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YEAST EXPRESSION SYSTEMS WITH VECTORS UHAVING
GAPDH PROMOTERS, AND SYNTHESIS OF HBsAg

5 ‘ BACKGROUND OF ‘PHE INVENTION

For maximal cxpression of foreign genes in
‘microbial systems it is usually advantageous to employ
homologous regulatory elements within the expression
' vector. Efficiency of expression (product formation)
~ 10 is beliceved to be a function of and proportional to the
strength of the promoter cmployed. 1In addition,
reqgulation of gene cxpression by nutritional factors
Undcr.the control of the experimenter offers a further
useful manipulatory tool. The glycolytic enzyme genes
15 of yeast, e.g., thosc coding for glyceraldehyae—J-
phosphate dehydrogenase (GADDII) and pyruvate kinase
(PyK), possess the above useful properties, i.e:, high
“levels of expression (and thus by inference vefy
efficient promoters) and susceptibility to regulation
20 by components of the growth medium. For example,.GAPDu
' "can comprise as much as 5% of the dry weight of
"commercial baker's_yeqst (Krébs, E.E., J. Biol. Chem.
1 (1953) 200:471). Furthermore, these enzymes are also
highly inducible. For example, when yeast cultures arc
25  shifted from growth on acectate to glucose, the activity
of GAPDH incrcased up to 200-fold in proportion to the
concentration of the sugar in the medium (Maitra, P.K.
and Lobo, %., J. Biol. Chem. (1971) 246:475). These
results suggest that the transcriptional machinery of
30 these genes is highly regulated, perhaps by the
participation of .DNA secquences prcsen.t in the 5°*
non-coding flénking region of the gedbs.
_This invention relates to the isolation,
structure and the successful use in yeast expression
35 plasmids of DNA .fragments ¢orrespohding to the 5"
' non-caoding regions of the.rcguldtahLe yeast geﬁns GAI'DH

and PyK. These fragments which contain DNA sequences

<



ﬁhosphate,dehydrogenase (GAPDI 1) and pyruvate kinase (PyK), possess the
above useful properties, i.e., high levels of expression (and t us
i'nference very efficient pronoters) and susceptl bili t%li&hedtﬂggﬁ

conponents of the growth nedium For exanple, GAPDI I nuch
as 5% of the dry weight of comrercial baker's yeast (K B|o
Chem (1953). 200:471). Furthernore, these enzynes are a s

i nduci bl e. For exanpl e, when yeast culturqf are shifted fron1grom¢h on
acetate to glucose, the activity of GAPDI | “increased up to 200-fold in

proportion mtﬁh%&%}ﬁf“éfé‘kk%?l% ngeéﬁt{g'gtu{brtﬁd@ﬂy%%'chieap K
and Lobo, Z., J.
omoters". They are ideal components of DNA vectors

"
for commercial production of large quantities of
protein coded by foreign genes under their
5 transcriptional control.

' In additidn, this invention encompasses yeast
expression plasmids further comprising an appropriate
terminator to a form a "cassette" of promoter-foreign
gene-terminator. The presence of the terminator

10 increases expression of the foreign DNA.

An early attempt to express foreign DNA in

yeast failed (Beggs, J.D. ct al., Nature (1980)
283:285). In this report, the hemoglobin DNA (inserted
with its own promoter) was transcribed but the RNA was

15 not spliced. A variety of explanations for this result
are possible, e.g., an incorrect location for the
initiation of transcription and/or the poof ability of
yeast cells to carry out splicing of intervening
sequences (introns). _

20 Three GAPDH genes of yeést have been cloned

(Holland, M.J. et al., Basic Life Science (1981)
19~291), but their promoters have not been used for

constructing expression systems in yeast by recombinant
— DNA methods. The PyK genec has also been cloned, but by

25 genetic complementation only (no structural studies
performed) (Kawasaki, G. and Fraenel, D.G., Biochem.
Biophys. Res. Comm. (1982) 108:1107). Other yeast
promotefs, e.g., that of alcohol dehydnogenase'l
(Valenzuela, P. et al., Nature (1982) Zg§:347 and

30 Hitzeman, R.A. et al., Nature (1981) 293:717) and
‘phosphoglycerate kinase (Tuite, M.F. ét al., -EMBO J.
(1982) 1:603 and Hitzeman, R.A. et al., Science (1983)
219: 620) have been linked to forelgn genes to produce

yeast expression but no terminators were used. The
35 present invention provides new promoters for yeast
expression systems and combines the advantages of



resul- that the transcriptional machinery of these genes is highly
regula eﬁpgaﬁR cede partici pation of DNA sequences present in the 5
rHon- co glon of the genes. This invention relates to the
|solat|o éh nd the succedsful use in yeast expression plasmds of
respondlng to the 5 non-coding reglons of the regulatable
yeast genes CAPDHl and PyK. These fragnents which ‘gontain DNA sequences

highly expressive promoters wilh the enhanced expres-
sion found with appropriately ligated terminators.

- A published Europecan Patent Apﬁlication (072 .
318) disclosed the construction of a yeast expression
vector which, upon induction, expressed ﬁepatitis 8
virus surface antigen (lBsAg) S-protein dnder control
of the yeast alcohol dehydrogenase | (ADHI) plomoter

BRIEF DESCRIPTION OF ‘PHE_TINVENTION

This invention relates to a yegst expression

vector comprising a segment of foreign DNA, e.g., that
" coding for hepatitis B vivus (HHV).surfaée antigen
( (HUBsAg), under transcriptional control ot a yeast GAPDH

promoter. Terminators may also be appropriately at-
tached. "The expression vector typically has a yeast
replication origin and is capable of replicating in
eilther type of cell. The exnrqssioﬁ vector, when used
to transform yeast cells, will yield subetantial -
amounts of the protein coded by the segment of foreign
DNA. .

BRIEF DESCRIPTION OF 'THE DRAWINGS

Fig. 1: 1Isolation and tailoring of a GAPDIH

promoter fragment.
Fig. 2: DNA sequence 6f the GAPDH promoter
fragment. ' |
Fig. 3: Constructijon of a yeast expression
" plasmid containing the GAPDH promoter. :

DETAILED DE;CR]PTION OF ‘THE INVENTION

In principle, yeast expression plasmids have

particular advantages, including the followingJ Yeast
can be grown in.larqo—scale culture for commercial pro-
duction by processes well-known in thefart. In con-
trast, bacteria in lgrge—scale culture are subject €o
the frequent problem of "phage-out". Yeast also ap-
pears to have much the same ability as mammalian cells
to add carbohydrate groups to newly synthesized pro-
teins, a capacity that bacteria do not have. Now



Wi th 'strong.transcription-pronoting activity are called "promoters". They
are ideal COWﬁﬁﬁéﬁT§~BT_T$£CVg%tors-for commer ci al production of |arge
quantities of ppd k& Hes ialzyd forei gn genes under their transcriptiona
control. In addi 1l | vention enconpasses yeast expressi.on plasm ds
further conpri m EH!“% late termnator to a forma "cassette" of
pronot er-forei - mnator. The presence of the term nator .increases
expression of the foreign DNA. An early attehpt to express foreign DNA in

yeast failed (Beggs, J.D.-et al., Nature (1980) 283:285). 1In this report,
t he hean|Omé%qusqwqmﬁgqggnces are rcadily obtainable, the problem

of cxpressing genes having introns is casily avoided.

The vectors of the present invention encompass
promoters of unusually high efficiency. A promoter is
5 defined herein as a DNA seygment capable of functioning
to initiate transcription of an adjoining DNA segment.
Transcription is the synthesis of RNA (herein termed
messenger RNA or mRNA), complementary to one strand of
the DNA adjoining the promoter region. In eukaryotes,
10 messenger RNA synthesis is catalyzed by an enzyme
termed RNA polymerase II. The minimum essential
elements of promoter function are the following: To
provide a starting point for the initiation of tran-
scription and to provide a binding site for RNA
15 polymerase II near the start site permitting selection
of the proper strand of DNA as a_tempiate for messenger
RNA synthesis. 1In addition, a eukaryotic promoter
functions to regulate the relative efficiency of
transcription of coding segments under its control. An
20 active promoter is one which elicits synthesis of
relatively large amounts of mRNA complementary to a
strand of the adjacent DNA coding segment.
The structural correlates of promoter function
have not been clearly established. A promoter segment
25 usually can be identified in nature as a region lying
adjacent to the 5' end of a given structural dene.
(Refefenées to the 5' and 3' ends of a gene will be
understood to indicate the corresponding respective
ends of mRNA transcribed therefrom, and these, in turn,
30 will be understood to correlate with the NHZ- and -COOH
termini of the encoded protein, respectively.)
'Comparisons of the nucleotide sequences of promoters
for various genes from various species have revealed
only a few short regions of nucleotide sequence simi-
35 larity in common among them. Most notable of these is
the "TATA Box," a segment of about 5 to 10 nucleotides
‘located generally abqut 70 to 230 nucleotides upstream
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wth-its own pronoter) was transcri bed but the RNA was not - spliced. A
variety;, of explanations for this result are possible, e-g . _an incorrect
liocation for the initiation of transcription and/or the poor ablllty of
yeast cells to carry out splicing of intervening sequen s emdﬂWree
GAPDI | genes of yeast have been cloned (Holland, MJ.

Science (1981) 19:291), but their pronoters have not bee

constructing expression systens in yeast by reconbi nant DNA nethods

PyK gene has al so been cloned, but by genetic conpl enentation only (no

structural studies perforned) (Kawasaki, G and Fraenel, D. G, Biochem
5

from the site of transcriptién initiation, having.a
sequence gencrally resembling TATAA. For review of
structural comparisons sce Breathnach, R. and Chamboh,
P., Ann. Rev. of Biochem. (1981) 50:349, The TATA Box

is belicved to function in initiation of transcription.

{9

The foreign gene will be free or substantially.
free of codons from the normal structural gene associ-
ated with the promoter. Usually, the foreign gene will
be joined to a non-coding 3'-end of the regulatory

10 region encompassing the promoter, so as to be free of
the amino acids at the N-Lerminus of endogenous gene .
naturally associated with the regulatory region. That
is, fewer than about 3 codons (9 nucleotides) will be:
retained with the regulatory region when joined to the

15 foreign gene. ‘.

The presence of the terminator sequence at
the 3' end of the coding segment enhances expression.
The effect is gencrally similar to the addition of rho
factor to prokaryotic transcription systems, wherein

20 the rate of the release of RNA polymerase is enhanced
to produce an increase in the rate of reinitiation of
transcription. It will bLe understood that, while the

" terminator sequencés are not required for detectable
expression of foreign DNA segments, it is preferable to

25 appropriately link them to enhance expression. The
terminator tegion may be naturally associated with the
same or different structural gene as the promoter
region.

The most appropriate DNA vector for the

30 GAPDH construction of this invention is a shuttle
vector. These vectors can “"shuttle" between a bacterial
strain, such as E. coli, and yeast, since Eﬁey have a
bacterial origin of replication and a yeast origin of

replication, see, e.g., Ammerer, G. et al., Recombinant

35 DNA, Proc. Third Cleveland Symposium Macromolecules

(Walton, A.G., ¢d.), p. 18%, Elsevicr, Amsterdam

 {(1981). A typical bacterial origin of rcplication ig
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Nature (1981) 293:717) and phosphogl ycerate ki nase
O J. (1982) 1:603 and Hitzeman, R A et al.
1

0) have been linked to foreign genes to produce yeast

derived from, e.qg., pBR322. The most uscful yecast
origin of replication is found in the extrachromosomal
genetic element known as the 2 micron circle. 1In
laboratory strains the 2 micron plasmid DNA is found in
approximately 50 copies per cell and is stably main-

tained. For a review, see, for example, Curr. Topics

Micro. Imm. (1982) 96:119. This yeast plasmid has also

been sequenced (Hartley, J.L. et al., Nature (1980)
286:860). ,

Representative samples of the plasmids and
host cells used in the constructions of this invention
have been placed on deposit with the American Type
Culture Collection, 12301 Parklawn Drive, Rockville,
Maryland. Plasmid pPyK 9.1.1 and yeast cell trans-
formants 2150-2-3/pHBS~56 GAP347/33 and 2150-2~
3/pHBS56PyK were placed on deposit on Februéry 18, 1983
and have recceived ATCC Accession numbers 40061, 20665
and 20666, reépectively. _

In the Examples that follow, many of the
techniques, reactions and separation procedures are
already well-known in the art. All enzymes, unless
otherwise stated, are available from one or more
commercial sources, such as NeW'Englénd Biolabs,
Beverly, Massachusetts; Collaborative Research, Waltham,
Massachusetts; Miles Laboratories, Elkhart, Indiana;
Boehfinger Biochemicals, Inc., Indianapolis, Indiana
and Bethesda Resecarch Laboratories, Rockville, Maryland.
Buffers and reaction conditions for restriction enzyme
digestion were used according to recommendations
supplied by the manufacturer for each enzyme, unless
otherwise indicated. Standard methodology, for other
enzyme reactions, gel electrophoresis separations and
E. coli transformation may be found in Methods in-

Enzymology, (1979) 68. Transformation of yeast proto-
plasts can be carried out essentially as described by-
Beggs, Nature (1978) 275:104.




- 3-. higﬁTY‘éYpresste—pLonniers with the enhanced expres- sion found with

appropri ag, %X ated termnators. A published European Patent Application

(072 318) a|zmnstructlon of a yeast expression vector which,
upon i nduc hepatltls B virus surface antigen (HBsAQ) '
'S-protein of t he yeast al cohol dehydrogenase | (ADII)

pr onot er. BRIEF DESCRIPTICn'CF THE | NVENTI This invention relates to a
-yeast expression vector conprising a segnment of foreign DNA,. e.g., that

coding for hepatitis & Viddipi (5BYhiAur [RET NGRS Ly Ehma tIGR"
‘transcriptiqgnal, of a yerast—GAPDH
include XY776; K12 strain 294 (ATCC No. 31446); RR1 and
HB10l. Yeast strains XV610-8c having the genotype (a
ade2 ade6 leu2 lysl trpl canl) and GM-3C-2, genotype:
5 (Leu2 Trpl His4 CYC1-1CYP3-1) (Faye, G. et al., Proc.
Natl. Acad. Sci. (1981) 78:2258) can be typically used

for ycast transformations. It would be understood,

" however, that virtually any strain of yeast is useful
for transformation. Bacteria can be grown and selected
10 according to procedurés described by Miller, J.H.,
Experiments in Molecular Genetics, Cold Spring Harbor

Laboratory, Cold Spring Harbor, New York (1972). Yeast
can be grown on the fdllowing media: YEPD containing
13 (w/v) yeast cxtract, 2% (w/v) pcptoné and (w/v)

15 glucose; and, in the case of platihg medium, 3% (w/v)
agar. YNB plus CAA éontains_ﬁ.? grams of yeast nitrogen
base (Difco Laboratories, Minncapolis, Minnesota), 10mg
of édenine, 10mg of uracil, 59 casamino acids (CAA)
(Difco), 20g glucose; and, in the case of plating

20 media, 30g agar per liter. Selection for tryptophan
prototrophy can be made on plates containing 6.7g yeast
nltrogen base (lacklng amino acids), supplemented for
all growth requirements of the strain to be transformed
except trthophan.

25

EXAMPLE 1 .
Cloning of the yeast glyceraldehyde-3-phosphate
dehydrogenase (GAPDII) gene.

A complementary DNA (cDNA) containing the
30 yeast GAPDH coding sequences was prépared in the
following manner: .-
PolyA+ RNA was isolated from yeast strain
A3G4A. Double-stranded cDNA was synthesized uéing AMV
‘reverse transcriptase and E. coli DNA polymerase I.
35 'Poly-dc-tails were added to the double-stranded cDNA
molecule using deoxynucleotide terminal transferase.

Poly-dC-tailed cDNA was annealed to poly-dG-tailed
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pronot er. Tern1na| may also be appropriately at- tached. The expression
vector 1ypilk Bﬂm replication origin and is capabl e of
.replicating | of cell. The expression vector, when used to
‘transformy yi el d substantial amobunts of the protein coded
by the segnment of forelgn DNA BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1:

I solation and tailoring of a GAPDI| pronoter fragnent. Fig. 2: DNA

sequence of the GAPDI| pronmoter fragment. Big. 3: Construction of a yeast
expression ' ' '

pBR322 and used to transforn E. coli HB10l. One
thousand transformants were screened by colony hybridi-
zation to labeled PolyA+ RNA, and a subset further
examined by restriction endonuclcase mapping, and DNA
5 sequencing. Three clones containing GAPDH sequences
were isolated from the pool. One clone ({pcGAP-9)
‘contained an insert of about 1200 base pairs (bp) and
was used for further work.
A yeast_gcnc library was prepared by inserting
10 fragments obtained after partial digestion of total
‘ yeast DNA with restriction endonuclease Sau3A into
PO ' lambda phage Charon 28, according to Blattner, F.R. et
al., Science (1977) 196:161-169. Several fragments
containing yeast GAPDH coding sequences were isolated
15 by scrcening the phage library with labeled DNA from
pcGAP-9. The ycast GAPDH gene of pne of these clones
was subcloned in pBR322 as a 2.1kb HindIII fragment
(pGAP-1, see Fig. 1) or as a 3.5kb BamHI fragment
(pGAP-2). The GAPDH promoting-active fragments were
20 isolated from these clones. ‘The HindlII-Hhal fragment
of about 800bp was ligated to the HhaI-HindIII fragment
of about 350bp; The resulting 1061lbp HindIII fragment
was isolated by gel elcétrophoresis and.cloned in
PBR322, (pGAP-347), and the sequence determined (see
25 Fig. 2). '

EXAMPLE 2
Construction of yeast vectors containing the GAPDH

promoter, active in the expression of HBsAg.
- 30 A plasmid vector (plIBS-56GAP347/33), for the
expression of HBV surface antigen in yeast, -using the

GAPDH promoter fragment was constructed as depicted in
Fig. 3. -
Total digestion of pGAP-347 with SphI followed
35 by partial digestion with HindIII yielded an approxi- -
mately 1700bp SphI-HindIII fragment having about 1060bp
of GAPDH promoter and about 530bp of pBR322. The



plasn1d containing the CAPDI| pronoter. DETAILED DESCRIPTION OF THE
| NVENTION I'n principle, yeast expression plasmids have particul ar
advant ages, including the follow ng. Yeast can be grown in |arge-scale

~culture for commercial pro- duction by processes well-known in the art. In
con- trast, bacteria in large-scale culturg are subject to the frequent
pr obl em of "phage-out™ Yeast al so ap- pears to have nmuch the sanme ability

oS, remal L apadsbh shlr SRR S AL peS: | RHLA UM B gt O
~ with the 840bp HindIII-NindIII fragment (containing the
IIBsAg coding region, 26 bases of 5' non-coding region
and 128bp of 3' non-coding region, obtained from
5 pHlBS-56) and then with the 350bp uingII-ggﬁi fragment
containing the ADH-1 termination region (isolated from
.pUBS-56). The 2900bp Sphl fragment (cassette) was
isolated and cloned in pHBS-56 previously digested with
SphI. The plasmid pHBS-56 (ATCC Accession No. 40047)
10 has been described in a co-pending application (EPA
No. 82.401473.2 bublishcd as no. 72318, of Regents of the
University of California, herein incorporatcd by
reference) and contains the entire 2 micron plasmid, in
addition to a region with the yeast leu2 gene and the
15 amp resistance locus of pBR322. The resulting plasmid
(pHBS~56GAP347/33) in which the promoter, gene and
~ termination regions were in the proper orientations was
isolated and used to transform yeast strain AB102
(MATa,Apep 4-3, leu 2-3 leu2-112, ura 3-52, his 4-580,
20 cir®) or strain 2150-2-3 (MATa, adel, leu2-04, cir®).
Strain AB102 is derived from SF657-9c by curing of 2

micron plasmids. 'Strain 2150-2-3 is from the collection
of Dr. Leland Hartwell at the University of Washington.

25 | EXAMPLE 3
Synthesis of lIBsAg in yeast under GAPDH promoter
control (plasmid pHBS-56GAP347/33).
'One hundred ml cultures of strain AB102

containing plasmid pHBSSG—347/33 were grown to optical
30 density at 650nm of 1. Cell-free lysates were prepared
| by agitation with glass beads and rembval of cell
debris by centrifugation. HBsAg was measured by the
Abbott Ausriall radioimmunoassay and protein concen-
tration was determined by the Coomassie blue binding
35 method. The results are shown in Table 1. They
* indicate that the GAPDH promoter is about 5 times more

" This Sheet
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-4- that cDNA sequences are readily obtainable, the problem of expressing
genes having introns is easily avoided. The vectors of the present
i‘fnventi on enconpass pronoters of unusually high efficiency. A pronoter is
defined herein as a DNA segnent capaghg of functioning to initiate
transcription of an adjoining DNA se nt. Transcription is the synthesis
of RNA (herein termed nmessenger RNA or nRNA), conplenentary to one strand
of the DNA adjoining the pronoter region. In eukaryotes, messenger RNA
synthesi s is gakabyzod RhAD GIEYABuL " PROmBNEPHAIASE: 14 - prd@u ot ni mum

essenti al
expression in yeast.

Table 1: Synthesis of HBsAg in yeast

(a) control from pilBS-56 (ADH-I promoter)

5 Exp# shg protein Spec. Activity
: (ug/ml) (mg/wml) (ugsAg/mg protein)
| 8.8 18 - 0.49
( 2 14 25 1 0.56
12.4 20 | 0.62
10 (b) from pliBS-56GAP347/33 (GAPDH promoter)
Exp# sA protein | Spec. Activity .
(ng/ml) (mg/ml) (ugsAg/mg protein)
36 14 2.6
35 . 12 2.9

15 3 .37 12.5 3.0

Similar results were obtained by substituting
yeasl strain 2150-2-3 for yeast strain AB102 and
repeating Example 3.
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el errent r function are the fol I owi ng: To provide a starting
poi nt ,u of tran- scrrptron and to provide a binding site
for ar the startl site permtting selection of the

proper strand of DNA as a tenplate for nessenger RNA synthesis.. In
addi tion, acgykgagyotic pronoter functions to regulate the relative
efficiency of transcription of coding segments under its control. An active
pronoter is one which elicits synthesis of rel atrvely | arge anounts of nRNA

Stract Ur al corr el at 65 B prorfoOSEARIALT B WAVE A LEnS Srampt Ot foreign

est abl i shed DNApindert tesins2EiptBRal control of a yeast glyceraldehyde-3-phosphate dehydro-
genase promoter, said segment being in the correct orientation for transcription
and having three or fewer codons from yeast glyceraldehyde-3-phosphate dehydro-
genase at the 5'-end of said foreign DNA, wherein said foreign DNA encodes

hepatitis B surface antigen or a portion thereof.

2. A yeast expression vector of claim 1, further comprising a

terminator attached to the 3*' end of the segment of foreign DNA.

3. A yeast expression vector of any of claims 1 and 2, further
comprising a yeast cell replication origin, and being capable of replicating in a -

yeast cell.

4, A yeast expression vector of any of claims 1, 2 and 3, fur-
ther comprising a bacterial cell replication origin, and being capable of replicating

in a bacterial cell.

S. - A yeast expression vector according to claim 2, wherein -

said terminator comprises the yeast alcohol dehydrogenase I terminator.

6. A yeast expression vector according to claim 2, wherein

said terminator comprises the yeast GAPDH terminator.

7. A yeast expression vector according to claim 2, wherein

said terminator comprises the yeast PyK terminator.

8. A yeast expression vector of claim 1, further comprising

yeast two micron plasmid DNA or a portion thereof. '
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usual I.y can. be identif}ed i nA&ghed of expressingd PiAngoding seament i yerst.s:

end of a gi Whpotsi {Hél’s'ié Jsge. (References to the 5 and 3' ends of a gene
will be understpgo d%:o |n I cate the corresponding respective ends of nRNA

transcri bed therefr om(ahnd t Hinseeting in ayreast epiréssivn vecthrr s codidgtsegment el ate

d t t |
Conpar i sone “filf Beqdss epp T B usflor alfisfh o aoherblonuebion, i€ S6cob eali  r om
various speqlrsmgfmmAthmleﬂdd@ﬁ#ed frohfW yeht I\% de@ﬂkl@lﬁyileoj pﬁwﬂlﬁ@é Hgﬁydro- '

sequence S|m- larit comon anbng t hem st not abl e these is the
TqATA Box, gﬁ“%%"d?f"@ﬁ%/o%‘f ﬁ‘BB&fh@cw ‘%&’eﬁﬁeﬂ@éﬁt fremsthect 9@41 ogaq@staglmr-about

70 to 230 nyfdepylié-BhadpRite &RRydrogenase, said promoter being adjacent to the S* end
of the inserted DNA coding segment and so oriented that transcription initiated
within said promoter includes the coding segment, thereby providing a coding seg-
ment expreeslon vector, and

(b) transformmg yeast cells with the coding segmem expres-

sion vector.

10. A method according to claim 9, wherein said yeast
expression vector further comprises a terminator attached to the 3* end of the

inserted DNA coding segment.

11. A method according to claim 10, wherein said terminator

comprises the yeast alcohol dehydrogenase I terminator.

12. A method according to claim 10, wherein said terminator =~ =

comprises the yeast GAPDH terminator.

13. A method according to claim 10, wherein said terminator

comprises the yeast PyK terminator.

14. A method according to any of claims 10, 11, 12, and 13,
wherein said yeast expression vector further comprises a yeast cell replication

origin and is capable of replicating in a yeast cell.

-
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. -5-.fromthe site of transcription initiation, having a sequence generally
resenbling TATAA. For review of strg tural conparisons see Breathnach,
[‘err] and Chanbon, P., Ann. Rev. ifochem (1981) 50:349. The TATA Box
is believed to function in initiation of transcription. The foreign gene

wll be free or substagntiall yAf,ﬁ@mogfacg ldcﬁlﬂm)g PRiReoR1, 12, aﬁflrlgctural
gene associ- ated with the pronoter. orel gn gene W .

joined to awheneinoihyest expredsion ventor rfeghe!acmnpnscs a bacterial cell replication
origin and is capable of replicating in a bacterial cell.

| 16. A method according to any of claims 10, 11, 12, and 13,
wherein said yeast expression vector further comprises a yeast cell replication
origin and a bacterial cell replication origin and is capable of replicating in yeast

cells or bacterial cells.

17. A method according to any of claims 10, 11, 12, and 13,
wherein said yeast expression vector further comprises yeast two micron plasmid

DNA or a portion thereof.

A
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regi on enconpassing the pronoter, so as to be free of the am no acids at
the N-term nus of endogenous gene. naturally . associated with the regulatory
region. That is, fewer than about 3 codons (9 nucleotides) will be
retained with the regulatory region ﬂ@en joined to the foreign gene. The
presence of the term nator sequence at the 3' end of the codi ng segnent
enhances expression. The effect is generally simlar to the addition of rho
factor to prokaryotic transcription systens, wherein the rate of the

rel ease of RNA polynerase is enhanced to produce an increase7pg-ipe rate of

reini tiation of {1 ABeGEiBlksroh' sYhkmBoWRRVALAE WhdnghT | € the

GAPDH PROMOTERS, AND SYNTHESIS OF HBsAg

5 ABSTRACT OF TIE DISCLOSURE _
Yeast cells containing DNA plasmids having

foreign DNA, whercin foreign DNA is expressed, are
described. For example, DNA coding for hepatitis B and
its virus surface antiger (liBsAg) is ligated to a yeast
10 plasmid to yield a product that is used to transform
yeast cells. The plasmids of this invention have
GAPDH promoiers, and are capable of
replicating in either a yeast cell or a bacterial cell.

_—
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t erm nator ,sequences are not

[
Do

DNA segnents, it is preferable to:appropriately |ink themto enhance

eéxpr essi on.

The termnator region nmay be naturally associated with the

sane .or different structural gene as the pronoter region. The nost
appropriate DNA vector for the GAPDH construction of this invention is a

shuttl e vector.

required for detectable expression of foreign

such as E. coli, and yeast, _
replication and a yeast origin of replication, see, e.g., Amerer, C et

al .

Recombi nant .- DNA, Proc.

These vectors can "shuttl e" between a bacterial strain,

since they have a bacterial origin of

nd Synposi um Macr onol ecul es
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(Walton, . Anst erdam (1981). A typica

: 185 ElseV|er
bacteri al orlgln o -6- derived from e.g., pBR322. The
nmost useful yeast oih ation is found in the extrachronosomnal
genetic el ement kno ron circle. In |laboratory strains the 2

mcron.plasmd DNA is found I n apprOX|nater 50 copies per cell and is

stably main- tained. For a review, see, for exanple, Curr. Topics Mcro.
Imm (199 398: 119. This yeast plasnid has al so

10 20 30 40 50 60
AAGCTTACCA GTTICTCACAC GGAACACCAC TAATGGACAC AAATTCGAAA TACTTIGACC
70 80 90 100 110 120
CTATITICGA GGACCTIGTC ACCTTGAGCC CAAGAGAGCC AAGATTITAAA TTTTCCTATG
130 140 150 160 , 170 180
ACTTGAIGCA AATTCCCAAA GCTAATAACA TGCAAGACAC GTACGGTCAA GAAGACATAT
190 200 210 220 230 240
TTGACCICTT AACTGGTTCA GACGCGACTG CCTCATCAGT AAGACCCGTT GAAAAGAACT
250 . 260 270 280 290 300
TACCTGAAAA AAACGAATAT ATACTAGCGT TGAATGTTAG CGTCAACAAC AAGHAGTITA
310 320 330 - 340 350 360
ATGACGCGGA GGCCAAGGCA AAAAGATTICC TTGATTACGT AAGGGAGTTA GAATCATTIT
370 380 390 400 410 420
GAATAALAAAAR CACGCTTTTT CAGTTCGAGT TTATCATTAT CAATACTGCC ATTTCAAAGA
436 440 450 460 . 470 480
(ATACGTAAAT AATTAATAGT AGTGATTITIC CTAACTTTAT TTAGTICAAAA ATTAGCCTTT
490 500 510 520 530 540
TAATTCTGCT GTAACCCGTA CATGCCCAAA ATAGGGGGCG GGTTACACAG AATATATAAC
550 560 570 580 . 590 600
ATCGTAGGTG TCTGGGTGAA CAGTTTATCC CTGGCATCCA CTAAATATAA TGGAGCTCGC
610 620 630 640 650 660
TTTTAAGCTG GCATCCAGAA AAAAAAAGAA TCCCAGCACC AAAATATIGT TTTCTTCACC
670 680 690 700 o 720
AACCATCAGT TCATAGGTCC ATTCTCTTAG CGCAACTACA GAGAACAGGG GCACAAACAG
730 . 740 750 760 770 780
GCAAAAAACG GGCACAACCT CAATGGAGTG ATGCAACCTG CCTGGAGTAA ATGATGACAC
790 800 810 820 - 830 840.
AAGGCAATTG ACCCACGCAT GTATCTATCT CATTTTCTTA CACCTTICTAT TACCTTICTIGC

850 860 } 870 880 890 900 -
TCTICICIGAT TTGGAAAAAG CTGAAAAAAA AGGTTGAAAC CAGTTCCLTG: AAATTATTCC
910 920 930 940 950 960
CCTACTTIGAC TAATAAGTAT ATAAAGACGG TAGGTATTGA TTIGTAATTICT GTAAATCIAT
970 280 990 1000 1010 1020
TICTTASACT TCTTAAATIC TACTTTTATA GTTAGTCTTT TTTTTAGTTT TAKAACACCA

1030 1040 _ 1050 1060
AGEACTTIAGT TICGAATAAA CACACATAAA T

CAARCAAGCT

FIG. 2



\been.sequenced (Hartley, J.L. et al., Nature (1980) 286:860).
.Representative sanples of the plasm ds and host cells used in the
fconstructions of this invention have been pl aced on deposit with the

- Amrerican Type Cult s{ion, 12301 Parklawn Drive, Rockville,
Maryl and. Plasm d pPyK 9.1.1 agd yeast cell trans- formants

2150- 2- 3/ pHBS- 6 GAP347/ 33 and 50- 2- 6PYK were placed on deposit
on February 1&, 1983 and have recgi ved éicéoiis@q A0hunber s 40061, 20665
anpl es tHindIb| pardiolany of the

and 20666, regpectively. In the
techniQphl, reactipGARrd4Zeparatilon procedures are

SPhI Hind I : Hind ‘I]I

HindII  HindII

,

(GAPDH promoter)

~|150 bp

Hi‘nd I _ Hinjd I
{HBsAg gene) |

(b) ligation

H‘ind T SlphI
t (ADH-I terminotor)
SphI  HindII  HindID o Hind IT Sphl.
L [l : . 1 1 I

— aes
“\\iii\\\\\\\\\\\\\\\\i\\\ FIG. .3.
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YEAST EXPRESSION SYSTEMS WITH VECTORS HAVING
GAPDH PROMOTERS, AND. SYNTHESIS OF HBsAg -

ap.ckcmuwo OF _THE INVENTLON
For maximal expression of foreign genes in
microbial oystem‘ it is us udlly advantagcous to employ

homologous requlatory e]vmentb within the expression
vector. Efficiency of exprcvvxon (product formation)
is believed to be a funclLion of and proportional to the
strength of the promoter employed. In addition,
regulation of gene expression by nutritional factors
under the control of the experimenter offers a fufthcr
useful manipulatory tool. The glycolytic enzyme genes
of yeast, e.q., those coding for glyéeraldehyde-B-_
phosphate dehydrogenase (GAPDH) and pyruvate kinasce
{PyK), possess the above useful properties, i.e., high
levels of expression (and thus by inference very
efficient promoters) and susceplibility to regulation
by components of the growth medium. For example, GAPDH
can comprise as much as 5% of the dry weight of

"commercial baker's yeast (Krebs, E.G., J. Biol. Chem.

(1953) 200:471). Furthermore, these enzymes are also
highly inducible. For example, when yeast cultures are
shifted from growth on acctate to glucose, the activity
of GAPDH increcased up to 200-fold in proportion to the -
concentration of the sugar in the médium (Maitra, P.K.
and Lobo, %., J. Biol. Chem. (1971) 246:475). These
results suggest- that the transcriptional machinery of
these genes is highly requlated, perhaps by the
participation of DNA scquences preseﬁt in the 5°
non-coding flanking region of the genes. .

This invention relates to the isolaﬁion,
structure and the successful use in yeast cxprcsslon
plasmids of DNA -fragments correspondxng to the 5"
non-coding regions of the requlatable yeast gencs CAPDH
and PyK. ‘These fragments which contain DNA sequences
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Ehzynnrogy, (1979) 68. Transformation of yeast proto- plasts can be
carried out essentially as described by Beggs, Nature (1978) 275:104.

=7- E. coli strains useful for transformation include X1776; K12 strain 294
(ATCC No. 31446); RR1l and HB10l. VYeast ‘strains XV610-8c having the
genotype (a ade2 ade6 leu2 lysl trpl canl) and Gw3C 2, genotype: (Lcu2
Trpl H s4 CYd-1CYP3-1) (Faye, C. et al., Proc. Natl. Acad. Sci. (1981)
78:2258) can be typically used - 2 =

with strong transcriptioh-promoting activity are called
"promoters". They are ideal components of DNA vectors
for commercial prbduction of large guantities of
protein coded by foreign genes under their
transcriptional control. _ ’ ,

In addition, this invention encompasses yeast
expression plasmids further comprising an appropriate
terminator to a form a "cassette" of promotér-foreign
gene-terminator. ‘The presence of the terminator
increases expression of the foreign DNA.

- An early attempt to express féreign DNAIin
yeast failed (Beggs, J.D. et al., Nature (1980) _
283:285). 1In this report, the hemoglobin DNA (inserted
with its own promoter) was transcribed but the RNA was
not spliced. A variety of explanations for this result
are possible, e.g., an incorrect location for the
initiation of transcription and/or the poor ability of
yeast cells to carry out splicing of intervening
seguences (introns). ] '

Three GAPDH genes of yeast have been cloned
(Holland, M.J. et al., Basic Life Science (1981)
19:291), but their promoters have not been used for

constructing expression systems in yeast by recombinant
DNA methods. The PyK genc has also been cloned, but by
genetic complementation only (no structural studies
performed) (Kawasaki, G. and Fraenel, D.G., Biochem.
Biophys. Res. Comm. (1982) 108:1107). Other yeast
promote:s, e.g., that of alcohol dehydrogenase I
(Valenzuela, P. et al., Nature (1982) 298:347 and
Hitzeman, R.A. et al., Nature (1981) 293:717) and
phosphoglycerate kinase (Tuite, M.F. et al., -EMBO J.
(1982) 1:603 and Hitzeman, R.A. et al., Science (1983)
© 219:620) have been linked to foreign genes to produce
yeast expression but no terminators were used. The
present invention provides new promoters for yeast
‘expression systems and combines the advantages of

) ' - This is the replasement sheet -
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for yeast transformations. |t would be understood, however, that virtually
any strain of yeast is useful for transformati on. Bacteria can be grown and
sel ected according to procedures described by MIler, J.H , Experinents in
Mol ecul ar CGenetics, Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York (1972). Yeast can be grown on the foll.ow ng nmedia: YEPD containing 1%
(wv) yeast extract, 2% (wv) peptone and (W v) glucose; and, in the case
of plating medium 3% (wv) agar. YNB bl%s‘CAA-contains 6.7 grans of yeast
nitrogen base (Difco Laboratories, Mnneapolis, Mnnesota), 10ng of _
adetnihne, 10mg?%nm aekpread iSRS PLdib Ger$ISw [ VL e DohfighcedO@xgrasese; and,
in e case of,

s;gLa Baﬂd with appropriatgly JiQated terminators.

A published Buropean Patent Application (072
318) disclosed the construction of a yéast expression
vector which, upon induction, expressed hepatitis B
virus surface antigen (HBSAg) S-protein under control
of the yeast alcohol dehydrugenase 1 (ADHI) promoter.
BRIEF DESCRIPTION OF THE TNVENTION
This invention relates to a yedst ekpression_

vector éomprising a4 sequent of forecign DNA, e.g., tha;'
coding for hepatitis B virus (HBV) surface éhtigen '
(HBsAg), under transcriptional control of a yeast GAPDH
promoter. Terminatpré may also be appropriately at-
tached. The expression vector typically has a yeast
replication origin and is capable of replicating in
either type of cell. The expression vector, when used
to transform yeast cells, will yield substantial
amounts of Lhe protein coded by the segment of foreign
DNA. '

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1: 1solation and tailoring of a GAPDH
promoter fragment.

Fig. 2: DNA sequence 6f the GAPDH promoter
fragment.

Fig. 3: Construction of a yeast expression
plasmid containing the GAPDH promoter. ’

QpTAIQEQ”QﬁﬁgBTPTION OF _THE_INVENTION
In principle, yeast coxpression plasmids have

particular advantages, including the following. Yeast
can be grown in large-scale culture for commercial proé
duction by processes well-known in the art. In con-
trast, bacteria in large-scale culture are subject to
the frequent problem of "phage—out”. Yeast also ap-
pears to have much the same ability as mammalian cells
to add carbohydrate groups to newly synthesized pro-
teins, a capacity Lhat bacteria do not have. ‘Now
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medi a, 30g agar per liter. Selection for tryptophan prototrophy can be nmade
on plates containing 6.7g yeast nitrogen base (|l acking am no acids),

suppl emented for all gromh requirenents of the strain to be transforned
except tryptophan. EXAMPLE 1 C oning of the yeast

gl ycer al dehyde- 3- phosphat e dehydr ogenase ( GAPDH) gene. A conpl ementary DNA
(cDNA) containing the yeast GAPDH codi ng sequences was prepared in the

foll owi ng manner: Pol yA+ RNA was i sol are# fromyeast strain A364A.

Doubl e- st randgd, ¢ DMAnRCE§4BhRGY 25% YddWi AMobtainable, the problem

of expressing genes having introns is casily avoided.
The vectors of the present invention encompass

promoters of unusually high efficiency.. A promoter is
defined herein as a DNA segment capable of functioning
to initiate transcription of an adjoining DNA segment.
Transcription is the synthesis of RNA (herein termed
messenger RNA or mRNA), cohplementary to one strand of
the DNA adjoining the promoter region; In eukaryotes,
messenger RNA synthesis is .catalyzed by an enzyme
termed RNA polymerase II. The minimum essential
elements of promoter function are the following: To
provide a starting point for the initiation of tran-
scription and to provide a binding site for RNA
polymerase II near the start site permitting selection
of the proper strand of DNA as a template for messenger
RNA synthesis. In addition, a cecukaryotic promoter
functions to regulate the relative efficiency of
transcription of coding scgments under its control. An
active promoter is one which elicits synthesis of
relatively large amounts of mRNA complementary to a
strand of the adjacent DNA coding segment.

" The structural correlates of promoter function
have not been clearly established. A promoter segment
usually can be identified in nature as a region lying
adjacent to the'S} end of a given structural gene.
(References to the 5' and 3' ends of a gene will be
understood to indicate the cofresponding respective
ends of mRNA transcribed_therefrom, and these, in turn,
will be understood to correlate with the NHZ- and -COOH
termini of the encoded protein, respectively.)
Comparisons of the nucleotide sequences of promoters

~for various genes from various species have revealed
only a few short regions of nucleotide sequence simi-
larity in common among them. Most notable of these is
the "TATA Box," a segment of about 5 to 10 nucleotides
located generally about 70 to 230 nuclcotides upstream

This is the replacement sheet
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reverse transcriptase and E. coli DNA polynerase I. Poly-dCtails were
added to the doubl e-stranded cDNA.nol ecul e usi ng deoxynucl eoti de term nal
transferase. Poly-dC-tailed cDNA was anneal ed to poly-dGtail ed pBR322
and used to transformE. coli HB10l. One thousand transformants were
screened by colony hybridi- zation to | abel ed PolyA+ RNA, and a subset
further exam ned by restriction endonucl case mappi ng, and DNA sequenci ng.
Three cl ones contai ni ng GAPDI | sequencésswére i solated fromthe pool. One
cl one (pcGAP-9) :

from the site of transcription initiation, having a
sequence gencrally resembling TATAA.  For review of
structurdl comparisons see Breathnach, R. and Chambon,
P., Ann. Rev. of Biochem. (1981) 50:349. The TATA Box
is beliceved to function in initiation of transcription.

The foreign gene will be free or substantially
free of codons from Lhe normal structural gene .associ-
ated with the promotoer. Usually, the foreign gene will
be joined to a non-coding 3'-end of the regulatory
region encompassing the promoter, so as Lo be free of
the amino acids at the N-terminus of endogenous gene
naturally associated with the requlatory region. That
is, fewer than about 3 codons (9 nucleotides) will be
retained with the regulatory region when joined to the
foreign gene. . '
The presence ol the terminator sequence at
the 3' end of the coding segment enhances expression.
The effect is gencrally similar to the addition of rho
factor to prokaryotic transcription systems, wherein
the rate of the release of RNA polymerase is enhanced
ta produce an increase in the rate of reinitiation of
transcription. It will be understood that, while the
"terminator sequences are not required for detectable
expression of foreign DNA segments, it is preferable to
appropriately link them to enhance expression. The
terminator region may be naturally associated with the
same or different structural gene as the promoter
region. ' ) '

The most appropriate DNA vector for the
GAPDH construction of this invention is a shuttle
vector. These vectors can "shuttle® between a bacterial
strain, such as E. coli, and yeast, since Eﬁey have a
bacterial origin of replication and a yeast origih of

replication, see, e.gy., Ammerer, G. et al., Recombinant

DNA, Proc. Third Cleveland Symposium Macromolecules
(Walton, A.G., ed.), p. 18%, Elsevier, Amsterdam
(1981). A typical bacterial origin of replication is
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contai ned an insert of about 1200 base pairs (bp) and was used for further
work. A yeast gene library was prepared by inserting fragnments obtai ned
after partial digestion of total yeast DNA with restriction endonucl ease
Sau3A into | anbda phage Charon 28, according to Blattner, F.R et al.,

Sci ence (1977) 196: 161-169. Several fragnents contalnlng yeast GAPDI
codi ng sequences were isolated by screen|€g the phage library with | abel ed
DNA from pcGAP-9. The yeast GArDI I gene of pne of these clones was

subcl oned i n NBRAZZa 26 éka ngghhzﬁragmmg ﬁdg¥¥h§65§pe¥£5gt 1) . or as a

5. Bamt Y T 20 T GG U S e dsdTRse v
genetic element known as the 2 micron circle. 1In
laboratory_strain§ the 2 micron plasmid DNA is found in

| approximately 50 copies per cell and is stably main-
tained. For a review, see, for example, Curr. Topics
Micro. Imm. (1982) 96:119. This ycast plasmid has also

been scquenced (Hartley, J.L. et al., Nature (1980)
286:860).

Representative samples of the plasmids and .
host cells used in the constructions of this invention
have been placed on deposit with the American Type
Culture Collection, 12301 Parklawn Drive, Rockville,
Maryland. Plasmid pPyK 9.1.1 and yeast cell trans-
formants 2150-2-3/pHBS-56 GAP347/33 and 2150-2-
3/pHBS56PyK were placed on deposit on February 18, 1983
and have received ATCC Accession numbers 40061, 20665
and 20666, respectively.

In the Examples that follow, many of the
techniques, reactions and separation procedures are
already well-known in the art. All enzymes, unless

- otherwise stated, are available from one or more
commercial sources, such as New' England Biolabs,
Beverly, Massachuselts; Collaborative Research, Waltham,
Massachusetts; Miles Laboratories, Elkhart, Indiana;
Boehringer Biochemicals, Inc., indianapdlis, Indiana
and Bethesda Rescarch Laboratories, Rockville, Maryland.
Buffers and reaction conditions for restriction enzyme
digestion were used according to recommendations
supplied by the manufacturer for each'enzyme, unless
otherwise indicated. Standard methodology, for other
enzyme reactions, gel-electrophoresis separations and
E. coli transformation may be found in Methods in

Enzymology, (1979) 68. Transformation of yeast proto-
plasts can be carried out essentially as described by"
Beggs, Nature (1978) 275:104.
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i solated fromthese clones. The HindllIl-11hal fragnent of about 800bp was
ligated to the Hhal-H ndl Il fragnment of about 350bp. The resulting 1061bp
Hindl Il fragnent. was isolated by gel elcctrophoresis and.cloned in pBR322,
(pGAP-347), and the sequence determ ned (see Fig. 2). EXAMPLE 2
Construction of yeast vectors containing the GAPDH pronoter, active in the
expression of HBsAg. A plasm d vector (pHBS-56GAP347/33), for the
expression of HBV surface antigen in yéagt'..using t he GAPDI.| pronoter

fragment was construct &gl a5, fEPEEE&InENulsledul3 for transformation
include X1776; K12 strain 294 (ATCC No. 31446); RR1l and
HB10l. Yeast strains XvG610-8c having the genotype {(a
ade2 ade6 leu2 lysl trpl canl) and GM-3C-2, genotype:
(Lcu2 Trpl His4 CYCl-1CYP3-1) (Faye, G. et al., Proc.
Natl. Acad. Sci. (1981) 78:2258) can be-ﬁypically used
for.ycast transformations. . It would be understood,

however, that virtually any strain of yeast'is useful
for transformation. Bacteria can be grown and selected
according to procedures described by Miller, J.H.,

Experiments in Molcculér Genetics, Cold Spring Harbor |

Laboratory, Cold Spring Harbor, NeW’York.(1972); Yeast
can be growh'on the following media: YEPD containing
1% (w/v) yeast dxtract, 2% (w/v) peptone and (w/v)
glucose; and, in the case of plating medium, 3% (w/v)
agar. YNB plus CAA contains 6.7 grams of yeast nitrogen
base (Difco Laboratories, Minneapolis, Minnesota), 10mg
of adenine, 10mg of uracil, 5g casamino acids (CAA)
(Difco), 20g glucose; and, in the case of plating
‘media, 30g agar per liter.  Selection for tryptophan
prototrophy can be made on plates containing 6.7g yeast
nitrogen base (lacking amino acids), supplemented for
all growth requirements of the strain to be transformed
except tryptophan;

EXAMPLE 1
Cloning of the vyeast glyceraldehyde-3-phosphate

dehydrogenase (GAPDH)AQCHG.
A complementary DNA (cDNA) contalnlng the
yeast GAPDH coding sequences was prepared in the

following manner:

PolyA+ RNA was isolated from yeast strain
A364A. Double-stranded cDNA was synthesized using AMV
reverse transcriptase and E. coli DNA polymerase I.
Poly-dC-tails were added to the double-stranded cDNA
molecule using deoxynucleotide terminal transferase.
Poly-dC~-tailed cDNA was annealed to poly-dG-tailed
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Tot al .di gestion of pGAP-347 with Sphl followed by partial digestion with
[1indlll yielded an approxi- mately 1700bp Sphl-HindlIIl fragnent having
about 1060bp of GAPDH pronoter and about 530bp of pBR322. The -9- 1700bp
Sphl-H ndl Il GAPDI | pronoter fragnment was ligated with the 840bp
HndllI-H ndl Il fragment (containing the HBsAg codi ng region, 26 bases of

5' non-codi ng region and 128bp of 3' non-coding regi on, obtained from
pHBS-56) and then with the 350bp Hindl11-8pH fragnent

pBER322 and used to transform E. coli HB10l. Onc
thousand transformants were screened by colony hybridi-
zation to labeled PolyA+ RNA, and a subset further
examihed by restriction endonuclcase mapping, and DNA
sequencing. Three clones containing GAPDH sequences
were isolated from the pool. Onec clone (pcGAP-9)
contained an insert of about 1200 base pairs (bp) and
was used for further work.

A yeast gene library was prepared by inserting
fragments obtained after partial digestion of total
yeast DNA with rcstriction‘endonucleasc Sau3A into
lambda phage Charon 28, according to Blattner, F.R. et
al., Science (1977) 196:161-169. Several fragments
containing yeast GAPDH coding sequences were isolated
by screening the phage library with labeled DNA from
PcGAP-9. The ycast GAPDH gecne of pne of these clones
was subcloned in pBR322 as a 2.l1kb HindIII fragment
(PGAP~1, see Fig. 1) or as a 3.5kb BamiI fragment
(pGAP-2). The GAPDH promoting-active fragments were
isolated from these clones. The HindIII-Hhal fragment
of about 800bp was ligated to the Hhal-HindIII fragment
of about 350bp. The resulting 1061bp HindIII fragment
was isolated by gel elcctrophoresis and.cloned in
pBR322, (pGAP-347), and the sequence determined (see
Fig. 2).

EXAMPLE 2
Construction of yeast vectors containing the GAPDH

promoter, active in the expression of HBsAg.
A plasmid vector (plIBS-56GAP347/33), for .the
expression of HBV surface antigen in yeast .using the

GAPDH promoter fragment was constructed as depicted in
Fig. 3. . ' _ '
Total digestion of pGAP-347 with SphIl followed
by partial digestion with lindIII yielded an approxi-
mately 1700bp SphI-HindIII fragment having about 1060bp
of GAPDH promoter and about 530bp of pBR322. The

This is the replacement sheet

07 JAN 1897,

Date:



containing the ADH-1 termi nation region (isolated from pHBS-56). The 2906bp
Sphl fragnment (cassette) was isolated and cloned in pHBS-56 previously

di gested with Sphl. The plasm d pHBS-5G (ATCC Accession No. 40047) has been
described in a co-pending application (EPA No. 82.401473.2 published as
no. 72318, of Regents of the University of California,-herein incorporated
by reference) and contains the entire 2 'Cron plasmd, in addition to a

oSt o' pha0ReR Bphasidaelsl Al [ GRPLRECFERRERS, BY w22 The
ternmi nati onyiesi ehe mmp mmimzm-a_@_dbn efiraginong \A/sgmtswrww el used
to ﬁransfornhgggsgo n@'}&¥ﬂﬁg 26 bases of 5' non-coding region
and 128bp of 3° non-coding_region, obtained from
pliBS-56) and then with the 350bp HindIII<Sphl fragment
containing the ADH-1 termination regioﬁ (isolated from
pliBS~56) . The 2900bp Sphl fragment (cassette) was
isolated and cloned in plBS-56 previously digested with
SphI. The plasmid pliBS-56 (ATCC Accession No. 40047)
has been described in a co-pending application (EPA
No. 82. 461473 2 pdblished as ho. 72318, of Regents of the
University of California, herexn incorporated by
reference) and contains the entire 2 micron plasmid, in
addition to a region with the yeast'leuz gene and the
amp resistance locus of pBR322. The resulting plasmid
(pHBS~-56GAP347/33) in which the promoter, gene and
termination regions were in the proper orientations was
isolated and used to transform yeast strain AB102
(MATa, pep 4-3, leu 2-3 leu2-112, ura 3-52, his 4-580,
cir®) or strain 2150-2-3 (MATa, adel, leu2-04, cir®).
Strain AB102 is derived from SF657-9c by curing of 2
micron plasmids. Strain 2150-2-3 is from the collection
of Dr. Leland llartwell at the University of Washington.

EXAMPLE 3
Synthesis of IIBsAg in yeast under GAPDH promoter
control (plasmid pHBS-56GAP347/33).
One hundred ml cultures of strain ABl02

containing plasmid pHBS56-347/33 were grown to optical
density at 650nm of 1. Cell-free lysates were preparéd
by agitation with glass beads and removal of cell
debris by centrifugation. IliBsAg was measured by the
Abbott Ausriall radioimmunoassay and protein concen-
tration was determined by the Coomassie blue binding
method. The results are shown in Table 1. They
indicate that the GAPDH promoter is about 5 times more
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(MATa, pep 4-3, len 2-3 leu2-112, ura 3-52, his 4-580, [err] or strain

2150-2-3 (MATa, adel, |eu2-04, [err]) Strain AB102 is derived from
SF657-9c by curing of 2 mcron plasm ds. Strain 2150-2-3 is fromthe
collection of Dr. Leland Hartwell at the University of Washi ngton. EXAMPLE
3 Synthesis of HBsAq in yeast under GAPDI| pronoter control (plasmd

pHBS- 56GAP347/33). One hundred m cu tures of strain AB102 containing ..

pl asm d pHBS56-347/33 were grown to opt

density at 650nm of 1.

Cell-free |lysates were prepared by agitation with glass beads and renoval

of cell dEbr|§£%%C¥y§ I&%ﬁ{ " Dﬁ§fgpr moﬁ%%5¥5¥’é¥6teln product

express:.on in yeas

- Table 1: -Synthesis of lBsAg in yeast

(a) control from p“nu-SG (ADH -1 promoLer)

Expf ng - protecin : Spec. Act1v1ty

(ug/ml) {mg/ml}) (vgsAg/mg protein)
1 8.8 18 . 0.49
14 25 0.56

3 12.4 20 - - 0.62

(b) from pHBS-56GAP347/33 (GAPDH promoter)

Exp# . sAg | protein Spec. Activity
(ng/ml) (mg/ml) (ugsAg/mg protein)
1 - 36 14 2.6
35 ' 12 2.9

37 ' 12.5 3.0

Similar results were obtained by substituting
yeast strain 2150-2-3 for yeast strain AB102 and
repeating Example 3.
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Abbot t Ausrl al | noassay and protei.n concen- tration was determ ned

by th bl ue bindi ng nmethod. The results are shown in Table 1.
They | %},@d I,ﬂm GAPDH pronoter is about 5 tinmes nore - 10 -
effectivect 1 pronoter for protein product expression in yeast.
Table 1: Synt hesi 5 of HBsAg in yeast (a) control from pHBS-56 (ADII-I

pronoter) EXP# sAg _ pro{fl n . Spec. Acti.vi ty

Claims

i 1. A yeast cxprcssnon vector comprising a segment of foreign
DNA under transcnpuonal control of a yeast glyceraldehydc-3-phosphate dehydro-
_genase promoter, said segment being in thg correct orientation for transcription
anﬂ havihg three or fewer codons from yeast glyceraldehyde-3-phosphate dehydro-
genase at the 5'-end of said foreign DNA, wherein said foreign‘ DNA encodes

hepatitis B surface émtigcn or a portion thereof.

2. A yeast expression vector of claim 1, further comprising a

terminator attached to the 3* end of the segment of foreign DNA.

3. A yeast expressxon vector of any of claims 1 and 2, further
comprising a yeast cell replication ongm and being capable of replicating in a

yeast cell.

4. A yeast expression vector of any of claims 1, 2 and 3, fur-
ther comprising a bacterial cell replication orlgm, and being capable of replicating

in a bacterial cell.

S. A yeast expression vector according to claim 2, wherein

said terminator comprises the yeast alcohol dehydrogenase I terminator.

6. ‘A yeast expression vector according to claim 2, wherein

said termmator comprises the yeast GAPDH terminator.

7. A yeast expression vector accordmg to clalm 2, wherem

said terminator comprises the yeast PyK terminator.

8. A yeast expression vector of claim 1, further comprising

yeast two micron plasmid DNA or a portion thereof.
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0.49 2
2.4
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12

err] [err] protein) 1 8.8 18
25 0.56 3

2.6 2
2.9 3 37 12.5

Simlar results were obtained by substtt}ing yeast strain 2150-2-3 for
yeast strain AB102 angd repeati ng Exanp

A mecthod of elxpre:ismg a DNA coding scgment in yeast,
comprising the steps of:

(a) inserting in a yehst_ expression vector a coding segment
which encodes hepatitis B surface antigen or a portion Ehe.reof, said vector com-
prising a DNA segment derived from a yeast glyceraldehyde-3-phosphate dehydro-
genase promoter having three or fewer codons from the 5'-end of yeast glycer-
aldehyde-3-phosphate dehydrogenase, said promoter being adjacent to the S* end
of the inserted DNA coding segment and so oriented that transcription initiated
within said promoter includes the coding segment, thereby providing a coding seg-
ment expressmn vector, and

(b) transforming yeast cells with the coding segment expres-

sion vector.

10. A method according to claim 9, wherein said yeast

expression vector further comprises a terminator attached to the 3' end of the

~ inserted DNA coding segment.

11. A method according to claim 10, wherein said terminator

comprises the yeast alcohol dehydrogenase I terminator.

12. A method according to claim 10, wherein said terminator

comprises the yeast GAPDH terminator.

13. A method according to claim 10, wherein said terminator

comprises the yeast PyK terminator.

14. A method according to any of claims 10, 11, 12, and 13,
wherein said yeast expression vector further comprises a yeast cell replication

origin and is capable of replicating in a yeast cell.
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1. Amng a DNA codi ng segnment “whi ch encodes hepatitis B
surface anti jen |on thereof in yeast, conprising the steps of (a)
i'nserti n gm\@ ment into a yeast expression vector to forma

codi ng s ssien vector, and (b) transformng yeast cells with

the coding segnent expression vector wherei n said yeast expression vector

conprises a pronoter segnent derived froma yeast
gl ycer al dehyde- 3- phosphat e dehydrogenas %]ronoter havi ng t he sequence shown

in Figure 2 - 15. A method according to any of claims 10, 11, 12, and 13,
wherein said yeast expression vector further comprises a bacterial cell replication

origin and is capable of replicating in a bacterial cell.

16. A method according to any of claims 10, 11, 12, and 13,
wherein said yeast expression vector further comprises a yeast cell replication
origin and a bacterial cell replication origin and is capable of replicating in yeast

cells or bacterial cells.
17. A method according to any of claims 10:, 11, 12, and 13,

wherein said yeast expression vector further comprises yeast two micron plasmid

DNA or a portion thereof.

his Sheet Has Been Re laced

A

This is the replacement sheet

- | Date: 07 JAN m



L .
and having fewer than three codons fromthe 5 end of yeast

gl ycer al-dehyde- 3- phosphat e dehydr ogenase, said, pronoter segnent being in
tthe correct orientation for transcription of the, codlng segnent. 2. A

nmet hod for the production of hepatitis B surface: antlgen or a portion
thereof conprising the steps of (a) culturing yeast in cells transforned
with a coding segnent expression vector gpnpr|5|ng a DNA codi ng segnent
encodi ng hepatitis B surface antigen or portion thereof, and (b)

i solating hepatitis B surface antigen or a portion thereof wherein said
codi ng segnent expressi on vector conprises a

YEAST EXPRESSION SYSTEMS WITH VECTORS HAVING -
GAPDH PROMOTERS, AND SYNTHESIS OF HBsAg

ABSTRACT OF THE DISCLOSURE
Yeast ceclls containing DNA plasmids having

foreign DNA, wherein foreign DNA is ¢xprcssed, are
described. For example, DNA coding for hepatitis B and
its virus surface antigeﬁ'(HBsAg).is'ligated to a yeast
plasmid to yield a product that is used to transform
yeast cells. The plasmids of this invention have

GAPDH prbmohers, and arc capable of
replicating in either a yeast celllor a bacterial cell.
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pronDter segnent “derived froma yeast glyceraldehyde 3-- phosphate
dehydrogenase pronoter having the sequence shown in Figure 2 and having
fewer than three codons fromthe 5 end of yeast glyceral dehyde- 3-phosphate
dehydr ogénase, said pronoter segnment being in the correct orientation for
transcription of the coding segnment. 3. . A nethod according to claim1l or
2, wherein said yeast expression vector=-furdher conprises a term nator
attached to the 3' end of the inserted DNA codi ng segnent. 4. A et hod
according to cl'aim 3, wherein sai r conprises the yeast al coho
dehydrogenase | termnator. 5 A et hod acco ng to claim3, wherein said
term nator conprises the yegbt GAPDH term nator. -

'pGAP-1

HindII 54 kp HindII/

/ HinfL | N
Hinfl Hhal .
Hind III } { s'arcl GAPDH codlng region ' Hind I
277272707772 7777777 777274
1

(o) I Hinfl

Rhal . ATG (b} Bal 3! -
{d) - — | <4
500 bp | ~400 bp |
(c) Hind IT linkers
Hhal digestion
Hind I ' Hhal HhoI Hind Il
700bp - > 3500bp
' e

Ligation, Hind II dxgeshon

Hind IIT Hhal  Hnd
] L)

‘ .

106! bp (promoter fragment)

FIG. 1.

o
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12 6. ‘A nethod according to claim3, wherein said term nator conprises
the yeast PyK term nator. 7. A net hod according to any of one of claim1l
t'o 6, wherein said yeast expression vector further conprises a yeast cel
replication origin and is capable of replicating in a yeast cell. 8. A
met hod according to any of one of clains 1 to 6, wherein said yeast
expression vector further conprises a bagterial cell replication origin and
i s capabl e of - - : '

DHA 347

10
AAGCTTACCA

: 70
CTATTTTICGA

130
ACTTGAIGCA

190
TTGACCICTT

250
TACCTGAAAA

310
ATGACGCGGA

370
GAATAARAAA

430
ATACGTAARAT

" 490
TAATTICIGCT

550
ATCGTAGGTG

610
TTTTAAGCTG

670
AACCATCAGT

730
GCAAAAAACG

790
AAGGCAATTG

850
TCTCICIGAT

910

CCTACTIGAC

. 970
TTICTTASACT

1030
AGLACTTAGT

-20

GTICTCACAC

: 80
GGACCTIGIC

140
AATTCCCAAA

200
AACTGGTTCA

260
AAACGAATAT

320
GGCCAAGGCA

380
CACGCTTTTTY

440
AATTAATAGT

500
GTAACCCGTA

560
TCTGGGTGAA

620

GCATCCAGAA

680
TCATAGGTCC

740
GGCACAACCT

800

ACCCACGCAT

860
TTGGAAAAAG

920
TAATAAGTAT

980
TCTTALRTIC

1040
TICGARTARA

"~ 30

GGAACACCAC

. 90

ACCTI1GAGCC

150
“TGCAAGACAC

GCTAATAACA

210
.CCTCATCAGT

GACGCGACTG

270

ATACTAGCGT

330
ARAAGATICC

390
CAGTICCAGT

450
AGIGATTIIC

510
CATGCCCAAA

570

CAGTTTATCC_

630
AAAAAAAGAA

690
ATTCTCTTAG

750
CARATGGAGIG

810
GTATCTATCTY

870
CTGAAAAARAA

930
ATAAAGACGG

990
TACTTTTATA

. 1050
CACACATARA

40
TAATGGACAC

100
CAAGAGAGCC

220
280
TGAATGTTAG

340
TIGATTACGT

400

TTAICATTAT

460
CTAACTTTAT

520
ATAGGGGGCG

580
CTGGCATCCA

640
TCCCAGCACC

700
CGCAACTACA

760
ATGCAACCTG

820
CATTTTCTITA

880
AGGTTGAAAC

940
TAGGTATTGA

1000
GTTAGTICTTT

1060 .
CHLACAAGCT .

160 ,

50
AAATTCGAAA

- 110
AAGATTTAAA
GTACGGTCAA

230
AAGACCCGTT

290
CGICAACAAC

350
AAGGGAGTTA

410
CAATACTGCC

., 470
TTAGTCAAAA

530
GGTTACACAG

590

CTAAATATAA

650
AAAATATTGT

-710
GAGAACAGGG

770
CCTGGAGTAA

830
CACCTTCTAT

890

CAGTTCCLTC:

950
TIGTAATICT

1010
TTTTTAGTTT

170

60
TACTTTGACC

120
TTTTICCTATG

180
GAAGACATAT

240
GAAHAGAACT

300
AAGAAGTITA

360
GAATCATTIT

420
ATTTCAAAGA

480
ATTAGCCTTT

540
AATATATAAC

600
TGGAGCTCGC

660
TTTCTTCACC

720
GCACAAACAG

780
ATGATGACAC

840.

TACCTTCTGC

900

AAATTATICC

. 960
GTAAATCTAT

1020
TRAARRCAZCA

FPIG. 2
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replicating in a bacterial cell. 9. A net hod according to any of claims 1
to 6, wherein said yeast expression vector further conprises a yeast cel
r'eplication origin and a bacterial cell replication origin and is capable
of replicating in yeast cells or bacterial cells. 10. A nethod according
to any of one -of clains 1 to 6, wherein said yeast expression vector
further conprlses yeast two m cron plasnbd_DNA or a portion thereof. -

13 -

(o) SphI digestion
HindII portiol

Sphl PGAP 347

'Sphl  HindIl Hind IIL
(. (GAPDH promoter)

Hind I HindIII /

~1150 bp

HidelI _ Hing I

(HBsAg gene)

“{b) ligation

Hind]II SphI

L (ADH I 1ermmoior)
SphI  HindI  HindII HindIIT -~ Sphl.
i 1 1 ]

—  Sphl o
f;z“* IR I s T ¢ B
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This is the replaﬁement sheet

. Date:



=TTy of claims 10, 11, 12, and¥e3stsaferEPA

f L u&thrr conprir:ses a bacterial cell replication
% %% Ng in a bacterial cell. 16. A et hod

15. T RErTACHMENE ST
sai"d y@geq&zp%ss% T
&Hﬂ

ori gijn gpe;sycap
12, and 13, wherein said yeast

accordll:n@r¢ 3 Pin z ag

exprgs % r ”rtiie 3 risef a yeast cell repli cREPIACEMENT SWEETd a
bacterlaf réBf? art in pnd lils capable of replicating in yeast
cell d ?) bacterlal ceII 6; A nmet hod according to any of clainms 10,
11, g OB REGRIPE Eitd .yeast| expressi on vector further conprises

yeast twocnAImMSn plasn1d DNA or a portion thereof.

1. A method for expressing a DNA coding segment which
encodes hepatitis B surface antigen or a portion thereof in
yeast, comprising the steps of

(a) 1inserting said coding segment into a yeast expression::
vector to form a coding segment expression vector, and

(b) transforming yeast cells with the coding segment
expression vector

wherein said yeast expression vector comprises .a promoter

segment . derived from: a yeast glyceraldehyde-3-phosphate

dehydrogenase promoter having the sequence shown in Figure 2

and having fewer than three codons from the 5’ end of yeast

.glyceraldehyde—B-phosphate dehydrogenase, said promoter
. segment being in the correct orlentatlon for. transcrlptlon of .-
" .the .coding segment. - . .

2. A method .'for the production of hepatitis B surface
antigen or a portion thereof comprising the steps of -

(a) culturing yeast in cells transformed with a coding
segment expression vector comprising a DNA coding
segment encoding hepatitis B surface antigen or a
portion thereof, and

(b) isolating hepatitis B surface antigen or a portion .
thereof

wherein said coding segment expression vector comprises a
promoter segment derived from a yeast glyceraldehyde-3-
phosphate dehydrogenase promoter having the sequence shown in
Figure 2 and having fewer than three codons from the 5’ end
of yeast glyceraldehyde-3-phosphate dehydrogenase, said
promoter segment being in the correct orientation for
transcription of the coding segment.

3. A method according to claim 1 or 2, wherein said yeast
expression vector further comprises a terminator attached to
the 3’ end of the inserted DNA coding segment.

4. A method according to claim 3, wherein said terminator
comprises the yeast alcohol dehydrogenase I terminator.

5 A method according to claim 3, wherein said terminator
comprises the yeast GAPDH terminator.
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6. A method according to claim 3, whereln said terminator
comprises the yeast PyK terminator.

7. A method according to any of one of claim 1 to 6,
wherein said yeast expression vector further comprises a
yeast cell repllcatlon origin and is capable of replicating
in a yeast cell.

8. A method according to any of one of claims 1 to 6,
wherein said yeast expression vector further comprises a
Jbacterial cell replication origin and is capable of
‘replicating in a bacterial cell. :

© 9. A method according to any of claims 1 to 6, wherein said
" yeast expression -vector further comprises -a yeast cell -
replication-.origin and a bacterial cell replication origin .
and -is capable of replicating in yeast cells or bacterial
cells.

10. A method according to any of one-of claims 1 to 6,
wherein said yeast expression vector further comprises yeast
two micron plasmid DNA or a portion.thereof.
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YEAST EXPRESSION SYSTEMS WITH VECTORS HAVING
GAPDH PROMOTERS, AND SYNTHESIS OF HBsAg

AQNSTRACT OF THE DISCLOSURE
Yeast cells containing DNA plasmids having

foreign DNA, wherein foreign DNA is expressed, are
described. - For example, DNA coding for hepatitis B and
its virus surface antigen (HBsAg) is ligated to a yeast
plasmid to yield a product that is used to transform
yeast cells. The plasmids of this invention have
GAPDH promoters, and are capable of
replicating in either a yeast cell or a bacterial cell.
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