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

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)
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
of yeast, e.g., thosce 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
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
shifted from growth on acetate 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
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
plasmids of DNA -fragments ¢orrespohding to the 5"
non-coding regions of thn.rcguldtahLe yeast geﬁns GAPDI

and PyK. These fragments which contain DNA sequences
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with strong transcription-promoting activity are called
"promoters". They are ideal components of DNA vectors

2

for commercial production of large quantities of
protein coded by foreign genes under their
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
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
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). _

Three GAPDH genes of yeést have been cloned
(Holland, M.J. et al., Basic Life Science (1981)
12:291), 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
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
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
present invention provides new promoters for yeast
expression systems and combines the advantages of
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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 of a yeast GAPDH
promoter. Terminators may also be apprqbriately 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 subétantial -
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']arqo—scale culture for commercial pro-
duction by processes well-known in thefart. In con-
trast, bacteria in lgrge—scalé 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
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that cDNA sequences are recadily obtalnable, the problem
of expressing gcnes hav1ng introns is casily avoided.

4

The vectors of the present invention encompass
promoters of unusually high efficiency. A promoter is
defined herein as a DNA scygment 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,
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 tempiate for messenger
RNA synthesis. In addition, a eukaryotic promoter
functions to regulate the relative efficiency of
transcription of coding segments 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 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,
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 abqut 70 to 230 nucleotides upstream
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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.

The forceign 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
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
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
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 sequences are not required for detectable

expression of forcign DNA segments, it is preferable to
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
GAPDH construction of this invention is a shuttle

vector. These vectors can “shuttle" between a bacterial

strain, such as E. coli, and yeast, since they have a
bacterial origin of replication and a yeast origin of

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

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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derived from, e.g., pBR322. The most uscful yecast

6

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, sece, for example, Cutf. 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.
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E. coli strains useful for transformation
include X1776; 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:
{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
according to procedures 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)
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

media, 30g agar per liLel. 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.

EXAMPLE 1 ,
Cloning of the yeast glyceraldehyde-3-phosphate

dehydrogenase (GAPDII) gene.

A complementary DNA (cDNA) containing the
yeast GAPDH coding sequences was prépared 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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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
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
fragments obtained after partial digestion of total
yeast DNA with restriction endonuclease 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 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
isolated from these clones. The HindIII-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
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 SphI followed
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
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1700bp SphI-HindIII GAPDH promotcr.fragment was ligated -
with the 840bp HindIII-llindIII fragment (containing the
IIBsAg coding region, 26 bases of 5' non-coding region
and 128bp of 3' non-coding region, obtained from
pliBS-56) and then with the 350bp uingII-ggﬁi fragment
containing the ADH-1 termination region (isolated from

.pUBS-56) . The 2900bp SphI fragment (cassette) was

isolated and cloned in pHBS-56 previously digested with
SphI. The plasmid pHBS-56 (ATCC Accession No. 40047)

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

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,
cir®) or strain 2150-2-3 (MATa, adel, leu2-04, cir?®).
Strain AB102 is derlved 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.

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
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
method. The results are shown in Table 1. They

* indicate that the GAPDH promoter is about 5 times more

_\
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effective than the ADH-1 promotcr for protein product

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
14 25 0.56
12.4 20 | 0.62
10 (b) from pliBS-56GAP347/33 (GAPDH promoter)
Exp# sA protein | Spec. Activity .
| _(ug7m1) (mg/ml) (ugsAg/mg protein)
1 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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Claims

1. A yeast expression vector comprising a segment of foreign
DNA under transcriptional 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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9, A method of expressing a DNA coding segment in yeast,
comprising the steps of:

(a) inserting in a yeast expression vector a coding segment
which encodes hepatitis B surface antigen or a portion thereof, 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 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.

T O
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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.
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