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This invention retales to the use of a recambin.

.. ) ant DNA technafogy tor the production of meture .
-’ hepatitis 8 surface antigen (MBsAg) in yeast
organisms for use in the praparation of vaccings -

against hapatitis B virus (HBV]. In one aspect, the
present invention relates to the construction of
microbial expression vehicles containing DNA
sequences encading mature hepatitis B surface
pratain antigens aperably linked to expression
aftecting promotor systems and to the expression
vehicles 3o constrycted. In another aspect, the
prasent invention rolates to yeest organisms
transformed with such expression vehicles, thus
directed in the expression of the DNA sequencas
referred to above. In yet other aspects, this inven-
tion reiates to the means and methods of convert-

- ing the end products of such yeast expression to

entities, such a& vaceines, usaful againgt hepatitis
B virus. in preferred embodimants, this invention
provides for particular expression vectors that
utiliza potent vyeast promoters and DNA
sequences distal to that encoding the hepatitis B

\ urface antigen protein whioh, in combination,

provide attractive yields of desired protein, pro-
duced in particle form of about 22 mm, and
conteining antigenic determinantis) of hepatitis 8
virus.

The publications and other materials thersof
used to lHluminate the background of the inven-
tion, and in particular cases, to provide sdditional
detalis respecting its prectice sre incorporated
herein by relerence, and for convenignce, are
numericafly referencod In the following text and
groupad in the appended bibliagraphy.

Hepatitis B virus

Hepatitis 8 (serum hepatitis} virug i transmit-
tad among humans and manifests as chronically
dabilitating infections which can result pro-
gressively in severe liver damage, primary car-
cinoma and death. in most cases, complete
recovery from hepatitis B infsctions can be
expected; howaver, large segments of the popu-
Iatian, especially in many African and Asian coun-

S)s, are chronic cariers with the dangerous
otentis! of transmitting the disease pandemi-
cally,

Heptatis is caused by a virus vactor (hepatitis B
virus or HBV)} which in its whois state—the so0-
called Dane perticle-representz the virion and
consists of 8 27 nm nucleocapsid enciosing a DNA
molecule and en envelope surrounding the nue-
leocapsid. Proteing associgted with the virion
include the core antigen (HBoAgl, a DNA
polymerase and the surface antigen (MBSAG)
which has bgen found in serum of infected and
carrier hurmnans, Antibodiss to HBsAG have algo
besn found in serum HBV infacted peaple. it is
believed that HBsAG is the HBV antigen that can
induce immunogenic production of antibody
{anti-HBs) and thus it would be the principal in an
HBY vaccine. Attention is directed to: Dane &t af,,
Lancer 1870 (I 695 {1970); Hollinger et al, J.
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immunology 107, 1098 {1971); Ling et af, J.
immunofogy 103, 834 (1872); Blumbarg, Science
187,17 (1977} Poterson of af,, Proc. Nat. Acad. Sei

{USA] 74; \B30--(1977) -and_ Viral -Hepatitis, A

Cantempory Assessment of Etiology, Epidemiol- -
ogy. Fathogensis and Pravention. (Vyas et al.,
eds.) Frankiir Institute Press, Philadeiphia, 1978,
cach of which is hereby inoorporated by this
referance to further iffustrate the background of
this invertion.

—iBsAg is present in infoctad plasma pre-
dominantly in the form of spherical particles
having diameters ranging from about 16 1o 25
nm-—the so-called 22 nm psrticla”. These are
thought to represent a noninfectious viral
enveiope. Because antlbodies against HBsAg are
protective against HBV infaction, these non-infec-
tious particles cen effectively be uged as a vac-
inna.

ingsmuch as the hepatitis B virus has ot bean
infectious In cell culture and can only be obtained
from infected humans or higher primatea, means
have not been avalleble for obraining and main-
teining sufficiant supplies of HBV for use in
g?:wing antigens for immunization against

The present invention provides the means snd
methods for producing a vaccine eftective agalnst
HBY. By means of recombinant ONA technology,
the gene encoding mature HBsAg was ingerted
with appropriate translutional start and stop
signals under the control of an appropriste
expression promotar into 8 roplicable expression
vector and the (atter used 1o transform yeast cells.
The cefls, thus penetically directed, produced
HBsAg directly and in particle form which, when
purified, is suitable to immunize against HBV.

The contlicting European patent application
EP—A=Q 072318 disclosed inter alis yeast
gxprassion vectors in which the DNA sequenss
coding for the HBsAg iacks sl of the bases of the
§'-untransiated region. Hawever, this particulsr
amhbodimant anjoys 2 later effective date then in
the present application.

fecombinant DNA tachnology

With the advent of recombinant DNA tech-
noiogy, the controlled microbial production of an
snormous variety of useiful polypaeptides has
become possible. Many mammalian polypap-
tides, such as human groath hormone and feuko-
oyte Interfarons, have already been produced by
various microargenisms. The power of the tech-
nology admits the microbial production of an
enormous varisty of useful polypeptides, putting
within reach the microbialiy directnd manufactur=
of hormones, enzymes, antibodies, snd vaccines
useful againet a wide variety of drug-targseting
applications.

& besic efement of recombinant ONA fech-
noiogy is the plasmid, an extrachromasonal laop
of doublg-stranded DNA found i becteria ofien-
timas in multiple copies per ceil. includerd in the
information encoded in the plasmid DNA Is that
rguired to reproduce the plasmid in deughter celly
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(ie., a “replicon” or origin of replication} snd
ordinarily, one or more phanotypic selection
characteristics, such as resistance to antibiotics,

:which permit clonas of the host celi containing.

the plasmid of interest iv be recognized and
preferentially grown in gelective media. The
utitity of bacierial plasmids fies in the fact that
they can be specifically clesved by one or
another restriction endonuclease or “restriction
onzyme”, sach of which recognizes a differont
site of the plasmid DNA. Thereaftar haterolog-
ous genes or gene fragments may be inserted
into the plasmid by endwise joining st tho cleav-
ape site or at reconstructed ends adjacent to the
cleavage site. Thus formed are so-calted replic-
able expression vehcles.

ONA recombinstion e performed ottside the
microorgenism, and the resulting “recombin-
ant” raplicable expression vehicle, or plasmid,
can be introduced into microorgenisms by a
process known as transformation and large
quantities of the recombinant vehicle obtained
by growing the transformant. Moreover, when
the gene is propatly inserted with reference to
portions of the plasmid which govern the trans-
cription and translstion of the encoded DNA
message, the resulting expression vehicle can
be used to direct the production of the polypep-
tide sequsnce for which the inserted gene
codes, B process referred to as axprassion.

Expreseion is initiated In a ONA region known
as the promoter. in the transcription phase of
axpresgiaon, the DNA unwinds exposing i as &
template for initiated synthesis of messenger
RNA from the ONA sequence. The messenger
RNA is, in turn, bound by ribosomas, whers the
messengsr RNA is translated into a polypeptide
chain having ths aming. acld sequence encoded
by the mRNA. Esch aminoc acid is encoded by o
nuclootide tripiet or “codon” which collectiviey
make up the “structural gene”, i.e,, that part of
the DNA Soquence which encodes the amino
acid sequance of the expressed polypeptide pro-
duct. Translation is initiated at & “start” signal
tordinarily ATG, which in the resulting

. messenger RKA becomes AUG)H So-celled stop

codons define the end of translation and, hence,
the production of further amino acid units. The
tesuiting product may be obtainad by lysing the
host cell and recovering the product by approp-
riate purification from other bacterial protains.
in practics, the use of racombinant DNA tech-
nology can express antirely hetervlogous (not
ordinarily found in, or produced by, 2 given
micro-ptiganism), polypeptides—so-called direct
expression~—or  gitarnatively may express a
heterglogous polypeptide fused to a portion of
the amino acid sequence of & homolagous
lfound in, or produced by, the corresponding
wild-type  microorgsnism} poiypeptide. in the
latter cases, the imended biomctive product s
somotimes rendered hicinactive within the
fused, homologous/heterologous  palypeptide
until it is clesved in an extracellular environ-
Ses, e.g, British Pmwent Publ. No,
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2007 676 A and Wetzel, American Scientist 8,
664, {1980).
if recombinant DNA technology is to fully sus-

- tain ts: promise, systams st be devised which

optimize expréssion of gene insarts, so that the
Intepded palypeptide products ean bs mada
available in controlied onvironments and In high
yields,

British Patent Publication 20343234, published
June 4, 1980, describus the isolation of the HBY
genome somprising about 3200 aucleotides and
the incorporation of this DNA into a vectar tak-
ing advantage of an EcoRl digest and subse-
quent lipation. It is stated that the resultant
claned HBV-DINA can be labelled and used 2s &
probe 10 detact Dane particies In serum and that
the vector could be used to express & polypep-
lide contalning a hepatitis B protein fragment.

in a related article from the same {aborstories
{Proc. Natl. Acad. Sei {USA) 77, 4548 (1980)), it
is reported that tandem cloned hepatitis B
genaomaes were introduced into mousa ¢ells and
intagrated in to the mouse chromosoma. Poly-
peptide [dentified as hepatitis surface entigen
was axcreted from the calle as particles similar
to those Tound in the sers of infected humans,

Europaan Patent applicstion Publication Na.
13828 describes the production of HBV core
antigen by read-thraugh transiation of an mRNA
transcript from the genomic DNA. No surface
antigen was detectad.

in European Patent Application Publication
No. 20261 there is described the production in
£ cofi of 3 fusion protein purportedly containing
8 partion of the surface antigen protein of HBV,
Because the surface antigen determinants were
present as 8 fusion protein, the structure could
not be oastive; hencs, the reported low
immunological ectivity.

The prasent invention is based upon the dis-
covery that recombinant DNA technology can be
used to successfully and afficiently produce the
mature hepatitis 8 surfaca antigens, directly and
in discrete particle form, & product that (& suit-
able for use in confaring immunogenicity to
hepatitia B virus in @ auscepiible human or for
preparing a vaccine for such use. The product is
produced in a sukaryotic host—yeat—and thus
carries the acdvantages such systems confer on
cofresponding, proteinacaous praducts, to wii,
glycosyiation and sugar and lipld association
more closely related to humen produced pro-
teins varsus bacterial produced proteing whose
hosts are intapable of such sophisticated pro-
cessing. In addition, the eukaryotic yeast celix
tolerate the protein product better than prokary-
olic systerns, doubtioss increasing expression
levels and vields significantly over bacterial
systems, in which the hepatitis protein per se
proved lethal. .

The present invention comprises the mature
hepatitis B surfece antigen (HBSAG! produced
and the methods and means of its production.
Spacifically, the prasent invention is directed to
HBsAg in  perticie form  comprising
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immunogenic determinant(s} of hepatitis 8 virus,
produced in yeast. The HBsAg hareal is produced
in discrete particle form:, deveid of any additional,
fused polypeptide - artifact,  whethor encodsd by
another poftion of the HBV genome or by DNA
homoalogous to the yeast strain emploved. The
prasent invention is further direoted to replicable
DNA expression vehicles harboring gene
sequences encoding HBsAg in directly express-
Ible form. Furthor, the present Invention fs
directed to yeast strains transformad with the
axprassion vehicles described above and o
microbial cultures of such transformed. veast
steains, capable of producing HBsAg. in still fur-
ther aspects, the present invention is directed to

various processes useful in preparing sald HBsAg

gene secquences, DNA expression vehicies, yeast
strains and culiures and to specific embodiments
thersof. Still further, this invention is directed ta
the use of thus produced HBsAg for the pre-
paration of vaccines useful to confer
immunogenicity to HBV in sustaptbis humans, to
such vaccines and to the method of using them to
inocutate and confer immunogaenicity to HBV in

\_~susceptible hamans,

The praferred promoter herein is one tailored
from the yeast 3-phosphopiycerate kinase (PGK}
promoter reglon which Is deseribed infra. The
PGK gene was analy2ed for restriction sites which
would be useful for ssquencing. DNA sequance
analysis around one of these restriction aites
indicated that translation beginning with a
spacific ATG would yield 3 protein whose N-
terminal amino acids corresponded to the same
N-terminal amino acids of human and horse PGK,
this flanking DNA being considerad the yeast PGK
promoter ragion, The PGK pramoter region was
analyzed for a reglon which would logically

- Support 8 unique restriction site. A primer repair

maction was carried out and this unigue sito was
placed at the 3 end of the PGK pramoter ragion.
This unlqgus site allawed the PGK promoter region
0 effact the direct exprassion of the thus fused
gene in yeast.

A yeast/bacteriz shitle plaemid, pCV13 (or
YEP13) described Jinira, had certsin restriction

\_‘ragments removed. Replacement of thess frag-

ments by PGK promoter region fused to surface
antigan sliowed rectosure of the vector. This
vector was used to transform yaeast which were
Grown up under customery fermentation con-
ditions end permitted to produce the desired
HBsAg product. Recovery of product foliowed by
oreaking open the transformed yeast. Supsmat-
ahts from cemtrifuged sclution were used as a
substrats in hepatitis B surface antigen
radioimmaune 853ays.

A perticular DNA seguence, found ta be suit-
adle herein as a transeription terminstor, was
g:acaa after the gane sequence encoding HBsAg
;iderder ¢ terminate mANA synthasis snd pro-
pr;;" Poly A addition site for proper mRNA
base d“'ﬂe and tranglation. This tarminator Is
fra upan the 232 bp Hind -10-8gh! restriction

BMent from the 7ez1 gene contained in pFRLS
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{12}, This fragment was isolated containing some
coding sequence from the yeast TR gane and
the 3-flanking sequence raguired .for proper

“transcription * termination and polyadenylation.

This terminator fragment was fused via its Hindill
site 10 the Hindll site of the HBsAg gena. Trans-
cription of the HBsAg gene by a fused yeast
promoter in yeast is designed to terminate in the
fused TR terminator fragment,

pCV1I3N(1) contains the ampiciiiin and tetracyc-
lino resistance genes allowing for plasmid selec-
tion In E. coll, an £. coff arigin of DNA repiication,
the LEUZ gene zllowing for sefection of the
plasmid In yeast and the 2 (micron) origin allow-
ing for DNA replication of the plasmid in yuast.
This plasmid is found In the nucieopiasm of
transformed yeast. The small Hindili-to-BamH!
fragment from the tetracydline resistance gene
wae ramavad from the vector. The resulting large
veotor fragment was then ligated with the 1.6 kbp
Hind{l-10-EcoRl essembled PGK promoter frag-
ment and a 1. kbp EcoRi-to-Bghl HBsAQ/TRA
terminstor frament 50 as tc produce the pYeliBa
voctor in Figure 8. This HBxAg expression vector
was constructed to have the PGK promoter frag-
ment injtiate transcription of the HBsAg structural
gene and then terminate this transcript in the
TAP1 terminator previously fused to the HBsAg
gene, _

Preferred embodiments of the invention will
now he described in greater detall with reference
to the accompanying drawings in which:

Figure A deplcts the construction of plasmid
pHBG4 harbouring HBsAg DNA.

Figure 1 schematically iliustrates the restriction
map of the 3.1 kbp Hindill insert of vector pBt
from which the PGK prarmoter wes isofated. Indi-
cated Is the insertion of an EcoRi site and an Xbal
site in the &'-flanking DNA of the PGK gane,

Figure 2 iliustrates the §'-Nanking ssquence
plus the initial coding sequence for the PGK gene
before insestion of Xbal and EcoR! sites.

figure 3 schematically [lustrates techniques
uand to insert sn Xbal sits at position—8 in the
PGK promoter and to Isolate a 30 bp fragmant of
the 5'-Ranking sequence of AGK containing this
Xba! and and e Ssv3A end.

Figure 4 schematically illustrates the construc-
tion of & 300 bp fragmant containing the above 39
bp fragment, additional PGK §'-flanking sequence
{265 bp) from Pvut to S2udA {ses Fig. 1), and &
EcoRl site adjacent to Xbal,

Figure € schematically fllustrates the construg-
tion of the 16800 bp PGK promatar fragment”
(HindRVEeoRl) which contains, In addition to the
fragment constructed [n Fg. 4, & 1300 bp Hindllito
Pyul fragment from PGEK 5'flanking sequence
{see Fig. 1).

Figure & schamatically iliustrates the construo-
tion of an sxprassion vector for hepatitie surfate
antigen in yeast, containing the modified PGK
promoter, the HBaAg gane, and the terminator
region of the yeas: TAF1 gane, as described In
more detali hersin.

Figurs 7 depicts: A) sucrose gradient sedimen-
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tation of yeast produced HBsAg compared with
22 mm particle and B] a corresponding CsCt
gradient centrifugation thargof.

Yeast host organisms

in the preferred embodimems hereof, the
expression system was placed in the plasmid
pCV13 (1), which is capable of selection and
replication in both £. co¥f end yeast, Saccharomy-
cos cerevising. For selection in yeast the plasmid
contains the LEL2 gene (2) which complements
yeast (allows for growth in the ahsence of lsucins)

containing mutations in this gene found on

chromosames Il of yeast {3). The strein used here
was the strain XV610-8C which has the genotype
a leu trpt adeb ade2 fyst carml, This strain 1s
deposited in the American Type Culture Collec-
tion without restriction (ATCC No. 20822). How-
ever, it will be uaderstood that any Saccharomy-
ces gerevigiae strain containing & mutation which
makes the cell lew2 should he an effactive
environment for expressian of the plasmid con-
taining the expression system. An example of
another strain which could be usad is ATCC Na.
38626 which has the genotype, & /eu2-3 /eu2-112
h#54-613 carr1 {4), This strain has two point muta-
tions in Jeu2 which restricts reversion and allows
for tighter transforrnation of Lau™ to Leu®.

Yeast promoters

The 5-flanking DNA sequence from a yeast
gena {for alcohol dehydrogenase 1) can promote
the expression uof a foreign gene (e.g. leukocyte
interferon D) when placed in 8 plesmid used to
transform yeast. Another yeast gene has been
placed ai the 3'- end of this construction to allow
for proper transcription termination and poly-
adenylation in ysast. iIndeed, we have shown that
the mARNA wanscript does ond (3-end} es
axpscted in the termination/adenylation region of
the yeast 7RPt pene (Hitzeman ot ol.,, Nature,
293, 717 {1981 (Ref. 12)}, This promoter can be
suitably employed in the prasent invention as
welt as others—ct. infra. In the preferred ambodi-
ments, the 5'-flanking sequence of the yeast 3-
phosphoglycerate kinese gene {5) was placed
upstream from the structural sequencs for
hopatitls surface antigen followed again by DNA
comaining the 7ARP1 gene terminstion—poly-
adenylation signals.

Since both the yeast alcaho! dehwdrogenase |
Sj-ﬂanking ssquence and the 3-phoaphogiycerate
kinaze 5'-flanking sequence [infra) can function to
promotn expression of foreign genes in yeast, it
seams likely that the §'-flanking seaquences of any
highly-expressed yeast gene could be used for
the exprassion of important gene products. Since
under some circumstances yeast expresses up to
66 pervent of its soluble protein as giyeoiytic
enzymes {6} and since this high level sppears to
result from the production of high leveis of the
individual mRNAs (7}, it should be possible to use
the §'-flanking sequences of any other giycotytic
genes for such expression purposes—e.g.. snok
ase, glyceraldehyde-3-phosphate dehydrogen-

o
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ase, hexokiness. pyruvate cdecarboxylase, phos-
phofructokinase, glucoseS-phosphate isomsr-
ass, 3-phosphoglycerate mutase, pyruvate kin-

asa, triosephosphats isomaerasae, phoaphogiucose .

isomarese, and glucokinase. Any of the 3'-flank-
ing sequances of these genes could aigso be used
for propor termination and mRANA polyadenyla-
tion in such an expression system—cl. Supra.
Some ather highly expressed genes are those for
the acid phosphatasses (8) and those that express
high laveis of production dus 10 mutations in the
b'flanking regions (mutants that incroase
exprassion}—usually due 1o the presence of a Tyl
transposon elemeant {9).

All of the genes mantioned abnve are thought
to be transcribed by yeast RNA polymarase I {9).
it is possible that the promoters. for RNA
polymerase | and Il which transcribe ribosomal
DNA, 58 DNA, and tRNA DNA (9, 10}, may also be
useful in such expression constructions.

Finally, many yeast promoters also contsin
franscriptional control so that they can be turned
off or an by varistion in growth conditions. Some
sxamples of such yeast promoters are the genes
that produce the following proteins: Algohol
dehydrogenase i, isocytochroms, sald phosphat-
ase, degradative enzymes aggocisted with nitro-
gen metabolism, glyceraidehyde-3-phosphate
dehydrogenass, end enzymes responsible for
maltase and gatactose utilizion {8). Such a control
rogion would be very useful in controlling
exprassion of protein products—aspacially when
their production is toxie 1o ysast. It should aiso be
possibie to put the control csgion of tha 5'-
flanking sequence with a 5'-flanking sequence
containing a promoter from a highly expressed
gene. This woulid result in a hybrid promoter and
should be possible since the control region and
the promoter appear to be physicaily distinet DNA
ssquences.

Detailed description
identification of PGK promoter DNA
The six N-terminal amino acids of the 3-phos-
phaglycerate enzyme purified from humans are
as follows:
1—2—3 =4 ~5 -8
. SER—LEU~SER—ASN—~LYS~LEU~

One of the wanslational reading frames genera-
ted from the DNA sequence of the 141 bp Sau3A-
10-58U3A restriction fragment (containing the
internal Hincll site; see PGK restriction map Fig-
ure 1} produces the foliowing amino acid
$0gUence.

ME TS Blnmt Bl SEF~-SER— Y & LE b

After removai of inftiator mathionine, [t is seen
the PGK N-terminal amino acid sequencs has 5 of
6 amino acid homaology with N-tarminal amino
acid sequence of human PGK.

This sequenting result suggested that the start
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of the yeast PGK strucwral gene is coded for by
DNA in the 141 bp Sau3aA restriction fragment of
pB1. Previous work (B} has suggested that the

DNA ssqugnces specifying the PGK mRNA may - -
reside If this ares.of the Hindilf frapment. Further

sequancing of the 141 bp SaudA fragment gives
more DNA sequence of the PGK promoter
{Shown in Figure 2). :

Protocot: Forthe Insertion of XbaVEcoRI sites in
the §'-Ranking ssquence of the PGK gene and the
Construction of 8 Promoter Fragment {ses Fig. 1),

Step 1} Primer-repair reaction and cloning of 38
bp Xbal=to Sau3A fragment {as shown in Fig. 3\

Stap 2) Clone Avudto-Xbal pattial promoter
fragment {as shown in Fig. 4).

Step 3) Clona EcoRti-to-EcoRi promoter frag-
ment {as shown in Fig, B}—contains the Mingill-to.
Ecoll pramoter fragment used in Fig. & for con.
struction of expression plasmid.

Insertion of EcoRl restriction site in the PGK
proroter and promoter seassembly

The use of the PGK pramoter for direct expross-
ion of heterolopous genes in yeast requires that

i\/thsre be a restriction site on the 3' end of the PEK

promoater fragment which does not contaln the
PGK initistor ATG. Figures 1, 3, 4 and 5 show how
ws insarted an EcoRl site in the PGK promoter.
We used a primersepair reaction (11} to first
insert an Xbat site in the 3’ end of promoter
ssquence. This Xbal stitky end wag ligated o the
Xbal site of a LEIFA (13} gene comaining an £coRt
site adjacant to the Xbat site. This connaction
soquence at the 5' end of the LEIFA gene ia as
follows:

§-TCTAGAATTCATG-?
AGATCTTAAGTAC-E

This gunnection on the LEIFA gene is how an
Ecofl site was inserted next ta the Xbal site on the
PGK promater. Use of this X8al-to-SeoRt connec-
tion gliows for placemem of structursl genes
containing sither of these restriction ends at the 3'

end of the PGK promotor Tor expression pur-
noses.

\ |
; \Cénstruction of expression vector

'solation of HBsAg structural gene
The structural gene coding ¥or the HBsAg was
recovered from ¢ plasmid {PHBV-T-1A) containing
the entire genome of HBV cloned into the EcoRll
ste of pBR322. This clone was obtained by
Methods similar to those racantly published by
Valenauels et, al. {14} and {15).
. The structurai gene was modified in two ways
a ! ;0 incorporate a uhique restriction site directly
1: 70N of the initial ATG methionine codon and 2)
qiﬂ-'-“}mt-and ligate the HBV Hpa I sita tacated
of "é 10 the HBaAg gene to the filled in EcoRi site
f .p R322, These two modifications to the DNA
wag"""‘ containing the MBsAg structursi gene
i‘“"mnllahud as described below:
with 1,18 Of DHEV-T-1A DNA was first digested
Rz I (80 units} in 200 y! resction mixture

0
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according to enryme suppliers {BRL} roaction
candition to obtain a 1.7 kb DNA fragment, in

which the initiation - codon for the oceding . .

sequences of HB8sAg was located dlase to the 8
end of the sense-strand (about 400 bp), The DNA

-was purifled by electrophoresis an polyacry.

lamide gels. (PAGE]L. The purified Hpail fragmart
was then treatad with A uxonucisase (2 units) In
100 pi reaction mixture {New England BiolLab) for
30 minutes at 37°C, X exonucleass is a &' exonuc-
lease which digests double stranded DNA. This
resction degraded the 5' half of the “‘sense-
strand” DNA from HBsAg cading sequencss and
exposed the antisense strand for pairing with
added primar. The A exanuclease traated DNA
wae deproteinized and rasuspandad in 50 i of
reaction mixture containing 40 mM potassium
phosphate huffer {pH 2.4}, 1 mM DTT, 50 pg/mi
BSA, 6 mM MaCi2, 0.5 mM each of dNTPs, and
0.2 n mole of dATGGAGAACATC (3*pishslied st
5’ end by polynucteotide kinasel, The mixture was
{isst heated at 80°C for 1 minute, annesied at 0°C
for 30 minutas and then incubated at 37°C for 3
hours in the presancs of 2 units of £ colf DNA
polymerasa { Klenow fragment (16). The DNA
pofymerase synthesived DNA primed by the
added primer and degraded single-stranded ONA
with 3'-OH tenminal and, tharefore, created biunt
ended DNA molgcules. The resultant DNA was
thon depsoteinized, digested with Xbal {45 units)
2t a site located within the HBsAg genein a 100 ¢l
readtion mixture and fractionated by PAGE. A 91
base palr DNA fragment containing the first 30
codons of HBeAg gene was inoiatad after auto-
rediographic detection (fragment Al

Yo create @ unique restriction site she fmme-
diztely &' to the HBsAg gene, we took advantage
of & daerivative of the plasmid pBR322 (called
PNCV) which containg & synthetic DNA ssgment
with: the saquence: ARTTCTGCAG

GACGTCTTAA

jocated at the EcoR! site. incorporatad into this
synthetic DNA sequence is 8 Psti site. Ten g of
pNCV DNA wag first cut with 24 units of Pstl
enzyme in a8 100 pl resction mixture and then
treated with 2 units £ coli DNA polymerase
Kisnow fragment in 80 pl resction mixture as
described above at 8°C for 1 hour. The DNA
polymerase treatmeant remaoved the 4 besa-pair 3’
overhang created by Pst digestion o leave a
blunt anded DNA with an intact EcoRi restriction
site giving the fragpment 8, containing the Srigin
of raplication of pBR322, The blunt endad HBcAg
gene fragment 4 prepared above was ligated to
the EcoR! site of fragment 5. This wss ascom-
plished in a three fragment ligation to create @
plasmid pHS94. The third fragment (fragment Cj
was prapared as follows: :

2.} The HBsAg gens from the plasmid pHBV-T-
1A was cleaved with Hpal at e site distal o the
HBsAg gens. The Hpal site was ligated 1o 2 EcoR|
shte of pSR3I22 previously fllied In the DNA
polymerase | Kienow fragment (161 This was
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accomplished by subcloning the derivative of
PBR222 to give pHS42. This plasmid was cleaved
with Xbal (which cleaves at codon 31} end with
BamH! {which cleaves 376 base pairs from. the
tooRt! site of pER322) 10 give a DNA fragment
tontaining most of the HBsAg pene, ca. 160 base
pairs dietal to the HBsAg gane, and the promoter/
opecator and the first 200 base pairs of the
tetracycling resistance gene. The DNA fragment
C. bounded by Xbal and BamH! was isolated by
PAGE end used in the thres fragment ligation
degcribed abave to give the plasmid pHS84, (Fig.
Al

Successful expression of a heterologous gens
in yeast requires that transcription of that gene
and with a saquence of DNA which atlows for
proper processing {polyadenyiation} snd trans-
port of that transcript.

DNA restriction and modification enzymes

Restriction enaymes EcoR! and Hindil along
with bacterial alkaline phosphatase were pur~
chased from Bethosda Research Laboratories.
DNA polyrmerass {Klanow fragment] waes pur-
chasad from Boehringer-Mannheim. T, polynuc-
fectide kinase, ATP and the decxynuciecside
triphosphates dATP, dGTF, dCTP and dTTP were
purchased from PL Biochemicals, All othar DNA
regtriction and metabolic enzymes were pur-
chased from New Engiand Biolabs. [y-**PJATP
was purchased from Amersham Corp. DNA
rastriction and matsbalic enzymes wars used in
sonditions exuctly described by their respactive
manufacturers.

DNA preparation and transformation

Purification of covalantly closed circutar plas-
mid DNAs from £ coll (17} and yeast (18) pius the
transformation of £ co# (19) and yeast {29, 21}
ware performed es previously described, £ colf
;mzv;iserem were done as previously described
22).

Strains and media
E. cofi K-12 strein 284 (ATCC No. 31446) (23]
was used for gli bacterial transformations. Yeast

U Strain XV610-BC having the genotype (ev2 trpl

adeb and/or ada2, iyet canl} was used as yeast
cloning host. {ATCC No. 20622). .

LB (rich medium was prepared as described by
Miller (24) with the ardition of aither 20 ug/mi

ampiciliin [Sigma) or 20 upg/mi tetracycline
{Sigmaej.

Restriction Map and partial sequencing of 3.1 kb

nsert of pB1
300 g of pBY {5} was exhaustively digested
“:'lh HindWl in a 500 i reaction volume, then
;f‘"ﬂphorsud on a 1 percent agarose prepara-
in:g S9aruse {Sea Kemn) gel. The 3.1 kb Hindill
“’c{t was cut tram the ethidium stained gel,
v foeluted {26), 2x extracted with equal
th.:"g:* of buffer-saturated phenol  and
otth orm hefore ethanol precipitation, Portions
€ resuspended DINA fragmant was divided up

)

15

EP 0073657 81 12

and subjected to restriction cuts with & group of
difterent restriction entymes to yisid the partisl
restriction map depicted in Figura 1.

"30 g of the purified 3.1 kb insart was out with .

Sau3A then run on a & percont acrylemids gel.
Fragments corresponding to the 265 bp and 141
bp were saparataly purified by electrosiution as
described abave. Each DNA {ragment was then
subjected to DNA saquence analysis {25).

A portion of this DNA sequence is shown in
Figure 2. Amino acids carrasponding to the N-
terminai amino acids of the PGK structucal gane
are printad shove the DNA seguence.

insertion of a restriction site in the PGK §
promoter regian

A synthetic oligonucieotide with the saquence
SATTTGTTGTAAAY was synthesized by stan-
dard methods (26). 100 ng of this primer was
labelled at the 5’ end using 10 units of T4
polynucleotitie kinase in 3 20 Wi raaction sliso
containing 200 yCi of (A*-PJATP. This lsbellad
prirner solution was used in a primet-repair resc-
tion designed to be the first step in 8 multi-gtep
process to put an EcoRl restriction site In the PGK
b'-flanking ONA just preceding PGK structure
gene sequences. The multistap process s
explained below:

Step 1 {Figure 3)
Primer rapair reactions and cloning of 38 bp Xbsl-
to-Sau3A PGK plece

100 ug of pBt was completely digusted with
Haelli then run on a 6 percent polyacrylamida gel.
The uppermost band on the ethidum stained gel
{containing PGK promoter region} was isolated by
slectrosiution as described above. This 1200 bp
Haelll plece of DNA was restricted with Hinclll
then run onh @ 6 parcent acrylamide gel. The 660
bp band was isalated by elsctroslution, § ug of
DNA was Igolated. This 660 bp AHeelli-to-Hinclll
pisce of DNA wes resuspended in 20 @l diHg 0,
than mixed with the 20 ul of the phoaphorylated
primer solution described sbove. This mixture
wag 1X phenol-chicroform sxtractad then sthanol
precipiteted. Oried DNA wes resuspendad In S0 pl

" of H,O und then heated in & balling water bath for

seven minutgs. Thig solution wes then quickly
chilled in s dry lce-athanol bath {10~~20 ssconds)
then transferred top an ice-water bath. To this
solution was added 50 ul of a solution containing
10 ¢l of 10X DNA poiymerase | buffar (Boehringer
Mannheim), 10 pu! of & solution previously mede
2.5 mM in each deoxynucisoside triphosphate
(dATP, dTTP, dGTP and dCTP}, 25 pi of diH,0 and
B units of DNA Polymerass |, Klenow frapmont.
This 100 pl resction was incubated at 37°C for 4
hours. The solution was then 1X phenolk
chicroform extracted, athanoi preclpiteted, dried
by iyophilization then exhaustively restrictad with
10 units of Ssy3A. This salution was thenrungn a
€ percent sorylamide gel The band corre-
sponding to 33 bp in size was cut from the pe!
then isolated by elactroehition, as described
above. This 39 bp band has gne blunt end and ons
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Sau3A sticky end. This fragment was cioned into
a purifiad pAIFupES veotor (11}, 10 g of pFIFrpes
wae linearized with Xsal, 1X phenol chioroform
extracted, then ethanol precipitated. The Xbai

sticky snd was fitled in using DNA Polyrnerase § -

Klanow fragment in 2 80 | reaction containing
250 ¢4M in each nucleoside triphosphate. This

- DNA was cut with BamHi then (un on & & percent

acrylamida gei. The vector fragmant was isclated
fram the gel by slactroglution then restspended
In 20 @ diH.0. 20 ng of this vactor was ligated
with 20 ng of the & bp fragment synthesized
above for 4 hours at room temperature. One-fitth
of the ligation mix was used to transform E. colf
strain 294 ta ampicillin resigtance (on LB +20 ug/
m! amp plates). Plaamids from the transformants
were examined by a quick screen procadure {22),
One plasmid, pPGK-39 was selpcted for saquence
analysis. 20 ug of this plasmid was digested with
Xbat, ethanol precipliated then treated with 1000
units of bacterial elkaline phosphase at 68°C for 45
min. The DNA was 3X phenol-chioroform
extracted, then ethanol precipitated. The dephos-
phorylated ends were then labelied in a 20 W
reaction containing 200 uCi of [§%-P] ATP and 10
units of T, polynucieotide kinase. The plasmid
was tut with Saft and run on a § percent acryl-
amide gel.

The labefied insert band was isotated from the
gel and sequenced by the chemical degradation
method (25). The DNA sequencs at the 3'-end of
this promotar piece was as expacted. Step 2
(Figure 4}

Construction of 312 bp Pvui-to-EeoRl PGK
promoter fragment

26 ug of pPGK-39 (Fg. 3) was simultansously
digested with Sed and Xbal (5§ units each) then
electrophoresed on & 8 percent gel. The 330 pb
band countaining the 32 bp promotar plece was
isolated by eloctroelution. The resuspanded DNA
was restricted with Sau3A then electrophoresed
on an 8 percent acrylamide gol. The 39 pb PGK
promoter band weas isolated by electroelution,

This DNA contained 38 bp of the 5' end of the PGK

promoter on a Sau3Asto-Xbat fragment.

25 pg of pB1 was rastricted with Avul and Kpnl
then glectrophoresed on a & paraent gel. The .8
kpb band of DNA was isolated by eiectroaiution,
then restricted with Seu3A and electrophoresis on
8 6 parcent gel. The 265 bp band from the PGK
f_ﬁromme.r {Figure 1} was isoiated by electrosiu-
N,

This DNA was then ligated with the 39 bp
Rromoter fragrment from above far two hours at
foom temperature. The ligation mix was
‘festricled with Xba! and Pwvui then electrophor-
¢sed on 2 § percent acrylamide gel. The 312 bp
Xba-to-Pyusl restriction fragment was isolated by
electroalution, then added to & figation mix con-
lining 200 ng of pBR322 (pravicusly isolated
:"""'Q the 162 Pvul-to-Fst restriction fragment)

nd 200 ng of the Xbal-to-pst! LeiFA cDNA gens
g:;svmusly isclated from 20 ug of pLEIFtrpA, This
actor-ligation mix was used to transform £. coff
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strain 294 to tetracycline resistance. Transtormant
clonies were miniscroenad and one of the col-
onios, pPGK-300 was isolated as having 304 bp of

. PGK 5°-flanking DNA fused ta tha LeiFA gene in a

pBR322 based vector. The 5' end of the LalFA
gene has ths fJollowing sequence: 6'-
CTAGAAATTC 3, thus fusion of the Xbal site from
the PGK promoter fragment into this saquence
allows for the addition ta the Xbeai site an EcoRl
site. pPGK-300 thus contains part of the PGK
promoter isoiated in 8 Pvulta-EcoRl fragment.

Step 4 (Fig. 5)
Construction of a 1600 pb fcoRi-to-FeoR! PGK
promoter fragrent .

10 ug of pB1 was digestad with Avui and EcoRl
and run on & 6 pergent gorylamide get. The 1.3 kb
Pvuldo-EcoR! DNA band from the PGK 5°-flanking
DNA was isolated by siectroeiution. 10 pg of
pPGK-300 wes digestad with EcoRt snd Pyul and
the 312 bp promoter fragment was isolated by
efsctroelution sfter electrophorasing the diges-
tion mix on 2 6 percent gel. 5 ug of pFRLA was out
with £eaRl, ethanol precipltated then treated with
bacterial alkeline phosphatase at 68° for 46
minutes. After 3X phenol/chioroform traating the
DNA, ethanol precipitation, and resuspeansion In
20 mi of diH;0; 200 ng of the vector was ligated
with 100 ng of 312 bp EcoRito-Pvul DNA from
pPGK-300 and 100 ng of EcoRi-to-Pvut DNA from
pB1. The ligation mix was used to trensform £,
cofi strain 294 tg ampicillin resistance. From one
of tha Ap™ colonies was obtsined pPGK-1500. This
pissmid conteins the 1600 bp PGK promoter
fragment at an EcoRi-to-FooRt ar Hindlli-to-FeoRl
pieca of DNA,

Construction of expression vectar (Figure 6}

20 pg of pFRL4 was digesiad with Hiadll! and
8git then elactropharesed on a 8 percant aeryl-
amide gel. The 230 bp fragment from the TAM
gene contsining part of the structural gene and
the 3' untransiated region [28} was isolated by
alectroslution from the gel slice. This is the yeast
terminstor restriction fragment.

10 yg of pHSB4 was restricted with Mindlit and
£coRl, run on a 6 percent acrylamids gel. The 870
bp band representing the MBsAg gene was iso-
iated by elactroetution.

3 ug of the HbsAg gene was ligated with 1 ug of
the TAP1 “terminstor” for 2 hours at room
tamperaturs. Thie solution was then restricted
with Ecofit and Sgil and electrophoresed on a 6
percant acrylamide pel. Tha 1.1 kb band corre-
sponding to 9'-HBsAp/TRFE-3' DNA fragment
was isoleted by electroeiution. 56 ug of pPGK-
1500 was rastricted with Mindill and Ecofl then
electrophoresed on a 6 percent acrylamide gel.
The 1.5 kbp PGK promotor fragment was lsviated
by elsctroeiution. 1¢ ug of pCV13 was restricied
with Hindlil and BamH! then eleciraphoresed on &
1 percent agarose gel. The large vactor fragment
was isolated by electroefution. 0.5 ug of pCV13
{Hindll to BamHt), 150 ng of Hindill to EcoRi PGK
promoter fragment, and 100 ag of Scofl to SgAl




{ HosAQ/TAPT tusion were ligated for 12 hours at
.1 16%C and then used to wansform £ coli steain 294
X I‘ 10 ampicillin resistance. Miniscreen analysis of a

¢ number of transformants indicated that. some
eolonies contatnad the praper vector construction
with prumoter-HBsAg structural gene-7AP% ter-
minator. Several of these plasmids were used to
transform yessti to Leu™.

Transformation of ysast and assay for MhsAg
! Yeast strain XV610-8C was grown in YPD (20},
prepared for transtormation using standard pro-
cetduros {20, 21}, and transformed to feucine
prototrophy({leu”} using plasmid pCVI3 or
pYeHBs on minimal YNB{-leu) {Seq Stralns and
Media). Transformant colonies were prapared for
HBsAg radicimmune assay {Abbott Labs} as
follows:
{1) Grow 10 mis of yeast in YNB-leucine at 30°C
with aeration to an absorbance at 660 my of 1.0,
{2) Spin cutture & min at 5000 xg. Discard
suparnatant.
: {3) Resuspond cells in 500 w of PBS (20 mM
b sodium phosphate at pH=7 plus 0.14 m NaCl},
\~/ add 1.5 gram sterlle gless beads {45—.50 mm)
and vortex 5 min (keeping cold by putting on ice
intermittently).

14) Spin cell extract 5,000 kg for 2 min at 4°C.
Use 200 @ of cell extract for standard
radioimmune assay. Csll extract was diluted
using PBS.

Evidence for HBeAg exprassion In yeast by
pYeHBe _

pYeHBs and pCV13 were used to transform
voast strain XV610-8C to leucine protutropy In
¥YNB-jeu minimal media. The presence of the
plasmid was verifiec by growing the yeast on
piates with no leucine selaction (YPD) to colonias
foliowed by replicaplating to YN8(-leucina} plates
{2 percent agar). Fifty to 8D parcent of the coloniés
that grew on YEPD prew on YNB-lau demonstrat-
ing that 5080 percent of yeast containad pCV13
or pYeHBs. it should be noted that & Leu* tevor-
tant would show growth of all colonies on YNB-
leu. PCV13 stabliity in the yeast was no greater

" than pYelBs, suggesting that the production of
HBsAg (as discussed infra.) does not put pressure
on oelis to rastrict copy number.

Transformant veast were prown in liquid
{oucine selection media {YNB-leu} then broken
open by vortexing with & glass bead suspension
{infra.l. A radicimmune assay was used 10 assess
HBsAg protuction in the clpared yeast extract.
The 22 nm HBsAg particle is raughly 1000 times
more antigen then the HBsAg monomers alone
and we ussd antibady prepsrsd againet this
particie. The RIA on the yeast sxtract Indicates the
production of HBsAg from pYeHBs in yeast
[pCV13 wransformed yeast extracts produce no
HBsAg antigen material.}

Characterizetion of HBsAg in yeast
1) 200 ul of yeast extract prepared as describad
above was layerad on top of & 5 mi linear density
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gradient consisting of 65—20 percent sucroae (wiv)
in 20 mM trig-HCI {pH 7.4}, 0.5 mM EDTA, and
0.5M NaCi then centrituged in & SW5Q.1 rotor at

- 45,000 rpm for 2 hours. Fractians ware coliected

and assayed for HBsAg by radicimmiune assay.

2} 200 ui of extract from the same source as
above was laysred on top of a8 § mi solution
containing 20 mM Tris-HCl {pH 7.4}, 0.5 mM
EDTA, and CaCl {density 1.2 g/cc) then centrifuged
in a2 SWS0.1 rotor at 45,000 rpm for 70 hours.
HBsApg was assayed es described sabove and the
density of CsCl was determined by recording the
refractive index of vach gradient fraction.

Hepotitls surface antigen is synthesized and
secratad from liver celis ag 2 partidle {22 nm
partitle). in the canstruction described above,
only the coding region representing the mature
stiructural gene plus soms 3 untransiated
saquences were included. We assessed the par-
ticulate nature of the hepatitis surface antigen
monamer within the yeast cell. To this ‘end,
aliquots of & yeast coll extract contalning HBsAg
were subjected to sedimentation velodity and
sedimentation equilibrium anelysis. As shown in
Figure 7, the hepatitis surfece antigen synthesized
in yeast csll has 2 sedimentation rata that is
victuaily identical to that of the *22 nm particle”
form of HBsAg obtained from a cell line (PLCWIN)
secreting authentic 22 nm pasrticles.

HBsAg synthesized In veast has a buoyant
density of 1,18 gicm? as datermined by sedimen-
tation equilibrium analysis. This value is slightly
iower than that of HBeAG syrthesized in the
infacted liver cell.

Yaccine preparation .

Vaccines incorporating the HBsAg produced as
hersin described, van be prepared according 1o
known methods, wherein sald HBsAg la com-
binsd in admixture with a sultable vehicle. Sult-
abie vehicles include, for exampie, zafine solu.
tions, various known adjuvants, or other additives
recognized in the art for use in compositions
applied to prevent viral infections. Such vaccines
will contain an effactive amount of the HBsAgQ
hereot and a suitable amaunt of vahicle in order
o prepars B vaccine useful for sffective adminis-
tration to the host. Attention i also direcisd to

‘New Trends and Developments in Vaccings.

Editors: A. Voller and H, Friedman, University
Park Frags, Bailtimore, 1978, which is hereby
incarporated by reference, for further background
details on the preparation of veccines.
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Claims for the Contracting Statas: BE, CH, DE. FR, -

GE. IT, U, LU, NL, SE

1. A DNA exprassion vecior capable of roplics-
tion and phenotypic saslection in yeast host strain
comprising e promoter campatible with a yoast
host strain and .a DNA zeguence encoding
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hepatitis B surfece antigen (HBsAg! and lacking
any sequence sncoding HBsAg prasuraor
saquencs, seld DNA sequence being positicned
with appropriste transiational. atert -amcf stop -
signals in said vector under comrol of sald pro-
moter such that in a transfarmant ysast strain it is
exprossed to produce mature hepatitis B surface
antigen in discreta particle farm,

2. A DNA vactor acoording to claim 1 whersin
the promoter is derived from a yeast glycolytic
enzyme gene, acid phosphatese gene, or a gana
whose &'-flanking regions contaln mutations
resulting in unusualfy high expression levals.

3. A DNA vector according to cigim 2 wherein
the promatar is derived from the yeast PGK gene.

4. A yesst strain transfarmed with the ONA
expression vector according to any one of cliaims
1. 28nd 3.

5. A yeast strain according to claim 4 obtalned
by transfonning & /eu? autotrophic yeast strain,
the vector containing a LEU/2 gene for phenotypic
selection in yeast.

6. A fermentation culture comprising 2 trans-
formed yeast according to clalm 4 or clelm E.

7. A method of producing hepatitls B surface
antigen which comprises growing 8 culture
according to olaim 6 so 86 to produce said
antigen, and recovering the antigen therefram in
particis form.,

8. A method of producing hepatitis B surface
antigen in particle form guitable for use in confar-
ring immunogenicity to hepatitis B virus in &
susceptihle human which comprises:

a} providing a DNA transfor vestor capable of
réplication and phenotypic seipction in yeast host
strains;

b} providing @ DNA fragment comprising 2
promoter compatible with a et‘l'm host strain;

¢} providing 2 DNA fragmettt encoding hepatitis
B surlace gatigen and lecking @ny sequence
encoding HBsAg precursor sequance;

d} assembling the fragments of steps a), b} and
¢} to farm 8 replicable exprassion vacter whersin
saic sequence of step ¢l is under control of said
promoter, with appropriate translational start and
stop signals, such that it is expreasibie to produce
mature hepatitis B surface antigen;

e} transforming & veast strain with the vactor of
stop d};

1} allowing the yesast transformant to grow until
said hepatitis B surfove antigen is produced
tharein; and

g} recovering said hepatitis B surface antigen in
discrete particle form,

8. A method according to claim § wherein the
DNA sequence of step ¢l compriees, in order from
the 5" end of itz coding strand, an ATG transla-
tional stsrt codon, the remaining nucleotides
encoding mature hepatitis 8 surface antigen of
the hepatitis B genome, and tansiational siop
signalisl.

10, A method according to ciaim 8 or cisim 9
wherein the promoter of step b) is derived from
tha yeast PGK promoter reglon.

11. A method according to any one of cleims 8




|
)

18

i ‘1o 10 wherein the vector corsains & £{EU2 gane
! tor phenotypic seiection in yeast, and tho ysast

. ! strain is & le2 auxotrophic yeast strain.

. I claims for the Contracting State: AT
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1. A method which comprises producing a
DNA expression vector capable of raplication
and phenotypic selection in yeast host strain
comprising z promater compatible with 2 yeast
host strain and a DNA sequence encoding
hepatitis B surface antigen (HBsAg) and lacking
any sequence encoding HBsAg precursor
sequence, sald DNA sequancy being pasitioned
with approgriste transiational start and stop
signale in said vector under control of said pro-
moter such that in a transformant yeast strain it
is sxpressed tc produce mature hepatitis B sus-
face sntigen in discrete particle form.

2. A method according to claim 1 whersin the
promoter is derived from a yeast giycoivtic
anzyme gene, acid phosphatase gene, or 2 gene
whose 5'-ilanking regions contain mutations
resulting in unususlly high expression levels.

3. A methad according to ciaim 2 wherein the
pramoter is dedived {rom the yeast PGK gane.

4. A method which comprises transforming o
yeast strain with a DNA expression wvector
according to any one of claims 1, 2 and 3.

5. A mathod according to claim 4 which com-
prisas transforming a /ewZ auwxotrophic yeast
strain, the vector containing a LEU/2 gene for
phenotypic selection in yeast

6. A method which comprizes producing a
fermentation culture from a transformed yeast
according to claim 4 or claim 5.

7. A method of producing hepatitis B surface
antigen which comprises growing & culture

sceording to olaim 8 so as to produce s8id

antigan, and recovering the antigen therefrom in
particle form.

B. A method of producing hepatitis B surface
antigen in particls form suitable for usa in con.
ferring immunogsnicity to hepatitis B virus In
susceptible human which comprises:

. 8] providing 8 ONA transfer vectar capable of
\.‘raplication and ‘phenotypic selection in ywast

host atrains;

b) providing 2 DNA fragment comprising 2
promaoter compatible wiht a veast host strain:

¢} providing & DNA fragment encoding
hepatitis B surface antigen and lacking any
sequence sncoding HBsAg precursor saquence;

d) assembling the fragments of steps al, b)
and ¢} to forrm a replicabis expression vector
wherein said ssquence of stap ¢) is under con~
trol of gaid promoter, with appropriate transla-
tiona! start and stop signals, such thot it is
expressible o produce mature hepatitis B sur-
face antigan;

o) transforming a yeast strain with the vector
of step «);

f) ailowing the yeas! transformamt to grow
untit said hepatitic B surface antigen is pro-
duced thereln; and
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g} recovering said hepatitis B surface amigsn
in digorete particie form.

-8, A method acoarding to claim & wherein the
DNA saquence ‘of step ¢} comprises, in order
from the 5 end of its coding strand, an ATG
translational start codon, the remalning nuc-
leatides encading haepatitis B surface antigen of
the hepatltis 8 genome, and transiational stop
signal(s}.

0. A method according to claim 8 or clalm 8
wharein the promoter of step b} is derived from
the yeast PGK promoter region.

11. A method acoording to any cne of clalms
8 to 10 wherein the vector cantains a LEU2 gene
for phenotyplc selaction in yeast, and the yeast
strain is & /ew 2 auxotrophic yeaat strain.

Pstentanspriiche fir die Vertragsstnaten BE,
GR, DE, FR, GB, IT, LI, LU, NL, SE:

t. DNA Expressionsvekator, der fir die Repli-
kation und phinotypische Saiektion In Hefe-
wirtsstimmen gesignet ist, umfassend einen
Promotior, der mit elriem Hefowlitsstamm ver-
triglich ist und eine DNA Sequenz, tie Hepatitis
B Oberfiichenantigen (HBsAg) kodiert und der
jede Seguenz fehlt, dis eine HBsAg Vorliuterse-
quenz kodiert, wobei dis genannte DNA
Sequenz tm genannten Vektor mit entsprechen-
den Transistionsstart- und Stopsignaien unter
der Steusrung des gsnannten Promotors posi-
tionlert ist, sodafl sis in sinem Transformenthe-
fastamm exprimiert wird, um reifes Hepatitis B
Dberflichenantigen in diskreter Tellchenform 2u
produzieren.

2, DNA Vektor nach Anspruch 1, worin der
Promotor von sinem giycolytischen Hefesnzym-
gen, SEurephosphatasegen oder sinem Gen
abgeleitet ist, dessen 5'-Flankenbereicha Mutet-
ionen enthalten, dis 2 ungewdhnlich hohen
Expressionswartan fihren.

3. DNA Vektor nach Anspruch 2, worin der
Promotor vom Hete PGK Gen abgsieitet jst.

4. Hefagtarnm, der mit dem DNA Expressions-
vekior nach einem der Anapriiche 1, 2 und 3
uanstormiert ist.

5, Hefestamm nach Anspruch 4, der dursh
Transformieren eines /ev2 auxotrophen Hefe-
stammes erhalten wird, wobel der Vektor ein
LEUZ Gen fir diu phénotypische Selektion in
Hefe enth3it.

6. Fermentationskuitur, umfassend eine trans-
formiarte Hefe nach Anspruch 4 ader Anspruch

5. .

7. Verfahren 2ur Harsteliung von Hepatitis B
Oberfidchenantigen, das das Zichten einar Kul-
tur ngch Angpruch §, um das genanme Antigen
teszustelien und die Gewinnung des Antigens
aus der Kuttur in Telichenform umfafit.

B. Verfahren 2ur Herateliung voin Hepatitis B
Oberfllichentigan in Telichanform, das fir die
Vertaihung von immunogeniritit gegen Hepati-
tis B Virus in einem enfilligen Menwhen gesalg-
net ist, umfassend:

a} Bareitstellen ainas DNA Tmnstervaktors.
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{wr Replikation und phanotypische Setektion in
| Hefewirtsstdmmen fihig ist;
‘s; b} Bereitstelien sines DN& Fragmentes, das

L l ecinan mit einem Hefewirtsstamm vertrigiichen'

. Promotor enthalt;

¢} Bereltstellon eines DNA Fragmentes, das
Hepatitis B Oberflichenantigen kodisrt und dem
jede Sequenz fehlt, die sine HBsAg Varl&ufarse-
quenz kodiert;

d} Versinigen der Fragmente der Schritte a), b}
und ¢, um einen repiizisrbaren Exprassiongvek-
tar 2u bilden, worin die genanate Sequenz von
Schritt ¢) unter der Steuerung des genannten
Promoters mit geeignaten Translationsstart- und
Stopsignalen steht, sodall sie exprimiarbar ist,
um reffes Hapatitie B Oberflachenantigen zu pro-
duzieren;

¢} Transformieren eines Hefestsmmes mit dem

Vektor von Schritt d;

fi Kultivieren des Hefetransformanten, bis das
genannte Hapatitis B Oberfiichenantigen dasin
produziert ist;

g) Gewinnen des gensninten Hepatitis 8 Ober-
fidchenantipent in diskreter Teilchsnform,

9. Yerfahren nach Anspruch 8, warin die DNA
Sequenz aus Schritt ¢} in Relhenfoige vam 5%
Ende ihres Kodlerungssiranges an einen ATG
Transiationsstartcodon, die  verbleibenden
Nutleotide, dis das reife Hepatitis B Qberfiichen-
antigen des Hepadiis B Genoms kodieren, und
{oin} Translations-stopsignal{e) enthaiL

10. Varfahren nach Anspruch 8 ader 9, worin
der Promotor von Schritt &} vom Hefe PGK Pro-
motorberaich abgeteitet ist. :

11. Verfehran nach sinem der Anspriiche 8 bis
10, worin der Vektor ein LEU2 Gan fiir die phino-
typischa Selaktion in Hefs enthiit und der Hefe-
stamm ein feu2 auxotrapher Hefestamm ist.

Patentanspriche fiir den Vertragsstaat AT:

1. Verfahren, das die Hersteliung elnes DNA
Expressionsvektors umfaft, der fOr die Replika-
tioh und phanotypische Selektion in Hefewirts-
stammen geaignet Ist, umtagsend einen Promo-

\_/ tor, der mif sinem Hefewirtsstamm vertraglich ist

und eine DNA Sequernz, dig Hepatitis B Oberfifi-
chenantigen (HBsAg} kodieit und der jeds
Sequenz fehit, die eine HBsAg Vorliuferyequenz
kodiert, wobei die genannte DNA Saguenz im
genannten Vektor mit entsprechendan Transis-
tionsstart- und Stopsignaien untar der Steusrung
des genanntan Promators positioniert ist, sada8
sle in sinem Trangiormanthefestamm exprimiert
wird, um reifes Hepatitis B Oberflichenantigen In
diskroter Teilohenform zu produzieran,

2. Verfahren nach Anspruch 1, worin der Pro-
motor von sinem glycoiytischen Hetesnzymgen,
Saurephosphatasegen oder einam Gen abgeleitet
ist, dessen &'-Flankenbergiche Mutstionen
enthalten, dis 2u ungewshnlich hohen Expres-
sfonswerten fahren.

3. Verfahren nach Anspruch 2, worin der Pro-
mator vomn Hefe PGK Gen abgsiaitet ist.

4. Verfahion, das dis Transformation eines
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Hefestammes mit einsm DNA Expressions-
vekior nach sinem der Anspriiche 1, 2 und 3
umfaBt, '

B. Verfahren nach Anspruch 4, das die Transfor-
mation eines Jew2 euxstrophen Hefestammes
umfafit, wobel der Vektor ein ££U2 Gen fir die
phénotypische Selektion in Hefe enthait,

§. Varfahren, das die Herstellung ninar Fermen-
tationskuitur aus ainer transformierten Hote nach
Anspruch & oder Anspruch 5 umfaiit.

7. Verfahran zur Herstellung von Hepatitis B
OberflEchensntigen, das das Zichten siner Kuitur
nach Anspruch 6, um das genannte Antigen
herzustellen und die Gewinnung des Antigens
aus der Kultur in Telichenform umtaBt,

8. Varfshron zur Herstellung von Hepatitis B
Dberfilichenantigen in Teilchanform, das far dle
Vereihung von Immunogenizitit gegen Hepatitis
8 Virus In einem anfilligen Menschen geelgnet
ist, umfassend: )

8} Berwitstelion sines DNA Transfervektors, der
zur Repliketion und phinotypische Selektion in
Hefewirtsstdimmen fihig iat;

b} Bereitstefien oines DNA Fragmentes, das
¢inen mit einem Hefewirtsstamm vertréiglichen
Promotor enthilt;

¢l Bergitstellen elnes DNA Fragmentes, das
Hepatitis B Oberfilohenantigen kodiert und dem
jede Sequenz fehit, die sine HBsAg Vorlhufsrse-
quenz kodiert;

d} Vereinigen der Fragmente der Schritte a), b}
und cl, um einen replisrbaran Expressionsvek-
tor zu bilden, worin die genannte Saquenz von
Schritt ¢} untar der Stewerung des genanntsn
Promotors mit goeigneten Transistionastert- und
Stopsignalen stehl, sodell sie exprimierbar ist,
um reifes Hepatitis B Oberfiichenantigen zv pro-
duzieron;

e} Transformieren sines Hefestarmmes mit dem
Vektor von Schritt {d);

fi Kultivieren das Hefetransformanten, bls das
genannte Hepatitis B Oberflichenantigen darin
procuziort ist;

g} Gewinnen des genannten Hopatitls B Ober-
fiichenantigens in diskretaer Tefichenform,

8. Verfahren nach Angpruch 8, worin dio DNA
Sequenz aus Schritt ¢l In Relhenfoige vom &'-
Ende lhres Kodisrungsstranges an elnan ATG
Transiationsstarteodan, die  verblaibenden
Nutiectide, die das reife Hepatitis 8 Oberflichen-
antigen des Hepatitis B Genoms kodiersn, und
{ein) Tranglations-stopsignai{e) enthiit.

10. Verfahren nach Anspruch & oder 8, warin
der Promotor von Schritt bj vom Hefe PGK Pro-
motorbereich sbgaleitet Ist,

11. Verfahren nach einem dar Angpriiche B bis
10, worin der Vektor ein LEUZ Gen fOr die phino-
typische Selektion in Hefe enthélt und der Hefe-
stamm ein /eu2 auxotropher Hefestamm ist,

Revendications poaur les Etets Contractants BE,
CH, DE, FR, GB, IT, LI, LU, NL, SE

1. Vecteur d'expression d’ADN capable d'une
réplication et d’'une sdlection phénotypique dans
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une souche hite de levure comprenant un pro-
motaur compatible avec une souche hbte de
levure ot une sdquence J'ON codant l'antigéne

" de surtace de I'hépatite & {HBsAg) et manquant

te toute séguence todant f8 séquence précur-
ssur de HBsAg, ladite sdquence d'ADN étant
placée avet des signaux appropriés de début et
de fin de translation dans ledit vecteur sous le
contrdle dudit promoteur de maniére que dane
uns souche de levure transformante, elle s'ex-
prime pour protuire I'antigéne de surface de
I'népatite B mature sous forme de particules
distinctes.

2. Vecteur d’ADN seion ia revendication 1, ot
ie promoteur est dérivé d'un géne de I'enzyme
glycolytique de la levare, d'un géne ds phos-
phatase acide, ok d'un géne dont les réglons
flanquant B’ contiennent des mutations ayant
pour résultal des niveaux [nhabituellornent
élevée d'expression.

3. Vecteur d’ADN selon s revendication 2, ob
le promotaur ast dérivé du gene PGK de la
levure.

4. Souche de levure transformée par l¢ vee-
teur d'expression d’ADN gselon 'une quelcon-
que des revendications 1, 28t 3.

5. Souche de levure selon la revendication 4,

abtenue par transformation d'une souche de
leviyre suxotrophe de /au2, ie vecteur contenant
un géne LEL2 pour la sélection phénotypique
dane g levure,

6. Culture an fsrmentation comprenant une
levure transformée selon ia revendication 4 oy
la revendicatiun 5.

7. Méthode de production de l'antigéne de
surface de I'hépatite B qui comprend la crois-
sence duns cuiture seion la revendication 6,
afin de produire ledit antigéne, st la rédoupéra-
tion de l'antigéne sous forme de particules.

B. Méthode de production de I‘antigéne de
surface do 'hépatite B sous forme de particuies
appropié & une utilisation pour conférer una
fmmunogénicité au virus de 'hépatite B chez
un #tre humain semsible, gui consiste &:

8} prévoir un wecteur de transfert d'ADN
capable d'une réplication et d'une sélection

Y phénotypique chez des souches hites de
" levure;
b} prévoir un fragment ¢’ADN comprenant un

promoteur compatible avec une souche hite de
tevure;

c} prévoir un fragment d'ADN codant 'anti-
géne de surface de I'hépatite B et manquant de
toute séquence cadant la séquence précursaur
de HBsAg;

d} assembier les fragments des étapes a), bl
et ¢) pour former un vecteur d'expression répll-
cable, ou ladite séquence de I'étape ¢} est aous
le contrie dudit promoteut avec signaux
spproprids oe début «t de fin de transiation,
qui peut s'exprimer pour produire I'antigdne de
surface de I"hépatite B mature;

8} transformer une souche de levure per le
vacteur de 'étapo d};

f) permetire gu transformant de la levure de
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croitre jusqu's ce que ledit antigane de surface
de I'hépatite B y soit prodult; et

g) récupérar fedit antigéne de surface de I'hé-
patite B sous forme de particules distinctes.

9. Méthode selon la revendication 8, ol Iadite
séquence Jd'ADN de I"itape ¢] comprend, dans
fordre § parir da 'extramité 5 de son brin
codant, un codon de début de transiation de
ATG, les nucldotides nisiduels codant U'antigéne
de surface ds I'hépatite B mature du génoms
de I'hépatite B ot e ou les signaux d'arrét de
translation.

10. Mdéthode selon Iz revendication 8 oy Ia
revendication 8, ol le promoteur ae 'étape b)
est dérivé de la rdgion du promoteur PGK de la
lavure,

11. Méthode seion (‘une guelconqus des
revendications 8 3 10, ol la vecteur contient yn
gene LE(2 pour Ia séiection phénotypique dans
la levure, ot la souche de levure ¢st une souche
de levure auxotrophe leu2,

Revendications pour VEtat Contractant AT

1. Méthods qui comprend la production d'un
vecteur d'expression dJ'ADN capable dune
réplication et d'une sélection phénotypique
dans une souche hdte de levure, comprenant
un promoteut compatible avec une souche hite
de levure et une séquence d'ADN codant 1'anti-
gkne de surface de ’hépethe B (HBsAg) et
mangquant de touts séquence codant la
sdquence précurseur de HBsAg, ladits séquence
d'ADN étant placde svec des sipnaux appro-
priés de début et de fin de transiation dany
ladit vectsur sous le contrlle dudit promateur,
de manisre ques dans une souche de levure
wransformante, alle s‘exprime pour produire
I'antigéne de surfece de [I'hépalite B mature
sous forme de particulas distinctes.

2. Méthode selon ia revendication 1, ol le
promoteur ust dérivé un géne do l'enzyme
plycalytique de la levure, d'un géne de phos-
phatese acide, ou d'un géns doat ies réglons
flanguant 5 contiennent des mutations syant
pour résultat des niveaux inhabitusflement
dlevés d'expressian.

3. Méthode selon ta revendication 2, ou le
promuoteur est ddrivé du gene PGK de ta levure.

4. Méthode qul comprend ja transformation
d'une souche de levure par un vectsur d'ex-
pression d'ADN selon lune quelconque des
revendications 1,2 et 3.

§. Mithode seion la revendication 4, qui com-
prend le transformation d'ung souchs de lsvure
euxotrophe de JevZ, le vecteur cantenant un
géne LEUZ pour la séloction phénotypique dans
ia tevurs. '

8. Méthode ui comprend {a production d'une
culture en fermentation 3 pertir d'una levure
transformée sgeion la revendication 4 ou 8
reveatication &,

7. Méthade de production de l'antigéine ds
susface de I"hépatitie B qui comprend lg crois-
sance d'une culture selon le revendication 6,

e ey .
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ffin de produire letit antigéne, et la récupération
de antipne sous forme de particules.
8. Mithods de production de I'antigéne de

" surfice de Yhiépatite B scus forme de particules

approprié & une ufilisetion pour conférar une
immunogénicité au virus de Phépatite B chaz un
Atrs humain sensible, qui consiste A:

a) prévoir un vectaur da transfort "ADN capa-
bie d’une réplication st d'une sélection phénotypi-

| que chaz des soushes hotes de lavure;

b} prévoir un fragment o’ADN comprenant un
pramoleur compatidle avet une sguche hite de
lavure;

¢} prdvoir un fragment G"ADN codant I'antigéne
da surface de "hépatits B 6t manquant de toute
':'iqu-nee codant la séquence précurseur de

o) la;cmblw les fragments dus étapes a), b) ot

¢} pour former un vacteur d’expression réplicabls,
ol {adite séquence de ['dtape o) est sous lo
contrdie dudit promoteur avec des signaux
appropriés da début et de fin de translastion, qul
peut s'exprimer pour produire "antigbne de sur-
*ace de hépatite B mature;

N
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ol trangformer une souche de levure par le
vecteur de I'étape d);

f) au transformamt de fa levure de
croftre jusqrra ce que ledit antigéne de surface de
I'hépatits B y sait produit; et

gl récupérar ladit antigdne de surface de 'hépa-
tte B sous forme de particulas distinctss.

8. Méthoda salon ia revendication 8, ob ladite
séquence 'ADN de [‘étaps o} comprend, dans
fordre & pertir de ‘extrémité 5' de son brin .
ondant, un oodon de début de transistion de ATG,
les nucléotides résiduals codant antigéne do
surface de I'hépatite B maturg duv génome de
I'hépatite B et le ou les signaux darrdt de transia-
tion,

10. Méthode salon la revendication 8 ou la
revendication §, oli la pramateur de I'étape b) est
décivé de la région du promoteur PKG de la
{ovurs.

11. Méthode selon I'une quelcongue des reven-
dications 8 3 10, ol Is vecteur contient un gine
LEU2Z pour ls sélection phénotypique dans ia
jevure, et la souche de levurg eat une souche de
lavure auxotrophe /au2.




