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Immunology 107, 1099 (1971); Ling et al., j. Immunology 109. 934 (1972);
Blumberg, Sciene This Invention relates to the use of a recombin-  .
197817 (1977): Peterson et a., Proc Nat.Acad. Sci ant DNA technology for
the production of mature..   (USA) 74, 1530. (1977) and  Viral Hapatitis.
A hepatitis 8 surface antigen [err] in yeast   5   Contempory Assessment of
Etiology, Epidemiol- organisms for use in the preparation of vaccines
ogy, Pathogensis and Prevention. (Vyas at al., against hepatitis B virus
(HBV) In one aspect the  eds.) Franklin Institute Press, Philadelphia,
1979, present Invention relates to the construction of   each of which is
hereby incorporated by this microbial expression vehicles containing DNA
reference to further illustrate the background of sequences encoding mature
hepatitis B surface   10  this invention. protein antigens operably linked
to expression       [err] is present in infected plasma pre- effecting
promoter systems and to the expression    dominantly in the form of
spherial particles vehicles so constructed. In another aspect, the
having diametrs ranging from about 16 to 25 present invention rolates to
yeast organisms       nm-the so-called "22 nm particle". These are
transformed with such expression vehicle, thus   15   thought to  represent
a noninfectious viral directed in the expression of the DNA sequences
envelope. Because antibodies against [err] are referred to above. In yet
other aspects, this inven-  protective against [err] infection, these
non-infec- tion relates to the means and methods of convert-  tious
particles can effectively be used as a vac- ing the end products of much
yeast expression to  inne. entities, such as vaccines, useful against
hepatiis   20  Inasmuch as the hepatitis B virus has hot bean B virus. In
preferred embodiments, this invention  infectious In cell culture and can
only be obtained provides for particular expression vectors that    from
infected humans or higher primates, means utilize  potent yeast promoters
and  DNA          have not been available for obtaining and main- sequences
distal to that encoding the hepatitis B  taining sufficient supplies of HBV
for use in urface antigen protein which, in combination,   25   producing
antigens for immunization against provide attractive yields of desired
protein, pro-   HBV. duced in particle form of about 22 mm. and         The
present Invention provides the means and containing antigenic
deterninant(s) of hepatitis B  methods for producing a vaccine effective
against virus.                                             H9V. By means of
recombinant DNA tchnology, The publications and other materials thereof
Jo   the gene encoding mature NbsAg was Inserted used to Illuminate the
background of the Inven-    with appropriate transltional start end atop
tion, and In particular cases, to provide additional  signals under the
control of an appropriate details respecting its practice ar incorporated
expresion promoter Into a roplicable expression herein by reference, and
for convenience. are      vecor end the latter used to transform yeascells.
numerically referenced In the following text and   s    The cells, thus
genetioally directed, produced grouped in the appended bibliography.
KHsAg directly and in partide form which, when purified, Is suitable to
Immunize against NOV. Hepatitis B virus
The conflicting Europesn patent application Hepatitis 8 (serum hpatitisl
virus is trnsmoit-  EPO -A-Q072 316 disclosed  later .11. yeast ted among
humans and manifests as chronically   ao   expression vectors in which the
DNA sequence debilitating infections which can result pro-      coding for.
the HEsAg ladc  all of ts bases of the gressively in severe liver damage,
primary car-    5'-untranslsted region. However, this partiwlar cinoma and
death. In mos cases, complete           embodiment anroys a later efftive
date then in recovery from  hepatitis B infections can be       the present
application. expected; however, large segments of the popu-   4 lation,
especially In nmny African and Asian coun-  Recombinant DNA technology 44,
are chronic carriers with the dangerous       UWth the edvent of
reconmbinant DNA tech- o5entisl of transmitting the disease parndemi-
nology, the controlled microbial production of an cally,
anofrmous variety of useful poypeopdes, has Haptads is caused by a virus
vector (hepatitis B   a    become possible. Many mammalian polypp virus or
HBV) which in it whole state-the so-      tides, such as human groqth
hormone and leuko- called Dane particle-represents the virion and     cyte
Interferons, have already baen produced by consists of a 27 nm nucloocapsid
enclosing a DNA   various microorganisms. the power of "h tech- molecule
and an envelope surrounding the nue-      nology admits the microbial
production of an leocapsid. Proteins associated with the virion   a
enormous varty of useful polypeptides, putting include the core antigen
(H-cAg), a DNA           within reach the mloroblally directed manufactur-
polymerase and the surface angn tH8sAG)            of hormones, enrym,
antibodies, and vaccines which has been found in serum of Infected and
useful against a wide vary of drug-targeting carrier humans. Antibodies to
HMsAG have also      applications. been found In serum I4BV infected
people. It is   S  A basic element of recombinant DNA lech- believed that
H&sAO is the MB'! antigen that can   nology is the plamnid, an
extrachromnosonal loop induce immunogenic production of antibody
of double-stranded DNA found in bacteria often- 



Ienti-HB) and thus it would be the principal in an  times In mnultiple
copies per cell. included in the NOV vaccine. Attention is directed to;
Dane of of.,  informatIon encoded In the plasmid DNA Is that Lancer 1570 (4
696 (1970); Hollinger et al., J.   to   -quiredto roproduce the plasmid in
daughtercesllo 2    *iI S              SF00s EP O 73 857 81
4 J  (i.e., a "replicon" or origin of replication) wnd  2 007 676 A and
Werel. Amercan Scientist 8, ordinarily, one or more phenotypic selection
64, 411S80). j  characteristics, such an resistance to antibiotics,  If
recombinant DNA technology is to fully qua- :which permit clones of the
host cell containing.   tain Its promise, systems must be devised Which the
plasmid of interest to be recognized and    s    oimize expression of gene
Inserts, so that te ,   preferentially grown in selective media. The
Intended polypeptlde products can be mwde utility or bacterial plasmids
lies in the fact that  available in controlled environments and In high
they can be specifically cleaved by one or         yields. another
restriction endonuclease or "rastriction     British Patent Publication
2034323A, published enzyme", each of which recognizes a differant   la
June 4, 1980, descrlbs the isolation of the HBV site of the plasmid DNA.
Thereafter heterolog-     genome comprising about 3200 nuoleotides and ous
genes or gene fragments may be inserted        the incorporation of this
DNA into a vector tsk- into the plasmid by endwise joining at tho ciesa-
ing advantage of an EcoRI digest and subse- agoe ite or at reconstructed
ends adjacent to the  quent ligation. it is sted that the resultant
dcleavage site. Thus formed are so-called repllc   is   cloned HBV-DNA can
be labelled and used as a able expression vehales.
probe to detect Done particles in serum and that DNA recombination is
peformed outside the        the vector could be used to express a pofypop-
microorganism, and the resulting "recombin-        tide containing a
hepatitis B protein fragment ant" replicebls expression vehkile, or
plasmld,      In a reited article from the some laboratories can be
Introduced into microorganisms by a    au   (Pocr Nat]. Acad. Sol IUSAJ 77,
4549 (lN9O)1, It process known as transformation and large          is
reported that tandem  Sorted hepatitis a quantities of the recombinant
vehicle obtained     genomes were Introduced Into mouse cells and by
growing the transfcrmmnL Moreover, when         integrated in to the mouse
chromosome. Poly- the gene Is properly inserted with reference to
peptide Identified as hepatitis surface antigen portions of the plasmid
which govern the trans-   a    was excreted from the oalls as particles
similar cription and translation of the encoded DNA        to those Found
in the sere of Infectd humans, message, the resulting expression vehicle
can        European Patent application Publication No. be used to direct
the production of the polypep-   13825 describes the production of H8V core
tide sequence for which the Inserted gene          antigen by rmad-through
trandlation of an mnRNA codes, a process referred to as expression.   so
trenscript from the eunomic DNA. No surface Expression is initiated In a
DNA region known    antigen was detectad. as the promoter, in the
transcription phase of       In European Patent Application Publication
expression, the DNA unwinds exposing It as a       No. 2a251 ttere is
described the production In template for initiated synthesis of memenger
voi of a ewion protein purportedly conteaing RNA from the DNA sequence. The
messenger   3c   a portion of the surface antigen protein of H8V. RNA is,
in turn, bound by ribosomus, where the     Becaus* the surface antigen
dewrrvrinents were messenger RNA is translated into a polypeptide
present as a fusion prtin. the structuiv could chain having the amino. acld
sequene encoded       not be  native; hence, the  reported  low by the
mRNA. Each amino sold Is encoded by e       immunological activity.
nuclotide triplet or "codon" which collectivley    a  The present Invention
is based upon the die- make up the "structural gene", i.e., that part of
covety that recombinant DNA technology can be the DNA Sequence which
encodes the amnino          used to successfully and efficently produce the
acid sequence of the expressed polypeptide pro-    mature hepatitis B
surface antigens, directly and duct. Translation is initiated at a "start"
signal  in discrete particle form, a product that is suit- lordinarily
ATO, which  in  the  resulting    4s   able for use In cooferning
immunogenidty to messenger RINA becomes AUGI. So-called stop
hepatitis 8 virus In a susceptible human or for K> codons define the end of
translation and, hence,     preparing a vaccine for such use. The product
Is the production of furher amino acid units. The     produced in a
eukaryotic host-yat-and thus resulting product may be obtained by lsing the
carries the advantages such systems confer on host cell and recovering the
product by approp-   so   corresponding, protoineceous products, to wit,
riate purification from other bacterial proteins.  glycosylation and sugar
and lipid association In practice, the use of recombinant DNA tech-
mnore closely related to human produced pro- nology can express entirely
heterologous (not      teins versus bacterial produced proteins whose
Ordinarily found In, or produced by, a given       hosts re incapable of
such sophisticated pro- 



micro-origeanism, polypeptides-o-called direct  us    casing. In addition,
the oukaryotic yat  ells expressioh-or alternatively  may express a
tolerate the protein product betuer than prokary- heterolgous polypeptide
fused to a portion of      otic systems, doubtless Increasing expression
the amino acid sequence of a homologous            levels mnd yields
sIgnIficantly over bectefal Ifound in, or produced by, the corresponding
systems, in which the hepatitis proin per se wild-type microorganism)
polypeptide. In the   de   proved lethaL latter oases, the intended
biouctive product is      The preset Invention comprises the mature
MOmetimes rendered  bicinaeoive within  the        hepatitis B surface
antigen CHBsAGI produced fused, homologous/heterologaus  polypeptide
and the methods and means of as productin. until ill s cleaved in an
extracullular environ-   Specifically, the present Invention is directed to
*M4ntn1. See. e.g., British  Patent Publ. No.   as   HBsAg   in   particle
form   comprising 3
'    I~~~~~ .                        EP 0.073 657 B1 / immunogenic
determinant(s) of hepatitis B virus,  1121. This fragment was isoteted
containing some I produced n yeaUst. The H>sAg hereof is produced    coding
sequence from the yeast *-A  gene end in discrete partice form, devoid of
any additional,  the 34'-fanklng sequence required for proper fused
poivpeotide snaftct., whethr encoded by      trnscriptlone terrnihaiotn-and
polinloln another portion of the HiBV genome or by DNA    S    This
terminator fragment was fused via its Hfldll ) homologous to the yeast
strain employed. The        site to the Hindlil site of the HEuAg gene.
Trans. present invention is further dircoted to repliCabio  cription of the
HBaAg gene by a fused yeast DNA  expression  vehicles  harboring  gene
promoter In yeast is designed to terminate in the sequences encoding HBsAg
in dirotty express-      fusemd 7R1 terminator fragment. ible form.
Further, ite present Invention Is   la    pCV3(1) contains the ampioillin
and tetrucyc- directed to yeast strains transformed with the     line
resistance genes allowing for plarid kmele-c expression vehicles described
above and to        tion In E Coll, an E. cofl origin of DNA replication,
microbial cultures of such transformed   ast      the LEW2 gene allowing
for selecion of te strains, capable of producing HBOq. In still fur-
plasmid In yeast and the 2 (micron) origin allow thOr aspects, the presnt
Invention Is directed to   us  inn for DNA replication of the plasmid In
yeast. various processes usefui in preparing said H9sfg   This plasmid is
found In the rtuueoplasm of gene sequences, DNA expression vehicles, yas
transformed yeasL The smaU flindll-to-faramHi J    strains and cultures and
to specific embodiments   fragment from the tetracycline resisance gone
thereo. Still futher, this invention Is directed to  was removed from the
vector. The resulting large the use of thus produced H1sAg for the pre-  z2
vector fragment was then igated with the L.kbp paration  of  vaccines
useful  to  confer        iindllkbo-EcoRl assembled PGK promoter frag-
tmmunogonlcrfy to HBV In susceptbl. humans, to     mont and a 1.1 tbp
Eoofll-to-B1 HB9Ag/7RP1 such vaccines and to the method of using them to
terminator frement so as to produce the pYeHBs inoculate and confer
immunogenloity to HBV in      vootor in Figure 6. This HAg expression
vector /swuscepdble humans.                             aS   was
constructed to have the PtK promoter frog- *       The preferred promoter
herein Is one tailored     ment initiate transcription of the HBAg
structural from the yeast 3-phosphogiycerate kinase IPGK4    .   gene and
then terminate this transcript in the promoter region which In described
Inf. The        TAPi terminator previously fused to the HBBAg P1K gone was
analyzed for retrictIon sites which   gene, would be useful for sequening.
DNA sequence   3a     Preferred embodiments of the invention will analysis
around one of these resrition sites       now be described in greater detil
with reference indicated that translation  beginning with a       to the
accompanying drawings In which: specific ATG would yield a protein whose N-
Figure A depicts the construction ot plasmid terminal amino acds
corresponded to the same       pHSG4 harbouring HfsAg DNA, N-terrninal
amino acids of human and horm PGK.   3s  Figure 1 schematically Illustrates
the rssrictlon this flunking DNA being considered the yeast PGK   map of
the 3.1 ktp  andlli Insert of vector p~t promoter region. The PGK promoter
region was       from which the PGK promoter was isolated, In-i- analyzod
for a region which would logically        cated Is the inrtion of an
EcoRlsite and en Xbal support a unique restriction site. A primer repair
site in the 6'-ftanking DNA of the PGK gene. reaction was carried out and
this unique site was   a  Figure 2 illustrates th  5'-flanking sequence
placed at the 3' end of the PGK promoter region.   plus the initial coding
sequence for the PGK gene This unique slte allowed the PGK promoter region
before Instion of Xbal and EcoRl sItes. to effect the direct expression of
the thus fusd    fPgure 3 schematIcally Illustrates techniques gene in
yeast.                                     saed to insert an XThi site at
podition-8 in the A yeastitacteriu shuttle plemid, pCV13 (or   4S   PGK
promoter and to Isolate a 39 bp fragment of YEpl3) described Intr, had
certain rostrlction     the b'-flanldng sequence of PGO  containing this
VJragments removed. Replacement of them f1g-         Xbal end and a SwuM
end. 



'ntms by PGK promoter region fused to surface       Figure 4 schematIcally
illustraes the conetuc- antigen allowed reclosure of the vecor. This
tion of  .3  bp frgment containing the above 39 vector was used to
transform yeast which were   so   bp fragment, additional PGK 5'flanidng
squence grown up under customary fermeitation con-        (265 bh) from Pl
to Su3A (a  Fig. 1, and a ditions end permitted to produce the desired
EcoFl site adjacent to XbW. HflsAg product. Recovery of product followed by
Figure 6 schematically ilustrates the conetruc- breaking open the
transformed yest. Supemat-      tion of the 1600 bp P&K promoter fragment
anIts irom centrifuged solution were used as a    6s  (H/ndalIV ) which
contains. In addition to the substrate  in  hepatitis  B  surface  antigen
fragment constructed In Sq. 419 1300 bp Hhnd~ll to radjoimrnMune esays.
Pwl fragment from PG/ 6'-flanking sequence A pariular DNA sequence, found
to be suit-       (see Fig. 1). able herein as a transcription terminator,
was      Figure 6 schematlcally illustrates the constru- Placed after the
gene sequence encoding HB.Ag    so   tion of an eprWsion vector for
hepatitis surface n order t* terminate mRNA syntheis and pro-       antigen
in yeas, containing the modified PGK vide a Poly A addition site for proper
uRNAA      promoter, the HtsAg gene, and the terminator protomsing and
translation. This terminator Is    region of the yeas TRPI gene, as
described In 3sead upon the 232 bp Nind lil-to-Bgil restriction  more
detail herein. fra9ment from the Trpl gene contained In pP-RL4   a  Figure
7 depicts: A) sucrose gradient sedimen- 4    7               S 6P00736571
. | tation of yeast produced HEsAg compared with       aso, hexokinsse.
pyruvat. decarboxylase. phos- 22 mm particle and aj a corresponding CaCI
phofructokinaso, glucose4.phosphate isomer- gradient centrifugation terbof.
ass, 3-phosphoglycerate mutes, pyruvate kin- ase, triosephosphatc Iaomerae,
phoaphogiocoie IYeast host organisms                            S
isomeress, and glucokinase. Any of the 3'-flank- In the preferred
embodiments hereof, the         Ing sequences of these genes could also be
wed expression system was placed In the plasmid       for proper
termination end mRNA polyedenyla- pCV13 (1), which is capable of selection
and       tion in such an expression system-cl. Supr. replication In both
I. coalend yeast. Sac/raromy-  Some other highly expressed genes ame those
for ova cerevislas. For selectfon in yeast the plasunid    o   the acid
phosphaaaso (8) and those that express contains the LEM2 gene (2) which
complements       high levels of production due to mutations In the yeast
(allows for growth in the absence of leudine)  5'flarindng  regions
(mutants  that increase containing mutalions in this gene found on
expressionl-usuauly due to the presence of a Tyl chromosornes Ill of yeast
(31. The strain used hem  transposon element (9). *    was the strain
XKV6104C which has the genotype    IS  All of the genes mentioned above are
thought a Jeu2 Crpl deS adrZ Il can. This strain Is       to be transcribed
by yeast RNA polVmerase 11 (9). deposited In the American Type Culture
Callo-    It Is possible that the promoters. fur RNA don without
restrictIon (ATCC No. 20522). Nlow-    polymerase I and III which
transcrIbe fibosomal ever, it will be understood that any Sechaeiwny-
DNA, 55 DNA, and tRNA DNA (9, 101, may also be cme eotevie strain
containing a mutatIon which   20   useful In such expression constructions.
* makes th. cell eu2 should be an effective          Finally, many yeast
promoters also contain environment for expression of the plasmid con-
transcrptional control so that they can be turned taining the expression
systen. An example of       off oron by variation in growth conditions.
Some another strain which could be used is ATCC Na.     examples of such
yeast promoters are the genes 36  which has the genotype, a Ju2-3 1"2-112
26   that produce the following proteins: Alcohol Ahs4-519 canl 14), This
strain has two point mute-  dahydrogenase II, Isocytochromea, said
phosphat- lions in Jeu2 which restrcts reversion and allows  ase.
degredatIve enzyme. associeted with nitro. for tighter tranutormation of
Led' to Lou+.        gen  metabolism, glyceraldehyde-3-phosphate
dehydrogenass, and enzymes responsdble for Yeast promoters
So    maltose and galactose utilizion (9S. Such a control The W-flunking
DNA sequence from a yeast         region would be very useful in
controlling gene (for alcohol dehydrogenase 1) can promote    expression of
protein productt-aspeclally when the expression of a foreign gene (e.g.
leulocyte  their production is toxic to yeastL It should also be interferon
DI when placed In a pleasmnid used to   possible to put the control region
of the 5'- transform yeoas Another yeast gene has been   SE   flanking
sequence with a 5'-1nking sequence placed at the 3'- and of this
construction to allow  contaIning a promoter from a highly expressed for
proper transcription termination and poly-     gene. This would result in a
hybrid promoter and adenylation in yeast Indeed, we have shown that
should be possible since the control region and the mRNA  transcript does
end 13(-nd  as           the promoter appearto be physically distinct DNA
expected in the terninastonladenylation reglon of   4    se nces. 



fe yeast 7RM  gene (Hitzemnn ot al., Nflor% 293, 717 41981 (Rof. 12)). ThIs
promoter can be    Detailed description suitably employed in the present
Invention *a      Identifioation of P0K promoter DNA well -s others-cf.
infra. In the preferred ambodi-   The six N-terminal amino acid. of the
3-phos- monts, the 5'-flanking sequence of the yeaS 3-   n    phoglycerate
enzyme purified from humans are K  phosphoglyoerate kinase gene (5) was
plced          as follows: upstream  from  the structural sequence for
hepatitis surfce antigen followed again by DNA            1   2 -3  -  4 -5
-8 containing the TRP1 gene torminhtion-poly-
SSfl-LEU...ER-A$N-LY YLELJS adenylation signals                          go
Since both the yeast alcohol dehydrogenase I       One of the translatIonal
reading frames genera- S'-flanking sequence and the 3-phosphoglycorate
ted from the DNA sequence of the 141 bp Swu3A- kinase s-flanking sequence
intra) can function to  to-SeuIA  restriction fragment 1containing the
promnote expression of foreign genus in yeast, it  Intemal HIACil sit; see
PGK restriction map Fig- seers likely that the 5-fienking sequences of any
u ire 1t  produces the following amino acid highly-expressod yeast gone
could be used for      soquenos. the expression of important gene products.
Since Under some cimrUnisances yeast expresses up to             I - 2 - 3
4 _5 -6 66 percent of Its ohuble protein asglydc aSLytfHYiEU *Ttyrnes (6)
and since this high level appears to   -t result from the production of
high leve1s of the    After removal of Initiaor methionine, It is sen
individual mRNAs (7), it shouwd be possible to use  the POK N-terminal
amino acid sequence has  do the 5'-flanking sequences of any other
glycolyte   6 amino acid homology with N-tn'ninal amino Qenes for such
expression purposes-e.g., end-      soid sequence of human PGK. ase.,
glycsraldehyde4phosphate  dehydrogen-   d     This sequencing result
suggested that the start    5EP 0073657 B1 Of the yeast PGK strucwral gene
is coded for by   according to enryme suppliers BRLQ reaction DMA In the
141 bp Sau3SA ytton fragment of        condition to obtain a 1.7 kb DNA
fragment, in pB1. Previous work t5) has suggested that the     which the
initiation- codon for the cong . .. DNA seqIncs *pa lg 'the PGK mRNA may
sequencesofHfsAg was located daose to the 5' reside lh this area. of the
HMndllf fragmient. Furte  5    end of the nense-strand (about 4W0 bp). The
DNA Uquenring of the 141 bp Sau3A fragmentgives       was purified by
electrophormis on polyacry- more DNA sequence of the P6K promoter
lamide gels. (PAGE). The purified Hpall fragment IShown in FIgure 2).
was then treated with X wconucloeae (2 units) In Protocol: Forth& Insertion
of XbefEoosR mites In  100 ui reaction mxture (New England 8ioLab) for the
5'*flanking sequence of the PGK gene end the   yt   30 minutes at 3C. A
exonuclease is a 5' exonuno Construction of a Promoter fragment tse Fig.
1).  Ioss which digest double stranded DNA. This Stop 1) Primer-repair
reaction and cloning of 39  reaction degraded the 5' helf of the "ense- bp
Xbol-to SwIA fragment (as shown in Fi. 3).    sstrand" DNA from HBsAg
coding sequences and Step 2) Clone PvuIto-Xbal partial promoter
exposed the antiense strand for pauring with fragment lai shown in Kia. 4).
is   added primer. The A exonucleese trnaid DNA *     Step 3) Clone
Ecolko.EcoRl promoter frag-       was deprotelnized and resuspended lit 50
p of Mont fat shown In Fig. 6)ontains the Mindlll-to.  reaction mixture
containing 40 mM potassium | Ecal promoter frogment used in Fig. 6 for con-
phosphate buffer (pH 7.4), 1 mM DTT, 50 pg/iml struction of expression
plusmid.                  BSA, 6 mM MgC1Z, 0.5 mM each of dNTPs, end sa
0.2 n mole of dATGGAGAACATC ("p-4abelled at Insertion of EcoRl restriction
site In the PGK    5' and by polynudeotide kinese). The mixture was
promoter and promoter reassembly                 first heated at 9DC for I
minute, annealed attOT The use of the P0K promoter for direct expres   for
30 minutes and then inoubated at 371C for 3 ion of hteerologous gen  in
yeast requires that   hours in the presence of 2 unitt of  coil DNA there
be a restricon itse on the 3' end of the PGK    as   polyrnerase I Kienow
fragment (16). The DNA ! pmrornomsr fragment whIch does not contain the
potymerase synthesized DNA primed by the P0K Initiator ATG. Pigures 1. 3, 4
and 5 show how  added primer and degraded single-stranded DNA we inserted
sn Eco  site in the PMK promoter.     with 3'-OH terminal and, therefore,
created blunt We used a primer-repair reacon (111 to first      ended DNA
molecules. The resultant DNA was Insert an Xbal site in the 3' end of
promoter   so   then deprotelnized, digested with XbCul 145 units)
sequence. This fbal sticky end was ligated to the  at aalto located within
the HMs&g gene In a 100 pi Xbol site of a LEIFA (13) gene containing an
ooRI  reaction mixture and fractionated by PAGE, A 91 site sdjact to the
XbaI site. This connection    base pair DNA fragment containing the first
30 soquenoe at the 5' end of the LEIFA gene It as    codous of il4S  gene
was laolated after auto- 



follows:                                    a    radiographic detection
(fragment Ai. To create a unique restriction alte site imme. 5'-TCTAGAATTCA
TO-                            dimtly 5' to the $SsA  gene, we took
advantge; 3'-AGA MAMGTAC4'                              of a derivative of
the plasmid p9R322 (called        I pNCV) which contains a synthefi DNA
segment          j This connection on the LEIFA gene Is how an   Se   with
the sequence: AATTCTGCAG EcaRI site was inserted next to the Xai sek on the
PGK prornot. Use of this X~W-to-EuoRl onnec-                    GACGTCrMA
tlrn allows for placernrt of structural gene cantaining either of these
restriction ends at the 3'  located at the E(cRl site. Incorporated into
this  let end of the P6K promoter for expression pur-   a    synthetic DNA
sequence is a PsU she. Ton gg of noso.
pNCV DNA was first cut with 24 unlts of POti enzyvm  in a 100 pi reaction
mixture and thn Construction of expressinm vector                 treated
with 2 unit* E. coal DNA polyrase 'sol4tion of H~sAg structural gene
Klenow fragment In 50 PI reaction mixture as The structural gene coding for
the HBsA9 was   au   described above at St for 1 hour. The DNA recovered
from a plasmid (pH1YV-T-1AI containing  polymerase treatment removed the A
base-putr 3' the entire genorme of HBV donaed into to EcoRl   overhang
created bv Pst) digesion to lbave a hite of PIR322. This clone was obtanled
by       blunt onded DNA with an irnc EeRfl restrIctIon methods similar to
those recently published by   site giving the fragment 0, ountaining the
origin vizlen'tuele et, at. (14) and tl0- )             of replicaton of
pBR322. The1 blunt ended HBa6g Jhe structuref gene was modified in two ways
gene fragment A prepared above was ligated to 1) 10 incorporate a unique
restriction site directly  the EcoRl site of fragment S. ThIs ws accom-
'"hont of the initial ATO methionine codon and 2)  pfished in a three
fragment ligation to create a    1 Dlfunt-end igate the H8V Hpa 1 mite
located     plesmid pHS94. The third fragment (fragment C) Gisl tala the
UeiuAg gene to te filled in ECoRI site  s0   was prepared as follows:
4I9122, These two modifications to the DNA       24) The HBsAg gene from
the plasrnid pH8V-T- *'4OQ"ont conltining the HBsAg structural gene   1A
was Seaved with Hpal at a site distal to the        . as accomplbshed as
described below:             HB&4 gene. The Hpol site was ligated to a
EcoRl 150 u9g of PHBV-T-IA DNA was first digested   site of pBR322
nrevlously flled In the DNA th HpB 1'(ilO units) in 200 il reaction mixture
a    polymorase I Klenow fragment (161. This was oi
It    |i t  1t   zEP 0073657  81                        12 Iacomplished by
subclorning the derivative of     and subjected to restriction outs with a
group of .   pO i to give pHS42. This plasmid was cleaved      diftrent
restriction enzymes to yield the partial wish Xboi (which cleaves at oodon
31) end with    restriction mop depicted In Figure 1. . amH j"ibich cleaves
375 base peirs'fror. the      30 iAg of the purified 3.1 kb inenrt wa* out
with I  iR'l jwis of pB3R322) to give a DNA fagnt    s    Sst3A then run on
a 6 percent acrylamida gel. containing most of the HBsAg gee, ca. 1S0 base
Fragments correspondirg to the 265 bp and 141 |   pairs distal to the  sAg
gene. and the promoter/   bp wre separateli purified by selctroetutlon as
operator and the first 200 base pairs of the      described above. Each DNA
fragment was then tetracycline resistance gene. The DNA fragment
subjected to DNA sequence analysis (251. C. bounded by Xbaf and BamHl was
isolated by    Wo  A portion of this DNA sequence is shown in PAGE and used
in the three fragment ligation      Figure 2. Amino acids corresponding tn
the N. described above to give the pleamid pH458  (Fig.  terminal amino
acids of the PG/ structural gene Al.
are printed above the DNA sequence. Successl expression of a hetavlogous
gene In yeast requires that transcription of that gene   15  Insertlon of a
reutriction site in the P3K 5 end with a equenoe of DNA which allows for
promoter region proper processing 4polyadenylation) and trans       A
synthetic oligonucleotfde with the soquenae port of that transcript.
5'AlTrMTTTAAA31 was syntheuised by stun- dard methods (26). 100 ng of this
primer was DNA restriction andmodification enzymes      20   labelled at
the 6' end using 10 units of T4 Restrictuon enzymes Ecofl and Hindfil along
polyoucleotide Idnase in a 20 1ui reaion also wth bacterial alkaline
phosphatase were pur-      containing 200 yC of P12-P)ATP. This labelled
chased from Bethesda Researh Laboratories.        priner solution was used
in a primer-repair reac- DNA polymerose (KIenow fragment) wea pur-
tion designed to be the ira stop In a multI-StAp chased from
Goehringer-Mennhelm. T4 polynuc    as   process to put an EcoRI restriction
site In the P6K leotide kinase, ATP and the deoxynudeoside
5'-lanking DNA just preceding PGK structure triphomphates dATP, dGTP, dCTP
and drrP were       gene sequence. The  multistep proc.., is 



purchased from PL Biochemicals. All other DNA     explained below:
restriction and metabolic euuyres were pur- chased from Now England
Blolabs. v-y"PJAWP   a.   SteW 1 (Figure 3) was purchased from  Amersham
Corp. DNA           Primer repair reactions and cloning of 39 bp Xbol-
restriction and metabolic enzymes were used in    to-$a4A POK pIlce
conditions exactly described by their respective    100 pq of pBt was
completely digested with manufacturers
Hsell then run on a 6 percent polyacrylamride gl. as   The uppermost band
on the athidum stained gel DNA preparation and transformation
(containing PGK promoter regionj was Isolated by Purification of covalently
closed circular pls-  *   electrolution as described above. This 1200 bp
mid ONAs from E col (171 and yeast (lU) plus the  Haslil piece of DNA was
rswicted with Hindhi transformation of E. cow (19) and yeast 420, 21)  then
run on a 6 peroent acrylamnide gel. The 6560 were performed as previously
described. F- coil  is   bp band was isolated by electroeiution. 5 S oft
miniscreens were donm as previously desonbed      DNA was Isolated. This
650 bp Nwll-to-incnll 122).
pilea of DNA was resuspended In 20 pi dIH&O, then mixed with the 20 ti of
the phoaphorylatwd Strains and media                                 primer
solution described above. This mixture E. coil K-12 strain 294 (ATCC No.
31446) 12J3   4u   was IX phenol-chloroform extracted then ethanol was used
for all bacterial transformations. Yes   precipitated. Dried DNA wes
resuspended In 50 pl strain XVOIO.UC having the genoWpe (IOU2 et1      of
1d40 and then heated in a boiling water bath for de6l andior de2, /yul cnl)
was used as yeast      seven minutes, This solution was then quickl cloning
host. (ATCC No. 206221.                   chilled in a dry Ice-thanol bath
(10-20 seconds) LB (rich medium was prepared us described by   w    then
transferred to an ice-water bath. To this hMiller (24) with the addition of
either 20 tWmi  solution wv  added 50 iII of a solution containing
ampIoillin (Sigma) or 20 gip/ml tetracydine       10 il of 1OX DNA
polymerase I buffer 4Boehringer iSigmel.
Mannheim), 10 oLl of a solution previously mfad 2.5 mM in each
deoxynucdooshide riphosphate Restriction Map and partial sequencing of 3.1
kb    a    (dWATP, dTTP. dGTP and dCTPl. 25 Itl of diHO and insert ot pB1
5 unihs of DNA Polyrne I, Kbenow fragmoent. 300 l of p8I (5) was
exhaustively digested      This 100 , rseation wos inoubated at 370C for 4
with Hifndill in a 500 A1 reaction volume, then   hours. The solution was
then 1X phnol- electrophorasod an a 1 percent agarow prere-      chloroform
extracted, ethanol precipitated. dried live f9Czrs (Sea Kern) get. The 3.I
kb HindIll  so   by lyophiilizarton then exhaustively restricted with
*srt~i was cut from the ethidium stained 9t,      10 units of Sau3A. Thi
solution was then run on a leclttOeluted (25). 2x  extracted wfth equal
6 percent icrylamide gel. The band corre- 0lurn~es  of  buffer-saturated
phenol  and      sponding to 39 bp in size was cut from the gul chiofoforrn
before ethanol precipitation, Pordons  then isolated by eleotroeution, as
described ltch resuspended DNA fragment was divided up    OF   above. This
39 bp bond has unt blunt end end one 7    !8U3A sticky    This
HP 0073 657 81                    14 I SJU3A S* end. This fragment was
cloned Into       strain 294 to tetracycline resistance. Transformant 8
pUrifed prplFtrpS pvectorAt1)IolpgofPRItrpy9    donfe4 were Miniscreened
and one of tho col. W   laB~iirrizd with Xbol, IX  eri chiorofm
onIo01p7K-30 wa s    ted as      3 4 bp of I O*C0t6e4, then ethnl precipe
The. Xbal           POK 5'-flanking oDNA fused to the LeIFA gene In a
gticky end ws filled In using DNA Polymerise I   a    p8322 based vector.
The 5' end of the LeIFA Klenow fragment in a 50 i reaction contulning
gene  has  the  following  sequence:  6'- 250 pM in each nucleosido
triphosphate. This      CTAGAAATTC 3' thus fusion of the Xbal site trom DNA
was cut with 8e*Il then fun on a 6 percet     the P0K promotr fragment into
tis sequence acrylamida ge. The vector fragment was isolated   allows for
the addition to the Xbl site an E0i from the get by electroalution then
reuspended   to   site. pPGK.300 thus contains part of the PGK in 20 pi
dlH1O, 20 ng of this vector was ligated  promoter isolated in a
Pvl40o-EcoRi fragment. with 20 ng of the 9 bp fragment synthesized above
for 4 hours at room temperature. Onefith    Stop 4 Mig. 5) *   of the
ligation mix was used to transform E. coil  Construction of a 1500 pb
Ecofllo-EAoRl P0K I   strain 294 to ampicillin rsaanix ton Ll; +20 jpg/
is   promoterlfgnment |   ml amp plates). Pleasmids from the transformants
10 i9 of pil was digested with Pvul and EawR! were examined by a quick
screen procedure l22).   and run on a 6 percent ecrylemlde gel. The 1.3 kb
One plasmid, pPGK-39 was eelected for sequence    Pvrt-EcoRI DNA band from
the PGK 5'41*nldng analysis. 20 gg of this plasmd wine digested with  DNA
was Isolated by electroelutlon. 1 pg of Xbl, ethandol precipiated then
treated with 1000   so   pPGK-300 was digestet with (coli and Pul and 



units of bacterial alkaline phosphese at Bo for 45  the 312 bp promoter
fragment was isolated by rin. The DNA  was 3X  phenol-chloroform
electroelution after electrophoresing the dge- extracted, then ethanol
precipitaed. The dephos  ;ion mix on a 6 percent gel. 5 mig of PFRL4 was
oUt phorylated ends were then labelled in a 20 I      withi EcoRl ethanol
precipitated then treated with vy treaction containing 200 pCi of [63-P)
AT' and 10   as   bacterial alkaline phosphiatse at W  for 45 units of T4
polynucleoide kinase. The plasmi      minutes. Afte 3X phenolhloroorm
treating the was cut wvith Sell and run on a 6 percent acrvy   DNA, ethanol
precipitation, and resuspension In amide gel.
20 ml of dlH1gO; 200 ng of the vector was liated The labelled insert band
was isolated from the  with 100 ng of 312 bp EcofIl-to-ul DNA from gel and
sequenced by the chemical degradation   a0   pPGK-300 and 100 ng of
EcoRl-to-Pvui DNA trom method (26J. The DNA sequence at the 3'.end of
pSl. The ligation mix was used to transform E. this promoter piece was as
expected. Step 2       co srain 294 to arnpilillin resistans. From one
(figure 41                                        ofthe ApR colonies was
obteined pPOK-1500. This plesmid contains the 1600 bp PGK promoter
Construction of 312 bp Pvul-to-EooRI P6K   aM   fragment at an
EcoRi-to-EcoRL or Hindlllo-aoRl promoter fragment
pice of DNA. 26 pg of pPGK-39 Fg. 3) was simultamously digested with SJI
and  ha0 (5 units each) then    Construction of expression vector (Figure
6) electrophoreeed on a 6 percent gel. The 390 pb     20 pg of pFRL4 was
digested with WflWInd  and band countkining the 39 bp promoter plce wee
'a   Ugh then electrophoresed on a 6 percent acryl- isolated by
eloctroelutlon. The resuspended DNA   amide gel. The 230 bp fragment from
the TRPI was restrited wIth Snu3A then elecuophoresed      gene containing
pat of the sutrcture] gene and on an 8 percent actylamide gel. The 39 pb
P0K     the 3' untranslated region t2B1 was isolated by promoter bend was
Isolated by electroulution.     uleoctrolution from the gel dlice. This is
the yeast This DNA contained 39 bp of the 5' end of the P0K    a
terminator restriction fragment promoter on e SeuAtXbel fraoment
10 pg of pHSB4  was restricd with Hindeil nd 2540 of pal was restricted
with Pvui and KMl     EooRl, run on a 6 percent ecrylemidegel. The 870 then
electrophoresed ont a 6 percent gel. The .8  bp band representing the HBsAg
gene was iso- kpb band of DNA was isolad by eiectroelutlon.    Ited by
elctroelution. Ihen resicted wkh  uA and elactrophoress on    o   3 pg of
the NbA  gene was ligated wth 1 pg of a S percent geL. The 266 bp band
frorn the PGK   the TRPI "terminatore' for 2 hours at room Promoter gFiure
l) was isolated by sloctroelu-   temperature. This solution was tken rsictd
tion.                                            witfl &v~el and Ugill and
eleotrophoresed on a 6 This DNA was then liated with the 39 bo
percent acrylamide gel. The 1.1 kb baed cone- rorMnter fragment from above
for two hours at   s6   spending to 5'-HBsAg/TflPI-3 DNA fraqment "'om
temperature. The  ligation  mix  was       was Isolated by electroeutlon.
50 mg of pPGK- te-tricted withi Xba! and Pvul then *lectrophor-  15001 was
restricted with Nindli and  teoRi thn esed On a 6 percent acryamide gel.
The 312 bp    electrophoresed on a 6 percent acrylsmidee gel. X&1to-Pvul
restriction fragment was isolated by  The IS kbp PGK promoter fragment wae
Isolated eletroOlution, thn addied to a ligation mix con- P  by
electroelutlon. 10 pg of pcv13 was resriced tining 200 ng of p8R322
prlously isolated       With indlil and BmHl then eleuophoreged on a 'sing
the 362 Nvul-o4'sl restriction frogmen?]  1 percent agarose get. The large
vector fragment and 200 rg of the Xbalopefl dWFA cDNA gene     was isolated
by electroelution. 02 pq of pCV13 Previously isolated from 20 agE of
pLEIFtrpA. Thiq  (ffndlil to BamNl), 10 ng of Hindlio to EcoRI PGK fmix
wasussed to transform E. cuff  Is   promoter fragment, end 100 ng of EcofI
to Ugl 8    /          15              E~~~~P 0 073 657 B1                *
HbSAg!TRPI fusion were ligated for 12 hours at    gradient consisting of
-O20 percent sucrose Inl) 16C; and then used to transform EcoN strain 294
in 20 mM trioHC 4pff 7.4), .S mM EtTA, ad to arnpiclfn resistance.
Minbcreen analysis of a .  D5AM NaCI hem centrifuged In a SWSO.1 rotor at
nurber of transformants indicated that. some      45,000 rpn fior 2 hours.
Fraictins ware collected colonies contained the proper voctor construction
5    and assayed for HB&A by radloimnnmune assy. with prunoter-HBsAg
structural gone-MM ter-         2) 200 Pi of extract from the same souroo
as minator. Several of these oPasmidas were used to  above was layered on
top of a S nl soluion transform yeast to Leu".
containing 20 mM Tris4lCl (pH 7.4), 0.5 nM REDTA and CuCi Jdensity 1.2 lcw)
tien centrifuged Transformation of yeast end assay for NbaAg  re  In a
SWBO1 rotor at 45,000 rpm for 70 hours. Yeast strain XVSIO-8C was grown in
YPD 129),     HUA; we assayed as described above and the prepared for
transformation using standard pro-   density of COCI was determined by
recording the cedurcs (20, 211, and transformed to leucino      refrclve
index of each gradient fraction. 



prototrophy(Leu'1  using  plasmid  pCV13 or         Hepatits surface angen
Is synthesized and pYeHlSe on minimal YNS(-Ieu) (See Strains and   to
secreted from Ohvr cells as a partIcle (22 nm Media). Transforment colonies
were prepared for    particle). In thu construction describod above, HtsAg
redloimmune assay (Abbott Labs) as          only the coding region
representing the mature follows:
structural gune plus some 3' untranslated 411) Grow 10 mis of yeast in
YNB-leucine at 3S1  seqences were included We assessed the par- with
aeration to an absorbance at 660 mp of 1.0.   20   ticttiate nature of the
hepatitis surface ontgen (2) Spin cuture 5 min at 6000 xg. Discard
monomer within the yeast cell. To this end, supernatant.
liquous of a yeast call extract containing HisAg 13) Reauspond cells in 500
o4 of PS (20 mM      were subjected to sedimerntatton velocity end sodium
phosphate at pH-7 plus 0.14 m NeCI),       sedimentation equilibrium
analysis. As shown in add 1.5 gram sterile glass beads (A5I-50 mm)   2s
Figure 7, the hepatitis surface angen synthesiend and vortex 5 min (keeping
cold by putting on Ice  In yeast cell has a sedimentation rat that Is
intermittently).                                   virtually identical to
that of the '"22 nm partlde" 14) Spin cell extract 6,00 kg for 3 min at 4TC
form of lBsAg obtained from a cell line (PLCWIII) Use 200  jl of cell
extract for standard           secreting authentic 22 nm particles.
radloimmune assay. CalI extract was diluted    a.  . HBsAg synthesized In
yeast has a buoyant using PaS,
density of 1.18 g/am' as determined by smend taton equilibrium analysis.
ThIs value Is slightly Evidence for H@sAg expression In yeast by
lower tan that of HBOAG synthesized In the pYONBS
infected liver cell, pYaHOs end pCV13 ware used to transform   aW yeast
strain XV610D8C to leucine prottropy In      Vaccine preparation YNBIeu
minimal media. The presence of the           Vaccines Incorporating the HB
efg produced as plasmid was verified by growing the yeast on      hereln
described, can be prepared according to plates with no leucine selection
(YPO) to colonies  known methods, wherein sald HIsag Is com- followed by
repiicaplatlng to YNVNB(euctnrI plates   d    binod in admixture with a
suitable vehicle. Suit- (2 percent agar). Fifty to 60 percent ofthe
colonies  able vehicles Include, for example, saline solu- that grew on
YEPO grew on YNB-lau demonstrat-     tlions, various known adjuvants, or
other additives Ing that 50-00 percent of yeast contained pCV13
recognized in the art for use in compositions or pYaHBs, It should be noted
that a Leus evr-     applied to prevent viral infections. Such vaccines
tent would show growth of sof colonies on YNmS    4    will contairt an
effective amount of the H"sAg lwP. PCV13 ability In the yeast was no
grsater    hereof and a suitable amount of vehicle in order athn pYaHsa.
suggesting that the production of    to prepare a vaccine useful for
effective adminis- lBsAg (as discussed Infra.) does not put presure
tration to the host. AttntIon Is also directed to on oelis to restrict copy
number.                 New Trends and Devofopments In Vacines.
Trmnsformant yeast were grown in liquid    s    Editors: A. Voller and H.
Friedman, University leucine selection media (YNB-isul then broken
Park Press, Baltimore, 1978. which Is hereby open by vortexing with a glass
bead suspension     Incorporated by reference, for further background
linfra.1. A radloimmune assay was used to aisees  deais on the prepasation
of vaccines HB;Ag production in the cleared yeast extract. The 22 nrm NBsAg
particle is roughly 1O00 times   s    Bibligraphy more antigen then the
HBsAg monomers alone          1. Broach, J. R., Strathern. J. I., end
Hicks, J. B. and we used antibody prepared against this         Gene &
121-133(1979). particle. The RIA on the yeast extaot Indicates the  2.
Ratzkln, B.. and Carbon, J. Aoc. NaIl. Aced. production of HB*Ag from
pYeHBs in yeast.          Sd. U.S.A. 74,487-491 (19772. IpCV13 transformed
yeast extracts produce no   en.    3. Chinault A. C., and Carbon, J. Gene 5
lBsAg antigen material.)                           111-126 Ofl). 4. Hinnen,
A, Hicks, J. B.. and Fink, G. R. PM Charcerization of HBsAg in yVowt
Nat!. Aced. Sai. U.S.A 76, 129-1933 (19783, 1) 200 gl of yeast extract
prepared as desoribed   5. 5-Hltzeman, R. A., Clarke, L. and Carbon, J. -A
abov was layered on top of a 5 ml liner density   es   Slot. Chemn. 256,
12073 (1iSU).    I. , 17              SP 007367 81 !.ess. .. Boitaux, A.,
and Kruger. J. Adv.    hepatitis B surface antigen ifBsAgt) and laolong
1ifs fiRegul. 7, 149-i1S (19S8).                 any  sequence  encoding
H~sAg  precursor 2,. H0land - J.-. and Holland, J. P. &chwmnitry
sequence, soid DNA sequenoe being poitned *  .>   4900-4907 (1978).
with apprcpriate translational. start and stop ' 1g. BosAian      ,
Lernire, J. M.. Cannon. L. E.. s  signals in said vector undir control of
said pro- lana Halvorson, H. C0. Prom. Nat. Aoaed Sc. U.S.A.  motor such
that In a tranhformant yeast strain It Is 



I 71, 4(45M (1980).                                expressed to produce
mature hepatitisi B surfce s. Abstrats ot papers presented at the 1981
end gun in discrete particle form. mting on The Mol6oecul" Biology of Yeast
2. A DNA vector according to Claim I wherein lAuOUSt 11-August 16,1981)
Cold Spring Harbor   to  the promoter It derived from a yeast glyoolytc
Laboratory. Cold Spring Harbor, New York.          enzVme gene. acid
phosphatese gene, or a gene 10. Chambon, P. Ann. Rev. Bfachem. 44r whose
W'-flanking regions contain mutations s13-438 (1975).
resulting in unusually high xprOssion levels. 11. Goeddel. D. Y., Shepard,
H. M., Yelvorton,     3, A DNA vootor according to claim 2 wherein I  E,
Leung, D.. end Cres, ft. NucleicAdd Research   to  the promoter is derivd
fromn the yeast P6K gone. & 4057-_473 (19801.
4. A yawt strain truansFored with the DNA 12. Hitzeman, R. A. or aJ,
Nature, 293 717-722   expression vector according to any one of claims l
(1981).                                               1....... 7,2 and32 *
13. Gooddel. 0. Y. et at. Nature 287 411-415       5. A yeast strain
according to claim 4 obtained (19901.
2t   by trensfonning a feu2 eutotrophic yeat strain, . 14. P. Vaenzuela, et
o. Nature, 260, 815-519,   the vector containing a LEWJ gene for phmnotypic
(1979).                                            selection in yeast irt.
P. Charnav et al P=oc. NMe  Aced. ScL.        6. A fernentation culture
comprising a trans- (U.S.A.) 76,2222-2226 1979).
formed yeast acording to claim 4 or claim 5. i >,   16... H. Jacobsen et a1
Eur. J. Blochem. 46, 623.   25  7. A method of producing hepaii B surface
11974).                                           1antigen which comprises
growing a culture 17. Clarke. L, and Carbon, J. Cell 9, 91-09     according
to claim Gse as to produce said (19761.
antigen. and recovering the antigen therefrom In 18. Davis. R. W., Thomas,
M. Cameron. J., St.    partidol form. John, T. P., Scherer, S.. and
Padgett, R. A.      r 8. A method of producing hepattis 9 surface Mefhods
in Entrmology 65, 404-411 .                antIgen in particle form suitabl
for uzs in confer- 19. Clark. L, and Carbon. J. Proc NOV. Aced.     ring
immunogeniclty to hepatItis B virus in a Sd. U.S.A. 72. 4361-4365 (19751.
susceptible human which comprises: 20. Besggs J. D. Nature 27. 104-S109
(19781.      aW providing a DNA transfer vector capable of 21. HImnen. A..
Hicsb, J. 8., and Fink. G. FL Proc.   Ws   r~prication and phenotypic
selection in yesst hos Nat. Aced. ScW. U.S.A. 76,1929-133 (17S81.
gwains; Z;. Birnboimr, H. C., and Poly. J. Nulekc Adds    bl providing a
DNA fragment comprising a Ae. 7, 1513-1523.
promoter comprtie with a yeast host sain; 23. Backmmn, K., Ptuhne. M., and
Gilbrt. W.        c) providing a DNA fragmedi encoding hepatitis Pc=
Nad.Acad. Sci USA. 73,4174-4178J1876).  ao   B surface antigen and lacking
any sequence 24. Miler, J. H. Eqeriments in Moecuor Gene-    encoding HBsAV
prcursor sequence; fts pp. 431-4. Cold Spring Harbor Labora-            d)
assaebling the fragments of step. ae, b1 and tory, Cold Spring Harbor, N.
Y.                    a) to form a replicable expression vector wherein 25.
Muxam, A. M., and Gilbert, W. MAethods in    saic sequence of stp cl Is
under control of said r2ymoL 65k 40-B95S (19801.                   4F
promoter, with appropriatetranslational start and 26. Crea, R. and Horn, t.
Nudce Adcds RAL 5.     stop signal& such that it is expressible to produce
Y,331-2348 (1980).                                    mature hepatitis B
surface antigen; 27. Bolviar, F., Rodriquez, R. L Green, P. Y.,     a)
transforming a yeast strain with the vactor of ? setiach, M. .. ieynaekr,
K. L. Boyer, H. W.,     step di; Crsa, Y, H., and Falkow, S. GOne 2, 9-113
Jo    fi allowing the yeast trnsformant to grow until 11877).
said hepatitis B surfece antigen is produced 28. Tachumper, G., and Carbon
1. Gene 10.        therein; and 167-168 (1980).
9g recovering said hepatitis S surfaOe antigen In 29. Laboratory Manual for
a course Medthods in   discrete particl form. Yeast Genetcs Cold Spring
larbor Laboratory,   IS   B. A method according to claim   whterein the
Sherman, Fink, and Hicks, Cold SPring Harbor,      DNA sequence of step oi
comprises, in order from New York.
the 5' end of its coding strand, an ATG tranele- lionsa start codon, the
remaining nucleotides Clais far the Contrl asStte : 8K CH L. FtR.
encoding mature hepatitis 8 surface antigen of GB. IT, U. LU, NL. SE
fi   the hepatiti 8 genome, and vanslational stop signalal]. 1. A DNA
expresaln vetor capable of replica-       10. A method according to cialm B
or dlIm 9 lion and phenotypic saeleiion in yeast host strain  wherein the
promoter of step b) is derive Irom comprising a promoter compatible with a
yeast      the yeast PGK promoter region. host strain and . a DNA sequence
eneoding   as    1II. A method acording to any one of claims 8 10    



s  in    v      EP 0 073 657 BI                   20 to 10 wherein the
vecror contains a LEM gene        g) rccoveoing said hepatitis B surface
antigen for phenotypic selection in yeast, and the yeast  in disorete
particle form. strain is a /eu2 auxotrophic yeast strain.          9 A
method according to claim a wherein the .                    DNA sequence
of step ci comprises, In order Claims far the Contracting SBtat: AT
5   from the 5' end of is coding strand, an ATG tranulational start codon,
the remaening nui- 1. A method which comprises producing a         lectides
encoding hepatitis B surfers antigen of DNA expression vector capable of
replication      the hepatitis B genome, and translational Stop and
phenotypic selection in yeast host strain     signal(s). comprising a
promoter compatible with a yeast   to    10. A method according to daim 8
or claim 9 hrost straln and a DNA sequemce encoding          wherein the
promoter of step b is derived from hepatitis B surface antigen (MasAg) and
lackIng   the Yeast PGK promoter region. any  sequence  encoding  HisAg
precursor             1 . A method acoording to any one of claims sequence,
said DNA sequence being positioned      B to 10 wherein the vector contains
a LMn gene with appropriate translational start and stop   is  for
phenotypic selection In yeast, ard the yeast signlab in said vector under
control of said pro-  strain is a leu 2 auxotrophic yeast swtain. moter
such that in a transformant yeast wain It is expressed to produoe mature
hepatitis B sur-   Petentanspriche fir dle Vertrastn  IE, face antigen In
discrete particle form.           GM, DE, P. GOB, ff. LI, LU, NB, BE: 2. A
method according to claim t wherein the  za promoter is derived from  a
yeast glveolyvdc        t. DNA Expresslonsveokaor. der fOr die Repli-
enzyme gone, acid phosphotase gene, or a gone     kation und phinotypische
Siektion In HRe-s whose W'-flanking regions contain mutations
wrtMtAimen gesignet ist, umfassend anen resulting In unusually high
expression levels.    Promotor, der mit elnem  uwlrtsstemm ver- 3. A method
according to claim 2 wherein the   2s  trfigllch ist und eine DNA Sequana
dle Hepatitis promoter is derived from the yeast PGK gene.      8
Oberflichanantgen IfHts) kodied und der 4. A method which comprises
transfoming e       jede Sequenz fehit, die sine HBsAg Vorlubree. yeast
strain with a tDNA expression vector        qsnz  kodiert. wobei die
genannte  DNA according to any one of claims 1, 2 and 3.        Sequanz Im
genmnnten Veklor mit entspreclen- 5. A method according to claim 4 which
com-   ad   den Translatlvnasturt. und Stopsignalen unter prises
transforming a  1eu2 awcotrophic yeast     de Steuerung des genannten
Protmt   pail- strain, the vectr containing a LEU2 gone for      tionlert
ist sodeo  le In einem Tmnsformwnthe- phenotypic seection In yeast
.  festamm expnimlert wird, um refas Hepatitis B 6. A method which
comprises producing a         Oberflichenantigen in 4kiaeter Tellonform zu
fermentation cuture from a transformed yeast   8    prodtuziern. according
to claim 4 or claim 5.                    2. DNA Vektor noch Anspnich 1,
worlin der 7. A method of producing hepatitis B surfece    Promotor won
elnem glycolytiachen Hefeenzyn- antigen which oomprises growing a culture
gen, SlureplWsphtasugen oder oinamn Gen according to claim 6 so as to
produce said        abgselitet kst, dessen 6'-Flankenbereiche Mutet-
antigen, and recovering the antigen therefrom In  4w   lonen enthalten, die
zu ungewhrliclh hohen particle form.
Expressonswarten fhren. & A method of producing hepatits 9 surace
3. DNA Vektor noch Ansprich Z, woul der antigen in particie form suitable
for use In con-  Prrnotor vor 4eate  PK Gen sbgelvitet 1et. tarring
immunogeicity to hepatitis B virus In      4. Hefettamm, der mit drn DNA
Expressions- susceptble human which comprises:           4a  vYekor nach
obnern der Anaprfche 1, 2 und 3 a) providing a DNA tansfer vector capab, of
transulrnrert st. Kirepllcation and phenotypic selection in yeast        S.
Hefestamm  nach Anspruah 4, der durob host strains;
Transformieren eines 1.4  auxotrophen H4fe- b) providing a DNA fragment
compriing a         stammes erhaften wirdi wabel der Vektor sin promoter
corpatible wiht a yeast host strain;  s    LEM/2 Gen fir dhi phinotypishe
Seleiktion in cW  providing  a DNA  fragment encoding         Hefe enthilt.
hepatitis B surface antigen and leaiong any         6.
Fermeritationskultur, umfassend eine trans- sequence encoding HBsAg
precursor sequence;       formierte Hete nach Anspruch 4 oder Anspruch dl
assembling the fragments of steps ml, b)     5. and a) to form a replicable
expression vector   Es  7. Verfahren aur Herstellung von Hepatitis 8
wherein said sequence of stop c) is under oon-    Oberflichenantlgen, dat
ds ZUchten elnar Kut- trol of said promoter, With appropriate transla-  tur
nach Anspruch 6, um dos; genannte Antigen tionalu start and stop signals,
such that it is   heraustyllen und die Gewinnung des Antigens expressible
to produce mature hepatitis B sur-    aus fder Kultur In Tellchenform
umfalt. tace antigen;                                60     8. Verfahren
zur Herstellung von Hepats B a) transforming a yeast strain withi the
vector  Oberfilbhmntlgan In Tellchenform.r des fir die of step dl;
Verleihung von ImmunogenivItAt egaen Hopeti- 



f) allowing the yeast transformant to grow       tis 8 Virus in amem
mnfilligen Menschen psig- until said hepatitis B surface antigen is pro-
net lit, umfausend: duced therein; and                           Es      a)
Bereitstelln sines DNA Transfervektora. 12'I    /                  21
EP 0073 657  BI                    22 ijur Replitation und phinotpirnche
Selektion in    lefestammes rnit einorn  DNA  Expressions- Sefewirtstbmmen
f~hig ist;                         veokor noch eiiern der AnsprBich  1, 2
und 3 :   b) Bsreitstullen sines DNA Fragmerites, dao       umfaft. | einan
mlt einern Hefewirsetemnm verfliglichen       S. Veufuhres nech Anspru:h 4,
des die Trinfor- : Promotor anthilt;                            S    mation
eines )eu2 euxotrophen Helastammou c) Bereltstellun einus DNA Frugmuntes,
des       uMfeBt. wobei der Vektor sin LE2 Gen fOr die Hopeitts B
Oberifichensantgen kodiert und drns     phlnotyplache Selektton in Hefe
onthilt. jfri Sequenz fehit, die sine lBsg Vorliuforea-      64 Vrahrien,
das die Hlerxtellung ainer Ferman- quent kodlorE
tationakultur sue miner trmnsformalerten Hie nach d) Vmreinilgn der
Fragments der Schritto a), b)   to   Anaprudc 4 oder Anspruch 5 umrfaft und
cJ, um ehnen replizbrbaren Expruasionsvuk-       7. Verfahrmn cur
Herstellung von Hepatitis B tar zu bildmn, worin die genannte Sequent von
Obuflhichensnfigen, des dos Ztchten eerw Kultur Schritt @3 unter dor
Steusrung dos gonannten       nach Anspruch 6, um due gmnannts Antigen
Promoters mit geeignstmn Tran.Iationestart- und    hearuetellen und die
Gewinnung des Antigens Stopeignalen otht, sodel sie exprimlerbar Lt   t6
aua der Kultur in Telichentorm urnfat. um relis Hepatitis 8
Oberflfohenentigem zu pro       8 Verfarmn zur Herstslung von Hepatitis B
duzieren;                                          ObarfRllhnanttgmn in
Tailchenform, des fOr die oe Transaformiren sines Hefestemmaes mit denn
Veorlhung von Ilmunogenizltit goegn Hepotits YVetor von Schritt dl;
8 Virus In einem anflIligmn Menschen gesignet fl Kultivieren do.
Hefetransformanten, bis das   20   it, urnfoasmnd: gsnannte Hepatits B
Oberflichenantigsn darn          a) Beroltstellon sines DNA
Transfervektors, der prodWiert ist:                                     zur
RspIllatioli und phfinotypliohs Sdekletlon In *    G) winhon des genninten
Hepatitis B Ober-   Hefwlrtustimmsn thig is:; fillichenantigens In dlekater
Tellehsnforn..         bi Berfltatsllen  nelsl DNA Fragmsrtes, des 8.
Verfahren nwah Anspruch 8a worn die DNA    S    oinen mit enemi
Hfwirtstamrnm vertrigllohen Sequent aus Schritt ) in Reihenfolge vom 8'-
Promotor enthilt: Eode ihres Kodlerungsetreng  aen alnan AlTO          c;
Beruftutullen sines DNA Fregmmntes, duo Transluationsertodon,   die
verbbilbenden         Hepatitis B Oberffiohenantigen kcodiert und darn
Nucleotde, die des relws Hepatitis B Oberlichen-  jede Sequenz fehit, die
sine ffAg Vorlbufterst antigen des Hepatitis B Genams kodleren, und   it
quint kodisrt; (sin) Translatlons-stopsignal(s) entil.              d)
Verelnigen der Fragments der Schitts a), bi 10. Verfuhren noch Anspruch 6
oter 8, worln      und di, urn einun repliuterbarmn Expressonsvmk- der
Promotor von Schritt bi vOen Hefa PGK Pro     tor zu bilden. worin die
genmants Sequenz van * motorbereloh abgeleitet let.
Schritt cl unter der StQuerung dan genannten 11. Verabhrmn nach sinorn der
Anspr~che 9 bis   J    Prornotor mit goegneten Translatlonutart- und 1O,
worln dr Vektor sin LEU2 Gen fOr die phino-    Stopsignalen utah, inodd sil
exprimlerbar tat typisahe Seklction in Heft enthilt und der HWet    urn
relifes Hepaittla B Oberiahenantlgon zu pro- stenmm ein 12 muxotropheor
Hefsetamm ist.          duuieron; .3 Traneformnlen sines Helestarmes mit
dim Paetmninaprohe flir don Vertaguuamt AT:       a    Vektor von Schritt
id); fl Kultiviermn des Helhransformanten, bis des 1. Verfehren, das die
Merstellung sines DNA      genunote Hepatitis B Oberfilchenantlgon derin
Expressionsvektors umfultr, ler fOr die Rplika.    produiswt lAt don und
phnuotypisaha Selelcian in Hefewirte.        gI Gewinnun des genarmten
Hepatitis B Ober- stimmen goeignet lst, umnausend sinen Promno    a
fliahenwndgens in dialeur Tellchenform. ta tr, der init enrm Hefewirtsstamm
vetrtgllch ist       9. Vfshrmn noch Anspruch 6, worin de DNA und dine DNA
Sequenz, die Hepatitis B Obenfil-     Sequenz auS Shultt d In Relhendolge
vonm '- chenontigen  (HUag  kodiert und dir jade           Ende Ihrs
todierungsstranges an alnan ATO Sequenz fWit, die sine H~sft
Vorluferuiquenz      Tranhletionsetartoodon.   die   verhieltendei odiet,
wobel die genannte ONA Sequent im    a    Nudotide, di des if. Hepaditis B
Oberflflhon- genaninten VYktor mit entsprechinden Truralsl      antigen doe
Hepatitis B Genoms kodlermn und tionsstart- und Stopsignalen untnr dr
Stmuorung    (sin) Translations-stopsignhli(o enthilL. de5 gsnennton
Promotors poultloniert let, soda       10. Verfuhrn nach Anspruch B odor 9,
warli sle in inenm Translormanthsfethnm exprimiert       der Promotor von
Shriit hi vorn  Ife PK Pro- wird, urn relaes Hepatitis B Oberfllchenantigen
IIn   a    motorblreich abgeluitet Ist. 



diskreter Teillhenform zw pmodution.                 1 . Verfahron ngch
dinim dir Aneprride 9 bis 2. Verfahren anch Ansprbch 1, worin dor Pro-
10, worin der Vaktor sin LEZ Gen fOr die phino- motor von minim
glyeolytischen Hefofnzymign.       typiache Selektion in Hefe anthdt uad
dor Hats- Shurephomphataogen odereinam Gin sbgelsitt         stamrnm ein
eu2 auxotropher Hlsetamm 1stL ist.  dessen  5'-flankenborulche  Mutafionen
Ao entitlten, db zu ungwhnlioh hohen xpr             Reenraton    pour
letEt ICw** rrft B * knwl*rton f0hren.                                CM,
DE PR, GI, IT, L. LU. NL. SE 3. Verfahren nmac Anepruch 2. worln der Pro.
motor vomn Hisfe P13K Gen abguieitet ist.            1. Voctour
d'uxpresslan CPdADN capable d'uns 4 Veiahren, das die Transformation sines
es   r~plication it tune silotion phinotypique dans 12    .1 23
EP 0073657  51                     24 une souche h~te de Ioure compranant
un pro-       croitre jusqu'a oe qua MedR antlg~ne de surface mOteUr
compatible avec une soucho h6to de         de l'hpatite B y solt prodult;
et tevure at une soquenc d'DN codant l'antigons        g) r6cupbrar ledit
andiifins de surface de lh6- de Surtace de lhpotite B MHOAgW et manquant
patite B sous forms de particuise distinates. de toute S;quonco todent to
qUencO prCUi-    5      9. MV1thode selon hs uevendication 8, od ledite
sour de HBAg, Iadite sequence d'ADN. dtant        siquence d'ADN de I'Mape
cl comprenc, dene placie avee des signaux approprie de d6but at     'ordre
6 pamtir de l'xtrMdlMI  5' de son brin da fin de translation dens ledit
vecteur sous lo  codant, un codon de dhbut de translation de contr~le dudit
promoteur de matnre quo done       ATG, lee nual4otides risiduels codant
l'antlbm une souch. do levuri transformanse, dle s'ox.   14   de surface de
UhePutite 13 Mature du g9norns prime pour produire I'antfgne de surface de
de lhIpatlto E at le ou les signaux d'arrkt de Phipatite B mature sorus
formr de particuls       translation. listinctes.
10. Mfthode selon ie ruvendication 8 ou In 2. Veaeur d'ADN selon la
revendlcacion 1, cO    rsvendication 9, Ou le promotour at l'tapo b) ei
promoteur ant ddrn  d'un gone de I'inuymo    Fe  eot d6rivW de Is rdhlon du
promoteur PGK de la glycolydque do le levure, d'un g~ne de phos-
levure. phatuse ascid, ou  a'un 96no dont las rQlons.       II. Mfthode sen
l'une wcouo flanquant 5' contlennont des mutations ayant
revendlustions 8 A 10, to Is voteur oontfant un pour risultal des niveaux
Inhabituellement        gone LEIA  pour is shection phinotypiqule dns
6lev6s dcxpression.                         ze   la levure, et la souch. de
lovure ost uno souche 3 Vecteur d'ADN selon lb evendication 2, 0o     de
Wavure ouxotropto leu2. Ie promnoteur amt drtv6 du gino PGK de Ia levurs.
Revendiientlus pour Metat Contractant AT 4. Souche de levure transformfae
par W vie- tour d'exprgesion d'ADN salon lune quecon-   25     1. Mdthode
qui comprend la production dun qua des revendicstlons 1. 2 et 3.
vectour d'expreeelon  d'AON  capable d'une 5. Souche de levure solon le
revendication 4,   riplication et d'une seloction phtnotypique obtenue par
transformation d'unu souche de        dens une souche h~te de levure,
comprent levuro suxotrophe de Ou, Is vocteur contenant     un promooeur
compatible ovec une souehe h~t. un gone LELJ2 pour ia adecdon pl~notyplque
s    de levure et une siquenea d(ADN codent l'antl- done le levurs.
gOno de surface de I'h~pothe B (HISAg) at 6. Culture on formentation
comprensmnt un       manquant de  tout. Mqueneo  oodant In levure
transformde alon to revendication 4 au     s6quence pricurseur de HBsAg,
ladito skquenon lo rovendicatfun 5.                               d'ADN
dtant plae avoc des signaUK xappro- 7. Mithode de production de Pantigone
de   is   prls de d~but et de fin de translation dans surface de rhhpatite
B qui comprond Is croig-     ledit vectsur Wwus le oantr6lo dudit
promwteur, seno d'une culture selon la revendicatlion 6,     de mnaniere
quo dens unr souche de levure afin de produirs ledit antigrne, et le
r6cUpla-   transformante, olle sVexprims pour produire tion de l'sntigen
sous forme de particules.       P'entigtne do surfacs de 'bpatite B matuwe
L. Mfhodo de production do l'antlgns dh    a    sous forme do particules
distintos. surface do rhepatite 8 sous forms de particules     2. Mfthpfo
selon Ia revendication 1, oO le appropid & une utilisation pour conrfrer
unr      promoteur eat d*rivi run gone do l'enwme immunogdaieft au viru de
I'hputite B chez         glycolytique de la lvure, d'un gpne de phos- un
Wte hurnain sensible, qul copsisto A:          phatese acide, ou d'un gene
dont lhs rfglons a) pr6voir un weoteur de transfert d'ADN    4    flanquant
S' contiennent des mutations eyant cepable d'une r4ipcation et d'una
s*lotwn         pour resultrt dei  niveaux inhabitufleanunt y phinotypique
chex des souches hbtes de              Alev~s d'expresuion. 



levure:                                             3. M6thode solon le
revendicadoP 2, oO Ie b) pr6voir un fragment dADN compronant un
promotsur est dWrHvO du gone PGK de Ia levure. promoteUr compatible avec
une souche he tde   SO    4. Mithods qui comprmnd la transformatlonr
levure;                                           d'une souche de levure
per un vocEsur d'ex- c) prevoir un fragment d'ADN codant l'antl-
prcsuion drADN salon l'une quelconque des gene do surface de l'hjpatita B
et manquasnt de   rwvndications 1, 2 ot 3. toute ebquence codent le
s6quenme pricurour         5. Mithode salon In revendication 4, qui corn-
de I-fsAgi;                                       prind Is transformation
d'une souche de levure d) assembler les fragmrents does dtpes a). bl
euxotroph. do Mv2, le voctour contenant un at c) pour former un vocleur
d'ecpression r~pil-  gone LEV2 pour la Mectlor, ph~notypiqus duns cable, o6
ladite adquence de rtap. cf  oit aous  le levurs. ie controlo  dudit
prornoteur avc signKux            . Mbthode ui comprend te production dune
appropsi;s de ddbut *t de fin de translation,   so   culture on
fermentation A psrffr d'un  levure qu1 pout s'expriemr pour produJire
l'antigne de  transformh. svlon l revmndcatlorn 4 ou la surface de rOpathie
a mature;                     rovendication 6. el transformer une souche do
levure per le        7. M6thade de production de I'antlgne de vecteur do
I'ftpe dt;                             surface do rhMpet~ie B qui comprond
Is orois- fl permeotre au transformant de le lovure do   aS   srisC d'une
culture sslon it revendicatlon 6, 13    25            IEP 0 073 657 51
26 dln de produiro lotit antigine, et la rncupation  el truneformer unes
ouche de levure per le do rInilglne soug forms de partioules.
vectsur do I'mtepe dl; S. Mithode d  production de l'antidbn de         f)
poritwre sou transformant de ta lPurr de surfce de l'h6patfts B sdus farma
do panricules  arwltre juvq& co quo lodk antigbih de surface de npproprA A
uno utlleseon poutr onfirer une    a    Milipatits S  gsoit produit; et
Immunogdnak  au Virus de lh'pastft B chez un     g9 ricupirar ledit
anti96no de surface de lIhipa- fte humain sensible. qui conuisto t:
ith B sous formne de particuloc disdnCtOL a) prOvoir un votatur do
transflet dIADN capa-  8. Mkthods salon to revendicatlon 8. o ladite We
dune r~plcation et d'unes 9e1tlon phinotyp   siquaqn  dADN de 1'itape a)
camorend, dens quo chezs soucheshizesde lvurs;            Fe   lotdro  A
portir do PxrimitI  5' de son brin bt prdvoir un fragment d'ADN comprnamnt
un     codant, un aedon de dibut de trmnslation de ATG, promoreur
compatible ovc une saudhe h6ho de     1  nueltotde r6siduals codnrt
randtgne do levure;                                         surface de
I'hipaftto B mature du g6nome do a) privoir un fragment dADN codent
I'antigine  lhipatfte B at Is ou lea dignaux d'anrt de trmnsla- de surface
de l'hipedto a et manquant do toube  Is   don. siqumo  cadant Ia awquence
prrcuseur de           10. Meitode saln le revndlicedn 8 ou Is HBAg;
revendication S. oai Is pramatour de rEtape o) ewt di assembler Its
fragments des tAps, a)), b)aet  dirIvd do Is ragion du promoteur PKG de la
a) pour former un vodeur d'expressfon riplicabl,-  levurv. oO latdist
oquenco do 1'6tape ) aet soug le  ze   I I. M1thod, uon l'une quolconque de
rven- contrOlo dudit promobutr avc des signaux        dicatlons B A 10, oO
In vocteur candent un gine appropris do d~but at de fin de tranuletion, qul
LEM  pour le s~lection phnotwypque done in pout eexprlmer pour produirs
l'ontgbne do mur   levure, t to souche de lovura eat une souche de eeca de
1'hipatit, B maturo;                     ovure auxotophe hlR. IN 31 us
4,,~~~~~~ us 55 *4    


