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ABSTRACT
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Hepatitis B virus (HBV) infection and subsequent viral DNA integration have 

been suggested to play an important role in the development of human hepatocellular 

carcinoma (HCC). Ten HBV-related HCC samples from South Africa and China 

were analyzed by Southern blot hybridisation with genomic and subgenomic HBV 

DNA probes. Nine tumours contained integrated HBV DNA; four had a single 

integrant and the rest more than one. Genomic DNAs from three single-integrant- 

positive tumours and two samples with a simple pattern of viral DNA integration 

were further molecularly cloned, and integrated HBV DNA and the flanking cellular 

sequences of the clone LAI la were analyzed in detail by restriction mapping and 

DNA sequencing. Clone LAI la unfortunately contained only the upstream virus-host 

junction. An attempt was made to modify the polymerase chain reaction (PCR) 

technique to amplify the downstream virus-host sequences without success. In 

summary, the single HBV integrant of tumour A1 is more than 2.7 kb in length and 

contains all regions of HBV genome. The viral DNA integration occurs in an intron 

or some non-transcribed cellular sequences and one of the virus-host junctions lies at 

nt 1881 only 47 bp downstream of HBV DR1 (nt 1824-1834), sequences around which 

are known to be hotspots for integration. The feature of an in-phase stop codon, 

TAG, in the pre-C region of the integrated HBV DNA has also been observed, 

although there is no evidence for its association with HCC. Further, the single 

integrant contains certain c/’v-acting elements including the promoters for pre-S and 

surface and the X gene, an enhancer and the viral polyadenylation signal, which are 

essential for virus gene expression. Thus, cellular sequence(s) may have been placed 

under the control of these viral c/.v-acting sequences, leading to altered cellular gene 

expression and a step to liver oncogenesis. This supports the hypothesis that HBV 

may contribute to hepatocarcinogenesis through insertional mutagenesis.
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1.1. Hepatocellular Carcinoma: Aetiology

the
Hepatocellular carcinoma (HCC) is one of^most common cancers in southern 

Africa, southeast Asia and China, although it is relatively rare in most parts of 

America, Europe, northern Africa, and middle and eastern Asia [Parkin et a l , 1984; 

Yu, 1985]. Environmental factors have been suggested to be of great importance and 

may account for the variation between high and low HCC prevalence areas [Hutt, 

1967]. Many factors, including some diseases of relatively low prevalence, are 

associated with HCC (Table 1-1). Important factors include infection with hepatitis 

B virus (HBV) and hepatitis C virus (HCV, a newly described virus apparently related 

to the Flaviviruses and Pestiviruses [Choo et a l , 1989] that appears to be the major 

cause of parenterally transmitted non-A, non-B hepatitis), aflatoxin and alcoholic 

cirrhosis. The contribution of any particular risk factor for primary liver cancer is 

difficult to assess and more than one factor may ultimately operate in concert. 

However, HBV is the most important causal factor for HCC, being involved in 75- 

90% of the world’s cases [Beasley, 1988], and the evidence for the HBV involvement 

is much better understood than for the other risk factors.

1.1.1. Association between HBV and HCC

Since 1970, when Sherlock et al [1970] first correlated HBV infection with the 

subsequent development of HCC, significant progress has been made. There are 

three lines of evidence that have strongly supported the connection between HBV 

infection and HCC: (1) epidemiological studies, (2) laboratory studies and (3) animal 

studies.

1.1.1.1. Epidemiological evidence

Epidemiological studies initially demonstrated the importance of HBV 

infection in the development of HCC. The geographical coincidence of high rates of 

chronic HBV infection with a high incidence of HCC provides some of the most 

convincing evidence. Areas in the world with known high rates of HBsAg carriage 

appear to have a high incidence of HCC, conversely areas with low rates of HBsAg



Table 1-1. Aetiologic Factors For H C C

Infectious Diseases
HBV infection 
HCV infection 

Cirrhosis
Alcoholic cirrhosis
Autoimmune chronic active hepatitis 
Byler-type familial cholestatic cirrhosis 
Primary biliary cirrhosis 
Cryptogenic cirrhosis 

Metabolic diseases
Haemochromatosis 
Congenital hepatic fibrosis 
Situs inversus 
Familial polyposis coli 
Alpha-1-antitrypsin deficiency 
Wilson’s disease 
Ataxiajelangiectasia 
Tyrosinosis 
Galactosaemia
Type I glycogen storage disease 
Hereditary haemorrhagic telangiectasia 
Porphyria cutanea tarda 
Acute intermittent porphyria

Drugs
Contraceptive steroids 
Anabolic/androgenic steroids 
Hypoglycaemic drugs 
Thorotrast 
Methotrexate 

Carcinogens
Aflatoxin B1 
Nitrosamines 
Pyrrolizidine alkaloids 
Cycasin
Cigarette smoking 
Water-borne carcinogens

Others
Radiation 
Immunodeficiency 
Membranous obstruction of

the inferior vena cava (MOIVC)

* Modified from Anthony, [1987]; Dusheiko, [1987]; 
Edmondson & Craig, [1987].
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carriage have low rates of HCC [Szmuness, 1978; Maupas and Melnick, 1981]. For 

instance, in China and most of southeast Asia, with a 10-15% carrier rate, HCC 

occurs at a rate of 20-150 cases per 100,000 population per year, whereas in the 

United States and western Europe, with a less than 1% carrier rate, the rate of HCC 

ranges from 1-5 cases per 100,000 population a year.

A second line of epidemiological evidence is the high frequency of HBsAg 

among patients with HCC. For example, in many retrospective studies [reviewed by 

Szmuness, 1978], HBsAg was found in the sera of between 37 and 90% of HCC 

patients, some 10 to 15 times higher than most tumour negative control groups (range 

2.6-24.5%) in high incidence areas. Even in low incidence areas, the discrepancy was 

found to be the order of a 20- to 40-fold higher rate of HBsAg in liver cancer cases 

than in controls.

Family clusters of HCC cases provide further evidence. In high incidence 

areas, families with HCC have a high probability of having members who are HBsAg- 

positive and the individuals with tumour are usually carriers [Obayashi et al., 1972; 

Beasley et al., 1982]. Further, in a study of parents and siblings of HCC patients from 

Africa, Larouze et al. [1976] found that the mothers had an incidence of HBsAg at 

a rate of 71.4%, four times higher than that in the fathers (at rate of 18.5%). In 

contrast, the mothers and fathers of matched controls showed no differences and had 

the same relatively low rates as the fathers of HCC patients. Similar results were also 

reported by Beasley [1982]. These data suggest that maternal-infant transmission of 

HBV infection may be an important factor in the development of HCC in these high 

incidence areas.

Some of the most convincing evidence comes from the ongoing prospective 

study of 22,707 male workers in Taiwan [Beasley et al., 1981; Beasley, 1988]. It was 

begun in 1975 and the results of follow-up up to December 1986 (representing 

approximately 202,000 man-years of follow-up evaluation) demonstrated that the 

relative risk to HBsAg carriers for HCC was 98.4 (95% confidence interval equal to 

50.2-193.0) in comparison with non-carriers. Moreover, the presence of macronodular 

cirrhosis, which develops in a significant fraction of patients with chronic HBV 

infection, usually over the course of many years [Szmuness, 1978; Liaw el al., 1988], 

appeared to increase the risk of HCC.
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I.I.I.2. Laboratory evidence

Laboratory studies have strengthened the epidemiological evidence. Early 

studies of HBV in liver and tumour tissue were made by several investigators 

[Afroudakis et a l , 1976; Peters et a l , 1977; Kew, 1978; Nazarewicz-de Mezer et al, 

1981]. Using immunofluorescent assay (IFA) and immunoperoxidase staining 

technique, HBsAg and/or HBcAg were demonstrated frequently in the non-tumorous 

liver tissue but much less often in the tumour itself. Even in studies in the United 

States, a low incidence areas, Peters et a l [1977] found that six of seven HCC patients 

with persistent HBV infection had positive HBsAg staining of random liver sections. 

The results are compatible with the view that HBV is a major transforming agent for 

the hepatocyte.

A second line of laboratory evidence is that many HCC-derived cell lines 

produce HBsAg. Alexander et a l [1976] were the first to successfully establish a 

continuous cell line from a liver cancer, in this case from an HBsAg-positive African. 

This cell line (PLC/PRF/5) produces HBsAg in culture [MacNab et a l, 1976] though 

not other HBV proteins or virus. The HBsAg particles secreted from PLC/PRF/5 

cells appear identical to those occurring in the serum of naturally infected individuals 

[Skelly et a l, 1979]. Many other tumour cell lines have been derived from patients 

with HCC and some of them also produce HBsAg, such as Hep 3B [Aden et a l,

1979] and DELSH-5 [Das et a l, 1980].

However, the most convincing evidence is detection of HBV DNA in HCC 

tissue. The earliest demonstration of viral DNA in tumours involved the use of virion 

DNA radiolabelled by the endogenous DNA polymerase reaction as a probe for 

hybridisation in solution with HCC DNA [Lutwick and Robinson, 1977; Summers et 

a l, 1978a]. Soon after the molecular cloning of HBV genome, Brechot et a l [1980] 

and others [Chakraborty et a l, 1980; Edman et a l, 1980; Marion et a l, 1980a], using 

the cloned HBV DNA as a highly sensitive and specific hybridisation probe, 

demonstrated that PLC/PRF/5 cell line contained several copies (or partial copies) 

of the HBV genome integrated into the chromosomal DNA. Since then, HBV DNA 

integration has been reported in other cell lines derived from patients with HCC 

[Twist et a l, 1981; He et a l, 1983; Koike et a l, 1983], in neoplastic hepatocytes from 

patients with HCC and even in non-neoplastic liver cells from patients with HCC or
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chronic HBV infection including those with cirrhosis as described in detail below 

(Section 1.3). These results suggest that viral integration may play a role in the 

development of liver cancer. Moreover, HBV DNA integration has been detected 

in over 90% of HBsAg-positive HCC cases which have been examined and in some 

HBsAg-negative HCC cases (Summarized in Table II-4, Chapter II). The incidence 

of HBV DNA integration increases in long-term HBsAg carriers [Shafritz, 1982; 

Fowler et a l , 1986; Harrison et a l, 1986] or according to the progression of HBV- 

associated liver disease [Tanaka et a l, 1988; Tozuka et a l, 1989]. These findings 

provide important additional evidence that HBV is a major factor in the development 

of HCC.

1.1.13. Animal experimental evidence

Animal studies have provided invaluable support for the results in humans. 

This evidence comes from a group of animal viruses which are closely related to HBV 

and the human virus is considered the prototype for a new family, the hepadnaviridae 

[Robinson et a l, 1981]. This virus family is characterised by a narrow host range, 

distinct organ tropism, and the unusual genome structure and replication strategy, 

which includes reverse transcription of an RNA pregenome [Howard, 1986; Robinson 

et a l, 1987]. Hepadnaviruses infecting animal species include the woodchuck 

(Mannota monax) hepatitis virus (WHV) [Summers et a l, 1978b], the ground squirrel 

(Spennophilus beechyi) hepatitis virus (GSHV) [Marion et a l, 1980b], the Pekin duck 

(Anas domesticas) hepatitis B virus (DHBV) [Mason et a l, 1980; Zhou, 1980] and the 

heron (Ardea cinerea) hepatitis B virus (HHBV) [Sprengel et a l, 1988]. Among the 

animal viruses, WHV in its host has been found to be similar to the human disease 

with regard to the progression from persistent infection to primary liver cancer. For 

example, Snyder’s group found that in two colonies of woodchucks, approximately 

one-third of animals chronically infected with WHV developed hepatocellular 

carcinoma each year and uninfected animals did not [Summers et al., 1978b; Tyler et 

a l, 1981]. Of particular interest, Popper etal. [1987] found that in a colony of captive 

young woodchucks experimentally infected with WHV and living in aflatoxin-free 

conditions, more than 90% of the animals died of HCC without cirrhosis within 2-3 

years. This study suggest that chronic WHV infection alone, without an additional
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cofactor, can result in liver cancer. In addition, integrated WHV DNA has been 

detected in woodchuck HCC [Mitamura et a l , 1982; Ogston et a l , 1982] and a similar 

mode of viral integration is also observed in WHV-related HCC [Shimoda et a l ,

1990]. Thus, study of WHV has been useful in elucidating the association between 

hepadnavirus infection and liver oncogenesis.

Amongst the remaining members, only HHBV has not yet been studied in 

detail. GSHV is associated with hepatocellular carcinoma in that animal but the 

incubation period is much longer than in WHV-infected woodchucks. For example, 

Robinson’s group found that in a colony of captive ground squirrels infected with 

GSHV, no HCC was seen before 4.5 years; however, by 7 years, more than two-thirds 

of the infected animals had died of HCC [Marion et a l , 1986; Robinson, 1990]. 

GSHV DNA has been found in some of those tumours [Marion et a l , 1986]. 

However, the association between DHBV infection and HCC in ducks is less clear. 

DHBV was first found in small brown, domestic ducks with HCC in Qidong county 

of China [Zhou, 1980] and then in up to 10% of white Pekin ducks in many 

commercial flocks in the United States [Mason et a l , 1980]. Infected brown ducks 

from the county of China ( and not uninfected animals) followed in Japan were noted 

to develop HCC and integrated viral DNA was detected in the tumours [Yokosuka 

et a l , 1985; Imazeki et a l , 1988]. On the other hand, white Pekin ducks infected with 

DHBV in the United States have not been observed to develop liver cancer. Further 

study is required to better define the tumorigenesis in ducks in China and to rule out 

a role for aflatoxins (which are present in many human and animal foods in that 

region of China) and other aetiological factors in HCC formation.

1.1.2. O ther risk factors for HCC: summaiy

Evidence of HBV infection is present in a high proportion but not in all HCC 

patients [Munoz and Bosch, 1987]. Other aetiological factors may also play a role in 

non-HBV HCC.

Non-A, non-B hepatitis, caused by HCV infection, is found in all parts of the 

world and accounts for 85-95% of the cases of post-transfusion hepatitis and 6-46% 

of sporadic hepatitis [Hollinger, 1990]. The association between HCC and HCV



infection is less firmly established than that between this cancer and HBV, but the 

possibility exists. Several investigators reported three patients who developed primary 

liver cancer subsequent to chronic non-A, non-B hepatitis after an interval of 7-18 

years post-transfusion [Resnicker al, 1983; Gilliame ta l,  1984; Kiyosawa e ta l , 1984]. 

The occurrence of HCC in two chimpanzees infected with non-A, non-B hepatitis has 

been documented [Linke et a l , 1987; Muchmore et a l, 1988]. In Japan, for example, 

although the prevalence of HBV infection is declining, the incidence of HCC is 

increasing. Okuda et al [1984] have suggested that at least 20% of HCC seen in that 

country may be associated with non-A, non-B hepatitis. Sakamoto et a l [1988] 

examined 79 surgically resected HCC cases and found that HBV DNA was not 

detected in 19.2% (5/26) of HBsAg-seropositive cases but in 92.5% (49/53) of HBsAg- 

seronegative cases. Among these HBsAg-seronegative HCC patients, 29.1% had a 

history of blood transfusion. In a recent study, Kiyosawa et a l [1990] detected anti- 

HCV antibodies in 51 out of 54 HBsAg-negative patients with non-A, non-B hepatitis- 

associated HCC; amongst these 51, 42% of the patients had a history of blood 

transfusion and anti-HCV-negative patients had no such history. This suggests that 

chronic HCV infection after blood transfusion has a high risk of progression to HCC.

Aflatoxin B1 (generatedfrom Aspergillus flavus fungi) is a most potent 

carcinogen and mutagen in many animal species [reviewed by Wogan and Gorelick, 

1985]. It has been shown that this carcinogen forms DNA adducts with guanine in 

rodent and human hepatocytes [reviewed by Wogan, 1989] and frequently causes 

point mutations in mutation assays [Sambamurti et a l, 1988; McMahon et a l, 1990a]. 

Human exposure to aflatoxin can occur following ingestion of contaminated food or 

of products derived from animals that have consumed aflatoxin-contaminated feeds 

[Bosch and Munoz, 1988]. The main sources of aflatoxin in most countries are 

peanuts, peanut derivatives and corn. However, the evidence for the role of aflatoxin 

B1 in human liver cancer is less conclusive because of the lack of appropriate 

methods to assess past exposure at the individual level. Bosch and Munoz [1988] 

have summarized the correlation between incidence of HCC in males over 15 years 

of age and estimates of aflatoxin B1 exposure in various high-risk countries for HCC 

and found the overall correlation to be highly significant. Uchida et a l [1988] have 

found that aflatoxin B1 induces HCC in ducks with or without DHBV infection.
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Alcoholic cirrhosis is a major predisposing lesion for HCC in the West. In a 

large survey of European countries and North America by Martini [1980], the 

majority of HCC cases are related to alcoholic cirrhosis and the risk has been put as 

high as 15%. Paterson et a l [1985] have reported a similar result in South African 

black patients who died of HCC and had a history of chronic alcohol abuse. This is 

supported by animal studies suggesting that alcohol may contribute to a susceptibility 

to liver carcinogens. Porta et a l [1985] have described the development of HCC in 

three of six alcohol-fed rats after injection with diethylnitrosamine, compared to no 

tumours in rats fed an alcohol-free isocaloric diet and injected with 

diethylnitrosamine.

Some other risk factors are also associated with HCC. For example, cigarette 

smoking has been incriminated and a high mortality from HCC reported in HBsAg- 

negative patients [Trichopoulos et a l , 1980; Lam et a l, 1982], particularly for patients 

smoking more than 30 cigarettes per day [Trichopoulos et a l, 1987]. A small number 

of HCC cases have been reported in young women taking oral contraceptives for 

several years [Forman et a l, 1986; Neuberger et a l, 1986].

However, the aetiological factors for HCC have in common pathologic effects 

of chronic liver cell injury or liver regeneration, and, frequently, cirrhosis. The 

biochemical events leading to neoplastic transformation are far from well understood. 

There are increasing data suggesting that alterations in the p53 gene are a secondary, 

or even a last event following a primary signal that induces cell malignant 

transformation.

1.1.3. p53 gene mutations in HCC

p53 was first discovered as a cellular protein that formed a stable complex in 

simian virus 40 (SV40)-transformed cells with the SV40 oncogene product, the large 

T antigen [Lane and Crawford, 1979; Linzer and Levine, 1979]. Originally classified 

as a tumour antigen and thought to be an oncoprotein, several convergent lines of 

research have since indicated that the wild-type gene product actually functions as a 

tumour suppressor [reviewed by Levine et a l, 1991]. For example, expression of 

cDNA or genomic clones of wild-type p53 has been found to suppress the
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transformation of cells in culture by other oncogenes [Finlay et a l , 1989], the growth 

of a transformed cell line in culture [Baker et a l , 1990] and the tumorigenic potential 

of a cell line [Chen et a l , 1990a].

Changes in the p53 gene have been implicated in many inherited and sporadic 

forms of malignancy in humans. Mutations in the p53 gene turn out be most 

common genetic alteration in human cancers. The human p53 gene is located on 

chromosome 17pl3.1 [Isobe et a l , 1986; Miller et a l , 1986], comprises 11 exons 

[Nigro et a l , 1989] and is translated to yield a 393-amino-acid nuclear phosphoprotein 

[Levine et al., 1991]. Two separate mutations are required for loss of function of both 

p53 alleles. In most tumours, one p53 allele has been lost via a deletion and the 

other changed by a point mutation [Nigro et a l, 1989].

The point mutations are usually missense, giving rise to an altered protein 

[Baker et a l, 1989; Nigro et a l, 1989]. Some altered (activated) p53 proteins can 

complement other oncogenes in cell transformation [Finlay et a l, 1988; Hinds et a l, 

1989]. Sequence analysis of human p53 gene from various tumours, xenografts and 

tumour-derived cell lines has shown that the point mutations are usually clustered 

between amino-acid residues 130 and 290 (out of 393) [reviewed by Levine et a l,

1991]; most of the mutations are located in four regions of the protein (residues 117- 

142, 171-181, 234-258 and 270-286) which are highly conserved among several 

different species [Nigro et a l, 1989; Soussi et a l, 1990] and at least three mutational 

"hotspots" affect residues 175, 248 and 273.

Functional inactivation of the p53 gene in human cancer may result from a 

dominant negative effect of the mutant p53 genes [Milner and Medcalf, 1991]. The 

dominant negative effect may be mediated by binding of the mutant p53 product to 

the wild-type product, creating an inactive oligomeric complex [Eliyahu et a l, 1988; 

Milner and Medcalf, 1991].

Although it is becoming apparent that the p53 gene is a frequent target for 

DNA damage in carcinogenesis, the presence of p53 lesions in human liver cancer has 

only recently been reported. Bressac et a l [1990] first demonstrated abnormalities 

in the structure and expression of p53 in six of seven HCC-derived cell lines. This 

finding was extended by further studies on allelic deletion and mutation of the p53 

gene in tumours from African patients [Bressac et a l, 1991]. Tumour-specific loss of
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one of the 17pl3 alleles was observed in three of five informative cases and p53 gene 

mutations, in five tumours. At least three tumours with p53 mutations had lost the 

second allele. Interestingly, the p53 mutations in African tumours including two cell 

lines (Mahlavu and PLC/PRF/5) derived from African patients frequently appeared 

to be G to T substitutions with clustering at codon 249, changing arginine to serine. 

Such mutations have also been reported in eight of 16 tumours from China [Hsu et 

a l , 1991]. Further, allele losses from chromosome 17pl3 have been found in HCCs 

from Chinese [Slagle et a l, 1991], Japanese [Fujimori et a l, 1991] and Caucasian 

patients [Ding et a l, 1991].

Known risk factors for HCC have not yet been shown to cause lesions of the 

p53 gene. Butel’s group has found one HCC case where HBV integration occurred 

near the p53 gene [Zhou et a l, 1988] but there was no evidence that HBV 

integrations were associated with the loss of one p53 allele in six HCC cases [Slagle 

et a l, 1991]. Likewise, it has been pointed out that some nucleotide changes seen in 

the p53 gene in HCC are consistent with mutations induced experimentally by 

aflatoxin B1 (Section 1.1.2) [Bressac et a l, 1991; Hsu et a l, 1991] but supporting data 

are not yet forthcoming.
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1.2. Hepatitis B Virus: Molecular Biology

As seen above, hepatitis B virus (HBV) infection has been closely associated 

with the development of HCC. To appreciate the role of HBV in tumour formation, 

an understanding of the virology is essential.

HBV was first described in the 1960s, following the recognition of the Australia 

antigen (now known as hepatitis B surface antigen, HBsAg) prevalent in the sera of 

certain populations, especially in southern Asia and Africa [Blumberg et al., 1965]. 

This virus is hepatotropic (infects primarily liver cells), although cells of non-hepatic 

tissue may be infected less frequently and are less permissive (e.g., peripheral blood 

leukocytes, bone marrow, kidney, pancreas and skin [reviewed by Harrison, 1990]).

HBV infection can cause severe acute hepatitis characterised by hepatocellular 

injury and inflammation but it is most commonly associated with mild or subclinical 

hepatitis [Peters, 1975]. Though most HBV infections are resolved completely by the 

immune system with clearance of the virus, 5-10% of those infected, depending upon 

their age and immunological status, enter a chronic course in which virus replication 

may persist leading to considerable hepatic damage [Ganem, 1982]. Generally, the 

younger the patient the higher is the probability of their developing a persistent 

infection. The chronic carrier state, defined by the serological presence of the viral 

surface antigen (HBsAg) for longer than six months, frequently continues for many 

years and often for the lifetime of the patient. Such chronic carriers, estimated to 

number over 200 million worldwide in 1978 [Szmuness, 1978] and now 250-300 

million, form a large reservoir of infection. Moreover, while most of these individuals 

are in good health (asymptomatic), a significant percentage may show signs of chronic 

active hepatitis with sporadic jaundice and may progress to macronodular cirrhosis 

[Peters, 1975], hepatocellular carcinoma (Section 1.1.1, above) and premature death 

from liver failure [De Groote et al., 1978].

Although HBV has been known for about two decades, a detailed 

understanding at the molecular level of the viral biology and the virus-host cell 

interaction has only developed in recent years [Tiollais et a l, 1985; Ganem and 

Varmus, 1987]. The problems faced by early researchers were the narrow host range 

exhibited by HBV and the lack of any tissue culture system to propagate the virus.
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It was the advent of molecular cloning techniques and the discovery of hepadnaviruses 

in certain animals that led to rapid and important advances in the late 1970s.

1.2.1. Virion structure and polypeptides

In HBV infected individuals, three morphologically distinct particles may be 

observed in the blood using electron microscopy: spherical particles of 22 nm 

diameter, filamentous particles of the same diameter and up to several hundred nm 

in length, and more complex structures (Dane particles) of 42 nm diameter which are 

the complete virions [Dane et a l , 1970]. The spheres and filaments both represent 

sub-viral particles, which are always produced in large excess over the virions in the 

serum.

The HBV virion (Figure 1-1) consists of an envelope about 7 nm in thickness 

and an electron-dense core structure (the nucleocapsid) with a diameter of 27 nm 

[Dane et a l , 1970]. The envelope carries the hepatitis B surface antigens (HBsAgs) 

and the nucleocapsid, the hepatitis B core antigen (HBcAg). When virions are 

present in the blood, an additional soluble antigen related to the nucleocapsid, the 

hepatitis B e antigen (HBV-encoded soluble antigen, designated HBeAg), is generally 

detected in the serum.

The envelope contains proteins, carbohydrates and lipids derived from host 

cell. Three pairs of virus specific polypeptides, anchored in a lipid bilayer and termed 

the major, middle and large proteins [Heermann et a l , 1984], are HBsAgs which 

share antigenic determinants with the sub-viral particles. Polypeptides exists in two 

forms, glycosylated and non-glycosylated. Using polyacrylamide gel electrophoresis, 

the two major proteins have been found in purified surface antigen particles of HBV, 

with molecular weights of approximately 24,000 daltons for the non-glycosylated form 

(designated p24) and 27,000 daltons for glycosylated form (designated gp27) [Gerin 

et al., 1971] and the two middle proteins, to be gp33 and gp36 [Skelly et a l , 1978; 

Sanchez et a l , 1981]. The two large proteins have been determined to be p39 and 

gp42 by immunoblot using pig-derived anti-p24 [Heermann et a l , 1984]. These results 

have been compatible with HBV DNA sequencing data showing that there are three
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Figure 1-1. Structure of the hepatitis B virion. 
(Modified from Schlicht et a l, [1987a])

protein translation initiation codons within the surface antigen open reading frame 

including pre-Sl region, pre-S2 region and S gene [reviewed by Tiollais et a l, 1985] 

(see Section 1.2.3.1, below).

The nucleocapsid, which can be released from the virion by detergent 

treatment, consists of one major protein, the core antigen (HBcAg) [Almeida et a l, 

1971], with apparent size of 22,000 daltons (p22) [Feitelson et a l , 1982]. There is 

another polypeptide, hepatitis e antigen (HBeAg), which was first detected as a 

soluble antigen in serum of HBV infected patients [Magnius and Espmark, 1972]. 

HBeAg is approximately 16,000 daltons (pl6) and its secretion involves expression of 

pre-C/C sequence as described in detail below (Section I.2.3.2).

The nucleocapsid also contains a DNA polymerase/reverse transcriptase 

[Kaplan et a l, 1973; Toh et a l, 1983], an RNase H activity [Radziwill et a l , 1990], a 

protein kinase activity capable of phosphorylating the p22 protein [Albin and 

Robinson, 1980] and the viral DNA molecule [Robinson et a l, 1974], which has a 

protein covalently attached to the 5’ end of the minus strand [Gerlich and Robinson,

1980] and an oligoribonucleotide attached to the 5’ end of the plus strand [Will et a l, 

1987].
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1.2.2. Structure of viral genome

The HBV genome is a circular DNA molecule of about 3.2 kb in length 

[Robinson et a l, 1974] (Figure 1-2), the smallest of any virus known to infect man. 

The DNA is only partially double-stranded and has a single-stranded region of 

variable length in different molecules from approximately 15-50% of the circle length 

[Summers et al., 1975; Hruska et al., 1977]. The full-length strand is designated the 

minus strand as it is of opposite polarity to the viral mRNAs; accordingly, the shorter, 

complementary strand is termed the plus strand. The 5’ end of the incomplete plus 

strand is fixed and is 200-300 nucleotides downstream from the 5’ end of the minus 

strand, thus creating a 5’cohesive overlap (i.e., cohesive end region) that maintains 

the circular structure of the genome [Sattler and Robinson, 1979]. The position of 

the 3’ end of the plus strand is variably situated, making the plus strand 50-100% of 

the length of the minus strand [Sattler and Robinson, 1979]. Thus, the genomes of 

virus populations contain plus strands of different length base-paired to full length 

minus strands, reflecting the fact that DNA molecules are packaged into virions 

before their replication is complete as described below (Section I.2.5.2).

The complete minus strand has been shown in DHBV [Lien et al., 1986] and 

GSHV [Seeger et al., 1986] DNAs to be terminally redundant with a short sequence 

of 5-10 bases repeated at the 5’ and 3’ ends, which may be important in circularizing 

the DNA and in template switching during the synthesis of the plus strand as 

described below (Section 1.2.5.2). The 5’ ends of both minus and plus strands of 

HBV DNA appear to be blocked in a manner which prevents phosphorylation with 

polynucleotide kinase. A protein (DNA terminal protein) is covalently linked to the 

5’ end of the minus strand [Gerlich and Robinson, 1980], whereas the 5’ end of the 

plus strand is a short (covalently attached) RNA oligomer [Will et al., 1987]. The 

RNA oligomer contains 11 nucleotides which are complementary to the adjacent 

minus strand. This 11 nucleotide sequence, 5TTCACCTCTGC, is directly repeated 

near the other end of the cohesive terminus (Figure 1-2) and partly repeated again 

in the terminal redundancy of the minus strand. The two copies of the direct repeat 

(DR) are respectively termed DR1 and DR2, and are important for viral DNA 

replication as described below (Section 1.2.5.2).
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Figure 1-2. Structure and organization of the HBV genome. Numbers on the inner 
circle represent nucleotide positions starting from the hypothetical Eco RI site 
corresponding to subtype adr [Fujiyama et a l, 1983]. This numbering was chosen to 
coordinate the map with subtype ayw [Tiollais et a l, 1985]. The circular, partially 
double-stranded HBV genome is shown with genes and c/s-acting control signal 
sequences identified. The nicked minus (-) strand and the incomplete plus (+ )  strand 
are depicted as solid lines. The variable genomic gap region is dashed. A short wavy 
line represents the RNA oligomer covalently attached to the 5’ end of the plus strand 
and a solid half circle represents the protein primer covalently attached to the 5’ end 
of the minus strand. The large arrows represent the recognized functional open 
reading frames (ORF) with the direction of transcription from the minus strand 
indicated. The positions of initiation and stop codons of the coding sequences and 
the number of amino acids (aa) are indicated. The outer lines represent the major 
(3.5 and 2.1 kb) and minor (2.4 and 0.8 kb) virus transcripts, the 5’ ends of which are 
shown, (except for the variable 0.8 kb one), with small arrows and the nucleotide of 
position. The 3’ ends of all the transcripts are identically terminated near the poly-A 
addition signal (TATAAA). The map positions for cis-acting elements involved in 
viral genome replication are: direct repeat 1 (DR1) = 1824-1834; direct repeat 2 
(DR2) = 1590-1600; and U5-like sequence (U5-L) = 1855-1916. The map positions 
for c/s-acting elements involved in viral gene expression are: promoter C (Pc) = 
1705-1805; promoter I of S region (PsI) = 2776-2782; promoter II of S region (PsII) 
= 3116-3136; Promoter X (Px) = 1250-1300; enhancer I (Enl) = 1100-1250; enhancer 
II (Enll) = 1627-1732; poly-A addition signal (Poly-A) = 1918-1961; and 
glucocorticoid-responsive element (GRE) = 354-371. (Modified from Matsubara and 
Tokino, [1990])
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DNAs of similar size and structure to HBV are also found in the other 

hepadnaviruses of the woodchuck, ground squirrel, Pekin duck and heron.

1.2.3. Viral gene organization and products

Complete nucleotide sequences of a number of cloned isolates of HBV have 

been reported [for example, Galibert et a l , 1979; Valenzuela et al., 1980; Ono et a l , 

1983; Kobayashi and Koike, 1984; Okamoto et a l , 1986; Vaudin et a l , 1988]. There 

are four major open reading frames (ORFs) containing codons specifying amino acids, 

all encoded by the DNA minus strand of HBV (Figure 1-2). Of the four ORFs, the 

two coding for the viral surface antigens and the core antigen have been identified 

with certainty [Pasek et a l, 1979; Tiollais et a l, 1985] and thus termed S and C 

regions (ORF S and ORF C). The third ORF is believed to encode the viral 

polymerase [Pasek et a l, 1979], termed P region (ORF P). However, the fourth ORF 

is identified as a gene which codes an originally unknown (so-called X) product, so 

termed X region (ORF X) [Tiollais et a l, 1981]. The P region covers three-fourths 

of the genome and overlaps all the other three.

In addition to the four ORFs, there are two newly identified ORFs, termed 

ORF5 [Kaneko and Miller, 1988] and ORF6 [Miller, 1988a]. ORF5 ranges from 70- 

100 codons and overlaps with the P and X region sequences. ORF6, approximately 

210 aa in length, is located in a unique position on the virus plus DNA strand and 

overlaps the pre-C, X, ORF5 and P gene sequences [Miller et a l, 1989]. It has yet 

to be demonstrated if the new ORFs represent two genuine gene sequences.

1.23.1. S region and HBsAg/HBsAg-related proteins

The S region contains three domains. The region encoding the major form of 

HBsAg is the 3’ portion of a larger coding region (called S gene) and the upstream 

sequences are termed pre-S [Tiollais et a l, 1981]. Two in-phase ATG codons, which 

can direct the synthesis of additional HBsAg-related proteins, subdivide the pre-S 

region into two functional subregions, termed pre-S 1 and pre-S2 [Tiollais et a l, 1981,

1985]. Translation from the 3’ proximal start codon gives rise to the 226 amino acid 

(aa) major protein (p24 and gp27). The middle protein (gp33 and gp36) contains an
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extra 55 aa derived from the pre-S2 region. The large protein (p39 and gp42) 

comprises the product of the entire ORF S which is 389 or 400 aa long according to 

the subtype. Therefore the three forms of HBsAg are co-terminal with a stretch of 

226 identical amino acid residues at each carboxyl terminus.

Analysis of the different purified HBsAg particles has shown that 22-nm 

spherical particles contain almost exclusively major proteins (p24 and gp27) with only 

S-encoded sequences, that filamentous particles contain mostly major proteins and 

some pre-S2-containing middle proteins (gp33 and gp36), and that virions contain all 

HBsAg proteins in nearly equal molar amounts [Heermann et a l , 1984]. The pre-Sl 

and pre-S2 domains appear to be present on the virion surface [Heermann et a l ,

1984] and to be highly immunogenic [Milich et a l, 1985; Neurath et a l, 1985]. 

Moreover, HBsAg particles contain at least five antigenic specificities [Le Bouvier, 

1971; Bancroft et a l, 1972]: a group-specific determinant designated a and subtype 

determinants termed d, y, w and r. Three main serotypes, adw, adr, and ayw, are 

commonly observed and each has a distinct geographical distribution [Blumberg and 

London, 1980]. They and r subtypes are respectively absent from Far-East Asia and 

from Africa.

The major proteins encoded by the S gene have been shown to contain an 

epitope that elicits protective immunity [Purcell and Gerin, 1975; Seeff et a l, 1975] 

and group and subtype HBsAg specificities between residues 122 and 155, in the 

second hydrophillic domain [Lerner et a l, 1981; Dreesman et a l, 1982; Prince et a l, 

1982; Gerin et a l, 1983]. Highly purified HBsAg has been used in natural (plasma- 

derived) form as the major source of conventional HBV vaccine (so-called first 

generation HBV vaccine) [Szmuness et a l, 1980; Maupas et a l, 1981; Zuckerman,

1981]. Further, the S-encoded sequences are able to assemble into the 22-nm 

spherical particles which are released from eukaryotic (mammalian) cells without a 

requirement for pre-S sequences [Liu et a l, 1982; Laub et a l, 1983], This has been 

exploited to produce highly immunogenic HBsAg particles (as recombinant form) in 

yeast [Valenzuela et a l, 1982; Scolnick et a l, 1984] as HBV vaccine antigens (so- 

called second generation HBV vaccine). Vaccines are safe and immunogenic and 

protect against HBV infection and potentially against HBV-associated HCC.

The pre-S2-encoded sequences also contain an epitope that elicits protective



immunity. Itoh et a l [1986] have reported that immunization with a synthetic peptide 

with a sequence of the pre-S2 region results in protection against HBV infection in 

chimpanzees, whereas mixing HBV with antibody raised against this peptide in rabbits 

prevents infection of chimpanzees on subsequent inoculation [Neurath et a l , 1986a]. 

Moreover, the pre-S2 sequence has been shown to contain a receptor for polymerized 

human serum albumin (pHSA) [Machida et a l, 1984]. A frameshift mutation in the 

pre-S2 region has been found to eliminate the receptor binding to pHSA [Persing et 

a l, 1985]. Since human hepatocytes contain pHSA binding sites [Thung and Gerber, 

1983], it has been postulated that pHSA may mediate the attachment of HBV to 

hepatocytes. Synthetic peptides with pre-S2 sequences have also been shown to 

contain group and subtype epitopes [Milich et a l, 1986].

The polypeptide encoded by the pre-S 1 region has been implicated to contain 

a domain that may attach to a specific receptor on the liver cell membrane. Neurath 

et a l [1986b] have reported that antibodies against a synthetic peptide from the pre- 

S1 region can block binding of HBsAg particles to Hep G2 cells, suggesting that this 

pre-S 1 domain may be directly involved in the attachment of HBV to hepatocytes. 

Thus, the cell receptor binding domain in the pre-S 1 region may be a potential target 

for future generations of vaccines. In addition, the pre-S 1-encoded sequence has 

been implicated to exert a significant effect on the major envelope protein secretion 

and apparently affects virus assembly. Several investigators have demonstrated that 

the large envelope proteins (pre-S 1-containing polypeptides) are not secreted when 

they are expressed alone in cells (despite the presence of a complete S domain in 

their carboxyl-terminal). They are secreted in cells also synthesizing the major 

proteins and appear/ to significantly inhibit the major protein secretion [Chisari et a l, 

1986; Persing et a l, 1986]. The mechanism and the precise sequences in the pre-Sl 

polypeptide that are required for inhibiting major protein secretion are unknown, and 

so is the biological significance for regulation of virus assembly and release from cells. 

Further, the pre-Sl proteins are the only surface proteins which are acetylated, 

harbouring covalently linked myristic acid at their amino-termini [Persing et a l, 1987], 

and more studies are required to establish the association between such a protein 

modification and secretion of these polypeptides.

All antigenic specificities on HBsAg particles are expressed during HBV
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infection, but the pre-Sl and pre-S2 domains are immunodominant. Study on the 

immunogenicity of HBsAgs have shown that following primary HBV infection, 

patients develop anti-pre-Sl, anti-pre-S2 and anti-S sequences [Neurath et a l , 1985]. 

The anti-pre-Sl response usually precedes the anti-S response [Neurath et al., 1985] 

and occasionally, patients who respond to pre-Sl fail to respond to S antigen [Takai 

et a l , 1986]. When mice are immunized with subviral particles bearing both S and 

pre-S2 domains, the anti-pre-S2 responses regularly exceed the anti-S response 

[Milich et a l, 1985]. Extensive studies on the antigen immunogenicity and immune 

response regulation have been performed in inbred mice [reviewed by Milich, 1987]. 

Anti-pre-Sl, anti-pre-S2 and anti-S responses are shown to be independently 

regulated by H2-linked genes. Different epitopes in pre-S- and S-encoded 

polypeptides are recognized by both B and T cells in different inbred strains. Pre-S 

antigen is consistently more immunogenic than S antigen. Finally, pre-S2 epitopes 

recognized by T-helper cells can provide functional help for B-cell (antibody) 

responses in S-antigen non-responder mice. The specific immunogenicity of the pre- 

S2 region suggests that the inclusion of pre-S2 epitopes in future generations of HBV 

vaccines may augment their effectiveness.

Some variation of pre-Sl and pre-S2 regions has been shown between different 

isolates [Neurath and Kent, 1985], but both pre-Sl and pre-S2 domains are highly 

conserved. The inclusion of pre-S2 epitopes in future generation HBV vaccines will 

not be affected by variation in pre-S2 region since its aim is to increase the 

immunogenicity of HBsAg rather than inducing specific anti-pre-S2 sequences. 

However, mutation in S-encoded sequence may make variants escape neutralisation 

by vaccine-induced or monoclonal antibodies [reviewed by Harrison and Zuckerman, 

1991]. Three independent reports have shown that a point mutation (G to A) at map 

position 587 occurs in the isolates from two chronic carrier patients who are under 

"immune pressure" (with vaccine-induced antibody or monoclonal anti-HBs), resulting 

in a substitution at amino-acid 145 from glycine to arginine in the a determinant of 

HBsAg [Carman et a l, 1990; McMahon et a l, 1990b; Harrison et a l, 1991]. The 

failure of vaccine-induced or monoclonal antibodies to neutralise the HBsAg suggests 

that the mutant region of HBsAg is an important HBV epitope to which the 

neutralising antibodies bind and the mutant virus can avoid these antibodies.
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I.2.3.2. C region and HBcAg/HBeAg

The C region codes for HBcAg and HBeAg. There are two in-phase ATG 

codons and the 5’ region between them is known as pre-C region [Pasek et a l , 1979] 

(Figure 1-2). Translation from the 3’ proximal initiation codon yields the major core 

protein (p22, HBcAg) which is 183 aa in length and assembles to give viral core 

particles. The carboxyl-terminal 34 amino acids of HBcAg are rich in arginine and 

thought to bind viral DNA [Petit and Pilot, 1985].

Translation from the upstream initiation codon gives rise to a precursor 

protein (preC-Core polypeptide, p25) for HBeAg (pl6). This polypeptide contains 

an extra 29 aa derived from the pre-C region [Ou et a l , 1986; Uy et a l , 1986]. The 

pre-C-encoded sequence, a signal sequence, is not necessary for virus formation but 

is essential for the synthesis and secretion of HBeAg [Schlicht et a l , 1987b]. In a 

study in cultured mammalian cells by Ou et a l [1986], expression of the major core 

protein (p22) without pre-C has been shown to lead to the accumulation of core-like 

particles composed of p22 in cells. On the other hand, expression of the large core 

protein (p25, p22 -I- pre-C) results in accumulation of the protein in cellular 

membranes (the endoplasmic reticulum [Garcia et a l , 1988]) and secretion of HBeAg 

(pl6). Results from expression in bacterial cells show that p22 contains HBcAg 

specificity and p25, only HBeAg specificity [Uy et a l, 1986],

HBeAg formation is now understood though HBeAg reactivity is a cryptic 

determinant and can be revealed by denaturation or proteolysis of native HBcAg 

particles [Neurath and Strick, 1979; Takahashi et a l, 1979]. The synthesized p25 

protein is directed by the pre-C-encoded signal sequence to the endoplasmic 

reticulum and cleaved at amino acid 19 of the signal sequence by a signal peptidase. 

The protein is later secreted as HBeAg through the endoplasmic reticulum and Golgi 

apparatus following further proteolysis at its carboxyl terminus (i.e., the carboxyl 

terminal 34-aa DNA-binding domain is removed [Takahashi et a l, 1983]) [Schlicht et 

a l, 1987b; Bruss and Gerlich, 1988; Garcia et a l, 1988; Ou et a l, 1989]. Thus, 

HBeAg consists of the remaining 10 aa encoded by the pre-C region and most of the 

major core protein. The latter proteolysis is probably mediated by a protease. In this 

regard, an amino acid sequence in the amino-terminal region of p22 has been 

identified corresponding to the active site of proteases such as aspartyl protease



[Miller, 1987] and the involvement of an aspartyl-like protease has also been 

implicated in HBeAg formation and secretion [Jean-Jean et a l, 1989]. However, site- 

directed mutagenesis aimed at the inactivation of this protease has shown no 

interference with the normal processing of HBeAg [Nassal et a l, 1989] and it appears 

that a cellular enzyme may be responsible for cleavage of the carboxyl-terminal 

domain.

A protein kinase activity (incorporation of 32P from [ J"-32P] ATP into an acid- 

insoluble form) has been found in virion cores and HBcAg particles from HBV- 

infected liver tissue [Albin and Robinson, 1980]. By this activity, a fraction of p22 is 

phosphorylated and another fraction cleaved to a protein of 16,000 daltons (the 

amounts of which are variable under some conditions) [Albin and Robinson, 1980]. 

Whether the protein kinase is an activity of a virus-encoded protein or is of cellular 

origin is not yet clear. It has been speculated that phosphorylation of HBcAg 

regulates the maturation of the virion [Pugh et a l, 1989]. Recently, Yeh and Ou 

[1991] have demonstrated that both the pre-C and core proteins can be 

phosphorylated in cells and that the phosphorylation does not require HBV gene 

products and is probably mediated by cellular kinases

HBcAg and HBeAg have different antigenic specificities. Study by monoclonal 

anti-HBc has shown that HBeAg also contains certain HBcAg determinants 

[Takahashi et a l, 1983] but monoclonal antibodies raised against HBcAg and HBeAg 

are not cross'jiihibitoryjFerns and Tedder, 1984]. HBcAg is a potent immunogen in 

humans and antibody and T-cell responses to HBcAg can be detected in almost all 

infected patients [Hoofnagle et a l, 1973]. This internal virion antigen can also lead 

to a protective immunity, probably via cellular immune response. Several workers 

have found that immunization with HBcAg purified from infected liver [Tabor and 

Gerety, 1984] or produced in bacterial cells [Murray et a l, 1984]j>rotect chimpanzees 

against HBV infection. Interestingly, anti-HBe (but not anti-HBc) can also protect 

chimpanzees from experimental HBV infection [Murray et a l, 1984],-suggesting that 

HBeAg may be an important target for hepatocytolysis. Studies in mice have shown 

that HBcAg can elicit both T-cell-dependent and -independent anti-HBc responses 

but HBeAg, only T-cell-dependent antibody production [Milich and McLachlan, 1986]. 

Synthetic peptides common to HBcAg and HBeAg have also been shown to stimulate
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anti-HBc production [Milich et a l , 1988]. These results indicate that HBcAg and 

HBeAg are highly cross reactive at the T helper cell level. Further, HBcAg-specific 

T cells are able to provide T helper cell activity for the production of not only anti- 

HBc, but also anti-HBs and anti-pre-S specific antibodies [Milich et a l , 1987]. The 

T helper cell recognition site on HBcAg has been confirmed to be capable of acting 

as a T cell carrier moiety [Milich et a l , 1988]. Like the pre-S2 sequence, HBcAg has 

been shown to be more immunogenic than HBsAg in inbred mice and can prime anti- 

HBs responses in HBsAg non-responder mice. These findings also raise the 

possibility that inclusion of HBcAg in future generation HBV vaccines may improve 

their efficacy in humans and result in responses in some individuals who fail to 

respond to HBsAg alone [Craven et a l , 1986].

Recently, there have been a number of reports of virus isolates with mutant 

pre-C regions from anti-HBe-positive patients with liver disease; the mutations in the 

pre-C region prevent the expression of HBeAg, raising the possibility that a variant 

form(s) of HBV may be involved in a discordance between HBeAg expression and 

virus replication [reviewed by Harrison and Zuckerman, 1991]. In many cases, a 

point mutation has been found in the penultimate codon of the pre-C region changing 

the tryptophan codon (TGG) to an amber termination codon (TAG), which may or 

may not be accompanied by a second mutation in the following codon (adjacent to 

the HBcAg initiation codon) [Carman et a l , 1989; Brunetto et a l , 1990; Okamoto et 

a l , 1990; Tong et a l , 1990]. Several minor mutations resulting in an inactive pre-C 

region have also been observed. Tong et a l [1990] showed that in one isolate there 

was a single nucleotide (thymidine) insertion in the proximal pre-C region leading to 

a frameshift mutation. Okamoto et a l [1990] have observed more rare examples of 

defective pre-C regions caused by frameshifts or loss of the pre-C initiation codon. 

Mutations of the pre-C initiation codon have also been observed by Raimondo et al 

[1990] and Fiordialisi et al [1990]. Presumably, viruses with variant pre-C regions are 

able to replicate in the hepatocytes without HBeAg expression. The majority of 

patients who are infected with these variants are anti-HBe-positive, implying past 

infection with non-defective (wild-type) HBV. It is not clear whether these individuals 

were originally infected with a mixture of wild-type and mutant viruses or whether the 

variants arise throughout the course of natural infection. It is likely, however, that the
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process of seroconversion from HBeAg to anti-HBe selects the variant viruses and 

this may be related to the expression of HBeAg on the surface of hepatocytes 

infected by the wild-type virus [Schlicht and Schaller, 1989]. In addition, it should be 

noted that these variants do not contain mutations in their S genes and should be 

protected against by the currently licensed HBV vaccines.

I.2.3.3. P region and HBp protein

The P region is the largest coding region and encodes a polypeptide of 832 aa. 

This region was originally speculated to code for the viral polymerase [Pasek et a l, 

1979], which was detected on the basis of its ability to repair the gap in the viral plus 

strand in vitro [Kaplan et al., 1973]. After the discovery of reverse transcription of an 

RNA pregenome as an essential step in hepadnaviral genome replication [Summers 

and Mason, 1982], amino-acid sequence similarities between the P region and 

retroviral reverse transcriptase domains were found [Toh et a l, 1983]. This was 

supported by experiments suggesting that antibody to synthetic peptides with 

sequences derived from the P region could immunoprecipitate reverse transcriptase 

activity in detergent-disrupted HBV virions [Bavand et a l, 1989]. Schodel et a l [1988] 

further found amino-acid sequence similarity between retroviral RNase H and the P- 

encoded sequences following the report of similarities in the gene organization of 

hepadnaviruses and retroviruses [Miller and Robinson, 1986]. In addition, study of 

DHBV suggests that a protein (DNA terminal protein) known to be covalently linked 

to the HBV genome [Gerlich and Robinson, 1980] may also be encoded by the P 

region [Bartenschlager and Schaller, 1988; Bosch et a l, 1988].

It is now clear, from mutational analysis of the P-region product and its 

transient expression in Hep G2 cells, that the P-encoded polypeptide of approximately 

90,000 daltons is multifunctional and contains three functional domains (I, III and IV) 

and a non-essential spacer (domain II) [Radziwill et a l, 1990]. Domain I of 178 aa 

is located in the amino-terminus of the region and encodes the DNA terminal protein. 

Domain II of 158 aa is identified in the second quarter of the P region and this 

domain is an extended spacer (or tether) which can be deleted to a large extent 

without significant loss of endogenous polymerase activity. Domain III around 344 

aa encodes the viral reverse transcriptase/DNA polymerase and a missense point
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mutation in this domain can abolish polymerase activity. Finally, domain IV of 152 

aa is located in the carboxyl-terminus of the P region and encodes the viral RNase 

H activity which can be abolished by missense mutations in this domain. All the three 

functional domains are necessary for virus replication (see Section I.2.5.2, below).

Antibodies to HBp protein have recently been established as a frequent 

serologic marker of infection. Using a radioimmunoprecipitation gel assay (RIPGA) 

with radio-labelled polypeptides produced by in vitro translation of RNA of different 

P domains, Weimer et al [1989] have found that the carboxyl-terminus of the P 

region encoding the viral RNase H activity is an immunodominant region. Screening 

of sera from acutely and chronically infected patients without HCC has revealed the 

presence of antibodies against the RNase H domain (designated anti-P/RH) in 73% 

and 87% of the sera, respectively [Weimer et al., 1989]. Further determination in 

serial serum samples of chimpanzees and human patients with acute and chronic 

HBV infection has shown that anti-P/RH is found in the sera of both chimpanzees 

and humans early in infection, shortly after the immunoglobulin M anti-HBc response; 

this persists during active virus replication but declines and disappears at the time of 

clearance of virus and HBeAg from the sera [Weimer et a l , 1990]. This suggests that 

antibodies to the RNase H domain of HBp protein are early markers of infection and 

a signal of ongoing viral replication.

I.2.3.4. X region and HBxAg

The X region, originally called region 5 [Galibert et a l, 1979], is the smallest 

coding region and encodes a protein, HBxAg, of 145-154 aa depending on the 

subtype.

HBxAg is now known to be a transcriptional rra/25-activator of homologous and 

heterologous regulatory sequences. An early hypothesis that the X-encoded protein 

is a regulatory molecule for gene expression was based on the genomic comparison 

of HBV with human T-cell leukaemia viruses (HTLVs) [Miller and Robinson, 1986]. 

When the HBV genome is linearized and aligned with the HTLV genomes, the X 

region of HBV and the tat genes of HTLVs are positioned identically [Miller and 

Robinson, 1986]. The TAT proteins of HTLVs are rra/zs-activating factors which 

activate the enhancers located in the long terminal repeats (LTRs) of these viruses
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and they have been proven to be essential factors for their transcription and 

replication [Arya et a l , 1985; Felbler et al., 1985]. Thereafter, using the 

chloramphenicol acetyltransferase (CAT) gene expression system [Gorman et a l , 

1982; 1985], Twu and Schloemer [1987] first showed that HBxAg expressed in cells 

in culture could rrans-activate transcription regulated by enhancer elements of simian 

virus 40 (SV40) and the human B-interferon gene. Spandau and Lee [1988] 

demonstrated that HBxAg was also capable of trans-activating enhancers of HBV and 

Rous sarcoma virus (RSV). Other investigators have found that HBxAg can also 

rra/u-activate transcription controlled by enhancers of human immunodeficiency virus 

type 1 (HIV-1) [Seto et a l , 1988; Siddiqui et a l , 1989; Twu et a l , 1989]. Recent 

studies have shown that HBxAg has an intrinsic serine/threonine protein kinase 

activity, which appears to be related to its /rans-activation function [Wu et a l , 1990].

The X-encoded protein is expressed during HBV infection and its 

antigenic determinants are recognized by the host immune system. Using antibodies 

to synthetic peptides corresponding to the HBV X region, Moriarty et a l [1985] have 

detected a polypeptide of approximately 28,000 daltons in HBV-infected liver. Anti- 

HBx has been identified in sera from HBV-infected humans using the X-encoded 

product synthesized in m h'fro translation systems [Moriarty et a l , 1985; Pfaff et a l , 

1987], in prokaryotic cells as fusion proteins [Kay et a l , 1985; Meyers et a l , 1986; 

Elfassi et a l , 1986] and in mammalian cells [Siddiqui et a l , 1987; Levrero et a l , 1990]. 

However, there may be some different serological responses to HBx determinants 

when the X-encoded proteins obtained from different sources are used. For example, 

studies using synthetic peptides as antigens demonstrated [Moriarty et a l , 1985] and 

confirmed [Moriarty et a l , 1988] a tight relationship between the presence of anti- 

HBx and HCC, but those using HBxAg expressed in prokaryotic or eukaryotic cells 

as substrates [Liang et a l , 1988; Levrero et a l, 1991] show that only very few sera 

from HCC patients are positive for anti-HBx. Even in Western blot analysis of anti- 

HBx detection, the prokaryotic cell extract test appears more sensitive than the 

eukaryotic cell extract test [Levrero et a l, 1991].

Haruna et al [1991] have studied the relationship between HBxAg expression 

and HBV replication in patients with chronic HBV infection. They investigated the 

expression of HBxAg in the livers of 59 HBsAg-seropositive patients with chronic liver
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disease, immunohistochemically using specific antibody to recombinant HBx protein 

and found a significantly high rate (38/49) of positivity of HBxAg in the replicative 

group of samples (serum HBeAg, serum HBV DNA or HBcAg in liver positive). The 

result suggests that HBxAg is closely correlated with HBV replication in chronic HBV 

infection. Moreover, the presence of serum anti-HBx detected with the eukaryotic 

cell extract has also been shown to correlate with the presence of serum HBV DNA 

and intrahepatic HBcAg in patients with chronic HBV infection [Levrero et a l , 1991], 

suggesting that anti-HBx may represent an additional serological marker for HBV 

infection. Nonetheless, the significance in terms of this relationship to the stage of 

the infection or the course of the disease or both needs to be further elucidated.

1.2.4. Transcription of HBV

I.2.4.I. Viral transcripts

The structures of unspliced viral transcripts have been characterized in great 

detail (Figure 1-2): all species of viral specific RNAs with different 5’ ends are of plus 

strand polarity and are polyadenylated at a common 3’ terminus in response to signals 

located in the core region of the viral genome [Seeger et a l , 1986; Will et a l , 1987]. 

So far, three viral transcripts of approximately 3.5, 2.4 and 2.1 kb have been detected 

in HBV-infected livers [Cattaneo et a l , 1984; Will et a l , 1987]. The transcripts of 3.5 

and 2.1 kb are two major families of viral RNAs and the ones of around 2.4 kb, a 

minor family. Since the 3.5 kb transcripts are the only species which contain the full 

complement of the genetic information, this family of transcripts is also called 

genomic RNAs and the remaining species termed subgenomic RNAs [Ganem and 

Varmus, 1987].

The major transcripts of 3.5 kb have heterogeneous 5’ ends mapped at the 

pre-C region and approximately 6 nucleotides (nt) upstream of the DR1 sequence, 

bracketing the pre-C initiation codon. Only the shortest molecules (termed 

pregenomic RNAs) appear to serve as pregenomes (templates) for synthesis of viral 

progeny genomic DNA by reverse transcription [Enders et a l , 1987]. Other discrete 

transcripts, which are generated with either the pre-C or C ATGs as their first 

initiation codons (called pre-C-mRNAs and C-mRNAs [Farza et a l , 1988]), serve as
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messenger RNAs for the pre-C-containing polypeptide (p25), major HBcAg (p22) and 

HBp protein [Will et a l , 1987]. The 3.5 kb transcripts have a terminal redundancy 

of about 100 nucleotides at their 5’ and 3’ ends [Cattaneo et a l , 1984], indicating that 

these transcripts are produced from covalently closed double-stranded DNA and 

processed only at the second run of transcription. The mechanism regulating one

time read through the terminal signal (poly-A addition signal, see Section I.2.4.2., 

below) is not yet known. It is clear, however, that the synthesis of the genomic 3.5 

kb RNAs is directed by a sequence which is located around 100 nt upstream from the 

core open reading frame and contains promoter activities detectable in CAT assays 

[Karpen et a l, 1988], thus termed promoter C (Pc) (Figure 1-2).

The major transcripts of 2.1 kb serve as templates for the expression of the 

pre-S2-containing polypeptides (gp33 and gp36) and major HBsAg (p24 and gp27) 

[Cattaneo et a l, 1984; Standring et a l, 1984]. The 5’ ends of these RNAs, mapped 

at the pre-Sl region and approximately 17 nt upstream of the pre-S2 initiation codon 

[Cattaneo et a l, 1983], are also heterogeneous resulting in transcripts with 5’ ends 

flanking either side of the pre-S2 initiation codon [Cattaneo et a l, 1984; Standring et 

a l,  1984]. Hence, discrete transcripts are generated with either the pre-S2 or S ATGs 

as their first initiation codons (called pre-S2-mRNAs and S-mRNAs). A sequence 

with homology to the SV40 late promoter, located in the pre-Sl region at nucleotide 

3116 and termed promoter II of the S region (Psii) (Figure 1-2), has been speculated 

[Cattaneo et a l, 1983] to direct the synthesis of the subgenomic 2.1 kb RNAs. The 

Psii activities have been detected in CAT assays [Siddiqui et a l, 1986].

The minor transcripts of 2.4 kb (called pre-S 1-mRNAs) serve as messenger 

RNAs for synthesis of the pre-S 1-containing polypeptides (p39 and gp42) and their 

5’ ends are mapped approximately 38 bp upstream of the pre-Sl initiation codon 

[Will et a l, 1987]. A promoter with a canonical TATA box, located upstream of the 

pre-Sl region at nucleotide 2776 and termed promoter I of the S region (PsI, see 

Figure 1-2) and its activities have been detected in CAT assays [Cattaneo et a l, 1983; 

Siddiqui et a l, 1986]. This is consistent with the hypothesis that PsI may direct the

2.4 kb transcript synthesis.

Although, in theory any of the mRNAs described above could potentially code 

for the HBx protein, this appears unlikely as the 5’ end of the X coding region is
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distant from the 5’ ends of the RNAs and preceded by initiation codons for the other

coding regions. A minor family of unspliced transcripts of around 0.8 kb, which have

not yet been found in HBV-infected liver, has been described in cells containing HBV

sequences in an adenovirus vector [Saito et a l , 1986] and in other heterologous

systems [Gough, 1983; Siddiqui et a l , 1987] to serve as messenger RNAs (called X-

mRNAs) for the HBxAg protein. The HBV X-mRNA may be produced in low

amounts and hence not be easily detected in the infected liver. Kaneko and Miller

[1988] have identified nuclear heterogenous X-mRNAs of around 0.7 kb (less than

1% of total virus-specific RNAs) in WHV-infected liver. The majority of the 0.7 kb

transcripts found in the cell nucleus are not polyadenylated and some become
results

polyadenylated changing to 0.9 kb in size. These^support the interpretation that the 

X region possesses a minor and specific transcript which becomes polyadenylated and 

exported to the cytoplasm for translation. The 5’ ends of the 0.7 kb X-mRNAs, like 

those of the in vitro studies [Saito et a l , 1986; Siddiqui et a l , 1987], are mapped to 

a region of the genome that is 3’ to the S gene. It has been found in CAT assays that 

the minor X-specific transcripts are directed by a promoter sequence, which is 

upstream of the X region at nt 1250-1350 [Siddiqui et a l , 1987; Treinin and Laub, 

1987] and termed promoter X (Px) (Figure 1-2).

In addition, spliced HBV transcripts that differ from the above transcripts of

3.5, 2.4, 2.1 and 0.8 kb have also been detected [Cattaneo et al., 1983; Simonsen and 

Levinson, 1983; Chen et a l, 1989; Su et a l , 1989; Suzuki et a l, 1989]. Of particular 

interest in recent studies is a 2.2 kb spliced RNA, which has been detected in both 

HBV-infected human liver [Chen et a l, 1989] and the cultures of human hepatoma 

cells following transfection with HBV DNA [Su et a l, 1989]. Its termini are shared 

with the 3.5 kb RNA and the deleted region extends from the end of the C gene to 

the middle of the S gene. It has been speculated that this transcript may encode a 

new protein that comprises the reverse transcriptase domain of HBV. However, the 

function of this transcript is unclear; genetic analysis using a transient DNA 

transfection system suggests that the protein expressed from it is not essential for 

virus replication [Su et a l, 1989].
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I.2.4.2. Civ-acting regulatory elements

Many cis-acting regulatory elements have been identified in the HBV genome. 

The c/s-acting regulatory elements are nucleotide sequw.-,es that are usually used as 

binding sites for proteins involved in gene regulation or genome replication. These 

genetic elements can be characterized as being involved in virus replication and gene 

expression. There are two elements that appear to be involved in the replication of 

viral genome (Figure 1-2). The first are two short direct repeat sequences (DR1 and 

DR2) at nucleotide (nt) 1824-1834 and 1590-1600. The DR1 is the initiation site for 

synthesis of the minus DNA strand [Molnar-Kimber et a l, 1984] and the DR2 is that 

for synthesis of the plus DNA strand [Lien et a l, 1987] (see Section I.2.5.2, below).

The second is a U5-like sequence located between the pre-C and C regions 

at nt 1855-1916 [Miller and Robinson, 1986; Robinson et a l, 1987]. The U5-iike 

sequence is termed as its homology to the 5’-unique region of retrovirus long terminal 

repeats (LTR). Although the precise biological function of this region needs to be 

elucidated, its location near DR1, and its homology to the retrovirus initiation site of 

minus strand DNA synthesis, are consistent with a role in genome replication.

Genetic elements involved in virus gene expression include promoters, 

enhancers, a glucocorticoid-responsive element (GRE), and a poly-A addition signal 

region.

A promoter is a nucleotide sequence that acts as a binding site for a host cell- 

derived RNA polymerase (presumably RNA polymerase II) synthesizing RNA from 

a DNA template. Four promoters have been found in HBV (as described in the 

section above) (Figure 1-2): promoter C (Pc), promoters I and II of the S region (Ps: 

PsI and PsII) and promoter X (Px). The Pc resides between the DRs at nt 1705-1805 

and directs synthesis of the genomic 3.5 kb RNAs. The PsI for transcription of the

2.4 kb RNA, a canonical TATA sequence, is located within the P gene sequence 5’ 

to the pre-Sl initiation codon at nt 2776. The Psii for the 2.1 kb transcript, a motif 

with homology to SV40 late promoter, lies within the pre-Sl gene sequence 5’ to the 

pre-S2 initiation codon at nt 3116. The Px is located about 150 nt upstream from the 

X region (nt 1250-1350) and directs synthesis of the 0.8 kb RNA species. The exact 

sequences involved in the Pc and Px have not yet been precisely identified.

An enhancer element is capable of stimulating the transcriptional function of



(viral) promoters. The presence of an enhancer of gene expression in the HBV 

genome was first suggested on the basis of transient expression assays using HBsAg 

gene constructs [Crowley et a l , 1983; Liu et a l , 1984]. In these experiments, efficient 

transcription of HBsAg gene occurred under SV40 early promoter control even in the 

absence of the SV40 enhancer, suggesting that a complementing activator of 

transcription is present within the HBV sequences. Subsequent reports have shown 

that a region about 600 bp upstream of the genomic RNA initiation site (nt 1100- 

1250) (Figure 1-2, Enl) could enhance transcription of the CAT gene [Shaul et a l ,

1985] and the T-antigen gene [Tognoni et a l , 1985] from the SV40 early promoter in 

transient expression assays. This enhancer region (called enhancer I, Enl) acts in an 

orientation-independent manner and exhibits tissue (liver) specificity [Shaul et a l , 

1985; Jameel and Siddiqui, 1986]. A particular sequence of 5’-GTGTTTGCT in this 

region, which bears close homology to the SV40 enhancer core octamer [Jones et a l ,

1987], has been mapped at nt 1180 [Shaul and Ben-Levy, 1987]. The Enl has been 

reported to control the transcription from the Px [Antonucci and Rutter, 1989], the 

Pc [Roossinck et al., 1986], and the Ps [Chang et a l, 1987]. Recently, a region located 

within cohesive end region at nt 1627-1732 (Figure 1-2, Enll) has also been identified 

to enhance transcription from the herpes simplex virus (HSV) thymidine kinase gene 

promoter [Yee, 1989] and the SV40 early promoter [Wange/ al, 1990c]. This second 

enhancer region (called enhancer II, Enll) is also liver-specific and acts in an 

orientation- and position-independent manner [Yee, 1989; Wang cl a l, 1990c]. The 

Enll is more active than the Enl in human hepatoma cells and has been reported to 

control expression from the Pc [Yee, 1989] and the Ps [Zhou and Yen, 1990]; 

however, the exact sequence involved has not yet been mapped.

A glucocorticoid-responsive element (GRE) is a DNA sequence that binds a 

hormone receptor which, in turn, acts to increase the transcriptional level of a given 

gene. Tur-Kaspa et a l [1986] have found that dexametha-sone could augment the 

CAT gene expression from the SV40 promoter only when constructs contained an 

HBV genomic region present in the S gene coding region at nt 354-371 (Figure 1-2, 

GRE), indicating that this region contains a glucocorticoid-responsive element (GRE). 

The effect of this GRE region appears to be orientation-independent (but does not 

display tissue specificity) and a 15 nt sequence (5’-NCAANNTGTYCT) in the region
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shares , homology to known GREs [Tur-Kaspa et a l , 1986]. The HBV GRE has 

been found to cause the increased activity of an HBV enhancer (Enl) [Tur-Kaspa et 

a l , 1988].

A poly-A addition signal region is essential for the termination of transcription 

and the addition of poly-A tails to the 3’-end of mRNA molecules. The HBV poly-A 

addition signal region has been identified lying within the beginning of the C gene at 

nt 1919-1962 [Cattaneo et a l , 1983; Simonsen and Levinson, 1983], which contains a 

nearly canonical poly-A addition signal (TATAAA), poly-A addition site (TA), and 

transcription termination signal (TTTTT) [Yuen and Moss, 1987]. This signal region 

appears to be used by all the HBV transcripts.

I.2.4.3. Regulatory controls

Little is known about how viral enhancers regulate the different promoters and 

how viral regulatory elements interact with each other. increasing evidence has 

shown that the function of the tissue-specific viral enhancers is mediated by trans

acting cellular factors, specific nuclear binding proteins [Jameel and Siddiqui, 1986; 

Shaul and Ben-Levy, 1987; Karpen et a l , 1988; Yaginuma and Koike, 1989]. Using 

DNase I footprinting analysis [Galas and Schmitz, 1978], Patel et al [1989] have 

identified five binding sites for liver-specific cellular factors and three sites for 

ubiquitous cellular factors on the enhancer I (Enl). An undefined protein binding site 

has been found on the enhancer II (Enll) by means of similar experiment [Wang et 

a l , 1990c]. These results suggest that all those binding sites may function in concert 

to activate liver-specific transcription of viral genes from their respective promoters. 

Further study is required to elucidate this.

In addition, the HBx protein has been found to be a /ra/rv-activator of 

homologous and heterologous transcriptional enhancers (Section 1.2.3.4, above), 

capable of modulating HBV gene expression and possibly the virus replication 

[Spandau and Lee, 1988; Zahm et a l , 1988; Koike et a l , 1989]. A protein synthesized 

from 3’-truncated preS/S region of integrated HBV also acts as a transcriptional trans- 

activator [Kekule et a l , 1990], but a direct role of the product from this region for the 

viral life cycle remains to be confirmed.

Recently, HBV gene expression and replication have been observed in some



human hepatoma cell lines transfected with cloned viral DNA [Sureau et al., 1986; 

Tsurimoto et al., 1987; Pugh et al., 1988] and in transgenic mice containing the 

integrated viral DNA [Farza et al., 1988; Araki at al., 1989], showing that viral 

transcription is not particularly species and tissue specific: for instance, DHBV can 

be produced in human hepatoma cell lines [Pugh et al., 1988] and viral DNA 

replication can be identified in kidney and heart of transgenic mice containing 

integrated HBV DNA. However, high-level viral gene expression and replication are 

observed only in hepatocytes. Further study of the interactions between the HBV 

enhancers and liver-specific nuclear binding proteins will help to understand this issue. 

Nevertheless, the development of HBV-transfected hepatoma cell lines and transgenic 

mice expressing viral genes provides model systems for the study of various aspects 

of the HBV life cycle.

1.2.5. HBV Replication

1.2.5.1. Virus attachment and uptake

Virus attachment to the liver cell membrane and uptake appear to be 

mediated through a specific receptor on the hepatic membrane, recognizing a domain 

within the pre-Sl region [Neurath et a l , 1986b], or through a receptor encoded by the 

pre-S2 region using polymerized human serum albumin (pHSA) as a linker molecule 

[Machida et al., 1984] (Section 1.2.3.1, above). As yet, the mechanisms involved in 

these initial events are not well understood. It is possible that more than one region 

of pre-Sl, pre-S2 or S is important in virus attachment. Recently, radio-labelled 

recombinant HBsAg particles, having a defined protein composition with no 

contamination with serum proteins, have been used to detect specific binding of HBV 

to liver plasma membranes [Pontisso et al., 1989], which may help to identify the 

nature of the hepatocyte receptor for HBV.
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I.2.5.2. Genome replication

The understanding of HBV genome replication is largely based on the results 

of studies with animal models due to the limited host range exhibited by HBV and 

the lack of tissue culture in which to propagate the virus. As first shown for DHBV 

[Summers and Mason, 1982], the mechanism of genome replication in the 

hepadnaviruses is strikingly different from all other animal DNA viruses in that it 

involves the reverse transcription of an RNA intermediate by a virus-encoded reverse 

transcriptase. This replication strategy, involving RNA-directed DNA synthesis, is 

central to the life cycle of RNA-containing retroviruses and to cauliflower mosaic 

virus (CaMV), a plant DNA virus. Similarities and differences between 

hepadnaviruses, retroviruses and caulimoviruses in regard to their genome structure 

and replication have been defined in an attempt to understand their evolutionary 

relationships and biological potentials, including oncogenicity [Seeger et a l , 1986; Will 

et al., 1987; Miller, 1988b]. Although many of the factors controlling viral genome 

replication are still unclear, several aspects of the replication cycle have been 

elucidated.

Formation of cccDNA. Viral DNA has been found in infected liver cells in 

several distinct forms. After DHBV infection, covalently closed circular DNA 

(cccDNA) is the first viral DNA form detected in liver, preceding the accumulation
+1

of viral RNA [Mason et al., 1983; Tagawa et a l , 1986]. While the cccDNA isy 

predominant form in the liver cell nucleus [Mason et a l , 1982], open circular viral 

DNA (ocDNA), linear viral DNA, single (predominantly minus) viral DNA strands, 

and viral DNA-RNA hybrid molecules appear to be contained in particles with DNA 

polymerase activity in the liver cell cytoplasm [Summers and Mason, 1982; Miller and 

Robinson, 1984]. These observations suggest that after virus entry into liver cells 

(where the envelope is presumably removed) and virus uncoating, the infecting virion 

ocDNA appears to be transferred to the nucleus to be directly converted to

cccDNA and used as template for synthesis of viral RNA.

Such conversion must involve (1) completion of the plus strand of ocDNA by 

the (virus-encoded or cellular) DNA polymerase, (2) removal of the oligo-RNA from 

5’ end of the plus strand by a RNase, (3) removal of the covalently bound protein by 

a protease from the 5’ end of the minus strand, (4) elimination of the short 5’-
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terminal redundancy of the minus strand by a DNase, and as the final step yielding 

cccDNA, (5) ligation of the DNA ends by a ligase. However, details of these 

reacticxis and of the i^ie of viral gene products in each step are not yet known.

Synthesis and packaging of pregenome RNA. Viral cccDNA in liver cell 

nucleus appears to be the template for synthesis of all virus-specific RNAs. Initiated 

by the Pc and terminated at the poly-A addition signal region, the polyadenylated and 

terminally redundant 3.5 kb genomic RNAs appear to be transcribed presumably by 

the host cellular RNA polymerase II from the minus strand of cccDNA, whereas the 

subgenomic RNAs of 2.4, 2.1 and 0.8 kb in length may be formed co-terminally with 

the genomic ones, initiated by the PsI, PsII and Px, respectively.

The 5’ ends of 3.5 kb RNAs are heterogeneous [Will et a l, 1987] and it 

appears that only the shortest of these molecules serve as pregenomes for reverse 

transcription; this is supported by the observation that only the shortest of three 3.5 

kb species is found in the cytoplasmic core particles where GSHV RNA is packaged 

and reverse transcription occurs [Enders et a l, 1987]. The 3.5 kb pregenomic RNA 

contains the DR1 and U5-like sequences at both ends (within the terminally 

redundant region) and the DR2 sequence near its polyadenylated 3’ end [Biischer et 

al., 1985; Enders et al., 1985]. The above data also implicate that viral RNAs are 

then transferred to the cytoplasm in which the 3.5 kb pregenomic RNA is packaged 

presumably with newly produced viral reverse transcriptase/DNA polymerase, RNase 

H and DNA terminal protein primer into viral precore particles and the remaining 

RNAs function as messengers for translation of the viral structural and functional 

proteins (Sections 1.2.3 and 1.2.4, above).

Synthesis of minus strand. Studies in the DHBV [Molnar-Kimber et a l, 1984] 

and GSHV [Seeger et a l, 1986] systems have suggested that in cytoplasmic viral 

precore particles, the minus strand DNA synthesis starts from the DR1 region of the 

RNA pregenome’s terminal redundancy (probably at the 3’ end of the RNA template, 

but initiation at the 5’ end has not been excluded; the latter site would require 

immediate template switching to the 3 ’ end of an RNA molecule), using the P- 

encoded DNA terminal protein primer (Section 1.2.3.3, above) which presumably 

interacts with the DR1 sequence. By reverse transcription, an approximately 9-nt 

terminal redundant DNA minus strand is generated [Lien et a l, 1986; Seeger et al.,
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1986], while at the same time the RNA template is degraded by the RNase H-like 

activity [Summers and Mason, 1982] (presumably the P-encoded RNase H [Radziwill 

et a l , 1990]), leaving a short (19-20 nt) 5-methylguanylate-capped RNA oligomer at 

the 5’ end corresponding to the DR1 sequence and its vicinity [Lien et al., 1986; 

Seeger et a l , 1986].

The mechanism for recognition of the initiation site for the minus strand 

synthesis is not clear. If the DR1 sequence at the same (e.g., 3’) end of the RNA 

template is always the site for the synthesis initiation, the protein primer and/or 

reverse transcriptase must not only recognise the DR1 or some neighbouring 

sequence such as U5-like sequence, but also distinguish the two ends of the RNA 

template, perhaps by recognising a sequence unique to one end of the RNA (e.g., a 

sequence located outside the terminal redundant region).

Plus strand synthesis. The 5’ plus strand RNA oligomer has been shown to 

originate from the 5’ end of the pregenome [Lien et a l , 1986; Seeger et a l, 1986]. 

This suggests that a 5’-capped RNA oligomer with DR1 sequence resulting from the 

pregenome degradation is then dissociated from the completed 3’ end of the newly 

synthesized minus strand and transposed by an unknown mechanism to basepair with 

the DR2 site in the minus DNA strand and to prime the synthesis of the second, plus 

strand DNA. When the 3’ end of the polymerase-elongated plus strand DNA reaches 

the protein-linked 5’ end of the minus strand template, an intramolecular template 

switch must take place. In this regard, local denaturation of the newly formed double 

stranded terminus at 5’ end of the minus strand may occur, so that the 3’ end of the 

new plus strand, which contains a sequence (5-10 nt) complementary to the short 

terminal redundancy of the minus strand, could be dissociated from the 5’ end of the 

minus strand and transferred to the complementary region at the 3’ end of the minus 

strand DNA. Such a template switch results in the circular DNA conformation of the 

viral genome and the further elongation of the plus DNA strand [Will et a l, 1987]. 

It has been pointed out that the mechanism of this template switch may be facilitated 

by the high AT content of the short terminal redundancy sequence [Seeger et a l,

1986]. The plus strand synthesis usually terminates prematurely, leaving a single

stranded gap in the genome; it appears that some unknown factors may act to 

constrain the virus polymerase [Ganem and Varmus, 1987].
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I.2.5.3. Virion formation and release

These processes are not well understood because cell-culture systems 

producing virions in sufficient amounts for detailed study have not been available. 

The cytoplasmic viral precore particles, which are the only apparent site of viral DNA 

replication, appear to acquire HBsAg plus cell-membrane lipid-containing envelopes 

intracellularly. The formation of these envelopes appears to be involved in post- 

translational modification and assembly of all three HBsAg polypeptides and the 

envelopes accumulate in the endoplasmic reticulum (ER) [Eble et a l , 1986; Patzer 

et a l , 1986]. After the process of genome replication, the viral precore particles are 

assembled into complete virions with the HBsAg-containing envelopes and are later 

released from the hepatocyte into the blood.

In the case of HBV, virus formation and release from the cell can apparently 

take place at almost any step after intracellular assembly of the precore particles. It 

has been found that a small fraction of virions in the blood contains DNA-RNA 

hybrid molecules [Miller et a l , 1984a] or complete minus DNA strands without 

associated plus strand DNA [Scotto et a l , 1985], although the large fraction of virions 

contains open circular DNA. Furthermore, endogenous DNA polymerase activity can 

catalyze the incorporation of nucleotides into minus or plus DNA strands to 

completion of the replication [Miller et a l , 1984a; 1984b]. In addition, a stable pool 

of cccDNA is maintained in the nuclei of persistently infected cells. Tuttleman et a l 

[1986] have shown that this pool is generated by conversion of ocDNA molecules 

newly replicated via reverse transcription pathway. This suggests that some precore 

particles may uncoat and release newly synthesized viral DNA to the nucleus to 

amplify the pool of cccDNA molecules; however, the factors involved in the pool 

maintenance are not known.

The virus attachment to the liver cell membrane and uptake initiate viral 

infection. The virus replication itself appears not to be cytotoxic: variation in severity 

of liver damage between human individuals has been attributed instead to differences 

in host immune responses to HBV-infected cells [Dudley et a l , 1972; Bianchi and 

Gudat, 1979].
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1.3. HBV DNA Integration in HCC

The finding of integrated HBV DNA in HCC has strongly strengthened the 

epidemiological evidence that HBV infection may be a major factor for the 

development of liver cancer (Section LI). Integration of viral sequences is a common 

factor in cellular transformation in vitro and in the neoplastic process in vivo in the 

case both of retroviruses and oncogenic DNA viruses and, in some cases, the 

mechanisms involved are well understood. For example, activation of cellular int 

oncogenes by the mechanism of "promoter or enhancer insertion" has been found in 

mammary tumours induced by mouse mammary-tumour virus (MMTV) where the 

proviruses are integrated upstream or downstream of the specific cellular genes 

[Nusse and Varmus, 1982; Peters et a l , 1983]. In the cases of some DNA tumour 

viruses such as papovaviruses, the neoplastic transformation occurs by direct transfer 

of oncogenes carried by the viruses [reviewed by Bishop, 1985]. Thus, detailed 

analysis of integrated HBV DNA in HCC is a logical approach to elucidate the 

association between HBV infection and liver cancer. Many reports have been 

appeared on the features of viral DNA integration, giving rise to its implications for 

hepatocarcinogenesis. However, the link between HBV infection and HCC 

development does not seem to be as simple as was earlier thought.

1.3.1. State of viral genome in infected hepatocytes

Cloning of the HBV genome and hence the availability of highly sensitive 

probes made it possible to detect HBV DNA in liver tissue. With restriction 

digestion of the cellular DNA, the Southern blot technique [Southern, 1975] has 

defined the state of HBV genome in the liver cells of patients with HBV-related liver 

diseases [reviewed by Sherman and Shafritz, 1984; Brechot, 1987]. The restriction 

endonuclease Hind III has been particularly useful because it usually does not cut the 

viral genome, and thus changes neither the size nor the migration of free HBV DNA 

molecules including replicative intermediates {as a smear Southern blot profile below 

3.2 kb: the top highly intense smear comprises of varying length plus strands bound 

to full length minus strand DNA and the bottom single (plus) stranded DNA},
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relaxed circular forms (migrating around 3.6 kb) or supercoiled forms (migrating 

around 2.4 kb). (The relaxed and supercoiled forms may be converted into linear 3.2 

kb molecules by digestion with Eco RI which has a single site in most HBV genomes 

[Siddiqui et a l, 1979]). Conversely, Hind III digestion will fragment the chromosomal 

DNA. Thus, when the HBV genome is integrated chromosomally, Hind III digestion 

will produce hybridisation bands which do not appear in the undigested DNA pattern 

and correspond to DNA fragments with a higher molecular weight than cloned HBV 

genome (>3.2 kb) [Shafritz and Kew, 1981].

Following detection of chromosomal integration of the HBV genome in the 

HCC-derived cell line, PLC/PRF/5, in 1980 (Section 1.1.1.2, above), many studies of 

integrated viral DNA in tumour tissue have been reported. Shafritz and Kew [1981] 

examined DNA extracts from liver cancers of 13 South African patients and found 

that HBV DNA sequences were present in eight HBsAg carriers; non-carriers were 

negative. In another study of patients from the Ivory Coast by Brechot et a l [1981], 

integrated HBV DNA was detected in all DNA preparations from tumour tissue of 

13 patients, amongst whom ten were HBsAg carriers. Integrated viral DNA has also 

been detected in liver tissue from anti-HBs-positive patients with HCC [Shafritz et a l, 

1981; Hino et a l, 1984; Miller et a l, 1985]. A high incidence of integrated HBV 

DNA in HBsAg-positive tumours has also been reported in Japan [Hino et a l, 1985; 

Togawa et a l, 1987; Ding et a l, 1989] and China [Chen et a l , 1982; Miller et a l , 

1985; Chen et a l, 1986; Zhou et a l, 1987; Lai et a l , 1988], In summary, over 90% 

of HBsAg-positive HCC cases which have been examined contain integrated HBV 

DNA (summarised in Table II-4, Chapter II).

HBV DNA integration has also been detected in non-tumorous hepatocytes 

of patients with HCC but the incidence is lower than that in tumorous liver cells. In 

previous studies in HCC patients, several investigators have reported detection of the 

integration in non-tumorous liver cells of a few HBsAg-positive cases [Brechot et a l, 

1981; Shafritz et a l, 1981; Koshy et a l, 1981; Chen et a l , 1982]. However, a detailed 

examination of this issue was described by Hino et a l [1984]. They investigated 

several HBsAg-positive patients with HCC and reported an incidence of viral DNA 

integration in non-tumorous liver tissue of 37.5% (3/8). In a recent study, Tanaka et 

al [1988] examined 18 HBsAg-positive HCC patients and reported that 61.1% (11/18)
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of the cases had integrated HBV DNA in the non-tumorous hepatocytes. Lai et al 

[1988] also reported that in 27 paired non-tumorous and tumorous liver tissues from 

HBsAg carriers with HCC, the patients had an incidence of integration in non- 

tumorous liver tissue of 55.6% (15/27), which was significantly lower than that (92.6%, 

25/27) in tumorous tissue.

Studies in patients with chronic hepatitis have shown interesting results. 

Shafritz et a l [1981] reported that five HBsAg carriers with chronic liver disease for 

less than two years had no integrated forms of HBV DNA in their liver tissue whilst 

two long-term HBsAg carriers had, suggesting that HBV DNA integration into host 

genome occurs during the course of persistent HBV infection (and may precede 

development of gross neoplasm). Shafritz [1982] further produced evidence that 

there was an increased proportion of integrated HBV DNA in long-term carriers of 

HBsAg. This is supported by the data of Harrison et a l [1986] and Fowler et al 

[1986], who examined a large number of HBsAg carriers without HCC and compared 

HBeAg/anti-HBe status with liver HBV DNA. Another interesting result has recently 

been shown by Tozuka et al [1989], who examined 48 HBsAg-positive patients with 

chronic active hepatitis and divided them into three stages according to the 

progression of disease: early, advanced and cirrhotic. They found that the incidence 

of HBV DNA integration roughly paralleled progression of liver disease: early stage, 

21% (3/14); advanced stage, 56% (9/16); and cirrhotic stage, 61% (11/18). Along with 

the observations in non-tumorous tissue of HCC patients [Lai et a l , 1988; Tanaka et 

a l , 1988], these data suggest that the likelihood that integrated HBV DNA may be 

detectable increases in proportion to the duration of persistent infection and 

throughout this period single cells and small clones with integrated HBV DNA may 

be accumulating in the liver.

In contrast to integrated HBV DNA, replicative forms of viral DNA have been 

found very frequently in non-tumorous hepatocytes from HBsAg carriers with chronic 

hepatitis [Fowler et a l, 1986; Harrison et a l , 1986; Tozuka el a l, 1989] and slightly less 

frequently in those from HCC patients [Lai et a l, 1988]. Furthermore, the replicative 

forms of HBV DNA in the liver tissues are significantly associated with HBeAg in 

sera of the patients [Lai et a l, 1988; Tozuka et a l, 1989]. This is consistent with the 

notion that HBeAg is a serological marker for ongoing virus replication [reviewed by
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Feitelson, 1989].

In HCC tissue, replicative intermediates or other free forms of HBV DNA 

have occasionally been detected with integrated HBV DNA [Shafritz, 1982; Chen et 

al., 1986], but this may be due to cross-contamination with non-neoplastic infected 

liver cells or with virus-infected blood [Sherman and Shafritz, 1984; Chen et al., 1986], 

It is not clear whether HBV can replicate in tumour tissue. However, in the 

overwhelming majority of tumours, replicative HBV DNA appears not to be present, 

suggesting that HCC cells are normally non-permissive for HBV replication. The 

mechanism of such resistance is poorly understood though such cells might have a 

growth advantage in the infected liver. HBsAg has been found to be produced from 

integrated HBV DNA of many HCC-derived cell lines (Section 1.1.1.2, above). The 

production of large quantities of HBsAg may result in immunological non

responsiveness or tolerance to this antigen and HBsAg does not appear to be an 

immunological target in the infected hepatocytes [reviewed by Feitelson, 1989]. A 

possibility is that HCC cells with integrated viral DNA usually lack expression of core 

gene products (including HBeAg), which are the target antigens on the cell 

membrane for the cytotoxic T cells directing hepatocytolysis during infection 

[reviewed by Feitelson, 1989]. Miller and Robinson [1983] have reported that the 

integrated HBV sequences in HCC cell line PLC/PRF/5, which produces HBsAg but 

not other viral proteins, are extensively methylated, particularly in the core coding 

region (this is not the case in viral DNA forms in virions and non-tumorous liver), 

suggesting that methylation of viral DNA may be involved in selective expression of 

viral genes in HCC. This is supported by the data of Yoakum et al. [1983] and Korba 

et a l [1985], who found that the PLC/PRF/5 cell line did not produce HBeAg until 

it was derepressed by cytosine demethylation with 5’-azacytidine treatment. The 

extensive methylation of integrated HBV DNA has also been detected in liver tissues 

from patients with chronic hepatitis [Bowyer et a l, 1987] and HCC [Chen et al., 

1988c]. The HBx and HBp proteins have only recently become topics of intense 

study. Therefore, there is little information implicating that these determinants may 

be potential targets for the elimination of infected cells.

Since the transformed hepatocytes expand clonally during the development of 

HCC (as described in detail next section), the number of Hind Ill-digested
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hybridisation bands should equal the number of HBV DNA integrations per cell 

[Miller et a l , 1985]. In many cases, the number of the viral integrations (integrants) 

is multiple, usually three to four, sometimes even more. The HCC cell line 

PLC/PRF/5 has been reported to contain at least eight copies of integrated HBV 

sequences [Ziemer et a l , 1985] though rearrangements may have occurred during 

establishment of the cell line. In tumours, multiple copies of the HBV genome 

integrated at separate sites in cellular DNA may arise through DNA rearrangements 

(e.g., duplication or translocation of an original, single integration event), but multiple 

independent integrations in the same cell at the time of the original infection cannot 

be excluded (see next section). Moreover, hybridisation patterns have been found to 

differ from tumour to tumour. Occasionally, similar sized bands can be found in 

different liver tissues, but there is no evidence that these represent identical 

integration events. This suggests that there are no specific preferential cellular sites 

for integration.

Several workers have tried to examine regularity in the manner of integration 

of HBV DNA in HCC using Southern blot hybridisation with subgenomic probes of 

HBV DNA [Togawa et al., 1987; Zhou et al., 1987; Chen et al., 1988a]. However, the 

results are not as precise as those from molecular cloning of integrated HBV DNA 

as described below in Section 1.3.3.

1.3.2. Patterns and clonality of viral DNA integration

In Southern blot analyses, HBV DNA-containing discrete hybridisation bands 

[Brechot et a l , 1981; Shafritz and Kew, 1981] and smears (or heterogeneous bands) 

[Koshy et a l , 1981; Shafritz et a l , 1981] in high-molecular-weight region (>3.2 kb) of 

the gel have been detected in liver tissue, indicating the existence of HBV DNA 

integration (Section 1.4.1, above). While the high-molecular-weight smear pattern in 

liver tissue indicates viral DNA integration at random or many different cellular sites 

[Koshy et a l , 1981], the presence of the specific, discrete bands in the tumour tissue 

is consistent with the development of the liver tumour from one clone (monoclone) 

with several integration sites, or with its development from a few clones, each with 

a single integration site [Shafritz, 1982]. In the former case, the amount of HBV
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DNA might exceed one HBV genome equivalent per haploid-tumour-cell genome in 

tumours with only integrated (no free) viral DNA and approach a copy number 

equivalent to the number of different integration sites detected; in the later case, up 

to, but not more than, one genome equivalent of viral DNA per haploid cell would 

be expected. To address this question, Miller et a l [1985] examined 32 liver tissues 

from patients with either chronic hepatitis (19/32) or HCC (13/32) using slot-blot 

hybridisation [Jorgensen and Thompson, 1980] and densitometry (stoichiometric 

analysis) plus Southern blot hybridisation with several restriction digestions. They 

found that at least three tumours with discrete Hind Ill-digested hybridisation bands 

(and no free viral DNA) contained more than one viral genome equivalent per 

haploid-cell DNA equivalent. This suggests that the tumours are monoclonal in origin 

and, moreover, the presence of the discrete HBV DNA-containing high-molecular- 

weight bands (but no free viral DNA) means that HBV DNA is integrated into the 

same cellular sites in many cells, termed homogeneous (clonal or monoclonal) 

integration. On the other hand, they also found that in some liver tissues Hind III 

digestion resulted in no discrete band or only a high-molecular-weight smear 

containing viral sequences, but digestion with Bam HI (an enzyme with two or three 

sites in most HBV DNAs [Siddiqui et a l, 1979]) produced discrete subgenomic viral 

DNA bands. It suggests that in this case, HBV DNA is randomly integrated into the 

different cellular sites in many different cells, termed heterogenous (non-clonal or 

polyclonal) integration.

The hypothesis of clonal origin of HCC is supported by Southern blot 

hybridisation analyses of multiple tumours in the same liver and of metastatic 

tumours. Esumi et a l [1986] examined two to seven samples of different tumour 

nodules for 14 HCC cases. They reported that the samples from different nodules 

had the same discrete hybridisation pattern (homogenous integration pattern) in 13 

cases; in one case, a different pattern was found in one of the four tumour nodules. 

Moreover, in three of the 13 cases, metastatic tumours in lymph nodes and the lung 

were also examined and found to have the same pattern as the liver tumours. Similar 

observations have also been reported by other investigators [Blum et a l, 1987; 

Govindarajan et a l, 1988]. These indicate that HCCs are usually generated from a 

single tumour cell even through tumour cells may later spread in the liver and invade
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other organs.

These findings are extended by a recent study of WHV-related HCC by 

Shimoda et a l [1990]. These workers examined two groups of multiple tumours in 

four woodchucks: 1) tumour nodules were widely separated and similar in size in 

three animals and 2) ten small tumour nodules were surrounding two large main 

tumours in one animal. They found that the viral integration patterns were different 

from tumour to tumour in the first group, whilst in the second group, eight of the ten 

small nodules had the same pattern as the two main tumours. The data from the 

second group indicates intrahepatic metastasis of an original clone and suggests that 

two small tumours with different patterns from the others may result from genetic 

divergence during tumour progression. In some neoplasms, clonal divergence can 

occur during tumour progression or metastasis [Cifone and Fidler, 1981; Nowell,

1986]. Since genetic changes may also occur after or at the time of HCC metastasis, 

Shimoda et a l [1990] have suggested that the clone dissimilarity (including the data 

from the first group) demonstrated by hybridisation patterns does not necessarily 

mean that HCCs originate independently from different clones.

A second line of supporting evidence is the distribution of integration patterns 

in liver. Studies in HCCs have shown that homogeneous integrations of HBV DNA 

are present in almost all integrant-positive cases, although heterogeneous integrations 

occasionally appear in some cases [Miller et al., 1985; Lai et a l , 1988; Tanaka et a l ,

1988]. The presence of the heterogeneous integration in some HCC cases may 

suggest that these cases are of non-clonal origin, though it is possible that this may 

result from cross-contamination with non-tumorous cells nearby. In comparison with 

tumorous hepatocytes, homogeneous integrations are slightly less common in non- 

tumorous hepatocytes of HCC cases [Lai et a l , 1988; Tanaka et a l , 1988] and much 

less frequent in liver cells of chronic hepatitis or cirrhosis cases [Tanaka et a l , 1988; 

Tozuka et a l , 1989]. In contrast to these, heterogeneous integrations are frequently 

present in non-tumorous parts of HCC cases [Lai et a l, 1988; Tanaka et a l, 1988] and 

appear in the majority of chronic hepatitis cases or cirrhosis cases [Yaginuma et a l, 

1987; Tozuka et a l, 1989; Takada et a l, 1990]. Further, in the same liver, 

homogeneous integrants are usually fewer in the non-tumorous parts than in the 

tumorous parts [Lai et a l, 1988], and they are also different in different areas of non-
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tumorous tissue [Tanaka et al., 1988; Aoki and Robinson, 1989]. These findings are 

consistent with the idea that viral DNA integration may occur at heterogeneous sites 

of cellular DNA before tumour development. Subsequently, many different clonal 

populations may develop from these hepatocytes at various sites, an early stage with 

polyclonal origin. Clonal growth may have already occurred in non-tumorous tissue, 

and then HCC may selectively develop from one of these multiclonal populations, 

becoming monoclonal in the advanced stage [Esumi et al., 1986].

1.3.3. Structure of integrated HBV DNA

Since the integration process cannot be reproduced in cultured cells, attempts 

to obtain insights into this phenomenon have been made by analyzing the individual 

structures of the integrants and cellular flanking sequences in tumour cells and in 

chronically infected hepatocytes.

Ogston et al. [1982] first analyzed the structure of integrated WHV DNA 

obtained from two WHV-related HCCs. The structure was complex, suggesting 

multiple rearrangements of the viral genome. Since then, at least 64 HBV integrants 

have been analyzed: 23 from HCC [Dejean et al., 1984; Nagaya et al., 1987; Shih et 

al., 1987; Yaginuma et al., 1987; Matsumoto et al., 1988; Zhou et a l, 1988; Hino et 

al., 1989; Ogata et al., 1990; Takada et a l, 1990; Wang et al., 1990b], 9 from HCC- 

derived cell lines [Mizusawa et a l, 1985; Yaginuma et a l, 1985; Ziemer et al., 1985], 

11 from hepatocellular carcinoma cells propagated in nude mice [Nagaya et al., 1987], 

and 21 from chronically infected hepatocytes [Yaginuma et al., 1987; Takada et al., 

1990]. Some of them are complex as were Ogston’s cases, whilst others are relatively 

simple.

In general, all the integrated HBV genomes are defective. Over 75% of 

integrants terminate within or around the cohesive end region which lies between 

DR1 and DR2, termed cohesive type integration (Coh type, Nagaya et a l, 1987, see 

Table 1-2), though a few single integrants carry the intact cohesive terminus. These 

suggest strongly that the cohesive end region is predisposed to viral integration. 

Moveover, a hotspot for recombination with the host genome appears to be the left 

border of DR1 position 1824, the 5’ end region of the minus strand [see also Shih et



Table 1-2. Types of HBV Integration*

61

S0,irce Coh type Non-coh type Total

Chronic infection 17 (1 )- 4 21
Hepatocellular carcinoma (HCC) 18 (3) 5 23

HCC-derived cell lines 2 (0 ) 7 9
HCC-propagated in nude mice 6 (3 ) 5 11

Total 43(7) 21 64

* From Dejean et a l , [1984]; Ziemer et a l , [1985]; Mizusawa et a l , 
[1985]; Yaginuma et a l , [1985]; [1987b]; Hino et a l , [1986]; [1989]; 
Berger and Shaul, [1987]; Nagaya et a l, [1987]; Shih el a l, [1987]; 
Matsumoto et a l, [1988]; Zhou et a l, [1988]; Ogata el a l, [1990]; 
Takada et a l, [1990]; Wang et a l, [1990b],
" Number in parenthesis indicates cases where integrants terminate in 

or around DR2.

a l, 1987; Yaginuma et a l, 1987], The other virus-host junction occurs at various 

positions. This unique feature may reflect the structure of the substrate for 

integration (see the section below).

Structurally, there are two types of integrated HBV genomes: simple and 

complex. Simple integrants consist of a linear and contiguous region of HBV DNA 

originating from one genome. These have been further divided by Matsubara and 

Tokino [1990] into two groups: Group I containing at least one virus-cell DNA 

junction lying within the cohesive end region, and Group II where neither junction is 

located within the cohesive end region. Complex integrants consist of a rearranged 

sequence of viral DNA and have at least one virus-virus junction, each viral unit in 

the complex being smaller than the viral genome size. These integrants may also be 

further subdivided according to the number of virus-virus junctions and/or viral units, 

or to the patterns of viral sequence recombination such as head to head.

Analysis of the data in the papers cited above shows that the distribution of 

different integrants is thus: the simple integrants are present in approximately 86% 

of chronic hepatitis cases, 61% of HCC cases, 33% of cases from HCC-derived cell 

lines, and 18% of cases from HCC-originating cells propagated in nude mice, in
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contrast to the complex integrants of 14%, 39%, 67%, and 82%, respectively (Table 

1-3). This suggests that the simple integrants are the major forms produced during 

the natural course of viral integration and especially, Group I simple integrants may 

be examples of initial integration events. The finding is supported by the data of 

Nakamura et al [1988], who have reviewed integrants obtained from HCC and 

noticed that some of them share common features: that is, they are structurally 

matched with Group I simple integrants containing an almost complete viral genome 

and their formation is always associated with a microdeletion of around 15 base-pairs 

at the target site in cellular sequences. These authors suggested that such integrants 

may reflect the initial integration events. This is supported by the observations in 

chronically infected hepatocytes [Yaginuma et a l , 1987; Takada et a l, 1990], where 

the large majority of non-clonal integrants also appear to be Group I forms of the 

simple integrants with an almost complete viral genome. Thus, Group I simple 

integrants may represent early integration events and Group II simple integrants and 

complex integrants may result from secondary rearrangements. The most commonly 

seen rearrangements of integrants include deletions, inversions, and direct or inverted 

duplications.

Deletions occur in all of the integrants and no intact integrated viral genomes

Table 1-3. Types of HBV Integrants in Infected Hepatocytes*

Source

Simple integrants 

Group 1 Group 2 2(% )

Complex
integrants

I (% )

Total

(100%)

Chronic infection 15 3 18 (85.7) 3 (14.3) 21
HCC 11 3 14 (60.9) 9 (39.1) 23

HCC-derived 
cell lines

1 2 3 (33.3) 6 (66.7) 9

HCC propagated 
in nude mice

0 2 2 (18.2) 9 (81.8) 11

Total 27 10 37 (57.8) 27 (42.2) 64

* From those as noted in Table 1-2.
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have been found. Viral sequences may be lost during the origina I recombination 

event or deleted through secondary rearrangements. This suggests that none of the 

integrants in liver cells can serve as a template for productive replication of HBV. 

Further, the majority of the simple integrated HBV genomes terminate in or around 

DR1, and very few of them carry both intact DR1 and DR2. Thus the C and X 

ORFs, which overlap about 25 bp of DR1 region, are incomplete in almost all of the 

cases.

Inversions and direct or inverted duplications appear in complex integrants. 

Recombination within the viral sequences may occur in either head-to-head or tail to 

tail, or head-to-tail fashions. In some integrants, the two ends of the integrated HBV 

DNA are joined to cellular DNA sequences from the same chromosome which are 

grossly contiguous [Takada et a l , 1990] or have identical sequences [Tokino et a l , 

1987; Zhou et a l , 1988], whereas in others, the ends are linked with cellular DNA 

from different chromosomes [Hino et a l , 1986; Tokino et a l , 1987]. Many cases of 

complex integrants are consistent with rearrangement following integration. However, 

in some cases the flanking cellular DNA does not appear grossly rearranged, 

suggesting that recombination may have occurred between different molecules of the 

viral genome prior to integration [Takada et a l , 1990]. These complex integrants may 

be formed by integration of the "novel form" viral DNAs, which contain more than 

two genome equivalents of viral sequences with extensive rearrangements. Such 

novel, non-integrated viral DNA molecules have been found in WHV-infected 

woodchuck livers [Rogler and Summers, 1982] but not in humans. It also cannot be 

excluded that the recombination within viral DNA sequences in these cases may occur 

after integration; but nothing is known about such processes.

1.3.4. Target sites and rearrangements of the host genome

Attempts to find evidence for specific targets for HBV integration have been 

made by analyzing flanking cellular sequences in tumours and the unoccupied site in 

normal genomic DNA among different integrants. The results appear to support the 

findings from Southern blot analyses that there are no specific cellular integration 

sites (hot spots); HBV DNA integration appears to be random (Section 1.3.1, above).
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However, among the 43 published integrants from HCC cells, HBV integration has 

been shown within the satellite III sequence [Deininger et a l, 1981] in two cases 

[Shaul et a l, 1986; Nagaya et al., 1987], near minisatellite sequences [Jeffreys et al.,

1985] in two cases [Berger and Shaul, 1987], within Cf-satellite DNA [Wu and 

Manuelidis, 1980] in one case [Ogata et a l, 1990], and within Alu  family sequences 

[Houck et a l, 1979] in five cases [Nagaya et al., 1987; Matsumoto el al., 1988]. This 

indicates that repetitive sequences in genomic DNA may frequently be targets for 

HBV integration but this may merely reflect the relatively large target size. However, 

HBV integration in some HCC cases has been observed to generate a microdeletion 

(15 bp) in the target sequence and this target sequence contains a short region of 

homology to a sequence in the viral genome located close to the junction [Nakamura 

et a l, 1988].

Likewise, several attempts to find preferential chromosomal location(s) and 

sublocation(s) have been made by using cytological {in situ) hybridisation [Henderson,

1982], hybridisation using human-mouse hybrid cell DNA panels [Hino et a l, 1986], 

or hybridisation to DNA from various sorted chromosomes [Fukushige et al., 1986], 

all using the flanking cellular sequences. Although the number of cases reported 

(Table 1-4) is limited, the results suggest that HBV integration may occur at different 

sites on different chromosomes, again suggesting that the integration events are 

random. However, certain chromosomes such as 11 and 17 are found more 

commonly than the others (Table 1-4), though more studies are required to establish 

the significance of this finding and to elucidate any possible biological mechanism 

involved. The possibility that secondary rearrangements may have occurred must 

clearly be borne in mind. There are no such data for integrations in non-tumorous 

liver which might establish whether chromosomal location(s) and sublocation(s) of 

these integrants are the same or different from those found in HCC.

Some gross chromosome rearrangements have been described, including 

deletions (>10 kb), translocations and inversions. Extensive chromosomal deletions 

may be different from the microdeletion discussed above. Rogler et a l [1985] first 

detected the loss of cellular DNA, more than 13.5 kb in size at location 1 lp l3 -p  14, 

which was presumably mediated by an HBV integration. Chromosomal deletions 

have also been reported at locations 4q, 13q and 17p [Wang and Rogler, 1988;
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Table 1-4. Chromosomal Locations and Sublocations 
of HBV Integrants in Infected Hepatocytes*

Chromosomes with 
viral integrants

Chromosomal
site

Number of 
cases

1 q23-q31 1
2 NA** 1
3 p24, NA 2
4 NA 1
5 ql3-ql4, q21-q23 2
6 NA 1
7 NA 1
9 p22-p24 1
11 pl3-pl4, ql3, q22, q23, NA 5
12 ql3-ql4 1
15 q22-q23 1
16 NA 1
17 pll.3 -p l2 , q23-q24, q25, NA 4
18 q 11.1-11.2, q l2 2
X p22.1-p22.3, NA 2

15 17 (9NA) 26

* Modified from Matsubara and Tokino, [1990]. 
** NA: Data not available.

Buetow et a l , 1989; Slagle et al., 1991] but have not been directly related to HBV 

integration. Matsubara and Tokino [1990] described deletions of 12 kb, 11 kb and 

25 kb in three integrants (C5, C35 and P10-1 [Nagaya et a l , 1987]). By hybridisation 

and comparing physical maps of the flanking cellular DNAs with those from cellular 

DNAs before integration, the left and right flanking cellular DNA sequences in each 

case were found to originate from the same chromosome, but from separate regions 

(i.e. different sublocations). However, chromosomal translocations mediated by HBV 

integration may be confirmed when the upstream and downstream of viral integrants 

are joined to cellular DNA originating from different chromosomes [Hino et a l , 1986; 

Tokino et a l , 1987], while in chromosomal inversions both ends of the viral DNA are 

joined to identical cellular DNA sequences [Tokino et a l , 1987; Zhou et a l , 1988]. 

In addition, amplification of a region of chromosomal DNA, presumably associated



66

with integration of HBV DNA, has also been noted [Hatada et a l, 1988].

1.3.5. Mechanisms of integration

The molecular mechanisms of primary HBV DNA integration and possibly 

secondary rearrangements are not yet completely clear. Detailed studies of structure 

of the viral integrants, the flanking cellular sequences and the unoccupied sites in 

cellular DNA have led to some understanding. Two mechanisms have been proposed 

and discussed for the formation of virus-host and virus-virus junctions: (1) illegitimate 

recombination with a patch homologous effect [Takada et al., 1990] and (2) non- 

homologous recombination mediated by cellular enzymes [Hino et al., 1989]. No 

m atter which recombination may occur, the features of integrants described above 

strongly suggest that the substrates for integration may be linear HBV DNA having 

its ends in or around the left border of DR1. Two candidates which may match the 

suggestion have been proposed: linear replicative intermediates of viral DNA [Koshy 

et a l, 1983; Dejean et al., 1984; Nagaya et al., 1987; Shih et al., 1987; Yaginuma et al., 

1987; Nakamura et al., 1988] and the linear molecules of viral DNA which are 

produced through the cleavage of viral cccDNA at the left border of DR1 by cellular 

Topoisomerase I [Hino et al., 1989]. However, viral replicative intermediates have 

only been found in the liver cell cytoplasm [Summers and Mason, 1982; Miller and 

Robinson, 1984], suggesting that these viral DNA forms are quite unlikely to be 

substrates in the nucleus. It appears that the linear forms of viral DNA derived from 

viral cccDNA may be the major substrates.

HBV DNA may integrate into the cellular genome by illegitimate 

recombination with a patch homologous effect (i.e., with strand exchange over a short 

sequence of homology between viral and cellular DNAs) [Nakamura et al., 1988; 

Takada et al., 1990]. Illegitimate recombination is well known although little has been 

done so far to elucidate its mechanism due to its infrequency (the recombination rate 

is about 10'4) and the complexity and variability of the reaction products [reviewed by 

Coffin, 1990]. It is often associated with a complex set of rearrangements of both 

host and inserted DNA. These include deletions and duplications of sequence, 

concatemerization of the insert, and other configurations [Winocour and Keshet,
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1980; Wilson et a l , 1982]. Illegitimate recombination appears to involve an 

aberration of the normal cell DNA repair system, acting perhaps at sites of random 

breakage in the host (target) DNA. This is consistent with what has been observed 

regarding HBV integrants and the host cellular sequences involved. Moreover, a 

foreign DNA may be inserted into mammalian cellular DNA at a very low rate (ca. 

10'7) by homologous recombination [Coffin, 1990]. Such extensive homology has not 

been shown in the case of HBV. It is likely that a weakly homologous region (patch 

homology of around one to six nucleotides) on one side of adjoining viral sequences 

may play some role in strand exchange [Nakamura et a l , 1988; Hino et a l , 1989; 

Takada et a l , 1990], but this has yet to be proven. In the case of virus-virus junctions 

in complex integrants, the mechanism may be basically similar to that for virus-host 

junctions [Takada et a l , 1990].

Recent studies have also suggested that HBV integration may occur through 

non-homologous recombination mediated by cellular enzymes, such as DNA 

topoisomerase I (Topo I) [Hino et a l , 1989]. Topo I is abundant in nuclei and known 

to participate in both cellular DNA replication and transcription and its role may be 

to relieve superhelical tension generated by movement of the replication or 

transcription complexes along the DNA [Champoux and Dulbecco, 1972; Yang et a l ,

1987]. This enzyme introduces a transient, single-strand break allowing the nicked 

strand to unwind [Champoux, 1976; Wang, 1985] and remains covalently bound to the 

3’ phosphate at the nick site during swivelling, thus remaining in position to catalyze 

the closing reaction [Champoux, 1977; 1981]. The 3’ covalently bound Topo I 

molecules can also participate in interstrand linking reactions with heterologous DNA 

molecules containing 5’-OH ends [Halligan et a l , 1982; McCoubrey and Champoux,

1986]. Further, a study of non-homologous recombination in parvoviruses has shown 

that recombination between viral and cellular DNA sequences is enhanced not only 

when the cellular sequences are enriched for preferred Topo I cleavage sites, but also 

by the presence of such a DNA sequence motif {of the type 5’-CT(A/T)T(C/T)T-3’} 

in the viral DNA [Hogan and Faust, 1986]. A sequence (5’-CTTTTT-3’) which 

correspond to Topo I cleavage sites is found in the plus strand of HBV DNA 

between nucleotides 1820 and 1825, in the highly preferred integration region (Figure 

1-3). Based on these findings, Hino et a l [1989] first proposed that the cleavage of
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Figure 1-3. Circular map of HBV DNA illustrating the positions of the 
DR1 and DR2 sequences in the genome. The DNA minus (-) strand 
and the plus ( + ) strand are labeled. The DNA sequence in the vicinity 
of the DR1 and DR2 sites (boxed sequences), the terminally redundant 
region of the minus strand, the locations of the 5’-bindng protein, the 
plus strand RNA primer, and the pregenome mRNA cap site are 
illustrated below the map. HBV genes are indicated on the viral map. 
(Modified from Hino et al., [1989])

the plus strand of HBV cccDNA by Topo I (in the left border of DR1 position 1824) 

would generate a linear molecule which could recombine with cellular DNA at the 

DR1 junction, and that such a mechanism might be involved in the formation of both 

virus-host and virus-virus junctions. This model is supported by data from "in vitro" 

assays [Wang et al., 1990a; Wang and Rogler, 1991] where WHV virion DNA and a 

linear double-stranded human DNA were together subjected to Topo I digestion. 

Both virus-host and virus-virus junctions were amplified by the polymerase chain 

reaction (PCR) technique and analyzed by DNA sequencing. Similar structures to 

those seen in naturally occurring integration were observed; WHV integration and 

virus-virus junctions occurred at the preferred site within the cohesive end region.
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Nonetheless, it is worth while to point out that, no matter how the integrants 

are formed, the integration of HBV DNA is always a mutagenic event: it leads to 

a foreign DNA insertion into cellular DNA and, at the same time, creates a 

microdeletion in host sites. It may also cause secondary rearrangements of 

chromosomes.

1.3.6. Viral integration and liver oncogenesis

Current data imply that HBV integration may play an important role in the 

development of HCC. However, the mechanism(s) responsible for 

hepatocarcinogenesis remains unclear and direct and indirect mechanisms are 

possible.

13.6.1. Effects of viral DNA integrations

Since there is no evidence that hepadnaviruses carry oncogenes (the oncogenic 

potential of the X gene is described below), it has been hypothesized that HBV 

integration may contribute to oncogenesis through insertional mutagenesis. If 

insertion of HBV enhancers or promoters (viral cis-acting elements) occurs, this may 

result in activation of cellular proto-oncogenes or other regulatory genes, as has been 

seen in the cases of other tumour viruses [Hayward et a l , 1981; Payne et a l , 1982; 

Galloway et a l, 1984]. In addition, if viral poly-A site (viral c/s-acting element) is 

inserted, or cellular cis-acting elements are removed, they might lead to inactivation 

of anti-oncogenes or other genes. Alternatively, the altered regulation of cellular 

gene expression might simply be caused by a frameshift mutation as the integration 

process itself not only inserts foreign DNA into cellular genome but also creates a 

microdeletion in it [Nakamura et a l, 1988].

Moroy et a l [1986] first described genetic alterations and enhanced expression 

of the c-myc proto-oncogene in three woodchuck HCCs. In the first tumour (W64) 

analyzed in more detail, a c-myc allele was recombined with a unique cellular 

sequence, without apparent linkage with WHV DNA integration. Southern blot 

analysis of the two other HCCs (W74 and W93) did not provide conclusive results on 

the nature of the rearrangements affecting c-myc in these cases. By molecular
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cloning, Hsu et al [1988] have shown that these two woodchuck HCCs are 

characterized for WHV integration near c-myc gene and alterations of c-myc 

expression. In one tumour (W74), viral integration within the untranslated region (90 

bp downstream) of c-myc exon 3 resulted in overexpression of a long c-rayc/virus co

transcript. In the second tumour (W93), a single insertion of highly rearranged viral 

sequences 600 bp upstream of c-myc exon 1 was associated with increased levels of 

normal c-myc mRNA. In both cases, viral enhancer insertion and disruption of 

normal c-myc transcriptional or post-transcriptional control appeared to be involved 

in c-myc activation. These findings have been extended by Fourel et al [1990], who 

examined 30 WHV-related HCCs and found a high frequency of WHV DNA 

integration in two newly identified N-myc genes: N-m ycl, the homologue of known 

mammalian N-rayc genes, and N-myc2, an intronless "cDNA gene" or "retroposon" 

that has retained extensive coding and transforming homology with N-myc. In about 

20% of cases, viral DNA encompassing the viral enhancer replaced the 3’ 

untranslated region of either N-mycl or N-myc2, resulting in overexpression of N-myc 

mRNA (which is normally undetectable in woodchuck liver). All these suggest that 

activation of myc genes by insertion of WHV DNA may emerge as a common event 

in the genesis of woodchuck HCC.

However, despite extensive searching [Varmus, 1984; Chen et a l, 1988b; 

Matsumoto et a l, 1988], HBV DNA integrations have not been observed near known 

proto-oncogenes. In one human HCC, a single HBV integrant containing a viral 

promoter was found to be inserted into a short, exon-like genomic sequence sharing 

homology with the v-erb-A and steroid receptor genes [Dejean el a l, 1986]. The 

putative exon DNA was used as a probe to isolate the corresponding cDNA and 

nucleotide sequencing revealed that the overall structure of the gene, named hap, was 

similar to that of the DNA-binding hormone receptor genes [de The et a l, 1987]. 

Binding and transcription activational studies have finally shown that the hap gene 

encodes a second human retinoic acid receptor, referred to as RAR-B [Brand et a l,

1988]. In another unique case, HBV DNA has been found integrated into an intron 

of a cyclin A gene [Wang et a l, 1990b]. Both RAR-B and cyclin A genes, essential 

for cell growth and differentiation-, were found to have an increased expression in 

HCCs compared with non-neoplastic hepatocytes [Dejean and de The, 1990; Wang
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et a l , 1990b]. Although such information only comes from two individual cases, 

evidence from other such cases will be forthcoming.

HBV integration may also cause gross chromosomal aberrations (for example, 

translocations, inversions and gross deletions) (Section 1.3.4, above). Although there 

is no evidence for such gross chromosomal abnormalities causing activation of a 

known cellular oncogene in HCC, the potential loss of function of an anti-oncogene(s) 

is also important, a sign for inactivation of anti-oncogenes [Friend et a l , 1988]. 

Restriction fragment length polymorphism (RFLP) using DNA hybridisation probes 

from different chromosomes has enabled detection of loss of constitutional 

heterozygosity (in HBV-related HCC) for loci on chromosomes 4q, l ip , 13q, and 17p 

[Wang and Rogler, 1988; Buetow et a l , 1989; Slagle et a l , 1991]. Of particular 

interest is allelic deletion on chromosome 17p where p53 tumour suppressor gene is 

located (Section 1.1.2, above). Nonetheless, it still remains to be established whether 

these allelic deletions are related to HBV integrations, and how they contribute to the 

genesis of HCC.

I.3.6.2. Effects of viral gene products

HBV gene products might induce abnormal expression of cellular genes (e.g., 

proto-oncogenes, anti-oncogenes or other genes involved in growth control) through 

various mechanisms. The C- and P-coding regions are under the control of the core 

promoter (Pc, Section 1.2.4, above), and this promoter, located within the cohesive 

end region of the genome, has been shown to be inactive in most viral integrants 

(Section 1.3.3, above). Thus products of these two genes seem unlikely to play major 

roles in the process of HCC formation. If they do play a role, it may be during the 

early stage of infection when they are actively produced. It has been suggested that 

the P gene product might contribute to the malignant transformation of infected 

hepatocyte through reverse transcriptase activity [Summers and Mason, 1982; Schlicht 

et a l , 1989]; but the direct evidence is awaited.

However, in some HCCs, the S region in an integrant is expressed from its 

own promoters (Section 1.2.4, above). Chisari et al [1989] have demonstrated a close 

association between hepatic HBsAg concentration, liver cell injury, and HCC 

formation in transgenic mice. The HBs transgenic mice were derived by
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microinjection of an HBs-encoding fragment downstream of mouse albumin promoter 

and enhancer sequences into single-cell embryos which were reimplanted into the 

oviduct of pseudopregnant foster mice. The HBV large envelope polypeptide was 

overproduced in the livers of these mice. Accumulation of toxic quantities of HBsAg 

in hepatocytes led to hepatocytic injury; by 2-3 months of age, these mice began to 

develop liver necrosis and inflammation, and by 6 months, liver regenerative 

hyperplasia. Tumour development was first detectable 9-12 months after the onset 

of injury and, ultimately, all mice with pre-existing chronic liver cell injury developed 

tumours by 18-20 months of age. Such an effect of a viral structural gene product 

may be very indirect. These workers have suggested that prolonged HBsAg-induced 

cell injury causes a pre-neoplastic proliferative response that may foster secondary 

genetic changes promoted by other carcinogenic factors (Table 1-1), leading to 

malignant cell transformation. The importance of this mechanism in natural HBV 

infection remains to be determined.

The possible involvement of the X gene product in oncogenesis is another 

important issue, since the HBxAg is trcins-active (Section 1.2.3.4, above). Koike et al. 

[1987; 1989] have demonstrated that the c-myc mRNA expression is greatly increased 

in HBx-transformed NIH3T3 cells compared to other control cell lines and NIH3T3 

cells, suggesting that growth stimulation may arise from c-myc activation triggered by 

expression of the X gene. Tumorigenicity of transformed NIH3T3 cell lines 

containing many copies of the isolated X gene has also been observed in nude mice 

[Shirakata et a l , 1989]. It is possible that inappropriate expression of an oncogene(s) 

follows /rans-activation by increased amounts of the X gene product(s) from the 

integrated HBV DNA in the hepatocyte. Wollersheim et a l [1988] have shown that 

an integrated HBx DNA cloned from an HCC /ra/is-activates the SV40 early 

promoter and enhancer sequences in a CAT assay. This is further supported by 

Takada and Koike [1990], who have investigated 14 viral integrants from chronic 

hepatitis tissues. In a transient expression assay using the HuH-7 cell line as host, 12 

integrants expressed detectable levels of X mRNA and in CAT assays 10 encoded a 

product with /rans-activation activity despite the loss of the 3’ end region of the X 

gene due to integration. cDNA cloning and sequence analysis of X mRNA 

transcribed from integrated HBV DNA indicated that X gene-cellular fusion mRNA
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and also a carboxyl terminal-truncated X protein were produced. These suggest that 

expression of the X gene in a viral integrant in naturally occurring HCC may be a 

common event, though the X gene is often interrupted by viral integration, as noted 

earlier. However, trans-activation of oncogene expression by the X gene product may 

also occur before viral integration, as HBx protein has been detected in some HCCs 

(Section 1.2.3.4, above). An important experiment [Kim et a l , 1991] has supported 

this issue. Kim et a l [1991] constructed transgenic mice carrying only the entire HBx 

gene under its own regulatory elements. Relatively high levels of X mRNA were 

expressed and the HBxAg was detected in the liver of these mice. At about 4 months 

of age multifocal areas of altered hepatocytes were present in all mice and tumour 

nodules began to appear in the liver at about 8-10 months. Most of the male 

transgenic mice died with tumours at 11-15 months, about 6 months earlier than the 

females. This suggests that expression of the HBx gene alone may result in 

progressive morphological and, presumably, biochemical changes leading ultimately 

to HCC formation. On the other hand, in transgenic mice containing other HBV 

genes (including the entire HBV genome) where the X gene was included, this gene 

expression was not detected [Babinet et a l , 1985; Burk et a l , 1988; Araki et a l , 1989]. 

Even when the HBx gene was introduced under the human Of-1-antitrypsin promoter 

and enhancer in transgenic mice, no liver tumours were found [Lee et a l , 1990].

In addition to the mrns-activation function of the X gene product, recent 

studies have also shown that the products of 3’-truncated pre-S/S sequences from 

integrated HBV DNA from HCC may act as a transcriptional /ra/zs-activator and the 

SV40 and c-myc promoters can be activated in CAT assays [Caselmann et a l , 1990; 

Kekule et a l , 1990]. Such proteins appear unlikely to act directly on DNA but may 

interact with a receptor(s) in the plasma membrane. Not many viral integrants have 

such incidental 3’ truncations of the viral pre-S2/S sequences [Nagaya et a l , 1987], 

although the pre-S/S region is frequently conserved (Section 1.3.3, above). 

Importance of this finding needs to be elucidated.

Although it has been noted that viral gene products may contribute to liver 

carcinogenesis by /ra/zs-activation of cellular genes, there is no direct evidence that the 

rra/zs-activated cellular gene is a proto-oncogene or a gene encoding an inactivator of 

an anti-oncogene. There are some cellular oncogenes, such as myc, fo s , ras, or IGF-
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II, which have been reported to be amplified or transcribed actively in HCC [Gu, 

1988; Himeno et al., 1988; Fukuda et al., 1988]. Isolation of transforming oncogenes 

has also been reported, such as lea and list from HCC [Ochiya et a l, 1986; Hatada 

et al., 1988]. However, few of them have been related to HBV integrations.
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1.4. Research Objectives

HBV infection and subsequent viral DNA integration have been suggested to 

play an important role in the development of HCC. The studies described in this 

thesis are concentrated on HBV integration in liver tumour tissue. Attempts to find 

a molecular basis for carcinogenesis involving integration of viral DNA have been 

made:

(1) the state of integrated HBV DNA in HBV-related HCC tissues from 

South Africa and China were analyzed by Southern blot hybridisation with both 

genomic and subgenomic probes of HBV DNA, and the tumours which appear to 

contain single HBV integrant were selected for further study (Chapter II);

(2) the cellular DNAs from the selected tumours were molecularly cloned 

into the lambda EMBL replacement vector, forming genomic libraries, and the clones 

with HBV integrants were isolated and a preliminary analysis performed on them 

(Chapter III);

(3) the clone LA lIa containing the upstream virus-host junction from one 

tumour was analyzed in detail by restriction mapping, and the integrated viral DNA 

and the flanking cellular sequences were further studied by DNA sequencing 

(Chapter IV);

(4) an attempt was made to modify the polymerase chain reaction (PCR) 

technique to amplify the downstream virus-host junction and the flanking cellular 

sequences from the tumour DNA (Chapter V).

Finally, the results are discussed and concluded, and future work is proposed 

(Chapter VI).
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CHAPTER II.

SOUTHERN HYBRIDISATION ANALYSIS 

OF HBV-ASSOCIATED HCC 

FROM SOUTH AFRICA AND CHINA
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Seroepidemiological studies have revealed a strong relationship between 

chronic HBV infection and the development of HCC (Section 1.1.1.1). This has been 

further supported by the similar outcome of certain animal hepadnavirus infections 

(Section 1.1.1.3). Moreover, integrated HBV DNA sequences have been found in 

over 90% of tumours from HBsAg-positive patients (Section 1.1.1.2). These findings 

imply a causative role of HBV infection and subsequent DNA integration in liver 

carcinogenesis. To date, the detailed studies of integrants by molecular cloning have 

provided some insight into the mechanisms of the viral DNA integration but have not 

led to a profound understanding of the mode of oncogenicity of this virus (Section

1.3). Since detailed analysis has, in many cases, been performed on HBV integrants 

from tumour-derived cell lines or from tumours containing integration at several sites 

(where rearrangements of integrated viral DNA may have occurred subsequent to the 

original integration), it is of interest to study integrated HBV DNA and flanking 

cellular sequences in HCC tissue which has only a single integration of HBV DNA.

Nucleotide acid hybridisation in the form of Southern blot analysis [Southern, 

1975] has been frequently used to detect integrated HBV DNA in tumour tissues. 

In essence, cellular DNA is extracted from the tissue of interest and is subjected to 

agarose gel electrophoresis, usually following digestion with restriction endonucleases. 

After electrophoresis, the DNA is transferred to a nitrocellulose filter or nylon 

membrane to which the DNA can be irreversibly bound. The filter or membrane is 

incubated with a specific rediolabelled probe prepared from cloned HBV DNA. The 

labelled DNA probe will bind to complementary DNA sequences attached to the 

filter (hybridisation), and the hybrid molecules can be detected by autoradiography.

Using this technique plus restriction digestions, free HBV DNA (non

integrated viral DNA) can be differentiated from integrated HBV DNA and the 

integration copy number may also be estimated [reviewed by Sherman and Shafritz, 

1984; Brechot, 1987]. The restriction enzyme Hind III usually does not cut the HBV 

genome, and thus, in the undigested and Hind Ill-digested samples, free viral DNA 

migrates on gel electrophoresis as bands at the same position. The migration
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positions of free viral DNA include replicative DNA intermediates as a smear below 

3.2 kb, relaxed circular forms around 3.6 kb, and supercoiled forms around 2.4 kb. 

If HBV DNA is integrated into cellular DNA, undigested material will appear as a 

diffuse band at the top of the gel. If HBV DNA is randomly integrated into 

numerous different sites in the genome of different cells, Hind III digestion will result 

in HBV DNA sequences spread diffusely throughout the gel. These molecules may 

be detectable as a diffuse smear on Southern blot analysis or may not be detectable 

if present at too low a concentration. However, if HBV DNA is integrated into 

specific sites in cellular DNA, as for example in a tumour of monoclonal origin, then 

Hind III digestion will produce specific, discrete hybridisation bands which are usually 

greater in size than the HBV genome (>3.2 kb). Since almost all tumours are of 

clonal origin, such Hind Ill-digested hybridisation bands (DNA fragments containing 

viral sequences) roughly represent the number of integration copies per cell.

The restriction enzyme Eco RI cuts once within HBV genome. Thus this 

enzyme digestion can be used to distinguish truly integrated HBV DNA from a 

variety of other high molecular weight forms, such as concatamers (fully replicated 

genomes which have remained linked together) or oligomers (linear tandem repeats 

of viral genome). Eco RI digestion will cleave all of these high molecular weight 

forms, producing linear molecules of around 3.2 kb in length. HBV DNA which 

remains in any high molecular weight molecules after Eco RI digestion must be 

covalently linked to host chromosomal DNA (except for viral DNA which do not 

contain or have lost the Eco RI site).

In this preliminary study, ten HCC tissues were screened for the presence of 

single copy integration of HBV DNA by Southern blot hybridisation using genomic 

and subgenomic HBV DNA as probes. Of 10 tumours, nine were found to contain 

integrated HBV DNA, and four of them appeared to have only a single integration 

of HBV DNA.



II.2. MATERIALS & METHODS

79

II.2.1. Tissue Samples

Ten HCC tissues were obtained by surgical resection or at autopsy. They were 

transferred to liquid nitrogen immediately after resection and stored at -70°C until 

used for DNA extraction.

Three tumours were from patients from China (C l, C2 and C3), and seven 

from South Africa (A1 to A7). Most of the patients were HBsAg-positive (Table II-

i).

Table II-l. Serological Data and Hybridisation Results 
of Patients with HCC

Patient Serum HBV DNA in HCC

Number HBsAg Free Integrated

Chinese 1 + _ +
Chinese 2 + - +
Chinese 3 NA* + -

African 1 + + +
African 2 - + +
African 3 NA + +
African 4 + + +
African 5 + - +
African 6 NA - +
African 7 + - +

*NA: Data not available.
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11.2.2. Preparation of Tissue DNA

Frozen tissue specimens were pulverised in liquid nitrogen and homogenised 

with 18 ml of a buffer containing 10 mM Tris-HCl pH8.0, 10 mM NaCl and 10 mM 

EDTA. 10% SDS was added to a final concentration of 0.5% and 20 mg/ml pronase 

to 1 mg/ml and the solution incubated at 37°C overnight. The DNA solution was 

extracted twice with an equal volume of phenol/chloroform/isoamyl alcohol (25/24/1) 

and once with an equal volume of chloroform/isoamyl alcohol (24/1) to remove any 

protein. The phases were separated each time by centrifugation at 2,000-3,000 rpm 

for 20 mins and the aqueous phase was collected. After the final extraction, the 

solution was adjusted to 0.1 M NaCl or 0.3 M NaAc pH5.2 and the DNA precipitated 

with 2.5 volumes of cold absolute ethanol at -20°C overnight. The DNA precipitate 

was pelleted, dried under vacuum and redissolved in 18 ml of TE (8.0). The solution 

was mixed with 10 mg/ml RNase A to a final concentration of 0.1 mg/ml and 

incubated for 2 hrs at 37°C and then 0.5% SDS and 1 mg/ml pronase for 3 hrs at 

37°C, followed by the extraction and precipitation procedure described above. Finally, 

the DNA was redissolved in 2 ml of TE (8.0). After estimation of the DNA 

concentration by reading the OD;w, of a diluted aliquot of the solution, the DNA was 

stored at 4°C.

11.2.3. Preparation of Controls

II.2.3.1. Preparation of PLC/PRF/5 DNA

Cultured PLC/PRF/5 cells [Alexander et al., 1976], which were washed with 

PBS, were obtained from departmental services. The cells were resuspended in a 

solution of 10 mM Tris-HCl pH8.0, 10 mM NaCl and 10 mM EDTA and treated with 

0.5% SDS and 1 mg/ml pronase at 37°C overnight. After phenol/chloroform 

extraction and ethanol precipitation, the DNA solution was treated with 0.1 mg/ml 

RNase A at 37°C for 2 hrs and then with 0.5% SDS and 1 mg/ml pronase at 37°C for 

3 hrs, followed by the extraction, precipitation and quantification procedures as 

described above. This DNA was used as a control for the detection of integrated 

HBV DNA sequences.
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II.2.3.2. Preparation of 3.2 kb HBV marker

Plasmid pL3A comprises the entire HBV genome (adw strain, 3.2 kb) cloned 

as two Pst I fragments [Vaudin et al., 1988] in the correct orientation in pUC19 [F. 

D ’Mello, personal communication] and the insert may be removed by Eco RI and 

Hind III double digestion. Three JL/g of pL3A was double-digested with Hind III and 

Eco RI. A sample of this reaction was electrophoresed through a 1% agarose minigel 

at 5-10 volts/cm for an appropriate time with IX TBE as the running buffer to ensure 

complete digestion. After the reaction was stopped with addition of 0.5 M EDTA to 

20 mM, it was diluted with a buffer containing 10 mM Tris-HCl pH7.5 and 10 mM 

EDTA to 2 pg/jLfl as HBV marker DNA and stored at 4°C.

11.2.4. Restriction Digests

Restriction endonucleases were purchased from BRL (Bethesda Research 

Laboratories, Gibco BRL Ltd., UK) or Amersham (Amersham International pic., 

Amersham Laboratories, UK) or Pharmacia (Pharmacia LKB Biotechnology, 

Pharmacia Biosystems Ltd., UK). All restriction digests were carried out under the 

conditions recommended by the manufacturers. For separation of the DNA fragment 

by electrophoresis, a small sample, after digestion of the DNA, was run on a 1% 

agarose minigel to confirm that digestion was complete. In addition, Hind Ill-cleaved 

lambda DNA fragments were always run as size markers on the gel.

11.2.5. Large Scale Plasmid Preparation [Birnboim and Doly, 1979]

II.2.5.1. Amplification of plasmid and alkali lysis

A volume of 500 ml of Luria-Bertani (LB) medium containing 50 jL/g/ml 

ampicillin was incubated with 100 (J\ of an overnight culture of the bacteria 

harbouring the appropriate plasmid in an orbital shaker overnight at 37°C. The 

bacterial cells were pelleted at 5,000 rpm for 10 mins at 4°C, washed with 30 ml of 

ice-cold STE and spun down again. The pellet was resuspended in 8 ml of ice-cold 

solution I and incubated at room temperature for 5 mins. Then, 16 ml of solution II 

was added and the mixture was incubated on ice for 10 mins, followed by 10 mins on
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ice with 12 ml of ice-cold solution III. After the solution was filtered through muslin 

to remove bacterial debris, it was centrifuged at 20,000 rpm for 1 hr at 4°C to 

separate plasmid DNA from any bacteriai debris and chromosomal DNA. The 

supernatant was collected and measured. Then the plasmid DNA was precipitated 

with a half volume of isopropanol at room temperature for 15 mins and pelleted at 

8,500 rpm for 30 mins at 20°C. The pellet was dried under vacuum, resuspended in 

TE (8.0) and further purified by CsCl/EtBr gradient centrifugation (see below).

II.2.5.2. CsCl/EtBr gradient centrifugation

The plasmid DNA precipitate was dissolved in 8 ml of TE (8.0). Eight g CsCl 

and 0.8 ml of 10 mg/ml Ethidium Bromide (EtBr) was added and the solution 

centrifuged at 5,000 rpm for 10 mins at 20°C to remove the precipitated RNA. The 

refractive index was adjusted with solid CsCl to 1.3905 using a refractometer. The
Q

solution was p i t te d  into 5 ml heat-seal tubes and spun in a Beckman VTi 80 rotor 

at 50,000 rpm at 20°C for 16 hrs. The DNA bands were then visualised using UV 

light and the lower band, covalently-closed-circular DNA, was collected using a 

syringe and needle. The EtBr was extracted five times with CsCl/TE pH8.0-saturated 

isopropanol. The DNA was then dialysed against 2 litres of TE (8.0) overnight with 

one change of buffer to remove CsCl. The DNA concentration was estimated by 

reading the OD260 of a diluted aliquot of the solution.

II.2.6. Separation of DNA Fragments

II.2.6.1. HBV genomic fragment [Chen et a l 1986]

Plasmid pEcob6, which contains two copies of the HBV genome, was amplified 

and the DNA purified by large scale plasmid preparation. A total of 100 ]L/g of the 

plasmid DNA was digested with Eco RI and run on a 1% agarose preparative gel at 

5-10 volts/cm for an appropriate time with IX TBE as the running buffer. After 

electrophoresis, the gel was stained with EtBr at 0.5 jL/g/mlat room tem perature and 

viewed under UV. The 3.2 kb HBV DNA fragment was cut out and put into a 

dialysis bag containing IX TBE buffer. The DNA was then electroeluted from the 

agarose for 1 hr at 100 volts, followed by a reversion of the polarity for 1 min to
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remove any DNA from the wall of the bag. The eluant was then collected and 

loaded onto the DEAE-Sephacel column, a short Pasteur pipette with 800 jL/1 of 

DEAE-Sephacel equilibrated with 3 ml of TE pH7.5/0.6 M NaCl, 3 ml of TE pH7.5 

(no salt) and 3 ml of TE pH7.5/0.1 M NaCl. The solution was collected and reloaded 

to ensure that the DNA was bound to the column. The DNA was then eluted from 

the column three times with 0.5 ml TE pH7.5/0.6 M NaCl. The eluates were 

extracted with phenol/chloroform and then precipitated with ethanol at -20°C. After 

it was pelleted and resuspended, an aliquot of the DNA solution was electrophoresed 

through a 1% agarose minigel to quantify the DNA in comparison with 1 jL/gof the 

size markers.

II.2.6.2. HBV subgenomic fragments

Five subgenomic fragments (a-e) have been made by digestion of the entire 

Eco RI linearised HBV genome with Bam HI, Hpa I and Bgl II (Figure II-l) and 

then subcloned into appropriately digested pUC9 [Chen et ciL, 1988a]. The inserts 

in these plasmids represent the S, Enl (Enhancer I), X, C and pre-S genes. For the 

use of each fragment, the plasmid was amplified and purified by large scale plasmid 

preparation. An appropriate amount of plasmid DNA was double-digested with Hind 

III and Eco RI, and the digested DNA was precipitated with ethanol. Then the 

specific fragment was separated from the vector DNA by gel electrophoresis and 

purified by DEAE-Sephacel column chromatography, phenol/chloroform extraction 

and ethanol precipitation (as described above). The DNA concentration was 

estimated by minigel electrophoresis.

II.2.7. Radiolabelling DNA

II.2.7.1. Radiolabelling DNA molecular weight markers

One jL /g  of Hind Ill-cleaved lambda DNA was mixed with 1 jL/1 of 10X 

nick-translation salts (0.5 M Tris-HCl pH7.9, 0.05 M MgCh, 0.01 M DTT and 0.5 

mg/ml BSA), 3 jL/1 of [Of-32P]-dCTP, 1 jL/1 each of 2 mM dATP, dGTP and TTP, and 1 

unit of Klenow fragment (the large fragment of DNA polymerase I) in a final volume 

of 25 jL/1. The mixture was incubated at room temperature for 20-30 mins. Two 2 jL/1
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Figure II-l. Schematic representation of subgenomic HBV DNA 
probes. A restriction map of cloned HBV DNA linearized by Eco RI 
is shown and the restriction sites are indicated (E: Eco RI; B: Bam HI; 
D: Bgl II; Hp: Hpa I). The regions representing various HBV genes 
and the subgenomic fragments (designed as a, b, c, d and e) used as 
probes are shown below the restriction map. The map positions of the 
coding sequences and the subgenomic fragments are indicated. 
(Modified from Chen et a I., 1986)

samples of 1:10 dilution were spotted onto Whatman GF/C glass microfibre filters. 

One was air-dried and the other precipitated with trichloroacetic acid (TCA): washed 

three times with 5% ice-cold TCA/0.1 M tetra-sodium pyrophosphate, followed by a 

single wash with methanol and then with acetone to dry the filter. Both filters were 

put into scintillation vials containing a toluene-based scintillation fluid and counted 

to estimate the percentage incorporation of the 32P-dCTP. The reaction was stopped 

with 20 mM EDTA, diluted with 475 JL/1 of TE (8.0), and then passed down through 

a Sephadex G-50 spun column to remove the unincorporated dNTPs (see below).
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11.2.7.2. Random oligo-primed radiolabelling DNA probe [Feinberg and Vogelstein,

1983]

Five Jil of HBV DNA (50-100 ng) was denatured by boiling in a 0.5 ml 

eppendorf tube with a punctured cap for 2 mins and immediately quenched on ice. 

The denatured DNA was mixed with 5 JL/1 of a solution containing 100 mM each of 

dATP, dGTP and TTP, 250 mM Tris-HCl pH8.0, 25 mM MgCl2 and 50 mM 6- 

mercaptoethanol, 5 Jil of 1 M Hepes pH6.6, 1.4 fj\ of a solution of 45 jL/g/ml pd(N)6, 

1 mM Tris-HCl pH8.0 and 1 mM EDTA, 1 JL/1 of 10 mg/ml BSA, and 2.1 JL/1 of 

d.d.H20 . Then, 5 JL/1 of [Of-32P]-dCTP and 1 unit of Klenow fragment were added and 

the reaction was incubated at room temperature for 70 mins. Two diluted samples 

were made from the reaction and spotted onto Whatman glass fibre filters (as 

described above). One was air-dried and the other TCA precipitated. Both of them 

were then counted. When the percentage incorporation of 32P-dCTP reached 50%, 

the reaction was stopped with EDTA. The labelled DNA was separated from the 

unincorporated dNTPs by Sephadex G-50 spun column chromatography (see below).

11.2.7.3. Sephadex G-50 spun column chromatography

A disposable 1 ml syringe was plugged with sterile glass wool, filled with 1 ml 

of Sephadex G-50 in TE (8.0) and placed into a glass centrifuge tube. The column 

was spun at 2,000-3,000 rpm for 2 mins, washed with 1 ml TE (8.0) and spun again. 

The DNA in the diluted reaction mixture was separated from the unincorporated 

dNTPs by centrifugation at 2,000-3,000 rpm for 2 mins. Two 5 JL/1 samples from the 

eluant of the column were spotted onto Whatman glass filters. One was TCA 

precipitated and both were counted to estimate the amount of 32P-dCTP incorporation 

(as described above). Radiolabelled DNA was stored (in a lead pot) at 4°C.

II.2.8. Southern Blot Hybridisation [Southern, 1975]

A total of 20 Jig of cellular DNA was digested with appropriate restriction 

enzymes at 2.5 units per Jig DNA overnight at 37°C. After addition of loading buffer, 

the DNA digests were electrophoresed through vertical 1% agarose gels. Control 

tracks on each gel contained 20 pg of 3.2 kb HBV marker (as a sensitivity control for
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the probe, a marker for 3.2 kb HBV, and a control for the vector contamination of 

the probe) and 20 fjg  of Hind Ill-digested PLC/PRF/5 DNA (as a control for the 

detection of integrated HBV DNA sequences). Radiolabelled, Hind IH-cleaved 

fragments of lambda DNA were used at 2.0X104 cpm/track as molecular size markers.

After electrophoresis, the gels were stained with EtBr and photographed with 

Polaroid type 57 film to verify the DNA digestion. The DNA was then denatured 

with 0.5 M NaOH/1.5 M NaCl twice for 30 mins, neutralised with 0.5 M Tris 

pH7.2/1.5 M NaCl/1 mM EDTA twice for 30 mins, and finally transferred from the 

gel to a Hybond-N (Amersham Laboratories, UK) membrane according to Southern’s 

method [Southern, 1975]. The membrane was irradiated with UV light for 5 mins to 

fix the DNA to the filter and then prehybridised at 65°C overnight with shaking at 200 

]L/l/cm2-filter in a solution of 6X SSC, 0.5% SDS, 5X Denhardt’s [Denhardt, 1966] and 

100 jL/g/ml of heat denatured carrier DNA. This was followed by hybridisation at 65°C 

for at least 18 hrs with shaking with 5.0X107 cpm (per filter) of 32P-labelled HBV 

DNA (specific activity: 5.OX 107-2.0X 108 cpm/jL/g)in the above prehybridisation solution 

at 50 jLll/cnr-filter. The labelled DNA and carrier DNA were boiled together for 5 

mins and quenched on ice before they were added to the solution. After 

hybridisation with either the full-length genome or subgenomic fragments of HBV 

DNA, the membrane was washed with 2X SSC twice for 15 mins, with 2X SSC and 

0.1% SDS once for 30 mins and with 0.1X SSC (a high stringency wash) once for 10 

mins. All washes were carried out at 65°C with shaking. Then, the membrane was 

blotted with Whatman 3MM filter paper to remove any excess liquid and exposed to 

a Kodak XAR-5 film with Kodak ‘XAR’ film intensifying screens at -70°C.

II.2.9. Removal of the probes

Before it could be reprobed with a new subgenomic fragment of HBV DNA, 

the hybridised membrane was boiled in a solution of 0.1% SDS for 1 hr. After the 

solution had cooled down to room temperature, excess liquid was removed from the 

membrane. The membrane was then autoradiographed to ensure that the probe had 

been removed efficiently.
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IL3.1. Presence of HBV DNA integration in HCC tissues

Cellular DNA was extracted from 10 frozen tumour samples from patients 

from South Africa (A1 to A7) and China (C l to C3), and one non-tumorous portion 

of the liver available from a Chinese patient (NC2). The DNA was digested 

separately with Hind III and Eco RI and analyzed for the presence of integrated 

HBV DNA and the number of integrants using Southern blot hybridisation with the 

entire HBV genome (purified from vector sequences) as a probe. Discrete high 

molecular weight DNA bands of more than 3.2 kb were detected in 9 of 10 cases 

after digestions with various enzymes, indicating that these samples contained 

integrated HBV DNA (Figure II-2 and Table II-l). In the remaining case (C3), only 

replicative forms of viral DNA [Shafritz, 1982] were detected as a smear of 3.2 kb 

and less and there was no evidence of integration. HBV DNA was not detectable in 

the non-tumorous sample (NC2) from Chinese patient 2 (data not shown).

Digestion with Hind III (which does not cut the HBV genome) revealed single, 

hybridisation-positive bands in tumours A l, A2, A3, A4, C l and C2 (Figure II-2, lanes 

H), suggesting that these tumours may contain only single HBV integrants (roughly 

one integrated viral genome per cell). Digestion with Eco RI (which has one site in 

most variants of the HBV genome) showed single bands in A3 and C l, two bands in 

A l, A2 and C2, and four bands in A4 (Figure II-2, lanes E). This implies that, among 

the single integrants, the A4 one may structurally be more complex than the others 

or there may be more than one integrant not detected in the Hind III digestion. The 

remaining three samples (A5, A6 and A7) showed more than one band after both 

Hind III and Eco RI digestions (Figure II-2), suggesting that these tumours contain 

multiple HBV integrants (more than one integrated viral genome per cell).

The unique Hind III bands in the cases of A l, A2, A3 and A4 were all at 

around 4.6 kb but the patterns after Eco RI digestion clearly distinguish A3 and A4 

from each other and from A l and A2 which still resemble one another (Figure II-2). 

To clarify whether A l and A2 might originate from the same source (for example, if 

an error had been made in their labelling), these tumour DNAs were analyzed by
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further digestion with Bam HI, Kpn I, and Pst I (Figure II-3). The patterns of 

hybridisation are still similar except that Pst I digestion showed two very faint bands 

of 8.0 and 5.0 kb in A l and one band of 8.0 kb in A2 (Figure II-3, lanes P). This 

data is not strong enough to confirm that these two tumours are different from each 

other. It can be further examined by more restriction digestions of double amount 

of these two tumour DNAs. Since the aim of this preliminary study is to find out 

tumours containing single copy integration of HBV DNA, the further examination has
eft

not b ^  carried out.

Analysis of tumour C l DNA digested with Hind III has revealed a single 

hybridisation positive fragment of around 5.1 kb and in the case of C2, a fragment of 

about 7.3 kb. According to the amount of each tumour DNA available, C l and C2 

were subjected to the analysis by further restriction digests to obtain more 

information on the integrants. Besides Hind III and Eco RI, restriction enzymes Bam 

HI, Bgl II, Hpa I, Kpn I, Pst I, Pvu II and Xba I were employed. Many published 

HBV sequences contain no sites for Hind III or Kpn I, one site for Eco RI and Hpa

I, two sites for Pst I, and three sites for Bam HI, Bgl II, and Xba I [for example, 

Galibert et al., 1979; Vaudin et a l 1988]. The patterns of hybridisation are shown 

in Figure II-4. In the case of tumour C l, single hybridisation positive bands were 

apparent after digestion with Bgl II, Eco RI, Hind III, Hpa I, and Kpn I, while two 

bands were seen in the case of the other four digestions (Bam HI, Pst I, Pvu II, and 

Xba I) (Figure II-4, C l). The data are consistent with the conclusion that C l may 

contain only one viral integrant, with sites for Bam HI, Pst I, Pvu II, and Xba I within 

the HBV DNA. Hybridisation to DNA from tumour C2 showed single bands after 

digestion with Hind III and Hpa I, two bands with Bam HI, Eco RI, Kpn I and Pvu

II, and three bands with Bgl II, Pst I and Xba I (see Figure II-4, C2). This suggests 

that the C2 integrant may be more complex, with more than one viral unit or 

integrant.

II.3.2. Extent of Integrated HBV DNA in Selected Tumours

In order to determine the regions of the HBV genome present in each case 

in the tumours with integration at a single site, the integration of subgenomic
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Figure 11-3. Southern analysis of tumour A l  and A2 D N A  digested 
using five restriction enzymes. E: Eco RI; H: Hind III; B: Bam HI; K: 
Kpn I and P: Pst I. A: Alexander cell D N A  and M: markers  as noted 
in Figure 11-2.
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fragmeents of HBV DNA in the above single integrant-positive tumours (except for 

C l wlhere there was not enough DNA) were analyzed using hybridisation with 

subgemomic HBV DNA probes, representing the S region (a), Enl (Enhancer I, b), 

X regiion (c), C region (d), and pre-S region (e) (Figure II-l).

The results of analyses of A l, A2, A3, and A4 are shown in Figure II-5 and 

sum m arized in Table II-2. In Hind III lanes, all viral regions were represented in the

Table II-2. Analysis of Tumours A l, A2, A3, and A4 
Using probes Representing the Entire HBV Genome 

and Siubgenomic Fragments

Size Genomic Subgenomic Probes

Cases Enzyme (kb) Probe S En-I X C Pre-S

4.6 + + + + + +
Hind III 3.5 - + - - -

2.5 - - + + + +
A l

7.5 + + _ -

Eco RI 4.4 + + - - - +
3.2 - - + + - -

4.6 + + + + +

A2
Hind III 3.5 - + - - - -

7.5 + + ± _ _

Eco RI 4.2 + - - - - -
3.2 - - + - + +

4.6 + + + _ + +

A3
Hind III 3.5 - + - - - -

7.5 + + - - _

Eco RI 3.2 ± - + - + +

4.6 + + + _ + +
Hind III 3.5 - + - - - -

A4
2.5 - - - - - +

7.6 + + - - - -

Eco RI 3.6 + + - - - -

3.2 + + + - + +
2.8 + - - - -
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4.6 kb HBV DNA-positive band of A l, and only the X region was not present in 

those of the remaining three cases (Figure II-5, lanes H). This suggests that only the 

A l integrant may contain a viral unit including all the genomic regions. Eco RI 

digestion only showed the S gene sequence in all HBV DNA-positive bands and the 

pre-S region in some (Figure II-5, lanes E); this may be due to certain experimental 

reasons during the analysis. The data do not enable further estimation of the 

structure of the integrated viral DNA, especially in the case of tumour A4 where 

there may be more than one viral integrant (above section).

Interestingly, some new bands were apparent after hybridisation with some of 

subgenomic HBV DNA probes. In Hind III lanes, new bands sized approximately 3.5 

and 2.5 kb were detected (Figure II-5, lanes H). These sizes are consistent with the 

relaxed circular and supercoiled viral DNA. If this was the case, digestion with Eco 

RI might linearize those DNA molecules. Indeed, in the Eco RI lanes, new bands 

appeared to be the 3.2 kb linear molecules of HBV DNA (Figure II-5, lanes E). The 

appearance of the new bands may result from higher sensitivity of probes of lower 

complexity.

In the case of tumour C2 (Figure II-6 and Table II-3), Hind III digestion 

revealed the presence of all viral genomic regions in the unique band of around 7.3 

kb and other restriction digestion lanes showed more complex patterns. New bands 

were also apparent after hybridisation with viral subgenomic probes, including one of

2.4 kb in Pst I lane, one of 4.4 kb in Xba I lane, two of 3.5 and 2.5 kb in Eco RI lane, 

three of 3.8, 2.9 and 1.8 kb in Hpa I lane, and four of 5.3, 4.9, 2.6 and 2.4 kb in Kpn 

I lane. These hybridisation positive fragments are not extrachromosomal viral DNA 

since 3.2 kb linear molecules of HBV DNA were not detected after Eco RI digestion. 

Analysis of the data in Table 11-3 allows some conclusion as to the structure of the 

integrated HBV DNA. For example, the 3.5 kb Pst I fragment was positive with all 

but the C region probe, while the 2.4 kb Pst I fragment hybridized to the S, Enl, and 

X regions. This implies that each of these two Pst I fragments may individually 

contain one defective HBV genome (totally two viral units). Similar results can be 

observed after the digestion with Eco RI, Kpn I, and Xba I. These data suggest that 

in tumour C2, the single hybridisation positive fragment of around 7.3 kb after Hind 

III digestion may contain at least two viral integrants or there may be two unresolved
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Table II-3. Analysis of C2 Tumour Using Probes 
Representing the Entire HBV Genome 

and Subgenomic Fragments
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Size Genomic Subgenomic Probes

Enzyme (kb) Probe S En-I X C Pre-S

8.7 4- - - 4-4- +  + 4 -
Bam HI 6.7 + +  + + - - 4-4-

4.3 + . . .

5.1 4-4-4- +  +  4-4- 4-4-4-
Bgl II 3.7 4-4- - - - +  +  4-4-4-

2.6 4-4- - - - 4-4-

7.8 + +  ± - 4-4- - 4-
5.4 + 4- - - - 4- +  +

Eco Rl 3.5 - + +  -

Hind III 7.3 + 4- 4- + +  4- 4-4-

9.5 + 4- ±  - + +  4-4-
3.8 - + -

Hpa I 2.9 - +
1.8  +  -

15.5 + +  - ± - ±
8.5 + +  - - ± + ±

Kpn I 5.3 - - + ± -
4.9 - - - + + + + - + +
2.6 - + + +  - + +
2.4 - + +  + + +

6.6 + +  - - - + +  +

3.5 + + + + + + + + + - + +
Pst I 2.4 - + + + + + +

1.3 + . . .

6.6 + +  ±  - + +  - +  +
Pvu II 2.5 +  +  4- - - - 4- 4- 4- 4- +  H

4.4 - 4- 4- 4“ 4" - 4*
3.3 4-4-4- - - 4- 4-4-

Xba I 2.9 4-4-4- 4- 4- - - 4-4-
2.8 + +  +  - +  +  4-4- - + 4 -
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Hind III fragments of around 7.3 kb, each of which contain a viral integrant. The 

data indicate that tumour C2 may contain multiple integration of HBV DNA.

Additionally, the C, pre-S, S, and Enl regions were represented in five tumours 

analyzed and the X region was present only in three cases (A l, A2 and C2). The 

data suggests that X region might be lost in two cases (A3 and A4) during integration.



II.4. DISCUSSION
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Many studies have shown that the majority of HBV-integrant-positive HCCs 

appear to contain clonal integrations, while non-clonal integrations and free forms of 

HBV DNA are frequently found in non-tumorous hepatocytes (Section 1.3.1). The 

frequent appearance of viral replicative intermediates and integrations in non- 

tumorous tissue suggests that viral replication was ongoing in the non-tumorous 

hepatocytes and those integrations may play a role in transformation process. In the 

present study, neither free nor integrated forms of HBV DNA were detected in the 

non-tumorous tissue from Chinese patient 2 (NC2). Only low molecular weight 

replicative intermediates were seen in tumour C3, and some other free forms of viral 

DNA were found in four African tumours (A l, A2, A3, and A4) after hybridisation 

with subgenomic viral probes. It is possible that in the non-tumorous sample from 

the Chinese HBV DNA was undetected or in non-clonal integrated form, and that 

those four African tumours were cross-contaminated with non-tumorous-infected 

tissue nearby or virus-infected blood. However, high molecular weight hybridisation 

positive bands detected in 9 of 10 tumours are specific and discrete, consistent with 

clonal integration of HBV DNA in liver cancer (Section II. 1, above). Of the 9 

integrant-positive cases, six are HBsAg-positive (Table II-1). This result appears to 

be in agreement with published data that over 90% of HBsAg-positive tumours 

contain integrated HBV DNA (Table II-4). All these support the seroepidemiological 

finding that HBV infection may play a major causal role in the evolution of liver 

cancer.

Interestingly, after Hind III digestion, all 6 African tumours appeared to have 

a similar hybridisation positive band of around 4.6 kb, which may also be observed 

in Hind Ill-cleaved PLC/PRF/5 DNA (Figure II-2, lane A). Since the PLC/PRF/5 cell 

line was derived originally from a tumour of an African patient [Alexander et a l , 

1976], the possible linkage between these integrations was thought to be of interest. 

An attem pt has been made to understand whether the interesting finding implies that 

those integrations may occur at the same chromosomal sites. Seven viral integrants 

in PLC/PRF/5 DNA have been analyzed in detail by molecular cloning [Shaul et al.,
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Table II-4. Serological Profiles and HBV DNA in HCC 
from Different Geographical Areas

Geographical
Area Case

No.

No. of Samples

Serum Integ. 
HBsAg HBV DNA

Integ.* 
HBV DNA 

/HBsAg
(%)

Ref.

Senegal 4 3 3 3/3 Summers
(1978) (100) et a l

Ivory Coast 13 10 13 10/10 Brechot
(1981) (100) et al
Africa 20 12 15 12/12 Shafritz
(1981) (100) et al

Senegal &
Germany 7 4 3 3/4 Koshy

(1981) (75) et a l
France 20 0 20 -/- Brechot
(1982) (-) et al

Taiwan 8 8 8 8/8 Chen
(1982) (100) et a l

France &
Mediterranean 20 0 17 -/- Brechot

(1985) (-) et a l
Japan 85 23 23 19/23 Hino
(1985) (83) et a l

Taiwan 13 9 7 7/9 Miller
(1985) (78) et a l

Taiwan 31 19 26 16/19 Chen
(1986) (10NA*) (84) et a l

Shanghai 17 14 13 13/14 Zhou
(1987) (93) et a l
Japan 6 5 6 5/5 Togawa
(1987) (100) et a l

Taiwan 35 27 26 25/27 Lai
(1988) (93) et a l
Japan 24 11 12 11/11 Ding
(1989) (100) et al

Shanghai 8 8 7 7/7 Loncarevic
(1990) (100) et al

China &
South Africa 10 6 9 6/6 This

(1990) (3NA) (100) Study

Total 321 113 209 145/158
(13NA) (1NA) (92)

integ.: Integrated NA: Data not available.
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1984; Ziemer et al., 1985]. Two of them are simple integrants and the remaining five 

are complex ones. Hind III digestion of the DNA does not reveal a band of around

4.6 kb which may contain either of those two intact simple integrants, but a 4.5 kb 

band that contains two thirds of one complex integrant (clone 15). As complex 

integrants may be the products of secondary rearrangements after viral integration 

[Nagaya et al., 1987], the data exclude out the postulated possibility. This further 

indicates that each tumour has its unique HBV DNA hybridisation pattern, although 

similar sized bands can be found in different tumours.

Molecular cloning analyses have shown that integrated HBV DNA in tumours 

or in cell lines derived from them often contains multiple rearrangements, including 

deletions, inversions, and direct or inverted duplications [Mizusawa et al., 1985; 

Ziemer et al., 1985; Nagaya et al., 1987; Matsumoto et al., 1988; Matsubara and 

Tokino, 1990]. A few workers also analyzed the state of integrated viral DNA in 

tumours by Southern blot hybridisation using subgenomic regions of HBV DNA as 

probes [Togawa et al., 1987; Zhou et al., 1987; Chen et al., 1988a]. All these data 

suggest that S gene sequences are most often present in the integrants, the pre-S and 

X regions are conserved with an equal frequency, and the C region is very frequently 

lost. However, in a series of HCC propagated in nude mice, the HBV X gene 

sequence was always retained, while the S and C gene ones were found in 6 of 7 

samples [Miyaki et al., 1986]. In the present study, only the X region is missing in one 

of five cases. This does not allow one to draw any conclusion, since the number of 

the samples is limited and the samples are highly selected (in terms of looking for 

single integrants), which could hardly compare with the previous data resulting from 

randomly selected samples (the majority of which contained multiple integrants). 

According to the molecular cloning observations (Section 1.3.3), the majority of HBV 

integrations occur within or around the cohesive end region of HBV and a hotspot 

for integration is located at the left border of DR1 position 1824, where the end 

sequence of X region overlaps the start sequence of C region. From these points of 

view, the S gene sequence may always be present with a high frequency, but the X 

and C regions may have an equal chance to be lost during integration. This has yet 

to be elucidated by more data from simple integrants or further study.



CHAPTER III.

GENOMIC CLONING OF TUMOURS 

Al, A2, A3, A4 AND C2



INTRODUCTION
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Analysis of four tumours (Al, A2, A3 and C l) gave data consistent with only 

single viral DNA integrants in each case (Chapter II). To date, five such cases have 

been studied in detail [Dejean et al., 1984; 1986; Hino et a l, 1986; 1989; Wang et a l, 

1990b]. The reason for this is not only that HCCs with single integrants are relatively 

rare, but also that the step-by-step analysis of such tumours is very labour intensive. 

Nonetheless, amongst those five cases, the integrated viral DNA was demonstrated 

to interrupt the coding region of the retinoic acid receptor B (RAR-B) in one tumour 

[Dejean et a l, 1986; de The et al, 1987; Brand et a l, 1988], and a cyclin A gene was 

disrupted in another [Wang et a l, 1990b]. The remaining three have not yielded 

further detailed information regarding the cellular genes at the sites of integration. 

The RAR-B and cyclin A genes are both essential for cell growth and differentiation, 

and inappropriate expression of such a gene may contribute to cellular 

transformation. The data support the hypothesis that HBV may act as an insertional 

mutagen, although a common molecular basis is not apparent and the actual 

mechanism of action of HBV DNA integration is still unknown. An approach to find 

the molecular basis of integrants and other human genes which may be involved in 

neoplasia is to analyze more such tumours that contain only single viral integrants.

In order to analyze the viral DNA integrants and the flanking cellular

sequences in detail, the first important step is to construct genomic libraries from the

selected tumours. A genomic library is a set of recombinant clones sufficient in size
•to

and number to be likely^represent the entire genome of the human DNA. Thus, from 

libraries of the selected HCC DNA, clones containing HBV integrants and flanking 

cellular sequences may be isolated for further studies. Genomic libraries may be 

constructed in the lambda EMBL3 replacement vector [Frischauf et a l, 1983], which 

can carry 10 to 23 kb of inserted DNA by replacing a segment (stuffer fragment) 

flanked by pairs of Eco Rl, Bam HI and Sal I sites. Briefly, the quasi-random cellular 

DNA fragments, obtained by partial digestion of the total cellular DNA with 

restriction enzymes (such as Sau 3AI) that recognize a 4-bp sequence and generate 

a cohesive end, are ligated to Bam HI sites with the left and right arms of the vector,
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which are separated from the internal stuffer fragments by size fractionation. The 

long concatemeric molecules produced by the ligation are subsequently packaged into 

lambda phage heads using an in vitro packaging system. The recombinant phages can 

be selected by their Spi phenotype. Normally, bacteriophage lambda cannot infect 

E.coli cells that carry a prophage called P2 and it is then defined to be Spi+ (sensitive 

to P2 inhibition). The products of red and gam genes located in the stuffer fragment 

of lambda EMBL3 vector are responsible for the inhibition of growth in a P2 lysogen. 

The replacement of the stuffer with new DNA causes bacteriophage lambda EMBL3 

to change from Spi+ to Spi', so only recombinants are Spi' and can infect a P2 lysogen 

of E.coli, forming recombinant piques. Finally, clones that contain the HBV 

integrants and the flanking cellular sequences can be identified through screening 

recombinant clones by DNA hybridisation using an HBV-specific probe.

In this study, genomic libraries for three single-integrant-positive tumours {Al, 

A2 and A3 (Cl DNA was not enough)} and two tumours (A4 and C2) containing 

simple pattern of integrated HBV DNA (Chapter II) were constructed in the Lambda 

EMBL3 vector and screened by /n jtfa  hybridisation with an HBV DNA probe. Five 

identical clones were isolated from one library (LAI) and the DNA was purified and 

subjected to preliminary analysis. The inserted DNA is about 16.0 kb in length and 

contains only a portion of the integrated viral DNA (the core gene region) along with 

upstream cellular flanking sequences; the remainder of the viral DNA insert along 

with the downstream junction and flanking sequences are not present in the clone.
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111.2.1. Tumour Samples and Other Materials

Tumours A l, A2, A3, A4 and C2, appear to contain Simple p a tte rn  of 

integrated viral DNA and were chosen for construction of libraries.

Lambda phage EMBL3 [Frischauf et a l , 1983], a replacement vector providing 

genetic selection via the red and gam genes carried by the stuffer fragment (see 

above), was used as the vector for genomic cloning.

E.coli Strains NM538 and NM539 [Frischauf et a l, 1983] were used for the 

titration of libraries and the growth of phage. NM538 is used for the growth of all 

phage (Spi+ and Spi' types), whereas NM539, a P2 lysogen, only for Spi' recombinants.

Strain LE392 of E.coli (prepared by L. Enquist [Maniatis et a l, 1982] was 

commonly used to propagate lambda phage vectors and their recombinants.

111.2.2. Construction of Genomic Library [Maniatis et al., 1982] (Figure III-l)

III.2.2.1. Preparation of cloning arms

Lambda EMBL3 DNA [Frischauf et a l, 1983] was prepared from the large 

scale procedure described below. After confirmation of the multiple cloning sites by 

digestion with appropriate restriction enzymes, a total of 75 jLig of the vector DNA 

was double-digested with Bam HI and Eco Rl at 37°C to completion. EDTA was 

added to a final concentration of 20 mM to stop the reaction. The reaction mixture 

was extracted with phenol/chloroform and precipitated with ethanol (Section II.2.3). 

The DNA was pelleted, dried and dissolved in 500 fj\ of TE (8.0). This DNA 

preparation was then reannealed completely by the addition of 5 /L/l of 1 M MgCl2 and 

incubated at 42°C for 1 hr, followed by the separation of the cloning arms through 

a 5-40% sucrose gradient in 35-ml tubes using the Beckman AH627 rotor at 26,000 

rpm for 24 hrs at 15°C.

After the centrifugation, 0.5-ml fractions were collected via a needle inserted 

through the bottom of the tube. 15 jl/1 of every second fraction were analyzed by 

electrophoresis on 0.4% gels with markers. The fractions containing the cloning arms
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were pooled and dialysed against 5 litres of TE (7.8) with one change of buffer at 

4°C overnight. The volume was then reduced by the addition of an equal volume of

2-Butanol, which was later removed by extraction with diethy ether. Finally, the 

cloning arms DNA was precipitated with ethanol.

In order to reduce the background of wild type phages following ligation and 

packaging, the preparation of cloning arms was redigested with Bam HI and Eco Rl. 

After phenol/chloroform extraction and isopropanol precipitation, the DNA was 

redissolved at 0.3-0.5 jL/g/jLilin TE (8.0).

III.2.2.2. Preparation of 15-20 kb insert DNA

(a) Separation and purification o f 15-20 kb insert D N A : A pilot reaction was 

performed in order to determine the quantity of Sau 3AI which would most efficiently 

yield the 15-20 kb insert DNA in a partial digestion [Maniatis et a l , 1982]. Then, 250 

/L/gof tumour DNA were partially digested at 1 jl/g/15 jl/1 with one half pilot unit of the 

enzyme at 37°C for 1 hr. The reaction was stopped with EDTA and extracted with 

phenol/chloroform. The DNA was precipitated with ethanol and was finally dissolved 

in 500 JJ1TE (8.0). The DNA preparation was heated at 6 8 °C for 10 mins and left 

to cool to room temperature. After that, 15-20 kb insert DNA was separated and 

purified by sucrose gradient centrifugation (as described above). Finally, the insert 

DNA was resuspended in 400 JJ\ of TE (8.0) and the concentration detected by 

reading OD260.

(b) Dephosplwiylation of the insert D N A : Insert DNA was treated with calf 

intestine alkaline phosphatase (CIAP) to remove 5’-phosphate groups, preventing the 

genomic DNA fragments from ligating to one another. A total of 20 jL/g insert DNA 

was dissolved in 99 fj\ of a buffer containing 50 mM Tris-HCl pH8.0 and 0.1 mM 

EDTA and 1 fj] (4 units) of CIAP in d.d.H20  added. The reaction was incubated at 

37°C for 1 hr, stopped with EDTA and heated at 65°C for 45 mins to inactivate the 

enzyme. After phenol/chloroform extraction and ethanol precipitation, the insert 

DNA was resuspended in TE (8.0) at 0.3-0.5 jL/g/jl/land stored at -20°C.
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111.2.2.3. Ligation and packaging

Dephosphorylated insert DNA and cloning arms were ligated at molar ratios 

of 1:1, 1:2, and 1:3 (inserts:arms). In each reaction, a total of 2 JJgDNA (insert plus 

arms) was mixed with 1 fj\ of 10X ligation buffer, 1 ]L/lof 10 mM ATP and d.d.HX) 

in a final volume of 10 jLfl. Four JL/1 of T4 DNA ligase (10 units) was added and the 

reaction incubated at 12°C for 24 hrs. After testing of the ligations by electrophoresis 

through a 0.4% agarose gel, the reaction where almost all of the DNA was at least 

as large as the intact vector DNA was chosen as the substrate for an in vitro 

packaging reaction.

In vitro packaging of recombinant lambda molecules into the lambda phage 

coat protein was carried out by using Amersham in vitro Packaging System 

(Amersham International pic., UK). Approximately 0.5 jL/gof recombinant DNA were 

packaged into lambda virions following the protocol suggested by the manufacturer. 

The libraries formed were stored at 4°C.

111.2.3. Titration of Packaged Product

Ten-fold serial dilutions of a library were introduced into both E.coli hosts, 

NM538 (for both Spi+ and Spi'phages) and NM539 (only for Spi'recombinants) to 

titrate the efficiency of recombinant DNA and the background of intact phage DNA.

A mixture of 20 fj\ of 50% bacterial glycerol stock with 10 ml of LB containing 

0.2% maltose was incubated at 37nC overnight with shaking. One ml of the overnight 

culture was added to 100 ml of LB with 0.2% maltose and incubated further at 37°C 

until the OD„KI reached 0.6. The E.coli cells were then pelleted at 3,000 rpm for 10 

mins at room temperature. The pellet was suspended in 16 ml of cold 10 mM M gS04 

and stored on ice as competent cells.

A volume of 10 fj\ of the library mixture was serially diluted 10-fold in SM and 

each of the dilutions was mixed with 100 ]L/1 of competent cells. The mixture was 

incubated at 37°C for 20 mins and plated on LB agar with 3 ml of top agar containing

0.2% maltose and 10 mM MgSO,. After incubation at 37°C overnight, the plaques 

were counted and the background titre and library size estimated.
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111.2.4. Library Screening

111.2.4.1. Radiolabelling HBV DNA probe

HBV DNA probes were radiolabelled with 32P following the protocol described 

previously (Section II.2.7.2).

111.2.4.2. In situ Hybridisation [Benton and Davis, 1977]

For each 22X22 cm2 plate, approximately 1.0X105 pfu of recombinant phages 

was diluted to a volume of 1 ml in SM and mixed with 1.2 ml of competent E.coli 

NM539 cells. The mixture was incubated at 37°C for 20 mins and plated out with 25 

ml of top agar (LB) containing 0.2% maltose and 10 mM MgSO., on an LB agar 

plate. The plates were incubated at 37°C overnight.

The plates were then cooled at 4°C for 1 hr to stiffen the top agar, a dry 

Hybond-N membrane was placed onto the agar surface at room temperature for 1 

min, reference marks were made for orientation and the filter peeled off carefully. 

A duplicated filter was made on the same plate with contact for 3 min and marking 

at the same positions. All of the membranes were placed, DNA side up, on 

Whatman 3MM filter paper soaked in 0.5 M NaOH/1.5 M NaCl for 7 mins to 

denature DNA and, then, twice in 0.5 M Tris-HCl 7.5/1.5 M NaCl/1 mM EDTA for 

3 mins to neutralise DNA. After they had been rinsed in 2X SSC, the membranes 

were dried and the DNA was fixed by UV light illumination for 5 mins. 

Prehybridisation and hybridisation of the membranes with 32P-labelled HBV DNA 

probe were carried out under the stringent conditions as previously described (Section

II.2.8). Signals detected at the same location on the duplicated membranes were 

treated as potential positive clones and the clones were selected for further 

purification.

111.2.5. Purification of Positive Clones

Positive plaques from the first screening were excised from the retained plate 

by punching with Pasteur pipettes. In some cases, background due to negative 

plaques enabled the precise location of a positive one. As a back-up, approximately
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1 cm2 agar surrounding a positive signal was also cut out. The agar block was put 

into 1 ml of SM containing 10 fj\ chloroform. The solution was left at room 

temperature for 2 hrs and then at 4°C overnight to allow the phage particles to 

diffuse out. A portion of the eluted solution was replated on LB agar, followed by 

DNA transfer and Mvr/A<hybridisation as described above. Such a cycle was repeated 

several times until the clones were fully pure, i.e., all plaques were positive by HBV 

DNA hybridisation.

111.2.6. Preparation of Recombinant Phage Stocks

One third to one half of a resuspended plaque (about 3X l(f pfu) was mixed 

with 100 fj\ of competent cells, E.coli NM539. After incubation at 37°C for 20 mins, 

the mixture was diluted with 4 ml of LB and further incubated at 37°C with shaking 

for 6-12 hrs, until lysis occurred. Chloroform was then added to 1 % and the 

incubation was continued for 15 mins. The mixture was centrifuged at 6,000 rpm for 

20 mins at 4°C. Finally the supernatant was recovered, chloroform added to 0.3%, 

and stored at 4°C. The titre of the stock, which should be about 1010 pfu/ml, was 

determined in each case.

111.2.7. Preparation of Lambda Phage DNA

III.2.7.1. Small scale preparation of phage DNA

Four ml of the phage stock or the phage lysate were mixed with 4 ml of SM 

containing 20% PEG and 2 M NaCl. The mixture was put on ice for 1 hr and 

centrifuged at 3,000 rpm for 20 mins at room temperature. The pellet was 

resuspended in 750 jl/1 of LB. After mixing by inversion 20-30 times with 750 fj\ of 

DE52 in LB, the suspension was spun in a microcentrifuge for 10 mins, and the 

supernatant was recovered. To 750 jL/lof supernatant, a volume of 13 JL/1 of 0.1 mg/ml 

proteinase K and 32 fj\ of 10% SDS were added. The mixture was incubated at room 

temperature for 5 mins and further, with 130 JL/1 of 3 M KAc at 8 8 °C for 20 mins. 

After it was cooled on ice for 10 mins, the solution was centrifuged for 10 mins. A 

volume of 800 JL/1 of the supernatant was recovered and the phage DNA was
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precipitated with an equal volume of cold isopropanol at -70°C for 10 mins. The 

DNA precipitate was finally pelleted, dried under vacuum, redissolved in 20 fj\ TE 

(8.0) and stored at 4°C. The insert DNA was examined by restriction digestion, gel 

electrophoresis and Southern blot hybridisation (Section II.2.8).

III.2.7.2. Large scale preparation of phage DNA

A volume of 100 ml LB containing 0.2% maltose in a 500 ml-flask was mixed 

with 100 J J \  of 50% glycerol stock of E.coli LE392 and incubated with shaking 

overnight at 37°C. The overnight culture was added to 500 ml of LB containing 5 

mM CaCh in a 2-litre flask until the O D ^ reached 0.20 and incubated with shaking 

at 37°C until OD ()00 reached about 0.21. To the culture, approximately 5X108 pfu of 

lambda phage were added. After incubation at 37°C for 3-6 hrs when the bacteria 

lysed, the culture was further incubated with 1 0  ml of chloroform for 2 0  mins and 

then placed on ice. 29.2 g of NaCl and 50 g of PEG-6000 were added and dissolved 

by stirring at room temperature. After storage at 4°C overnight, phages were 

sedimented in the Beckman JA 1 0  rotor at 8,000 rpm for 10 mins at 4°C and then 

resuspended in 60 ml of SM. The suspension was mixed with an equal volume of 

chloroform by inversion for 5 mins and centrifuged at 3,000 rpm for 15 mins. The 

supernatant was recovered and solid CsCl was added at 0.77 g/ml. The mixture was 

spun at 35,000 rpm for 40 hrs at 4°C. Lambda phage particles, which appeared as 

a cloudy band located about 3 cm from the top of the tube, were collected using a 

syringe and needle. The suspension was dialysed at room temperature against 3 litres 

of 10 mM NaCl, 50 mM Tris-HCI pH 8.0 and 10 mM MgCh for 3 days with 3-5 

changes of buffer to remove CsCl.

The phage preparation was incubated in 20 mM EDTA, 0.5 mg/ml pronase 

and 0.5% SDS for 1 hr at 37°C. After phenol/chloroform extraction, the DNA 

preparation was dialysed at 4°C against 3 litres of TE (8.0) for 2 days with 3 changes 

of buffer, followed by ethanol precipitation. Finally, phage DNA was resuspended 

in the appropriated volume of TE (8.0), concentrated by reading OD26() and stored at 

4°C.
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III.3.1. Genomic Cloning of Selected Tumours

Cellular DNA preparations from five tumours (A l, A2, A3, A4, and C2) were 

individually partially digested using Sau 3AI and the resulting size selected 15-20 kb 

fragments ligated to the lambda EMBL3 arms and packaged in vitro (Figure III-l). 

Six genomic libraries were obtained: two for tumour A l, designated LA1I and LA1II, 

and one for each of the remaining four tumours, named LA2I, LA31, LA4I, and LC2I 

(Table III-1). As the cloning arms were purified twice with Bam HI and Eco Rl 

double digestions, the background (non-recombinant) titre of each library was less 

than 0.01% of the total. Recombinants were generated with an efficiency of 5.0X105 

to 9.8X10' pfu jL/g'1 of vector DNA. All the DNA libraries were found to contain

Table III-l. Titration of Genomic Libraries 
for Tumour Al, A2, A3, A4, and C2

No. Name
Efficiency
(pfu/jLlgv.)

Number 
of Clones

P*
(%)

Background
(int.phag.%)

1 LAI I 7.4X105 1.1X10" 99.8 < 0 .0 1

2 LA1II 6.9X10s 1.0X10" 99.5 < 0 .0 1

3 LA2I 5.0X105 7.5X10s 98.7 < 0 .0 1

4 LA3I 5.5X1 ()5 8.3X105 99.2 < 0 .0 1

5 LA4I 6 .1X 10 5 9.2X105 99.5 < 0 .0 1

6 LC2I 9.8X10s 1.5X10" 99.9 < 0 .0 1

*P represents the probability of having a given DNA sequence present 
in a library of average size 17.5 kb fragments of human genome 
(3.0X10" bp):

P = l-In ‘[N x In(l-a/b)]

where N is the number of recombinants, a is the average size of the 
DNA fragment cloned into the vector, and b is the total size of the 
genome (here a/b is equal to 1.75X1073.0X30").

(v. = vector DNA; int.phag. = intact phages).
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more than 7.0X105 clones, corresponding to an over 95% probability (P) that any 

given DNA sequence would be represented in a library with an average insert size 

17.5 kb. The data suggest, that genomic libraries of the selected tumours are 

constructed successfully.

111.3.2. Libraty Screening and Clone Purification

In order to avoid the possibility that DNA sequences of interest might be 

diluted and lost during amplification of the library (due to possible differences in the 

rate of growth of different recombinant phages), unamplified libraries of at least 

6.5X105 plaques were initially screened by in situ, hybridisation with an HBV DNA 

probe. Then, according to the total number of recombinants in each individual 

library, aliquots of the remaining packaged product were amplified and screened. 

The positive clones were subjected to four or five rounds of plaque purification until 

all the plaques were positive by HBV DNA hybridisation (Figure III-2). From the 

tumour A l libraries, five HBV DNA-positive clones (designated LAlIa, b, c, d, and 

e) were isolated from about 1.0X10" plaques from the unamplified LA1I library and 

one positive clone (LAlIIa) was obtained from about 9.5X105 plaques from the 

unamplified LA 1 II library. Of the other four libraries (LA2I, LA3I, LA4I, and LC2I), 

the initial screening of three (LA2I, LA3I, and LC2I) was completed. Seven to ten 

potentially positive clones were isolated from each of the libraries, but these have not 

yet been subjected to further purification because of time limitations.

111.3.3. Preliminary Analysis of HBV DNA-Positive Clones

To confirm that the isolated clones contain HBV integrants, DNA from each 

HBV DNA-positive clone was isolated and digested with Bam HI, Eco Rl, and Hind 

III, followed by Southern blot analysis. Restriction digestions surprisingly revealed 

that the five clones from library LA1I had the same restriction patterns (Figure III-3, 

No. 1 to 5): seven bands in Hind III lane, four bands in Eco Rl lane and in Bam HI 

lane. The only clone from library LA1II with a different pattern showed four bands 

in Hind III and Eco Rl lanes, and three bands in Bam HI lane (Figure III-3, No. 6 ).
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Further, hybridisation with either HBV DNA or EMBL3 (cloning arms) DNA showed 

similar results for all the clones from library LAI I (Clone LAlIa is 

representatively shown in Figure III-4a), whereas there was no HBV DNA 

hybridisation band in clone LAlIIa (Figure III-4b). The data indicates that the five 

clones from library LAI I are identical and that the clone from library LAlIIis a false 

positive and does not contain HBV DNA.

Further information can be obtained from this analysis of clone LA lIa (Figure 

III-4a, and Table III-2). The restriction map of EMBL3 DNA shows that its left 

cloning arm of about 19.3 kb contains no Eco RI and Hind III sites except the Bam 

HI ligation site, while Hind III divides the right arm of 9.2 kb into two fragments: one 

of 4.8 kb with the Bam HI cloning site and one of 4.4 kb with the phage DNA 

cohesive end sequence [Frischauf el a i, 1983]. In clone LAlIa, Hind III digestion

Table III-2. Summary of Preliminary Analysis 
of Clone LAI la

Enzyme

Bands
Sized

(kb)

DNA Hybridisation Probes

EMBL3 HBV S En-I X c Pre-S

21.9 + _ _ _ -

8 .0 - - - - - -
6 .2 + + - + -

Hind III 4.4 + - - - - -
1 .6 - - - - - -

1.45 - - - - - -

0.76 - - - - - -

23.6 + - - - -

1 0 .0 + + - + -
Eco RI 8 .8 - - - - - -

2 .2 - - - - - -
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fragments of 21.9, 6.2, and 4.4 kb hybridized to the EMBL3 (cloning arms) DNA, and 

among them, the 6.2 kb one was positive by HBV DNA hybridisation. This indicates 

that the 21.9 kb fragment contains the 19.3 kb left arm of the vector plus around 2.7 

of cellular DNA, and that the 6.2 kb fragment contains the 4.8 kb part of the right 

arm of the vector plus around 1.4 kb cellular DNA including the HBV sequence. 

DNA hybridisation following Bam HI digestion shows that the 29.5 kb fragment 

contains the left arm of the vector plus around 10.2 kb cellular DNA and the 1 kb 

fragment includes the HBV sequence. This suggests that the Bam HI cloning site in 

the left arm of vector may not have been reformed after ligation since ligation of a 

Sau 3AI end and a Bam HI end will yield a Bam HI site in only approximately one 

fourth of cases. Thus the 10.2 kb cellular DNA fragment could not be separated 

from the arms by Bam HI digestion. The data also show that the HBV sequence in 

the 1 kb cellular fragment may directly be linked to the right arm of vector. 

Following Eco RI digestion, a 4.3 kb cellular sequence appeared to be linked to the 

left arm of vector (forming the 23.6 kb fragment) and the location of the HBV 

sequence was further narrowed down to a cellular sequence of about 0 .8  kb, which 

is directly adjacent to the right arm of the vector. All these conclusions imply that 

one of the junctions between the inserted DNA and the vector lies within the HBV 

integrant.

To further estimate the size of the insert DNA, clone LAlIa DNA was

digested with Sal I, which will separate the cloning arms from the insert. It

surprisingly showed only one cut in the recombinant DNA (Figure 111-5, lane S),

suggesting that a Sal I site in the cloning arms is missing or for some reason cannot

be cleaved. The LAlIa DNA was further subjected to double digestions with Bam

Hl/Sal I, Eco Rl/Sal I, and Hind 11 I/Sal I (Figure III-5, lanes E+S, B + S and H + S).

Only the 19.3 kb left arm of the vector was released with the cellular fragments
by the

linked, which had been predicted.^ above observation. Likewise, this suggests 

that the uncleaved site for Sal I was located in the right arm of the vector. 

However, these results plus the data above suggest that the clone LAlIa, excluding 

undetected small fragments, contains possibly approximately 16.0 kb of inserted DNA, 

which has a partial HBV DNA integrant of less than 1 kb (Figure III-6 ).

Furthermore, in order to obtain more information on the partial HBV



121

(/}</}</>
^  ^  
5  UJ CQ I  CO 5

Figure III-5. Electrophoresis of single- or double-digested D N A  from 
clone LAI la on a 1% agarose gel. E + S: Eco RI and Sal I; B + S: 
Bam HI and Sal I; H + S: Hind III and Sal I; and S: Sal I. Mk: 
molecular size markers as in Figure 111-3
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sequence, the digests of LAlIa DNA with the above three enzymes were subjected 

to Southern blot hybridisation with the subgenomic probes of HBV DNA (Figure II- 

1). DNA hybridisation showed that the HBV sequence was strongly positive with 

fragment d, faintly positive with fragment c, and negative with fragments a, b, and 

e (Figure III-7). This indicates that the partial HBV integrant contains the C region, 

and may or may not include a part of X region since the c probe representing the X 

region overlaps a small sequence of C region (Figure II-1). By now, it is clear that 

only the upstream virus-host junction and the flanking cellular sequences have been 

obtained. In order to get the downstream virus-host junction and the flanking cellular 

sequences, all the plaques blots of library LA1I and LA1II were rescreened by 

hybridisation with HBV subgenomic probe a, representing the S gene present in the 

viral integrant of tumour A l, but no positive clones could be found.
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Figure III-7. Southern analysis of clone L A lIa  D NA  using five 
subgenomic HBV D NA  probes. Three  restriction enzymes were used: 
H: Hind III; E: Eco RI and B: Bam HI. L A lIa  D NA  digests were 
hybridised with subgenomic fragments a (the S region), b (the enhancer 
I sequence),  c (the X region), d ( the C region) and e (the pre-S 
region). Molecular  size markers are indicated.
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Fragmentation of high molecular weight DNA for genomic cloning may 

conventionally be achieved by complete enzymatic digestion [Smithies et a l , 1978] or 

random mechanical shearing [Maniatis et al., 1978]. As digestion of genomic DNA 

with many of the restriction enzymes that recognize hexanucleotide sequences 

generates relatively small fragments (with an average size of 4 kb), a very large 

number of recombinant phages would have to be generated and screened in order to 

have a good chance of isolating a particular cellular sequence. In general, if smaller 

fragments are inserted more recombinants are required, resulting in a very laborious 

and expensive task of screening the library. Moreover, if the sequence of interest 

contains recognition site(s) for the particular enzyme used, it may not be represented 

entirely in a single clone. These problems can be avoided by cloning random 

fragments with an average size of 20 kb. However, truly random fragments can only 

be generated by mechanical shearing of genomic DNA, and this approach requires 

several additional enzymatic manipulations to generate cohesive ends compatible with 

those of the vector arms, including repair of termini, methylation, ligation to linkers, 

and digestion of linkers [Maniatis et al., 1978]. As partial digestion with restriction 

enzymes (such as Sau 3A and Mbo I) that recognize frequent tetranucleotide 

sequences within genomic DNA often yields a population of fragments that is close 

to random and yet can be cloned directly [Maniatis et al., 1978], the current method 

of choice for fragmentation of genomic DNA is to make a partial digestion with the 

appropriate enzyme. In this study, Sau 3AI was used to fragment the tumour DNA. 

A library so generated will not only provide the chance of isolating a particular DNA 

sequence of interest, but also, when needed, will give the opportunity to "walk" along 

the host chromosome, using DNA fragments derived from one recombinant clone as 

hybridisation probes to identify overlapping clones. This is not possible with a non

overlapping library of fragments obtained by complete digestion of genomic DNA 

with a restriction enzyme.

In the present study, one false HBV DNA-positive clone was isolated from 

library LA1II of about 9.5X105 recombinants, which corresponds to a 99.6%
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probability (P) of any given gene being present in a library of 17.5 kb average size

fragments (the formula for P is given in the footnote of Table III-l). The reason for

the false positive is likely that HBV DNA probe may be contaminated with plasmid

DNA, which hybridizes with lambda EMBL3 DNA as the polylinker and its adjacent

sequences of EMBL3 DNA are originally derived from plasmid pUC2 [Frischauf et

al., 1983]. In contrast sharply with this false positive, five identical HBV DNA-

positive clones were isolated from library LA1I from about 1.0X10'’ recombinants.

Based on an average size of insert, if 17.5 kb fragments were cloned, the figure of

1.0X1CT recombinants screened would correspond to a 99.7% probability that any

given gene is present in the library. However, if the 16.0 kb insert of the clone

analyzed in detail is typical of the cloning, the probability is 99.5%, still indicating that

the library screening is efficient. Nonetheless, five clones isolated are identical from

an unamplified library. It looks as though the fragmentation of genomic DNA

produced certain amount of the same clonable molecules, which were further cloned

into the lambda EMBL3 vector. This may in a sense imply that the tumour A l does 
a

contain only^single HBV DNA integrant.

Further analysis of the HBV DNA-positive clone suggests that it contains an 

insert of around 16.0 kb and one of the junctions between the cloned DNA and the 

cloning arm of the vector lies within the HBV integrant, so that only the upstream 

virus-host junction and the flanking cellular sequences are obtained. An attempt to 

obtain clones containing the downstream virus-host junction and the banking cellular 

sequences has been made by rescreening the library with the S gene probe (fragment 

a, Figure II-1) without success. As there are at least five recognition sites for Sau 3AI 

in the HBV genome [Dejean et al., 1983], it is possible that the close distribution of 

the recognition sites affects the viral integrant representation, or in other words, it 

reduces the chances of obtaining a clonable size fragment containing the entire viral 

integrant. The Bam HI site at the partial viral integrant may be a preferred site for 

cleavage with Sau 3AI and downstream viral sequences may be removed during the 

fragmentation of the cellular genomic DNA. In this view, screening with the S gene 

probe may then give negative results. Moreover, it may also lead to no 

representation of the downstream virus-host junction and the banking cellular 

sequences; the resulting fragments with the downstream virus-host junction may be
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non-clonable (less than 10 kb or more than 23 kb) or the downstream viral DNA 

flanking the cellular sequence is too little to be detected by HBV DNA hybridisation. 

In addition, after genomic cloning, a mutation in the cloning arms is observed; the Sal 

I site in the right arm is missing or for some reason Is not cleaved. It is not clear 

whether this may be affected by the purification of cloning arms in which the vector 

DNA was twice double-digested with Bam HI and Eco RI, although the procedure 

has efficiently reduced the background of intact phage DNA to less than 0.01%.
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CHAPTER IV.

RESTRICTION MAPPING AND DNA SEQUENCING 

OF INTEGRATED HBV DNA AND FLANKING 

CELLULAR SEQUENCES FROM TUMOUR Al



IV.l. INTRODUCTION
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Although only the upstream virus-host junction and flanking cellular sequences 

appear to be present in the clone LA lIa from the genomic library of tumour A l 

(Chapter III), further study of these sequences is still of interest as this may 

contribute to understanding the molecular aspects of the viral integration and liver 

oncogenesis, since the tumour contains the single integrant (Chapter II). If detailed 

sequence information can be obtained, this may provide data on whether there are 

any rearrangements in the viral DNA, whether the integration occurs in a known 

cellular intron or exon, and what cellular gene the integrant might have involved.

In order to obtain detailed sequence information, a structural map of the 

restriction sites in the cloned DNA is first required [Maniatis et a l , 1982] and the 

structure of the integrated HBV DNA and the flanking cellular sequence may then 

be analyzed by DNA sequencing [Sanger et a l , 1977]. A number of strategies may 

be used to construct a restriction map [Maniatis et a l , 1982]: (1) simultaneous 

digestion with combinations of restriction enzymes; (2 ) sequential digestion of an 

isolated DNA fragment with a second restriction enzyme; (3) partial digestion of 

unlabelled DNA or DNA labelled specifically at only one terminus; and (4) partial 

exonucleolytic digestion of the DNA followed by digestion with a restriction enzyme. 

Based on conventional techniques, a strategy involving partial digestion with 

hybridisation using end fragments has been developed and also used to construct 

maps. In a conventional approach to restriction mapping of a recombinant DNA 

molecule, the fragments most easily defined are those directly adjacent to the vector,

i.e., those that contain the termini of the inserted DNA molecule. Such a fragment 

may be used as a probe to detect that terminus. By adjusting the conditions of partial 

digestion so that, on average, only one cleavage occurs per molecule, two orientation 

ladders of discrete fragments from the cloned DNA may be generated. These ladders 

may be visualized after digested DNA is blotted and hybridized with a 32P-labelled 

terminal fragment probe, a result comparable to that obtained by partial digestion of 

end-labelled linear DNA [Smith and Birnstiel, 1976]. The sizes of fragments in the 

ladder reflect the distance between the "labelled" terminus of the DNA and a given
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restriction site. The difference in size between two adjacent fragments on the gel 

defines the distance between neighbouring restriction sites. This strategy makes it 

possible to effectively "label" one of the two ends of the DNA and to read restriction 

sites from both orientations of the DNA.

The procedure of subcloning DNA fragments from recombinants originally 

constructed in bacteriophage lambda or plasmid vectors is used [Maniatis et a l , 1982], 

in order to simplify the task of constructing fine-structure maps of restriction sites and 

to obtain large amounts of specific fragments of DNA for sequencing. The ligated 

recombinant DNA molecules are introduced into bacterial cells (see Section IV.2.2), 

which will then grow and divide to produce clones. Selection for the recombinants 

resulting from subcloning is based on the principles of insertional inactivation of a 

selectable marker. Subcloning with plasmid pUC19 (or phage M13) involves 

insertional inactivation of the lacZ’ gene, which codes for the Cf-peptide portion of the 

enzyme 13-galactosidase complementing a defective lacZ gene in a host cell of E.coli. 

When the transformed (or transfected) cells are grown in the presence of the inducer 

isopropyl-thiogalactoside (IPTG) and the chromogenic substrate X-gal (a lactose 

analogue: 5-bromo-4-chloro-3-indolyl-13-D-galactopyranoside), non-recombinant

colonies (or plaques), the cells of which synthesize 13-galactosidase, will be coloured 

blue, whereas recombinants with a disrupted lacZ' gene and unable to produce the 

enzyme, will be white (or colourless).

The chain termination method of DNA sequencing [Sanger et a l , 1977] offers 

significant advantages in terms of rapidity and simplicity. It is based upon the use of 

dideoxynucleotides that are randomly incorporated into a growing DNA strand to give 

specific chain termination. This method requires a single-stranded template and an 

oligonucleotide primer and involves the enzymatic synthesis of the complementary 

strand of DNA. During the analysis, four separate synthesis reactions are carried out, 

each is started by adding a DNA polymerase plus all four deoxynucleoside 

triphosphates (dNTPs) but only one of the four dideoxynucleoside triphosphates 

(ddNTPs) which lack a 3’-hydroxyl group. Thus, in each reaction, whenever a 

dideoxynucleotide is incorporated by the enzyme, the next nucleotide’s attachment is 

blocked and chain termination occurs. The result will be four distinct sets of newly- 

synthesized polynucleotides, each containing strands all ending in one specific
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dideoxynucleotide. The reaction products are denatured by heat before loading a 

polyacrylamide gel and the gel must be hot enough to keep the DNA denatured 

during electrophoresis (preventing aberrations due to secondary structure) (see 

Section IV.2.6.4). Since the label is introduced into the new strands by including a 

radioactive deoxynucleotide (35S-dATP) in the reaction mixture for the strand synthesis 

step earlier in the experiment, autoradiography will visualize the labelled chains of 

various lengths after separation by high-resolution electrophoresis. The sequence of 

the DNA is recorded in a 5’-to-3’ direction from the primer, moving up through the 

autoradiograph from band to band. Each track contains one family fragments 

produced by one strand synthesis reaction.

In this study, the structure of the 16.4 kb insert DNA of the clone LA lIa was 

analyzed by restriction mapping. The integrated HBV DNA and the flanking cellular 

sequence plus two selected upstream cellular fragments were completely sequenced. 

The HBV sequence of 585 bp includes the core gene and the 5’ end of the 

polymerase gene. The HBV integration appeared to occur within an intron of an 

unknown cellular gene or some non-transcribed cellular sequences. The virus-host 

junction is located at nt 1881 in the preC region of HBV.
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IV.2.1. DNA Sample and Other Materials

The clone, LAI la, was previously shown to contain HBV DNA sequences. 

DNA was obtained from a large scale phage DNA preparation (Section III.2.7.2) for 

further study.

Vectors pUC19, M13mpl8 and M13mpl9 [Messing, 1983; Yanisch-Perron et 

a l , 1985] were used for subcloning, the lacZ’ genes of these are used for the selection 

of the recombinants via insertional inactivation. M13 vector DNA, in its replicative 

form (RF), is double-stranded.

Strain TG2 of E.coli (prepared by M. Biggin [Sambrook et a l , 1989]), which 

contains a defective lacZ gene (see above section), was used for the preparation of 

competent cells and the transformation or transfection.

Two primers are used for DNA sequencing: (1) Primer (-40), a synthetic 

oligonucleotide primer supplied by manufacturer in USB (United States Biotechnical, 

UK) Sequenase Version 2.0 Kit, 5’-GTTTTCCCAGTCACGAC-3’ [Messing, 1983]; 

and (2) HDB2, a synthetic HBV primer available for polymerase chain reaction 

(PCR) assay, 5’-GCGAAGCTTAGATCTCTGGATGCTGGA-3’ (nt 2151-2133 in the 

core region [Ono et a l , 1983], T.J. Harrison, personal communication).

IV.2.2. Subcloning DNA into Plasmid or M13 (RF)

IV.2.2.1. Preparation of DNA fragments

(a) Isolation o f DNA fragments from agarose gels: Recombinant DNA was 

digested with appropriate restriction enzymes under the conditions suggested by the 

manufacturers. Then the specific DNA fragment was separated by gel electrophoresis 

and electroelution and purified by DEAE-Sephacel column chromatography, followed 

by phenol/chloroform extraction and ethanol precipitation (see Section II.2.6).

(b) Isolation o f DNA fragments from LM P agarose gels: Recombinant DNA 

was restricted by appropriate enzymes under the recommended conditions. The 

DNA digests were electrophoresed through 1 % of low-melting-point (LMP) agarose
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gels in IX TEA buffer at 4°C. After electrophoresis, the gels were stained with EtBr 

and viewed under UV light. The DNA fragments of interest were then separately 

excised taking as thin a slice of gel as possible. Each slice was placed in a small tube 

containing 250 jL/lof IX TEA, heated at 70°C for 2 mins to melt the agarose and then 

placed at 37°C for 5-10 mins, followed by extraction once with 250 fj\ of cold phenol 

(only) and the usual phenol/chloroform extraction and ethanol precipitation. After 

it was washed with 70% ethanol and repelleted, the DNA was redissolved in 10 jL/1 

of TE (8.0). The concentration of DNA was estimated following electrophoresis on 

a small agarose gel.

IV.2.2.2. Preparation of vector DNA

pUC19 DNA, or M13 m pl8  or m pl9 DNA were obtained from a medium 

scale preparation using a QUIAGEN Kit (see below). One [ J g  of vector DNA was 

digested with one or two appropriate enzymes that cleave within the multiple cloning 

site and generate termini which are compatible with the restriction fragments. After 

the complete digestion was confirmed by electrophoresis, the DNA was treated with 

CIAP to remove 5’-phosphate groups, preventing vectors from recircularisation (see 

Section III.2.2.2b). Finally, the DNA was redissolved in 10 fJ\ of TE (8.0).

IV.2.2.3. Ligating foreign DNA fragment to vector DNA

A total of 100 ng of fragmented DNA was mixed with 300 ng of 

dephosphorylated vector DNA and precipitated with ethanol. The precipitate was 

pelleted and dissolved in 7 fj\ of TE (8.0). After addition of 1 JJ\  of each of 10X 

ligation buffer, 10 mM ATP and T4 DNA ligase, the ligation was incubated at 12°C 

overnight and stored at -20°C.

IV.2.2.4. Transformation of E.coli by recombinant plasmid [Mandel and Higa, 1970]

One ml of an overnight culture of TG2 was further incubated with shaking in 

50 ml of LB at 37°C until the OD(l0() of the culture was about 0.4-0.6. The bacterial 

cells were pelleted at 3,000 rpm for 5 mins at 4°C. The pellet was suspended in 25 

ml of an ice-cold solution containing 50 mM CaCh and 10 mM Tris-HCl pH 8.0 and 

the suspension was placed on ice for 20 mins. The cells were repelleted and
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resuspended in 5 ml of the same solution. After further incubation on ice for 30-60 

mins, the preparation was used as competent cells.

For transformation, a volume of 300 fj\ of competent cells was mixed with 5 

jL/1 of the ligation product and placed on ice for 40 mins to allow the plasmid DNA 

to bind to bacterial cell exterior. After transportation of the DNA into the cytoplasm 

by heat-shock at 42°C for 2 mins, the cells were mixed with 1 ml of LB medium 

containing 0.02% glucose and incubated at 37°C for 1 hr to allow the bacteria to 

recover and to begin phenotypic expression of antibiotic resistance. Afterwards, the 

transformed bacteria were mixed with 3 ml of LB top agar plus 5 jL/1 of 20% X-gal 

and 10 jL/1 of 100 mM IPTG and plated out on nutrient agar containing 50 jl/g/ml 

ampicillin. After incubation at 37°C overnight, the resulting recombinants appear as 

white colonies, while the non-recombinants are blue.

IV.2.2.5. Transfection of E.coli by recombinant M13

Competent TG2 cells were made using the procedure as described above with 

the exception of using YT broth. The mixture of ligation and competent cells was 

placed on ice for 40 mins and then at 42°C for 2 mins for the heat-shock treatment. 

After that, the transformed bacteria were plated out on YT agar with 200 fj\ of 

exponentially growing TG2 cells, 3 ml soft agar, 5 jL/lof 20% X-gal and 10 JL/1 of 100 

mM IPTG. The incubation was carried out at 37°C overnight. The resulting 

recombinants appear as colourless plaques whereas the non-recombinants are blue.

IV.2.3. Selection of Recombinants

IV.2.3.1. Quick test for the size of recombinant plasmid

A single, well-isolated, white colony was picked from the transformation plate 

and streaked on a 50 jL/g/ml ampicillin agar plate and then incubated in an inverted 

position at 37°C overnight. A colony was scraped up with a toothpick and suspended 

in 40 jL/1 of a solution of 20 mM Tris-HCl pH 7.5, 100 mM NaCl and 10 mM EDTA. 

After one extraction with phenol/chloroform, the supernatant was recovered and 

treated with 1 jL/lof 1 jL/g/jL/lRNase A at 37°C for 2 mins. 10 jL/lof loading buffer Dye-I 

was added and 20 jL/1 of the sample analyzed by gel electrophoresis with control



135

plasmid and size markers.

IV.2.3.2. Screening of recombinants

Every single white colony from the transformation was inoculated into 100 jL/1 

of LB containing 50 jL/g/ml ampicillin in a microtitre plate. The plate was incubated 

at 37°C overnight and the colonies were printed with the transcriber onto a Hybond-N 

membrane on the surface of 50 jL/g/ml ampicillin agar. The transcription was 

incubated at 37°C overnight and the original microtitre plates were stored at -20°C 

after addition of 100 jL/1 of 30% glycerol LB to each well. The membrane with grown 

colonies was peeled off and treated by denaturation, neutralisation and DNA 

hybridisation with the specific fragment probe as previously described (Section

111.2.4.2).

IV.2.3.3. Colony or plaque blotting

Alternatively, the transformation or the transfection plates were used to 

perform direct colonies or plaques blotting as in situ hybridisation procedure (Section

111.2.4.2).

IV.2.4. Preparation of Plasmid or M13 (RF) DNA

IV.2.4.1. Small scale preparation of plasmid DNA (alkali method) [Birnboim and 

Doly, 1979]

Five ml of LB containing 50 jL/g/ml ampicillin were inoculated with a single 

bacterial colony and incubated at 37°C overnight with shaking. A volume of 1.5 ml 

of the culture was transferred to an Eppendorf tube and spun in a bench centrifuge 

for 1 min, while the remainder of the overnight culture was stored at 4°C. The pellet 

of bacterial cells was washed once with 300 ml of cold STE and then suspended in 

100 jL/1 cold solution I and incubated at room temperature for 5 mins. After addition 

of 200 jL/1 of fresh solution II, the mixture was incubated on ice for 5 mins, followed 

by another 5 mins on ice with 150 jL/1 of cold solution III. After spinning in a bench 

centrifuge for 5 mins, the supernatant was recovered. RNase A (10 mg/ml) was 

added to a final concentration of 20 jL/g/mland the reaction was incubated at 37°C for
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20 mins. The plasmid DNA was then extracted with phenol/chloroform and 

precipitated with ethanol. Finally, the DNA was redissolved in 16 jL/1 of TE (8.0).

IV.2.4.2. Medium scale preparation of plasmid DNA or M13 (RF) DNA

A volume of 100 jL/1 50% glycerol stock of the transformed cells was incubated 

at 37°C overnight in 100 ml of LB containing 50 jL/g/ml ampicillin (or YT medium for 

M13 infected cells). The bacterial cells were centrifuged at 3,600 rpm for 20 mins at 

room temperature. Then, plasmid DNA or M13 (RF) DNA was isolated and purified 

through a QUIAGEN>Plasmid<Kit (Hybaid Ltd., UK), using the protocol suggested 

by the manufacturer. The DNA was finally redissolved in 150 jL/1 of TE (8.0).

IV.2.5. Restriction Mapping

IV.2.5.1. Complete digestions with DNA hybridisation

Approximately 1 jL/g of cloned DNA (or a DNA fragment isolated from the 

LMP agarose gel) was single-, double- or multiply-digested with different restriction 

enzymes to completion under the conditions recommended by the manufacturers. 

The samples were analyzed by electrophoresis on a 1% gel with size markers; the 

number of DNA bands seen in each digest was counted and their molecular sizes 

estimated. After that, DNA fragments were transferred onto a Flybond-N membrane 

and hybridised with a 32P-labelled specific fragment probe using stringent conditions 

as described previously (Section II.2.8). The membrane was reprobed with a second 

32P-labelled fragment after removal of the first-probe (Section II.2.9).

IV.2.5.2. Partial digestions with two ends hybridisation

One jL/g of cloned DNA was completely digested with the one or two enzymes 

that separate the insert fragment from the vector. After precipitation, the DNA was 

mixed with 1 jL/lof 10X restriction buffer and H20  in a final volume of 10 jL/1. At this 

stage, if isolated DNA fragments are directly used, then 1 jL/g of carrier DNA 

(pUC19) is required in the mixture.

Afterwards, a volume of 1 jL/1 (1-2 units) of an enzyme was added to the above 

and the reaction was incubated at 37°C. Aliquots of 1.8-jL/l were withdrawn at 2, 5,
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10, 15, and 30 mins into 1 jL/1 of 0.5 M EDTA to obtain ladders of discrete DNA 

fragments. After addition of 2 jL/1 gel-loading buffer, the samples were 

electrophoresed with size markers through 1% agarose gels, or through 0.5% gels if 

necessary. The DNAs were then transferred onto a nylon membrane, hybridised with 

a small radiolabelled fragment from one end of the insert DNA, and rehybridised 

with a fragment from the other end after probe removal (as described above). After 

autoradiography, restriction sites in each digest were read from both orientations of 

the insert DNA and the sites in different digests directly compared.

IV.2.6. DNA Sequencing 

FV.2.6.1. Generation of overlapping deletions with Exo III

Exonuclease III (Exo III), which digests polynucleotide strands from the 3’ end, 

but not the 5’ end, and is unable to digest DNA ends with 3’-protrusions, was used 

to produce nested sets of deletions for sequencing longer regions of DNA [Henikoff, 

1984]. To create deletions in the insert, 10 jL/g of the cloned DNA were double

digested with an enzyme leaving a 3’ overhang near the vector side of the linearized 

fragment and a second enzyme generating a 3’ recessed or a blunt end near the insert 

side. The DNA was then purified by extraction with phenol/chloroform and 

precipitation with ethanol.

The DNA was dissolved in 100 jL/1 of a buffer containing 66 mM Tris-HCl 

pH8.0 and 0.66 mM MgCh and 5 jL/1 of the solution was removed for later analysis. 

Five jL/1 of Exo III were added and the mixture incubated at 37°C. Aliquots of 5 - jL / l  

from the reaction were removed to a tube containing 1 5  jL/1 of a solution of 0.2 M 

NaCl and 5  mM EDTA at 30 second intervals. After the enzyme was inactivated at 

70°C for 10 mins, DNA from each fraction was precipitated with 60 jL/1 of ethanol.

Each of the DNA fractions was redissolved in 47 jL/1 of a buffer containing 0.25 

M NaCl, 30 mM potassium acetate, 1 mM ZnSO, and 5% glycerol and the solution 

was mixed with 3.5 jL/1 of 1:50 diluted Si nuclease in the above buffer. The reaction 

was incubated at 37°C for 30 mins and stopped by addition of 6 jL/1 of a buffer 

containing 0.5 M Tris-HCl pH8.0 and 0.125 M EDTA. Five jL/1 of each sample plus 

the initial undigested DNA were analyzed by gel electrophoresis. According to this
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analysis, samples containing DNA fragments of the desired size were pooled and each 

pool purified by extraction with 25 jL/1 of phenol followed by precipitation with 140 jL/1 

of ethanol.

The pellet from each sample was redissolved in 10 jL/1 of a buffer of 20 mM 

Tris-HCl pH8.0 and 7 mM MgCl, and added to 1 jL/lof a buffer containing 0.125 mM 

of each dNTP and 1 jL/1 of 1:50 diluted Klenow fragment and then incubated at 37°C 

for 2 mins. After that, the solution was mixed with 1 jL/1 of T4 DNA ligase and 40 jL/1 

of a buffer of 66 mM Tris-HCl pH7.6, 6.6 mM MgCh, 10 mM DTT, 1 mM 

spermidine, 0.2 mM ATP and 100 jL/g/ml BSA. The ligation mixture was finally 

incubated at room temperature for 3-6 hrs. About 20 jL/1 of each ligation product 

were then subjected to transformation (or transfection) of bacterial cells (as described 

above).

IV.2.6.2. Preparation of DNA templates

(a) Single-stranded DNA (ssDNA) templates: a small volume of an overnight 

culture of TG2 cells was subjected to a 1:100 dilution with YT broth. A single 

colourless plaque (picked with a toothpick) from the M13 transfection plate was 

inoculated into 1.5 ml of the TG2 cell dilution. The culture was incubated at 37°C 

for 5.5 hrs with shaking, transferred into an Eppendorf tube and centrifuged for 5 

mins to pellet the bacteria. The supernatant was recovered and mixed with 150 jL/1 

of 20% PEG at room temperature for 30 mins to precipitate the bacteriophage. The 

precipitate was twice pelleted with removal of supernatant and the pellet air-dried 

and resuspended in 100 jL/1 of TE (8.0). The suspension was extracted with 50 jL/1 of 

phenol and the top 90 jL/1 of the supernatant recovered. After further precipitation 

with 10 jL/lof 3 M NaAc pH 5.2 and 300 jL/lof cold ethanol, the single-stranded DNA 

templates were washed, repelleted and redissolved in 25 jL/1 of TE (8.0). The 

preparation was stored at -20°C.

(b) Double-stranded DNA (dsDNA) templates: a total of 2-3 jL/g of plasmid 

DNA was mixed with d.d.HX) to a volume of 20 jL/1. The solution was mixed with 2 

jL/1 of a solution of 2 M NaOH and 2 mM EDTA and incubated at room temperature 

for 5 mins to denature the DNA. After neutralisation with 3 jL/1 of 3 M NaAc pH 5.2 

and 7 jL/lof d.d.H20 ,  the DNA templates were precipitated with 96 jL/lof ethanol and
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IV.2.6.3. Preparation of sequencing reactions

Sequencing of both dsDNA (plasmid) and ssDNA (M13) was performed using 

the chain-termination method [Sanger et al., 1977]. Seven jL/1 of template DNA were 

used to make up 35S sequencing reactions using a USB (UK) Sequenase Version 2.0 

kit. The reactions were carried out according to the protocol of the manufacturer. 

In brief, the template DNA was mixed with a sequencing primer, four dNTPs, 35S- 

dATP and T7 DNA polymerase. The mixture (termed as labelling reaction) was 

incubated at room temperature for 2-5 mins to allow labelled nucleotide to 

incorporate into short synthesized DNA chains. Then each of four ddNTPs was 

mixed with aliquots of the labelling reaction (termed as termination reaction) and 

four sets of termination reactions incubated at 3TC  for 5 mins, allowing processive 

DNA synthesis to occur until all growing chains were terminated by a 

dideoxynucleotide. After addition of EDTA and formamide, the sequencing reactions 

were stored at -20°C.

IV.2.6.4. Sequencing gel electrophoresis and autoradiography

Denaturing polyacrylamide gel electrophoresis was used for analysis of DNA 

sequencing reactions. Electrophoresis was performed in ultrathin (0.4 mm) vertical 

gels. For each gel (40x33x0.04 cm) preparation, d.d.H,0 was mixed with 29.4 g urea, 

10.5 ml 40% acrylamide stock and 14 ml 5X TBE to a volume of 70 ml. The gel was 

poured after the addition of 420 jL/1 fresh 10% ammonium persulphate and 70 jL/1 

TEMED, the sharks-tooth comb was inserted to form a large slot and plates were 

clamped. The gel was allowed to polymerise for at least 30 mins and the comb then 

eased out and reversed to form the wells. Immediately the buffer tanks were filled 

and the wells were flushed out with IX TBE buffer.

The sequencing reactions were denatured by heating at 75-80°C for 2 mins 

before loading onto the gel. Two jL/1 of each reaction were electrophoresed with 

constant power at 60 W (1,500-2,000 V, 45-50 mA) for 3-10 hrs according to the 

length of DNA sequences. For each reaction, up to 500 bases of sequence 

information could be derived from several electrophoresis runs of ranging length.
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After electrophoresis, the gel was soaked in 5% methanol and 5% acetic acid 

for 15 mins to remove the urea, then transferred to Whatman 3MM paper, covered 

with a "clingfilm" and dried at 80°C for 40 mins using a vacuum gel drier. The 35S gel 

was exposed to Kodak XAR-5 film at room temperature.

IV.2.6.5. Analysis of sequencing data

Staden-Plus (Amersham International pic, Amersham Laboratories, White 

Lion Road, Buckinghamshire, HP7 9LL, UK) and DNASTAR (DNAStar Inc. Europe, 

Link House, 565 Chiswick High Road, London, W4 3AY, UK) programme packages 

were used to analyze the sequencing data, search for open reading frames, identify 

sequence elements and analyze deduced protein sequences.
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IV.3.1. Structural Analysis of the inserted DNA of LAlIa 

IV.3.1.1. General restriction analysis of the inserted DNA

The task of mapping a long DNA fragment can be simplified by subcloning 

smaller fragments of the DNA from the original recombinants. To obtain more 

information for subcloning, based on the preliminary analysis (Chapter III), the clone 

LAlIa DNA was further digested with Bgl II, Kpn I, Pst I, Sma I and Xba I, followed 

by DNA hybridisation. Representative examples are shown in Figure IV-1. 

According to the published data [Frischauf et ciL, 1983] (Figure IV-2), Kpn I is known 

to cut the left arm of EMBL3 into three fragments of 16.5, 1.4, and 1.4 kb, of which 

one (1.4 kb) fragment is adjacent to the cloning sites and will therefore be joined to 

the cloned insert. Sma I digestion produces fragments of 18.8 and 0.5 kb from the 

left arm and fragments of 5.8 and 3.4 kb from the right arm. The 0.5 and 3.4 kb 

fragments are both adjacent to the cloning sites. Cleavage with Bgl II yields 

fragments of 6.8, 1.2, 0.6, 0.4 and 0.2 kb from the right arm with the 1.2 kb fragment 

adjacent to the cloning sites. There are no published data showing the Pst I and Xba 

I sites in the vector DNA.

Digestion of LAlIa DNA with Kpn I produced fragments of 16.5, 14.0,6.3, 5.0, 

1.6 and 1.4 kb. The fragment of 14.0 hybridized to both EMBL3 DNA and HBV 

DNA (Figure IV-lb & c), suggesting that this fragment contains the (9.2 kb) right 

arm of the vector and a 4.8 kb cellular DNA sequence which includes the HBV 

sequences. The fragments of 16.5, 1.6 and 1.4 kb only hybridized to EMBL3 DNA 

(Figure IV-lc), indicating that these fragments are derived from the (19.3 kb) left arm 

of the vector except that there is a 0.2 kb cellular sequence in the 1.6 kb fragment. 

Thus, the fragments of 6.3 and 5.0 kb must be two subfragments from the inserted 

cellular DNA.

Sma I digestion yielded fragments of 18.8, 16.4, 5.8, and 4.0 kb. The 4.0 kb 

fragment hybridized to both viral and vector DNA (Figure IV-lb & c), indicating that 

this fragment contains 3.4 kb of vector DNA plus 0.6 kb from the insert, which 

includes the HBV sequences. Since the fragments of 18.8 and 5.8 kb are derived
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Figure IV-2. Restriction map of EMBL3 DNA cloning arms. The map 
was modified according to the data of Frischauf el a l [1983]. 
Subfragment sizes in individual restriction digestions and the range of 
insert DNA are indicated.

from the vector arms, the 16.4 kb fragment must comprise the remaining 0.5 kb from 

the left arm of the vector plus around 15.9 kb from the insert, which does not appear 

to contain HBV sequences.

Only two fragments (of 34.6 and 10.4 kb) were visible following Xba 1 

digestion, indicating that there is a single site for this enzyme either in the left arm 

of the vector or in the inserted DNA. DNA hybridisation (Figure IV-lb) shows that 

the 10.4 kb fragment hybridizes with HBV DNA and therefore must comprise the 

right arm of the vector plus a 1.1 kb cellular DNA, which includes the HBV 

sequences. The fragment of 34.6 kb must contain the left arm of the vector plus 

around 15.3 kb from the insert. These data also suggest that there is no site for Xba 

I in the vector arms.

Bgl II and Pst I digestions both produced a complicated pattern of more than 

10 fragments. Hybridisation of the Bgl II digest with HBV DNA revealed a 6.0 kb 

fragment, while hybridisation with the vector DNA detected fragments of 20.4, 6.8, 

1.2, 0.6, 0.4 and 0.2 kb. This suggests that the HBV sequences, which have been 

shown to be adjacent to the right arm of the vector, may be separated from those 

sequences by Bgl II digestion. Consequently, the 20.4 kb fragment must comprise the 

left arm DNA plus a 1.1 kb cellular sequence. The other fragments of 2.8, 2.4, 1.9 

and 1.3 kb (plus some undetected small fragments) must be derived from the insert.
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Following Pst I digestion, a 10.7 kb fragment was detected by both the viral

and vector DNA probes and at least 8 fragments ranging from 0.8 to 2.7 kb

hybridized to the vector DNA alone (Figure IV-lb & c). These data indicate that the
kb

10.7 kb fragment contains the right arm DNA plus a 1.5y(cellular DNA including the 

HBV sequence, and that there are at least seven sites for Pst I on the left arm of 

EMBL3 DNA. Therefore, fragments of 4.7 and 3.0 kb plus many small fragments 

must be produced from the inserted DNA.

All these results are consistent with those of the preliminary analysis (Chapter 

III), implying that one of the junctions between the inserted DNA and the vector lies 

within the HBV integrant. These restriction analyses plus hybridisation with HBV 

DNA or EMBL3 DNA have also allowed the construction of a preliminary map of 

the restriction sites around the junctions between the inserted DNA and the vector. 

Further experiments involving hybridisation with selected restriction fragment probes 

enabled further mapping of the insert DNA (Figure IV-3). A representative example 

is shown in Figure IV-Id. According to the preliminary analysis (Chapter III), the 

Eco RI site producing the 10.0 kb fragment comprising the right arm of the vector 

plus a 0.8 kb cellular DNA sequence is located within the 1.0 kb Bam HI fragment 

which includes the HBV sequence. Therefore the 1.0 kb fragment must overlap 

another Eco RI fragment which may be identified if this fragment is isolated and used 

as a probe. The results of this experiment indicated that the 2.2 kb Eco RI fragment 

contained the remainder of the 1.0 kb Bam HI fragment (Figure IV-3). Hybridisation 

with this Eco RI fragment shows that it overlaps the 5.0 kb Bam HI fragment as well 

as the 1.0 kb fragment, Hind III fragments of 1.45 and 0.2 kb, and Pst I fragments of 

0.7, 0.4 and 0.3 kb.

When the 5.0 kb Bam HI fragment was used as a probe, DNA hybridisation 

revealed more overlapping patterns. For example, it appeared to overlap the Kpn 

I 14.0 and 5.0 kb fragments and the Pst I fragments of 10.7, 3.0, 1.5, 0.7, 0.4 and 0.3 

kb (Figure IV-Id). The 5.0 kb Kpn I fragment may be selected as a further probe 

to continue this analysis. This "overlapping fragment hybridisation" procedure was 

carried out until the other vector-insert junction was reached. This technique enables 

the identification of small fragments which are undetectable in stained gels, such as 

the Pst I fragments of 0.4 and 0.3 kb (Figure IV-la & d). It also allows the ordering
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Figure IV-3. Restriction map of clone LAI la. Restriction enzymes and 
subfragment sizes in individual restriction digestions are indicated. 
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of the restriction fragments from Sal I, Xba I, Sma I, Eco RI, Bam HI and Kpn I 

digestion. Some of the Hind III and Bgl II fragments and the Pst I fragments cannot 

be put in order at this stage since digestions with these enzymes have yielded complex 

patterns with many small fragments. However, the data add further detail to the 

restriction map of the inserted DNA: it is a sequence of about 16.4 kb in length with 

one site for Xba I and Sma I, three sites for Bam HI, Eco RI and Kpn I, and more 

than five sites for Hind III, Bgl II and Pst I, as shown in Figure IV-3.

IV.3.1.2. Mapping of the subclones

For further analysis, four fragments were chosen for subcloning into a plasmid 

vector (pUCl9): (1) Sal I-Hind III fragment of 2.7 kb, which is adjacent to the left 

arm of the vector; (2) Hind III fragment of 8.0 kb; (3) Bam HI fragment of 5.0 kb; 

and (4) Bam HI fragment of 1.0 kb, which is adjacent to the right arm of the vector. 

The 8.0 kb Hind III fragment overlaps the 5.0 kb Bam HI fragment about 0.4 kb and 

the four fragments together compose the entire 16.4 kb inserted DNA. The 

subclones in pUCl9 are designated pSH2.7 (2.7 kb Sal I-Hind III fragment), pH8.0 

(8.0 kb Hind III fragment), pB5.0 (5.0 kb Bam HI fragment) and pBl.O (1.0 kb Bam 

HI fragment). In each case, data is presented with the "left" and "right" ends of the 

inserts corresponding to those in the original lambda clone.

Analysis of the clone pSH2.7: Figure IV-4a shows the restriction map of the

2.7 kb subcloned DNA. Digestions of pSH2.7 DNA with Bam HI, Eco RI, Sma I and 

Xba I appeared simply to linearize the plasmid and, since there is a site for each in 

the multiple cloning site (MCS), it would seem that there are no sites for these 

enzymes in the insert. Digestion with Kpn I (which has a site in the vector MCS) 

produced two fragments of 5.2 and 0.2 kb (Figure IV-4a), suggesting that there is only 

one site for this enzyme in the 2.7 kb insert. The fragment of 5.2 kb must contain the 

vector DNA of 2.7 kb. Double digestion with Kpn I and Hind III yielded three 

fragments of 2.7 (from the vector), 2.5 and 0.2 kb, confirming that Kpn I site is 

around 0.2 kb from the left end of the insert. This is consistent with the prediction 

that an approximately 0.2 kb cellular DNA sequence is present in the 1.6 kb Kpn I 

fragment which hybridized to EMBL3 DNA (see the section above).

Digestion with Pst I (the Pst I in the vector MCS was lost during cloning)
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yielded two fragments of 4.6 and 0.8 kb (Figure IV-4a), indicating that there are two 

sites for Pst I in the cloned DNA. One Pst I site was mapped around 0.1 kb to the 

right of the Sal I site after double digestion with Pst I and Sal I, while double 

digestion with Hind III and Pst I allowed location of the other site around 1.8 kb to 

the left of the Hind III site. Double digestion with Kpn I and Pst I showed that the 

0.8 kb Pst I fragment was cut by Kpn I, confirming that one Pst I site is located to the 

left of the unique Kpn I site.

Digestion with Bgl II (which has no site in the vector) produced two fragments 

of 4.1 and 1.3 kb (Figure IV-4a), suggesting that the cloned fragment has two sites for 

Bgl II. Bgl II plus Sal I digestion enabled mapping of one Bgl II site around 1.1 kb 

to the right of the Sal I site, while the other site was located around 0.3 kb to the left 

of the Hind III site following double digestion with Bgl II and Hind III. Double 

digestion with Bgl II and Pst I showed that the 1.1 kb Sal I-Bgl II fragment was 

cleaved by Pst I, confirming the localization of the two Bgl II sites to the right of the 

right Pst I site.

Analysis of the clone pH8.0: The restriction map of the 8.0 kb Hind III insert 

DNA is presented in Figure IV-4b. Subcloning did not result in the loss of any 

restriction sites in the vector MCS. Digestions of pH8.0 DNA with Sma I and Xba 

I show that the insert DNA has no sites for these two enzymes. Kpn I digestion 

produced two fragments of 6.9 and 3.8 kb, suggesting that the cloned DNA has one 

site for the enzyme. This site was located around 3.8 kb from the left end of the 

insert after double digestion with Kpn I and Hind III.

Bam HI digestion yielded three fragments of 7.4, 3.1 and 0.2 kb (Figure IV- 

4b), suggesting that there are two sites for this enzyme in the cloned DNA. Double 

digestion with Bam HI and Hind III allowed the location of one Bam HI site around 

0.4 kb from the right end of the insert. The other site was mapped around 3.6 kb to 

the right of the unique Kpn I site after Bam HI plus Kpn I double digestion.

Cleavage with Eco RI yielded three fragments of 9.0, 1.6 and 0.1 kb (Figure 

IV-4b), indicating that this enzyme cuts twice in the 8.0 kb insert. Double digestion 

with Eco RI and Hind III allowed the location of one Eco RI site around 6.3 kb from 

the right end of the insert, though the other site could not be located until Bgl II plus 

Eco RI digestion was performed (see below).
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Digestion with Bgl II (which does not cut the vector DNA) produced four 

fragments of 3.5, 2.8, 2.4 and 2.0 kb (Figure IV-4b), showing that there are four sites 

for the enzyme in the cloned fragment. Bgl II plus Hind III digestion released three 

further fragments of 2.7 (from the vector), 0.5 and 0.3 kb, indicating the distance from 

the ends of the insert but not the orientation. However, double cleavage with Bgl II 

and Eco RI produced further fragments of 3.2, 1.4, 1.3, 0.3 and 0.1 kb (Figure IV-4b). 

Since the fragments of 1.4, 1.3 and 0.1 kb can only be produced by the cleavage of 

the 2.8 kb Bgl II subfragment with Eco RI, the fragments of 3.2 and 0.3 kb must be 

derived from the 3.5 kb Bgl II fragment containing the vector DNA. These suggest 

that one Bgl II site is located around 0.3 kb from the left end of the insert and the 

Bgl II site towards the right end of the insert must be around 0.5 kb from the end. 

The data also suggest that the unmapped Eco RI site is located around 1.3 kb to the 

right of the left Bgl II site, i.e., around 1.6 kb from the left end of the insert. Double 

digestion with Bgl II and Kpn I enabled location of the other two Bgl II sites around 

0.7 kb to the left and around 1.3 kb to the right of the unique Kpn I site. Moreover, 

triple digestion with Bgl II and Bam HI and Hind III showed that the 2.4 kb Bgl II 

and the 0.5 kb Bgl II-Hind III fragments were cleaved by Bam HI (Figure IV-4b). 

This suggests that the Bgl II site to the right of the insert lies between the two Bam 

HI sites, and confirms the localization of the left Bam HI site around 7.4 kb from the 

left of the insert (see above).

Pst I digestion yielded two 4.7 kb fragments plus four or five others less than 

0.5 kb in length (Figure IV-4b). Pst I and Hind III digestion allowed the location of 

the rightward Pst I site around 2.0 kb from the right end of the insert and a second 

site was mapped around 2.5 kb to the left of the Kpn I site following Kpn I and Pst 

I double digestion. Double digestion with Eco RI and Pst I enabled the localization 

of all the Pst I sites except the one to the left of the left Eco RI site. The data do 

not allow the mapping of all of the Pst I sites or the differentiation of the left Bgl II 

and Pst I sites which are close to each other.

To resolve these problems, the strategy of partial digestion with end fragment 

hybridisation was employed. pH8.0 DNA was digested with Hind III and then 

partially digested with Bgl II or Pst I. As most of the Pst I sites are located in the 1.6 

kb Hind III-Eco RI fragment, this fragment was isolated and subcloned into pUC19,
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and designated pHE1.6. The pHE1.6 insert was removed by Hind III and Eco RI 

double digestion and subjected to partial digestion with Pst I in parallel with the 

pH8.0 digests. After the digests were blotted and hybridized with terminal fragment 

probes of the cloned DNA, the restriction maps were obtained (Figure IV-5). 

Hybridisation with the 0.3 kb Hind III-Bgl II fragment (terminal probe 1) allowed 

location of the four Bgl II sites at the positions of around 0.3, 3.1, 5.1 and 7.5 kb from 

the left end of the insert and the six Pst I sites around 0.35, 0.5, 0.6, 1.1, 1.3 and 6.0 

kb (Figure IV-5a, probe 1, & b). Hybridisation with a second terminal probe, the 0.4 

kb Bam HI-Hind III fragment, enabled the mapping of some of the restriction sites 

in the reverse orientation (Figure IV-5a, probe 2, & b). Three Bgl II sites were 

located around 0.5, 2.9 and 4.9 kb and three Pst I sites around 2.0, 6.7 and 7.8 kb 

from the right end of the insert, confirming the map positions obtained from the first 

hybridisation data. In the case of sites towards the centre of the insert, it was possible 

to confirm map positions from one hybridisation using data from the other probe. 

Study of the parallel sample, pHEl.6/Pst I (Figure IV-5), enables mapping of the 

second right Pst I site around 0.35 kb to left of the left Eco RI site. Furthermore, 

comparison of the pH8.0/Bgl II and pH8.0/Pst I lanes allow the accurate mapping of 

the left Bgl II site around 50 bp to the left of the left Pst I site.

Analysis of the clone pB5.0: Figure IV-6a shows the restriction map of the 

Bam HI 5.0 kb cloned DNA. Digestions of pB5.0 DNA with Bgl II and Sma I 

showed that there were no sites for these enzymes in the insert. Kpn I digestion 

produced two fragments of 6.5 and 1.2 kb (Figure IV-6a), indicating that this enzyme 

cuts once in the cloned fragment. Double digestion with Kpn I and Bam HI confirms 

the location of the unique Kpn I site around 1.2 kb from the left end of the insert. 

Eco RI and Xba I also appear to have single site in the cloned DNA. Double 

digestions with Bam HI and each of these enzymes confirm that the Eco RI sites are 

present around 3.0 kb from the left end of the insert and the Xba I site around 0.1 

kb from the right end.

Hind III or Pst I digestion showed that there were many sites for both of these 

enzymes; but it was only possible to map one Hind III and Pst I site around 0.4 and 

1.4 kb respectively from the left end of the insert after double digestion with Hind III 

and Bam HI or Pst I and Bam HI (Figure IV-6a). Using the strategy of partial
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Figure IV-5. Pst I (P) and Bgl II (D) mapping of clone pH8.0 using a 
modified partial digestion method, (a) Southern analysis: DNA digests 
were gel-electrophoresed and hybridised with probes (1 and 2) 
representing two terminal sequences of cloned DNA. Molecular size 
markers and DNA digests as well as hybridisation bands are indicated,
(b) Summary of above results: in individual ladders, clear fragments 
(hybridisation bands) are shown as solid lines and their sizes indicated. 
Dotted lines show fragments that migrated close to others (non- 
distinguishable) and their sizes (in parentheses) deduced according to 
the data of two orientation mappings. A composite map as determined 
from the data is proposed.
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digestion with end fragment hybridisation (described above for the 8.0 kb Hind III 

insert), the sites for Hind III and Pst I were mapped on the Bam HI 5.0 kb fragment 

(Figure IV-7). There are six sites for Hind III around 0.4, 2.0, 2.2, 3.0, 4.4 and 4.6 

kb from the left end of the insert, while Pst I has five sites around 1.4, 3.0, 3.3, 3.8 

and 4.5 kb. Comparison between Hind III and Pst I sites enables the relative location 

of the sites for the two enzymes. Double digestion of pB5.0 DNA with Kpn I and Pst 

I confirms that the left Pst I site is located around 0.2 kb to the right of the unique 

Kpn I site. The unique Eco RI site mapped very close to the second left Pst I site, 

and could not be differentiated by double digestion with Eco RI and Pst I. DNA 

sequencing enables the mapping of the Eco RI site to the right of the second left Pst 

I site (see Section IV.3.2). Double digestion with Hind III and Xba I allowed 

confirmation of the location of the right Hind III site to the left of the unique Xba 

I site.

Analysis of the clone pBl.O: The restriction map of the Bam HI 1.0 kb DNA 

is presented in Figure IV-6b. Digestions of pBl.O DNA with Hind III, Kpn I, Pst I 

and Xba I showed that these enzymes do not cut the 1.0 kb insert. Eco RI digestion 

yielded two fragments of 3.5 and 0.2 kb, suggesting that there is one site for this 

enzyme in the insert. Double digestion with Eco RI and Bam HI allowed 

confirmation of the unique Eco RI site at around 0.2 kb from the left end of the 

insert. Sma I also appeared to have one site in the cloned fragment, mapping around 

0.6 kb from the right end of the insert as deduced from double digestion with Sma 

I and Bam HI. Double digestion with Eco RI and Sma I confirms the location of the 

Eco RI site to the left of the unique Sma I site. Bgl II and Bam HI double digestion 

yielded three fragments of 2.7 (from the vector), 0.95 and 0.05 kb, showing that there 

is one site for Bgl II in the cloned fragment. This Bgl II site maps to the right of the 

unique Sma I site, shown by double digestion with Bgl II and Sma I.

A restriction map of the 16.4 kb inserted DNA may now be constructed when 

the maps of the subcloned fragments are put together (Figure IV-8). All the 

fragments which may be deduced from the data above appear to be consistent with 

those seen in the digests of LAI la DNA. For example, the 2.5 kb Kpn I-Hind III 

fragment of the clone pSH2.7 plus the 3.8 kb Hind III-Kpn I fragment of the clone 

pH8.0 can form the 6.3 kb Kpn I fragment, while the 4.2 kb Kpn I-Hind III fragment
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Figure IV-7. Hind III (H) and Pst I (P) mapping of clone pB5.0 using 
a modified partial digestion method. Results trom Southern analysis 
were summarised: in individual ladders, clear fragments (hybridisation 
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show fragments that migrated close to others (non-distinguishable) and 
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Figure IV-8. Restriction map of the 16.4 kb cloned cellular DNA. 
Maps of subclone insert DNAs are indicated. Abbreviations of 
restriction enzymes as noted in Figure IV-4. Three fragments of F-I, 
F-II and F-III are shown for DNA sequencing.
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of the clone pH8.0 overlaps the 1.2 kb Bam HI-Kpn I fragment around 0.4 kb, 

forming the 5.0 kb Kpn I fragment (Figure IV-la, lane Kpn I). The data above 

indicate that there are no missing small fragments between non-overlapping cloned 

fragments, the fragments of Sal I-Hind III 2.7 kb and Hind III 8.0 kb, and of Bam HI

5.0 and 1.0 kb. Moreover, using the selected fragments as probes, hybridisations of 

the LAlIa DNA digests with more combinations of the restriction enzymes also have 

given consistent results. Representative cases are shown in Figure IV-9. For 

instance, hybridisation with the 1.6 kb Hind III-Eco RI fragment following double 

digestion with Hind III and Bgl II revealed two fragments of 2.8 and 0.3 kb (Figure 

IV-9b, lane H + D), which match those deduced from the map. All these indicate that 

the restriction map of the 16.4 kb inserted DNA has been constructed correctly.

IV.3.2. Sequencing of HBV integrant and the cellular DNA

IV.3.2.1. Nucleotide sequences of the viral DNA and the flanking cellular DNA

The 1.0 kb Bam HI fragment contains one end of the viral integrant and the 

flanking cellular sequence (Chapter III). To obtain the sequence information, 

suitable subfragments were isolated from the 1.0 kb fragment using various restriction 

enzyme digestions based on the map. Each subfragment was cloned into M13 mpl8 

and/or mpl9 and the DNA sequenced from both orientations by the chain 

termination method. All the subclones are named after the subfragments with "e" or 

"n" in front of them representing mpl8 or mpl9 respectively. For example, subclones 

for the 0.6 kb Sma I(M)-Bam HI(B) fragment are named eMB0.6 (mpl8) and 

nMB0.6 (mpl9). The strategy of the sequencing of the 1.0 kb DNA is shown in 

Figure IV-10. Clones eBM0.4 and nBM0.4 allowed sequencing of the Bgl II-Sma I 

fragment DNA (432 nt) from both orientations, while approximately 500 nt of 

sequence information were obtained from either end of the 0.6 kb Bam Hl-Sma I 

fragment via clones eBM0.6 and nBM0.6 (one orientation only). Since the upstream 

end of the fragment contains the flanking cellular sequence and the virus-host 

junction, it is desirable to sequence both strands of the DNA. The sequence 

information shows that the viral integrant mainly comprises the C region sequence, 

in the upstream portion of which there appears to be a virus-host junction (see
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Figure IV-10. Strategy of nucleotide sequencing of the integrated HBV 
DNA and flanking cellular sequence (F-I, the 1.0 kb Barn HI DNA). 
Fragment size and its restriction map is shown above. Sequencing 
orientations and nucleotide bases are indicated blow. Subclones 
representing differently oriented sequences are indicated. B: Bam HI; 
E: Eco RI; D: Bgl II; M: Sma I.

below). A PCR primer, HDB2 (Section IV.2.1), which was complementary to HBV 

DNA just upstream of the virus-host junction (nt 2151-2133 [Ono el cil, 1983]) was 

available and so it was used to sequence clone eEBO.8. The oligonucleotide HDB2 

primes DNA synthesis around 350 nt upstream of the virus-host junction, allowing 

sequencing of the viral DNA from clone eBM0.6 leftward through the virus-host 

junction and the Sma I restriction site. The Sma I site has also been detected from 

opposite orientation, in the sequence information from clone nEB0.8.

The complete nucleotide sequence of the 1.0 kb fragment is presented in 

Figure IV-11. The structure of one end of an HBV DNA integrant from the clone 

LAlIa and the nucleotide sequence of the virus-host junction are shown in Figure IV- 

12. The HBV DNA sequence is 585 nucleotides in length, and includes the core 

gene, truncated at the 5’ end, and the 5’ end of the polymerase gene. The viral
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Bam HI * * * * * *  
GGATCCTAATGCAGTTGGCCACAGGTGGAATTATAACTAAAAGGACATCACTGTTTATTT 60 

* * * * * *
GGAATCTCAAAATGAATAAGCAGGGATCTGGTCTGGAGCAGTAATAAAGACTTCTCATCT 120* * * *ECO RI * *
GGCATCAGTTAAGTTTTCTTGGACCATCTAATTTCTCCAGGAATTCAGGATCTCACAGAG 180

* * * * * *
CCTTTCACAGACTACAGCCCTAGAAAGAATAAGGCCTTAGGCCAGGCGCAGTGGCTAATG 240 

* * * * * *
CGTGTAATCCCAGCTCTTTGGGAGGCTGAGGCAGGTGGATCAGCTGAGGTCAGGAGTTCA 300 

* * * * * *
AGATTAGCCTGACAAACATTGAGAAACCCCATCTATATTAAAAAAATACAAAATTAGCTG 360 

* * * * * *
GGTGTGGTGGTGCATGCCTGTAATCCCAGCTACTCGGGAGACTGAGGCAGGAGAATCATT 420

HBV integration site PreC gene stop Sma I  * * ** * * *
TTAACCCCCGGGGGAGGAGGAGGTTGCGGTGAGCTGAGATCCTTGGGTGGCTTTAGGGCA 480 
C gene start (1881) (1901)
*  *  *  *  *  *  *

TGGACATTGACCCTTATAAAGAATTTGGAGCTACAGTGGAGTTACTCTCTTTTTTGCCTT 540
(1961)

* * * * * *
CTGATTTCTTTCCGTCGGTCCGTGATCTCCACGACACCGCCTCAGCTCTTTACCGGGAAG 600

(2021)
* * * * *  * 

CCTTAGAGTCTCCAGAGCATTGTTCACCATTCCATACAGCACTTAGGCAAGCTATACTGT 660
(2081)

* * * * * *
GCTGGGGTGAGTTAATGACTCTGGCCTCGTGGGTGGGCAATAATTTGGAAGATCCAGCAT 720 
HDB2 primer site (2141)
* * * * * * *  
CCagggaacaagtagttaattatgtcaataccaatatgggtttaaagatcagacaattat 780

( 2 2 0 1 )
* * * * * *  

TGTGGTTTCATATTTCCTGTCTTACTTTTGGAAGAGAAACTGTCCTTGAGTATAAGGTGT 840
P gene start (2261)

*  *  *  *  4  *  *

CTTTTGGAGTGTGGATTCGCACTCCCCCCGCTTATAGACCACCAAATGCCCCTATCTTAT 900
(2321)

*  *  *  y  *  *  *

CAACACTTCCGGAAACTACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTC 960
(2354-2360) (2387)

* * * * I I  *  *
CCTCGCCTCGCAGACGAAGGTCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCCAGCTT 1020 

C gene stop (2447)
*  *Bam HI

CCCAATGTTAGTATTCCTTGGATCC 1045
(2472)

Figure 1V-11. Nucleotide sequence of the 1.0 kb Bam HI fragment (F- 
I). The nucleotide positions from the Bam HI site are numbered. The 
virus-host junction is indicated and the nucleotide positions of the 
integrated viral DNA are numbered in brackets as the adw subtype of 
HBV [Ono el a i, 1983], The restriction sites, sequencing primer 
binding site, and stop and start codons of the viral DNA present in the 
sequence are underlined and indicated. A difference between the 
integrated viral sequence and the adw subtype by deletion of 6 nt 
(2354-2360) is marked with " v " .
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LEFT ARM (-19 .3kb) INSERTED DNA (-16.4kb) RIGHT ARM (-9 .2kb )

H KHFHE HHt

B-Bam HI
E-Eco RI

H-Hlndm
K-Kpnl INTEGRATED HBV DNA
M-Sm» I
5-Sill
X-Xbal

1 1857 1881 1917. I 4   I
CCACTGTTCA AGCCTCCAAG CTGTGCCTTG GGTGGCTTTG G G G c| a t3 g AC ATTGACCCTT A HBV DNA (>dw)| • •     *

GGAGGAGGTT G CGGTGAGCT GAGATCCTTG GGTGGCTTTA GGGC ATG GAC ATTGACCCTT A Viru*-Ho*t Junction
I I

Figure IV-12. Structures of clone LAlIa and integrated HBV DNA. 
Structure of clone LA 11a and its restriction map are shown above. 
Structure of integrated HBV DNA and virus-host junction sequence are 
indicated below.

sequence surprisingly appears to be identical to that (nt 3164-563) of an HBV strain, 

the adw-LSH, including a TAG stop codon in the pre-core region [Vaudin el a I., 

1988]. The termination codon TAG lies six nucleotides upstream of the ATG 

initiation codon of the viral core gene and results from a point mutation in the 

tryptophan codon TGG of the sequence (Figure IV-13). The integration site for the 

virus corresponds to nucleotide 1881 of the adw subtype of HBV [Ono el a i , 1983] 

(Figure IV-12). A computer-assisted analysis and homology search in the DNASTAR 

(Europe) gene data bank (Section IV.2.6.5) show that the flanking cellular sequence 

comprises non-repetitive DNA with frequent termination codons and has no 

significant homology with known eukaryotic DNA sequences (data not shown). The 

data suggest that the flanking cellular sequence may be part of an intron or some 

non-transcribed sequences.
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Figure IV-13. Sequence analysis of pre-C region of integrated HBV 
DNA from both orientations. The mutated translational termination 
codon in the pre-C region is indicated and the base change which leads 
to this stop signal is indicated by an arrow.
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IV.3.2.2. Nucleotide sequences of the extended cellular DNA

To search for long open reading frames (ORFs) which might indicate an exon 

in the cellular DNA, two upstream cellular fragments were chosen for DNA 

sequencing (Figure IV-8). One is the 3.7 kb Kpn I-Bam HI fragment (F-II) which is 

immediately upstream of the 1.0 kb Bam HI fragment (F-I), and the other is the 1.6 

kb Hind III-Kpn I fragment (F-III) which lies around 11.0 kb upstream of the initial

1.0 kb fragment. Using the same strategy as for the 1.0 kb Bam HI fragment, these 

two upstream fragments were sequenced (Figure IV-14). Sequencing of the 1.6 kb 

fragment was quite straightforward as all the subfragments are less than 500 nt in 

length and other restriction sites, such as the Sph I ones, suitable for further 

subcloning were found by sequencing (Figure IV-14b).

However, there are three subfragments of over 0.5 kb in the 3.7 kb Kpn I-Bam 

HI fragment; the Pst I-Hind III 0.6 kb, the Hind III 0.7 kb and the Pst I 0.7 kb 

(Figure IV-14a, clones e/nPH0.6, nP0.7 and nP0.6). Some sequence information here 

is derived from one strand only. The insert of clone nP1.5 contains the 0.6 kb Pst I- 

Hind III and 0.7 kb Hind III fragments, while the 0.7 kb Pst I fragment is within the 

cloned fragment of clone nH1.6. If deletions in the inserts of these two clones can 

be created, the overlapping sequences which allow to complete the two strand 

sequencing may be obtained. To generate a nested set of overlapping deletion clones, 

unidirectional digestion with exonuclease III (Exo III) has been performed (Section

IV.2.6.1). The DNAs of both orientation clones nP1.5 and nH1.6 were first double

digested with Sst I and Bam HI in the vector MCS, between the insert and the 

sequencing primer binding site. Sst I left a four-base 3’-protrusion that protected the 

remainder of the vector from Exo III attack, allowing unidirectional digestion of the 

insert sequence from the 3’-recessed end left by Bam HI. After treatment with SI 

nuclease, aliquots of Exo III digests taken at uniform intervals were subjected to re

ligation and transfection, and the resulting clones (named with an orientation marker, 

7" or "\", and the time in minutes) deleted to a predicted extent were sequenced 

(Section IV.2.6). The clones of nPl.5/7’ and nP1.5\3’ enabled completion of 

sequencing of the 0.6 kb Pst I-Hind III fragment, the clones of nPl.5/4’ and nP1.5\6’ 

to the 0.7 kb Hind III fragment and the clones of nHl.6/2’ and nH1.6\6’ to the 0.7 kb 

Pst I fragment. Moreover, the correct orientation of these three sequences was
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Figure IV-14. Strategies of nucleotide sequencing of two extended 
cellular sequences, (a) The 3.7 kb Kpn I-Bam HI DNA (F-II). (b) 
The 1.6 kb Hind III-Kpn I DNA (F-III). Fragments’ sizes and their 
restriction maps are shown above. Sequencing orientations and 
nucleotide bases are indicated blow. Subclones representing different 
orientation sequences are indicated. B: Bam HI; E: Eco RI; D: Bgl II; 
H: Hind III; K: Kpn I; P: Pst I; M: Sma I; Sph: Sph I; X: Xba I.
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confirmed by sequencing across the relevant restriction sites in clones nP 1.5/4’, 

nP1.5\3’ and nH 1.6/2’.

The complete nucleotide sequences of the selected fragments of 3.7 and 1.6 

kb are shown in Figures IV-15 and IV-16. A computer-assisted analysis showed that 

there were a number of ORFs on both strands of these fragments but all were less 

than 400 nt in length. Furthermore, almost all the ORFs of over 200 nt in length had 

no methionine codons at their 5’ ends, suggesting that, if those regions from one 

strand represent exons, they might correspond to single exons from one or more split 

genes. To search for proteins which might indicate a gene, twenty protein sequences 

(over 70 amino acids in length) from the two cellular sequences of 3.7 and 1.6 kb 

were deduced (Table IV-1): eleven from the minus strands and nine from the plus 

strands (Note, minus or plus strand named following the HBV sequence). All the 

protein sequences were subjected to a search for related sequences in the DNASTAR 

(Europe) protein data bank (Section IV.2.6.5). The results showed that none of them 

had significant homology with known eukaryotic gene products even when two splice 

junction consensus sequences [Mount, 1982], i.e., (C:A)AG/GT(A:C)AGT for donors 

and (T:C)nN(C:T)AG/G for acceptors, were introduced to split the protein sequences 

(data not shown). Nor did the products which had homology with those protein 

sequences appear to be similar. A consistent result has also been seen when those 

ORFs were directly subjected to a search in the gene data bank (data not shown). 

These data suggest that the detected sequences in the same strand of the two cellular 

fragments may represent some non-transcribed genes or unknown split genes if the 

integration occurs in the middle of a complex transcriptional unit which encodes 

multiple mRNA 3’-termini.

Figure IV-15. (Overleaf) Nucleotide sequences of the upstream cellular 
DNA 3.7 kb Kpn I-Bam HI DNA fragment (F-II). The nucleotide 
positions are numbered and the restriction sites are underlined and 
indicated.



(a)

K pn I  * * * * * *
GGTACCTCCCTCCCTCCCTCTCTCACTTCCTCTTTTACCATGTGATCTGCATATGCCAGG 6 0 

* * * * * *
TCTCCTTCACCTTCCACCATGAATGGAAGCAGCCTAAAGCCTAAAGCTCTCACCAGAAGC 12  0

* * ps t  I  * * *
AGATGCTGGCACTATATTTCTTGTACAGTCTGCAGAACTGTGAATTAAATAAACCTTTTT 1 8  0

* * * * * *
TCTTTATAAGTTCCCTAGCCTCAGGTATTCCTTTGTGACAACACAAATGGGCTAAGACAG 2 4 0 

* * * * * *
AAGATTGGTAGCAAGGAGTGGAATGTTGCTGTAAAGATACCTGAAAATGTGGAGCAGCTT 3 0 0  

* * * * * *
CAGAACTGAATAATGGGCAGAGGTTGGAAAAGTTTGGAGGGCTTATGAAAAGAAAGACAA 3 6 0 

* * * * * *
GGGAAAGTGAAATTTCTTAGAGATTGGTTAAGTGCTTGTAAGTAAAATGTTGATAGAGAT 4 2 0 

* * * * * *
ATGGACAGTGAAGGCCAGGCTGACAAAGTCTCAGATGGAAATGAGGAACTTATTGGGAAC 4 8 0 

* * * * * *
TGGAGCTAAGGCCACTCTTGTTACATTGTAGCAAAGAACTTGGCCACATTGTGTTCATGC 54  0 

* * * * * *
CCAAGAGCTTTGTGGAAGGCAAGTTTAGCAATCTTAATATCAGCCTTTCACAAAGGCTAG 6 0 0  

* * * * * *
AGTGTACAACATGTTCACTTAGACTCAATTGGAACAATTTTCCTTCATGAAGTTCAACAT 6 6 0

* * * H in d  I I I  * *
ACTGCCATATGCTCCTACCTGAGCCTTACCATAAGCCAAGCTTCCTCGCCTGAGCCACTG 7 2 0

* * * * * *
CTGAGAACTTTCTTGTTCTGAATCCTGACAAGTGAAGACCTCTGCCTGCCCTGTGCTTCT 7 8 0 

* * * * * *
GCTCCCAAACTTGCAGTGACTGTGGATTTCTTCAGCTCCTTCTGGCTGACATAACCTCCC 8 4 0

* * * * H in d  I I I  *
CAAACCTGTGACTCAGTGGTCCCTGAGAAATAATGAACCTAAAAGCTTTTCCTTTTCTCA 9 0 0

* * * * * *
GTTTTCTGGAACAAGAAATGTCTAAGCAGCAAAGCATTCAAGAAATGTCATAGCTGCTTT 9 6 0  

* * * * * *
TAGCAGCTTATGATCAGTTATGGGAGCAAAGAAATGACCTAAAGTTGGAATTTATAATTA 1 0 2  0 

* * * * * *
AAGAGTAAACAGAGTGTAAACATTTGGAACAACTTGCTAGAGAGATTAGCAAGAATAAAA 1 0 8  0 

* * * * * *
TGGAGGCTGAAGATGTAATCCCAGCACTTTGGGAGGCCAAGGCAGGCGGATCACGAATGC 1 1 4  0 

* * * * * *
AGGAGTACGAGACCATCCTGGCTAACACGGTGAAACCCCATCTCTACTAAAAATACAAAA 12  0 0  

* * * * * *
AATAGCAGTGTGTGAAGAAAGAAGCAAAGGGAAAGTGAAAAGCTGTAGTCCCAACTACTT 12  6 0  

* * * * * *
GGGAGGCTGAGGCAGGAGAATGGCGTGAACCCGAGTGGCAGAGCTTGCAGTGAGCCAAGA 1 3 2  0 

* * * * * *
TCGTGCCACTGCACTCCAGAGCCTGGGCAACAGAGCAAGACTACGTCTCAAAAAAAAAAA 1 3 8  0 

* * * * * *
AAAAAAAAAGGGGAGCCAGGTGCTAACAGTCAAGACAATAAGGAAAAGGCTCTGAAGGCA 14  4 0 

* * * * * *
CTTCAGAAATCTTTGAGGCTACCCTTTCCATTATAATCCCAGAGGTCTAGGAGGGCAGAA 1 5 0 0  

* * * * * *
CAGTTTTGGGGAACTGGTCCAGGGTGTCACTGCCCTGTGCCACTTCAGGATGCTGCTCCC 1 5 6 0  

* * * * * *
TATCTCCCTGCCACTCCAGCTCCAGCCACAGCTCAAAAGGACCCCAGGTACTGTACAGGC 1 6 2  0

* * * H i n d  I I I  * P s t  I
TGCTGCTCCAGAAGCATAAGCCATAAGCCTTGGAAGCTTCCATATGGTGTTAAATCTGCA 1 6 8  0

ECO R I * * * * *
GGCTCCCAGAATTCAAGAGTGATGGAGGCTTGGCAGCTTCTACCTAGATTTCAGAGGATA 1 7 4  0

*  *  *  *  *  *

TATAGAAAACTCTGGGTGCCCAGGTAGAAGCCTGATGCAGGAGCCCATGCAGAGAACCTC 1 8 0 0



TACTAAGCAATGCCAAGGAGAAATATAGAGTTGGAGCTCCCACAGAGAATGCCCTCCAGA 
* * * * *  *

GCCCTGCCTAGTGGAGCTGTGAAGAGGGCTGCCATGCTCCAGACCCCGGAATGATAGAAC
* * * P s t  I  * * *

CACTAGCAGCATGCACCCTCAACCTAGAAGCTGCAGGCACCAGACTACAACCCATGAGCA
* * * * * *

GCCACATGGGCTGCACCCAGCAAAGGGATGGGGCTGTGGATGCCCAACACCTTGGGAGCC
* * * * * *

CACCGCTGACACCAGTGTGCCCAGGATATGGGACATGGAGTCAAAGGAGATTATTTTGGA
* * * * * *

GCTTCAAGAATTAATTTCTTGGCTGGGCACAATGGCTCTAGCCTGTAATCCCAACACTTT
* * * * * *

GGGAAACTGTGATTGGATAACTGCTTGAGACCAGGAGTTCAAAACCAGCCTGGGCAACAT
* * * * * *

AGTGAGACCCCATTTGTACAAATGACTTTTTGTTGTTGTTCTTGTTGTTGTTTAATTTGC
* * * * * *

CAGGTGTGGTGATGCATGCCTGTGATCCCAGATACTCAGGAGGGTGAGGTGGGAGGGTTG
* * P s t  I  * * * *

CTCGAGCTTGGAGGTTGAGACTGCAGTGAGCCGTGATCATACCACTGCACTCTAGCCTTG
* * * * * *

GTCACAGAATAAGACCCTGCCTCAGAACAAAAGAAAAAACAAAAAAAGAAAAAGATTTAA
* * * * * *

TGTCTGCCCTGCTGAGTTTCAGACTTGGGCAGGGCCTATTGCCCTTTTCTTTTGGCTGAT
* * * * * *

TTCTCCTTCTTGAAAGGAAATGTTTACCCAATGTCTGTATCACCATTATATCTTGGAAGT
* * * * * *

AAATTACTTGTTTTTTATTTTACAGGCTCACAGCTTAAGAGACTTTCCTTGAGTTTCAGA
* * * * * *

TGAAACTTTACACTTTGGACTTTTGAGTTGATGATAGAACAAGTTAAGACTTTAAGGACT
* * * * * *

ATTAGAATGGATGATTGTATTTTGCATGTGAGAAAAAACATGAGATTTGGAAGACCAGGG
* * * * * *

GCAAAATCCTGTGGTTTGGGTATGATTTGTTTGGCCCCACCAAGTCTCATGTTGAAATTT
* * * * * *

GATCTCCAATATTGGAGGTGGGGCCTGATAGGAGGTGTTTGGTTTGTGGGTGCAGATCCC
* * * * * *

TCATGAATGGCTTGGTGCAGTTCTCAGGTAATGAGTGAGTGGTAGCTCTATTAGTACTTG
* * * * * *

TGAGAGCTGGTTGTTAGAAAGAGCCTGGCACCTCTCTCCCCTCTCTTGTTTCCTCTCTTG
* * * * * H in d  I I I  *

CCATATAATCTCTGCACACACCAGCTCCCTTTGCCTTCCACCATGAGTAAAAGCTTCCTG
* * * * P s t  I  *

AAGCCCTCACCAGGGACAGATGTTGGTCCCATGCTTTCTGTGCAATCTGCAGAACTAAGA
* * * * * *

GCCAAATCAACCTCTTTTCTTTATAAATTATTCAGCCTCAGGTATTCCTTTATAGCAATA
* * * * * *

CAAACAGGCTAATACTGACACATATCTACATATCTGCATGGGACCCACAAACTGTCTTTT 
H i n d  I I I  * * * * *

ACAGGCAAGCTTTTAGTCCTTGTTCATGGAGCTATTTGGGACAAAGGCCAAGACATTCAT 
* * * * * *

TTGACCACTTTTAGTAGAAGGCAGGATCTCCATGCCTCCAAAGCAGAAACAAAATGATCA 
* * * * *  *

GCTTCCTTTTTCACTCCCACATGCTCAAGAGAAGCATGAGCTTTTTTCTAGTTCCATTGG 
* * * * *  *

TTGTGGTGAGTGAGATGCAGGCCACACTCCTCTCTCTGTTCCAATTCTTCTGCTGCTTAC
* * X b a  I  * * * *

AGTGTAGATCATTATGGCAGCTCTAGAATGACAAGGCCAAGGAATCTGGACTTAGCAATC
* * * Bam H I

ATAGG CC C CAG CAATTGAGAATCAT CTG CACTGTG C CAGGGATCC
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H i n d  I I I  * * * * * *  
AAGCTTTCTTTCCACCAGTAAGAAAGTGATCTATTAATATTATATAAATTTGATAATTTT 

* * * * * *
ATAAGCAGGAACTAAAAAGCCTCCATGGTGATGATATTTTAATCCAAAATATCTCTGTTG 

* * * * *  *
T C AGCT ATG AAAAC AC AAAAAT AT AACTG AAAT C C C ATT AAC AAT ATT AAC AATTTT ATT 

* * * * *  *
GCCTACAAATTTAATTGACTTAGTAGTAGTCTTTAGAAGGGTGATTTTTTTTTTTTTTTG 

* * * * *  *
AGCTCTGCCAAGATGGCGTACTACAAACAGCCAGGAAGAGCTTCTCCATCGGGAGAGACC

* * * B g l  I I  * * *
AGACCATCAGGTAGACTGGCACACTCTGAGCAGATCTGAAAGTAGTTTCTGAATGACTTT

* * * P s t  I *  * *
TGGGCATTGGGAGTTGACAGAGCGAGGATACAGGCTGCAGGATAAAAGGAGAGATAGCTG

* * * * *  *
GGAAACCTGCATGGGGTTTCTAAGAACTGGCACTCATACCTCACCATTAGCAGCTCCTAG 

* * * * *  *
GAAAGGAGCAAGCGAAACAGGTGTGGACTGGCCAACTGTAGCCATGGTCCTCTGGGATTG 

P s t  I  * * * * * *
TAGCTGCAGCAGACCCCATGATCCCCACAGACATCTGAGCTGGTAGGGAGAACTGCCCAG 

* * * * *  *
AGAGTTTGCAGAGGCAGAACTCCGGCCTGCACAGAGCCCAGGAGGTTTGGCATGGGAATG 

P s t  I  * * * * * *
GCTGCAGTGGAGAATGGTTATTGGTGCCCATCCTCCAAAGCTCAACATACTCCCCCAGGT 

* * * * *  *
AGCTTTAGCTTTTATTAGCTGCTAGATGTGGACAAAGCAGGGCTGTCTTGCCAGTGGGGT 

* * * * *  *
GAGGCCAATGTGATCTGAACACCCCTATATCTGTCAGCCTCTCCCAGGGTCCCTGCCTGG 

* * * * *  *
CTGCACCCATTAGCAGCACAGCCTCAGCTTGCTAGCGGCCACCACCACAGCTTTTTCACT 

* * * * *  *
GACAGACATCACCTACCCATCATAACACTTTTGAAGCTAGATCCCCACCGATCCCCACCA 

* * * * *  *
GCATGGACCCAACCCCAACCAGCCTTCCTTGTCCTGTGCCCACTCACCCTCAACCTCCCC

* * * * * S p h  I  *
ACAACCAACCCACTGCTGCACATGTGCATGGGCCAGCCACTGCCCCATCAGCATGCATAG

* * P s t  I  * * *
ATGCACAGACTTGCAGATGCACATACACCTGCAGATCCATAACCAGTGCATACGCACACA

* * * * *  *
AGGACCCCTGCCACTTTGCTGGCATGTGTATGTGAAGGAGGTCACTACCGCCCCCCTGGT 

* * * * *  *
GCTTTCGCCAGCAGCCTCCATTGGAATTTGATGCCAGCAGGCTGGAACCCTTAACCCTCT

* * * p s t  I  * *
AGTGCAGCAGGTGCTTAACTTGAGAGCAATACAAGCTGCAGGTGGCCTGATCCCAGCCCC

* S p h  I  * * * * *
CAAGAGTTAGGCATGCAGCCCAAGAATGCCAAGATAAAATTTGGCCCCCTGAAAGCATGT 

* * * * *  *
AGAAATGATGCCACTTGACTAAACCCAACCCATACCACAGTCAATGCTTAAGGCATCAAA 

* * * * *  *
GAATACAAAAGCAAAAAGCCTCATCTCGAAAAGACAACAACTTCAAAGAATAAGGGAACT 

* * * * *  *
TAGACCACTCAGATCAAAATGAACCAGCACAAGAACTTTGGCAACTCCAAAAGCCAGAGT 

* * * * *  *
ATCTTCTTACCTCCAAATGACTGCACTGGCTCCCCAGCAATGTTTCTTAACCAGGCTGAA

* E c o  R I  
ATGACAGAAACAGAGAATTC

Figure IV-16. Nucleotide sequences of the upstream cellular 1.6 kb 
Hind III-Eco Rl D NA  fragment (F-IIl).  The nucleotide positions are 
numbered and the restriction sites are underlined and indicated.
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Table IV-la. Protein Sequences* from Two Cellular 
DNA Fragments of 3.7 and 1.6 kb

Minus Strand

(I). B—>K3.7 kb sequence:
1. 102 aa; nt 682-987

ELHQAIHEGSAPTNQTPPIRPHLQYWRSNFNMRLGGAKQIIPKPQ
DFAPGLPNLMFFLTCKIQSSILIVLKVLTCSIINSKVQSVKFHLKLKE
SLLSCEPVK

2. 87 aa; nt 1184-1444
PRLECSGMITAHCSLNLQARATLPPHPPEYLGSQACITTPGKLNNN
KNNNKKSFVQMGSHYVAQAGFELLVSSSYPITVSQSVGITG

3. 73 aa; nt 1893-2111
ILGACRFNTIWKLPRLMAYASGAAACTVPGVLLSCGWSWSGREIG
SSILKWHRAVTPWTSSPKLFCPPRPLGL

4. 78 aa; nt 2218-2451
DVVLLCCPGSGVOWHDLGSLQALPLGFTPFSCLSLPSSWDYSFSLS
LCFFLHTLLFFVFLVEMGFHRVSQDGLVLLHS

5. 75 aa; nt 2733-2957
VTGLGRLCQPEGAEEIHSHCKFGSRSTWQAEVFTCQDSEQESSQQ
WLRRGSLAYGKAQVGAYGSMLNFMKENCSN

6. 88 aa; nt 3209-3472
EISLSLVFLFISPPNFSNLCPLFSSEAAPHFQVSLQQHSTPCYQSSVLA
HLCCHKGIPEARELIKKKGLFNSQFCRLYKKYSASICFW

(II). E—»H 1.6 kb sequence:
1. 129 aa; nt 315-701

LLGAGIRPPAACIALKLSTCCTRGLRVPACWHQIPMEAAGESTRG
AVVTSFTYTCQQSGRGPCVRMHWLWICRCMCICKSVHLCMLMG
QWLAHAHVQQWVGCGEVEGEWAQDKEGWLGLGPCWWGSVGI

2. 82 aa; nt 383-628
RVKGSSLLASNSNGGCWRKHQGGGSDLLHIHMPAKWQGSLCAY
ALVMDLQVYVHLQVCASMHADGAVAGPCTCAAVGWLWGG

3. 95 aa; nt 900-1184
QLIKAKATWGSMLSFGGWAPITILHCSHSHAKPPGLCAGRSSASAN
SLGSSPYQLRCLWGSWGLLQLQSQRTMATVGQSTPVSLAPFLGAA
NGEV

4. 85 aa; nt 917-1171
SYLGEYVELWRMGTNNHSPLQPFPCQTSWALCRPEFCLCKLSGQF
SLPAQMSVGIMGSAAATIPEDHGYSWPVHTCFACSFPRSC

5. 79 aa; nt 1202-1438
KPHAGFPAISPFILQPVSSLCQLPMPKSHSETTFRSAQSVPVYLMVW
SLPMEKLFLAVCSTPSWQSSKKKKNHPSKDYY
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Table IV-lb. Protein Sequences* from Two Cellular 
DNA Fragments of 3.7 and 1.6 kb

Plus Strand

(I). H—>E 1.6 kb sequence:
1. 77 aa; nt 353-583

MTFGHWELTERGYRLQDKRRDSWETCMGFLRTGTHTSPLAAPR
KGASETGVDWPTVAMVLWDCSCSRPHDPHRHLSW

2. 93 aa; nt 799-1077
TPLYLSASPRVPAWLHPLAAQPQLASGHHHSFFTDRHHLPIITLLK
LDPHRSPPAWTQPQPAFLVLCPLTLNLPTTNPLLHMCMGQPLPHQ
HA

3. 90 aa; nt 903-1172
QTSPTHHNTFEARSPPIPTSMDPTPTSLPCPVPTHPQPPHNQPTAAH
VHGPATAPSACIDAQTCRCTYTCRSITSAYAHKDPCHFAGMCM

4. 96 aa; nt 941-1228
IPTDPHQHGPNPNQPSLSCAHSPSTSPQPTHCCTCAWASHCPISMH 
RCTDLQMHIH LO1H NQCIRTQGPLPLC WH V Y VKE VTTAPLVLSP A 
ASIGI

(II). K—»B 3.7 kb sequence:
1. 96 aa; nt 1483-1770

SQRSRRAEQFWGTGPGCHCPVPLQDAAPYLPATPAPATAQKDPR
YCTGCCSRSISHKPWKLPYGVKSAGSQNSRVMEAWQLLPRFQRIY
RKLWVPR

2. 80 aa; nt 1878-2117
WSCEEGCHAPDPGMIEPLAACTLNLEAAGTRLQPMSSHMGCTQQ
RDGAVDAQHLGSPPLTPVCPGYGTWSGRRLFWSFKN

3. 101 aa; nt 1889-2191
RGLPCSRPRNDRTTSSMHPQPRSCRHQTTTHEQPHGLHPAKGWG
CGCPTPWEPTADTSVPRIWDMESKEIILELGELISWLGTMALACNP
NTLGNCDWITA

4. 80 aa; nt 2650-2889
NFTLWTFELMIEQ VKTLRTIRMDDCILH VRKNMRFGRPGAKSCG 
LGMICLAPPSLMLKFDLQYWRWGLIGGVWFVGADPS

5. 82 aa; nt 2950-3195
ELVVRKSLAPLSPLLFPLLPYNLCTHQLPLPSTMSKSFLKPSPGTDV
GPMLSVQSAELRAKSTSFLYKLFSLRYSFIAIQTG

‘Residues for amino acids: A = Ala; B = Asx; C = Cys; D = Asp;
E = Glu; F = Phe; G = Gly; H = His; I = lie; K = Lys; L = Leu;
M = Met; N = Asn; P = Pro; Q = Gin; R = Arg; S = Ser; T = Thr;
V =  Val- W = Trrv Y = Tvr 7  =  Glx.
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A number of strategies can be used to construct a restriction map [Maniatis 

et al., 1982], One of them is known as partial digestion of an end-labelled linear 

DNA [Smith and Birnstiel, 1976]. This strategy allows deduction of the order of 

restriction sites directly from a labelled end of the DNA and comparison of sites in 

different digests on the same gel. However, several steps are required to obtain DNA 

fragments with only one end labelled and the information from only one direction 

may be inaccurate for close restriction sites, especially near the unlabelled end. In 

the present study, a modified strategy, termed partial digestion with end hybridisation, 

was conceived and used. This strategy has made it possible to freely "label" any one 

of DNA termini and to directly read the restriction sites from two orientations. The 

whole process is simpler and more rapid. It is worth noting that, if plasmid DNA is 

used as carrier DNA for a partial digestion, weak signals from the carrier DNA may 

be seen after hybridisation (Figure IV-5, probe 1). However, when the carrier DNA 

is used in the procedure of prehybridisation and hybridisation, this background is 

avoided (Figure IV-5, probe 2). Further, for a small DNA fragment, liquid 

hybridisation followed by gel electrophoresis [Johnson and McCare, 1988] may rapidly 

show the result. For a long DNA fragment, it is still easy to map out in segments and 

the important point is to select correct "labels", the terminal fragment probes.

Complete nucleotide sequences of many isolates representing various subtypes 

of HBV have been reported [for example, Galibert el a l, 1979; Ono el a l , 1983; 

Kobayashi and Koike, 1984; Okamoto et al., 1986; Vaudin et al., 1988]. In the 

present study, one end of the integrated HBV sequence of 585 bp from clone LAlIa 

(tumour A l) was found to be identical to that of an African isolate (adw-LSH strain) 

of the virus from a naturally infected chimpanzee [Vaudin et al., 1988]. Although the 

present result unfortunately only shows an incomplete integrated viral sequence, it 

appears that two HBV sequences may reflect a common African strain of the virus. 

The sequence of the LSH strain shows approximately 10% nucleotide divergence 

from other published HBV sequences and may, in part, be the result of adaptation 

of the human virus to a chimpanzee host [Vaudin et al., 1988]. As the HBV integrant
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in tumour A l is identical in sequence to the LSH strain of the virus from an infected 

chimpanzee, this suggests that the passage of HBV through different hosts is not 

important for the divergence of the virus sequences in this region of the genome. 

Furthermore, both HBV sequences reveal an in-phase stop codon in the pre-core 

region of the core open reading frame, suggesting that a point mutation in the pre

core region in the viral integrant of the tumour Al may have occurred before 

integration. A similar mutation has been reported in clinical isolates of HBV by a 

number of workers (Chapter I) and also observed in free and integrated HBV DNA 

from primary liver tumours occurring in China [Loncarevic et a l , 1990; Chen et a l , 

1990b]. It is clear that the mutation appears to prevent the synthesis of the HBV e- 

antigen precursor during viral replication but there is no evidence that these pre-core 

variants are particularly associated with hepatocarcinogenesis.

One of the virus-host junctions of the integrant in tumour Al is now known 

to be located 57 bp downstream of an HBV direct repeat (DR1) at nucleotide 1824. 

This is consistent with the previous data that the regions around or within the direct 

repeats in the viral genome are "hotspots" for recombination between viral DNA and 

host sequences (Section 1.3.3). Furthermore, 37 bp downstream of the integration site 

is the viral poly-A addition signal, one of c/s-acting elements involved in viral gene 

expression (Section 1.2.4.2). Other c7.v-acting elements in this group such as enhancer 

and promoter have been reported to involve woodchuck HCC formation frequently 

via activation of myc proto-oncogenes after viral DNA integration [Hsu et a l , 1988; 

Fourel et a l , 1990]. Similar results have been seen in two single-integrant-positive 

HCC cases, where the viral civ-acting elements may have interrupted the gene 

expression of B-retinoic acid receptor or cyclin A leading to liver oncogenesis [Dejean 

et a l , 1986; Brand et a l , 1988; Wang et a l , 1990b]. Although it is not clear how the 

viral signals for the termination of transcription in integrants may disrupt the cellular 

genes and how important they are in comparison with viral enhancers or promoters, 

the present data support the notion that integration of HBV DNA may bring a 

cellular gene under control of the viral c/s-acting elements.

No significant homology can be found either between the flanking cellular 

sequences and known eukaryotic gene sequences, or between the two upstream 

cellular sequences which have been determined and known eukaryotic gene sequences
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or their products. It is possible that the HBV integration may have occurred in some 

non-transcribed cellular sequences or unknown genes. The present data do not show 

any human genes which may be involved in neoplasia.
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CHAPTER V.

PRELIMINARY STUDY OF PRIMER-DIRECTED 

ENZYMATIC AMPLIFICATION OF VIRUS-HOST 

JUNCTION SEQUENCES OF Al DNA
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Genomic cloning of tumour A l led to a number of identical clones (Chapter 

III) and the analysis of the representative clone LAlIa shows that one of the 

junctions between the cloned DNA and the vector arms unfortunately lies within the 

single HBV integrant so that only the upstream virus-host junction and the flanking 

cellular sequence are present (Chapters III and IV). The libraries LA1I and LA1II 

have been rescreened by hybridisation with HBV subgenomic probe a, representing 

the S gene present in the viral integrant of tumour Al, but no positive clones have 

been found (Chapter III). As the conventional genomic cloning is labour intensive, 

we have sought to develop a modified Polymerase Chain Reaction (PCR) technique 

as a general method for the amplification of virus-host junctions and the flanking 

cellular sequences from HBV DNA-positive primary liver tumours.

The polymerase chain reaction [Saiki et al., 1985; Mullis and Faloona, 1987; 

Saiki et a l, 1988] is a powerful method for producing a selective enrichment of 

specific DNA sequences by a factor of up to 10*, greatly facilitating a variety of 

subsequent analytical manipulations. The PCR amplification involves two 

oligonucleotide primers which are designed and synthesized according to sequence 

information on each side of the target sequence and a three-step cycling process: (1) 

heat denaturation of double-stranded DNA, (2) annealing of primers to their 

complementary sequences, and (3) extension of annealed primers with DNA 

polymerase. A cycle typically takes about 3-5 mins and is repeated 20-40 times. The 

PCR reaction contains deoxynucleoside triphosphates, oligonucleotide primers, 

enzyme and target nucleic acid from the specimen of interest.

To amplify specific DNA sequences, a source of DNA including the target 

sequence is denatured in the presence of a large molar excess of two oligonucleotide 

primers and the four deoxynucleoside triphosphates. The two primers hybridize to 

opposite strands of the target sequence and are oriented so DNA synthesis by the 

polymerase proceeds across the region between the primers, effectively doubling the 

amount of that DNA segment. During the first and each subsequent reaction cycle, 

extension of each primer on the original template produces one new ssDNA molecule
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of indefinite length. These "long products" accumulate at a linearly proportional rate 

relative to the number of cycles (i.e., 2n, where ?i is the number of cycles). Moreover, 

since the long products thus produced are complementary to and capable of binding 

one or the other of the primers, extension of these primers by polymerase produce 

molecules of a specific length, terminating at the 5’ ends of the oligomers used. 

These also act as templates for one or the other of the primers producing more 

specific DNA molecules. Each successive cycle essentially doubles the amount of 

DNA synthesized in previous cycle and thus a chain reaction is sustained, resulting 

in the accumulation of the specific target dsDNA at an exponential rate relative to 

the number of the cycles (i.e., approximately 2n, where n is the number of cycles).

In early PCR experiments, the enzyme used was the Klenow fragment of 

Escherichia coli DNA polymerase I [Mullis and Faloona, 1987], but this heat-labile 

enzyme had to be added in each subsequent cycle because of its inactivation during 

each denaturation step. This enzyme now has been replaced by the thermostable 

DNA polymerase of Thennus aquaticus (Taq) [Saiki et al., 1988], a development that 

has permitted automation of the procedure because all reaction components can be 

combined at the beginning. Use of Taq polymerase has improved the specificity, 

yield, sensitivity, and length of target DNA that can be amplified (up to 2000 bp or 

more) [Saiki et al., 1988].

In order to perform a PCR amplification, primer binding sites flanking the 

target sequence must be known. In this situation, use of PCR in the examination of 

the flanking sequences between HBV integrant and the cellular DNA in tumours is 

hampered by the fact that, while the integrated HBV DNA constitutes a potential 

primer binding site on one side of the virus-host junctions, the adjacent cellular DNA 

sequence is unknown. The problem is how to find a second primer binding site. A 

has been inspired by the procedure of genomic cloning where partially digested 

tumour DNA (some of which contain viral integrants) are ligated to the lambda 

vector (Chapter III). If an insert DNA contains integrated HBV DNA originally 

providing a potential primer binding site, the vector-specific primers may provide a 

second primer binding site. Based on this, a modified PCR technique was developed 

(Figure V-l).

DNA fragments sized around 3-5 kb that contain HBV sequences, being within



1 7 5

an amplifiable distance of the end of the molecule, may be generated by partial or 

complete digestion of tumour DNA with appropriate enzymes. The vector is one of 

the pUC series of plasmids as it has binding ^ites for universal a.id reverse sequencing 

primers which are commercially available and flank a multiple cloning site. Thus, if 

linearized pUC DNA is ligated to the partially digested tumour DNA, in some cases, 

a viral primer binding site may locate near one of the virus-host junctions, providing 

an original primer binding site. Such molecules will be suitable targets in a 

polymerase chain reaction using an HBV primer and either the universal or reverse 

sequencing primer. This should yield a product which runs from the primer binding 

sequence of HBV integrant into flanking cellular DNA and thence to the ligated 

plasmid DNA. The target molecules of up to at least 2.0 kb should be amplifiable 

in the PCR reaction.

In this preliminary study, the modified PCR technique was used to amplify the 

downstream virus-host junction sequences from tumour A l DNA. The single 

integrant of this tumour has been shown to contain the S gene sequences of HBV 

(Chapter II), which are mostly conserved in the integrants of HCC cases (Chapter I). 

In this situation, after the tumour DNA was fragmented and ligated with 

dephosphorylated pUCl9 DNA, the PCR amplification was performed using an HBV 

primer from the surface region of the viral genome and either the universal or reverse 

sequencing primer. The PCR product was examined by Southern blot hybridisation 

with HBV DNA and then subcloned and sequenced. Some rearrangements in the 

PCR product were observed and the modified technique is discussed.
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V.2. MATERIALS & METHODS
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V.2.1. Tumour DNA and Other Materials

DNA from tumour Al was chosen as a target in order to amplify the virus-host 

junction sequences absent from the genomic library (Chapter III), using a modified 

PCR technique.

Three primers were used: (1) MD14, an HBV primer with a Pst I cloning site 

at its 5’ end, 5’-GCGCTGCAGCTATGCCTCATCTTC-3’(rit 419-433) [Larzul et a l , 

1990]; (2) Universal sequencing primer (U primer), 5’-GTAAAACGACGGCCAGT-3’ 

[Schreir and Cortese, 1979]; (3) Reverse sequencing primer (R primer), 5’- 

AACAGCTATGACCATG-3’ [Hong, 1981]. Oligonucleotide primers were 

synthesized on an Applied Biosystems Synthesizer using phosphoramidite chemistry.

pG l and pKsAg, two plasmids with HBV gene insert of the adw-USH strain 

[Vaudin et a l , 1988], were used as positive controls during PCR amplification. pGl 

contains an insert of the core and surface regions of HBV cloned as a Pst I-Hpa I 

fragment in Pst I and Sma 1 sites of pUCl9 [F. D’Mello, personal communication], 

while pKsAg has the surface region insert as an Oxa NI-Hpa I fragment in Oxa NI 

and Sma I sites [T.J. Harrison, personal communication]. pHE1.6, which contains 

cellular but no HBV DNA (Chapter IV), was used as one of the negative DNA 

controls.

pUCl9, M13mpl8 and M13mpl9 were used as vectors for subcloning, and 

strain TG2 of E.coli was used as host (see Section I V.2.1).

V.2.2. Preparation of The Target DNA for Amplification

The procedure was essentially that used in construction of genomic library 

except that the desired fragment size was approximately 3.0 kb so that the target 

would be suitable for PCR amplification.
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V.2.2.1. Preparation of DNA fragments

(a) Isolation o f 3.0 kb fragments through gradients: a total of 100 ]L/g of A l 

DNA was partially digested with Sau 3AI at 1 jL/g/15 jl/1 with a half pilot unit of the 

enzyme. Then, following the procedure described previously (Section III.2.2.2), DNA 

fragments of approximately 3.0 kb were separated and purified by sucrose gradient 

centrifugation. DNA was finally redissolved in TE (8.0) at 0.5-1 fJg/fJl

(b)  Isolation o f 4-8 kb fragments f r o m  LMP gels: a total of 40 JJg of A l DNA 

was digested with Hind III at 1 gJg/2.5 units at 37°C overnight. After that, DNA 

fragments from 4 to 8 kb were fractionated and purified by LMP agarose gel 

electrophoresis (see Section IV.2.2.lb). Finally, the DNA was redissolved in TE (8.0) 

at 0.5-1 JJg/fJ\.

V.2.2.2. Preparation of vector DNA

pUC19 DNA was obtained from a medium scale preparation using a 

QUIAGEN Kit (see Section IV.2.4.2). Approximately 1 jL/g of vector DNA was 

digested separately with Bam HI or Hind III in order to generate termini for ligation 

with the restriction fragments. Then the DNA was treated with CIAP to remove 5’- 

phosphate groups, preventing the vector DNA from ligating to one another (see 

Section III.2.2.2b). The DNA preparation was finally redissolved in TE (8.0) at 1-2 

H g/^l Since this vector is used to form the target to be amplified, it is defined as the 

amplification vector in order to distinguish from the cloning vector which is used in 

subcloning of the PCR product (see below).

V.2.2.3. Ligation of DNA fragment and vector DNA

The isolated DNA fragment and amplifying vector DNA were mixed at a 

molar ratio of 1:5 (fragment:vector) with a total of 3 jLigof DNA in a 10 fj\ ligation 

reaction (see Section IV.2.2.3). After addition of 1 fj\(2.5  units) T4 DNA ligase, the 

reaction was incubated at 12°C overnight and then stored at -20°C.

V.2.3. PCR Amplification

PCR amplification was performed according to the following modifications of
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the procedure of Saiki et al. [1988]. To increase sensitivity, samples were pre

amplified with the HBV primer alone and then a PCR reaction performed with two 

primers: the viral primer plus either U or R. Special care was taken throughout the 

performance to avoid any contamination [Kwok and Higuchi, 1989].

V.2.3.1. Pre-amplification for the target

Reaction mixtures in a total volume of 100 [J\ were composed of 1 jL/M of 

MD14 primer, 20 )L/1 of 1 mM dNTPs, 2.5 units of Taq DNA polymerase, 5 (J\ of 

ligated target DNA, and 10 JJ\ of a buffer containing 100 mM Tris-HCl pH8.3, 500 

mM KC1, 15 mM MgCK and 0.01 % gelatin. For the positive control, one pg of pG l 

or pKsAg DNA was used, while 1 jl/g of HBV-negative plasmid DNA was used for 

negative control. All steps were carried out in an HBV-free tissue culture room with 

great precautions: (1) gloves changed frequently; (2) tips changed every time; (3) the 

order of addition followed buffer and dNTPs first, then primer and enzyme, and 

target DNA last; and (4) the order of samples performed: negative controls first, 

then test samples, and positive controls last. The mixtures were topped with 100 jj\ 

of light mineral oil, pre-amplification was carried out in Techne Heat Block 

(programmable thermal cycler) PHC-1 with 99 cycles of 94°C for 1 min (DNA 

denaturation), 52°C for 1.5 mins (primer annealing), and 72°C for 3 mins (DNA 

extension). The reaction mixtures were stored at 4°C or used immediately for PCR 

amplification.

V.2.3.2. Final amplification for the target

Half (50 |Lil)of each pre-amplification reaction was mixed with MD14 primer 

and U (or R) primer, dNTPs, Taq DNA polymerase and buffer salt as above 

conditions. After addition of 100 jL/lof mineral oil, amplification was performed with 

35 cycles of 94°C for 1 min, 52°C for 1.5 mins, and then 72°C for 3 mins. At the end 

of the final cycle, the samples were incubated at 72°C for a further 9-minute period 

to ensure that the final PCR products are fully double stranded. Then the mixtures 

were extracted with phenol/chloroform and DNA was precipitated with ethanol. Each 

DNA sample was redissolved in 30 fj\ of TE (8.0).
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Ten jl/l of PCR reaction product were mixed with 2 JL/1 of loading buffer Dye-I 

and the mixture was subjected to electrophoresis on a 1% agarose gel with controls 

and molecular size markers. DNA was then transferred onto a nylon membrane 

(Hybond-N) and the filters were prehybridized and hybridized with a 32P-labelled 

HBV probe under the stringent conditions described previously (Section II.2.8). 

HBV-positive products were detected by autoradiography.

V.2.5. Subcloning PCR Product into Plasmid

Subcloning was performed using the procedure described in Section IV.2.2. 

In brief, ten jL/lof PCR product was electrophoresed through a 1% LMP agarose gel 

and the HBV-positive bands were separated and purified. The DNA was then 

subjected to (blunt end) ligation at a molar ratio of 1:3 (insertivector) with Sma I- 

cleaved pUC19 DNA (cloning vector). Transformation of E.coli by recombinant 

DNA was carried out following the procedure as previously described (Section

IV.2.2.4).

HBV-positive recombinants were detected using the colony hybridisation 

method (Section IV.2.3.2). The positive recombinant plasmid DNA was then purified 

in a medium scale preparation using a QUIAGEN Kit (Section IV.2.4.2) for further 

study.

V.2.6. DNA Sequencing of PCR Product

The plasmid with PCR product insert was directly denatured and neutralised 

to make up double-stranded DNA templates for DNA sequencing (Section IV.2.6.2b). 

Alternatively, the PCR product insert was cut from the plasmid vector and recloned 

into M13 (Section IV.2.2). Single-stranded DNA templates were then prepared for 

DNA sequencing as previously described (Section IV.2.6.2a).
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V.3.1. 1 CR Amplification and Subcloning of the PCR Product

Cellular DNA of tumour Al was fragmented by partial digestion with Sau 3AI 

or by complete digestion with Hind III, which is known to yield a single HBV-positive 

fragment of 4.6 kb from the tumour DNA (Chapter II). The purified DNA fragments 

were ligated with dephosphorylated pUC19 DNA (the amplification vector): the Sau 

3AI fragments to Bam Hi-cut vector and the Hind III fragments to the Hind Ill- 

digested vector. Ligations containing the Sau 3AI fragments of approximately 3 kb 

and the Hind III fragments from 4 to 8 kb were test samples, designated PB±3 and 

PH4-8, while control samples included plasmid pGl DNA (HBV positive), pHE1.6 

DNA (HBV negative, Chapter IV), water and ligations containing other isolated Hind 

III fragments from 2 to 4 kb and from 8 to 10 kb, named PH2-4 and PH8-10 (HBV 

negative). Using an HBV primer (from the surface region; nt 419-433) and U primer, 

samples were subjected to PCR amplification and PCR products were hybridized with 

a 32P-labelled HBV DNA probe (Figure V-2).

In the test lanes, clear band of 0.5 kb was seen in two PH4-8 ligations after

PCR amplification, while in PB±3 ligation, there were two strong bands of 0.6 and

0.7 kb (Figure V-2a). HBV DNA hybridisation showed strong positive signals with

PCR 0.5 (PH4-8) and 0.7 kb (PB±3) products (Figure V-2b), indicating that these

products contain viral sequences. In the control lanes, both gel electrophoresis and

HBV DNA hybridisation showed that the pGl positive and the water negative

controls were negative by PCR (Figure V-2). Nevertheless, in three other negative

control lanes, PH2-4 and PH8-10 ligations and pHE1.6 sample, there were some

amplifications but HBV DNA hybridisation showed only very faint signals at around

0.5 kb in those two ligation lanes and none in the case of the pHE1.6 sample. The

reason that the pGl positive control showed a negative result is perhaps that the

covalently closed circular plasmid DNA was not efficiently denatured affecting the
15

binding of the primers. It^also possible that the amount of the DNA used (0.1 pg) 

is too small to be amplified due to the use of a wrong stock (0.1 pg/jL/1).
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However, the results from the negative controls indicate that there was no cross

contamination of the PCR and that the PCR products from those three negative 

DNA controls are simply non-specific by-products. The very faint signals in PH2-4 

and PH8-10 lanes may reflect that those two families of purified fragments may be 

contaminated with the HBV sequences from the 4-8 kb fragments during 

fractionation. All the data suggest that the 0.5 and 0.7 kb bands may be PCR 

products from the target sequences.

However, tumour Al appears to contain a single HBV integrant which 

represents all regions of the viral genome (Chapter II) and the viral integration site 

is near a direct repeat (DR1) of HBV (Chapter IV). In this case, using the viral 

primer from the surface region (nt 419-433) and primer U, PCR products from PH4-8 

and PB±3 ligations of at least 1.0 kb are desirable so that they will include the 

downstream virus-host junction. The PCR products of 0.5 and 0.7 kb are thus smaller 

and may only contain viral sequences. To further analyze this, the PCR products 

were directly subjected to a blunt end ligation with pUCl9 DNA in Sma I site, named 

LigMU0.5 and LigMU0.7. After screening of recombinant colonies, HBV-positive 

colonies could only be found from LigMU0.5 recombinants. Analysis of a 

representative clone, pMU0.5-12C, is shown in Figure V-3. Restriction digests 

showed that there was 0.5 kb DNA insert which hybridized to HBV DNA, suggesting 

that the 0.5 kb PCR product has been successfully subcloned. It is not clear why the 

0.7 kb product failed to be subcloned.

V.3.2. Nucleotide Sequence of the 0.5 kb PCR Product

In order to analyze the sequence of the PCR product, the insert DNA of 

pMU0.5-12C was subjected to double-stranded DNA sequencing from both ends, 

using Sequenase Kit primer (-40) (Section IV.2.6.3) and R primer. The nucleotide 

sequence of the 0.5 kb PCR product is shown in Figure V-4. The PCR product of 

615 nt was, indeed, cloned in the Sma I site of the cloning vector. However, it was 

surprisingly found that the viral primer (MD14) was not seen at one end of the 

product and there was no sequences for the MCS plus an U primer binding site from 

the amplification vector at the other end. Moreover, at the primer (-40) side, the
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Figure V-3. Southern analysis of subclone pMUO.5-12 using the entire 
HBV genome as a probe. Restriction enzymes Bam HI, Eco RI, Hind 
III, Pst I, Sst I and Sal I were used to singly- or double-digest pMU0.5- 
12 DNA. DNA digests were electrophoresed on a 1% agarose gel (a) 
and hybridised with the HBV DNA probe (b). Size M: molecular  size 
markers as in Figure V-2.
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sequence information from the cloning vector showed that there were three U primer 

binding sites in the region and a cl^i/dtbleSma I site lay between those three primer 

binding sites (Figure V-4). These data suggest that some rearrangements may have 

occurred during PCR amplification or cloning.

The cloned 615 nt sequence was found to comprise an HBV sequence cleaved 

from the surface region and part of polymerase region, corresponding to nucleotides 

437-1053 of the adw subtype of HBV [Ono et cil, 1983]. The viral sequence is 

identical to that of the LSH strain (nt 1719-2334) [Vaudin etaL, 1988], consistent with 

the result in Chapter IV. The data confirm that the PCR amplification has only 

yielded an HBV sequence but no flanking cellular sequence.
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R primer sequence Hind III Pst I Xba I Sma I
a a c a q c ta ta a c c a tg a tt ia c a c c a a q c T TGCATGCCTGCAGGTCGACTCTAGAGGATCCCC

Sph I Sal I Bam HI
437 (+) strand HBV sequence
4 PCR insert site I* * * * *
TTGGTTCTTCTGGACTATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGAICCTCG 4 9 6
(1719) Bam HI (1778)

* * * * * *  
ACCACCAGCACGGGACCATGCAAAACTTGCACGACTCCTGCTCAAGGAACCTCTTTGATT 55 6

(1838)
* * * * * *

CCCTCATGTTGCTGTACAAAACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCA 6 1 6
(1898)

* * * * * *
TCATGGGCTTTCGCAAAATTCCTATGGGAGTGGGCCTCAGTCCGTTTCTCCTGGCTCAGT 67 6

(1958)
*  *  *  *  *  *

TTACTAGCGCCATTTGTTCAGTGGTTCGCAGGGCTTTCCCCCACTGTTTGGCTTTTAGCT 7 3 6
(2018)

* * * * * *
ATATGGATGATGTGGTATTGGGGGCCAAATCTGTACAACATCTTGAGTCCCTTTATACCG 7 9 6

S gene stop (2078)
*  *  *  i  *  *  *

CTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAACAAAACAAAACGCT 85 6
(2138)

* * * * * *
GGGGTTATTCCCTACATTTCATGGGTTATGTAATTGGCAGTTGGGGGACATTACCACAAG 91 6

(2198)
* * * * * *

AACATATTGTACAAAAAATCAAAAATTGTTTCAGAAAACTTCCTGTTAACAGACCTATAA 9 7 6
Hpa I (2258)

* * * * * *  
TTGGAAAGTATGTCAAAGAATTGTGGTCTTTTGGGATTTGCTGCCCCTTTTACGCAATGT 1 0 3 6  

1053 PCR insert site II (2318)
* 4Sma I Sst I U primer site _

GGTTATCCTGCGTTGGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTACGACGTCGTGA
(2334) Kpn I Eco RI * *

U primer site Sma I Sst I U primer site _____CTGGCCGTCGTTTTACGGGTACCGAGCTCGAATTCACTGGCccrtccrttttacaaccrtcqt
Kpn I Eco RI

Primar (-40) site 
gactgggaaaac

Figure V-4. Nucleotide sequence of the PCR product insert of 
pMU0.5-12C. The restriction sites, primer sequence and sites, and a 
stop codon of the viral genome present in the sequence are underlined 
and two PCR insert sites indicated. The nucleotide positions of the 
viral sequence are numbered as the adw subtype of HBV [Ono et al., 
1983] and in brackets as the adw-LSH strain [Vaudin et al., 1988]. The 
nucleotide numbers are tentatively marked with A short sequence 
which has 8 of 9 nucleotides homologous with that of pUC19 adjacent 
to the U primer site is indicated between marks " a " .  The small letters 
represent sequence information assumed from two sequencing primers, 
which were not seen in gel autoradiography.
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The problem of "high background" or "contamination" in polymerase chain 

reactions has been increasingly realised and various strategies have been suggested 

to eliminate the occasional false positive from carry-over of amplicon (PCR amplified 

target sequences) or of material from positive samples [Kwok and Higuchi, 1989]. 

In the present preliminary study, the results from the negative controls rule out the 

possibility that there is any cross-contamination between the samples during the PCR 

procedure.

However, as unexpected products (less than 1.0 kb) have been amplified, it still 

can be argued that the amplified viral sequence originates from the insert of a

plasmid [contaminating in the laboratory rather than the integrant from the tumour.

It has been shown that overlapping fragments of DNA smaller than the target 
are

amplicon ^ able to prime one another to form a mosaic sequence [Paabo era/., 1989]. 

This phenomenon has been observed in a study of contamination with extremely short 

overlapping fragments of cytomegalovirus (CMV) DNA [Porter-Jordan et a l, 1990]. 

In this regard, if the isolated cellular fragments from the tumour Al are similarly 

contaminated with overlapping short fragments of HBV DNA, PCR may produce a 

contaminating viral sequence, a false positive product. Such a possibility, however, 

is very small. In this laboratory, contaminations of PCR reactions with HBV DNA 

sequences of laboratory origin have been due to the clones primarily manipulated in 

the laboratory and which were originally obtained from Professor Rutter [Valenzuela 

et al., 1979] and not to the LSH clones [Vaudin et a l, 1988] which are rarely 

manipulated in the laboratory [T.J. Harrison, personal communication]. In spite of 

this, the HBV sequence information is consistent with that of the viral integrant from 

the genomic library LAI la (Chapter IV). These suggest that the amplified viral 

sequence may be part of the integrant DNA.

It is not completely clear how the rearrangements occur. Three 

rearrangements have been seen in the sequencing product (Figure V-4). The first is 

found in the upstream virus-vector junction, where the cleaved Sma I site of the 

cloning vector is ligated to the viral sequence at nucleotide 437 and does not include
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the HBV primer (MD14; 24 nt, corresponding to nt 419-433 of the adw subtype of 

HBV) (Figure V-4). The virus-vector junction is only three nt downstream of the 

viral primer, therefore only 27 nt have been lost. Clearly, the viral primer binding site 

must have been present in the original PCR product; this implies that the sequence 

may have been lost during the process of purification of the product, but before 

ligation to the cloning vector DNA, since the efeu/^kleSma I site is present. It is 

possible that the PCR product was not completely double-stranded and a single

stranded 5’ tail of 28 nt was lost or that some other exonuclease digestion occurred.

The second rearrangement occurs in the downstream virus-vector junction, 

where the cleaved Sma I site of the cloning vector is ligated to the downstream viral 

sequence at nucleotide 1053 (Figure V-4). It is likely that a U primer may have non- 

specifically hybridized to a downstream sequence of the viral integrant, resulting in 

the termination of the PCR product in a position around 0.5 kb downstream from the 

HBV primer (MD14). Then, before this virus-vector junction formation, a sequence 

containing the U primer binding site may have been lost via the same mechanisms as 

the first rearrangement (described above) or some other complex events.

The third rearrangement is more complex and may be the result of a series of 

events. There are three U primer binding sites found in the primer (-40) side of 

the cloning vector sequence (Figure V-4), implying that at least three molecules may 

have been involved. However, none of three may be the original primer binding site 

since there is a dediv&bk Sma I site between the three binding sites and the HBV 

sequence. This indicates that some complex rearrangements may have occurred.

The present preliminary study has shown that the modified PCR technique 

works inefficiently and therefore requires further development. Nonetheless, in 

comparison with Anchored PCR [Loh et al., 1989] and Inverse PCR [Triglia et a l,

1989], this method has the potential advantage of simplicity and is less limited in its 

application to the study of DNA flanking viral integration junctions. For the general 

method in future, to increase its specificity may be most important. Two 

improvements may achieve this: (1) combine Nested PCR to overcome false positives 

caused by contamination, increasing the sensitivity of PCR amplification at the same 

time; and (2) adjust the primer annealing temperature and time to reduce non

specific bindings. However, in this specific case, we may design new HBV primers
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accordingly corresponding to the integrant as further downstream as possible to 

amplify an expected product in a more efficient length.



190

CHAPTER VI.

GENERAL DISCUSSION AND SUMMARY
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As discussed in Chapter I, hepatocellular carcinoma is one of the most 

common cancers in the world and its development has been strongly associated with 

HBV infection and subsequent viral DNA integration. Studies of HBV integrants at 

the molecular level have to date provided some insight into the mechanisms of viral 

DNA integration but the mode of oncogenicity of this virus still remains unclear. A 

major limitation is that, in many cases, detailed analyses have been performed on 

HBV integrants from tumour-derived cell lines or from tumours containing 

integrations at several sites, where rearrangements of integrated HBV DNA may have 

occurred subsequent to the original integration event. In order to further study the 

implications of integrated HBV DNA for liver oncogenesis, it may be desirable to 

select tumours containing only a single integration of HBV and to analyze in detail 

the integrated viral DNA and flanking cellular sequences.

The investigation described in this thesis focused on the selection of tumours 

for such study and the analysis of an HBV-positive clone isolated from one of five 

genomic libraries. This involved studies in four closely linked areas:

1) examination of HBV integration and estimation of copy number of the 

integrants in HCC tissues;

2) construction and screening of genomic libraries derived from the 

selected tumours;

3) analysis of the HBV-positive clone LAI la isolated from a library for 

tumour Al and construction of restriction map for its 16.4 kb inserted fragment;

4) nucleotide sequencing of the integrated HBV DNA and the flanking 

cellular sequences.

The main findings of the investigation outlined above were summarised and 

discussed in relevant "results" sections.

VI.l. Selection of Single-integrant-positive Tumours

As described in Chapter II, ten tumours from Africa and China were examined 

for presence of integrated HBV DNA and occurrence of single integration of HBV. 

Southern blot hybridisation using the entire HBV genome as probe showed that nine



192

of ten tumours contained integrated HBV DNA and in six of the nine samples (Al, 

A2, A3, A4, C l and C2), single hybridisation positive fragments were apparent after 

Hind III digestion, indicating that these six tumours have simple hybridisation 

patterns. Further examination by DNA hybridisation using subgenomic HBV DNA 

probes revealed that four tumours (Al, A2, A3 and C l)  contained only single viral 

integration and the remaining two (A4 and C2), probably more than one integrant. 

Among the single-integrant-positive tumours (except Cl, its DNA was not enough), 

tumour A l appears to contain one integrant including all the genomic regions of 

HBV and only X region is not represented in the integrants of the other two tumours. 

These are consistent with simple integration in the tumours (Chapter I).

Moreover, six of ten tumours were derived from HBsAg-positive patients 

(Table II-l). Southern blot hybridisation showed that all the high-molecular-weight 

HBV DNA-positive bands in nine tumour DNA digests were specific and discrete 

(Chapter II), consistent with the clonal integration of HBV DNA in many reported 

HCC cases (Chapter I). The occurrence of the viral integrations in all HBsAg- 

positive tumours is in agreement with the notion that over 90% of HBsAg-positive 

HCC cases contain integrated HBV DNA (Table II-4). These support the view that 

the HBV integration may play a role in cancer development (Chapter I).

VI.2. Structure of Integrated HBV DNA and Flanking Cellular Sequences in Tumour 

A l 

VI.2.1. Isolation and analysis of HBV-positive clones from librai7  LAI

As described in Chapter III, six genomic libraries were constructed from three 

single-integrant-positive tumours (Al, A2, A3) and two samples containing simple 

pattern of HBV integration (A4 and C2) (Table 111-1). All the libraries were 

subjected to screening for HBV-positive clones using HBV DNA as a probe. Due to 

time limitations, only the positive clones from two libraries of tumour A l (LA1I and 

LA1II) were subjected to several rounds of plaque purification and not those from 

another four libraries (LA2I, LA3I, LA4I and LC2I).

Five identical HBV-positive clones (LAlIa-e) were isolated from unamplified
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library LA1I (Figures III-3 and III-4). This data supports the conclusion that tumour 

A l contain only single integration of HBV (Chapter II). Analysis of clone LAlIa by 

restriction mapping (Chapter IV) shows that the inserted DNA is a fragment of 

around 16.4 kb in length with one site for Xba I and Sma I, three sites for Bam HI, 

Eco RI and Kpn I, seven sites for Hind III and Bgl II, and thirteen sites for Pst I 

(Figure IV-3). However, DNA hybridisation with entire genomic and subgenomic 

probes of HBV DNA shows that the cloned cellular DNA contains only a less than 

1.0 kb viral sequence including the core region of the genome and the viral sequence 

is directly adjacent to the right arm of the vector (Figures III-6 and III-7). This 

indicates that unfortunately one of the junctions between the cloned DNA and the 

vector arms lies within the single HBV integrant so that only the upstream virus-host 

junction and the Hanking cellular sequence are present.

VI.2.2. Structure of the integrated HBV DNA

Nucleotide sequencing shows that the upstream viral integration site is located 

around the cohesive end region of HBV (at nt 1881 in pre-C region) (Figures IV-11 

and IV-12), supporting the notion that sequences within or around the cohesive end 

region of HBV genome are "hotspots" for recombination between viral and host DNA 

(Chapter I). The HBV sequence is 585 nucleotides in length and includes the core 

region, truncated at the 5’ end of the pre-C region, and the 5’ end of the polymerase 

gene (nt 1881-2466) (Figure IV-11 and IV-12). This viral sequence is identical to that 

(nt 3164-563) of an African isolate, the adw-LSH strain, of HBV from a naturally 

infected chimpanzee [Vaudin el a I., 1988]. It appears that two viral sequences may 

reflect common African strain of HBV. Moreover, both HBV sequences reveal an 

in-phase TAG stop codon in the pre-C region of the core open reading frame (Figure 

IV-13). Although there is no evidence that these pre-core variants are associated with 

liver oncogenesis, the data suggests that a point mutation in the pre-core region in the 

integrant of tumour Al may have occurred before integration, and that the passage 

of HBV through different hosts may not be important for the divergence of the virus 

sequences in this region of the genome.

A modified PCR technique was developed and used to amplify the integrated 

HBV sequence from the surface region (nt 433) of the viral genome to downstream
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virus-host junction (Chapter V). Unfortunately, some rearrangements may have 

occurred during the experiment so that only a 615 nt viral sequence derived from the 

surface region and part of polymerase gene (nt 437-1053) are obtained (Figure V-4). 

This viral sequence is again identical to that of the adw-LSH  strain [Vaudin et al., 

1988], consistent with the integrated HBV sequence information obtained from 

genomic cloning analysis (Chapters III and IV), a completely different experiment. 

These indicate that the amplified viral sequence is part of the single integrant in 

tumour Al.

Together with data that the single integrant of tumour A l comprises all regions 

of HBV genome (Chapter II), one can predict the structure of the integrated HBV 

DNA. Five subgenomic HBV DNA probes used in Chapter II represent the S gene 

(a, nt 30-900), Enl (enhancer I) sequence (b, nt 900-1402), X region (c, nt 1402-1979), 

C region (d, 1979-2400) and pre-S region (e, 2424-3214) (Figure II-1). Since the 

upstream viral integration site is located at nt 1881 (Chapter IV), the distribution of 

the subgenomic fragment hybridisations along the integrant must be the fragments of 

d (nt 1979-2400), e (nt 2424-3214), a (nt 30-900), b (nt 900-1402) and c (nt 1402- 

1979). This suggests that the downstream viral integration site is most possibly 

located somewhere in the X region. Furthermore, it is 2707 nucleotides from the 

upstream integration site (nt 1881) to the initiation of X region (nt 1374) (Figure II- 

1), suggesting that the HBV integrant is more than 2.7 kb in length. The structure 

of the integrated HBV DNA is consistent with that of a simple integrant (Chapter I).

VI.2.3. Flanking and extended cellular sequences

As described in Chapter IV, the Hanking cellular sequence of 455 nucleotides 

was subjected to a homology search in the DNASTAR (Europe) gene data bank, 

showing that this sequence comprises non-repetitive DNA with frequent termination 

codons and has no significant homology with known eukaryotic DNA sequences 

(Section IV.3.2.1). Two upstream cellular sequences of 3583 and 1572 nt (around 0.5 

and 11.5 kb upstream of the integration site, respectively) have also no significant 

homology with known eukaryotic gene sequences or their products (Section IV.3.2.2). 

These data suggest that the HBV integration in tumour Al may occur within an 

intron of an unknown cellular gene or some non-transcribed cellular sequences.
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As described in Chapter I, it seems likely that integrated HBV DNA is directly 

involved in liver oncogenesis, but the precise contribution of the viral integration 

remains unclear. One hypothesis is the oncogenic potential of integrated HBV DNA. 

The HBV genome does not appear to contain an oncogene, however, the product of 

the X gene does appear to function as a transcriptional /ra/is-activator [Twu and 

Schloemer, 1987]. Several investigators have reported that a trans-activating activity 

is not only encoded by the X gene [Wollersheim et al., 1988; Takada and Koike,

1990], but also by the S’-truncated pre-S2/S sequences [Kekule et al., 1990] in 

integrated HBV DNA of primary liver tumours. More recently, Kim et a l [1991] 

have demonstrated that expression of the HBx gene alone induces liver cancer in 

transgenic mice. This direct involvement of the virus has yet to be further 

determined.

A second hypothesis is the insertional mutagenesis of integrated HBV DNA. 

The HBV genome also contains the civ-acting elements involving viral gene 

expression; they are enhancers (Enl and Enll), promoters (Pc, Psl, Psll and Px) and 

poly-A addition signal (Poly-A) (Section 1.2.4.2). These civ-acting elements, when 

introduced into the human genome via integration, may cause aberrant gene 

expression. The physical introduction of viral DNA sequences may also cause a 

mutagenic effect, such as inducing loss of heterozygosity [Wang and Rogler, 1985; 

Buetow et a l, 1989; Slagle et al, 1991] or chromosomal translocations [Hino et a l, 

1986; Tokino et a l, 1987], Of particular interest is allele loss on chromosome 17p 

where p53 tumour suppressor gene is located [Slagle et a l, 1991].

Attempts to detect rearrangements and altered expression of known oncogenes 

in primary liver tumours have generally not been successful [Varmus, 1984; Chen et 

a l, 1988b; Matsumoto et a l, 1988], Nor has HBV DNA integration been observed 

near known proto-oncogenes. However, two single-integrant-positive HCC cases have 

been reported, supporting the hypothesis that HBV may act as an insertional 

mutagen. In one case, the integrated HBV DNA (nt 1591-2969; containing Enll, Pc, 

Poly-A and Psl) became fused in frame with most of retinoic acid receptor B (RAR-
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B) gene [Dejean et al., 1986; Brand et a l, 1988; Dejean and de The, 1990], whereas 

the viral DNA (nt 1840-1617; including Poly-A, Psl, PsII, Enl and Px) integrated into 

an intron of a cyclin A gene in another [Wang et a l, 1990b]. Both RAR-B and cyclin 

A genes, essential for cell growth and differentiation, were found to have an increased 

expression in tumours compared with non-tumorous liver cells, though it is not clear 

how those viral dv-acting elements alter cellular gene expression.

In the present investigation, a single viral integrant was detected in tumour Al. 

The HBV DNA sequence is a simple integrant and comprises all regions of the virus 

genome (Chapter II). The upstream integration site is located at nt 1881 (Chapter 

IV) and the downstream site is predicted somewhere in the X region (nt 1374-1836) 

(above Section). Thus, the integrant of more than 2.7 kb contains certain cis-acting 

elements including Poly-A (detected in Chapter IV), Psl, PsII, Enl (detected in 

Chapter II) and Px. Although cellular sequence information from one side could only 

suggest that the HBV integration may occur in an intron or some non-transcribed 

sequences (Chapter IV), the data obtained from the integrant structure suggest that 

the viral DNA integration may have placed cellular sequence(s) under the control of 

these viral d.v-acting sequences, leading to altered cellular gene expression and a step 

to hepatocarcinogenesis.

V IA  Conclusions and Future Work

The aim of this project was to contribute to the understanding of the 

molecular basis of HBV integration in liver oncogenesis by molecular cloning and 

analysis of single integrant and flanking cellular sequences from an African tumour. 

However, only one upstream virus-host junction is obtained from the single integrant. 

The data from one side flanking and extended cellular sequences suggest that the 

HBV integration appears to occur in an intron or some non-transcribed sequences. 

Since this project has not been completed because of time limitations, all the data do 

not allow one to draw any further conclusion but support the hypothesis that HBV 

may contribute to liver oncogenesis through insertional mutagenesis.

Further studies on tumour Al could be carried out. Firstly, if a normal human 

liver cDNA library is available, one approach could help to find out the involved
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cellular gene. Based on the restriction map of LAlIa (Figure IV-8), different 

restriction fragments along the cellular insert DNA could be used to hybridize mRNA 

isolates from a normal liver. The hybridisation positive fragment could then be 

chosen to screen the normal liver cDNA library. Sequencing of the inserts of cDNA 

clones may provide more direct and clearer sequence information.

Secondly, the modified PCR technique could be improved by combination of 

Nested PCR [Mullis and Faloona, 1987] and adjustment of the primer annealing 

temperature and time (Chapter V). Then, the improved PCR method plus 

designation of new HBV primers near downstream of the viral integrant (e.g., 

upstream sequence of the X region) could be used to amplify the downstream virus- 

host junction and flanking cellular sequence.

Thirdly, once the flanking sequence information from both sites of the 

integrant is clear, unoccupied part of host cellular sequence could be analyzed by 

PCR amplification from normal liver DNA using the flanking sequence primers.

Finally, using the flanking sequences as probes, the chromosomal location 

could be mapped by cytological hybridisations [Henderson, 1982] or by hybridisations 

against human-mouse hybrid cell panel DNAs [Hino et al., 1986].

Nevertheless, the improved PCR technique could also be used as a general 

method to analyze the virus-host junctions and flanking cellular sequences from other 

HCC samples, especially those which contain single integration of HBV DNA.

Although the research objectives described in this thesis were so promising 

four years ago, many workers including us have since been generally unsuccessful. 

Only RAR-B [Dejean et al., 1986; Brand et al., 1988; Dejean and de The, 1990] and 

cyclin A [Wang et al., 1990b] genes have so far been reported to be interrupted by 

HBV DNA integration in contrast to a high frequency of WHV DNA integration in 

N-rayc genes in WHV-related HCCs [Fourel et al., 1990]. This suggests that there 

may be some other oncogenic possibility for human HCC. Of particular interest is 

the oncogenic potential of the X gene (Section 1.4.6.2); however, more studies are 

required to establish this.
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APPENDIX 

SOLUTIONS AND MEDIA



Oreanic Solutions

Chloroform/isoamyl alcohol (24/1)
24:1 (v:v), chloroform:isoamyl alcohol

Phenol
Redistilled, buffer saturated, equilibrated with 0.1 M Tris 
HC1 pH8.0, 0.2% R-mercaptoethanol and stored in 
darkness at 4°C.

Phenol/chloroform/isoamyl alcohol (25/24/1)
25:24:1 (v:v:v), buffered phenol:chloroform:isoamyl
alcohol. Stored in darkness at 4nC.

Proteolytic and Other Enzymes

Pronase (20 mg/ml)
20 mg/ml in d.d.H:0 .  Self-digested at 37°C for 2 hrs. 
Stored at -20’C.

Proteinase K (20 mg/nil)
20 mg/ml in d.d.FFO. Stored at -20°C.

RNase A (Pancreas) (10 mg/ml)
10 mg/ml in 10 mM Tris-HCl pH7.5/15 mM NaCl. 
Incubated at 100°C for 15 mins. Cooled slowly to room 
temperature. Stored at -20°C.

Stock and Other Solutions

Acrylaniide (40%)
Acrylamide 
Bis-acrylamide 
d.d.FFO to
Stirred with 20 g Amberlite 
at 4°C.

Ammonium Persulphate (10%)
Ammonium persulphate 0.1 g
d.d.FFO to 1 ml

Ampicillin (25 mg/ml)
25 mg/ml Sodium salt ampicillin in d.d.FFO. Filtered and 
stored at -20'C.

380 g
20 g
1,000 ml 

MB-1. Filtered and stored
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ATP (10 mM)
6 mg/ml in TE pH8.0. Stored at -20°C.

BSA (10 mg/ml)
10 mg/ml Bovine serum albumin in d.d.H20 .  Stored at - 
20°C.

CaCl, (1 M)
CaCl2 147.0 g
d.d.H20  to 1,000 ml

Denhardt’s solution (50X)
1% (w/v) BSA
1% (w/v) Ficoll
1% (w/v) PVP (Polyvinyl pyrollidone)

DTT (1 M)
Dithiothre 
0.01 M Nc 
Filtered ai

Dye-I (6X)
0.25%
0.25%
40% (w/v)

EDTA (0.5 M, pH8.0)
186.1 g Disodium-ethylene-diamine-tetraacetate-2H20  in 
800 ml d.d.FLO. Adjusted to pH8.0 with NaOH. H20  
added to 1,000 ml.

Endo R stop (10X Blue)
50%
1 %
0.1%
100 mM

EtBr (10 mg/ml)
Ethidium bromide 
d.d.H.O to
Stored in darkness at 4°C.

5TE
1 mM EDTA
10 mM Tris-HCl pH8.0
100 mM NaCl

1 g
100 ml

Glycerol
SDS (Sodium dodecyl sulphate)
Bromophenol blue
EDTA

itol 3.09 g
iAc pH5.2 to 20 ml
id stored at -20°C.

Bromophenol blue 
Xylene cyanol 
Sucrose



Hepes (1 M, pH 6.6)
2.383 g Hepes in d.d.H:0 . Adjusted to pH6.6 with 
NaOH. H ,0  added to 10 ml.

IPTG (100 mM)
IPTG 23.8 mg
d.d.HX) to 1 ml
Stored at -20°C.

KAc (5 M)
Potassium acetate 49.1 g
d.d.H.O to 1,000 ml

Ligation Buffer (10X)
660 mM Tris-HCl pH7.6
66 mM MgCh
100 mM DTT

Maltose (20%)
Maltose 20 g
d.d.H:0  to 100 ml
Filtered and stored at 4°C.

MgCI, (I M)
MgCl:*6H:0  203.3 g
d.d.H:0  to 1,000 ml

MgSO, (1 M)
MgSO,-7H:0  246.74 g
d.d.HX) to 1,000 ml

NaAc (3 M, pH5.2)
408.1 g Sodium acetate in 800 ml of d.d.HX). Adjusted 
to pH5.2 with glacial acetic acid. H>0 added to 1,000 ml.

NaCl (5 M)
NaCl 292.2 g
d.d.H,0 to 1,000 ml

NaOH (5 M)
NaOH 200.0 g
d.d.H:0  to 1,000 ml

PBS (Phosphate buffered saline)
0.1 M Na:HPO,-NaH:POr buffered saline pH7.2



PEG (20%)
PEG 6000 
NaCl
d.d.H:0  to

20% PEG/2 M NaCl in SM
PEG 6000 
NaCl 
SM to

SDS (10%)
0.1 g/ml in d.d.H:0 .

SM
NaCl
MgSO;7EPO 
1 M Tris-HCl pH7.5 
2% Gelatin 
d.d.H,0 to

Solution I
25 mM 
10 mM 
50 mM 
5 mg/ml

Solution II
0.2 M
1%

Solution III (100 ml)
11.5 ml 
60 ml
28.5 ml

SSC (20X)
NaCl 
Na/citrate 
d.d.H:0  to

Sucrose Buffer
20 mM 
1 M 
5 mM

20 g
14.6 g 
100 ml

20 g
11.69 g 
100 ml

Adjusted to pH7.2 with HC1

5.8 g
2 g 
50 ml
5 ml
1,000 ml

Tris-HCl pH8.0 
EDTA pH8.0 
Glucose 
Lysozyme

NaOH
SDS

Glacial acetic acid 
5 M KAc 
d.d.H:0

175.3 g
88.2 g
1,000 ml

Tris-HCl pH8.0
NaCl
EDTA

5-40% Sucrose Solutions
Solutions for gradients contain w/v sucrose in sucrose 
buffer.



2 3 8

TBE (5X)
Tris base 54 g
Boric acid 13.75 g
0.5 M EDTA 20 ml
d.d.H:0  to 1,000 ml

5% TCA/0.1 M pyrophosphate
0.3 M TCA ( Trichloroacetic acid)
0.1 M tetra-Sodium pyrophosphate

TE (7.8)
10 mM Tris-HCl pH7.8
1 mM EDTA

TE (8.0)
10 mM Tris-HCl pH8.0
1 mM EDTA pH8.0

TEA (10X, 1 litre)
Tris base 48.4 g
NaAc 27.2 g
NaCl 11.7 g
EDTA 7.4 g
Adjusted to pH8.0 with glacial acetetic acid.

Tris (1 M, desired pH)
121.1 g Tris base in 800 ml of d.d.HX). Adjusted to the 
desired value of pH with HCI. H:0  added to 1,000 ml.

X-gal (20%)
200 mg X-gal in 1 ml dimethylformamide. Stored in 
darkness at -2()”C.
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Liquid and Other Media

LB (Luria bertani) medium (1 litre)
Bacto-tryptone 
Bacto-yeast extract

10 g
5 g
10 gNaCl

Adjusted to pH7.5 with 5 M NaOH.

DE52 in LB
DEAE-cellulose DE52 is suspended and washed with LB. 
Buffered at about 75% resin and 25% LB, and sodium 
azide added to 0.1 %.

Glycerol LB (30%)
Glycerol 30 ml
LB medium 70 ml

Glycerol Stocks (50%)
Bacteria culture 500 ml
30% Glycerol LB 500 ml

YT medium
Bacto-tryptone 10 g
Bacto-yeast extract 10 g
NaCl
d.d.H.O to

5 g
1,000 ml



2 4 0

Agar Media

Ampicillin Agar (for plates)
Colombia-agar 19.5 g
25 mg/ml Ampicillin 1 ml
d.d.FLO to 500 ml

LB Agar (for plates)
Bacto-agar 15 g
LB to 1,000 ml

Minimal Agar (for plates)
Bacto-agar 15 g
KLHPO, 10.5 g
KLLPO, 4.5 g
(NH.,):SO, 1.0 g
Na/citrate 0.5 g
MgSO/7FLO* 0.2 g
Thiamine HCI* 5 fjg
Glucose"1 2.0 g
d.d.FLO* to 1,000 ml
*These are sterilised separately as concentrated solutions 
and added later.

Soft Agar (for top agar)
Bacto-tryptone 
Bacto-agar 
NaCl
d.d.FLO to

Top Agar (LB)
Bacto-agar 7.5 g
LB to 1,000 ml

YT Agar (for plates)
Bacto-agar 15 g
YT to 1,000 ml

10 g
8g
8g
1,000 ml
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