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HEPATITIS B SURFACE ANTIGEN FORMED BY RECOMBINANT 
DNA TECHNIQUES, VACCINES, DIAGNOSTICS, CELL 

" LINES AND METHODS OF FORMING SAME 
BACKGROUND OF THE INVENTION 
l. Field of tbe Invention. 

11 The present invention relates to bacterial 
plasmids carrying the Pres1-Pres2-s protein 
coding region, but lacking sequences encoding the 
hepatitis B core antigen, which are used for 
transfection of eukaryotic cell lines for production 
of particles containing polypeptides encoded by the 
Pres1 .. Pres2-s protein coding region. 

2. a~ckground of the fnvention. 
Recent advances in genetic engineering have 

15 made it possible for a number of peptides and proteins 
to be expressed in. bacteria, yeast as well as 
mammalian cells, in inoreased amounts, Though many 
proteins and pep~ides have been expressed in 
considerable amounts in bacteria, it is a special 

20 desire to express large amounts of those proteins and 
polypeptides which are to be used in hu111an medicine 

25 

in mam.malian cells in order to avoid drawbacks asso­
ciatea with any contaminating products resulting from 
the baeter~al cell, or froxn expression in ba'Oteria.l 
cells, 

Of special interest is the expression of 
hepatitis B surface antigen proteins in incteased 
amounts in mammalian cells. The expression rate of 
these polypeptides in mammalian cells has so far not 

30 been high enough to allow an economic production 
thereof. 
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Hepatitis B virus is transmitted a.~ong 

humans and causes a chronic and debilitating 
infection that results in severe liver damage, 
primary carcinoma and death. In most cases, complete 

05 recovery from hepatitis B infection can be expected. 

10 

However, . African and Asian countries, 1n many 
hepatitis B virus infection is endemic. A large 
number of individuals in the populations 0£ these 
countries are chronic carrier a of hepatitis :s virus 
and thereby have the dangerous potential of further 
transmitting the disease. 

Vaccination is 
against hepatitis B 

the only known protection 
virus. Recently several 

companies (for example, Merck, Sharp and Dohme, 
15 U.S.A., and the Pasteur Institute, France} have 

introduced a plasma-derived ~aceine against hepatitis 
B virus. The vaccine contains, as the antigen, 
hepatitis B viral proteins which are normally located 
on the envelope of the viral particle. Suc:::h antigen 

20 

25 

is commonly referred to as the hepatitis B virus 
surface antiqen (HBsAg), and the viral gene encoding 
such antigen is called the HBsAg qene. The 
above-referenced vaccines contain surface antigen 
isolated from the plasma of hepatitis B virus 
infected humans. Although the surface antigen itself 
is not pathogenic, it. stimulates the production of 
antibodies that are directed against hepatitis ~ 

virus particles in human beings. 
The only commercially available source of 

30 hepatitis B surface antigen is the blood of hepatitis 
:a virus infected humans. The isolation · · and 
purification of the surface antigen from human serum 
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is a cumbersome and time-consuming 

therefore, relatively expensi~e. 

long as the human serum is the 

process and is, 

In addition, as 

only commercially 

available source for surface antigen, the amount of 

OS surface antigen available for use in vaccines, will 

be limited. 

10 

15 

20 

For larqe-scale vaccination, especially in 

areas where hepatitis B virus is endemic, it 1$ of 

great importance to have a cheap and virtually 

unlimited source for surface antigen of hepatitis B 

virus. Because of the potential danger of 

contamina~ion. with pathogenic agents when surface 

anti9en is taken from human serum, it is desirable to 

avoid the use of human serum as a source for surface 
antigen. There is also no biological system known 

besides hu?llan beings and C!himpanzees in which 

hepatitis B virus can grow and ce propagated. 

Recent. advances in molecular biology have 

made it possible to clone the sequence of the 

complete genome of hepatitis B virus (Siddiqui, A. et 

al, Proc. Natl. Aca. Sci., U.S.A., Vol.· 76, p. 4664, 

l979r Sninsky, J.J. et al, Nature, Vol. 279·, P·. 346, 

l.979: and Charnay, P. et al, Nucl. Acids Res., Vol. 

7, p. 335, 197~) • In addition, the coding regions 

25 for the different viral proteins of hepatitis B virus 

have been identified (see, e.g., European Patent -

30 

Application Publication Nos. 13828, 20251 ana 38765; 

Galibert et al, Nature, Vol. 281, 

Paseh: et al, Nature, Vol. 282, pp. 

Valenzuela e~ al, Nat~re, Vol. 

1979). 
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Following these advances, several · host 

systems have 'been tested for the expression of that 
portion of the viral genome encoding the surface 
antigen proteins of hepatitis B virus. 

It has been demonstrated in many cases that 
'bacteria can provide a cheap production system for 
certain eukaryotic products. 
difficulties are observed when 

However, 
eukaryotic 

are synthesized in bacteria. For examples 

many 
products 

l) the eukaryotic structux-al gene may not 
be efficiently transcribed in bacteria because codon 
usage in bacteria differs from codon usage in 
eukaryotes: 

2) the eukaryotic gene product can be 
15 toxic to the host bacteria cell; 

3) the structure and function of the 
eul<aryotic qene product may be dependent on· certain 
post-translational processes, such as glycosylation 
or special linkage of disulfide bonds, neither of 

20 which can be accomplished by the bacterial host; 
4) only rar.ely will the gene product be 

secreted from the bacterial host cell7 
5) eukaryotic promoters usually do not 

work in ~acteria and must be substituted by a 
25 bacterial promoter, and such substitution ca.n result 

in modification of the eukaryotic gene product, i.e., 
the N-terminal part of the product is of bacterial 
origin and includes the N-formyl methionine as the 
initial amino acid which does not occur in eukaryotes 

30 and which might present a new immunogenic determinant 
for the mammalian immune system; and 

9400P 17 c 86 



----·--···------ -·-------·--------

- 5 -
6) during the purification precess, 

bacterial cell wall components may co-purify with the 

gene product and cause serious allergic reactions or 

lead to anaphylactic ehoek in mammalian recipients of 

OS the gene product. 

10 

15 

There have been problems with hepatitis B 

surface antigen made in bacteria. First of all, the 

production rate in bacteria is very low and, in 

addition to this, the purification has to start from 

a baceerial lysate because the product is not 

secreted from the bacterial cell. Another problem 
arises from the fact that certain post-translational 

processes do not exist in bacteria, for example 

glycosylat:.ion of the surface antiqen which has an 

influence on the level and specificity of the immune 

response. For any of these reasons it is desirable 

to avoid bacteria as production hosts. 
Yeast cells transformed with an appropriate 

recombinant vector containing the hepatitis B surface 
20 antigen oodin9 sequence synthesize and accumulate 

said surface antigen in considerable amounts in yeast 
culture. But there are some serious drawbacks in 

this host system, too, i.e., l) the surface antigen 

is not secreted from the yeast oells and has to be 

25 isolated from a cell lysate of such cells, and 2) the 

surface antigen monomers made in yeast cells form no 

covalently-joined dimers, unlike the surface antigen 

secreted from mammalian eells. 

There have heen several attempts to 

30 estab1ish mammalian cell lines that produce surface 

antigen. These cell lines have 'been derived from 

human hepatooellular carcinomas (Alexander, J.J. et 
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al, Afr. ~ed. J., Vol. 50, p. 2124, 1976) as w~ll as 
from cells trans£ected with cloned hepatitis B virus 
DNA. In addition, monkey kidney cells have been 
infected with simian virus 40 ( SV40)-based 

OS recombinant DNA vectors carrying 40% of the hepatitis 
B virus genome (Laub, o. et al, J. of Virol., Vol. 
4S, p. 271, 1983). Also, co-transfection approaches 

10 

have been used to select cell lines expressing the 
surface antigen (Standring, D.N. et al, J. of Virol., 
Vol. 50, p. 563, 1984). Amplification of the 
dihydrofolote reductase (DBFR) gene has been used to 
establish mammalian cell lines producing greater 
quantities of antigen (Michel et al, Proc. Natl. Aoa. 
~, Vol. 81, p. 7708, 1984). Also, eukaryotic 

15 viral vectors that utilize the transformed phenotype 

20 

25 

as the seleotable marker (Hsiun9, N. et al, Molec. 
and Applied Genetics, Vol. 2, p. 497, 1984) have been 
chosen for transferring the surface antigen gene into 
mammalian eel.ls. In these cases, ONA constructions 

containing oncogenio DNA sequences, or DNA sequences 

from oncogenic viruses, were used in the selection of 
cell lines producing surface antigen. The use of an 
oncogene sequence as a selection marker poses new 
safety problems when surface antigen made by these 

cells is used for vaccination. 

A number of references discuss 
expression of polypeptides synthesized by 
hepatitis B virus coding sequence. 

the 

the 

European Patent Application Publication No. 
30 013, 828-Al (EPA 013, 828), published August 8, 1980, 

states that nucleotide sequences encoding a 163 amino 
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acid stretch (the Pres c9din9 re9ion) immediately 
precedinq the s protein coding region in the· HBV 
genome, may also be included in the fragments 
employed to produce useful reeosnbinant DNA molecules 

05 for production of polypeptides displaying hepatitis s 
virus surface antigen antigenicity. In addition, it 
is described that gene fragments including both the 
precursor sequence and the structural gene for HBsAg 
may be excised by the use of one or more of a variety 

10 

15 

20 

25 

30 

of restriction endonucleases prior to or during 
eonatruction of a cloning vector. Furthermore, it is 
deacril:>ed that t.he 163 codon precursor preceding the 
structural gene coding for HBsAg should 'be excised 
from a cloning vehicle containing the S protein 
coding sequence prior to using the vector for 
transformation. 

European Patent Application Publication No. 
072, 318-82 (EPA 072, 3·18}, published February 16, 
1993, describes a method of ma.king HBaAg by growing 
yeast cells transformed with a vector including a 
yeast replicon, a yea,st promoter and a DNA segment 
coding for the S protein and specifically excluding 
the 163 codon precursor preceding the structural.gene 
coding for HBsAg. A vaccine including an HBsAg 
antigen and a method of obtaining an HBsA9 antibody 
by purifying the antibody from the serum of animals 
immunized against HSsAg is also described. A 14 to 
18 nm antigen particle capable of forming an immune 
complex with HBsAg antibody is also described. 

In Feitel~on et al, Viroloqy, Vol. 130, pp. 
75-90, 1983, it was observed that a numl:>er of su~face 
antigen-associated polypeptides may be partially 
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24,000, 

species .. 

within 
28,000, 

- a -
the Pres coding 

32,000, 43,000, 

sequence, including 
and SO, 000 d'al ton 

Laub et al, J. Virol., Vol. 48, No. 1, PP• 
05 271-280, 1983, describe the construction of a simian 

virus 40 early replacement vector that has a 
11tructural gene coding for BBsAg including the 163 
codon precursor sequence immediately preceding the 
structural gene, and expression of the coding 

10 sequence by SV40-transformed cv-1 cells (COS cells) 
transformed by such a vector. Laub et al also report. 
that more HBsAg is expressed by cos cells transformed 
by a vector containing only the s protein coding 
sequence as compared to those transformed with a 

15 vector containing the 163 codon precursor i~~ediately 
preceding the structural gene coding for HBeAg. 

20 

25 

30 

Takeda Chemical Ind., Japanese Patent 
Applioation No. JS-8194-897-A, published ·November 12, 
1983, (Takeda I), describes an HBV ONA (adw subtype) 

coding for the entire PreS-S protein polypeptide and 
a vector containing S':-1Ch DNA and a. host transforme~ 

with the ONA. Takeda Chemical Ind., Japanese Patent 

Application No. JS-9080-615-A, published May lO, 
1984, (Takeda II), describes an HBV DNA (~ subtype) 
coding for the· entire Pres-s protein polypeptide, as 
well as the polypeptide produeed by such ONA and its 
use in a vaccine. Takeda Chemical Ind., Japanese 
Patent Application No. JS-9074-985-A, published April 
27, 1984 (Takeda III), describes a ONA fragment 

containing one or more of the entire adw type Pres-s 
protein codin9 sequence, tbe S protein ~oding 

sequence or the Hepatitis B Virus core Antigen 
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(HBcAg) coding sequence, a vector containing such 
DNA, and hosts transformed with such DNA. Takeda III 
states that the 43, 000 dalton polypeptide· coded :for 
'by the P~es-s protein coding sequence 11 may be used as 

05 vaccines for prevention of HBV infection. 11 Cloning 

10 

of the Pres-s protein coding sequence in !• ~ and 
identification of the polypeptide produced by such 

sequence is described in Takeda III. 
Gerlich, in a presentation at the European 

Association of Clinical Microbiology in Bologna, 
October 18, 1983, reported that four potential genes 
of :aav have been deduced from the DNA sequence of 
cloned HBV-DNAr that the gene for the surface 
proteins (S-gene) of HBV consists of one 

15 uninterrupted coding sequence which is translated 
into at least three polypeptides: that the sequence 
of the major protein, P24, and its glycosylated form, 
GP27, begins with the third conserved translational 
start signal of the s-9ene1 that the minor surface 

20 proteins, GP33 or GP36, begin at the second start 
signal, that only the P41 polypeptide of HBV probably 

25 

uses the full length ·coding sequence of the s-gene; 
that P4l carries a major antigenic determin.ant of 
HBV1 and that it is present only in the complete 
viral particles but not in the 20 nm particles of 
surplus surface antiqen from which t.he current 
hepatitis B '7accines derive. There is no report in 
Gerlich specifically regarding the Pres 1 region of 
P4l or that the Pres1 region specifically contains 

30 an antigenic: determinant which would be useful in an 
HBV vaccine. 

Stibbe et al, Develop. Biol. Standar~, Vol. 
54, pp. 33-43, 1983, reported at the second WHO/IABS 
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Symposium in A thens on Viral Hepatitis : Standarc:U ~a­

t ion in I.mmunoprophylaxis of Infections by Hepat·itis 

Viruses, Athens, Greece, 1982, that the 20 nm 

particles· of BBsAg isolated from serum of humans 

05 infected with HBV contain at least three minor 

proteins, GP33, GP36 and P41 as ascertained by SDS 

gel electrophoresis. Stibbe et al, conclude that 

10 

GP33 and GP36 are probably not essential components 
of HBV vaccines. There is no report in Stibbe et al 
speei fically regarding the P.res1 region of P4l ,· or 

that suc:h region specifically contains an antigenic 
determinant that would be useful in an HBV vaccine. 

Stibbe et al, J. Virol., Vol. 46, No. 2, pp. 
626-628, 1993, disclose that minor glycoproteins from 

lS the HBsAg coding region, named GP33 and GP36, are 

coded for by the Pres2-s protein coding sequence. 

'I'"ne Pres2 resion is a portion of the Pres coding 

region in the hepatitis B virus genome and codes fo~ 

the first 55 amino a.cid immediately preceding the S 

20 protein. 

Neu~atb et al, Science, 224, pp. 392-394, 

1984, disclose tha.t a polypeptide having a. sequence 

. identical to the amino-terminal 26 amino acids of the 

Pres2 region aots as a highly efficient immunogen, 

25 and suggest that the antibodies elicited by the 

immunogen can be utilized fer diagnostic tests~ 

Beerman et al, J. Virol., Vol. 52, No. 2, 
pp. 396-402, 1984, describe the entire 389 amino acid 

coding sequence comprising lJoth the s protein coding -
30 sequence and t:.he Pres coding sequence, which codes 

for a polypeptide, P39, found in naturally-derived . 
HBV particles and in viral surface antigen filaments, 
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along with its glycosylated form, GP42, as well as 

the other HBV surface antiqen-associated polypeptides 
P24, GP27, GP33 and GP36. Heerman et al also 

disclose t.hat the uni_que· portion of the P39/1'42 

OS protein, i.e., its Pres1 region, bound monoclonal 

antibodies which had been induced by immunization 
with HBV particles. They suggest that such Pres1 
region is, probably, highly immunogenic. The Pres1 
region is t.hat. portion of the Pres coding region, 

10 immediately preceding the Pres2 region · and 

15 

comprises the coding sequences for amino acids 1-108 
(or 1·122 depending on virus subtype), whiah is the 

stretch of amino acids 
Pres2 coding sequence. 
that in the search for 

immediately 
Beerman et 
immunogenic 

preceding the 
al also st.ate 
and protective 

poly- or oligopeptides as an alternate vaccine against 
HBV, sequences of the Pres region may be of interest. 

Michel et al, Proc. Natl. Acad. Sci. U.S.A., 
Vol. 81, pp. 7708-7712, 1984, describe the synthesis 

20 of HBs62\.9 carrying human serum polyalbumin rec:eptors 
in Chinese hamster ovary (CBO) cells t.ransfected with 

a plasmid carrying . the Pres2-s proteiri coding 
sequence. 

25 

Cattaneo et al, Nature, 

335-338, 1985, disclose that the s 
genome initiates translation at the 

Vol. 305, pp. 

gene of tha HBV 

beginning of the 
Pres region (i.e., a.t 489 nucleotides or 163 codons 

upstream of the S gene) and the mRNA is 
processed/polyadenylated at a site within the core 

30 gene. 

Persing et al, Proc. Natl. Ac:ad. Sci. 

U.S.A., Vol. 82, pp. 3440-3444, 1985, disclose that 
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mouse L cells transformed with a Pres2-s protein 
coding sequence produce three HBsAg related 
polypeptides of molecular weight 24, 000, 27, 000 and 
35,000 daltons, all of which are organized into 

05 complex immunoreactive HBsAg particles of 22 nm 
diameter which bind to polymerized human serum 
albumin (HSA): wh!°le mouse r. cells transformed with 
the Pres2-s protein coding sequence bearing a 
frame-shift mutation near tbe 3 1 end of the Pres2 

10 region produce only the 24, 000 and 27, 000 dal'ton 
polypeptides organized into 22 nm diameter 
immunoreactive HBsAg particles which are unable to 
bind HSA. Persing et al conclude that the Pres2-s 
protein codinq sequence encodes the 35,000 dalton 

15 species, that the l?res2 coding portion accounts for 
the HSA-binding activity of HBsAg, but is not 
required for assembly and secretion 0£ the HBsA9 
partic:les; and 

HBsAg ( i . e • , 

that the predominant polypeptide of 
the 24,000 dalton species) is not 

20 derived primarily by cleavage of larger presursors 
(i.e., the 27, 000 and 35, 000 dal ton species) encoded 
by the Pres2-s protein coding sequence. 

Milich et al, Science, Vol. 229, :PP• 
1195-1199, ~995, disclose that vaccines that contain 

25 HBsAg particles with amino acids of both Pres2 and 
HBsAg, wherein such particles were .secreted by 
Chinese hamster ovary (CHO) cells transfected with a 
plasmid containing the Pres2-s protein coding 
sequence, can circumvent nonresponsiveness to 

30 vaccines which just. contain HBsAg since the 
immunogenic response to HBsAg is independent of the 
immunogenie response to Pres2 ; and that the 26 
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amino aeid residues at the amino-terminus of . the 
33, 000 daltcn polypeptide coded for by the Pres2-s 
protein coding sequence represent a dominant antibody 
binding site on the Pres2 region. 

05 Neurath et al, Nature, Vol. 315, pp. 154-156, 
1985, disclose that the Pres2 reqion codes for a 
protein·on the HBV envelope with domains specifica11y 

·recogni£ed by liver cells: the Pres2-s protein 

ceding sequence codes for a protein present in. HBV 
10 particles; syntb.etbic peptides co:r:esponding to the 

gene encoding Pres2 are higbly immunogenic1 and 
conclude that HBV vaccines should contain Pres2 • 

Valenzuela. disclosed, at the May 15, 1995 

Bio-Expo•S Meeting in Boston, expression of the 

15 entire Pres2 protein coding sequence in yeast: that 
suc:::h yeast cells do synthesize a particle containing 

both HBsAg and Pres2 peptide whioh is very similar 

in electron microscopy and sedimentation properties 

to particles containing only BBsAg, and that the 

20 Pres2 region does not interfere with the ability to 
form the 22 nm HBsA9 particles. Valenzuela also 

states that it has been hypothesized that HBV gets 
into the liver by binding polyalbumin to its 
polyalbumin receptor which in t~rn binds the 

25 polyalbumin receptor in the liver cell and thus, the 
virus sets internalized. The polyalbumin receptor of 

HBV is encoded by the Pres2 region. ValenEuela 

concludes that a vac::cine containing Pres2 will 
elicit antibodies whic::h, in addition to inactivatinq 

30 HBV through the normal mechanism, might interfere 
with the way the virus enters liver cells. See, 

also, Valenzuela et al, BiotechnoloSIX, Vol. 3, pp. 

317-320, 1985. 
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Valenzuela et al, Biotechnology, Vol. 3, PP• 

323-327, 1995, disclose the u.ae of t:.he HBsAg 

polyalbumin receptor coded for by the Pre~2 coding 

sequence as a means to prepare polyvalent vaccines. 

05 Valenzuela prepared a hybrid HSsAg-Herpes simplex 1 

virus glycoprotein O (HSVlgD) particle by expressing 

the entire HSVlgD-Pres2s protein coding sequence in 
yeast:.. 

10 
Neurath et al European Patent Application 

Publication No. O,l54,902-A2, published September 19, 
1985, describes· a hepatitis B vaccine containing a 

peptide with an amino acid chain of at least six 

oonsecutive amino acids within the Pres gene coding 

region of the envelope of hepat.it:is B virus. The 

15 vaccine is free of an amino acid. sequence corre­

sponding to the naturally occur inc; envelope proteins 

of hepatitis B virus and the physiologically 
acceptable diluant. The peptide is free or can be 

linked to a carrier. The Neurath European patent 

20 application claims priority from two earlier u.s. 

patent applications, U.S. Serial No. SS7,090, filed 

March 7, 1984, and U.S. Serial No. 698,499, filed May 
2, 1985. 

Kent et al, Pept. Chem., Vol. 22, pp. 167-70, 
25 1984, disclose that a chemically synthesized peptide 

comprising the N-terminal 26 amino acids of the 

Pres2 region is a very good antigen and is a good 

candidate for a synthetic vaccine. 

Lo et al, Dioehem. Bioehys. Res. Comm., Vol. 

30 129, No, 3, pp. 797-803, 1985, disclose the 

c::haracteri~ation of the restriction endonuclease map 

of full length HBV DNA for different subtypes (~, 

!.S!1 ~ and adyw) of HBV, including characterization 
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of the restriction endonuclease map of the entire 
Pres re9ion. Lo et al also disclose cloning and 

expression of the full length HBV DNA in E. coli - -
using a. puce expression vector, a.nd state t.hat they 

05 intend to use such rIBV gene product, expressed in 

either prokaryotic or eukaryotic cells, as diagnostic 

agents and as vaccination sources. 

ifong et al, J. Virology, Vol. 55, No. 1, pp. 
223-231, l9SS, dis~lose the identification of two HBV 

10 polypeptides encoded by the entire Pres open reading 
frame, i.e., 42 and 46 kd glycosylat:.ed polypeptides, 

containing determinants of bot'h HBsAg and the Pres 

.re9ion. Wong et al also disclose expression of a 
tribrid fusion protein containing lOS amino acids 

15 

20 

25 

corresponding to the N-terminal 27 through 133 amino 
acids of the 174 a:mino acids of the Pres region 
(adw2 subtype), as well as ~ -galactosidase and 
chloramphenicol acetyltransferase sequences. This 

peptide contains 15 amino acids from the Pres2 
region and 93 frora the Pres1 region. Wang et al 

also disclose that (a) polyclonal antiserum generated 
to the tribrid fusion protein was capabl.e of 
detecting 42 and 46 kd polypeptides in partially 

purified virus particle preparations, and (b) the 
glycosylated 42 and 46 kd polypeptides appear to 

correspond to the 39 and 42 ka non-glycosylatea 
polypeptides described in Beerman et al, cited above. 

Of feneperger et al, l'roc. Natl. Ac:: ad. Sci • 
USA, Vol. 82, pp. 7540-7544, 1985, disclose -

30 expression of a cloned DNA sequence encoding the 

Pres2 peptide-~-galactosidase fusion protein by 

E-coli. --
9400P 17 c 86 
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A number of references discuss plasmids 

containing the p~o~oter of a mouse metallothionein 

gene. 
Hamer et al, U.S. Pa.tent Appln. serial No. 

OS 452,783, filed December 23, 1992 and Pavlakis et al, 
Proc. Natl. Acad. Sci. USA, Vol. SO, p. 397, 1983, 

both disclose recombinant bovine papilloma virus 
plasmids containing the 9ene for human growth hormone 

(hGH) and a meta.llothionein gene ( MMT) promoter •. 
10 Bofschneider et al, European Patent Appln. 

Uo. EP O,l05,l41A2, publis'he~ April 11, 1984, 

disclose recombinant plasmids containing the S 

protein coding sequence and either t>ovine papilloma 
virus type l DNA or Maloney mouse sarcoma virus DNA. 

15 The plasmids disclosed by Hofschneider et al 
preferably employ the natural promoter associated 

20 

witl"I. the s protein coding sequence, 
Hofschneider reference does state (but 
exernpli fy} that ''[aJ further example for a 
natural eukaryotic expression signal 

met:.allothionein signal· from mouse cells. 11 

Fogel et al, European Patent Appln. 

but the 
does not 
pref erred 
is tbe 

Public:a-
tion No. EP 0,096,491A2, disclose the use of plasmids 
containing an entire znetal.lothionein gene sequence, 

25 including the promoter region, as a means £or 

obtaining strong expression of genes downstream of 
the MMT gene in mam~alian hosts transformed with such 
plasmid. 

University Patent., Inc., PCT Patent Appln. 
30 Publication No. WO 83/01783, published May 26, 1983, 

and Pa.lm.i ter et al, £!.!!• · Vol. 29, p. 701, 1982, 

disclose a. plasmid comprising the mouse MT-l gene 
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promoter fused to a structural gene (preferabl)' the 
gene for thymidine kinase from herpes simplex virus), 
and microinjec::tion of mouse embryos with such 
plasmids, and state that gene expression of the 

05 resultin9 fused polypeptide product in differentiated 
cells of adult mice resulting from the embryos is 

subsequently re9ulable by administration of heavy 
metal ions. Palmiter et al also disclose plasmids 

oonta.ininq the mouse MT-l promoter fused to rat 

10 growth hormone, microinjec:tion of such plasmids into 
mouse embryo, and regulation of gene expression of 
the resulting fused polypeptide product by heavy 
metal administration. 

15 

20 

SUMMARY OF THE INVENTION 
The present invention relates to a particle 

prepared by recombinant DNA techniques which 
comprises at least one protein coded for by the 

entire Pres1-Pres2-s protein coding region. 
'I'he present invention also relates to a 

recombinant DNA vector comprising the Pres1 p 

Pres2-s protein coding region and a mouse 

met.a.llothionein ( MMT) promoter. such vector 

preferably additionally comprises a transcription 
termination site and a selection marker. 

25 The present invention also relates to a 

transfec::ted host eukaryotic cell transfected with a 
recombinant DNA vector comprising the Pres1-

Pres2-s protein coding region and an MMT-promoter. 
Such vector preferably additionally cosprises a a 

30 transcription termination s·ite and a selection 

marker. such host is preferably a. mammalian ·cell. 
Additionally, the invention relates to a method of 
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preparing such transfected host cell which comprises 

transfec:ting a eukaryotic cell with the recombinant 
DNA vector of the present invention. 

The present invention also relates to a 
05 method for preparing particles comprising at least 

one protein coded for by the entire Pres1-Pres2-s 
protei~ codins region which comprises: a) culti­

vating· the transfected host eukaryotic cell of this 
invention under culture medium conditions which 

10 

15 

enable such host to express such proteinr afid b) 

isolating such particles. Preferably, •~ch 

trans fect.ed host is able to secrete sucb proteins 

assembled into such particles into the medium. 
Preferably, such method additionally comprises the 
addition of heavy met.al ions or steroid hormones t.o 
such culture medium to enhance t.he expression of the 

proteins. The present invention also relates to the 

particles prepared by such method. 
The present invention also relates to a 

20 vaccine comprising an immunoprotective amount of the 

particles of this invention. 

25 

30 

The present invention also relates to a 
method for detecting. the presence of antibodies to 

proteins coded fer by the Pres1-Pres2-s protein 
codin9 region in a sample of mammalian blood sera 
which comprises: 

a) contacting the sample with a solid 
substrate coated with non-la'beled particles of t'his 

invention: 
b) 

sample1 

9400P 

incubating and washing said contacted 
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labeled 

c) contacting said contacted sample with 

particles of this invention thereby producing 
a labeled contacted sample: 

d) incubating and washing 

I 

1 
said labeled 

05 contacted sampler and 

10 

e) determining the extent of labeled 
particle in the labeled contacted sample. 

The present invention also relates to a 
method for detecting the presence of proteins c:oded 

for by the Pres1-Pres2-s protein coding region in 

a sample of mammalian blood sera which comprises: 
a} producing a composition containing an 

antibody produced by an iinmunogen comprised by the 
particles of this invention: 

15 b) contacting the sample witb a first 
portion of the composition and the immunogen which 
ha.s been labeled, incl.lba tine; and washing the first 
port.ion; 

c) cont.acting an antigen-free control with 
20 a second portion of the composition and the immuno9en 

which has been labeled, incubating and washing the 

second portion1 
d) adding the same amount of staphylococci 

bearing protein A ~o the composition of steps b) and 

25 c) above, incubating both compositions and separating 

liquid from solidsr and 

30 

e) determining the extent of labeled 
immunogen in each of the resultant C!OJn.Posi tions from 
st:.ep d) above. 

The 

diagnostic 
present 

kit for 
antibodies to proteins 

9400P 

invention also 
detecting the 

coded for by the 

relates to a 

presenc~ of 
Pres1-
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Pres2-s protein coding region in a sample of 

mammalian blood sera which comprises: 
a) unlabeled proteins comprising the 

particle of this invention attached to a solid 

OS support: and 

10 

15 

b) labeled antibodies to human lgG or IgM, 

for example. 
The present invention also relates to a 

diagnostic kit for detecting the presence of proteins 

coded for by the Pres1 -Pres2-s protein coding 

region in a sample of mammalian blood sera which 

comprises: 
a) antibodies, produced by the particles 

of this invention, attached to a solid support: and 

b} labeled antibodies, prod~ced by the 

particles of this invention. 

'I'he present invention also relates to a 

co-transfected eukaryotic host cell co-transfected 

with a ~ecombinant DNA vector of this invention and a 

20 second recombinant DNA vector comprising the 

Pres2-s protein coding region, or only the S 

protein coding te9ion, and an MMT-promoter. 

Preferably, the second recombinant vector 

additionally comprises a transcription termination 

25 site and, optionally, a selection marker. 

Optionally, the co-transfected host is co-trans£ected 

with the recom'binant DNA vector of this invention, 

the second recombinant DNA vector and a third 

rec~mbinant DNA vector comprising an M!-:tT-promoter and 

30 a selection marker. Preferably, the third 

recombinant vector additionally comprises a 

transcription termination site. Additionally, this 
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invention relates to a method of preparing such 
co-transfected host cell which comprises 
co-transfectin9 a eukaryotic cell with the 
recombinant ONA vector of this invention, the second 

05 recombinant ONA vector described above, and," 
optionally, the third recombinant DNA vector 
described above. 

10 

15 

20 

The present invention also relates to a 
1nethod for preparing particles comprising at least 
one protein coded for by the entire Pres1-Pres2-s 
protein coding region which comprises: a) 
cultivating the co-transfected host eukaryotic cell 
of this invention under culture medium conditions 
which enable suc:h host to express such protein: and 
'b) isolating such particles. Preferably, such 
co-transfected host is able to secrete such proteins 
assembled into such particles in the medium. 
Preferably, such method additionally comprises the 
addition of heavy metal ions or steroid hormones to 
such culture medium to enhance the expression of such 
proteins. This invention also relates to the 
particles prepared by such method. 

This invention relates to a recombinant.DNA 
cone: a tamer comprising: a) a vector c:ompr ising the 

25 Pres1-Pres2-s protein coding region and at least 
one vector comprising one of the following coding 
regions: Pres1-Pres2-s protein coding region or 
Pres2-s protein coding region or S protein coding 
regionr and b) the MM'l' promoter. Such conca.tamer 

30 preferably additionally comprises a selection marker 
and a transcription termination site. Such 
concatamers can be prepared by techniques known in 
tbe art. 

This invention also relates to a host 

eukaryotic cell transfected with the concatamer of 
9400P 17 C 86 
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this invention. Such host is preferably a mammalian 

cell. Additionally, the· invention relates to a 
method of preparing such transfected host cell with 

the concatamer of this invention which comprises 
OS transfecting a eu~aryotic cell with the concatamer of 

this invention. 
This invention also relates to a method for 

preparinq a particle comprising at least one protein 

coded for by the entire Pres1 -Ptes2-s protein 

lO coding region which comprises: a) cultivating · the 

transfected host of this invent.ion, which comprises 

the concatamer of this invention, under culture 

medium conditions which enable such host to express 

such protein: and b) isolating such particle. 

15 Preferably, such t:.ransfected host is able to secrete 

such proteins assembled into such particles into the 
medium. Preferably, such method additionally 

comprises the addition of heavy metal ions or steroid 

hormones to such culture medium to enhance the 

20 expression of the proteins. This invention also 

relates to the particl~s prepared by such method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure l includes a partial restriction 
enaonuclease map of plasmid pBPV342-l2. Figure l also 

25 illustrates the location of plasmid pML2-derived DNA, 

bovine papilloma virus (BPV) DNA, the MMT-promoter 

and the sv-PAS•t transcription termination :region on 
plasmid pBPV342-l2. Figure 1 also illustrates the 

splitting of plasmid pBPV342-12 with the restriction 
30 endonuclease BamHI. 

Fiqure 2 includes a partial restriction 

endonuclease map of plasmid pAOl which contains the 

9400P 17 c 86 



.. 
--------------------····-------, 

This Sheet Has Been Replaced . · 

I lllllll llllll llll Ill llll 
- 23 -

complete hepatitis B virus genome in linear form. 
Figure 2 also illustrates the splitting of pAOl with 
the restriction endonuclease ~RI, ligation of the 
EcoR.I linear HBV product with T4 DNA•ligase to form 

05 concatamers and splitting of the concatamer product 
obtained with the restriction endonuclease BglII to 
generate a specific DNA fragment containing the 
intact DNA coding sequence for the Pres1-Pres2-s 
protein coding region. 

10 Figure 3 includes a partial restriction 
endonuclease map of plasmid pDMl and illustrates its 
construction hy ligation of a !!!HI DNA fragment 
comprising plasmid pMMT-~ with a BglII genomic 
fragment of hepatitis B virus encoding the 

15 Pres1-Pres2-s protein coding sequence. 
Figures 4A and 4B include a partial 

restriction endonuclease map of plasmid pDM2 and 
illustrates its construction from ligation of a BarnHI 
restriction endonuclease fragment and a ~UI-BglI I 

20 restriction endonuclease fragment, both from plasmid 
pDMl •. 

~ Figure 5 includes a partial restriction 
endonuclease map of plasmid pDM3 and illustrates its 
construction from pDMl and pMMT-~. 

25 Figure 6 is a graphical representation illus-
trating the elution pattern of the particles of this 
invention from a BioRad (ASm) column. 

Figure 7 is a graphical representation of a 
typical isopycnic CsCl centrifugation of · the 

30 particles of this invention from about 30 fractions 
from the first peak resulting froJn the BioRad (ASm) 
column. 
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Figures SA, BB and SC 

illustrate seropositive conversion 
different dilutions of purified 
present invention. 

are graphs ·that 
induced in mice by 

particles of the 

Figures 9A and 9B include a partial 
restriction endonuolease map of plasmid pENOO-l and 

illus~rates its multi-step construction. 

Figure 10 includes a partial restriction 

endonuclease map of plasJnid pEND0-2 and illustrateie 

10 its construction from ligation of restriction 

endonuclease DNA fragments of plasmid pENDO-l and 
plasmid pDM2. 

Figure ll includes a partial restriction 

endonuclease map of plasmid pEND0-0 and illustrates 
15 its construction. 

DETAILED DESCRIPTION OF THE INVENTION 
By the term "Pres1 -Pres2-s protein 

coding region" is meant the region of the HBV DNA 

genome that encodes the entire polypeptide known as 

20 the Pr~s1-Pres2-s polypeptide, including the ~odon 

for the initial methionine through to the final 

termination codon ('l'AA) that specifies insertion of 

no amino acid and directs that translation terminate, 
or any functional derivative of such coding region. 

25 Proteins coded for by such region include the 

Pres1-Pres2-s polypeptide (389 amino acid 
residues in HBV subtype ..!£!, for example), the 
Pres2-s polypeptide (281 amino acid residues in HBV 

subtype~, for example), and the s polypeptide (226 

30 amino acid residues in HBV subtype aaw, for example). 
Preferred Pres1-Pres2-s protein coding regions are 
derived from the following subtypes: .!2!.• ayw, adyw 
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ancl adw. - By the term "functional derivative" is 

meant any derivative of the Pres 1-Pres2-s protein 

coding region which codes for polypeptides which, 

when assembled into a particle, function in 

OS substantially the same way as the particle resulting 

from the assembly of the polypeptides coded for the 

native Pres
1
-Pres2-s protein coding region in 

terms of immunogenic capability. Such derivatives 

include partial sequences of the Pres1-Pres2-s 
10 protein coding region, as well as derivatives 

produced by modification of such coding region. 

Techniques for modifying such coding region are known 

in the art and include, for example, treatment with 
chemical or biological mutagens, irradiation or 

15 direct genetic engineering, such ae by inserting, 

deleting or substituting nucleic acids by the use of 

enzymes or other recombinant and molecular biological 
techniques. 

20 

25 

30 

By the term "Pres2-s protein -coding 
sequence" is meant the region of the HBV DNA genome 

that encodes the ent.ire polypeptide known as the 

Pres2-s polypeptide including the codon fo~ the 

initial methionine through to the final termination 

codon (TAA) that specifies insertion of no amino 
acid, as specified above, or any functional 

derivative of such coding region. Proteins coded for 

by such region include the Pres2-s polypeptide (281 

amino acid residues in HBV subtype ~) a.nd the S 

polypeptide { 226 amino acid residues in HBV subtype 

~, for example). Preferred 

coding regions are derived from 

subtypes: ~, ayw. adyw and~· 

9400P 

Pres2-s ~rotein 

the following HBV 

By the term 
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"functional derivative" is meant any derivative of 
the Pres2-s protein coding region which codes for 
polypeptides whic'h, when assembled into a particle, 
function in substantially the same way as the 

05 particle resulting from the assembly of polypeptides 
coded for by the native Pres2-s protein coding 
region in ter~s of immuno9enic capability. Such 
derivatives include partial sequences of the. 
Pres2-s protein coding region, as well· as 

10 derivatives produced by modification of such coding 
region. Techniques which may be employed for 
modifying such coding region are known in the art and 
some have been outlined above. 

By the term 11 S protein coding sequence" is 
l5 meant: the region of the HBV DNA genome that encodes 

the entire polypeptide known as the s polypeptide 
including the codon for the initial :methionine 
through to the final termination codon (TAA) that 
specifies insertion of no amino acid, as specified 

20 

25 

30 

above, or a.ny functional derivative of such coding 
region. Proteins coded for 'by such reqion include 
the s peptide (226 amino acid residues in HBV subtype 
!£!!.• for example). Preferred s protein coding 
regions are derived from the following HBV subtypes: 
adr, ayw, ~ and !S,!. By the t:.erm 11 functional 
derivative" is meant any derivative of the S protein 
coding region which codes for polypeptides which, 
when assembled into a pa:ticie, function in 
substantially the sanie way as t.he particle resulting 
from the assembly of polypeptides coded for by the 
native s protein codinq region in terms of 
immunogenic capability. such derivatives inc1ude 
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partial sequences of the s protein coding region, as 
well as derivatives produced by modification of such 
coding region. Techniques which may be employed for 
modifying such coding region are known in the art and 

OS some have been outlined abo~e. 
By the term "promoter" is meant that DNA 

sequence within a DNA molecule upstream of a gene 
that directs the appropriate host cell RNA polymerase 
complex to attach to the DNA molecule at a sp~cific 

10 site on said DNA molecule and to become properly 
positioned to begin transcription of the gene at a 
specific point on the DNA to result. in the synthesis 
of an RNA copy of one of the DNA strands, 

By the term 11 tra.nscription'' is meant that 
15 process carried out by the host. cell biosynthetic 

machinery, including RNA polymerase complexes, that, 
using one of the two complementary DNA strands as a 
template, polymerizes ribonucleotides in a sequential 
fashion, 5' to 3 1

, (3 1 to 5' with respect to the DNA 
20 te1nplate strand) to yield an exact copy of one of the 

DNA strands, but containing ribonucleotides instead 
of deoxyribonucleotides. 

25 

30 

By the term 11 transcription termination 
sequence" is meant that region within the DNA 
molecule, designated t, that signals to the RNA 
polymerase complex engaged in the process of 
transcription to terminate progress of such 
transcription to yield an RNA molecule that can be 
processed properly, including polyadenylation and 
transport for such Rt-TA molecules that are destined to 
be used as messenger RNA molecules in the host cell 
cytoplasm. 
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By the term 11 polyadenylation11 is meant the 

process by which the host cell biosynthetic machinery 
recognizes a specific sequence, usually, 5'-AATAAA-3', 
designated PAS, for polyadenylation signal, within 

OS the RNA molecule and that directs the addition to the 

3' end of said molecule some 15-20 nucleotides 

downstream (in the direction of the 3 1 end) of a 

non-template determined polyriboadenylate moiety, 

specifically added by the en~yme poly-A polymerase. 

10 By the term "selection marker'" is meant a 

gene determinant that, when expressed in the cell, 

confers a specific set of characteristics upon the 

cell that allows such a cell to be distinguished, or 

selected out, from other cells not carrying or 

15 expressing said 9ene determinant. 

Preferred selection markers include drug 
resistance markers. By the term "druq-resistance 

marker'' is meant a special class of selection marl(ers 

that confer upon a cell expressing such a marker, 

20 resistance to the lethal effects of a drug er an 

antibiotic that ordinarily blocks growth, or kills, 

cells not carrying or expressing said drug-resistance 
marker. 

Preferred drug resistance markers include 
25 the coding sequences for the neomycine-resistance 

gene, E.!E' the !£2,-~ gene (Mulligan, R.C. and Berg, 
P., Science, Vol. 209, p. 1422, 1980), the 

dihydrofolat.e reduction (OHFR) gene (Ringold, G. et 

al, J. of Molec. and APf!d. Genet., Vol. l, p. 165, 
30 1981). 

By the term "particles comprising at ieast 
one protein coded for by the entire Pres1-Pres2-s 
protein coding region" is meant a hepatitis B 
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1 
particle, devoid of any nucleic acid, for.med by the 

assembly within or from a culture lysate of a 
euraryotic cell transfected with the entire Pres1, 
Pres 2 and s region wherein such particle contains 

5 subunits composed predominantly of the s polypeptide 
(dimers), but also composed of smaller 
entire Pres1-Pres2-s, optionally, 
polypeptides. 

amounts of the 

the Pres2-s 

This invention relates to a recombinant DNA 

10 vector comprising the Pre~1-Pres2-s protein 

coding region and a MM'!'-promoter. The MMT-promoter 
may be incorporated into the DNA vector either in 

addition to the natural promoter for the DNA sequence 
(hepatitis B promoter) or in place of the hepatitis B 

15 promoter. 
the DNA 

Preferably, the MMT-promoter is located in 
vector immediately upstream of the 

PreS1-Pres2-s protein cod:inq reqion. 'ltle MMt' pranotor is 

operatively linked to the mA seq'81Ce which means that the 

ood.ing reqim is under the control of the prcm:>tor. Preferably, 

20 such vector also ~ises a transcription tm:mination sequence 

and a selection marker which preferably is effective in a 

eucaryotic cell. Preferably, such 

selection marker is a 

25 
the neomyc ine gene. 
termination sequenoe 

(sv-PAS-t) or more 

(mg-PAS-t) of the 

drug~resistance marker, such as 
Preferably, such transcription 
is an SV40 termination site 
preferably the DEF region 

mouse 9lobin gene. The SV40 
termination sequence is well-known in the art and is 

80 
described by various references such as Mulligan and 
Berg, Science, Vol. 209, p. 1422, 1980. The DEF 

region of the mouse globin gene is described by 

Falck-Pederson et al, Cell, Vol. 40, p, S97, 1985. -
Such vector may be prepared by conventional 

SS recombinant DNA and other molecular biological 
techniques. In t.he most preferable case, using the 
mg-PAS-t region, the vector does not contain any viral 

DNA segments and is not oncogenic, i.e., it will not 

I 
j 
I 
i 
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transform (make cancerous) any host cell into which 

it is introduced. Such vector, upon transfection 

into a host, if it does not contain an autonomous 

replication sequence (replicon) capable of functioning 

05 in a host t~ansfected therewith, integrates into the 

host chromosome and replicates passively with the 

best genome. 

Preferably, the recombinant DNA vector of 

this invention should comprise the follow~ng 

10 characteristics: 

l) 'l'he protein coding 

region. 

2) A MMT-promoter located immediately 

upstream of the Pres1-Pres2-s protein coding 

15 region. 
3) The vector should be able to replicate 

in bacteria, or other procaryotic host into which it 

is transformed, for 9rowth, amplification and 

preparation of larqe quantities of the recombinan't 

20 vector. Thus, suc:h vector should include a. bacterial 

or other procaryotic .replicon, i.e., a DNA segment 

bearing all the functions required for autonomous 

replication and maintenance of the vector 

extrachromosomally in a proc:a.ryotie host cell, such 

25 as a bacterial host cell, transformed therewith. 

Such replicons are well known in the art. 

4) The vector replicon should be small 

(i.e., srnall~r than 6-8 kilobase pairs) to enable 

easy genetic and molecular biological manipulation 

30 thereof. 

5) The vector should carry a selection 

marker, preferably a drug-resistance marker such as 
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ampicillin, for use in bacterial hoet: cells 

transformed therewith. 
6) The vector should carry a second 

selection marker, preferably a drug-resistance marker 

OS such as neomycine, for use as su~h in eukaryotia host 

ce1ls transfected therewith. 

7) The vector should contain convenient 
endonuclease restriction sites for cloning. 

8) irhe vector should contain a tran-
10 · scription termination and polyadenylation sequence. 

15 

20 

25 

30 

Most preferably, the vector of this 

invention does not comprise an autonomous replicating 
sequence (replicon) capable of functioning in a 
eukaryotic host cell transfec::ted therewith. A 

primary reason for using a non-replicating vector 

system in eukaryotic host. cells is that all .,,ector 

systems capable of autonomous and extracbromosomal 

replication in a mammalian host eukaryotic cell 

transfected therewith comprise replicons which are 

derived from oncoqenic viruses. It is desirable to 
employ vect·ors comprising ONA not derived from 

onc::ogenic viruses for expressing DNA sequences 

encoding polypeptides of pharmaceutical importance, 
such as the proteins coded for by the Pres1-

Pres2-s protein coding region. 

The vector of this invention comprises tbe 

?-!MT-promoter. The MMT-p:-omoter is a non-viral, 
strong transcriptional promoter. The coding sequence 

of the MMT-promoter is described by Pavlakis and 

Hamer, Proc. Natl. Acad. Sci., Vol. ll, p. 397, 

1983. 'I'he MMT-promoter is requlable by heavy metal 

ions, such as zinc and cadmi~~, and by steroid 
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hormones, such as dexamethasone. sucb :regulatio?\ is 
well known (,!!.!, e.g., Yagle and Palmiter, Molecular 
and Cellular Biol, Vol. 5, p. 291, 1985). 

'I'his invention also relates to a transfected 
05 host eukaryotic cell transformed with a recom'binant 

DNA vector of this invention. Preferably, such host 
is a. mammalian cell, most preferably a Chinese 
hamster ovary (CHO) cell line, a vero cell line, an 
L-oell line, or a mouse o~ rat fibroblastic 9ell 

10 line. Such host may be prepared 'by transfecting a 
eukaryotio cell with a recombinant DNA vector of this 
invent ion by conventional techniques, such as by the 
method of Graham and van der Eb, Virolosx, Vol. 52, 
p. 456, 1973, or Wigler, M., £!.!!.• Vol. 14, p. 725, 

15 1978. 

This invention also relates to a method for 
preparing a particle comprising proteins coded for by 
the Pres1 -Pres2-s protein coding region wherein 
at least one of such proteins corresponds to a 

20 poiypeptide coded for by the entire Pres1-
Pres2-s protein coding region which comprises: a) 
cultivating the transfected host of this invention 
under culture medium conditions which enable such 
host to express such proteins, and 'b) isolating such 

25 particle. ~referably, such co-transfected host is 
able to secrete such proteins assembled into such 
particles into the medium. Preferably, heavy metal 
ions or steroid hormones, such ·as dexamethasone, are 
added to such culture medium to induce the 

30 HHT•promoter and thereby enhance expression of suc::h 
coding region. Heavy metal ions such as cadmium or 
zinc are most preferred. The optimal concentration 
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of lleavy meta.l ions or steroid hormone contained in 
the medium can ~e determined cy conventional 
techniques. 

This 'invention also relates to the particles 
05 prepared by such method. If the transfected host 

cell of this invention secretes such particles 
directly into the culture medium, such particles can 
then be isolated from the culture medium of the 

transfeoted host of this invent.ion by conventional 
10 protein isolation techniques. If the transfected 

hos't cell of this invention does not. secrete such 

15 

20 

particles, they are obtained from a culture lysate of 
such host by conventional culture lysate techniques. 
Such particles are obtained in glycosylated form and 
are composed of proteins coded for by tne 
Presi-Pres2-s protein coding region, including at 
least one protein coded for by the entire 
Pres1-Pres2-s protein coding region. 

This invention also relates to a vaccine 
comprising an immunoprotective amount of the particle 
of this invention. By ''immunoprotective amount" is 
meant that quantity (preferably 1-20 ug) of ~he 

particles of this invention required to induce and 
~antain a level of antibody in the host sufficient to 

25 neutralize the infectious agent and prevent 
proliferation and subsequent disease by said 
infectious agent. 

'I"he particle of the subject invention 
conta.ins no viral DNA components and therefore is 

30 free from undesirable side effects commonly found. in 
naturally-derived vaccines, such as unintentional 
infection with the virus, allergic reactions, fevers, 
and the like. The vaQcine of tne present invention 

9400P 17 c 86 



·. 

---------------

_·34 -

comprising an immunoprotective amount of the 

particles of this invention can be used to i'ntprove 

the HBV immune response and to overcome non-respon­

s i veness to hepatitis B virus vaccines which do not 

05 inc1ude proteins coded for by the entire 

10 

Pres1-Pres2-s protein coding sequence. 

A vaccine of this invention can 'be prepared 

by combining an immunoprotective amount of the 

particles of this invention in an appropriate buffer, 

such as phosphate buffered saline. The vaccine may 

additional! comprise an adjuvant, such as aluminum 

hydroxide and the like. 

Alternatively, the polypeptides comprised by 

the particles of the present invention can be 

15 disassociated from said particles and reassociated in 

a lipid vesicle. A vaccine against hepatitis B virus 

can be prepared using said lipid vesicles comprising 

the polypeptides of the present invention. The lipid 

vesicles in the appropriate concentration can be used 

20 

25 

as a vaccine with or without adjuvant, such as 

aluminum hydroxide. 

The particles of the 

invention can be employed with 

vaccine of . this 

a physiologically 

acceptable diluant (medium), such as phosphate 

buffered saline. 

The vaccine of this invention, comprising an 

immunoprotective amount of the particles of this 

invention, can be prepared and used in the same 

general manner as disclosed in u.s. Patent 4,118,479, 

30 the entire contents of which are hereby incorporated 

by reference. 
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The vaccine can be administered by subcu­
taneous, intradermal or intramuscular inject~on. 
While the preferred route would depend en the 
particular vaccine, it is believed that intramuscular 

OS injection is generally :mere suitable. Frequency of 
administration will vary depending upon the vaccine. 

This invention also relates to a method for 
detecting the presence of antibodies to proteins 
coded for by the Pres1 -Px-es2 -s protein coding 

10 region in a sample of mammalian blood sera w~ic::h 
comprises: 

15 

a) contacting the sample with a solid 
substrate coated with non-labeled particles of this 
inventionr 

b) incubating and washing said contacted 
sample: 

c) contacting said contacted sample with 
labeled particles of this invention thereby producing 
a labeled contacted sample: 

20 d) incubating and washing said labeled 
contacted sample: and 

e) determining the extent of labeled 
particle in the labeled contacted sample. 

This invention also relates to a· inethod 'for 
25 detecting the presence of proteins coded for by the 

PreS1-Pres2-s protein coding region in a sample 
of mammalian blood sera which comprises: 

a) producing a composition containing an 
antibody produced by an i.Pununogen comprised by the 

30 par~ioles of this invention: 
b) contacting the sample with a first 

portion of the composition and the immunogen which 
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has been labeled, incubating and washing t.he first 
portion: 

o) contacting an antigen-free control with 
a second portion cf the composition and the immunogen 

OS which has been labeled, incubating and washing the 

second portion; 

d) adding the same amount of staphylococci 

bearing protein A t.o the co~position of steps b) and 
c) above, incubating both compositions and separating 

.10 liquid from solids: and 

e) determining the extent of labeled 

immunoqen in each of the resul ta.nt C!omposi tions from 
step d) above. 

This invention also relates to a dia9nostic 
15 kit for detecting the presence of antibodies to 

p~ot.eins coded for by the Pres1-Pres2-s protein 

coding region in a sample of mammalian blood sera. 
which comprises: 

a) unlabeled proteins comprising the 
20 particle of this invention attached to a solid 

support: and 

b) labeled antibodies to human IgG or IgM, 

for example. 
This invention also relates to a diagnostic 

25 kit. fer detecting the piesence of proteins coded for 
by the Pres1-Pres2-s proteirt ceding region in a 

sample of mammalian b1ood sera which comprises: 
a) antibodies, produced by the particles 

of this invention, attached to a solid support7 and 
30 b) labeled antibodies, produced by the 

particles of this invention. 
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The present. invention also includes 

diagnostic tests for direct detection of hepatitis B 
surface antigens and antibodies, raised to such 

antigens. Radioimmunoassay (RIA) or enzyme-linked 
OS immunosorbant assay (ELISA) are. employed to detect 

HBV antigens containing proteins coded for the 

PreS1-Pres2-s oodin9 regions in sera of HBV 

infected animals, such as humans. One diagnostic 
test includes the following: 

10 l. A solid substrate containing binding 

sites thereon, such as polystyrene beads, is coated 

with antibodies to particles containing amino acid 

sequences corresponding to those of the 
Pres1-Pres2-s containing polypeptides1 

15 2. The coated beads are then washed with, 
for example, Tris buffered saline to remove excess 

antibodies: 

3. The beads are then contacted with a 
protein-containing solution, such as bovine serum 

20 albumin (BSA) or gelatin, to saturate protein binding 
sites on the beads (to reduce non-specific: binding). 

A convenient concentration of such protein-containing 
solution ~an be employed, such as l mg/ml to 50 mg/ml; 

4. The beads are then washed to remove 
25 excess BSA or gelatin; 

5. The beads are then incubated with serum 
samples suspected to contain aav or HBV surface 
antigens (normal serum is utilized as a control): 

6. The beads are then washed with a 
30 solution, such as Tris buffered saline solution, and 

mixed with a radio-labeled antibody, such as 1 f 51-

labeled antibody to HBV surface antigens; 
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7. The beads are then incubated: and 
s. The beads are then washecf and counted 

in a gamma counter. 

Particles of the present invention coded for 
05 by the Pres1 -Pres2-s protein coding region can be 

employed as a diagnostic tool to detect antibodies to 
the Pres1-Pres2-s regions of HBV surface antigen 
proteins in a given sample. The Pres1-Pres2-s 
containing particles are adsorbed on a solid 

10 substrate containing binding sites thereon, for 
example, polystyrene beads. The substrate is 
thereafter contacted with a substance, for example, 
gelatin, BSA or powdered milk, to saturate th9 
non-specific 'binding sites thereon. Thereafter, the 

15 subserat.e is washed with a buffered solution and 
thereafter the buffer is removed. A specimen, such 
as 'human serum, diluted with animal serum, is added 
to the substrate. The resulting mass is then 
incubated and washed. Thereafter, radio-labeled, 

20 such as iodinated (1251), antibodies to hu:man IgG 
or IgM is added to the mass. The resulting mass is 
incubated then washed and counted, such as in i:.he 
gamma counter. If the count is higher than the count 
obtained for the normal serum control, the specimen 

25 contains antibodies to the Pres1-Pres2-s coding 
regions of HBV. 

The above 
antibodies to the 

procedure for detection of 
proteins coded for by the 

Pres1 -Pres2-s protein coding region of HBV is 
30 believed to be applicable as a diagnostic tool in 

detecting hepatitis B virus infection. 
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A diagnostic test ~it fer detecting antigens 

coded for the Pres1-Pres2-s protein coding 
regions of t:.he HBV genome in a test sample would 
include the following: 

05 l. A solid substrate coated with antibodies 
to a particle having amino acio sequences 
corresponding to the Pres1-Pres2-s resions of BBV 
surface antigen particles of the present invention; 

2. A protein-containing solution · to 

10 saturate protein binding sites on'tbe solid substratei 
and 

15 

20 

25 

3. A qiven amount of radio-labeled 
antibody, such as antibody to the HBV surface antigen 
polypeptides. 

Another diagnostic test kit for 

antibodies to the protei~s coded for 

Pres1-Pres2-s protein coding reqion 

detecting 

by the 

of the 
hepatitis B virus genome in the test sample includes 
the following: 

l. A solid substrate having adsorbed 

thereon particles containing amine acid sequences 
corresponding t;o the· Pres

1 
-Pres2-s codinq re_gicns 

of the HBV surface antigen proteins of t.he present 
invention, the substrate being exposed to a 
protein-containing solution to saturate non-specific 
protein binding sites on a solid substrate; and 

2. A given amount of radio-labeled anti-
bodies to human IgG or IgM. 

Radio-labeled antibodies used in the above-
30 described test kits cein be packaged in solution. form 

or in lyophilized form suitable for rec::onsti tut ion. 
In addition, enzyme-linked.or fluorescent-labeled 
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antibodies can be subs.titut.ed for the described 
radio-labeled antibodies. 

The above-described test. kit and process for 

detecting anti~odies to the Pres1-Pres2-s coding 
region polypeptides of hepatitis a vir~e can be 

utilized in applications such as detecting HBV 
infection in a patient by taking serum from the 
patient and applying the above-aescribed test or 

using the al:>ove-described test; and predicting 
recovery from rIBV infection by taking serum from an 
infected patient and applying the described antibody 
detection procedures. 

The test procedures and test kits for 
antibody detection can be used for making qualitative 

15 oomparisons between different HBV vaccines by taking 
serum from vaccinated patients and then utilizing the 
above-described test procedures or kits for antibody 
detection. In general, all known immunoassays using 
this antigen as reagent can be performed using t'he 

20 

25 

Pres1 , Pres2 , or s-containin9 particles of this 
invention. Generally, all J<nown immunoassays using 
antibody-containing serum or reagents can be 
performed using antibody seru211 produced through the 
use cf a peptide produced by recombinant DNA 

techniques of the pre9ent invention. These 

immunoa.ssa.ys include all those disclosed l:>y Langone 
and Van vunakis in Methods of Enzxmoloi,¥, Academic 
Press, Vols. 70, 73 and 74. Those assays disclosed 
in disclosures of the following U.S. Patents: 

30 4,459,359; 4,343,896: 4,331,76lr 4,292,403: 
4,228,2401 4,157,280: 4,152,411: 4,169,012: 4,016,0431 
3,639,153; 3,654,090: and Re. 31,006 and Vols. 70, 73 
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and· 74 of Methods of Enzxmology are incorporated 
herein by reference. 

This invention· also relates to a co-trans­
fected host eukaryot.ic cell eo-transfected with the 

OS recombinant vector of this invention and a seoond 
recombinant ONA vector comprising the . Pres2-s 
protein coding region, or only the s protein coding 
region, and an MMT-promoter. .Preferably, the second 
recombinant vector additionally comprises a 

10 transcription termination site and, optionally, a 
selection marker. Optionally, the co-transfected 
host is oo-transfected with the recombinant DNA 
vector of this invention, the second recombinant DNA 
vector and a third recombinant DNA vector comprising 

15 an MMT-promoter and a selection marker. Preferably, 
the third recombinant vector additionally comprises a 
transcription termination site. Preferably, the 
second and optional tbird recombinant DNA vector also 
contain a replioon for 9rowth and amplification in a 

20 

25 

procaryotic host cell, suoh as a bacterial host oell, 
when such host is transformed with said second or 
optional third recombinant DNA vector • 

Additionally, this invention relates to a 
method of preparing such co-transfected host cell 
wl1ich comprises co-transfecting a. eu'karyotic cell 
with the reoombinant. DNA vector of this invention, 
the seoona rec:oJnbinant DNA vector described above,. 
and, optionally, the third recombinant DNA vector 
described above. The second and optional third 

30 recombinant ONA vectors described above can 'be 
constructed by conventional techniques. If the 
optional third vector is not employed, the second 
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recombin.ant DNA vector preferably additio~ally 

comprises a selection marker, such as a drug 

resistance marker. Preferably, if the second and/or 
optional third recombinant DNA vector comprise a 
transcription termination 
mg-PAS-t termination site. 
recombinant DNA vector 

site, such site is the 
Preferably, in the second 
described above, t.he 

MMT•promoter 
upstream of 

Preferably, 

is located in such vector immediately 
the Pres2-s protein coding region. 

in the optional third recombinant DNA 
vector described above, the MMT-promoter is located 
in such vector immediately upstream of the se~ection 

marker. Pre£erably, neither the second recombinant 
vector nor the optional third recombinant vector 

l5 described above contain any non-HBV viral Dt:A 
segments and are non-oncogenic. Thus, upon 
transfection into a host, such preferred vectors 
integrate into the host chromosome and are replicated 
passively with the host genome. 

20 The vector of this invention, the second 
recombinant DNA vector described above, and, 
optionally, the third recombinant DNA vector 
described above are c::o-transfected into a eukar"yotic 
host in pairwise combinations, or all three vectors 

25 together, usin9 conventional methods, Alternatively, 
the vector of this invention, the second recombinant 
DNA vector and, optionally, the third recombinant DNA 
vector are transfected into a eukaryotic host in a 
series of steps. Initially, the vector of this 

30 invention is ~ransfected into a eukaryotic host 
according to the method of this invention to ptoduce 
the transfected host of this invention. 
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Subsequently, such transfected host is then 

transfected with the second recombinant DNA vector 
described above, and, optionally, the third 

recombinant DNA vector described above according to 
05 conventional ~ethods to produce the co-transfected 

host of this invention. 

Preferably, the vector of this invention, 

the second recombinant. ONA vector and the optional 

third recombinant DNA vector comprise selection 

10 markers different from each other to enable 
identification of the newly-transfected host at each 

subsequent transfection step leading to the final 
tra.nsfected best of the invention. such secondary 

transfection steps are carried out in order to 
15 increase the gene c:!opy number of 1:he Pres1 -

Pres2-s protein coding region comprised by the 

multiply transfected host cell. Preferably, neither 

the second recombinant vector nor 'the optional third 

recombinant vector comprise a replicon capable of 

20 functioning in a eukatyotic cell. 

25 

This invention also relates to a method for 
preparing a particle, produced by the co-transfected 

host of this invention, comprising at least' one 
protein coded for by the entire Pres1-Pres2-s 

protein coding r~qion which comprises: a) 

cultivating the co-transfected host eukaryotic cell 

of this invention under culture medium conditions 
which enable such host to express such proteins: and 

b) isolating such particle. Preferably, such 

30 co-transfeoted host is able to secrete such proteins 
assembled into such particles into the medium. 

Preferably, such method additionally comprises the 
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addition of heavy metal ions or steroid hormones to 
such culture medium to enhance the expression of the 
Pres1-Pres2-s protein coding region contained by 
the co-transformed vectors. Heavy metal ions, 

OS particularly zinc or cadmium, are most preferred. 

10 

The optimal concentration of heavy metal ions or 
steroid hormones contained in the medium can be 
determined by conventional techniques. This 
invention also relates to the particles prepared by 
such method. If the co-transfected host of · this 
invention secretes such particles. directly int.o the 
culture medium, such particles can then be isolated 
from the culture medium of the co-transformed host of 
this invention by conventional protein isolation 

15 techniques. If the co-transfected host does not 
secrete such particles into the culture medium, then 
they are obtained from a culture lyaate of such 
eo-transfected host by conventional culture lysate 
techniques. such particles are isolated in 

20 

25 

9lycosylated form and are composed of proteins coded 
for by the Pres1-Pres2-s protein coding region, 
the Pres2-s protein. coding region, and the S 
protein coding region. 

This 
comprising an 

l-20 ug) of 

invention also relates to 
immunoprotective amount 

the particles produced 
co-transfeeted host of this invention. 

a vaccine 
(Preferably 

by the 

The particle produced by the co-transfected 
host of the subject invention contains no viral DNA 

30 components and therefore is free from undesirable 
side effects commonly found in naturally-d~rived 

vaccines, such as unin~entional infection with the 
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virus, allergic reactions, fevers, and the 1ike. The 
vaccine of the present invention comprising an 

immunoprotective amount of the particles produced by 
tbe co-transfected host of this invention can be used 

05 to improve tbe HBV immune response and to overcome 
non-responsiveness to hepatitis B virus vaccines 
which do not include a.t. least one protein coded for 
by the entire Pre.s1-Pres2-s protein coding 
sequence, 

10 A vaccine of this invention can be prepared 
by combining an immunoprotective amount of the 
particles produced by tbe co-transfected host of this 
invention in an appropriate buffer, such as phosphate 
buffered saline. The vaocine ma.y additionally 

15 comprise an adjuvant, such as aluminum hydroxide and 
the like, 

Alternatively, the polypeptides comprised by 

the particles produced by the oo-transfected host of 
the present invention can be disassociated from said 

20 particles and reassociated in a lipid vesicle. A 

hepatitis B vacoine can be prepared using said lipid 
vesicles comprising the polypeptides of said 
particles of the present invantion. The vaccine 
comprising the lipid vesicles may additionally 

25 comprise an adjuvant, such as aluminum hydroxide. 

'I'he particles produced by the co-t:ansfected 
host of ths invention comprising the vaccine of this 
invention can be employed with a physiologically 
acceptable diluant (medium), such as phosphate 

30 buffered saline. 

The vaccine of this invention comprising an 
immunoprotective amount of the particles of this 
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invention can be prepared and used in the same 
general manner as disclosed in u.s. Patent 4,118,479. 

'I'he vaccine can be administered by subcl.1-
taneous, intrade:r;mal: or intramuscular injection. 

05 While the preferred route would depend on tbe 
particular vaccine, it is believed that intramuscular 
injection is generally more suitable. Frequency of 
administration will vary depending upon the vaccine. 

10 

15 

This invention ·also relates to a method for 
detecting the presence of antibodies to proteins 
coded for by the Pres1-Pres2-s protein coding 
region in a sample of rnammalian 'blood sera which 
comprises: 

a) contacting the sample with a solid 
substrate coated with non-labeled particles produced 
by the co-transfected host of this inventionr 

b) incubating and washing said contacted 
sample; 

cl contacting said contacted sample with 
20 labeled particle9 of this invention thereby producing 

a labeled contacted sampler 
d) incubati~g and washing 5aid labeled 

contacted sample: and 
e) determining the extent of ·labeled 

25 particle in the 1abeled contacted sample. 
This invention also relates to a method for 

detecting the presence 
Pres1-Pres2-s protein 
of mammalian blood sera 

of proteins coded for by the 
coding region in a sample 
which comprises: 

30 a) producing a composition containing an 
antibody produced by an immunogen comprised by the 
particl9s of this invention: 
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b) contacting the sample with a first 
portion of the composition and the immunogen which 
has been labeled, incubating and washi_ng the first 
por~ionr 

c) contacting an antigen-free control with 

a second portion of the composition and the immunogen 
which has been labeled, incubating ana washing the 
second portionr 

d) adding the same amount of staphylococci 
bearing prote!n A to the composition of steps b) ·and 
c} above, incubating both 
liquid from solids1 and 

e) determining 

compositions and separating 

the extent of labeled 
im~unogen in each of the resultant compositions from 

15 step d) above. 

This invention also relates to a diagnostic 
kit for detecting the presence of antibodies to 
proteins coded for by the Pres1-Pres2-s protein 
coding region in a sample of mammalian blood sera 

20 which comprises& 

a) unlabeled proteins comprising the 
particle of this invention attacbed to a solid 
support1 and 

b) labeled antibodies to human I9G or IgM, 
25 for example. 

'I'his invention also relates to a diagnostic 
kit for detecting the presence of proteins coded for 
by the Pres1-Pres2-s protein coding region in a 
sample of mammalian blood sera which comprises: 

30 a.) antibodies, produced by the particles 
of this invention, att~ched to a solid support1 anp 

b) labeled antiboaies, produced by the 
particles of this invention. 
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This invention relates to a reco:rnbinant DNA 

concatamer comprising: a) a plasmid vector carriing 
the Pres

1
-Pres2-s prot:.ein coding rec;ion a.nd at:. 

least one additional plasmid vector comprising one of 
05 the following coding regions: Pres1-Pres2~s 

10 

15 

20 

25 

30 

protein coding region or Pres2-s protein coding 

region or s protein coding res ion; and b) the MMT 

promoter. Such concatamer preferably additionally 
comprises a selection marker and a transcription 
termination _site. 

'l'his invention also relates to a eukaryotic: 

host cell transfected with the concatamer of this 

invention. Such host is preferably a mammalian 
cell. Additionally, the invention relates to a 

method of preparing such transfected host cell with 
the concatamer of this invention which comprises 
transfecting a eukaryotio cell with the concatamer of 
this invention. 

This invention also relates to a method for 

preparing a particle, produced by the transfected 
host of this invention, comprising at least one 
protein coded for by the entire Pres1-Pres2-s 

protein coding region, which comprises: a) 
cultivating the transfeoted eu'karyotic host cell of 
this invention, which comprises the con.catamer of 
this invention, under culture medium conditions which 
enable such host to express suC!b proteins; and b) 
isolating such particle. Preferably, suah 
co-transfected host is able to secrete such proteins 
assembled into such particles into the mediuin. 
Preferably, such method additionally comprises . the 
addition of heavy metal ions or steroid hormones to 
such culture medium to enhance the expression of the 
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PreSl•Pres2-s protein coding region contained . by 
the transfected vectors. Heavy metal ions, 
particularly zinc or cadmium, are most preferred. 
The optimal concentration of heavy metal ions or 

05 stetoid hormones contained in the medium can be 
determined by conventional techniques. This 
invention also relates to the particles prepared by 

euch method. If the host transfected with the 

concatamer of this invention secretes such parti<?les 
10 direotly into the culture medium, suob particles can 

then be isolated from the culture medium of the 
transfected host o·f this invention by conventional 
protein isolation techniques. If the transfeoted 
host does not secrete sucb particles into the culture 

15 medium, then they are obtained from a culture lysate 
of such transfected host by conventional culture 
lysate techniques. such particles are isolated in 
glycosylated form and are composed of proteins coded 
for by the Pres1-Pres2-s protein coding region, 

20 t.he Pres2-s protein coding region, and the s 
protein coding region. 

Thie invention also relates to a vaccine 
comprising an i~~unoprotective amount (preferably 
l-20 ug) of the particles produced by the boat 

25 transfected with the ooneatamer of this invention. 
The particle produced by the host transfected 

wit.h the concatamer host of the subject invention 
contains no viral DNA components and therefore is 
free from undesirable side effects commonly found in 

30 , naturally-derived vaccines, such ae unintentional 
infection with the virus, allergic reactions, fevers, 
and the like. The vaccine of the present invention 
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comprising an immunoprotective amount of the particles 
produced by the host transfected with the concatamer 
of this invention can be used to improve the HBV 

immune response and to overcome non-responsiveness to 
OS hepatitis B virus vaccines which do not include at 

least one protein coded for by the entire 
Pres1-Pres2~s protein coding sequence. 

10 

A vaccine of this invention can be prepared 
by combining an immunoprctective amount of · the 
particles produced by the host transfected with the 
concatamer of this invention in an appropriate 
buffer, such as phosphate buffered saline. The 

vaccine may addi tiona.lly comprise an adjuvant" such 
as aluminum hydroxide and the like. 

15 Alternatively, the polypeptides comprised by 

20 

the particles produced by the host transfected with 
the conaatamer of the present invention can be 
disassociated from said particles and reassociated in 
a lipid vesicle. A hepatitis B vaccine can be 
prepared using said lipid vesicles comprising the 
polypeptides of said particles of the present 
invention. 'I'he vaccine comprising the lipid vesiC!les 
may additionally comprise an adjuvant, such as 
aluminum hydroxide. 

25 The particles produced by the host t.rans-
fected with the concatamer of this invention 
comprising the vaccine of this invention can be 
employed with a physiologically acceptable diluant 
(medium), such as phosphate buffered saline. 

30 The vaccine of this invention co11prisi~9 an 
immunoprotective amount of the particles of this 
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invention can be prepared and used in the · same 
general manner as disclosed in u.s. Patent 4,118,479. 

The vaccine 

taneoue, intradermal 
\1hile the preferred 

oan be administeired by subcu- · 

or intramuscular inject ion. 

route would depend on the 

particular vaccine, it is believed that intramuscular 
injection is generally more suitable. Frequency of 

admin~stration will vary dependinq upon the vaccine. 

This invention also relates to a method for 

detecting the presence of antibodies to proteins 

coded for by the Pres1-Pres2-s protein coding 

region in a sample of mammalian blood sera which 
comprises: 

a) contacting the sample with a solid 

15 substrate coated with non-labeled particles produced 

by the host transfec:ted with the conc:atamer of this 
invention: 

b) incubating and washing said contacted 
sampler 

20 c) contacting said contacted sample with 
labeled particles of this invention thereby producing 

a labeled contacted sample: 
d) incubatinq and washing said labeled 

contacted sample: and 
25 e) determining the extent of labeled 

partiole in the labeled contacted sample. 
This invention a.lso relates to a method for 

detecting tbe presenoe of proteins coded for by the 
Pres1~Pres2-s protein coding region in a sample 

30 of mammalian bloo~ sera which comprises: 

a) producing a composition containing an 

antibody produced by an immunogen comprised by t.he 

particles of this invention: 
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b) contacting the sample with a first 
portion of the composition and the immunogen which 

has been labeled, incubating and washing the first 
portion: 

c) contacting an antigen-free c::ontrol with 
a seoond portion of the composition and the immunogen 
wl1ich has been labeled, incubating and washing the 
second portion: 

d) adding the same amount of staphylococci 
bearing protein A to the composition of steps b) and 
c) above, incubating botb compositions and separating 
liquid from solids1 and 

e) determining the extent of labeled 
immunogen in each of the resultant compositions from 

15 step d) above. 

This invention also relates to a diagnostic 
kit for detecting the presence of antibodies to 
proteins ~oded for by the Pres1-Pres2-s protein 
coding region in a sample of mammalian blood sera 

20 which comprises: 
a) unlabeled proteins compri~ing the 

particle of this invention attached to a solid 

supportr and 
b) labeled antibodies to human lgG or IgM, 

25 for example. 
'l'his invention also relates to a diagnostic 

kit for detecting the presence of proteins coded for 
by the Pres1-Pres2-s protein coding region in a 
sample of mammalian blood sera which comprises: 

30 a) antibodies, induced by the particles of 
this invention, attached to a solid support1 and 
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b) labeled anti~odies, produced by the 

particles of this invention. 

First Preferred Embodiment 

05 In a first preferred embodiment, one vector 
of this invention includes a vector construction 
incorporating gene sequences from recombinant 
plasmids pSPV342•12 (Law et al, Molecular and 
Cellular Biol, Vol, 3, p. 2110, l9S3) and pAOI 

10 (Cummings, I.W. et al, P:oc. ~Tatl. Aca.. Sci., U.S.A., 

Vol. 77, p. 1642, 1980). Some of the genetic elements 
from these plasmids are combined to create a. vect.or 
of this invention, designated pDMl (see Figure 3). 

Plasmid pDMl, which contains the gene segment carrying 
15 the Pres1-Pres2-s protein coding region unde~ the 

control of the natural promoter system for said 
protein coding region, the neomyoine-resietance gene, 
the ?-UiT promote~ and an SV40 PAS-t function, is then 
introduced by transfection into any one of a number 

20 of eukaryotic cells, sucl1 as manunalian cells, to 

produce high-level expression and, preferably, 
secretion 0£ the particles of this invention. 

Plasmid pBPV342-12 (see Figure l) contains 
gene sequences including the MMT-promote:r:, the 

25 neo~ycine-resistanoe gene, an SV40 PAS-t function and 
the bovine papilloma virus (BPV) genome. During the 
construction of plasmid pDMl, plasmid pBPV342-l2 is 
subjected to Ba.mHI digestion, with the result that 
the plasmid is split into two DNA fragments. 

30 Following separation of t~e fraqments, the 7.95 
kilo'base (k'b) fragment, which comprises the entire 
BPV genome, is discarded. The elimination of BPV DNA 
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is highly advantageous since it precludes inclusion 
of any BPV ONA or proteins in the particle of this 
invention which is to be used for vaccine 
formulation. The remaining BamHI fragment ( 6. 65 kb) 

05 from pBPV342-l2, which contains the gEme sequences 

for the MMT-promoter, the. neomyoine resistance gene 
and the SV40 PAS-t region, is . then ligated, by 

conventional techniques, to a DNA sequence derived 
from plasmid pAOI, but which contains an intact 

10 Pres1-Pres2-s protein coding. region (discussed 
below1 see also Figure 2). 

~lasmid pAOI (see Figure 2), which contains 
the entire hepatitis B viral genome, is subjected to 
EcoRI digestion to produce a. 3. 2 kb fragment. The 

15 3.2 kb fragment is ligated to itself to produce 
tandem repeats comprising a lonq eoncatemeric DNA 
structure containing gene sequences encoding both the 
core and surface antigens of hepatitis B virus. 'l"he 
method for this manipulation of tbe hepatitis B viral 

20 

25 

qene sequences, whioh is necessary to ovet'come the 

permutation caused by molecular cloning in plasmid 
pAOl and to restox-e a functional org-a.nization with 
respect to the Pres1-Pres2-s protein coding 
region, is that of Cummings et al in Proc. Natl. 
Acad. Sci. OSA, Vol. 77, p. 1842, 1980, Through 

5ubsequent BilII digestion, the HBV core antigen gene 
segment ifl eliminated, leaving a. DNA fragment ( 2, 78 
kb) carrying the Pres1-Pres2-s protein coding 
~egion of the hepatitis B virus genome together with 

30 the natural promoter system (PHB} of such region. 
The linear pBPV342-l2 !!!HI fragment . (see 

Figure 1) and the pAOI-derived Bi_lII fragment (see 
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Figure 2) are then ligated to produce the ~ecombinant 
plasmid, pDMl (see Figure 3), which retains· the 
natural promoter (Pas> for the Pres1 -Pres2-s 
protein coding region. 

Second Pref erred Embodiment 
In a seoond preferred embodiment of thi~ 

invention, the natural promoter in pDMl is excised by 

a !i!II and BamHI digestion such that the MMT-promoter 
10 is positioned directly ahead of tbe Pres2-s protein 

coding region to control transcription ot said coding 
region by the HMT .. promoter. Following ~I + SglII 

digestion three discrete ONA fragments a.re obtained 
{see Figures 4A and 4B): 

lS l) a 5. l kb fragment containing a polya-

20 

25 

denyla t ion site and the !m'l'-promoter; 
2) a 3. O kb fragment. containing the 

neoll\ycine resistance gene and the natural promoter 1 

and 
:3) a 1.4 kb f:r:agment. containinq i:.he 

Pres2-s protein coding region. 
Following purification, the S. l and the l .4 

kb fragments a.re ligated using convent.ional 
techniques to produce reoombinant plasmids (6.46 kb) 
containing the Pres2-s protein coding region, now 
under the control of the MMT-promoter. Because the 
relative orientations of the two ligated fragments 
are· random and two different plasmid types are 
produced, only one of which exhibits the correct 

JO transcriptional readins orientation from the 

MMT•promoter into t'he surface antigen gene sequ~nces, 
·the correct functional plasmid, pDM2, is ascertained 
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by EcoRI + XbaI diqestion of purified plasmid 
candidates. The pla.Gmid with the correct orient:.a.t.ion 
yields e. 2. l and a 4. 4 kb fragment. following this 
digestion.-

A bacterial strain, 

was deposited at Deutsche 
or9a~ismen, G6ttingen, under 

, DSM ~2SS on Al')ril 4, J.985 • . 

Third P~eferred Embodiment 

HBlOl, containing pDU2, 

sammlunq £Ut> Mikro­
the depository number 

In a third preferred · embodimerit, t.he 
HBV gene segment ~!MT-promoter is spliced to a 

containing the Pres1-Pres2-s protein coding 
region in auch a way as to eliminate t.he natural 
promote~ systeJn and place said coding sequ_ence under 

20 the direct control cf the MMT-promoter (see Figure 9). 

25 

30 

Fourth Preferred Embodiment 
In a fourth preferred embodiment, the mouse 

globin gene mq-PAS ... t segment, recovered fl"om plasmid 
pBR322. G2, is substituted as a polyadenylation­
termination (PAS-t) signal for the SV40 PAS-t 
region. The substitution of mg-PAS-t provides DNA 
transfer vectors without any non-HPV viral genomic 
portions (see Figures 9, 10 and ll). 

Fifth Preferred Embodiment 

A fifth preferred embodiment is a method· of 
preparing plasmid DNA mixed eonaatamers, amplifying 
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t'he gene copy number by ligation of high ratios of 

plasmids containing gene constructs encoding ~he 

rres1-Pres2-s, Pres2-s or . S protein coding 

regions to plasmids QOntaining the druq-resist.ance 
OS marker, for subsequent transfection into cell lines. 

lC 

Plasmids pBR322. G2, POLINK 23456, and 
pBlg-12.8 were deposited at the American Type Culture 

Collection, Rockvi!le, Maryl::..r~d, ur.de:r 
numbers 67073 67072 67075 
on April 1 1 , 1 986 6 

the ac:cession 
respectively, 

In the following Examples, the preparation 
of the recombinant DNA vectors, hosts ana particles 

lS of this invention, as well as the incorporation into 
mammalian cell lines is described in more detail. 
The following examples are for illust:.rative purposes 
only and are not intended t.o limit the invention in 
any way. 

20 EXAMPLES 

MATERIALS AND PROCEDURES 
A. ORIGIN AND DESCRIPTION OF MAMMALIAN CELL 

LINES. 
25 1. L-Cells. 

· NCTC clone 929 was derivec:I in March 1948 'by 

K.K. Sanford, W.R. Earle and G.O. Likely (J. Nat. 
Canoer Xnst., Vol. 9, pp. 229, 1948) from the 
parental strain L established in 1940 'by W.R. Earle 

30 (J. Nat. Caneer Inst., Vol. 4, pp. 165, 1943). 'I.'he 
parent strain L was deriveCl from normal subcutaneous 

areolar and adipose tissue of a 100 day-old male 
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C3H/An mouse, and. clone 929 was established (tiy the 
capillary technique for single cell isolation) from 
the 95th suboulture generation of the parent strain. 

LH(TIC), a sub-line of mouse L cells, was 
OS isolated by D.R. Dubbs and s. Kit (S. Kit et al, Exo. 

10 

Cell nes,, Vol. 31, pp. 2g7-312, 19637 and D.R. Dubbs 
& s. Kit:., Exp. Cell R~s ••• ' Vol. 33, p. 19, 1964), and 
is deficient in thymidine kinase. It is unable to 
grow in medium containing BA'I'. ~lo spontaneOU!!I 

reversion of HAT-resistanoe has.been observed in this 
cell line, and it seems most likely tbat a deletion 
involving this gene has occurred. 
H\,\l:\ber of Serial Subcultures. from ~issue Of Origin:: 
648: clone, 553. 

15 Freeze Uediu:m: Culture mediutn, 90&; DHSO 10%: anti­
biotic-free. 
Viability: Bl-96% (dye exclusion). 
Culture Uedium: OMEM + 10% FBS (Dul'becco's and 
Vo9t's l·iodified Eagle's Uedium + 10% FBS). 

20 Growth Characteristics of Thawed Cells: An innoculum 
~f 6-8 x io5 cells in' S ml of above culture medium 
per T-25 flask, yields a 500-fold increase within 7 
days at 37•c, provided the medium is renewed . two 
times weekly and the pH is adjust.eel to 7. 3 wi tb a 

25 humidified mixture of S% or ·10% oa.r'bon dioxide in 
air. Subcultures are prepared by scraping or 
shaking. Cells also grow well on· other media 
(Way.mouth's, Eagle's, NCTC135, etc.) supplemented 
with 10%~30% horse .serum. 

30 Plating Ef fiaienc~~ 70% 
rtorphology: Fibroblast-like. 
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I\aryology: Chromosome Frequency Distribution lOO 
Cells: 2n = 40. 

Cells: 2 2 l 4 2 9 4 12 16 17 4 13 2 
Chromosomes: 56-58 59 60 61 62 63 64 65 66 67 68 69 

Cells: 2 2 l l 6 
Chromosomes: 70 71-76-82-125-241 

Long metacentric chromosome with secondary 
constriction noted in 77/100 cells. 
S,terility: Tests for inycoplasma, bacteria and fungi 
were negative. 

Species: Confirmed a.s mouse by mixed agglutination 

and hemagqlutination tests. 
x_irus Susceptibility: susceptible 
virus and vesicular stomatitis 

to pseudorabies 
(Indian Strain) 

virus. When the cells were cultured in the abovt! 
culture medium, Herpes simplex B virus, and vaccinia 
produced cytopathic effects in the first passage 
only. The susceptibility to certain viruses may vary 

20 with the culture medium employed. Not susceptible to 
poliovirus type 1, Coxsackie virus type B-5 and 
polyoma virus • 
Tums>rigenieit~:. An innoculum of 1 x io6 cells· per 
mouse was injected subc\:lnt.aneously into nude mice. 

25 In non-irradiated mice, 0/25 tumors were produced. 

30 

In mice x-irradiated (425 r, whole body) ll/18 tumors 
(sarcomas) were produced at the site of injection. 
Reverse Transcriptase~ Positive. 
Submitted, Prepared and Characterized Byi Amerioan 

Type Culture Colle.ction, Rockville, Maryland. 

2. Vero Cells. 
The Vero cell line was initiated from t.he 

kidney of a normal, adult, African green monkey on 
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Uarch 27, 1962, by Y. Yasumuar and Y. Kawakita at the 

Chiba University in Chiba, Japan C~jppon RinshE_, Vol. 
21, p. 1209, l963). 
Uur.i.ber of Serial Subcultures fi:om Tissue of Origins " . 

05 121 

10 

Freeze Medium: Minimum essential medium (Eagle) with 
non-essential amino acids and Earle's BSS, 85%r fetal 
bovine serum, 5% dimethyl sulfoxide (DMSO), 10%7 
antibiotio-free, 

Viabilityr Approximately 97% (aye exclusion). 
Culture MecUu111: DUEM, SI FBS 

Growth Characteristics of Thawed Cells: An innoculum 
u 5 • -~ 

of 3 x 10 viable cells in 3 ml of the above 

culture medium per T-25 flask, yields a 30-fold 

15 "increase within 7 days at 37°C, provided the medium 
is renewed three times weekly and the pH is adjusted 

to 7~4 with a humidified mixture of 5% or 10% carbon 
dioxide in air. Subcultures are prepared by 

trypsini2ation. 

20 Pl~ting Efficiency: Approximately 24% in above cul­
ture medium. 

Morph~logy: Epithelial Fibroblast-like. 
Karyoloqy: Chromosome Frequency Distribution 50 
Cells: 2n = 60. 

25 Cells: 2 l 2 2 3 4 5 7 2 l 17 2 2 
Chromosomes: 47-49 59 51 52 53 54 55 56 57 SB 59 60 

Sterility: Tests for mycoplasma, bacteria and fungi 
were negative. 
Snecies: Confirmed as monkey by imznunofluorescence 

30 test. 

Virus Susceptibility: Susceptible to poliovirus type 
3, Getah, NNdumu, Pixuna, Ross River, Semliki, 
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l'arar.taribo, Kokobera, Modoc, Murut:.ucu, Germi'ston, 
Guaroa, ~on9ola and Tac:aribe Arboviruses. Not 
susoeptible to Stratford, Apeu, Caraparu, ?1adrid, 
Nepuyo and Ossa Arboviruses. 
Reverse Transcriptase: Not detected. 
Submitted, Prepares! and Char~cterized By; American 
Type Culture Collection, Rockville, t1aryland. 

3, CHO-KI Cells. 
The CHO-KI cells were derived as a subclone 

from the parental CHO cell line initiated from a 
biopsy of an ovary 0£ an adult Chinese hamster by 
T.T. Puck in 1957 (ff. Exiz. Med., Vol. 108, p. 945, 
1958). The CHO•KI cells have a requirement for 
proline and a modal ch:t"omosome number of 20 (!?roe. 
!tat. Aoaa. Sci., Vol. 60, p. 1275, 1968). The cells 
appa~ently lack the active gene form needed for 
proline synthesis and the block in the biosynthetic 
chain lies in the step converting glutamic aoi'd to 
9lutamic 9ammaMsemialdehyde. The reversion frequency 
to proline independence is approximately io-6 

(Genetics, Vol. SS, p. 513, 1967). 
Number of serial Subcultures from Tissue of or.iqiru._ 
Approximately 4007 7 at ATCC. 
Freeze Medium; Cultu~e medium, 92%7 glyce~ol, Si; 
antibiotic-free. 
Viability: Approximately 90i (dye exclusion). 
Culture Medium: i'-12 Mediul\\ (Ham) 90i: fetal bo'lline 
serum, 10%7 antibiotic-free. 
Growth Characteristics of Thawed Cells: An innooulum 
of io5 viable cells/ml in the above culture ~edium 
at 37°C increases 15-20 fold within 7 days. 
Plating Efficiency1 Approximately 90% in above a1.1l­
ture medium. 
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rior"P'holo9y: Epithelial-like. 

_______ ____...,. 

Karyolpqy: Chromosome Frequency Distribution 50 
Cells: 2n = 22. 

Cells: 2 2 35 3 4 l l l l 
05 Chromosomess lS 19 20 21 22-24"32~39-42 

10 

~~erility: Tests for mycoplasma., bacteria. and fungi 
were negative. 
Spec_ies: Confirmed as Chinese ha.mater by 

cytotoxic-antibody dye-exclusion test and i soenzyme 
analysis • 
Virus _susceptibility: Susceptible to vesicular 

stomatitis (Indiana Str~in) and Getah arboviruses. 

Hot susceptible to poliovirus type 2, Hodoc and 

Dutton 'tTilliam arbovirusee. 
15 Reverse Transoriptase: Not detected. 

~eoial Che1:,racteristics: 'rhe reference cells require 
proline for growth. 
Submitted By: T.T. Puck, Eleanor Roosevelt Institute ------
for Cancer Research, Unive:rsi ty of Colorado Medical 

20 Center, Denver, Colorado. 

4. NI~/3T3 Cells. 
~he NIH/3T3, a continuous cell line of 

highly contact-inhibited c::ells was est.a'blished from 

UIH Swiss mouse embryo cultures in the same manner as 
25 the original random bred 3'1'3 (ATCC CCL 92) and the 

inhred B.llLB/c3T3 (ATCC CCL 163). The established 

&IH/3T3 line was subjected to more than 5 serial 

cyoles of subQlOning in order to develop a. subolone 

with morphologic characteristics best suited for 

30 transformation assays. The earliest available 

passag"es of this subclone are· around 120 beyond t.he 

primary embryo culture. 'I'he NIH/3T3 is highly 
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sensitive to sarcoma virus focus formation, and 
leulcemia virus propagation and has pr'oven to be very 
useful in DNA transfection studies. J. Virol., Vol. 

4, PP• 549-553, 1969; £!ll, Vol. 16, PP• 63-75 and 
05 347-356, 1979. 

10 

15 

20 

25 

D. ?1EDIA, BUFFERS AND SOLUTIONS. 

l. For Ma~malian Cell Culture. 
a. Dulbec::c:o 1 s Modified Eagle Hedi um, 

High Glucose (DHEM),. 
GIBCO dry powdered medium is 

prepared ana supplemented withs 
26 mH NaHCo3 
2 mM L•glutamine (Gihco) 

l rnM Na•pyruvate (Gibco) 

60,pg/ml gentamycine or 100 
units/ml penicillin + 
100 pg/ml 

l streptomycin 
b. Ham's Fl2. 

GIBCO dry powdered medium is 

prepared and supplemented with: 
14 ~1 NaHC0

3 

c. 
60 )J-9/ml genta1r1ycin 
Cell Freezing Hedium. 
90% (v/v) FBS-DMEM 

10% (v/v) Dimethylsulfoxide 

Freeze medium is prepared just before 
use. All media are filter sterilized through 0.45 
and 0.2 micron filters (Gilman). Sterility of media 

30 is assessed 'by incubating an aliquot of antibiotic­

f:r:ee medium at 37°C for l week. Media used i.n static 
culture is supplemented with lOi FSS. Fetal bovine 
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serum (FBS) is heat-inactivated at 56°C for 30 
minutes. Sterile medium is stored at 4o•c prior to 
use. 

d. Trypsin Solution. 
0.5 g/l trypsin 
0.2 g/l EDTA (tetra sodium) in 

Hank's Balanoed Salt Solution 
since EDTA was found to be toxic for Vero 

cells, EDTA-free trypsin solution is used with these 
10 cells. 

15 

2. 

20 

25 

30 

9400P 

f. 

~ (phosphate 
buffered saline, 
GIBCO) 

TNE. -

193 mM NaCl 

0.6 mti Na2HP04 
2.2 mu I<H 2Po4 
160 mu NaCl 
10 mH Tris, pH 7.5 
l mM EDTA 

For t~leouiar Biolog~. 
a. Solutions for SDS~PAGE Procedures. 

Acrylamide (Stock) 30% (w/w) Aorylamide 
(BioRad) 

4 x buffer for· 

separation gel 

4 x buffer for 

spaoe:r: gel 

0.8% (w/w) N1 N-Meth­
ylene•bisacrylamide 
(BioRad) 

1.5 M Tris-Cl, 
pH a.a 
0.4% (w/v) sodium­
dodec:ylsulfate 
(SOS) (Serva) 

0.5 M Tris-Cl, 
pH 6.8 

o .4% (w/v) SDS · 
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3 ~ sample buffer 

10 x electrode 

buff er 

----------·----- ·-

22.3% (v/v) glycerol 

0.03% Cw/v) Brom~ 

phenolblue 
6.7t (w/v) sos 
0.25% u Tris, 
pH 8.2 

1.90 M glycine 
1% (w/v) SDS 

b. Solutions £or Silver Staining Proce-
dures. 
Solution I 

Solution II 

Solution III 
Solution IV 

Solution V 

50% (v/v) methanol 
10% {v/v) acetic 
acid 
10% (v/v) methanol 
5% (v/v) acetic acid 
lOi glutaraldehyde 
20% AgN03 in H2o 
(Stock) 

3% (w/v/) Na2co3 
0.1% Cv/v) formalde­
hyde 

c. Solutions for Nick Translation. 
10 x Reaction 

buffer; 

Nucleotide Mix= 

500 mM Tris ... ci, · 
pH 7.2 

100 mM l1gS04 
l mM DT'l' 

100 mM dG'l'P 
100 mM dATP 

100 mM dTTP 
in 10 lnM Tris, 
pH 7.5 
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d. Solutions for Hybridization. 

e. 

20 x SSC 3 M NaCl 

50 x Denhardt's 
solution 

Sterile filtrated 
and stored at 

Prehybridization 
mix 

Hybridization 

mix 

0.3 M Na 3-citrate 
1% (w/w) Ficoll 400 

(PL-Pha:-macia) 
1% (w/w) Polyvinyl­
pyrrolidone (Sigma) 

li (w/w) BSA 

--20°c 

50% (v/v) Formamide 

S x Denhardt's solu­
tion 

S X SSC 

50 mH Na-phosphate 
pH 7.0 

250 pg/ml denatured 
salmon sperm DNA 
50% Formamide 
S x SSC 

20 mM Na-phosphate 
pH 7.o· 
l x Oenhardt's solu­
tion 
100 pg/ml denatured 
salmon.sperm DUA 

Buffers for Restriction Enzxmes. Ua.nu-
facturers specifications, or: 
Low Salt Buffer Medium Salt Buffer Hi51h Salt Buffer 

!m!I }3g_lI I BamHI 

HpaI PstI - PvuI 
Xba! EcoRI Sal I - - -
SpeI BstEII - (60°c) 
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R~st~iction Buffers: 

Tris, pH 7.4 

H9Cl 2 
salt 

Low 
lOmU 

10 
20 (I<Cl) 

Medium 
6.6:mn 
6.6 

60 (MaCl) 

Hi51h_, 
6.6mM 

6.6 

150 (NaCl) 

f-mercaptoethanol 10 6.6 6.6 

f. 

C. ENZYMES. 

Media. 
l. L-Broth: 10 9 Bactotryptone 

S 9 yeast extr~ct 
10 g NaCl 

l liter H2o 
2. L-Broth a.gar plates: L•Broth 

containing 15 ~/l Difo agar. 
3. L-Broth-a.mp agar plates: 

L-Btoth agar containing 20-50 
)l9/ml ampicillin. 

The following enzymes are usedi 
20 l. Deoxyribonuclease I (Worthington) 

25 

2. DNA-Polymerase I ( 11 Klenow .. Fra9ment 11
) 

(Boehringer Mannheim) 
3. T4-DNA Ligase (Boehringer Mannheim) 
4. 

5. 

Restriction enzymes: 
~~I, ~I, !,!!HI, BglII, ~EII, Sp!I, 
.§!!I, HpaI, smaI, E.!!!.I, E,!il (Boehringer 
Mannheim, BRL, New Englarid BioLa'.bs) 
Lysozyme (SIGMA) 

6, Pronase 
30 D. ANALYTICAL ANO QUANTITATIVE PROCEDURES. 

l. Dye Binding Assa,x. 

The concentration of total protein' in 
preparations of purified particles of this invention 
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is determined using the Bio-Rad protein assay kit .. 

This method utilizes the Bradford assay, · a 
spectrophotometric means of measurin9 Coomassie Blue 

binding to protein. Ovalbumin is used as a standard. 
05 2. Radioimmune Assay (RI.~.l· 

10 

In the NML RIA 125-I "sandwicihn radioimmunoasea.y, 

beads coated with mouse antibody to hepatitis B 

surface antigen (anti .. HBs) are incubated with serum 

or plasma and appropriate oontrols. Particles 

containing polypeptides encoded by ·the 
Pres1-Pres2-s protein coding region are bound to 
the solid phase antibody. After aspiration of the 

unbound material and washing of the bead, human 
125I-Anti-HBs is allowed to react with the 

15 antibody-antigen complex on the bead. The beads are 
then washed to remove unbound 1251-Anti•HBs. 

The radioactivity remaining on the beads is 
counted in a gamma scintillation counter. Specimens 

giving counts per minute (cpm) greater than or equal 

20 to the cut-off value determined by multiplying the 

negative cont.rel mean count rate (NCX) by a factor 
are considered reactive. 

25 

30 

3. !]tmunoprecipitation. 
Cells are grown to 100% conf luency in a T75 

flask. The culture medium is then replaced with 5 ml 
of methionine-free medium containing 400 uCi of 
L-t 35sJ methionine and 400 ~Ci of L-r 35sJ 
cysteine (NEN) for overnight incubation. The medium 

is QOnc::entrated 10-fold by fractional precipitation 
with polyethylene 
(about 106 cpm) 

glycol. Concentrated 
is inc:n.1b•ted with 10 

protein 
,pl of 

pre-immune guinea pig serum or with land lO)ll of 
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a.nti-HBsAg- guinea pig serum in SO JJl of TEN ( lOrnH 
Tris, pH 7.4, lmM ED'I'A 1 130 mM NaCl) - 0.5% Tween' 20 

for 1 hour at 37°C. The immunogolobulin is bound to 

20 Jll of protein A-Sephatose Cl-413 ( Pharmaci'a) ·for l 

05 hour at 37°C, washed once with TEN-Tween 20 and 500 

rnH LiCl and again with TEN-Tween 20. Samples are 
electrophoresed in the SDS-PAGE system described 

'below. Gels are fixed for 60 minutes in a solution 
of 10% tricholoro-acetic acid, 10% glacial acetic 

10 acid, and 30% methanol and incubated in Enlightriinq 

{NEN) for 30 minutes. Gels are dried and autoradio­

graphed with KODAK XAR-5 film, 

4. Oel Electrophoresis 
(PAGE) .. 

15 Samele ~nd Gel Preparation. For analysis by 

PAGE, aliquots of purified particles of this 

invention are adjusted to 10 p.9/ml. From each 
sample, 10 pl are taken and mixed with 10 ~1 l M OTT 
in 10% SDS and 10 µl sample buffer, This mixture ia 

20 boiled S, 10 or 15 minutes just before loading in 

order to break the 20 nm particles and to generate 

monomeric molecules, After adding 10 ..ul of loading 

buffer, t.he mixture is electrophoresed. in a O. 75. mm 

thick slab gel (12 x 18 x O.l cm) of 12.5% 

25 polyacrylamide o.41 bisacrylamiae, usinq the 

Laemmli (1970) bu£fer system at lSmA and 100 V for 6 

hours. Protein bands are visualized ~y silver 

staining (see Silver Staining section below). 
5. !ilver Staining. 

30 The PAGE gel is stained with ailver a.cc::ording to 

Herril et al. (l9Sl). Th• protein is fixed in .the 

gel with a solution of 50% methanol and 10% acetic 
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acid for 30 minutes. The gel 
solution of 10% methanol and 5% 

minutes. After incubation in 10% 
30 minues, the gel is washed 
overnight. Following incubation 

----~--------

is washed with 
acetic acid for 

9lutaraldehyde . deionized in 
I 0.1% AgN03 in 

a 
30 

for 

H2o 
for 

30 minutes, the gel is subjected to a short wash in 
H2o. The stained gel is developed in 100 ml of 3% 
Na 2co3 and 30 Jll formaldehyde and fixed in 1% 
acetic acid. The gel is sealed in a plastic bag and 
photographed. 
E. Genetic Engineering Prooedures. 

l. Recombinant ONA Prooedures. 
a. Restriction Endonuclease Digestion 0£ 

Purified DNA. 
15 Per manufaoturer!s specifications of the 

20 

25 

30 

particular endonuclease. 

9400P 

b. Plasmid DHA Isolation. 
Large Scale CsCl Plasmid Preparation: 

1. Grow 1 liter of plasmid-bearing 
cells to o.s 00600 in L-Bro~h, amplify 
l2-20 hours with 200 pg/ml chloramphenicol. 

2. Centrifuge in Sorval RC5b, 8,000 
rpm for 20 minutes. 

3. Resuspend in 18 ml cold 25% 
sucrose, SOmM Tris, pH B.O. 

4. 'I'ra.nsfer to 250 ml Erlenmeyer 
flask. Keep on ice. 

5. Add 6 ml Smg/ml lysozyme · in 250mU 
Tris, pH 8,0, let stand lO•lS minutes. 

6. Add 6 ml 250mM ED'I'A, pH S.O and 
mix 9entlyi incubate 15 minutes on ice. 
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7. Add 30 ml detergent mixs 

0.01% Triton x-100 

60r.iM EDTA, pH a.o 
SOmH Tris, pH 8.0 

e. Incubate 30 minutes on ice. 
9. Centrifuge 25, 000 rpm. 90 minutes 

S'W28 rot.or, 4•c. 

to 

10. To supernatant fluid, add pronase 
250)lg/ml and incubate 30 minutes, 37°C. 

ll. Phenol extract once with 1/2 
volume phenol equilibrated with TE (lOmM 
Tris, pH 8.0, lrnM EDTA). 

12. Remove aqueous layer1 add sodium 
acetate to 300m?17 add 2 volumes cold lOQ% 

ethanol; mix thoroughly. Hold at -20°c· 
overnight. 

13. centrifuge: resuspend in 6 ml 

TE-10 (lOmM Tris, 10m?4 EDTA, pH S.O). 

14. Add 9.49 C$Cl, 0.65 ml of 6 mq/ml 

~thidiu:m 'bromide; make up to 10 ml volume 

with sterile double-distilled water. 
15. Fill Beokma.n heat-sealable 

gradient tubes' centrifuge 48,000 rpm, 40 

hr. in Ti70.l Beckman rotor. 
16. Visualize plasmid bands with UV 

and remove plasmid DNA with syringe and 18 

gauge needle by piercing the side of the 

tube. 

17. Remove ethidiu~ bromide from the 
plasmid fraction by 3 successive extractions 

with equal volumes of isobut:.anol .. 
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lB. Dialyze against one 2•liter lot of 

lOmU Tris, pH 7.4, lmM EDTA, pH 7.5, 5mM 

HaCl for 2 hours or more at 4°C, 
19. Phenol extract once with l/3 vol. 

ohenol eauilibrated with TE as above. ... .. 
20. Add NaAc to 300mM, add 2 vol. 100% 

ethanol r precipitate at -20°C overnight, or 
at -70°C for 30 minutes. 
c. Nick Translation. Nick-translation is 

performed aocordin9 to Rigby et al (J. Mol. Biol., 

Vol. 113, pp. 237-251, 1977). The reaction mixture 

for 32P-labeling of DNA usually contains 0. 5 JJ9 of, 

for example, the EcoRI-Xbal fragment of pDM2, in a - -
total volume of 30 µl with 50 mM Tris, pH 7.8, 5 mit 

l19c1 2 , 10 mM mercaptoethanol, 0.1 mM .dATP, 0.1 mu 

dGTP, 0. l ml1 dTTI', 50 uCi 32P-dCTP, 10 uni ts DNA 

polymerase I, 3 ~l of a 2 x lo-5 fold dilution of l 

mq/ml DNase I and is incubated for 90 minutes at 
15°C, yielding 3 x 106 to 12 x 106 total cpm, 
i.e. l x 107 to 5 x io7 cprn/pq DNA. 

d. Transformation of Com~etent Bacterial 
Cells. From a. dense overniqht culture, l ml of. the 

bacterial cell suspension is ta.ken for innoculation 
of lOO ml growth medium (L-broth). The cells are 

grown at 37°C to a density of 00550 = o. 7 which is 

~eached within 2 hours with vigorous shaking in a 500 
ml Erlenmeyer flask. Growth is stopped by chilling 

the culture on ice for lO minutes. From this 
oulture, 3 ml is taken for harvesting the exponential 

bacterial cells at 3,000 rpm for 5 minutes. The 
cells a.re resuspended in l.S ml of 50 mM Cac1 2 in 
10 mu Tris, pH e.o, .and incubated on ice for another 
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15 minutes. The cells are 'harvfj!sted onoe mote by 

centrifQgation of 3,000 rpm for 5 minutes and 

resuspended in 200 µl of SO mH c~c1 2 in 10 mM Tris, 

pH s.o, and kept at 4°C overnight.: 
05 Thereafter, the ligation mixture was filled up 

with 10 mM Tris, pH 7.5, l mM EDTA, to a total voJ.ume 
of 70 pl and added to the 200; J.ll bacterial cell 

I 

suspension for DNA take-up. · 
I 

The mixture was incubated on ;ice for 30 minutes, 

10 then l ml L•broth was added arid the mixture was 

15 

20 

25 

. 
incubated at 42ac for 2 minutes '.and at 37°C for 40 

! 

minutes. After the incubation, the cells were spread 

on agar plates containing 50)19 ampicillin/ml agar at 
volumes of 50 pl up to 300 pl of '.the cell suspension 

per plate. The agar plates wer~ incubated at 37°C 

overnight. After this incubation period, single 

isolated bacterial colonies were fp~med. 

e. Southern Blot Analysi~. To 

characterize the organization wi;thin the host cell 
i 

9enome of the vectors of this invention, c::hrC!mosomal 

DNA from cell lines producing · patticles of this 

invention is isolated and digested with the 

appropriate restriction enzyme(s) :and analyzed by the 

method of Southern (J. Mol. Biol., Vol. 98, pp. 

503-517 I 1975) using a 32P-~abeled DNA probe. 

Following digestion of the c1u:o1'\'0lillOma.l DNA (20 >19) 
with restriction enzymes EcoRI and 2Q:?!.I, the 

resulting fragments are sepa~ated;by 0.7% agarose gel 
electrophoresis. Thereafter, the1DNA is denatured by 

30 exposing to 36ES nm UV light for 10 minutes ana by 
I ' 

incubation in a solution of 0, SN NaOH a.nd. l tt Nacl 
I 

for 45 minutes. The gels are neutralized by 
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incubation in O.SM Tris, l.5 U NaCl, pH 7.5 for 60 

minutes. The DNA is transferred to a nitrocellulose 
filter oy soaking in 3 n NaCl, 0.3 ti HaCitra.te 
(20XSSC) for 20 hours through the gel by covering the 

QS top of the nitrocellulose filter with a staple of dry 
paper towels. The nitrocellulose filter is kept for 
2 hours in a vacuum oven at B0°c. 

10 

The radioactive DNA probe from the EcoRI-XbaI - -
ftagment of the pD11l plasmid ( 4. 3 kb) is prepared by 

niok~translation. 

For hybridization with the DNA 
nitrocellulose filter is ·sealed in a 

probe, the 
plastic bag 

containing 10 ml of prehybridization mixture : 50% 
formamide, S x SSC, 50 mM sodium-phosphate, pH 7.0, 5 

!S x Denhardt's solution, 250 )J9/ml denatured salmon 

sperm Dl\rA.. The filter is incubated in this mixture 

for 4 hours at 45 •c, after which the 

pre-hybridization mixture is replaced by the 
hybridization mixture= SO!A formamide, 5 x SSC, 20 ml! 

20 ~Ta phosp'hate, pFI 7.0, l x Denhardt's solution, 100 

JJq/ml denatured salmon sperm DNA, 5 x io5 cprn/ml 
32P-probe. The filter, after incubating in the 

hybridization mix for lS hours at 45 •c, is washed 

three times, 5 minutes ea.oh, in O.l x SSC, O.l% sos 
25 at 50°C. The filter is dried at 60°C for 10 minutes 

and exposed to two X-ray films. (XAR-S, KODAK) between 

two inte~sifyin9 screens and kept at -ao•c. The 
fi:st X-ray film is developea after 3 days' exposure1 
the second film after 7 days• · exposure. 

30 Hybridization of tbe labeled DNA probe to one of 
cellular DN~ restriction fra9~ents from transfectants 
which ptoduoe particles of this invention 
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demonstrates that the cellular DHA does in fact 
contain the integrated vector of this invention. 
Since tbe cellular DNA restriction pattern, as 
elucidated by the Southern blot procedure, is 

OS identical to that of the original plasmid construct, 
no major rearrangement of plasmid DNA occurred upon 

inteuration into the host cell DNA. 

10 

2. Transfection of Mammalian Cell Lines and 
I§enti£ioation of Clones Producing Particles 
of thi$ Invention. 

Cells are transfected using the calcium phosphate 
precipitation method of .Wigler et al (.2!!!_, Vol. 14, 
P• 725, 1979). Cells are then split 1:6 into new 
culture dishes, and cells which have received the 

15 drug-resistance marker gene (!!!E,) are selected by 

gl:'.'owth in G418-containinq medium. After 10 days of 
gtowth in selective medium, drug-resistant colonies 
are cloned into micro-titer plates. Levels of 
expression of the particles of the present invention 

20 are assessed by the RIA technique after the cells 
have reached con£luency. 

Tissue culture dishes (100 mm diameter) are 
innoculated with 5 x io5 C!ells and incub~ted 
overnight at 37°C. Four hours prior to transfection, 

25 the culture medium is replaced with fresh medium, 
DNA to be transfected is suspended in l ml of 
solution containing 250 mM Cac12 , 140 mM Na.Cl, 25 

mM Hepes, pH7.l and 0.75 mM NaHPo4 • This calcium 
phosphate - DNA precipitate is added to the cells in 

30 culture. After an ov•rni9ht incubation, fresh medium 
is added to the cell culture and the cells are 
incubated for an addition two days. 
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F. Procedures for Static Cell Culture of Ilammalian 

Cells. 
An ampule of cells held at l96°C in liquid 

nitrogen is thawed quickly by plaoing the ampule in a 
05 37°C water bath for 5 minutes. One ml of the 

freshly-thawed cell suspension is Cliluted by slowly 
adding 10 ml of the appropriate culture medium. 
Thereafter, the cells are harvested by 
centrifugation, resuspended in 10 ml of culture 

10 

15 

medium. Thereafter, the cells are harvested by 
centrifugation, resuspended in io ml of culture 
medium, transferred to a T25 culture flask, and· grown 
in an incubator at 37°C and 5% co2 • With these 

conditions, the doubling time is in t'he range of lS 
to 20 hours for L-cells and CHO cells, and 30 to 40 
hours for Vero cells. L-cells and CHO cells can be 
kept alive a.nd growing beyond l00% con fluency, 
whereas Vero cells are passaged at 100% contluency. 
G. Procedures for Mammalian Cell Growth in ACUSYS'I'-P 

20 and Ha~vest of Parti~les of this Inqention. 
1. Growth and Preparation.of Innoculu~. 
Cells are maintained in T75 or TlSO flasks 

containing DMEM-10% FBS. Roller 'bottles (SSC om2 ) 

are innoculated with lO~lS x io6 cells harvested 
25 from T-flasks. After 3 to 5 days of growth, 

approximately 109 total cells are harvested from 
six roller bottles and used to innoculate six hollow 
fiber cartridges (HFC's) in an ACUSYST-P made by 
Endotronics, Ino. of Minneapolis, Minnesota U.S.A. 

30 2. ACUSYST-P Culture and Harvest of Particles 
of this Invention. 

After innoculat.ion, the HFC • s are inserted into 

the ACUSYST-P culture system, and the medium flow 
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rate through the cartridges is adjusted to .and 
mintained at SO ml/hr, Uedium is assayed daily for 

pH, po2 , glucose and lactate. After 2 to 3 weeks 
of growth, a. 600 ml fluid volume is harvested two 

os times weekly from the extr~capillary space of each 
ACUSYST-P hollow fiber cartridge. Production of 
particles of the subject invention is assayed by the 
radioimr.iunoassay (RIA). Since freezing destroys RIA 

assaya.hle activity, harvests are stored at 4°C p+ior 
10 to purification. No protease activity can be 

detected under these conditions as assayed by Azocoll 
substrate proteolysis {SIGUA),. 

3. Quafity Control Procedurep• 
a. Tests for the Presence of Bacteria. and 

1!5 Fungi. A pool of cells containing about:. 5 x io5 

cells per ml, suspended in the cell culture medil.im 

fror.t which t11ey were harvested, is tested for the 
p:resence of bacteria and fungi. One ml of cells is 
streaked onto trypt.icase soy agar (BBL) plates, and. 

20 another l ml is innoculat.ed into thioglycolate medium 
(DIFCO) to test for the presence of aerobic as well 

as anaerobic bacteria. Fungal contamination is 

assayed by streaking 1 ml of cells onto Sa'bouraud 

(DIFCO) agar plates, 'I'hese tests were performed on a 
25 regular basis to ensure sterility of growth medium 

and absence of bacterial and fungal contamination in 
cell cultux-es. 

b. Test for the Presence of Mycoplasma: 
Fluorescence Staini!'.!.Sl· The presence of mycoplasmal 

30 DNA in the cell cytoplasm is determined by a staining 
method using the fluorochrome, Hoechst 33258. This 
DNA-staining dye fluoresces ~nder ultraviolet light 
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and provides the basis for a very rapid and sensitive 

test for mycoplasmas. The procedure involves 
coverslip cultures of the oells to be tested whi¢h 

are used when 50-70% confluent. After fixing and 
OS staining, the coverslips are examined with a 

:fluorescent microscope. Cytoplasmic fluorescence 

indicates the presence of mycoplasma. 

10 

15 

20 

25 

The stock of the Hoechst 33258 bisbenza~ide 

fluorochrome solution is made by dissolving 5 nr9 in 

100 ml PBS using a masnetio stirrer. It is 
sterilized by filtration through a 0. 22 um membrane 

stored in the dark at 4•c, and diluted a 

thousand-fold with PBS before use. The medium from 

cover slip cultures, which are 50-70% confluent., is 
aspirated from the cells and fixed with two changes 

of ethanol:acetic acid (311) at 4°C. Following one 

wash with deionized water and incubation for 30 
minutes at 37°c with diluted bisbenzamide 

fluorochrome (Hoechst-33258), the coverslips are 

rinsed with deionized water. The coverslips are 
mounted, cell-side down, on a slide using a glycerol 

mountant (22.2 ml 2.1% citrio acidr 1 ml H201 .27.S 

ml 2.9% Na2HPA4 : SO ml glycerol pH 5.5). 

c. Tests for tbe Presence of Viruses. 

l) Tests in Cell Cultures. Tester 

cells are examined for normal morphology during an 
incubation period of at least 14 days after 

innooulation with a suspension of the cell line being 
tested. In addition, on days 3-5, and again after 

30 the 12th day, at least 4% of the innoculated t'ster 

cu~tures is washed and tested for hemadsorption using 

red cells from sheep or humans. Tests are read after 
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the cultures have incubated for 30 minutes at 3·0 -4 "c 
and again aft.er 30 minutes at 34°-37"C. Res'Qlt.s of 
tests for virus-infected cells which absorb erythro­
cytes indicate no viral contamination. 

2) Tests in Animals. Cells to be 
tested are suspended in 140 mM NaCl, 2. 7 mM KCl, a .1 
mM Na2HPo4 , pH 7. 2 at a concentration of 10

6 

per ml and are innoc:ulated into different qroups of 
animals. In one group, at least lO animals from at 
least two litters of suckling miee are innoculated. 
Each animal is inncculatea with 0.1 ml cells 
intraperitoneally and 0.01 ml intracere'brally. The 
mice are observed daily for at least 14 days. Each 
mouse that dies after the first 24 hours of the test, 

15 or is sacrificed because of illness, is necropsied 
and examined for evidence of viral infection. Such 
examination involves additional testing by 
intracerebral and intraperitoneal subinnoculation of 
appropriate tissue suspensions into an additional 

20 group of at least five suckling mice following by 
daily observations fo~ 14 days. In addition, a blind 
passage is made from a single pool of the emulsified 
tissue (minus skin and viscera) of all mice surviving 
the original 24-day test. 

25 In another group, 10 adult mice are also 
innocula.t.ed. Eacb animal is innoc-qla.ted with 0.5 ml 
cells intraperitoneally and 0.03 cells 
intracerebrally. The animals &J;'e observed for fouX" 
weeks and any that become sick or show abnormality is 

30 examined to establish the c:ause of illness. Results 
of the tests in animals for the presence of 
contaminating viruses indicate no viral contamination. 
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d. 'rest in~ for Turnori~enicitx. A suitable 

test for tumorigenicity using nude mice (nu/nu) --
involves innoculating 20 animals within 24 hours of 

birth with O.l ml of potent serum. The injection I 

:LS 

given either by the intramuscular or subcutaneous 

route and is repeated on days 2, 7 and 14 of life. 

One million reference tumor cells routinely produces 

progressively growing tumors and metastases. One 

million viable cells of the candidate cell line are 

innoculated by the subcutaneous route at any site at 

which developing tumors can be palpitated (the limbs 

are suitable). The animals are observed for 21 days 

for evidence of nodule formation at the site of 

injection, and :measurements are made periodically to 

determine whether there has been progressive growth. 

At the end of the 21-day observation period, all 

animals are sacrificed and examined tor gross 

evidence of tumor formation at the site of injection 

and in other organs suC!h as the lymph nodes, lungs, 

kidneys and liver. All tumor-like lesions and all 

innocula.tion sites are examined hist.opathologically. 

In addition, since some cell lines may form 

metastases without evidence of local tumor growth, 

the lungs and regional lymph nodes of all animals are 

examined histolo9ically. 

For the purpose of this test, a progressively 

growing tumor is defined as a palpable nodule that 

increases in size over the 21-day ooservation period 

and that shows viable and mitotically active 

30 innoculated cells when examined histologically. The 

presence of microscopically viable cells in 

association with a stationary or regressing nodule is 

not considered a progressively growing tumor. 
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H, Purifioation of the Particles of this Invention. 

l. rrac:tional ~recipita;ion with Polyethylene 
Clycol (PEG) • 

Hedium· from the extracapillary spac:e is harvested 
05 fror.i. the ACUSYST-P cul tu re system and pooled into 

volumes of 3000 ml. To each volume, lSO 9 of PEG 

8000 (SIGUA) are added, dissolved by stirring at room 
temperature for 20 minutes and stirred for another 3 
hours at 4°C. The precipitate is collected by 

10 centrifugation in 500 ml bottles in a GS 3 rotor at 
4500 rpm (3000 x g) for 30 minut-es at l0°C. The 
supernatant is collected and 180 g of PEG 8000 are 
again added and dissolved at room temperature as 

described above. The solution is stirred at 4°C for 
15 an additional 3 hours. '!'he precipitate from this 

solution is collected as described above except that 
centrifugation is performed at. 9000 rpm ( 15, 000 x g) 
for 60 minutes. The pellet is resuspended in 20 ml 

.of phosphate buffered saline (PBS) .. 
20 2. G~l Filtration Chromatoqrapby. 

The material obtained after PEG precipitation, 
and redissolved in PBS, is submitted t.o gel 
filtration chromatography using SioRad A-Sm resin at:. 
4•c. Column dimensions are 25 x 1000 mm, and the bed 

25 volume is 480 ml. In a typical fractionation run, 
1000 pg of PEG-precipitated particles of this 
invent.ion in a volume of 10 to 15 ml is loaded and 
eluted with PBS o:r 'I'NE at a speed of 6 drops/minute 

(10 ml/hr) in fractions of 3 ml. Figure 6 shows 'the 
30 profile of RIAMassayable material eluted from an A-5m 

column. The solid line indicates the 290 nm 
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absorbance of each fraction, and the dots indicate 
amount of material calculated from the RIA results. 

3. lsop~cnic Centrifugation in CsCl. 
About 30 fractions covering the first peak 

05 resultinq from gel filtration column chroina.tograpby 
and containing partially puri £ied particles 0£ t.his 
invention are pooled (approximately 100 ml). This 

solution is adjusted to a density of l. 30 g/cc wt th 

lO 

15 

CsCl and subsequently transferred to nitrocellulose 

tubes fi ttin9 into a. SW 27 /2S rotor (Beckman) .. 

Gradients are set by underlaying 4 ml of a CsCl 
solution of l.35 g/cc and by overlaying 4 ml of l.25 
9/cc and 4 ml of l.20 ;/cc density.. Gradi.ents are 
run at 28,000 rpm for SO bouts a.t lo•c, fraotionat.ed, 

and the purified particles in the l .20 g/cc density 
layer at the top of the gradient (Figure 7) is 
collected. Purified particles are well separated 

from the small amount of contaminating protein 
banding in the middle of the gradient. The solution 

20 was desalted by di_alysis, first against water, then 

against 3 changes of saline, over a 24-hour pe~iod .. 

25 

As a further quality control measure, a portion 
of this gradient-purified material is su'b111.itted to 
l inea.r CsCl-9radient centri fugat:.ion. A single pea'k 

of pu~i£ied particles appears as expected at 1.2 g/cc. 
I. Preparation of tbe Adjuvant of Purified Particles 

of this Invention and Stability 'I'estins,. 
In order to prepare an adjuvant of the vaccine of 

this invent.ion, 1/10, 000 volume Thimerosol, and l/10 
30 volume of filter-sterilized 0.2 M Al K(so4 ) 2 sl2 

H2o are added to the desired concentration of 
antige.n in sterile saline. The pH is adjusted to 5.0 
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wit.11 stetile l:tl NaOH and the suspension is stirred at:. 

room temperature for 3 hours. The alum-p:rec:dpitated 

antigen is recovered by centrifugation for 10 minutes 

at 2000 rpm, resuspended in sterile normal saline 

05 containing l: 10, 000 Thimerosol, and a.liquoted under 

sterile conditions. 

10 

lS 

20 

25 

30 

To determine the $tabili ty of the particles of 

this invention absorbed to alu~, the antigen was 

recovered by resolubilizing the alum in 3% sodium 

citrate followed by successive dialyses against 3% 

sodium citrate and PBS. The quantity of particles of 

this invention is then determined by parallel-line 

radioimrnune assay against dilutions 0£ a purified 

HBaA9 standard in PBS~50% newborn calf serum. 

9400P 

Ta'ble l 
St~bility Testing Parameters 

Samples: two each of bulk and alum absorbed 

Sample Concentration: 5pg/ml 
Storage Container: glass vials 

Storage Temperatures 2°-s•c 
Tests: (a) Qualitative: SOS-PAGE 

(b) Quantitativez Radioimmunoassay 
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Example l 
Expression of Particles Comprisins 

Presl-PreS2~~ Protein Coding Reqion Polypeptides 

A. Preparation of Recombinant Plasmid pMMT-neo. 
The plasmid pBPV342-12 was digested with the 

restriction-endonuclease !!!HI (see Figure l and 
Materials a.nd Procedures). Two ONA molecules were 
senerated= one molecule (7.95 kb) comprises the 
entire genome of bovine papilloma virus (BPV) 7 • the 

other molecule (6.65 kb) contains part of the 
bacterial plasmid pML2 (pBR322 deleted for the 

''poison sequence"), the mouse metallothionein 
15 promoter (pMMT), the neomycine resistance gene (neo) -

20 

25 

30 

and the SV40 PAS-t (see Figure l). When ligated to 
itself (circularized), this fragment gives rise to 

.·plasmid pMMT-!!,!2 (see also Figure 5) (ATCC No. 67074) • 

The reaction was performed in a total volume of 
400 pl of reaction buffer (see Materials and 

Procedures) at a final concentration of 0. 2 pg/pl 

pBPV342-l2 DNA; and so units of !,!!HI at 37°C for 4 

hours. The completion of the digest was cheaked by 

agarose 9el electrophoresis in a 0.7% aqarose gel 
(sea Materials and . Procedures). The reaction was 

stoppad 'by adding 40 pl of 8 M LiCl and the DNA was 
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precipitated with l ml of ethanol at -so 11 c for 30 

minutes. The precipitated DNA was resuspended in ·100 

}ll of 10 mM Tris, pH 7.8. 

B. I~olation of a Fragment Contai~ing the Entire 

05 PraSl-Pr!S2•S Protein Coding Region Along with 

t~e Uatural Promoter of Transcriptign. 

The preparation and cloning of the HBV genome, 

subtype~' is described by Cummings, I.W. et al in 

Proc. Natl. Aca. Sci., U.S.A., Vol. 77, P• 1842, 

lO 1990. The circular HBV genome was linearized at·the 

unique EcoRI site for cloning into bacteriophage -
lambda gtWES and for su'bc::lonin9 in a bacterial 

plasmid to yield plasmid pAOl (see Figure 2). Since 

the ~RI restriction site lies within the 

15 ?res1-Pres2-s protein coding region, the latter 

is interrupted when in the ~RI linear form. 'l'o 

regenerate an intact Pres1-Pres2-s protein coding 

region, the 3.2 kb EcoRI insert of pAOl was isolated -
and separated from the plasmid DNA by digesting 100 

20 pg of pAOl in a total voluine of 400 JJl of reaction 

buffer (see Materials and Procedures) containing 200 

units !£2RI for 4 hours at 37°C. The 3.2 kb insert 

DNA was separated from the plasmid DNA by preparative 

25 

30 

O. 7% agarose gel electrophoresis (see Materials a.nd 

Procedures). The DNA was electro-eluted froin the 

agarose gel on DE 81 Whatman ion exchange filter from 

which the DNA is removed in a high salt solution. 

The DNA was purified by one phenol/chloroform 

extraction and two ethanol precipitations. The 

purified linear 3.2· kb EcoRI fx-&gment encoding the 

complete HBV genome was then subjected to 

self-ligation at a high DNA concentration in order to 

favor formation of ooncatamers: 30)19 of ~RI 
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fragment DNA was ligated in a total volume of 50 µl 

of .react ion buffer containing l. S uni ts T4 ONA l
0

icgase 

and 2 mM ATP at l5°C for 1 hour and at 4°C overni9ht1 

thereafter, the DNA was purified by two 

OS phenol/ chloroform extractions, one chlorof.orm 

10 

15 

20 

25 

extract.ion, followed by two ethanol precipitations. 

The pelleted DNA was .resuspended in 20 .All of 10 mM 

Tris, pH 7 .8, and digested with restriction enzyme 

BglII in a total volume of 50 pl of reaotion buffer 

(see ~ateriale and Procedures) containing 50 units of 

BglII at 37°C for 4 hours. 

The DNA fragments generated by this reaction were 

separated by l. 5% agarose gel electrophoresis. The 

2.78 kb size BglII fragment containing the intact 

Pres1-Pres2-s protein coding region, together 

with its natural promoter system necessary for 

expression of the surface antigen polypeptides, was 

isolated from the agarose ·gel and purified as 

described above (see Figure 2). 

C. Insertion of the Fragment 

PreSl~PreS2-S Protein c;,oding 

Containing 

Region into 

pMMT-neo Plasmid: Construction of pDMl. 

the 

th!t 

From a DNA solution prepared as described under 

part A. above, 1 )ll was taken and mixed with 5 pl of 

the 2,78 kb BglII fragment (0.25 JJ-9/Jll) described 

under part a. above. 

The mixture was submitted to a ligation reaction 

at a total volume or 10 )ll of reaction buffer 

cmntaining 0. 9 uni ts of T4 DNA l igase at 15 "C for l 

30 hour and at 4°C overnight. 

Bacterial cells, preferably HBlOl, were made 

competent for taking up DNA in a transformation 
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reaction according to the method described in 

Materials and Procedures. The ligation mixture was 

made 10. mM Tris, pH 7.S, l mM EDTA, in a total volume 

of 70 pl and added to 200 pl competent bacterial cell 

05 suspension for DNA take-up. 

10 

The mixture was incubated on ice for 30 minutes, 

then 1 ml L ... broth was added and the mixture was 

incubated at 42•c for 2 minutes and at 37°C for 40 

minutes. After the incubation, the cells were spread 

on LB agar plates contalnins 50 >39 ampicillin/ml at 

volumes of 50 >Jl up to 300 )ll of the cell suspension 

per plate. The agar plates were incubated. a.t 37°C 

overnight. After this incubation period, single 

isolated bacterial colonies were screened for the 

15 presence of the pMMT-neo bacterial plasmid containing 

the desired 2.78 kb BglII DNA fragment insert (see 

Fiqure 3). 

20 

Screening was preferentially performed by the 

colony hybridization procedure. For _this prooedure, 

single colonies were pioked with a toothpick and 

transferred to an LB-ampicillin-oontaining agar plate 

in a grid format to allow identification of the 

olones. The plate was incubated overnight at 37°C. 

The colonies were transferred to a nitrocellulose 

25 filter by layering . the £ilter on the agar surface 

until the filter was wet. The filter was quickly 

peeled off and sequentially transferred to three 

layers of Whatman 3M paper, each of them either 

soaked in o.s M NaOH, or 1 M Tris, pH 7.01 1.5 M 

30 UaCl/0.5 M Tris, pH 7.4, OX' 2 x SSC, The filters 

'Were placed 

during the 
on the 

lysis of 

soaked paper,· colony-side' up, 

the cells and the following 

neutralization and. fixing procedure$. 
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After the filters were dried in air, they wete 

baked at ao•c in vacuum. Thereafter, the nitro­

cellulose filters were submitted to DNA hybridization 

with a radioactively labeled DNA probe made from the 

2.78 kb BglII fragment containing the Pres1-

Pres2-s protein coding region, prepared as 

described in part B above, 'by nick-translation (see 

Materials and Procedures). 

The nitrocellulose filter was incubated in a 

pre-hybridization mix containing 50% formamide, 20 ~M 

sodium phosphate buffer, pH 6,6: l X Denhardts 

solution~ 100 p.9/ml denatured salmon sper.rn DNA and 

1 x 107 cpm 32~-labeled DNA which was melted in 

0.2 N NaOH at 6s•c for 10 minutes. 

lS 'I'he filter was incubated in this 111ixture for 16 

hours at 45 •c. Thereafter, the filter was washed 

twice in 2 X SSC, 0.1% sos, for 5 minutes each cycle 

at room temperature and twice in o.1xssc, O.li sos, 
for lS minutes each cycle at so•c. The filters were 

20 exposed to an X-ray film (preferably 3M) between two 

25 

screens at ~ao•c for two days. 

Colonies containing the recombinant plasmid 

carrying the cloned 2. 78 kb Bglil fragment appeared 

as black spots. Four out of SO colonies were 

identified and the plasmid DNA of these colonies was 

isolated in minipreparations according 

and Doly, Nu cl. Acids Res., Vol. 7, p. 
to Birnboim 

1513, 1979, 

and analyzed by restriction endonuclease digestion by 

a BglII and !£!I double digest. The analyses 

30 confirmed the intended construction explained above 

{see Figure 3). 
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D. Substitution of the Natural Promoter for the 

PreSl-PreS2-s Protein Codin9 Regions by the 

Metallothione~n Promoter: Const.ruction of pDM2. 

The plasmid pDMl described above was submitted to 

OS complete digestion with the restriction enzymes B9lII 

and !!,mHI in a total volume of 100 )ll containing 20 

10 

)19 of plasmid ONA and first with 50 units BglII in 

reaction buffer containing 6.7 mM Tris, .PH 7.81 6.7 

mM M9c12 ; 6.7 mM ~-11ercapt.oet'hanol, at 37 1 C for 4 

hours: ,then the salt conc::entraeion was raised to 150 

tnM NaCl and the digestion wa.s completed b:f addition 

of 40 units !!!!!HI at 37 1 C overnight. Three fragments 

were generated, the large fragment being 5.1 kb, the 

medium fra9ment being 2.97 kb and the small fragment 

15 being 1.4 kb. These fragments were separated by 

preparative 0.7% agarose gel electrophoresis from 

Which the (5.1 kb and 1.4 kb) fragments were isolated 

electrophoretically using DE 81 Whatman ion excbange 

filter. 

20 The DNA was removed from this filter by 

incubation in high salt for 4 hours at 4ac and 

purified by phenol/chloroform extraction and two 

ethanol precipitations. The DNA was resuspended in 

20 )Jl of 10 mM Tris, pH 7. 8. One >Jl was checked for 

25 purity and estimation of quantity by agarose gel 

electrophoresis. 

The large (S.l kb) fragment containing the 

metallothionein promoter at the BilII end was ligated 

to the small ( l .4 kb) fragment containing the 

30 Pres2-s protein coding region, but not the natural 

promotar or the Pres1 portion of that gene. The 

large f raqment also contained the natural 
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te:tminat ion-polyadenylation signal (hb .. P'AS•t.) 

necessary for expre.ssion of the hepatitis B Pres 2-s 
protein coding region (see also Figure 4). 

Because the large frag~ent also contains the 

05 bacterial plasmid, it. is possible that self-ligation. 

of this fragment will propagate itself without 

incorporating the small size ~I fragment. 

Therefore, 10 pl of the total 20 )11 preparation of 

the large fragment were subjected to treatment with 

10 alkaline phosphatase by adding 28 units of this 

enzyme and incubating at 37•c for 20 minutes. The 

reaction was stopped by adding l Jll SO mM EG'l"A and 

incubating at 6a•c for 10 minutes. The ONA was 

purified by two ethanol preoipitations in 0.8 M LiCI. 

15 'I'he pelleted miA was resuspended in 10 pl 10 mM 

Tris, pH 7.8, of which S pl was taken as a control 

and checked for self-ligation and another 5 )ll was 

mixed with 5 pl of the electroeluted small (l.4 kb} 

.!!!,!HI fragment. Ligation of each sample was 

20 performed in a total volume of 20 .>il as described 

above. Transformation on HBlOl bacterial cells was 

carrie~ out as above. 

25 

Twelve single colonies were picked and grown in 2 

ml oul tu res and the plasrnid ONA was isolated 

according to Birnboim and Doly, supra. The plasmid 

DNA was checked for the insertion and orientation of 

the small size BamHI fragment by a double digest with -
the restriction enzymes ~RI + ~I. 

Two of the twelve plasmid DNAs 'have the small 

30 (1.4 k'b) !,!mHI fragment insertea in the same 

orientation as the metallothionein promoter. 
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These plasmid DNAs are grown in mass culture and 

prepared for introduction by co-transfection into 

eukaryotic cells. 

Alternatively, the ~RI/BgllI (1.9 kb) fragment 

05 from plasmid pMMT-neo carrying the metallothionein 

promoter is used for substituting the short (32 b.p.) 

~RI-!!.!HI fragment in front of the Pres2-s 
protein coding region in pDMl to give plasmid pDM3, 

as illustrated in Figure 5. 

10 E. Introduction of the Recombinant ONA Vectors 

Obtained Under Parts c. and D. above into 

Mammalian Cells and the Establishment of Cell 

Lines Producing Particles of this Invention. 

15 

20 

25 

The recombinant plasmids, pDMl and pDM2, were 

co-transfected into mouse L cells, vero (African 

~reen monkey) cells, CHO cells, and 3T3 mouse 

fibroblasts by standard transfection procedures 

(Graham and van der Eb, Vireloqy, Vol. 52, p. 456, 

1973, supra) (See Materials and Procedures). Cells 

which take up and maintain the plasmid DNA are 

resistant to the drug G418 and survive in t.he 

selective medium containing this drug. Cells which 

do not take up the DNA do not survive in the 

selecti~e medium. These cells are detected a6 single 

clones on the surface of a culture plate. The cells 

were picked with a cloning cylinder and propagated to 

prepare for mas$ culture in a conventional manner in 

a usual nutrient medium, e.g., Dulbecco's modified 

Eagle medium supplemented with 10% calf serum and 500 

30 pg G418 per ml (see Mat.erials and Procedures) •. Five 

of these c:lones were established as cell lines, and 

designated ENDO-I, -II, -III, -IV, and -v, and frozen 
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stocks were prepared (see Materials and Proced~res). 

The production rate of these cell lines in static 

culture was determined by radioimmune assay {RIA: see 
Ma.te:r"ials and Procedures) and compared to the 

05 production rate of known cell lines. On the average, 
the cell lines according to the invent;.ion produced 

500 ng to l,000 n9 of the particle of this invention 
per ml of culture medium per day. 
F. Acusys_t-P Culture of Cell Lines Producin~ the 

~ 10 Particles of the Invention. 

r 

Approximately 109 total cells grown in OMEM+l0% 

FBS in six roller bottles (see Materials and 
Procedures) were usQd to innoculate six hollow fiber 
cartridges in the Acusyst-P oulture system (see 

15 Materials and Procedures). Approximately 600 ml 

fiuid volume was harvested two times weekly from the 
extracapi l la.ry space of each Acusyat-P hollow fiber 

cartridge and stored at 4•c prior to purification. 
The concentration of the particles of this invention 

20 was assayed by RIA (see Materials and Procedures). 

G. Purification Particles of the Invention from 
A~usyst-P Culture_!:1egium. 
Particle$ containing proteins coded for by the 

Pres1-Pres2-s protein coding region produced by 

25 the novel cell lines were purif iea by polyethylene 

glycol (PEG) precipitation, gel filtration and 
isopycmic ultr.acentrifu9ation in CsCl gradients (see 

below). 

30 

l. F~a~ti?nal;. Precipitation with Polye~hylene 

Gl;tcol ( PJFG} • 

Medium from the extracapillary space· was 
harvested from the ACUSYST-P culture system and 
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pooled into volumes of 3000 ml. To each volume, 180 

9 of PEG 8000 (SIGMA) were added, dissolved by 

stirring at room temperature for 20 minutes and 

stirred for anotber 3 hours at 4°C. The precipitate 

OS was collected by centrifugation in 500 ml bottles in 

a GS 3 rotor at 4500 rpm (3000 x g) _for 30 minutes at 

io•c. The supernatant was collected and 180 g of PEG 

8000 are again added and dissolved at room 

temperature as described above. The solution was 

10 

15 

20 

stirred at 4°C for an additional 3 hours·. 'I'be 

precipitate from this solution was collected as 

described above except that centrifugation was 

performed at 9000 rpm (15,000 :x 9) for 60 minutes. 

The pellet was resuspended in 20 ml of phosphate 

buffered saline {PBS). 

2. ?el Filtration Chromatoqrap~~· 

The material obtained after PEG precipitation, 

and redissolved in PBS, was submitted to gel 

filtration chromatograpby using BioRad A-Sm resin at. 

4 •c. Column dimensions were 25 x lOOO mm, and the 

bed volume was 480 ml. In a. typioal fractionation 

run, 1000 pg of PEG-precipitated particles of this 

invention in a volume of 10 to 15 ml is loaded and 

eluted with PBS or 'l'NE at a speed of 6 drops/minute 

25 (18 ml/hr) in fractions of 3 ml. Figure 6 shows the 

profile of tbe particles of this invention eluted 

from an A-Sm column. 'I'he solid line indicates the 

280 nm absorbance of each fraction, and the dots 

indicate the quantity of the particles of this 

30 invention in each fracton as calculated by RIA. 
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3. Isop~cnic CentrifusatiQn in CsCl. 

About 30 fractions covering the first peak 

resulting from gel filtration column ch.romatoqraphy 

(see Figure 6) and containing partially purified 

05 particles of this invention were pooled 

10 

( approxima·tely 100 ml). This solution was adjusted 

to a density of l,30 9/cc with CsCl and subsequently 

transferred to nitrocellulose tubes fitting into a 

SW 27 or Sll 28 rotor (Beckman). Grad1enta were set 

by underlayin9 4 ml of a CsCl solution of l.35 'g/cc 

and by overlaying 4 ml of 1.25 g/cc and 4 ml of l.20 

;/cc density. Gradients were run at 28,000 rpm for 

50 hours at io•c, fractionated, and the purified 

antigen in tbe l.20 g/cc density layer at the top of 

15 the gradient was collected. 'l'he particles of this 

invention were well separated from the small amount 

of oontaminatin9 protein banding in the middle of the 

gradient (see Figure 7). 'l'he solution was desalted 

by dialysis against three changes of saline over a 

20 

25 

24-'hour period. 

As a quality control measure, a portion of this 

gradient-purified mater~al was submitted to linear 

CsCl-9raaient · centrifugation. A single peak of the 

particles of this invention appeared as expected at 

l. 2 q/cc. 
H. Characterization of the Particles of this 

Inventio~ Produced by qell ~ipe$. 

The purity and physical identity of the polypep­

tides of the particles of this invention in prepara-

30 tions are established by conventional laboratory 

techniques, such as radioimmune assay, immunoprecipi­

tation and sos-PAGE (see Haterials and ProceClures). 
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1. ?urity Determinatjons. 
a. Determination of Levels of Contamina­

~ing Plasma Pro}eins. 
The levels of variou5 serum proteins in prepara-

05 tions of purified prtioles of this invention are 
assessed by the standard RIA technique using specific 
antibodies against bovine serum albumin, IgA, lgG, 
IgM, etc. 'l'he results shown in Table 2 show no 

10 

15 

20 

25 

detectable irnmuno9lobulin contamination and only 

minor albumin contamination. 

b. 

Table 2 
Determination of Contaminatini 

Plasma Pr~teins bX RIA 

Protein 
Albumin 
IgG 

I9A 
Igf·1 

% of Total Proteins 
0.05 

0.2 

0.2 

0.2 

Determination of Levels of c9ntaminat~ng 
Host Cell or PreSl-PreS2-S Nucleic Acid 
Sequenoes in Purified Pre_parations qf 
tbe Particles o~ this Invent.ion .. by the 

Dot Blot Procedure. 

A dot-blot hybridization is performed on purified 

particles of this invention in order to ohec::k for 

contaminating Pres1-Pres2-s DNA sequences or bost 

30 chromosomal DNA sequences. For each spot, a 100 ng 

quantity of purified particles of this inventio~ in 

40,µl 0.25 H NaOH is heated at 6S°C for 10 minutes. 

9400P 17 c 86 



.. 

- 96 -

As a positive control, 20 p9 of recombinant plasmid 
pDMl DNA of this invention in 40 ,Pl 0.25 N ?NaOH· is 

treated the same way. Immediately after denaturation 
in NaOH, the solution is spotted onto a 

OS nitrocellulose filter. 'I'he following treatment of 

the filter and the hybrid.h:ins procedures are 

analogous to those described for the Southern Blot 

procedure, except that the 32P-labeled probe is a 

10 

15 

50: SO mixture of chromosomal DNA and plasmid DNA of 

this invention containing the Pres1-Pres2-s 
protein codin9 region. As expected, the hybridizing 

probe gives a strong signal with the recombinant 
plasmid DNA of this invention, but only a weak 

background signal with the purified particle 
preparation. 
Pres 1--Pres2-s 
sample. 

This hybridization pattern indicates no 
DNA or chromosomal DNA in the 

2. Immu~oeresipi tat ion and sos-Po~yac~;t.la!llide 

Gel.Analysis. 

20 To determine the pattern of Pres1-Fres2-s 
polypeptides produced by transfec:tants of this 

invention, proteins produced by such transf&ctants 
are biosynthetically labeled, immunopreoipitated and 
analyzed on sos-PAGE gels (see Materials and 

25 Procedures). The electrophoretic pat.tern of 

proteins, isolated from culture 11tedium by immuno­
precipitation with antibodies to naturally derived 
HBV, was visualized by the silver staining procedure. 

The two major proteins correspond in size to 

30 nonglycosylated and glycosylated ~olypeptides encoded 
by the s protein coding region (24 kd ana 27 kd, 
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respecti~ely). Two minor proteins of 33 kd and 36· kd 

correspond in size to the two polypeptides encoded by 

the Pres2-s protein coding region. This method is 

not sens! ti ve enough to det:ect the small quantities 

OS of polypeptides containin9 the Pres
1
-Pres2-s 

polypeptides, but the presence of the proteins 

encoded by the entire Pres1-Pres2-s protein 

coding region was detected by the western immunoblot 

procedure (see, infra). The weak bands at the top of 

lO the gel result from aggregated protein and are ·also 

visible with naturally-derived HBV particles. 'l'hus, 

cells transfected with the Pres1-Pres2-s protein 

coding re9ion secrete proteins which not only react 

with antibodies against the natural product, but also 
15 are identical in size. The presence of proteins 

which are i.dentical in size to the naturally-occurring 

glyaosylated Pres1 -Pres2 .. s, Pres2-s and S poly­

peptides from the hepatitis :a virus su99ests that 

9lycosylation pathways function normally in these 

20 cells. 

25 

30 

3. Immunohlot (Western). 

To establisn that each of the polypeptides $pecies 

appea.ring in the silver stained SDS•PAGE gel s,Yostem 

reacts with specific anti-HBV antfbody, the Western 

immuno'blot procedure was employed. Proteins 

separated in a SOS-PAGE were transferred to a 

nitrocellulose filter (Schleicher & Schull) 'by 

electroblotting (BioRad) at 4•c, 100 V, 3 hours. 

After transfer, the filter is saturated with proteins 

in ordex to avoid nonspeeif ic binding of 

peroxidase-labeled antibody. To do this, the fi.lter 

is incubated for l bo~r at room temperature in 20% 
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newborn calf serum in PBS, and the polypeptides. of 

the particle of this invention were made visible by 

UBV-speoific antibodies conjugated with peroxidase. 

The filter is placed on pa:r:-afilm and covered with a 

05 solution of the conjugated antibodies for 3 hours at 
room temperature in a wet chamber. The filter is 

washed six times with 0.5% Tween in lOmM Tris and 5 mM 

Ca.Cl and subsequently covered with the chromogen, POD 
(o ... phenylenediaminedihydrochloride) in hydrogen 

lO peroxide (0.3g/l) in citrate-phospnate-buffer. 
Stopping aolution is o.s N sulfuric acid. The 
protein bands corresponding to all six viral 

polypeptides appear, i.e., all the proteins coded fo~ 

by the Pres1-Pres2-s protein coding region. 
15 4. :'mino Acid Composition of Purified Proteins 

Coded .for by " the PreSl-PreS2-~ Protein 
Coding _:Region Comprising the Particles of 
this Invention. 

20 

25 

Following acid hydrolysis, the amino acid 

composition of the purified proteins coded for by the 

Pres1-Pres2-s protein coding region is · determined 
and compared with the polypeptide oo~position 

calculated from the nucleotide sequence of t~e s 
protein coding region, the Pres2-s protein coding 
resion or the Pres1-Pres2-s protein coding 
region. The results presented in 'l'able 3 correlate 

well with values predicted from the DNA sequences as 
well as with published results (Shiraishi et al, !:. 
Gen. Virol., Vol. 48, p. 31, 1980). In particular, 

30 the relatively high percentage of serine, praline and 

leucine is characteristic of these polypeptides. 
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Table J 

Amino AoiO;,. Comfosition of Purified 

Particles of this Invention 

Residue Percent 

EXPECTED 
AMINO DETER- Pres2-s Pres1-Pres2-s ACIDS* MINED s -

ASN + ASP s.s 4.2 5.2 7.3 
TH a 7.S s.o 7.9 7.S 
SER 12.5 ll.3 12.0 10.8 

GLN + GLU 7.5 4.2 4.S 5.1 
Pao 12.S 10.B 10.5 12.6 
GLY 8.6 6.6 7.l 8.3 

ALA 5.0 2.8 4.5 5.4 
VAL 4.2 5.2 5.2 4.S 
CYS 3.2 6.6 5.2 3.8 

UET l.9 2.3 2.2 l.9 

ILE 4.9 7.S 7.5 6.7 

LEU 12.8 15.5 13.9 12.l 

(· TYR 2.0 2.8 2.6 l.9 

PRE 5.6 7.5 6.0 5.4 

LYS 2.l 1.9 l.S l.3 

HIS 0.9 o.s l.l 1.9 

ARG 2,l 2.4 3.0 3.0 

98.8\ 100.1% 99.9% 100.1% 

*Tryptophan is lost in the aoid hydrolysis procedure. 
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I. Ele5tron Mi~roscopy of Purified Hep~titia B 

Particles of this Invention. 
In the electron microsoope, the purified 

particles of this invention were visualized as 

OS spherical 22 nm particles which are similar to those 

typioally formed by the · assembly of hepatitis B 

s protein polypeptides. 

J. ?reR~ration of th~ Adj~vant of Purjfied Particles 

~£-th.is Invention and S1-abilitl Testin,9• 

lO In order to prepare an adjuvant of the vaccine of 

this invention, 1/10,000 volume Thimerosol, and l/10 

volume of filter-sterili~ed 0.2 M Al K(so4 )2 :l2 

H2o are added to the desirea concentration of 

antigen in sterile saline. The pH is adjusted to s.o 
15 with sterile lN NaOH and the suspension is stirred at 

room temperature for 3 hours. The alum~precipitated 

anti9en is recovered by centrifugation for 10 minutes 

at 2000 rpm, resuspenaed in sterile normal saline 

containing l: lO, 000 Thimerosol, and aliquoted under 

20 sterile conditions. 

To determine the sta'bili ty of the partiC!les of 

this invention absorbed to alum, the antigen was 

recovered by resolubilizing the alum in 3% sodium 

citrate followed by successive dialyses against 3% 

25 sodium citrate and PBS. The quantity of particles of 

this invention was then determined by parallel-line 

radioimmune assay against dilutions of a purified 

standard in PBS-50% ne\flborn calf serum. Stability 

testing results (Table 4) show the purified particles 

30 (either 'bulk or alum-absorbed) to be stable at 2D•B°C 

for at least 7 months. 
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Table 4 ---·---·-------~---·-----

Stabilit~ Testing This Sheet Has Been Replaced : 

SDS-PAGE: 11111111 11111111111111111 

Band ins. Pattern Results 
I 

Bulk Sample Alull\ Absorbed sample 
St9ra,se .. Month 1 2 l 2 

Sti\!.rt normal normal norinal normal 
...... 1 II II II II 

2 II II II II 

3 II II II II 

4 II fl II II 

5 II ,. " II 

6 .II It II II 

7 II II II II 

Quantitative Deteraination by RIA: . ' .. 

Per~ent.(%) Activi~~ 

,;--- Bulk Sample Alum Absorbed ~ample 

s.tOJ:iage Month l 2 l 2 

Start 101 101 

l 101 101 100 100 

2 99 99 99 lOO 

3 100 100 99 lOl 

4 99 100 101 99 

5 102 99 99 98 

6 100 101 100 100 

7 99 98 98 101 
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I<.. Seroconversion and Eo50of, the Particles of· thJ.s 

Invention. 

The aeroconversion tests are carried out on five . 
sroups of ten adult white mice (Figures BA, BB and 

OS fJC). Gm female !CR st.rain swiss mice are injected 

subcutaneously with l ml of alum adjuva.nt vaccine 
containing particles of this invent.ion at the 

following dilutions= l/l (5.0 Jlg), l/4 (1.3 pg), 

l/16 (0.31 .ii9), 1/64 (0.16 pg), and l/256 (0.078 

10 

15 

20 

µg). Hice are bled after 28 days, and anti-body 

titer is quantitated by the AUSAB test in comparison 
with the HBIG standard. The serum samples from each 
animal were diluted four-fold serially and tested in 
triplicate, 

'I'he percentage 

eerotype declined 

of mice exhibiting a positive 

with increasing dilution of 
particles of this invention. The dose resulting in 
50% of the animals exhibiting a seropositive response 
(Eo50 ) is about o.oS-0.25 J.l9 of vaccine containing 
particles of this invention. In 9'eneral, the 
serooonversion results obtained with the vaccine of 
this invention are indistinguisable from those 
obtained with ~he naturally derived vaccine. 

Example ,a_ 

25 Expression of P!r~icles Comerisinq PreSl-Pres2-s 
Protein Coding Reiion Polypeptides 

A. Pr!para~ior ~f Recom~inant Pla~mid eEND0-1. 
Gene sequences from recombinant plasmids, 

30 pSglII2.S, p.BR322.fG2 (a plasmid made by subcloning 

into the !£E_RI site of pBR322 the '7 kb ~RI ~G2 
fragment from plasmid pMB9.~G2 described by Tilghman, 
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S.?1, et al, Proceeding Natl. Acad. Sci., Vol. 7.5, p. 

725, 1976), pDM2, POLINK 23456 (see infra), ana the 
pMHT .. neo plasmid, are used in the steps to prepare -vector constructions to produce recom~inant 

expression vectors havin9 no non-HPV viral genomic 
portions. 

Referring to Figures 9A and 9B, the pOglII2.8 

plasmid contains a gene segment (1.34 kb !!,!Ell-HEaI 
fragment) containing the Pres1-Pres2-s p~otein 

coding region and carries the natural strong promoter 
for transcription of the Pres2-s protein coding 
region, but lacks the natural (weak) promoter for 
transcription of the PreD

1
-Pres2-s protein coding 

region, as well as the transcription termination 
functions and the polyadenylation signal. Plasmid 

pBglII2.B was subjected to !_!!EII and Hpal digestion 
to produce two DNA fragments. Following separation 
by 3.5% polyacrylamide gel electrophoresis of the· 
frasments, one of them (l.34 kb), which contains the 
Pres1-Pres2-s protein coding region, was purified 
and retained. The H2aI end ie blunt. The .!§!EII end 

was made blunt by filling in (ma.de double-stranded) . 
using DNA polymerase I (Klenow fragment) and the four 
dNTP 1 s using conventional techniques to give rise to 
a DNA f raqment with two blunt ends. 

A polylinker plasmid, PO.LINK 23456, having a 
number of restriction sites contained within the 
polylinker region (below) was employed. 
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The. polylinker adapter is carried within the 
!£2Rl-!!!I back-bone fragment (3.l kb) of pBR32B. 

POLINK 23456 is digested with ~pal t:o linearize 

the plasmid. 

'blunt ends. 
Such Hea.I l_inea.rized plasmid bea~s two 
The linear plasmid is then blunt.-end 

ligated with tbe l.34 kb DNA fragment containing the 
Pres1-Pres2-s protein coding region ootained from 
t.he p'Bg1Il2.S plasmid (above). Since the l.34 kb 
fragment can be incorporated into the polylinker 
plasmid in either orientation, the correct 
orientation ( clookwise with respect to the natural 

direction of transcription) is ascertained by 

digestion with !£2RI, followed by size analysis on lt 
agarose gels. !2ERI digestion of the plasm.id 
carrying the Pres1-Pres2-s protein coding region 
in the correct orientation gives rise to two 

fragments of 0.4 kb and 4.1 kb; the incorrect 
orientation gives rise to two fragments of 1.0 kb and 

25 3. 5 kb. The new plasmid containing the 

Pres1-Pres2-s protein coding region is then 
digested with HpaI and 11partially11 digested with 

!!!HI. The short (24 b.p.) sequence between the HpaI 
and Ba.mHI restriction sites is separated from the -

30 HeaI•!!!!!HI "partial" back-bone (5.0 kb) and diec:a.rded 
along with the fragments in the reaction mixture 
resulting from complete digestion. 
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The pBR322.~G2 plasmid is digested with !!!I 

(blunt end) anci BglII ( "sticl<y" end) to obtain a gene 

sequence (l.G kb) containing the mq-PAS-t 

polyadenylation-termination sequence from the mouse 

05 globin gene. The mg-l?AS-t fragment is then l,igated 
into the opened HeaI-~I lineariEed plasmid from 

above, !!,!I-to-Hpal . and BglII-to-!!,!HI (Bglil and 

~II "stio'ky" ends are identicle and therefot"e are 

compatible, and suitable for ligation to each other), 
10 to form a new intermediate recombinant plasmid' ( 6. 0 

kb) containing both the ·. P:ces1-Pres2-s protein 
coding region and the mg-PAS-t sequence in the 

correct orientations and order. The Pres1-
Pres2-s protein coding region/m9-PAS•t-containin9 

15 plasmid is then digested with B~lII and Sall, 

splitting the plasmid into two DNA fraqments (2.95 kb 
and 3.05 kb), as asoertained by l' agarose gel 
electrophoresis. Following digestion of the 3.05 kb 

20 

25 

30 

fragment with ~I to produC?e two smaller fragments 
(l.08 kb and l,98 kb), the remaining 2.95 kb 

B9lII-§.!.!_I Dl~A fragment (containing no ~I site) 

containing the fused ~res1-Pres2-s protein coding 

region/mg-PAS-t segments is purified and retained, 

The pMMT-~ plasmid, the plasmid formed from 

ligation of the 6.65 fragment obtained in Example l, 

Section A (see Figure 9) is then aigested with ~glil 
and .§!!I resulting in two ONA fragments (4.23 kb and 

2.42 kb). The 2.42 kb fragment containing the 
neomyoine selection marker and 'the SV40 PAS-t is 
discarCJ.ed. The remaining 4.23 kb fragment is 

purified usin9 0.8% agarose gel electrophoresis 'nd 
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is then ligated with the BqlII-§.!!I 2. 95 kb Pres1 -

Pres2-s protein codinq re9ion/m9-PAS-t DNA fragment 
obtained above to form a 7.15 kb recombinant plasmid 

containin9 in order: the ~MT-promoter, the 
05 Pres1-Pres2-s protein coding region and the 

m9-PAS•t polyadenylation and termination sequence, 

the plasmid being referred to as pENDO-l. The 
pENPO-l plasmid contains no non•HBV viral genomic 

portions (see Figure 9). 

io· B. ~repar~tion of Rec~mhinant Plasmid pEND0~2. 
Referring to Figure 10, pDM2, which includes the 

MMT-promoter, 
the protein 

the Pres2-s protein coding region and 

X coding region, is digested with 

restriction enzymes SpeI and filI. The SpeI 

15 restriction site is in the S protein region of the 

Pres2-s protein coding region and is unique in 

pOM2, as is the Sall site downstream of the gene. -
Using these two enzymes, the plasmid is split into 

two DNA fragments (l.58 kb and 4.88 kb) and the 1.58 

20 kb fragment, containins the carboxy end of the 

Pres2-s protein coding region and the protein X 

coding region, is discarded, while the 4,88 kb 

fragment is purified and retained, 

The pENDO-l plasmid is also subjected to SpeI and 
25 !!.!,l digestion, splitting the plasmid into two DNA 

£ra9ments, 1.9 kb and S.25 kb. The i. .9 l<b fragment 
containing the carboxy end of the S protein region of 

the Pres2-s protein coding ~egion, plus the 

mg-PAS-t region is purified and retained. 
30 
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The tl>IO retained Dt1A fragments ( l. 9 k'b and 4 •SS 

kb) are then ligated to produce a new reoombinant 
plasmid ( 6. 8 kb) de7i9nated pEND0 ... 2 whic~ contains 
the MMT-promoter, the Pres2-s protein coding region 

OS and tbe mg-PAS-t se<iuence. l?laemid pEND0-2 contains 
no non-HBV viral genomic portions (see Fiqure 10). 

10 

15 

C. Preparation of Recombinant Plasmid eEND0-0. 
A third n&w plasmid, referred to as pEND0-0 (see 

Figure ll), containing a .neomycine selection marker, 
is formed by di'gesting pMMT-neo, the plasmid formed -from ligation of the 6.65 kb fragment obtained in 
Example 1, Section A (see Figure 11), with 
restriction enzymes SmaI (blunt end) and BamtiI. The - -plasmid. is split into two DNA fragments (S.5 'kb and 

l.15 kb). The 5.5 kb fragment containing the 
MMT-promoter and tbe neomyoine selection marker from 
the pMMT-.!!!E plasmid backbone is retained. The 
latter fragment is then ligated with the DNA (l.6 kb) 
fragment containing the !!!.I-~glII mg-PAS•t sequence 

20 as described with reference to the formation of 
pENDO-l. The re!Sulting 7.2 kb recombinant. plasmid, 
pEN00-0, now contains the MMT-promoter, the neomycine 
selection marker and the mg-PAS-t sequence and no 
viral PNA sequences (see Figure 11). 

25 D. Introduction. of Plasmid Veet.ors pEND0-0, pENOO•l 

and pEND0-2 into Mammalian Cells by 

Co-Transfeotion. 

'l'l'le recombinant plasmid vectors pEND0-0, pEND0-1 

and pEND0-2 are co-transfected into mammalian cells, 
30 such as mouse L-c:ells, Vero (African green monkey) 

cells, CHO c&lls and 3T3 mouse fibroblasts,· u~in9 

standard co•transfeotion procedures. G41S-resistant 
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transfectants 
production of 

the RIA. method. 

are isolated and screened· for 

the partioles of this invention using 

E. Preparation of 

p~NDo-;, p~ND0-2 

Cell Lines. 

Mixed Concatamers of pENDO~O, 

Plasmid DNAs for Transfection of . 
Each of the plasmids, pENOO-l, pEND0-2 and 

pENOO•O, contain a unique restriction site, ~I, 

which exists within the Amp gene, countercloc'kwise to 

the EcoRI restriction site (see Fi-gures 9, 10 & ll). -
Each of the plasmids is digested separately with ~I 

to linearize. Then such plasmids are polymerized to 

form Jnixed oonc:atamers with various ratios of the 

different plasmids. For example, polymerization of 

lS the pENDO~l end pENDo-o linearized pla$mide using 

20 

25 

30 

ligase, such as T4 DNA liga$e, 

conc:atamer with a ratio of 10: l 

the input ratio of the component 

is 10:1 pENDO-l:pEND0-0. 

can form a mixed 

pENDO-l:pENDo-o, if 
linearized plasmids 

The resulting 

pI:ND0-1/pENDo-o mixed concatamer is transfected into 

a eu~aryoti~ cell, such as a mammalian cell, and the 

cell subjected to G41S selection. It is believed, on 

the average, t'hat every G4l8-resistant (transfec:,ted) 

cell Eihould contain about ten copies of the 

Pres1-Pres2-s protein coding region per one copy 

of the !!!9 gene. 

Similarly, the pEND0-0 fragment is polymerized 

with the pEND0-2 fragment by ligase, such as T4 DNA 

ligase, a~ a ratio of 10:1 pEND0-22pENDO-O, for 

example, to form a pBND0-2/pEND0-0 mixed con~atamer. 

The eoneatamer is then transfeoted into a eu~ary,otic 

cell, such as a mammalian cell. The cells will then 
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be subjected to G4l8 selection and on the ave~age 

each G418-resistant (transfeoted) cell will contain 

about ten copies of pENDO-l to pEND0-0, in thi$ 

example. 
05 Similarly, pEND0-1, pEND0-2 and pENDO .. o are 

polymerized by ligase, such as T4 DNA li9ase, to form 

a mixed conoatamer at a ratio of lO:lO:l, 

pEND0-1 :pEND0~2 ;pEt~oo-o, for example. 'l'he resulting 

mixed oonoatamer is transfeoted into a eukary~tic 

10 cell, such as mammalian cell, and the cell subjected 

to G418 selection. On the average, the resistant 

(transfected) cells should contain ten copies of 

pE:tlOO-l to ten copies pEND0-2 to one copy pEl~D0-0. 

Each of the resulting resist.ant cells should 

15 result in higl'ler yields of the particles containing 

the proteins encoaed by the Pres1-Pres2-s protein 

ooding re9ion. 

20 

25 

30 
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~plications of Non-Replicating Veot~rs Co~prising 

the Mouse Metallot.hionein Promoter to the 

Expression of Other Proteins in 

Transfected Eukaryotic Host Cells 

The invention also comprises recombinant DNA 

transfer vectors comprising the MMT promoter, any 

functional DNA sequence and additional DNA other 

than viral PNA • 
By the term functional DNA sequence is meant any 

discrete region of DNA derived directly or indirectly 

from any source whioh functions in a host eukaryotic 

cell transfeoted with the vector of this invention as 

a complete gene expression unit, a stru~tural gene, a 

15 promoter or regulatory region. 

20 

2S 

By complete gene expression unit is means a 

structural gene and the promoter and regulatory 

regions required for its transcription and 

tranelation. 

By promoter 

structural gene 
is ineans any region upstream cf a 

which permits binding of RNA 

polymeraze and transcription to occur. 

By regulatory region is meant any region which 

regulates the rate of transcription of the structural 

gene. 

By structural gene is meant a coding sequence 

which serves to be the template for the synthesis of 

messenger RNA. 
Preferred structural genes include those coding 

30 for polypeptides of pharmaceutical importance such as 

a. viral antigen, insulin, interferon, and 

lynphokines, rat or human growth hormones, tissue 

Plasminogen Aetivato~, alpha-l-antiprypsin and the 

like, Most preferred is rat or human growth hormone. 
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This invention relates to a recombinant DNA 
vector comprising the function DNA sequence and a 

MM'l'-promoter. The MMT-promoter may be in~orporated 

into the DNA vector either in addition to the natural 
OS promoter for the DNA sequence or in place of the 

natural promoter. Preferably, the MMT•promoter is 
located in the DNA vector immediately upstream of the 

DNA sequence protein coding region. Preferably, such 
vector also comprises a transcription termination 

10 sequence and a select ion marker. Pref er ably, such 

selection marker is a drug-resistance marker, suoh as 
the neomycine gene. Preferably, such transcription 
termination sequence is an SV40 termination site 
( s;v-PAS-t) o:r more preferably the DEF region 

15 (mg-PAS-t} of the.mouse globin gene. Sueh vector may 

be prepared by eonventional recombinant DNA and other 
molecular biological techniques. In . the most 
preferable case, using the mg•PAS-t region, the 
vector does not contain any viral ONA segments and is 

20 

25 

30 

not oncogenic, i.e., it will not transform (make 
cancerous) any host cell into wnich it is 
i ntrodueed. Such vector, upon transfection in-Co a 
host, if it. does not. contain an autonon\ous 

replication sequence (replicon) capable of functioning 
in a host transfected therewith, integrates into the 
host chromosome and replicates passively wit~ the 
host genome. 

Preferably, the recombinant DNA vector of this 
invention should comprise the following 
characteristics: 

l) The ONA sequence of interest. 

2) A MMT .. promoter located immediately upstream 
0£ the DNA sequence of interest. 
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3) The vector should be able to replicate in 

bacteria, or other procaryotic host into w"hich it is 
transformed, for growth, a~plification and 
preparation of la.rge quantities of the recombinant 
vecto~. Thus, such vector should include a bacterial 
or other proc:aryotic: replic::on, i.e., a DNA segment 
bearing all the functions required for autonomous 
replication and maintenance of the vector 
extraohromosomally in a procaryotic: host cell, such 

as a bacterial host cell, transformed therewith. 
Such replicons are well known in the art. 

4) The vector replicon should be sma.l l (i.e., 
probably smaller than 6-8 ldlobase pa.i:s) to enable 

easy genetic: and molecular biological manipulation 
15 thereof. 

20 

5) The vector should carry a. selec::tion marker, 

preferably 
a.mpicillin, 

a drug-resistance marker 
for use in bacterial 

transformed therewith. 

such as 
host cells 

6) 'l'he vector should carry a second selection 
marker, preferably a drug-resistance marker such as 
neomycine, for use as such in eu'karyotic host cells 
transfeoted therewith. 

7) The veotor should contain convenient 
25 endonuclease restriction sites fot cloning. 

S) The vector- should contain a tran- scription 
termination and polyadenylation sequence. 

9) The gene expression unit does not contain 
any viral -segments and is not oncongenic. 

30 Most preferably, tbe vector of this invention 

does not comprise an autonomous replicating sequence 
(replicon) capable of functioning in a eukaryotic:: 
host cell transfected therewith. A primary reason 
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for using a non-replica.ting vector system in 

eukaryotic host cells is that all vector systems 

capable of autonomous and extrachromoeomal 

replication in a mammalian host eukaryotic cell 

t.ransfec:t.ed therewith comprise replicons which are 

derived from onc:ogenic viruses. It is desirable to 

employ vectors comprising DNA not derived from 

onco9enic viruses for expressing DNA sequenoes 

enaodinq polypeptides of pharmaceutical importance • . 
This invention also relates to a transfected host 

eukaryotic cell transformed with a recom'binant DNA 

vector of containing the functional DNA sequenQe tbis 

invention. Preferably, such host is a mammalian 

cell, most preferably a Chinese hamster ovary (CHO) 

lS cell line, a vero cell line, an L-cell line, or a 

mouse o:r rat fibroblastic cell line. Such host may 

be prepared by transfecting a eukaryotic cell with a 

recombinant DNA vector of this invention by 

20 

25 

30 

conventional techniques~ 

This invention also 

preparing the· 
relates to a method for 

proteins coded for by 

the DNA sequence of interest 

which comprises: a) 

cultivating the transfected host of this invention 

unaer culture medium conditions which enable sucb 

host to express such proteins, and b) isolating such 

proteins. Preferably, such transfected host is able 

to secrete such proteins 

into the medium. Preferably, heavy metal 

ions or steroid hormones, such as dexamethasone, are 

added to such culture medium to induce the 

MM'l'-promoter. and thereby enhance expression ~f such 
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coding' region. Heavy metal ions such as cadmium or 

zinc are most preferred, The optimal concentration 

of heavy inetal ions or steroid hormone contained in 

the medium can 'be determined by conventional 
techniques. 

This invention also relates to the proteins 
prepared by such method. If the tra.nsfected host 

cell of this invention secretes suc'h proteins 

directly into the culture medium, such proteins• oan 
then be isolated from the culture medium of the 
tra.nsfected host. of this invention by conventional 
protein isolation techniques. If the transfected 

host cell of this invention does not secrete suoh 

proteins , they are obtained from a culture lysate of 

such host by conventional culture lysate techniques. 

Examele 3 
Express~on of HEman Growth Hormon~ 

Preparatio~ of a R~oombinant DNA Vector Encodini 

~uman Growth Hormone, Said Vector ~?merising the 

Meta.llothionein Promoter 

A. Isolation of a pNA Fraqment Containing the Human 
Growth BorJ11one Gene Without the Natural Promoter 

for .,.Tranecri,pt.ion. 
The recombinant plasmid pBR.3.22 containinq a 2 'k'b 

~RI DNA fragment insert encoding the human growth 

hormone gene (in a counterclockwise orientation) is 

digested with the restriction endonuclease BamHI in a - ' 
total volume of 500 ul containing 100 ug of plasmid 

DNA, 240 uni ts BainBI, in BaJl\HI (high salt) buffer. - -Two fragments are generated, one being about 5.6 kb 
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and another fragment 0.8 kb. The fragment~ are 
separated by electrophoresis in a 0.8% preparative 

agarose gel. The larger fragment, containing the 

structural gene for buman growth hormone without the 
05 natural promoter for gene, is electro-eluted from the 

gel and purified by. two cycles of phenol/chloroform· 

extraction, two cycles of chloroform extraction and 
two cycles of ethanol precipitation. The pelleted 
DNA is resuspended in 20 ul 10 mM Tris, pH e.o. 

10 

B. I~olation of a ONA Fragment Containing the Metal­
lothionein Promoter and the pML2 Vector Backbone. 
Plasmid pMMT-E.!.Q. (see Fiqure 5) is digested with 

restriction endonucleases B~llI and !!!!HI to produce 
15 two fragments, one being 4. 5 kb and containing the 

MMT•promoter and the pML2 vector 'backbone, and the 
other being 2.15 kb and containing the neo gene -

20 

25 

coupled to the sv-PAS-t segment. In order to prevent 
self-ligation, the linear ONA is treatea with 
alkaline phosphatase in a total volume of 100 ul 
containing 25 ug of the DNA fragment., and, 28 U of .. 

alkaline phosphatase. The mixture is incubated 20 
minutes at 37°C, and the reaction is stopped by 
adding lO ul 50 mM EOTA and heating for 10 minutes at 
68°C. The fragments are separated by electropboresis 
in a 0.8% agarose gel. The 4.5 kb fragment is 

electro-eluted from the gel as described and is 

purified by two cycles of phenol/chloroform 
extraction, two cycles of chloroform extract.ion and 

30 two cycles of ethanol precipitation. The pelletea 

DNA is resuspended in 20 ul 10 mM Tris, pH 8.0. 
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c. tiqation of the DNA Fragments Isolated in_A. and 

B. Above. 
A 1.5 ug quantity of the 5.6 kb fraqment from A. 

above is taken and mixed witb 0.3 u9 of the fragment 
OS from B. above in a total volume cf 10 ul containing 

0.9 units of T4 DNA-li9ase and lX lig-t.ion buffei, 

plus 100 mM ATP. The mixture is incubated for l hour 
at is•c and overnight at 4°C. The ligation mixture 

is then introduced into the hacteiial strain, HBlOl, 
10 using the procedure described in Materials' and 

Procedures. Cells from the transformation mixture 
are spread onto LB-ampicillin agar plates and 
isolated colonies are screened for those containing 
plasmids of 10 • .t kb in size tha.t can be linea.ri£ed 

15 with restriction endonuclease !!!!!ffl. The orientation 
is determined by EcoRI digestion. Plasmids -
containing the insert in the correct orientation 
yield two EcoRI fragments, one of 3.5 kb and t.he . 

. -
other of 6,6 kb. Such plasmids, designated pMMT•hGH, 

20 are subjected to large scale growth and purification 
as described. 

0. Introduction of the Recombinant DNA Vector 

Obtained in C. AJ:>ove into . Mammalian Cells and 

25 Establ~shment of Cell Lines Producing Huma~ 

Growth Hormone. 

'rhe vector, pMMT-hGH, is then transfected into 

eukaryotic host cells (mammalian) by standard 
co-transfection techniques to yield transfectant$ 

30 that synthesize the human gro~th hormone 
polypeptide. Such transfectants are identified by 

the RIA technique using antibodies to human 9rowth 

hormone. Transfectants showing secretion of human 

growth hormone a.re established as cell lines using 

conventtonal techniques. 
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Example 4 

Expression of Rat Growth~Horm?ne 

Pre2aration of a Recomb!n~nt DNA Ve~tor Comp:isinca. 

05 the R,at ... Growth Hormone, Sai<l Vector q~:mta!nin2. the 

Metallothionein Promoter. 

10 

15 

20 

25 

30 

A. Copversiop qf the BglII Re!,t.riction Enc1onuclease 

Site in pMMT-neo to XhoI. 
A 200 ug quantity· of pMMT-neo is digested. with -

500 U of restriction enaonuclease f!illl in medium 

salt buffer in a total reaction volume of l, 000 ul. 

'nle ends of the 6.65 kb linear plasmid DNA are first 

made 'blunt by filling in the· BglII ends using DNA 

polymerase l (Klenow fragment) and the four d.NTP 1 s, 

as desc:r ibed previously, followed by attachment of 

the following synthetic DNA linker fragment containing 

the ~I restriction endonuclease recognition a.nd 

cleava.ge site (from l'L Biochemicals, Milwau'lcee, 

Wisconsin 53205): 

S 1 •CC'l'CGAGG-3' 
3'-GGAGCTCC-5 1 

The filling in reaction is performed in a total 

volume of 30 ul containing· 2. 5 ug of the 6. 65 kl:> 

fragment, 200 mM of the four dN1'P's, 3 ul NT-buffer, 

l ul Klenow fragment. The mixture is incubated at 

room temperature for 30 minutes. 'l'he reaction is 

stopped by the addition of 2 ul o.2s M EDTA and the 

DNA is washed once with an equal volume of 

phenol/chloroform and then with a.n equal volume of 

chloroform alone. The DNA in tbe aqueous phas~ is 

further purified by two ethanol precipitations. The 
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precipitated DNA is resuspended in 10 ul 10 mM Tris, 
pH 8.0, at a concentration of SO ng/ul. 

The linker fragment is dissolved in 50 ul of 10 

mM Tris, pH 8.l, at a concentration of l pmole/ul. 

OS The blunt-ended 6. 65 kb fragment is ligated to the 

linker fragment in a total volume of 20 ul contain!ng 

2 pmoles of the linker fragment, 0.5 ug of the 6.65 

kb fragment, 9 units of '1'4 DNA-liqase (Boehringer 

10 

15 

20 

25 

. 
Mannheim), 30 ul 2X blunt-end ligation 'buffer, plus 

100 mM ATP. The ligation is perforJned at 15"C·for 

one hour and at 4•c overnight. 

This ligation mixture is used to transform the 

bacterial strain, HBlOl, which is made competent as 

described in Materials and ProceClures. Cells from 

t11e transformation mixture were spread on 

LB-ampicillin aqar plates .. Bacterial colonies able 
to grow on ampicillin plates are piol<ed and grown up 

in 2 ml cultures and subjected to plasmid 
preparations as described above. 

From 12 bacterial clones, four (OK 3, OK 4, 

OK ll, OK 12) were identified as having a p1asm:j..4. 

showing tbe expected size after digestion with Xhol -
alone or together with ~I and !5.gRI. The pla~mid 
DNA from OK 3 and OK ll were propagated in HBlOl for 

large scale plasmid preparations. 

B. Isolatio11 of a DNA Fra51ment Containing the Meta,!-

1:,gthionein, Promoter and the p)g,2 Vector Backbone. 

A 100 ug quantity of each of OK 3 and OK 11 was 

30 di9ested with the restriction endonuQleases BalllHI and -
XhoI which yield two fragments, one ( 5.8 kb) with 

the MMT-promoter located close to the ~I end and 
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the pML2-part at the !!!HI end, and the other (g.ss 
kb) containing the -sv•PAS-t:. sequence. The fragments 

were separated by electrophoresis in 0, 8% agarose. 

The s.e kb fragment was purified by electro-elution, 

OS followed by two cycles of phenol/chloroform 

extraction, two cycles o~ chloroform extraction and 

two cycles of ethanol precipitation. The pelleted 
DNA was resuspended in so ul 10 ~M Tris, pH a.o • . 

10 c. Isolation of .! DNA Fragment Cont:,!i!ling the E\&t 

Growth Hormone Gene. 
Plasmid pBR322.rGH, oontainin9 a genomic BamHI -

inse:rt encodin9 the rat growth hormone gene (in a 

counterclockwise orientation), was digested with 

15 BamHI and XhoI. The genomic BamHI-XhoI fragment ......... .,___.. _. ~ 

20 

containing the structural gene is isolated from a 

0. S% preparative agarose gel as .above. 

D. Lii~tion of the Fragments. Isolatt?,d _as ip !· and 
c. Above. 
The fragments are ligated to each other sucb tbae 

the MMT-promoter · will be linked, via the XhoI -
''st.icky" end directly to the structural gene via its 

!hE.I sticky end, in the correct orientation. 
25 The ligation mixture is used to transform the 

bacterial strain, HBlOl, as describea above. Trans­

formant$ forming colonies on LB-ampicillin aga.r 

plates are pic'ked and grown up in 2 ml cultures for 

small scale plasmid preparation. Plasmids yielding 

30 the two expected fragments upon diqestion with namBI -
and XhoI, designated pMMT-rGH, are then grown up in -large scale for transfection into mammalian cells. 
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E. lntroduotion of the Recombinant ONA Vector 

Obtained in o. Above into Mamll\alian Cells and 

Establish~ent of Cell Lines_ Producine; Rat_Growth 

Hormone. 

05 The vector, pMMT•rGH, is then transfected into 

10 

eukaryotic host cells (mammalian) by standara 

co-transfection techniques to yield transfectants 

that synthe$ize the rat growth hormone polypeptiC!e. 

Such transfectants are identified by the RIA 

technique using antibodies to rat growth hormone. 

Transfectants showing secretion of rat growth hormone 

are established as cell lines using conventional 

techniques. 

Although the present invention has been described 

15 with reference to preferred embodiments, workers 

skilled in the a~t will recognize that changes may be 

made in form and detail without departing from the 

spirit and scope of the invention. 

20 

25 

30 
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CLAIMS 

l lllllll llllll lllll lllll II llll 
* C L M S * 

l. A recombinant DNA vector comprising: 

2. 

a DNA sequence comprising the Pres1 .. Pre·s2-s 
protein coding region1 and 

·-··--·-·'-
the promoter o~ a metallothionein gere. 

The vector of .claim 1 wherein the metallothionein 
qene promoter is incorporat~d into the vector comprising 
the DWA sequence in addition to or in place of .a hepatitis 
B natural promoter, preferably. .immediately .upstream 
of the Pres1-P.res2-s .. protein coding reqions. 

3. The vector of .claim 1 f~rther including a 
selection marker, pref~rably .a drug resistance marker, such 
as a neoinycin·e resistance qene, and/or a transcription 
termination site, such as ansv 40 termination site or a 

.• 

DEF region of .the mouse globin qene. 

4. The vector of claim 1 wherein the vector does 

not contain any viral DNA segment and/or is not oncogenic. 

5. A recombinant DNA concatamer comprising the 
vector of .claim 1 as a 
first vector and a second vector including a Pres2-s 
protein cod.inq region or an. s protein coding reqion of a 
hepatitis B surface antigen. 
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6. The concatamer of claim· 5 wherein· the . 
metallothionein gene promoter i.s incorporated into 
the additional vecto~ and is·located pre- · 
ferably immediately upstream. of the Pres2-s protein 
coding region. 

7. The concatamer of claim 5 wherein the 
first and/or additional vector includes a transcription ter• 
mination site, such as the DEF region of the mouse 
globin gene, and/or a selection marker. 

a. The concatamer of claim 5 . wherein the 
DNA vectors contain no viral 

DNA segments. 

9 • A eukaryotic cell transf~cted with· the re­
combinant DNA ·vector of .any of .claims 1 to 4 or with 
the concatamer cf .any .of .claims 5 to a. 

1 O. A eukaryotio cell co•t.ransfe:t'ed with the re-
combinant DNA vector of claims 1 to 4 .being defined as the 
!5:-ti~ ·t-~coimJ'inant DNA· ve.c.~or .'(ln9 .wit.l;l. a second recombinant . . . 

' . 
. oNA vector includinq.a Pres2-s pr0tein coding region 

· or an s protein. coding region ana the promciter of a 
metallothionein gene. 
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11. A eukaryotio cell co-t~ansfected with the 
recombinant vector of claim 1 to 4 being defined as . . 
the first recombinant DNA vector and ·with a second re­
combinant ONA vector including a Pres2-s protein co-
ding region · and with a 

I 

third recombinant DNA vector including the promoter 
of a metallothionein gene and a selection marker, 
the metallothionein gene promoter in .the third vector 
being located preferably immediately _upstream of ,tpe 
selection marker. 

12 • . 'rhe cell of claims 10 or 1 1 wherein the 
metallothionein gene promoter 1s incorporated into 
the second vector 1. and is· located 
preferably immediately upstream of the Pres2-s 
protein coding region. 

13 • The cell of claims 1 O or. 11 wherein the second 
and/or third vector include a transcription termina­
tion site, such as the DEF region of the mouse 9lcbin 
qene,and/or wherein the second vector includes a se­
lection' marker. 

14 • IJ:'he cell of . claims 1 o or 1 1 . wherein the 

second and/or third DNA ~actor contain no viral DNA 
segments. 

1 5 • 'l'he cell of . claims 1 o or 11 wherein the DNA 
vectors include diff~rent selection markers. 

16. The cell of claim 11 wherein the first,· 
the second and/or the third vector include a· replicon. 
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17. The cell of .any of claims 9 to 16 wherein 
the eukaryotic cell is a mmmal.ian eel~, such a.s a 
Chinese hamster ovary _cell, a vero cell, an L-c~ll, 
a mouse f~broblastic cell or a rat f~broblastic cell. 

16 • A method of preparing the eukaryotic cell 
of claim g , the method comprising: 

transfectinq a eukaryotic cell with the re­
combinant DNA vector according to any of 
claims 1 to 4 or with the concatamer accor­
ding to any of claims 5 to a. 

19. ~he method of preparing the eukaryotic cell 
of Cl la im 1 O , the method compr is inq: . 

co-transfectinq a eukaryqtic cell with the 
recombinant DNA veoto~ of any of .claims 
·1 to 4 and with a second recombinant DNA 
vector as defined in any .of claims 10 and 

12 · to 15. 

!O. The method of preparing the eukaryqtic cell 
of claim 11, the method comprising: 

co-t.ransf~ctin9 a eukaryqtic cell with the 
recombinant DNA vector of .any of claims 1 to 4 
and .with.a second and~ :reeanb:inant JEA. vec-
tor as defined in any .of .claims 11 to 16 • 
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21. 'l'he method of .claim 20 wherein the DNA vec-

tors are co-transfected in pairwise combinations, or 
are co-transfected together, or are transfected in a 
series of steps. 

22· A particle prepared by recombinant DNA technique 
which comprises at least one protein coded for 

by the entire Pres
1
-Pres2-s protein coding 

region. 

• I -•••""••t 

23. The particle of claim 22 wherein at least ,OJ:le of 
., s the proteins corresponds to a polypeptide coded 

for by the Pres1-Pres2-s coding region, the 
polypeptide bein9 preferably 91yco•ylated and 
containing no viral components. 

. - ·-· 
24~. The particle of 'claim 22 

peptide is derived from a serum-free source. 

I 

25··· A method of preparing a particle comprising 
proteins coded for by the Pres1-Pres2-s coding' 
region of hepatitis B surface ·antigen wherein at 
least one of such proteins corresponds to a polypep­

tide coded for by the ent.iX:e Pres1-Pres2-s coding 
regions, the method comprising: 

a.. cultivatinq a transf~cted or co-transfected 

host. ee11 · a~ordin9 to any pf.~~~. 9 ·to 11· undfm . . 
culture medium conditions such that the · 
host cell expresses the particle: and 

b. isolating saeh particle. 

.::--:- -· . ~ 
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26. The ·method of claim 25 wherein heavy .metals, 
'· such as cadmium or zinc, or steroid hormones, such as 

dexamethasone, are added to the culture medium to in­
duce the metallothionein gene promoter. 

27. The method of .claim 25 wherein the particles 
are isolated from a culture ly~ate of .the host cell. 

28 ~- A method for detecting the presence of a 
hepatitis B virus infection comprising: 

effecting quantitative immunoassays on a 
serum sample taken from a human to 
determine the amount of antibodies 
present therein employing the particle 
of any of claims 22 to 24 and com-
;paiz:j,ng' . the value with a known standarCl. 

2Q. A vaccine for protecting a human against 
becom1nq inf~oted with hepatitis B virus comprising 
an immunoprotective amount of the particle of any 
of claims 22 ·to 24 • 

30 • A method for preparing a vaccine for pro­
tecting a human against becoming infected with hepa-. 
titis B virus comprising: 

combininqan immunoprotective amount of 
the particle of any of claims 22 to 24 
with a usual carrier substance. 

31. A method fqr preparinq a vaccine for 
protecting a human against becoming infected with 
hepatitis B virus comprising: 
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disassociating polypeptides fl".Olll the par­
ticle of any of claims 22 to 24 ; and 
reassoc1ating the polypeptides in a lipid 
vesicle. 

~~~ · A ~eth6d for detecting the presence of 
antibodies to proteins coded for . by the Pres1-
Pres2-s protein coding regions of a hepatitis D 
surface antigen in a sample of ma~~alian blood sera, 
the method comprising: 

a. contacting 
substrate 
particles 

. 
the sample with a solid 
coated with non-labeled . . 

~:f ... any :of ;claims 22· to 24· ; 

b. incubating and washing said contacted 
sample; 

c. contacting said contacted sample with 
labeled particles of any of... •: 
claims 22 to 24 theJreby produdinq a: 
labeled contacted sample1 

d. incubating and washing said labeled 
contacted·sample1 and 

e. determining the extent of labeled 
particle in the labeled contacted 
sample. 

33. A method fox- detecting the presence of 
proteins coded for the Pres1-Pres2-s protein 
coding region in a sample of mammalian blood sera, 
the .method comprisinq1 
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a. producing a composition containing an 

antibody produced by an immu·nogen 

includ.in9 t'he particles of .any of 

.claims 22 to 24; 
b, contacting the sample with the first 

portion of the composition and the 

immunogen which bas been labeled, 

inoubating and washing the first 

portion: 

c. contacting an antigen-free control. with 

a second portion of the composition and 

the immunogen which has been labeled, 

incubating and washing the second 

portionr 

d. adding the same amount of staphylococci 

bearing protein A to the composition of 

steps b. and c. above, incubating both 

compositions and separating liquid from 

solid.SJ and. 

e. determining the extent of labeled 

immunogen in each of the resultant 

compositions from step d. above. 

.3-. A diaqnostio kit for detecting the presence 

of antibodies to proteins coded for the 'by Pres1-

Pres2-s protein coding region in a sample of 

mammalian blood sera comprising: 

a) unlabeled proteins 0£ the particle of 

any .of claims ·22 to. 2A attached to- a solid 
support; and 

b} labeled antibodies to human I9G or I9M. 
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35. A diagnostic 

of proteins coded 
protein coding region 

kit for detecting the presence 

for by the Pres 1-Pre~2-s 
in a sample of ma~malian blood 

sera comprisinga 

a) antibodies, produced by the particles 
.. I ,. I 

~ :.any:1 · of ··~laJ.itlS" 22 m .. 24. attached to a solid 
suppo.tt: a.nd 

b) labeled antibodies, produced by the , 
-1 •• par;.t::icles .. ~£ any ·.of . a laims 22 to 24 • 

r 

· 36 ·• A method for detecting HBV antigens contain-
ing proteins coded for by the Pres

1
-Pres2·s 

pr~tein coding regions in sera of HBV infected 
animals, the method comprising: 

a) providing a solid substrate containing 

binding sites thereon with antibodies 

to particles of >ny .o.~ . 

. olaimS- 22 to 24 J 

b) washing the coated beads to remove 

excess antibodies1 
c) contacting the beads with a protein-

containing solution to reduce 

non-specific binding7 
d) was'hing the beads to remove excess 

protein~containing solution: 
e) incubating the beads witli serum samples 

suspended to contain HBV or HBV surface 

antigensr 
f) washing the beads with a solution mixed 

with a labeled antibody, and 

g) determining the extent of labeled 
antibody. 



.. ·······-·-····-···--------

.... 
• ..... • • •I '"' ... ""' .. ----------· :__:__: __ .._:...:_:__:_:::__:_: - •· 

·····-······ ······-···--·-·· ···--·····-·- ······-·-····-·· ... 
- 130 - 11111111 flllll 1111111111111111 

* C L M S * 

37 • A method for detecting antibodies to the 

Pres1-Pres2-s regions of HBV surface antigen 
proteins· in a given sample, the method compri•ing 1 • 

a) adsorbing par~icles cf •any of· claims 
22 to 24 on a solid substrate 

containing binding sites thereon: 
b) contacting the $Ubstrate with a substance to 

saturate non-specific binding sites 
tbereon: 

c) washing the substrate with a buffered solu­
tion and removing the bufferr 

a) adding the sample to the substrate; 
e) incubating and washing the substrate-contain­

ing sample; 
f) adding labeled antibodies to human IgG or IgM 

to the substrater 
g) incubating and washing the substratet and 

determining the extent of labeled antibody. 

38 • A recombinant DNA vector accordinq to any . 
of .claims 1 to 4 comprising: 

thepromoter of a metallothionein gene and . 
instead of .the DNA sequence encoding the 

P.res 1 ~Pres2-s regicn a DNA sequence encodi~g 
a different useful gene p~oduct and add!tional 
DNA other tWan vi~al ONA. 

39. The vector of claim 38 wherein the DNA 
sequence encodes for a growth hormone. 

40. A eukaryotic cell transfeoted with the 
recombinant vector of any of claims 38 or 39. 
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41. A method of preparing a protein coded for 
by the functional DNA sequence of any of claims 
38 to 40, the method comprising: 

a. cultivating a t~ansfected host cell 
having the DNA sequence of interest 
under culture medium conditions such 
that the host cell expresses the 
protein and 

b. isolating such protein. 

11i1iU1ii1irnf 


