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ABSTRACT

Hepatitis B virus (HBV) DNA derived from Dane particle of subtype adr was successfully
cloned into the plasmid pBluescript. The virus was recovered from blood specimens donated to the Thai
Red Cross. lts complete nucleotide sequence was determined. The 3,215 bp sequence showed the
presence of open reading frames (ORF) including the genes coding for hepatitis B surface antigen
(HBsAg) and pre-hepatitis B surface antigen (pre-S), P protein, hepatitis B core antigen (HBcAg) and
X proteins. The HBsAg had 226 amino acids while the pre-S comprised of 174 amino acids. The P
polypeptide comprised of 843 amino acids whereas HBcAg was consisting of 212 amino acids. The X
protein comprised of 154 amino acids. It was found that all of the direct repeat of the undecanucleotide
sequence (DR1) and the two small direct repeat sequences (DR2 and DR3) were characteristic structures
of HBV DNA.

Analysis of deduced amino acid sequences in the HBsAg revealed that the 9 amino acids of
antigenic determinant a, 139-CTKPSDGNC-147, of this clone were conserved. The Cys-124 and Cys-
147 together with Pro-142 required for full antigenicity were also observed. According to comparison of
the amino acid sequences in the HBsAg sequence, the genotype of cloned HBV was classified as group
C. In addition, the presence of Val-177 and Pro-178 in the HBsAg indicated that the cloned HBV had
q subtype determinant. The amino acid sequences proposed to be immunodominant in the pre-S2 region,
131-LLDPRVRGLYFPAG-144, were found.

INTRODUCTION

An immunization against hepatitis B virus (HBV) infection has been used as an effective
measure in preventing the establishment of chronic HBV infection'. The vaccine contains the
22 nm subviral hepatitis B surface antigen (HBsAg) particle that consists mainly of the 226
amino acids of S protein (short HBsAg or SHBsAg). The S protein is a major polypeptide of
the viral surface protein. The protective antibodies induced by vaccine are found directed
against the common group determinant, a, shared by all known subtypes of HBV. This group
determinant, a, is located in a cysteine cluster between amino acid 139 and 147 of the S protein
which are conserved in all known serotypes of HBV. At present, the major source of
commercially available vaccine has been produced by recombinant DNA technology using
yeast expression system. The immunogen from cloned SHBsAg gene, second generation vaccine,
has been demonstrated to give protective immunity?. However much attention has been
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focused on the pre-S2 region which is in the middle HBsAg (MHBsAg). The pre-S2 region
consisting of 55 amino acids was speculated to play a role in virus attachment to host®®
because it binds to polymerized human serum albumin (pHSA) in vitro®” and may mediate viral
uptake by albumin specific receptor®. The pre-S2 region is significantly more immunogenic
than the SHBsAg in terms of primary antibody production in vivo even in cases of non-
responsiveness to the SHBsAg®!°. Antibodies to pre-S2 epitope!® and antibodies blocking the
pHSA binding of HBV has been described in the early phase of recovery from acute infection™.
The immunodominance of the pre-S2 region was recently mapped to be between amino acids
131-144%. Therefore the immunodominant nature of the pre-S2 may have promise as a
immunogen for the third generation vaccine or for diagnostic reagents.

In an attempt to produce the vaccine for prophylaxis of HBV infection among Thai
population, it is worthwhile to use local strains of virus for the production of vaccine. In
Thailand, we found adrand adw subtypes in the proportion of 81.0% and 19.0%, repectively®.
There is a need to clone the gene that encodes surface antigen and determine its nucleotide
sequence to ensure that it codes the conserved determinant a and is immunodominant in the
pre-S2 region, The nucleotide sequences of HBV DNA obtained from the local strain in
Thailand has never been reported. Therefore it is worthwhile to clone and study the nucleotide
sequence of the complete genome including the gene that encodes surface antigen. In this
study the cloning and sequencing of HBV DNA subtype adr have been accomplished. The
comparison of the nucleotide sequence of the Thai isolate with those previously reported was
also studied.

MATERIALS AND METHODS

Strains and plasmid

The local isolates of HBV were recovered from the blood specimens of HBV carriers
donated to the Thai Red Cross. One isolate which was previously identified as adr subtype
by polymerase chain reaction'® was used as a source for preparation of HBV DNA. Escherichia
coli XL-1Blue [recA, recAt, lac, endA1, gyrA96, thi, hsdR17, supE44, relA, (F', proAB, lacl?, lacZDM15,
Trn10)] obtained from Stratagene® was used for plasmid amplification and preparation of double-
stranded template for DNA sequencing. A plasmid pBluescript (pBS) provided by Stratagene®
was used for cloning of the whole genome of HBV-DNA and preparation of nested deletion
of the HBV DNA.

DNA preparation and E. coli transformation

The complete double-stranded HBV DNA was used for gene cloning. The incomplete
double stranded HBV DNA in the Dane particles was subjected to endogenous DNA polymerase
reaction and subsequently purified by the method as described by Balachandra et al.VV E. coli
plasmid DNA was prepared by the alkaline method *® or the rapid boiling method . E. coli was
transformed according to the method as described by Sambrook er al.?

Cloning of the HBV DNA in E. coli

The complete double-stranded DNA was digested with BamHI and ligated to the plasmid
vector pBSII(+SK) that had been digested with BamHI and dephosphorylated by alkaline
phosphatase. The constructed plasmid was used to transform E. coli XL-1 Blue to ampicillin
resistance. The transformants harboring HBV DNA were selected by blue-white selection on
X-gal medium plate and screened as positive clones by colony hybridization. The positive
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clones, which were thought to contain the full length HBV DNA of about 3.2 kb, were
analysed by restriction endonuclease analysis with BamHI and confirmed by Southern blot
analysis. One clone, named pPM13, was chosen for DNA sequencing.

DNA sequencing

In order to sequence both strands, the 3.2 kb BamHI fragment of HBV DNA was subcloned
into the plasmid vector pBS(-KS) at the BamHI site. The new clone was named pPM31. A
nested series of deletion derivatives (28 in total), each shorter in size than the previous one by
approximately 300 bp were generated from pPM13 and pPM31 with exonuclease IIl. The ends
were made blunt by mung bean nuclease and then self ligated. After transformation into E.
coli, the deleted: clones were screened by minipreparation. Both DNA strands were sequenced
by the dideoxy chain termination method? using reverse primer or M13 primer for templates
obtained from pPM13 [pBSII(+SK)] or pPM31 [pBS(-KS)], respectively. DNA sequence data
were analyzed with the DNAsis™ program (Hitachi Software Engineering Co. Ltd.).

Colony hybridization and Southern blot analysis

The colonies on X-gal medium plates were transferred to a nylon membrane by the
method as described by Sambrook et al.?* The plasmids which contained approximately 3.2 kb
insert were digested with various restriction enzymes and subjected to agarose gel electrophoresis.
The gel was blot-transferred onto a nitrocellulose membrane according to the method described
by Southern. The colonies on membrane or the blot were hybridized with HBV DNA probe
(obtained from other subtype clone), labeled with *P by Prime-a-Gene labeling system
(Promega®), and autoradiographed at -70°C with intensified screen.

RESULTS AND DISCUSSION

Cloning of the HBV DNA

In order to clone the full length of HBV DNA, the restriction enzymes that digested
only one position in the viral genome were searched from previous reports. It was shown that
the HBV DNA of subtype adr had a unique BamHI site®®?. In addition, our adr HBV DNA
-was digested with BamHI at one position (data not shown). The completed double-stranded
DNA was therefore cloned at the BamHI site of the plasmid pBS. The recombinant plasmids
which contained about 3.2 kb inserted were chosen by the size selection of inserts. Southern
blot analysis confirmed that the selected clone, pPM13, contained full length HBV DNA (Fig.
1). Restriction endonuclease analysis of this clone revealed that the HBV DNA of adr subtype
isolated in Thailand contained different restriction sites (Fig. 2) from those previous reported®?.
The difference in restriction sites was probably due to the geographic distributions among the
same HBV subtypes®.

DNA sequence of the cloned HBV DNA

A nested series of deletions of 3.2 kb BamHI DNA fragment in the plasmid pBS, differing
in size by approximately 300 kb, were created by exonuclease III and mung bean nuclease
treatment, as shown in Fig. 2. Both strands of the insert were sequenced by the dideoxy chain
determination method?! using double-stranded templates derived from deleted clones of pPM13
and pPM31. As shown in Fig. 3, the sequence of the cloned adr HBV DNA was 3,215
nucleotides long. The nucleotide 1-6, GAACTC, in Fig. 3 corresponded to the unique EcoRI
site in other subtypes. For ease of comparison, G (nucleotide 1) in the EcoRI-like sequence was
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Fig.1 Agarose gel electrophoresis and Southern blot hybridization of the cloned HBV DNA (pPM13).

A : Agarose gel electrophoresis : lane 1, | HindIII-EcoRI marker; lanes 2 and 5, pBSII(+SK) cut with Sacl and
Xhol, respectively; lanes 34 and 6, pPM13 cut with Sacl, BamHI and Xhol, respectively. B lanes 1-6 : Southern
blot of A. The probe is 32P-labeled HBV DNA fragment.
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Fig.2 Restriction map of the 3.2 kb BamHI fragment and sequencing strategy.

Bars represent cloned HBV DNA. Solid lines represent plasmid pBS. Broken line indicates the region where
probe hybridizes to the cloned HBV DNA. Arrows indicate the DNA regions sequenced from deletion clones.
The deleted portions of the fragment corresponds to the distance between the 5 or 3 end of the gene and
the beginning of the arrow. Reverse or M13 primers were hybridized with the templates prepared from
pPMI13 (A) or pPM31 (B), respectively. The different restriction sites from those previous reported are shown
in italic letters. Restriction site abbreviation : Av, Aval; Ba, BamHI; Bg, Belll; Hp, Hpal; K, Kpnl; Sacl, S; Xa,
Xbal; Xo; Xhol.
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used as the starting point in our sequence?. The nucleotide sequence of our clone was compared
with those deposited in the GenBank using two by two analysis. It was found that our
sequence showed high homology of about 95.1-96.4% with 13 sequences of adr subtype.
However some of the reported sequences varied in the number of nucleotides from 3,188 to
3,221. Comparison with 6 reported sequences having the same number of nucleotide showed
that our sequence showed 95.6% homology with the reported sequence accession number
M12906, 96.5% with D23684, 96.2% with D00630, 96.0% with D23681, 95.9% with D23682
and 95.7% with D23683 (data not shown). These sequence variations of 3.5-4.3% were less
than 5.6% which was previously reported to be the variation within the same subtypes®. The
result of nucleotide sequence and restriction site comparison between our clone and those in
the reported sequences revealed that the cloned HBV DNA of adr subtype in Thailand was
diverse from the same subtype of different geographic regions.

Identification of viral coding regions

A computer program DNAsis™ was used to determine ATG triplets and termination
codons on both strands of DNA, sequence homology and repetitive structures. It was shown
that the four major open reading frames (ORF) were found at different phase on one strand
(Fig. 3). They had coding capacities of 226, 183, 843 and 154 amino acids and were placed as
genes for HBsAg, HBcAg, P and X, respectively.

HBsAg gene: The HBsAg gene was coded by 678 bp resulting in 226 amino acids. It
was located between bp 158 and 835 and was preceded by a pre-S region located between bp
2,851 to 3215 and bp 1 to 157. The pre-S region was encoded for additional 174 amino acids.
It was divided into pre-S1 region with 119 amino acids and pre-S2 region with 55 amino acids.

HBcAg gene: The HBcAg gene was encoded by a sequence of 1,549 bp that located
between bp 1,904 and 2,452. This sequence had the coding capacity for 183 amino acids. It
was preceded by a pre-C region of 87 bp that located between bp 1,817 to 1,903. This gene
was encoded for 29 amino acids.

Gene P: The P gene was coded by 2,529 bp that located between bp 2,310 to 3215 and
bp 1 to 1,623. It was encoded for 843 amino acids.

Gene X: The X gene was coded by a sequence located between bp 1,377 to 1,838. It
was encoded for 154 amino acids.

Direct repeat sequence (DR): The DR sequence of undecanucleotides, "TTCACCTCTGC"
or DR1, was found between bp 1,593 to 1,603 and 1,827 to 1,837. This presumably was the
Jocation of the short (S) and long (L) strand on the 5’ end, respectively. In addition, other two
small direct repeat sequences, “AAAGACT” or DR2, were found between bp 1,713 to 1,719 and
1,728 to 1,734. The DR3 sequence, “GGGAGGAG,” was found near the middle of the two
DR1 that were located at positions between bp 1,735 to 1,742 and 1,747 to 1,754. The
sequence "GATTCGG" was found between bp 1,754 to 1,760 just downstream from the DR3.
It was found to be inversely repeated (I) at position 1,837 to 1,843, except that one nucleotide
was diverse "CCTAATC", where gene X terminated. The presence of DR sequences revealed
characteristic structures of HBV DNA in our clone.

In conclusion the organization of viral coding region in our cloned HBV DNA was found
to be conserved?.

Characterization of the HBsAg gene product
It was shown previously that the antigenic a determinant of HBV DNA was on the
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W N S 8§ T F H Q A L L DPR VR GLY F P A GG S S8 S
E L Q H I P P S S AR S Q S E G P I L S CWWIL K F
GAACTCCAGCACATTCCACCAAGCTCTGCTAGATCCCAGAGTGAGGGGCCTATACTTTCCTGCTGGTGGCTCAAGTTCCG

10 20 30 40 50 60 70 80

HBsAg
G T VNUZPVZPTTASTZPTISSTITFS SR RTGTDT PH- ATPN
R NS KPCSDJYCLSHTIVNTLTLTETDTE®WTGT PTG CTTE Y
GAACAGTAAACCCTGTTCCGACTACTGCCTCTCCCATATCGTCAATCT TCTCGAGGACTGGGGACCCTGCACCGAATATG
90 100 110 120 130 140 150 160

E s TT S G FL G PLUL VL QA G F F L L TIRTIULT:

G E HH I RI PRTUPARV T GGV F L V DI KN P HN
GAGAGCACCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAAT
170 180 190 200 210 220 230 240

I P Q S L DS WWT S LNFL GG AU®PTCUPGOQNL Q
T T E $ R L VvV VvV D F 8 Q F 8 R 6 8 T H V 8 W P K F A
ACCACAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGAGCACCCACGTGTCCTGGCCAAAATTTGCAGT

250 260 270 280 290 300 310 320

S P T S NH S P T S C P P I C P G Y R WMUOCILRURF I
v P NL ¢ S L TNTLILS S NL S WL 8 L DV S8 A A F Y
CCCCAACCTCCAATCACTCACCAACCTCTTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATC

330 340 350 360 370 380 390 400

I F L FI L L L CULIF L LV L L DY Q GMUL P V C
H L P L HPAAMUPWHILILV G S S G L P R Y V A R L S8
ATCTTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTACCAARGGTATGTTGCCCGTTTGTCC
410 420 430 440 450 460 470 480

p L L P GT s T TS TG ?P CI KT CTTIPAQGT S M F
S T S R NI NY Q H G TM Q D L H D S C S R NIL Y V
TCTACTTCCAGGAACATCAACTACCAGCACGGGACCATGCAAGACCTGCACGATTCCTGCTCAAGGAACCTCTATGTTTC

490 500 510 520 530 540 550 560

P sS ccc¢cT KPS D GNOCTCTI PI P S S WA FA AR F
s L L L L Y KT F G R KILHULY S8 H P I I L G F R K I
CCTCTTGTTGCTGTACAAAACCTTGGACGGAAATTGCACTTGTATTCCCATCCCATCATCTTGGGCTTTCGCAAGATTC

570 580 590 600 610 620 630 640

L WEWASVRVFSWIL S L L VP FV QW F V G L S
P MGV GL S ?PFLLAQFTSATICSV V RIRATF P
CTATGGGAGTGGGCCTCAGTCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCC
650 660 670 680 690 700 710 720

p T VvV WL S VI WMMWY WG P S L Y NI L S P F L P
H ¢C L A F 8 ¥YMDUDV VL GA K SV 0 HILUE S L F T
CACTGTTTGGCTTTCAGTTATATGGATGATGTGGTAT TGGGGGCCAAGTCTGTACAACATCTTGAGTCCCTTTTTACCTC

730 740 750 760 770 780 790 800
L L I P F FCLwWwV Y I (& HBsag
$ I TNFILULSIL GIHTILNTPNTEKTIEKT RTENWTGTYSTLNF
TATTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACCCTAATARAACCAAACGTTGGGGCTATTCCCTTAACTTCA
810 820 830 840 850 860 870 880

M 66 Y VI G S WG TUL P Q E HTI V Q KL K Q CF R K L
TGGGATATGTAATTGGAAGTTGGGGTACCTTACCACAGGAACATATTGTACAAAAATTGAAACAATGTTTTCGGAAACTT
890 900 910 920 930 940 950 960

P I NR P I DWI KV C QR IV GGL L G F A AUPF T Q
CCTATAAATAGACCTATTGATTGGAAAGTATGTCAAAGAATTGTGGGTCTTCTGGGCTTTGCTGCCCCTTTTACACAATG

970 980 990 1000 1010 1020 1630 1040

c G Y PALMUPILYATCTIOQAI KU QAU FTUF S P T Y KA
TGGTTACCCAGCATTAATGCCTTTATATGCATGTATACAAGCTAAGCAGGCTTTCACTTTCTCGCCAACTTACAAGGCCT
1050 1060 1070 1080 1090 1100 1110 1120

F L C K Q YL NULY P VAIRQR S GGLCOQV FADWA AT
TTCTGTGTAAACAATATCTGAACCTTTACCCCGTTGCTCGGCAACGGTCAGGTCTTTGCCAAGTGTTTGCTGACGCAACC
1130 1140 1150 1160 1170 1180 1190 1200

Fig.3(1)
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P T G W GG L A I G H QRMURGT F V A P L P I HT A
CCCACTGGTTGGGGCTTGGCTATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGA
1210 1220 1230 1240 1250 1260 1270 1280

E L L A A C F A R S R S GAIKULI G TTDNSV V L 8 R
ACTCCTAGCAGCTTGTTTTGCTCGIAGCCGGTCTGGAGCARAACTTATCGGCACCGACAACTCTGTTGTCCTCTCTCGGA
1290 1300 1310 1320 1330 1340 1350 1360

X
ES A°A R L CCQ L D P AR DV L CUL R P F

K Y T S F P WL LG CAANWWTIULURGT S F VY V P 8
AATACACCTCCTTTCCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTCTACGTCCCTTCG
1370 1380 1390 1400 1410 1420 1430 1440

G A E S R GRPI s G?PFGAUL?P S P S8 s s AV P T D

A L N P A DDU®PSRGIRULGUL YR UPILULRL P F R P
GCGCTGAATCCCGCGGACGACCCATCTCGGGGCCGTTTGGGGCTCTACCGTCCCCTTCTTCGTCTGCCGTTCCGACCGAC
1450 1460 1470 1480 1490 1500 1510 1520

H 6 A HL S L R GL PV CAUF S SAGUPCAILRFT

T T ¢ R T 8 L Y A V S P S V P S H L P DR V H F A 8 P
CACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTC
1530 1540 1550 1560 1570 1580 1590 1600

DR1

S A R RMZETTV NAIRQV L P KV L HIKIRTIULGTIL S

L HV A WR P P (@ Ppol
TGCACGTCGCATGGAGACCACCGTGAACGCCCGCCAGGTCTTGCCCAAGGTCTTACATARGAGGACTCTTGGACTCTCAG

1610 1620 1630 1640 1650 1660 1670 1680

A M 8 T T DL E A Y F K DOCV F KDWEEL G E E I R

CAATGTCAACGACCGACCTTGAGG U ATACTTCAAAGACTGTGTATTTARAGACTGGGAGGAGTTGGGGGAGGAGATTCGG
1690 1700 1710 1720 1730 1740 1750 1760
DR2 DR2 DR3 - DR3 I
Pre-C
L K VvV FP VL 6 G ¢ R HKUL V C S P A PICNTFTFT S A

Q ‘L. ¥ H L C L

TTAAAGGTCTTTGTACTGGGAGGCTGTAGGCATAAATTGGTCTGTTCACCAGCACCATGCAACTTTTTCACCTCTGCCTA
1770 1780 1790 1800 1810 1820 1830 T840
DR1 I

© x

ATCATCTCATGTTCATGTCCTACTTTCAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCATA
1850 1860 1870 1880 1890 1900 1910 1920

HBCAg
I 8 ¢C s ¢C P TV QA S KILCILGWIL WG D I D P

Y K E F G A SV Il L L S F L P S$DVFF P S 1IRDILUL D

TAAAGAATTTGGAGCTTCTGTGGATTACTCTCTTTTTTGCCTTCTGACTTCTTTCCGTCTATTCGGGATCTCCTCGACA
1930 1940 1950 1960 1970 1980 1990 2000

T A S AL Y REAILUE S P EHC S P HHTM AULIRQA I

CCGCCTCTGCTCTGTATCGGGAGGUCTTAGAGTCTCCGGAACATTGTTCACCTCACCATACAGCACTAAGGCAAGCTATT
2010 2020 2030 2040 2050 2060 2070 2080

L ¢ WG E L MNUILATWV G S NLEDUPASRE L V

CTGTGTTGGGGTGAGTTGATGAATCTGGCCACCTGGGTGGGAAGTAATTTGGAAGACCCAGCATCCAGGGAATTAGTAGT
2090 2100 2110 2120 2130 2140 2150 2160

Fig.3(2)
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v 8§ ¥ vV NV NM 3 L K I R QL L W F H I S CUL T F G R

AAGCTATGTCAATGTTAACATGGC CCTAAAAATCAGACAACTATTGTGGTTTCACATTTCCTGTCTTACTTTTGGAAGAG

2170 2180 2190 2200 2210 2220 2230 2240
. > Pol
E TV L E Y L V S F GV W I RTUP P AY R P P N A P I
P L
AAACTGTTCTAGAGTATTTGGTGT :TTTTGGAGTGTGGATTCGCACTCCTCCCGCTTACAGACCACCAAATGCCCCTATC
2250 2260 2270 2280 2290 2300 2310 2320

L s T L P E T T V V R R R GR S P RRIRTUP S P R R

S Y 0 H FRKULLULULDUDEA ASGZ®PULEZEETLZPRTILATD
TTATCAACACTTCCGGAAACTACT 3TTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACG
2330 2340 2350 2360 2370 2380 2390 2400

R R 8 9 S P R R R R S8 @ S R E s @ C () HBcAg
E GL NRIRV AEDTILNILGNILNVYV S I P WTUHIK KV G
AAGGTCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTATCCCTTGGACTCATAAGGTGGGA
2410 2420 2430 2440 | 2450 2460 2470 2480

N F T G L Y S8 & TV PV FNUPDWQ T P S F P H I H
AACTTTACTGGGCTTTATTCTTCTACTGTACCTGTCTTTAATCCTGACTGGCAAACTCCCTCTTTTCCTCACATTCATTT
2490 2500 2510 2520 2530 2540 2550 2560

L K E DI I NIR  Q @ Y V G P L TV NEI KU RIRTLIKIL I
GAAAGAGGACATTATCAACAGATG 'CAACAATATGTGGGCCCTCTTACAGT TAATGAAARAAGGAGATTAAAATTGATTA
2570 2580 2590 2600 2610 2620 2630 2640

M P ARVFY PNILTI K YL PL DK G I K P Y Y P EHT
TGCCTGCTAGGTTCTATCCTAACC' '\CACCAAATATTTGCCCTTAGATAAAGGCATTARACCTTATTATCCTGAACATACG
2650 2660 2670 2680 2690 2700 2710 2720

V NH Y F @ T R H Y L H T L WK KA ASGI L Y K RE T T
GTTAATCATTACTTCCAAACTAGE CATTATTTACATACTCTGTGGAAGGCTGGTATTTTATATAAGAGAGAAACTACACG
2730 2740 2750 2760 2770 2780 2790 2800

Pre-Si
G G W 8 S K P R Q
R s A s F CG S P Y 8 WEQEUL QH G RL V F QT S T
CAGTGCCTCATTTTGTGGGTCACCATATTCTTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGACAA
2810 2820 2830 2840 2850 2860 2870 2880

G M GG TNL SV PNPILGUVF F P G H QL D P A F G A
R H GG DE S F C S Q S 8 G I L S R S P V G P S V R 8 @
GGCATGGGGACGAACCTTTCTGTT CCAATCCTCTGGGATTCTTTCCCGGTCACCAGTTGGACCCAGCGTTCGGAGCCAA
2890 2900 2910 2920 2930 2940 2950 2960

N 8§ NN P D WD # NPNI KD QWP A ANQV GV G S F
F K ¢ S R L 6L Q P Q Q G S M A S G K S G R S G I 1
TTCARACAARTCCAGATTGGGACTT!2AACCCCAACAAGGATCAATGGCCAGCGGCARACCAGGTAGGAGTGGGATCATTCG

2970 2980 2990 3000 3010 3020 3030 3040

G P G F T P PHG S L L GW S P QA QG I L T TV P A
R A RV H S T T R Q S F 6V E P S G S G H I DN S A S
GGCCAGGGTTCACTCCACCACACGH:CAGTCTTTTGGGGTGGAGCCCTCAGGCTCAGGGCATATTGACAACAGTGCCAGCA

3050 3060 3070 3080 3090 3100 3110 3120

A P P P A S TNIRQS GR QP T P I S P P L R D S H
s T s 8 ¢C L H Q@ S AV R KT AY S HUL S T S KR Q 8 s
GCACCTCCTCCTGCCTCCACCAAT! (GGCAGTCAGGAAGACAGCCTACTCCCATCTCTCCACCTCTAAGAGACAGTCATCC
3130 2140 3150 3160 3170 3180 3190 3200

Pre-S2
P Q A Q
T G H A V
ACAGGCCATGCAGTG
3210
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Fig.3(3)Complete nucleotide sequence of the cloned HBV DNA and its protein coding.

There are 3,215 nucleotides in length. This sequence is numbered from the arbitrary EcoRI cleavage site.
Arrows and open circles indicate the beginning and ending of each coding regions of HBsAg, HBcAg, viral
DNA polymerase (Pol) and X-protein (X). Coding regions of pre-S and pre-C are indicated only the beginning.
The direct repeat sequences (DR) and inverted sequences (I) are underlined.



J.Sc¢i. Soc. 'I‘l;ailand, 24(1998) 163

Fig.4

AF068756: MESTTSGFLG PLLVLQAGFEF LLTRILTIPQ SLDSWWTSLN FLGGAPTCPG 50

D23681:
D23682:
D23683:
D23684:
D0O0630:
M12906:
M38454:
M38636:
V00867:
X01587:

AF068756: QNLQSPTSNH SPTSCPPICP GYRWMCLRRE IIFLFILLLC LIFLLVLLDY 100
D23681:
D23682:
D23683:
D23684:
D00630:
M12906:
M38454:
M38636:
V00867:
X01587:

AF068756: QGMLPVCPLL PGTSTTSTGP CKTCTIPAQG TSMFPSCCCT KPSDGNCTCI 150
D23681: —— meeI- -

D23682: = Ke——memmm e e e e e
D23683: = Kesmememmm oo e
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Compartson of deduced amino acid sequence of HBsAg from cloned HBV DNA with published sequence of
adr subtype.

Sequence in line 1 is derived from this study. The sequence has been submitted to GenBank and its accession
number is AF068756. Those in line 2-11, which only different amino acids from line 1 are written, are
obtained from GenBank. The accession number of the sequences are shown on the left. The amino acids of
proposed a determinant are underlined. The subtype determinant d (Lys -122) and r (Arg -160) are indicated
by arrows. The cysteine cluster between amino acid 124-147 are marked with closed circles. Amino acids of
HBsAg at 21 group specific positions within group C are shown in bold. Val-177 and Pro-178 expressing q
determinant are shown in bold and underline.
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Fig.5 Comparison of deduces amino acid sequence of pre-S region from cloned HBV DNA with published sequence
of adr subtype.

The sources of sequence in line 1-11 are the same as in Fig. 4. The initiation codon of pre-S1 and pre-S2 are
indicated by arrows. The proposed immunodominant in the pre-S2 region is underlined. ’
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polypeptide of 226 residues encoded by the HBsAg gene. The variability of HBsAg subtype,
d or wand w or r, was attributed to variation in this polypeptide. The comparison of the
deduced amino acid sequence of our cloned HBsAg gene with 10 of those reported in the
GenBank were carried out by two by two analysis. The results were summarized in Fig. 4. It
was found that our cloned HBsAg showed high homology of about 95.6-99.6% with the
reported sequence. Furthermore the 9 amino acids from 139 to 147 (CTKPSDGNC) being
significant for a determinant® were conserved in our clone. This determinant epitope was
located on a predicted double loop structure within domains bordered by amino acids 120-
1472 The cysteine residues at positions 124, 137, 139 and 147 proposed to play a role in
forming loop by disulfide bridge and the presence of Cys-124, Cys-147 and Pro-142 required for
full antigenicity®® were observed. The Gly-145 has been reported to be an important part for
expression of group specific determinant. Its alteration resulted in an escape mutation or
vaccine escape mutation®%. Yamamoto et al.% found that the mutation of Ile-126 to Ser-126
was also responsible for the loss of group specific determinant. In this study, both Ile-126 and
Gly-145 were conserved. The exclusive subtype determinant, lysine-122 for d and arginine-
160 for r3¥, clearly indicated that our cloned HBV DNA was adr subtype. ‘

With the emergence of a number of HBV DNA sequences, 6 genotypes were defined
based on the HBsAg gene sequence and were designated as genotype A-F’. The availability
of the HBsAg gene was found to be related to molecular epidemiology of HBV. Genomic
encoding adr subtype was found in group C which was confined to the original population of
Far East. As shown in Fig. 4, the amino acids at 21 specific positions®, i.e., 4, 5, 8, 45, 46, 47,
49, 56, 57, 59, 64, 85, 110, 113, 124, 131, 134, 159, 168, 209, 213 (shown in bold) were found
along the protein sequence®. This result indicated that our cloned HBV DNA was classified
as group C.

Based on the amino residues at position 177 and 178 in the HBsAg gene®, those with
Val-177 and Pro-178 were classified as g subtype determinant. These amino acids were found
in all HBV subtypes (adr, adw2, ayr, ayw1, ayw2, ayw3 and ayw4) except subtype adrq
and adw4q which had Ala-177 and Glu-178; respectively. Based on this criteria, our cloned
HBV DNA had g subtype determinant. '

Characterization of the pre-S region gene product

The deduced amino acid sequence in the pre-S region was also compared with 10 reported
sequences by the same analysis. As shown in Fig. 5, the homology between amino acids in
our cloned pre-S region and those in the reported sequences was about 93.6-96.6%. In addition
the variation in the pre-S1 was found to be more often than in the pre-S2 region. It had been
reported that sequences of pre-S were much less conserved than sequences of HBsAg®.

It was previously identified that the immunodominant part of pre-S2 region was between
amino acid 123-145%. The important amino acid sequence in this region was defined as 135-
L(Q/L)DPRVRGLY (F/L)PAG-144 by Meisel et al.®® In our pre-S2 region, the sequence 135-
LLDPRVRGLYFPAG-144 was found. The result indicated that our cloned HBV DNA contained
conserved immunodominant.

CONCLUSION

In this study the HBV DNA isolated from infectious virions found in HBV carrier was
cloned and sequenced. It was 3,215 bp long. The analysis of HBsAg gene at the nucleotide
level showed that the virus was adr subtype and the amino acid sequence in the antigenic a
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determinant and immunodominant parts were found to be conserved. We believe that this
clone would be suitable for the production of recombinant vaccine.
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unAnga

Aduievedla¥asudniauiiansiiug adr in Dane partide Fousaldnifeniivinaliudannalng Iignlnau
i wanadia pBluescript dwuiuaiannavesdlunldgniasieit wasnuiaiduauiug 3,215 awe fifl Open reading frame
dmiuaaeuAludiuin (HBsAg) uas Pre-HBsAg (Pre-S) lUsfiu P loufiaudiuuny (HBsAg) uaslusiu X Tned
drunsnesiilu 226 uay 174, 843, 212 uaz 154 # awady AdueilaaulfifiquantaiiumcveslFadusnaud
néafe fidwuiuaiilu Direct repeat fUsznaudos 11 wa (DR1) wa Direct repeat fifid1dutuady < 8n 2 wuu (DR2
uaz DR3)

AnmnneidRunsneriiluvesieufiauduinfeaeassitananfibue wunseesfily 9 & fiduie 139-
CTKPSDGNC-147 faifiusinuuzannizue Antigenic determinant o uenvnfidianunsnesiilu Cys-124, Cys-147 ua2 Pro-
142 fitdautelififn Antigenicity Invanysel vinnsuBeuifisudiunsaesiluvesieufaudiuiy wuidBuievealiia
#lauladaeglu Group C nazfinamezillu Val-177 uaz Pro-178 Bavietiiulu ¢ Subtype determinant usnanniannnis
Anmziadunsneziluvesdiy Pre-s2 wudiiinseezflufidiumis 131-LLDPRVRGLYFAG-144 fififiaueainiu

Immunodominant

Note : The DNA sequence has been submitted to the GenBank and its accession number is AF068756





