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57 ABSTRACT 
Nucleic acid of reduced size and vector containing said 
nucleotidic sequence of which DNA codes an immuno 
genic peptidic sequence capable of inducing the genera 
tion of antibodies to the virus of viral hepatitis B. It 
comprises totally or partly the sequence of nucleotides 
represented in FIG. 3A. Application to the production 
by cloning in a bacterium of an immunogenic protein 
immunizing against hepatitis B, or application to the 
obtention of probes for the diagnosis of the presence of 
Dane particles in a serum. 

3 Claims, 13 Drawing Sheets 
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Fig4A. 

2230 
TAATAGGAAG 
ATTATCCTTC 

2290 
ACCCATAACA 
TGGGTATTGT 

2350 
TGTAGGGTT 
ACAATCCCAA 

20 
ACTCAAGATG 
TGAGCTAC 

2470 
AACAGTGGGG 
TTGTCACCCC 

250 
GAAAOGGGCT 
CTTGCCOGA 

2590 
AAACAGGTG 
TTATGTOCAC 

26.50 
OCTGAGCA 

AGGAATCGT 
270 

AATAGAGA 
AATCTCCT 

2770 
GAAGCAGC 
(SAOGOG 

220 
TTTTCTAAAA 
AAAAGATTTT 

2300 
TCCAATGACA 
AGG ACTGT 

2360 
TAAATGTAA 
ATTACAAT 

220 
CTGTACAGAC 
GACATGTCG 

280 
GAAAGCCCTA 
CTTCGGGAT 

250 
GAGCCACT 
CTCCGGGGA 

2600 
CAATTTCCGT 
GTAAAGGCA 

2660 
GAGCAGC 
CATCATACG 

2720 
CAAACGGGCA 
GTTTGCCOG 

2780 
AGGATGAAGA 
TOCACTCT 
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2200 220 
5 TTGACATAC TTTCCAATCA 
37 AACTGTATG 

2250 
CATCTTGA 
GAAGAAACT 

230 
TAACCCATAA 
ATTGGGTATT 

2370 
CCCAAAGACA 
GGGTTTCTGT 

2430 
TTGGCCCCCA 
AACOGGGGGT 

2490 
CGAACCACG 
GCGGTGAC 

250 
CCCATAGGAA 
GGGTATCCTT 

260 
COGAAGGTTT 
GGCTCCAAA 

2670 
AGGTCCGGCA 
TCCAGGCCGT 

2750 
ACATACCTTG 
TGTAGGAAC 

2790 
GGAAGATGAT 
CCTTCACA 

2260 
TTTGAT 

AAAAAACAA 
2320 

AATTAGAGA 
TAAATCTCT 

2380 
AAAGAAAATT 
TTTCTTAA 

2440 
ATACCACAC 
TATGGTGAG 

2500 
AACAAATGGC 
TGACCG 

2560 
TTTCOGAAA 
AAAAGGCTTT 

2620 
GGTACAGCAA 
CCAGTCGTT 

2680 
TGGTCCCGTG 
ACCAGGGCAC 

270 
ATAGTCCAGA 
TATCAGGTCT 

2800 
AAAAOGCCGC 
TTTGOGGOG 

AAAGGTAGT 
2270 

GATGTGTTCT 
CTACACAAGA 

2330 
GTAACCCCAT 
CATGGGGTA 

2390 
GGAACAGCG 
CCATTGTCGC 

250 
ATCCATAAA 
TAGGTATAT 

250 
ACTAGTAAAC 
TGATCATG 

2570 
GCCCAGGAG 
CGGGTCCTAC 

2630 
CAGGAGGGAT 
GTCCTCCCTA 

2690 
CGGGG 
GACCACAAC 

2750 
AGAACCACA 
TCTTGGTTGT 

280 
AGACACATCC 
TCTGTGTAGG 

Re. 34,705 

2220 
ATAGGCCTGT 
TATCCGGACA 

2280 
TGGGCAAGG 
ACACCGTTCC 

2340 
CTCTTTGT 
GAGAAACAAA 

2400 
GTAAAAAGGG 
CATTTTTCCC 

2460 
CTGAAAGCCA 
GACTTTCGGT 

2520 
TGAGCCAGGA 
ACTCGGCCT 

2580 
AGGGATGGG 
TACCCACCC 

260 
ACATAGAGGT 
GACCCA 

2700 
AGGATCCGG 
TCCTAGGACC 

2760 
AGAAGAGAG 
TCTTCTACTC 

2820 
AGOGATAACC 
TOGCATGG 
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Fig4B. 
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CGGTTCTGG TGCCACAAG GGGGACT TAACTCTCT CAGGGGGC TCAGACTGA 

295.0 2960 
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Fig. 7A. 
Ava III(2116) 

1930 
TCGGCAGAGG 
AGCCGTCTCC 

1990 
CAGTGGGGGT 
GTCACCCCCA 

2050 
AAAGGTTCAG 
TTTCCAAGTC 

20 
GCTTAGATTG 
CGAATCTAAC 

2170 
GGGCAGCAAA 
CCCGTCGTTT 

2230 
TAATAGGAAG 
ATTACCTTC 

2290 
ACCCATAACA 
TGGGTATTGT 

2ll 
ACT CAAGATG 
TGAGTCTAC 

2470 
AACAGTGGGG 
TTGTCACCCC 

1940 
AGCCGAAAAG 
TCGGCTTTC 

2000 
TGCGTCAGCA 
ACGCAGTCGT 

2060 
GTATTGTTTA 
CATAACAAAT 

220 
AATACATGCA 
TTATGTACGT 

280 
ACCCAAAAGA 
TGGGTTTTCT 

2240 
TTTTCAAAA 
AAAAGATT 

2300 
TCCAATGACA 
AGG ACTGT 

2360 
TAAATGATA 
ATTTACATAT 

220 
CGTACAGAC 
GACAGTCG 

2,480 
GAAAGCCCTA 
CTTCGGGAT 
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HincI(219) 
Hhal(1952) 
1950 1960 

GTTCCACGCA TGCGCTGATG 
CAAGGGCGT ACGCGACTAC 

200 2020 
AACACGGC ACAGACCTGG 
TTGTGAACCG TGTCTGGACC 

2070 2080 
CACAGAAAGG CCTTGTAAGT 
GTGTCTTTCC GGAACATTCA 

2130 240 
TACAAAGGCA TCAACGCAGG 
ATGTTTCCGT AGTTGCGTCC 

2190 
CCCACAATTC 
GGGTGTAAG 

2250 
CATTCTTGA 
GTAAGAAAC 

2310 
TAACCCATAA 
ATGGGTAT 

2370 
CCCAAAGACA 
GGGTTTCTGT 

230 
TGGCCCCCA 

AACOGGGGGT 

1970 
GCCCATGACC 
CGGGACTGG 

2030 
CCGTGCCGG 
GGCAACGGCC 

2090 
TGGCGAGAAA 
ACCGCTCTT 

2150 
ATAACCACAT 
TATTGGTGTA 

220 
TTTCCAATCA 
AAAGGTTAGT 

2270 
GATGTGTTCT 
CACACAAGA 

2330 
GTAACCCCAT 
CATTGGGGTA 

2390 

1980 
AAGCCCCAGC 
TTCGGGGTCG 

2040 
GCAACGGGGT 
CGTTGCCCCA 

200 
GTGAAAGCCT 
CACTCGGA 

260 
TGTGTAAAAG 
ACACATTTC 

2220 
ATAGGCCTGT 
TATCOGGACA 

2280 
TGGGCAAGG 
ACACCGTTCC 

23:40 
CTCTTTGTTT 
GAGAAACAAA 

200 
GAAAAAGGG 
CATTTTTCCC 

260 
CTGAAAGCCA 
GACTTTCGGT 

TAAATCTCT 
2380 

AAAGAAAATT GGAACAGCG 
TCTTTTAA CCATTGTCGC 

2410 2450 
ATACCACAC ATCCATATAA 
AGGGTAG TAGGTATATT 

2490 2500 250 2520 
CGAACCACTG AACAAATGGC ACTAGTAAAC TGAGCCAGGA 
CGTGGTGAC TGTTTACCG TGATCATTG ACTOGGTCCT 
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Fig. 7B. 
250 

CCCATAGGAA 
GGGATCCT 

260 
COGAAGGTTT 
GGCTCCAAA 

2670 
AGGTCCGGCA 
TCCAGGCCGT 

2730 
ACATACCTTG 
TGTATGGAAC 

2790 
GGAAGAGAT 
CCTTCTACA 

2850 
AGGTTGGTGA 
TCCAACCACT 

290 
CCCCTAGAAA 
GGGGATCTTT 

2970 
CAACAA 
TTGT 
3030 

TGTCTCCAT 
ACAAGAGGTA 

3090 
CAGTAGTCAG 
GTCATCAGTC 

TCCTACTTCT 
280 

GGAGGACAAG 
CCTCCTGTTC 

2900 
AOGGTAGTTC 
TGCCATCAAG 

2960 
GGAGGATTC 
CACTCCAAG 

3020 
CCTGATGGA 
GGACACACT 

3030 
AAGEGAGAGG 
TTCCCTCTCC 

HincI(2963) p'S 

2560 
TTTTCOGAAA 
AAAAGGCTTT 

2620 
GGTACAGCAA 
CCATGTOGTT 

2680 
TGGTCCOGG 
ACCAGGGCAC 

270 
ATAGCCAGA 
TATCAGGTCT 

2800 
AAAACGCCGC 
TTTTGCGGCG 

28.60 
GTGATTGGAG 
CACTAACCTC 

2920 
AGAGAGAA 
TAACTCTCT 

AACAGGGTTT 
TTGTCCCAAA 

GCCCAGGATG 
OGGGTOCAC 

GCCTGTAACA 
CGGACATGT 

GGGTCCCCAA 
CCCAGGGGTT 

ACTGTCCG 
GACAAGGAC 
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2580 
AGGGAGGG 
TACCCACCC 

250 
ACAAGASGT 
TGTATCTCCA 

2700 
AGGATCCGG 
TCCTAGGACC 

2750 
AGAAGATGAG 
TCTTCACTC 

2820 
AGOGATAACC 
TOGCTAGG 

280 
GOGAATTTTG 
CGCTAAAAC 

290 
AGCTAGACT 
TCAGATCGA 

3000 
OGAGAAGGGG 
GCTCTCCCC 

3060 
TCOGAGAA 

CTT 
320 

AACTGGAGCC 
TTGACCOGG 

2570 

30.50 

30 

HhaI(5056) 
AvaI(5055) 
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Fig7C. 
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ACCAGCAGGG AAAACAGGC CTCTCACTCT GGGATCTTGC AGAGTTTGGT GGAAGGTTGT 
TGGTOGTCCC TTTATGTCCG GAGAGTGAGA CCCAGAACG TCTCAAACCA CTCCAACA 
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NUCLEOTIDIC SEQUENCE CODING THE 
SURFACE ANTGEN OF THE HEPATTSB 

VIRUS, VECTOR CONTAINING SAD 
NUCLEOTIDIC SEQUENCE, PROCESS 

ALLOWING THE OBTENTION THEREOF AND 
ANTIGEN OBTA NED THEREBY 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to a nucleic acid comprising a 
nucleotide sequence capable of coding an immunogenic 
peptide sequence corresponding to the surface antigen 
of the virus of viral hepatitis B, and to the polypeptides 
and peptides obtained. 

It relates also to a process enabling such a nucleic 
acid to be obtained. 

Hepatitis B is a frequent viral disease particularly in 
Tropical Africa, in South East Asia and in the Far East. 
The etiological agent is a virus (HBV) or Dane parti 

cle, comprising an envelope (Australia antigen or HBs 
antigen), a capsid (HBc antigen), and endogenic poly 
merase and a partly single strand circular DNA mole 
cule; the longest strand of this DNA molecule includes 
close to 3,200 nucleotides (SUMMERS J., O'CON 
NELL / A. et MILLMAN I. (1975) Proc. Nat. Acad. 
Sci. USA 72,4597-4 601). 
The endogenic DNA polymerase can be used to re 

pair the shorterstrand in vitro (T.A. LANDERS, H. B. 
GREENBERT and J. S. ROBINSON, J. VIROL., 23, 
1977, p. 368-376). 
Electrophoretic analysis of the proteins of the enve 

lope has shown the presence of 2 to 7 polypeptides of 
which the principal are called: polypeptide I and poly 
peptide II (PETERSON D. L., ROBERTS I. M. and 
VYAS G. N. (1977) Proc. Nat. Acad. Sci. USA, 74, 
1,530-1,534, and PETERSON D. L., CHIEN D. Y., 
VYAS G. N., NITECHKI D. and BOND H. (1978) in 
viral Hepatitis, ed. G. VYAS, S. COHEN and R. 
SCHMID, The Franklin Institute Press, Philadelphia, 
569-573). 
The Polypeptide I has a weight of 22,000 to 26,000 

daltons. Polypeptide II is glycosylated and has a molec 
ular weight of 28,000 to 30,000 daltons. The amino acid 
composition of these two polypeptides is very similar, 
the sequences which form, respectively, their 15 first 
amino-acids (from the N-terminal end) and their last 3 
amino-acids are identical, so that the hypothesis has 
formulated that polypeptide II could differ from poly 
peptide I only by a glycosylation. 
Study of the virus is extremely difficult to the extent 

that no cell culture system is available enabling the 
propagation of the virus. This difficulty has already in 
part been overcome, more particularly as regards the 
ayw serotype. The who DNA (genome) of the virus has 
been identified and cloned, notably in E. coli, after its 
previous insertion in the single EcoRI site of a Agt. 
WES. AB vector, according to the technique by 
FRITSCH A, POURCEL C., CHARNAY P, and 
TIOLLAIS P. (1978) C. R. Acad. de Paris, 287, 
1,453-1,456). 
Until now, the sequence of the I and II polypeptides 

themselves, and the location in the viral DNA of the 
sequence coding these peptides have not been done. 
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2 
It is an object of the invention to provide a much 

smaller DNA sequence than the viral DNA itself, con 
taining the sequence adapted to code the peptide se 
quence endowed with immunogenic properties en 
abling, when it is introduced into the organism of a 
living host, to induct the formation by the latter of 
antibodies capable of protecting this same host subse 
quently with respect to the virus of viral hepatitus B, 
notably when the latter is in virulent state. 
The invention stems not only from the complete nu 

cleotide analysis of the genome of the Dane particle 
which the inventors have achieved, but to the idea that 
they have had for identifying the coding gene (called 
below "S gene') of the abovesaid polypeptides, to 
search in the complete nucleotide structure thus prees 
tablished of the genome of the Dane particle, for those 
of the sequences of the nucleotides capable of coding 
the known proximal and terminal peptide sequences of 
these polypeptides. 

It will be recalled the PETERSON and co-workers 
have reported, notably in the articles of which the refer 
ences are recalled above, that the proximal sequence 
(first N-terminal amino-acid) of the 15 first amino-acids 
is in principle as follows: met glu asnile thr serglyphe 
leugly proleuleu valser and that the terminal sequence 
of these same polypeptides (last C-terminal amino-acid) 
was the following: 

val tyrile 

FIG. 1 is a diagramatic chart of the genome of the 
Dane particle; 
FIG. 2 is a diagramatic chart of a vector; 
FIGS. 1a-1h illustrate diagramatically the steps in the 

manufacture of a vector plasmid type incorporating a 
fragment of HBV DNA; 
FIG. 2a is a diagramatic chart of a vector; 
FIG.2b is a diagramatic chart of FIG.2a showing the 

modification introduced into its gene Z; 
FIG.2c shows a diagramatic structure of the hybrid 

polypeptide obtained as a result of the expression of the 
modified vector of FIG. 2b; 
FIG. 3a, 3b and 3c show the nucleotide structure of 

the gene S and the polypeptide chain resulting from the 
translation of the gene; 
FIG. 4a and 4b show the two mutually complemen 

tary strands of DNA sequence; 
FIG. 5 shows the peptidic sequence coded by nucleo 

tide sequence, and 
FIG. 6 shows a nucleotide containing a peptide se 

quence according to the invention. 
FIGS. 7A-7C illustrate the terminal portion of the ge 

none of the S gene, between positions 604 and 100 (in % 
length of DNA). 
FIG. 1 is a diagrammatic chart of the genome of the 

Dane particle. The latter includes two strands b1 and b2; 
the shortest of them (b2) being normally devoid of the 
portion represented by an interrupted line in the draw 
ling. 

It is known that this DNA only includes a single 
EcoRI site. 
The arrow f gives the direction of numbering of the 

nucleotides from which the longest strand b1 is com 
posed, and the arrow f gives the direction of the tran 
scription of the DNA of the virus, notably by the cellu 
lar mechanism of the cells invaded by the virus of hepa 
titis B, as regards the expression of the gene S. 
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The EcoRI site can hence be numbered 0 or, as has 
now been determined more exactly for that of the hepa 
titis B virus belonging to the serotype ayw, 3,182. 
The inner circle e in continuous line gives the scale in 

% of the length of the DNA and permits the positions of 
certain of its parts to be specified. 
The numbers 3',5' and 5', 3' at the lower part of the 

chart are aimed at the terminal ends bearing the same 
numbers in conventional representation of the ends of 
the nucleic acid chains. 
According to the invention it has been shown that the 

"gene S' constituted essentially the fragment of the 
longest strand b situated between the positions 73.6 and 
95.1 of the diagrammatic map of FIG. 1. The abbrevia 
tion "Start" and "Stop' represent the intiation and stop 
ping points of the transcription of the "gene S'. 
FIGS. 2A, 2B, 2C 7A, 7B, 7C, are representative 

of the terminal portion of the abovesaid genome, com 
prised notably between the positions 60.4 and 100 (in % 
length of DNA). Each of the letters shown in FIG. 2 
correspond conventionally to one of the 4 basic nucleo 
tides of DNA: 
A: Adenine 
G: Guanine 
T: Thymine 
C: Cytosine 
The lower lines, in each pair of lines from which 

FIGS. 2A, 2B, 2C 7A, 7B, 7C are constituted, corre 
spond to the nucleic acid corresponding to the nucleo 
tide chain b2. 
The analytical technique used to establish the more 

detailed map represented by FIGS. 2A, 2B, 2C 7A, 
7B, 7C, will be briefly recalled below. 
The characterisation of the nucletide of the "gene S' 

such as proposed within the scope of the present inven 
tion, and of which the proximal ends p"S" and terminal 
ends t, "S" are indicated in FIGS. 2A, 2B, 2C 7A, 
7B, 7C, results from the observation that: 

the first 14 triplets (in the direction of reading f) from 
the nucleotide numbered 3030 with respect to the 
EcoRI terminal end, are respectively capable of 
coding the 14 first amino-acids of the proximal 
sequence of the 15 first amino-acids of the above 
said polypeptides, 

the 4 last triplets GTA TAC ATT TAA read in the 
complementary chain b2 to the transcribed chain 
b1 correspond respectively to the 3 terminal amino 
acids of the abovesaid polypeptides and to a stop 
codon; 

this sequence of nucleotides (678 nucleotides) does 
not comprise any stop codon, at least when the 
reading frame is adopted implying that the first 
triplet "read” on the DNA by the cellular mecha 
nism is AUG, (corresponding to a strand comple 
mentary to ATG); 

the complete translation of the genetic information 
commencing with the initial codon ATG leads to a 
theoretical polypeptide of 226 amino-acids, having 
a molecular weight of 25, 422 daltons. 

The nucleotide structure of the "gene S" as well as 
the polypeptide chain resulting form the translation of 
the "gene S" are shown in FIGS. 3A, 3B, 3C. 
These values are quite in accordance with the analyti 

cal data which result from the electrophoretic mobility 
of the polypeptide I on polyacrylamide gels which have 
already been described by the preceding authors (refer 
ences 9-12 according to the bibliography figuring at the 
end of the description of the present patent application). 

5 

10 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
The difference observed at the level of the 15th 

amino-acid of the proximal peptide sequence of the 
polypeptide I: leucine according to the charts of FIGS. 
2A, 2B, 2C 7A, 7B, 7C, and 3A, 3B, 3C mentioned 

above, and not serine according to the observation of 
the abovesaid authors, may perhaps be attributed to the 
fact that these authors have worked with a genetic 
variant different from that which is the subject of the 
present study. It will be noted that the difference can 
besides be attributed to the substitution of a single nu 
cleotide in the "TTA' triplet concerned in the particu 
lar "gene S" shown in the maps of FIGS. 2A, 2B, 
2C 7A, 7B, 7C and 3A, 3B, 3C, instead of "TCA', one 
of the triplets capable of being translated into serine. 
The invention hence relates more particularly to the 

fragments of the nucleic acid which can be excised from 
the DNA of the Dane particle, these fragments being 
more particularly characterised in that they contain the 
portion of the "gene S' capable of coding the portion of 
the protein of the envelope of the virus which is respon 
sible for the immunological properties of the hepatitis B 
WS. 

Accordingly, the invention relates therefore to a 
nucleic acid comprising at the most of the order of 
1,000-1,100 nucleotides, more particularly character 
ised in that it is adapted to code an immunogenic pep 
tide sequence, itself adapted to induce in vivo the pro 
duction of active antibodies with respect to the hepatitis 
B virus, this peptide sequence containing essentially the 
structure shown in FIGS. 3A, 3B, 3C, or any peptide 
sequence having equivalent immunogenic properties. 
The invention also relates to a vector for the expres 

sion of said nucleotide sequence into a micro-organism 
or into eucaryotic cells on condition that the genetic 
fusion has been carried out by preserving the reading 
phase of the "gene S'. 
The nucleotide sequences used according to the in 

vention have with respect to one another a variability 
leading, on their expression, to the formation of deter 
minants varying according to the sub-type of the hepati 
tis B virus (sub-types d, w, y, r of group a). 
For one of the peptide sequences shown in FIGS. 3A, 

3B, 3C, it will be observed that the first amino-acid of 
the abovesaid sequence: methionine, is N-terminal and 
that the amino-acid of the opposite end: isoleucine, is 
C-terminal. 
The invention also relates, more particularly, to the 

nucleotide sequence represented in FIGS. 4A, 4B, cod 
ing the peptide sequence such as results form FIG. 5 or 
any similar peptide sequence endowed with equivalent 
immunogen properties. 

It is self-evident that by "equivalent peptide se 
quence', mentioned above, must be understood any 
peptide sequence in which certain parts may not be 
strictly identical with corresponding parts of the pep 
tide sequence shown in FIGS. 3A, 3B, 3C and 5, these 
variations being attributable to local mutations not af 
fecting the general immunogen character of the protein 
or with structural modifications owing to the different 
serotypes in which proteins of the type concerned can 
occur (notably serotypes adv, adr and ayr). 
The invention relates more particularly to the nucleo 

tide sequence containing the peptide sequence as shown 
in FIG. 6 or any similar peptide sequence endowed with 
equivalent immunogen properties. 
The invention relates more particularly again to the 

following peptide sequences: 
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Alanine-Glutamine-Glycine-Threonine-Serine 
Threonine-Alanine-Glutamine-Glycine-Threonine 

Serine 
Threonine-Threonine-Alanine-Glutamine-Glycine 

Threonine-Serine 

In the first above-indicated peptide the alanine end is 
N-terminal and the serine end is C-terminal. 

In the second or third abovementioned peptides, the 
threonine end is N-terminal and the serine end is C-ter 
minal. 
By way of example, it is possible notably to prepare 

the pentapeptide starting from the C-terminal serine to 
which threonine is fastened by the Castro method de 
scribed in Tetrahedron Letters, 1975, No. 14, page 
1,219-1,222. Then the amino-acids glycine, glutamine, 
alanine are added by the so-called repeated mixed anhy 
dride method (rema method) described by Beierman in 
Chemistry and Biology of Peptides, Ed. J. Meienhofer, 
Ann. Arbour Science Publ., Ann. Arb. Mich. 341 
(1972). 
The invention also relates to the products resulting 

from the fixing of the pentapeptide on a larger carrier 
molecule, notably of the polypeptide or protein type, 
the composition containing this pentapeptide in fixing 
products, notably in association with a pharmaceuti 
cally acceptable vehicle, and more particularly vaccines 
against hepatitis B. These pharmaceutical vehicles are 
suited, conventionally, to the selected method of admin 
istration, notably orally, parenterally, rectally or by 
nebulisation on to the mucous membranes, notably the 
nasal membranes. 
The hexapeptide and the polypeptide with 7 amino 

acids can be synthesized by conventional peptide syn 
thesis techniques. 
These peptides are, according to the present inven 

tion, believed to be the antigen site of the polypeptides 
of larger size considered above and responsible for the 
vaccinating power of the viral envelope (Journal of 
Biol. Stand. 1976, 4, 295-304 RAO et VYAS “Biochem 
ical Characterization of Hepatitis B Surface Antigen in 
Relation to Serologic Activity"). 
Again the invention relates also to the DNA frag 

ments capable of coding the production of such penta 
peptide, hexapeptide and polypeptide with 7 amino 
acids. It relates to: 

for the pentapeptide, notably the polynucleotide of 
the formula: 

5' CCT CAA. GGA ACC TCT 3 

3. GGA GT CCT TOGG AGA 5' 

for the hexapeptide, notably of the polynucleotide of 
the formula: 

5' ACT GCT CAA. GGA ACC TCT 3' 

3' TGA CGA GTT CCT TGG AGAS' 

for the polypeptide with 7 amino acids the polynucle 
otide of the formula: 

S' ACT ACT GCT CAA. GGA ACC TCT 3' 

3' TGA TGA CGA GTT CCT TGG AGA 5' 

or in each of the three cases, of the complementary 
polynucleotide relating to the three preceding respec 
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6 
tive polynucleotides or again any polynucleotide in 
which each of the triplets can be replaced by any similar 
triplet capable of coding the production of the same 
amino-acid. 
The nucleic acid according to the invention can also 

be characterised in that it comprises at least one of the 
two mutually complementary strands of a DNA se 
quence such as shown in FIGS. 4A, 4B (in which are 
shown also the numbers corresponding to the positions 
of the first nucleotides of each of the successive frag 
ments of 10 nucleotides shown with respect to the 
EcoRI position not shown in the Figure: it is self-evi 
dent that these numbers do not come into consideration 
at the level of characterisation of the nucleotide se 
quence of the type concerned). This DNA fragment is 
bounded by two sites. 

It will be appreciated that this nucleotide sequence 
corresponds to the genetic information whose transla 
tion leads to the peptide sequence shown in FIG. 5. 
The invention relates naturally to equivalent nucleo 

tide sequences with a single strand or double strand, of 
which notably the strand having the structure which 
arises from the succession of lower lines of FIGS. 4A, 
4B, the corresponding double strand DNA, or the cor 
responding messenger RNA's, notably that shown by 
the complementary chains of nucleotides constituted by 
the lower lines of the pairs of lines of FIGS. 4A, 4B 
(direction of the arrow f). 

In the same way there come within the field of the 
invention the nucleotide chains which are differentiated 
from the preceding ones by certain triplets or small 
sequences of triplets, to the extent that these nucelotide 
sequences remain adapted to code a polypeptide pre 
serving the characteristic immunogen activities of the 
virus of viral hepatitis B. In general, it relates to nucleo 
tide chains which, possibly, after denaturation of the 
double strand DNA to produce the corresponding sin 
gle strand nucleic acids, remain capable of hybridizing 
over at least about 90% of their length with one of the 
DNA strands of FIGS. 4A, 4.B. 

Preferred nucleic acids according to the invention are 
also those which can be excised from DNA of viral 
hepatitis and which, when they are double strand, are 
characterised by the existence at one of their ends of an 
HincII, Hha, Ava or EcoRI extremity and at their 
other end by an AvaII, HincII or Hhal extremity. 
The positions of these various extremities with re 

spect to the EcoRI site are shown diagrammatically in 
FIGS. 2A, 2B, 2C 7A, 7B, 7C. 
The nucleic acid according to the invention is in 

tended for incorporation in a vector enabling its expres 
sion into a bacteria and into eucaryotic cells, notably for 
the production of a protein or of a peptide capable of 
inducing in the organism of a living host the production 
of active antibodies against the virus of viral hepatitis B. 
The protein or peptide resulting from the translation of 
the nucleotide sequence according to the invention can 
be used as a vaccinating agent or as an agent serving for 
diagnosis. 
The nucleic acid according to the invention can also 

be used as a probe to track down the presence or not in 
blood samples or test serum, of the Dane particle, of the 
HBs antigen or of fragments of the latter, etc. (by the 
conventional DNA-DNA hybridization technique). 

Other characteristics of the invention will result also 
from the brief description which follows of the tech 
niques of analysis of identification and of production of 
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DNA fragments according to the invention. Reference 
will naturally be made to the drawings whose Figures 
have already been taken into consideration in the fore 
going. The Figures or numbers between parentheses 
correspond to the references of the bibliography ap 
pended to the present description. 
The invention relates also to particular vectors en 

abling the expression of the above-described nucleotide 
sequences, notably in the form of a hybrid protein in 
which a protein fragment having the immunological 
character of HBs.Agadded to a carrier molecule confer 
ring on the whole immunogen or immunoreactive prop 
erties, capable of inducing the production of protective 
antibodies with respect to viral infection in the organ 
ism of the host into which this protein has previously 
been introduced. 

In particular, the invention relates to a vector-phage 
or plasmid-containing at least a part of the lactose 
operon, more particularly the promoter and the Z gene 
of this operon, this vector being characterised in that it 
is modified for the insertion, in phase, in a suitable site of 
the Z gene, such as the EcoRI site of any one of the 
DNA fragments of the principal patent, notably those 
containing the largest part of the "S gene'. It relates 
also to those of these modified vectors, in which a part 
at least of the coding DNA fragment for the largest part 
of the g-galactosidase would be replaced by a DNA 
fragment adapted to code for any other non-immuno 
genic carrier molecule, or of which the possible immu 
nological properties, if the latter exist, do not interfere 
with those of the peptide part having the immunological 
properties of HBs.Ag, for example essentially that 
which extends in the direction of readying from its 
Hha site. 
The invention relates also more particularly to a hy 

brid protein characterised in that it contains polypep 
tide sequence having the specific immunological prop 
erties of HBsAG, contiguous with a polypeptide se 
quence constituted for the most part of £3-galactosidase, 
which plays the role of carrier-protein. 
The invention does not extend only to this particular 

hybrid molecule, whose essential role is to constitute a 
model of a protein constructed according to the tech 
niques of genetic engineering and endowed with immu 
nogen and immunoreactive properties characteristic of 
the HBsAG antigen, but also to any other hybrid pro 
tein in which all or part of the f-galactosidase may be 
replaced by any other nonimmunogen carrier molecule, 
or of which the possible immunological properties, if 
the latter exist, do not interfere with those of the peptide 
part having the immunological properties of HBs.Ag. 

Other characteristics of the invention will appear also 
in the course of the description of preferred examples, in 
combination with the drawings in which: 

the FIGS. 1a and 1h illustrate diagrammatically the 
steps in the manufacture of a vector of the plasmid 
type incorporating a fragment of HBV DNA. 

FIGS. 2a to 2c illustrate diagrammatically the initial 
structures of the final vector used (FIG. 2a) of the 
modified vector obtained (FIG. 2b) and that of the 
hybrid protein resulting form the expression of this 
modified vector into E. coli. (FIG.2c). 

A-NUCLEOTIDE SEQUENCES 
Products and methods used 

The enzymes and chemical substances used 
The restriction enzymes used: BamHI, Hhal, HincII, 

HaeII, Xba, Mbol, Hinfl, HpaII, XhoI, are those 
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8 
manufactured by BIOLABS. DNA-polymerase I of 
BOEHRINGER was used. The bacterial alkaline phos 
phatase and the polynucleotide-kinase were supplied by 
P. L. BIOCHEMICALS. The chemical agents were the 
following: 

Dimethyl sulfate (ALDRICH), 
Hydrazine (EASTMAN KODAK), 
Acrylamide and bis-acrylamide (twice crystallized 
-SERVA), 

Dideoxynucleotide triphosphates and deoxynucleo 
tide triphosphates (P. L. BIOCHEMICALS), 

Piperidine (MERCK) redistilled in vacuo 
Preparation of DAN HBV 

The whole HBV genome (sub-type ayw) was closed 
in E. coli by bringing into play the single EcoRI restric 
tion site of the Agt. WES. AB vector (14). The cloned 
DNA is called below "Eco HBW DNA'. 
The recombinant bacteriophage was grown in a Petri 

dish on Agar and the desired DNA was extracted in 
manner known in itself. After digestion of the DNA by 
the EcoRI restriction enzyme, the Eco HBV DNA 
sequence was purified by ultracentrifugation, in a su 
crose gradient, according to the technique described in 
the bibliographical references (16, 17). 

Preparation of 5' 32P labelled DNA fragments 
10 to 20 picomoles of Eco HBV DNA were com 

pletely hydrolysed by the various restriction enzymes, 
under the conditions recommended by the manufac 
turer. The DNA fragments were dephosphorylated by 
alkaline phosphatase, the latter having then been inacti 
vated by alkaline treatment. The DNA was then precip 
itated with ethanol, by the technique described in the 
article (18). After redissolving in a buffer based on sper 
midine, the DNA's were labelled at their 5' ends with an 
ATP {M32P (3,000 Ci/mM manufactured by NEW EN 
GLAND NUCLEAR) and with polynucleotide 
kinase (according to the technique indicated in the arti 
cle) (19). 
The DNA restriction fragments were separated by 

electrophoresis on polyacrylamide gel, then eluted. The 
labelled ends were the subject of segregations by elec 
trophoresis on polyacrylamide gel in manner known in 
itself, after restriction with another enzyme or by dena 
turation of the DNA fragments of the type concerned. 

Determination of the structure of the nucleotide 
sequences of DNA 

The primary structure of the double strand or single 
strand DNA fragments was determined essentially ac 
cording to the technique described by MAXAM and 
GILBERT (19). Recourse was also had to the method 
of terminal chain inhibiters described by SANGER and 
al. (20) and adapted by MAAT and SMITH (21), as 
regards the double strand fragments labelled at one of 
their 5' ends. 
The chemical and enzymatic reaction products were 

analysed by electrophoresis in gels of acrylamide in 
sequence at 8, 16 or 25%, of 1 mm thickness. 

Analytical techniques and results 
In order to determine whether the HBV genome is 

capable of coding the polypeptides I and II, all the 
Hael fragments (Hae|II restriction sites of the HBV 
genome shown in FIG. 1 by small arrows) were labelled 
at their 5' ends. Substantial portions of their primary 
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structures were determined by the method of MAXAM 
and GILBERT. The nucleotide sequences capable of 
coding the proximal and terminal amino-acid sequences 
of the polypeptides I and II were localized in the HaeIII 
E and Hae|IIFF fragments, previously localized on the 
restriction map of the HBV genome-according to the 
technique described in the reference (17). It is these 
nucleotide sequences which have been considered as 
consisting of the ends of the "gene S' occupying them 
selves the positions 73.6 and 95.1 with respect to the 
EcoRI restriction site (FIG. 1) for the reasons already 
indicated. 
The nucelotide sequence between these two positions 

has been analysed by resorting to known chemical tech 
niques, notably by the chemical degradation method 
with hydrazine dimethyl sulfate and the method of 
chain termination. Recourse was had, among the vari 
ous chemical reactions proposed by MAXAM and 
GILBERT to a partial depurination by formic acid and 
with cleavage by piperidine, methods which give equal 
intensity bands on autoradiograms for the fragments 
terminated by guanine and an adenine. Reactions with 
hydrazine followed by cleavage with piperidine were 
also used to obtain bands of equal intensity, for the 
cytosine and thymidine nucleotides: electrophoretic 
fractionation of the products of these two reactions 
gives for all the bases a spot in one or other of the gel 
columns used. This procedure facilitates the reading of 
the autoradiogram of the gel. The reaction with hydra 
zine in the presence of sodium chloride specific for 
cytosine enables this nucleotide to be distinguished 
from thymidine and the reaction with dimethyl sulfate 
followed by cleavage by piperidine, specific for guan 
ine, enables the latter nucleotide to be distinguished 
from adenine. 

In order to ensure the greatest possible degree of 
accuracy, distinct sequences of nucleotides forming 
different mutually straddling fragments were produced 
by hydrolysis of Eco HBV DNA by various restriction 
enzymes: 

BamHi, Hinfl, HpaII, Hae|II and HincII. 

In this way the analysis of each of the restriction sites 
used as starting points of the first fragments studied was 
confirmed by analysis of the separate fragments in 
which the restriction sites of the first fragments are 
comprised between the new ends of these separate frag 
nents. 

The "gene S' shown in FIGS. 3A, 3B, 3C, which 
commence by the initiation codon ATG, comprises 227 
triplets, including a stop codon TAA. The three codons 
corresponding to the 3 amino acids of the terminal car 
boxy end of the corresponding polypeptide are situated 
in the same reading frame, immediately before the stop 
codon TAA. One of the two other reading frames (re 
spectively offset to the preceding one by 1 and 2 nucleo 
tides) is also devoid of a stop codon, but codes quite a 
different protein from the polypeptides I and II above 
mentioned. The third reading frame comprises 10 stop 
codons (5 TAG, 4TOA, 1TAA). On the other DNA 
strand, the three reading frames are respectively closed 
by 11, 11, and 6 stop condons distributed along the 
DNA sequence. 
As has already been indicated above, the complete 

translation of the genetic information starting by the 
initiation codon ATG leads to a theoretical polypeptide 
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10 
of 226 amino-acids corresponding to a molecular 
weight of 25,422 daltons. 

It is interesting to stress that the nucleotide sequence 
corresponding to the "gene S' should normally be read 
entirely in the course of translation. 

Equally to be regarded as part of the invention are the 
nucleotide chains of the above-described "gene S' type, 
which comprises small additional sequences which can 
contain up to one hundred nucleotides or which on the 
contrary may be devoid thereof, without however the 
corresponding genetic information being altered (22, 
23). 
The various fragments of the invention which have 

been defined above may be obtained from the so-called 
Eco HBV DNA DNA sequence, by resorting to the 
corresponding restriction enzymes and to the known 
fractionation techniques of DNA fragments, notably on 
a polyacrylamide gel and applying their migrations 
over distances which are a function of their molecular 
weights. Thus it is possible for example to obtain the 
fragment of which one of the ends is bounded by an 
EcoRI site and the other by an AvaII site by operating 
an Eco HBV DNA restriction by the AvaI enzyme, 
the desired fragment consisting of the smallest fragment 
obtained (a single Ava II site in Eco HBV DNA). 
The fragment bounded by the opposite ends EcoRI 

and Hhal is obtained by hydrolysis of Eco HBV DNA 
by EcoRI first, then by partial hydrolysis by the restric 
tion enzyme Hhal. Among the restriction products was 
then recovered that which contains the Ava site. 
These restriction techniques have obviously only 

been proposed by way of example, it being well under 
stood that the specialist is himself able to determine the 
order of treatment with restriction enzymes to isolate, 
starting notably with Eco HBV DNA, the fragments 
having useful restriction ends. 

Insofar as it may be useful, it is recalled that these 
restriction operations can be carried out in a 10 mM Tris 
buffer at pH 7.8; 6 mM MgCl2;6 mM g-mercaptoe 
thanol, the same medium containing in addition prefera 
bly 50 mM of NaCl when EcoRI is used. 
As has already been said, the invention relates to the 

use of the DNA fragments described as a probe en 
abling diagnosis of the presence in a serum of Dane 
particles or particles derived from the preceding one, 
bearing a DNA capable of coding an immunogen pro 
tein characteristic of hepatitis B. 
The DNA according to the invention can also be 

incorporated in a vector enabling, on condition that the 
incorporation has been carried out in phase, the expres 
sion of this DNA into a bacterium or other microorgan 
ism, or into eucaryotic cells. 

B-VECTORS CONTAINING A NUCLEOTIDE 
SEQUENCE OF HBs ANTIGEN 

Construction of a Alac HBs-1 recombinant 
bacteriophage 

The products at the level of the different stages of this 
construction are indicated in FIGS. 1a and 1h. They are 
also indicated by the numbers la to 1h. 

In FIG. 1a are indicated the positions of the "gene S' 
and of certain restriction enzyme sites. 

After treatment of DNA--HBV with Hha restric 
tion enzyme, a DNA fragment (1b) was separated con 
taining 1,084 pairs of bases, and more particularly the 
whole of the "gene S'by electrophoresis on agarose gel 
and electroelution (FIG. 1b). There was prepared from 
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this sub-fragment, treated previously by endonuclease 
S1, a sub-fragment, (1c) (FIG. 1c), resulting from the 
elongation of the sub-fragment (1b) at its ends, by DNA 
elements named "EcoRI linkers' of the formula: 

5' GGAATTCC 

CCTTAAGG 3' 

The fragment obtained was, after formation of the 
EcoRI cohesive ends, cloned in the plasmid pBR322. 
The plasmid obtained named below psRHBs (FIG. 

1d), only contains a single restriction site Xbal located 
close to the head of the "gene S'. 
By digestion of the pbRHBs recombinant plasmid 

with a mixture of EcoRI and Xbal enzymes, a DNA 
fragment comprising approximately 980 pairs of bases 
and including the major part of the "gene S" (FIG. 1e) 
was produced. This fragment was separated and puri 
fied by electrophoresis on agarose gel. The fragment 
obtained was again treated with S1 endonuclease, then 
again provided with EcoRI ends by means of the above 
said "EcoRI linkers' then subjected to treatment with 
EcoRI endonuclease to reform the corresponding cohe 
sive ends. The fragment of FIG. 1e which comprises 
about 980 pairs of bases is then inserted by in vitro 
fusion into the EcoRI site of the plasmid p3R322, to 
form the plasmid pXbahBs (FIG.1f). This plasmid was 
cloned in the usual manner like the plasmid pbR322. 

Several clones were obtained. 
There were extracted and purified, after treatment 

with EcoRI in DNA's of three of these clones, 
pXbaHBs-1, pXbahBs-2, pXbaHBs-3 (FIG. 1g), the 
fragments called below "HBs fragments'(FIG. Ih). 
The nucleotide sequences of the ends of the above 

said fragments (normally obtained inside the "gene S') 
were determined by resorting to the procedure de 
scribed by MAXAM and GILBERT (Proc. Nat. Acad. 
Sci. USA 74, 560-564 (1977). These determinations 
have shown that the sequences of the nucleotides of the 
terminal ends, corresponding to the "gene S" were not 
identical in the three clones (FIG. 1g), the differences 
are apparently due to heterogeneities produced in the 
course of digestion with the S1 endonuclease. 
The two fragments coming from the pXbaBs-1 and 

pXbahBs-2 were inserted by fusion in vitro into the 
bacteriophage genome plac 5-1 (21), which had only a 
single EcoRI site situated close to the end of the lac Z 
gene. Due to the fact of the reading frame of the lac Z 
gene, such as can be produced form the amino-acid 
sequence of As-galactosidase (23), it is observed-and 
experiment confirms it-that the insertion of the HBs 
fragment of pXbahBs-1 into the EcoRI site of the lac Z 
gene of Aplac 5-1 must lead to the preservation of the 
adequate reading phase of the "gene S". On the con 
trary, the insertion of the HBs fragment of pXbahBs-2 
should be revealed as not capable of being inserted into 
the preceding vector with preservation of the suitable 
reading frame. It has nonetheless been used as a control 
in later experiments. 
These operations were carried out by resorting to 

known techniques. In particular the "HBs fragments' of 
pXbahBs-1, pXbaHBs-2 were inserted by means of a 
ligase into the DNA of Aplac 5-1 which had previously 
been cleaved by EcoRI. The mixtures of DNA frag 
ments obtained where then used to transfect the strain 
C600RecBC rk-mk- of E. coli. The bacteriophage 
clones become lac due to the fact of the insertion of 
the HBs fragments into the EcoRI sites of the lac Z 
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gene were amplified and purified by the method de 
scribed in (21). 
The DNA's of the different bacteriophages were 

extracted and the orientations of the DNA fragments 
inserted determined by electrophoretic analysis of their 
BamHI restriction fragments. It was thus possible to 
determine that two phages called lacHBs-1 and lachBs 
2 corresponding to the pXbahBs-1 and pXbahBs-2 
plasmid contained a correctly oriented HBs fragment. 

FIG.2a is a diagrammatic chart of the plac 5-1 vector 
before its modification by the HBs-1 fragment, coming 
from the pXbahSs-1. 

FIG. 2c is a diagrammatic chart of a portion iw this 
same vector showing the modification introduced into 
its gene Z by insertion into its EcoRI site of the above 
said HBs-1 fragment. 
FIG.2c shows diagrammatically the structures of the 

hybrid polypeptide obtained as a result of the expression 
of the modified vector of FIG. 2b. 
The expression was achieved by a transfection of 

strain of E. coli bacteria, notably of HfrAlacx74. 
The strains of E. coli, notably a strain of E. coli Hfr 

lac X74 were converted by plac 5-1 and XlachBs-1 and 
Alac HBs-2 respectively. After cultivation, the cells 
were lysed and the lysates obtained analysed by electro 
phoresis on SDS polyacrylamide gel (24) and the prote 
ins were detected by dyeing with coomassie blue. The 
presence of a stronger band among the expression prod 
ucts of Aplac 5-1 was detected at the level of the posi 
tion corresponding, for a control, with that of £3galac 
tosidase (molecular weight of 116 248) and of a separate 
band among the expression products of Alac HBs-1 (not 
present among the expression products of AlachBs-2) 
corresponding to a novel protein having a molecular 
weight of the order of lac HBs-2) 135 000-141 000. 
The proteins synthesized by the bacteria transfected 

both by AlachBs-1 and by Aplac 5-1 were labelled by 
(3°S) methionine. The contacting of these proteins with 
an anti-HBs.Ag serum and the production of an autora 
diogram of the SDS polyacrylamide gel reveal the pres 
ence among the expression products of only AlachBs-l 
of a band to which there does not correspond an equiva 
lent band among the expression products of the other 
vectors. This band disappeared specifically when im 
munoprecipitation was carried out in the presence of 
unlabelled HBs.Ag. There was also observed the same 
band among the Alach Bs-1 expression products, when 
immunoprecipitation was carried out with an antiserum 
with respect to £8-galactosidase. 
The presumed structure of the hybrid protein part 

obtained, at the level of fusion between the lac Z gene 
and the HBs-1 fragment results from FIG. 2c which 
shows the A3-gal' fragment, corresponding to 6-galac 
tosidase (1,005 amino acids), the HBs.Ag fragment (192 
amino acids), these fragments being separated by a pro 
lyn amino acid, corresponding to a part of "EcoRI 
linker' contained in the MacHBs-1 vector. 

C-PROCESS FOR MANUFACTURE OF AN 
IMMUNOGEN MOLECULE APPLYING THE 
VECTOR ACCORDING TO THE INVENTION 
The invention can consequently permit the produc 

tion of a protein of a molecular weight lower than the 
aboveindicated polypeptides I or II, endowed with the 
same immunogen properties. 
The results show that E. coli, or any other suitable 

micro-organism, such as a bacterium or a eucaryotic 
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cell culture, can be infected by Alach BS-1 and synthe 
size a protein having a molecular weight of the order of 
138,000 possessing determinants antigenic both of 
HBs.Ag and of 3-galactosidase. This molecule is repre 
sentative of the hybrid polypeptides which can be ob 
tained by the process according to the invention, in 
which HBs.Ag is connected to a support protein (result 
ing from the partial or total substitution of the 6-galac 
tosidase fragment), these hybrids possessing nonetheless 
the antigen properties of HBs.Ag. These novel mole 
cules are useful for the production of vaccines active 
against viral hepatitis B. 
As is self-evident, and as emerges already from the 

foregoing, the invention is in no way limited to those of 
its types of application and embodiments which have 
been more especially envisaged; it encompasses, on the 
contrary, all modifications. 
Appended to this description is a bibliography, in 

particular of the references which have been cited 
within the scope of the present description. 
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We claim: 

1. A peptide which comprises the sequence: Ala 
nine-Glutamine-Glycine-Threonine-Serine, wherein 
the alanine end is N-terminal and the serine end is C-ter 
minal. 
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2. A peptide which comprises the sequence: Threo 
nine-Alanine-Glutamine-Glycine-Threonine-Serine, 
wherein the threonine end is N-terminal and the serine 
end is C-terminal. 

3. A peptide which comprises the sequence: Threo 
nine-Threonine-Alanine-Glutamine-Glycine-Threo 
nine-Serine, wherein the threonine end is N-terminal 
and the serine end is C-terminal. 

4. A peptide which comprises the amino acid se 
quence of FIG. 5 starting with serine (number 113) and 
ending with tryptophan (number 165). 

5. The peptide of claim 4 which comprises within 
the peptide the amino acid sequence: 
Alanine-Glutamine-Glycine-Threonine-Serine. 

6. The peptide of claim 3 which comprises within 
the peptide the amino acid sequence: 
Threonine-Alanine-Glutamine-Glycine-Threonine 

Serine. 
7. The peptide of claim 4 which comprises within 

the peptide the amino acid sequence: 
Threonine-Threonine-Alanine-Glutamine-Glycine 

Threonine-Serine. 
8. An immunogenic peptide sequence which com 

prises the amino acids shown in FIGS. 3A, 3B, and 3C 
numbering not less than 5 amino acids and not more 
than 226 amino acids which peptide induces in vivo the 
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production of active antibodies with respect to the hep 
atitis B virus. 

9. The immunogenic peptide sequence which com 
prises the amino acids shown in FIG. 6 numbering not 
less than 5 amino acids and not more than 53 amino 
acids, which peptide induces in vivo the production of 
active antibodies with respect to the hepatitis B virus. 

10. A pharmaceutical composition comprising an 
effective amount of the peptides of claims 1, 2, 3, 4, 5, 6 
or 7, wherein composition includes in vivo production 
of antibodies, the hepatitis B-virus, and a pharmaceuti 
cally acceptable carrier. 

11. A portion of surface antigen protein of hepatitis B 
virus, wherein said portion consists essentially of a polypep 
tide having the sequence 
Alanine-Glutamine-Glycine-Threonine-Serine. 

12. A portion of surface antigen protein of hepatitis B 
virus, wherein said portion consists essentially of a polypep 
tide having the sequence 
Threonine-Alanine-Glutanine-Glycine-Threonine-Serine. 

13. A portion of surface antigen protein of hepatitis B 
virus, wherein said portion consists essentially of a polypep 
tide having the sequence: 
Threonine-Threonine-Alanine-Glutamine-Glycine-Threo 

nine-Serine. 
k k k k 


