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This Invention rela1es to the use of a racombln· 
... 1 ant ONA technotogy for tho production of m1ture · .. 
· ' hepadds B surface antigen {HBIAg) in yeast 

organisms for use in the preparation of vaccines · 
against hepatitis B virus CHBVt. In one aaPect. the 
present Invention relates to the construction of 
microbial expression vehicles oontafning ONA 
sequences encoding mature hapatlti8 B surface 
protein antigens aperably linked to eicprtssion 
affecting promoter sy.tams and to the expression 
vehicles so C0'1$tructed. ln another aapact. the 
present inventiOI'\ rotates to '(Elesf org~niams 
tnlnsform.C with auch expression vehlclet, thue 
directed in the ax.preaslon of the DNA sequenoas 
referred to above. lrt vec otner aspects, this tnven­
tion relate& to the means and method• of convert­
ing the end products of such veast expression to 
entities, such as vaccines. usafl.ll aaafnst hepatitis 
8 virus. In pr•ferred embodiments, this Invention 
provides for pantcular expreasion vectors that 
utlliie potent yeast promoters and ONA 
sequences dilt.af to that encoding the hepathis 8 

\..._..,urface antigen protern whieh, in combln•tion, 
provid1 attractive ylelds of desired protein, pro­
duced in particle form of about 22 mm. and 
aontefnlng an,igenic determinant(st of hepatitis S 
virus. 

The publications and otner materials thereof 
used to muminate tho background of the- lnven· 
tion, and in particular cu-. to provide 1ddltional 
details respecting its practl~ ara incorporated 
herein by reference, and for wnventence, are 
numerically referencod In the following text Bnd 
grouped in the appended bibliography. 

Hepatitis B vfl'UI 
Hepatitis 8 (serum hepatitis) vtrus is transmit­

ted among humans and manifests as ahronlcaltv 
dabtlitatlng infecElom which c:an recuft pn:i. 
gressiwlv in sevare liver damage, primary car· 
ctnome and death. In mast cues, c;omplece 
cecoverv from hepatitis a infections can be 
expected; however. large se~ment.s of the PoPU­
"•tian, eapully in mtnv .6.frican and Asian coun· 

l p, are chronic camera with the dangeroue 
potenti•I of transmitting the di$tNH pand•mi· 
canv. 

Hepratis is i;au&ed by a virus vector (hepatitis B 
Virus or HBV) which in fts whole 1t1te--the so­
called Dane particle..,epresents the virion and 
consists of e 27 nm nudeocapaid enclosing • DNA 
motecule enEI an envelope surrounding me nuc. 
leocapsid. Proteins aasooiated with the vlrion 
include the core antigen (H8cAg), • DNA 
potymerase anc:t the surface antigen tHBIAG) 
which has be.n found in serum of Infected end 
carrier humans. Antibodlu to HBaAG hne alao 
been found In serum HBV infected people. It is 
believed thac HBsAG is the HBV 1nti9en that uan 
induce immunogenlc production of antibody 
Centi·HBs) and thus it would be tile principal in an 
HBV vaccine. Attention ia directed to; Dane er 1f., 
Lona.t 1870 (/J, 695 (1970); HolUnger et al., J. 
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Immunology 107, 1099 {1971); Ung et 111,, J. 
Immunology 109, 834 (1972); Blumberg, St:ienc. 
1s1. t7 r19171: Petereon flt al .• Proc. Nat. A•d. St:i 
.rusAJ .,,,. :1530·. 09.77) · ~~d~ .v;r.1 .11epa* A 
Carrtempary Asnssment of Etiol0gy, fpidemiol· 
~gy, Parhogensi~ 1nd Pnvention. (Vyu at al., 
eds.I Franklin Institute Press, Phlladelphle, 1978, 
each gf which is hereby lncorporatad bV 1hls 
reference tO further illustrate the background of 
thic Invention. 

HBsA.g is present in infect.ad plasma pr-. 
dominandv In tl'lt form of spherk;aC partfa&es 
having diametora nsnging from about 16 to 25 
nm-the so·called "22 nm perticl•". Theso are 
tho1Jqht to represent a nonlnfecdous vlraf 
envelope. Because antibodies against HBsAg are 
protec:ti~ against H8V infection, these non..fnfeo­
tiou1 particles can effactiwly be u81d aa a vac­
inna. 

Inasmuch as the llepatitb B virus has hot bean 
infectious In cell cult11re and can anly be obrainad 
from infected humans or higher primates, means 
have not Deen avall1ble for obralnina and main· 
talning sufficient supplies of HBV for use in 
producing antigens fol fmmunlzadon against 
1-iBV. 

The present Invention provldeerthe means •nd 
methods for producing a vaccine effective against 
HIV. Bv maans of recombinant ONA tec:hnotogv. 
the gene encoding maiure HBaAg wes insened 
with appropriate trans181ional start •nd stop 
signal• under the control of an appropriste 
exprasaion promoser into a roplicable exptassion 
vactor and the Catter UHd to transform yeast cell&. 
The cans, thus genetically directed, produoed 
He.Ag directly and In pertide form whlch, when 
purified, Is suitebl• to immunize against HBV. 

l'he confffcttn; European patent application 
EP-A-0 072 31B diRlosed lnrer alia yeast 
sxpraselon vectons in which the ONA sequence 
coding for. the HBaAg taob alt of th• bases or the 
61-~ntranslsted region. However, this partleuler 
embodiment anjoys a later effective dato Chan in 
the pra1ent application. 

Recombinant ONA technology 
Wftii the advent of recombinant DNA tach· 

nology, tht controtled microbial produetion of en 
enormous v•rietv at usef\11 po!ypeptldes nas 
become poHible. M11nv mammalian polypep­
tides, •uch at11 human groqth hormone end teuko· 
Gyte Interferons. heve already been produc:ed by 
various microorganisms. The power of th• tech· 
nology admits the microbial production of an 
•normou& variety af useful polypeptides, putting 
within reach the rnlcrobially directed m11nufeo\uP1 
of hormones, enzymes. andbodtes, and vaccines 
ualdul 991lnat a wlCle val'fely of drug-targeting 
appllc:ations. 

A basic element of recombinant ONA tech· 
noiogy is the plasmid, an extrachromotonal loop 
of doubl•-strandee DNA found in tMtc=terla often­
times In multiple copies per cell. includtd in th9 
Information encoded in lhe pla1mid ONA ks that 
rqulredto reprodu~ the plHmld in dou9ntercelh1 
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f (l.e.. a "replicon'' or origin of replication! amd 

ordinarily. one or more phenotypio ecilectlon 
J charac::teristics, such • reaistance to antibiotics, 
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1 : which .permit ~lctne1 of the host cell contllinlng. 
! the plasmid of interest to be recognized end 

preferentially grown In &elective media. The 
utitlty or bae1erial plasmids Hes in the fact that 
they can be specifically cleaved by one or 
another restriction endonucleaae or "restriction 
enzyme", each of whtc:h racognizes a dlffarant 
sire of the plasmid DNA. Thereafter heter'olog-
oua genn or gene fragments may be insened 
into the plasmid by endwise joining •t tho clew­
aoe eite or at reconsuucted enda adjacel'lt to the 
cleavage site. Thua formed are so·c•lted replk:• 
able t>epression vehcles. 

DNA recombination is perl'armed outside the 
microorganism, and the resulting "recombin· 
ant" replicable e>epr'e8sion vehicle, or plasmld, 
can be introduced into microorgeni$mS by a 
procees known as transformation and large 
quantities of the recombinant "•tdcle obtalned 
by growing the transformant. Moreover, when 
the 98f1e I• properly inserted with reference to 

\ . .J portions of the plasmid which govern the trans­
cription and tran•letion of the encoded DNA 
message, the 1'88UJting expression vehicle can 
be used to direct the production of the polypep­
tide aequsnce for which the Inserted gene 
codas, a process referred to as axpraaelon. 

Exprea1fol'I is initiated lR a ONA region known 
1r; the promoter. In the transcription phaae of 
e1<pression, the DNA unwinds expoalng tt as a 
temptate for initiated svnthesi8 af messenger 
RNA from the ONA aequenc.. The me889ng8r 
RNA is, in tum. bound by ribosomas, where the 
meseengar RNA is translated into a polypeptide 
chain having the amino. acid sequanee encoded 
bv the mRNA. Each amlno acid Is encoded by • 
nucleotide triplet or Ncodon" whfch c:ollectlvlev 
make up the "auuctUral gene". i.e., that part of 
the ONA Soquence wrneh oncodea the 1mlno 
1111cid sequence of the express1d poly$)eptlde pro· 
duct. Tranalatioll is initiated at a "start" signal 
lordinerilv ATG, which in tile resulting 

, . measenger RNA becomes AUG). So--e•lled stop 
V i;odons define lhe end of translation and, hence, 

the prod1.1ction of funher amino acid units. The 
reaulting produot mav be obtained by lys.lng the 
hast ceU and recovering the product by approp­
riate purification from other bacterial proteins. 

In practiC9. th& use of recombinant DNA tech­
nology can expre. entirely heterologf.'lus (not 
Ordinarify found In, or produced by, a ;tven 
micro--origanisml, polypeptides-so·eelled direct 
expression-or altematlvelv mav express a 
heterologous potypeptide fuffd to a portion of 
the amino acid sequence of a homolcgou1 
lfound in, or produced by, the corresponding 
wild~tvpe microorganism} polypeptide. In the 
latter casa1, the intended bioaetive product la 
aoniotlmes rendered biolnacdve: within the 
fuaed, homologo\ll/heterologous polypeptide 
until it is cleaved in an extracellular environ· 
m~nt. See. e.9., Sritish Patent Publ. No. 
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2 007 676 A and Wetzel, American Scienti4t SB, 
664, ( 1980). 

1f recombinant DNA technology is to fulJv. ~ua-
. tain Its: ptomise, systems must be devisid which 
optimae expr•sslon of gene Inserts, so thit the 
Intended polypeptide products ~n be made 
available in col"ltrolled onvtronments and In high 
yields. 

British Patent Publication 2034323A, pubtlshed 
June 4, 1980, deacrlbvs the Isolation of the HBV 
genam& GOmpcisin; •bout 3200 nucleotides and 
1he incorporation of this DNA into a vactar tak· 
ing advantage of an E:coRI digest and subse· 
quent ligation. It is stated that the t8$Ultant 
cloned HB\loONA can be labelled and used as a 
probe to detect Dane particles In eerum and th8t 
the vactor could be used to fJ)(J>"'8s a polypep­
tide comalning a hepatitis e protein fragment. 

In a rel-.ted article from the seine laboratories 
(Proc. Natl. Acad. Sci /IJSAJ 77, 4549 (1980H, it 
is reported that tandem cloned hepad1Jt B 
genomes ware Introduced into mouse cetls and 
integrated in to the moue• chroma&oma. Polv· 
peptide Identified as hepatitis surface antigen 
was e>ecteted from the celr. aa particles llmllar 
to thoae r~nd 4n the sera of lnfecttd humans. 

E1.1ropean Patent application Publication No. 
13828 de&cr[bes the production of HBV core 
antigen by read-through translation of an rnRNA 
trenecript from ttie s•nomlc DNA. No eurface 
aAtlgen was detectacL 

In curopun Patent Application Publioatlon 
No. 20251 there is described the production in 
E. «JR of ' fuJian protein pun>0rtedlv conblining 
a ponion of ttie s11rface antigen protein of HIV. 
Because the surface antigen d&1C8mllnen1S W9r1t 
present a 1 fusion protein. the atructure could 
not bt n11lve; hene&, the reported low 
immunotogical egdvtty. 

The present Invention is blsed upon the di• 
covery that reoombinant DNA tedmology can be 
ueed tO successfully end etflclal'1tly produce the 
mature hepatitis 8 aurfaea antie19ns, directly and 
in discrete particle form, a product that ls aalt· 
able for UH In comerrlng immunogenicltv to 
hepatitis B viru• In a auscoptible human or for 
preparing a vaccine for such use. The product I& 
produced in a eukaryatlc host-yeat-and thus 
carries tha adv•ntages such 1YstemS confer on 
corretp0nding. protoinacaoua products, •o w!~ 
glycoaylacion and sugar and lipid alSOQiaticm 
more olOHIY related to human produced pro· 
b!lirns vere"'a bacterial produced protein• whOH 
hosts are incapable of such 90phisticated pro­
cOlling. tn oddltion, the eukarvotic yeast calla 
tolerate the protein product better than prokaty· 
otic systems. doubUe11> lncrellling expres.lon 
levels and yields s1gnlfiC81ltlv over bacterial 
system&, in which the hepatitis protein per· se • 
proved lath& 

The present lnvenllon comprises the mature 
ttepatitis B 1111riaoe 81\tlyen (Hs.AGI produced 
and the malhods and means of Its ptocluction. 
Specifically, th• present invention is cffrect8d to 
H8.Ap in perthile form 1:omprl$lng 
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I immunogenic oetermlnant(si of hepatitis B Vil'\ffl. (121. This fragment wa~ isotated containing some 

j 
produced irt ve&&r.. The HBsAg hereof is produced coding :sequence from the veut TRP1 gene end 

. in diSQrets particki form, devoid of any additional, the 3' .ftanldng se~uenca required . for pro~ 
fused pol'f'peQtlde· ·anrtact.·whethsr uncoded bf tninecripdon · termmatkJn·· aild polyadenyl.tlon. 
another ponion of the HBV genome or by DNA 5 This terminator fragment was fused via Its Hlndlll 

J homologous to the yeast &truln employed. The site to the Hindlil site of the HB11Ag gen•. Tran"' 
• present Invention ia further diroeted to replicable cription of the HB&Ag gene by a fused veast 1 DNA expression vehicles harboring gene promoter fn Vt•st is desivned to terminate In the 

seQuences encoding HB•Ag in directty express- tuHCI TRP'I termlnamt fragment. 
ible form. Further, lhe prnent Invention Is ro pCV13(1) contains the ampldlHn and tetracyc-. 
directed to yeast strains transformtd with the lino ru'ittance genes anawlng for pjaemid Mlec-
expresslon vehtele& aa.cribad above and to tion In e. coll. an E. <:oil origln of DtfA replication. 
microbial r:ultures of such transfOrmed veast the LEtn. gene allowing for &election of Ute 
stn.ins, capable of producing HBsAg. In still fur· plasmid In yeast and the 2 (micron) origin altow-
ther aspei:;ts, ths prGsent Invention is directed to 16 ina for DNA replication of the plsemld in yeatt. 
various proceSffs mefUI in prepanng said H9sAg Thia plasmid is found In the nucleoplum of 
gene 5BCIU•nces, ONA express.ion vehicln, yeast transformed yHst. The smaU Hindllt·to·BemHr 
strains and cultures and to apecific embQdimenm fragment from th• tetracygline rnlllilnc:e gene 
thereof. Still further. this invention Is directed to waa removed from the vector. The reaultlnQ large 
the uae of thus produced HBsAg for the pre- zo vector fragment was then tlgated with the 1.6 kbp 
paration of vaccines useful to confer Hina1fl-to·EcoRI assembled PGK promoter frau· 
tmmunogentcity to HBV tn suscap11bls humans. to ment and • 1 .1 kbp EaoRl-to-8,gi'll HB9Ag/TRP1 
such vaccines and to the method of using them to terminator fr1ment ao es to produce the pVeHBI 

. inoculate and oonier immunogenicfty to HBV In voctor in Figure 6. This HB~ expression vector 
Vausoeptible hiunans. Jf was constni~ed to have the PGK promoter fnlg-

T~e preferred promoter herein Js one tailored ment initiate transcriptJon of the HSsAg llnlcturel 
from the yeast 3-phosphoglycerate kinase IPGK~ gene and then terminate thla tr•n&eript in the 
promoter reglon which t. described Infra. The TRP1 terminator 1>1'$YiQuslv fused ta the HBsAg 
PGIC gene was analyzed for re.triatlon site• which gene. 
would be u1aful far ••quenc:ing. DNA sequence 10 Preferred embodiments of the invention ~II 
analysis around one of these r.tnodon lites now be described in greater detell with reference 
indicated that translation beginning with a to th9 •ccompanying drawings In which: 
spacific ATG would yield a protein whose N· Figure A depicts the r;onstn.rctian of plasmid 
terminal amino acids c:orresponaed to the same pHSG4 harbDUring He.Ag ONA. 
N--terminal 1mino acids of human and ttorse PGK. 36 Figure 1 schematic:1tlly lll11&11'8ter the restrlctfon 
this flanking DNA being considered the yeast PGK map of the 3. 1 kbp fflndlll Insert of vector p61 
promoter region. The PGK promoter region was from which the PGK promoter war isoleted. lndi· 
analyiod for a region wtsic:h would logiclHy cated Is the Insertion of 11n EcoRI site and an Xbal 

· support 11 unique reatric:tion sfte. A primer reparr site in the !'..fta11king DNA af the PGK 9ane. 
reaction was oarried out and this unique lite wH "° Agure 2 illuwatas ma 5' .f1anking sequence 
placed at the 3' end of the PGK prarnotet' region. plus the initial oodln9 sequenoe for the PGK g•n• 
This unique site allowed th• PGK promoter region before lnffltion of Xbal and EcoAI sltls. 
to effect the direct expression of the thus fll..ct Rgure 3 1chematk:ally Illustrates lechnlquee 
gane in yeast. used to insert 1n Xbal site at po1ition--8 in the 

A yeast/bacteria shuttle pla•mld, pCV13 (or a PGK promoter and to Isolate a 39 bp 1r11gmant of 
. Vepi3) described Infra. had certain restriction the 5' ·ftlnlting sequence of PGK containing this 
\..Jragmencs removed. Replacement of then frag- Xbal and and a SauSA end. 

menu by PGK promoter nsgion fusect to .urface Figure -4 llGhernadcalty illustrates the eonstruc:-
antigen allowed reclosure of the vect0r. This tion of• 300 bp fragment ccmtllinlng the above 39 
vector was und to transform yeast which ware 60 bp fragm11nt, eddltlonal PGK 5'.ftanking sequence 
orowl'\ LIP under cuatomory fermentation con· C265 bDl from PM 10 S.U3A 18" f"ig, 1), ind• 
diticma end PflrTTiitted to produce the desired EcoRI site adjacent to Xbal. 
HB&Ag product. Recovery of prodUc:t fol1owed by Figure 6 schamatlca!ly illustrates the·conltrUc-
oraalc.ing open the transformed yeast. Supemat- tion of the 1600 bp PGIC promaiar ·fragment· 
ants from centrifuged aolution w919 used as a s (H/ndHl/EaolU} whlc;h contalfll, In Dddittori to the 
substrate in hepatitis e surfaoe antigen fr1gment constructed In Rg. 4, e 1300 bp HindHI to 
radioimmune essays. Ptlui fraQment "'°""' PQI( 5'.flanklng .aquence 
. A p11rUuular ONA. aequence, found to be suit· {sae Fig. 1 ). 

aole herein u • iranecripUon terminlCOt, wu F'rgure 6 schematlicallv illustrates th• conatruo-
?lacEld after tne gen~ seQUetlc• encoding HBsAg so tion of an mcpranion vector for hepatitis surface 
'~order to terminate mRNA symhasia end pro~ antigen In ya1st, containing the modlfied PGK 
vide a !olv A addition site for proper mANA promoter, the HBsAg gene. and the tennlnator 
:roc~ssing and translation. This terminator Is region of 'the year. TRP1 gene, as described In 
f .:rae upon the 232 bp Hi"d m-to·Buni l'ltatriclian more detall heretn. 
ragmem from the Trp1 gene contained in pFRi.4 a Figure 7 depicts: A) 1ucrose gradient s1dimen-
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tation of yeast ptoduoeci HBsAg compared with ase, heKokinass. pyruvate decarboxylaae .. phos· 
22 mm particle and Bl a corresponding CsCI phofruatokinaso, glucDs~-phosphate isomer· 

I 
gredie1tt centrifugation ~h8rsof. aae, 3~phosphoglvc;erate mutne, pyruvate lcf"6 
. . &88, triosephC)8"hate isomarua, phoophog!ucoie 
Yeast host organisms I isomerese, and glucokinase. Any of the. 3'.flank· 

In the pref9rred etnbod!menu hereof. the Ing sequence& of these genH could also be used 
J e:icpression system was placed In the plasmid for propor termination and mANA poty1denyla-

pCVt3 m, which is capable of saJectlon and tlon in sucli an exprasian sy9tem-cr. Supra. 
replica".ion in both E. eoli end yeast. Sat:charomy- Some other highly expressed genes are those for 
co.r carevisias. For selection in veast the plalfTlfd 10 the acid phosphata:stS {8) and those that express 
contains the LEln gene (2) which complemants high levels of production due lo mutations In the 
yeast (allows for growth in the absence of leucint) G'·flanfdng regions (mutants that increase 
containing mutations in this gene found on. expression}-usually due ta the presence of a Tyl 
chromosomes Ill of yeast (3). The strain ueed here transpoaon element (9). 
was the etnJfn XV61G-8C whl~h has the genotype 1s All ot ttie genes mentioned ab1we are thought 
a leu2 rtP1 HfJ6 art.z /yB1 can1. This stratn Je to be transcribed bV veaat RNA polymerase II (9}. 
aepa.ited In the American Type Culture Colloo- It i1 poe•ible that the promoters. for RNA 
tlon without restriction {ATCC No. 20622). How· polvmerese I and Ill which t.ranserfbe ribosomal 
ever. it will be ut'lde1111tood that any S•~aromy- ONA. 55 DNA. and tRNA DNA (9, 10J, may alao be 
Clltl o•r.vi.liae attain oontaining e mutation which 20 useful In such expressic:m oonstructlona. 
makes tile ·cetl L.u2 ahould be •n 8ffectiva Finally, manv yeast promoters also conteln 
environment for expression of the plasmid con- transcriptional control so that they r:11n be t11rned 
tainfng the expro:seion S"ilStern. An example of on or on by varl11ion in growth conditions. Some 

V another strain which could be uaad is ATCC Na. 11lCamples of such yeast promoters ere the genes 
38826 which has tha genotvPe. a /eu2·3 IMl2·112 26 that produce the fotlowing proteins: Alaohol 
h/64-619 can1 i4), This strain has two point mute- aehydrogenase II, lsocytoehrome, said phosphat-
cions in Jeu2 which rastrlct5 reversion and allOW& aae, degradatJye enzymes •Hociated with nitro· 
for tighter trantformation of Leu"" to Leu•. gen metabollsm, glyceratdohyde-3--phosphlte 

Yeast promoters 
The 5·.ftanking ONA seauence from a vealt 

gene (for alcohol dehydrogenase 1) can promote 
the expression of a ft:>reign gene le.g. leukocyte 
interferon DI when placed In a pl11smid uaed to 
transform yeaet. Anottier vaaat gene has been 
placed al the 3'· end of this conatruction to allow 
for proper transcription termination end polv· 
adenylation in yeast. Indeed, we have shown thlt 
the mRNA transcript doe& end 13'-end) es 
expected in 1he termlnatlon/aden"'811on region of 
the yeat TRP'I gene (Hitzem1n ot. el., ,,.tu,_, 
293, 717 (1981 [Ref. 12>), Thia promoter can be 
suitably employed in the preeent invention •• 
well as otners-cf. lnfra. ln the prefe"9CI ambodl­
ments, the S'·flanking sequence of the vent 3· 

V phoaphoglycerate kinase gene (S) Wat placed 
upstream from the structural 111qL1enc• for 
hepatitis surface antigen fotlowed again by DNA 
canta1ning the TRP1 gene terminetion-poly­
adenvtatlon algnala. 

Sinee both the veast alcohol dehydrogenase I 
S'·flanlclng sequence and the 3-phoaphoglvcerate 
kinase 5' -flanking sequence (infra) e1n functJon to 
promote expression of forei9n genes In vent, It 
seams likely that lhe 5'-flanklng MQU•ncn of any 
highly-.cprened yeaat gene could be used tor 
the expre&alon of Important gene produci.. Since 
Under some circumstances vea1t •KPC"esses up to 
85 percent of its 1olubl• protein n ;lyoofytlc 
ttntyme& (6) and sine. this high level appears to 
!••ult from 'the productfC>t'I of high ltvtMI of the 
•ndividual mRNAa (7t, it 1houkl be possible to US9 
the 5'-flanklng sequencn of any other gtycolytic 
Q'•nes for such 9xpress\on purposes-a.9., enol· 
aae. glyceraldehyde-3-phosphate dehydrogen· 

·• 
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dehydrogenase, and entym811 respaaslble for 
maltose and galactoee udllzion (St. Such e control 
region would be very useful in controlllng 
expression of protein products-especially when 
their production is toxic to vaa1t. It should 8150 be 
possible to put the comrol teglon of th• 5' • 
fl1nklng sequence wllh a !S'·fl•nking sequence 
containing a promoter from a hJghly GX:preued 
gene. This would resu•t rn 8 twbrid promoter •nd 
•hould be posslble since the GOntrot region and 
the promoter appear to be physically dlatlnct DNA 
aequenc ... 

Detoiltd deacription 
ldentHioMlon of PGK promoter ONA 

The tbc: N·•erminal amino acids of the 3·phos­
phogfvcerate enzyme purified from humans •re 
asfotlows: 

1-2-3-4-,-8 
SSft-LElJ-SEl\-ASN-L ~LEU-

One of the iranalettonal ,.ding frames genera· 
ted from the DNA sequence of the 141 bp .SOUSA· 
to-SaU3A restriction fragment tcontalr\ing \he 
1ntemal Hindi site; see PGK restriction map Fig· 
ure 1) produces the following amino ~ld 
&0Q\H1noa. 

1-2-3-4-5-6 
MET-SE~l-SEf---sEf-L Yf-·LEU-

After removal Of initiator methionine, ll is seen 
the PGK N·terminal amino acid aequence has 5 of 
6 amino acid homology Witti N-tarmlnal amino 
acid aequenee of human PGIC. 

Thlt sequencing .-ult suggftt9CI that the start 
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' of the veast PGK structural g~e is coded tor by according to el'\rymo supplier's IBRU reaction 
ONA In th• 141 bp Sau3A restrietlon fragment of condition to obtain a 1.1 kb ONA fragment. in 
pB1. Previous -work (6} has suggeeted thar the vmlch !he i~itiati.on · codon for th• . coding 
ONA S8Qt.iten• *Peclfyinf the P<iK !11RNA mav Mquences·of HBIAg wt$ located dose to the ti' 
reside Ii\ thl$ area.of the H4nclllf fragment. further s end of the ttense·Gtrand (about 400 bp). The ONA 
eequenolng of lt\'8 141 bp Sau3A fragment glvel .was purified by electroPhorosis on pol'(acry .. 
more ONA sequence of the PGK promoter lam~de gel;. (PAGEl. The purified Hpall fragment 
(Shown i" Figure 2). was then treated with ~ vxonuclease {2 unltlt tn 

Protocol: Forthe lns•rtion of XbeVEcoRf sft8& In 100 J,li reeic:tlon mixture (New England BioLab) for 
the &'·flanking sequence of the PGK gene end the ro 30 minutes at :rrc. A exonuclease is a 5' aJConuo-
Conatructlon of a Promoter fragment (aee Fig. 1). lene Which digest» dOUble 1tranded ONA. Thls 

Stet> 1) Primer-repair reaction and cloning of 39 reaction degl'lded the 5' half of the "•nl9· 
bp Xbal•to Sau3A fragment (es ahown in Fig. 3). strand" DN"' from HBIAg coding 88quencea and 

Stap 2) Clone Pvul..ao·Xbal partial promoter exposed the antlsense strand for pairing with 
1r•gment (as shown in Fig. 4). 15 added primer. The A exonucleeae traaled ONA 

Step 3) Clone ~Ec:oAI promoter frag· waa deprotelnizad and resuapended In 50 pl of 
ment (at shown tn Fig. &)-contains the Hindlll-to· reaction mhcture containing 40 mM pota111ium 
EcoRI promoter fragment used in Fig. 6 for con· phosphate buffer lpH 7.4), 1 rnM OTT, 60 µglml 
struction of expreaslon plasmid. BSA. 6 mM Mf1C12. 0.5 mM eeeh of dNTPs, and 

lnserdon of EcoAl restrietion site In the PGk 
promoter and promoter ,..assembly 

The u11 of the PGK promoter for direct 9'(pr881-
ion of heterctogous genee in yeast requires that 

l there be a reatrir:tion eite on the 3' end of the PGk 
"-'promoter fragment wh!ch does not contain the 

PGK lnltletor ATG. figures 1. 3, 4 and 5 ahow how 
wt inserted an &oRI Ille in the PGI( promoter. 
We used a primer.repair reaction f11) to first 
tnsert an Xbal site in the 3' end of promoter 
sequence. Thia Xbal stldl\f end wa1 ligad to the 
Xbal site of a LEIFA (13l gene containing •n &oRI 
site adjacent to the Xbal si&e. Thit connection 
soquanca at the 5' end of the LEIFA gen• le u 
follows: 

S'-TCTAGAA1TCA TG-3' 
3'-AGA.TC"ITAAGTAc-5' 

Thia connedion or, the LEIFA gene is how an 
EcnRI site was in1erted next to the Xbal 11te on 1he 
PGK prornot&r. Uae of this XBal·to-&oRt conneo­
tfon allows for plactmem of atructuraf genes 
containing either of these restriction ends at the 3' 
encl of Che PGK promoter for expreasion pur· 
"OSe&. 

Vo~struction of •xpression vector 
isolittion of HBsAg structural gene 

The struc:wral gene coding for the HSsAg was 
recoverecJ from a pfasmid (pHBV-T· 1Al containing 
t~e entire genome of HBV cloned into the EcoRI 
cite of p8R322. This clone was obnlined by 
methods similar to those racanttv pubtished by 
Vat&n1.Uela et. al. (14) and (15). 

The structurlf gene was modified in two ways 
11 to incorporate t unique restriction &lie directly 
•n front of the initi•I ATG methionine codon end :n 
1~ bt.unt-end ligate the HBV Hp.a I site located 
0

;1 11• 10 the Ha.Ag gene to ltle filled in EcoRI site 
~ PBi\322, These two modiftcadons to th• DNA 
· •Gment cant.tining the HBsAg atructurai gene 
was ltcocnplished as described below: 
w~ 50 Ug Of JJHBV-T·IA ONA was fil"lt digested 

iipa fl (80 unitst in 200 '-'' reaction mixture 

ao 0.2 n mole of dA TGGAGAACA TC (hp-.&ebelled et 
S' end bv polynucleotide kineH). The mixlure was 
first heated at 9D"C for 1 minute, annetsled •tO*C 
for 30 minute$ and then inaubattd at 37'C for 3 
hours In tht: presence of 2 unb of E. coli DNA 
~lymerase I Kienow fragment (16}. Tnes DNA 
fiotymarne synthesiied DNA primed by the 
added primer end degraded single-stranded ONA 
wtth 3'-0H tenninal and. therefore, created blunt 
ended DNA molecules. Tbe resultant DNA wa• 

JO thon deproteinlzed, digested with Xba! (45 units) 
1t a .site located within the H8aAg gene In a 100 pt 
reecdon mbct&ire and fractionated by PAGE. A 91 
baa palr ONA. fragment containing the flnt 30 
c0dons of HkA; gene w•rr ia0later1 after auto-

• radiographic dete«ion ffr1gment Ai. 
To create a unlqua restriction alts stte lmme­

diat•lv S' to the tfB&Ag gene, ·we took advantage 
of a derivative of the plasmid pBA3Z2 (celled 
pNCV) which contafns a synthetic ONA $8Qment 

«I with the sequence: AA TTCTGCAG 

6 

GACGTCTiAA 

located at the EcoRI site. incorporated into this 
&Vnthetic DNA eeqr.aence is 1 Psd site. Tenµ; of 
pNCV DNA Wh first cut wtCh 24 unhl of Patl 
•n!Yl116 it, a 100 µI reaction mixture and tMn 
treated with 2 unlr. E. coli DNA potymerase 
Kienow fragment In 50 i-r reaction mixture as 
described above It re for 1 hour. The DNA 
polymaraae treatmant remo\led the 4 b...,.pair 3' 
overhang ct.ated bi; Pstl dig8lltlon to luV6 • 
blunt ondecl DNA with an intact Ei;oRi restriction 
tite giving the fragm9"t B, containlllg the ;)rigln 
of replication of p8R322. The blunt ended HB&Ag 
gene fragment A prepared above was ligated to 
the EcoRI site of fragment B. Thls wa accom· 
plishod in a lhl'ff fragment ligation to create a 
plasm!d pHS94. The third fragment (fragment Cl 
wn prap•red as fallows: 

2.) The HBsA.g gene from the plasmid ;>HBV-T-
1A was deavad with Hpal at e site distal to th• 
MB&Ag .gen1. The Hpal site WA ligated to I EcoRI 
Ike of pSR322 Dnwlously fllled ln the DNA 
poJvmeraso i Kienow fnlgment (16t This wu 
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I accompliahed by aubclonin9 the deriv•dve of 
pBR322 to gtve pHS42. This plasmid wae cleaved 
with Xbal (which cleaves at codon 31} end with 
Bamttl (Which cleaves 375 base pei~ ··fi:om. th~ 
ECafJI ·a of pBR322) to gfye 1 ONA fragment 
co11tainini; most of the HBsA.g gene, ca. 160 baN 
pairs distal to the HB&AQ gene. and the promoter/ 
operator and tile first 200 bace pain; of the 
tatracvcJine resistance gene. The DHA fragment 
c. bounded by Xbaf 111nd BamHI wa• ilolated bV 
PAGE and used in the three fragment ligation 
describ41d above to give the pleamld pHS94. (Fig. 
Al. 

Successfut expreaslon of a hetarologous gene 
In yeast requires that transcription of that gene 
end with a saquenoe of ONA which •flaws for 
proper processing (polyadenylatlon) and tran&­
port of thtt tranaGript. 

DNA restrietion and modification enzymes 
Flestrlctfon enzvmes EcoFU and Hindlll along 

with b1<9rial alkaline phosphataaa were put­
chuad from Beth•ld• Rss .. n::h Laboratortea. 
DNA polymerase (Kienow fragment) We& pur~ 
chased from Boehringe~onnhelm. T_. polynuc­
leotldt kfnaH, ATP and the dacxynudeolide 
1rlpno1phates dATP, dGTP, dCTP and dTTP were 
purchased from PL Biochemicals. AH other DNA 
restrictfon and metabolic esv.ymes were pur· 
ch1sed from New England Blolabs. [V-llp)ATP 
was purchased from An'M!lrsham Corp. ONA 
restriotion and me&abolic eni.ymee were ueed in 
conditions ex1ctly descrfbecl by their respective 
manufacturers. 

ONA. preparation and transfDrmetion 
Purification of ccvejently closed ciroutar pin· 

mid DNA.a from E. OQ/I (17l and ~••t (18) plus the 
transformation of E. coN (19} and yeast (2G, 21) 
were performed es previously described. E. coll 
rnlnitcreON were done as prwlousrv described 
122). 

Strains and media 
E. coli K-12 strain 294 (ATCC No. 31448) {23) 

was used for all bacterial transformation&. Veaet 
V strain XV810·8C lvving the genotype Utlf/2 trp1 

llde6 and/or ade2. lya1 e:an1) was used as y&alt 
~loning host. (ATCC No. 20622J. · 

LB I rich medium was prepared u described by 
Miller (241 with the addition of either 20 ug/ml 
~ll_'IPlcll~in (Sigma) or 20 11glmt tetrecvcline 
151gin41• 

~estriclion Map and partial sequencing of 3. 1 kb 
msert ot pB l 

.:ioo ~ of p81 (5) was exhausdvelv digested 
'Nflh Hindfll in a SDO pl raaation voluJM, than 
~lectraphorea•d on a 1 percent •s•rose pr-.par• 
~IVe Dg•rose (Sea Kem~ gel. The 3. i kb Hindlll 
;sert Wis c11t from the ethidium steined get, 

ttctroeluted (25), 2x e>Cirlcted with equal 
:~:umes of buffer-saturated phenol and 
01 i:roform before ethanol preciplcation. Portions 
• 6 resuapen<fed DNA fragment was dt11ided up 

'" 

t5 

· ... 

7 

and subjected to restrid:ion cuts W!lh a 9roup of 
difhtrent rostrJction eniymes to yield the pa11•at 
l'Htriction mep depicted in Figura 1. 
· 30 pg of the purified ·3.1 kb in••rt was cut with .. 

~t/JA. then run on a 6 percent aciylamlda gel. · 
Fragment& corresponding to the 266 bp 1nd 141 
bp were saparlltelv purified by electroelutlon ill 
described above. Each ONA. fragment WIS then 
subjected 10 DNA sequence analysis (25>. 

A portion of this DNA sequence is shown In 
FfQ'ure 2. Amino adds correapondlng tn the N· 
1ermin1l amino acids of the PGK tRNctuC'el gene 
ar• printed above the DNA sequence. 

lnsenlon of a restrktion alte in the PGK 5' 
pcomoter region 

A svnthetic: oligonucleotide with 'the saquenao 
5' A TITGlTGT AAA3' wae syntheeized by Shtn­
dard mathodl (28). 100 ng of this primer w•s 
labelled at the 5' end using 10 units of T4 
polynucleotide kinase in a 20 j.11 reaction also 
corttalning 200 yCi of tA11·PJATP. Thia labelled 
primer IOlution was ueod in t primer-repair reaa­
tton designed to be the first step In a muld-st8p 
procen to put an EcoRI restriction site In the PGK 
5'·flankin9 ONA JuM precedtng PGK structure 
gene sequence. The mutti&tap procea Is 
explalned below: 

SteD 1 (Figure 31 
Primer repair nrectiom1 and cloning of 39 bp Xbtt. 
to-Sa<13A PGK piece 

100 µg of pB1 was completely digested with 
Haelll then run on a 6 percent polyacrylamide gel. 
The uppermost band on the ethidum stained gal 
(conteining PGK promoter reglont was Isolated bv 
electroelution u described abave. This 1200 bp 
Hllelll piece of DNA was restricted with Himlll 
then run one 6 percent acrvtamide gel. The 660 
bp band wa• i801atud by •lectroelution. 5 ~ of 
DNA was Isolated. Thie 660 bp HNHko-H/nclll 
piece of DNA was resuspendecl In 20 µI dlH10, 
then mixed with tna 20 JJ1 of the pho1phorylated 
primer aolution described above. This miliCture 
was t X ph9n01-chloroform extracted tt.n ethanol 
preoipftettd. Dried DNA was rnuapended In 50 pl 
of HtO and then heated in • bolling waler bath for 
seven minutes. Thie aolutlon was then qu~ckly 
chllled in• dry !~·ethanol bath (10-ZOaecondsi 
then transferred to an ice-water bath. To this 
solution wn added 50 ~I of 11 ~olution containing 
10 itl of 10X DNA poiymeraa& l buffartBoehringer 
Mannheim!. 10 .,_,of a solution pr•11IOU11IV rn•de 
2.5 mM in each deoxynucleoslde uiphoaphate 
(dATP. dTTP. dGTP and dCWt.25 pl of dfH10 and 
S ul\i'UI of ONA Polymerase I, Kienow fragment. 
This '100 µI reacdon wes incubated at 37"C for 4 
houra. Th• aoh.ltion was then 1 X phend­
ohioroform ewacted. ethanol preelpital:tld, dried 
bv Jyophili:mtton then exhaustiveiy restricted With 
10 units of S•u3A. This solution was then run on a 
6 Pfll'Cltnt acrytamido get. The bind corre­
sponding to 39 bp in sia was cut from the oer 
then isolated· by electroetution, •• deeCllbecl 
atbove. Thii 39 bp bind h•• une blunt end and one 
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I Sa"3A, stioky encl. This fragment was cloned into 
a purified pFIFtrp69 veotot (11).10 µg of pRPtrp99 
waa. llnearized With Xbal, 1x phenol c;hlorofonn 
exttacteQ. 1hen eih.anOI precipitated. The. Xbal 
~ ond waS fined tri using DNA Polymera11 t 
Kienow fragment in a 50 µI reaction containing 
250 SIM in each nuc:leoslde tripho1phate. Thit 
DNA was c:ut with BamHI then run on a 6 per~t 
acrylamid• gel. The veclOr frasimant waa i1olatad 
from the gel by elecrroalution then reluspended 
In 20 µ1 dlH110. 20 ng of this -vector we ligated 
with 20 ng of lhe & bp fragment synthqized 
above for -4 hour1 at room temperetura.. One-.fifth 
of the ligation mix was used to transform E. eoli 
strain 294 to ampiclllin resistance (on 1.S +20 &Jg/ 
ml amp pl.ates). Plasmids from the transformantl 
were examtned by a quick screen proc:edure (22), 
One plaemid, pPGK"39 was selected for 9flquence 
an1lysla. 20 J1i of this plasmid was dlgaated wilh 
Xbll, eihanol precipitated then 1feated wtth 1000 
units of bac:lerlal elkaJine phoaphaae at 88°C for 46 
min. The DNA was 3X phenol-chloroform 
extracted. then ethanol precipitated. The depha. 
phorvlated ands were 1hen labelled in a 20 Ill 
reaction =ntalninu 200 J£Ci of (6"·PJ ATP and 10 
unfts of T,. polynuclaotlde kinase. The pla1mid 
was cut with Sell and run on a G percent acryt. 
amide gel. 

The labe[led insert band was isolated from the 
gel and sequenced by the chemical degradation 
method (25J. Tne DNA sequence at the 3' .. nd of 
this pramotar piece was m; eJCpacted. Step 2 
(Agur.4J 

Construction of 312 bp Pvul-to-EooRI PGK 
promoter fragment 

26 ~ of pPGK-39 (Fig. 3) was simultaneously 
dige1ted wfth S.ll and Xbal (5 units each) then 
etectrophotBSed on a 8 pereent gel. The 390 pb 
band countainirig the 39 bp promotar piece was 
isolated by elcctroelutlon. The resuspended DNA 
was restricted with Seu3A Chen elactrophoreted 
on an e percent actvlamide gel. The 39 pb PGK 
promoter band was i&0lated by elaatroelutioR. 

I 

to 

IS 

This ONA contained 39 bp of th• 5' end of the PGK . a 
. promoter on a Saua.A*Xbal fragmenL 
V 25 µg r;tf pB1 was restricted with Pvul and Xpnl 

then electroishorned on a 6 percent g•I. The .8 
kpb band of DNA was isolated bV eiectroelutlon. 
then restricted with S.u3A and ellGtrophorasis on 
a 6 percent gel. The 265 bp band from the PGK 
Promoter (Figure !} wa• isolated by alactr01tu· 
lion. 

This ONA was then H;ated with the 39 bp 
13ro!noter fr•gment from .above far two hours at 
roo~ temperature. The ligation mix wes 
restricted with Xbal and Pvul then el"~ropnor· 
esed on a 6 peroent ac;rytamide gel. The 312 bp 
Xba-.10-Pvul rutriotion fragmem was isolated bv 
•l~~roolution, then addtd to a Ugation mix con­
ta~ni~g 200 ng of p8R322 {previo'28'y isolated 
n»ss1n9 the 162 .Pvul~to-Pstl reauietion fragment] 
and ~oo ng of the Xbal-trrpsrl t.etfA cONA gene 
Pre\liously isolated from 20 ~g of pl.EIFtrpA. Thil!f 
3·fa~or-ligation mix was used io tran9form f. cofi 

8 

strain 294 to tetracycline resistanca. Trensformant 
clonlee were mlni11Ct1ened and one of the cof· 
onios,.pPGK~300 was Jaoiated as havioa 304 bp of 

. PGK 5'·ftanking·DNA fu.edtG the l.alFA gene In a 
p9R322 blled vector. The 5' end of th• LelFA 
gene has thtt folh:iwlng Hquence: 61~ 
CTAGAAA TTC 3', thu1 fulion of theXbal site from 
the PGK promoter fragment into this ssquenc:t1 
allows for the addition to the XbBI site an &oRI 
site. pPGK-300 thu• contains part of the PGK 
promoter ieoleted In a Pvul-to-EeoRI fragment. 

Step 4 (Ft;. 5) 
Construc:tion of a t600 pb .Ecofti..to-&oRI PGK 
promoter -msnt 

10 JJQ of pB1 was dlgestad wl1h IWI and Et»Rl 
and run 6n a 6 peroent •CtVl~lde gel. The 1.3 kb 
Pvtll-tc>-EcoRI DNA band from the PGK 5' ..flanking 
DNA wn Isolated by electroetutlon. 10 µg of 
pPGK·300 was dige11tea with EcoRf and PVul end 
she 312 bp promoter fragment waa isolated bv 
electroelution after elec;trophoresing the diges­
tion mix on 16 percent get. 5 ug of pFRlA WIB cut 
with EcoRI. ethanol preciplUited than treated with 
bacteria! alkaline phoaphlttaH at Gr for 45 
minutn. Afler 3X phenolfehlorotorm treating the 
DNA. ethanol precipitation, and ruuapenslon In 
20 ml of dlH.O: 200 ng of the vectDr was ligated 
with 100 ng of 312 bp EcoRl-ti>Pwl DNA from 
pFIGK-300 and 100 ng of EcoRl-to.PYul ONA from 
pB1. The ligation mix wa& used to tr.andonn E. 
coli strain 294 tu ampiciUin reai&tanoe. From one 
of the Ap" colonies was obtsln9d pPGK·1500. Thie 
pinmid wntains the 1500 bp PGK promoter 
fragment at an Ec:oRHo-EcoRC or Hindlll-to--EcotU 
piecfl of' DNA. 

Construcfion of eicprestion vec:tor CR;uro 6} 
20 µ9 of ,:.FRL4 wa1 dl9estad wcth H'Uldlll and 

Bglll ttten .tectrophorased on a 8 percent ac:ryl­
amide gel. The 230 bp fragment from the TRP'I 
gene c;ontainlng pllt't of the structural gene and 
th• 3' untranalated region t:m; waa ieolated by 
1lectto&tution from the gel slice. Thl1.is the ve• 
wrmlnator restriction fragment. 

10 J.19 of pliS94 was reatricted with Hindlll •nd 
EcoRI, run on a 6 percent acrylamidt gal. The 810 
bp band ree>resenting the HBsAg gene was i10-
l1ted by lieatroetution. 

3 lo'Q of the HbaAg gene wes ligated with i µg of 
the TRP'l. "terminator'' for 2 houn1 It room 
1emperatura. This solution waa ttien r881ricmd 
with Et;oflf and Bgnl and eleat1'0phoresed on a 6 
percent ecrylamide gel. The 1. 1 kb band corre­
sponding to 5'·HBsAglTRPl-3' DNA fraqment 
wa1 Isolated by etectroeiutlon. 5G 1J.9 of pPGK· 
1500 was restricted with Hlndlll and Ecof\1 lhen 
eiei:trophoreaed on a 6 perwnl acrvlamlde gel. 
The i .S kbp PGK promoter fragment we& Isolated 
by electroelutlon. 10 µ; of pCV13 waa rl&tricted 
With HimJlll and S.mHI then elecvophorned on a 
i percent agaro&e get. The large vector fragment 
was isolated by eiec1roel11tion. O.S IJ9 of pCVt3 
(HinotU to BamH&), 150 ng of Hindlll to EcoRI PGK 
promoter fragmef\C, and 100 ng of EcoRl to Bg.ftl 
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. I HbsAg!TRP'l fusion were ligated for 12 hours at gradient consisting of 5-20 percent sucroao lwM 
.: i 16"C and then used to transform E.coli strain 294 in 20 mM trie-HQ (pH 7.4), 0.5 mM EOTA, and 
. · / to amplci1Dn resisranca. Mi~iic:een analysis of.. . O.SM NaCl then centrifuged_ in a SWS0.1 rotor at 
. ·: number of transformants 1nd1cat1d that. soma 45,000 rpm· for 2 hours. FnictiQna ware .collec:tid 

colonies contained the proper vac:tor constNctlan I and aisayed for HBsAg by radlolmrriune issav. 
with prumoter·HSaAg structural gene-TRP1 ter· 2) 200 iJf of extract from the samt source 11 

minator. Several of these plesmida were used to above was l11Yered on top of a 6 mt solution 
transform veast to Leu+. containing 20 mM Tri1.f1CI (pH 7.4), o.5 mM 

Transformation cf yeast end assay for HbsAg 
Vent strain XV&t0-8C was grown in YPD 129), 

propared tor tranllformatlon using .standard pro­
ceduf0$ (20, 211, and transformed to leuclne 
prott1trophvCLeu "I using plasmid pCV13 or 
pVeHOs on minimal VNBC·leut (See Stralns and 
Media). Tran&formont colonies were prepared for 
HBsAg radloimmune assay (Abbott Labe) as 
follows:: 

Cl) Grow 10 mis of yeast in YNB-leucine .at 30"C 
with aeration to an absorbance at 660mµof1.0. 

(2) Spin cutture 5 min at 6000 xg. Disc:al'.d 
supernetant. 

(3) Resuspond cells in 500 µI of PBS (20 mM 
sodium phosphate at pH=7 plus 0.14 m Nae!•, 
add 1.5 gram sterile glass beads (.45-.50 mml 
and vortex 5 min (keeping cold bv putting on ice 
intermittently). 

(4) Spin cell extract 5,000 kg for 3 min at 4-C. 
U111e 200 µI ot cell extract for standard 
redloimmune 11ssav. Call extract wa& diluted 
using PBS. 

Evidence for HBIA9 expression In yeast bv 
pYeHBs 

pVeHBs end pCV13 wsre used to tl'illnsfortn 
voast anin XV610-8C to teudne prototropy In 
YNB-leu minimal media. The presence of the 
plasmid was verlfte~ by 9ro~ng the yeest on 
plate& with no leuclne nlection (YPO) to CDlontes 
followed by repHcaplating to YNB(-leuclna} pletN 
(2 percent agar). Fifty to 80 percen1 oflhe colonies 
Umt grew on YEPO grew on VNB·leu demon1t111t­
lng that 50-80 perwnt of yeast contained pCV13 
or pYeHBs. tt ehould be noted that a Lau• rever .. 
tant would show growth of all colonies on YNS. 
Jeu. PCV13 atabllltv In tha yeast wu no greater 

Vthan pVeHBs. suggesting that the production of 
HBsAg (as discussed Infra.) does not put preasure 
on oeHa to restrict copy number. 

Trensformant yeast were grown in liquid 
leucint aelectlon med\a (YNB-leuJ then broken 
open by vo!'Wxing with a glass bead suspension 
(infra.!. A radioimmune assav wat us8d to aeeeas 
HB1iA9 production in the cleared vaast IPC&ract. 
The 22 nm HBsAg p•nide is roughly 1000 times 
mare antigen then the HBsA9 monomer& alone 
and we u1ed antlbOdy prepllC'ld agelnlt thlt 
particle. The RIA on the veast extract Indicates tht 
production of HB9Ag from pVeHBa in v-1st. 
[pCV13 transfonned yeast extnicts produce no 
HBsAg antigen material.) · 

CharacterizttiOn of HBsAg in ye;m 
1) 200 111 of yeast extrect prepared as desoribad 

•ve was layered on top of 1 5 mt linear deMllY 

"' 
EDTA. and CaCI idanslty 1.2 gl") then centrifuged 
In a SWS0..1 rotor at 45,.000 l'pm for 70 !\ours. 
HBaAg w•• aMayed as deeorlbed above and the 
density of CsCI was determined by recon:ling the 
refractive index of aaeh gradient fraction. 

Hapatlds sL1rface antigen la svnthe81nd and 
ti .ecreted from Uvar cells as a particle (22 nm 

particle). In the construction dacribad above, 
only the coding region representing the mature 
structural gene plug soma 3' untranslated 
aequencas were included. We asse•d the,,, .. 
tlculato nature of the hepalltlt .urface antigen 
monomer within the yeast aell. To thl& ·end. 
aliquots of a veaat cell extract camalnlng HBsAg 
were subjected to sedimentation velocit\t and 
sedimentation equilibrium analysis. Aa ahown tn 

u Figure 7, 'he hepatitis. surt.ce entigen syn"'811zed 
In yeast cell has a ndimentatlgn ra'8 that la 
virtu1Hy tdentlcal to that of the ·~ nm partlde" 
farm of HBsAg obtained from a cell line (Pl.CWUI) 
secreting authentic 22 nm particles. 

• • HBsAg svnthash~ed In yeast has a buoyant 
density of 1.18 g/am' as datermlnad by Mdtman· 
tadan equf&ibrium analyBla. This value Is slightly 
lclwer than that of HBaAG synChesimd In the 
inracted liver c:en. 

llli 

8 

Vaccine preperation 
Vaccine& incorporating the Ha.Ag produeed as 

herein described, een be prvpared according UJ 

known methods, wherein said Ha.Ag le oom· 
binad in admlxtu!"41 with a 1ultable vehicle. Sult~ 
able venlales Include, for exampla, ullne .olu· 
t1on1, various known adjuvanta, or other •ciditives 
l'eC09nized in the an for use in compositions 
applied to prevent vlral infections. Such vaccfnee 
will contain an effeative amount of the HBaAg 
hereof and a suitable amount of vehicle in order 
ro prepare a vaccine useful for effective adminis­
tration to the host. Attention is also dlreded to 

·New Trenas ana Devofopmenu In Vacclnn. 
Editors: A. Va'ler and H. Friedman, Unlvefllty 
Part' Press. Baltimore, 1978, wnlch Is herebv 
Incorporated by reference, for further background 
details on the prep~1ation of vaccines. 
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Qalms fOC' the Contractffts Stata: 8E. CH. OE. FR. . 
GB, IT~ U. W, NL. SE 

1. A DNA axpruelon vector capable cf replica­
tion and phenotyplc seteatioo in yeast host strain 
comprising e promoter CXJmpatible wlttl a yeast 
host strain and . a ONA sequence encoding 

,0 

10 

hepatitis B surface antlg•n CHBsAg! and laeklng 
anv sequunce encoding HBAAg preouraor 
aequenca, seid ONA ~equence being poaitloned 
wtth appropriate trcrn1lational. lltltrt -and atap. · 
si9nals in said vactor undtir control of said pro· 
moter such that In a transfonnant VRlt atrafn Jt Is 
eicpronad to produce mature hepatitli B aurfaoe 
anti gen in discrete particle form. 

2. A ONA vector according to claim 1 wherein 
the promoter 1$ dethted from a yeast glycolYtfc 
enzvme gene, acid phosphatase gene. or a gena 
whose 5'·flanking regions oontatn mutations 
reaultlng in unuauaHy high ~ression levels. 

3. A DNA vector eccording to cltim 2 wherein 
the promoter Is derived frocn the yeast PGK gene. 

4. A Yeast strain transformed with the ONA 
e>cpr61$ion VKtor according to any one of cialms 

"· 2 and 3. 
S. A veast strain acc;ol'df ng to cteim 4 obtained 

by uansfonning a /eu2 eutotrophf c: yaat scrain, 
the vector containing a LEU2 gene for phcmotypic 
selection ;n yeast. 

6. A fermentation culture comprising a trans­
formed veact ac:cordlng to claim 4 or ctelm &. 

7. A method of producing hepatitis B surface 
antigen which comprises growing a culture 
according to claim 6 &o H to produc. said 
antigen, and recovering the antigen therefrom In 
pertiole form. 

8. A method of producing hepatlds B surface 
antigen in particle fonn sultablt!I for use in confer· 
ling immunogenicity to hepatlda B YINS tn 1 
1uaceptible human which compriees: 

a> providino a ONA transfer vector capable of 
repliCtrtion and phenotypic aalection in v••st host 
wains; 

bJ providing a DNA fragment comprisl"9 • 
promoter compatible with 1 yeast host strain; 

c) providing a ONA ffa9medl encoding hepatitis 
B surface antigen and ledi;i"SI any aequence 
encoding HBIAg precureor sequence; 

d) asaembling the fragmenw of stepa al, b) and 
c) to form a replicable expre1aian vector wherein 
CliCS Mcttl4fnU of atep cl is under contror of aald 
promoter. with appropriate translatlon1l stert end 
stop aignala. such that it is 8)Cprft8ible to produce 
rneture hepatitis B surface antigen; 

e} tranaform4ng a yeast strfin with the vac:tor of 
step di; t• allowing the yent transforment to grow until 
said hePltltis B surfece antigen is produced 
therein; and 

gl recovering eaid hepatitis a aumaoe al'ICigen tn 
diacrete particle form. 

9. A method according to olaim 8 wherein the 
ONA Mquence of step ol comprises, in order from 
the 5' end of its codlna strand, an ATG tranelo­
'tional s11rt codon, the remaining nucleotides 
encoding mature hepatitis 8 surface antigen of 
the hepatttia 8 genome, and translational tiOp 
lign1llaJ. 

1 o. A method accordl11g to eialm 8 or claim 9 
wherein the promoter of step b) is derivec: from 
the yeast PGK promoter region. 

11. A method according to any one of claims 8 
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! to 1 o wherein the vector conu.ini a LEU2 oane . ! tor pnenotvpio surecllon in yeast, and tho Yeast 

~ 1 51rain is lt leu2 auxotrophic ysast strain. 

· '.: / Clainls far· the Contracting State: AT 
·; 
! 1. A method which comprises producing u 

ONA expression vactor capable of replication 
and phenotypic setection in yeast host strain 
aomprising a promoter compatible with a yeast 
host .craln and a DNA sequence encoding 
hepatitis B surface antigen (HBsAgJ 8fld lackfng 
any sequence encoding He.Ag precursor 
sequence. said DNA sequence being positioned 
with appropriate translational stan and stap 
si9nal1 in said vector under control of said pro­
moter •uch that in 1 tran•forma11t yaast attain It 
is expr91sed to produce matur• hepatitll a sur­
face ant~ In discrete particle form. 

2. A. method according 10 claim 1 wherein the 
promoter i• derived from a yeast glycolytlc 
enzyme gone, add phosphotaae gene, or a gene 
whoee 5'-flanking regionG oontain mutation• 
reautting In unusually high expreasion levels. 

\..._.; 3. A method i(XX)rding to claim 2 wherein d'le 
pramotar ;. derived from the veast PGK. gene. 

4. A method which ex>mprises transforming • 
yeal't strain with a PNA exprettlon veetor 
aceorcllng to ariy one of claims 1, 2 and 3. 

5. A method according to claim 4 which com· 
prlsaa transforming a /.UZ auxmrophic yeast 
strein. the vector containing a LEU2. gene for 
phlt'IOtyPiC selection in veast. 

6. A method whidt oompriSH producing 1 
ferment&nton culture from 8 transformed veeet 
aeccndlng to claim 4 or claim 5. 

7. A method of produelng hepatitis B surface 
antigen Which comprises growing a cultul'9 
according to oieim 6 10 as to produce said · 
antig,,,n, and rec.overing the antlo-n therefrom in 
particle fonn. 

& A method of producing hepatltit B surface 
1ntigen in partida form auitabl• for uaa fn con­
ferring immunogenicitv to hepatitis B virus In 
auscoptible human which compriees: 

. . 1) providing • ONA t1·1nsfer vector capable of 
v'replication and ·phenotypic selection in """ 

host 1tralns; 
b) providing a ONA fragment comprising a 

promoter oompatible Wiht a veast ho11 atrein; 
c) providina a ONA fragment encoding 

hepatitis B •urface ar1tigen and lacking any 
sequence ent;0ding HBsAg precursor saquenoe; 

d> assembling the fragments of ~ •I, b) 
and c} to form 1 replicable axpreaslon vector 
wherein said seQuence of step cl is under oon· 
trot of eaid promoter, with appropriate transl• 
cional start and stop 1ignals, such thot it is 
expre91ibfe to produce mature heputitis B sur­
face antigen; 

e) transformin; a yeast str"•in wtttl the vector 
of step d); 

fl allowing the yeast transfonnant to grow 
until Aid hepatitis B surface antigen is pro­
duced therein; and 
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g) rocoverinE; said hepatitis S 1urface antigen 
in disorete i:iarncle form. · 

· 9. A method according to .claim 8 wherein the 
ONA ssquence ·of step cJ comprl11es. In order 
'from the 5' end of its coding &lr•ncl, en ATG 
translational start codon, the rem•lning ,...,.. 
leotides encoding hepatitis B sutface entigen of 
the hepatitis B genome, and translational ttop 
signalls). 

10. A method according to claim 8 or clalm 9 
Whareln the promoier of atep b~ is derived from 
ttt• yeut PGK promoter region. 

11. A merhod according to any one of ciatms 
8 to 10 whecein the lleetor contains e LBJ2 gene 
for phenotyple election in yeut, and tae yeeat 
strain is a leu 2 auxotrophic yeast strain. 

Paent•MPriiche fir di• Vwtr•patuatn BE, 
CH, DE. FR. GB, rr, U. LU, NL, SE: 

1. DNA Expresetonsvekaror. der t'Or die Repli· 
lcation und phinotyplscht SalelctiOr"I In Hefe­
Wirtntlmmen 9eaignet i8t, umfauend elnen 
Prcmotor, der mit elriam Hefewl1111t11mm ver .. 
trigHch ilt und eine ONA Saquenz. die Hapalftis 
B Oberftichenanttgen (HBaAg) kodiert und der 
jede Sequenz fehlt. die e•ne HBsAg Vorliuferse­
quenz lcodiert. wobei die genannte ONA 
Sequenz Im genennten Vettor mlt antsPrechen· 
den Tnanslatlonsstart• und Staps!gnalen unter 
Cler Steuerung des genannten Promotor& posl­
tionlert ist. aodaB sie in einem Tnnstormunt~ 
festamm expnmiert wlrd, um reffea Hepultlt B 
Oberflioh•n•ntl9en in -diakreter Tellch.nform Di 
produzieren. 

1. ONA Velctor nach Anlpruoh i, woriri der 
Prornotor van elnem glycol'ftischWI Hefeenzym-
94'"· Slurephasphatilsegen oder •inem Gen 
abge~tet ist, des11n 6'-R.tnkenberelcha Mutlt· 
lonen enthalten, die zu ungew6hnlich hohen 
E>cpresuonswertan fOhren. 

3.. ONA Vettor ntch AnsprJch 2. worin der 
Promotor vom Hete PGK Gen abgeleltet lat. 

4. Hefestamm. d8r mlt d8m DNA Exprustons­
veklor nach efnem der Anapt'Uche 1, 2 und 3 
tral'ISformtert 1st. 

5. Hefestamm nach A.nspruch 4, der c:k.lrch 
Transformieren eines /eu2 auxotrophen Hefe.. 
stammes erhelten wird, "'-'Gbei der Vektor efn 
1..EU'I. G9n «lr di~ phinotypilche Selektion in 
Hefe enttlllt. 

6. Ferma11tationsku1tur, umfatsend elne tran• 
formierte Hefe nech Anspruc:h 4 oder Ansprudt 
5. 

7. Veriahren zur Hatstellung von Hepacltls B 
Obetflichenantlgen, dot daa Zuchten elner Kul­
tur nech Anspruch e. um etas genannte Antigen 
herzultellen und die Gewinnung dat Antigen& 
aus der Kultur In Tellcheniorm umfel.t. 

8. Verfahrefl zur Herstallung van Hepatftl& B 
Oberfllchantlgan In T1Uchenform. dis fUr die 
Vetteihung 'Ion lmmunogenidtlt gegen Hepati· 
tis 8 Virus In e;nem enflll1gen Mensctaen geal9· 
net 1st, umfaaend: 

a) Bereitstellen eines DNA Transtervektors • 
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i JUr Replilcatlon und phinotypiache Selektion in 
i tlafaWirtsstlimmen fiihig ist: 

· : i /' b) ijereitatellen eines DNA .Fragmentea, dM 
: ·: · einen mit einem Hefewinsstamm vartrigltchen · 
· : Promotor 11nthllt; 

c) 8ereltstellen el"" DNA Fragmerites, das 
Hepatiti& 8 Oberflichenantfgen kodiert und d•m 
jeda Sequenz fehlt, die eine HBsAg VorJiufora&­
queru lcodien: 

d) Vereinigen der Fragmente dar Schrittt a), b) 
und cl. um elnen repli~erbaren Exprassionsvek· 
tor zu bilden. worin die genannt• Sequent von 
Schritt c> unter der Saeuerung dts genannten 
Promoten mit geeignetan Translatlonutart· und 
Stop•fgnalen •ht, aodaB sie exprimlarbar i4 
um relfes ~tltis B Obtrfl&chenentigen zu pro­
duziaren: 

e) Trat1sformieren elnes Hefestammes mit dem 
Vektor van Scnritt d); 

fl Kultlvieren da Hefetransformcinten, bis das 
genannte Hepatitis B ObarfUichenantigen · darin 
produzien ist; 

g) Gewlnnen dat genannten Hepatitis B Obar· 
\._,; ftlchenantlgena in dllkrater Teilchenform. 

s. Verfahren nach Anspruch a worln dfe ONA 
SDC1uet1z aus Schritt c) in fterhenfolge vam 5'• 
Ende ihres Kodlerungmtrangw an etnen ATG 
Tr1nstatlonntartoodon, die verblejbenden 
Nucleotide, die das relfe Hepatitis 8 Oberflichen­
antigen des Hepadtia B Genoms kodleran, und 
{ein~ Tran•latlons-stop&ignal(e) enthilt. 

10. Verfahren nach Amipruch 8 oaer 9, worin 
der Promoter von Schrlt1 bl vom Hefc PGK Pro­
motorbereioh ab9elaitet ist. 

11. Verfahren nach einem der AnaprGche 8 bis 
10, worln der \tektor ein LEU2. Gen fUr die phlno­
typi1che Selektfon in Hefe enlhilt und der H• 
stamm ein /euZ auxotropher Hefestamm ist. 

Pawnt:.ntpniohe flir den V9"ragut.alt AT: 

1. Verlahren. dis die Herstellung elnes DNA 
Expresllionsvek&ors umfalt, der fQr die Replika· 
don und phinotvpisahe Selektian in H"9wlrts· 

. 1timmen ~algnet ltt. umtaasend ainen Promo. 
v tor, der mil einem Hefewlrtsstamm vet'triglich ist 

· und eine DNA Sequenz, die Hepatitis B Oberfti· 
chenantigen (H&AgJ kodfert und der jade 
Sequenz fehlt, die ainc HBsAg Vorliufet19quenz 
kadien. wobei die genannte ONA Sequaru im 
genannten Vektor mlt entsprechenden Transl•· 
tionsstart· und Stopaignaien untar der S1euen.1ng 
des genannton l'rarnatol"i p06itloniert 1st, sad.a 
sle in einem Transtorm1nthafeatamrn exprlmiert 
wfrd, um reifas Hapatitie B Oberfllchenemigen In 
diskreter Tellchenform zu pradUZientn. 

2. Verflhren nacl\ Anspruch i, worin der Pro­
motor von Binem glycolytlschen Hefaenzymg&n. 
Siurephospllatasegen or:iereinam Gan ebgeleltat 
ist. dessen 5•.fll•nkenberaiche Mut.ationen 
anthalten, ch zu ungewOhnlich hohen Expr• 
alonaw•rten fQh,.,. 

3. Verfahren n•ot: Anspruch 2, worln der Pro· 
motor vom Hefe PGK Gen abgeiaitet tst. 

~· Verfahren, das die Transformatiol'I eines 

s 
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Hefestarnmes mft einem ONA Expressions­
vektor nech einem der Anspriiche 1, 2 und 3 
umfaBt. · 

6. Vetfahren n;sch Anspructi 4, das die Trantfor­
mation eines 1eu2 euxotrophen Hatl8Btamm11 
umfaBt. wobei der Vcsktor ein l..ECJZ Gen fur dfe 
phinotyplac;he Selaktion in Hefe enthllt. 

6. Vertahren, das die Hensteflung oiner Fermen­
tationskultur aus ainer transformlerten Hele n1ch 
Anspruch 4 oder Anspruch 5 umfaGt. 

7. Verfahran zur Herstellung von. Hepatitis B 
Oberffichenantigen, das das ZOahten elner Kul1Ur 
nach Anspruoh 6, um dis genannte Anllgan 
herzu111i.11en und die Gewinnuno des Anlfvena 
aua der Kultur in Tellchenform umfaBt. 

8. Verfahren zur HersteJlung von Hep1tll11 B 
Obsrfflchenentigen in Tailchenfonn. dae ftir die 
Verlelhung von tmmunogenlzltit g19en Hepatitis 
8 Virus In ei11em anfilll9en Mensehen gulgn• 
ist, umfusend: . 

a} 8ereltstellen eines ONA Trenstervektors, dw 
zur RepHlcetion und phlnatypiache Selelcl:lon In 
Hefawlrtlstimmen fihlg iat: 

bl Berattstetlen atnes DNA Fragmentee, dH 
elnen mit einem Hefewirtsstamm \tertrigHchen 
PrG1notor enthilt; 

c) Bertftatellen elnes ONA. fregmenlles, dat 
Hepatitis e Oberfliohenanttgen kodien und dtm 
jede Sequenz fehft die aine Ha.Ag Vorllufarse­
queru kodiert: 

d) Verelnlgen aer Fragmente der Schlitt• a,, bt 
und c~, um einen repli:derbaran Exprnsionsvak· 
tor zu bilden. worin die g6n1nnte Saquenz: von 
Sahritt ct untar d•r Steuerung del ganannten 
PromoUM"I mil geetgneten Tramladanat1n· und 
Stupsignalen 1tehl. .ader.t Ile exprtmlerbar Ill. 
um reifu HepMltl• a Oberflic:henarJtlgen m pro­
duzieron; · 

e) Trantfarrni8'8n eines Hafestammas mlt dem 
Vekcor von Schritt Cd); 

fl l<ultivieren des Hlrfetransformanten, bis d1& 
genannte Hepatitis. B Oberfllchenentlgen darin 
produZi.n ilt; 

9) Gewinnen dea genannten Hepatitis B Obar· 
flic:henandgens in diskreter Tellchentorm. 

9. Vdhntn nadl Anspruch 8, worin die ONA 
Sequenz aue Schrftt cl In Relhenfolge vom &'· 
Ende lhres Kodierungs•tranges en elnan ATG 
Transllttian.wrtcodon. die verblelbendM 
Nudeotide, die das reif. Hepatttis B Oberfllchlft· 
antigen dea Hepattti1 8 Genome kodieran, und 
(ein) TranslaCions..roPSionalM entnilt. 

i o. Verfahnm Moh Anspruch a oder a. wortn 
der Promotor van SChrltt b) vom Hele PGK Pro-
motorbereich abgaleltet 1st. · · 

11. Verfahren nach einem dor Anepriiche B bis 
10, worin der Vektor eln LEU2 Gen fOr die phino­
typische Selaktion in Hefe anthitt und der H9fe­
stamm ein leu2 auxotrophar H.testamm ilft. 

Revend'ICa11ons pour lee a.ts Cant!'ectants IL 
CK, DE. FR, GB, IT, LL W. Ni., SE 

1. Voeteur d'expreulon d'ADN capebla d'une 
replication et d'une tileotion phinotypiqua dans 
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une souche h6te de levure comprenant un pro­
motaur ciompatible evec une aoui:he h6to de 
levure 8t une sequence d'DN codarn l'antio6r1e 
de surface de l'h4patite B CHB&Ag) et manquant 
de toute •6queric;e ~nt fe 8'qu"mt• ,iiicur· 
aeur de HBaAg, ladfte sequence d' ADN. etant 
plac6e 8VDC d•• sigmtUJC epptopriH de d6bt.tt et 
de fin de translation dan$ ledit vacteur sout le 
contr61e dudlt PR'lmoteur de manlere que dan1 
une souche de levu"' transformante, e&le s'ex· 
prime pour prOdulre t'antigene de surface de 
J'htpatite B mature sous forrne de partlC1Jln 
distinctes. 

z. Vecteur d'ADN selon 1a revendk:ation 1, oo 
le pmmotaur est derive d'un g4me de !'enzvm• 
glycolytique de la levure, d'un gene de pho•· 
phata• aci~ ou d'un gen. dont lss region• 
ilanquant Ei' c:ontfennent des mutatl11n11 apnt 
pgur resultat des niveaux lnhabituellement 
alev61 d' wcpnt1111ion. 

3. Vecteur d' ADN l&lon la revendicatiOn t ou 
le promoteur est d6riv6 du gene PGK de la 
tewre. 

4. Souc:he de levure transJormff par le vec­
\J teur d'expression d'AON aelon l'une quelcon· 

qua des revendicatlons 1. 2 et 3. 
5. Soutihe de leVUre selon la revendieatlon 4, 

abtenua par transformation d'une soudte d• 
levure aiJ><otroph• de letul, I& vecteur conten•nt 
un gene LEU2 pour ta siilecdon phenotyplque 
dons le lcwre. 

6. Cuecure ttn fermentation compren•nt une 
levure transformee eelon 111 revendication 4 au 
le revendicetfun 5. 

7. M*thode de production de l'antis•ne de 
surface de l'h6patlte B qui comprend la crois· 
sence d•une culture salon la revendicallon &, 
afin de produire !edit antigene. et I• r4cup6ra­
tlon de rantigene sous tonne de partlcules. 

8. M6thode de production de l'an1ig6ne de 
.surface do l'hepatlte 8 aous forrne Cle partleules 
appropie a une utilisation pour oontarer una 
fmmunogenleite au virus de l'hipttite B chez 
un 6tre humain 9011.-lble, qui consiate i: 

a} prevoir un vecteur de tran.rert d'ADN 
capable d'une replication et d'une selectlan 

U ph6"otypique chet des souchea hOtes de 
· levurt: 

bl prevoir un fragment d'AON comprenant un 
promoteur compatible avec une souche h6tt de 
levure; 

c) prevoir un fragment d'AON codanc l'antl· 
gene de surface de l'hepatite B et manquant de 
tout• sequence codant fa sequenoi: prAcurwur 
de HBsAg; 

dt easemblor I• fragments dn itapes a), bl 
et C) PoUr former un V8Claur d'expreaion repll• 
cable, ou ladite sequence de l'6tape c:> e1c aous 
le control• cludit promoteut avac signeuK 
appropries da debut et de fin de translation, 
qui peut s'exprirne~ pDUr produire l'antigene de 
surface de l'h9patite B matUre; 

tt) transformer une souche de levura par le 
vecteur de f'etape dt; 

f) permettre au transformant de la levure dt 
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croitre tusqu'a ce qlle ledit antlgene de surface 
de l'hepatite B y soit pradult; et 

g) rec1.1perer ledlt antig6ne de surface de l'he. 
patite B sous forme de,particutes diatinctaa. 

9. Methode ·ae1on· Je revendicatfon 8, ou ladlte 
s~quence d'AC>N de 1'9'8pe cl comprend, dens 
l'ofdre 6 panir de l'axtr6mlt6 5' de aon brin 
codant. un codon de dibut de translation de 
ATG. les nueleotides tisiduels codant l'anttotne 
de surface de l'h6patite 13 rnel\Jfe du gdnome 
de l'htpatlte B et le ou les stgnaux d'arrtt de 
translation. 

1 o. Method• selon le rsvendication 8 ou la 
revendie•tfon 9, oii te promoteur ae l'itape b) 
est deriv6 de ta region du promoteur PGK d1 la 
levure. 

11. Mithode seton rune que1conque dee 
revendlcati~ 8 A 10, ou le vecieur cormant un 
gene LEl.12 pour la Mlec:tion ph6not)tpiq1Je dana 
la levure, et la soucha de levure oat une touche 
de levure auxotrophe leu2. 

Ravtndicetfons pour ra.t Contractant AT 

l. Methode qui comprend la producdon d'un 
vaet9Yr d'expreaslon d' AON capable d'une 
r9plie1tion et d'une selection ph6notypiqua 
dans une souche hclte de tevure, c:omprenant 
un promoteur compatible avec une souche h6te 
de tevure et una s8quencst d'AON codent l'anil· 
gtna de •urface de t•hepetlte B (H8aAg) et 
manquant de tout• s6quenco codant la 
aequence precurseur de HB.,a.g, ladit• sequence 
d'ADN etant placte avec des aignaux appro. 
pr16s de debut et ct. fin de translation dan1 
ladlt vecteur sou; le oontr6fe dudit prom1:1taurf 
de meniire qua dans uno souche de levure 
transfarmante, elle s'e>cprima pour produlre 
l'entigen• do aurhaGe de l'h6patite a mature 
aous farm• de p1rdculn distincces. 

2. Mtihi:u:te aete>n la revendication 1, ou le 
promateur at derive rfun gone de l'anivme 
glycalytlque da la levure, d'un gene de pho•· 
phatese aclde, ou d•u" gene dont les regions 
flanq\lant 5' contiennent des mutations avant 
pour result11t des nlveaux inhabituellement 
6levea d'expreS&ton. 

3. M'thode Nian la revetidication 2. ou le 
promoteur est ckirlve du g•ne PGK de la levure. 

4. M8thode quf compntnd la trarniformatlon 
d'une souche <It levure ptr un veCISur d'&)(­
pression cf ADN telon l'une queloonqut des 
revendication1 1, 2 et 3. 

5. Mithode 1eton 11 revendk:ation 4, qui com· 
prond I• tranefQrm•Uon d'une 1ouche de levure 
ewcotrophe de Jeu2, le vecteur contena"t un 
g..,e LEU2 pour la selection phenotypiqua dana 
la tevure. 

8. Mithade ui comprend le producHon d'une 
culture en fermentation a pariir d'UR8 levure 
traneformee ••ton le revendlcation 4 01.1 ta 
revendicatto"n 6. 

7. M6thode de production de rantigane de 
surface de l"h6pati1ie B Qui comprend ta croia­
sanc• d'une c;;utture selon le rev~ndicatlon 6, 

f 
! I 
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,fin de produtre letit entigtne, et fa n;~upiration 
de 1·1ntlg6ne sous form• de panlcul1s. 

.. 8. Mithoda. d9 production de l'andgtne de 
· · surflice de l'h6patltl e sous tonne de partlcules 

approprl6 l une utilintlan pour aonMrer une 
lmmunogll"lclr6 8d virus da l'h4rp1tlt9 B chU un 
llre humafn sensible. qui ooru:fst• l~ 

a) prtvoir un vectBLlr de transfert d"ADN Gap&· 
bra d'une "plfcadon et d'une 96fectlon phenotypl­
que chaz dff souahes h6tes de 1.-ure; 

bt pnivolr 11n fragment d' AON compren1nt un 
pramo1eur compatible wee une soucht h6ta de 
lavure; 

o) frivoir un fragment d'ADN codant l'•ntlgtne 
de surface de l'h6P8dt• 8 et manquant de tout• 
siqu-.ace codant ta "6quenc;e pr6c:urseur de 
HBsAg; 

dt .... mbler lea fragments du 4taps .a), b) et 
c> paur former un veoteur d'exprasfon r6p(icable, 
oC. tadlla •quince de l'atape c) est eous le 
contt61e dudlt promateur avec des 1fgnaux 
appropri6• cftt d"1ut It de fin dt tramdltlon# qui 
peut ll'exptimer pour produire l'1ntig6ne cit IUf'­
-.oe de l'hipatite 8 mawre; 

\.._,; 

v 

el traneformer une eouche de levure par le 
vecteur de t'atepe dJ; 

f) permdre au trandormant de ra lwure de 
craftre lusqctil C8 que ledft antigiln& de sgrfac• de 

5 l'htipatite 8 v sait produl1; et 
gJ rtcuperer ledlt antigine de surface de l'h•· 

'1lta B sou1 forrne de particule1 dlStinct•s. 
9. M6thode selon ta rewndicetlon S. IJU ladlte 

a8quenoe d'ADN de l'etap1 c) ooml)nlnd, d•ns 
fO l'Otdre I peftir cftt f'exrimfd 5' de ton brln . 

codant. un oodon de dibut de 1r11nllatlon de ATG, 
In nuet6otld11 "siduals codant fandgtne de 
surf•ce de l'h6petlt1 8 matur& du genome de 
1'h6pattte B et te ou tea signaux d'errtr de transla-

'' tion. 
10. Mithode aalon la nwendlcatlan 8 ou la 

revendlcation 9. oO le pC'Olnoteur de r"8pe b) eat 
d4irlve de la region du promoteur PKG de la 
levu,.. 

n 11. M6t'*'* aelon rune quelconqua da re~ 

14 

dlcatlona B I 10, cKI Ja vecteur aontlant un gtna 
L£IJ2 pour ,. aelection phfnotyDIQue din• fa 
lavure, et ta souche de levuro eat une IOUCh• de 
levuni auxotrophe /""2. 


