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ed DNA copy ([err] DNA) of a purified messenger (mRNA) template for the
debired protein; converting the cDNA to Technical field of invention
double-stranded DNA; linking the DNA to an appropriate site in an
appropriate cloning vehicle and transforming This invention relates to
specific recombinant DNA  5  an appropriate host with that recombinant DNA
mole- molecules contained in specific transformed hosts. The  cule. Such
transformation permits the host to produce rekombinant DNA molecules
comprise hepatitis B virus  the desired protein. In addition, at least in
the case of (HBV) DNA operatively linked to expression control se-
ovalbumin DNA, it is known that appropriate fusion of the quences such that
HBV polypeptides can be expressed.  particular DNA to a strong bacterial
promoter or expres- This invention also relates tothe specific host strains
that  10 sion control sequence produces larger amounts of the are
transformed with those recombinant HBV DNA mol-  desired ovalbumin protein,
i.e., about 0.5 to 1% of the ecules. This invention also relates to a
process for pro-  total protein mass of an E. coli cell (O. Mercereau-Pui-
ducing a polypeptide displaying HBV antigenicity com-  jalon at aL,
'Synthesis Of An Ovalbumin-Like Protein By prising the step of culturing
those specific hosts.  Escherichia coli K1 2 Harboring A Recombinant Plas-
15 mid", Nature, 275, pp. 505-510 (1978) and T. H. Fraser Background art
and B. J. Bruce, "Chicken Ovalbumin Is Synthesized And Secreted by
Escherichia coli", Proc. Nall. Acad. Sci. The virus that causes hepatitis B
or serum hepatitis  USA, 75, pp. 5936-5940 (1978)). appears to infect only
man. Hepatitis B virus (HBV") in-  Several non-bacterial proteins and genes
have been fection in humans is widespread. In the United Kingdom, 20
synthesized using recombinant DNA technology. These United States, and
Western Europe, approximately 0.1 %  include a protein displaying rat
proinsulin antigenic de- of all blood donors are chronic carriers of HBV.
While the  terminants (L. Villa-Komaroff et al., 'A Bacterial Clone death
rate due to viral heptitis is not high (in 1975 in the  Synthesizing
Proinsulin", Proc. Nall. Acad. Sci. USA, United Kingdom it was 3 per
million), there are indica-  75, pp. 3727-3731 (1978)), rat growth hormone
(P. H. tions that as many as 5% of the population in the United  25 Seeburg
et al., 'Synthesis Of Growth Hormone By Bac- Kingdom and 15% of the
population in the United States  teria', Nature, 276, pp. 795-798 (1978)),
mouse dihydro- have been infected. In many African and Asian countries,
folate reductase (A. C. Y. Chang et al., 'Phenotypic Ex- up to twenty
percent of the population are chronic carr-  pression in E. coli Of A DNA
Sequence Coding For ers of HBV, and over fifty percent of all adults in
those  Mouse Dihydrofolate Reductase", Nature, 275, pp. countries have been
or are infected with HBV.   30 617-624 (1978)), somatostatin (K. Itakura et
aL, "Ex- The hepatitis infection is transmitted by three gen-  pression In
Escherichia coi Of A Chemically Synthe- eral mechanisms: (1) by parenteral
inoculation of infect-    sized Gene For the Hormone Somatostatin",
Science, ed blood or body fluids, either in large amounts as in  198,
1056-1063 (1977), United Kingdom patent specifi- blood transfusions or in
minute amounts as through an  cations 2,007,675A, 2,007,676A and 2,008,123A
and accidental skinprick; (2) by close family or sexual con- 35 cognate
applications in other countries), and the A and tact: and (3) by some
mothers, who infected during preg-  B polypeptide chains of human insulin
(D. V. Goeddel et nancy, transmit the virus to their new-born children. Un-
al., "Expression In Escherichia coli Of Chemically Syn- der natural
conditions, HBV is not highly contagious.    thesized Genes For Human
Insulin", Proc. Nall. Acad. Transmission by inhalation occurs rarely, if
ever.  Sci. USA, 76, pp. 106-110 (1979) and the United King- Most HBV
infections are subclinical. The clinical ill- 40 dom and related patent
specifications, supra). ness usually lasts three to six weeks and ranges in
se-  None of the foregoing, however, is directed, as is this 



verity from mild to acute fulminating hepatitis followed by  invention,
toward the recombinant DNA synthesis of viral cirrhosis or death. Recovery
from clinical and subclinical  proteins such as hepatitis B virus antigens.
HBV infections is usually complete. However, serious   It is known that HBV
infections cause development long term consequences result in some cases:
(1) ap- 45 of antibodies to the antigens of the virus. These antibod-
proximatelyfive percent of acute infections lead tochron-  ies are the
body's defense mechanism to the HBV infec- ic carriage of hepatitis B virus
antigen with its continuing  tion. The development of such antibodies prior
to expo- potential for infectivity to others and ongoing liver dam-  sure
or rapidly in the case of potential exposure should age; and (2) it is
likely that past infection with HBV may  substantially reduce and combat
virus growth and be wholly or partly responsible for the initiation of a
sig- 50 spread in the patient. nificant proportion of HBV-seronegative
cases of chronic  A problem however in the artificially stimulated de-
active hepatitis, cirrhosis and primary liver carcinoma.  velopment of
antibodies to the antigens of hepatitis B vi- Recent advances in molecular
biology have made it    rus is the limited host range of the virus. For
example, possible to introduce the DNA coding for specific   although
highly infectious to man, experimental infection non-bacterial eukaryotic
proteins into bacterial cells. In  55 with hepatitis B virus has been
achieved in only a few general, with DNA other than that prepared via
chemical  additional primates. And, the virus has not been propa-
synthesis, the construction of the recombinant DNA mol-  gated in tissue
culture. This limited host range and ina- ecules comprises the steps of
producing a single-strand-  bility to infect tissue culture cells has
severely hampered    3              EP 0 013 828 B2                 4 both
the characterization of the virus and the pathology  isms and at least some
animal viruses contain "introns" of its infection and the development of
rapid detection  or additional nuciotide sequences as part of the gene.
means and effective means of infection control and pre-  These introns do
not form part of the final message of vention.
the gene. Instead, they are removed in vivo in higher While there have been
some attempts to employ au-  5  organisms by special processing enzymes
acting upon thentic HBV viral antigens, isolated from victims of the  the
primary transcription product to afford the ultimate HBV infection, for the
development of antibodies and de-  message (mRNA) of the gene. Bacteria are
presumed tection of infection, these treatments are not generally    to be
unable to process such introns so that natural DNA available because of the
limited supply of the active spe-  would not be expected to be expressed in
bacterial hosts cies. Furthermore, the use of human sources for these  10
and the desired proteins would not be expected to be antigens is disfavored
because of the well recognized  produced by these hosts. contamination
problems in using human isolates. Brief description of the drawings
Disclosure of the invention 15     Figure 1 is a simplified diagram
representing the The invention is defined in the claims.        structure
of the endogenous DNA of a Dane particle. It The present invention solves
the problems referred  displays the two complementary DNA strands, strand a
to by providing recombinant DNA molecules having in-  and b, the nick in
strand a and the gap in strand b and serted structural genes coding for a
polypeptide display-  the closing of that gap by DNA polymerase reaction.
ing HBV antigenicity.                         20      Figure 2 is a
schematic outline of the preferred em- By virtue of out invention, it is
possible to obtain HBV  bodiment of the process of this invention:
fragments of 



antigens and genes in substantial and uncontaminated  the endogenous DNA
isolated from the Dane particle are quantities for vaccine preparations and
for use in detec-  fused to the E. coli penicillinase gene on the plasmid
tion of the viral infection and determination of its pathol-    pBR322 at
the Pst I site. After transformation into E. coli ogy and molecular
biology. Such supplies have not hith- 25 HB101, the recombinant DNA
molecule pBR322-Pst I erto been available, because of the narrow host range
dG:HBV-Kpnl dC directs the synthesis of polypeptides of the virus and its
inability to be grown in tissue culture.  displaying HBV antigenicity. As
will be appreciated from the disclosure to follow,  Figures 3-9 show the
nucleotide sequence deter- the recombinant DNA molecules of the invention
are ca-  mined for a part of a hepatitis B virus genome and which pable of
producing, in an appropriate host, at least one  30 contains DNA sequences
in accordance with this inven- viral polypeptide displaying HBV
antigenicity and the  tion. The sequence is displayed with the stop codons
in structural genes that code therefor. These recombinant  the three
reading frames noted above it. It is arbitrarily DNA molecules and hosts
may be utilized to prepare  numbered from the initiation codon for the gene
coding polypeptides displaying HBV antigenicity and structural    for HBcAg
as determined in this invention. Nucleotides genes coding for these
polypeptides. These products  35 -80 to -1 represent the leader sequence
which precedes may also be identified and characterized and are useful
this gene. Nucleotides 1-549 represent the nucleotide either as produced in
the host or in compositions and in    sequence for the gene coding for
hepatitis B virus core methods for improving production of these products
antigen, the amino acid sequence (reading frame 1) of themselves and for
detecting HBV infection, tracing its    this antigen being depicted above
that sequence. Nucle- pathology and stimulating the production of HBV anti-
40 otides 1437-2114 represent the nucleotide sequence de- bodies in humans.
termined forthe gene of hepatitis Bvirus surface antigen, The invention
also concerns a process for producing  the amino acid sequence (reading
frame 3) of this anti- a recombinant DNA molecule involving the linking of
a  gen being depicted above that sequence. Various re- DNA sequence
prepared from the endogenous DNA of    striction endonuclease recognition
sites in these genes a Dane particle to another DNA sequence prepared from
45 are also depicted in Figures 3-9. a source other than the Dane particle.
Figure 10 is a schematic outline of a process of this Our invention may be
distinguished from the prior    invention wherein a recombinant DNA
molecule which is art above mentioned in that none of the prior processes
capable of producing a polypeptide displaying hepatitis employs a natural
gene or DNA for a particular protein  B virus core antigenicity is
fragmented and a fragment for construction of the recombinant DNA molecule
and  50 therefrom attached to an improved expression control production of
that protein or gene. Instead, they employ  sequence, the lac system.
either synthetic genes made by chemical synthesis or  Figure 11 is a
schematic outline of a process of this artificial genes made by
enzymatically copying the  invention wherein a recombinant DNA molecule of
this mRNA isolated from the donor cell to produce cDNA se-  invention is
fragmented and connected to a fragment of quences.
55 phage DNAfor use in lysogenizing host cells and thereby One reason that
natural DNA has not been previ-    increasing the number of gene copies
therein. ously employed directly in recombinant DNA synthesis  Figure 12 is
a schematic outline of another embod- of proteins is that natural DNA's
from most higher organ-  iment of the process of this invention: a
recombinant This is the replacement sheet 4 Date: 23 AR 1999   



5                 EP 0 013 828 B2                  6 DNA molecule of this
invention which .des not produce  DNA sequence comprising an intact
"replicon" such that a polypeptide displaying hepatitis B virus core
antigenic-  the plasmid is replicated in a host cell. When the plasmid ity
is fragmented to remove the structural gene for HB-  is placed within a
unicellular organism, the characteris- sAg and this structural gene
employed to produce a re-    tics of that organism are changed or
transformed as a combinant DNA molecule which produces HBsAg in an  5
result of the DNA of the plasmid. For example, a plasmid appropriate host.
carrying the gene for tetracycline resistance (TetR) trans- In order that
the invention as defined In the claims  forms a cell previously sensitive
to tetracycline into one can be more fully understood, the following
detailed de-  which is resistant to it. A cell transformed by a plasmid
scription containing a historical account is set forth.  is called a
"transformant". The following terms are employed:           10     Phage or
Bacteriophage-Bacterial virus many of Nucleotide-A monomeric unit of DNA or
PNA con-  which include DNA sequences encapsidated in a protein sisting of
a sugar moiety (pentose), a phosphate, and a  envelope or coat ("capsid").
In a unicellular organism a nitrogenous heterocyclic base. The base is
linked to the  phage replicates by a process called transfection. sugar
moiety via the glycosidic carbon (1' carbon of the  Cloning Vehicle-A
plasmid, phage DNA or other pentose) and that combination of base and sugar
is a  15 DNA sequences which are able to replicate in a host cell,
nucleoside. The base characterizes the nucleotide. The  characterized byone
or a small number of endonuclease four DNA bases are adenine ("A"),
guanine. ('G'), cyto-  recognition sites at which such DNA sequences may be
sine ('C') and thymine ("T"). The four RNA bases are A,  cut in a
determinable fashion without attendant loss of G, C and uracil ('U').
an essential biological function of the DNA, e.g., replica- DNA Sequence-A
linear series of nucleotides con- 20 tion, production of coat proteins or
loss of promoter or nected one to the other by phosphodiester bonds be-
binding sites, andwhich contain amarkersuitable for use tween the 3' and 5'
carbons of adjacent pentoses.  in the identification of transformed cells,
e.g., tetracy- Codon-A DNA sequence of three nucleotides (a tri-  dine
resistance or ampicillin resistance. A cloning vehi- plet) which encodes
through mRNA an amino acid, a  cle is often called a vector. translational
start signal or a translational termination  25  Cloning-The process of
asexual reproduction. signal. For example, the nucleotide triplets TTA,
TTG,  Recombinant DNA Molecule-A hybrid DNA se- CTT, CTC, CTA and CTG
encode for the amino acid leu-  quence comprising at least two nucleotide
sequences, cine ("Leu"), TAG, TM and TGA are translational stop  the first
sequence not normally being found together in signals and ATG is a
translational start signal.   nature with the second. Reading Frame-The
grouping of codon's during  30   Expression Control Sequence-A DNA sequence
of translation of mRNA into amino acid sequences. During  nucleotides that
controls and regulates expression of translation the proper reading frame
must be maintained.  structural genes when operatively linked to those
genes. For example, the sequence GCTGGTTGTAAG may be          Referring now
to Figure 1, we have shown therein a translated in three reading frames or
phases, each of  simplified diagram of the endogenous DNA of a Dane which
affords a different amino acid sequence:  35 particle. Dane particles are
detectable in the blood plas- GCT GGT TGT AAG-Ala-Gly-Cys-Lys
ma of some patients with hepatitis B viral infections (D. G CTG GTT GTA
AG-Leu-Val-Val                   S. Dane and C. H. Cameron, "Virus-Like
Particles In Se- GC TGG TTG TAA A-Trp-Leu-(STOP)                rum Of
Patients With Australia-Antigen Associated Hep- Polypeptide-A linear series
of amino acids connect-  atitis', The Lancet, 1, pp. 695-698 (1970)). This
particle ad one to the other by peptide bonds between the [err]-ami- 40 is
thought to be identical orclosely related to the infective 



no and carboxy groups of adjacent amino acids.     virion of hepatitis B.
While its size is known (42 nanom- Genome-The entire DNA of a substance. It
includes  eters in diameter), its structure is not fully understood. inter
alia the structural genes encoding for the polypep-  Generally, the Dane
particle is believed to consist of an tides of the substance, as well as
operator, promoter and  outer layer and an inner core. The outer layer of
the par- ribosorne binding and interaction sequences including  45 ticle
generally contains a polypeptide known as hepatitis sequences such as the
Shine-Dalgarno sequences.    B surface antigen ("HBsAg"). The inner core
(27 nanom- Structural Gene-A DNA sequence which encodes   eters in
diameter) contains a second polypeptide, hepa- through its template or
messenger RNA ("mRNA") a se-  titis B core antigen ("HBcAg"), as well as an
endogenous quence of amino acids characteristic of a specific
double-stranded, circular, DNAmolecule of 2.1 X106 dal- polypeptide.
50 tons, which contains a single-stranded gap of varying Transcription-The
process of producing mRNA    length. A third polypeptide, 'e' antigen
("HBeAg"), may from a structural gene.                            also be
associated with the Dane particles. In addition, Translation-The process of
producing a polypeptide  the Dane particle is believed to include an
endogenous from mRNA.                                         DNA dependent
DNA polymerase that partially closes Expression-The process undergone by a
structural 55 the single-stranded gap in the endogenous DNA by a gene to
produce a polypeptide. It is a combination of tran-  polymerase reaction
employing that DNA as a prim- scription and translation.
er/template. The structure and properties of the Dane Plasmid-A
non-chromosomal  double-stranded    particle and more especially its DNA
have been the sub- This is the replacement sheet Date:  2 3  MAR 1999    7
EP0013828B2                       8 ject of several analyses. E.g., W.S.
Robinson, "The Go-  Figure 2. nome of Hepatitis B Virus". Ann. Rev.
Microbiol., 31. pp. 357-377 (1977). However, the actual structure of the
var-  Cloning of the hepatitis B virus DNA fragments of the ious antigens
or their genes had not been determined.  invention The Dane particle's
endogenous DNA has been iso-  5 lated by extraction from tne Dane particle.
It consists of  A wide variety of host-cloning vehicle combinations one
nucleotide strand of constant length having a small  may be usefully
employed in cloning the double-strand- nick or opening in it (Figure 1,
strand a, -3000 nucle-  ed DNAof this invention. Forexample, useful cloning
ve- otides) and a second nucleotide strand of somewhat var-  hides may
include chromosomal, non-chromosomal and iable length (Figure 1, strand b,
-2000 nucleotides). The  10 synthetic DNA sequences such as various known
bac- second strand is complementary with the first and over-    torial
plasmids such as pBR322, other E. coli plasmids laps its nick to complete a
circular structure by hydrogen  and their derivatives and wider host range
plasmids such bonding between complementary bases in the standard  as RP4,
phage DNA such as the numerous derivatives Watson-Crick manner. This
overlap is apparent from Fig-  of phage [err], e.g., NM899 and vectors
derived from com- ure 1. The DNA polymerase of the Dane particle appears
15 binations of plasmids and phage DNA's such as plas- to use the second
stand of the endogenous DNA as a  mids which have been modified to employ
phage DNA primer and the first strand as a template to fill in the var-
expression control sequences. Useful hosts may include iable gap with
nucleotides which are complementary to  bacterial hosts such as E. coli
X1776, E. coli, X2282, E. 



the nucleotides of the first strand and afford a dou-  coil HB101 and E.
coli MRC1 and strains of Pseu- ble-stranded DNA of about 3000 nucleotide
pairs.  20 domonas, Bacillus subtilis and other bacilli, yeasts and
otherfungi, animal or plant hosts such as animal or plant Preparation of
hepatitis B virus DNA                cells in culture and other hosts. Of
course, not all hosts may be equally efficient. The particular selection of
Human serum from a single HBsAg positive, HBeAg  host-cloning vehicle
combination may be made by those positive donor (serotype a dye) was
diluted with an equal 25 of skill in the art after due consideration of the
principles volume of buffer (0.1 M tris-HCI, 0.1 M saline (NaCI),  set
forth above. 0,1% (weight/volume as used throughout 2-mercap-
Furthermore, within each specific vector, various toethanol, 0.1% bovine
serum albumin, 0.001 M EDTA)  sites may be selected for insertion of the
isolated dou- at pH 7.4. This was centrifuged at 35,000 r.p.m. for 2
ble-stranded DNA. These sites are usually designated hours at 4C. The
pellet thus obtained was resuspended  30 by the restriction enzyme or
endonuclease that cuts in 200 [err] of the same buffer and layered at the
top of a  them. For example, in pBR322 the Pst I site is located centrifuge
tube containing 20% sucrose. The suspen-  in the gene for penicillinase
between the nucleotide tri- sion was centrifuged at 40,000 r.p.m. for 2
hours at [err].  plets that code for amino acids 181 and 182 of the pen-
The pellet thus obtained was again resuspenced in 100  icillinase protein.
This site was employed by Villa-Komar- [err] of buffer (0.1 M tris-HCI, 0.1
M saline) at pH 7.5.  35 off et al., supra, in their synthesis of protein
displaying The resultant DNA containing-pellet was then la-  rat proinsulin
antigenic determinants. A Hind II endonu- belled with 3H or 32P as
described by P.M. Kaplan et al.,  clease recognition site is between the
triplets coding for "DNA Polymerase Associated With Human Hepatitis B
amino acids 101 and 102 and a Taq site at the triplet Antigen, J. Virol.,
12, pp. 995-1005 (1973) to facilitate  coding for amino acid 45 of that
protein in pBR322. In tracing it through subsequent steps of the process.
This  40 similarfashion. the Eco Rl endonuclease recognition site labelling
results from the reaction of the concentrated  for this plasmid is located
between the genes coding for Dane particles and [err]- or [err]-labelled
deoxynucleoside  resistance to tetracycline and ampicillin, respectively.
triphosphates (dNTP's) for 4 hours at 37 C. After this  This site was
employed by Itakura et al. and Goeddel et DNA polymerase reaction, which
results in partially clos-  al in their recombinant DNA synthetic schemes,
supra. ing the single-stranded gap in the DNA (See Figure 1), 45  Figures 2
and 11 display for illustrative purposes some the labelled DNA material was
layered at the top of a  of the restriction sites in plasmid pBR322 and
phage X centrifuge tube containing 30% sucrose and centrifuged  NM989. at
42,000 r.p.m. for 3 1/2 hours at [err].               The particular site
chosen for insertion of the select- The DNA was then extracted with phenol
from the  ed DNA fragment into the cloning vehicle to form a re- resulting
pellet using the procedure of L. I. Lutwick and  50 combinant DNA molecule
is determined by a variety of W.S. Robinson, "DNA Synthesized In The
Hepatitis B  factors. These include size and structure of the polypep- Dane
Particle DNA Polymerase Reaction", J. Virol.,   tide to be expressed,
susceptibility of the desired 21,pp. 96-104 (1977). The extracted DNA was
then dia-  polypeptide to endoenzymatic degradation by the host lyzed
againstasolution of 0.01 M tris-HCI, 0.001 M EDTA  cell components and
contamination by its proteins, ex- (pH 8.0) to eliminate the phenol
solvent. The isolated  55  pression characteristics such as the location of
start and DNA was then ready for restriction enzyme digestions.  stop
codons, and other factors recognized by those of It displayed a specific
radio activity of [err]. The  skill in the art. Since the expression
process is not fully above discussed process is schematically depicted in
understood, none of these factors alone absolutely con- This is the
replacement sheet 6 



9                 EP0013828B2                     10 trols the choice of
insertion site for a particular po!ypep-  chosen vector toxicity of the
co-products, ease of recov- tide. Rather the she chosen effects a balance
of these  ery of the desired polypeptide, expression characteris- factors
and not all sites may be equally effective for a  tics, biosafety and
costs. Again, since the mechanisms given protein.
of expression are not fully understood, no absolute Although several
methods are known in the art for  5  choice of host may be made for a
particular recombinant inserting foreign DNA into a cloning vehicle to form
a re-  DNA molecule or polypeptide from any of these factors combinant DNA
molecule, the method preferred in ac-  alone. Instead, a balance of these
factors must be struck cordance with this invention is displayed in Figure
2. It is  with the realization that not all hosts may be equally ef-
characterized by cleaving the Dane particle DNA with a  fective for
expression of a particular recombinant DNA restriction endonuclease,
attaching poly-deoxyC se-  10 molecule. quences to the 3' termini (named by
convention from the  In the synthesis specifically described hereinafter,
deoxyribose carbon of the DNA sugar backbone) of the  the cloning vehicle
is the bacterial plasmid pBR322 and cleaved DNA and linking the elongated
DNA to a cloning  the restriction endonuclease site therein is the Pst I
site vehicle which has been cut at a particular site by a re-  (Figure 2).
This plasmid is a small (molecular weight ap- striction endonuclease and
elongated at the 3 termini of  15 prox. 2.6 megadaltons) plasmid carrying
resistance that cut with poly deoxyG sequences, that are comple-  genes to
the antibiotics ampicillin (Amp) and tetracycline mentary to the poly-dC
sequences of the cleaved DNA.  (Tet). The plasmid has been fully
characterized (F. Boli- The complementary character of the 3 tails of the
DNA  var et al., "Construction and Characterization of New and cloning
vehicle permit cohesion of those termini.  Cloning Vehicles II. A
Multipurpose Cloning System', A restriction enzyme chosen to cleave the HBV
DNA  20 Gene, pp. 95-113 (1977)). The host is E. coli HB101. should not
cleave the HBV DNA within an essential part of the gene that codes for
polypeptides displaying HBV  1. Preparation of dC-elongated Dane particle
DNA antigenicity, and most suitably it should cleave the DNA at a limited
number of sites. Suitable restriction enzymes  In actual practice, the DNA
isolated as above from include Kpnl, Bgl II, Barn Hi, Ava I and Eco RI.
Other 25 the Dane particles was digested with restriction endonu-
restriction endonucleases may be similarly useful. Their  clease Kpn I
(approximately 20 ng DNA in 10 [err] 10 mM selection may be made by those
of skill in the art on due  tris-HCI, pH 7.5, 10 mM [err], 10 mM
2-mercaptoeth- consideration of the factors set out above. Figures 3-9
anol, 40 mM NaCI, 0.5 [err] enzyme preparation) at [err] display some of
the restriction endonuclease recognition  for 90 minutes and the
restriction enzyme inactivated by sites in part of the HBV genome.
30 heating at [err] for 5 minutes. Poly-deoxyC sequences Of course, other
known methods of inserting DNA  (for illustration purposes only depicted as
CCC in Figure sequences into cloning vehicles to form recombinant  2) were
attached to the 3' termini of the digestion prod- DNA molecules are equally
useful. These include, for ex-  ucts by standard reaction with
polynucleotide terminal ample, direct ligation wherein the same restriction
endo-  transf erase after removing the residual protein by extrac- nuclease
is employed to cleave the HBV DNA and the  35 tion with phenol and
chloroform (20 [err] each). Phenol was cloning vehicle. This procedure
inherently provides com-  removed from the aqueous phase by extraction with
plementary ends for cohesion.                      ether, and the DNA was
precipitated by addition of 3M It should, of course, be understood that a
nucleotide  sodium acetate, pH 6.5 (5 [err]) and cold ethanol 0.1 ml. 



sequence or gene fragment of the invention inserted at  After storage at
[err] for one hour, the precipitated DNA the selected restriction site of
the cloning vehicle may  40 was recovered by centrifugation at 10,000
r.p.m. for 20 include nucleotides which are not part of the actual struc-
minutes and the pellet dissolved in 10 mM tris-HCI pH tural gene for one of
the proteins with which the present  7.5 (10 [err]). To this was added 3
[err] of 400 mM potassium invention is concerned or may include only a
fragment  cacodylate, pH 7.0, 4 mM cobalt chloride, 4 mM deoxy- of that
structural gene, provided that said sequence re-  cytosine triphosphate
(dCTP), 200 [err] bovine serum sults in a transformed host that will
produce a polypep- 45 albumin and the mixture incubated at [err] for 10
min- tide displaying HBV antigenicity.                  utes with 0.5 [err]
of polynucleotide terminal transferase The recombinant DNA molecule
containing the hy-  (6000 [err]) and the reaction stopped by addition of 50
brid gene may be employed to transform a host so as to  mM EDTA (1 [err]).
permit that host (transformant) to express the structural gene or fragment
thereof and to produce the polypeptide  50 2. Preparation of Pst I cleaved,
dG-elongated pBR322 or portion thereof for which the hybrid DNA codes. The
recombinant DNA molecule may also be employed to      The plasmid pBR322
was digested with restriction transform a host so as to permit that host on
replication  endonuclease Pst I (for which the plasmid contains one to
produce additional recombinant DNA molecules as a  target) and the products
purified by phenol extraction source of HBV structural genes and fragments
thereof. 55 and ethanol precipitation in the manner described above The
selection of an appropriate host for either of these  for HBV DNA. Poly-dG
sequences (for illustration pur- uses is controlled by a number of factors
recognized by  poses only depicted as GGG in Figure 2) were added to the
art. Theseinclude, for example, compatibility with the  the 3' termini of
linear pBR322 molecules by terminal This is the replacement sheet 7 Date:
23 MAR 1999    11             EP0013828B2                      12
transferase as described for the addition of poly-dC se-  with 32P-labelled
HBV DNA prepared previously as the quences to HBV except that the reaction
was carried out  probe. Radioautography of the filters revealed the pres-
at [err].                                            ence of colonies that
contain DNA sequences comple- mentary to authentic HBV DNA. 3. Cohesion of
G-elongated pBR322 and C-elongated   5 HBV DNA
6. Detection of colonies synthesizing polypeptides with HBV antigenicity
Equimolar amounts of the pBR322-poly-dG and HBV DNA-poly-dC were then mixed
together and the       Colonies that were resistant to tetracycline, sensi-
complementary sequences allowed to link by incubation  10 tive to
ampicillin and hybridized with authentic HBV DNA in 100 mM NaCl, 50 mM
tris-HCl, pH 7.5, 5 mM EDTA  were tested for their ability to produce at
least one (TNE), (50 [err]) at [err] for one hour, followed by [err] for
polypeptide displaying HBV antigen specificity or anti- one hour, 370C for
one hour and [err] for one hour and  genicity. Colonies were again picked
onto Millipore filters an equal volume of TNE and 20 [err] of 100 mM MgCI2,
supported on L-agar plates containing tetracycline and 100 mM [err], 100 mM
tris-HCI, pH 7.5 was added.    15 incubated at [err] overnight. A second
plate of L-agar 



was covered with a culture of E. coli C600 (0.1 ml in 2 4. Transformation
of E. coli HB 101                 ml soft agar) infected with a virulent
strain of bacteri- ophage X vir (multiplicity of infection of about 1) and
also Cultures of E. coli HB 101 competent for transfor-  incubated at [err]
overnight by which time the bacterial mation were prepared as described by
E. M. Lederberg  20 lawn was confluently lysed (i.e. substantially all of
the and S. H. Cohen, 'Transformation Of Salmonella typh-  hosts' cell walls
had burst) by the phage ([err] vir). The Mil- imurium By
Plasmid-Deoxyribonucleic Acid", J. Bacte-  lipore filter containing cells
transformed in accordance riol., 119, pp. 1072-1074 (1974). 0.1 ml portions
of the  with this invention was lifted from its plate and placed, cells
were mixed with 25 [err] of the annealed DNA prepa-  colonies downwards, in
contact with the surface of the ration and incubated at [err] for 20
minutes and then at 25 L-agar plate of E coli C600 that had been lysed with
[err] [err] for 10 minutes before plating on L-agar plates con-  vir. This
contact was continued for about 10 minutes to taining tetracycline (50
[err]/ml) for overnight incubation at  permit infection of the cells
residing on the Millipore filter [err]. Since plasmid pBR322 includes the
gene for tet-  by [err] vir. The Millipore filterwas then transferred toa
fresh racycline resistance, E coi colonies which have been  plate of L-agar
and incubated at [err] for a further 5 transformed with that plasmid will
grow in cultures con- 30 hours. Meanwhile polyvinyl discs were coated with
HBV taining that antibiotic to the exclusion of those E. colicol-
antibodies as described by S. Broome and W. Gilbert, onies not so
transformed. Therefore, growth in tetracy-  'Immunological Screening Method
To Detect Specific cline containing culture permits selection of properly
Translation Products", Proc. Nati. Acad. Sci. U.S.A., 75, transformed
hosts.                                  pp. 2746-2749 (1978). The Millipore
filter on which the 35 transformed bacterial colonies were now obviously
lysed 5. Screening E coli colonies by hybridization   were placed with the
colonies in contact with the coated polyvinyl discs and kept at [err] for 3
hours. This contact Bacterial colonies grown on the incubated tetracy-
results in any HBV antigens lysed from the cells on the cline containing
L-agar plates were tested for sensitivity  Milliporefilter binding with the
HBV antibodies of the disc. to ampicillin. The plasmid pBR322 includes the
gene for 40 The coated discs were separated from the Millipore filter
ampicillin resistance. This gene is the proposed site of  and then washed
and incubated with [err]-labelled HBV hybrid gene insertion. Therefore,
colonies which have  antibodies. This incubation results in radioactive
label- been transformed with a plasmid having DNA inserted  ling of those
sites on the disc where HBV antigens from at the chosen recognition site
will be sensitive to ampi-    the Millipore filter had previously become
bound by the cillin, but will retain their resistanceto tetracycline. E.
coli 45 HBV antibodies of the disc. After washing and radio- colonies that
were sensitive to ampicillin but resistant to  autography, as described by
Broome and Gilbert, supra, tetracycline were picked onto a disc of
Millipore cellulose  colonies that had produced polypeptides with HBV anti-
nitrate filter supported on L-agar plates containing tetra-  gen
specificity were located by reference to the radio- cycline. After
overnight growth at [err], the Millipore filter  autograph. was transferred
to fresh L-agar plates containing tetra- 50 cycline and chloramphenicol
(150 [err]) and incubated  Use of polypeptides and genes produced from for
a further several hours at [err] in order to amplify the  recombinant DNA
molecules in detecting the presence number of copies of the plasmid within
the cells (Figure  of HBV antibodies in humans 2). The Millipore filters
were then used for colony hybrid- ization as described by M. Grunstein and
D. S. Hogness, 55  Polypeptides displaying HBV antigenicity and the "Colony
Hybridization: A Method For The Isolation Of  structural genes and
fragments which code therefor may Cloned DNAs That Contain A Specific
Gene", Proc. Nall.  be used in methods and kits designed to detect the
pres- 



Acad. Sci. U.S.A., 72, pp. 3961-3965  (1975)        ence of HBV antibodies
in humans and therefore recog- This is the replacement sheet 8 Date: 2 3
MAR 1999.    13                EP 0013 828 B2                   14 nize
humans and blood samples which have been infect-    cAg derived from human
liver (B J. Cohen and Y. E. Cos- ed by this virus.
sart, "Application Of A Screening Test For Antibody To For example, the
HBcAg produced by hosts trans-  Hepatitis B Core Antigen', J. Clin. Path.,
30, pp. 709-713 formed by recombinant DNA molecules of this invention
(1977)). All four rabbit sera gave precipitin lines with HB- can be used in
the immunological diagnostic tests cur-  5  cAg identical to those formed
between HBcAg and the rently available for hepatitis B virus detection,
that is ra-  HBcAb derived from human sources. Therefore, the core
dioimmunoassay or ELISA (enzyme linked immunosorb-  antigen synthesized in
E. coli with the recombinant DNA ent assay). In one type of
radioimmunoassay anti-core  molecules of this invention is serologically
active in vivo. antigen antibody, raised in a laboratory animal, is at-
This activity establishes the feasibility of compositions tached to a solid
phase, for example, the inside of a test  10 and methods using viral
antigens synthesized in micro- tube. HBcAg is then added to the tube so as
to bind with  bial cells for the stimulation of antibody formation in hu-
the antibody. To the tube coated with the antigen-anti-  mans. Such
compositions and methods are character- body complex is added a sample of
the patient's serum,  ized by the polypeptides produced in hosts
transformed together with a known amount of HBV anti-core antibody  by
recombinant DNA molecules prepared in accordance labelled with a
radioactive isotope such as radioactive  15 with this invention. These
polypeptides would be em- iodine. Any HBV antibody in the patient's serum
will com-  ployed alone or with well known pharmaceutically ac- pete with
the labelled antibody for the free binding sites  ceptable carriers such as
saline solutions or other addi- on antigen-antibody complex. Once the serum
has been  tives recognized by the art for use in compositions and allowed
to interact, the excess liquid is removed, the test  methods for the
treatment and prevention of viral infec- tube washed, and the amount of
radioactivity measured. 20 tions in humans. A positive result, i.e. that
the patient's serum contains  As noted previously, restriction enzymes
other than HBV antibody, is indicated by a low radioactive count. In    the
Kpn l/Pst I combination described above may be one type of ELISA test, a
microtitre plate is coated with  usefully employed in preparing recombinant
DNA mole- HBcAg and to this is added a sample of patient's serum.  cules of
this invention. Other restriction sites in plasmid After a period of
incubation permitting interaction of any  25 pBR322 and part of the HBV
genome are depicted in Fig- antibody with the antigen, the plate is washed
and a  ures 2 and 3, respectively. In illustration of these alter-
preparation of anti-human antibodies, raised in a labora-  native, but less
preferred embodiments, the following ex- tory animal, and which are linked
to an enzyme label is  amples are set forth. added, incubated to allow
reaction to take place, and the plate is then rewashed. Thereafter, enzyme
substrate is 30 BAM Hi, ECO RI, BGL II-PST I Combinations added to the
microtitre plate and incubated for a period of time to allow the enzyme to
work on the substrate, and  The HBV DNA fragments produced by the use of
the adsorbance of the final preparation is measured. A  Bam Hi Eco RI and
Bgl II, unlike those produced by Kpn large change in adsorbance indicates a
positive result.  I, could not conveniently be directly tailed for cohesion



35 owing to the presence of short ' single-stranded projec- In vivo
activity of polypeptides produced from   lions. They were therefore treated
with [err] recombinant DNA molecules                          remove these
projections before the addition of poly-dC sequences at 3' termini. This
was done by incubation of To test the biological activity of the antigenic
the restricted DNA (10 [err] of a solution as described ear- polypeptides
translated from the recombinant DNA mol- 40 lier) with 15 [err] 100 mM
sodium glycinate, pH 9.5, 10 mM ecule in the E. coli of this invention,
sterile extracts of  [err], 100 [err] bovine serum albumin, 5 [err] exonu-
the bacterial cells which were shown to express HBcAg  clease at 0C for 1.5
hours. The mixture was then ex- were injected into rabbits after mixing
with an equal vol-    tracted with phenol and chloroform and the process
con- ume of Freund's adjuvant. Two animals received the  tinued. In the
preparation in which Bam Hi was used, crude bacterial extract and two were
given samples of 45 subsequent radioimmunoassay confirmed the produc- the
same extract after fractionation on a Sephadex 650  tion of polypeptides
with HBV antigen specificity. column. Additional injections of the same
sample, which had been frozen and stored (retaining full antigenic ac-
Direct ligation: ECO RI-ECO RI and BAM HI-BAM HI tivity) were given two and
five weeks after the first injec- tion. The animals were bled at intervals
several weeks  50    Instead of tailing the DNA fragments for cohesion,
after initial injection.                           as described above,
direct ligation of the gene fragments Immunodiffusion experiments, using
the procedure  may be employed in the processes of this invention. For
described by 0. Ouchterlony, "Immunodiffusion and Im-  example, in two
further preparations HBV DNA (20 ng) munoelectrophoresis", in Handbook of
Experimental  was restricted with restriction endonuclease Eco Rl or
Immunology (D. W. Weir ed.) (Blackwell Scientific Pub- 55 Barn Hi in 10 mM
tris-HCI, pH 7.5, 10 mM MgCI2, 10 mM lications, Oxford and Edinburgh) chap.
19 (1967), were  2-mercaptoethanol, 50 mM NaCl (10 [err]) at [err] for 1.5
performed to compare the rabbit sera (antibodies) to hu-  hours and mixed
in excess with pBR322 that had been man hepatitis B virus core antibody
("HBcAb") using HB-  incubated with the same enzymes under identical con-
This is the replacement sheet 9 Date  23 MAR 99    15                 EP 0
013 828 B2                 16 ditions. A concentrated buffer solution (660
mM tris-HCI,  duction of polypeptide displaying HBV antigenicity, su- pH
7.5, 100 mM MgCI2, 10 mM EDTA, 100 mM 2-mer-    pra,  [err].  Using  this
nomenclature  culture captoethanol, 400 mM NaCI, 1 mM ATP) (2 [err]) was
add-  pBR322-HBV-A designates an E. coli HB 101 culture ed andthe mixture
incubated with T4 DNA ligase (0.5 [err])  containing as a plasmid a
recombinant DNA molecule at 1 0C for 3 hours followed by [err] for at least
24 hours.  5  comprising pBR322 cleaved at the Pst I site and elon- The
solution was diluted to 0.1 ml with 10 mM tris-HCI,  gated with a poly dG
tail at the 3'termini attached to HBV pH 7.5 and used to transform
competent cultures of E.  DNA cleaved with Kpn I and elongated with a
poly-dC coli HB 101 as described earlier. In the case of Bam HI  tail at
the 3 termini, the culture displaying resistance to prepared recombinant
DNA molecules, the colonies   tetracycline, sensitivity to ampicillin, a
positive HBV DNA were tested, before screening for hybridization, for sen-
10 hybridization test and producing a polypeptide displaying sitivity to
tetracycline rather than to ampicillin, because  HBV antigenicity. 



the target for Bam HI in pBR322 is within the gene coding for tetracycline
resistance and therefore successful in-  DNA Fragment mapping and
nucleotide sequence sertion at this recognition site results in loss of
this re-  determination sistance instead of the ampicillin resistance as in
the  15 case of insertion at the Pst I site.               1. Hepatitis B
core antigen In the case of recombinant DNA molecules prepared via the Eco
RI site, the colonies were tested, before      A series of recombinant DNA
molecules, made in screening for hybridization, for resistance to both
ampi-  accordance with the processes described above, which cillin and
tetracycline because the target for EcoRl in  20 imparted to their host
cells the ability to synthesize HB- pBR322 is between the genes coding
tetracycline and  cAg as detected by solid phase radioimmunoassay were
ampicillin resistance such that no inactivation of the  chosen for sequence
analysis. Fragments were pre- genes for ampicillin or tetracycline
resistance occurs on  pared from these recombinant DNA molecules by diges-
hybrid DNA insertion at this site.                 tion with appropriate
restriction enzymes and the frag- Micro-organisms prepared by the processes
de- 25 ments labelled at their 5' termini with [err] ATP and T4 scribed
herein were deposited in the Culture Collection  polynucleotide kinase. The
nucleotide sequences of of the Microbiological Research Establishment at
Porton  each fragment were then determined by well-known Down on December
15, 1978 and are identified as    chemical degradative methods (A. M. Maxam
and W. Gil- pBR322-HBV-A to B>                                  bert, "A
New Method For Sequencing DNA", Proc. Nat. Specifically, these cultures are
characterized as fol- 30 Acad Sci. U. S.A., 74, pp. 560-564 (1977). The
resulting lows:                                              nucleotide
sequence is depicted in Figures 3-9. For ref- erence, the sequence is
numbered from the A of the ATG A: E. coi HB 101/pBR322-Pst I dG:HBV-Kpn I
dC:  translational initiation codon of the core gene. The nu- TetR Amps
HBV+ VA+ [NCIB 11549]                 cleotide sequence of the gene for
HBcAg and the amino B: E. coli HB 101/pBR322-Pst I dG:HBV-Bam HI 35 acid
sequence for the polypeptide deduced from this dC: [err] [NCIB 11549]
gene (Reading Frame 1) is depicted in Figures 3-9 be- [err]
tween nucleotides 1-549. The size of the polypeptide en- [err]
coded by this gene is close to the 19000 molecular [err]
weight observed for core antigens from Dane particles. [err]
40 However, the present structural determination does not [err]
exclude the possibility that some amino acids may be [err]
trimmed from the amino terminus of this polypeptide in [err]
vivo during formation of the authentic antigen. This struc- [err]
ture also does not take into account any other or further 45 modifications
to the polypeptide caused by its interaction Portions of these identical
cultures have also been  with other human enzymes, e.g., those enzymes
which deposited In the Culture Collection of the National Col-  glycosolate
proteins. Therefore, the polypeptide struc- lection of Industrial Bacteria,
Aberdeen, Scotland on De-  ture determined herein may not be identical to
that HB- cember 20, 1979, and were assigned the accession   cAg found in
vivo, but it will still elicit a very similar, if not numbers shown above
in brackets.               50 identical, immuno response. The above
nomenclature for the cultures is a de-   All of the recombinant DNA
molecules examined scription of that culture as follows: Host/cloning vehi-
had the HBV DNA inserted so that the core antigen gene cle-restriction site
in cloning vehicle with Indication of  was maintained in the same
translational phase as the 



elongation nucleotide (if any): hepatitis B virus restriction  gene for
penicillin resistance of pBR322. Moreover, in site in hepatitis B virus
with indication of elongation (if 55 the various recombinants the HBV DNA
insert began any): resistance (R) or sensitivity (S) to tetracycline (Tet)
within one or two nucleotides of the same position in the and ampicillin
(Amp). positive hybridization to HBV DNA  HBV sequence. Because these
recombinant DNA mol- in the colony nybridization test, supra, (HBV+) and
pro-  ecules originated from HBV DNA digested with various This is the
replacement sheet 10                          Date: 23 MAR 1999    17
EP 0 013 828 BZ                  18 restriction enzymes, e.g., Barn Hi and
Kpnl, this unique  couldalsobe expectedtobe expressed in an appropriate
attachment is surprising and may have resulted from in-  host cell. In
fact, no HBsAg was detected in the extracts advertent breakage or
polynucleotide tailing of the HBV  of cells transformed with those plasmids
found to ex- DNA at the nick in the endogenous DNA of the Dane par-  press
the gene for HBcAg. However, as noted, supra, tide (Figure 1). Recombinant
DNA molecules having the  5  knowledge of the nucleotide sequences of these
genes HBV DNA insert in a different translational phase did not  permits
modification of the expression process to im- express the HBcAg gene and no
polypeptide displaying  prove its yield and effect and to favor the
expression of HBV antigenicity was detected in hosts transformed with
genes and the production of polypeptides not previously such recombinant
DNA molecules. Of course, it is to be  expressed or detected. understood
that such non-gene expressing hosts and re-  10 combinant DNA molecules of
the invention are still useful  Preparation of improved recombinant DNA
molecules for for producing HBV DNA.                             production
of HBV antigens While it was expected that HBcAg or fragments thereof
produced through expression of the HBV DNA     The gene and amino acid
sequences of these anti- inserts would be fused to the product
([err]-lactamase) of  15 gens are useful in designing methods to increase
the lev- the gene for penicillinase resistance via a small number  el of
production of antigen or gene per bacterial cell. of glycine residues, that
was not the case. Instead, the  The level of production of a protein is
governed by [err]-lactamase was in each case fused through 5-8 gly-  two
major factors: the number of copies of its gene within cines to an
identical peptide sequence, but this se-  the cell and the efficiency with
which these gene copies quence terminated after 25 amino acids. In this
reading  20 are transcribed and translated. Efficiency of transcription
frame (Frame 1, Figure 3), a stop codon (TAG) is fol-    and translation
(which together comprise expression) is lowed three nucleotides later by an
initiation codon from  in turn dependent upon nucleotide sequences,
normally which translation continues unhindered to give a   situated ahead
of the desired coding sequence. These polypeptide 183 amino acids in length
(Figures 3-8).  nucleotide sequences or expression control sequences
Therefore, core antigenic activity resides in a polypep- 25 define,
interalia, the location at which RNA polymerase tide of about 21,000
daltons translated denovo from the  interacts to initiate transcription
(the promoter sequence) HBV sequence within the mRNA transcribed from the
re-  and at which ribosomes bind and interact with the mRNA combinant DNA
molecule. This polypeptide remains   (the product of transcription) to
initiate translation. Not within the host cell because it is not attached
to the ex-  all such expression control sequences function with creted
penicillinase carrier protein due to the arrange- 30 equal efficiency. It
is thus of advantage to separate the ment of the stop and start codons of
the HBV DNA insert.    specific coding sequences for the desired protein
from 



their adjacent nucleotide sequences and fuse them in- 2. Hepatitis B
surface antigen                     stead to known expression control
sequences so as to favor higher levels of expression. This having been The
nucleotide sequence of the gene for HBsAg and  35 achieved, the newly
engineered DNA fragment may be the amino acid sequence for the polypeptide
deduced  inserted into a multicopy plasmid or a [err] from this gene
(Reading Frame 3) is also depicted in Fig-  rivative in order to increase
the number of gene copies ures 6-8, between nucleotides 1437-2114. The
amino  within the cell and thereby further improve the yield of acid
sequence of this polypeptide begins at the N termi-  expressed protein. nus
with the sequence met-glu-asn-ile-thr-ser. This initial 40  For
illustrative purposes, the sequence determined amino acid sequence was
determined by D. L. Peterson  for the gene of HBcAg has been employed in
this way to et at., "Partial Amino Acid Sequence Of Two Major Com-  improve
the production of HBcAg in E. coli. One such ponent Polypeptides Of
Hepatitis B Surface Antigen",  process is depicted in Figure 10. Proc.
Nall. Acad. Sci. U.S.A., 74, pp. 1530-1534(1977)  Inspection of the DNA
sequence for HBcAg in Figure from authentic human HBsAg. The amino acid
sequence  45 3 reveals that this gene is preceded by a target for Alu I of
this protein continues in Figures 6-8 to a stop codon  at nucleotide-26
(AGCT) and contains targets for Eco RI' 226 amino acids away. This 226
polypeptide sequence  at nucleotides 22 and 1590, for Eco RII at 209
(CCTGG), corresponds to a protein of 25,400 daltons.        for Hae Ill at
280 (GGCC), and for Ava 11 at 246 and 461 The HBsAg amino acid sequence and
length has    (GGACC, GGTCC). Given this complexity, it is conven- been
independently confirmed by sequencing appropri- 50 ient to transfer a core
antigen coding sequence to more ate recombinant DNA molecules by P.
Valenzuela et at,  efficient expression control sequences in twostages. For
"Nucleotide Sequence Of The Gene Coding ForThe Ma-  example, digestion of a
recombinant DNA molecule (pH- jor Protein of Hepatitis B Virus Surface
Antigen", Nature,  BV 114), prepared in accordance with this invention,
hav- 280, pp. 815-819 (1979).                           ing an HBV DNA
insert of about 2350 base pairs (nucle- The nucleotide sequence determined
for the recom- 55 otides), ie., from nucleotides -80 to about 2270 of
Figure binant DNA molecules of this invention shows that none  3, with both
Alu I and Eco RI gives, inter alia, the frag- of those examined which
expressed the gene for HBcAg  ment between nucleotides -26 and 22 (Fragment
A) can have the gene for HBsAg in a position from which it  while Eco RI
digestion alone gives the fragment from This is the replacement sheet Date:
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nucleotides 23to 1589 (Fragment B) and low yields of a fragment from
nucleotides 23 to 576 (Fragment B').      [err] and the control region of
the phage fl cotpro- These fragments may be readily identified by reference
tein. DNA fragments containing these sequences are ex- to Figures 3-4 and
are depicted schematically in Figure  cised by cleavage with restriction
enzymes from the DNA 10. Fragments A and B are fractionated by gel electro-
5  isolated from transducing phages that carry the lacor trp phoresis to
purify them and joined via their Eco Rl co-  operons, or from the DNA of
phage [err] or fd. These frag- hesive ends to give a combined fragment
(Fragment C).  ments are then manipulated in the manner outlined for
Fragment C is now attached to a new expression control  the HBV antigen
sequences in order to obtain a limited sequence as appropriate via direct
ligation to maintain  population of molecules such that the essential
control- 



the correct translational phase, via the 3' tailing method  10 ling
sequences can be joined very close to, or in juxta- described previously,
or via synthetic oligo-nucleotide  position with the initiation codon of
the coding sequence linkers. This attachment not only makes use of a better
for the desired antigen as described above for Fragment expression control
sequence to improve protein produc-  C. tion but it also permits the gene
fragment coding for HB-  The fusion product is then inserted as before into
a cAg to be attached closer to the expression control se-  15 cloning
vehicle for transformation of the appropriate quence itself so as to
enhance control of that gene frag-  hosts and the level of antigen
production measured by ment's expression. In like fashion, Fragments A and
B'  radioimmunoassay after lysis of the cells. Cells giving the may be
joined or numerous other fragments prepared  most efficient expression may
be thus selected. Alterna- and the resultant fragment employed as above.
This    tively, cloning vehicles carrying, the lac, trp orX PL con- process
demonstrates that only a portion of the structural 20 trol system attached
to an initiation codon may be em- gene coding for a particular polypeptide
needs to be em-  ployed and fused to a fragment containing a sequence
ployed in recombinant DNA molecules of this invention.  coding for a
polypeptide displaying HBV antigenicity To shorten even further the
distance between the  such that the structural gene fragment is correctly
trans- particular expression control sequence and the initiation  lated
from the initiation codon of the cloning vehicle. codon of the chosen gene
fragment, the particular frag- 25  Further increases in the cellular yield
of these par- ment may be treated lightly with a combination of nucle-
ticular antigens depend upon an increase in the number ases acting
specifically at or near its terminus or used in  of genes that can be
utilized in the cell. This has been exonuclease and polymerase-linked
repair reactions to  achieved for illustration purposes by insertion of
recom- remove some or all of those nucleotides of the fragment  binant DNA
molecules engineered in the way described preceding the fragment's start
codon. Alternatively, a  30 previously into the temperate bacteriophage
[err] (NM989), fragment, such as an Alu I fragment resulting from cleav-
most simply by digestion of the plasmid with a restriction age at
nucleotides -26 and 30 could be similarly short-  enzyme, e.g., Eco RI or
HindIII, to give a linearmolecule ened with exonuclease treatment or
polymerase-linked  which was then mixed with a restricted phage X cloning
repair reactions and then cleaved with Eco [err] to pro-  vehicle (e.g., of
the type described by N. E. Murray et
duceafragmentfrombetweennucleotides-26and 1 and  35 at., "Lambdoid Phages
That Simplify The Recovery Of nucleotide 22 to permit fusion to fragment B
before at-    [err] Vitro Recombinants", Molec, gen. Genet., 150, pp.
tachment to the expression control sequence. A further  53-61 (1977) and N.
E. Murray et al., "Molecular Cloning route might involve hybridization of
fragment B. or an  Of The DNA Ligase Gene From Bacteriophage T4", J.
equivalent fragment, to an appropriate single stranded  MoL Biol., 132, pp,
493-505 (1979)) and the recom- template from the parent recombinant DNA
molecule for 40 binant DNA molecule produced by incubation with DNA
extension in a series of reactions with DNA polymerase  ligase. Such a
procedure is depicted in Figure 11. The and a limited number of nucleoside
triphosphates so that  desired recombinant phage was then selected by
radio- the fragment strand could be reconstructed to the begin-
immunoassay for the particular antigen or by hybridiza- ning of the coding
sequence. The template strand would  tion with radioactively labelled HBV
DNA sequences and then be cleaved at the position of its association to the
45 used to lysogenise a host strain of E. coli. extended fragment strand
with endonuclease S1 and the  Particularly useful X cloning vehicles
contain a tem- fragment so obtained attached to the expression control
perature-sensitive mutation in the repression gene cl sequence.
and suppressible mutations in gene S. the product of Several expression
control sequences may be em-  which is necessary for lysis of the host
cell, and gene E, ployed as described above. These include the operator, 50
the product which is the major capsid protein of the virus. promoter and
ribosome binding and interaction sequenc-  With this system the lysogenic
cells are grown at [err] 



es (including sequencessuch as the Shine-Dalgarno se-  and then heated to
[err] to induce excision of the quences) of the lactose operon of E. col
("the lac sys-  prophage. Prolonged growth at [err] leads to high levels
tem"), the corresponding sequences of the tryptophan  of production of the
antigen, which is retained within the synthetase system of E. coli ("the
trp system"), the major 55  cells, since these are not lysed by phage gene
products operator and promoter regions of phage [err] (OLPL and  in the
normal way, and since the phage gene insert is not encapsidated it remains
available for transcription. Arti- This is the replacement sheet 12 Date:
23 MAR 1999    21                 EP 0 013 828 82                 22 ficial
lysis of the cells then releases the antigen in high  genes coding for
penicillin resistance and tetracycline re- yield (Figure 11).
sistance in pBR322 (Eco RI or Hind III recognition sites, Figure 2) and
joined there or before insertion to the lac Preparation of improved
recombinant DNA molecules for  system expression control sequence thereby
producing expression of the gene coding for HBsAg         5  the
polypeptide displaying HBsAg antigenicity fused to the [err]-galactosidase
protein of the lac system, the gene The gene and amino acid sequences
determined for  fragment may be inserted into a cloning vehicle as close
HBsAg are useful in designing methods to permit expres-  as possible to the
chosen expression control sequence sion of the gene for HBsAg. Such
expression was not    itself as was described previously for the gene
coding for previously observed in hosts transformed with recom-  10 HBcAg,
or the gene fragment may be otherwise cloned. binant DNA molecules that
produced polypeptides dis-   For illustration purposes, one such scheme is
de- playing HBV antigenicity.                           picted in Figure
12. There, the selected recombinant The nucleotide sequence of Figures 6-8
displays the  DNA molecule having an HBV DNA insert extending be- gene
coding for HBsAg between nucleotides 1437 and  tween about nucleotides -80
and 2270 (Figures 3-8) was 2114. This gene is in a different translational
phase  15 fragmented by digestion with Hha I. The resulting frag- (Reading
Frame 3) than the gene coding for HBcAg    ment was inserted via the 3'
tailing method described (Reading Frame 1) in the HBV genome of Figures
3-9.  previously atthe Pstl site of pBR322. Hosts transformed Therefore, a
recombinant DNA molecule that did not pro-  with this recombinant DNA
molecule produced polypep- duce HBcAg when used to transform an appropriate
tides displaying HBsAg antigenicity. host, but contained an HBV DNA insert
of about 2350  20  Other fragments (e.g., Ava I, Taq, Xho, or Pstl (par-
nucleotides (corresponding to about nucleotides -80 to    tial digest))
have also been inserted at the Pst I recogni- 2270 of the sequence of
Figures 3-8) was chosen for use  tion site or other sites in pBR322 to
produce recombinant in HBsAg production.                               DNA
molecules which are useful for the production of The selected recombinant
DNA molecule contained,  polypeptides displaying HBsAg antigenicity or gene
frag- inter alia, the entire gene coding for HBsAg. Examina- 25 ments
coding for HBsAg. tion of the nucleotide sequence of the HBV DNA insert
In addition, such gene fragments have been inserted of this recombinant DNA
molecule reveals several re-    in pBR322 which had been cleaved by Pst I
and the re- striction endonuclease targets that permit excision of  sulting
fragment of the gene coding for penicillinase then fragments containing the
gene coding for HBsAg. E.g.,    chewed away from the codon coding for amino
acid 182 



nucleotide 1409 (Xho), nucleotide 1410 (Taq), nucle- 30 of penicillinase or
[err]-lactamase in one case to the codon otide 1409 (Ava I) and nucleotide
1428 (Hha l) (Figure  coding for amino acid 32 and in another case to the
co- 6). Of these the latter (Hha l) is particularly useful be-  don coding
for amino acid 13 of that polypeptide. These cause cleavage of the HBV DNA
insert occurs between  derivative plasmids of pBR322-Pstl' have also been
em- nucleotides 1430 and 1431, a cut only six nucleotides in     ployed
with HBsAg gene fragments that extended from advance of the translational
initiation codon (ATG) of the  35 nucleotides 1447 to 1796 (Figures 6-7) to
produce gene for HBsAg itself. In all four cases, the excised frag-
polypeptides displaying HBsAg antigenicity. ment will extend beyond the
chosen HBV DNA insert to   The nucleotide sequence between nucleotides 948
a target for the particular restriction endonuclease locat-  and 1437,
immediately preceding the structural gene ed within the nucleotide sequence
of the pBR322 portion  coding for HBsAg, may also be included in the
fragments of the recombinant DNA molecule. Therefore, the use of 40
employed to produce useful recombinant DNA mole- these restriction
endonucleases and others similarly  cules for production of polypeptides
displaying HBsAg useful, alone or in combination, permit the excision of
the  antigenicity and gene fragments of the structural gene gene coding for
HBsAg near but in advance of its initia-  for HBsAg. This nucleotide
sequence is referred to as tion codon and after its translational
termination codon.  the precursor sequence of the gene. Gene fragments in-
Of course, it is to be understood that as illustrated in the  45 cluding
both this precursor sequence and the structural case of the gene for HBcAg,
only fragments of the entire  gene for HBsAg may be excised with Alu I
(nucleotide gene need be actually employed in recombinant DNA  939), Hha I
(nucleotide 900) or Hae II (nucleotide 899). molecules to produce
polypeptides displaying HBsAg  In the case of A/u I and Hha I partial
digestion and sep- antigenicity in appropriate hosts.
aration of the resulting fragments, e.g., by gel electro- Fragments of HBV
DNA derived from such digests  50 phoresis, is necessary because
recognition sites for have been treated in a series of reactions analogous
to .   these enzymesalsooccurwithin the precursorsequence those described
for the gene and gene fragments coding  at nucleotide 1091 for Alu I and at
nucleotide 1428 for for core antigen. For example, the gene fragment may
Hha 11. be inserted into the gene coding for penicillin resistance    [err]
of pBR322 (e.g., Pst I recognition site, Figure 2) produc- 55 [err] ing the
polypeptide displaying HBsAg antigenicity in fu-  [err] sion with
[err]-lactamase (the product of the peniciliinase  [err] gene), the gene
fragment may be inserted between the  [err] This is the replacement sheet
23                 EP 0 013 828 B2                    24 [err]
2. A process for producing a polypeptide displaying [err]
HBV antigenicity comprising the step of culturing host NCIB 11558, 11559 or
11560. [err] [err] [err]
Patentansprulche [err] [err] 



[err]                                            Patentanspruche fftr
folgende Vertragsstaaten: BE, [err]
10  CH, DE, FR, GB, IT, LU, NL, SE [err] [err]
1. Ein rekombinantes DNA-Molek~l, das in einem der [err]
transformierten E. coil HB101-Stamme mit den Hin- [err]
terlegungsnummem NCIB 11548 und 11549 enthal- 15     ten ist. Claims
2. Ein rekombinantes DNA-Molekiil, das in einem der transformierten E. coli
HB101-Stammie mit den Hin- terlegungsnummem NCIB 11558,11559 und 11560
Claims for the following Contracting States:BE,CH, 20        enthalten ist.
DE, FR, GB, IT, LI, LU, NL, SE 3. Eine transformierte Wirtszelle,
ausgewihit aus den 1. A recombinant DNA molecule selected from the
transformierten E. coil HB1-01-Stammen mit den recombinant DNA molecules
contained in the trans-     Hinterlegungsnummern NCIB 11548 und 11549.
formed E.coli HB 101 strains identified by accession  25 numbers NCIB 11548
and 11549.                     4. Eine transfomierte Wirtszelle, ausgewdhit
aus den transformierten E. coil HB101-Stanmmen mit den [err]
Hinterlegungsnunnrfiern NCIB 11558, 11559 und [err]
11560. [err] [err]                                             5. Verfahren
zur Herstellung eines Polypeptids mit HBV-Antigenitat, welches den Schritt
des Kultivie- 2.  A transformed host selected from the transformed
rens einer Wirtszelle nach Anspruch 3 umfaBt. [err] HB 101 strains
identified by accession num- bers NCIB 11548 and 11549.
35  6. Verfahren zum  Herstellen eines Polypeptids mit HBV-Antigenitat,
welches den Schritt des Kultivie- [err]
rens einer Wirtszelle nach Anspruch 4 umfal3t. [err] [err] 40
Patentanspriche fOr folgeriden Vertragsstaat: AT 3.   A process for
producing a polypeptide displaying HBV antigenicity comprising the step of
culturing a  1. Verfahren zur Herstellung eines Polypeptids mit host
according to claim 2.                          HBV-Antigenitit, welches den
Schritt des Kultivie- rens der Wirtszellen NCIB 11548 oder 11549 [err]
[err] [err]                              2. Verfahren zur Herstellung eines
Polypeptids mit HBV-Antigenitat, welches den Schritt des Kultivie-
rensderWirtszellen NCIB 11558, 11559oder 11560 Claims for the following
Contracting State: AT    50     umfal3t. 1. A process for producing a
polypeptide displaying 



HBV antigenicity comprising the step of culturing host NCIB 11548 or 11549.
A derivative of pBR322 having a ONA sequence Including the gene coding for
the polypoplide for tetracycline resistance replaced with a smaller DNA
sequence including the E. coli lac system. This is the replacement sheet
Date:    3 MAR 1999    23                 EP 0 013 828 B2
24 [err]                                                  2. A process for
producing a polypeptide displaying [err]
HBV antigenicity comprising the step of culturing host NCI B 11 558, 11559
or 11560. [err] [err] [err]
Patentansprflche [err] [err]
Patentanspriche fur folgende Vertragsstaaten: BE, [err]
10  CH, DE, FR, GB, IT, LU, NL, SE [err] [err]
1. Ein rekombinantes DNA-MolekOl, das in einem der [err]
transformierten E.coliHB101-Stammemit denHin- [err]
terlegungsnummem NCIB 11548 und 11549 enthal- 15     ten ist. Claims
2. Ein rekombinantes DNA-Molekul, das in einem der transformierten E. coli
H8101-Stamme mit den Hin- terlegungsnummem NCIB 11558,11559 und 11560
Claims for the following Contracting States: BE, CH, 20   enthalten ist.
DE, FR, GB, IT, LI, LU, NL, SE 3. Eine transformierte Wirtszelle,
ausgewdhit aus den 1. A recombinant DNA molecule selected from the
transformierten E. coli HB1-01-Stammen mit den recombinant DNA molecules
contained in the trans-     Hinterlegungsnummern NCIB 11548 und 11549.
formed E.coli HB 101 strains identified by accession  25 numbers NCIB 11548
and 11549.                     4. Eine transfomierte Wirtszelle, ausgewdhit
aus den transformierten E. coli HB101-Stammen mit den [err]
Hinterlegungsnumrnerm  NCIB 11558, 11559 und [err]
11560. [err] [err]                                              6.
Verfahren zur Herstellung eines Polypeptids mit HBV-Antigenitat, welches
den Schritt des Kultivie- 2. A transformed host selected from the
transformed     rens siner Wirtszelle nach Anspruch 3 umfaBt. 



E.coli HB 101 strains identified by accession num- bers NCIB 11548 and
11549.                    35  6. Verfahren zum Herstellen eines Polypeptids
mit HBV-Antigenitat, welches den Schritt des Kultivie- [err]
rens einer Wirtszelle nach Anspruch 4 umfal3t. [err] [err] 40
Patentansprflche f Or folgenden Vertragsstaat: AT 3. A process for
producing a polypeptide displaying HBV antigenicity comprising the step of
culturing a  1. Verfahren zur Herstellung eines Polypeptids mit host
according to claim 2.                          HBV-Antigenitat, welches den
Schritt des Kultivie- rens der Wirtszellen NCIB  11548 oder 11549 [err]
[err] [err]                                               2. Varfahren zur
Herstellung eines Polypeptids mit HBV-Antigenitat. welches den Schritt des
Kultivie- rensderWirtszellen NCIB 11558, 1155goder 11560 Claims for the
following Contracting State: AT   50      umfaft. 1. A process for
producing a polypeptide displaying HBV antigenicity comprising the step of
culturing host NCIB 11 548 or 11549. A derivative of pBR322 having a DNA
sequence including the gene coding for the polypeplide for tetracycline
resistance replaced with a smaller DNA sequence including the E. coli lac
system. This is the replacement sheet Date:   23 MAR 1999    25
EP 0 013 828 B2                     26 Revendicatlons Revendications pour
lea Etats contractants suivants: BE, CH, DE, FR, GB, IT, LU, NL, SE     5
1. Mol6cule d'ADN recombinant choisie parmi les molecules d'ADN recombinant
contenues dans les souches d'E.coli HB 101 transformees, identifiees par
les numeros de dep6t NCIB 11548 et 11549.    10 2. Molecule d'ADN
recombinant choisie parmi les molecules d'ADN recombinant contenues dans
les souches d'E.Coli HB 101 transformees, identifiees par les numeros de
depot NCIB 11558, 11559 et  I5 11560. 3. Un hote transforme choisi parmi
les souches 



d'E.Coli HB 101 transformees, identifiies par les numeros de ddpot NCIB
11548 et 11549.        20 4. Un hote transforme choisi parmi les souches
d'E. Coii HB 101 transformees, identifiees par les nume- ros de depot NCIB
11558,11559 et 11560. 25 5. Procede de production d'un polypeptide
manifestant de l'antigenicite vis-a-vis du virus de l'hepatite B, qui
comprend l'tape de mise en culture d'un h6te con- formement a la
revendication 3. 30 6. Procedede production d'un polypeptide manifestant de
I'antigenicite vis-&-vis du virus de Ph6patite B qui comprend l'etape de
mise en culture d'un hote con- formement A la revendication 4. 35
Revendications pour l'Etat contractant suivant: AT 1. Procede de production
d'un polypeptide manifestant de l'antigenicite vis-3-vis du virus de
l'hepatite B qui 40 comprend l'etape de mise en culture d'un hote NCI B
11548 ou NCIB 11549. 2. Procedede production d'un polypeptide manifestant
de I'antigenicite vis-3-vis du virus de l'hepatite B qui 45 comprend
l'etape de mise en culture d'un hote NCIB 11558 ou NCIB 11559 ou NCIB
11560. so 55 This is the replacement sheet Date:   23 MAR 1999    


