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ABSTRACT

Viral genomes of 8 isolates of hepatitis B virus (HBV) derived from blood specimens were used
to sequence of pre-S2 and S regions. Four samples of each subtype adr and adw were used. It was found
that there was quite high homogeneity among four samples of the same subtype, that is, 99.6% among
samples of adr subtype and 98.7% among samples of adw subtype. Although, the two subtypes showed
many nucleotide variations, all of them presented the pattern of wild type DNA. Results showed that
the isolated DNA of subtype adw could be classified as genotype B whereas those of subtype adr were
classified as genotype C. Concerning the most common antigenic determinant a, no variation as vaccine-
induced escape mutant was observed in all eight samples, for example, at amino acids 126 and 145 of HBsAg.

INTRODUCTION

Hepatitis B is a widespread and serious human disease that requires an extensive program
of vaccination. The progress in recombinant DNA methods have provided an alternative approach
for the development of vaccine to support of global immunization activities. It has been
demonstrated that bacteria, yeast and mammalian cells transformed with appropriate expression
vectors are able to synthesize hepatitis B surface antigen (HBsAg).

Hepatitis B viral (HBV) DNA is a partially double stranded circular molecule. The long
strand is approximately 3,200 nucleotides while the short strand varies from 1,700 to 2,800
nucleotides in different molecules'. HBsAg proteins are encoded by two adjacent regions of the
HBV envelope gene, the pre-S which comprises of the pre-S1 and the pre-S2, and the S region.
A protein of 226 amino acids is the major protein constituent of the HBV envelope that is
encoded by the S gene. A "middle" protein carrying an additional 55 amino acids is encoded by
the pre-S2 portion while a "large" protein carrying an extra 108 amino acids is encoded by the
pre-S1 portion. The pre-S2 region is the binding site for polymerized human serum albumin
that is believed to be involved in the attachment of HBV to human hepatocyte?3. However,
Neurath ef al.,* reported that immunodominant epitopes in the pre-52 region were recognized
by human antibodies to HBV, and these epitopes enhance the immunogenicity of HBsAg in
mice’. Additionally, antibodies to synthetic peptides from the pre-52 region are virus-neutralizing
and protective antibodies in chimpanzees®. Moreover, anti-pre-52 antibodies seem to play a role
in immunological clearance of infectious HBV’.
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Although the subtype of hepatitis B surface antigen (adr, adw, ayr, ayw) may vary
among different geographical isolates of the virus, all share a common antigenic determinant
a. Production of antibodies to this epitope appears to mediate cross-protection against all
subtypes. The epitope a is located in the amino acid region of residues 124-147 of the surface
protein®. There have been several reports®*1%!! which inferred that mutations occurred in the
gene coding for the a epitope resulted in significant reduction of antigenicity and
immunoreactivity of the surface protein.

These studies were focused on nucleotide sequences. Since the HBV DNA clones could
be used in a certain purpose as recombinant vaccine production, thus, the pre-S2 and S regions
that would be an inserted portion in gene expression were studied. Additionally, it is of
interest to compare these regions of subtype adr and adw, since it is known that there are only
these two subtypes that are endemic in Thailand.

MATERIALS AND METHODS

Preparation of HBV-DNA

The HBV DNA was isolated from the Dane particles of HBV isolated from blood samples.
The isolated viral DNA was subsequently used to construct recombinant plasmids resulting in
several plasmids that carrying the entire HBV genome of subtype adr. The constructed
recombinant plasmids, pDKC1, pDKC2, pDKC3 and pPM5 were selected. The recombinant
plasmids pDKC1, pDKC2 and pDKC3 had been prepared and described by Balachandra et al.”?,
and the pPMS had been prepared and described by Boonchird et al.'® The four viral genomes
of subtype adw were prepared from those isolates obtained from virus-positive sera as described
by Thawaranantha et al.'* These specimens were designated as No. 240, 508, 540, and 562. The
method for subtyping of all HBV genomes was done by the method of PCR as described by
Thawaranantha er al.**

Amplification of the pre-S2 and the S regions

The portions of pre-S2 and S were amplified from HBV DNA clones by the method of
polymerase chain reaction as described by Thawaranantha et al.,' except that the primers used
were PS-X and PS-8. The nucleotide sequences of the primers used are shown in Table 1. After
amplification, the amplified fragments were purified by the methods of the low-melting point
temperature agarose gel electrophoresis as described by Maniatis et al.’®

Cycle sequencing

The cycle sequencing reaction of each DNA sample was performed following the protocol
of ABI PRISM Dye Terminator, Perkin-Elmer Corporation, USA. In brief, 0.5 ug DNA and 3.2
pmole of a sequencing primer were added to 8.0 ul of the Terminator Ready Reaction Mix to
make a total volume of 20 ul. The reaction mixture was allowed to proceed in a sequence of
thermal cycling at 96°C for 10 sec, 50°C for 15 sec, and 60°C for 4 min. The thermal cycling
reaction was allowed to complete 25 cycles. The sequencing primers used were PS-X and PS-
5 while the sequencing primers used for the complementary strand were PS-8 and PS-4. The
nucleotide sequences of the primers used are shown in Table 1. The extension fragments were
purified from unincorporated fluorescent-labeled reagent in the Terminator Ready Reaction
Mix by extraction with the mixture of 100 ul chloroform and 100 ul of phenol-water-chloroform
solution. The phenol-water-chloroform solution was consisting of phenol, water and chloroform
in a ratio of 68:18:14. The sample was centrifuged at 15,000 rpm for 3 min and the upper phase
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Table 1. Nucleotide sequences of primers for amplification and cycle sequencing of pre-S2 and

S genes.
Primer Nucleotide sequence(5' - 3') Nucleotide position2
PS-X TCCACCAATCGGCAGTCAGG 3133-3152
PS-5 GCCTCATCTICTIGTIGG 423-440
PS4 ATGAGGCATAGCAGCAGGATG 408-429
PS-8 GTACCCCAACTTCCAATTAC 886-905

a : Nucleotide positions were numbered from a hypothetical EcoRI site.

TARGET—
FRAGMENT

Fig. 1. Gel electrophoresis of the amplified fragments for sequencing of cloned and isolated HBV DNA shown in
lane 1, 2, 3, 4.
M is the molecular weight marker (bp).
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Fig.2. Nucleotide sequences of the pre-S2 and S regions of HBV DNA clones:pDKC1, pDKC2, pDKC3 and pPM5,
and isolated genomes: No. 240, 508, 540, and 562. The sequences were aligned with the pDKC1 sequence using
the first A residue of pre-S2 as nucleotide 1.
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Fig. 3. Deduced amino acids sequences of the pre-S2 and S regions from nucleotide sequences of pDKC1, pDKC2,
pDKC3, pPM5, No. 240, 508, 540, and 562.

Underlines indicated the antigenic determinant a region. The sequences were alligned with the pDKC1 sequence
using the first M residues of pre-52 and HBsAg as amino acid 1 of pre-52 and HBsAg, respectively.
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material was collected. The sample of extension fragments was precipitated by a mixture of
15 pl of 2 M sodium-acetate pH 4.5 and 300 ul of 100% ethanol. The precipitated sample was
centrifuged at 15,000 rpm for 15 min and the pellet was collected.

The sample of extension fragments was subsequently redissolved in a mixture of dejonized
formamide and EDTA. The mixture was consisting of deionized formamide and 50 mM EDTA
pH 8.0 in a ratio of 5:1. The sample was electrophoreses and analyzed through the model 373
DNA Sequencer, Perkin-Elmer Corporation, USA.

RESULTS

Four clones of HBV DNA subtype adr in E. coli, and four isolated viral genomes of HBV
subtype adw were analyzed for the nucleotide sequences of the regions of pre-S2 and S genes.
To accomplish this, the combining portions of pre-S2 and S genes were prepared from each
whole genome sample by amplification with the primers PS-X and PS-8. It was found that the
amplified product was approximately 870 bp when it was comparatively estimated from the
molecular weight markers. Results are summarized in Figure 1. The fragments were subsequently
purified before gene sequencing by the technique of low-melting temperature agarose gel
electrophoresis.

In this study, the strategy for DNA sequence analysis was cycle sequencing by using of
specific sequencing primers, PS-X and PS-5. The PS-X primer started to sequence before the
starting codon of pre-52 whereas the PS-5 primer started to sequence from the overlapping
region done by PS-X and stopped beyond the end of S-region. In contrary, the primers PS-8 and
PS-4 were used for the complementary strand. Before sequencing, the fragments were prepared
as 3 or 4 individual amplified products from each sample DNA. It was found that there were
846 nucleotides in the two adjacent regions, e.g., 165 nucleotides in pre-S2 gene and 681
nucleotides in S gene, and the numbers were not different among the eight genomes. According
to the nucleotide sequence, the amino acid contents could be deduced as 55 residues from pre-
S2 and 226 residues from S region. Results of the nucleotide sequences are summarized in
Figure 2. The nucleotide sequences of all 4 clones of subtype adr, that is, pDKC1, pDKC2,
pDKC3, and pPMS5, showed almost the same which very few nucleotides were different, and
these revealed as high homogeneity as 99.6%. Isolated genomes of subtype adw No. 240, 508,
540, and 562 were also shown high homogeneity among themselves as 98.7%. The deduced
amino acid sequences of the eight genomes are summarized in Figure 3. Among 55 amino acids
of pre-S2, there were as many as 11 residues that all four genomes of subtype adw were the
same and completely different from those in adr. The most conserved region in pre-S2 of the
two subtypes was ranged from residues 21 to 32. The key amino acid residues that specify r
or w determinants were observed as residues 4, 47, 113, 126, 160 and 213 as shown in Figure 3.

DISCUSSION

In this study, the nucleotide and deduced amino acid sequences of two subtypes of
HBV, that is adr and adw, was analyzed and compared. The pre-S2 and S genes of HBV isolated
in Thailand were amplified and sequenced. The samples were prepared from four recombinant
clones of HBV subtype adr and four isolated DNA of subtype adw. It has been shown that the
error rate due to dNTP misincorporation done by thermostable DNA polymerases is as high
as around 300x10° base insertions. Thus, the fidelity of the amplified products in the case of
the conservation to its template should be reliable. According to the portion studied which was
less than 1 kilobase, the error rate should be very rare. Before sequencing, the fragments were
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prepared as 3 or 4 individual amplified products from each sample DNA. From the study, there
were 846 nucleotides in the two adjacent regions, e.g., 165 nucleotides in pre-S2 gene and 681
nucleotides in S gene, and the numbers were not different among the eight genomes. Due to
the nucleotide sequence, the amino acid contents could be deduced as 55 residues from pre-52
and 226 residues from S.

It has been shown that pre-S2 antigen is highly immunogenic in mice and its presence
together with S protein may potentiate the immune response to S candidate for a synthetic
peptide vaccine!’%. The pre-S2 gene which next to S was included in gene cloning for further
investigations and applications!?®. Thus, not only the S gene but also pre-S2 was intended to
analyze the sequences.

It was shown that all individual clones of each subtype had high homogeneity among
themselves with the degree of homogeneity was above 98 %. It was obvious that there were
many point nucleotide differences between the groups of two subtypes. At each point mutation,
all four genomes of one subtype showed the same among themselves with the degree of
homogeneity about 93 % and differed from the other subtype as shown in Figure 2.

The deduced amino acid sequences from the pre-S2 and S genes were analyzed. Among
55 amino acids of pre-S2 region, there were as many as 11 residues of all four genomes of
subtype adw were the same and completely different from those in adr. The most conserved
region in pre-S2 of the two subtypes was ranged from residues 21 to 32. There were many
point mutations observed in the S region that differentiated those in adw from adr (as shown
in Figure 2) resulted in amino acid variations (see Figure 3). The key amino acid residues that
specify r or w determinants were reported as residues 4, 47, 110, 113, 126, 160, 207, and 213%,
In this study, such distinctive amino acids were observed as residues 4, 47, 113, 126, 160 and
213 as shown in Figure 3.

Along with serological or molecular subtyping, HBV genomes can be classified into 6
genomic groups, that are A, B, C, D, E and F??!. It was demonstrated that all four genomes
of HBV DNA subtype adr could be identified as genotype C when they were compared with
the sequence of each genotype described by Norder et al.2!. All four isolated genomes of HBV
subtype adw were classified as genotype B. This is based on the fact that almost all key amino
acids are exactly the same as those residues, that are 5, 8, 24, 45, 56, 59, 64, 85, described by
Norder et al.2. This genotype B has also been found in Japan, China, Hawaii and Indonesia'.

The antigenic determinant a which is represented by amino acids 124-147 is known as
a site of neutralization antibody binding, or the protective anti-HBs response in individual is
generally detected against this common group-specific determinant. This region of all eight
genomes was also observed in this study. All 24 amino acid residues showed the same as those
of wild type HBV-DNA?%, Recently, Carman et al.,® have reported a vaccine-induced escape
mutant of HBV that expressed an altered a determinant of HBsAg in a vaccinated child. This
alteration consisted of a single amino acid substitution from glycine to arginine at position
145. Furthermore, the alteration was also reported at residue 126 by substitution of serine or
asparagine of the wild type virus to isoleucine or threonine'®!. In this study, such alteration
in the determinant a as vaccine-escape mutation was not observed in clones pDKC1, pDKC2,
pDKC3, and pPM5 at both positions 126 and 145. This wild type of the determinant a was
also observed in the rest isolated genomes No. 240, 508, 540 and 562.

This study showed nucleotide sequences and deduced amino acid sequences of pre-52
and S among eight genomes of 2 subtypes of HBV, adr and adw, isolated in Thailand. The pre-
S2 and S regions of these isolated HBV genomes showed the sequences of wild type virus,
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especially the S region when compared with those reported by others (22,23). No variation as
vaccine-induced escape mutation was found among these eight genomes. These four clones
which carrying the pre-S2 and S regions can be used to insert into expression vector to produce
surface and middle-surface proteins for recombinant vaccine production and diagnostic purposes.
The study confirms that these clones are appropriate for such applications based on sequence
analysis. Moreover, this study revealed the comparison of pre-S2 and S between genomes
subtype adr and adw isolated in Thailand.
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unAnde
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