122]. 

 

1.5.2.1 B lymphocyte (B cell) response to HBV infec9on 

An*bodies secreted from B cells are the central part of the humoral response. B cells recognize 

pathogens by binding to an an*gen via the B cell receptor (BCR) in lymph nodes. With the an*gen 

bound to the BCR, the B cell ac*va*on can be T-cell-dependent or independent. When ac*vated, the 

B cell secretes an*bodies with high binding specificity [123]. With the presence of an*-HBs an*bodies 

and HBsAg-specific B cells from vaccina*on or recovered acute HBV infec*on, the humoral immune 

response plays a crucial role in protec*ng the host from subsequent HBV infec*ons [124]. The high 
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amount of HBsAg in the blood is believed to absorb and bind the circula*ng an*-HBsAg an*bodies, 

complica*ng aDachment to virions [125].  

 

1.5.2.2 T lymphocyte response to HBV infec9on. 

The cell-mediated immunity of the adap*ve immune system consists of the T lymphocytes (T cells). T 

cells can be divided into two groups depending on the occurrence of either the CD4 or the CD8 co-

receptor. The T lymphocytes expressing the CD4 (CD4+ T cells) co-receptor are also called T helper cells 

(Th cells) and play an essen*al role in the immune response by regula*ng the ac*va*on of cells from 

innate and adap*ve immunity. T lymphocytes expressing the CD8 (CD8+ T cells) co-receptor on the 

surface are also called cytotoxic T lymphocytes (CTL), which can kill infected cells that present HLA class 

I molecules with pathogen epitopes [123]. In a self-limited acute HBV infec*on, it is believed that CD4+ 

and CD8+ T cells both play an essen*al role in controlling the infec*on and that a dysregula*on of the 

adap*ve immune system leads to the persistence of the viral infec*on [122].  

 

A robust CD4+ T cell response could be detected in pa*ents who cleared an acute HBV infec*on, while 

the CD4+ T cell response is weak in chronically infected pa*ents [126–128]. Despite the observed 

associa*on between CD4+ T cells in pa*ents, it was demonstrated in chimpanzees that the deple*on 

of the CD4+ T cells during the acute infec*on did not affect the subsequent clearance of the infec*on 

[129]. However, another study in chimpanzees showed that the deple*on of CD4+ T cells before the 

infec*on reduced CD8+ T cell response, resulted in a persistent infec*on [130]. The findings suggest 

that CD4+ T cells play a crucial indirect role in the clearance of the infec*on by CD8+ T cells.  

A study in PEG-IFN-⍺ treated pa*ents was able to demonstrate that HBeAg-posi*ve pa*ents who 

undergo an HBeAg seroconversion display a higher frequency of circula*ng CXCR5+ CD4+ T cells 

compared to pa*ents that do not undergo an HBeAg seroconversion, sugges*ng a poten*al role of the 

CD4+ T cells in the HBeAg seroconversion [131]. 

 

CD8+ T cell response to HBV infec9on 

CD8+ T cells play an essen*al role in an*viral defense, which also applies to an HBV infec*on. In an 

acute infec*on, a polyclonal CD8+ T cell response can be detected in pa*ents who clear the infec*on 

[132]. The an*gen receptors on the surface of CD8+ T cells comprise two polypep*de chains, the TCR 

alpha and TCR beta chains. Gamma and delta chains can also be found in a small subset of T cells but 

play a lesser role. Each heterodimer consists of a variable, a constant, and a transmembrane domain 

[123]. The variable domain of the alpha- and beta-chain can further be divided into variable region (V) 

and joining region (J). Similar to a heavy an*body chain, the beta chain also includes a diversity region 

(D). The three different complementarity-determining regions (CDR) are found on the TCR alpha chain 
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subunit is bound. Once the HLA ⍺/β2 complex has been released from calnexin, it binds to an array of 

proteins such as Tapasin. Tapasin mediates the binding of the HLA ⍺/β2 complex to TAP, where the 

an*gen is incorporated in the HLA ⍺/β2 complex. Incorpora*ng the pep*de allows the final folding of 

the HLA molecule and subsequent transport to the cell membrane, where the complex is presented to 

the TCR [123]. 

 

Although ac*va*on of CD8+ T cells can be observed in an acute self-limi*ng HBV infec*on, the situa*on 

looks en*rely different in a chronic HBV infec*on. In chronic HBV infec*on, HBV-specific CD8+ T cell 

frequency is reportedly low in the blood and liver [134,135]. Moreover, the HBV-specific CD8+ T cells 

are unable to exercise their capacity to proliferate, secrete cytokines, or destroy infected cells 

[134,136–138]. Nevertheless, nuanced differences can be observed considering the different phases of 

chronic infec*on. HBc- and polymerase-specific but not HBsAg-specific CD8+ T cells could be detected 

in chronic HBV pa*ents with low viremia [139]. In line with these findings, it was also demonstrated 

that significantly higher frequencies of HBc-specific CD8+ T cells were detected in HBeAg-nega*ve 

pa*ents compared to HBeAg-posi*ve pa*ents [140]. 

 

As CD8+ T cells and indirectly CD4+ T cells play an essen*al role in the clearance of acute infec*on and 

their dysfunc*on is associated with persistent infec*on, evasion mechanisms of HBV came into focus. 

As already described, perinatal transmission accounts for the majority of chronically infected pa*ents. 

It was found that over 90% of infected newborns of HBeAg-posi*ve mothers developed a chronic 

infec*on compared to less than 10% of HBeAg-nega*ve mothers, linking the persistancy of the virus to 

the HBeAg molecule [141]. Further, it was established that HBeAg but not HBsAg is able to pass into 

the placenta [142,143] and, in mice, would alter the immune func*on in the offspring [144,145]. Hence, 

these observa*ons support the no*on that the presence of HBeAg may interfere with the central T cell 

tolerance during the matura*on in the thymus. 

Besides the different viral proteins' immunomodula*ng func*ons, many viruses are known to develop 

muta*ons to avoid immune recogni*on. This is especially true in viruses with high muta*on rates due 

to the reverse transcriptase like the Human immunodeficiency virus (HIV) and HBV. Muta*ons related 

to CD8+ T cell selec*on pressure are found in HBV epitopes and are specific to different HLA molecules 

[146–149]. Interes*ngly, the frequency of HLA class-I associated muta*ons in chronic HBV correlates 

with the infected pa*ent's HBeAg status, observing a significant increase in HBeAg-nega*ve infec*ons 

[150]. The increase of HLA class I associated muta*ons in combina*on with an increase in the 

frequency of HBV-specific CD8+ T cells in the HBeAg nega*ve chronic phase leads to the assump*on 

that the loss of HBeAg may be associated with an increase of selec*on pressure and the need for the 

virus to select CD8+ T cell evasion subs*tu*ons. 
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1.6 Aim of the project 

Despite the availability of a highly effec*ve vaccine, the hepa**s B virus con*nues to pose a significant 

health burden globally, and there is an urgent need for beDer therapy op*ons. Unfortunately, many 

aspects of the virus remain poorly understood, partly because no simple animal or robust cell culture 

models are available, making studying the virus inaccessible to many researchers. Therefore, this 

project aimed to establish a cell culture assay that u*lizes the viral cccDNA as a transcrip*onal template 

in hepatocellular carcinoma cell lines and study viral transcrip*on and transla*on. Although cccDNA 

transfec*on assays already exist, they rely on modifica*ons in the genome for the genera*on of 

cccDNA, which may have consequences for the transcrip*on of viral RNAs. 

 

Although HBeAg is conserved in all orthohepadnaviridae, it is unnecessary for viral replica*on. Recent 

research has revealed various immunotolerogenic and immunomodulatory func*ons of the viral 

protein. Further, evidence suggests that HBeAg plays a crucial role in the persistence of viral infec*on. 

However, the HBeAg, with its immune evasion proper*es, is oAen lost during chronic infec*on. The 

loss is coupled with an increase in HBc-specific CD8+ T cells and HLA class I associated subs*tu*ons, 

par*cularly in the core ORF of the virus in HBeAg nega*ve chronic infec*on. This raises the ques*on of 

whether HBeAg, which shares amino acid sequences with the core protein, could become a burden for 

the virus rather than a benefit. Therefore, the cccDNA model system was u*lized to determine if HBeAg 

is a significant source for epitopes targeted by core-specific CD8+ cells and whether its loss could 

contribute to a CD8+ T cell immune evasion strategy. 
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2 Materials 

During this project, the following materials were used according to the descrip*on in the method 

sec*on of the chapter. 

 

2.1 Bacterial culture 

2.1.1 Bacterial strains 

Table 1 Bacterial strains used in this project 
 

Name Characteris'cs/Func'on/Proper'es Company 

NEB® 5-alpha Competent E. 

coli 

Φ80 Δ(lacZ)M15; recA1; endA1; 

hsdR17, kuA2 
New England BioLabs 

 

2.1.2 Bacterial outgrowth media 

Table 2 bacterial outgrowth media used. 
 

Product Company 

SOC Outgrowth Medium New England BioLabs 

LB-Agar Carl Roth GmBH + Co. KG 

LB-Medium (Lennox) 5 g/l NaCl Carl Roth GmBH + Co. KG 

 

2.2 Cell culture 

2.2.1 Cell lines 

HEK293T 

HEK293T (ATCC: CLR-3216) are adherent growing epithelial-like cells derived from human embryonic 

kidney 293 cells. The cell line expresses a mutated SV40 large T-an*gen. Due to the large SV40 T-

an*gen, it can replicate vectors carrying the SV40 region of replica*on [151]. The cell line can produce 

high *ters of retrovirus [152]. In this project, the cell line was used to produce len*viral par*cles. The 

cell line was grown in DMEM containing 10% FCS, 100 U/ml Penicillin, and 100 U/ml Streptomycin. 

 

Phoenix-GALV 

Phoenix cells are derived from HEK293T (ATCC: CLR-3216) cells. The cell line is capable of genera*ng 

helper-free second-genera*on retrovirus. The cell line is capable of producing gag-pol and envelope 

proteins that are needed for viral assembly. This allows the genera*on of second-genera*on retrovirus 

without needing helper plasmids containing gag-pol or the envelope. The cell line uses the gibbon ape 

leukemia virus (GALV) envelop protein, which targets the GLVR-1 surface receptor [153]. GALV envelope 

is specifically used when human lymphocytes are targeted for gene transfer with a retrovirus, resul*ng 
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in a higher transfec*on efficiency than amphotropic envelope proteins like VSV-G [154]. The cell line 

was grown in IMDM containing 10% FCS, 100 U/ml Penicillin, and 100 U/ml Streptomycin. Dr. Miriam 

Heemskerk kindly provided the cell line during the MOI-funded stay in her laboratory in Leiden, 

Netherlands. 

 

K562 HLA-A*02  

The K562 cells (ATCC: CCL-243) are a leukemic cell line derived from human bone marrow isolates [155]. 

The suspension cell line expresses the HLA-A*02 molecule on the cell surface. The cell line was grown 

in IMDM containing 10% FCS, 100 U/ml Penicillin, and 100 U/ml Streptomycin. Dr. Miriam Heemskerk 

kindly provided the cell line during the MOI-funded stay in her laboratory in Leiden, Netherlands. 

 

Hep G2  

Hep G2 (ATCC: HB-8065) are adherent growing epithelial-like cells. The cell line was derived from a liver 

hepatocellular carcinoma of a 15-year-old Caucasian male [156]. In this project, derivates of the cell 

line were used for different purposes. 

 

Hep G2-hNTCP 

The Hep G2-hNTCP cell line is a derivate of the Hep G2 (ATCC: HB-8065) cell line. The cell line contains 

a stably transfected human sodium taurocholate co-transpor*ng polypep*de (hNTCP). NTCP is a cri*cal 

receptor needed for the entry of the hepa**s B and D viruses [68]. When not specified otherwise, the 

cell line was grown in DMEM or IMDM containing 10% FCS, 100 U/ml Penicillin, and 100 U/ml 

Streptomycin. The cell line was kindly provided by Thomas Baumert from Strasbourg, France.  

 

Hep G2-P151 (corewt) 

The Hep G2-P151 cell line is a derivate of the Hep G2 (ATCC: HB-8065) cell line. The cell line contains a 

stable transduced HBV genotype core sequence-mCherry-CMVpp65 fusion protein. The core contains 

the HLA-A*02 epitope prototype sequence FLPSDFFPSV. The HBV core sequence is located downstream 

of an EF1α-Promotor for protein expression and is followed by an 50 amino acid sequence from the 

CMV UL83 protein, cona*ning the immunodominant pp65 epitope NLVPMVATV as internal control. 

When not specified otherwise, the cell line was grown in DMEM or IMDM containing 10% FCS, 100 

U/ml Penicillin, and 100 U/ml Streptomycin. Dr. Andreas Walker generated the Hep G2-P151 cell line. 

 

Hep G2-P152 (coreF24Y) 

The Hep G2-P152 cell line is a derivate of the Hep G2 cell line. Here, the core HLA-A*02 epitope contains 

the F24Y subs*tu*on (sequence FLPSDFYPSV). Dr. Andreas Walker generated the Hep G2-P152 cell line. 
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Jurkat E6.1 

The Jurkat E6.1 cell line (ATCC: TIB-152) is a CD4+ T lymphoblast established ini*ally from the peripheral 

blood of a child with T cell leukemia [157]. The cell line is used to research T lymphocyte signaling 

pathways and was an essen*al tool in helping decipher T cell receptor signaling [158]. 

 

Jurkat 76 (J76) 

The Jurkat 76 cell line is derived from the Jurkat cell line (ATCC: TIB-152). The cell line is deficient in 

endogenous T cell receptor α and β chain expression. This allows the expression of exogenious T cell 

receptors [159].  

 

Jurkat 76 mono NFκB (J76m)  

The Jurkat 76 mono NFκB cell line is derived from Jurkat 76 cells (J76). The cells lack the endogenous T 

cell receptor α and β chain. Further, the cell line stably expresses CD8 and contains an NFκB-GFP 

response element. The NFκB-GFP response element allows the monitoring of the TCR ac*va*on [160]. 

The cell line was grown in IMDM containing 10% FCS, 100 U/ml Penicillin, and 100 U/ml Streptomycin. 

Besides the J76m without TCR, two variants contain an HLA-A*02-specific TCR that recognizes a core 

epitope and a TCR that recognizes an HBV surface epitope. Both TCRs are specified in detail in sec*on 

2.13.  

 

2.2.2 Cell culture media, buffers, and addi>ves 

Table 3 includes a comprehensive list of the cell culture media, buffers, and addi*ves used during this 

project.  

 

Table 3 Cell culture media, buffers, and addi'ves used in this project. 

Product Company 

Dulbecco’s Phosphate Buffered Saline (DPBS) Gibco Life Technologies 

Opt-MEM I [1x] Gibco Life Technologies 

FBS Superior Biochrom GmbH 

Dulbecco’s Modified Eagle Medium (DMEM) [1x] Gibco Life Technologies 

MEM NEAA [100x]  Gibco Life Technologies 

Penicillin/Streptomycin [10.000 U/ml] Gibco Life Technologies 

Iscove’s Modified Dulbecco’s Medium (IMDM) Gibco Life Technologies 

Recovery Cell Culture Freezing Medium Gibco Life Technologies 

TrypLE Gibco Life Technologies 
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2.3 Enzymes 

Table 4 Enzymes used in this project. 
 

Product Func'on Company 

NcoI-HF Restric'on Endonucleases New England BioLabs 

NotI-HF Restric'on Endonucleases New England BioLabs 

T4 DNA Ligase DNA-Ligase New England BioLabs 

T5 Exonuclease Exonuclease New England BioLabs 

DpnI 
Methyla'on sensi've restric'on 

endonucleases 
New England BioLabs 

Shrimp Alkaline Phosphatase Dephosphoryla'on of 5’ and 3’ end New England BioLabs 

 

2.4 Flow cytometry 

2.4.1 An>bodies & Dyes 

For the staining of the cells used in this project, the following an*bodies and dyes were used. Unless 

stated otherwise in the Methods, cells were stained with an an*body for 15 min at 4°C. 

 

Table 5 An'bodies and dyes used in this project. 
 

An'gen Fluorochrom Working 

dilu'on 
Clone Company RRID 

CD8 AF700 1:100 3B5 Invitrogen AB_10372957 

Mouse TCR β  APC 1:50 H57-597 
BD 

Pharmingen 
AB_398534 

Viability dye eFluor 506 1:1000 - Invitrogen - 

HBcAg - 1:50 13A9 Invitrogen AB_1075048 

Mouse IgG (L+H) AF 488 1:500 Polyclonal Invitrogen AB_2534069 

HLA-ABC APC 1:100 REA230 
Miltenyi 

Biotec 
AB_2819392 
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2.5 HBV 

2.5.1 HBV Reference sequences 

The HBV reference genomes used to verify plasmids containing the whole HBV genomes were taken 

from the Hepa**s B Virus database (hDps://hbvdb.lyon.inserm.fr/). 

 

Table 6 HBV Reference sequences 
 

Genotype Accession number Genome length Reference 

A X02763 3221 [161] 

D AB219428 3215 [162] 

 

2.5.2 Dusseldorf cohort 

The Duesseldorf HBV cohort consists of peripheral blood samples from 544 pa*ents infected with HBV 

(Table 7). The pa*ent’s material is from Germany, the United Kingdom, and the United States of 

America. All samples were collected aAer approval of the local ethics commiDee, and wriDen informed 

consent was given by all par*cipants. Dr. Tatjana Schwarz generated the sequence informa*on. 

 

Table 7 Pa'ent characteris'cs of the Duesseldorf cohort. 

SD: standard deviaAon, ALT: alanine aminotransferase, AST: aspartate aminotransferase. 

Pa'ents n 544 

Sex n (%) 

woman 236 (43.4) 

man 293 (53.8) 

unknown 15 (2.8) 

Age (mean, range) 41, 15-83 

ALT (median U/l, range) 35, 6 - 1854 

AST (median U/l, range) 31, 6 - 2613 

HBV viral load (mean log IU/ml ± SD) 4.2 ± 1.6 

quan'ta've HBsAg (mean log IU/ml ± SD) 3.6 ± 0.8 

 

The HBV sequences of the cohort can be obtained in GenBank with the Accession number: 

 MW845286-MW845312 

 MW887641-MW887652 

 MW926548-MW926566 

 MZ043025-MZ043097  

 MZ097624-MZ097884 
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2.5.3 HBV genomes used for the assay 

Four isolates (Table 8) were picked for the cccDNA assay. All four isolates were from male pa*ents with 

an average age of 27.5 years (23 – 37). The isolates were chosen for having a viral load > 2 million IU/ml, 

HBeAg and HBsAg posi*ve. The sequences were further analyzed for the BCP, start codon, or G1896A 

muta*ons. Genious Prime soAware was used to generate the consensus sequences for genotypes A 

and D by aligning all genotypes A (n = 5) or D (n = 43) HBeAg and HBsAg posi*ve sequences. 

 

Table 8 Pa'ent isolates used for the cccDNA genera'on 
 

No. ID Genotype Viral load (IU/ml) HLA-A HLA-B 

#1 FR-HBV238 D 145426465 201 2402 702 1801 

#2 DD14-38611 D 7000000 3201 6801 1518 3801 

        

#1 FR-HBV54 A 220199656 201 3001 1302 3901 

#2 DD14-28904 A 2474487 201 3101 1801 4002 

 

2.6 Instruments and devices 

Table 9 Instuments and devices used in the project. 
 

Func'on Name Company 

Flow cytometry BD Fortessa Becton, Dickinson and Company 

Spectral flow cytometry Cytek Aurora Cytek Biosciences 

Cell counter XP-300 Sysmex 

Freezing container Mr. Frosty  Thermo Fischer Scien'fic 

Immunoassay ARCHITECT i2000SR Abbo[ 

Spectrophotometer NanoDrop 2000 Thermo Fisher Scien'fic 

Power supply for gel 

electrophoresis chamber 
EPS301 Biometra 

Gel electrophoresis chamber  Maxi Biometra 

Gel electrophoresis chamber Mini Biometra 

MACS cell separa'on MidiMACS Separator Miltenyi Biotec 

Vacuum manifold Vac-Man  Promeaga 
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2.7 Pep'des 

The pep*des were obtained with a purity of >70 %, an OH-group at the C-terminal and an NH2-group 

at the N-terminal end. The lyophilized pep*des were dissolved in DMSO at a 20mg/ml stock 

concentra*on and stored at -80°C for further use. The final concentra*on for exogenous loading of cells 

was 1 µg/ml. 

 

Table 10 Pep'des used in the project 
 

Sequence Protein Posi'on HLA-class I restric'on Company 

FLPSDFFPSV core 18-27 A*02 
EMC microcollec'ons 

GmbH 

FLPSDFYPSV core 18-27 A*02 
EMC microcollec'ons 

GmbH 

SIVSPFIPLL surface 370-379 A*02 
EMC microcollec'ons 

GmbH 

 

2.8 Kits 

Table 11 Kits 
 

Name Company 

NEBuilder HiFi DNA Assembly New England BioLabs 

QIAprep Spin Miniprep Kit Qiagen 

GeneJET Gel Extrac'on Kit Thermo Scien'fic 

GeneJET PCR clean-up Kit Thermo Scien'fic 

PureLink™ Expi Endotoxin-Free Maxi Plasmid 

Purifica'on Kit 
Invitrogen 

Architect HBeAg reagent Kit Abbo[ 

Architect HBsAg reagent Kit Abbo[ 

An'-APC MicroBeads Miltenyi Biotec 

 

2.9 Labware 

Table 12 Labware and consumables used in this project. 
 

Descrip'on Company 

Cryogenic tubes [2 ml] Greiner Bio-One 

LS Columns Miltenyi Biotec 

96-U-Well plate VWR Interna'onal 

Safe-Lock Tube  

 1.5 ml 
Eppendorf 
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 2.0 ml 

C-Chip Neubauer Improved Disposable 

Hemocytometer 
NanoEntek 

Spin column extender [20 ml] Biozol 

T-25 cell culture flask Sarstedt 

T-75 cell culture flask Sarstedt 

T-175 cell culture flask Sarstedt 

Collagen I-coated plate [24-well] Corning Incorporated 

DNA LoBind 1.5 ml Tube Eppendorf 

DNA LoBind 50 ml Tube Eppendorf 

Disposable Polystyrene serological pipe[e 

 5 ml 

 10 ml 

 25 ml 

Corning Incorporated 

Conical tube 

 15 ml 

 50 ml 

Sarstedt 

 

2.10 Molecular cloning 

2.10.1 Plasmids 

Table 13 Plasmids 
 

Name Feature Reference / Origin 

pUC18 vector with mul'ple cloning site RRID:Addgene_500004 

pSHH 2.0 
Contains the HBV genotype D strain awy 

genotype twice 

provided by Michael 

Nassal, Freiburg 

pMP71 flex Retroviral transfer vector 
Provided by Mirjam H. 

M. Hemskerk  

pMP71 flex TCR a3-b8 
Contains the TCRa3-P2A-b8 sequence targe'ng 

the HBc18-27 epitope 
Based on pMP71 flex 

pTwist Len' SFFV Puro 

WPRE TCRa3-b8 

pCCL len'virus backbone, SFFV promoter, 

EMCV IRES, contains the TCRa12-P2A-b7.8 

sequence targe'ng HBc18-27 epitope 

TwistBioscience 

pTwist Len' SFFV Puro 

WPRE TCRa12-b7.8 

pCCL len'virus backbone, SFFV promoter, 

EMCV IRES, contains the TCRa12-P2A-b7.8 

sequence targe'ng HBs370-379 epitope 

TwistBioscience 

pNL1.1-Nluc - Promega  
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pNL1.1-Nluc-GTD #1 

prototype 
Contains the GTD #1 prototype sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #1 

BCP 
Contains the GTD #1 BCP sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #1 

W28* 
Contains the GTD #1 W28* sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #1 

CTG 
Contains the GTD #1 CTG sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #2 

prototype 
Contains the GTD #2 prototype sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #2 

BCP 
Contains the GTD #2 BCP sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #2 

W28* 
Contains the GTD #2 W28* sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD #2 

CTG 
Contains the GTD #2 CTG sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD 

Consensus prototype 

Contains the GTD Consensus prototype 

sequence 
Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD 

Consensus BCP 
Contains the GTD Consensus BCP sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD 

Consensus W28* 
Contains the GTD Consensus W28* sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTD 

Consensus CTG 
Contains the GTD Consensus CTG sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #1 

prototype 
Contains the GTA #1 prototype sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #1 

BCP 
Contains the GTA #1 BCP sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #1 

W28* 
Contains the GTA #1 W28* sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #1 

CTG 
Contains the GTA #1 CTG sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #2 

prototype 
Contains the GTA #2 prototype sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #2 

BCP 
Contains the GTA #2 BCP sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #2 

W28* 
Contains the GTA #2 W28* sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA #2 

CTG 
Contains the GTA #2 CTG sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA 

Consensus prototype 

Contains the GTA Consensus prototype 

sequence 
Based on pNL1.1-Nluc 

pNL1.1-Nluc- GTA 

Consensus BCP 
Contains the GTA Consensus BCP sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA 

Consensus A1762T 
Contains the GTA Consensus A1762T sequence Based on pNL1.1-Nluc 
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pNL1.1-Nluc-GTA 

Consensus G1764A 
Contains the GTA Consensus G1764A sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA 

Consensus W28* 
Contains the GTA Consensus W28* sequence Based on pNL1.1-Nluc 

pNL1.1-Nluc-GTA 

Consensus CTG 
Contains the GTA Consensus CTG sequence Based on pNL1.1-Nluc 

 

2.10.2 Primers 

Table 14 Primers used for various methods in this project. 
 

Name Sequence 

HBx out F ATGCGTGGAACCTTTATGGCTC 

Core out R TGCAGAGAGTCCAAGAGTCCTC 

HBV Seq 1 F ACGTCCTTTGTTTACGTCCC 

HBV Seq 1 R AGGAGACTCTAAGGCATCCC 

HBV Seq 2 F GAACATTGTTCACCTCACCATAC 

HBV Seq 2 R TTTCTCATTAACTGTGAGTGGGC 

HBV Seq 3 F GCCATTGGATAAGGGTATTAAACC 

HBV Seq 3 R TAGTCGGAACAGGGTTTACTG 

HBV Seq 4 F CTGCCTCTCACTTATCGTCAATC 

HBV Seq 4 R GGAAAGCCCTACGAACCACTGAAC 

HBV Seq 5 F TGTACAGCATCTTGAGTCCC 

HBV Seq 5 R AGGACAACCGAGTTATCAGTC 

pNL out F CAAGTGCAGGTGCCAGAACATTTC 

pNL out R CGCTCAGGACAATCCTTTGG 

TCR-NotI-Fwd TTACAGGCGGCCGCCACCATGGATTCTTGGACC 

TCR-EcoRI-Rev GGATCCGAATTCAGCTGCTCCATAGCCG 

pMP71 fwd: TGAATTCGGATCCAAGCTTAGGCCTGCTC 

pMP71 Rev CATGGTGGCGGCCGCCT 

TCR_b8_out_F GCGATGGTGAAGAGAAAAGACAGCAGAGGA 

TCR_a3_out_R CGATACGCAGCACAGCGTCCAGCTGTCCAT 

GA_GTA_CON_Fwd GAGCATTGCTCACCTCACCATAC 

GA_GTA_CON_Rev TGCTGGGAGTCCAAGAGTCCTC 

GA_GTD_WT2_Fwd GAGCATTGTTCACCTCACCATAC 

GA_GTD_WT2_Rev TACAGAGAGTCCAAGAGTCCTC 

GA_GTD_CON_Fwd TACAGAGAGTCCAAGAGTCCTC 

GA_GTD_CON_Rev GAGCATTGTTCACCTCACCATAC 
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2.10.3 Synthesised nucleo>de sequences 

Table 15 List of Synthesised nucleo'de sequences order from TwistBioscience. 
 

Name Func'on Cloned in Company 

TCR-HBc18-27 
Contains the TCR alpha 3 

P2A beta 8 sequence 
pMP 71 flex TwistBioscience 

HBV GTD #1 BCP 
Contains the A1762T & 

G1764A muta'on 

pNL1.1-Nluc – GTD 

#1 prototype 
TwistBioscience 

HBV GTD #1 W28* 
Contains the G1896A 

muta'on 

pNL1.1-Nluc – GTD 

#1 prototype 
TwistBioscience 

HBV GTD #1 CTG 
Contains the A1814C 

muta'on 

pNL1.1-Nluc – GTD 

#1 prototype 
TwistBioscience 

HBV GTD #2 BCP 
Contains the A1762T & 

G1764A muta'on 

pNL1.1-Nluc – GTD 

#2 prototype 
TwistBioscience 

HBV GTD #2 W28* 
Contains the G1896A 

muta'on 

pNL1.1-Nluc – GTD 

#2 prototype 
TwistBioscience 

HBV GTD #2 CTG 
Contains the A1814C 

muta'on 

pNL1.1-Nluc – GTD 

#2 prototype 
TwistBioscience 

HBV GTA #1 BCP 
Contains the A1762T & 

G1764A muta'on 

pNL1.1-Nluc – GTA #1 

prototype 
TwistBioscience 

HBV GTA #1 W28* 
Contains the G1896A 

muta'on 

pNL1.1-Nluc – GTA #1 

prototype 
TwistBioscience 

HBV GTA #1 CTG 
Contains the A1814C 

muta'on 

pNL1.1-Nluc – GTA #1 

prototype 
TwistBioscience 

HBV GTA #1 BCP 
Contains the A1762T & 

G1764A muta'on 

pNL1.1-Nluc – GTA #2 

prototype 
TwistBioscience 

HBV GTA #1 W28* 
Contains the G1896A 

muta'on 

pNL1.1-Nluc – GTA #2 

prototype 
TwistBioscience 

HBV GTA #1 CTG 
Contains the A1814C 

muta'on 

pNL1.1-Nluc – GTA #2 

prototype 
TwistBioscience 

HBV GTD consensus 

BCP 

Contains the A1762T & 

G1764A muta'on 

pNL1.1-Nluc – GTD 

consensus prototype 
TwistBioscience 

HBV GTD consensus 

W28* 

Contains the G1896A 

muta'on 

pNL1.1-Nluc – GTD 

consensus prototype 
TwistBioscience 

HBV GTD consensus 

CTG 

Contains the A1814C 

muta'on 

pNL1.1-Nluc – GTD 

consensus prototype 
TwistBioscience 

HBV GTA consensus 

BCP 

Contains the A1762T & 

G1764A muta'on 

pNL1.1-Nluc – GTA 

consensus prototype 
TwistBioscience 

HBV GTA consensus 

W28* 

Contains the G1896A 

muta'on 

pNL1.1-Nluc – GTA 

consensus prototype 
TwistBioscience 

HBV GTA consensus 

CTG 

Contains the A1814C 

muta'on 

pNL1.1-Nluc – GTA 

consensus prototype 
TwistBioscience 
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2.11 Reagents and Chemicals 

Table 16 List of reagents and chemicals used in this project. 
 

Product Company 

CutSmart buffer [10x] New England BioLabs, 

NEBuffer 4 [10x] New England BioLabs 

T4 DNA Ligase reac'on buffer [10x] New England BioLabs 

TransIT-LT1  Mirus Bio LLC 

Nuclease-Free Water, sterile VWR 

Ampicillin Sodium Salt powder Carl Roth 

Trypanblue Gibco 

Ethanol Absolut [≥ 99.5%] Merck 

2-Propanol [≥ 99.9%] Carl Roth 

Dimethylsulfoxid (DMSO) [99.8%] Carl Roth 

BD FACS Clean Becton, Dickinson and Company 

BD FACS Flow Becton, Dickinson and Company 

BD FACS Rinse Becton, Dickinson and Company 

eBioscience IC-Fixa'on buffer Invitrogen 

eBioscience permeabilisa'on buffer [10x] Invitrogen 

GeneRuler 1 kB Plus DNA Standard Thermo Fisher Scien'fic 

Tris-Borate-EDTA (TBE) buffer [10x] Sigma 

TriTrack DNA loading dye Thermo Fisher Scien'fic 

An'-APC MicroBeads Miltenyi Biotec 

Accutase Cell Detachment Solu'on BioLegend 

RetroNec'n TaKaRa 

Human Serum Albumin Sigmaaldrich 

 

2.12 SoSware 

Table 17 List of SoSware used in this project. 
 

Product Company 

BioRender.com Science Suite, Inc. Canada 

DeepL Translate for Mac DeepL SE 

FlowJo 10.9 Becton, Dickinson and Company, USA 

Geneious Prime 2022 Bioma[ers Inc. 

GraphPad Prism 10 GraphPad So�ware, LLC. 

Grammarly.com Grammarly Inc. USA 
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LanguageTool for Desktop 1.6.7 Language Tooler GmbH 

Libkey Nomad 1.28 Third Iron, LLC 

Microso� Office 365 Microso� Corpora'on 

Papers v4.37 Digital Science & Research Solu'ons, Inc. 

Sciebo 
ownCloud GmbH distributed by Hochschulcloud 

NRW 

  

2.13 T-Cell Receptor 

During the project different T-cell receptors (TCR) were used. The nucleo*de sequence was synthesized 

by TwistBioscience. The complete sequences are aDached in the supplements. 

 

HBc18-27 TCR 

The Hepa**s B virus core18-27 specific TCR is HLA-A*02 restricted and targes the FLPSDFFPSV pep*de 

processed from the HBV core protein amino acid posi*on 18 to 27. The TCR alpha chain consists of the 

T-cell receptor alpha (TRA) 3 locus containing the complementarity-determining region 3 (CDR3) with 

the amino acid sequence CATWLSGSARQLTF. The TCR beta chain consists of the T-cell receptor beta 

(TRB) 8 locus containing the CDR3 amino acid sequence CASSNRASSYNEQFF. The en*re nucleo*de 

sequence was obtained from Patent US10004801B2, submiDed by Antonio Bertole� and Adam 

Gehring [163]. For this project, the constant region was exchanged to a murine alpha and beta constant 

region, allowing higher expression levels on the cell surface [164,165]. Prof. Ulrike Protzer and Dr. Karin 

Wisskirchen kindly provided the sequence informa*on. 

 

HBs270-379 TCR 

The Hepa**s B virus surface370-379 specific TCR is HLA-A*02 restricted and targes the SIVSPFIPLL pep*de 

processed from the HBV surface protein amino acid posi*on 370 to 379. The TCR alpha chain consists 

of the T-cell receptor alpha (TRA) 12 locus containing the CDR3 region with the amino acid sequence 

CAVNLYAGNMLTF. The TCR beta chain consists of the T-cell receptor beta (TRB) 7-8 locus containing the 

CDR3 amino acid sequence CASSSDFGNQPQHF. The en*re nucleo*de sequence was obtained from 

Patent US10004801B2, submiDed by Antonio Bertole� and Adam Gehring [163]. For this project, the 

constant region was exchanged to a murine alpha and beta constant region, which Prof. Ulrike Protzer 

and Dr. Karin Wisskirchen kindly provided. 

For both TCRs, the final sequence containing the variable alpha and beta chain with the murine 

constant chain was codon op*mized with the HEXplorer/ModCon algorithm [166]. The two chains were 

combined for expression in the targeted cells by a P2A site. The complete sequence of the clonal genes 

can be found in the Supplements.  
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3 Methods 

3.1 Mammalian cell culture 

3.1.1 Thawing of cryo-conserved mammalian cells 

A unique thawing medium was used to thaw the cell lines. The thawing medium consisted of 50% of 

the subculture medium used for the cell line and 50% fetal bovine serum (FBS). For each cryovial, 30 

ml thawing medium was needed. The thawing medium was always prepared shortly before use. The 

subculturing medium specific for the cell line and the thawing medium were pre-warmed in a water 

bath at 37°C for 30 minutes as cold media significantly decreased the cell viability [167,168]. A 15 ml 

conical tube was prepared with 14 ml warm thawing medium. The cells were removed from liquid 

nitrogen storage and transported on ice. The cryovials were briefly thawn in a water bath at 37°C *ll 

no ice was visible. The cells were slowly pipeDed from the cryovial into the 15 ml conical tube and 

centrifuged at 300x RCF for 10 minutes at room temperature (RT). AAerward, the supernatant was 

discarded, and the cells were resuspended in 15 ml thawing medium. The cells were again centrifuged 

at 300x RCF for 10 minutes at RT. The supernatant was discarded, and the cells were resuspended in 4 

ml (suspension cells) or 8 ml (adherent cells) subculturing medium. The cells were transferred in a T25 

cell culture flask and incubated for 24 hours at 37°C 5% CO2. The next day, the cells were examined 

under the microscope, and the medium was exchanged. All cell lines used in this project were thawed 

in the same fashion. 

 

3.1.2 Subculturing of adherent cells 

The adherent cells (HEK293T, Phoenix-GALV, and all HepG2 derivates) were cultured at 37°C and 5% 

CO2 and 80% rela*ve humidity in a T75 cell culture flask. HEK293T and Phoenix-GALV cells were 

cul*vated in IMDM medium supplemented with 10% FBS and 1% Penicillin/Streptomycin (Pen/Strep) 

solu*on. HepG2-hNTCP, HepG2-P151, or HepG2-P152 cells were cul*vated in IMDM medium 

supplemented with 10% FBS and 1% Pen/Strep solu*on when prepared for the T-cell receptor assay or 

DMEM medium supplemented with 10% FBS and 1% Pen/Strep solu*on when subcultured for the HBV 

cccDNA assay. The cells were passaged when >70% confluency was achieved. The cells were washed 

twice with 15 ml phosphate-buffered saline (PBS). AAerward, 2 ml TrypLE was added to the cells, and 

the cell culture flask was *lted *ll all cells were in contact with TrypLE. The cells were incubated for 1 

min at RT, and the TrypLE was removed. The flask containing the cells was incubated for 10 min at 37°C 

and 5% CO2 in a humidified incubator. AAer incuba*on, the cells were collected in 10 ml fresh and pre-

warmed culture medium. A frac*on (1/3, 1/4, or 1/10) was added to a new T75 cell culture flask 

containing fresh culture medium and further incubated un*l at least 70% confluency was reached. 
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3.1.3 Subculturing of suspension cells 

The suspension cell lines (K562, J76 mono NFkB variants) were subcultured in IMDM medium 

supplemented with 10% FBS and 1% Penicillin/Streptomycin (Pen/Strep) solu*on. Cells were grown at 

37°C, 5% CO2, and 80% rela*ve humidity in a cell culture incubator. T75 cell culture flasks were used 

and stored upright in a cell culture incubator for the sub-culture. The passaging of the cells growing in 

suspension was done by pipe�ng 3 ml (Mondays) or 5 ml (Fridays) into a new T75 cell culture flask 

containing 17 – 15 ml fresh medium. 

 

3.1.4 Freezing of mammalian cells 

The medium was removed to prepare adherent cells for cryopreserva*on, and 1 ml was collected for 

the diagnos*cs department to test for mycoplasma. The cells were washed twice with PBS, and 2 ml 

TrypLE was added. The cells were incubated for 10 minutes and resuspended in a culture medium. A 

small amount was transferred into a safe-lock tube for coun*ng. The cells were transferred to a 50 ml 

conical tube and centrifuged at 300 RCF for 10 minutes. To prepare suspension cells for 

cryopreserva*on, 1 ml medium was collected for the diagnos*cs department to test for mycoplasma. 

The cells were transferred in a 50 ml conical tube and centrifuged at 300 RCF for 10 minutes.  

Adherent and suspension cells were resuspended in recovery cell culture freezing medium at 5*106 

cells/ml. AAerward, the cryotubes were stored in Mr. Frosty's freezing container at -80°C for 2 – 24 

hours and then transferred into Nitrogen long-term storage. 

 

3.2 Molecular cloning  

All molecular cloning tasks in this project were done using the Gibson assembly or restric*on 

endonuclease methods. Gibson assembly allows the isothermal coupling of two or more DNA 

fragments with a 15 to 25 base pair (bp) overlap. Generally, the system uses an exonuclease to remove 

DNA from the 5’ end and anneal the remaining single strand 3’ ends of the fragments. A DNA 

polymerase closes the gaps introduced by the exonuclease, and a DNA ligase seals the remaining nicks. 

 

3.2.1 Molecular cloning of genotype A and D prototype sequences into pNL1.1-Nluc 

The prototype sequences were synthesized and cloned in vectors (pTwist) by Twist Bioscience. 

Unfortunately, the vectors were of low copy number and yielded inadequate stock concentra*ons. 

Therefore, the viral prototype genomes were excised and cloned in pNL1.1-Nluc. The excision was 

performed with the NcoI-HF restric*on endonuclease. The Twist Bioscience vector containing the HBV 

prototype genome and the pNL1.1-Nluc vectors were digested. The reac*on mix was prepared 

according to Table 18. 
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Table 18 Reac'on mixture for restric'on endonuclease. 
 

[1x] Components 

5 µl CutSmart buffer 

1 µl NcoI-HF 

4 µl Plasmid (pTwist or pNL1.1-Nluc) 

to 50 µl Nuclease-free water 

 

The endonuclease reac*on was done for two hours at 37°C. The reac*on mixture containing the 

linearised pNL1.1-Nluc was further incubated for 30 minutes at 37°C with the addi*on of 1 µl Shrimp 

Alkaline Phosphatase to dephosphorylate the linear DNA.  

 

The reac*on mixture containing the HBV prototype and the vector backbone were separated by 1% 

agarose gel electrophoresis for one hour at 120 V and 400 mA. The HBV prototype genome gel band 

was excised under UV light and purified with the GenJet gel extrac*on Kit from Thermofisher. The 

agarose gel was dissolved by adding 1:1 volume to weight binding buffer and incuba*on on a shaking 

heat block at 56°C, 1000 rpm for up to 5 minutes or when the gel was completely dissolved. 800 µl 

dissolved agarose gel was transferred to a purifica*on column and centrifuged for 60 seconds at 16000 

RCF. The flow-through was discarded, and the column was refilled with dissolved agarose gel and 

centrifuged. This was repeated un*l the whole volume was loaded onto a column. The flow-through 

was discarded, and 700 µl wash buffer was added. The column was again centrifuged at 16000 RCF for 

60 seconds, and the flow-through was discarded. The empty column was centrifuged at 16000 RCF for 

60 seconds to remove residual wash buffer and transferred onto a 1.5 ml safe lock tube. 50 µl pre-

warmed elu*on buffer was added to the column and incubated for 1 minute. The column was 

centrifuged for 60 seconds at 12000 RCF and aAerward discarded.  

 

The endonuclease reac*on mix containing the pNL1.1-Nluc was purified in the same manner as the 

other reac*on mix, with the difference being that no agarose gel was dissolved, and the solu*on was 

directly mixed with a 1:1 volume of the binding buffer.  

 

The eluate concentra*on was determined via spectrophotometer, and a DNA liga*on reac*on mix was 

prepared according to Table 19. For best DNA liga*on results, the backbone:insert ra*o was 1:3.  
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Table 20 Primers used to prepare the DNA for Gibson assembly. 
 

Isolate Forward primer Reverse primer 

Genotype A #1 GA_GTA_CON_Fwd GA_GTA_CON_Rev 

Genotype A #2 GA_GTA_CON_Fwd GA_GTA_CON_Rev 

Genotype A consensus GA_GTA_CON_Fwd GA_GTA_CON_Rev 

Genotype D #1 Seq 2 F Core out R 

Genotype D #2 GA_GTD_WT2_Fwd GA_GTD_WT2_Rev 

Genotype D consensus GA_GTD_CON_Fwd GA_GTD_CON_Rev 

 

The PCR was performed with the Q5 DNA polymerase to minimize the DNA polymerase error rate and 

prevent the A-tailing that occurs with the Taq DNA polymerase. The PCR master mix was pipeDed 

according to Table 21. 

Table 21 Reac'on mixture for the Q5 PCR to generate the linear pNL1.1-Nluc backbone. 
 

Volume [1x] Components 

35.5 µl Nuclease-free water 

10 µl Q5 buffer 

1 µl dNTPs [10 mM] 

1 µl Forward primer [10 µmol] 

1 µl Reverse primer [10 µmol] 

0.5 µl Q5 DNA polymerase 

49 µl Total voume 

 

The backbone stock was diluted to less than 50 ng/µl to avoid spill-over of the unmodified backbone 

during bacterial transforma*on. The master mix was briefly centrifuged on a small benchtop 

centrifuge, and 1 µl (<50 ng/µl) of the pNL1.1-Nluc plasmid containing the prototype variant was added 

to the master mix. The reac*on mix was again briefly centrifuged and placed in the PCR thermocycler. 

The PCR thermocycler operated according to program GA-HBe (Table 22). 

 

Table 22 PCR program GA-HBe for the amplifica'on of the 5933 bp long pNL1.1-Nluc 
 

Step Time [seconds] Temperature [°C] Cycle 

Mel'ng 30 98  

Mel'ng 10 98 

30 Annealing 30 65 

Elonga'on 190 72 

Elonga'on 120 72  
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3.2.2.2 PCR amplifica9on of the T-cell receptor constructs and pMP71 flex for gibson assembly 

The constructs containing the sequence of the alpha and beta chain of the HBc18-27 and HBs370-379 T-cell 

receptor (TCR) were ini*ally ordered from the company Twist Bioscience. They were cloned into the 

len*viral transfer vector pTwist Len* SFFV Puro WPRE. The HBc18-27 TCR construct needed to be cloned 

into the retroviral transfer vector pMP71 flex due to safety regula*ons regarding len*virus in the 

laboratory of Prof. Mirjam H. M. Heemskerk, where I went for the MOI stay abroad.  

 

Therefore, two separate PCR were performed, one to amplify the insert containing the TCR (1800 bp) 

and the other to amplify and linearise pMP71 flex (backbone) with a length of 4500 bp. The master mix 

for both reac*ons was iden*cal except for the primers (Table 23). 

 

Table 23 Primers used to prepare the DNA for the Gibson assembly. 
 

Name Forward primer Reverse primer 

HBc18-27 TCR (insert) TCR-NotI-Fwd TCR-EcoRI-Rev 

pMP71 flex (backbone) pMP71 Fwd pMP71 Rev 

 

The PCR was performed with the Q5 DNA polymerase to minimize the DNA polymerase error rate and 

prevent the A-tailing that occurs with the Taq DNA polymerase. The PCR master mix was pipeDed 

according to Table 24. 

 

Table 24 Reac'on mixture of the Q5 PCR to generate the linear DNA for the Gibson assembly. 

Volume [1x] Components 

35.5 µl Nuclease-free water 

10 µl Q5 buffer 

1 µl dNTPs [10 mM] 

1 µl Forward primer [10 µmol] 

1 µl Reverse primer [10 µmol] 

0.5 µl Q5 DNA polymerase 

49 µl Total voume 

 

The insert and backbone stock were diluted to less than 50 ng/µl to minimize spill-over during bacterial 

transforma*on. The master mix was briefly centrifuged on a small benchtop centrifuge, and 1 µl (<50 

ng/µl) of the vector was added to the designated master mix. The reac*on mix was again briefly 

centrifuged and placed in the PCR thermocycler. The PCR thermocycler operated according to program 

GA-TCR_I (Table 25) and GA-TCR_B (Table 26). 
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Table 25 PCR program GA-TCR_I for the amplifica'on of the insert containing the TCR sequence (1800 bp). 

 

Step Time [seconds] Temperature [°C] Cycle 

Mel'ng 30 98  

Mel'ng 10 98 

30 Annealing 30 69 

Elonga'on 54 72 

Elonga'on 120 72  

 

Table 26 PCR programm GA-TCR_B for the amplifica'on of the linear pMP71 flex vector (4500 bp). 

 

Step Time [seconds] Temperature [°C] Cycle 

Mel'ng 30 98  

Mel'ng 10 98 
30 

Annealing & Elonga'on 180 72 

Elonga'on 120 72  

 

 

3.2.2.3 PCR control and DpnI  

AAer the PCR, 6 µl of the mix was run on a 1% agarose gel containing four drops of Ethidiumbromid 

(0.025%) for 1 hour at 100 V, 400 mM to verify the successful amplifica*on of the linear backbone. The 

GeneRuler 1 kb Plus DNA ladder was used as a size control. To the remaining 44 µl of the reac*on mix, 

5 µl CutSmart and 1 µl DpnI were added to remove the remaining circular backbone. The mix was 

incubated for one hour at 37°C. 

 

3.2.2.4 Purifica9on of PCR product 

AAer the reac*on, the DNA was purified with the Thermofischer PCR clean-up kit. For this purpose, the 

50 µl reac*on mix containing the linear DNA backbone was combined with an equal volume binding 

buffer. The mixture containing the buffer and the DNA was pipeDed onto the purifica*on column. The 

column was centrifuged for 60 seconds at 12000 RCF in a table-top centrifuge. The flow-through was 

discarded, and 700 µl wash buffer was added. The column was again centrifuged at 12000 RCF for 60 

seconds, and the flow-through was discarded. The empty column was centrifuged at 12000 RCF for 60 

seconds and transferred onto a 1.5 ml safe lock tube. 50 µl pre-warmed elu*on buffer was added to 

the column and incubated for 1 minute. The column was centrifuged for 60 seconds at 12000 RCF and 

aAerward discarded. A spectrophotometer measured the purified DNA concentra*on. 
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3.2.2.5 Gibson assembly 

The amount of DNA molecules in pmol must be calculated for the Gibson assembly reac*on. This 

depends on the length (number of nucleo*des) and the mass in µg of the DNA. 

𝑝𝑚𝑜𝑙	𝐷𝑁𝐴 = µ𝑔	𝐷𝑁𝐴	𝑥
𝑝𝑚𝑜𝑙

660𝑝𝑔
	𝑥
10 𝑝𝑔

1
µ𝑙	𝑥

1

𝑁
 

N is the number of nucleo*des,  is the avarage molecular weight of a nucleo*de pair. 

 

The calcula*on can quickly be done by numerous online tools provided by many companies, e.g., 

BioMath from Promega “hDps://www.promega.de/en/resources/tools/biomath/” (Accessed 28. 

January 2024). The Gibson assembly was performed in a PCR reac*on tube according to Table 27. The 

best results were obtained with a ra*o for backbone:insert of 1:2 

Table 27 Reac'on mixture of the Gibson assembly. 

 

[1x] Components 

0.1 pmol Insert DNA 

0.05 pmol Backbone DNA 

10 µl HiFi DNA assembly master mix 

ad 20 µl Nuclease-free water 

 

The isothermal Gibson assembly was carried out in a PCR thermocycler in one cycle at 50°C for 30 

minutes. The lid had a temperature of 52°C. AAerward, the thermocycler cooled down to 4°C for several 

minutes. 

3.3 Vector stock genera'on 

3.3.1 Transforma>on of chemically competent bacteria 

For the transforma*on of the vector into bacteria, the NEB® 5-alpha Competent E. coli were used. The 

bacteria were taken from the -80°C storage (2 ml tube, 50 µl) and were thawed on ice for 10 minutes. 

AAerwards, 1 µl from the Gibson assembly or restric*on endonuclease reac*on was pipeDed to the 

bacterial culture. The bacterial cultures were again placed on ice for 30 minutes. AAer incuba*on, the 

bacteria were transferred to a heat block and “heat shocked” at 42°C for 30 seconds. AAer that, the 

bacteria were again incubated on ice for 5 minutes. In the next step, 950 µl SOC medium pre-warmed 

at 37°C was added and placed on a heat-block (37°C) rota*ng at 250 rpm for 1 hour. AAer the 

incuba*on, 100 µl was plaDed on a pre-warmed lysogeny broth (LB) agar plate containing ampicillin 

(100 µg/ ml). The bacterial cultures were incubated for 16 - 18 hours at 37°C. Bacterial colonies, 

containing the desired plasmid, were transferred individually in 6 ml pre-warmed LB medium and 

incubated for an addi*onal 16 - 18 hours at 37°C in a rota*ng wheel. 
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3.3.2 Analy>c plasmid prepara>on 

For the analy*c plasmid prepara*on (mini prep), 2 ml were transferred into a 2 ml safe-lock tube and 

centrifuged for 5 minutes at 12.000 RCF. The supernatant was discarded, and the bacterial pellet was 

prepared with the QIAprep Spin Miniprep Kit from Qiagen. The pellet was resuspended in 250 µl P2 

buffer. The bacteria were lysed with the addi*on of 250 µl P2 buffer. The 2 ml tubes were inverted five 

*mes and incubated for 5 minutes at room temperature (RT). The lysis was stopped by the addi*on of 

350 µl N3 buffer. The lysed bacteria were centrifuged for 10 minutes at 20000 RCF. The clear 

supernatant was pipeDed in a QIAprep spin column and centrifuged for 60 seconds at 20000 RCF. The 

plasmid DNA was washed in the next step by adding 750 µl PE buffer containing ethanol. The spin 

column was centrifuged at 20000 RCF for 60 seconds, and the flow-through was discarded. 

Subsequently, the spin column was transferred to a 1.5 ml safe-lock tube. To elute the plasmid DNA, 

50 µl nuclease-free water was added to the center of the spin column and incubated for 1 min at RT. 

The spin column was centrifuged for 60 seconds at 20000 RCF and removed from the 1.5 ml safe-lock 

tube aAerward. The eluted DNA concentra*on was measured by a spectrophotometer. 

 

3.3.3 Sanger Sequencing 

The purified plasmids were par*ally sequenced by LGC genomics using the Sanger Sequencing 

technique to verify the analy*cal plasmid prepara*on. Usually, only the cloning site or the posi*on of 

the HBeAg muta*on was sequenced. Therefore, a 1.5 ml safe-lock tube was prepared and labeled. For 

the sequencing, 1000 ng of plasmid was needed in a final volume of 12 µl. Addi*onally, 2 µl of the site-

specific primer (10 µM) was added. The obtained data was analyzed with the help of Geneious Prime 

soAware. 

 

3.3.4 Stock plasmid prepara>on (maxi prep) 

AAer the plasmids were verified by sanger-sequencing, 1 ml of the remaining bacterial culture stored 

at 4°C was used to inoculate 300 - 600 ml of LB medium. The culture was incubated in a rotary shaker 

for 18 -20 hours at 37°C. The bacterial culture was centrifuged at 2800 RCF for 30 minutes at 4°C, and 

the supernatant was discarded. The bacterial pellet was resuspended with phosphate-buffered saline 

(PBS) and transferred into a 50 ml conical tube. The culture was centrifuged at 3200 RCF for 30 minutes 

at 4°C, and aAerward, the supernatant was discarded. The pellets were stored at -20 °C or directly 

prepared. The PureLink Expi Endotoxin-free Maxi Plasmid Purifica*on Kit from Invitrogen was used to 

purify the plasmid DNA. At first, the bacterial pellet was resuspended with 6 ml of R3 buffer. The 

breakdown of the bacterial cells was achieved by adding 6 ml L7 lysis buffer and incuba*ng for 5 

minutes. The lysis was stopped by adding 6 ml N3 precipita*on buffer. The lysed cells were loaded onto 

a lysate clarifica*on column and centrifuged at 1000 RCF for 5 minutes. The column was discarded, and 
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2.5 ml endotoxin removal buffer was added to the flow-through. The 50 ml conical tube was inverted 

ten *mes and loaded into a DNA-binding column. The DNA-binding column was centrifuged at 1000 

RCF for 1 minute. The flow-through was discarded, and 20 ml W8 wash buffer was added to the DNA-

binding column. The column containing the wash buffer was centrifuged for 1 minute at 1000 RCF and 

transferred to a new 50 ml conical tube. 15 ml E4 elu*on buffer was added to the DNA-binding column 

and incubated for 1 minute. AAerward, the conical tube was centrifuged for 1 minute at 1000 RCF. The 

DNA-binding column was discarded, and 10.5 ml ice-cold isopropanol was added to the eluate. To 

precipitate the DNA, the 50 ml conical tube was centrifuged at 12000 RCF for 30 minutes at 4°C. The 

supernatant was discarded, and the visible DNA pellet was resuspended in 70% ethanol. The DNA was 

again centrifuged at 3200 RCF for 30 minutes. The supernatant was discarded, and the DNA pellet was 

air-dryed for 15 - 30 minutes. The dry pellet was then resuspended in 200 µl TE buffer, and the 

concentra*on was determined using a spectrophotometer. The volume was adjusted to store the stock 

at 2 µg/µl at -20°C. 

 

3.3.5 Nanopore Sequencing 

Plasmid stock was sequenced by Nanopore sequencing to verify the plasmid and avoid muta*on that 

may be introduced. Therefore, 1000 ng plasmid was linearized by a restric*on endonuclease. All 

plasmids contained an Nco restric*on site; 0.5 µl (1000 ng) plasmid stock was added to 43.5 µl 

nuclease-free water. 5 µl CutSmart buffer and 1 µl NEB Nco-I HF were added and incubated at 37°C for 

one hour, and the enzyme was inac*vated at 80°C for 20 minutes. Yara Fröhlich or Anja Voges did the 

sequencing in-house. The obtained data was analyzed with the help of Geneious Prime soAware. 

 

3.4 Introducing exogenous TCR in J76 mono NFκB cells by transduc'on 

3.4.1 Genera>ng retroviral or len>viral par>cles 

The cells were cultured in IMDM as described in sec*on 3.1. The cells were seeded at 4x106 cells per 

T75 cell culture flask in 15 ml IMDM (10% FBS, 1% Pen/Strep). AAerward, the cells were incubated 

overnight at 37°C and 5% CO2. The next day, the confluency was checked under light microscopy. The 

confluency of the cells was aimed at 50-60 %, and the cells should stretch over the surface of the cell 

culture flask. Three hours before the transfec*on, the old medium was removed, and 9 mL of fresh 

medium was added to the cells. The transfec*on agent, Mirus TransLT1, and Op*-MEM were placed at 

room temperature (RT) approximately 10 – 15 minutes before the transfec*on. The Transfec*on mix 

was pipeDed according to Table 28 (retrovirus) or Table 29 (len*virus) in a 2 ml safe-lock tube. 
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Table 28 Reac'on mixture for the transfec'on of Phoenix-GALV cells. 
 

[1x] Components 

900 µl Op'-MEM 

5 µg Transfer DNA (pMP71 flex with HBc18-27 specific TCR) 

 

Table 29 Reac'on mixture for the transfec'on of HEK293T cells. 
 

[1x] Components 

900 µl Op'-MEM 

5 µg Transfer DNA (pTwist Len' SFFV Puro WPRE with HBs370-379 specific TCR) 

3,5 µg Packaging plasmid pCMV8.74 (P3) 

1,5 µg Envelope plasmid pMD2.G (P4) 

 

The transfec*on mix was carefully mixed by flicking the 2 ml tube and incuba*ng for 5 minutes before 

adding 15 µl (retrovirus) or 30 µl (len*virus) TransLT1. The transfec*on mix was incubated for 15 – 20 

minutes at RT and carefully pipeDed into the T75 cell culture flask. The cells were incubated at 37°C, 

5% CO2, and >80% humidity overnight. The medium was discarded the following day, and 15 ml fresh 

IMEM was added to the T75 cell culture flask. The cells were again incubated overnight at 37°C, 5% 

CO2, and >80% humidity. Forty-eight hours aAer the transfec*on, the viral par*cles were harvested. 

Therefore, 28 cryo-vials were prepared. The cell supernatant with the viral par*cles was filtered 

through a 0.45 µm polyethersulfone (PES) or cellulose acetate filter. The cryo-viles were filled with 500 

µl of the filtered supernatant and stored at -80°C un*l further use. 

 

3.4.2 Transduc>on of J76 mono NFκB cells with retroviral or len>viral par>cles 

For the viral transduc*on of J76 mono NFκB cells 24-well non-*ssue culture coated plates were treated 

with  400 µl RetroNec*n (30 µg/ml) and incubated overnight at 4°C. The Retronec*n was removed and 

the plate was blocked for 30 minutes ar RT with 500 µl of a 2% Human Serum Albumine in PBS solu*on. 

The blocking solu*on was removed and the wells of the plate were washed once with 500 µl PBS. The 

PBS was discarded and 250 µl len*- or retrovirus was added per well. The 24-well plate was centrifuged 

at 4°C and 2000 RCF for 30 minutes. The viral supernatant was discarded and the plate was washed 

with 500 µl 2% human serum albumine solu*on. The J76 mono NFκB cells were diluted to 4x105 

cells/ml and 500 µl of the cells in IMDM was pipeDed into the wells. The cells were incubated over 

night at 37°C, 5% CO2, and >80% humidity. The next day the the cells were transfered to a 6 well plate 

and the medium was exchanged. The cells were incubated at 37°C, 5% CO2, and >80% humidity for two 

to three days depending on the growth of the cells. The cells were transferred to a T25 cell culture flask 

and the transduc*on effieciency was analysed by flourescence ac*vated cell sor*ng (FACS). 
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3.4.3 Analysis of transduc>on efficiency in J76 mono NFκB cells 

Via fluorescence-ac*vated cell sor*ng (FACS), the success of the viral transduc*on was tested. The J76 

mono NFkB wildtype cells were cul*vated and analyzed with the transduced cells as a control. The 

staining was done by transferring 10,000 - 50,000 cells into a FACS tube. At least 1 ml FACS buffer (PBS 

with 2% FBS) was added to the cells. The cells were centrifuged for 5 minutes at 500 RCF and 4°C. The 

supernatant was discarded, and the FACS tube was shortly vortexed to resuspend the cell pellet. 100 

µl eFluor 506 Viability dye (1:1000 diluted) was added to the cells and incubated for 15 minutes at 4°C. 

AAer the incuba*on period, 1 ml FACS buffer was added, and the cells were centrifuged at 500 RCF for 

5 minutes at 4°C. The supernatant was discarded, and the FACS tube was shortly vortexed to resuspend 

the cell pellet. 100 µl FACS buffer containing an*-CD8-AF700 (diluted 1:100) and an*-mTCRb-APC 

(diluted 1:50) an*bodies were used to resuspend the cells. The cells were incubated for 15 minutes at 

4°C, and 1 ml FACS buffer was added aAerwards. The cells were centrifuged at 500 RCF for 5 minutes 

at 4°C and washed twice. AAer the final wash step, the cells were resuspended in 100 µl FACS buffer 

and acquired on a Cytek Aurora or BD LSR Fortessa flow cytometer. Single stained cells were used to 

compensate for spectral overlay. The BD FACS Diva soAware automa*cally calculated the compensa*on 

matrix. The data was analyzed by using the FlowJo V10.9 soAware. 

 

3.4.4 Magne>c ac>vated cell sor>ng (MACS) of TCR posi>ve J76 mono NFκB cells 

The MACS cell separa*on system allowed the enrichment of the J76 mon NFκB cells containing the 

recombinant T-cell receptor. To separate the cells that differ only in the presence of the TCR, indirectly 

labeled beads targe*ng the APC fluorochrome on the an*-mTCRb an*body were used. At first, the cells 

were counted, and <107 cells were centrifuged at 300 RCF for 10 minutes. The cells were resuspended 

in 100 µl running buffer (500 ml PBS, 2.5 ml EDTA, and 13 ml (40g/L) human albumin) containing 2 µl 

an*-mTCRb an*body. The labeling with the an*body was done for 15 minutes in the dark at 4°C. The 

labeled cells were washed twice with 1 ml running buffer in the centrifuge for 10 minutes at 300 RCF 

and 4°C. The an*-APC microbeads were mixed, and 100 µl was used to resuspend the cells aAer the 

washing. AAerward, the cells and the beads were incubated for 15 minutes at 4°C. The cells were 

washed with 5 ml running buffer and centrifuged for 10 minutes at 300 RCF and 4°C. The cell pellet was 

resuspended in 500 µl running buffer.  

 

AAer the cells were labeled, an LS column containing a pre-separa*on filter was placed in the magnet. 

The column was rinsed with 3 ml running buffer, and the flow-through was collected in a 15 ml conical 

tube. Then, the cell suspension was applied through the filter onto the column. The unlabeled cells 

were collected in a 15 ml conical tube. The column was rinsed three *mes with 3 ml running buffer. 

AAer the column reservoir was empty, the pre-separa*on filter was discarded, and the column was 
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removed from the magnets and placed onto a 15 ml conical tube. 5 ml running buffer was pipeDed 

onto the column, and the labeled cells were flushed using the plunger.  

 

AAer separa*on, the purity of the unlabeled and labeled frac*ons was analyzed by flow cytometry as 

described in sec*on 3.4.3. The cells were cultured at 37°C, 5% CO2, and >80% humidity un*l sufficient 

cells were grown to be frozen and stored. 

 

3.5 HBV cccDNA cell culture assay 

3.5.1 Genera>on of HBV genotype A and D cccDNA 

The Hepa**s B virus genome was cloned into pNL1.1-Nluc and was flanked by the restric*on enzyme 

site C/CATGG, which can be cut with the NcoI enzyme. As the pNL1.1-Nluc plasmid backbone (3110 bp) 

and the HBV sequence (~3,200 bp) were of similar size, a second restric*on endonuclease (NotI) was 

used to digest the pNL1.1-Nluc plasmid further and therefore make the extrac*on of the HBV genome 

simpler (Plasmid map provided in the Supplements). The enzyma*c reac*on mix was pipeDed 

according to Table 30. Per variant, 80 µg plasmid was needed, and the plasmid stock was diluted to 2 

µg/µl. 

 

Table 30 Restric'on endonuclease reac'on to separate the HBV genome from the pNL1.1-Nluc vector. 
 

Volume [1x] Components 

16 µL NcoI-HF (20 U/µl, NEB R3193L) 

16 µL NotI-HF(20 U/µl, NEB R3189L) 

40 µL Plasmid (80 µg) 

40 µL 10x CutSmart Buffer 

288 µL Nuclease-free water  

400 µL Total volume 

 

The reac*on was incubated at 37°C for three hours and heat-inac*vated at 80°C for 20 minutes when 

not directly processed. AAer the enzyma*c reac*on, 80 µl loading dye (6x) was added, and the DNA 

was separated on a 0.9% agarose gel electrophoresis. The agarose was melted in 1x TRIS-Borat-EDTA 

buffer, and four drops of Ethidiumbromid (0.025%) were added 5 minutes aAer the boiling. The 

GeneRuler 1kb Plus DNA ladder was used as a size control. The agarose gel was run at 140 V and 400 

mA for 3 hours. The band at 3200 bp containing the HBV genome was extracted from the agarose gel 

under UV light and transferred into several 2 ml safe-lock tubes to distribute the gel weight so it did 

not exceed 1 mg/2 ml safe-lock tube. Typically, twelve 2 ml safe-lock tubes were needed. 
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The linear DNA was extracted with the Thermofisher GenJet gel extrac*on Kit. The GenJet gel 

extrac*on kit was used to work with up to 1 mg of agarose gel per purifica*on column. The agarose gel 

was dissolved by adding 1:1 volume to weight binding buffer and incuba*on on a shaking heat block at 

56°C, 1000 rpm for up to 5 minutes or when the gel was completely dissolved. 800 µl dissolved agarose 

gel was transferred to a purifica*on column and centrifuged for 1 min at 16000 RCF. The flow-through 

was discarded, and the column was refilled with dissolved agarose gel and centrifuged. This was 

repeated un*l the whole volume was loaded onto a column. The flow-through was discarded, and 700 

µl wash buffer was added. The column was again centrifuged at 16000 RCF for 60 seconds, and the 

flow-through was discarded. The empty column was centrifuged at 16000 RCF for 60 seconds to 

remove residual wash buffer and transferred onto a 1.5 ml safe lock tube. 50 µl pre-warmed elu*on 

buffer was added to the column and incubated for 1 minute. The column was centrifuged for 60 

seconds at 12000 RCF and aAerward discarded. The eluate of all the columns were pooled, and a 

spectrophotometer measured the purified DNA concentra*on. 

 

To form the viral cccDNA, single strands of the HBV genome were ligated. The liga*on reac*on was 

diluted to prevent excessive liga*on of two or more DNA fragments so that the DNA concentra*on did 

not exceed 2 ng/µl. The DNA liga*on mixture was prepared according to Table 31. 

 

Table 31 Liga'on of the HBV genome to form the cccDNA. 
 

Volume [1x] Components 

2000 µL T4 Ligase Buffer 10x 

X Linear HBV ( < 30.000 ng)  

250 µL T4 Ligase (Cat. No. M0202L, NEB) 

Up to 20 mL Nuclease-free water 

20 mL Total Volume 

 

The DNA liga*on was done for one hour at room temperature, and the subsequent concentra*on of 

the cccDNA was immediately carried on aAerward. To concentrate the cccDNA, the Thermofisher 

GenJet PCR clean-up Kit was used in combina*on with a Vac-Man Vacuum manifold. Four clean-up 

columns were used per DNA liga*on mix (20 ml). As the columns can only carry 800 µl liquid, the 

columns were connected to column extension tubes, allowing the column to carry 20 ml liquid. The 

columns were connected to the vacuum manifold. The 20 ml DNA liga*on mix was combined with 20 

ml binding buffer and shortly inverted. In each column, 10 ml of the mixture was added, and the 

vacuum was applied. AAer the columns were dry, the extenders were removed, and the column was 

loaded with 800 µl wash buffer. The vacuum was applied, and aAer the wash buffer passed through, 
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the columns were removed from the vacuum manifold and placed into 2 ml tubes. The columns were 

centrifuged for 1 minute at 16000 RCF to remove residual wash buffer and placed in a 1.5 ml safe-lock 

tube. The cccDNA was then eluted in 53 µl elu*on buffer (10 mM Tris-HCl, ph 8.5). The columns were 

centrifuged, and the eluted 53 µl was used to elute a second column.  

 

A T5 exonuclease reac*on was performed to remove linear HBV genomes. The T5 exonuclease reac*on 

mix was pipeDed according to Table 32. 

 

Table 32 T5 Exonuclease reac'on to remove linear HBV genomes. 
 

Volumes [1x] Components 

6 µl Buffer 10x (Buffer 4) 

53 µL DNA from the T4 ligase reac'on 

1 µl T5 Exonuclease (Cat. No. M0663S, NEB) 

60 µL Total Volume 

 

The enzyma*c reac*on was incubated for one hour at 37°C, and 12 µl loading dye (6x) was added to 

stop the reac*on. The cccDNA was applied to a 0.9% agarose gel to separate single HBV genome 

cccDNA from circular DNA containing two or more HBV genomes. The agarose gel electrophoresis ran 

for two hours at 120V and 400 mM. AAerward the single genome cccDNA was excised from the agarose 

gel under the UV light. The cccDNA band was due to the supercoiling located at size loca*on or 2100 

bp. The cccDNA was purified via the Thermo Scien*fic GenJet gel extrac*on kit similar in precedure as 

mean*oned above. The cccDNA was eluted in 60 µl and the elutant was used for several columns. The 

cccDNA concentra*on was determined via spectrophotometer and stored at -20°C *ll futher use.  

 

3.5.2 Transfec>ng HepG2-hNTCP cells with HBV cccDNA 

Before transfec*on of HepG2-hNTCP cells with the cccDNA, a specific assay medium had to be 

prepared. The medium consisted of DMEM with 2% FBS, 4% PEG-8000, and 2% DMSO. This medium 

composi*on allowed the reinfec*ng of HepG2-hNTCP from formed HBV virus par*cles [88]. In later 

experiments, this was abandoned as it introduced more disadvantages than advantages, and the J76 

mono NFkB cells reacted sensi*vely to PEG-8000 and DMSO. At the same *me as the change away 

from the assay-specific medium, the cells were also switched from DMEM to IMDM, which had no 

consequences for the HepG2-hNTCP cells but was required for the J76 mono NFkB cells. 

The HepG2-hNTCP cells were cultured in a T75 cell culture flask as described in sec*on 3.1.2. For the 

cccDNA assay, the cells were washed twice with a sufficient amount of PBS and detached from the flask 

with TrypLE. The cells were counted in a Neubauer chamber, and 100.000 HepG2-hNTCP cells/ml were 
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pipeDed into a collagen I treated 24-well plate plate (1 ml/well). The cells were incubated overnight at 

37°C 5% CO2 and >80% humidity.  

The next step was only done when using an assay-specific medium. When IMDM was used, the next 

step was the transfec*on of the cells. The next day, the cell aDachment was monitored under the 

microscope, and the medium was removed. The cells were washed twice with 500 µl PBS, and 500 µl 

assay-specific medium was added. The cells were incubated overnight at 37°C, 5% CO2 and >80% 

humidity.  

 

Two to three hours before the transfec*on, the old medium was exchanged for 500 µl fresh medium. 

The transfec*on agent, Mirus TransLT1, and Op*-MEM were placed at room temperature (RT) 

approximately 10 – 15 minutes before the transfec*on. The Transfec*on mix was pipeDed according 

to Table 33 in a 2 ml safe-lock tube. The transfec*on mix was prepared according to the wells needed. 

 

Table 33 Reac'on mixture for one well for the transfec'on of HepG2-hNTCP cells with HBV cccDNA. 
 

Per well Components 

Up to 50 µl Op'-MEM 

500 ng cccDNA 

 

AAer an incuba*on of 5 minutes at room temperature, Mirus TransLT1 reagent (2.5 µl TransLT1/ µg 

DNA) was added to the mixture and gently mixed by pipe�ng. The reac*on was incubated for 30 

minutes at room temperature, and 50 µl/well were pipeDed dropwise onto the cells. The 24-well plate 

containing the transfected cells was gently swayed and incubated at 37°C 5% CO2 and >80% humidity 

overnight. The next day, 500 µl fresh medium was added to each well. The cells were incubated *ll the 

HBV markers, the core staining assay, or the J76 mono NFκB experiments were done. 

 

3.5.3 Detec>on of HBeAg and HBsAg 

AAer the HepG2-hNTCP cells were transfected with HBV cccDNA, the HBeAg and HBsAg were measured 

from the supernatant. This was done by removing the supernatant from the well and pipe�ng it into 

a 2 ml safe-lock tube. HBeAg and HBsAg were measured on the AbboD Architect i2000 immunoassay 

analyzer, AbboD HBeAg, and HBsAg reac*on kits. The supernatant was pipeDed into a 5 ml sample tube 

and loaded onto the immunoassay via a sample rack. The obtained data was a signal-to-cutoff ra*o 

(S/CO) calculated from the internal standard in the reac*on kit. The data was analyzed and visualized 

with MicrosoA Excel and GraphPad Prism 10 soAware. 
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3.6 HBV core protein and HLA class I molecule staining 

AAer the transfec*on of the HepG2-hNTCP cells with the HBV cccDNA or in the HepG2-P151/152 cells, 

the HBV core protein was stained from cells cultured in collagen-I coated 24-well plates. For the cccDNA 

experiments, the staining was done four days aAer transfec*on. The cells were washed twice with 500 

µl PBS and incubated for 5 minutes with 100 µl Accutase to detach them. The reac*on was stopped by 

adding 400 µl FACS buffer (PBS, 2% FBS), and the cell suspension was transferred to a FACS tube. The 

cells were centrifuged and resuspended in FACS buffer twice for 5 minutes at 500 RCF. A 1:1000 viability 

dye eFluor 506 dilu*on was prepared in FACS buffer, and the cells were resuspended in 100 µl of the 

prepared viability dye solu*on. The cell suspension was labeled for 15 minutes in the dark at 4°C. 

AAerward, 500 µl FACS buffer was added, and the cell suspension was centrifuged at 500 RCF for 5 

minutes.  

For HLA class I molecule staining a 1:100 dilu*on of the an*-HLA-ABC APC an*body was prepared in 

FACS buffer. The cells were resuspended in 100 µl an*body solu*on and incubated for 15 minutes in 

the dark at 4°C. AAerward, 500 µl FACS buffer was added, and the cell suspension was centrifuged at 

500 RCF for 5 minutes. AAer the viability or HLA class I molecule staining, the cells were resuspended 

in 100 µl IC Fixa*on buffer and incubated for 20 minutes at 4 °C in the dark. AAer the incuba*on, 400 

µl permeabiliza*on (perm) buffer (1x) was added, and the cell suspension was centrifuged at 500 RCF 

for 5 minutes. This step was performed once more, and aAerward, the cells were resuspended in 100 

µl perm buffer containing 1:50 diluted an*-HBVcore an*body. The intracellular staining was incubated 

in the dark for 30 minutes at 4°C. 400 µl perm buffer was added, and the cells were centrifuged at 500 

RCF for 5 minutes. The cells were resuspended in 100 µl perm buffer containing 1:500 an*-mouse IgG 

secondary an*body and incubated for 15 minutes at 4°C in the dark. AAer the incuba*on, 400 µl perm 

buffer was added, and the cells were centrifuged at 500 RCF for 5 minutes. This washing step was 

repeated twice. AAer washing, the cells were resuspended in 100 µl FACS buffer and acquired on a BD 

LSR Fortessa flow cytometer. Single stained cells were used to compensate for spectral overlay. The BD 

FACS Diva soAware automa*cally calculated the compensa*on matrix. The data was analyzed by using 

the FlowJo V10.9 soAware. 

 

3.7 T-cell receptor ac'va'on assay 

The T-cell receptor (TCR) ac*va*on assay was performed with J76 mono NFκB cells containing an 

HBc18-27 specific or HBs370-379 specific TCR. The J76 mono NFκB cells were co-cultured with HepG2-

P151/P152 expressing the HBV core protein, or HepG2-hNTCP cells transfected with HBV cccDNA 

(sec*on 3.5.2). The HepG2 derivates were cultured with 100.000 cells/well in a collagen-I coated 24-

well plate for co-culturing. For the experiments involving the HepG2-hNTCP cells, the J76 mono NFκB 

cells were added on the evening of the third day aAer the transfec*on with the HBV cccDNA. Therefore, 
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the culture medium from the HepG2 cells was removed and replaced with 1 ml fresh IMDM containing 

100.000 J76 mono NFκB cells. Each experimental setup contained untransfected HepG2-hNTCP cells 

co-cultured with the J76 mono NFκB cells as a nega*ve control. HepG2-hNTCP cells loaded with one µg 

of the corresponding pep*de were used as a posi*ve control. The cells were co-cultured for 16 hours 

at 37°C, 5% CO2 and >80% humidity. The staining was handled on ice or at 4°C. The supernatant was 

transferred into FACS tubes, and the wells were washed twice with PBS. The supernatant from the 

washing steps was transferred into the FACS tubes. The J76 mono NFκB cells are firmly aDached; 

therefore, all cells were treated with 100 µl Accutase to detech every cell. The cells were incubated for 

10 minutes and resuspended in 400 µl FACS buffer. The cells were transferred into the FACS tubes. The 

tubes were then centrifuged at 300 RCF for 10 minutes, and the cells were resuspended in 100 µl FACS 

buffer and transferred into a 96-well U-boDom plate. 150 µl FACS buffer was added, and the cells were 

centrifuged at 300 RCF for 10 minutes. The supernatant was discarded, and the 96-well plate was 

shortly vortexed to resuspend the cell pellet. 100 µl eFluor 506 Viability dye (1:1000 diluted) was added 

to the cells and incubated for 15 minutes at 4°C. AAer incuba*on, 150 µl FACS buffer was added, and 

the cells were centrifuged at 500 RCF for 10 minutes at 4°C. The supernatant was discarded, and the 

96-well plate was shortly vortexed to resuspend the cell pellet. 100 µl FACS buffer containing an*-CD8-

AF700 (diluted 1:100) and an*-mTCRb-APC (diluted 1:50) an*bodies were used to resuspend the cells. 

The cells were incubated for 15 minutes at 4°C, and 150 µl FACS buffer was added aAerwards. The cells 

were centrifuged at 500 RCF for 5 minutes at 4°C and washed twice. AAer the final wash step, the cells 

were resuspended in 100 µl FACS buffer and acquired on a BD LSR Fortessa flow cytometer. Single 

stained cells were used to compensate for spectral overlay. The BD FACS Diva soAware automa*cally 

calculated the compensa*on matrix. The data was analyzed by using the FlowJo V10.9 soAware. 

 

3.8 Sta's'cal analysis 

The data was analyzed and visualized with the help of GraphPad Prism 10 soAware. The Shapiro-Wilk 

test was used to test the data for normal distribu*on. The Grubbs test iden*fied outliers. For the 

sta*s*cal analysis of the data, an unpaired two-tailed Student’s t-test was used to compare two 

separate groups, and a one-way analysis of variance was used when comparing three or more separate 

groups. The corresponding sta*s*cal test was used for each experiment, as indicated in the figure 

legends. A p-value of ≤ 0.05 was considered sta*s*cally significant. 
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AAer understanding that the largest part of infec*ons in the Dusseldorf cohort were HBeAg-nega*ve, 

the age distribu*on between HBeAg-posi*ve and HBeAg-nega*ve infec*ons was examined. HBeAg-

posi*ve HBV-infected pa*ents are significantly (p <0.0001) younger than HBeAg-nega*ve HBV-infected 

pa*ents in the cohort (Figure 11 A). This data is essen*al as it demonstrates the connec*on between 

age and the HBeAg status and partly explains the high propor*on of HBeAg-nega*ve pa*ents in the 

cohort. Inversed to the age but in line with the chronic stage, pa*ents with an HBeAg-posi*ve HBV 

infec*on exhibited a significantly higher viral load (p <0.0001) compared to HBeAg-nega*ve HBV-

infected pa*ents in the cohort (Figure 11 B). This data aligns with the classifica*on of HBV chronic 

stages and demonstrates the dras*c change in viral load between HBeAg-posi*ve and HBeAg-nega*ve 

pa*ents. 

 

It is worth no*ng that muta*ons affec*ng the HBeAg could be observed in pa*ents who tested posi*ve 

for HBeAg. Most of these muta*ons involve the BCP muta*on in either single or double configura*on 

but can also include the W28* muta*on. A sta*s*cally significant reduc*on in HBV DNA (p = 0.0103) 

was observed in these pa*ents compared to those without an HBeAg-altering muta*on (Figure 11 C). 

This is important as it suggests that the accumula*on of HBeAg-altering muta*ons is not sudden but 

indicates a hidden conflict between the virus and the immune system. In this process, over *me, the 

virus could possibly gain an advantage by losing HBeAg. On the other hand, no significant differences 

between the variants could be discerned in HBeAg-nega*ve infected pa*ents (Figure 11 D). This 

indicates that the HBeAg-altering muta*ons did not differ in their impact on the viral load and that 

other circumstances, like the number of accumulated muta*ons in the virus or an immune pressure, 

could be responsible for the loss of replica*on fitness. 

 

4.1.1 Frequency of HBV precore variants in the Duesseldorf cohort 

A comprehensive analysis of the different HBeAg-altering muta*ons in different genotypes was 

performed (Figure 12, Table 34). The analysis included all HBV sequences from the Duesseldorf cohort 

with known HBeAg status. The analysis aimed to establish an understanding of the frequency and 

diversity of HBeAg-altering muta*ons. Besides the two well-known HBeAg altering muta*ons (A1762T 

+ G1764A & G1896A), different precore start codon muta*ons were detected. The muta*ons were at 

posi*ons 1814, 1815, and 1816, resul*ng in the loss of the typical start codon AUG.  

Muta*ons in the BCP region were only considered in the analysis when they occurred as the previously 

described double muta*on (A1762T + G1764A). Other variants at the two nucleo*de posi*ons were 

not counted. The different precore start codon muta*ons were grouped in the analysis to simplify the 

graphs.  
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In genotypes B, C, D, and E, the W28* muta*on was the most common HBeAg-altering muta*on. 

Whereas in genotypes D and E, the W28* muta*on dominated the viral sequences, the BCP double 

muta*on was much more common in genotypes B and C sequences. It is worth no*ng that although 

there were only a few genotype E sequences, they all exclusively contained either the HBeAg prototype 

variant or the W28* muta*on variant, with no BCP double muta*on or the Start codon muta*on 

detected. Genotypes B and C were similarly prevalent to genotype E in the cohort. However, the BCP 

double muta*on could be detected in both genotypes, excluding the size as a possible explana*on. 

This data demonstrates that the genotypes differ in their distribu*on of HBeAg-altering muta*on. 

 

During the analysis, it became clear that many sequences did not exclusively possess single muta*ons 

but a combina*on of the HBeAg-altering muta*ons. Therefore, a more specific analysis was carried 

out. The trough analysis was limited to genotypes A and D. Genotypes B, C, and E were excluded due 

to the small numbers of sequence data available. Genotype A and D were further divided into HBeAg 

posi*ve (HBeAg +) and HBeAg-nega*ve (HBeAg -). Sequencing data was available for 43 HBeAg posi*ve 

and 245 HBeAg nega*ve variants for pa*ents infected with genotype D.  

HBeAg-posi*ve genotype D sequences exhibited predominantly prototype variants (65.1 %) at the 

defined nucleo*de posi*ons, as displayed in Table 34. Consistent with expecta*ons, single nucleo*de 

muta*ons in the Basal core promoter region could be detected in a subset of the sequences (16.3 %). 

Addi*onally, the HBeAg altering BCP double muta*on was detected in 11.6 % of HBeAg-posi*ve 

sequences. Interes*ngly, the W28* muta*on, while not unprecedented in other cohorts, was detected 

in several HBeAg-posi*ve sequences. Although the underlying reasons remain unknown, poten*al 

explana*ons will be explored later during the discussion. No precore start codon muta*ons were 

detected in the HBeAg-posi*ve sequences. The genotype A sequences from HBeAg-posi*ve pa*ents 

presented a comparable paDern to the genotype D sequences, with the caveat that only five sequences 

were available for analysis. As an*cipated, the prototype variant was predominantly observed in most 

sequences. 

The inves*ga*on into HBeAg-nega*ve sequences revealed a more complex image. In most HBeAg-

nega*ve genotype D and A sequences, at least one of the three HBeAg-altering muta*ons could be 

detected. However, a small percentage of genotype D (4.5%) and A (16.4%) sequences lacked a 

nucleo*de muta*on at the two BCP posi*ons, the precore start codon nucleo*des, or the posi*on 

responsible for the W28* muta*on. Similar to the occurrence of HBeAg-altering muta*ons in HBeAg-

posi*ve sequences, prototype variants in sequences from HBeAg-nega*ve pa*ents can not be 

explained en*rely. Unknown subs*tu*ons or an accumula*on of different muta*ons affec*ng 

replica*on may be responsible for the loss of HBeAg in these variants. In the examina*on of HBeAg-

nega*ve sequences, dis*nc*ons in the distribu*on of HBeAg-altering muta*ons between genotypes A 
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and D could be observed. Specifically, the W28* muta*on appeared as the most prevalent variant in 

genotype D sequences, detected in 47.3% of sequences, compared to just 12.9% in genotype A 

sequences. This suggests a preference for the W28* muta*on in genotype D. Conversely, the BCP 

double muta*on emerged as the predominant HBeAg-altering muta*on in genotype A, appearing in 

32.8% of sequences, as opposed to just 11.6% in genotype D sequences. Furthermore, the start codon 

muta*on variants were notably frequent in genotype A (21.8%) but rela*vely rare in genotype D (2.4%), 

similar to the BCP double muta*on. 

 

Table 34 HBeAg altering muta'ons in genotype A and D 

BCP precore start codon W28 genotype D genotype A 

1762 1764 1814 1815 1816 1896 HBeAg + HBeAg - HBeAg + HBeAg - 

A G A T G G n (43) % n (245) % n (5) % n (73) % 

. . . . . . 28 65.1 11 4.5 4 80.0 12 16.4 

T . . . . A 0 0.0 3 1.2 0 0.0 1 1.4 

T A . . . A 2 4.7 42 17.1 0 0.0 2 2.7 

T R . . . A 0 0.0 2 0.8 0 0.0 0 0.0 

T T C . . A 0 0.0 1 0.4 0 0.0 0 0.0 

G . . . . A 0 0.0 2 0.8 0 0.0 0 0.0 

G C . . . A 0 0.0 2 0.8 0 0.0 0 0,0 

C T . . . A 0 0.0 1 0.4 0 0.0 0 0.0 

. . . . . A 1 2.3 116 47.3 0 0.0 10 12.9 

. . C . . A 0 0.0 1 0.4 0 0.0 0 0.0 

. . M . . A 0 0.0 0 0.0 0 0.0 0 0.0 

. . T . . A 0 0.0 1 0.4 0 0.0 0 0.0 

. A . . . A 2 4.7 18 7.3 0 0.0 1 1.4 

. A . . T A 0 0.0 2 0.8 0 0.0 0 0.0 

. C . . . A 0 0.0 1 0.4 0 0.0 0 0.0 

. R . . . A 0 0.0 4 1.6 0 0.0 0 0.0 

. T . . . A 2 4.7 20 8.2 0 0.0 0 0.0 

T . . . . . 1 2.3 0 0.0 0 0.0 0 0.0 

T A . . . . 5 11.6 7 2.9 1 20.0 24 32.8 

T A . . T . 0 0.0 1 0.4 0 0.0 1 1.4 

T A C . . . 0 0.0 0 0.0 0 0.0 3 4.1 

. . . . T . 0 0.0 4 1.6 0 0.0 1 1.4 

. . . A . . 0 0.0 0 0.0 0 0.0 1 1.4 

. . . C . . 0 0.0 0 0.0 0 0.0 2 2.6 

. . C . . . 0 0.0 2 0.8 0 0.0 10 13.7 

. . T . . . 0 0.0 0 0.0 0 0.0 2 2.7 

. A . . . . 0 0.0 0 0.0 0 0.0 3 4.1 

. A . . T . 0 0.0 1 0.4 0 0.0 0 0.0 

. A C . . . 0 0.0 1 0.4 0 0.0 0 0.0 

. R . . . . 1 2.3 0 0.0 0 0.0 0 0.0 

. T . . . . 1 2,3 1 0.4 0 0.0 0 0.0 

. T . C . . 0 0.0 1 0.4 0 0.0 0 0.0 
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AAer examining the frequency of the individual muta*ons, the frequency of combina*ons of the 

muta*ons at the specified nucleo*de posi*ons was examined. Given that the W28* muta*on was the 

most prevalent variant in HBeAg-nega*ve genotype D sequences, observing its combina*ons with 

other muta*ons was not surprising. In genotype D sequences, it was frequently found with the BCP 

double muta*on (17.1%) or BCP single nucleo*de muta*ons (22.3%). However, this combina*on was 

less common in genotype A (5.5%). In genotype D, a combina*on of a precore start codon muta*on 

with the W28* muta*on was rare (2%) and nonexistent in genotype A, which is notable considering 

that the precore start codon variants were more frequent in this genotype. The combina*on of BCP 

with a start codon muta*on was infrequently detected in genotype D (1.2%) or genotype A (5.5%). 

 

In the Duesseldorf cohort, the HBV genotype D exhibited a high level of homogeneity in developing 

HBeAg-altering muta*ons, with a preference for the W28* stop muta*on. On the other hand, genotype 

A sequences showed more heterogeneity with regard to HBeAg-altering muta*ons. The BCP double 

muta*on was the most common HBeAg-altering muta*on, followed by the start codon muta*on. 

Although the variability of HBeAg-altering muta*ons in genotype D was more homogenous, sequences 

from this genotype more oAen possessed combina*ons of muta*ons compared to genotype A 

sequences. 

 

4.1.2 Distribu>on of the 1858 nucleo>de variants in genotype A and D 

Next, the analysis focused on the distribu*on of thymine (T) or cytosine (C) at the nucleo*de posi*on 

1858 in genotypes A and D. It is believed that the subs*tu*on of guanine with adenine at posi*on 1896 

(G1896A, W28* muta*on) prohibits the forma*on of the epsilon structure of the pregenomic RNA in 

sequences containing a cytosine at posi*on 1958 [66,176].  

 

It is considered that the occurrence of thymine or cytosine at posi*on 1858 is associated with the HBV 

genotype. In the Duesseldorf cohort, all HBeAg-nega*ve genotype D sequences contain thymine at this 

posi*on. In contrast, the majority (79.22%, n = 61) of genotype A sequences have cytosine at the same 

posi*on (Figure 13 A). However, thymine was s*ll detected in 20.78% (n = 16) of genotype A sequences 

at the specified posi*on.  

Subsequently, the HBeAg-nega*ve genotype A sequences were further examined for the W28* 

muta*on and the nucleo*de choice at posi*on 1858. All genotype A sequences with a W28* muta*on 

(n = 14) also had thymine at nucleo*de posi*on 1858 (Figure 13 B). In contrast, in genotype A 

sequences where other HBeAg-altering muta*ons were detected, the majority (96.61%, n = 57) had 

cytosine, and only 3.39% (n = 2) contained thymine at this posi*on. 
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In the first lane aAer the DNA ladder, the pNL1.1-Nluc plasmid containing the HBV genome is visible, 

with a length of 6298 base pairs (bp). Moving on to the second lane, the plasmid was restric*on 

digested with the NcoI and NotI enzymes, resul*ng in three bands. The HBV genome band is observed 

at 3188 bp for genotype D. The two other bands (1235 bp, 1875 bp) resulted from the NotI diges*on 

of the backbone. AAer the isola*ng step, the linear HBV genome can be seen in the third lane. Less 

than 5 % of DNA was lost during the restric*on diges*on and isola*on steps. Following the isola*on, 

the linear HBV DNA was used to form the cccDNA by self-liga*ng in a T4 ligase reac*on. The results 

from the liga*on step can be seen in the fourth lane. As the cccDNA tends to supercoil, the band was 

found to be around 2100 bp on an agarose gel. Several other bands could be observed along the 

cccDNA band. The bands resulted from the liga*on of several HBV genomes together. The liga*on step 

was the most cri*cal part of the genera*on of cccDNA and could result in the loss of > 50% of DNA 

usable for cccDNA. Moving to the agarose gel's fiAh lane, linear fragments were eliminated using T5 

exonuclease. Other bands were s*ll present, represen*ng circular DNA formed from two or more HBV 

genomes. Consequently, the band was again isolated and purified to obtain only cccDNA containing 

one HBV genome (Lane 6). 

Each step of the genera*on of cccDNA was rela*vely simple molecular biology. However, the difficul*es 

with liga*ng low concentra*ons of DNA in large volumes and the consequen*al loss of DNA in 

combina*on with the high concentra*on needed made the process complicated and *me-consuming. 

 

4.2.2 HBV genomes and pa>ent isolates 

Different HBV sequences were needed to generate cccDNA to see if HBeAg can contribute to viral CD8+ 

T cell escape. Instead of reference sequences, pa*ent isolates were used, as this project wanted to 

explore whether the different HBeAg-altering muta*ons could have different effects on isolates. 

Further, using pa*ent isolates from the Duesseldorf cohort allowed a more granular selec*on, as many 

diagnos*c markers were known. Selec*ng isolates from pa*ents in the immune tolerance stage 

(HBeAg-posi*ve) of the chronic infec*on was essen*al. The sequences from viruses in the immune 

tolerance stage should not have developed many muta*ons yet to evade the immune pressure. 

Therefore, viral isolates with a high viral load and a posi*ve HBeAg status were chosen (Table 35).  

 

Table 35 Pa'ent isolates: Four paAent isolates were selected for use in the cccDNA assay. 

Name ID Genotype  viral load HBeAg status Sex Age HLA-A HLA-B 

GTD #1 FR-HBV238 D 145426465 posi've M 23 2 24 7 18 

GTD #2 DD14-38611 D 7000000 posi've M 27 32 68 15 38 

GTA #1 FR-HBV54 A 220199656 posi've M 37 2 30 13 39 

GTA #2 DD14-28904 A 2474487 posi've M 23 2 31 18 40 
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The HBeAg levels in the supernatant increased for both variants throughout the experiments (Figure 

16 A-B). The pSHH 2-1 variant did not yield a posi*ve HBeAg S/CO ra*o on the first day aAer 

transfec*on. The first detectable mean posi*ve HBeAg S/CO ra*o of 2.43 ± 1.04 was observed on the 

second day aAer transfec*on (Figure 16 A). The highest mean HBeAg S/CO ra*o recorded within the 

experimental *meframe was 23.39 ± 9.04 on the seventh day aAer transfec*on. The highest overall 

recorded HBeAg S/CO ra*o was 41.5 in Assay III on the eighth day aAer transfec*on.   

The genotype D isolate #1 prototype variant behaved similarly to the pSHH 2-1 variant in that the mean 

HBeAg S/CO ra*o was first posi*ve on the second day aAer transfec*on (Figure 16 B). The highest mean 

HBeAg S/CO ra*o of 16.17 ± 15.65 and the highest recorded HBeAg S/CO ra*o of 32.89 were detected 

on the eighth day aAer transfec*on. 

Even though both variants secreted HBeAg into the supernatant, it appears that the pSHH 2-1 variant 

consistently displayed higher HBeAg levels compared to the genotype D prototype variant. The 

complete dataset and an inter-assay comparison are provided in the supplements.  

 

HBsAg was detected in the supernatant for both variants, and the concentra*on increased during the 

experimental *meframe (Figure 16 A-B). For pSHH 2-1, the first posi*ve HBsAg S/CO ra*o was reached 

on the first day aAer transfec*on in most replicates. The mean HBsAg S/CO rato was 2.27 ± 1.9. 

Similarly, for the genotype D prototype, a posi*ve HBsAg S/CO ra*o was reached in all assays on the 

first day aAer transfec*on. The results indicate that HBsAg is detected earlier in the supernatant than 

HBeAg. The highest mean HBsAg S/CO ra*o between the assays for the pSHH 2-1 variant was recorded 

eight days into the experimental setup. HBsAg reached a S/CO ra*o of 156.10 ± 143.9. For the genotype 

D prototype variant, the highest mean HBsAg S/CO ra*o was similarly detected on the last day and was 

151.85 ± 150.2. The highest recorded HBsAg S/CO ra*o was 425.5 for the pSHH 2-1 variant and 509.92 

for the genotype D prototype variant. Compared to HBeAg for both variants, much higher HBsAg levels 

were detected in the supernatant. The complete dataset and an inter-assay comparison are provided 

in the supplements.  

The results of the experiments demonstrated the important fact that the in-vitro-generated cccDNA 

can be used to transcribe HBeAg and HBsAg and that the an*gens are released into the supernatant. 

While the assays exhibited considerable variability across experiments, the findings suggest that both 

variants showed similar behavior 
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HBV genotype A prototype variants 

Once the in-vitro-generated cccDNA was confirmed to transcribe RNA in HepG2-hNTCP cells aAer 

transfec*on, leading to the detec*on of HBeAg and HBsAg in the supernatant, the next step involved 

tes*ng the remaining genotype A and D prototype variants.  

However, due to increasing intraassay varia*on observed from the fiAh day onward and oAen S/CO 

ra*os below one on the first day, the recording period of HBeAg and HBsAg aAer transfec*on was 

shortened. This adjustment to the experimental setup allowed for more repe**ons due to the saved 

cccDNA. 

A steady increase of HBeAg and HBsAg over *me was detected for the two genotype A isolates and the 

consensus variant. (Figure 17 A-C). Although there were varia*ons between the experiments when 

looking at the mean HBeAg S/CO ra*os between the variants, differences could be detected. Isolate #1 

prototype had the highest mean HBeAg S/CO ra*o (4.08 ± 3.5) compared to the other variants (isolate 

#2: 2.96 ± 0.54; consensus: 2.80 ± 1.89) on the second day aAer transfec*on. One day later, the mean 

HBeAg S/CO ra*o increased to 9.32 ± 9.03 for isolate #1. Similar to the day before, the mean HBeAg 

S/CO ra*o was lower for isolate #2 (6.68 ± 1.70) and consensus (6.34 ± 4.4). On the fourth day, the 

mean HBeAg S/CO ra*o for isolate #1 reached 14.23 ± 11.86, shortly followed by the S/CO ra*o of 

consensus (13.72 ± 8.74) and isolate #2 (12.11 ± 2.94). Regarding the fiAh day, HBeAg S/CO ra*os did 

not increase as rapidly as they did in the first few days, where a near doubling could be observed. The 

mean HBeAg S/CO ra*o for isolate #1 reached 21.68 ± 23.24 compared to 18.11 ± 4.3 for isolate #2 and 

17.50 ± 12.31 for the consensus variant. Despite isolate #1 having a higher mean HBeAg S/CO ra*o 

than isolate #2, isolate #2 showed the smallest devia*on between single assays. 

Interes*ngly but not unexpectedly, the mean HBsAg ra*os for the prototype variants did not correlate 

with the HBeAg ra*os. The HBsAg levels were considerably higher than the HBeAg levels across all 

samples. Further, High HBeAg levels did not automa*cally mean high HBsAg levels. For example, isolate 

#1 exhibited the highest HBeAg levels (day 5 HBsAg S/CO ra*o: 21.68 ± 23.24) but had lower maximum 

HBsAg levels (day 5 HBsAg S/CO ra*o: 273.80 ± 281.58) compared to the consensus variant (day 5 

HBsAg S/CO ra*o: 310.76 ± 210.50). Similarly, isolate #2 displayed comparable HBeAg levels, but much 

lower HBsAg levels (day 5 HBsAg S/CO ra*o: 92.87 ± 19.25) compared to isolate #1 (day 5 HBsAg S/CO 

ra*o: 273.80 ± 281.58) and consensus (day 5 HBsAg S/CO ra*o: 310.76 ± 210.50). 
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Isolate #2 was sequenced, and a muta*on in the S ORF that was not present in the isolate's original 

sequence was detected. 

In isolate #1 and the consensus prototype variants, there was a doubling of the S/CO ra*o per day 

when observing the HBeAg levels in the first few days. The ini*al mean posi*ve HBeAg S/CO ra*o was 

3.55 ± 3.01 for isolate #1 and 2.03 ± 1.16 for consensus on the second day aAer transfec*on. By the 

following day, the HBeAg S/CO ra*o had more than doubled, reaching a mean ra*o of 8.59 ± 7.32 

(isolate #1) and 4.43 ± 2.1 (consensus). Subsequently, on the next day, the HBeAg S/CO ra*o nearly 

doubled again to 14.72 ± 11.61 (isolate #1) and doubled to 9.45 ± 5.8 for the consensus prototype 

variant. By the fiAh day, the HBeAg level for isolate #1 had only slightly increased to 16.72 ± 14.07. The 

consensus HBeAg levels increased to 15.25 ± 9.52, now closely matching isolate #1 HBeAg levels. These 

findings suggest that isolate #1 may be able to generate HBeAg faster than the consensus variant. 

However, by the end of the experiment, both variants produced similar maximum levels of HBeAg. 

 

As for genotype A, the HBsAg levels for both genotype D variants were much higher than their HBeAg 

levels. Although isolate #1 (35.72 ± 30.11) and consensus (35.54 ± 18.28) ini*ally had similar HBsAg 

S/CO ra*os on the second day aAer transfec*on, this started to change for the other days. By the third 

day, the mean HBsAg levels of the consensus prototype (120.51 ± 107.77) had already reached levels 

similar to the mean HBsAg levels of isolate #1 on the fourth day (120.38 ± 56.54). Of note is that for 

isolate #1, the mean HBsAg levels decreased to 110.75 ± 96.20 on the fiAh day. In contrast, for the 

consensus prototype variant, there was a consistent increase in HBsAg (S/CO: 189.51 ± 93.52) un*l the 

last day of the experimental setup. 

 

The results demonstrate that similar to genotype A variants, genotype D isolate #1 and the consensus 

sequence were able to transcribe and translate HBeAg and HBsAg. Interes*ngly, at least in this 

experimental setup, it appears that the genotype A variants generally produce higher amounts of 

HBsAg compared to genotype D variants with similar HBeAg levels. Therefore, these isolates and 

consensus sequences could be u*lized to inves*gate HBeAg-altering muta*ons. 
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Ini*ally, the experiments were conducted using parameters designed to allow reinfec*on of HBV. This 

approach was based on data published by Michailidis et al. [88], which demonstrated that the 

reinfec*on efficiency is significantly enhanced by the inclusion of 4% polyethylene glycol 8000 (PEG 

8000) and 2% dimethyl sulfoxide (DMSO) in the culture medium. While it was known that DMSO 

par*cularly affected the growth of HepG2-hNTCP cells, this was deemed acceptable in light of the 

poten*al for viral reinfec*on. For experiments in which the HepG2-hNTCP cells interacted with Jurkat 

cells, the medium formula*on was modified to remove DMSO and PEG 8000. This was due to the Jurkat 

cells showing a high sensi*vity to these addi*ves, unlike the HepG2-hNTCP cells. As a result, the 

modified medium led to higher HBeAg and HBsAg S/CO ra*os compared to the original replica*on 

medium (Figure 22).  

 

In the presence of the Jurkat medium, the consensus variants displayed much higher levels of HBeAg 

and HBsAg for both the prototype and BCP muta*on compared to experiments where the replica*on 

medium was used. S*ll, the prototype variants produced the highest amount of HBeAg, followed by 

the BCP muta*on. Intriguingly, the W28* or CTG muta*on variants showed a posi*ve HBeAg S/CO ra*o, 

albeit considerably lower than the prototype and the BCP muta*on.  

 

Exemplarily for genotype D consensus (Figure 22 A), this means that for the prototype variant, the 

mean S/CO ra*o was 20.00 ± 2.21 on the first day, 194.50 ± 18.29 on the second day, 325.50 ± 82.51 

on the third day, 393.23 ± 60.82 on the fourth day, and 417.92 ± 105.24 on the fiAh day. The mean BCP 

variant HBeAg S/CO ra*o was 15.53 ± 3.29 on the first day, 103.55 ± 22.48 on the second day, 164.65 

± 64.45 on the third day, 188.93 ± 19.43 on the fourth day, and 212.96 ± 43.11 on the fiAh day. For the 

G1896A and CTG variants on days four and five, posi*ve HBeAg S/CO ra*os were recorded. The highest 

mean HBeAg S/CO ra*o was 1.76 ± 0.13 for G1896A and 3.41 ± 1.76 for the CTG variant on the fiAh day 

aAer transfec*on of cccDNA. 

 

Similar to the replica*on medium, the HBsAg S/CO ra*o between the variants did not vary extensively 

using the Jurkat medium, indica*ng similar transcrip*on and transla*on.  

Culturing the HepG2-hNTCP cells in the Jurkat medium increased the levels of HBeAg and HBsAg due 

to the absence of PEG-8000 and DMSO. However, the reduc*on in HBeAg mirrored the results obtained 

with the replica*on medium. This allowed a normalized comparison between the variants irrespec*ve 

of the medium used. Higher levels of HBeAg and HBsAg in the Jurkat medium were preferable, and 

consequently, further experiments were exclusively conducted in a medium without PEG-8000 or 

DMSO. 
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The goal was to examine if the HBeAg-altering muta*ons could have an impact between the different 

isolates or between the genotypes.  

 

Genotype A 

For genotype A, the consensus, isolate #1, and isolate #2 variants were compared (Figure 24). The 

HBeAg levels in the different HBeAg-altering muta*ons were compared to those in the prototype in 

each variant. For the consensus of genotype A, two addi*onal variants were generated. They consist 

of the single muta*ons from the BCP double muta*on (A1862T or G1864A). The objec*ve was to 

iden*fy if a single muta*on or only the combina*on of both muta*ons is responsible for reducing 

HBeAg in the supernatant (Figure 24 A). For the A1862T muta*on, an 8% (p = ns) reduc*on in HBeAg 

was observed, resul*ng in a 0.92 ± 0.13 fold change compared to the prototype. Comparably, the 

G1864A muta*on showed an increase of 1% in HBeAg, resul*ng in a fold change of 1.01 ± 0.16 (p = ns) 

compared to the prototype. The two single muta*ons did not influence the HBeAg produc*on 

compared to the prototype, so they were not further persuaded in the pa*ent isolates.  

In contrast to the individual muta*ons, the BCP double muta*on resulted in a 37% (p < 0.0001) 

reduc*on of HBeAg compared to the prototype. A comparable reduc*on was observed in pa*ent 

isolate #1 (42%, p < 0.0001). For pa*ent isolate #2, the BCP muta*on resulted in a 22% (p = 0.0385) 

reduc*on of HBeAg, less than for the other two variants. 

 

Introducing the W28* or the CTG muta*on reduced the HBeAg produc*on almost en*rely. Introducing 

the W28* muta*on resulted in a 97% reduc*on of HBeAg (p < 0.0001) for the consensus, a 98% 

reduc*on (p < 0.0001) in isolate #1 and isolate #2 compared to the corresponding prototype variants. 

Similar to the W28* muta*on, introducing the CTG muta*on resulted in a 93% (p < 0.0001) reduc*on 

of HBeAg in the consensus, 95% (p < 0.0001) reduc*on in isolate #1, and a 98% (p < 0.0001) reduc*on 

in isolate #2.  

 

Comparing HBeAg produc*on for genotype A across all experiments, the results demonstrated that the 

two isolates and the consensus behaved similarly for the different HBeAg-altering muta*ons. The 

decline or absence of HBeAg across the isolates and consensus for the HBeAg altering variants was 

sta*s*cally significant compared to the prototype. The BCP single muta*ons A1862T and G1864A did 

not exhibit a decline of HBeAg compared to the prototype, and the shiA in HBeAg level was not 

sta*s*cally significant. 
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Besides monitoring the HBeAg levels, it was crucial to measure the HBsAg levels. HBsAg in the 

supernatant is not connected to HBeAg or the core protein produc*on. Therefore, it served as an 

independent control to monitor the transcrip*on and transla*on from the cccDNA during the assay. 

Although the HBsAg levels differ from the prototype in some experiments, the mean of experiments 

shows similar levels, albeit slightly elevated (Figure 24 B). Sta*s*cal analysis did not result in a 

significant mean fold change compared to the prototype variants. This observa*on is crucial as it 

indicates that altera*ons in the HBeAg levels arise from HBeAg-modifying muta*ons rather than 

general varia*ons in the transfec*on or transla*on of the cccDNA during the assay. 

In detail, this means that for the BCP double muta*on, the fold change to the prototype was 1.07 ± 

0.11 in the consensus. With the A1862T and G1864A muta*on, the HBsAg fold change was 1.18 ± 0.26 

and 1.32 ± 0.26. The W28* muta*on resulted in a fold change of 1.18 ± 0.35, and the start codon 

muta*on resulted in a fold change of 1.20 ± 0.20. In isolate #1, introducing the BCP double muta*on 

resulted in a fold change of 1.10 ± 0.23. The introduc*on of the G1896A stop-muta*on resulted in a 

fold change of 1.18 ± 0.38, and the CTG muta*on resulted in a fold change of 1.06 ± 0.19. For isolate 

#2, the HBsAg levels of the BCP double muta*on were 1.06 ± 0.15 higher than for the prototype. 

Similarly, the HBsAg levels for the G1896A stop-muta*on and CTG muta*on were 1.14 ± 0.38 and 1.38 

± 0,44 higher than for the prototype. 

 

 

Genotype D 

Upon analyzing the levels of HBeAg and HBsAg in different isolates and the consensus for genotype D, 

a paDern similar to genotype A was observed (Figure 25). The introduc*on of the BCP double muta*on, 

W28* muta*on, or the CTG muta*on resulted in a sta*s*cally significant reduc*on in HBeAg levels 

among the two isolates and the consensus (Figure 25 A). Notably, the HBsAg levels showed no 

significant varia*on across the variants, sugges*ng no significant global change in transcrip*on or 

transla*on of the cccDNA (Figure 25 B). This observa*on confirms that the reduc*on of HBeAg is 

specifically related to the inserted muta*on. 

Looking in detail at the results showed that the BCP double muta*on in the genotype D consensus 

resulted in a 44% (p < 0.0001) decrease in HBeAg compared to the prototype. Addi*onally, the W28* 

or the CTG muta*on caused a 97% (p < 0.0001) reduc*on in HBeAg in the supernatant compared to 

the prototype. Pa*ent isolate #1, with a BCP double muta*on introduced, exhibited a 35% mean 

reduc*on in HBeAg (p < 0.0001) in the supernatant compared to the prototype. Introducing the W28* 

muta*on resulted in a 94% decrease in HBeAg levels in the supernatant. Similarly, introducing the CTG 

muta*on also led to a 97% reduc*on (p < 0.0001) in HBeAg compared to the prototype levels. 
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As observed in genotype A (Figure 24), the HBsAg levels remained consistent between the prototype 

and the HBeAg-altering variants, indica*ng no significant altera*ons in the expression of other HBV 

proteins despite the reduced HBeAg levels resul*ng from the introduced muta*ons.  

In detail, this meant a 13% (ns) reduc*on in HBsAg for genotype D consensus when the BCP double 

muta*on was introduced. Introducing the W28* muta*on led to a mean increase of 17% compared to 

the prototype, while the CTG muta*on resulted in a mean decrease of 8%. The pa*ent isolate #1 

sequences, which contained the BCP double muta*on, exhibited an average 8% reduc*on in HBsAg 

compared to the prototype, which was in line with the consensus. The variant containing the W28* 

muta*on showed a 4% increase in HBsAg, while the CTG muta*on variant displayed an average 

increase of 15%. 

 

Based on these findings, it can be concluded that the HBV cell culture assay using cccDNA is a viable 

method for comparing different HBV variants regarding HBeAg and HBsAg expression levels. 

Concerning HBeAg altering muta*ons, no significant differences were observed between genotypes A 

and D. In both genotypes, the BCP double muta*on resulted in a reduc*on but no loss of HBeAg. 

Addi*onally, in both genotypes, the W28* and the CTG muta*on resulted in the loss of HBeAg. 

 

4.3 HBV core protein staining in transfected HepG2-hNTCP 

The preceding chapters have demonstrated that the HBV cccDNA assay was a viable tool that permiDed 

the tes*ng of various HBV variants in their na*ve sequence context. The ease of using HBeAg and 

HBsAg in the supernatant as markers for the expression of viral products enabled analysis between the 

HBeAg-altering variants. Despite the precore protein sharing a large part of the amino acid sequence 

with the HBV core protein, the core protein is translated from the pregenomic mRNA [186]. Although 

both proteins originate from different mRNAs, both are regulated by the same promoter [187]. This 

makes the core protein a crucial marker to consider when analyzing HBeAg-altering muta*ons. 

Unfortunately, the HBV core protein can not be monitored similarly to HBeAg and HBsAg, so an 

addi*onal assay was established. It was essen*al to explore whether muta*ons impac*ng HBeAg 

would significantly affect the expression of the HBV core protein. 

 

4.3.1 Percentage of HBV core posi>ve HepG2-hNTCP cells 

A flow cytometry staining was established to measure the HBV core directly in the cells. HepG2-hNTCP 

cells were transfected with cccDNA and cultured for four days. The core protein was stained by indirect 

an*body staining with an HBV core-specific an*body and a secondary an*body containing an Alexa 

Fluor 488 fluorophore. A representa*ve ga*ng strategy for the HBV core staining with a selec*on of 

HepG2-hNTCP cells by forward and sideward scaDer, narrowing down to single cells, and further 
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In detail, for non-transfected HepG2-hNTCP cells, the MFI for the an*-HLA-ABC an*body was 2188. The 

cells transfected with the HBeAg prototype had an MFI of 2337. For the BCP double muta*on, the MFI 

for the an*-HLA-ABC an*body was 2060. The HepG2-hNTCP cells transfected with the G1896A stop-

muta*on variant displayed the highest calculated MFI of 2586. When the cells were transfected with 

the CTG muta*on, the MFI for the HLA-ABC an*body was 2091. 

 

4.4 Abundance of HBeAg-derived pep'des recognized by CD8+ T cells 

Throughout the project, it was consistently demonstrated that the different HBeAg variants deviated 

in the HBeAg levels found in the supernatant. The prototype variants of the two genotypes exhibited 

robust produc*on of HBeAg. However, introducing the BCP double muta*on in the promoter reduced 

HBeAg compared to the prototype. The W28* and the CTG muta*on led to a near-complete loss of 

HBeAg in the supernatant. All this while the HBsAg levels in the supernatant remained unaffected, 

indica*ng no systema*c reduc*on in transcrip*on or transla*on. Furthermore, the project 

demonstrated that the intracellular HBV core protein levels for the HBeAg-altering variants were similar 

to those of the prototype variant. 

 

With this informa*on in place, the objec*ve was to explore the significance of HBeAg in the viral 

immune evasion from the adap*ve immune system. Although HBV-specific CD8+ T cells play a cri*cal 

role in the immune control of a hepa**s B virus infec*on [122], they display an exhausted (HBV 

polymerase specific CD8+ T cells) or memory-like (HBV core specific CD8+ T cells) state during chronic 

HBV infec*ons [139]. In the event of an HBeAg seroconversion, there is typically an increase in liver 

inflamma*on in combina*on with reduced viral replica*on [188] and ac*va*on of CD8+ T cells [189]. 

It appears that during the HBeAg-posi*ve chronic infec*on, there is a state of "tolerance" from the 

immune system. Even though the perceived tolerance and rise of ac*vated CD8+ T cells are linked to 

the HBeAg status, it is unclear how and if the HBeAg itself is involved. This project aimed to inves*gate 

the involvement of HBeAg-derived pep*des in the recogni*on of infected cells by CD8+ T cells. 

 

To recap, the HBeAg precursor, even though it is translated from a different transcript than the core 

protein, shares its amino acid sequence. Therefore, the ques*on was whether pep*des of both 

proteins could be presented at the surface of infected cells by HLA class I molecules and recognized by 

core-specific CD8+ T cells. Fortunately, the immunodominant HLA-A*02 restricted core-specific CD8+ T 

cell epitope against the FLPSDFFPSV sequence at the core protein's amino acid posi*on 18 to 27 (HBc18-

27) is well described [146], and a corresponding epitope-reac*ve T-cell receptor sequence is available 

[163].  
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4.4.3 Abundance of HBeAg as domina>ng factor for ac>va>on of HBV core-specific TCR 

Using the data gathered from past experiments, the ques*on of whether the loss of HBeAg decreases 

the core-specific epitope abundance could now be examined. The experiment involved transfec*ng 

HepG2-hNTCP cells with the cccDNA from the different HBeAg variants and incuba*ng the cells for 

three days. Late in the evening of the third day, the Jurkat 76 mono NFkB cells containing the 

recombinant T-cell receptor (TCR) were added. The cells were prepared for flow cytometry and 

analyzed on the morning of the fourth day.  

 

Reporter cells containing an HBV core-specific TCR 

For genotype A, the ac*va*on of the reporter cells was examined with isolate #2. Transfec*ng the 

HepG2-hNTCP cells with the prototype variant and co-culturing the reporter cells led to a mean 

ac*va*on frequency for the reporter cell of 6.3 % (Figure 35 A). Co-culturing the reporter cells with the 

HepG2-hNTCP transfected with the BCP double muta*on variant resulted in an ac*va*on of 4.4 %. 

Therefore, when the HBeAg level was reduced by the BCP double muta*on, it affected the frequency 

of ac*vated reporter cells containing the HBV core-specific TCR. Although there was a reduc*on, it was 

sta*s*cally not significant (p = 0.3367). In HepG2-hNTCP cells with the W28* muta*on variant, only 

0.8 % of the reporter cells could be ac*vated. Therefore, the loss of HBeAg due to introducing the W28* 

muta*on resulted in a sta*s*cally significant reduc*on (p = 0.0017) of ac*vated reporter cells 

compared to the prototype. 

 

The ac*va*on frequency of the reporter cells carrying the HBV core TCR was further assessed in 

variants of genotype D isolate #1 (Figure 35 A). When the reporter cells were co-cultured with HepG2-

hNTCP cells transfected with the prototype variant, the mean frequency of ac*vated cells was 5.7%. In 

HepG2-hNTCP cells transfected with a variant containing the BCP double muta*on, only 3.2 % of the 

reporter cells were ac*vated. As observed in genotype A, a decrease in HBeAg levels resul*ng from the 

BCP muta*on also led to a reduc*on in the frequency of ac*vated reporter cells. However, the 

reduc*on in ac*va*on compared to the prototype was not sta*s*cally significant (p = 0.0904). 

When examining the W28* muta*on, which leads to the near loss of HBeAg in the supernatant, only 

0.9 % of reporter cells were ac*vated. This represents a sta*s*cally significant (p = 0.0010) reduc*on 

compared to the prototype variant. 

Consequently, within the study design, the loss of HBeAg as a result of the described HBeAg-altering 

muta*ons significantly influenced the frequency of ac*vated reporter cells containing an HBV core-

specific T-cell receptor. 
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Reporter cells containing an HBV surface-specific TCR 

To rule out that the different core variants influence global epitope processing or presenta*on, a TCR 

against the HBsAg-derived epitope was used as a control. Therefore, a J76 mono NFkB cell line 

containing a T-cell receptor (TCR) specific for the surface370-379 (HBs370-379) epitope (SIVSPFIPLL) was 

created. The T-cell receptor sequence used in this project was published by Antonio Bertole� [163]. 

As for the core-specific TCR, the human constant region on the HBV surface-specific TCR was exchanged 

for a murine constant region. 

 

The frequency was measured when co-culturing the J76 mono NFkB cells containing the HBs370-379 

specific TCR with HepG2-hNTCP transfected with HBeAg variants in genotype A isolate #2 (Figure 35 B).  

In combina*on with the prototype variant, 3.6 % of the reporter cells were ac*vated. Similar ac*va*on 

levels were achieved with the BCP double muta*on (3.8%) and the W28* muta*on (3.2%). In co-

culturing the HBs370-379 reporter cells with HepG2-hNTCP cells containing genotype D isolate #1 

prototype, 3.6 % of the reporter cells were ac*vated. Using the BCP double muta*on, 3.8 % of the 

reporter cells were ac*vated. The W28* muta*on resulted in an ac*va*on of 3.6% of reporter cells. 

The change in the frequency of ac*vated reporter cells from the prototype to the HBeAg-altering 

muta*ons was not significant in genotype A (BCP muta*on: p = 0.9437; W28* muta*on: p = 0.6160) or 

genotype D (BCP muta*on: p = 0.9437; W28* muta*on: p = 0.9988).  

 

This indicates that the changes due to the HBeAg-altering muta*ons do not affect epitopes from other 

viral proteins. 
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5 Discussion 

As viruses require a host cell for replica*on, the different viral realms developed many ways to achieve 

replica*on and evade the host immune system. The small hepa**s B virus with its overlapping reading 

frames is no different. The virus can only infect hepatocytes, the primary parenchymal *ssue of the 

liver, in humans and a few apes [193]. HBV binds to the sodium-taurocholate cotranspor*ng 

polypep*de (NTCP), and the virus is released into the host cell cytoplasm. The discovery of NTCP [68] 

was a cri*cal achievement and fuelled the hope for beDer cell culture replica*on models. Indeed, the 

knowledge helped to advance the understanding of entry for the virus [194–196] and improved the 

infec*vity of hepatoma cell lines [197]. However, cell line infec*on remains challenging despite these 

advances, with low reinfec*on rates compared to in vivo infec*on, indica*ng that some parameters 

are s*ll missing. 

Further down the line in the replica*on, the nucleocapsid containing the relaxed circular DNA (rcDNA) 

is transported to the host cell nucleus, and the rcDNA is released. The rcDNA is repaired to form the 

covalently closed circular DNA. The cccDNA serves as the template for all viral transcripts and is also 

the ini*a*on point of the cell culture assay established during this project. The idea for using the 

cccDNA during this work was to have a method to introduce HBV into hepatoma cell lines that would 

be more flexible in modifying the genome compared to the produc*on of viral par*cles and, at the 

same *me, relying on the natural transcrip*on mechanics compared to other DNA origina*ng HBV 

models that use foreign sequences [89,90]. The viral transcripts consist of the pregenomic RNA 

(pgRNA), which serves as the template for the viral genome, as well as the viral polymerase and core 

protein (HBc). The PreS1/preS2/S mRNAs translate into the different HBsAgs found on the viral 

envelope and are secreted in high amounts into the serum [198]. The HBsAg is an important serological 

marker as its loss indicates the clearance of an acute HBV infec*on and a func*onal cure from therapy. 

Further, it was used to monitor the progression of the cccDNA HBV model. Another transcript from the 

cccDNA is the precore mRNA, which translates into the Hepa**s B virus e-an*gen (HBeAg). HBeAg is 

secreted from infected hepatocytes and has, among other things, an immunomodulatory func*on [60]. 

Moreover, HBeAg is an important factor leading to the persistence of the virus [141]. Despite its 

immunoregulatory func*on, HBeAg can be lost during chronic infec*on, leading to what is known as 

the HBeAg seroconversion. This phenomenon is accompanied by a decrease in the viral load [92] and 

an increase in CD8+ T cell selec*on pressure against HBc [140]. 

This project aimed to inves*gate the correla*on between the Hepa**s B virus e-an*gen (HBeAg) and 

the emergence of CD8+ T cells, specifically whether HBeAg is responsible for the abundance of HBV 

core-specific CD8+ T cell epitopes. In this chapter, the findings of this project will be discussed and their 

implica*ons for our scien*fic understanding of the hepa**s B virus. 
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5.1 HBeAg, its muta'on, and the worldwide distribu'on 

HBeAg is derived from the precore protein. The precore protein comprises the HBc amino acid (aa) 

sequence and a 29 aa-long N-terminal extension. The first 19 aa belongs to a signal pep*de cleaved 

during matura*on. HBeAg is not translated from the same RNA as HBc, and in its mature form, it s*ll 

consists of a ten aa long N-terminal extension but lacks most of the C-terminal domain found in the 

HBc. In a 2020 editorial, Wolfram Gerlich, Dieter Glebe, Anna Kramvis, and Lars Magnius argue that the 

protein should not be called precore or HBeAg, falsely sugges*ng a precursor to HBc and, in the worst 

case, mistaken for the envelope protein [22]. They argue that although the two proteins share large 

parts of their sequence, they have different non-overlapping func*ons. HBc's purpose is the ini*a*on 

of the encapsida*on of the pgRNA and the nucleocapsid forma*on. 

On the other hand, HBeAg can not form the nucleocapsid and is repeatedly shown to have 

immunoregulatory func*ons [60]. Besides its func*on, HBeAg is a serological marker that can vanish 

from the pa*ent's blood [199]. When HBeAg is lost, and an*-HBeAg is detected, it is referred to as 

HBeAg seroconversion. In the case of an acute infec*on, it can be an early indica*on of viral clearance 

[66]. However, during chronic infec*on, HBeAg seroconversion may only occur aAer several years or 

even decades. The Duesseldorf cohort includes pa*ents of genotypes A, B, C, D, and E, with a majority 

being HBeAg-nega*ve. The HBeAg status can be aDributed to the cohort's average age of 41 years and 

the more significant presence of genotypes A and D. 

Several studies reported that in Europe, the Mediterranean, and Africa, 90% of chronically infected 

pa*ents over 20 years had an HBeAg seroconversion [200–202]. However, in Asia, only 5% of those 

chronically infected at the same age showed HBeAg seroconversion, as reported by Hadzyannis in 2011 

[203]. In separate studies, it was demonstrated that the average age for seroconversion was 27 years 

for genotype B and 35 years for genotype C [107,110]. In a European cohort, the mean age for HBeAg 

seroconversion was 19.5 years for genotype A and 18 years for genotype D [204]. It is interes*ng to 

note that a significant number of Danish HBV pa*ents, including genotypes A, B, C, and D, did not show 

any differences in the age for HBeAg seroconversion despite belonging to different genotypes. The 

study suggests that factors other than genotype may play a role in the rate of HBeAg seroconversion 

[205]. In the Dusseldorf cohort, genotype C has the lowest number of HBeAg seroconverted pa*ents. 

However, since the number of pa*ents with genotype C is small, other factors not considered in the 

analysis may also play a role. Regardless of any differences in the rate of HBeAg seroconversion 

between the genotypes, it should demonstrate that with an average age of 41 years, many of the 

pa*ents enrolled in the Duesseldorf cohort should be HBeAg nega*ve. 

Two muta*ons are oAen described to be found in virus sequences of HBeAg-nega*ve pa*ents. The first 

is a muta*on at the nucleo*de posi*on in 1896, changing a guanine to an adenine (G1896A) [170]. The 

change in nucleo*de results in a change of codon from TGG represen*ng tryptophan (W) to TAG 
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(W28*), resul*ng in the Amber stop codon on the penul*mate codon of the precore N-terminal 

extension [171]. Introducing a stop codon will abort the transla*on into the precore protein from the 

precore RNA. The other muta*on, the basal core promotor double muta*on (BCP mut.), consists of 

two nucleo*de exchanges at posi*ons 1762 and 1764 on the HBV genome. At nucleo*de posi*on 1762, 

an exchange from adenine to thymine (A1762T) occurs, and at nucleo*de posi*on 1764, an exchange 

from guanine to adenine (G1764A) occurs [172,173]. 

Contrary to the Amber stop codon, the BCP muta*on only reduces HBeAg levels and does not suppress 

HBeAg [206,207]. Other rare HBeAg-altering muta*ons are described in the literature. In African 

sequences, a Kozak muta*on was found at nucleo*de posi*on 1808 – 1813 that, similar to the BCP 

double muta*on, reduces HBeAg levels. The Kozak sequence muta*on was detected in HBeAg-posi*ve 

acute infected pa*ents in similar frequency as in chronically infected pa*ents, sugges*ng a conserved 

muta*on found in specific groups and not selected by immune pressure and not playing a part in the 

HBeAg seroconversion [208]. Also mainly described in African pa*ents is a muta*on in the signal 

pep*de sequence of precore at nucleo*de posi*on 1862, changing guanine into thymine (G1862T). 

Besides the observa*on that in cell culture, the muta*on leads to an intracellular accumula*on of 

HBeAg and only a reduc*on in the serum, liDle is known [209]. The muta*on was not considered in the 

analysis of HBeAg muta*ons in the Duesseldorf cohort as it was not present, and similar to the Kozak 

muta*on, it is believed that this muta*on plays no role in HBeAg seroconversion. 

 

Besides the two men*oned muta*ons, in the Duesseldorf cohort, several muta*ons were found in the 

precore start codon at the nucleo*de posi*on 1814-1816. In the literature, informa*on about these 

muta*ons is scarce and only described in a few Asian pa*ents [210–212] and a larger group of HBeAg-

nega*ve pa*ents infected with genotype A from Rwanda [213]. What gathered interest in the precore 

start codon muta*ons was that the different HBeAg muta*ons are not equally distributed between the 

genotype. The G1896A (W28*) stop-muta*on was the most prevalent in genotypes B, C, D, and E but 

was rare in genotype A. The BCP double muta*on and precore start codon muta*ons were more 

frequent in genotype A compared to genotypes B, D, and E. The reason for the low frequency of 

G1896A muta*ons in genotype A is another muta*on in the precore at nucleo*de posi*on 1858. In 

genotypes A and F, most sequences contain a cytosine at posi*on 1858; in genotypes D, B, and C, 

thymine is found at the same posi*on [214]. The combina*on between the nucleo*des at the posi*ons 

1858C and 1896G does not play a role in HBeAg. However, it belongs to the epsilon stem loop on the 

pregenomic RNA (pgRNA), which is highly important for localizing the viral polymerase [66]. The 

introduc*on of the G1896A stop-muta*on in sequences containing 1858C destabilized the epsilon stem 

loop of the pgRNA [176]. This explains the low frequency of G1896A stop-muta*ons in genotype A of 

the Duesseldorf cohort, as most contain the 1858C variant. S*ll, the HBeAg seroconversion is observed 
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in genotype A at similar rates to genotype D [203,204]. In the cohort, most HBeAg nega*ve genotype 

A sequences contain the BCP muta*on, which aligns with other studies [215,216] where they found 

that 40% and 32% of the analyzed sequences contain the BCP double muta*on. Both studies do not 

explain why large propor*ons of their genotype A HBeAg nega*ve samples do not display the BCP 

double nor G1896A stop-muta*on. In the Duesseldorf cohort, most of the HBeAg nega*ve sequences 

that do not contain a BCP or G1896A stop-muta*on could be aDributed to the precore start codon 

muta*ons. Therefore, it was proposed in this project that other muta*ons, especially the precore start 

codon muta*ons, could account in some form for the HBeAg seroconversion in genotype A. Besides a 

higher frequency of BCP double muta*ons in genotype A, the cohort displayed the highest frequency 

in genotype C. This is also in line with the literature where it was found in 25 % of genotype C sequences 

compared to 7 % of genotype B in Malaysian pa*ents [217] or 40 % (genotype C) compared to 27 % 

(genotype B) in Vietnamesian pa*ents [218]. 

These studies and the data from this cohort show that the various HBeAg muta*ons are found in most 

HBeA-nega*ve pa*ents alone or in combina*on. Furthermore, many different studies demonstrate 

that the described HBeAg muta*ons are only found in small quan**es in HBeAg-posi*ve pa*ents but 

in high quan**es in HBeAg-nega*ve pa*ents, linking the HBeAg seroconversion with these muta*ons 

[107,205,219–222]. Nevertheless, all this demonstrates that the muta*ons are closely related to HBeAg 

seroconversion, but not why it could be an advantage for the virus. 

A cccDNA HBV cell culture model was established to understand beDer and explain the virological 

advantages of the HBeAg seroconversion. 

 

5.2 Establishing an HBV cccDNA hepatoma cell model 

Despite years of research into HBV, no universal high-throughput cell culture model is available to 

support the en*re viral life cycle. Although infec*on with HBV virions has been successful in primary 

human hepatocytes (PHH), this approach has limita*ons, including limited availability, no expansion in 

culture, and a rapid loss of suscep*bility to HBV infec*on [87,223–225]. Further, the use of virions is 

not flexible when tes*ng different variants of the same genome, as was aDempted in this work. A 

virion-producing cell line would have to be established for each variant. As establishing a model that 

allowed flexible changes in the viral genome was an integral part of this work, using PHH combined 

with virions was ruled out. 

Various plasmid-driven HBV models, using CMV as a promoter or an overlengh HBV genome, offer great 

flexibility for producing different variants [195,197,226,227]. Moreover, using these systems would 

have been much less *me-consuming than the cccDNA method ul*mately chosen during this work. 

However, the HBV plasmid systems have, besides some more negligible disadvantages, the cri*cal 

disadvantage that they do not generate covalently closed circular DNA (cccDNA) in the nucleus of the 
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transfected cells [228–231] and therefore omi�ng not only the viral entry but also the forma*on of 

the cccDNA and the transcrip*on from the cccDNA. In contrast to the plasmid systems, Guo et al. 

showed that ar*ficially generated cccDNA behaves more similarly to the natural life cycle [90]. 

Furthermore, transfected cccDNA generates significantly higher amounts of HBsAg and slightly lower 

HBeAg levels than CMV-driven 1.1x HBV genome and non-CMV-driven 1.3x HBV genome systems [181], 

demonstra*ng the differences in transcrip*on ac*vity. For this project's aim of researching the 

interac*on between infected cells and the HLA class I-associated immune response, a cccDNA-based 

method was the best op*on to generate realis*c transcrip*on levels. 

As a result, alterna*ve methods for cccDNA genera*on were explored. The most notable method for 

cccDNA genera*on entails the usage of ΦC31 DNA recombinase and I-SceI endonuclease, as reported 

in studies conducted by Guo et al. [90], Li et al. [232], and Yan et al. [181], or Cre/LoxP, as demonstrated 

by Kruse et al. [233] and Wu et al. [234]. These systems are valuable for evalua*ng new cccDNA-

targeted therapeu*c approaches. However, introducing small sequences into the genome could impact 

the virus's life cycle, which heavily relies on overlapping gene*c informa*on and structure. In a 

scholarly ar*cle by Mutz et al. [182], a method to synthesize na*ve cccDNA was presented, albeit on a 

smaller scale. Ul*mately, this method was selected and modified to meet the requirements of this 

project. 

The prevalence of genotypes A and D was highest in the cohort. Consequently, the analysis was focused 

on these two genotypes in the cccDNA model. In order to generate HBeAg variants, two HBeAg-posi*ve 

pa*ent isolates were selected as a base for each genotype. The selec*on criteria for the isolates 

included a high viral load and the absence of muta*ons in the basal core promoter or precore. 

Furthermore, HBeAg-posi*ve consensus sequences were generated for both genotypes. The ra*onale 

behind genera*ng the consensus sequences was the poten*al to use them as a genotype-specific 

reference sequence, as individual isolates from pa*ents may have unknown varia*ons that could affect 

the viral life cycle. At the project's onset, there was only one men*on of an HBV genotype B consensus 

sequence generated from 63 pa*ent isolates from China that was able to replicate [235]. Therefore, it 

was necessary to clarify whether the consensus sequences generated in the present project could 

replicate. The project was able to demonstrate that both the genotypes A and D consensus sequences 

were capable of producing HBeAg and HBsAg and had the poten*al to func*on as genotype reference 

genomes for comparison. Subsequently, a genotype C consensus sequence was also published [236], 

indica*ng the growing interest in such reference genomes. In addi*on to the genotype consensus 

sequences, the study demonstrated that both genotype A prototypes' isolate variants could generate 

HBeAg and HBsAg. For genotype D, only isolate #1 could produce HBeAg and HBsAg. The analysis of 

the preS1/preS2/S open reading frame of isolate #2 revealed a single nucleo*de muta*on not present 

in the original isolate, indica*ng that the muta*on must have been introduced at some stage in the 
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plasmid synthesis. All sequences were subsequently checked for similar muta*ons, but none were 

found. 

Comparing the prototype cccDNA with other methods is complicated as different factors can affect the 

outcome, including the genotype, cell lines, transfec*on reagents, star*ng concentra*ons, or media 

composi*ons. In the literature, HBsAg levels at day four to five have been reported to range from a 

S/CO ra*o of 4 to 100, while the HBeAg levels at the same *me points range from a S/CO ra*o of 4 to 

20 [90,234–236]. These levels are comparable to those detected during this project for both genotypes 

using media containing PEG-8000 and DMSO. Unfortunately, HBV DNA levels measured during this 

work did not indicate signs of newly produced virions. This could be due to cccDNA in the supernatant 

surpassing small amounts of newly produced virions. ADempts were made to wash the cells with PBS 

aAer transfec*on to remove excessive cccDNA, but the HepG2-hNTCP cells did not tolerate the washing 

well and detached from the cell culture plate. 

This could be aDributed to harsher growth condi*ons or transfec*on-induced stress. In HepG2-hNTCP 

cells infected with virions, HBV DNA levels in the supernatant were detected [88,237]. However, for 

other cccDNA models, no evidence for replica*on was provided [90,181,233–235,238]. While it has 

been demonstrated that HBV DNA levels can increase in HepG2-hNTCP cells, there is no reason to 

believe that the cccDNA method cannot yield new HBV virions. However, the concentra*ons are likely 

low and could remain under the amount of input cccDNA s*ll found in the supernatant. 

Nonetheless, the inability to measure newly produced HBV DNA is a significant disadvantage of the 

cccDNA model used during this work. Recently, a group around Yu demonstrated 2023 an HBV model 

that uses pgRNA instead of cccDNA to transfect HepG2-hNTCP cells [239]. The elegance of this model 

is that the RNA is incapable of transcribing the different HBV proteins, and the presence of HBeAg, HBc, 

or HBsAg proves that the pgRNA was reverse transcribed into relaxed circular DNA, which was further 

converted into cccDNA, the only template for transcrip*on. 

Besides the problems with detec*ng HBV DNA, this work could prove that the cccDNA method, aAer 

introducing the HBeAg modifying muta*ons, could replicate the characteris*cs found in pa*ents with 

these muta*ons. Introducing the G1896A muta*on abolishes HBeAg secre*on without interfering with 

HBsAg secre*on. Further, it was demonstrated that introducing the start codon muta*on A1814C in 

genotypes A and D had similar effects to the G1896A stop-muta*on. Introducing the muta*ons made 

the variant incapable of producing HBeAg, all without interfering with the HBsAg produc*on. 

This is especially interes*ng as it indicates that the start codon muta*on could indeed be a surrogate 

for the G1896A stop-muta*on, especially in genotype A. Similar to what is wriDen in the literature 

[172,206,207], single basal core promoter (BCP) muta*ons in this work did not influence the HBeAg 

produc*on. Introducing the double muta*on in the BCP region reduced but did not stop the HBeAg 

produc*on. Interes*ngly, in a cohort of Malaysian pa*ents, it was demonstrated that the BCP double 
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muta*on (S/CO ra*o of 108) halves the HBeAg levels compared to pa*ents without (S/CO ra*o of 217) 

the BCP double muta*on [217]. A ra*o of reduc*on similar to what was observed in this work with the 

cccDNA model. 

 

One highly discussed topic is whether the BCP double muta*on that reduces the HBeAg increases the 

transcrip*on of the pgRNA and, therefore, the viral load. Several studies could demonstrate a 

transcrip*onal increase of pgRNA with the introduc*on of the BCP double muta*on [172,173,240,241]. 

However, other studies did not find an increase in pgRNA transcrip*on [242–244]. Although no pgRNA 

or HBV DNA levels besides the cccDNA could be measured in this work, an increased pgRNA 

transcrip*on ac*vity should increase HBc levels in the infected cells. In this project, no significant 

increase in HBc was observed in the BCP double muta*on variant, leaning more to the side of no 

aggravated pgRNA transcrip*on. 

 

Another problem that was briefly touched on but should be addressed is the use of PEG-8000 and 

DMSO in the cell culture medium. While true, it was impressively demonstrated to be essen*al for the 

viral entry [88] and, therefore, must be used in methods that use infec*on as a star*ng point or have 

the research focus on understanding the viral entry. It seems that many groups [90,181,233–235,238], 

including this project, used this "entry medium" only for the reason that a complete viral life cycle 

should be possible, but neither being able to demonstrate reinfec*on of cells nor explaining why it is 

vital for the specific research. Due to the co-cul*va*on with Jurkat cells in this project, the addi*ves 

had to be removed. Although the ra*o between the prototype and the HBeAg variants stayed the same, 

the concentra*on of HBeAg and HBsAg increased 10-fold. This suggests that PEG-8000 and DMSO 

highly influence the transfec*on efficiency and the metabolism of HepG2-NTCP cells even though the 

appearance unter the microsope is unchanged. During this project, transfec*on efficiency tests with 

PEG-8000 and DMSO were conducted and demonstrated that both addi*ves decreased the 

transfec*on efficiency significantly (Data not shown). Therefore, using PEG-8000 and DMSO should be 

evaluated in methods involving transfec*on. Hopefully, the mode of entry of the virus will be beDer 

understood in the future, making the use of the addi*ves unnecessary. 
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5.3 The role of Hepa''s B e-an'gen in the HLA class I associated immune 

escape 

Even though not all the func*ons of HBeAg are known, there is a clear picture that it is beneficial for 

viral persistence. It was demonstrated that HBeAg could cross the human placenta [143] and that over 

90% of infected newborns from HBeAg-posi*ve mothers develop a chronic infec*on. However, fewer 

than 10% of infected newborns from HBeAg-nega*ve mothers develop chronic infec*ons [141], 

directly linking the progression of the viral infec*on to the HBeAg. At least during chronic infec*on, 

HBeAg serves as a strong HLA class II tolerogene [245,246] that can suppress the forma*on of an*-

HBcAg directed an*bodies in transgenic mice [144]. That raises the ques*on of why the virus 

introduces muta*ons that alter the secre*on of HBeAg during chronic infec*on. 

 

The reason for the HBeAg seroconversion is unclear, but it is believed to be due to immunological 

pressure [60,247]. Predic*ng the onset of an HBeAg seroconversion is difficult. However, several 

studies showed that a decrease in HBV DNA levels and an enhanced hepa**s ac*vity are signs of an 

impending HBeAg seroconversion [248–252]. One study in genotype C, a genotype known for high BCP 

double muta*on rates in HBeAg-nega*ve pa*ents, demonstrated an increase in BCP double muta*on 

five years before the HBeAg seroconversion could be detected compared to a control group [253]. That 

was before a decrease in HBV DNA levels or an increase in G1896A muta*ons was detected in those 

pa*ents. The HBV DNA level decline and increased G1896A muta*on could only be detected three 

years before the HBeAg seroconversion. A large longitudinal study in the USA demonstrated that in 

HBeAg-posi*ve pa*ents, the BCP double muta*on rate significantly increased with the pa*ent's age 

but stayed at similar levels in HBeAg-nega*ve pa*ents [216]. These findings indicate that, in some 

instances, the BCP double muta*on could act as a stop-gap for the virus before introducing other 

HBeAg-altering muta*ons. 

 

This project aimed to understand the implica*ons of the HBeAg seroconversion in the context of CD8+ 

T cell-directed immune response. To this end, a reporter cell line that produces GFP upon ac*va*on of 

an HBV-directed T-cell receptor was developed. With the help of the reporter cell line, the ques*on of 

Whether HBeAg-derived pep*des dominate the HLA-presented epitope landscape in infected 

hepatocytes should be clarified. 

 

This project focused on a well-described HLA-A*02 restricted immunodominant [254] epitope 

FLPSDFFPSV targeted by CD8+ T cells [255], which is found in the HBV core region (HBc18-27). HLA-A*02 

restricted subs*tu*ons in the epitope lead to viral variants that eclipse the CD8+ T cell response [146]. 

The reporter cell line equipped with a TCR specific for the HBc18-27 epitope was first tested on HepG2 
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cells expressing HBcAg under the control of a CMV promoter containing a prototype variant and an 

F24Y subs*tu*on variant. The F24Y subs*tu*on in the epitope replaces the third Phenylalanine with a 

Tyrosine. The HBcAg-expressing cell line eclipsed a more robust reporter cell ac*va*on compared to 

experiments with the cccDNA. This can be aDributed to a higher number of cells presen*ng the epitope 

combined with a higher concentra*on of HBcAg under a CMV promoter control. Compared to the 

prototype, the F24Y muta*on led to a drama*c decrease in the reporter cell line ac*va*on. Similar but 

weaker observa*ons were made in the cccDNA assay. This demonstrated the func*on of the HBc18-27 

epitope-specific TCR. 

 

AAer establishing the reporter cell line, it was tested on various HBeAg-altering variants. When the BCP 

double muta*on variant was introduced, the ac*va*on of the reporter cells was reduced by almost 

50% compared to the prototype variants of genotypes A and D. Furthermore, when the G1896A 

muta*on (W28*) or A1814C muta*on (CTG ) variant were introduced, the ac*va*on of reporter cells 

was reduced by around 80% in both genotypes. These results suggest that HBeAg-derived pep*des 

may play a more prominent role in ac*va*ng CD8+ T cells than HBcAg-derived pep*des in this se�ng. 

However, the data does not provide insight into why HBeAg-origina*ng pep*des are responsible for 

the majority of ac*vated reporter cell lines. In previous studies, it was demonstrated that when 

ar*ficially expressed at similar levels, HBeAg and HBcAg-derived pep*des independently presented on 

HLA class I molecules can equally ac*vate HBV-specific CD8+ T cells in transgenic mice or endogenously 

presented on HepG2 cells [256–258]. 

These findings indicate that both proteins can be a poten*al source for epitopes. However, these 

studies did not consider poten*al differences in transcrip*on for precore RNA or pgRNA due to the 

experimental setup. 

Despite this, the results of this project align with Frelin et al.'s [247] assump*on, further suppor*ng 

their hypothesis that cytosolic HBeAg may be a more effec*ve target for CD8+ T cells than HBcAg. They 

based their assump*on on the observa*on that HBV-specific CD8+ T cells elicited only a very transient 

liver injury in transgenic mice expressing HBcAg in the hepatocytes compared to HBeAg-expressing 

transgenic mice, where the liver injury was more prolonged. 
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5.4 Outlook 

Increasing our understanding of virus-host interac*ons is essen*al when we want to understand why 

this infec*on can develop into a chronic stage, why the virus can thrive in the so-called tolerant stage, 

what triggers the HBeAg seroconversion, or what the *pping point is where the immune system starts 

to act on the virus again. 

In this project, results supported the hypothesis that although secreted HBeAg is beneficial for the virus 

during acute infec*on and establishing a chronic infec*on, the cytosolic HBeAg or its precursor, which 

are degraded to be presented as pep*des on HLA class I molecules, could be a burden for the virus at 

some point during chronic hepa**s. The CD8+ T cell-directed selec*on pressure on the virus 

significantly increases in HBeAg-nega*ve chronic disease ([150], data in review). Selec*on of HBeAg 

nega*ve variants could be an overarching mechanism to escape the onset of HBV-specific CD8+ T cell 

immune response before making the development of specific muta*ons in the targeted epitopes 

necessary. Another possibility is that viruses with core muta*on have no growth advantages since most 

of the epitopes are derived from the HBeAg. 

Aligning with the findings from this project that HBeAg is responsible for a large part of the ac*va*on 

of the reporter cells are findings that indicate that human hepatocytes, compared to other cells, are 

not ideal an*gen-presen*ng cells [259]. They further demonstrated that the quan*ty of viral an*gen 

presented on HLA class I molecules is the primary factor determining a CD8+ T cell response and that 

limited pep*de concentra*ons on hepatocytes s*mulated CD8+ T cell degranula*on instead of the 

release of cytokines. This could indicate that HBcAg-derived an*gens are ini*ally insufficient to ac*vate 

a robust CD8+ T cells response in HBeAg nega*ve variants and, therefore, have a selec*on advantage 

for the virus. S*ll, this can only be part of the story as HLA-restricted subs*tu*ons are detected. A 

benefit of the loss of HBeAg compared to subs*tu*ons in the viral epitopes could be that the 

subs*tu*ons tend to influence viral replica*on, leading to a reduced viral load [175]. Although it is not 

en*rely ruled out that HBeAg altering muta*ons may nega*vely affect viral replica*on, the data in this 

work implies that only liDle to no effect on HBcAg and HBsAg produc*on is observed. Longitudinal 

sequence data of chronic HBV pa*ents passing from the HBeAg-posi*ve chronic infec*on into the 

HBeAg-posi*ve chronic hepa**s and, further, the loss of HBeAg would be highly beneficial in 

understanding the evolu*on of HBeAg-altering muta*ons and subs*tu*ons in CD8+ T cell-targeted 

epitopes. 

Overall, this project's findings that HBeAg is responsible for the abundance of HBV core-specific 

epitopes are a first step in beDer understanding the mechanisms behind the HBeAg seroconversion 

and could help develop beDer HBV therapies, such as CAR-T cell based therapy. 
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Supplemental Table 1 pSHH 2-1 HBeAg (S/CO raAo) 

days post 

transfec'on 

Assay I (S/CO ra'o) Assay II (S/CO ra'o) Assay III (S/CO ra'o) Assay IV (S/CO ra'o) 

0 - - 0,306 - 0,385 - - 0,312 - - 

1 0,324 0,327 0,592 0,55 0,466 0,572 0,519 0,375 0,341 0,343 

2 0,747 1,111 3,668 3,557 3,132 3,066 3,253 2,24 1,798 1,773 

3 2,842 2,48 6,229 5,774 10,15 8,373 8,508 6,452 6,484 5,307 

4 4,869 7,974 10,044 5,48 12,864 16,819 13,12 5,92 7,175 8,223 

5 26,306 12,16 12,22 10,707 19,246 18,43 18,837 6,806 10,668 7,375 

6 28,305 24,915 16,151 6,682 24,647 26,22 24,334 10,94 13,462 6,721 

7 27,777 24,304 22,605 20,83 40,724 30,301 28,353 14,802 14,3 9,989 

8 28,041 23,211 3,521 9,147 - 41,526 27,57 16,719 18,729 5,73 

 

 

Supplemental Table 2 pSHH 2-1 HBsAg (S/CO raAo) 

days post  

transfec'on 

Assay I (S/CO ra'o) Assay II (S/CO ra'o) Assay III (S/CO ra'o) Assay IV (S/CO ra'o) 

0 - - 0,23 - 0,25 - - 0,5 - - 

1 0,59 0,46 1,96 0,74 4,61 5,44 4,83 1,58 1,21 1,37 

2 1,77 4,08 10,41 11,65 69,86 60,86 63,56 8,7 6,18 8,04 

3 10,32 9,14 12,04 12,86 179,79 169,82 150,83 31,67 36,89 32,64 

4 21,06 35,75 20,12 18,33 193,5 206,18 165,17 15,49 18,66 20,83 

5 112,72 104,88 21,41 26,67 309,75 220,37 318,26 32,69 47,78 39,66 

6 67,95 101,05 33,9 23,01 289,9 241,13 254,34 30,27 38,86 26,15 

7 96,28 99,64 53,81 49,82 366,55 292,18 267,66 63,36 57,64 49,95 

8 121,21 283,31 6,98 38,08 - 425,07 290,65 108,45 104,24 26,92 
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Supplemental Table 3 genotype D isolate #1 prototype HBeAg (S/CO raAo) 

days post  

transfec'on 
Assay I (S/CO ra'o) Assay II (S/CO ra'o) Assay III (S/CO ra'o) Assay IV (S/CO ra'o) 

0 - - 0,248 - 0,355 - - 0,212 - - 

1 0,354 0,412 0,432 0,447 0,402 0,318 0,289 0,31 0,336 0,336 

2 0,312 0,455 2,076 2,055 1,992 0,705 1,275 1,175 1,148 1,021 

3 1,717 0,823 3,799 3,418 1,815 1,149 4,483 2,377 3,2 4,561 

4 1,923 4,504 6,335 5,665 10,59 3,665 7,476 4,502 7,426 6,836 

5 15,723 16,976 6,208 7,644 10,726 3,582 2,907 3,463 4,5 4,137 

6 14,749 19,829 7,457 4,968 23,686 8,4 9,726 5,629 6,825 6,191 

7 16,122 13,653 4,725 12,921 32,473 31,05 16,221 5,52 7,708 7,885 

8 23,433 26,904 2,941 0,888 - 32,896 43,211 3,482 5,595 6,182 

 

Supplemental Table 4 genotype D isolate #1 prototype HBsAg (S/CO raAo) 

days post 

transfec'on 
Assay I (S/CO ra'o) Assay II (S/CO ra'o) Assay III (S/CO ra'o) Assay IV (S/CO ra'o) 

0 - - 0,24 - 0,63 - - 0,41 - - 

1 1,11 1,06 1,65 1,17 5,23 2,43 1,01 2,07 2,33 2,01 

2 0,65 1,46 6,63 7,2 69,9 16,52 50,91 8,6 8,53 7,14 

3 9,53 2,92 10,36 9,82 43,84 28,38 142,15 20,04 25,99 38,12 

4 6,7 19,55 15,19 13,57 177,11 76,53 175,75 17,51 24,45 21,57 

5 59,93 91,49 15,2 20,47 194,69 76,09 68,59 23,18 21,18 22,53 

6 32,92 45,52 22,22 21,26 290,22 132,42 236,61 23,49 24,65 23,17 

7 35 31,61 27,98 33,15 345,35 366,52 410,59 31,68 37,43 44,22 

8 82,54 97,31 24,66 4,22 - 492,91 509,92 39,92 51,02 64,21 
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Supplemental Table 5 genotype A isolate #1 HBeAg (S/CO raAo) 

days post 

transfec'on 
prototype BCP mutaAon G1896A (W28*) start codon mutaAon 

0 0,385   0,332   0,348   0,31   

2 9,362 12,013 11,746 4,153 4,042 4,344 0,365 0,342 0,326 0,361 0,352 0,371 

3 29,79 24,412 26,536 10,141 9,757 11,668 0,327 0,32 0,327 0,338 0,376 0,382 

4 47,2 53,09 - 18,898 17,145 17,451 0,431 0,358 0,372 0,36 0,444 0,373 

5 69,175 63,1 63,31 20,951 24,646 25,763 0,337 0,326 0,35 0,38 0,406 0,382 

 

Supplemental Table 6 genotype A isolate #1 HBsAg (S/CO raAo) 

days post 

transfec'on 
prototype BCP mutaAon G1896A (W28*) start codon mutaAon 

0 0,349   0,375   0,342   0,355   

2 16,62 13,01 16,17 36,48 25,96 33,18 12,01 16,2 17,44 17,25 23,66 24,54 

3 51,68 38,63 42,49 120,07 97,4 97,13 45,83 59,44 62,01 61,85 80,35 89,26 

4 83,68 71,25 78,58 170,39 135,64 129,64 108,27 102,06 103,91 121,73 119,56 132,17 

5 138,29 124,31 99,76 199,31 178,7 182,11 114,92 138,49 129,24 154,12 172,05 158,81 

 

Supplemental Table 7 genotype A isolate #2 HBeAg (S/CO raAo) 

days post 

transfec'on 
prototype BCP mutaAon G1896A (W28*) start codon mutaAon 

0 0,346    0,375    0,319    0,323    

2 3,129 3,481 3,191 2,601 1,926 2,338 2,427 2,057 0,327 0,349 0,331 0,318 0,388 0,326 0,327 0,341 

3 7,512 9,293 8,25 7,134 4,571 5,308 4,884 4,919 0,384 0,42 0,407 0,373 0,327 0,389 0,377 0,363 

4 11,917 12,303 13,88 11,259 8,44 8,375 9,544 5,711 0,328 0,343 0,339 0,339 0,381 0,45 0,35 0,372 

5 16,994 18,743 17,835 12,588 9,809 6,361 5,716 6,48 0,311 0,365 0,3 0,323 0,39 0,314 0,338 0,311 

 

 



 

 131 

Supplemental Table 8 genotype A isolate #2 HBsAg (S/CO raAo) 

days post 
 transfection 

prototype BCP mutation G1896A (W28*) start codon mutation 

0 0    0    0    0    

2 24,63 20,5 18,5 21,11 20,92 23,81 24,37 18,36 21,69 25,02 26,67 29,04 26,27 33,7 29,37 29,48 

3 55,5 47,65 50,67 41,17 46,91 45,13 47,71 36,5 56,6 49,84 52,89 41,82 57,93 60,75 50,25 51,45 

4 63,81 81,49 72,24 60,88 64,94 89,53 73,85 70,43 94,95 104,09 90,68 70,61 104,5 129,49 107,89 93,56 

5 99,89 107,51 106,37 71,83 83,56 59,12 54,62 50,94 53,53 54,36 47,9 54,65 66,09 68,13 68,13 - 

 

Supplemental Table 9 genotype A consensus HBeAg (S/CO raAo) 

days post  

transfec'on 
prototype BCP muta'on G1896A (W28*) start codon muta'on 

0 0    0    0    0    

2 1,496 2,14 2,48 1,606 1,319 1,481 1,673 1,343 0,42 0,397 0,421 0,334 0,34 0,448 0,373 0,385 

3 1,929 2,842 3,238 1,609 1,531 2,231 2,235 1,522 0,354 0,341 0,407 0,385 0,338 0,347 0,376 0,368 

4 3,997 4,793 4,461 3,198 2,589 3,574 3,919 2,461 0,35 0,344 0,364 0,42 0,42 0,468 0,386 0,437 

5 4,615 5,632 6,209 5,44 3,581 4,425 4,44 4,035 0,366 0,369 0,421 0,423 0,401 0,381 0,395 0,465 

 

Supplemental Table 10 genotype A consensus HBsAg (S/CO raAo) 

days post 

 transfec'on 
prototype BCP muta'on G1896A (W28*) start codon muta'on 

0 0    0    0    0    

2 11,28 13,73 17,25 13,19 15,32 15,07 18,43 14,89 15,42 21,13 22,95 12,07 13,83 18,54 20,34 15,18 

3 20,04 21,49 27,8 15,24 23,11 28,98 28,53 22,5 25,88 36,73 35,57 24,52 22,17 31,43 35,09 22,01 

4 32,62 36,39 33,68 27,49 33,11 43,85 48,81 33,17 37,6 48,75 56,74 78,41 44,83 52,69 46,19 52,82 

5 34,28 38,79 41,94 43,96 41,1 48,81 55,46 47,77 53,15 60,67 68,73 76,73 73,31 95,33 85,65 66,08 
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Supplemental Table 11 genotype D isolate #1 HBeAg (S/CO raAo) 

days post  

transfec'on 
prototype BCP muta'on G1896A (W28*) CTG start codon muta'on 

0 0,374   0,483   0   0,348   

2 7,969 9,163 9,728 5,493 4,46 4,446 0,362 0,374 0,346 0,355 0,346 0,424 

3 23,844 23,768 18,017 12,189 11,651 12,661 0,339 0,323 0,362 0,357 0,588 0,363 

4 35,512 39 31,988 18,745 21,16 19,692 0,362 0,373 0,37 0,37 0,523 0,4 

5 40,818 39,569 38,041 21,949 24,51 24,814 0,408 0,41 0,406 0,441 0,449 0,416 

 

Supplemental Table 12 genotype D isolate #1 HBsAg (S/CO raAo) 

days post 

 transfec'on 
prototype BCP muta'on G1896A (W28*) CTG start codon muta'on 

0 0,67   0,58   0,43   0,51   

2 13,42 10,77 10,81 9,1 7,03 4,29 11,45 5,93 5,23 28,02 31,75 32,87 

3 45,15 46,96 44,65 19,42 31,03 40,1 28,86 30,53 43,34 78,35 67,46 59,55 

4 49,26 42 47,97 49,4 43,37 41,04 56,29 62,03 56,78 71,11 78,53 63,9 

5 46,47 43,48 80,52 37,01 36,29 44,18 67,82 59,13 56,87 68,83 53,64 49,28 

 

Supplemental Table 13 genotype D consensus HBeAg (S/CO raAo) 

days post 

transfec'on 
prototype BCP muta'on G1896A (W28*) CTG 

0 0,4  0,42  0,443  0,398  

1 29 11 21 9 0,573 0,427 0,412 0,479 

2 112 277 39,1 168 0,634 0,565 0,992 1 

3 220 431 67,3 262 0,648 0,98 1,079 1,569 

4 265 522 56 321 0,783 0,847 0,967 1,983 

5 232 567 49 317 1,04 1,03 1,15 2,69 

6 247 588 54,9 371 1,624 1,9 1,645 5,167 
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Supplemental Table 14 genotype D consensus HBsAg (S/CO raAo) 

days post  

transfec'on 
prototype BCP muta'on G1896A (W28*) CTG 

0 0,47  0,48  0,48  0,46  

1 133,91 258,87 108,76 164,72 219,81 136,94 37,19 69,28 

2 1699 1076 621,71 764 1422 1961 1903 479 

3 3345 1904 1787 1264 2425 3609 1087 3278 

4 4081 2336 2058 1868 3086 3512 953 4263 

5 4770 2924 2329 2228 3576 3890 1060 5050 

6 5448 3658 3082 2889 4498 4947 1581 5821 
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Sequence Informa9on 

 

T-cell Receptor 

 

HBc18-27 

TCR alpha 3 variable region 

ATGGAAACACTACTTGGAGTCTCACTGGTCATATTATGGTTACAACTTGCGCGAGTCAACAGCCAACAAGGAGAAGAAGATCCTCAAGCTCTATCGATCCAAG

AAGGAGAAAACGCTACGATGAACTGCTCGTACAAGACATCGATCAACAACCTGCAATGGTACCGACAAAACAGCGGAAGAGGACTCGTCCACCTGATCCTGA

TCCGGAGCAATGAACGAGAGAAGCACAGCGGAAGACTTCGAGTGACGCTGGACACGTCGAAGAAGAGCAGCAGCCTGCTGATCACCGCATCAAGAGCAGC

AGACACCGCCTCCTACTTCTGCGCAACATGGCTGAGCGGATCAGCTCGACAGCTGACCTTCGGAAGCGGAACGCAGCTGACCGTGCTGCCGGAC 

 

TCR beta 8 variable region 

ATGGATTCTTGGACCCTTTGTTGTGTTTCGCTTTGTATACTTGTCGCTAAACACACCGACGCTGGAGTGATCCAGAGCCCAAGACATGAAGTGACCGAGATGG

GACAAGAAGTGACGCTGCGCTGCAAACCGATCTCCGGACACGACTACCTCTTCTGGTACCGACAAACGATGATGAGAGGACTGGAGCTGCTGATCTACTTCA

ACAACAACGTGCCAATCGACGACTCCGGAATGCCAGAAGATCGCTTCAGCGCCAAGATGCCAAACGCCAGCTTCAGCACGCTGAAGATCCAGCCATCAGAAC

CAAGAGACAGCGCCGTCTACTTCTGCGCTTCATCGAACCGAGCTTCGAGCTACAACGAGCAGTTCTTCGGACCTGGAACAAGATTGACCGTGCTG 

 

HBs370-379 

NucleoAde Sequence  

TCR alpha 12 variable region 

ATGGCAACCAACTTCAGCCTGCTGAAACAAGCTGGAGACGTGGAAGAAAATCCTGGACCGATGAAGAGCCTACGAGTGCTGCTCGTCATCCTATGGCTACAA

CTGAGCTGGGTCTGGAGCCAGCAGAAAGAAGTGGAGCAGAACAGCGGACCGCTATCAGTTCCAGAAGGAGCGATCGCATCGCTGAACTGCACCTACTCGG

ATCGAGGAAGCCAAAGCTTCTTCTGGTACCGCCAATACTCCGGAAAAAGCCCGGAGCTGATCATGTTCATCTACTCCAACGGAGACAAAGAAGATGGAAGAT

TCACAGCGCAGCTGAACAAAGCTTCACAATACGTCTCGCTGCTGATCCGAGACAGCCAACCAAGCGACAGCGCAACCTACCTGTGCGCCGTCAACCTCTACGC

TGGAAACATGCTGACCTTCGGAGGAGGAACACGGCTGATGGTGAAGCCACAC 

 

TCR beta 7.8 variable region 

ATGGGAACAAGACTGCTGTGCTGGGTCGTGCTCGGATTCCTCGGAACGGACCACACTGGAGCTGGAGTCAGCCAATCGCCACGCTACAAAGTCGCCAAACG

AGGACAAGACGTGGCGCTGCGCTGCGATCCGATCTCCGGACACGTCAGCCTCTTCTGGTACCAACAAGCGCTCGGACAAGGACCGGAGTTCCTGACCTACTT

CCAAAACGAAGCGCAGCTGGACAAGAGCGGACTACCATCGGACCGCTTCTTCGCCGAGAGACCAGAAGGAAGCGTCAGCACGCTGAAGATCCAAAGAACA

CAACAAGAAGACAGCGCCGTCTACCTGTGCGCTTCGAGCTCCGACTTCGGAAACCAACCGCAACACTTCGGAGATGGAACAAGACTATCGATCCTG 

 

Murin alpha constant region 

ATCCAAAACCCAGAACCAGCAGTCTACCAGCTGAAGGACCCAAGAAGCCAAGACAGCACGCTGTGCCTCTTCACCGACTTCGACTCGCAAATCAACGTGCCG

AAGACAATGGAGAGCGGAACCTTCATCACCGACAAATGCGTCCTGGACATGAAAGCCATGGATTCGAAATCCAACGGAGCGATCGCCTGGAGCAACCAGAC

AAGCTTCACGTGCCAAGACATCTTCAAGGAGACCAACGCCACCTACCCATCGAGCGACGTGCCGTGCGACGCTACGCTGACGGAGAAGAGCTTCGAGACCG

ACATGAACCTGAACTTCCAAAACCTCAGCGTGATGGGACTTCGGATCCTGCTGCTGAAAGTCGCTGGATTCAACCTGCTGATGACGCTGCGGCTATGGAGCAG

CTGA 

 

Murine beta constant region 

GAAGACCTGCGGAACGTGACGCCACCGAAAGTTTCGCTCTTCGAGCCATCGAAAGCCGAGATCGCCAACAAACAGAAAGCTACACTCGTCTGCCTGGCAAG

AGGATTCTTCCCGGACCACGTGGAGCTGTCATGGTGGGTCAACGGAAAAGAAGTCCACAGCGGCGTCTGCACCGACCCTCAAGCCTACAAGGAATCCAACT

ACAGCTACTGCCTCAGCAGCAGACTTCGAGTCAGCGCAACGTTCTGGCACAATCCAAGAAACCACTTCAGATGCCAAGTCCAGTTCCACGGACTATCGGAAG

AAGACAAGTGGCCCGAAGGAAGTCCAAAGCCCGTCACCCAGAACATTAGCGCAGAAGCCTGGGGACGAGCGGACTGCGGAATCACATCCGCCTCCTACCAC
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CAAGGAGTGCTGAGCGCAACGATCCTCTACGAGATCCTGCTCGGAAAAGCTACGCTCTACGCCGTGCTCGTCTCCGGACTCGTGCTGATGGCGATGGTGAAG

AAGAAGAACAGC 

 

Plasmids 

pMP71 flex 

 

 

 

CTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGGTTAGAACAGAGAGACAGCAGAATATGGGCCA

AACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCC

TGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTG

AAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACT

CGGCGCGCCAGTCCTCCGATAGACTGCGTCGCCCGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGTGGACTCGCTGATCCTTGGGAG

GGTCTCCTCAGATTGATTGACTGCCCACCTCGGGGGTCTTTCATTTGGAGGTTCCACCGAGATTTGGAGACCCCTGCCCAGGGACCACCGACCCCCCCGCCG

GGAGGTAAGCTGGCCAGCGGTCGTTTCGTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCGCCTGCGTCTGTACTAGTTGGCTAACTA

GATCTGTATCTGGCGGTCCCGCGGAAGAACTGACGAGTTCGTATTCCCGGCCGCAGCCCCTGGGAGACGTCCCAGCGGCCTCGGGGGCCCGTTTTGTGGCC

CATTCTGTATCAGTTAACCTACCCGAGTCGGACTTTTTGGAGCTCCGCCACTGTCCGAGGGGTACGTGGCTTTGTTGGGGGACGAGAGACAGAGACACTTCC

CGCCCCCGTCTGAATTTTTGCTTTCGGTTTTACGCCGAAACCGCGCCGCGCGTCTTGTCTGCTGCAGCATCGTTCTGTGTTGTCTCTGTCTGACTGTGTTTCTGT

ATTTGTCTGAAAATTAGCTCGACAAAGTTAAGTAATAGTCCCTCTCTCCAAGCTCACTTACAGGCGGCCGCCACCATGTCCATCGGCCTGCTGTGCTGTGCCGC

CCTGTCTCTGCTGTGGGCAGGACCAGTGAACGCAGGAGTGACCCAGACACCCAAGTTTCAGGTGCTGAAGACCGGCCAGAGCATGACACTGCAGTGCGCCC

AGGACATGAATCACGAGTACATGTCCTGGTATCGGCAAGACCCTGGCATGGGCCTGAGACTGATCCACTACTCCGTGGGAGCAGGAATCACCGACCAGGGAG

AGGTGCCCAACGGCTATAATGTGAGCAGGTCCACCACAGAGGATTTCCCACTGCGCCTGCTGTCTGCCGCACCTTCTCAGACCAGCGTGTACTTTTGTGCCAG

CTCCTCTGTGACCGGCACAGGCAACTACGGCTATACATTCGGCAGCGGAACCAGGCTGACAGTGGTGGAGGACCTACGTAACGTGACACCACCCAAAGTCTC

ACTGTTTGAGCCTAGCAAGGCAGAAATTGCCAACAAGCAGAAGGCCACCCTGGTGTGCCTGGCAAGAGGGTTCTTTCCAGATCACGTGGAGCTGTCCTGGT

GGGTCAACGGCAAAGAAGTGCATTCTGGGGTCTGCACCGACCCCCAGGCTTACAAGGAGAGTAATTACTCATATTGTCTGTCAAGCCGGCTGAGAGTGTCCG

CCACATTCTGGCACAACCCTAGGAATCATTTCCGCTGCCAGGTCCAGTTTCACGGCCTGAGTGAGGAAGATAAATGGCCAGAGGGGTCACCTAAGCCAGTGA

CACAGAACATCAGCGCAGAAGCCTGGGGACGAGCAGACTGTGGCATTACTAGCGCCTCCTATCATCAGGGCGTGCTGAGCGCCACTATCCTGTACGAGATTCT
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GCTGGGAAAGGCCACCCTGTATGCTGTGCTGGTCTCCGGCCTGGTGCTGATGGCCATGGTCAAGAAAAAGAACTCTGGGAGTGGAGCCACAAATTTCTCTCT

GCTGAAACAGGCTGGAGATGTGGAGGAAAACCCCGGCCCTATGAAGAGCCTGCGCGTGCTGCTGGTCATCCTGTGGCTGCAATTGTCCTGGGTGTGGAGCC

AGATCCTGAACGTGGAGCAGTCTCCACAGAGCCTGCACGTGCAGGAGGGCGACTCTACCAACTTCACATGCAGCTTTCCCAGCTCCAATTTCTATGCCCTGCA

CTGGTACCGGTGGGAGACAGCCAAGAGCCCTGAGGCCCTGTTTGTGATGACACTGAACGGCGATGAGAAGAAGAAGGGCAGAATCTCCGCCACCCTGAATA

CAAAGGAGGGCTACTCTTATCTGTACATCAAGGGCAGCCAGCCAGAGGACAGCGCCACCTACCTGTGCGCAAGGAACACAGGCAATCAGTTCTACTTTGGCA

CCGGCACATCCCTGACCGTGATCCCCGATATCCAGAATCCCGAGCCTGCCGTATACCAGCTGAAGGACCCCCGATCTCAGGATAGTACTCTGTGCCTGTTCACC

GACTTTGATAGTCAGATCAATGTGCCTAAAACCATGGAATCCGGAACTTTTATTACCGACAAGTGCGTGCTGGATATGAAAGCCATGGACAGTAAGTCAAACG

GCGCCATCGCTTGGAGCAATCAGACATCCTTCACTTGCCAGGATATCTTCAAGGAGACCAACGCAACATACCCATCCTCTGACGTGCCCTGTGATGCCACCCTG

ACAGAGAAGTCTTTCGAAACAGACATGAACCTGAATTTTCAGAATCTGAGCGTGATGGGCCTGAGAATCCTGCTGCTGAAGGTCGCTGGGTTTAATCTGCTGA

TGACACTGCGGCTGTGGTCCTCATGAATTCGGATCCAAGCTTAGGCCTGCTCGCTTTCTTGCTGTCCCATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACT

ACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAGCGCTAAGCTTAACACGAGCCATAGATAGAATAAAAGATTTTATTTAGTCTCCA

GAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCATGGAAAATACATAACTGAGAATAGAGAA

GTTCAGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGTTGG

AACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCA

GTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGC

GCGCTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATAGACTGCGTCGCCCGGGTACCCGTGTTCTCAATAAA

CCCTCTTGCAGTTGCATCCGACTCGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTGATTGACTGCCCACCTCGGGGGTCTTTCATTCTCGAGCAGCTT

GGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCT

AATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGG

GAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGC

GGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTG

GCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTT

CCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTC

ACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATC

GTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT

TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATC

CGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG

GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTT

TAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTG

CCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTA

TCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAA

GTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC

GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTC

ATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGC

GGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAA

ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGC

AAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAG

GGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGA

AACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCT

CCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAAC

TATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCAT

TCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTA

ACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTAGTACT 
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pNL1.1-Nluc 

 

 

 

GGCCTAACTGGCCGGTACCTGAGCTCGCTAGCCTCGAGGATATCAAGATCTGGCCTCGGCGGCCAAGCTTGGCAATCCGGTACTGTTGGTAAAGCCACCATG

GTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAAT

CTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCG

ACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTT

ACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAA

ATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGTAA

GGCCGCGACTCTAGAGTCGGGGCGGCCGGCCGCTTCGAGCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAA

TGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCA

GGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTAAAATCGATAAGGATCCGTCGACCGATGCCCTTGAGAGCCTTCAACCCAG

TCAGCTCCTTCCGGTGGGCGCGGGGCATGACTATCGTCGCCGCACTTATGACTGTCTTCTTTATCATGCAACTCGTAGGACAGGTGCCGGCAGCGCTCTTCCGC

TTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC

GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGC

ATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC

GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTC

GCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC

GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAA

GAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTT

TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACG

TTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGG

TCTGACAGCGGCCGCAAATGCTAAACCACTGCAGTGGTTACCAGTGCTTGATCAGTGAGGCACCGATCTCAGCGATCTGCCTATTTCGTTCGTCCATAGTGGCC

TGACTCCCCGTCGTGTAGATCACTACGATTCGTGAGGGCTTACCATCAGGCCCCAGCGCAGCAATGATGCCGCGAGAGCCGCGTTCACCGGCCCCCGATTTGT

CAGCAATGAACCAGCCAGCAGGGAGGGCCGAGCGAAGAAGTGGTCCTGCTACTTTGTCCGCCTCCATCCAGTCTATGAGCTGCTGTCGTGATGCTAGAGTAA

GAAGTTCGCCAGTGAGTAGTTTCCGAAGAGTTGTGGCCATTGCTACTGGCATCGTGGTATCACGCTCGTCGTTCGGTATGGCTTCGTTCAACTCTGGTTCCCAG
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CGGTCAAGCCGGGTCACATGATCACCCATATTATGAAGAAATGCAGTCAGCTCCTTAGGGCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCGGTGTTGTCGC

TCATGGTAATGGCAGCACTACACAATTCTCTTACCGTCATGCCATCCGTAAGATGCTTTTCCGTGACCGGCGAGTACTCAACCAAGTCGTTTTGTGAGTAGTGTA

TACGGCGACCAAGCTGCTCTTGCCCGGCGTCTATACGGGACAACACCGCGCCACATAGCAGTACTTTGAAAGTGCTCATCATCGGGAATCGTTCTTCGGGGCG

GAAAGACTCAAGGATCTTGCCGCTATTGAGATCCAGTTCGATATAGCCCACTCTTGCACCCAGTTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCGGGGTG

TGCAAAAACAGGCAAGCAAAATGCCGCAAAGAAGGGAATGAGTGCGACACGAAAATGTTGGATGCTCATACTCGTCCTTTTTCAATATTATTGAAGCATTTAT

CAGGGTTACTAGTACGTCTCTCAAGGATAAGTAAGTAATATTAAGGTACGGGAGGTATTGGACAGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTT

GGTTTTTTGTGTGAATCGATAGTACTAACATACGCTCTCCATCAAAACAAAACGAAACAAAACAAACTAGCAAAATAGGCTGTCCCCAGTGCAAGTGCAGGTG

CCAGAACATTTCTCT 

 

Prototype HBV Sequence 

 

 

 

Genotype A isolate #1 

CCATGGCTGCTAGGCTGTACTGCCAACTGGATCCTTCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGACGACCCCTCTCGGGGCCGCT

TGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTCCAGCCGACCACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCTTCTCATCTGCCGGTCCGT

GTGCACTTCGCTTCACCTCTGCACGTTGCATGGAGACCACCGTGAACGCCCATCAGATCCTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCCCAGCAAT

GTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTAAAGGTCTTTGTATTAGGAGGCT

GTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCAAGCCTCCAAGCTGTGCCTTGG

GTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCCGTCAGAGATCTCCT

AGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCATACTGCACTCAGGCAAGCCATTCTCTGCTGGGGGGAATTG

ATGACTCTAGCTACCTGGGTGGGCAATAATTTGGAAGATCCAGCATCCAGGGATCTAGTAGTCAATTATGTTAATACTAACATGGGTTTAAAGATCAGGCAACTA

TTGTGGTTTCATATATCTTGCCTTACTTTTGGAAGAGAGACTGTACTTGAATATTTGGTCTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCCTATAGACCACCAA

ATGCCCCTATCTTATCAACACTTCCGGAAACTACTGTTGTTAGACGACGGGACCGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGCAGATC

TCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGAAACTTTACGGGGCTTTATTCCTCTACAGTAC

CTATCTTTAATCCTGAATGGCAAACTCCTTCCTTTCCTAGGATTCATTTACAAGAGGACATTATTAATAGGTGTCAACAATTTGTGGGCCCTCTCACTGTAAATGA

AAAGAGAAGATTGAAATTAATTATGCCTGCTAGATTCTATCCTACCCACACTAAATATTTGCCCTTAGACAAAGGAATTAAACCTTATTATCCAGATCAGGTAGTT

AATCATTACTTCCAAACCAGACATTATTTACATACTCTTTGGAAGGCTGGTATTCTATATAAGAGAGAAACCACACGTAGCGCCTCATTTTGCGGGTCACCATATT

CTTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCATCAAAACCTCGCAAAGGCTTGGGGACGAATCTTTCTGTTCCCAACCCTCTGGGATTCTTTCCCGATC

ATCAGTTGGACCCTGCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCCATCAAGGACCACTGGCCAGCAGCCAACCAGGTAGGAGTGGGA
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GCATTCGGGCCAGGGCTCACCCCTCCACACGGCGGTATTTTGGGGTGGAGCCCTCAGGCTCAGGGCATATTGACCACAGTGTCAACAATTCCTCCTCCTGCCT

CCACCAATCGGCAGTCAGGAAGGCAGCCTACTCCCATCTCTCCACCTCTAAGAGACAGTCATCCTCAGGCCATGCAGTGGAATTCCACTGCCTTCCACCAAGCT

CTGCAGGATCCCAGAGTCAGGGGTCTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATATTGCCTCTCACATCTCGTCAATCTCC

GCGAGGACTGGGGACCCTGTGACGATCATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATC

CTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCATTCA

CTCACCAACCTCCTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTATTGGT

TCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCAACAACAACCAGTACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCA

ACTCTATGTTTCCCTCCTGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGG

CCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGCTATATGGATGATGTGGTATTG

GGGGCCAAGTCTGTACAGCATCGTGAGTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAAACCCTAACAAAACAAAAAGATGGGGT

TATTCCCTAAACTTCATGGGTTACATAATTGGAAGTTGGGGAACGTTGCCACAGGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTTAAC

AGGCCTATTGATTGGAAAGTATGTCAAAGAATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTA

TACAAGCTAAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGC

CAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAAC

TCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATCGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCCATGG 

 

Genotype A isolate #2 

CCATGGCTGCTAGGCTGTACTGCCAACTGGATCCTTCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGACGACCCCTCTCGGGGCCGCT

TGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTCCAGCCGACCACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCTTCTCATCTGCCGGTCCGT

GTGCACTTCGCTTCACCTCTGCACGTTGCATGGAGACCACCGTGAACGCCCATCAGATCCTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCCCAGCAAT

GTCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTAAAGGTCTTTGTATTAGGAGGCT

GTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCAAGCCTCCAAGCTGTGCCTTGG

GTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCCGTCAGAGATCTCCT

AGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCATACTGCACTCAGGCAAGCCATTCTCTGCTGGGGGGAATTG

ATGACTCTAGCTACCTGGGTGGGTAATAATTTGGAAGATCCAGCATCCAGGGATCTAGTAGTCAATTATGTTAATACTAATATGGGTTTAAAGATCAGGCAACTAT

TGTGGTTTCATATATCTTGCCTTACTTTTGGAAGAGAGACTGTACTTGAATATTTGGTCTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCCTATAGACCACCAAA

TGCCCCTATCTTATCAACACTTCCGGAAACTACTGTTGTTAGACGACGGGACCGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGCAGATCT

CAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGAAACTTTACTGGGCTTTATTCCTCTACAGTACC

TATCTTTAACCCTGAATGGCAAACTCCTTCCTTTCCTAAGATTCATTTACAAGAGGACATTATTAATAGGTGTCAACAATTTGTGGGCCCTCTAACTGTAAATGAA

AAGAGAAGATTGAAATTAATTATGCCTGCTAGATTCTATCCTACCCACACTAAATATTTGCCCTTGGACAAAGGAATTAAACCTTATTATCCAGATCAGGTAGTTA

ATCATTACTTCCAAACCAGACATTATTTACATACTCTTTGGAAGGCTGGTATTCTATATAAGAGGGAAACCACACGTAGCGCATCATTTTGCGGGTCACCATATTC

TTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCATCAAAACCTCGCAAAGGCATGGGGACGAATCTTTCTGTTCCCAACCCTCTGGGATTCTTTCCCGATCA

TCAGTTGGACCCTGCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCCATCAAGGACCACTGGCCAGCAGCCAACCAGGTAGGAGTGGGAG

CATTCGGGCCAGGGCTCACCCCTCCACACGGCGGTATTTTGGGGTGGAGCCCTCAGGCTCAGGGCATATTGACCACAGTGTCAACAATTCCTCCTCCTGCCTC

CACCAATCGGCAGTCAGGAAGGCAGCCTACTCCCATCTCTCCACCTCTAAGAGACAGTCATCCTCAGGCCATGCAGTGGAATTCCACTGCCTTCCACCAAGCTC

TGCAGGATCCCAGAGTCAGGGGTCTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATATTGCCTCTCACATCTCGTCAATCTCC

GCGAGGACTGGGGACCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATC

CTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCA

CTCACCAACCTCCTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTATTGGT

TCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCAACAACAACCAGTACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCA

ACTCTATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGG

CCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGCTATATGGATGATGTGGTATTG

GGGGCCAAGTCTGTACAGCATCGTGAGTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAAACCCTAACAAAACAAAAAGATGGGGT

TATTCCCTAAACTTCATGGGTTACATAATTGGAAGTTGGGGAACATTGCCACAGGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTTAAC

AGGCCTATTGATTGGAAAGTATGTCAAAGAATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTA

TACAAGCTAAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGC

CAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAAC

TCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATCGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCCATGG 
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Genotype A consensus 

CCATGGCTGCTAGGCTGTACTGCCAACTGGATCCTTCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGACGACCCCTCTCGGGGCCGCT

TGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTCCAGCCGACCACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCTTCTCATCTGCCGGTCCGT

GTGCACTTCGCTTCACCTCTGCACGTTGCATGGAGACCACCGTGAACGCCCATCAGATCCTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCCCAGCAAT

GTCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTAAAGATCTTTGTATTAGGAGGCT

GTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCAAGCCTCCAAGCTGTGCCTTGG

GTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCCGTCAGAGATCTCCT

AGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCATACTGCACTCAGGCAAGCCATTCTCTGCTGGGGGGAATTG

ATGACTCTAGCTACCTGGGTGGGTAATAATTTGCAAGATCCAGCATCCAGGGATCTAGTAGTCAATTATGTTAATACTAACATGGGTTTAAAGATCAGGCAACTA

TTGTGGTTTCATATATCTTGCCTTACTTTTGGAAGAGAGACTGTACTTGAATATTTGGTCTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCCTATAGACCACCAA

ATGCCCCTATCTTATCAACACTTCCGGAAACTACTGTTGTTAGACGACGGGACCGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGCAGATC

TCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGAAACTTTACTGGGCTTTATTCCTCTACAGTAC

CTATCTTTAATCCTGAATGGCAAACTCCTTCCTTTCCTAAGATTCATTTACAAGAGGACATTATTAATAGGTGTCAACAATTTGTGGGCCCTCTCACTGTAAATGA

AAAGAGAAGATTGAAATTAATTATGCCTGCTAGATTCTATCCTACCCACACTAAATATTTGCCCTTAGACAAAGGAATTAAACCTTATTATCCAGATCAGGTAGTT

AATCATTACTTCCAAACCAGACATTATTTACATACTCTTTGGAAGGCTGGTATTCTATATAAGAGGGAAACCACACGTAGCGCATCATTTTGCGGGTCACCATATT

CTTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCATCAAAACCTCGCAAAGGCATGGGGACGAATCTTTCTGTTCCCAACCCTCTGGGATTCTTTCCCGATC

ATCAGTTGGACCCTGCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCCATCAAGGACCACTGGCCAGCAGCCAACCAGGTAGGAGTGGGA

GCATTCGGGCCAGGGCTCACCCCTCCACACGGCGGTATTTTGGGGTGGAGCCCTCAGGCTCAGGGCATATTGACCACAGTGTCAACAATTCCTCCTCCTGCCT

CCACCAATCGGCAGTCAGGAAGGCAGCCTACTCCCATCTCTCCACCTCTAAGAGACAGTCATCCTCAGGCCATGCAGTGGAATTCCACTGCCTTCCACCAAGCT

CTGCAGGATCCCAGAGTCAGGGGTCTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATATTGCCTCTCACATCTCGTCAATCTCC

GCGAGGACTGGGGACCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATC

CTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCA

CTCACCAACCTCCTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTATTGGT

TCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCAACAACAACCAGTACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCA

ACTCTATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGG

CCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGCTATATGGATGATGTGGTATTG

GGGGCCAAGTCTGTACAGCATCGTGAGTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAAACCCTAACAAAACAAAAAGATGGGGT

TATTCCCTAAACTTCATGGGTTACATAATTGGAAGTTGGGGAACATTGCCACAGGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTTAAC

AGGCCTATTGATTGGAAAGTATGTCAAAGAATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTA

TACAAGCTAAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGC

CAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAAC

TCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATCGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCCATGG 

 

Genotype D isolate #1  

CCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCCTCGGCGCTGAATCCCGCGGACGACCCTTCTCGGGGTCGCT

TGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTTCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGT

GTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCAAATATTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCTGCAATG

TCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAAAGGTCTTTGTACTAGGAGGCTGT

AGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGGT

GGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACCGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTACGAGATCTTCTAG

ATACCGCCTCAGCTCTGTATCGGGATGCCTTAGAGTCTCCTGAACATTGTTCACCTCACCATACTGCACTCAGGCAAGCAATTCTTTGCTGGGGGGAACTAATG

ACTCTAGCTACCTGGGTGGGCGTTAATTTGGAAGATCCAGCATCTAGAGACCTAGTAGTCAGTTATGTCAACACTAATATGGGCCTAAAGTTCAGACAACTCTT

GTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGAAACAGTTATAGAATATTTGGTGTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCAAA

TGCCCCTATCTTATCAACACTTCCGGAGACTACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGAAGGTCTCAATCG

CCGCGTCGCCGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGAAACTTTACGGGGCTTTATTCTTCTACTGTACCTGTCTT

TAATCCTCATTGGAAAACACCCTCTTTTCCTAATATACATTTACACCAAGACATTATCAAAAAATGTGAACAGTTTGTAGGCCCACTCACAGTTAATGAGAAAAG

AAGATTGCAATTGATTATGCCTGCTAGGTTTTATCCAAATGTTACCAAATATTTGCCATTGGATAAGGGTATTAAACCTTATTATCCAGAACATCTAGTTAATCATTA
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CTTCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGAAACAACACATAGCGCCTCATTTTGTGGGTCACCATATTCTTGGGA

ACAAGAGCTACAGCATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGATTCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATCC

AGATTGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGGCTGGGTTTCACCCCACCGCACGGAGGCCTTT

TGGGGTGGAGCCCTCAAGCTCAGGGCATAATACAAACTTTGCCAGCAAATCCGCCTCCTGCCTCCACCAATCGCCAGTCAGGAAGGCAGCCTACCCCGCTGTC

TCCACCTTTGCGAAACACTCATCCTCAGGCCATGCAGTGGAACTCCACAACCTTCCATCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTG

GTGGCTCCAGTTCAGGAACAGTAAACCCTGTTCCGACTACTGCCTCTCACTTATCGTCAATCTTCTCGAGGATTGGGGACCCTGCGCTGAACATGGAGAACATC

ACATCAGGATTCCTAGGACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCT

CAATTTTCTAGGGGGAACTACCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTGTCCTGGTTATCGTTG

GATGTGTCTGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTGCCCGTTTGTCCTCTAAT

TCCAGGATCCTCAACCACCAGCACGGGACCATGCAGAACCTGCACGACTCCTGCTCAAGGAACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGACG

GAAATTGCACCTGTATTCCCATCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTG

TTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCTTGAGTCCCTTTTTACCGC

TGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAACAAAACAAAGAGATGGGGTTATTCTCTAAATTTTATGGGTTATGTCATTGGATGTTATGGAT

CATTGCCACAAGAACACATCATACAAAAAATCAAAGACTGTTTTAGAAAACTTCCTGTTAACAGGCCTATTGATTGGAAAGTGTGTCAACGAATTGTGGGCCTT

TTGGGTTTTGCTGCACCTTTTACACAATGTGGTTATCCTGCTTTAATGCCCTTGTATGCATGTATTCAATCTAAGCAGGCTTTCACTTTCTCGCCAACTTACAAGG

CCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTGCCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGT

CATGGGCCATCAGCGCATGCGTGGAACCTTTATGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTTGCAGCAGGTCTGGAGCAAAC

GTTATCGGGACTGATAACTCGGTTGTCCTCTCCCGCAAATATACATCATTTCCATGG 

 

Genotype D isolate #2  

CCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGACGACCCTTCTCGGGGTCGCT

TGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTTCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGT

GTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCGATTCTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCTGTAATG

TCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTCAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAAAGGTCTTTGTACTAGGAGGCTGT

AGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTTTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGGT

GGCTTTGGGGCATGGACATTGATCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTACGTGATCTTCTAG

ATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCATACTGCACTCAGGCAAGCAATTCTGTGCTGGGGGGACCTAATG

ACTCTAGCTACCTGGGTGGGTGGTAATTTGGAAGATCCAATATCCAGGGACCTAGTAGTCAGTTATGTCAACACTAATATGGGCCTAAAGTTCCGGCAACTATT

GTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGAAACAGTTATAGAGTATTTGGTGTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCAAA

TGCCCCTATCTTATCAACACTTCCGGAGACTACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGAAGGTCTCAATCG

CCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGAAACTTTACGGGGCTTTATTCTTCTACTGTACCTGTCTT

TAACCCTCATTGGAAAACACCCTCTTTTCCTAATATACATTTACACCAAGACATTATCAAAAAATGTGAACAATTTGTAGGCCCACTCACAGTCAATGAGAAAAG

AAGACTGCAATTGATTATGCCTGCTAGGTTTTATCCAAATGTTACCAAATATTTGCCATTGGATAAGGGTATTAAACCTTATTACCCAGAACATCTAGTTAATCATT

ACTTCCAAACCAGACATTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGAAACAACACATAGCGCCTCATTTTGTGGGTCACCATATTCTTGGG

AACAAAAGCTACAGCATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGATTCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATC

CAGATTGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGGCTGGGATTCACCCCACCGCACGGAGGCCTT

TTGGGGTGGAGCCCCCAGGCTCAGGGCATACTACAAACCTTGCCAGCAAATCCGCCTCCTGCCTCTACCAATCGCCAGTCAGGAAGGCAGCCGACCCCGCTG

TCTCCACCTTTGAGAAACACTCATCCTCAGGCCATGCAGTGGAACTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGC

TGGTGGCTCCAGTTCAGGAACAGTAAACCCTGTTCCGACTACTGTCTCTCCCATATCGTCAATCTTCTCGAAGATTGGGGACCCTGCGCTGAACATGGAGAACA

TCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCT

CTCAATTTTCTAGGGGGAACTACCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTGTCCTGGTTATCGC

TGGATGTGTCTGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTGCCCGTTTGTCCTCTA

ATTCCAGGATCTTCAACTACCAGCACGGGCCCATGCAGAACCTGCACGACTCCTGCTCAAGGAACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCGGA

CGGAAATTGCACCTGTATTCCCATCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATT

TGTTCAGTGGTTCGTAGGGCTTTCCCCCATTGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCTTGAGTCCCTTTTTACC

GCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAACAAAACAAAAAGATGGGGTTACTCTTTACATTTCATGGGCTATGTCATTGGATGTTATG

GGTCATTGCCACAAGATCACATCATACAAAAAATCAAAGAATGTTTTCGAAAACTTCCTGTTAACAGACCTATTGATTGGAAAGTCTGTCAACGTATTGTGGGT

CTTTTGGGTTTTGCTGCCCCTTTTACACAATGTGGTTATCCTGCTTTAATGCCCTTGTATGCATGTATTCAGTCGAAGCAGGCTTTTACTTTCTCGCCAACTTACA
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AGGCCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTGCCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCTGATGCAACCCCCACTGGCTGGGGCTT

GGTCATGGGCCATCAGCGCATGCGTGGAACCTTTCTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCA

AACATTCTCGGGACAGATAACTCTGTTGTTCTCTCCCGCAAATATACATCGTTTCCATGG 

 

Genotype D consensus 

CCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGACGACCCTTCTCGGGGCCGCT

TGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTTCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGT

GTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCAATTCTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCTGTAATG

TCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAAAGGTCTTTGTACTAGGAGGCTGT

AGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGGT

GGCTTTAGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTTCTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTACGAGATCTTCTAG

ATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCATACTGCACTCAGGCAAGCAATTCTTTGCTGGGGGGAACTAATG

ACTCTAGCTACCTGGGTGGGTGGTAATTTGGAAGATCCAACATCCAGGGACCTAGTAGTCAGTTATGTCAACACTAATATGGGCCTAAAGTTCAGGCAACTATT

GTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGAAACAGTCATAGAGTATTTGGTGTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCAA

ATGCCCCTATCTTATCAACACTTCCGGAGACTACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGAAGGTCTCAATC

GCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATTCCTTGGACTCATAAGGTGGGAAACTTTACGGGGCTTTATTCTTCTACTGTACCTGTCT

TTAACCCTCATTGGAAAACACCCTCTTTTCCTAATATACATTTACACCAAGACATTATCAAAAAATGTGAACAATTTGTAGGCCCACTCACAGTCAATGAGAAAA

GAAGACTGCAATTGATTATGCCTGCTAGGTTTTATCCAAATGTTACCAAATATTTGCCATTGGATAAGGGTATTAAACCTTATTATCCAGAACATCTAGTTAATCAT

TACTTCCAAACCAGACATTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGAAACAACACATAGCGCCTCATTTTGTGGGTCACCATATTCTTGG

GAACAAGAGCTACAGCATGGGGCAGAATCTTTCCACCAGCAATCCTCTGGGATTCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAAT

CCAGATTGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGGCTGGGATTCACCCCACCGCACGGAGGCCT

TTTGGGGTGGAGCCCTCAGGCTCAGGGCATACTACAAACCTTGCCAGCAAATCCGCCTCCTGCCTCTACCAATCGCCAGTCAGGAAGGCAGCCTACCCCGCTG

TCTCCACCTTTGAGAAACACTCATCCTCAGGCCATGCAGTGGAACTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGC

TGGTGGCTCCAGTTCAGGAACAGTAAACCCTGTTCCGACTACTGTCTCTCACATATCGTCAATCTTCTCGAGGATTGGGGACCCTGCGCTGAACATGGAGAAC

ATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTC

TCTCAATTTTCTAGGGGGAACTACCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTGTCCTGGTTATCG

CTGGATGTGTCTGCGGCGTTTTATCATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAGGTATGTTGCCCGTTTGTCCTC

TAATTCCAGGATCTTCAACCACCAGCACGGGACCATGCAGAACCTGCACGACTCCTGCTCAAGGAACCTCTATGTATCCCTCCTGTTGCTGTACCAAACCTTCG

GACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTAGTGCCA

TTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCTTGAGTCCCTTTTTA

CCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAACAAAACAAAAAGATGGGGTTACTCTTTACATTTCATGGGCTATGTCATTGGATGTTAT

GGGTCATTGCCACAAGATCACATCATACAGAAAATCAAAGAATGTTTTAGAAAACTTCCTGTTAACAGGCCTATTGATTGGAAAGTCTGTCAACGTATTGTGGG

TCTTTTGGGTTTTGCTGCCCCTTTTACACAATGTGGTTATCCTGCTTTAATGCCCTTGTATGCATGTATTCAATCTAAGCAGGCTTTCACTTTCTCGCCAACTTACA

AGGCCTTTCTGTGTAAACAATACCTGAACCTTTACCCCGTTGCCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTT

GGTCATGGGCCATCAGCGCATGCGTGGAACCTTTCTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCA

AACATTCTCGGGACGGATAACTCTGTTGTTCTCTCCCGCAAATATACATCGTTTCCATGG 

 

HBV HBeAg gene fragments for Gibson Assembly  

BCP double mutaAon 

Genotype A isolate #1 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

ATGATCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 
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Genotype A isolate #2 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

ATGATCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype A consensus 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

ATGATCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype D isolate #1 

GGACTCTTGGACTCTCTGCAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

TGATCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACCGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTT

TCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGATGCCTTAGAGTCTCCTGAACATTGTTCACCTCACCA 

 

Genotype D isolate #2 

GGACTCTTGGACTCTCTGTAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTCAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

TGATCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTTTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGATCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTT

CCTTCAGTACGTGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCA 

 

Genotype D consensus 

GGACTCTTGGACTCTCTGTAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

TGATCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTTCTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTT

TCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCA 

 

G1896A (W28*) 

Genotype A isolate #1 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

AAGGTCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype A isolate #2 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

AAGGTCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 
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Genotype A consensus 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

AAGGTCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype D isolate #1 

GGACTCTTGGACTCTCTGCAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

AGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACCGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTT

TCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGATGCCTTAGAGTCTCCTGAACATTGTTCACCTCACCA 

 

Genotype D isolate #2 

GGACTCTTGGACTCTCTGTAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTCAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

AGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTTTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCATGGACATTGATCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTT

CCTTCAGTACGTGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCA 

 

CTG start codon mutaAon 

Genotype A isolate #1 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

AAGGTCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCCTGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype A isolate #2 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCTTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

AAGGTCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCCTGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype A consensus 

GGACTCTTGGACTCCCAGCAATGTCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGGAGCTGGGGGAGGAGATTAGGTTA

AAGGTCTTTGTATTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCCTGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCACTGTTCA

AGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCT

TTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCA 

 

Genotype D isolate #1 

GGACTCTTGGACTCTCTGCAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

AGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCCTGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACCGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTT

TCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGATGCCTTAGAGTCTCCTGAACATTGTTCACCTCACCA 
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Genotype D isolate #2 

GGACTCTTGGACTCTCTGTAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTCAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

AGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCCTGCAACTTTTTCACCTCTGCCTAATCATCTTTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGATCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTT

CCTTCAGTACGTGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCA 

 

Genotype D consensus 

GGACTCTTGGACTCTCTGTAATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGATTAA

AGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCCTGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAA

GCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTTCTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTT

TCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCA 

 


