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YEAS'l' EXPRESSION SYS'l'EMS WI'l'll VEC'l'ORS 11.7,VING 

GAPDH PHOMO'J'lm~;, AND S\'N'l'llES I 5 OF HBsAg 

B/\CKGHOUNU OF '1'111·: I NVEN'l'J ON 

For maximal cxpn.?::i!:d.on of foreign genes in 

microbi<ll sysl:c~m~; it is U!.a1~1 l ly advnntagcous lo employ 

homolocJOU!.i rc<Julalory <?J rn11(!nts wi. thin the expression 

vector. r::f f i c icnc.:y of c?xprcssion (product format ion) 

10 is believed to he ii fum.·Lion of cl.nd proportional to the 

strength of tho promotcn· rnnployctl. In ilddition, 

rcgula ti on of gene expression by nu tr it iorrnl factors 

und<.!r the control of the (?Xperimcntcr offo.rs a further 

useful nllinipuJutory tool. The 9lycolytic enzyme genes 

15 of yeast, e.g., those coding for glyce:raldehyde-J­

phosphatc c.lchydrogenasc (G/\l'l>ll) and ·pyruvatc kinase 

20 

( PyK) , possess the above u!>c ful properties, i.e.~, high 

levels of cxprcs!.>ion (<1ml thus by inference very 

eff icicnt promott!1·s) and susceptibility to regulation 

by components of the growth medium. For example, Gf,PDll 

can· comprise as much a~ 5V. of the dry Wl?ight of 
:·· 

·conunercial baker's yeast (Krebs, E.G., ,J. 13iol. Chem. 
' - -

(1953) 200:471). Furthermore, these enzymes are also 

highly inducible. l"or. example, when yeast cultures arc 

25 shif~ed from growth on acetate to c1lucose, the activity 

of GAPDll increased up to 200-fold in proportion to the 

concentration of the SU<Jilr in the 11.1cc'!ium (Mai tra, P. K. 

and J.obo, 1.., ~- n.~>l.. Chem. (1971) _?46:475). 'l'hosc 

results suc1ge:jt that the traru;cri:ptional machinc1-y of 

30 these gunc~; i!i hi<Jhly recJulatccl, perhaps by Lhe 

participation of -l>N/\ ~W<1'.w11cc~:; p1·cstmt in .the 5' 

non-co<.Jing flankin<J rcc1ion of the gc~·cs. 

'l'hi!; inv1:ntion relates to the isolation, 

structure and the successful use in yeast expression 

35 plasmids of DNA .fragments corr.espo~clinq to the 5 ,· 

non-codi.1111 rc9ions of the rcguli1tahl.c yo.1st gcrw~ CAPDll 

and PyK. 'l'hcsu fra<Jmc:~11 tf; which con ta in DNA scqtwn<:<?S 
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with strong transcription-promoting activity are called 
"promoters". They arc ideal components of DNA vectors 
for commercial production of large quantities of 
protein coded by foreign genes under their 

5 transcriptional control. 

In addition, 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 ~ttempt to express foreign DNA in 
yeast failed (Beggs, J.D. ct~., Natur.e (1980) 
283:285). In this report, the hemoglobin DNA (inserted 
with its own promoter) was·transcribcd 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 poor ability of 
yeast cells to carry out splicing of intervening 

20 

. . 

sequences (introns). 

Three GAPDH genes .of yeast have been cloned 
(Holland, M.J. ~ al., Dasie Life Science (1981) 
g:291), but their promoters have not been used for 
constructing expression systems.in yeast by recombinant 

i 

~ DNA methods. The PyK gene has also been cloned, but by 
25 genetic complementation only (no structural studies 

performed) (Kawasaki, G. and Fraenel, D.G., Biochem. 
Biophys. Res.~- (1902) 108:1107). Other yeast 
promoters, e.g. , that of alcohol dehydr.ogenase I 
(Valenzuela, P. et al., Nature (1982) 298:347 and 

30 Ilitzeman, R.A. et al., Nature (1981) 293:717) and . -- --
phosphoglycerate kinase (Tuite, M.F. et al,.,. ·EMBO J. 
(1982) .!_: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 

35 present invention provides new promoters for yeast 
expression systems and combines the advantages of 
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highly expressive promoters with the enhanced expres­

sion found with appr.op1~.ic1t.~.ly J igatcd te.rminators .. 

· A publ ishcd l~uropc~c1n Patent Ap.pll.cation ( 072 

310) disclosed the construction o( a yea~t expression 

voct.01: which, up(.)ll j11du<.:tio11, c~xpr.<~ssed 1.1epatitis B 

virus surf ac~ ant iqe.n ( rms/\g) ~;-pcole in t~nder control 

of thn yeast. a .lcoho l cl<~hydrogcrnaso l { ADff ! ) promoter. 

nru El .. nr~~;c1u P'I' [()N <W '1'111~ lNVl~N'l'fON ----··-------·-· ----·---------------· --
'l'his invent.ion rel.ates to c1 ye:~'st expression 

vector. comp1~isi11cJ n ~;1~q111<?11t of foroign DN.A, e.g., that 

coding for hepat:it.is n vi1:11H (flllV) surface antigen 

(IUlsAg), un<lc1~ Lrn.nscd.ptiortilJ contt·ol of a yeast GAPDH 

promoter.. 'I'erm.i. lrn tors may <1 b;o be c1ppropr ia tely at­

tached. 'l'he expr:ess ion vucl:o 1.· typically has a yeast 

replication or.i.g i.u and .is capahlH o( ropl,lcating in 

eltheL· type of cnl.J. 'l'ht~ oxpr:1:ssi.ori vectoe, when used 

to transfonn yeast r.:u.l. ls, wi.1.1 yie.l.d substantial 

amounts of Lhe pr~oto i.n c:oc.lud by tlla segment of foreign 

DNA. 

DRIIU' YJ~:scn:~_~'}ON_91" ·1::1m DRAWINGS 

t,ig. 1: Isol.ati.on and t<l.iloring of a GAPDll 

promoter fragment. 

Fig. 2: UNA SCCJllellCC d f the GAPDll promoter 

fragment. 

l;oig. 3: Construction of a yeast expression 

plasmid containing the GAPUll promoter. 

Ol~'l'A I [.lO:Jl __ .~~-~?~_1_~_1~!~1~~~~~.!':J--Q!'.~!111:: I NVE~'l' I Ot:! 

In princip.l.n, yon.st o.xpr:<~ss.ion plasmids have 

particular c.u.lvantilgc:?s, includ.ing the following.. Yoast 

can bo grown .i.n .l .:u~go-fH.:aln cu 1 turn fo1~ commercial pro­

duction by processes well-known in the art. In con­

tr.ast, bacteria in l!11:ge-sci.l Le 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 capac1ty that bactE'n:i.a do not have. Now 
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that cDNA sequencca arc readily obtainable, the problem 
of expressing genes having introns is easily avbided. 

The vectors of the present invention encompass 
promoters of unuGually high efficiency. A promoter is 

5 dcf ined herein as a DNA segment capable of functioning 
to initiate transcription of an adjoining DNA segment. 
Transcription is the syntheGis 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 nn 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 ci bindlng site for RNA 

15 polymerase II near the start ~ite permitting selection 
of the proper strand of DNA as a template for messenger 
RNA synthesis. In addition, a cukaryotic 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 adjaGent DNA coding segment. 

25 

30 

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 gene. 
(References to the S' 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 NH2- and -COOH 
termini of the encoded protein, respective~y~) 
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 "'fATA Box," a segment of about 5 to 1 O nucleotides 
located generally about 70 to 230 nucleotides upstream 

• 
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from the site of transcription initiiltion, having a 
sequence generally rc~cmhlinCJ "l'/\'l'/\A. Por review of 
structural compci1~ison!; :...;c!e Bn?.:ithnach, R. and Chambon, 

P~, Ann. Rev. ~L !.!_i_~c:h_~!~· (19HI) 50:349. •rhe TATA Box 
~ i!; h<?J.it!Vt~d l:o fu11ct:io11 in init.i•1l:icm Of transcription. 

'l'hc fore i.<Jll <.Je1u! w i J 1 be free? or sul.>stanti.:tl ly 
(1~ce of codmw from Llw nonn.·al stn1ctural gene associ-
ated with the promol.c!I". ll!;11.:tl ly, the foreign gene will 
be joined to .:1 11011-c:od i n11 ] '-end of the regulatory 

1.0 region cncompas:; i.n<J Lhe promoter, so a!:: Lo be f rec o( 
the amino acids Cl t the N- tc~rmimrn o.f endO<Jenous gene 
naturally associated with tlu? regulatory region. 'fhat 

is, fewer them about ) codons (9 nucleotides) will be· 
retained with the ruqu 1.:1 L<H")' reg ion when joined to the 

15 fort:!i<Jn gene. 

'fhc prt!!;encr• of the~ tcnuina tor sequence at 
the 3' end of the coding segment enhances expression. 
'l'hc effect is 9t~ner.:11..ly simil.c:u· to the addition of rho 
factor to prokaryotic tnrnscription systems, wherein 

20 the rate of the release of HNI\ polymerase is enhanced 
tQ produce an increa!::c i11 the rate of reinitiation of 
transcription. It will be u11dcrstood that, while the 

· terminator sequences are not required for detectable 
expression of foreign DN/\ segments, it is preferable to 

25 appropriately link them to enhance expression. The 
terminator region nwy be nc1tur.a11.y associated with the 
same or different stn1ctur.<ll ycnc as the promoter 
region. 

'l'hc most. appropriate DNJ\ vector for the 
30 GAPDH constn1ction o( this inverttion is a sl1uttle 

vector. 'l'hesc vectors can "~huttle" between a bacterial 
strain, such.:~!> _t:. co_l.i., and ynast, since tt~ey have a 
bacterial origin of rc1>lication and a yeast origin of 

replication, sec, e.g., J\mmetcr, G. ~ ~·, necombinant. 

35 ON/\, Proc. 'I'hird C h!vc !-~~~1d !iympos i.um Macromolecul.~s 
(Walton, A.G., ~c.l.), p. 18!.;, r-:1.~.;cvi.cr, /\mstcrdam 
(1981). /\ typic~l b~ctcrial o~igin of replication in 

• 



derived from, e.g., pDR322. The most useful yeast 

origin of replication is found in the cxtrachromosornal 

genetic element known as the 2 micron circle. In 

laboratory strains the 2 micron plasmid DNA is found in 

5 approximately 50 copies per cell and is stably main­

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

Micro. Imm. (1902) ~:119. 'l'his yeast plasmid has also 

been sequenced {liartlcy, J.I.. ct al., Noturc (1900) 

286:860) ~ 

10 Representative samples of the plasmids and 

host cells used in the constructions of this invention 

have been placed on deposit with the l\.merican Type 

Culture Collection, 12301 Parklawn Drive, Rockville, 

Maryland. Plasmid pPyK 9.1.1 and yeast cell trans-

15 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 

20 techniques, reactions and separation procedures are 

already well-known in the art. All enzymes, unless 

otherwise stated, arc available from one or more 

conunercial sources, such as New· England Biolabs, 

Beverly, Massachusetts; Collaborative Research, Waltham, 

25 Massachusetts; Miles Laboratories, Elkhart, Indiana; 

Boehringer Biochemicals, Inc., Indianapolis, Indiana 

and Bethesda Research Laboratories, Rockville, Maryland. 

Duffers and reaction conditions for restriction enzyme 

digestion were used according to recommendations 

30 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-

35 plasts can be carried out essentially as described by· 

Beggs, Nature (1978) 275:104. 
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!· coli 5trainG u~cful for transformation 

incltide Xl776; Kl2 strain 294 (ATCC No. 31446); RRl and 

110101. Yeast strains XVGlO-Oc having the genotype (!_ 

adc2 ade6 leu2 lyul trpl canl} and GM-3C-2, genotype: 

S (l.eu2 'l'rpl His4 CYC1-1CYP3,;,.1) {Faye, G. et al., Proc. 

Nntl. 1\cad. Sci. (1981) 78:2250) can be typically used 

for yeast transformations. It would be understood, 

however, that virtually any strain of yeast is useful 

for transformation. Dactc~ia can be grown and selected 

10 according to procedures described by Miller, J.H., 

ExperimentD in Molecular Genetics, Cold Spring Harbor 

Laboratory, Cold Spring llclrbor, New York (1972). Yeast 

can be grown on the following media: YEPD containing 

1% (w/v) yeast extract, 2% (w/v) peptonc and (w/v) 

15 glucose; and, in the case of plating medium, 3% (w/v) 

agar. YNB plus CAJ\ contains 6.7 gFams of yeast nitrogen 

base (Difeo Laboratories, Minneapolis, Minnesota), lOmg 

of adenine, lOmg of uracil, Sg casamino acids (CAA) 

(Difeo), 209 glucose; and, in the case of plating 

20 media, 309 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. 

25 

HXAMPLE 1 

Cloning of the yeast glyceraldchyde-3-phosphate 

dehydrogenase (GJ\.PDH) gene. 

A complementary DNA (cDNA) containing the 

30 yeast GAPDH coding sequences was prepared in the 

following manner: , _ 

PolyA+ RNJ\ was isolated from yeast strain 

A364J\.. Double-stranded cDNJ\ was synthesized using AMV 

reverse transcriptasc and E. coli DNA polymerase I. 

35 Poly-de-tails were added to the double-stranded cDNA 

molecule using deoxynucleotide terminal transferase. 

Poly-de-tailed cDNA was annealed to poly-dG-tailed 

• 
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pDR322 and use~ to tran~form B. coli llDlOl. One 

thousan<l transfor~ants were screened by colony hybridi­

zation to labeled PolyA+ RNA, and a subset further 

examined Ly rcntriction endonuclcase mapping, and DNA 

s sequencing. Three clone!> containing Gl\PDH 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. 

1\ yeast gene library was prepared by inserting 

10 fragments obtained af tcr partial digestion of total 
yeast DNA with restriction endonuclcase Sau3A into 

lambda phage Charon 20, according to Dlattner, F.R. et 

~l., Science (1977) l96:1Gl-169. Several fragments 

containing yea~t GAPDll coding sequences were isolated 

15 by screening the phage library with labeled DNA from 

pcGAP-9. The yeast GAPDU gene of pne of these clones 

was subcloned in pl3R322 as a 2.lkb llindIII fragment 

(pGAP-1, sec Pi<J. 1) or as a 3.Skb BamHI fragment 
(pGJ\P-2) • 'l'hc GJ\PDU promoting-active fragments were 

20 isolated from these clones. 'fhe HindIII-Hhal fragment 

of about 800bp was ligated to the HhaI-HindIII fragment 

of about 350bp. The resulting 1061bp IlindIII fragment 

was isolated by gel electrophoresis and.cloned in 

pBR322, (pGAP-347), and the sequence determined (see 
25 Fig. 2). 

EXAMPLE 2 

Construction of yea~t vectors containing the GAPDH 

promoter, active in the expression of HBsAg. 

· 30 A plasmid vector (pIIBS-56GAP347/33), for the 

expression of HDV surface antigen in yeast~ .using the 

GJ\'£1011 promoter fragment was constructed as depicted in 

Fig. 3. 

Total digestion of pGAP-347 with SphI followed 

35 by partial digestion with UindIII yielded an approxi- . 

rnately 1700bp SphI-HindIII fragment having about 1060bp 

of GAPDH promoter and about 530bp of pBR322. The 

.. 
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1700bp ~I-UindIII GJ\PDll promoter fragment was ligated 

with the B40bp ltindIII-llindIII fragment (containing the 

llDsJ\g coding region, 2G l.>nscs of 5' non-coding region 

and 128bp of 3' non-coding region, obtained from 

5 plmS-56) and then with the 3501.>p HindIII-Sphl fragment 

containing the 1\DH-1 termination region (isolated from 

.pllDS-56). The 2900bp ZphI fragment (cassette) was 

isolated and cloned in pUDS-56 previously digested with 

SphI. 'l'he plasmid pUDS-SG (ATCC Accession No. 4004 7) 

10 has been described in a co~pcnding application (EPA 

No. 82.401473.2 published .i!.; no. 72318, of Hegcnts of the 

University of Californ.in, herein incorporntc<l 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 pDR322. The resulting plasmid 

(pHDS-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, 

20 cir 0
) or strain 2150-2-3 (MATa, adel, leu2-04, cir 0

). 

25 

Strain AD102 is derived from SF657-9c by curing of 2 

micron pla~mids. Strain 2150-2-3 is from the collection 

of Dr. Leland Hartwell at the University of Washington. 

EXl\MP1,E 3 

Synthe.sis of llllsl\g in yeast under GAPDH promoter 

control (plasmid pHBS-56GAP347/33). 

One hundred ml cultures of strain AB102 

containing plasmid pHDSSG-347/33 were grown to optical 

30 density at 650nm of 1. Cell-free lysates were prepared 

by agitation with glass beads and removal of cell 

debris by centrifugation. HDsl\g was measured by the 

Abbott AusriaII 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 

· · 1i1if 1Hi11imm1r 
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effective thc'.ln the l\Dll-1 promoter for protein product 

expression in yeast. 

Table 1: Synthesis of HB!;J\g in yeast 

1 

2 

3 

1 

2 

3 

(a) control from pllBS-56 (ADU-I promoter) 

!>1\g 
(lJg/ml) 

8.0 

14 

12.4 

Erotcin 
<m97inTT 

18 

25 

io 

Spec. Ac ti.vi ty 
(lJgsAg/mg protein) 

0.49 

0.56 

0.62 

(b) from pllDS-5GGAP34 7 I 33 (GAPDH promoter) 

36 

35 

37 

protein 
(mg /ml) 

14 

12 

12.5 

Spec. 1\ctivity 
(~gsAg/mg protein) 

2.6 

2.9 

J.O 

Similur results ·were obtained by substituting 

yeast strain 2150-2-3 for yeast strain 1\Dl02 and 

repeating Example 3. 

1r111n1i11nr 
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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 

arid having three or fewer codons from yeast glyceraldehyde-3-phosphate dehydro­

genase at the 5 '-end of said foreign DNAt 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 yea~t 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. 

5. · 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 cJaim 1, further comprising 

yeast two micron plasmid DNA or a portion thereof. 

.. 



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 S '-end of yeast glycer­

aldehyde-3-phosphate dehydrogenase, said promoter being adjacent to the 5' 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 expression 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 th~ yeast PyK terininator. 

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. 

111111111111111111111111111111 
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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. 

. I If Ill~ 1111~ 11~1111!111 IJll 
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