2125047 YEAST HYBRI D VECTORS AND THEI R USE FOR THE PRODUCTI ON OF

PCLYPEPTI DES Field of the invention The invention relates to DNA 45
fragments containing the pronoters of the yeast acid phosphatase

genes, hybrid vectors containing said pronoters capable of transformng
yeast cells and yeast cells transformed wwth 5 said hybrid vectors. The
i nvention al so provides processes for the prep- arationof sai dDNAfragnents,
sai dhybrid vectors and said yeastlcells, wherein reconbinant DN@ chnol ogy
is applied. Furthernore, the in- vention concerns a process fo tﬁé 647
manuf acture of pol ypepti des which are encoded by gene inserts in-said
hybrid vectors, and which are 10 useful in the treatment of human and

ani mal diseases, and of derivatives thereof. Background of the invention
Wth the devel opnent- of reconbi nant DNA technol ogy, the controlled

m crobi al production of useful polypeptides, especially such of ned- 15
ical interest, has becone possible. Mdst of the recent work with re-

~conbi nant DNA#ReNRaIRASWECARE MRS ThEPK AsK OGRCTRY SRBbTEon bpt hods have been
el aborated and- are now wel | established to introduce into these organ-

i sis whi chP@IFZERTIDEE eukaryotic proteins. Several bacterial species,
‘especial ly stTalms of ESchertcnia coli, which nave been nod- 20 ified by
this new technol ogy, are now avail able and permt the com nercial
production of pol ypeptides of utnost inportance, such as insulin, human

| eukocyte and fibroblast interferon and human growt h hor none. -3-



“ Howevep, for many purposes it will be desirable or necessary in future to
use éﬁ?aryotic systens in the conmercial preparation of proteins,

especi ally of pharmacol ogically inportant proteins. Since yeasts are
eukaryotes they share many biol ogi cal pathways with other 5 eukaryotes,

nost inportantly with manmalian cells. As many pharmacol o- gically _

i nportant proteins are synthesized by manmalian cells, the rel ated- ness of
the two systens can be advant ageous. For exanple, the secre- tory pathway

. of yeast resenbles that of 4ﬁgher animal cells and it is known that yeast
cell s have the machinery for the cleavage of signal 10 sequences (uncharged
N-term nal part of a protein, usually split off during the secretory
transport) (47). Associated with the secretory pathway is the glycosylation
system The basic steps leading to glyco- sylated proteins are simlar in’
all eukaryotes and it i's expected that yeast cells, contrary to prokaryotic
cells, can produce proteins which 15 are faithfully glycosyl ated (although
sone final steps in the pathway will have to be nodified). Mreover, yeast
cells are free of endotoxins. Contam nating endotoxins are often founiien
protein preparations fromE. coli and have to be renoved through expensive
purification steps. 20 Since yeast is a mcroorganism yeast cells are easy
to cultivate. The cell nmss obtainable per volunme of culture fluid is

- ¥

consi defizbi yofhithdeimvémtioneast than for E. coli. In addition, the
fermentati onal behaviour of yeast is well understood and conditions for .
| arge scale fernentations are already established. 25 In the |ast few ot

~years, Tekénventyomse]atSacthINANFERfensy ettalintng Bhe proacieredos mEE €asi ng
attenti a2nng ﬁpI? g! [ biolqﬁé§t from basic .and applied research areas:
s . .
To a large extent, b sa%ae%eé'lef)p 30 veckRs FaRtaiatos, GaLY iRARRAAES of a |
t r ansf orapablef sisngfioruing easttcedls dndl) yedde gyl 16 20anebdraldd akitaws t hi s '
- m croprgagi £Q Rechsedofor 30 genetic manipul ati ons, such as introduction
‘and ¢l ont ngﬂ(ﬁ)%r ﬁe,t erglfso'-' inv nt?.on also prov19es processes é'c])r the prep :
aration of said DNA fragments, said hybrid vectors and said yeast cells,
wherein recombinant DNA technology is appiied. Furthermore, the in-
vention concerns a process for the manufacture of polypeptides which
are encoded by gene inserts in said hybrid vectors, and which are
10 useful in the treatment of human and animal diseases, and of derivatives

thereof.

Background of the invention ' o

With the development of recombinant DNA technology, the controlled
microbial production of useful polypeptides, especially such of med- —

15 ical interest, has become possible. Most of the recent work with re- o/
combinant DNA technology concerns prokaryotic .organisms. Methods have =
been elaborated and are now well established to introduce into these organ—
isms DNA which codes for eukaryotic proteins. Several bacterial

species, especially strains of Escherichia coli, which have been mod-

20 ified by this new technology, are now available and permit the com-
mercial production of polypeptides of utmost importance, such as

insulin, human leukocyte and fibroblast interferon and human growth

hormone.



51 - 4 - gous DNA. Simlar to the prokaryotic systens, plasmds are the .
pre- ferred vectors used-to transformyeast cells, i.e. to introduce re-
conbi nant DNA into yeast cells. There are various patent applications and
ot her publications which 5 relate to vectors, suitable for transform ng .
yeast cells, yeasts trans- forned with said plasm ds, polypeptides pro dJ(:ed
by said transforned yeasts and processgs-for the production thereof: The
general yeast transformation protocol is disclosed by Hinnen et al. (1), -
Beggs (2), Hicks et aI (3) and Struhl et al. (4) 10 Expressi on of a human
i nterferon qgne, lin o ment s, %e 5 e | anki ngs seque cgs of the
Sacchar omyceSvEET évf%‘i ggq%lpé%ﬁ ﬁesdeth rogenase _aL ‘(eAﬁf—ﬂ“)eca ifeYi {t a"ptasmid
and transfortﬁe'éfel AekpryeRin syetems ins tﬂ%s‘@F‘iﬂﬁbédabwaPQrzaéHﬂh OétPreﬂte“(Si) The

transfor mat Iegpea E;E%(fh {é}m&ﬁ%gﬂqﬁy'ﬂp@?téﬂttB'I'@ce@ﬁsasgi&ecggﬁéadsn' 15 ing
t he chronosonal ]-globin gene is reported by Beggs et al. (6).

As set fort@re rF“khéYmBI‘ﬂ'@at share nany biolesicnl prdwrrr tith 9tB®&cri bed and no

splicing of e{R&vRtbdBMYst §nbdrdhol) Uit a,aﬁxwlaa sceqwl ds bﬁmqeﬁ;r?a%s&m-
cells, such as yeast  and especially mamual i an cél co- 20

Eukaryoti,c
t r ansf gr/mad gira HLyr HRROTEANDRECESIHF rAFef SYRtReHAeE posh RERA LAdR ceil Hee Ahirehatad-
Fnduci bl e prQgDtgr th@-QQOV!ytleewlchﬁli%%d R}%cx\éyoﬁb %E@:@aﬁg%ﬁ'etﬁg Qere-

tification of the transfornmed cell frocess € pro uctlon _
t hereof is (OSErRasEEY AL D@Fsbaﬁeéﬁmblaﬁp‘maéa? dhclen epirmd ¢eils gmdDAR isequence

codi ng for - gnEitkahYOlyeast %th&%b@&n@lﬁ&mﬁéﬂ&awptchs c%éavé%(:&f)rs%gﬁ:ﬁnf erring
m totic S@,ﬁb' lity at | ow copy nunber and contai n- aryotic

epficati %eiqv@me&n&x%aéaedc&q%mﬂaéng%r R \R/F?“(Flgal‘ﬁ“%%]é‘t 8Pitar e
d' scl osed i prEWRRRAN KR &AL tARPLEARDLLAD (4%.81\85'&)19.&& wibn the secretory

pathway is the glycosylation system. The basic steps leading to glyco-
sylated proteins are similar in all eukaryotes and it is expected that
yeast cells, contrary to prokaryotic cells, can produce proteins which
15 are faithfully glycosyiéted (although some final steps in the pathway

will have to be modified).

Moreover, yeast cells are free of endotoxinsﬁ'Contaminating endotoxins_
are often found in protein preparations from E. coli and have to be

removed through expensive purification steps.

.&%2 20 Since yeast is a microorganism, yeast cells are easy to cultivate.
The cell mass obtainable per volume of culture fluid is considerably
higher for yeast than for E. coli. In addition, the fermentational

. behaviour of yeast is well understood and conditions for large scale

fermentations are already established.

" 25 In the last few years, baker's yéast, Saccharomyces cerevisiae, has
received incre&sing_attention among molecular biologists from basic
and applied research areas. To a large extent, this development is
due to the establishment of a transformation system (Hinnen et al.
(1); Beggs (2)) which allows this microorganism to be used for

30 genetic manipulationms, such as introduction and cloning of hPterolo-



Hybrid DNAs conprising, inter alia, a eukaryotic host autononously
replicating segnent, a nethod for the production-thereof and a nethod for
hi_gh-frequency transform ng eukaryotic cells, e.g. yeast, with said hybrid
_ is disclosed in European patent application 5 45573 (9). Plasm ds
conpri.sing the oval bum n gemetcontrolled by the pronoter of the Escherichia
coli [err]-lac Z gene and capable of being transfornmed into yeast cells are
described in German O fenl egungsschrift 2923297 (10) and French patent
application 2458585 (11). 10 Hybrid plasm ds conprising DNA of a bacterial
pl asmi ghusWhel,es ki 1885 fo @he tprokdNOeDE sybEensgastiasal & ke Hlraspial. and the yeast
URA3 gene and yeasts transforped with sajd hybrid plasn ds are disclosed in
Eur opefTpht’ERE HpBFet &40 'b‘f‘i’.“ig%%?y?isf) FEJdij’e{te‘oF" tREr9d¥¢- S on 15 During
t he | asdmby®Bi-SDNA Hate yaast @edds. progress in the field of genetic :
engi neering, and the first systens using genetically mani pul ated m cro-
organi sms, especially strains of the enterobacteria Escherichia coli, are
now woThénegardivaeims, pateat cappliicatsions maddotfher pubdiitatdioas weidhi m  proved
YU TR FAPEF kLot UIRNGH GoRVRRALRBNE Delfe XEPN S yellliCh ] A
sui tabf @ T or 1 he ecofom ¢ and f’arge-sca S rsatcton of proteins in
i ndust Egrmedt wizhesaint plasmideu poyrreptidec pooducad oyasaid abkmsfbomedyene cl oni ng.
For the_ effigi l.on. 0 i .in yeast structural coding
sequen %%St\f?m ﬁdeﬁg%%égésﬁgkc%r%h%%c\%ﬂtgﬁ%%{:] yeast pronoters which,
advant ageousl y, should show regul atory features which 25 would all ow
exoge S_CO al n ression. It Jds.an.object of the present
i nven'?il.il %ng%nfq%? elagte: %cggsfoei%?gln%nt F%’-"??r%e’ﬁ ﬂ’gsﬁlﬁﬁé‘ggye*?m&ﬁ? ¥rents. It is ~
al so aal.obl)acBegds Rk, Hiclsxet alnvEdd iand Storupl @i gk, Hybrid vectors’
containing said pronoters and foreign structural genes controlled by said
pronot ers. - 6- ' : '

10 Expression of a human interferon gene linked to DNA fragments of

-

the 5'-flanking sequences of the Saccharomyces cerevisiae alcohol

dehydrogenase 1 (ADH1) gene in a plasmid and transformed into yeast cells

is described by Hitzeman et al. (5).

The transformation of Saccharomyces cerevisiae with a plasmid contain-

15 ing the chromosomal rabbit B-globin gene is reported by Beggs et -
al. (6). As set forth in the publication, the gene is incorrectly

transcribed and no splicing of the primary p-globin transcripts could
be detected. _ : : A

Eukaryotic cells, such as yeast and especially mammalian cells, co=

20 transformed with foreign DNA coding for a polypeptide and linked with {:;
an inducible promoter, and with unlinked DNA which permits the iden-—
tification of the transformed cells, and a process for the production

. thereof is described in PCT patent application 81702425 (7).

A DNA sequence coding for a eukaryotic replication site, eukaryotic
25 vectors conferring mitotic stability at low copy number and contain-
ing a eukaryotic replication site, and yeast cells transformed with

said vectors are disclosed in European patent application 48081 (8).



Det ai l ed description of the invention 1. DNA fragnents containing yeast
aci d phosphatase pronoters and their preparation The present invention
provi des newy isol ated yeast pronoters having im 5 proved expression
properties and a process for the production thereof. The yeast pronot erﬂs
according to the present invention are derived fromthe genom c DNA o
yeast, especially of Saccharonycesscerevisiae. At |least two structural
.genes (PHO3 and PHO5) and several regulatory genes (PHO2, PHO4, PHOBO,
PHO81, PH085) are involved in the expression 10 of acid phosphatase.in
yeast (for reﬂyeblsnc@\}Asseenprﬁaxngaxmqglre«;h(ala)eukﬁj%larhdsﬂ-d@somtdeshor a
repressible ( | . co ugd h e,
respectively. E%%fei gk%%) ae%n%n?k rggéﬂggs}é lf‘é(ﬁ)%%ucqgh'getﬁ ?%?l %Eld:%of

i norganic phosgﬁmdefmhighnfmeqhemny(@eneﬁnms&@)tkmaexc icrbkgarig. peeosphat e
starvation (u e r tg ogi cal
condi tions), agalresé]s'CE %ﬁgrg—ggme?ﬁe&itsgyg%? b%ggg%%gg Irgw)st I ? ??? a?lgljf | ow
Fevel s. Thé ré&p¥Bs€Pbl e enzyne is glyco- sylated and has a-nol ecul ar. wei ght
of aboyt ;490 Kilodaltons (14). The pronoters controlling the acid
phosphaTase genes have not been isolated or used in prior art reconbi nant
DNA t echnol ogPlasmddpcgempring theepyalhupincgenralcontmplbedt by thevaremstebeen

el uci dated. | chﬁi&tﬁé&feri&lgt 881 g-elaa%tz R8N éaﬁé%@é‘ dan%EnErarn‘éf&JEthant
DNA technol ogy (e. sequences directly follow ng the yeast
aci d phosphat &8¢ gessforetls aselcleperibstl gimCermast %fé@llm“sﬁs%féf% hought to be
i nvolved in the2500T El0)0hd FRERHS pateht Whph Hc 18 0R DBBESOCOLS, 10 |ink a
fd?@lgn protein 25 coding region to a yeast signal sequence ensuring in
vivo transport of the protein across the yeast cell menbrane. This woul d

resul t in19r egdyetidop] £mids QAMSHisgRe DAAALE Albatdr LANDBIBnAA] |wﬁ81@fotrhe product
by host cell material and would facilitate product recover - |t is
éﬁ& gene an

a di sadvant ag@®% ofhthe, Pl pfcthe HFTere?h‘cPlﬁ%’tf epd (tBe ossh d

yeasts transformed with said hybrid plasmids are disclosed in

European patent application 11562 (12).

Object of the invention

15 During the last years, there was great progress in the field of genetic
engineering, and the first systems using genetically manipulated micro-

organisms, especially strains of the enterobacteria Escherichia coli,

are now working. However, there exists a need for additional aud im-

proved systems, especially eukafyotic systems, such as yeasts, which
20 are suitable for the economic and large-scale production of proteins

in industry. At'present,.various yeast vectors are available for

gene cloning. For the efficient expression of foreign genes in yeast

structural coding sequences will have to be combined with strong yeast

promoters which, advantageously, should show regulatory features which
= 25 would allow exogenous control of gene expression. It is an object of
the present invention to provide yeast promoters meeting these re-
quirehents. It is also an object of the present invention to provide
hybrid vectors containing said promoters and foreign structural genes

controlled by said promoters.



DNA technol ogy that the respective genes are transcribed constitu- tively.
expressed pol ypeptide may be either toxic to the yeast cell (fungicidal
t|V|ty) or may at least inhibit cell proliferation 5 (fungistatic
activity),. or the polypeptide my be enzymatically digested within the
cell, especially if it is exposed to yeast prote- ases for a long tine. In
all cases nentioned, the yiel g of the desired pol ypeptide would be | ow
These di sadvant ages can be avoi ded by using the PHO6 pronoter and vectors
containing said pronoter. The PHO56 10 pronoter can be repressed or turned
on (depepiAsdeddscaiptidd ¥ lche OfnvbRE oaXperimentator, solely by increasing or
decreaSTng TNE concentra- tion of [ norganic phosphate i n the medium Thus,
the pronoter can be repressed during the exponential- growth phase of the

yeast andp¥Ry¥rbsmehbé R OMiaR peadtirdcig ®kbiacgkat i onary phase at maxi mal
cel'l densitTy I5 alfTow ng exjpél_é"r Ssion o tne gene controlled by the PHOS
pronot er. Eﬁﬁ_ﬁ;&ﬁéﬂww a high level of transcription nakes
t he PHO5 pronoter the preferred one in the present i-nvention. The present

i nvention rel ates especi al | nt com ri sing a.yeast aci :
bhospharasEreprtpEt ion AroYi RO S I orRepE Gronatr o Bribe Ay the
PHOB prpeseddcexpresdidd ppépersise s qadceddpifod ikl yzodhhao)ieﬂsetreaﬁ d :
phosphat ase pronoter is followed by all or part of the signal sequence of

the yeast acid phosphatase coding region naturally linked to said pronoter.

| n addiThe Ofeass op rdmbbék sf aagprdiiig rtaytheo ptadent Sheetions andidebivede required for..
ef ficient | of NMRNA. Al epcl osed are those .nutants of sai
DNA fr%ﬁ%zt?lemﬁn@ﬁu?e@é Plyﬁ%s-tp’rg ?celraffyuﬁgt a“ﬁm‘&éﬁﬁn accor di ngJ'
t 0 t he Atnvesti o Feayudrarpl @paeedrmbmranemmp) eandbyeveAh1 HegpBdtory an acid

phosphat ase g | i d phos- hat agse defi ci ent
yeast SPET n(—ﬁgf’t %é-?—é’f g—@? od) M Ahed TIA V‘F?dfh the gxe%es§iofe |ibrary
corgoai ifNgeildnpho¥phdedsepen GRAYE Affod atetegerte, asud,i 56 akimdesalid) pene,

PHO5 and PHO3 code for a re‘pressible" (regulated) and a constitutive

yeast acid phosphatase, respectively. The PHOS gene is repressed at
high concentrations of inorgani:e phosphate and turned on (derepressed)
under inorganic phosphate staﬁation (usually to a high extent under
l15 appropriate physiological conditions), whereas the PHO3 gene is ex-
'pre_ssed constitutively at low levels. The repressible enzyme is glyco-

sylated and has a molecular weight of about 490 Kilodaltoms (14).

The promoters controlling the acid phosphatase genes have not been ‘!
isolated or used in prior art recombinant DNA technology and hence
20 their nucleotide sequences have not been elucidated. In contrast to

other yeast promoters used in recent recombinant DNA technology (e.g.

Q)

ADHl), the DNA sequences d:.rectly following the yeast acid phosphatase
promoters code for signal peptides which are thought to be mvolved in the
secretion process. It would be advantageous to link a foreign protein

25 coding region to a yeast signal sequence ensuring in vivo tr._'ansport of the
protein across the yeast cell membrane. This would result in a reduction
of product degradation and contamination of the product by host cell

material and would facilitate product recovery.



(B) preparing subclones of the obtained gene, and (C) identifying the

| ocation of the promoter region of the above subclones and isolating ENA
fragments conprising the acid phosphatase pronoter. 5 Mre especial 9% the
following steps are involved in the preparation of said DNA fragment: (1) A
yeast gene library is constructed using wld-type yeast DNA cloned into a
hybrid bacterial (especially Escherichiza.coli)-yeast  -plasmd carrying
appropri ate markers capabl e of expre55| on in both 10 the bacterial and
yeast cell (for suitable nmarkers, see below. (2) Cl ones containing a
yeast - aci d phdsphat ddeadyeneassr ef ﬁpmatw hitdRstonsed iBnresombinanti d

phosphat ase dgfal Eé&%wfyaﬁﬂaé%@'ﬂasb@t@% @ﬁaém B PAGhscAbed NEagRQYE

library. (3) Plasmds contalining an acid hat ase gene are |soI ated from
15  the tran&iFeinedhycxpresnsd mﬁquléa ﬁw ?@? assERTnt o chbre b e@sE.  col |

sel ecting forcetﬂe(ﬂxtﬁgi‘&td)é@'&t%%‘?r&’ wdf dehgePACEMiAL JBI KRh1{frleion

anpicillin resistance). (2') In an alternative approach the gene library is |
-di vi ded i n¥o SyBeisFesie aghivitydy @Tuskal Pelyrephifier BREMPACEEYBRdSAhtL ase

defi C'\?{)t yeafilgedted whididl B c8l CHheciRPH TV §é1b-;x99é¥:13 t8Ra803kBr e~
sub-divi'ded and trans-_ forned as above untii a single clone’is identified.

‘(4) The pl asmsesDiex 8f langetimgents pLEFaErY Ment oed ojthe o1 Afe She defi 1ad
sui tabl e reStﬂdﬁ%éﬂ”id@W@&'(ﬁeewsTﬁéBi b EAUERE L ndbeE a(r@fde@n&d ubDig an

appropriate yeaSt vector (5) DNA fragnents containi ngT st acid
phosphat ase g€iteZ#0Mh PEmItaE AT YR5dOBY cOPEFABS Hhg RFeEQteracThe phat ase

defici ent jyeagiomdtdRicBs val Hbr%@ééh VECRhEd oRY (dERepfeseba) RieStHy acAdUEe the
bwandari es of the aciid phosphat ase genes can. be determned with a preécision

of apFN‘OXIITat%9§ye§Rﬂflﬁ%Eﬁ§tﬁ%ﬂ pgle y by increasing or decreasing the concentra-: .
tion of inorganic phosphate in the medium. Thus, the promoter can be

repressed during the exponential growth phase of the yeast and may be

turned on only during early stationary phase at maximal cell density
15 allowing expression of the gene controlled by.the PHO5 promoter. This

property combined with a’high level of transcription makes the PHOS

promoter the preferred one in the present inventionm.

The present invention relates especially to a DNA fragment comprising
a yeast acid phosphatase promoter, such as the PHQ3 promoter or,

20 preferably, the PHO5 promoter, and flanking sequences.

&a; Optionally, the yeast acid phosphatase promoter is followed by all
or part of the signal sequence of the yeast acid phosphatase coding
region naturally linked to said promoter. In addition, said DNA
fragment may contain sequencés which are required for efficient

25  translation of mRNA. Also enclosed are those mutants of said DNA

fragment which retain the promoter function.

e

A DNA fragment according to the invention may be prepared, for

example, by

(A) preparing an acid phosphatase gene by complementing an acid phos-
.30 . phatase deficient yeast strain by transformation with plasmid
DNA from a yeast gene library containing the wild-type copy of

said gene and isolating said gene,



-9- (6) DNA sequencing of the identified fragnents serves to |ocate the
..-prorber regions, the acid phosphatase protein coding regions and,
additionally, the restriction site(s) which may be useful in further

processing, for exanple, for cutting off DNA sequences which are
necessary for pronoter function, with restriction endonucl eases.

not 5
Dependi ng

on the choice of the restriction endonucl eases, the DNA frag- nents
containing the acid phosp‘hé*t ase pronoter may al so include at the 3' and 5
termni original flankingDNA sequences whi chdo not affect the pronoter
function_and may be used as connecti,n% sequences in the sub- 10 sequent

¢l oni ndBprereeatings suglogegofthe PREAIDed

by di gaghi Rizntitying #HRS16¢4tHbRANCBRO Pubhdtagerddibn IS ShdlaBdvOr With a

sui t abl e exonucl ease, , f.or, exanpl e Bal

. In addition, the fragnments can be

3l
|igated tosetrdapes| 3 d5atatens A% PTG SPEPTHFR tBR A3abl y i ncl ude t he
recogni ti OphospHAIREEp Mot 15 appropriate restriction endonucl ease. This
all ows a conveni ent connec- tion of the acid phosphatase pronoter wth~

forg 9%99'&@@&%4}@9, Qi B 16 8P B8epd bird %n%mdp@é%plaﬁg Qrdcighate ansor

construct a ragnment whi ch contalins the yeast aci

and parof #3idaPNA dfrageratadj acent signal sequence fromthe acid phosphat ase
20 protein coding region. Wen ligated to an appropriately cut foreign

pol ypepgyydg =adi Nfenketitelry tiRCcdidtitddelTudivpr il dPlheMtdsthanexpressed in
yeast to yi€ld polypeptides with acid phosphotase signal. sequences or fused...

si gnal epedrisse. a nieridohastenisk) (SARRGIRLI R EachardaRla Lol D-¥8A%t ng to the

pr esentpﬂa@ﬁﬂ“cag@iﬁbpﬁzﬂﬁﬂfﬁ@eLﬁ@efé) c@PaB1Obf txprevelbesin poedf a yeast or

a non-yeast pol ypepti

- vedfPor stheobeafieridly apdaxaash Ged L pHeEpiuitalle JRbfRTSar

e coding region in a yeast hybrjd vector. 2. Hybrid
1 %eeahﬁll"t“ﬁei r preparation

REe? A sequences can be shortened

osphat ase pronoter

S

The present invention also relates to hybrid vectors conprising a 30 yeast
aci d phosphat ase pronoter, and a yeasf, of a_non-yeast pol ypeptide coding
%1%/ N aﬁ:}.do RE? é/ ge&eg t_ed

regi on (i ch GLonesfORERIRERE Yy V& gphatase gene are

by transformation of an acid phosphatase deficient yeast strain

using plasmid pools of the above 1ibrary;

(3) Plasmids containing an acid phosphatase gene are isolated from
15 the transformed yeast and amplified by transforming back into E. coli
selecting for the phenotypic property of the bacterial marker (e.g.

ampicillin resistance).

(2') In an alternative approach the gene library is divided into sub-
pools which are used to transform acid pHOSphatasé deficient yeast
20 strains, and (3') positive sub-pools are again sub-divided and trans—

formed as above until a single clone is identified.

(4) The plasmid DNA of the identified clome is isolated, digested
with suitable restriction endonucleases and the fragments are recloned

into an appropriate yeast vector,

25 (5) DNA fragments containing a yeast acid phosphatase gene can be
identified'by traﬁsfofming yeast acid phosphatase deficient yeast
straiﬁs Qith said vectors. By means of this procedure the boundaries
of the acid phosphatase genes can be determined with a precision of

approximately 300 base pairs.

e e s it e e et

-

3



-10- The terms "vector", "hybrid vector"and "DNA sequences" used in the
present application relate in particular to double stranded DNAs. Howevef,
single stranded DNAs are al so conprised. Vectors and hybrid vectors may be
present in linear or, preferably, circular form 5 A yeast acid . 90
phosphat ase pronoter is especially one of those described in chapter 1 and
refers preferably to the regul ated aci d phosphat ase pronoter PHO5. The

yeast or non-yeast pol ypeptide coding region (gene) controlled by one of

t he above pronphefs. 1 -der -V . ) Em 0 - 10
pared via themﬁf gﬁ%“eeq‘g%‘q%é? %% gﬁﬁgg&gg}fc em g%f‘f{? garﬁle%l%oéral?geeas't
pol ypepti de cmtiomgtercgegions( ddaeasidopliqgphattagefprotein r aeding yraikes yeotdi c
cells or eukarygqt] S ¢hd i r Lgher .eukaryot i ell spe-
cially from E#rgorll_lggie I ghé qu%gﬁﬁggg?rtesg{égﬁb%g "It?l ‘éh ﬁggt eyg"f";les ‘ﬁoclerf ??rﬁﬁgse
genes can provirdeessings Herpeksmated davfeustinedefy ANAeraayenqss| yipept #ntesot 5
|_ncl udi ng 9'5’§%%¥£§’4r§df&0|p¥&fo%kdﬁx_%ct§dﬁ§m&% BIHIES W il néARlgediSed, for

exanpl e, for the productionof nutrients and for performng enzy- matic
reacti qng in chemistry, or. non-enzymatic pol ypeptides, far exanple

hormones, pol YRGRh GESnWiHe N dJTUM B FRE Wedt ATt dof Rnllontic 84sed N @ naBRA -feaECer
properties, antibodies, viral antigens, vaccines, clotting 20 factors and

f oodst uf fs. Forensx feptainiagcthegatids phesipbatape pFARCLSE &aY (RIGP cirsdude pisBIyme,

viral thym di ng Kdes @erdi@f NblgihQl fllank B BNERSEquedbdiC QRECH EORR! 8BRct the
secretin, thynosin, relaxin, calcitonin, somatostatin, human qQr bovine
gRoW h hor nmoneRToPAseR Finctian ciodi B43h e HseAvife CORRECAL Y FETHFIRBT nkNe sub-

adrenocor ti gPtdeQRbf € PoninkC grbe&didas PhicNdedTREAN QE¥S L 28di tTUhAL isBgudAQESONE,
[err]-lipotropin, urogastrgne; interferqQn, such gs human interfergn, e.g. a
human i nt er f er&A®. Be ghortened| by, digastion ¥ thidh FoRkrirFiam AUAPRHC ISR OV e,

| ynphobl ast oi dydakibid)r bhdsh £ ehitabloreduttreaba] Eof aixampde BAIRIDKI nes,
tunour necrose factor; anti-rennin anti bog%/, hepatitis Aie‘\éi rus_ anfi ﬁen,
hepatitis B 302ddigiqm,sthefpgenenrs £28 by ligtedartta gEHT chbTat eSS A

non-B virus DNA linkers which preferably include the recognition sequence of an

15 appropriate restriction .endonuclease. This allows a convenient connec-
tion of the acid phosphatase promoter with foreign polypeptide
coding regions. It is also possible to isolate and/or comstruct a DNA
fragment which_contains the yeast acid phosphatase promoter and part
or all of the adjacent signal sequence from the acid phosphatase

20 protein coding region. When ligated to an appropriately cut foreign
polypeptide coding region, the resulting hybrid DNA will be expressed
"in yeast to yield polypeptides with acid phosphotase signal sequences

- or fused signal sequences,

\_/ The yeast acid phosphatase promoters according to the present inven-
25 tion may be used to control the expression of a yeast or a non-yeast

~polypeptide coding region in a yéast hybrid vector.

¥/

2. Hybpid vectors containing yeast acid phosphatase promoters and
their preparation :

' The present invention also relates to hybrid vectors comprising a
30 yeast acid phosphatase promoter and a yeast or a non-yeast polypeptide

coding regipn which is controlled by said promoter.



antigen, human histoconpatibility antigens, food and nouth di sease virus
anti Béh, influenza haemaggl utinin, fow pest virus haemag- gl utinin;
“serum al bum n, oval bumn, thaumatin, eglins or plasm nogen activators. A
chosen pol ypeptide coding region may optionally include a signal sequence
or a part thereof. As indicated above, this can give 5 rise to a fused
protein containing the PHOB® signhal sequence or a hybrid signal
sequence containing part of the PHO5 signal sequence and part of the signal
sequence of the foreign pol \ég{pt i de .t %ge't her with the foreign mature

pol ypepthe&er®h BEEHPT nstWiELY verkis ™ BombPn st 5Ace s 85¢4¥Bur ed whi ch | ead
to the ghepragentohpplicasidneblaeqiepaetigudsr [tor ddublavdttaadddDNAE. t he

forei gn pol ypeptide. Apart froman acid phosphatase pronoter and a yeast or
a non-yeast poly: peptide coding region, the hypbrid vectors acgording to
‘the i nvé??f’FWwﬁ&“&lﬁnf%ﬁaﬁd%m‘?g@ﬁ&I alBNA"%‘B’dbé%’ceY%ﬁt%i’éﬂ Wybrigdnessent al
or | ess JeRtofOhbpe pPdsehbeid WDKddrofr OpréfraplpMRifiulat . RrmfOr the

expressi onof the 15 pol ypeptide codi ng regi on, but whichmay perform .—

i mportant functions, for exanple, in the propagation of the yeast cel\t
transf or {reday aRid Pnds fhdRbid prend Sis Eafeciddly icdaabs Phkss agsericed (s) may -
be derived from prokaryotic and/ or 'eukargot.l c cells gnd may.incl ude _

chr onoscifaFhapt@rol 384t Fefesh ReheeaPdy TINARE FpgBirted. 2939, PRagaRatase t he

addi tion uP'E'@t%@lo equences nmay stem from (or consist of) plasmd DNA such
as bacte {E% or ‘E‘U‘Earyotic pl asm d DNA, viral DNA and/or chronosonmal DNA, --.
such as bacterial, yeast or higher eukaryotic chronosonmal DNA. ot
Pr ef er r emhehyéasitdow eoheyease qutlgpeptddeli doddngirepth {gepednceasrdilddvieyl dneom

bacteri al asm ds, especially. Escher|.chi | Rl A d- NBR3 Jelated
25 pi as e BRTS e BRHEEs e b P EA i BRhdnil ARTLE e B
chr oxoos qraxkd DNIA. thar eRix abliye orhmayatieli symbohedizBlAheninadiy e Theananyyeasteast

repl i cat] dPp&yeidt ol 3e2EIRC thatBs PR aclPEAR viRlse¥ PP3buadfpld d VECL OFS

5.

cells or eukaryotic cells, including from higher eukaryotic cells, espe-
cially from human cells. W@en exfressed'in the host yeast celi, these
genes can provide for the productionof a wide varietyof polypeptides
15 including glycosylated polypeptides, such as enzymes which canbe used,
for example, for the prodﬁcchuzofnutrients and for performing enzy-
matic reactions in chemistry, or non-enzymatic polypeptides, for
example hormoneé, polypeptides with immunomodulatory, anti-viral and
anti-cancer properties, antibodies, viral antigens,'véccinés, clotting
20 factors and foodstuffs. For example, such genes code for
_amylases, proteases, lysozyme, viral thymidine kinase, rennin, -
B~lactamase, glucose isomerase; secretin, thymosin, relaxin, N
calcitonin, somatostatin, human or bovine growth hormone, insglin, e
luteinizing hormone, parathyroid hormone, adrenocorticotropin,

25 B-endorphin, melanocyté-stimulating hormone, f-lipotropin, urogastroney

©

interferon, such as human interferon, e.g. a human interferon-a or

=B polypeptide derived from human leukocyte, lymphoblastoid or

fibroblast cells, or human interferon-y; lymphokines, tumour necrose

factor; anti-rennin'éntibody, hepatitis A virus antigen, hepaﬁicis B -
30 wvirus (HBV) surface or core antigens, hebatitis non-A non-B virus

antigen, human histocompatibility antigens, food and mouth disease

virus antigen, influenza haemagglutinin, fowl pest virus haemag-



taining a yeast replication origin, e.g. the chronosomal autononmously 30
replicating segment (ars), are extrachronosonmally maintained within the -
yeast cell after transformation and are autononously replicated upon -
12 - mitosis. Hybrid vectors containing sequences honol ogous to yeast hg
2[err] plasmd DNA can be used_(ajﬁ wel I. These hybrid vectors will get
I ntegrated by reconbination into™2p plasm ds already present within the
cell or will replicate autononously. 2[err] sequences are especially 5
suitable for high-frequency transformation plasnm ds and can give rise to
hi gh copy numigksinin? addint 10Amid,Nevitnis), ¢asimtsn AgDId 0f flashinegen
i nvention may 1nclude a DNA sequence of a gene present in the host yeast
chronosone (e.3fti1PHP3¥: the pronoter of which may be linked to the yeast or
non-yeast 10 pol ypepti de coqi ng rggi on. By virtue of the honol ogous
EequenCﬁb_t het Wﬂohcs_?uemlgpemde beditgiregiomtiay dipc behalhy cintlhlaieha_st I chronosone
y reconbinati r p n n . retain
the int roduce(f(i réanle'ltg ?iﬂeﬁg?eﬁqgl ﬁg\?eﬂ%\%ﬂg%ﬁb&% h%é‘ﬁé%%?véb%rgést}d\réﬁe%mﬁ? % the
sel ect{ve gehaisartoes fusedynratein gogtaining the diligS cHignbk segeahcéd5 whi eh a
facilitates t JEWely! B - '
expr essi on of I?l? Rgﬁngg%?._ S%ﬁe?%%?gﬁ%}%gg?éfg%%yg%sﬁ% %Qg%ﬁt f%:%’%gg? ya“tdhose
expressi ng antabt ¢ifi the s3gralapequepee ofnthehdoxsige pflyneptdte opigetherewith
nutants, genesnihid:di o HREGIPpbL A5 dee St ey FRELAREONALDG 5ARRLEORLET !
for exanple, resistance to the antibiotic cycl ohexi'm de or provide for
p%ot rophy i eranfayasend spiahc leadase thet eleavagoofestwnplanal heequii®, upd)?,
~H or TRP}o g8hErathdy o ﬂé@of&%ﬁ'@l‘?pé&iﬁgm oy as markers structural
genes which are associated wth an autfononously replicating segnent
providing that the host to be transforned is auxotrophic for the.product
expressed by tpertrérkeran 2&ld\dvesphatrrsustapotehanddiliyerenalr Doasegatrods-
:"ﬂm dgrg P;gﬁ:ﬁggﬁeﬂc&mgh}@gﬁg, VRG2S GeddRat Al eb MRNLARA L FFY nf) SO
contain additional DNA sequence(s) which are inessential or less im-

portant for the function of the promoter, i.e. for the expressionof the
15 polypeptide coding region, but whichmay perform important functionms,
for example, in the propagation of the yeast cells transformed with
said hybrid vectors. The additional DNA sequence(s) may be derived from
prokaryotic and/bf eukaryotic cells and may inélude chromosomal and/or
extra—-chromosomal DNA sequences. For example, the additional DNA
. 20 sequences may stem from (or consist of) plasmid DNA, such as bacterial
" or eukaryotic plasmid DNA, viral DNA and/or chromosomal DNA, such as
' bacterial, yeast or higher eukéryotic chromosomal DNA. Preferred
hybrid vectors contain additional DNA sequences derived from bacterial

\_/ plasmids, especially Escherichia coli plasmid pBR32-2 or related

. 25 piasmids,. bacteriophage A, yeast 2p plasmid, and/or yeast chromosomal
DNA.

Preferably, the additional DNA sequences carry a yeast replication

origin and a selective genetic marker for yeast. Hybrid-vectors con-

taining a yeast replication origin, e.g. the chromosomal autonomouély
30 replicating segment (ars), are extfachromosomal],y maintained within the

yeast cell after transformation and are autonomously replicated upon



tion origin and a selective genetic marker for & bacterial host, especially
Escher.ichia coli. There are useful features which are associated with the
_preseﬁk?é of an E. coli replication origin and an E. coli marker - 13 -
in a yeast hybrid vector: Firstly, large anounts of hybrid vector DNA can
be obtained by growh and anplification in E. coli and, secondly, the
construction of hybrid vectors igc%\_/_eni ently done in E. coli naking use of
t he whol e repertoire of cloning technol ogy 5 based on E. coli. E coli

. plasm ds, such as pBR322, con- tainbothE.coli replication origin and

E. coligeneticmarkers confer- ring resistance to antibiotics, for exanple
tetrac | 4s d, s part of the
ot CHEL 8. S ARE Y Conaiodl Beiliant SMEBISLL, SIPLoNRd,gS PO

exanpl elasmig| Plrarawrpelgsed ap ivgilh. éﬁi’ésgéwénd: veatdesr 8iflorgateast and a '
bact eri r ehio y tor DNA"

whi ch 'IEL g%ee%}%g%d \QI:\,/? eﬁ“’?ﬁgﬁ?& %E Sﬁggp angsstg&%? oaqrﬁ%tggeryegr%f%t Ezvzlfégtgt or

non- ye&be csdl\qrepilldaepbigiafie) ausgnanouply 3y rdeqyencelsydne dsrasdably according to
the TsUEN90- col s dLBE floKEr 'eabie o tionPh ARAL A1 JBY JFB! BOAS pown | ihhe

art, for exanpl e by 1 ntroducing Into a vector a yeast acid

R phosph&?@ehmmw@be&ﬁd a yeast or a non-yeast polypeptide coding region

which is controlled by said promoter. Conveniently mapped |inear or,
preferably, circular vector DNA, for exanple bacterial plasmd DNA (see
above) Inaddihtprat thep hybrida¥ectons geerding: Fothgi invenpiast mamBhgludgo or nore

restrigthnssidense d¥0H Qﬁleems@ﬁ@(*.n f0 aBL AGRANS | hroddiemy QGL I DNA al ready\,J
cont ai ns repI i cation origins and gene markers for yeast and/or a bacterial

host. TH@S)yethoprometer sofc Mhich@ay dendinkedabhithprieast areseniveeston
endQ.@USBf‘;?%ﬁnd-Eheoc[ﬁz%t FégioRd I\ Ftiel w%he%&nel [ﬁ s NQubsROMERY cont ai ni ng

the acid hosphat ase_pronoter and to segnent coding for a

yeast 8P°]r?oﬂe°'if’éa§%n ﬁ&lVﬁ@ﬁYl’d’ém‘}ﬂcFérmﬁs '3?"’- QP’E"thF‘?“I?k'P% bgf the pronoter

and th@ecombination. Thus, during propagation the progeny cells will retain
the iﬁtroduced genetic material even without selective pressure.
As to the -selective-ge.ne marker for yeast, any marker.gene can be used
15 which facilitates the selection for transformants due to the pheno-
typic expression of the marker., Suitable markers for yéast are
particularly those expressing antibiotic resistance or, in thé case

of auxotrophic yeast mutants, genes which complement host lesions.

Corresponding genes confer, for example, resistance to the antibiotic NS

20 cycloheximide or provide for prototrophy in an auxotrophic yeast
mutant, for example the URA3, LEU2, HIS3 or TRP] gene. It is also
possible to employ as markers structural genes which are associated
with an autonomously repllcatlng segment prov1d1ng that the host to

" be transformed is auxotrophic for the product expressed by the marker.

25 Advantageously, the additional DNA sequences which are present in the
hybrid vectors according to ‘the invention may also include a replica-
tion origin and acelective genetic marker for a bacterial host, especially

Escherichia coli. There are useful features which are associated with

the presence of an E. coli replication origin and an E. coli marker

-

(\Y



pol ypepti de coding region (or simultaneously as well), it is also possible
to introduce replication origins and/or markers for yeast or a bacteri al
host. At all events, the restriction and annealing conditions 30 are to
be chosen in such a manner that there is no interference wwth gg 14 - the
essential functions of the vector DNA and of the pronoter. “The hybrid
vector may be built up sequential I'ydr- by ligating two DNA segnents
conprising all sequences of interest. Various techniques may be used to

join DNA segmgpts JeDsinhhfd vectoBt ?‘frs? S14dgyd | om@x@? g%!{rqg %!St‘ gum exes).

produced by certa| n restriction endonucl’dases’ ma d with
T 4 DNA | i gasENAspebe obbdingd PNAreedrar smaheflbamloedltt m addgi r

si ngl e- strandedc&falwswv,s ENdS At go&%\éai. 11 Yotk 9588, Pelnv%n%1 '&ﬁéeﬂ. y

T4 DNA |igase. Such smgestran |vetermn for
cleav- 10 i By JHNA ktlnsaﬁetﬁ%rthev'é’@éecﬁepenmwacqfeamnme@hmp\roamce

staggered §ndgadddhen B0 sii.aB0%008 Jlemid¥) S 8X ARPL! ayed at different
points at a dlgtancg‘m"&a—lf T e%tle‘a SI ng%(epgstrangs can al so be

formed by the tael@b@ntoﬁ_m_gi} nemﬂleenmlsm mqm&haansﬂc sarkpgererferns using

term nal’ transing aeeidanesvpahyivibties!, Fok ieRbing1e0f dt¥ 28§ dRhY add amp i€ eV
‘back one strand of a blunt-ended DNA segrrent with a suitabl e exonucl ease,

such as [err] 2Bk G¥gcidvaskagseaus Iy eneloyap msoaeit o6 theeysnss- hyhréd vestens.
staggered ends consists in ligating to the blunt-ended DNA segnent a

chem cal ly sy%hem zed linker DNA which, contains a recogni- tion site for a
st agger ed- end ?)rar?f[hb""éﬁh(ﬂ%’d‘cf@éﬁﬁceﬁnﬂh’cﬁhgé%‘i"lah@’ ttRE Wpler’eEHItlFﬁ'gmBNA '

h the A@spesijivcam@onstikoifikerd BoPyet dnd bebaetéfmeméty(@epamed the
gene coding for g’g\éeast or a_non-yeast protein ﬁ’& be properly | ocated

with respect #B® JEGAHIREERT FBAEERCAi TRy 26 r MFSERT Bf‘f‘o el £e8F N8R IESRatese

pronot er) and attcarpabeghaum@koﬁdtaﬁtananbhe( e DS OFEhoak PelisB Potideptide &idisg! vV,

:)gleylple?)?;[ Idgncgfaéxﬂagx fz.ggqoghmg a l'gybn& vecc rlagcl:onr xgghei\:opét%n?g\?ernt%rt.h the

The hybrid vectors can be prepared by methods known in the art, for
15 example by introducing into a vector DNA a yeast acid phosphatase
promoter and a yeast or a non-yeast polypeptide coding region which

is controlled by said promoter.

Convenientiy mapped linear or, preferably, circular vector DNA, for
example bacterial plasmid DNA (see above), having at
*‘f 20 least one restriction site, preferably two or more restriction sites,
' can be employed. Advantageously, the vector DNA already contains
replication origins and gene markers for yeast and/or a bacterial host.
K~) The vector DNA is cleaved using an appropriate restriction endonuclease.
- The restricted DNA is ligated to the DNA fragment containing the acid
25 phosphatase promoter and to the DNA segment coding for a yeast or non-
: _ yeast polypeptide. ?rior tb or after linking of the promotef and the
polypeptide coding region (or simultaneously as well), it is also
possible to introduce replication origins and/or markers for yeast or
a bacterial host. At all events, the restriction and annealing conditions

30 are to be chosen in such a manner that there is no interference with



has to be achieved in the proper orientation. If two orientations are
possi bl e the correct one can be determ ned by conventional restriction
“anal ysis. Hybrid vectors containing an incorrectly oriented gene insert can
be re-oriented by excising the gene insert with a suitable restriction
endgpjicl ease ‘and re-ligating the gene with the hybrid vector fragment. In
any case inpropér orientation camr be-avoided by ligating two DNA segnents
-each with different restriction sites at- their ends. Furthernore, the
construction of the hybrid vector should 5 be done in such a way that it

-al | ows tier ree¢ntindnBmet fdnsoof ithiet veattboDNAN&nd @EniheaptraadreAS The the latter

poi nt, fhe.transcript shaqul.d preferably .end i DNA, sequence derived from
yeast ch’("d‘ﬂﬁgs‘(’)erﬁgif’r ger %Vég%tuPZ%eqbﬂegégﬁlg?' %dg?i?ﬂl&ﬁé’(ﬂﬁs ¥° Bfe transcript
ends i nsegmehifs segpeisdeg caiit a¢quenced panier@dd.on term nation signals of 10 a
yeast gene, e.g. of PHO5 or PHO3. Secondly, a proper reading franme nust be
established. Ordinarily, the nucl eotide sequence of both pro- noter region
and pol yeepdisdeectodijies megitenusad kaojinpDNOGefmknls giaf WOErQr can easil y~be

determned (e g, so_t hat re.are-nqQ proplegg Tn _establishing \oe

cor rgect ryj‘(ﬂ*‘%‘t‘(‘]lier‘?gsf é‘g%)ﬁ bage an‘échlI g’ﬁf\ %“ﬁéﬁf?ﬁgcgE%Q‘Sﬁ%ﬁ’ylﬁe%“DNA structures
m ght . berentridedod @ndemereassenef foecd it BX (14 gstidoni ttO T 4t DHAGERRse A

preferr i Okl Qi NI th ¢id phosphatase_pr.onpbter to foreign

codi ng g@ﬁ%@%(?gﬁl}js’ Bl\éé\%/g n&g ea%aj%é?keéicp‘grdg’ﬁgstp é’fass"é'gﬁ??ﬁﬁr?f t and the

ATG of tchbesivedeplsosphapusientdyliqigsed diyom DNRoligaxayel.e, 29 biren using the ..

PHO5 pr . oWyt Rk D A_St, W0f . about 40 .bn, bet ween th L.or. _PHOS nmRNA\_/
start a%gB%T%re' i*%t g#’ Rﬁ%ﬁgﬁgggcicahp lgg-tepﬁ?é?gsgago |g‘§) egg%glﬁfeal‘—’or a
j unt i oAng PNANYIShr anfthar idless cifepylrngothasgs sddobnmedstmustadgdeaed its own ATG
for 11 Bl ull ddrdhiPibe e SR Gubled3:!H B PLRVIGE LY an additi onal
synthetic_oligonucl eo- tide. Since many polypepti des &6F I gher organi sns
are pri mquya@_)epﬂ'emgea:j a few nucleotides). Single strands can also

be formed by the addition of nucleotides to blunt ends or staggered
ends using terminalltransferase ("homopolymeric tai_.lin'g") or by simply
15 chewing back one‘strand of a blunt-ended DNA segment with a suitable
exonuclease, such as A -exonuclease. A further approach to the pro-
duction of staggered ends consists in ligating to the blunt-ended DNA
segment a cheﬁically synthesized linker DNA which contains a recogni;
~tion site for a staggered-end forming endonuclease and digesting the

20 resulting DNA with the respective endonuclease.

C

In order to be efficiently expressed, the gene éoding for a.yeast or

.a non-yeast protein must be properly located with respect to sequences

@

containing transcriptional (acid phosphatase promoter) and transla-. -
tional functions (ribosome binding sites). Firstly, the ligation of the .

25 DNA segment comprising the promoter with the polypeptide coding region

has to be achieved in the proper orientation. If two orientations are

F18)

possible the correct one can be determined by conventional restriction
analysis. Hybrid vectors containing an incorrectly oriented gene

insert can be re-oriented by excising the gene insert with a suitable



pre-pol ypepti des consisting of signal peptides attached to the N-term ni of
the mature pol ypeptides, it may be useful to include a signal sequence in
the gene insert. Suitable signal sequences are those 30 naturally |inked
to the polypeptide gene to be expressed or to the acid phosphat ase
pronmoter. Alternatively, fused signal sequences may be constrigded by
ligating part of the acid phosphat ase-sigymal sequence with part of
t hepol ypepti de signal sequence. If the - 16 - direct expression of a
.mature polypeptide is desired, signal sequences or parts thereof optionally
fol I owi ng theregroimrien endgiusieaseopnd grealisat predbeigrge thighntieuhedbgidl ypept i de
coding regio i t

%_Q@XP £@BRatc L1 OR) e elgnggpgh%nby dh 9GS bO LBt ddd

exonucl| ease, ucts such as vectors

still |acki nghentmmr v PHA esegmentisapadh Hith dhéferast weBtristiomeitesnar hybrid
vectors accor 'e!i‘Q etnﬁsI %rk BEd OthnP&uEE%B?r%dh§ﬁ9 \féci?é‘lctsﬁ{)&ﬁ
host, especia coli, for the above reasons . production a arge

amounts of § rheedmwt%wpr@d@m@aanﬁ [} brwsd cortreshi trgnsgrdgpian Lnitigyion
Bacter{al 10 O? ;[llﬁg ?thlo%u @ g5 tthhelal‘itegoplo:lnpl % @t@aﬁ?@é? shoaﬂg t hose

fragments t hétPe con aln a bacter rep catron origin and
genemar ker ( s)prafqratbhw endsin @ BfAespewknge cdegived drom lyaust ehsamesoilen usi ng

such. & bact el oy SEASY ot i6sb1 012 kERGdQly | R NERAGARL Aagsd e Veast

hybrid vectors pre era 0 I nc uction a genetic 15
mar ker and aWép*emntFQ)nom#alng fryangegiptionDiexnduepfont signakd o nmay be

oerted TG YhGdRser Lal. 4Roaes 40 oRbHIotel el 0GR RS INPLL Gokect o7 s

a&tordl ng ent’i 0 S€E(g rrent
(ars, cf. (4mpst d@qaembésslmrd y@;alsnaﬁ[lm rghephecdiep tide? yequenge <t botdr km- DNA

(e b L Sathob: 3R Sl FB1ydiif YSRELy SLAIOPPMRLLPUNAN o VRBREGD

pl asmi d DNA, respec I n°a convent manner gene codin
yeast or anon-oyeean ep%)ﬂ}pb@tﬁedermmytbe(el-SOI@ﬁbh sPr thatc thergoaxsab pnoblems

extrachr OmSQQEHLs%sthg the correct reading frame. In addition, specific second-
15 ary DNA structures might be needed for even more efficient expression-

of the gene.

A preferred region for joining the acid phosphatase promoter to a
foreign coding sequence is between the major acid phosphatase mRNA
start and the ATG of the acid phosphatase coding region, for example;
20 when using the'gggé_promoter, within a stretch of about 40 bp _
between the major PHOS mRNA start and the ATG of the PHO5 acid phos-
phatase coding fegion.'For a junction in this region the foreign
coding sequence should have its own ATG fof translaﬁion'initiation,
or else it has to be providgd by an additional synthetic oligonucleo-

\_/25 tide.

Sinée many polypeptides of higher organisms are primarily exp.r-essed as
s pre-polypeptides consisting of signal peptides attached to the
N-termini of the mature polypeptideé_, it may be useful to include a
signal sequence in the gene insert. Suitable signal sequences are those
30 naturally lirked to the poiypeptide gene to be expressed or to the
acid phosphatase promoter. Alternatively, fused signal
sequences may be constructed by ligating part of the aci:d phosphatase |

signal sequence with part of the polypeptide signal sequence. If the



derived from cDNA prepared via the nRNA route (see above) using con-
ventional techniques (e.g. 17, 18) ormaybe synthesized chemcally. 25 I n
a preferred enmbodi ment of the invention, the nethod for the preparation of
“"the hybrid vectors conprises the steps of (1) constructing a yeast gene
library using wild-type y egst DNA, (2) isolating the acid phosphat ase gene,
especially the PHO5 gene, “dnd cloning it into a bacterial plasnmd, such as
pBR322, or a 30 bi ol ogically functional, in particular an intact
‘replication origin and sel ection marker containing fragnment thereof, -
17 - (3a1ﬂelaseer>£pirags:joht@f &ainﬁquleaﬁdﬁiydeﬁtigen'ﬁ ide s iieidk esighet quaeﬁc,e.,such as
the TRP' %Ieng eaisotnaif Otwllgn ?\I’I Iombtsrugte) laos g‘ g') lu'l'-l
aut onon®u éré% Sey n? FernBrIVery Tyeast O oh i

sequencmcemrcg ahe appwﬂoppbxp@p#e%q rcpql;lmgoneelmehavs -obzr)"-u ms@rit,rtwg a DNA
segent . codi NG, @7, Ae YEATE 1 anle M VRS, LY. VeideRiizlg, such as human

i nterferon or PBV Surface antigen, in suth ‘@ manner that the acid .
phosphat ase pronoter controls said poly- peptide coding segrrent and (5) )
optiqnall in Q\IA takp R nscl i pt “w
term%na%l%aﬁ"ms tgl%&dflca 5@3?%3?1%1:89? s%kgif %ﬂ%‘% glg%/vr'r’gt#oeam fromthe

pol ypepésmtcmﬁrfngcmgsoras vell gs|thechinsd dwdi.btestors akteadinge order of
SLEPS, SUGHeA%AhERS: Ral BedrrdiBofATBIS oDlackbbRl hild, 004G

pol ypepti de coding” seg equentfy Inserting t’he genetlc narker

and t heEy epll caﬁorotheoabg\rm rgﬁsonSf @r gy eproduttiton ofhdarge empuntanet pl asmi d
obt al neg, Atnda Hl:a0supls She brﬁr %sms' @L&&ae@yﬂe@scrmgpr for yeast
a yeast rep Ica gl n an pepti’de codi ng Segnent, | nessenti al

f unta i ovestogsiclsugh EtShehacEr dcgghosp#més@@@?uctaud dihogerfazgmangsopt i onal |y be
el SRkl Wi R GBI A Rl dephAk IGEoLFBAER sloe abbuer(fPPECt Al Y.

t he DNA segnent co a yeast non- yeast
are the most preferred vectors for that reason, When usxng such a

.bacterlal vector, the final steps for the preparation of the yeast
hybrid vectors preferably also include the introduction of a genetic

15 marker and a replication origin for yeast.

DNA segments, which may be inserted into the bacterial veccor in
~ order to produce the hybrid vectore according to the inventionm, euch

as ah'autonomously replicating segment_(ars, cf. (4)), sequences of

yeast 2p plasmid (2) or yeast marker DNA (cf. 16), can be isolated
20 from yeast chromosomal DNA and yeast 2u plasmid DNA, reSpeetively, o’/

in a conventional manner. The gene coding for a yeastor;;ndn-yeast |

polypeptide may be isolated from chromosomal or extrachromosomal DNA,

derived from cDNA prepared via the mRNA route (see above) using con- C:;

ventional techniques (e.g. 17, 18) or may be synthesized chemically.

25 In a preferred embodiment of the invention, the method for the

LY

preparation of the hybrid vectors comprises the steps of

(1) constructing a yeastigene library using wild-type yeast DNA,

(2) isolating the.acid phosphatase gene, especially the PHOS gene,
and cloning it into a bacterial plasmid, such as pBR322, or a

30 biologically functional, in particular an intact repllcatlon origin

and selection marker containing fragment thereof.



peptide is joined to the acid phosphatase pronoter (step 4) in the region
between the major acid phosphatase mRNA start and the ATG of the acid .
phosphat ase coding region. Optionally, a synthetic |inker containing an b‘z
appropriate restriction site is introduced to allow a 25 junction
between said DNA segnent and the acid phosphatase pronoter. Internediate
hybrid vectors conprising the yegst- aci d phosphat ase pronoter and still

| acki ng the yeast or non-yeast pol ypeptide codi ng sequence are al so an

obj ect of the present invention and can be prepared by the above successive
steps (1), (203) (#lsdiifnPRILIR D alii)a o YOREEL Bl 36 0. AN ORRAALARE rp1
pronoter is preferably termna Int ereglon et ween € ngj or acru—
phosphat ase nRNA gehey anthﬂdeaﬂter%‘r@atﬁ onoriging such e agbFenopprAlptrdeeeseui@ne
and/ or, optionall h e [ I i

ostriotion ol e LpitcRiily Eldal! HELLGRRIEL] RHRERAPREEY, BB fencee

codi ng for a yeasintr ancsppyepisiatpotegppristioe sige, Transf ormati on of yeast
with hybrid VESt of5ecoiHAh MNAIs¥Giat &a@ﬁg GoPNPSRhA 35 €2 REARIEE SHoARot her
aspect; of. the present invention involves a procéss for the production of

t ransf BT/rred yeastPQPéllﬂ%s cuphteschwpnpiianfeneg Y dBY 9 f#fsnantiggyy in such

pol ypeptides, whi EM&&PQE%QHDH&@%I{O@W&@E NBrdflodkdaséncbbid sy Wiyt he
hybrid vectors described in chapter 2. 10 eful yeasts include species of
t he genera Sacchali’%&é%§°dstﬂ1ﬁ26“e“§ac@ﬁar onyces, Torul opsis and rel ated
genera (cf. )) | al |l ra o The
transformatio (1??% d%’:ég'g{l Wi Jflhsgfﬁ 38 gtr)br'illA d&\/@@ﬁg{g{,ﬁ%ﬁggg (a&gélgyrr%ﬁéﬁn
precedur e known feraim4tion|sigeaks ofea yeast. game:.oadzngftﬂhedqmwmmlgmm
descri bed by H nngg gglﬁepgg@e cJJ'in% f%gg.d can be divided into three steps:
(1) Renoval of the yeast cel ( Treat ment of the "naked" yeast

cells (spherogl):l asts) with. the
t is 11kew15e possible to alter the order of steps, such as steps3 to 5,

for example, by first introducing the polypeptide coding segment and
subsequently inserting the gehetic marker and the replication origin

15 for yeast into the recombinant plasmid obtained as a product of step 2.

Prior to inserting a gene marker for yeast, a yeast replication origih
and a polypeptide coding segment, inessential functions, such as the
acid phosphatase structural gene, may optionally be excised from the

recombinant plasmid obtained in step 2.

s 20 Especially, the DNA segment coding for a yeast or non-yeast poly-
| peptide is joined to the acid phosphatase promoter (sfep 4) in the
region between the major acid phosphatase mRNA start and the ATG
\,j of the acid phosphatase coding regién.-Optionally, a synthetic linker
- containing an appropriate restriction site is introduced to allow a
25 junction between said DNA segment and the acid phosphatase promoter.

Inte:meaiate hybrid vectors comprising the yeast acid phosphatase
promoter and still lacking the yeast or non-yeast polypeptide coding
sequence are also an object of the present invention and can be
prepared by the above successive steps (1),-(2), (3) and optionally (5),
wherein the acid phosphatase promoter is preferably. terminated in the

region between the major acid phosphatase mRNA start and the ATG of



transforming DNA in the presence of PEG (pol yethyl eneglycol) 20 and
Ca2+ iops. (3) Regeneration of the cell wall and sel ection of the
transftpdned cells in a solid |ayer of agar. Preferred nethods: ad (1): The
yeast- cell wall is renoved enzymatically using various 25 preparations of

gl ucosi dases, such as snail gut juices (e.g. dusulase or Helicase) or
enzynme m xtures obtained frommcro- organisns (e.g. Zynolyase ) in
osnotically stabilized soli8t+ons (e.g. 1 Msorbitol). - 19 - ad (2): The
yeast spheropl asts aggregate in the presence of PEG and | ocal fusions of

t he cyt oipd asid phoepiitase geae candrduc edtiobadlyenreswtthetioflinkarskam- | | ke"
conditi pns 1S cr lécif%l r%]d QEQQBEEFJLS‘;OE m;_g ygast c%I'Ls \Qﬁy I gecome di pl oi d
or even ?’r‘}lﬁﬁoafd H%rlpng hé pPFOCESS 87 % rans:""8 Sr Ha of” Pr8cedur es whi ch
al | ow séhsction off 2 fD¥deskespheragisg tfor calyebs: vsegbri-gegatr pelypeptide.
transformants, i.e. transfornmed cells can easily be screened for anong
presel ected f-usion products. ad (3): Since yeast cells wthout cell wall do
not di vBde Tkbs foehitival 6f Fasst aibie hybpgheseatrd. cothsnimggpemstati on is .-
convepi ent]y. done bg/ enbedding 10 the spheroplasts into agar. For \,/
exanpf e2HiS) ¥E‘?‘Fp§‘§5‘? % BhIR°ED[err]C) is nixed with the spheroplasts. Upon
cool i Ngaddife® UsPbeOREL hey §BEIentl DiWeht {RIMPRFAVES &5 phéRYl fotliRe 1] ©), a solid
| ayer is obtajned. This agar layer is to prevent rapid diffusion and | oss
of ~ essePRIIMFLipRCPH FERRERPFERY YegRt F%lss‘iﬂ?égbep?%@’f%d“&h%ﬁ RBIEHAIHCi | i t at es

r egener adds@podipdptedes) whikh pro@dsls cotipMBYE Merahld e LSOGREL gh'gon may al so..
P

be obtal ned (although at | ower, efficiencies) by plating the s roplasts
onto t hef ShffbEidveF S ARtT LBehin| SRAPEET Foreferabl y, the regeneration ’
agar _i.s_pr ei)ar ed in a_way to ,allowregeneration and sel ection of

tr an%? HseEYL esapts d.pc}tﬁié gag@.efi%_the genera Saccharomyces, Schizo-

saccharomyces, Torulopsis and related genera (cf. (19)), especially

strains of Saccharomyces cerevisiae.

The transformation of yeast with the hybrid vectors may be accbmplished
by prbcedures known from the_literatgre, e.g. according to the method
15 described'by'Hinnen et al (1). This method can be divided into three

steps:
(1) Removal of the yeast cell wall.

(2) Treatment of the "naked" yeast cells (épherbplasts) with the
transforming DNA in the presence of PEG (polyethyleneglycol) e,
206 - and Caz+ ions, _ | | '
(3) Regeneration of the cell wall and selection of the transformed

cells in a solid layer of agar.

O

Preferred methods: ) _
ad (1): The yeast cell wall is removed enzymatically uéing various
25 preparatioﬁs of giﬁcosidases, such as snail gut juices (e.g.
Glusulase™ or Helicase™) or enzyme mixtures obtained from micro-
 organisms (e.g. Zymolyase =) inosmotically stabilized solutions

(e.g. 1 M sorbitol).

o



20 Since yeast genes coding for enzynmes of am no acid biosynthetic path-

ways are generally used as selective markers (cf. chapter 2), the
regeneration-is preferably perforned in yeast mniml medium agar. W\ever,
if very high efficiencies of regeneration are required a two step procedure

m ght be advantageous: (1) regeneration 25 of the cell wall in a rich
conpl ex nmedium and (2) selecttd? of the transformed cells by replica
plating the cell layer onto selective agar plates. - - 20 - If the hybrid

vect or does not contain any marker gene the transforned cells can al so be

identified bysa®aps 18t wakerdpabiyg 08 Qgg%ga&l% PRd QQQ&:JCQCAMF% ah@"

exanple, in sjtu_hybridization with a | abel ed DNA fr.agment honol ogous to
sequences of 19F@Lln{5ires wECtRSr cyopdasmiccmmbraney age tindpgedacFhecgendratian) )

in si '([ju i ;ﬂWWSS@M%nPI%HéEf%dK@%sL{? c28diR0sha Rbhng E?a@f\?ﬁh&%y@istt he
i ntroduced ge . . Or: 0 - Ng ogds | C ure_gene
products encoc%gg‘]é E"f%mﬂéectra?g%lgr% ﬁeé'elﬁ)lc%gﬁ%?s?mkﬁteren ?c\‘/"gf;g,%a?ﬁaensyeast
can be co- br dieshatrivedPwiceiuresiuhich d1lectedrctii®nact duskd gobearophestisnyant i on
and a second ,ve ont aini ti tker for .yeast. J.f the t
di ff eréent vecbteogés%ggee%h s%gu%ﬁgggoeﬁmﬁg%%rbeﬁ (: t ness%g%gnc%]!elsb‘é% &ffar
Sequences pr éxeptcreagned Horvammnerpyeselteatediiusdon pmodwtst ake pl ace | eading to
a fused sel ectable hybrid nolecule. 15 The invention also relates to yeast
hosts transforned with hybrid vectors containing a yeast acid phosphatase
pronot er and ad (¥asBivge gearsnceldayithputycsdpratledenafi digideghomellsall has

| ti vati on of, & aNSLAIARG Y9RE! regbledafilh ENGLLRNLOf BOLY by PERLLSY
gﬂt hesi s 20 °To a garyi ng _extentr, gyeeagt ceH]s transtormed w Yh:gd% h fhe
aut ononousdfy thepsnherepkaskg imtasigads, Foroexampiegsiodteplagami(gboutoh@dnihg yeast
2p plasmd mixed with the spheroplasts. Upon cooling the solution to yeast growth
temperatures (about 30°C), a solid layer is obtained. This agar layer
is to prevent rapid diffusion and loss of essential macromolecules
from the spheroplasts and thereby facilitates regeneration of the cell
15 wall, However, cell wall ‘regeneration may also be obtained (although

at lower efficiencies) by plating the spheroplasts onto the surface of

~ preformed agar layers.

Preferably, the regeneration agaf is prepared in a way to allow
regeneration and selection of transformed cells at the same ti&e.
i,x 20 Since yeast genes coding for.enzymes of amino acid biosynthetic path-
ways are generally used as selective markers (cf£. chapter 2), the
-regeneration is preferably performed in yeast minimal
medium agar. However, if very high efficiencies of regeneration are
required a two step procedure might be advantageous: (1) regéneration
- 25 of the cell wall in a rich complex medium, and (2) selection of the
transformed cells by replica plating the cell layer onto selective

agar plates.



DNA, tend to | ose the introduced hybrid plasmd (cf. (16)). For this

reasgn, such yeast cells have to be grown under selective conditions, i.e.
coifti ons which require the expression of a plasm d- 25 encoded gene for
grow h. ‘Most selective markers currently in use are genes coding for
enzymes of amino acid or purpne biosynthesis. This nmekes it necessary to
use synthetic mninmal nedia deficient in the corresponding am no acid or
purine base. However, sonme genes conferring antibiotic resistance nay be.
used as welthe (tpPid deoES ﬁeggf AbE Q@b fiSia b afefed 59 e Rel| gﬁ' Lmde or to
the am no ycoside G 418 (21)). Yeast cells transt.ornmed w vectors

cont ai nl“rﬁﬂ‘arﬁai“bﬁb‘iq beriglensitigdecbyymaans whyalternatiye mashodg.ofmch n conpl ex
medi a coRlegbdd RdcideR, CRIY eﬁamél NG na8idhPd 10 YHSLERY chasty wth rates
and hi gher cell E'ien5|t|es can r‘e'Pa:C'rTE'd.%elaét ceﬁ sltzhrgng or rcrie?d with DNA
i nt egr atiMAgfraemgnt H@meh&?%smsqmcﬁbwfr élwhvbnslevarvéc -Gk OFdclrd-

aron B B, fEaln SO, 009] BF etfu Jomundlaiay S Uitk et 2 Cell s are
-advant agabibady of ¢he nmdeMEeWWm@duMsewebl avaidalh ke, no:ng;t:hy:brl d W/

pl asmi dgcpbdding 20544 WHEdY Ge S S e

express t he yggst or non- yeas?&%rqo %%npirgﬁgéﬁf%gﬁwﬁﬁaﬂ‘te sag‘l °d prom)ter

wi t hout frrming: phasmidksdever, if the yeast or non-yeast protein gene is under
the control of the regul at ed aci d phosphatase pronoter PHO5, the :
conposi t 1@9nf§uws 9E MR S Ly Hmehaé-&gnpghﬁ%%%ﬁ 4 g{ﬁ%eét%robt ain -
maxi mum | evel s of "MRNA transcripts, i. I'um rust contain Iowu
concaft rasepetingftq whe gaveatipn pﬂ!ﬂ)gpmoedf‘(ﬁctdm@primnem @knetie PHOS

pr onot efparer 580! AilaPh ﬁnéh@%afa&@&feql@ Plecbbe RYBrRAsed ARLyPeRt i de The
invention also concerns a nethod for producing a yeast of a non- yeast .
pol ypeptdopmon gheses samhenpaqterez} spanenses HEseRl PaCEearRItges) . conpri si ng

the stepgcofbination can take place leading to a fused selectable hybrid

molecule.

15 The invention also relates to wyeast hosts transformed with hybrid
. vectors containing a yeast acid phosphatase promoter and a yeast or a

non-yeast éolypeptide coding region.

4. Cultivation of transformed yeast cells and induction of poly-

peptide synthesis

LB

20 To a vary‘ag extent, yeast cells transformed with autonomously repli-
cating plasmids, for examplé, plasmids containing yeast 2p plasmid
DNA, tend to lose the introduced hybrid plasmid (cf. (16)). e
For this reason, such yeast cells have to be grown under selective
conditions, i.e. conditions which require the expressibn of a plasmid-

25 encoded gene for growth. Most selective markers currently in use are genes
coding for enzymes of amino acid or purine biosynthesis. This makes it
necessary to use synthetic minimalmediédeficient'in the corresponding
amino acid or purine base. However, some genes conferring antibiotic
resistance may be used as well (e.g. genes conferrihg resistance to

30 cycloheximide or to thé.amino-glycoside G 418 (21)). Yeast cells

transformed with vectors containing antibiotic resistance genes may



20 (1) culturing a yeast Strain transformed with a hybrid vector con-
taining a yeast acid phosphatase pronoter and a yeast or a non-yeast

pol ypeptide coding regi on under appropriate nutrient conditiofgy and (2)

i solating and purifying said pol ypeptide. The transfornmed yeast strains
according to the present invention 25 zre cultured in a liquid nmedium
contai ning assimlable sources of carbon and nitrogen and inorganjc salts.
-22- Various carbon sources can be used. Exanples of preferred carbon
sources are assinilable carbohydrates, such as glucose, maltose, nmannitol
or lactose, ®e mmvacht sbwplewtmeastiacenrthiniggethecretrespenddng B PIPtati t abl e
m xtures. Suifable E%éa%i’g%%wéﬁ%@@é hBCliuder L1 RNaes can ve aFLDRRgCH dS,
such as casam no aci ds, peptides an(T proteins and their degradation
products, such as tryptone, peptone or neat extracts, furthernore yeast
extract, nalt r Rilid GHRT s well 3%, 3o S4o Such
as anmoni um gﬁ%ér icggs stg%lé)%gﬁaggr 1%# t ygt%‘,tggﬁ} ché clano be u&%%%%%rdoal one
-0r i n suitabloetlfquit«tsalestive rgrogtiniconditlipss whhesde heansiermedecelilacl ude, for
exanpl(e ‘sul phat es l.ari 0S ' e ium

- pot ass m}'rrgg%essluﬁgnmal(r%ak a?gfﬁ% ﬁ%%ﬁ?&o%ﬁ%@a&ﬁg@%u% ?ili)éecrfl:ti ggredi um may

;al so cont ai n pyeesure. pfambhe RYor) easans ethegad¢adils sares edantazaoneltt ignefm

sel ection praggs 16 Rudgr 15 to prevent the loss of the hybrid plasnid.
Subst ances Wﬁl cﬁ&%r onote growm h include, for exanple, trace elenents, such
as iron, zinc, manganese, or individual amno acids. If the hybrid plasmd-
contains a ne,confterring. r.esi,stance.to.an antibiotic substanc cells
csat ai ni ng g%é‘ ta“eﬁfg‘/%r"ﬁ @%Inég 'h(Ytb\ﬂ Iplﬁfjm'% u"fl\%’vaeﬁoﬁsg'tﬁgﬁfeuﬁ]cﬁde;BB?se-nent ed
with t he antphatatd preudrer afece. VithioB2aexpedssstiwhiyessthay enchegdass aprbthirbri d
plasm d as,wel | m in tibkatic-sensitiive, nmcroor isms wll
not . | f t;% %_leysriﬂ}a%ﬁ%&s%odggQB pr%mgper w181oug :Ln%ughon. eﬂowever, 19%@‘&

yeast or non-yeast protein gene is under the control of the regulated

acid phosphatase promoter PHOS, the composition of the growth medium
has to be adapted in order to obtain maximum levels of mRNA transcripts,
i.e. the growth medium must contain low concentration of inorganic

15 phosphate for derepression of the PHOS5 promoter.

5. Isolation and purification of the expressed polypeptide

The invention also concerns a method for producing a yeast or a non-~
yeast polypeptide, such as human interferon or HBV surface antigen,

&,g comprising the steps of

20 (1) culturing a yeast strain transformed with a hybrid vector con-
y taining a yeast acid phosphatase promoter and a yeast or a non-yeast

polypeptide coding region under appropriate nutrient conditions, and

(2) isolating and purifying said polypeptide.

The transformed yeast strains according to the present invention
25 are cultured in a liquid medium containing assimilable sources of

carbon and nitrogen and inorganic salts,



contains a gene providing for prototrophy in an auxotrophic yeast mnutant,

- .e.g. the LEU2 or H S3 gene, a selection pressure can be 25 ‘exerted by

omtting the gene product, such as leucine or histidine, in the nutrient
medi um- -23 - If the cultured yeast strain has been transforned with a
Rydrid plasmid containing the regul ated aci d phosphatase pronoter PHO5, the
content of inorganic phosﬁhﬁ?é'nust be reduced in the nutrient medium after
the pre-culture phase in order to ensure nmaxi mum |l evels of nRNA transcripts
. 5 and, consequently, maxi numyields of polypeptides. The cultivation is
carried out enploying conventional techniques. The culturing conditions,

such as tvappafsatattadn §ddreks (dan b@dised) Eremg1R6NENHatfdtRed idiRbed € Sel ected in
such a vvass)é t hat maxi nmal, | Yel s_of pol ypepti des are produced. A chosen yeast
s iJ4R

strain i S PrerePEhIA Y 4526 TaEAS o bF U AT BLEF AT PHLESE®Ber ged cul ture

Wi th shaldangitenl & ilattds@,aér ant srEratd) whectdanlautised ot the3bhBine] &
H value of from4 to 8, for_exanple at

preferabl,y at. apput .30[err]C,. at., a
appr oxi na‘%/'efvtﬁ % miEy e‘FOrSC“éBglfﬁe 59?16’325 RYEELS 1P brdgr ATy XATPLE» naxiAum
yi el d5 ofamped ypipd,i dech asecasantiedeiddy; Péjrddes hmdt prvtsiay amrd yeast cells

have bee [0 to a,satisfactory cell density, the first step for the
recoveryr}gg“i \ﬁggﬁgﬁfb‘é"sgﬁm{lﬁt?! %‘&Bt?ﬂé‘&ﬁ?&?st@“‘ﬁ‘q PHheAti ng t he

pol ypept iederdcrem fultehartble iyeet iextrady) EDR! epfraze(uoes ddagpcel | wall is
first reqpved by enzymatic di.ges-.tion with glucgsidases, (cf. section. 3).
Subsequegg %ﬁr’t%sewfguﬁst e ssﬁlll'é?’oﬁf‘g&ta'f “ﬁ?‘%éﬁi‘b“\ﬂgth detergents,
Sheagbrugm£§ga;§§,(ﬂ;gggggﬁgn}gf%s which may be used include, for example

5u1phates, chlorides, phosphates and carbonates of sodium, potassium,

magnesium and calcium.

Additionally, the nutrient medium may also contain growth promoting
substances and/or substances exerting a selection pressure in order
15 to prevent the loss of the hybrid plasmid. Substances.which promote

growth include, for example, trace elements, such as iron, zinc,

manganese, or individual amino acids.

If the hybrid plasmid contains a gene conferring resistance to an

antibiotic substance, cells containing such a hybrid plasmid will "/

20 survive in a medium supplemented with the antibiotic substance whereas
cells which have lost said hybrid plasmid as well as contaminating
antibiotic-éensicive'microorganisms will not. If the hybrid plasmid ah
contains a gene prébiding for protoﬁrophy in an auxotrophic yeast

mutant, e.g. the LEU2 or HIS3 gene, a selection pressure can be

25 exerted by omitting the gene product, such as leucine or histidine, in

the nutrient medium.

prag,

such as ¥nighame o hérraxe, whichMan- bé iused eitherhaoneadk fsaecablsuUCh as W/

[13



X-press, French.press) or shaking with gl ass beads, may be used to break
cells. The resulting polypeptide mxture can be enri ched for the desired
pol ypepti de by conventional means, such as precipitation 5 with amoni um
sul phate or trichloroacetic acid, gel electrophoresis, dialysis,

chr omat ogr aphy, for exanple ion znaxc_:hange chr omat ogr aphy, si&H-excl usi on
chromat ography, HPLC or reverse phase HPLC. The final purification of the
pre-purified product can be achieved, for exanple, by nmeans of antibody
affinity chromatography. In principle, 10 the purification steps (except
the lysis of the cells) can be accom plished according to the met hod of
Stachel in et ale (2201 gl el L00:d B, AL I{.CaLE AR 8T NTRRL SHKORILE

i nterferon. B Pl e HE2F s AR B A% puri PEFERONTISE T HEPHSSP (T

pol ypepti de Ca:bnbﬁ.nﬁleg fuhenmtumstadgatidepﬁaﬁplhamstgpmu@psr PHBS5 { ];)uelqc&l:sntnbft he
e 1S IR le Gl dB G LR bl SAMIEN ] A ATLE EHun Ler’ PV

of nost of the aceous maferra y treatnment w

pol yet yI enei mree:;ul(:dx)e phe&i [ihtatdieortcoénsm potiype fevels o ynR¥At traateripts he
sol uti Wi ¢ h m 5 n an appropriate
buffer m xtgure (f)onsgmﬁrgi)}éhr%#a mé&’%}% é%ngﬁﬁéﬂﬁ#ul ose, (7) affinity
chr omat ogr aphy on a nonocl onal antibody colum, and (8) nol ecul ar sizing on
a suitabl e SCRgdfizi b he Edrdilla BillCln1d ﬂ&nﬁg@s&eitf i EdgREdoesPur e
product additional purification steps ma 0 e necessary, e.g.
cation or ani Gheesudhurigg comddhixnsgrsyshyas d¢spenatiesy ph dfytheompdiymend e or
ruerse phase 4Bl 4 r t 0 e may
b}'om tted if pos?ftggb, grﬂne?%ggosregmgf ﬂgfslelgg arnrgéftgggt nﬁ%u@% ngeits 9§ In

t he case wher @olyneptidds ave mpq/tp@stuﬁd@hmensma%t geradp ishorghexsbly grown

10 under aerobic conditions in submerged culture with shaking or stirring

at a temperature of about 25° to 35°C, preferably at about 30°C, at a

pH value of from 4 to 8, for_example at approximately pH 7, and for

about 4 to 20 hours, preferébly until maximum yields of polypeptides

are reached.

15 After the transformed yeast cells have been grown to a satisfactory
celi denmsity, the first étep for the recovery of the expressed poly-
peptide consists in liberating the polypeptide from the cell interior.

L,; In most procedures the cell wall is first remoyed by enzymatic diges-

tion with glucosidases (cf. section 3). Subsequently, the resulting
20 spheroplasts are treated with detergents, such as Triton. Alterna-



cel| into the periplasmatic space, a sinplified protocol can be used: The

. pol ¥peptide may be recovered without cell lysis by enzymatic re-- noval of
the cell wall or by treatnment with chem cal agents, e.g. 5 thiol reagents
or EDTA, which give rise to cell wall damages permtting the pol ypeptide to
be rel'eased. In the case where Ehg poly- peptide is secreted into the
culture broth, it can be recovéfed directly therefrom The pol ypepti des
obt ai nabl e according to the present invention are 10 useful and valuable in
the treatnment of human and ani nmal di seases or in preventing them (e.qg.

interferon, HBV surface antigen, etc.) or can be used as foodstuffs, feed,

feed addi.tiyves_or iR _en tic actions_{see 2 abpve). lt.,1s to be
understg:é‘ae%/}ha’f‘e? aéu?)éraloééf: i°3n°'6 %%tsuregfil(n g%%cﬁrsr&réﬁ %lxeaimlp\]iéat ives of said

pol ypept¥-desss,sExenchspgese) exl yhalkiag | y wibh @Jless ddago) mpe(iel dexsl &ad/ or

gl ycosyl p [ J .S t he pr ng__i nvention.

The i nvé’%%?‘gﬁgg%%'cgg%sgg E}%Wgrﬁé}?ge%%%prg% tf‘ggsclgén%e %3 hcﬁggléoroccur ri ng .
deri vat ithesdesiiced pblymdipeide dy @rmvpatiatadowanslj rsgch ;ast heeaipi basdenof t he™
presenl o eabboNm &01oHIEe 1Y ERLA0. CROEEL N3: 41 301 LIS REMBALHREPL déssper

se obt™ai nable accor |ﬁb 0 the 1nventive process. The®rnvention’ concer ns .
especi aldiglydis, DNxohatapraphys, fethexbyile diancexdrange tdhgonatagsémhwaed yeast,

t he pol ypeptides and the processes for their preparation as described in

t he Exanjife8se¥clusions chromatography; FELG ProFetarse rate BRChn the fol | owi ng

exper i methealf igaAr puridi cationeoh alle nert-suiified @rpdeensn ibevaritieved ,ar e

describegd wiith reference to.the.accompanying.draw ngs.in which: .5 Figure 1U
oa par 1128 by TR B A REECIRARY L S Sba A8 ARSI, Pros
and pRR3ZR/ PHOTRaatisal stepsd(@sepbtheckysit ¢heh®H@I1s) can be accom—

plished according to the method of Staéhelin et al., (22) developed for

the purification of human leukocyte interferon.

For example, the isolation and purification of the desired polypeptide

can be performed using the following steps:
15 (1) lysis of the yeast cells with glucosidase,
(2) treatment with a detergent,

(3) removal of most of the non-proteinaceous material by treatment

with polyethyleneimine, ' ' o,

(4) pfecipitation of the polypepcides by saturating the solution with
20 ammonium sulphate,

(5) dialysis in an appropriate buffer mixture, . —

(6) column chromatography on DEAE-cellulose,

Q.

(7) affinity chromatography on a monoclonal antibody columnm, and

(8) molecular sizing on a suitable Sephadexcgl-column. _ ' i

25 In order to obtain a sufficiently pure product additional purificatiom
steps may turn out to be necessary, e.g. cation or anion exchange
chromatography, -adsorption on hydroxylapatite or reverse phase HPLC.
On the other hand, one or more of the above steps may be omitted if

possible, or the order of steps may be altered.



gene or for DNA sequencing, respectively. Figure 2 shows the |ocalization
of the PHO5 and the PHO3 aci d -phospha- tase genes within a 5.1 Kb BanH
fragment isolated froma yeast gene 10 library. Figures 3a and 3b praoyide
t he DNA sequences of the pronoter region of PHO5 and PHO3, respectivel#.
Figure 4 is a schematic di agram ghowi ng the construction of the plasmds
p30 FN2(8' 1) and p3AO FN2' (8" 1). 15 Figure 5 illustrates the ligation of the
PHO5 pronoter DNA with the IFN-8 cDNA in the construction of plasmd
.p30IFNI (8"). 1 Figure 6 schematically illustrates the construction of
pl asmi d pJDB2&7/9heNasegvhere Fheydreited) ROIYPERGILRERS EeTRelrd By B vRRsSt
construction ef1r esed b ailriglhsBAA B AGY ! £ impTH AR J3O e NYTBL NP e DNAG :
Figure 8 schematically illustrates the techni ques used to synthesize the
"I FN nRNA spec?$ @o1RARri¢map henErcover gl fathputseel Istyiddaly enamegiaheshow ng
the identificabéfinopfchel QIQSwLAANAILY Bk RHERN whpHRhakicast Qedrd FAI, g DNA. -
27 - Figure 10 tqQ 14 provide_the DNA and coyrespondi ng_am no aci d sequences
of the CDNAS] FskH Seasents oroF 0k YichCEIYRRRISS) PR \REL EPALL (Aamapey 1] 1 - 41,
-8[err( and - pefniigbig the GORyEdptiddI@oCNThIdidkel ONInOthd BesPkBEFE @he poly-

CG- pBR(AP) / Lyl FN—.g- 1.5 and fii ure f}g s‘;&ows t he DNA and éhe am no acid
Sequences of PEREIEBNA FREETES BEGUTE THYEDIRFPER1 HE TBnBE FEERYTRd0f t he

pl asm d CG pBR{AREA} Whedefrom. and figure 18 shows the DNA and the am no acid
sequences of its cDNA insert. 10 Figure 19 shows the DNA and the amino acid

sequences of the cDNA insert . . .
: The polypeptides obtainable according to the present inventlon are

N~ 10 useful and valuable in the treatment of human and animal diseases or in
preventing them (e.g. interferon, HBV surface-antigen, etc.) or can be
used as foodstuffs, feed, feed additives or in enzymatic reactions
(see 2 above). It is to be understood that the production of naturally
occurring derivatives of said polypeptides, such as proteoiytically

15 cleaved polypeptides and/or glycosylated polypeptides, is also com-

prised by the present invention.

The invention concerns furthermore polypeptides and naturally occurring
derivatives thereof, whenever prepared according to the methods of the

present invention.

&,;'_ 20 The invention concerns also the new polypeptides per se obtainable

according to the inventive process.

\_} The invention concerns especially the DNA fragments, the hybrid
vectors, the transformed yeast, the polypeptides and the processes

for their preparation as described in the Examples.



of the plasmd CG pBR(AP)/ Lyl FN-a-2. Figure 20 is a schematic outline of
the construction of plasmd p31 containing a PHOS5 term nation fragnent.
Figure 21 shows the nucl eotide sequence of the Sau3A-Pstl PHO5 15

trafjsgription termnation fragnment. Figure 22 is a schenatic outline of the

construction of plasmds p31/| F1(51), p31/1F2(51), p31/1F3(51) and
p31/1F2(1'b). Figure 23 is a28chematic di agram show ng the construction of
the plasmd p3l/1F(8[err]). 20 Figure 24 schematically illustrates the
construction of a correct PHO5-HBVs junction in plasmd '
pPBR322BPHICAeiNdpeian 4. tHei gtawdn@d shows the DNA sequence in the vicinity
of the: P::%% rqoter e?‘:ngr'HBt\:/tsa.lCOditn% region fuysion po%nt- in plasmd
pBR322TPHOS FRVSYITE SEPEFIEnTal RRL NarkiUs ceThodgreitts sho PR PeR® c onst r uct i on
of theiyeasio?Rrexdusesibainwptiasaiaenpd MB20Hd RO&ipdRYElL aF dtidgand

pJ DBZOZA%;}{‘J%BVS[ err]14t. 28 - Figure 27 is a schematic di agram show ng
the construction of the yeast expression plasmds pJDB207/1F2(1"'b)[err] and
pJDB207/ 1 F2(51)[err]72. Figure 28 displays the nucl eotide sequences ob(

pl asgn 711 J (2 and.pJDB207/1 F2(51)[err] 82 .around th hol
j u_nc%ni g?\g%ét[)!\ié%nat{%(:g&i ng% crzé?\% |"'é‘f‘§_'8‘[g§% oM E%I H&?— 3&‘!‘?}’(&% he PHOB

t r anscpIRRZ20/FHOS; nFHOSt amsh PBRIA20RHOIBiagtifal 249ed 8s ssomebeafi thedPEIF am show ng

the co t4 Is Lycl FN(a-3)-252. Figure 30 shows the
St uot B OE e o B R & 2) - 260 10 and -

CG pBR322/ HLycl FN(a-1)-258. Figure 31 displays a schematic outline of the .,
procesg; 26 sleheld t e .S] nce LN ession pl.asmd p3l ang_/
speci f ?t%\ql y shgy\é/s I eei%gﬁgﬁaét‘?d(}ﬁkg?ﬁﬂisﬁd%ﬁﬁﬁ aﬁlgl}’rhgg%*? -
schematisakeyess Hothint A -doKh damilbfregmantobesatéd frowc yaadthgene -

10 1library.

Figures 3a and 3b provide the DNA sequences.of the promoter region of

PHO5 and PHO3, respectively.

Figure 4 is a schematic diagram showing the construction of the

plasmids p3OIFN2(8i) and p3OIFN2'(8i).

15 Figure 5 illustrates the ligation of the PHOS5 éromoter DNA with the
IFN-8i cDNA in the construction of plasmid p301FN1(8i).

Figure 6 schematically illustrates the construction of plasmid
pJDB207/IFN2' (81) .

Q

Figure 7 is a schematic outline of the construction of recombinant

20 DNA molecules containing Namalwa cDNA.

Figure 8 schematically illustrates the techniques used to synthesize

the IFN mRNA specific 13mer DNA primer;

Figure 9 is a schematic diagram showing the identification of clones

coptaining human lymphoblastoid IFN cDNA.



15 process outlined in fig. 31. Figures 33 and 34 display the nucleotide
sequences of the BanmHl -EcoRl restriction fragnents containing the PH3B/ R
and PHO5/Y pronmoter regions. Figures 35 to 37 schematically display th
process of inserting 20 IFN-a-3, -a-2 and -a-1 DNA into plasmd p3l/R
Figure 38 is a schematic diagram showi ng the construction of plasmd
pJDB207R/ 1 F(a-3). The foll ow ng Exanpl es serve to illustrate the present
i nvention but should not be constTU&dd-as a limtation thereof. - 29 -
Experinmental part The follow ng abbreviations are used in the Exanples:
Et Br: Figueé Miodtslmsbpeoviide thSADNA and correspoR@iigNgnmi%@r ddigal bum n 5

DTT: ' 1.4-dithrothrejtol (1,4-di nercaptq-2, 3-butanediol) EDTA:

et hyl enedi ani %eeq'}%?‘feafaﬁgttithﬁ §i d”?%g:s oF IR p%gsmgf)cﬁq?ﬁ?%é@wﬂé’ﬁnlﬁhat e
TNE: -B,»s0h uyt i-mg aadnisgini ng 100 MM Nadl, 10 nM Tris-HO (pH 7.5),
and 1 mM EDTA. 10 =~ Tris.HO : ~. tris-(hydroxynethyl)-am nonet hane, pH
adj usted with HC1 PMSF: phenyl met hanesul phonyl fl uori de TE:

Sol uti gn. contRiignred51Qepibtdrthe. didstfydidn DE eiel pladiva EEERBRAYPLE Fli-o-1

Constrcti gn of, a.yeast. gene i ry 15 Thirty [err]g of total 'high

nol ecul ar \%elag 'tgll é’%t{q)%}fw(sfg? mo%‘f ithY IR -agg‘id?&g‘?}ﬁée%f 23 é’\Pﬁéi ae
strain S288Cimsertncubated for 30 min at 37[err]Cwith 2 units of EcoRl
nmet hyl ase (New Engl and Biolabs) in 250 [err]1 of EcoRl nethylation buffer

as recommended by the supplier. DNA is precipitated by ethanol, resuspended
in 500 [err] Fighr©37nddpicts the construction of the plasmid CG-pBR(AP)./LyIFN-a-3

o and figure 18 shows the DNA and the amino acid sequences of its

cDNA insert.

10 Figure 19 shows the DNA and the amino acid sequences of the cDNA insert
of the plasmid CG-pBR(AP)/LyIFN-a-2. '

Figure 20 is a schematic outline of the conmstruction of plasmid p31

containing a PHOS5 termination fragment.

Figure 21 shows the nucleotide sequence of the Sau3A-PstI PHO5

15 transcription termination fragment.

Figure 22 is a schematic outline of the comnstruction of plasmids

P3L/IFL(5,), p3LAF2(S,), p3L/IF3(5)) and p3L/IF2(1'b).

Figure 23 is a schematic diagram showing the comstruction of the

A\ plasmid P3L/IF(8}).

20 Figure 24 schematically illustrates the construction of a correct

“ PHO5-HBVs junction in plasmid pBR322,/PHO5.HBVsAl4.,

Figure 25 shows the DNA sequence in the vicinity of the PHO5 promoter

and HBVs coding region fusion point in plasmid pBR322/PHOS5./HBVs.

Figure 26 is a schematic diagram showing the construction of the yeast

25 expression plasmids pJDB207/PHO5/HBVsAl4 and pJDB207/PHOS/HBVsAlét,



20 Tris.HA pH 8.5 2 nM MJC1l2 (EcoRI * buffer) (24) and digested with
EcoRl (Boehringer) until the size distribution of the DNA frag- nents has a
maxi mumin the 30-50 kb range (a Xhol digest of [err] DNA provides
appropriate 33 kb and 17 kb markers). The yeast DNA di- gested under EcoRl*
conditions is size-fractiongted on a sucrose 25 - gradient (5-20% sucrose
i 10 MM Tris. HC1 pH 7.5, mv EDTA) for 6 hrs at 38 000 rpmin a SW40
tor. Thirty fractions of 0.4 m each are collected fromthe top of the
gradient. Fraction 16 con- tains DNA fragnents of 30-40 kb in size. The DNA

of .this_fractjon (3 rr j.S precipitated with ethanol .and |ligated for
1.6 houfeuse 71s %GLge"l%gliifaég?“btsggm\%l ﬁhrﬁe 0 sr}fg‘:g’r“’t 8fit_ err]g of cosmd
vect or ek &dreysicn phamidepIDY20FeTR (1'L) 4aini opIDBROLAFR(BAABW with 300 U
T4 DNA |igase (New Engl and Bi ol abs) using the buffer system desscribed by
the supplier. The DNA is packaged in vitro into bacteriophage A5 (26 ) and
the asspigure RPphagriayartheuseddebvider anpinces Bf plismids rpéDB]ZQ-HBlEZL(S(lP err]).
The effigjency j LS ' 0} i cillin-rasi gtant col onj es
per [erf aﬁ‘g pﬂ%?”\/é@?@#l%é?%ﬁbﬂ'dg?fgg?g?gnﬁq"ggggdrneb%#}ceggdﬁ%ng grown \J/

i ndi §i du@ltryndlatedereghdd SEOIFNScrandi they PHOS HegnseripBlanetémminpti®ng :
Bacto- Tryptone (Difco), 10 5 g Bacto Yeast Extract (D fco), 10 g Nad ]

cont ai n’r%%%oo [err]g/m anpicillin. Exanple 2: Isolation of the regul ated
aci d phosphat ase gene PHO5 Replicas of the gene library are grown on LB

agar plﬁ%ige%fi isu{r% 43 fiifgénk fsﬁg.@{réogﬁgtcgmeagtmookeﬁ%ﬂ

anpi ci | ) e cell erra rom ol onies 1s-washed off the u
pl at es GGrHpBRIA FycIBNAxTH-REDI - ated from i ndividual pools using the '
foll owi ng protocol: The cells are harvested by centrifugation (Sorvall, GSA

rotor, 10 min at 6000 rpm 4[err]C), resuspended in 100 M TE (10 nmM
Tris. HCFigure 30 shows the structures of plasmids CG-pBR322/HLycIFN(a-2)-261

10 and CG-pBR322/HLycIFN(a-1)-258.

Figure 31 displays a schematic outline of the process for deleting
the PHO5 signal sequence in expression plasmid p31 and specifically

shows the construction of plasmid p31lR.

Figure 32 schematicallj shows the collection of clones obtained in the

15 process outlined in fig. 31,

Figures 33 and 34 display the nucleotide sequences of the BamHI-EcoRI
restriction fragments containing the PHO5/R and PHO5/Y promoter

regions.

O

Figures 35 to 37 schémaﬁically'display the process of inserting
20 IFN-a-3, -0~2 and -a-1 DNA into plasmid p31lR.

1

Figure 38 is a schematic diagram showing the construction of plasmid

pJDB207R/IF (a~3) ,

The following Exampies serve to illustrate the present invention but

should not be construed as a limitation thereof.



1 mM EDTA, pH 8.0) and centrifuged again under the above conditions. 20

The cell pellet is resuspended in 3 m Tsuc [50 MM Tris.HO, pH 7.5, 25%
(w v) sucrose] and transferred to SS-34 pol ypropyl ene Sorvall tubes. A40
subsequent steps are carried out onice: 0.3 m of lyso- zyne solution (10 -
mg/ M, purchased fromWrthington, 111Q90_.U/ ng) is added, after 5 mn 1.2

m EDTA (500 nM pH 8.0), and after another 25 5 min 4.8 rl detergent

[O 1% Triton *X- 100 (Merck), 50 mM EDTA, 50 mM Tris.HC, pH 8.0] are added.
After 5 min the lysate is centri- fuged in a precooled SS-34 rotor for 40
mn at 4[err] C, The supernatant is carefully renoved and solid CsC is
added (8.3 g mméof supernatant). After the addition of ethidium
brom de (Sigm) -31- (final concentration | ng/m supernatant) the
solution is trans- rr.ed 13. 5. ick Seal polyalloner tubes (Beckman)
and centrifuge "Tr§°gf°§é8 r?té’(rglrﬁlf"oa%‘?nc?t %e F’SF‘?‘ZEG-E‘%SE%?'“%GSOOO rpm Two

fl uorescent baBtBr:can be vieshidiumeskowidd | ong wave UV (366 nm. The 5

1ower Dband confs%{,ns superc%iol,%ge Q(Iuausm' ﬂ,uDNé which is collected by

punctufipg the tube fromthe Side Wt AT E 2 syringe (18G needle). The

et hi di U brom BEL:i s renoved,bydighiotheeimg 51 fé-dbweraaptv-8irdutamidio®s of

i sopropanol (s rated wt o) t . l.g transferred to 30 n
Cor ex tubes.. gﬂoﬁ'vol umes %f%]gn%gﬂgﬂgaée%%ﬁ%ce%g atcﬁg DNA is precipitated
wi.th ethanol. 3P sol uti on siodiuthdeddcyptsuflghatle?- 15 hrs at -20[err]C. The
precipitated J s collect C b U I I valk L. JAB-4 rotor
for 30 mn at 13000 rpm at® '%ré?‘] §ichining 00 bt haCh, ?1103‘8%*?% B Lo 300
[éﬂ"r]g of hybrid plasm d DNaHat.&)s candvémdEPFAom a 100 ml cul ture.. 15
Pl asm d r hese pool.s:Ls . erLeVv]Si .r Al :
. AH216 (a,DNﬁti) sSeﬁsteF}gf 'ph03,é5%10 h?&g% O?tl rllg_natﬁ%gt&ﬂgéﬁgrr‘%’c«%guirdzbg%gi'%litglggl by
H nnen et al. PFMSF:). Yeast pheariskbharesuiotenplileptidea- pl ated on | ow

P.-minimal mediggm [as " Di f Q1 ¥e33¢ cdHedi MRy 16U Wkl (ol 7.5) and
1 mM EDTA '

Example 1: Construction of a yeast gene library

15 Thirty pg of total high molecular weight yeast DNA (23) from wild .

type Saccharomyces cerevisiae strain S288C is incubated for 30 min

at 37°C with 2 units of EcoRI methylaée (New England Biolabs) in
250 pl of EcoRI methylation buffer as.reccmmended by the supplier.
1 DNA is precipitated by.ethanol, resuspended in 500 pl of 25 mM
’ 20 TriseHCl pH 8.5, 2 mM Mgc12 (EcoRI* buffer) (24) and digested with
EcoRI (Roehringer) until the size distribution of the DNA frag-
kg) ments has a maximum in the 30-50 kb range (é Xhol digest of :{QNA
provides appropriate 33 kb and 17 kb markers). The yeast DNA di-
e gested under EcoRI* conditions is size-fractionated on a sucrose
25 gradient (5-20% sucrose in 10 mM TriseHCl pH 7.5, 1 mM EDTA) for
6 hrs at 38'000 rpm in a SW 40 rotor. Thirty fractions of 0.4 ml
each are collected from the top of the gradient. Fraction 16 con-
tains DNA fragments of 30-40 kb in size. The DNA of this fraction

(3 pg) is precipitated with ethanol and 1igated for 16 hours at



out am no aci ds" supplenented with 20 g/l glucose, but prepared from 20
the conponents according to the recipe of Difco (Difco Manual, Difco .
Laboratories, Detroit, USA) except that 0.03 g/| KH2P0O4 plus 1 g/l KCI1 is
U$gd instead of 1 g/l KH2PO4] and stained for acid phos- phatase activity
by overlayering themw th staining agar [1% D fco agar in 100 nM acetate
buffer pH 4.0, 2 ng/mM Fast BI3@®-B Salt 25 (Serva) and 0.2 ng/m .
a- napht hyl phosphate (Serva)]. Colonies with a functional PHO5 gene stain
red upon derepression of the gene on |ow P -nedium By repeated subpooling
(17 ) of the gene library 3 independent cl on;as ﬁxh_i biltl ng r?p_rG%ss! bI](ca a'flhd

hosphat activity are obtained. 3Q One of these clones (p is further
gnal Ssec}g_séle'ﬁé' ﬁy‘é’rtla}d( YRS hgé‘qa“éilzégtﬂf A2smef vest@RIPYSAd BanHl fragnents
of pGr dras xubihenréded by-ERRI: LigapidR322/ddeS8ed 3@% »%eg 3@95&32;617 (|2_8 ) (Ne
respectiyely. Restriction digests. are as recomrended by the supplier w
Englpand Dé?o ¥ ()] (té‘ﬁ‘a négaﬁdéﬁgf%% ‘b’e‘PFo‘r“ﬁea“ﬁ'nfnﬁ?zwww‘tehu&B’Géu T4 DNA

| i gase (ievheEngprlier BiThk oty ianﬁcQdidgﬁmviQ%o tﬂ&rzoi_%adiéy&iﬁggé edh;e;t 'idk @

|l asma d C itions,as, s est ed New Engl.and _Bi ol_abs) . . . ;
II%am-llrgl f?azg-) (r%g{]t q’ﬁh?séﬁwe'ff’gedp&#?gegf o 8‘%‘5 ?cBﬁn%F?%eg&aniﬂihss_ BBl oned in
yeast v&slok (EQDQ?ODéland,pmpomdclAahsfmemiiafbxﬁb yfeasinsdubtion AH216, this

R

———

hybri d ' I, PHOS , see fig. 1 licites high phosphatase
activi t.ebg‘%{c}]é:’?g‘éeaF“Bb‘rzégé‘éare(sF%tﬁ;%i.931°86?15dipgm¥)s°€ Fiﬁéi% &8y 10 and low
| evel s 3P0QcmpVidojoniesneremlicyehahd rgroinmaind ireidiva  éxptessexyz of t he PHO3

ene) . aral opl@cal lsation of. t PHQS and PHO3 genes and DNAsequepceC}_
gnal ysi ?a. ﬁtéaifﬁogl géaﬁemlgg oegl?'ﬁgqpo%%afg%ﬁrﬁ!h—gﬁ'ﬁ}’%?ghd PHO5 within
t he Ban#l gfleggeeiraat Extractadife)| altcg NHC1] heonpaidimgnia 4Sani3A restriction
sites andpfiinin, |

Example 2: Isolation of the regulated acid phosphatase gene PHOS

Replicas pf the gene library are grown on LB agar plates (LB medium
plus 15 g/1 agar) containing 100 pg/ml ampicillin. The cell material
15 from 500 colonies is washed off the plates and pooled. DNA is isol-

ated from individual pools using the following protocol:

The cells are harvested by centrifugation (Sorvall, GSA rotor, .

.- 10 min at.6000 fpm; 4°C), resuspended in 100 ml TE (10 mM.Tris-HCI, | o/

1 oM EDTA, pH S,Q).and centrifuged agéin under the above conditions. |

20 The cell pellet is resuépended in 3 ml Tsuc [50 mM TriseHC1l, pH 7.5,
25% (wv) sucrose] and transferred to SS-34 polypropylene Sorvall

O

tubes. All subsequent steps are carried out om ice: 0.3 ml of lyso-
- zyme solution (10'mg/m15 purchased from Worthington, 11'000 U/mg) is
_ added, after 5 min 1.2 ml EDTA (500 mM, »H 8.0), and after another
25 5 min 4.8 ml detergent [0.1%Z Triton X-100 (Merck), 50 mM EDTA,
50 mM TriseHC1l, pH 8.0] are added. After 5 min the lysate is centri-
fuged in a precooled SS-34 rotor for 40 min at 4°C. The supernatant
is carefully removed and solid CsCl is added (8.3 g CsCl to 8.7 ml

of supernatant). After the addition of ethidium bromide (Sigma)



uni que Pstl site. Digestion of the BanH fragnment with restriction
endonucl ease Sau3A (New Engl and Bi ol abs) generates 6 fragnents (A-F

fig. 2). Subcloning of a partial Sau3A digest into the BanH 20 die of
self-replicating yeast vector pJDB207 | eads to plasmds with different:
conbi nations of Sau3A fragnents. Thesg pjasm ds are then used to transform
t he pho3, pho5 nutant yeast S. cerevisiae AH216. Trans- formants are
checked for acid phosphatase activity after growh on either low Pi - or
normal mini mal nedi um pl ates. C ones containing at |east Sau3A 25

fragments A an@;iBi(tbgkentradion lngmi¥ ﬁ%ﬁtﬁ&'}%@@@ﬁﬂ@&@%@ 8lanshe sane
| evel (qualitative estimtes after over ){erl ng th acid phos- phat ase
a

st ai ni ng agar feEEeddEQdr-hetl Ruidk Spdh eoby é%metrhéut@ﬁt (Beskman)y By |

fragment. EXpresedi@igds inegukatnd THoMBodor ok LOEGONE @D GG rhh ORwSf
I norgani c phosghate In the medium Clones with Sau3A—fr:§g nt 3Q A onI y

(fig. 2, No. Slugesesih beuds g3p Ibév‘é’rsélab¥ze&chthpF1‘E}§pﬁ%tYea 3RRi M -i Thenot

i nf [ uenced Dy 16ker bagT &aﬁtﬁnﬁh%lab@éﬁes%ﬁgnﬂi{ BliA GMitW ish&1TeEiddMby Thi s
i ndi ca@ that infornmation carried the Sau3A _fragment A s suf f]ci ent
t

f or i t ut PYRCLIELRE ($hespha: tom f*mssﬂe oT8l a33 ml syminge (18F nesdlein

Tragment B (firge e%mmm Bromdhonis damsveddy Emctmgaaytmerﬁ&almawf acid
phosphat ase und eit repressgd or de- g‘_ﬁres ndltlons However, a

subcl one wit hvf"ﬁ‘@‘ Iléf’%r?ém}q gpfrabed W he predpet 1issi t es
(fig. 2, No. J:GAnﬁlaevsd t6PBO md Corak afhbes.. 2US mhmmastm U$ iadees\anghesi s of

d ph hi bel, t ot t the t PHOS
(56) . "Tno Wiahe Bhatt 2EFTIRICBTed L PRbSBind Aec A LRt eBy B Soquonc.-

"ing using the lmet.ﬁthds Qit MeoCEm 'Hﬂ'dpﬁdlbetéteﬁlm id\ cﬁiﬁme@aﬁ-lbeﬁlﬁ-
restriction fra nt | on | a BR32 )

repl aci ng theuﬁg gélal ??véggm‘*&'kvﬁ%(? égft %ﬁ&é‘nfar ﬁr?ﬂoﬁ pﬁ'bﬁgﬁg to.650
(pBR322 nonen(ahdtnerdé)solurednga mcgmtaﬁ)rmarﬁo-m(gpglmhpwml plasnsd a)smdescrl bed
above (all enzyues, are Jof ANeW o9l a0, B0l abs). DA

15 Plasmid DNA from these pools is used to transform §. cerevisiae strain

AH216 (a, his3, ‘leu3, pho3, pho5) according to the procedﬁre

described.by Hinnen et al, ( 1 ). Yeast transformants are replica— |
plated on low Pi-minimal medium [as "Difco yeast minimal medium with-
out amino acids" supplemented with 20 g~1 glucose, but prepared from
20 ' the components according to the recipe of Difco (Difco Manual, ‘
&tj- Difcé Laboratories, Detroit, USA) except that 0.03 g1 KH2P04 plus
1 g~1 KC1 is used instead of 1 g/1 KH2P04] and stained for acid phos-
phatase activity by overlayering them with staining agar [17 Difco
agar in 100 mM acetate buffer pH 4.0, 2 mg/ml Fast Blue B Salt
25 (Serva) and 0.2 mg/ml a-naphthyl phosphate (Serva)]}. Colonies with
a functional PHO3 gene stain red upon derepression of the gene on
iow P.—nedium By repeated subpooling (17 ) of the gene library 3
1ndependent clones exhlbltlng repressible acid phosphatase act1v1ty

are obtained.

30 One of these clones (pG7) is further analysed. The hybrid plasmid
has a size of 42 kb. EcoRI and BamHI fragments of pG7 are subcloned



fragnents of the BanHl -Sall DNA insert are asymretrically | abelled at their
5" ends at the following sites: BanH (-541, Sau3A(-200) and Sall 15

(+82), (for nunbering see fig. 3a). The nucl eotide sequence of the 623bp
BanmHl -°8gl | DNA insert is depicted in fig. 3a. It reveals that the insert
contains the PHO5 pronoter region and part of the PHO5 phosphatase protein
coding region. b. The PHO3 gene 20 The exact |ocalisation of the PHO3
gene is determ ned by DNA sequence anal ysis according to the manual "ML3

. cloning and DNA sequenci ng systen published by New Engl and Bi ol abs. A 416

bp (5 )Pstl-Rsal (3') fragment is subcloned in vectors ML.3np8 and ML3np9
(49), uk rpgxm/qmm Ra6) aaddp DBEO7 r(aSt)r iresﬁ’miséltyesRes‘Ehéctmml eoti de sequence
of the 25 bp, P | h oh 1 Ry 1t reveals
that the" 'n%ser ec%ntr%l&élsRﬁﬁéd BNAQ‘ ?oprPotl eg:/%ﬁ&%th{i]sgﬁlrat%s%f ]tdhe PHO3 acid
phosphalizseigrsotee rpec bolimed geqaeuicmth 150 U3k PNEXAgpie (ew Constructi on of

pl asm ( Y Ryl S nsitein

pl asm %@%&éﬁ}éﬂ%chem% "E(lh irtlne ngngiwﬁlngle%ﬁ %%Lrse%eiguﬁmtril% ion of the
uni g8e Badnlditiemtsrfas:tsuezﬁaﬂetlebyi Newp|Eaghardl pBR&@Q) 3 pgl &b BBRB2MXxagre diggbted
Lo CEBCA AR A LA BT 6 OB PR RAES s Bl LPR) 0e Pi | (B o

| abs) according to fie Tecommendati ons oo lers e Bal | / Pvull
doubl e thcgestPEBZQBRBQZ upes Ut 1ags farmanirnr eﬁtxeaehsmaf-tr AAEMt ¢hik 3738 bp and

oo (B ket rarlllf Gih oAb DR R 25 QUGS R TF 09 PO2r 0%

aci d) bpﬁdsehata‘ﬁlaeac[ﬂ‘ﬂﬂummlée:arderqirals:mﬂ (ot IF. el hicaltl {rftone n{rt0S aguiheyl sual i zeq_}

und I V, | ieQ he ece. of rose containing the
3732{%p9‘¥p§§@m1%tv% ogu‘?étolu?' ’?r om{h 1 ag{:luluc?ﬁ'ln ggautm SHREFFTC™ adj ust ed
to 500 efMtRa@HO3ngerencubat ed at 65C for 20 mn. One vol ume .of phenol

(equilibrated
- Example 3: Locallsatlon of the PHOS and PHO3 genes and DNA sequence

analzs1s

a. the PHOS gene

15 For the 1oéalisation of PHO3 and PHOS within the BamHI fragment advan-
tage is- taken of the pattern of Sau3A_restriction sites and a
qniq;e PstI site. Digestion.of ﬁhe BamHI fragment with restriction

“endonuclease Sau3A (New England Biolabs) generates 6 fragments

(A-F, fig. 2). Subcloning of a partial Sau3A'digesf into the BamHI

20 site of self-replicating yeast vector pJDBZO? leads to plasmids with W

different combinations of Sau3A fragments. These plasmids are then

used to transform thepho3,pho$ mutant yeast S. cerevisiae AH216. Trans~-

formants are checked for acid phosphatase activity after growth on either

O

lowPi-o?normalmlnlmalmediumplates.Clones containing at least Sau3A

25 fragments A and B (fig. 2, No. 144) express acid phosphatase at the
same level_(qualitati#e estimates after overlayering with acid phos=-
phatase staining agar, as described in Example 2) as the entireS,].kb
BamHI fragment. Expression is regulated normally by the concentra-
tion of inorganic phosphate in the medium. Clones with Sau3A-fragment

30 A only (fig. 2, No. 5, 6) express low levels of acid phosphatase,

- which is pot influenced by the-lnorgenlc phosphate concentration in
the medium. This indicates that information carried By the_Seu3A

fragment A is sufficient for constitutive acid phosphatase (PHO3)



15 with 10 MM Tris.HO pH 7.5, 1 nM.EDTA, 500 mM NaCl) is added. The
aqueous phase is reextracted twice with phenol and once with chl oroform
The DNA is precipitated with 2.5 volunmes of cold absol ute ethanol ard-

coll ected by centrifugation. The DNA pellet is washed with cold 80% S hanol
and then dried in vacuum The_DNA_i s resuspend- 20 ed in TE at a
concentration of 0.15 ng/m . The isolated 3738 bp DNA fragnent has two

bl unt ends resulting fromthe Ball and Pvull double digests. The DNA is
circularized by blunt end ligation. 0.6[err]g of DNA are incubated over

ni ght at room etA@Ls RN, a8di38 fragabhd 8T (dik.0f, §0. WY d1dns. ddds i femy 40 MM
Md 2, 10 mM DTT, 25 4 oM ATP, .and 900 U of T4 DNA |igase (Biolabs). -
5{err]l aliquot®y 6FPE&TE19T Q4139 Phosphdtssrwndsyfddheh T5Prgssed |97 8¢~ cal ci um

treated, transt&yr@Bsed comitQsRAL Bbtevhr, GOkibdIBhOwieR! dhe, chiptPay g€-by the
net hod of Mandel et al. (25%1.el The_m xture is kegt, on ice for 5 mn, then
r ¢

i ncubat ed for SR BAtw ParHE tand PSRl nsihes t e 400 r dopefBes

‘pl ating 30 @n {Beagar vpkaiRScedii AidiveGyhORedieréd @eid pRbsphapidd.! thiz Six
anpR qol pni es ar.e_pi cked and own i ndj vi dual | irﬂn—-ioo m -os LB (as above
but Wli - out ﬁ‘gbé'rlg“?‘ré‘ﬂfﬁrﬁhﬁﬁ IRt RGO E %ryre]%‘i‘ HO2 8502 (3P n. Pl asni d-DNA
is - 35 - prepared fromthe cells using the procedure described in

Exanple 2. Restriction_digests, w t!g Hal 1 I _(purchased from Bi ol abs, -

di gestion condt?d 613 tadoStiaesioade e 0PI &any, Lpdatarmaree BXIQVAofequRRe-
plasm ds are aiw uEbth @Re Gethd o8 OfHxaS Gngetiiberd RESPU]AT €23bp Thant esdini cti on
5 pattern and the Pre,dic ed size,of the newy _for, d#ggc(tion frag- nent

i heli cat es t hat “$HE pHEent e e f“’dé‘&f’??fialmﬁ%c?léﬁ‘ﬁga? 33 1 (sg¢ Gige DPBR322
sequences exrepdiplbéing like BahliI-5aPY HrhghdndOuih. exthasdse fRpbm Bk & ohasis t he

Ball restrictigon gjt are referred tqQ as,.pBR322[err]Ball. 10 ., b C
Gloning of a yEndooshtasy hmercTafiredy  itng HiBFIRHRR O, bIARKSR G BOR g
PHO3 i nt o pBR322[des¢qiBal labove (all enzymes are from New England Biolabs). DNA

fragments of Ehe BamHI~-Sall DNA insert are asymmetrically labelled at
their 5'ends at the following sites; BamHI (- 541), Sau3A (~200) and Sall
15 (+82), (for ﬁumbering see fig. 3a). The nucleotide sequence of the
623bp BamHI-Sall DNA insert is depicted in fig. 3a. It reveals that
the insert contains the PHOS promoter region and part of the PHO5 |

- phosphatase protein coding region.

b. Tae PHO3 gene

&sf ) 206 The exact localisation of the PHO3 gene is determined by DNA sequence
analysis according to the manual "M13 cloning and DNA sequencing
. system" published by New England Biolabs. A 416 bp (5')PstI~Rsal(3')
x_j fragment is subclonéd in vectofs M13mp8 and M13mp9 (49), using unique
Pstl and Smal restriction sites. The nucleotide sequence of the
25 416 bp PsﬁI-RsaI DNA insert is shown in fig. 3b. It reveals that the
insert contains the PHO3 promoter region and part of the PHO3 acid

phosphatase protein coding sequence.



pJDB207/ PHOG, PHO3 (see fig. 1) contains a yeast 5.1 BanHl insert with the
genes for regulated and constitutive yeast acid phosphatase (PHO5 and
PHO3) . pJDB207/ PHOS, PHO3 as wel | as plasmd pBR322[err]Ball are di- 15
gegfied with restriction endonucl ease BanH . After conplete di gestion the
enzyne is inactivated far 2 mn. at 65 err]C. Both DNAs are precipi-

t at edby et hanol and res_uzagended in 10 MM Tris.HO pH 8.0 at a con-
centration of 0.2 ng/m ch. 0.5 pg of each of the two BanHl -di- gested
DNAs are conbined and ligated in 20 jul of ligation buffer 20 (as
suggested by New Engl and Bi ol abs)., containing 300 U of T4 DNA |igase, for
20 hrs @&kafiilechr ] Congtriugridn of)|ilgemid pd@ ¢see figyadl on nixture are added to
50 [err]1 of calciumtreated E. coli HB101l cells and transformation is
~carried out as descrlbed in Exarrple 4a. The trans- forned E. coli cells are

tested fadrEH gictiopj sitR in plaswind pBRIZ2, gng

tetracy cQl r a h B rl00 ni of
LB nedi ?‘rr% C%SH%EPEP% f;f,%s igé%%q‘ ng‘ﬁ%eén?lﬁg?gt%@%f g[gemg % [ sI i sol ated
fromt hé’e‘é%’q‘icél‘(%éé PBﬁé%@T Pcke PfoPRIPGeste MaastehtAl show ‘wMat 4

(pBR322[err]|Ball). Restriction di- . gests wth Sall (New Engl and
Bi ol abs)labiet écaprdinghko she enwam@ﬁa@fontsh‘ef |"—h§e§‘~‘tPéﬁl%'sl T Paldghent: two

pl asm d%vney%owfe 'd@%_@{tt oPTJnRREy By AS SHAWE idbebiQULe AragittRsOf themis
referred to as he direction of transcription of the PHO5, PHO3 genes -

pl as st% ﬁgfﬁbﬂ Ael éeslek?leﬂ%ﬂréndbﬁéa@s§e4 Rg18- @mb ax@%&xf@agﬂent

in the ®»£1313% Pﬁs%"fdte?-?s bantt ELetkThe EVastjaBaPRIR aEe iSAPRTAFEE oy - 36- u
Exanpl e ;3 1&@&%{& agiroéerg‘ag(sl ) i it 8P 390 (e erid el Ph €3, sol ation of a
3.9 kb EcaokJ- Bal ment  of p30 (fragnent A 10‘gerr]g of, p§0 DNA are

di ges¥ed-vi Th PEét PP Gﬁrﬁqésm)clbéé%eé' BEhe DNAhagds @xerer@ineth wit h

phenol /Qhkﬁréﬁhgammb&b@l%d sumae_%@a twalied 18h h,a5e uvelihgiiobe The DNA i s
resuspended in 100 jul TE buffe The restrictio
nm. The piece of agarose contalnlng the 3738 bp fragment is

cut out from the gel, liquified at 65°C, adjusted to 500 mM NaCl

and incubated at 65°C for 20 min. One volume of pheﬁoll(equilibrated
15 with 10 mM TriseHC1 pH 7.5, 1 mM EDTA, 500 mM NaCl) is added. The

aqueous phase is reextracted twice with phenol and once with

chloroform. The DNA is precipitated.with 2.5 volumes of cold absolute

ethanol and collected by centrifugation. The DNA pellet is washed

with cold 807 ethanol and then dried in vacuum. The DNA is resuspéndﬂ

20 ed in TE at a concentration of 0.15 mg/ml. §;J

The isolated 3738 bp DNA fragment has two blunt ends rESulfing from
the Ball and Pvull double digests. The DNA is circularized by blunt

@

end ligation. 0.6 ug of DNA are incubated over night at room tem-

perature in 30 ul of 60 mM Tris*HCl pH 7.5, 10 mM MgCl,, 10 mM DIT,
25 4 mM ATP, and 900 U of T4 DNA ligase (Biolabs). 5 ul aliquots of the

ligation mixture are added to 50 pl of calcium treated, tranéforma;

tion competent E. coli HB1Ol cells, pfepared by the method ofIMandel

et al. (29). The mixture is kept on ice for 5 min, then incubated

for 2 min at 37°C and left 10 min at room temperature before plating
30 on LB agsr plates containing 100 ug/ml of ampicillin. Six ampR colonies

are picked and grown individually in 100 ml of LB (as above but with-

out agar) medium coutaining 100 ug/ml ampicillin. Plasmid DNA is



fragments are separated on a preparative 0.8%|ow nmelting agarose gel
(Sigm).- A5.1 kb fragnent, containing the vector part of p30 is eluted ; N
fromthe gel as described in Exanple 4a. The DNA is purified by adsorbin
the DNA on a DE52 (Whatman) ion exchange colum in a 10 low salt buffer
(150 MM Nadl, 10 mM Tris .HO pH 8.0, 1 nMEDTA) and then eluting it with a
hi gh salt buffer solution (1.5 MN&CI 10 MM Tris.HC1 pH 8.0 and 1 nM
EDTA). The DNA is precipitated with ethanol and then further di gested with
EcoRl (Boehringer). The 3.9 kb EcoRI'- Ball restriction fragnent is again
separ at ed on arqyaeprarfapm\ﬁéeo‘:@%1@1118omenetqqengwagmméetgehr@wvaéd as

described in a R

call ed fragnen XE) L%)O% d%%@g% ggﬁ%}gﬁi aa%]g%gu}%ag?lffgﬂ &gﬁ%{

CG pBR322/ HLyec¢riNit 8ins( &5 mysgedteB)biEsupnliest + FvullHBnd BalI of the Plaamlds
CG pBR322/ HLyQJ'J:uﬁ%{ﬁeﬁ]on é F Eg oje(’;Ein "I‘%F Hue el 29119 'fgsgtqqun LB
medi um suppl enent e err tetracyclin and plasm d DNA |
i'sol at ed_as® deatherheandi phecpnediicsad wmorpgh@meﬂwépmgd&!W}orDlﬁAam e

conpl etel)y di gggt %deaws reRat rehgtg,ﬂammdgwcﬂdeaa%abaﬂdl LonthR€ 41§S4¢ i Cti on
fragment’s are separated on a preparative 0.8% | ow nelting agarose gel. A

940 bp Hael | | ther aBRAZ3: sequerens StPintrT it &#125 FVBHL £RRe™eBhr JB8SYel as

described in Bxanphe 148 thBesdMArdstrpatiihi SideOshdDER rageRaced Red in
Exanpl e 5a and then further digested with EcoRI. The 602 bp EcoRl -Hael Il

fragment is abfiiPR24R%a34rated on a preparative 0.8% | ow nelting agarose gel,
recovered as described in Exanple 4a and et hanol preci pitated. This DNA

fragment is c nment B c) tLon of fragnments A and B
(see fig. w %Emmfg f’é%‘fa kﬁg § d"&ﬁt tf‘?‘béf%ﬁ?@ﬁzﬁ?ﬁﬁﬂ”&&&l y via
t he EcoRl st i cky. —ﬁﬁ-PIQ of Ball and Haelll respectively,

t hus creating pﬂDBzomH@E PHO3 €(@Hé €Eigl 1) dontuifls'es GELR 551 BAmNdndere with

the genes for regulated and constitutive yeast acid phosphatase (PHOS

and PHO3). pJDB207/PHOS, PH03 as well as plasmid pBR322ABall are di-

15 gested with restriction endonuclease BamHI. After complete digestion
;he-enzyme is inactivated for 2 min at 65°C. Both DNAs are precipi~
tated by ethanol and resuspended in 10 mM TriseHCL pH 8.0 at a con- |
centration of 0.2 mg/ml each. 0.5 ug of each of the two BamHI-di-
gested DNAs are combined and ligated in 20 ml of ligation buffer |

20 (as suggested by New England Biolabs), containing 300 U of T4 DNA
ligase, for 20 hrs at 15°C. 5 pl aliquots of the ligation mixture
afe added to 50 ul of calcium-treated E. coli HB10l cells and
transformation is carried out as described in Example 4a. The trans-

_ formed E. coli cells are tested for their resistance towards ampi-
&GJ:ZS cillin and tetracyclin. Eight ampR, tets colonies are isolated and
= C grown in 100 ml of LB mediuﬁ containing.loolpg/ml of ampicillin,
Plasmid DNA is isolated from the cells (see Example 2). Restric-
. ' tiondigeéts with BamHI show that 4 plasmids contain a 5.1 kb insért
o besides the 3.7 kb vector fragment.(pBR322ABali).'Restriction di-

30 gests With Sall (New Englépd Bidlabs) determine the orientation of
the inserted 5.1 kb fragment: two plasmids have the insert orient-
ed as shown in figure 4. One of them is referred to as p30. The |
direction of transcrlptlon of the PHOS5, PHO3 genes in the 5.1 kb

insert is anticlockwise as indicated in figure 4



5 Ball-Haelll junction which is cleavable with Haelll (but not with Ball).
The ligation is carried out in a buffer systemcontaining 60 mM Tris. HO pH
7.5, 10 MM MgC1L , 10 nM DTT, 4 mM ATP, 300 units of T4 DNA |igase for 16
hrs at 23[err]C at a DNA concentration of 20 Ag/m 10 of fragnent A and
3[e8 g/m of fragment B ing4 glotal volune of 10 . d) Transformation of E.
coli HB101 with the ligated fragnents 2 [err]1 aliquots of the ligation

m xture (see Exanple 5c) are added to 50 [err]l of calciumtreated E. coli
HB101l cells (see Exanple 4a). The m xtures are then plated on LB agar

pl ates suppl enmented with 15 100 [err] g/m ampicillin. The plates are

i ncubatidmnie 37ofmseskionsof forergih HiA 3mio nAQi €349 fher &di st ant col onies of E
coli HB101l are pre- pared. Plasnid DNA from ei ght anpicillin resistant
colonies is isqlated, anal sed and their structure is determ ned by

conpar i g LEMka themqf; 2\3.gk rewati fragment; of Ao0: (FragmentnAY after cl eavage

20 Wi tfp, }éﬁ%‘% @@dmﬁa&lel bi Egusttads&&adﬁs@rm&oﬁmﬁbﬁdmg@mmm DNA di -
gested with Hi ndl 1] | and Bi ol abs) p30 | asmi d DNA di gested wth
Hael I | Pafﬁer%mtmmvw* 9@%@1’%&%@?% theeD %ﬂac?{%épbqatfﬁéuthncuw 5

pl agni dschahel. @Rt aiNAeds WhisGEbRave oAl BT bubteryCtuy eesxgiecm‘n t hese
pl asm ds containing the PHO5 pronoter linked to the 25 8[err]-interferon

pol ypefERERETES g7 5y SPRATREP (C8et ATEBarasive 0.3 jorgmeddneNeesrss F) . Exanpl e

~ 6: Addl(tshgﬁa)ofusam k@%hgﬁhr&“@n@aﬁﬁ@gsﬁ{e‘a‘}&éﬂﬂ pRitkeE 3@r1.<yeast (see fig.
4) a) lsolation of a 1.5 kb EcoRl fragment fromplasmd Yrp7 and its 30.

) gal | GASHoH 67 G0, i1 SEIBRET PR 1 EopBe 1o MHRITA M @UEREeR gation W

react | oy bdédrbify the INARbR 122553 QWhd tndAY r@anamhahge RULdrnl €4l:a Pl asmid Yrp7 (
is cut wiwth EcoR t he two ra rrents obt ai ned are separated

on !\00 Loy, %Fd‘ér B%féege{lsgntat{ Nag? 10 mM Tris <HC1 0, 1 mM EDTA) and

then eluting 1t with a high salt buffer solution. (1.5 M NaCl, 10 mM
Trls-HCI pH 8.0 and 1 mM EDTA). The DNA is precipitated with ethanol
and then further digested with EcoRI (Boehrlnger). The 3.9 kb EcoRI-

Ball restriction fragment is again separated om a preparative 0.8%
15. low melting agarose gel, recovered as described in Example 4a and

ethanol precipitated. This DNA fragment is called fragment A.

b) Isolation of a 602 bp HaeIII-EcoRI fragment of CG-pBR322/HLycIFN-8'
(fragment B)

E.coli strain HB-101 CG-pBRBZZ/HLycIFN-Si (see Example 10E) is grown @
20 in 100 ml LB medium supplemented with 10 pig/ml tetracyclin and
plasmid DNA is isolated as described .in Example 2. Nine pg of HLycIFN—Si
DNA are completely digested with restriction endonuclease HaeIIl.
The restriction fragments are éeparated on a preparative 0.8% low \.J
melting agarose ge1. A 940 bp HaelIl fragment is cut out and eluted
25 from the agarose gel as described in Exaﬁple 4a, The'DNA.is purified
on DE52 as described in Example 5a and then further digested with
EcoRI. The 602 bp EcoRI-HaeIll fragment is again separated on a
preparative 0.87 low melting agarose gel, recovered as described in
Example 4a ‘and ethanol prec1p1tated This DNA fragment is called
30 fragment B. '



the 1.5 kb fragment containing a yeast autononously replicating segment and
the yeast TRP1 gene is purified and isolated as describ- ed in Exanple 4a.
Ligation is carried out (as suggested by New England 5 Biolabs) with 20 - .
[err]g/m of EcoRl cut p30IFN (8[err]) and-10 [err]g/m of the 1.5 kb BoR
restriction fragment from Yrp7;-130-units of T4 |ligase are used. b)
Transformation of E. coli JA 194 with the ligated fragnents Pl asm ds
containing the TRP1 yeast gene are directly sel ectable by 10

transformation of the E. coli trpC nutant strain JA 194 (trpC, |euB, Bl).

The E. coli trzg gene cogeg for thg by g N—(S'{)phosphori bosyl) -

anthranil ate e conpl enented by the
yeast TRP1 gefke (t4p. rebransfionnfatagoentaf cdn beolugasdsd anmnhAldéMyn&acaMl ed out
as descri bed HB101, (¢ 15 th | | owi ng
nodi fi cati on: g I?IEPEI qﬁya?n art“h(et%mebx "n?@’dﬁn@g%ﬁg%r bItE e? tREPE gI“qu‘yare
allowed to recbwemreanhgné cai:cdlBrmmﬂJeuui,am&V[aenmijq@efEanBOsut\enandt he ceélls

are washed aqn coI| M. 1 n| ted ont \%¢]
i ni ey d%uri?l b’\fMa f&s sdpp telﬁ%ﬁfhlﬁhvﬁ t eav airjrel Héab%la‘?fiﬂ[ gl?% §7 " l?;md |
L-l eucitfe (20Batini ). The plates are in- 20 cubated for 2 days at 37[err]C.
Approxi mately 1000 tryptophan prototrophic E. coli col onies are recovered.

c) Isolation arHe ¢chadtach arsi éadried due Dy hr bekfRkasivicas cBh@aiG:Qh%)moeﬁd are
purified on LB Iates su enented with 100 &e”‘%g‘% icil]lin
& |4fe

"ndi vi dual - col BHseECh 2 e kEY S MBChp n it 9E D WsuniLsqekcri bed in
Eg;rrpl e 2. Purrtf iDEA mjgasemfds w aranatymd hyanmasubncenagaﬁlbﬂ oF ze imf he
i

( rictio nt s fter eavage with H n Pst |
ind Bl 11 (8 PARESEeRAK GPA LEEAHL 0F OSEBT R st Pot el LBl et Mkt ch
cont ai n _the 1 5 kb EcoRl restrlctlon fragnent in the two possible
orientations (geq fi0 ' Erew1tR3IFll\l2 SLgr{ljagme%rgg

p30 FN2' (8[ err
2.pl aliquots of the ligation mixture (see Example 5¢) are added

to 50 pl of calcium-treated E. coli HB10l cells (see Example 4a).
The mixtures are then plated on LB agar plates supplemented with
15 100 pg/ml ampicillin. The plates are incubated at 37°C for 16 hrs.
About 300 ampicillin resistant colonies of E. coli HB1Ol are pre-
pared, Plasmid DNA from eight ampicillin resistant colonies is
isolate&, analysed and their structure is determined by comparing
the mobility of the restriction fragments obtained after cleavage
20 with EcoRI and HaeIIl with standard DNA [bacteriophage A DNA di-
gested with HindIII (New England Biolabs), p30 plasmid DNA digestéd
with HaeIII and EcoRI]. After verification of the structure of the .
. junctions, 5 plasmids are obtained which have the correct structure.
.\,j One of these plasmids containing the PHO5 promoter linked to.the

< 25 Si-interferon polypeptide coding region (see fig. 5) is called

p3OIFN1(8)).

Example 6: Addition of replication origin and selective marker

for yeast (see fig. 4)

a) Isolation of a 1.5 kb EcoRI fragment from plasmid Yrp7 and its
30 ligation into plasmidgg3OIFN1(8il' '

In order to facilitate the ligation reaction the 1.5 kb EcoRI restric-

tion fragment is purified. Plasmid Yrp7 (4 ) is cut with EcoRI,



Exampl e 7: Transformati on of Saccharonyces cerevisiae RHO71 and i nduction

of interferon production Plasn ds p30O FN2(8[err]) and p30I FN2' (8[err]) are

each i

| 88 his4) in analogy as 5 described by Hinnen etal.(l).One pg of plasmd
DNA is
treated with polyethylene gly

m xed

t r ansf aheatwoofirgdrehes dpraired Sac cbparanyd dncerkc 8l sigaeofR@él/ama0 FN2(8[ err])

ntroduced i nto Saccharo- mnmyces cerevisiae strain RHI71 (a,

~added to 100 [err]l ofgg spheropl ast suspension and the m
I

trpl,

xture is

e as described (1). The spheroplasts are

with 10 Ml regen- eration agar and plated onto yeast m nimal nmedi um
pl ates without |eucine. After incubation for3days at 30[err]C, about 1000
transforned 10 cells are obtained. One single yeast. colony fromthe yeast

and 1 pIQLFE (1) rgsnoptivelyle sy RLEKE LaLg. 40 g of, yeast i i ma

medi umin

enneyer I OWN ¥

E?at 200 rpm for

24 hrs segméntdensithy yeatdb TRP1agmet i2 pdxifledetddsisdlatdbeascebdcxribr e washed

ith.2Q m of |'owPi mninml nedium.  Three m_qf. the ded cel |«
OeC o it BamnId 4 o LABRE IR 1 QAR Lo P AP (AP heR Y J56 LR

M ni 5alieess)mvitte2poey/ht aify EcoRT ¢QOP3ATFNI(BEhmogel0 fibaskof thecllfaihowdi s

.foll owed by’

20

“at 30C _at _160 i ti f t t ' -
| ﬁeasur i%@Rihreesrég’ggetéf’g%ég%%qagf?_Bﬁ%@g?g? g‘rélggsgc?t r'{:/if ti yS15F @hol e cells as

descri
cel |l s/
extrac

by cen
cells

m x 100
X-1 0O
suspen

15

20

25

30

beddby Toh-e et al. (31). The cells are grown to about 7 1-

2x10

m (26-30 hrs of incubation). Exanple 8. Preparation of yeast cell

ts and determination of the interferon titer 25 Cells fromthe 300 ni-.
cul t ur ed)nedinsfoteadobxestnPl ecoll B 194 danbithe Vigsted -2rk®ntel are col | ect ed \_}

B R e R e S R e AT

. tiralvk fomma s inu of pihesE. slodt eerpQf frentaptisErain I8 Y9/ (9rpTy i teoB,

QG0 MPVEF el ], 200 3, £S5 9 BQoTindhg o oe: The

Attt e ptetintren

anthranilate isomerase. E., coli trpC mutants can be complemented by

the yeast TRP1 gene (4). Transformation of E. coli strain JA 194 is
carrie& out as described for E. coli HB10l (see Example 4a) except for
the following modification: before plating fhe mixtures onto agar
plates the cells are allowed to recover in 1 ml of LB medium at 37°C
for 60 min; the cells are washed oncé with E. coli M9 minimal medium
(30) and plated onto M9 minimal medium plates suppleﬁented with
vitamine Bl (1 Pg/ml) and L-leucine (20 mg/ml). The plates are in-.
cubated for 2 days at 37°C. Approximately 1000 tryptophan prototrophic

E. coli colonies are recovered.

c)-Isolation and characterization of hybrid plasmids

Trp+ colonies are purified on LB plates éupplemented'with 100 pg/ml
ampicillin. Individual colonies are picked and plasmids are isolated.'
as described in Example 2. Purified plasmids are analyzed by measur-
ing the size of the restriction fragments generated after cleavage
with EcoRI, HinﬂIlI, PstI and BglII (Eiolabs). Two different tyées

of plasmids are obtained which coﬁtaiu the 1.5 kb EcoRI restriction
fragment in the two possible orientations (see fig. 4). They are

named p3OIFN2(8i) and p3OIFN2'(81) as indicated .in figure 4.

Q)
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again for 5 mn in a Sorvall SS-34 rotor at 8000 rpmat 4C and re-
suspended in 3 m lysis mx at 0OC. Four g of glass beads (0.4.nmin"

di aneter) are added to the cells and the suspension is shaken on a - 40
- Vortex Mxer (Scientific Instruments Inc., USA) at full speed for, 30 sec
and then cooled for I mn in am B2e- bath. Thi s shaki ng procedure 39
repeated 5 to 10 tines until nore than 90% of the cells are broken (check
under light mcroscope). Cell debris and 5 gl ass beads are renoved fromthe
solution by centrifugation for 10 nin at 8000 .rpmat 4[err]Cin a Sorvall
HB- 4 rotor. Themnglpdr ndirantforgativanef Sacedwrbaydespendoidiseuity]l dndozen in

liquid nitrogen and st gh@de@lbon- SOl REIdebrod BLEISREQD activity is determ ned
according to the procedUT'e—O'f—ﬂr'rTm"O'rrg—tgg‘)—usr‘n'g human CCL-23 cells and
vesi cular 10 gféé %Béﬁ‘ﬁh(m eyE Yo nsat (e )chad 'e‘i@ﬂEin‘é{-JdﬁEed Tgo rsea%l—_’lluér% are
sunmmari zed |n blel’l Interferon lactivity in Saccharonyces—
cerevisiae st ttrain RN brlgmtimah, iiephs thiss) ééo?ﬂ:ﬁlﬁ&htaspl asmi ds
p30 FN2(8[ rrde)scamtdrb%%ﬂu% e(t841ett)ldne ;.é off PR IDM Vs 2388 3bSoM:{ e

pl asm&rg) DB207/ 1 FN2" (8?) (see Exanple 9) Interferon activity \é\’;pr essed
in units/m yeAaBReTORLestoSESRENFIN Aatithe mixture is treated withPolpppwhener r])

*p301 FN2" (8] er%ﬂy}.ofeeﬁé efesReigeandi).] ORS spheroplasts afk mixed with 10 m13Qegen-
100 20 (nornmal phosphate content) der epressed conditions '

7000 eratl%@ét‘)r and plaged 9RER r}ﬁéf"e Tl B HI AN R LR R &S Q’Ith‘r‘ﬁsert i on of
the interferonugens hfter thaublt{Ph €OPY dapETher30reasdbodt WONLELME teB 207
(,see Fig. E% 25. Pl asm d.p3OFN2' (8[err]) is-digested with restriction
endonuc| eak LA ATE) obtained. .

One single yeast cbloﬁy from the yeast transformation plates [named

Saccharomyces cerevisiae RH97l/p301FN2(8i) and /pSOIFNZ'(Si)

respectively] is picked into 10 ml of yeast minimal medium in a 100 ml
Erlenmeyer flask, and grown at 30°C at 200 rpm for 24 hrs to a density
15 of about 2—3x107 cells/ml. The cells are washed once with 20 ml of
low*-Pi minimal medium. Three ml of the resuspended cells are used to
inoculate 300 ml low-Pi minimal medigm and 300 ml normal minimal
medium, respectively, in 1000 ml Erlenmeyer flasks. Incubation is at
30°C at 160 rpm. Induction of the PHOS promoter is followed by"
20 measuring the appearance of acid phosphatase activity in whole cells
. as described by Toh-e et al. (31). The cells are grown to about
~ '1-2x107 cells/ml (26-30 hrs of incubation).

Example 8: Preparation of yeast cell extracts and determination of the

interferon titer

25 Cells from the 300 ml culture medium (see Example 7) at é density
of 1-2x10°/ml are collected by centrifugation in a Sorvall GSA rotor
. for 5 min at 8000 rpm at 4°C. The cells are washed once with 100 ml
HZO’ resuspended in 6 ml ice cold lysis mix [0.1 M potassium phos-
phate buffer pH 7.4, 1% (vAv) Tfitoggx—loo;0.000IM PMSF (Merck)] and
30 transferred to a 30 ml corex tube. The suspension is centrifuged
again for 5 min in a Sorvall SS-34 rotor at 8000 rpm at 4°C and re-
suspended in 3 ml lysis mix at 0°C. Four g of glass beads (0.4 mn in

diameter) are added to the cells and the suspension is shaken on a



and BanHl. «ECCOI’dI ng to the specifications of the supplier (Biolabs).

Two

fragrr_e.nt re generated of the size of 4.0 kb and 2.0 kb. The 2.0 kb
restriction fragment is separated and purified by |ow nelting agarose gel
el ectrophoresis as descri bed under step 4a. - 41 - Plasm d pJDB207 (28)

is digested with restriction endonucleases Hnd Il and BanH . Three
fragments are generated. The 6¥5kb restriction fragment is separated as
0. 3[err]g of the 2.0 kb fragment (containing the PHO5 pronoter

above.

i nked_to
the 6. §°T<t5“v‘é’cte(5r (§qigpRErE T

| i gase3anger ambrbed icedsedl€s£ 1 hed 1By ad Heessuinl, i Bris(Hiekabs). E col
ampicillin resistant col onies are sel ected. The

cells
pl asm

are transforned a
B oAb e chmensd 2

i HB101

N8 t10e FHSSr Wt LsPousc At 99F ofothe he i sol at ed
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ol o BRI Brdds SET rhmars

pJDB2019 InFiNZat( 8beo r Jrpm 45 _4Rt dsnh ot DR QE+4 Rd2oA BrRE rdupedrmchi@nst or rreU nto

JDBZ 7 digested with the sane enzynes as
PO, £06, SR Koo by SEBYEHEHBEF 108 o | o

| euci ne

S. cereyi] tral | as descr.i bed sel ecting for
prototiop rlaf:‘s coro |t§g|8p@?8°§§aﬁa+%sg EtRASReIh Ao HS gb%ﬁ%e?e’é@t col ony (naned

t he interferon 'Esrotelr coding region) is ligated for 15 hrs. to
LURIESl IRFol U oft ZG1LIspes rfg13oo U T4 DNA

Sacchastmedest c60¥V.i sne&f%7hkp:lﬁl3?0i75/ HEDEE i B¢ atdordifig RicCkigd and grown as

descri

i interferon tj i s determ ned_as described in
20 Exgg%ed“‘é‘gxc’?gmrsé? gfza?r S F’tnez?ab?le‘sland vesic#ar Exanple 10: ..

Pr od@cstmtotlsEvcms (¥$Wakssther aknﬂflemgmduust hrHeegostlitBadde pl asm ds
contai pjng the ggdi.abqerlegl ons for human | ynphobl ast oi d
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Table 1

Interferon activity in Saccharomyces cerevisiae strain RH971 after

transformation with the recombinant plasmids p30IFN2(8 ) and p30IFN2' (8')

respectlvely, and also with plasmid pJDB207/IFN2’' (8 ) (see Example 9)

plasmid

Interferon activity expressed in
units/ml yeast cell extract

pSOIFNZ(Si) p3OIFN2'(8i) pJDBZO7/IFN2'(8i)

.| repressed conditions

(normal phosphate -content)
derepressed conditioms

~ |(low phosphate content)

0] _ 30 100

700 7000 50000 -

25

Example 9: Insertion of

yeast 2u vector pJDB 207

the interferon gene into the high copy number

(see Fig. 6)

Plasmid p3OIFN2 (8 ) is digested with restr1ct1on endonucleases H1ndIII

and BamHI accordlng to the specifications of the supplier (Biolabs).

Two fragments are generated of the size of 4.0 kb and 2.0 kb. The

2.0 kb restriction fragment is separated and purified by low melting

agarose gel electrophoresis as described under step 4a.

O



interferons A Isolation of poly(A) RNA enriched for Hul FN nRNA (figure 7).
5 a) Induction of the Namalwa cells Namalwa cells are grown in culture .
medi um RPM 1640 containing 10% 6 fetal calf serumat 37[err]C. V\hgn, a cell
density of 3-10 cells/nl is reached, the suspension is centrifuge 9at- 800
x g for 10 minutes at roomtenpenature. The collected ceils are resuspended
in 200 M of 10 culture nedium containing glutam ne (0.027% by vol une),
penicillin (200 units/m) and streptonycin (50 [err]g/m). The cells are

i ncubated for 90 mnutes at 37[err]C with Newcast| e di sease virus. (NDV 110)
at a 6 ratio h | ' ddi ng
6 fresh cul tu?f:a &ﬁgcglpl%%%g( ||L§Cf(?§%£t;l ?gﬁg ?%J%%lgg?%nog‘?d glm_-[% §1 15
and the cel | Biispehdiaphli Sheemfessmentgsrergenerafed](lher prd khfte@rtrlglhn 9

6. 10[err] cel r a spended in 50 m phosphate-buffered
saline (" PBS"k fa%&PE% %%%%g%ﬁsggoig‘wl\lad 2 g KC1, 14.4 g Na2HPO4 and -2 g
KH2PO ). Before harvesting the cells, asarrpl e is renoved and the interferon
acti vi ty s d@tse)agl&e@h@t:zcer@ 2adilint %ommeggr&eoémaopm%e& rm?maad( 8¢)

usi ng | s and vesicular stomatitis vitus (VSV)

chal | enge \51 rthe iggoderqnpueseais/ ¢adiag crepbemd is hbispred t§9¥|1énh’€ﬁ t?h%hecel | s

and depr ot ei n Ak Gk cod IR agdnk ﬁu%pe&movomﬁé%fceb LA Hinz0360 uPESDNAS
added at roomtenperature to 800 m |ysis buffer con3|§t| ng of 0.05 M Tris.

I1C1 25 (pH espe ynder \qondiyions 4ﬂ9FE’E§7PA hdheosusphiare (§ialabslesEarsatigr ade,

Serva). The | yspji1eceBlsdhse Teakorhdd And awwﬂuea ﬂzrs%mub@&%ﬂlé@ aPe At
37[err]C) protease (Protease P, _type VI, cgn‘g% roomtenperature for 1 h
Ate ph8t

Wil e stirringelertedsohe ipdasnifhpN dFu’cﬁ°& rEese FtEBYCERe refct i ng 3

tines w thdO0bhdispiRed! piashili FA Viist GeﬂilﬁEe&ms} Pedtir 08 08 U ek £ 088 Oudiing
chloroform 500 ng_of nucleic acids _are, %b§ ned as
HindIII and BamHI, with p30IFN2"( ahd pJDB207 digested with the
same enzymes as molecular weight standards. The new plasmid obtained

is called pJDB207/IFN2' (8]'.) .

15 Plasmid pJDB207/IFN2'(8]) is transformed into S.cerevisiae strainRH971

-in'analogy as described (1) selecting for leucine prototrophic colomnies.

One single leucine prototrophic yeast colony [named Saccharomyces

cerevisiae RH97l/pJDBZO7/IFN2'(8i)] is picked and grown as described
in Example 7. The interferon tite_r' is determined as described in

20 Example 8. The results are depicted in Table 1.



measured by absorbance at 260 mm. -43- c¢) Renoval of contam nati ng DNA
nd RNA The slightly viscous agueous sol uti on obtained as descri bed above
ﬁdep’ Ab) is adjusted to 0.3 MNaC and 1 g of oligo(dT) cellul ose (type 7,
P-L Biochemi cals) is added. After stirring for 30 mn at 5 roomtenperature
the suspension is centrifuged in 1 1 Sorvall bottles in a Sorvall RC 3
centrifuge at 4000 rpm for X04H = at roomtenperature and the oligo(dT)
cellulose slurry is washed twice with 40 mMl 2 x TNE contai ning 0.5% SDS.

. The bound poly(A) RNA is then eluted by five successive washes with 2.5 n
H20. The yield is 720 [err]g poly(A) RNA as 10 determ ned by neasuring the
opti calgdepsd 1¥: Pdaustipar saEandl iRb¥raak utdaasf dumednilte fdcosbiradsorption is

adsorbed™a second tinpe to 1 g.of oligo(dT) .cellylose,.and.eluted as

‘descri RI@saHby §o0 AR ﬁgeﬁglf‘%rrrefbgﬁo??% Py ?mpirf%’gl%{kﬁé?es are pool ed,

adj ust ethtkorddrsand the pol y(A) RNA is precipitated with 67% et hanol at.
-209%C f'or 10 hours. The RNA 15 is collected by centrifugation at 10 000 rpm
in a Sorwall RC-5B centrifuge for 10 mn at O[err]C. The precipitate .(+ ng)

i s redi 8salseedtion df Hol9(A)1lRMeEBThed Ther RMFN SRMSSAFRgcé on) Hul FN mRNQW/
activit I n .ECtIPI’I I nf o oocyt of. Xenopus laevis as Tollows: 20 50 nl

of the éﬁ%ﬁéﬁtﬁﬁ—eﬁqﬁﬁ-’@&%&—ﬁw LU StAto each of 20 oocytes. The oocytes are

i ncubat 8smd1vaBed1b sRdigtdtin( iR duVkdfd @ed Rfh RMINACH] cdntdVhk&d 109. 33 MM -

Ca( NO3) 2. H20, 41 nM Ca{d2.. 21120, 82 n . 7620, 2.4 nM NaHCO3, 0.01
ng/ M p&ft 'FF?%,SeBL.‘“bft /ﬁl‘ @Ieﬁeﬁtcﬁgﬁc‘?%;SI-f%?gﬂéti%erjflfé“ﬁadf usted to pH -
7.6 W t hedd®b)i, ateosekiprgsion Guirakanr{ged at58@ant b fo34)0 addutaal swn et al. -
(35). The injected oocyfes e incuhated for. 42-48 hour nd_t he -
ncuibat FORR RETRAACEE + HogedLSHe, ALt aRs FET-sB=iet ih 200 o Bendor

cent 10 f ugBuranteditf swpeidiagagiutosind (0027atby 26]wie) | Geatctl8@herr] C unti |
s UR8h |08 cBATVina e EORASH! YT Yighih 2B 8115 are incubaced

for 90 minutes at 37°C with Newcastle disease virus (NDV 110) at a

ratio of 190 HAU/lO6 cells (HAU: haemagglutinatibn units). By édding
fresh culture medium the cell density is adjusted to 1.3'106 celis/ml
15 and the cell suspension is shaken at.34°C at 100 rpm. After 12 h,
6-109 cells are harvested and resuspended in 50 ml phosphate*bufféred
saline ("PBS"; 1 1 PBS contains 80 g NaCl, 2 g KC1, 1l4.4 g Na,HPO, and
2 g KHZPOA).Befote harvesting the cells,a sample is removed and the
interferon activity is determined according to the procedure of
20 Armstrong (32) using human CCL-23 cells and vesicular stomatitis virus S

(VSV) as the challenge virus. 4300 IFN units/ml are found.

O

b) Disruption of the cells and deproteinization

The cell suspension (6'109 cells in 50 ml PBS) is added at room
temperature to 800 ml lysis buffer consisting of 0.05 M Tris-liCl
25 (pH 7.5), 0.1 ¥ NaCl, 5 mM EDTA and 27 $DS (cryst. research grade,
. Serva)., Tﬁe lysate is digested with 0.2 mg/ml of preincubated (2 h at
37°C) protease (Protease P, type VI, Sigma) at room temperature for.
1 h while stirring the solution. The solution is deproteinized by
extracting 3 times with 500 ml phenol satured with TNE and 5 times
. 30 with 500 ml chloroform. 500 mg of nucleic acids are obtained as

measured by absorbance at 260 nm.



essentially according to Arnstrong (32), except that VSV is
chal | enge virus on Hep-2-cells (Flow Laboratories). The oo
a specific activity of 600 IU interferon per [err]g RNA in

cyt
- jected.

- d) Enriching the poly(A) RNA for Hul FN nRNA The pol y(A) RNA is passed
Bi o-Rad] of 0.5
m - bed volune. The colum is rinsed wwth I m of 1 mMEDTA 5 The eluate
(1 my poly(A) RNAin 2 ml EDTA) is heated for 2 min at 100C and subj ected
14 m sucrose

t hrough a Chel ex-100 col unm [20Q-40Q nmesh (U.S. Standard),

to centrifugation through a sucrose density gra- dient ( 6

solutions increasing in sucrose concen- tration from5%to 23% (mv) and

cont ai ni ng 50chffeTeyad, eficopprripaging DV apd @l and 1 M EDTA). - The
centrifugati ofg §f%rt]'l%ﬁiﬁaQ%Hsrn'aﬂ?&uloso-ﬁ?io‘hl oEPJi]Q;Fd (£°§£%9?h&§%b@§0%5 000

rpmfor 16 h at 5[err ractions are collecte

usgﬁi-as 30 the
Uxtract has ..
44

gradi ent col | €xtieprAbR2ig ldiretedoto &-BahdlaChramdaliedt tod igaGlT) feeddtlase and t he
e '%ii;l ed nRNA
rﬂ , 1 pm .

0101 UPUER by SANAOFADSD gl B L

is collected

000 r

for 1Q njn)s 1%m Terpeppeurieprheasusremséere isfeenst iinged sior ok Sovalddbathles
errju~of 1 LE C LOL | i o u
[err] IMaERSA 2D kg é(kg{té?ﬁ%%)& 4§o@3§ﬂ%’ﬁ;@ 16 i B0 df BeiZhure

activity as described above exce at on

y 10 oocytes are

i nj ected per ®dAtBamdigo(df3tesddu sepplurTheis washadstuice ithedO my 2 aHI¥E 2,

-45- Tabl e 2: dd¢hENAZRS26hs Virhy [ -Qf C
gradi ent . fra?:t [ gnMNo. g3 Virhd OL?J;prOg%ﬁ)viﬁfys l(guﬁ!l%!tds%%?

l@a 4581 deY

10 determined by measuring the optical density. The supernatant RNA

successive washes with 2.5 ml HZO' The yield is 720 ug poly(A) RNA as

solution from the first adsorption is adsorbed a second time to 1 g

of 0ligo(dT) cellulose and eluted as described above, yielding 320‘pg

poly(A) RNA. The eluates are pooled, adjusted to TNE and the poly(A)

RNA is precipitated with 67Z% ethanol at -20°C for 10 hours. The RNA

15 is collected by centrifugation at 10 000 rpm in a Sorwall RC-5B

centrifuge for 10 min at 0°C. The precipitate (1 mg) is redissolved

in 1 ml of 1 mM EDTA.

The RNA is assayed for HuIFN mRNA activity by injection into oocytes

of Xenopus laevis as follows:

L,f’ 20 50 nl of the RNA solution is injected into each of 20 ococytes. The

oocytes are incubated in Barth medium ( 2 mM Tris, 88 mM NaCl, 1 mM

KC1, 0.33 mM Ca(NO3)p+Hp0, 0.41 mM CaCl,

\ '{ 2.4 mM NaHCOB, 0.01 mg/ml penicillin, 0.0l mg/ml streptomycin; the

solution is adjusted to pH 7.6 with HC1) éccording to Gurdon (33),

'ZHZO, 0.82 mM Mg504°7H20,

25 Barth (34) and Colman et al.(35). The injected ococytes are incubated

5 min in an Eppendorf centrifuge, and the supernatant is stored at

for 42-48 hours and the incubation mecdium is removed, centrifuged for

-20°C or -80°C until it is used for assay. The IFN activity is assayed

essentially according to Armstrong (32),except that VSV

30 the challenge virus on Hep—Z—cells.(Flow Laboratories).

is used as

The ococyte

extract has a specific activity of 600 IU interferon per ug RVNA in-

jected.



ol i go(dT)e &8

1-18 . 5 19 162 20

162 21 - o ' 162 22
%ﬁg 23 : not tested 10 24
29 25 ' not tested 26
‘405 27 a not tested 28
486 15 29 - 44 - not tested 30
162 31 . not tested 32
162 33 ' - not tested 20 34
54 35-40 not tested The fractions 23-29 are

pool ed am@Eﬂ%?XEEjﬁiﬂ&i@ﬂﬁLﬂﬂbﬁﬁiﬂﬁéﬁlﬂﬂﬂﬁher as follows: The poly(A) RNA
sol uti o, [3 30TSRER fe0pfacka ol & BRAISRSIANdoRfmappig-edo amsh 200[ err] |
mm. The

ose cgl colum is washed with 2 ml af 2, x TNE in

0. 5% SD%U s1d Stivelapd) iy BAp-FAA of Oeb (RlcBed obumessithes coivaR 45 F38%%p0. The
eluate is a%1Jt° ]}&qiﬁghand the solu- tion is extracted twice with an
heno S

equal vaithhe 8t P aturated in TNE) and twice with an equal voltite of

chl oroform The poly(A) RNA -46- is precipitated with 2 vol unes of
et hanaol at -20[err]C fory%g}hours and_ col |l ected by centrifugation in a

| | B- 43¢ oty e5&rtee Sk mapert RNa. “‘I’ﬁe“‘boﬁ%‘(\%)isd\ﬁ“ieg Prs€dtiPedtin 100[err]!|
of 0.5 nM\doBEBTd It%ﬁdﬁtéﬂ(ioi§entrifugation through a sucrose density gra-
dient ( 6 14 ml sucrdse solutions increasing in sucrose coacen- _
tration from 57 to 23% (m/v) and containing 50 mM Tris+HCl [pH 7.5], : “ﬁ#
0.2 M ¥aCl and 1L mM EDTA). The ceatrifugation is carried out in a
10 TST 41 rotor (Kontrom AG) at 35 000 rpm for 16 h at 5°C. 0.3 ml
Eracﬁions are collected with an ISCO gradient collector. 2 volumes
of ethanol are added to each fraction and the solutioh_is allowed
to stand for 10 h at -20°C. The precipitated mRMA is collected by
centrifugation (Sorvall, HB-4 -rotor at 0°C, 10 000 rpm for-lO.min).
_ 15 The precipitate of each fraction is redissolved in ZS)Jloflln&IEDTA
and each fraction is assayed for human IFN mRVA activity as described
above (step A;), except that bnly 10 oocytes are injected per RNA

sample instead of 20. The results are given in table 2.

O



40 [err]g as determ ned by neasuring the optical

t he pol y(A)

usi ng 20 oocytes per assay. The poly(A) RNA pre-

activity of

doubl e-stranded cDNA (figure 7) Poly(A) RNA enriched for

step Ad) is
essentially

(37) and Hoeijnmakers et al.
reaction mixture containing 40 nM Tris.HO (pH 7.5),
MgCl12, 0.5 mM DTT ( Cal bi ochem),
cheni cal s) afighle &M

20§ 8% héH 2014 "v99¥

/ nnol-e),
pol y(A) RNA

density. 5 A portion of
human |I'FN activity as descri bed above by
paration has a_specific
[err]g RNA. B. Preparation of¢

Hul FN nmRNA (see
used as a tenplate 10 to prépare doubl e-stranded cDNA

as described by Efstra- tiadis et al. (36), Maniatis et al.
(38). a) First strand synthesis 250[err]l
30 MM NaCl, 5 nmM

1 mM dGTP, dCTP, dTTP (P-L Bio- 15

32P- dATP (Amersham specific activity 50 000 cpm
oﬁ)mlehl&oﬁle éf Bi.orheoi LRl gy (gré&el;@r rig/m

and 100 units of avian nyel obl astosis virus reverse

RNA i s assayed for

8100 IU interferon per

trans- cript
i-ncubat ed fa

TS (Life—SCiences, fnc., oSt.. Petersoar Fflori da) are :
r BeRckien Ae-37[ err].d IFNerqtdut® Swaitsé/wlr mi dated by adj usting

t he sotku-y 2
once with 1
vol ume of gl
colum. 0.1
is determ ndg
fractions ar

TTom o IO WVFEDTA and 0. 1% SDS. - The mxtgre is extracted
voirdfe of phenol . Thie aqueous~phase is reextjfracted with 1

| or@gorm and appliedf on a 3 nigzSephadex G 5Q (Pharnmacia, fine)
m fractions are col}ected. The radioactivitly of each fraction
d b)?omsasuri ng the Cerenkov r=®f ation. Radid- 25 active

e peeled and the nucjeic acidsgpnre precipitdted with 2 vol unes

of, et hanol &t -ﬁg[err]c for 10 hf The sacn})ée is centri- |fuged in a HB-4
roter for 2Q nmirf“at 10 000 rpm O[err] Irhe precipitdte is dissolved in
95 [err]l off H2@3 5 [err] 1 of | NaCH i snaxfldeskeand t he Im xture is -
incubatedlﬁt 25[er]Cfor 40 mnj After ng#nralization With 5M -47 -
acetic acid,f 50 ?err]l H20 and 2} vol unes 642 et hanol are added and the
sanpl e i-s stforedsat -20[err]C fo[ 10.hrs. ndtheeptedCi pi t atfie i s col |l ected by
centrifugatijon 33 descri bed befofe and regl&sssol ved in 2Q0 [err]l of
27 not tested
_ 28 486
15 29 not tested
30 162
31 not tested
32 162
33 not tested
A 20 34 54 |
35-40 ‘not tested

25

The fractions 23-29 are pooled and the poly(A) RNA is purified

further as follows:

The poly(A) R¥A solution is adjusted to 2 x 'TME in 0.5% SDS and _
applied on-a 200 ul oligo(dT) cellulose column. The column is washed
with 2 ml of 2 x TNE in 0.5% SDS and the poly(A) RNA is eluted by

5 washes with 0.5 ml H,0. The eluate is adjusted to TNE and the solu-

2
tion is extracted twice with an equal volume of phenol (saturated in

TRE) and twice with an cqual volume of chloroform. The poly(A) RNA

_— e ei———



0.1 mM EDTA. The yield of single-stranded cDNA is 3.7,[err]g. The size of 5
the cDNA is 700- 1500 nucleotides in length, as determned fromits

el ectrophoretic nobility in a 6% pol yacrylam de gel in Tris-borate- EDTA
(108 g of Tris, 9.3 g of disodiumEDTA, and 55°g of boric acid per. one 1
sol ut§gn of pH 8.3). containing 7 Murea relative to marker DNAs of known

|l ength (39). 10 b) Second str%nd synthesi s and S1 endonucl ease di gestion
The obt ai ned cDNA sol ution T<%hgated at 100[err]C for 90 sec, chilled and
incubated in a 400 [err]l reaction m xture conprising 0.1 M potassium
phosphate buffer (pH 6.9), 10 mM MyC12' 10 nM DFT (Cal bi ochem), 1 nM dATP,
1 MM dCTP, . 1.mM dTTP (P-L, Biochem cals), 1 H P 15 (.Arersham
speciifi BredpitAte \‘-)’4‘“050”&%&%&& %5“5%’3 “feéz‘{fm g’%‘/ BETEES i DNA

pol yréanase:cd §Bicah ahicugdNelmEhglaanihs totor8ak discdibed Bdferéeacti on i s

term nated by addi ng EDTA and SDS to final concentrations of 10 nM and
0.1% respectively. The mxture is extracted with phenol and chl orof orm

chr onmeogs 3R R¥av s dSepdiadexinG160 ulPbAonacia EDTA.N@he 2Qeld Asm bed vekune)
and eqt hanol 9] eci git %ed as d:escH'1 ed gbqvgcn(s%ep Ba). The resultingBNA is .
t r eat CFP S 8FE P PYi HEGBE B0 ik E 16 CBta ning 0.25 M Nad, 50 mM
sodi um acetate (pH 4.5) and 1 MM ZnSO4 wth 6 units of S1 endonucl ease

(P-L Bi ochem cal at hl G for 3 i.n, The reaction i s stopped

31 b oe bl SRR SRl Bk bRtentd B e D aec N At ot o1 i zod w th 1
vol uniesof ijpdesipive( Butusiag €9 oorys0s mivirsoxtaym TheepaliydAd) RYM pke5) and ~
chl orgf o The a p. . J.S Hsjap 0 Sephadex[err] U/
G 50 p(':‘f5 g{rgr?ag?g,a ??%e%%o{%?rﬁléynogﬁég I O,Qflgéryr%ﬁoﬁ ngﬁ%ofril&jgx'are collected = =~
and the Cerenkov radiation of each fraction 30 is determ ned. The excl uded

fractjons are pool ed.and the [ reci- pifated with 2 vol umes of
et hanﬂdl o3 PIrisi et que L % B (Frauge ve. The precipitate is
cent rBoflyGidd RNA enciiBhefl fot GluIFN e@NabGee)stzpdiddhés oplefl ext edtqumpdatepi tate i s
di.ssol ved in a,100 [err i.Qp G i 0L Nng, 10s Tri _ (pH 7.5) and
018" o Bl efoci s rphiest B0 PSRRI Qb Nl Lol oy ekt |

- tiadis et .al. (36), Maniatis et al. (37) and Hoeijmakers et al. (38).

a) First strand synthesis

250 ul reaction mixture containing 40 mM Tris+HC1l (pH 7.5), 30 m rfaCl,
S mM MgClZ, 0.5 mM DTT (Calbiochem.), 1 mM dGTP, dCTP, dTTP (P-L Bio-
15 chemicals) and 1 mM 32P-dATP (Amersham, specific aétivity 50 000 cpm

s/nmole), 20 ug/ml oligo(dT) (P-L Biochemicals), 40 pg/ml poly(A)

RNA and 100 units of avian mizliglastosis virus (AMV) reverse trans~ - \f{
criptase (Life Sciences, fnc., St. Petersburg, Florida) are incubated
for 80 min at 37°C. The reaction is termiﬁated by adjusting the solu-
20 tion to 10 mM EDTA(and 0.1% SDS. The mixture is extracted once wifh . ;;;
1 volume of phenol. The aqueous phase is reextracted with 1 volume of
chloroform and applied.on a3 ml SephadeéEE-SO (Pharmacia, fine)
column. 0.1 ml fractions are collected. The radioactivity of each
fraction is determined by measuring the Cerenkov radiation..Radio—
25 active fractions are péoled and the nucleic acids are precipitated
with 2 volumes of ethanol at -20°C for 10 h. The sample is centri-
fuged in a HB-4 rotor for 20 min at 10 000 rpm at 0°C. The precipitate
is dissolved in 95 ul of H,0. 5 pl of 10N NaOH is added and the

mixture is incubated at 25°C for 40 min. After neutralizatibn with SM




-48- The DNA is fractionated through a sucrose density gradient (5-23 % in
50 MM Tris-HA (pH 7.5) and | MM EDTA in a TST-60 rotor (Kontron AG).
Ccntrifugation is carried out at 55000 rpmfor 5 h at 150C. The DNA, which
sedi ments faster than a 800 base #%I r_marker DNA, run in a 5 par§kl el
gradient, is pooled, adjusted to £ and precipitated with 67 % et hanol at -
-20[err]C for 10 hrs. ‘0.4[err]g double-stranded cDNA are ob- tained. C
Preparation of pBR 322 - |inked cDNA (figure 7) a) Preparation of

dCVP- el ongahe&l&DNAdJ,OSd'ljlﬂ 8.0 t1§cfr§| 061:Res Qo el o LGI ollgar%f tﬂ% Obta ned ds cDNA
are provided with t%uls ina 10, ul reaction volume® coht%u ni ng 100
mM sodi um c8EUdy é%)e“"'(’ ?t 20°6 forndd el IhespieairitgtBIA (Calebiachgm ) per

m, 1 mv dCIth&ﬁdug'Lﬁ155”zf-ssd@Jcr&@émg?dredmxg&lf%%%;éddX% ’BJB fgr ase (P-L _

Bi ochemi cal per%& er r_&_tg13 of ds cDNA. After incubation

27[err] 0, TAddEe ¥éelipofMinglrtsthandsdngllNd is 3sT giedrtat sgz22=.(2)[;|er r] cf
until us bl)c BDEP&F AP0 nBeiedrifdLaYCfhne € . BR og 0
PBR 322 %I as ° di gestned ?/\Ilttlh 10 ﬁ%nfs szstJ(Se;[Q@?uneg P°Hubﬁ Sease

(Biol alis), i {n‘-’a?ti%)@‘%m F‘°§’o‘11t'j¥|’éhac‘i?m’almcngluﬁddmemaﬁ TrBs-mdk 20-Tri s. H]Ej
C(pH 7.5), 6EMM My 2,06 TR 2 r.capt ano 0Q.[err]g/m gelatlne or-
'h at 37[err]C Thegs%l ut i onglng egf)rdggy‘]dm h%l%‘ #ogar?e%f g R FGHd aed -

chl or of or m°™Fhé IrEIQOAS | it ﬁdi})us?'e@mmgTMEMandatﬂm&atiwaeed ima €1k ObMhd S

preci pi t at echowhtiengeivo{3yyes of ethanol at -20[err]C for 5 h. 25 The
linearized plasnmd DNA is el ongated wWth- dGlVP in a 200[err]l reaction

me cant ) o MgCL2, 20 M
Na({HZPO4C1% 9?'%'43:91 Lo 2)); t@(‘

A s of term nal
deoxynucl eoﬁ%?%lrﬂ&ﬁs‘i@#a%@ueﬁbl lslf@@hedna@al@) C fdrt 89 senculddllehnafidr 20

mn at S7letid CachDIA | Soaqoeldti R MIMAATCLAS L6ACH! PR BasbiG 'S 30

frozen at -20[err]C until
phosphate buffer (pH. 6.9), 10 mM VgClZ, 10 mM DTT (Calbiochem),
1 mM dATP, 1 mM dCTP, 1 mM dTTP (P-L, Biochemicals), 1 mM 3H-dGTP

15 (Amersham, specific activity 94 000 cpm/nmole) and 165 units/ml of
E.coli DNA polymerase I (Biblabé, New England) for 8 h at 15°C. The
reaction is terminated by adding EDTA and SDS to final concentraticns
of iO m and 0.1%, respectively. The mi:zture is extracted with phenol
and chloroform, chromatographed'over Sephadeggc-so (Eharmacia, fine,

20 2 ml bed volume) and ethanol precipitatad as described above .

(step Ba).

The resulting DNA is treated in a 50 ul incubation mixture containing
0.25 M KaCl, 50 mM sodium acetate (pH 4.5) and 1 m} ZnS0, with 6
_ units of S1 endonuclease (P-L Biochemiczls) at 37°C for 30 min. The

&5/ reaction is stopped with 0.1 % SDS and 10 mM EDTA. The reaction mixture
is deproﬁeinized with 1 volume of phenol (saturated in 50 mM sodium'
acatate, pH 4.5) and chloroform. The aqueous phase is chromatosraphed
on a 2 ml Sephadeése-so (Pharhacia; fine) column in TNE. 100 ul
fractions are collected and the Cerenkov radiation of each fraction

30 is determined. The excluded fractions are pooled and the DNA is preci-~
oitated with 2 volumes of ethanol at -20°C for 10 h as described above,
The precipitate is centrifuged in a HB-4 rotor (see above) and the

collectaed precipitate is dlqsolved in a TOO‘pl solution contalnlng

10 atf Triseucl (pH 7.3) and 0.5 = EDTA. 4 pg of DNA are obtained.



- 49 - c) Annealing of dGwP-el ongated pBR 322 to dCMP-cl ongat cdds cDNA A
m xture of dCMP-el ongated doubl e-scranded cDNA (0.1 [err]g) and dGWP-
tailed linearized pBR 322 (0.5 [err]g) in 500 [err]l TNE buffer is '
in t{pated at 65[err]C for one hour, at 46[err]C for one hour, at 37[err]C
fo” one hour and at ‘5 20[err]C for one hour. The solution containing the
pPBR 322-1inked cDNA is pu't 4n~ice and used i medi ately for transformation.
D. Transformation of E. coli HB 101 with the anneal ed hybrid plasmd
Calciumtreated E. coli HB 101 is prepared for transformati on by the nethod
of Mandel et al. (29). 10 IJerr]Jul of the reaction mxture containing the
anneal ed pBR 322 hybrid plasm d DNAs prepared as descri bed above (step Cc) -
are ad 0 i [ &k -eatsed E. coli HB 101
in 1% %ﬁﬂgk/glélgmcfé%nl‘{\ﬁ%&a%{fog%ﬂ éigmgmé\hg%r‘%‘su 1Q€L@iel§lg}5tgl % ?dt ot al vol unme of
200 fierso] 4 TE5sTEE (@ TwPl and kol BWFA i jac&5T6 lzn“-% ongeat 882t 0 42[err] C
fo b t..20[ erk] B at ofryk rypat, one nmedi um
(tr é‘f"cnflrﬁé’gilﬁ%qgo%%?ﬁg o1k Lglggc(t%g _?_{?n;/éf?g?(uaf clgi)oc | g yeast extragt
(Di f@lﬁh)c,h ae@mghmdsetCIBtgaﬂ\l&CWQahdS?Mlﬁg‘%ﬂ Vb, psp M2l 1 of di st ed
d fu add fpRec B chtdy ate37[err]C by 20 <
ral%??%ggl&rl %{goﬁ}aﬁt uétg]dlsgeaplrég?ggé ont 392 # plates (M Conkey " '
agar 67 l ftlggnol, & n'IZSDbCF gpe)10shphi @n‘bn@e@%lﬁhsqr@{"é#‘g]zaﬁﬁ“%f“ret racycl i ne
(Si gpRealhe plates are incubated at 37[err]C for 12-17 hrs. About 5600
tetracycline resistant colonies of transformed E.coli HB 10l are prepared.™
25 E. Identification of clones containing Hul FN cDNA a) Synthesis of a V

r I‘}LPQPAI‘EQ%Y&UQEE?%EWB 1@5&4&3@@ I @YLEeB)) AnO' i godeoxynucl eot i de
.corrp e ’ ch both Hul FN-al and

Hul Fad [Bxe , 3% & chemically synt hesi zed by the
pQBS@h@tISr'L?é.Inﬁﬁl rg%t Bofj %Céf tIhE %ﬁ%i’n&t a8l conh 4 provided with

poly(dC) tails in a 10 JHl1 reaction volume contam:.ng 100 mM sodium
cacodylate (pH 7.2), 2.5 mM CoCl, 50 pg BSA (Calbiochem.) per ml,

"1 mM dCTP and 10 units of termma}. deoxynucleotidyl transferase

(P-L Biochemicals) per pg of ds_cDNA. After incubation (20 min at
15 27°C), EDTA is added to 10 mM and the sample is stored at -20°C until

use.

b) Preparation of Pst I cleaved, dGMP elongated pBR 322

10 ug of pBR 322 plasmid DNA is digested with 10 units of Pst I endo- V
nuclease (Biolabs) in a 100 pl solution cdntaining 50 mM NaCl, 6 mM

20 Tris+HC1l (pH 7.5), 6 mM MnClz, 6 mM 2-mercaptoethanol and 100 pg/ml
gelatine for 1hat 37°C. The solution is extracted with 1 volume of
phenol and chloroform. The solution is adjusted to TNE and the
linearized DNA is precipitated with 2 volumes of ethanol at -20°C for
5 h.

25 The linearized plasmid DNA is elongated with dGMP in a 200 ul reaction
volume containing. lOC mM sodium cacodylate (pH 7.2), 5 md MgCIz,
20 m NaH,Po, , 50 pg BSA per ml, 1 mM dGTP and 100 units of terminal
deoxynucleotidyl transferase (P~L Biochemicals). After incubation for
20 min at 37°C, EDTA is added to 10 md and the reaction mixture is

30 frozen at -20°C until use.



- 50 - de Rooij et al (41)). The individual steps of the synthesis are out-
lined in figure 8. The starting materials indicated in line 1-of figure 8
(mono- and di deoxynucl eoti des carrying protective groups) are known from
the literature. The protective groups are split off by the 5 neth
described by Itakura et al.: the deblocking of 5'-nmpnomethoxy- trit P (M
or di methoxytrityl (D) substltutéd‘ hydroxyl groups is per- fornmed with.
acetic acid (80% at roomtenperature, ‘and the [err]-cyano- ethyl phosphate
groups are cleaved with 0.1 N sodium hydroxide in di oxane-water (4:1) at
roomtenperature. The condensation of the 10 buil ding bl ocks is

acconpl i shed by ‘u§_i ng trji s o | be z esil fon L_.,,C Iof[i_dq as_an activating
agent to af f & @ Mﬁa&é&iﬁ‘& 52 ' 13- er

primer represeaikedrd 6f | doye- Jloat;afddgualﬂala s&hedéa&bwst(em eprepked@rprenoval

ol i oh contHHinEIBALE g SChaoTaAE) 1 PRt ﬁ%@gﬁ%‘i”gfeflgséb@éfg

nucl eoti de i g 3s5n¢ momaomdaa qe°cagmt S:Ii‘d hbit £ at 3L egirefnaiinbie 200 480

syn-p-ni tirgb aIdOX| and N1, N1 I\BNé%t rapet byl quanj,di ne and
al | oweg*‘f S %d ?BP“g‘%’%6ﬂr e ‘gH ot F9BH L S ﬁ%i{ %iﬂy‘ﬁﬂd%&s
solution is ﬁliu)b&dldce()hmﬂ_lhsbdblﬂitﬂeﬁitat:EDj[ gor | Cansfdrentidne sol vent has 20 been
evaporated in vacuo, the residue is di-ssolved in water, adjusted to pH 4
with acetic acid and the solution is extracted 20 tinmes with chloroform
The aqueous BDthhmrhsthblﬁatmii 1B 8t ud thnthet heneadesd dwybridspthsdadl ved in
1.mM acetic l, al | owe Q stan
dN-iIt ed Wit h&gcn{.ug%re ted (11"11511 (?'915 :I:? Preﬁgreg ftoﬁ %rﬁrtoforfnoglr%nal? dlﬁlé
| yophi | i zed. ndthedt ¢f Mdncpsar et aifl. thB)r.aw product obtained is purified by
chromat ogr aphy on DZAE- Sephadex A 25 (colum size: 10-1.3 cn) through a 200
m 0.2-1.2 Mtriethyl amoni um bi carbonate gradient. Elution of the main
fracti on docl® gilabf ahgremhiceiin md)xmeat«nmttiaimingf ti® 8inedlled IPBRN3AZNhFrddt i on,
2’35‘;&22’23' §£J§as§19d°JNAtsh§re%Ered BEOMMGE: Y LidCalid &Y B dBRhbed €8t 1S

' - mixture containing 1504;1 ca1c1um—treated E. coli HB 101 in 10 mM

MgCl,, 10 mM CaCl, and 10 mM Trise+HCl (pH 7.5) in a total volume

2’ “av02
of 200 pl.

15 The mixturé is cooled in ice for 20 min, heated to 42°C for 1 min
and incubated at 20°C for 10 min. 1 ml of tryptone medium (tryptone .
medium contains 10 g Bacto~Trypton (Difco); 1 g yeast extract (Difco);
.Luf 1 g glucose; 8 g NaCl and 294 mg CaClZ-Z HZO in 1 1 of distilled .
' wvater) is added and the mixture is incubated for 30 min at 37°C by
20 shaking at 300 rpm. The mixture is plated onto 2 agar plates .
(Mc Conkey agar, Difco; 0,6 ml/plate) supplemented with lodyg/ml of
tetracycline (Sigma). The plates are incubated at 37°C for 12-17 hrs.

About 5600 tetracycline resistant colonies of transformed E.coli HB

101 are prepared.

25 E. Identificotion of clones containing HuIFN cDNA

a) Synthesis of a 13-mer oligodeoxynucleotide primer {(figure 8)

Anoligodeoxynuéleotide complementéry to a stretch of 13 nucleotides
which both HuIFN-a, and'HuIFN-B_mRNA.share in common is chemically

synthesized by the phosphotriester mpethod (cf. Itakura et al. (40),



with water, filtered through 10 ml Dowex 50 W (NH 4-salt) and -51-
lyophilized, HPLC (per maphase AAX, columm size 90.0.3 ¢cm 60[err]C, 2
mmn; gradient: A = 0.005 MKH2P04, B = 0.5 M KH2P04, 0.5 M KC1, pH 4.5;
20 "“@ ) 100% B in 30 min): tR11.8 min. 32 b) Preparation of a’

‘P-"abel ed human I FNa and | FN-[err] specific cDNA 5 probe (figure 9) 40
pmol of the synthetic 13-nmer sgld godeoxynucl eotide primer (cf. step 32 Ea)
and 40 pnol of [y-32P]-ATP (5700 G .nmmol-1 , Anersham) are com bined in
. 100 [err]l of 50 MM Tris.Hd (pH 9.5), 10 ™M MWCA 2 and 5 MM DIT. 2 50
units of T4 pol ynucl eotide kinase (P-L Biochem cals) are added 10 and after
30 min at-37C additional 20 units of the. enzyme are added, and incubation
i s comrkimudad éonilacmbherrikbindiviatal3dtepsThe thguemitieSid s/d Wuton cont ai ni ng

t he P-|l ahel ed priper. is purified b henol extr.action, Further
ouri 1ikaef R FERechmine SHBHCRE BHAOHAT POl brital et aphadex G 50 .
(Phar magiite d (it@p- Carlduaiddorydudivb Jides - H@ry iy ppdtedcdye gloups ader actions are

collegted. The radjpactivity_of- each fraction is determ ped by nmeasuring
the CSPEHkSTOT aF&‘Fat’rt&ﬁf“%eSp’é'bﬁ PFREeSELYS B S Pof “ﬁﬁﬁéitﬁef’éﬁl&’é’v” m per \a#ol e
of @l mgererXxyatalived ibgelisuodiaai AbL. tHheleBPRKiapaifes' pohsmithéhd pmol) is
| yophi |l ized, resugpended in 91[err]l of H20 .cqgntaining 14 [err]g of poly(A)
RN ( FFOR (R RERRP e 7 6 By dobaPhogkied 1988 Mok iagia oLt ap ) and
heat edotmed 60tis@acedic 200LC.(80FXkrat] toonf templk Kfirei, Sandd died padghnbRe m xture is
i ncuba at 25C for_ 60 m nutes. 45Q[erf]l . revers ranscrijptase mx is
added etsfﬁdh P%‘ﬁ%‘%ﬁ‘attﬁeg”r%%ﬁ%n"&&"ﬁ%’%@r%rli%ess?dh‘d“_ RS ) (pH'8), 4 mMM\J
MyC12 didxaer-@ater( Cal i stheoyn dempedatutd. Midekihdedsatlibeatheted dATP, dGTP, -
10 building blocks is accomplished by using triisopropylbenzenesulfényl '

chloride as an activating agent to afford oligodeoxynucleotides up

to the fully protected 13-mé: primer represented in line 7 of figure 8.

‘The last step (complete removal of all protective groups) is achieved

in the following manner:

15 A solution containing 64.6 mg of the fully protected 13-mer oligodeoxy=--
-nucleotide in 3 ml dioxanme and 1 ml acetonitrile is treated with 200 mg
syn—p-nitrobenzaldoxime and 124 mg Nl,Nl,N3;N3-tetramethy1guanidine_ |
and allowed to stand for 27 hours. 10 ml ammonia (25%) is added and
the solution is stored for 24 hours at 50°C. After the solvent has
20 been evaporated in vacuo, the residue is &issolved in water,
adjusted to pH 4 with acetic acid and the solution is extracted 20 .

times with chloroform. The aqueous solution is evaporated in vacuo

O

and the residue is dissolved in 1 ml acetic acid (80%). The solution
is allowed to stand for 1 hour, dilu;ed with 6 ml water, éxtracted
25 3 times with chloroform and lyophilized. The third part of the raw
. product obtained is purified by chromatography on DEZaE-Sephadex A 25
(column size: 10+1.3 cm) throﬁgh.a 200 ml 0.2-1.2 M triethylammonium
bicarbonate gradient. Elution of the main fraction occurs at a
gradient concentration of 0.87 M. The main fraction, which consists
30 of the pure produtt'as indicated by a HPLC test, is evaporated 3 times

o . ®
with water, filtered through 10 ml Dowex 50 W (NHa-salt) and



25 dCTP, dTTP (P-L Biochem cals) and 90 units of avian nyel obl astosis virus
(AWV) reverse transcriptase. The incubation is continued for 1 h at 37C.
The solution is extracted with 1 volune of phenol (saturated in TNE) and
the nucleic acids are precipitated with 2 volunes of ethanol at -ZOC for 10
h. The precipitate is collected 381lby centrlfugatlou (HB-4 rotor, n}j

10 000 rpm 0C) and dis- solved'in 20 [err]1 dye m x containing 90% (v \&’5
formam de (Merck, pro analysis) 1 nM EDTA, 0.05% brono-phenol bl ue and

0. 05% xyl ene cyanol - 52 - blue. The sanple is heated at 90[err]C for 2
mn and applied on a 5% poly- acrylam de gel in Tris-borate-EDTA(cf.

Peacock et-al. (39). A single band is visible on the autoradi ogram which

m grates bet beaph it iredo gt LEp (mrmaphisg 38 Xp pedem | sdBe| &9 P ker SORA f r agnent s
obtained fro 2 15 | fpd heg pl gsemy, 3 ) _

P- | abel ed cDﬁﬁlbﬁ%‘aﬁgﬁ#J |o§§e>?t ra(?:lltoggstJi r[%iﬁr%)(%‘*heﬁge6 gnngk%%r%ﬁf .2%3 gg%ééscri bed
by Miel | er epll .55 PO%( 42—20P0FR) iged@mikol: ¢pmilof e  P-| abel ed human
FFEN-a and | FN-[err] specific cDNA probe are obtained. c) Screening for

col oni ;contai ning Hul FN cDNA (figure 9) 10 1650 of the transformant

col oni e pr ebbrl’cxﬁpmtmiwlfmpdPﬁh}fm&eCk dupan BNz and (TN} speqidfie DA

ni trocel | u%o&g—*obfel kighuse BA 85 (Schleicher & Schuel |, 8 cm di aneter). The
cells are i s denat ured andf|xedtothefllter5|n
situ, accor df“?@“‘t’b F thes tsErHheshg %@ﬁ’é§él%°2’6)”~Y“Pﬁée‘TtllF‘? Srdnefedef ngteme

col oni es ar egg ahybyo g.h@ledfl(n,-i quSzE:ﬁ" ((Sao@cdlummo]ls IlAQn@rsﬂﬁm aartal 80. 15 M
NaCl, 30 nM Tris. HC é y%H 1% (w.v) k

(Bkar maci a) , PHeflodt P A sE WIWF rl'lﬂll 8%@ SDVI-l’OS@’O I§lgnﬁ‘)d 50“‘*1%1"(:&// V)
BSA, 0.5% SD§6 va@c§ earfr%/pmyrdﬂma&memmhé (Pt-bW{'d§héQ|¥6a(d9r 8RN LadeS .

follows: 5 cal f-th t
]_onEnd after 30 min at 37(’ y%

dltlonalgao units of the enzyme are added,
and incubation is contlnued for another 15 min at 37°C. The aqueous
solution containing the 32P-labeled.primer is purifiéd by phenol
extraction. Further purification is_accomplished'by chromatography on
a4 ml Sephadeg;h—SO-(Phaémacia,.fine) column in 1 mM TriseHCl
15 (pH 8.0). 0.1 ml fractions are collected. The radioactivity of each
fraction is determined by measuring the Cerenkov radiation. A specific
activity of 4'106 Cerenkov cpm per pmole of oligodeoxynucleotide is
obtaiﬁed. The 32P-labeled ﬁrimer (40 pmol) is lyophilized, resuspended
in 91 pl of HZO containing 14 pg of poly(A) RNA (from induced Namalwa
gﬁg 20 cells, prepared as described in step A) and heated for 60 sec at
100°C. 9 ul of 4 M KC1 is added and the mixture is incubated at 25°C
for 60 minutes. 450)u1_reverse transcriptase mix is added such that
&_) ~ the reaction volume comprises 40 mﬁ Tris*HCl (pH 8), 4 mi MgClZ,
1 mM DTT (Calbiochem, Inc.), 74 mM KCl1, 1 mM each of dATP, dGTP,
. 25 dCTP, dTTP (P-L Biochemicals) and 90 units of avian myeloblastosis
ﬁirus (AX¥) reverse transcriptase. The incubation is continued for
1 H at 37°C.'The solution is extracted with 1 volume of phenol
(saturated in TNE) and thé nucleic acids are precipitated with 2
'volumes of ethanol at -20°C for 10 h. The precipitate is collected
30 by centrifugatiou (HB-4 rotor, 20 min, 10 000 rpm, 0°C) and dis-
solved in 20;pl'dye nix containing 907 (v/v) formamide (Merck, pro

analysis), 1 m¥M EDTA, 0.057 bromo-.phenol blue and 0.057 xylenc cyanol.



is boiled for 10 ni

ninO5MNaCH to shear the DNA, neutralized with 20 5

M acetic acid and precipitated with 2 volunes of ethanol at -20C. The

prggipitate is coll

ected by centrifugation in a HB-4 rotor for 10 mn at

Oferr]C and redissolved in 500 [err]1 0.5 nmM EDTA) at 65[err]C for 4 h 3
using 20 mM mxtures per fikter and hybridized with 10 .Cerenkov cpm 32 of
the .P-labeled probe per _mtroceIIuI ose filter in’5 x SET, 0.02% 25 (w V)
Fi.coll, 0.01% pol yvi nyl pyrrolidone, 0.02% (v/v) BSA, 0.2% S_DS and 30
[err]g/mM denatured calf-thymus DNA. The hybridization is per- forned at

65[err]C for 36 h.

The filters are rinsed once in chloroform twice in

SET, 0. 5% SDS at roomtenperature and twice in SET, 0.5% SDS for 1 h at
60[ er i} {» 2Rfe %Qmeﬂcqswalzcé meEF‘d 2R Dask % r@qm %@Dgrs%tg gfor I h. The

filters are dried by blotting on MW paper

and

n“X-ray film

- 53 actFupmide |8Sle¥paseed-bpga¢d°ré0m [¢fer1§=ﬂes¢1hgtaalsc(é@n f1dipgle i ntensifying

screeg),at;s- $AighE & L azzo&dlblgm RORt h¥&a£0 QRLARnAG R fied on the .
aut oradi ogram apd are used for further i nvestlgatlon 5 Since the primary

cl onegndfs35r binst Br abgled maskerc DA | fxagmanEs cohieanet Ao theidireohd speci 8e’ of
' €30k BN o PNl ARG Ge 410 PP el nhasa QD%aﬁeﬁt|§§l ated fromthe 9

p03|t|vely bridiz

descr eKEERet ofrem tl"’ﬁegﬁlyb‘ﬂf!d“ﬁ'llﬁk%ﬁ @s DIRACF Pedshy A8

ing clones and used to retransf og{% ef ’ﬁ- HB 101 as
s rdlltows: | col ony

i s usQd2f.0280000 BesHkay &phOofTicnef Apryicane Humah uy-swRa! gepted with 10

[err]g/nl, of tetrac
i s shaReHLEAE DN B

centrifugation (Sor
0.1 gcs)f cells are

Screenlng for

{cl I ne as above in a 25 m Erlenneyer flask. The cul ture-
xPbRr T ebmeAr | C at 300 rpm The cells are harvested b\
vall, HS-4 rotor, 10 mn at 4000 rpm 4[err] C). About -

obt ained and,are resuspended. in 1 50 nM
colonies containing HuIFN cDNA (figure 9)

10 1650 of the transformant colonies prepared as described above (step D)

are transferred to nitrocellulose filters BA 85 (Schleicher & Schuell,

8 cm diameter). The cells are lysed and their DNA is denatured and

fixed to the filters in situ, according to Grunstein and Hbgness (20).

The filters  bearing the colonies are prehybridized in 4 x SET (a solu-

15 tion containing 0.15 M NaCl, 30 mM Tris+HC1l (pH 8.0), 1 mM EDTA)

0.1%Z (w/v) Ficoll 400 (Pharmacia), 0.1% (w/v) polyvinylpyrrolidone

(PVP-360,5igma),

0.1% (v/v) BSA, 0.5% SDS, Solpg/m1 denatured calf-

thymus DNA (prepared as follows: 5 mg calf-thymus DNA (type I, Sigma)

is boiled for 10

20 5 M acetic acid and precipitated with 2 volumes of ethanol at -20°C.

min in 0.5 M NaOH to shear the DNA, neutralized with _ ku)

The precipitate is collected by'centrifugation in a HB-4 rotor for

10 min at 0°C and redissolved in SOOIpl 0.5 mM EDTA) at 65 C for.Ah

usxng 20 ml mixtures per filter and hybridized with 103 Cerenkov cpm

32

O

of the ~ P-labeled probe per nitrocellulose filter in 5 x SET, 0.02%

25 (u/v) Ficoll, 0.01% polyvinylpyrrolidome, 0.02% (v/v) BSA, 0.2% SDS

and 30 pg/al denatured calf-thymus DNA. The hybridization is per-
formed at 65°C For 36 h. . '

The filters are rinsed once in chloroform, twice in SET,0.5Z SDS at

room temperature’

and- twice in SET,_O.SZ'SDS for 1 h at 60°C and

30 once with 3mM Trizma base at room temperature for 1 h. The filters

are dried by blotting on 3 MM-paper (“hatman), and an X-ray film



15 Tris-HCQ (pH 8.0). 0.25 m of |lysozyne solution (10 ng/m in 50 nM
Tris.HOA (pH 8.0),1ysozyne is purchased from Sigm) ,are added and after

i ncubation at O[err]C for 10 mn, 0.15 m. of 0.5 MEDTA (pH 7.5) is %agged.i-":
After another 10 min at O[err]C, 60 [err]1 of 2% Triton X-100 (MercK) I's
added. After 30 mn at O[err]C, the sanple is centrifuged for 20 30 m n at
15 000 rpmand 4[err]C in.a Sorvall 5AHB00 rotor. The super- natant is
deproteinized with 1 volune of phenol.(saturated in TNE). The phases are
separated by centrifugation (Sorvall HB-4 rotor) for 10 mn at 5000 rpm at
4lerr] C. The (my¢) iphassis wXthadtetedsWositighh tderben @l UggRd0fateht Gy@hor m
Pancreatic RNS,Aésecn (a§| r éo 2g/n1 in TNE, 25 preheated 10 m n at
85[err]C is added % a nii* éadkentration of 25 [err]g/mM the mixture is
i ncubated for 40 mn at 37[err]he solution is then adjusted to 1 M NaC .and

10% pol yet hyl.en I | . 6000 .( Fl uka,  autoclaved.for 20 min at 120[err] C and
‘i ncubat ed at k\llfg[lgorsﬁf%' SPP?L%?SETNT%%C“%% ST A8 ‘"i“smﬁ‘b"m Etbany r‘?[fﬁ Sor val |
FB-4 rotor (2&ed frr3QuathetOiB@Otigamiod[ err] C) and redi ssolved in 100 [err]]|
of TNE., The DNA solution is extracted with 1 volune of phenol and the DNA

is precipitated with 2 volunes of ethanol at -80[err]C for 10 mn. - 54
<" The precispi%iate the poimaeytcidnésy of etrans fargad i @ils rocansbppriydesitat/n-

trifuge and t [ i ssQlved in.20 [e | of 10 Tris.HO (pH 7.5)
and 0.5 nmv E['#%f[%@foaterer% %%egfc’ yBFiC lBT'&spﬁ(‘% “Bﬁﬁf”i‘?%%&dvifég froma 10
m culture. SPlEsmibPNAY |aBe 1{3blased: £rovsftbe Bedosittihehabpbrifiizing cidnesi sol at ed
hybrid DNAs apd thg t ]S ;a ated_on.agar plates containing
téﬁ acycline, as descé'?%gg%%?g? mﬁ%@ F?so%esecarclﬁg‘?rbgg%’?edr mation, .3

tetracycline resistant clones are picked, 10 m cultures are pre- pared and
the hybrid DNAS Rl SlBhed! oih OB LOR Lk LT 851185, A95EniRed 10, hetgre. Al
‘the DNA sanpl es before and after retransformtion are anal yzede
: 10 1inoculate 10 ml of tryptone medium, supplemented with 1o‘yg/m1 of :
tetracycline as above in a 25 ml Erlenmeyer flask. The culture is
shaken for 15-18 hrs at 37°C at 300 rpm. The cells are harvested
by cgntrifugation (Sorvall, HS-4 rotor, 10 min at 4000 rpm, 4°C).
About 0.1 g.of cells are obtained and are resuspended in 1 ml 50 mM
15 TriseHC1 (pH 8.0). 0.25 ml of lysozyme solution (10 mg/ml in 50 mM
Tris*HC1l (pH 8.0),lysozyme is purchased from Sigma) , are added and
after incubation at 0°C for 10 min, 0.15 ml of 0.5 M EDTA (pH 7.5)
is added. After another 10 min at 0°C, 60)u1 of 2% Triton X-100
&uf (Merck) is added. After 30 min at 0°C, the sample is centrifuged for
20 30 min at 15 000 rpm and 4°C in a Sorvall SA-600 rotor. The super-
natant is deproteinized with 1 volume of phenol.(saturated in TNE).
The phases are separated by centrifugation (Sorvall HB-4 rotor) for
10 min at 5000 rpm at 4°C. The upper phase is extracted twice with
1 volume of chloroform. Pancreatic RNAse A (Sigma; 10 mg/ml in TVE,
25 preheated 10 min at 85°C) is added to a final concentration of
25 pg/ml and the mixture is incubated for 40 min at 37°C. The solution
is then adjusted to 1 M KaCl and 107 polyethylene glycol 6000
(Fluka, autoclaved for 20 min at 120°C) and incubateéd at -10°C for
2 hrs. The precipitate is collected in a Sorvall HB-4 rotor (20 min
30 at 10 000 rpm, 0°C) and redissolved in 1oo‘y1 of TNE. The DNA solution
is extracted with 1 volume of phenol and the DNA is precipitated

with 2 volumes of cthanol at -20°C for 10 min.



by cl eavage with Pst | endonucl ease and el ectrophoresis through a 1%
agarose gel in 50 nmM Tris-acetate (pH 7.8) and 1 mM EDTA. Al the sanples
(&gﬂbay i dentical cleavage patterns before and after re- 15 transfornation.

f- the recl oned reconbi nant DNA nol ecul es gives 2 bands, one with the:
mobility of Pst |-cleaved pBR 322, the other with a nobility corresponding
to about 1000 bp. It is denoted CG pBR 322/ HLycl FN-1'b. Anot her reconbi nant
DNA gi ves 3 bands, one with %h& nobi | i ty of Pst I- 20 cl eaved pBR 322, one
with a mobility of about 600 bp and one with a nmobility of about 150 bp.
The reconbinant DNA nolecule in this clone is designated CG pBR .
322/ HLycl FN—{ err]1. d. Char acterization of the clones CG pBR -
322/ Hihe IPERFIPibabd s CR [IBREBD by Hops F ISPt o0 Tharny ErpsBietfasenpl asmi d DNAs of
the Ckpgﬁ,gr %dpa% %%2/ ﬂxe&f&ohv& aﬂ%iﬁ RER 8 781 TLdGhENbLRr7 b3 are

i sol at omthe cultures as describ bove (step Ec) and characterized

by estweblq-8Hith§DThe 8nlk |reotf d‘ébE@qaé‘?ﬁ%do?\'At pee eBF\wqfﬁ%e{meLﬁl ng the nethod .
descrllgq‘q pglg\@gam and G lbert (15). Basically, the follow ng approactr is
used - The isolated reconbinant plasmd DNA is digested wit ke

vari ous rest r| c tion endonucl eases. The enzynmes are applied essentially as

desgr gbeg1pyud 181 SiPREIRF ot END k2dH oBi leaRSle exSRRE4 iBEIBSA is repl aced

by gefarimin the enzynme buffers. The solution containing the restricted 5
DNA i Q“‘%ﬁf“étfé’ienF%aé'éf%"teﬁ BHSOPTY 25 TRIPR ASHF (B 2TRELONGHBITNA i s pre-
ci pi t@Eﬁd;cy\tiilheﬁti@@@karﬂb@&“b’%&@ﬁ’ﬁdtéﬁ"b§0 ik Tédeh- HdnsEpaBid), at a DNA

concentration qof 50[err] g/mM and incubated with_ 0.1 units of cal f \.,J
i nt esgl?Félra‘éY%PFn"é*sbﬁ%ﬁh&]c%é 480BHF e el RhSUIEWRSe2INRES™ ends for 30

m n abaﬁeli[ @hd [the HJH2 i@ AMBEadES ibdIAChd bRk HRY chitakeNast descepdadt i on for 10
1 g{f 65[err]C. The DNA is purified by DEAE-cellul ose chromatography as
deslt'?r PB eby I\/Uel ler et al. (42) and precipitated with ethanol. The

All the DNA samples before and after retransformation are analyzed
by cleavage with Pst I endonuclease and electrOphore31s through a 1%
agarose gel in 50 mM Tris-acetate (pH 7.8) and 1 mM EDTA. All the
samples display identical cleavage patterns before and after re-

15 transformatiom.

One of the recloned recombinant DNA molecules gives 2 bands, one witﬁ
the mobility of Pst I-cleaved pBR 322, the other with a mobility
corresponding to about 1000 bp. It is denoted CG-pBR 322/HLyciFN-1'b.

Another recombinant DNA glves 3 bands, one with the mobility of Pst I-

20 cleaved pBR 322, one with a moblllty of about 600 bp and one Wlth a-

'( >

mobility of about 150 bp. The recombinant DNA molecule in thls clone
1is designated CG-pBR 322/HLycIFN—Bl.

d. Characterization of the clomes CG-pBR 322/HLycIFN-1'b and
CG-pBR 322/HLycIFN-B, '

25 The recombinant plasmid DNAs of the clomes CG-pBR_322/HLycIFN-i'b and
CG-pBR 322/HLycIFN-Bl are isolated from the cultures as described
above (step Ec) and characterized by establishing the nucleotide
sequence of the cDNA insert using the method described by llaxam and

Gilbert (15). Basically, the following approach is used:



DNA is then 5 -termnally |abeled with [y- 32 P]-ATP (> 5000 G/ mol e,
Arersham) and T4 pol ynucl eotide Kinase (P-L Biochem cals) essentially as
descri bed by Maxam and G | bert (15) except that the DNA is not de- 15 ilc
nat ured before the Kinase reaction. In general, the specific 6 activities: -
anount to 1-3.106 cpm pnole 5 -ends. The | abel ed DNA fragnents are cl eaved
with a second restriction endonuct 8éase and the products are separated by

el ectrophoresis through a 6% 8% or 10% pol yacryl am de gel in
Tris-borate-EDTA buffer. The 20 DNA fragnents are extracted fromthe gel

and purifi edm@s idesaei badolyinkheldigsniet Do .is( didkescdDkitheagRiver fdshatd on of
the nucl eoti de sequences, the DNA fra ments re chem cal |y degraded and 't he

products ar et 8papdnnag! ‘b‘? Bol AT ERT dge §@ b‘?deﬁfsr“d"ﬁh"tfrlé'si‘% dgscd@edr i bed -
by Maxam andbyGthbesdppf &) (N&b Eh@l@arnidlubﬁ)r,,ewae t'&ﬂJ wﬁdsp}e@smﬂ BNAs of

t he cl one CGcﬁéR 322/ HLycl EN- L?#)f are Tgf eatled one, hand,
5 [err]g of PHECPT I ORETS “ui §a8t She itk ﬁ’d’l c?'i‘talgmgt el??nrﬁéﬁlﬁt?‘hbel ed,
and cl eaveg miA lisRiaprbteinThel Rith Iphefgl (sdturbtéddictallBe) .t ke Dabelseprsi t €)
and Bgl [l - nts arelsl.at a. 6 | am de '
T0gel et 1 TRk Ry ccReRE] b Eony3? ' 80 Lr B SHP ed ADY W 1
Al'u 1, 5'-teb¥n rahdentkatiehedt Sa llezzMedncAibhtledDQitH 0.ThaiBstofl calfAI ul*

DNA fragnent sol,at d on, a 8A) a am de geI ,VI d
fragment s arents?ﬁ %r‘eaqlu%nfﬂll dé’hc’sa%]p Xe g%sehcfﬁg %md’??il cht n%and
G | bert. The3® miucites? i’@l.eTbeqmemae 1ebirannad1te$ hiepeamegl tiha !,qlgu:cm for A

stretch of, .apout. 25- e n05| ne. f.esi,du | ced| the, 5' -end
ohthe oD Tdipcat Faeln Ty RTAE LB B Bt S LS E elFohap ity 1o
that of |FN-as (dteyplenblé)l hyDM@eIiescu laed(‘tiy Gokeddaiipétatal. vith4&hanet. Thé SO

Veéi ssmann( 44ty ;aepert beliess: dh sphaying 8: ity plal! NG 505y cdhhR0s,
Amersham) and T4 polynucleotide Kinase (P-L Biochemicals) essentlally.
i as described by Maxam and Gilbert (15) except that the DNA is not de-

15 natured before the Kinase reaction. In general, the specific

activities amount to 1-3-106'epm/pmole_S'-ends.

The labeled DNA fragments are cleaved with a seeond restriction
endonuclease and the products are separated by electrophoresis through
a 6%, 8% or 10% polyacrylamide gel in Tris-borate~EDTA buffer. The

20 DNA fragments are extracted from the gel and purified as described
by Mueller et al. (42). For the determination of the nueleotide
sequences, the DNA fragments are chemically degraded'and the products
are separated by polyacrylamide gel electrophoresis as described by

&h/? Maxam and Gilbert (15),

25 In particular,_the'isolated plasmid DNAs of the clone CG-pBR 322/
HLycIFN-1'b are treated as follows. On the one hand, Slpg of the
plasmid DNA is digested with Bgl II, 5' terminally labeled, and
cleaved with Pvu II. The Pvu II-Bgl II* (*iddicates the 1abeied site)
and Bgl II- Pvu II* DNA fragments are isolated on a BZ polfdcrylamide

30gel. On the other hand,



10 (point nutations) sone of which are affecting the resulting am no acids
(cf. fig.10). The isolated plasm d DNA of the clone CG pBR
322/ HLycl FN-[err]1 is treated in a simlar manner. 5 [err]g of the pl asmd
hg, Zigested with Pvu Il and 5" -termnally |abeled. One half of the mxture
cleaved 15 wth Pst I, and the rest with Bgl Il. The Pst I-Pvu Il1* and
Bgl I'l- Pvu Il* fragnments are isolated by el ectrophoresis on a 6%
polyacryl - am de gel and degradeg as menti oned above. The nucl eotide
sequence (N-term nal sequence) is depicted in figure Iland reveals that the
CDNA insert starts at nucleotide number 102 of the IFN-[err]1 20 cDMVA as
desc |bed b a hi_et_al. .(4 Ther c sert has the
capacgzl)f oé{‘co Pas?\lg _ Sur%raﬁesltlg 1gé)r“r ?I’:{:k:én mfiﬁim ﬁ?)elégi’ds at the
NthmhwﬁmmﬁMmmwMPmtkwmmwmmm@mmmmﬁaﬁMemhofamm
20- 25_deq@yyguan ne.residu nmut at on at p05|t|on 153,
convert (r? o138 ? 1'3%1[‘; s?dﬁ%‘ew lv“? ? mn& £ He S9BSTUE Wi ng ani no
aC| ddeg:adledemdl Geq;atu:ah aofowiioge® trmfmraamd Bdlvexrcomhenant DNA nol ecul es

Bt e WAl Eh Bl sl R et ol e dfcc s o~

es CG pBR .
322/ PIP_W AN semvuawlcemﬂadwmwsbm:{gew Jthe Hr-end sl eheed from t he

cul t Upge, S p B 2/HLycl FN-1"b plasm d.
DNA %5 ‘fe@??‘q}e Rpeh h@ﬁg{,g}}@@ q%%%s“e Q%ggﬁz ¢ B’"g%a’fcr EIna{"l |y | abel ed,
and €f e&ed th IF)VQDNA des:ﬂrltbhé eyt ﬁ%ddhand; atlhe[(ﬁsbJ afeckles pBR

S -1 Sty Bbrencoange Post Ry o B o, PATRE RO 11 (56 o)

Y.,

- DA KP%’QTFeWta(tﬁP@ﬁ:)esﬂye QEaWtiCbh@rerﬁfEIdt’inthelﬂeSGBGBxgbp)mDNAzas agment

(prohes B)flgrl@)l solated froma 8% pol yacryl am de gel as descrl bed above
(step Ed) and used for '
The isolated plasmid DNA.of the clone CG-pBR 322{HLycIFN-Bl is
treated in a similar manner. 5 ug of the plasmid is digested with
Pvu II and 5'-termina11y labeled. ‘One half of the mixture is cleaved
15 with Pst I, and the rest with Bgl II. The Pst I-Pvu II* and Bgl II-
Pvu :II* fragments are isolated by electrophoresis on a 6% polyacryl-
amide gel and degraded as mentioned above. The nucleotide
sequence (N-terminal sequence) is depicted in figure 1land revéats
that the cDNA insert starts at nucleotide number 102 of the IFN-Bl ........
20 cDNA as described by Taniguchi et al. (45). Therefore, the cDNA insert o/
has the capacity to code for human IFN-B1 lacking 11 amino acids at o

the N~-terminus. The cDNA insert is flanked at its 5'end by a stretchof

about 20-25 deoxyguanosine residues and shows a point mutation at -

O

position 153, converting a C to a T residue without affecting the

25 resulting amino acid.

e. Identification of clones containing recombinant DNA molecules

cross-hybridizing to the inserts of CG-pBR 322/HLvcIFN-1'b and
CC-pBR 322/HL\.'CIFN-B1

The reccmbinant plasmid DMNAs of the clones CG-pBR 322/HLycIFN-1'b
30 and CG-pBR 322/HLycIFk-Bl are 1solated from the cultures as des-
cribed above (step Ec). The CG-pBR 322/HLycIFN-1'b plasmid DNA (Slpg)-



in situ colony hybridization (see below). The restriction of the plasmd
DNAs, the l'abeling, and the purification of the DNA fragments are {U4
acconplished in the same nmanner as described above (step Ed). 10 4000 of
the transformant col onies prepared as described above (step D) are
transferred to nitrocellulose filters BA 85 (Schleicher & Schuell, 8 cm
dianeter). The cells are |ysed and their DNA is denatured and fixed to the
filters in situ, according to G unstebh-and Hogness 20). Hybridizations to
-the probes A and B (both probes are m xed) are per- 15 formed as descri bed
before (step Ec). 6 positive colonies are identi- fied by autoradiography,
3 of which, designated E. coli_HB_101 CG pBR 322/ H.LyclFN-41 , E. coli HB
101 CG pBR 329/ ﬁL%FP‘ﬂL“’%iha% Eﬁ églricrlﬂlé‘af | ’éé-eb%}é 32h cLedVei PR err] 20
are used for rvuriheonimneesitiegahindy. thel Do 1alas rocdpiMNAsS2 Ayt IFSe. GllogE are
i solated, retransforped, and re-isol ated as,describhed above (slcep Ec, Ed).
In order to é)s\lf\agﬁ j"§$}ﬂ3’t‘°’h«‘—3-lil'ﬁ‘%i‘t’:f-fl‘?ta“"'('ﬁl %Vr‘n‘enf’rée‘r‘t%mb‘?a Ketabetesthrthnt DNAs,
the BIU‘C| _ﬁ_ofjI i gﬂeswemﬁsgofm h‘ﬂ?élw n'ms%r Lg* ((j(pat tqul %mr fﬁ@ﬂ&ph@%h%ﬁﬁf
est abl ishe usi ng the gener pr h as descrj be ove (step- . In
parti cular > §y“fie'§Tﬁ g"‘bfﬁfﬁ 4] %ﬁl(&?gobpgﬁéﬁi%ﬁa% {@ff‘beB Kyl éﬁ.%’-é??—‘}\l- 41 and
CG pBR 322/ Hifgeh FVISE[ gifvhc Bnambic gelliagesdsedivdd Bbddeu (ddep Bd)- hid RisBa doy

i are fracti ona ed on a 8%

a

| abel ed and cl eaved th Pst .. The v for n
pol yacryl ani d&-g&i" 3#0""9%5"'15%?1?3}!5‘\’/% Spe b(ei%g)g %ﬁ? TPPUThest Pst I-Pvu
1% (82 bp) fplosmiil DAY} ahe laBeolimgethndSthes gatifitheionsel ahe Nl SiFnehdaNA
CG pBR 322/ HL, clfcl}:l-°51l-£s§1 gr%aggd 2as f ol Ié)rws. (@n t]n)edo %vhagscl, %d[ err]g of
t h=pl asni d 15 0P geSfed W th Al PRTeT 8% _1%8FM ﬁ’al"lﬂi/ Fabelr® And cl eaved
with Pst I. The Pst I-Hae Il11* (57 bp) DNA fragnent is isolated on a 10%
pol yacryl ajg el the ot her hapd,. 5 [err of the plasmd is _digested
with EcoR P ,Ogtoe% &@%aﬁrfr)}st%rmant ccafponles plrepaJe% as descrz}ge above (Sstep %?
. ' are transferred to nitrocellulose filters BA 85 (Schleicher & Schuell,
8 cm diameter). The cells are lysed and their DNA is denatured and
fixed to the filters in éiﬁﬁ, according to Grunstein and Hogness 0).
Hybridizations to the probes A and B (both probes are mixed) are per-
15 formed as described before (step Ec). 6 positive colonies are identi-

fied by autoradiography, 3 of which, designated

E. coli HB 101 CG-pBR 322/HLyciFN-41,
E. coli HB 101 CG-pBR 322/HLycIFN-5, and
Lh; | E. coli HB 101 CG-pBR 322/HLycIFN-8{

20 are used for further investigation. The plasmid DNAs of these clones
k~J are isolated, retransformed, and re-isolated as described above

(step Ec, Ed).

. In order to establish the nature of the inserts of the reccmbinant
DKAs, the nucleotide sequences of the cDNA inserts (partial or complete)

25 are established by using the general approéch as described above
(step Ed).

In particular, 5/ug of the isolated ﬁlasmid_DNAs CG-pBR 322/HLycIFN-41 i
and CG-pBR 322/HLycIFN-81 are cach digested with Pvu II, 5'-terminally



| abel ed and cleaved with Pst |. The Pst |-EcoR I* (235 bp) and EcoR I *- 10
Pst | (~700 bp) DNA fragnents are isolated on a 8% pol yacrylam de gel. The
various DNA fragnents are subjected to sequence analysis according to Maxam
and G| bert (15). The nucl eoti de sequences of the cDNA inserts are depicted
in figures 12-14.1n figure 12, a partial nucleotide sequence of the cDNA 15
jjusert of CG pBR 322/HLycIFN—41 I's shown. The insert is flanked at the 5
end by a stretch of 23 deoxygu%¥95|ne resi dues and conprises part of the
|FN-a (Le) cDNA described by Streuli et al. (46).In the 3' -extra- 2 -
cistronic region, there are sone mnor deviations (point nutations) and a

St re{é:o'h‘?ﬁ Q\qdeféaggéllm.%llsl’srluﬁl anki sies f*é@ﬂﬁnfﬂlﬁkecﬂrbd&ﬁ&&uﬁnce of 20 the
Insert CG pBR 322/ HLycl FN-8[ err] is dep| cted in fiqure 13. The
| nsemt QZfQOéMk@d 1afz'1<teh551 agAdpaRey dTRH SF* Jov 5% JRLEFGH %p& ne resi dues

and j& ppl i E@m 4t Dyhherel EDbRcbd YAReufYalcDNA descri bed by
Goedcf}%‘(%algtzn al . IJ[qi({’tétf3) c(f E}:g)l)sol\/t;"ntle et al. (27) ]. Apart fromdifferences -

int r e o g o equence, the-
| P e SEBfRCe53 CR £ A EL i 0 AQIeNiN0L Nech il P dAoREA SIS L

409- 6d Itha &EGhtnd plSepg cpca‘dtlrag plomid| B4 Ae digsteeddvibh BrCldkd GTG

respeetvel codi.n Val b L i Bl Bk ¥, thbespuglgetide sequence of the
CDNAgI nsert ’yd 1Y f2bs gﬂj %%3 ef}c I‘ZJ&LS se'e flgjre 14)reveal s a stretch of

17 débky:gmarﬂﬂélmamgm :csuesolaxteq anha W pokyacpHanidg IB8bt i%8etheequence i s
rel ag tgarlic{]agt}ﬁ% ol e p(is)ﬁﬁg B) a3festePNAcdeRORI Ded 'Dyerpeadgl et al. -

(43) wever re are additional nu- cleotides at the 5 end of the cDNN

i nserlhbafedl-&x;cbhl:éé\&ﬂ wigdi Bst riut'éttq Bei I-Bsak 3f ov3 S hmd PRSEFPR dAS in the |
' Gmbgt st B | E&&:&%@i'&g SeflyelsRryeRnaeigily at

p05| 5?5 négggﬁ%% m%é}:g evi dent as weal ? 5 F. Synthesis of

humarthé niaeli&e:r ON& ﬂ::yxgﬁent@ohlre @ehle&ltm g SeAYRAFP IaFRPY“s according

' to Maxam and Gilbert (15).

The nucleotide sequences of the cD\IA Lnserts are dep:.cted 1n
figures 12-14.In figure 12,a partlal nucleotxde sequence of the cDNA

15 jinsert of CG-pBR 322/1rILy<:Il?\T--41 is shown. The insert is flanked at the
5' end by a stretch of 23 deoxyguanosine residues and comprises part
of the IF\I-a (Le) cDNA described by Streuli et al. (46).Inthe 3'-extra-
cistronic region, there are some minor deviations (point mutations) and a-
stretch of additional 318 nucleotides. The nucleotide sequence of

20 the cDNA insert of CG-pBR 322/HLycIFN-8]'_ is depicted in_figure 13.The insert
is flanked at the 5' end by a stretch of 20-23 deoxyguanosine residues and is

similar but not identical, to the IFN-a (type D) cDNA described by Goeddel et

al. [(43); cf. alsoMantei et al. (27)]. Apart from differences in the cDNA —

regions preceding and following the IFN coding sequence, the IFN gene con~ - \w/
25 tains at positions 28-30a GCC _triplet and at positions 409-411 a GCG triplet

coding for alanine instead of GTC and GIG, respectively, coding for valire.

Finally, the nucleotide sequence of the cDNA insert of CG-pBR 322/HLyc

IFN-5 1 ‘(see figure 14)reveals a stretch of 17 deoxyguanosine residues at

the 5" end. The nucleotide sequence is related to that of IFN-a (type B)
30 cDNA described by Goeddel et al. (43). However, there are additionel nu-

cleotides at the 5' end of the cDNA insert of HL)'cIFN—Sl, point mutatiouns,

excisions and insertions in the extracistronic region and in the IFN

coding sequence, especially at positions 22 and 361-372, are evident

as well.



specific reconbi nant DNA nol ecul es The 5 cl ones which have been shown to
contain human | FN specific re- conbinant DNA nol ecules, nanely 5 E. coli
HB 101 CG pBR 322/ HLyclFN-1'"b E. coli HB 101 CG pBR 322/ HLycl FN-41, E.. coli
HB 101 CG pBR 322/ HLycl FN-51, E. coli HB 101 CG pBR 322/ HLycl FN- 8[er1]JJu
and E. coli HB 101 CG pBR 322/ HLycI FN-[err]1, 10 are tested for IFN
activity, which, in each case, ?cprrpl ished in the foll ow ng manner:

Cul tures of the corresponding E clone (30 nl suspensions) are gr own
in tryptone nmediumto an opti cal denS|ty (0OD650) of about 1. The cells are
harvest ed and resuspended in 0.5 nml of an aqueous solution 15 containing

30 nM NaCl ad50 rrMTrl -HCl H8 0). Lysoz Sigme) is added to 1

my/ m . AfterEJ M ek °“—5Fr1—‘é§§ﬁ§‘(—"l‘—‘i"-q&c—j‘-&

ni t rogen) andpctdiaw\ed-ceatﬁblai{uemmG.)olsczwerses and centrifuged for 20 mn at
20 000 rpmin a.SS34 sorvall, rotor he su er nat s _are_assayed for
| FN acti vi ty%fsl ng ¥1He ¢ h ‘Eé’f’hl?eenbflb%gs'é‘i/ QR dﬁ“ﬁ'@“;ﬁ'&‘ PRFAFNEEf0ONng (32)
as descri bedcésbiatmep DAL. mo’[banfe@LIrmm:ng activities are found: Source of

extract _ FN,,activity E. coli HB 101
cont ai Mg’f rEe st AL {ODIERPBR PP fn'lt\gbl’ BR 322/ HLycl FN- 1 b

9,0 25 QG_Q,@;_RHBZZDHLQ(GCWH\I-MZ/HLWI“N iy " 0:0 CG pBR
322/ HLycl F\- i 0 000 OG pER 322/ HLycl FN-&'
100100 CG /e 52 PR r3f71/“1‘y%9”p9 0.0 30

Possi bl y, clBnesléds bolt iQGgPER)3ﬁME-MCH{N|‘§'i,th®CtI vities contain re-

conbi nant D|V€\S éo‘i'l‘"ﬁ'ﬁ le tclae ﬁ“ﬁiﬁ%on - insert is in an inproper

od-ent atio B drre 1’[ ranscription. Therefore, the
r econbi nam mteﬁteméosdé‘ﬁ itdmety,OhipBR B224¢H yes&Nib 'dgrommlished in

the following manner:

Cultures of the corresponding E. coli clone (30 ml sﬁspensions) are

grown in tryptone medium_to an optigal density (0D650) of about 1. The

cells are harvested and resuspended in 0.5 ml of an aqueous solution
15 containing 30 mM NaCl and ‘50 mM Tris-HC1 (pH 8.0). Lysozyme (Sigma)

is added to 1 mg/ml. After 30 min at 0°C, the suspensions are frozen

(liquid nitrogen) .and thawed (at'37°C).S times, and centrifuged for

20 min at 20 000 rpm in a SS 34 Sorvéll rotor at 4°Q. The supernatants

are assayed for IFN activity using the cythopathiﬁ bioassay according
20 to Armstrong (32) as described in step Ac, The f&llowing activities

;5} are found: _
Source of extract IFN activity

E. coli HB 10l containing recombinant DNA (IU/ml)

JEEN CG-pBR 322/HLycIFN-1'b 0;0
\'35 CG-pBR 322/HLycIFN-4, - 0;0
; CG-pBR 322/HLycIFN—51 “10 000310 000
CG-pBR 322/HLycIFi-8', 1€0;100
- CG-pBR 322/HLycIFN-B, 030

30 Possibly, clones exhibiting no measurable IFN activities contain re-
combinant DNAs in which the HuLyIFN-cDNA insert is in an improper
orientation in regard to the direction of transcription. Therefore,

the recombinant DNA of one such clone (CG-pBR 322/HLycIFN-1'b) con-



- 60 - taining a full length cDNA insert is reoriented as follows: The

pl asnmid DNA of the clone E. coli HB 101 CG pBR 322/ HLycl FN-1'b is isol ated
as descri bed above (step Ec) and cleaved with Pst I. 0.5 [err]g of the
cleaved DNA in 20 [err]l of a buffer m xture, containing 5 20 nmM Tris-HC
(pH 7.8), .10 MM MgCd 2, 10 mM DTT, 25 nM NaC and 50 [err]g/ m gelatin,
isigrveated with 0.2 units of 84 -DNA |igase (Biolabs) and 0.5 nM ATP for 2 h
at g[err]C. E coli HB 101 is transformed with the cDNA m xture as

descri bed above (step D). Transforned col onies are selected on M Conkey
agar plates supplenmented with tetracycline and, 10 subsequently,
replica-plated to nitrocellulose filters. 4 bacterial 32 col onies

hybri daiziing 4 dul helengEh [cAbk|imde Ry us| teoBgénted*ad faghmint (351 bp) of the

reconhi nant BR 322/ HLy.cl FNR I . fan_StE are designated E. coli
HB 10 %@?ﬁﬁﬁ%&ﬁ%?ﬁﬁ?@%%*ﬁ%ﬁf c@x?%‘icgggﬁ)é‘?'c%lﬁ\eqigcl ones are.

pr epaiedsabatddess kst oibeld FRRbavet (atepyEQs add cleswedi vixth adwvie. The fol | owi ng
acti vihtd es f ound; ce X C . . . =1 FN
foti Vi3 SR Lk YB3 20, bE X buter mixtygg, concaining |y 1) conptR
322% He§ohFREis-HC1l (pH 7.8), 10 mM MgCl,, 10 mM DTTQ ZSGntRcBZ&(dHEg'gﬂgFI\I-I 'b

0;0 .2, : R L | ENG s . o ang 07 0 CG pBR
322/ k&/é%fzﬁﬁ’r“’g%.@ea?gdz by 0. 2Nilicf o 74 PAsbierspeBial e e asnid oG pBR
322/ HoyT mFNATP Ifor coht at 1§°@. EDbPNi HBelOl #is capadfiosmef wdth ¢bei ng t he

synt hegias p dde Wi i : Lon of .
reconbg?t%\aﬁt@;% gsgn);\ ﬁgg%lgggb%vgbgfd%%aﬁéi %%} - F%ﬁ‘eﬂgpﬁgbé 3515 pol ypepti des \o/
wi th pedecsedion Mg Qonkeprsger wdeken suPPICBRBR AW Letnacxekioe ambonbi nant '-
Pl 85 i ghdeQuied§!, LD 1E0RLUEd BE difEDbSARGISdeC s PIRLE! 1 Yh&ledi9f the clone

t

colonies hybridi;ing to the 32P-labeled Pvu II—Bgi II* fragment

(351 bp) of the recombinant DNA CG-pBR 322/HLycIFN-1'b (cf. step Ee)
are designated E. coli HB 101 CG-pBR 322/HLycIFN-1‘bi to -1'b4.
Extracts of the 4 clones are pre?ared and tested for IFN activity as

.15 described above. The followiﬁg activities are found:

Source of extract ’ IFN activity .
E. coli HB 101 containing recombinant DNA . (IU/ml)
CG-pBR 322/HLycIFN-1'b, 0;0
CG-pBR 322/}[LycIFN-1'b2 ' 0;0
20 . CG-pBR 322/HLycIFN-1'b, 0;0 A
CG-pBR 322/HLycIFN-1'b, 30;30

Hencg, the plasmid CG-pBR 322/HLycIFN-1'b4 contains a cDNA insérg'
capable of directing the synthesis of a polypeptide with IFN activity.

O

G. Construction of recombinant plasmids capable of producing high

25 levels of polypeptides with IFN activity

1. Construction of CG-pBR (AP)/LyIFN-a-1 recombinant plasmid

In order to improve the IFN specific protein yield of the clone
E. coli ¥B 101 CG-pBR 322/HLycIFN-1'b, the following construction

is performed as indicated schematically in figure 15,



E. coli HB 101 CG pBR 322/ HLycl FN-1'b, the follow ng construction is
performed as indicated schematically in figurel5. - 61 - a.- Preparation
of the cDNA insert The reconbi nant plasmd DNA (150 [err]g) of the clone E. -
coli HB 101 GG pBR 322/ HLycIFN-1'b is cleaved with Pst | (Biol aljs)y3using
standard procedures (cf. step Ed). oI | ow ng phenol extraction and et hanol

5 precipitation, the excised inseri §55=i sol at ed by means of sucrose density
gradient centrifugation (5-23% in 50 "M Tris-1ICl (pH 8.0) and 1 nmM EDTA.
The centrifugation is performed at 35 000 rpmin a TST 41 rotor (Kontron
AG) at 15[er]C for 16 h. 0.3 ml fractions are collected with an | SCO
gradient collector at 1 m/mn. The fractions con- 10 taining the snall

fragment (i.q, 8de@attS8htf ah& PALIi®dercThe DNA is precipitated with ethanol
~as usual, and the precipitate |s_collecte centrifugation in a HB- 4

rotor (Sorvalfhs ré.’f'°1‘(}“606 plpsfigh DB} dir9 @e o?fyfbe filAne Enecticls fPtate is |
redi ssol ved ico-gfx i"MLyMrﬁr—le HiCle 1Rk +3in @€ D.(@Po 1k EREAng 3QafRka] g DNA

are recovered as determ ned 5 measuring the optical density. The insert
DNA (10, [er r P§ycadsTes § égté&ewlﬁ - il Lpying Breprd Rt ragidor ads pdigheht s are
fracti t ¢d pBdc ipi2d0idgQr HeCePdlsed rln@eﬁ@'zﬁtiéblla&ﬂlnbytn@'aﬂé g afz;rm Tris, 50

AM boric acid, 1 nmM EDTA and O. err]g th | um brom de. Iargest
DNA fragnent §2°534¢ $73dipRt an‘('Qggé h {“sz%% q > T G (%g B,

figure 15, fragdents Brandré ea&pemga\tebry)xs @erreoﬁmahaemm g rhdi G0 imsrgel
squirted thr ghat n_nee a.s of 0.15

T o O (hirass) oReRir Bl ¥ Lihe 65t o el il Rrstsi o gkt Agtlemres
et € i s passed ahhtsnmgbraahiﬂe cbetéc]tlorDE: EZnI(/H\hﬁI n‘aa)frlaastcaureqw-pette
colum to gd orb t h S wash he, sane

but for andth REVTIOA T SPAtLA= SRt adoo] VP Foerch b dhefalt EBheMining 1.5 m
Madl , 50 nvi "p'lte&p(lplrt& t9itarchdnotVadERdkal, ThandDhlle ipseqipdcatm tiatedladted 2
vol umes of by centrifugation in a HB-4 rotor (Sorvall) at 10 000 rpm at 0°C for
10 min. The precipitate is redissolved in 60‘?1 10 mM Tris-HCl.

(pH 7.5) and 0.05 mM EDTA.'3O‘Pg DNA are recovered as determined by

15 measuring the optical demsity.

The insert DNA (iO/ug) is digested with Hae IIT (Biolabs) and the
fragments are fractionated on a 2% agarose gel in a solution con-
taining 50 mM Tris, 50 mM boric acid, 1 mM EDTA and O;S’pg/ml ethidium
bromide. The largest DNA fragments, Hae III-Pst I (869 bp) and
Lsf 20 Hae I1I-Hae III (82 bp, cf. figure 15,fragments 3 and & respectively),
are each excised from the gel, squirted through a thin needle with
a syringe into 5 ml of 0.15 M NaCi, 50 mM. Tris*HC1 (pH 8.0), 1 mM
(:) EDTA, and eluted overnigﬁt by shaking. The eluate is passed through

a 100 pl DE-52 (Whatman) Pasteur-pipette column to adsorb the DNA.

25 The column is washed with 2 ml of the same buffer and the DNA is
eluted with 400.P1 of a solution contaiuing 1.5 M ¥aCl, 50 mM Tris
(pH 8.0) and 1 mM EDTA. The DNA is precipitated with 2 volumes of
ethanol at -20°C overnight. The precipitate is collected by centri-~
fugation in an Eppendorf centrifuge. | .

30 The Hae ITI-Hae III DNA fragment (82 bp) is redlssolved and digested
with Sau 3A (Biolabs). The enzyme is heat-inactivated at 65°C for

30 min. I‘yg of the Hae ITI-Pst I DA fragment (869.bp) is added,



et hanol at -20[err]C overnight. The precipitate is coll ect ed by centri -

fugation in an Eppendorf centrifuge. 30 The Hae Ill-Hae |11 DNA fragnent
(82.bp) is redissolved and digested with Sau 3A (Biolabs). The enzyne is
fydbd - i-nactivated at 65[err]C for 30 min. 1 [err]g of the Hae Il1-Pst | DNA
fragnent (869 bp) s added, -62- the solution is adjusted to 10 nM

MgCl2, 10 mM DTT and 0.5 nMAPR, ~and T4 DNA | i gase (Biolabs) is added to 30
units/[err]l reaction volunme. The solution is incubated for 10 h at

15[ err] C. Follow ng extraction with phenol and chloroform the m xture is
fractionated on a 2% agarose 5 gel in Tris-borate-EDTA in the presence of
et hi di um brom de. The Sau 3A-Pst | DNA fragnent (cf. figure IS, fragnent 5)
is %E’f@%je?t@? E@Sﬂlﬁixb@d geflor gy z.@CEC'ilgbm'?'m %&g.sz.mgmgb%?nd g egi ggolm\\//led
in err of .a sol ution cqontajnin ris. .(p : an :

EDTA. 28 T8 By 1483560 (¥R ARetdedgien? W4 A EAR YrPY- | act amase 10
regul ahorsy 16En00s ((APTHItedf B 323 TIrecplmanbeknpBR 2 ot ®ithaved with Pst
| (cf. step Cb).and treated with 4 units/p of the exonucl ease Bal 3%

(Bet hB‘é"d‘&lRé%deéFi?Plfaﬁ‘.") “hBe MHFERS 1 FAFTREECHiOR @ FAr 2375988 t he |

[ er 5] géRGhanEise s teREDTAC i atikle. prdsehedTio€ ad thalifun bhdutde OfThehgadf or nul a 15

5' - AT ACAT-3' i s_synt hesi.zed using _the net hod described above .
(step ﬁ%ﬂ%ﬁ%@@?“ s(%ﬁdoééuf?) l?h raﬁﬁ?“%fst’rseﬁf"éﬁlcﬁ 3822 DNA using
convefésqaibéd medote, phecipésadedi wigchhythandl nedecadiesosredl Raved:wi t h-t he

restrigction, endo- nucleases. B¢l 1. (BLol nd EcoR | di gestion

pr odugfsa S%U%G"f?oé'téf‘f‘rbw& Z% Qﬁ%"*&%ﬁé?@i’?él% §e£98?’ ’%BHSTH s- bor at e- EDRY/

as described before (step Ba).DNA fragments (ApPr DNA fragments), mgrating

bet vegn 184 bp.and 238, R R ker DNAs, .are isol tled as descri bed above '

(step’ ! ap—Paka Bt e tared el et S ERNHS Y 2c recipitate is

r edios seguladorn ragsm (Apra) eHBRI IP2ng 10 nM - '
The plasmid pBR 322 is cleaved with Pst I (cf. step Cb) and treated

with 4 units/ml of the exonuclease Bal 31 (Bethgsda Research Lab.)

at 30°C for 4~10 min to remove the B-lactamase coding segment.

A chemical DNA linker of the formula

15 © 5'=ATGTGTGATCACACAT-3"
is synthesized using the method described above (step Ea). The linker B
is added to the Bal 31 treated pBR 322 DNA using conventionmal means. A\
The resulting hybrid molecule is cleaved with the restriction endo-
nucleases Bel I (Biolabs)'and EcoR I. The digestion products are

20 fractionated on a 8% polyacrylamide gel in TriSfboraté'EDTA as

O

described before (step Ba). DNA fragments (ApPr DNA fragments),;
migrating between 184 bp and 234 bp marker DNAs, are isolated as
described above (step Ia), and precipitated with ethanol'a§ usual,
The precipitate is redissolved in a solution containiug 10 mM

25 Tris*HCl (pH 7.5) and 0.05 mM EDTA.

c. Ligation of the ApPr DNA fragment to the ¢DNA insert

The solutions containing the ApPr DNA fragments and the cDNA insert

are pooled. The mixture is adjusted to 10 mM I'I'gciz, 10 mM DIT and

0.5 mM ATP, and incubated with 30 units/ul T4 DNA ligase (Biolabs)



25 Tris.HA (pH 7.5) and 0.05 nM EDTA. c. Ligation of the ApPr DNA fragnent
to the cDNA insert The solutions containing the ApPr DNA fragnents and the
cDNA insert. are pooled. The mixture is adjusted to 10 mM Mgd 2, 10 mM DTT
and 0.5 nmM ATP, and incubated with 30 units/[err]l T4 DNA |igase 'fBi‘Q| abs) .
110 - 63 - at 15[err]C for- 12 h. Foll ow ng extraction with phenol
chloroform the mxture is fractionated on a 1% | ow nelting agarose gel
(Biorad). The obtai ned ApPr-cDNA #ré&gaent is joined to the |arge fragnent
of pBR 322 cleaved with both Pst | (Biolabs) and EcoR | (Biolabs) in 5 the
fol |l ow ng manner The gel piece, containi ng the ApPr cDNA frag- nent (about

20 [err]l) is e Pst EcoR | nt of pBR 322, nelted at :
5[ orr] C 1or 29 T fitst) 11 v ofoaTpeie) 65Haat it SUF 80528 ) AV TOST M DT and
10 nmM I\/gd 2, ttendiinieubid ddasdibha@d ouiat Si[lebrar']\dltd)ﬁg T4atNA §d19@aBrB Ol abs)
for 12 [ 0 tenth vol.une of sgl ution contai ning 100 nmM
Tris. HC (pl—i}hf[ 8§’ i 61}%‘?’/?: ré‘ﬁaeibds %]atf Ohe H%ﬂ’&edmgﬂ“ﬁ‘é s°gl ution is
heated .2 fOﬁBKI.GZanica‘tedGE[.ﬁf n:]:fh tPetma(Gicﬂmas)s atﬂh@dokghs(em]mﬂsbaml ed to
37ferr] G Th 2 lution is t ken to transtor ed E. coli HB
101 asLﬂ’eécrl beg ggc‘f\}’ég (STRY D? pﬁmf‘ebl O on%gg\o aggI fi*&fes 15
-suppl enent edmenitt Gatiodt[ 20 pi Y/ is mi.:eadract;tclthme?stmcoli dnstf'cznnm of OJBRNBZS, are
screened for I b Tha .cl n he hi ghest
evel of | PNPREET %g.é*g*f’%geeﬁ%ﬁ%%ﬁ 5351 e iRy p ghlgeh.

CG pBR(AP) / LA RN- BTT and\iOawX iMglly, efid 4@@@101*11 Wirth) 3Q snf-@kf}\bl okhT4 PNA

represents a@g%éﬂéfﬁgl F%ll\ﬁ? lﬁ'lt red to the original clone 20 E.
celi HB 101 e reconbi nant plasnid DNA of the clone
CG pBR (AR) /A Fppqh.polqme of a solution containing 100 mM Tris+HC1l (pH 7.5),
100 mM CaC].2 and 100 mM } HgClz, is added, the solution is heated
for 10 min at 65°C to inactivate the ligase and cooled to 37°C. The
solution is then iaken to transform Ca2+-treated E. coli HB 161 as
described above (step D) and plated onto Mc Conkey agar plates
15 supplemented with 10 ug/ml tetracycline. The transformed colonies are
* screened for IFN activity (cf. step F). The clone syﬁthesizing the
highest level of IFN activity is selected and designated E. coli HB
__iOl CG-pBR(AP)/LyIFN-a~1. An activity of 40 000 (IU/ml) is found which
represents a 1300 fold stimulation compared to the-ofiginal clone

20 E. coli HB 101 CG-pBR322/HLycIFN-1'b.

The recombinant plasmid DNA of the clone CG-pBR (AP)/LyIFN-a-1 is

isolated from the culture as described above (step 3c) and character-
(:) ized by establishing the nucleotide sequence of the cDNA insert (IFN
- gene) and the f-lactamase regulatory region. The result is summarized

25 in figure 16,

II. Construction of the recombinant plasmid CG-pBR (AP)/LyIFNQa—3

The IFN specific protein yields of the clone E. coli HB 101 CG-pBR 322/
HLycIFN—Si'is improved as follows (cf. fig.17):

a. Preparation of the DNA fragment containing the B-lactamase regulatory

30 region from CG-pBR (AP)/LyIFN-a-1




isolated fromthe culture as described above (step3c) and character- ized
"by establishing the nucl eotide sequence of the cDNA insert (IFN gene) and
the [err]-lactamase regulatory region. The result is sumrmarized 25 in
figure 16. Il. Construction of the reconbinant plasm d CG pBR

(BE)!( Lyl FN-a-3 The | FN specific protein yields of the clone E. coli HB 101
CG pBR322/ HLycl FN-8[err] is éqproved as follows (cf. fig. 17): a. _
Preparation of the DNA fragnent containing the [err]-|actamse regul atory
30 region from CG pBR (AP)/ Lyl FN-a- | -64 - CGpBR (AP)/Lyl FN-a-1 DNA
(100 [err]g) is cleaved with Hnd Il (Biolabs) and Bgl 11 (Biolabs).

Fol | ow ng phenol extracti on and et hanol pre- cipitation, the exci sed DNA

frag t r |fugat|on
20T ke (yFRRTERL I, BB IO P SR Y SP e SRl ot Lo
per f orzmﬂngalt I58(Eiema1vqu quilawil'r&TpB&lorloema(:mm poh eAlb)ncdt pﬂd&{ err]C for 4
hours. c1plga onf I’%Ct tlin?chsse@rDe‘lACP% la%(e:rtl qfals q.et?ﬁdi 9engeatr)1§focy sn(xjc Thg fractions
“cont ai ni*ng YR8: Siel fagment I are pool ed and the DNA i s
pr eci piehat e gmdﬂenetdfmcifmtmuds Zﬂheuplsean.prrtas-eicn.s(ere8h®soI ved i w80
[errll_ 10 16[err are
reco%/ernédlgg g‘é#érﬁ‘%e 9%{/& Zatslg:’)rnl ]‘r?]ls PE gfoQ:%e?M gébngw e al' f ragnent
(H nd ﬂoltbr Bfontion AD [agri3‘®) fois 4chea:\sed0-\}5ﬁ mh BagtMS(Bteohaﬂse):t@dld t he
di gestjo e o e gel in
aPcrEg tb%f&?de f:ﬁ@%t:aé’é[}% con@i_ﬁhlgé\ﬁ\ f¥maﬁ gin%”%

Tri s- bor a?

escri be ore rag- ents are st ai ned |n—
Et Br (@lisd [§arBgl AL) ,arehpodied dand| thsauASIA mmmquhzsgmp} is o/
extrac d tedia ] Y PMA regi e th ethanol as =
usual . & Ese@%r egt?eglk’?a Y gte?e ?{sesé g gé "{eq‘rf? n@fg?{sﬂ ris. HCL (pH 7.5)

and10. @8 MVEBTA.0.B5 i EREA.alf gig BEFA tae n,eweneriseer tdep@rmfhed BINA i nsert  i's
exci S%ﬁea@ﬁ?ﬂ! @t?e roggpggtil &‘@ﬂlﬁt?' asm d CG pBR 322/ o

The DNA fragment (Hind III-Bgl II) (4 pg) is cleaved with Sau 3A
(Biolabs) and the digestion product§ are fractionated on a 67 poly-
acrylamide gel in Tris-borate—ED&A as described before. The DNA frag-

15 ments are stained in EtBr (0.5 pg/ml), the Hind III—Saﬁ 3A DNA fragment
(239 bp) is extracted and isolated as before., The DNA 1is precipitated with
ethanol as usual. The precipitate is radissolved in 20 u1 iO m¥ Trise®

HC1 (pH 7.5) and 0.05 mM EDTA.

b. Preparation of the cDNA insert

20 The cDNA insert is excised from the rascombinant plasmid CG-pBR 322/
HLycIFN-Si as described above (section Ia). -

g

The cDNA insert (2 ng) ié'digested with 2.5 units of Sau 3A (Biolabs)
in 10 pg/ml EtBr and incubated at 37°C for 60 min. The digests are
phenol extracted and the DNA is precipitated in ethanol as above. The
25 DNA fragments are fractionated on a 1.2% agarose gel in a solution
containing 50 mM Tris, 50 mM boric.acid, lmM EDTA and 0.5 pg/ml

ethidium bromide.

The second largest .DNA fragment (Sau 3A-PstI: 693 bp) is extracted

from the gel and purified as described in section 7Ia). The.DNA is re-



HLycl FN-8[ err] as described above (section la). The cDNA insert (2 [err]Q)
is digested with 2.5 units of Sau 3A (Biolabs) in 10 [err]g/m EtBr and
incubated at 37[err]C for 60 nmn. The digests are phenol extracted and the
DNA is precipitated in ethanol as above. The 25 DNA fragnents. are
fractionated on a 1.2% agarose gel in a solution containing S0 @M Tris, 50
nmM boric acid, | mM EDTA and 0.5 [err6] grm et hi di um brom de. The second

| ar gest DNA fragnent (Sau 3A-Pstl: 693 bp) is extracted fromthe gel and

purified as described in section la). The DNAis re- -65 - dissolved in
20 pl 10 nM Tris-HCL (pH 7. 5) and 0.05 mM EDTA. c. Ligation of the Hi nd
I11-Sau 3A DNA fragnent to the cDNA insert (Sau 3A—Pst|) Equal anmounts of

both DNA frégﬁi‘?ﬁ‘@d(%éor}d) 1%r“é1 Fﬁ’éub‘é’f datj froa and roP-ui"-‘lId' TAent ai ni ng 10
mM MCl2, 10 mM DTT, 0.5 mM ATP and 30 units/[err]l T4 DNA |igase

(Biolabs) at 15Jerr]C far 3 hours.: The mixture is incubated for 15 nin. at
80[err]C andCaMMmemt h 0.5
units Pstl (Biotghsiaaadry unit Hind 111 (Biolabs) for 20 mn.at 37[err]C.
The i's phenol—extracted, . et hanol precipitated 10 and redissolved in

20[err]T7 10 myl.dy 'ﬁoms gP'ﬂth 5)D‘Iﬁ’-rﬂ'agm<g§snMJ§@ fﬁ) Che Lné'tlxﬂ(at?é g

resulting mxture is ligated to the |arge H nd Il ragnent of the
pl asnmi d pBR 322u'(wpcx9rﬁg}mms 1@ m\iaR}ed 210 myy Dy D’rﬁ ml@ BTWAT:F@ goitsaphi ng

30 uni ts/[errhl ppf ﬁéasQN@m'de@@e at BisPCaRs) 3TiQurdh b oi%kefEd hC ipkandidlg tenth

vol unme of the solution is use to transformE. coli HB 101 as described in
step D). The feFaldsmbrned 8DComidk gd isded stod @ ot Badl-f Bre PEAImdEEYLEi {5 as

destri bed eanlpeseeliChichSdeP ules PoEL (zhameabwrgntaeis'uawqhh@e:ﬂl eEie3hndyevel  of
|FN activity i s selected and designated E. coli HB 101

(AP)/ Lyl EN- af9r Zpmimias BENG-athq PFA yisi Bhﬁi'@ﬂ-e‘?’iﬁfﬁ‘é’ifdase@éé%fwswpaﬁ%ﬁﬁé (step
F). An ajCE_bV'a'hX redissolved in 20 pl 10 mM Tris-HCl (pH 7.5) and 0.05 mM EDTA.

One half of the resu-lting mixture is ligated to the large Hind III-PstI
DNA fragment of the plasmid pBR 322 (~100 ng) in 10 mM MgClZ, 10 mM
DTT,-0.5 m¥ ATP containing 30 units/ul of T4 DNA ligase (Biolabs) for
2h at 15°C.

: 1'5 One tenth volume of the solution is used to transform E. coli HB 101
as described in step D). The transformed colonies are used to test for

IFN activity as described earlier (cf. step F).

The clone synthesizing the highe.st level of IFN activity is selected
and designated E. coli HB 101 CG-pBR (AP)/LyIFN-a-3.

20 The IFN activity is determined as described above (step F). An activity
of 70000 (IU/ml) is found which rebresents ‘a 700 fold stimulation com-
pared to the original clome E. coli HB 101 CC-pBR 322/&11)'0_117-.\'—8]'..
The recombinant plasmid DNA of the clone CG-pBR (AP)/LyIFN-a-3 is
isolated from the culture as described above (step Cc) and charac-

25 terized by establishing the nucleotide sequence of the cDNA inmsert
(IFN gene) and the B-lactamase regulatory region. The result is

summarized in figure 18.



of 70 000 (IWn) is found which represents a 700 fold stinulation com
pared to the original clone E coli. HB 101 CC pBR 322/111yclFN-8[err] The
recorﬂ)urdant pl asm d DNA of the clone CG pBR (AP)/LylFN-a-3 is isolated from
the culture as described above (step Cc) and charac- 25 terized by

est abl i shing the nuel eotide ggauence of the cDNA insert (IFN gene) and the
[err]-lactamase regul atory region. The result is summarized in figure 18.

- 66 - The construction protocol for the plasmd CGpBR (AP)/[err] can be
used for all [err]-1FN cDNA genes or appropriately cut chronosomal [err]
genes in general. For exanple, starting fromthe plasmd

CG meQZéMsytthd\ioﬁlprottheolpl asmrdieSplaeﬁqolR-ﬁmP)(ALy'lLFI\F{err] «d xS obt ai ned

[err] .an,ident] n K escrlbedf 9 the sm d BR(AP)/ Lyl FN
a-3. Thes Hw? ﬁf ernng1 c(rl:}gnt"ae“ﬁg ThEBRR T nse G PBKR2 Zgl 'yl FN-51 and

t he [ egddesl &ct«aﬁa&a regul atory region from CGpBR (AP)/LyI FN--a-1. A clone
desi gnated E. “col | HB 101 CGpBR (AP)/ LYyl FN-a-2 is selected as descri bed

above._ An_| FN actl V|t 1 -\ resents™—a 5
fold stinffaPlen & ’X‘ argre tFe tpgésré)lrd% Enr?g%( 3|§§/JL3 lgﬂ—:é,{l] étl]?lﬁ‘f% o/
322/5HL<;a%bEN(5m/Ly'IEIH§—cch£e@btu1r¢e s.eqmemzaatodialt henr@Ns idaseribeand t he :
[err]-lac g n_o d CG AP/LyIFN-a2|s

est abI% she(f' é’sas elgclryi; tggw% ghgna ;d'et;gln pr?a mm c%tal 5 ﬁ)hie Deposi tion

of prepar éasaricce DCCYRIR §h%/Hn1ycIIm-ﬁggmﬂ| smassam:tamnbegtaato@m nol ecul es

Prepar e e dC BB i FARRLL.10 208, SUBIPILELE S DiorgUl oo deposi ted

in the ure co ec- tio grlcultur re CoIIectlo\nJ
( NRRL ) CGrpBBe@PrtydiFN-1o42 19&E1amkdaasa dassw:@paéchliohe fapl IBWangivdcgessi on

ol 15 1 2B DoReHEd S shiin RS Forsehly 5 Mg f imagibifand 1208 bER
322/ Hiparke&Ned tbe ori|RRIalBE 12530 HB 101 CG~pBR 322/HLycIFN-S . The nucleo—~

tide sequence of the cDNA insert and the f-lactamase regulatory region

of the plasmid CG-pBR (AP)/LyIFN-a-2 is established as described above

and depicted in fig. 19.

15 III. Deposition of prepared microérganisms

' Micré—organisms and recombinant DNA molecules prepared as described in
Example 10 are exemplified by cultures deposited in the culture collec-
tion of the Agricultural Research Culture Collection (NRRL) on September W/

14, 1981 and are assigned the following accession numbers:

20

E. coli HB 101 CG-pBR 322(HLycIFN—31: NRRL B-12528 ®

E. coli HB 101 CG-pBR 322/HLycIFN=4 :  NRRL B-12529 |

E. coli HB 101 CG-pBR 322/HLycIFN-1'b: NRRL B-12530 -
E. coli HB 101 CG-pBR 322/HLycIFN-5.:  NRRL B-12531 |

E.

coli HB 101 CG-pBR 322/HLycIF;\.7—3'1: NRRL B-12332



E. coli HB 101 CG pBR 322/ HLycl FN-51: NRRL B-12531 E. coli HB 101 CG pBR
322/ HLycl FN-[err]: NRRL B- 12532 Exanple. U The | ynphobLastoid
LFN-1"b and LFN-5. codi ng sequeneces uf the E. coli plasmds

UG pBR322/ HLYycl FN-1"b and -5 (cf, Exanple 10) can be subcloned in plasmd
p30 (cf. Exanple 4) in an anal ogous #arner as described for |FN Big%] I n
Exanples 5 and 6. A partial digestion 5 wth rescriction endonuc

Haelll 's required. Tha yeast hybril plasm ds obtained in this way are -
0301 FN2( 1" b), p30IFN2' (1'b), p30IFN2(51) and p30lI FN2' (51). These obt ai ned
hybri d pl asm dsxamabe be: usthe Imphﬁmtﬁmﬁaachar.ﬁmes CRJAENE &q@,%ﬂ?l as

described in Exanple. 7 -the. fol.l,owi.ng, S. Q. ta,l ni.ng a bl’ld_‘

plasnid with Exﬁa;ﬁf) bf 2k BFFTEN “EORIA kpl'g?"tc o-Te1 Béﬂ eT’ezctég S"Y'““‘ R

cerevi si ae RH%deé]slﬁth(oh‘eaLx)n Sla.mﬂ.ﬂep.GOS (ef. RikinplepBOLikNE Gdalpkod: manner

cerevisiae RHY// ( ere | 5| ae 71/ p3Q EN2. Exanpl e
aBedieg (ot ngtc be’Eme ngg tela"lfo‘%lg%ﬁf

12: In an-anal ogous rRRher a8 g § yeast
hybr| d pI ashi de.tbaresseictibai eneidnua:tlaake m@eIIIom,tﬂ'eQup&eas n‘rlds yea@l kPRIl b) ,

(51), 8[err , LEN2'(13h), -(5 re @ _ _
pJDB207/T FN2( 1 %“f‘%{]&j‘ B%%d‘??‘?ﬁ&z”t% B‘}’,‘ "’63[@8%4@ (’5E7 ‘%5@56%'?’@2' (51) and
pJDBZO?/ | FN2( 8f362FF9(5, XredepIRIBN2'd5p) asni ds can be transforrred into S.
cerevisiae strain RHQJ/l sel ecting for |eucine prototrophic colonies. The

foll owi ng colonies containing a hybrid plasmd with a | ynphoblastoid |IFN
cDNA 25 i nserfhegerpbisazusdt hyhrdd: pl@smids g diequsddHEY 1irpddiio20 7JacEh@ohydrs S.

cgrevisiae RHLLIEWMUNBEZORMOITNG Ghedbiven 1GOHEMbEL 3¢ T fd{ RIBRZAL1ANE(5 )

10 containing a hybrid plasmid with a lymphoblastoid IFN cDNA insert

can be selected:

S. cerevisiae RH971/p30IFN2(1'c}

S. cerevisiae RH971/p30IFN2'(1'bj

8. cerevisiae RH971/p30%?N2(51)
15 8. cerevisiae RH971/p301FN2'(51)

Example 1/: In an analogous manner as described in Example 9, the '
following reast hybrid plasmids can be obtained starting from the
plasmids p30IFN2{1'b), --(51), -(8]) and p30IFN2'(1'b), =(5),

) respectlvely

N\ 20 pIDB207/IFN2(1'b), pJDBZO?/IFNZ (1'b), pJDBZO7/IFN2(5 ),
pJDB207/IFN2' (5 ) and pJ'DBZO?/IFNZ(S')

{ } These hybrid plasmids can be transformed into S. cerevisiae strain
' RH971 selecting for leucine prototrophic colonies. The following
colonies containing a hybrid plasmid with a lymphoblastoid IFN cDNA

25 1inseri <¢d.ua Le obtained:

3. cerevisiae RH971/pJDB207/IFN2(1'b)
S. cerevisiae RH971/pJDB207/1IFN2'(1'b)
S. cerevisiae RH97l/pJDBZOZ/IFN2(51)
S. cerevisiae RH97L/pJDB207/IFN2'(51)
3G 5, cerevisiae RH971/pJDBZOZ/IFN2(8i)




1 S. cerevisiae RHI71/pJDB207/1 FN2' (51) 30 b. cerevisiae

RH971/ pJDB207/ 1 FN2(8") 1 -68- Exa npc 13: Construction of an expression
plasm d containing the PHOS pronoter and PHGS transcription termnation

si ghdl® (see fig. 20) a) Elimination of the ECOR restriction site in
‘plasm d p30: 5 The schene-ca& Fined in fig. 20-22 requires elimnation of
the uni que EcoRl restriction site in plasmd p30. Five [err]g of p30 DNA
(cf. Exanple 4) are digested to conpletion with restriction endonucl ease
-EcoRI (Boehringer). In order to fill in the resulting sticky ends, Iug of
EcoRI d| gested 30 I n 50[err]| of 50 nMNaCI 10 n1VITr|s HC 10 pH 7.5,
10 mM VAL A\12H AP L 85y Asmi Paingng nhebBEGd f or 30
min 37Cwith 1 Unbion{af:epl\l%pﬂic%”?f&%@dﬂﬁh@ﬁ'%rhﬂ{&%oﬁ AR . BRL). The DNA
recovered from etfhanol _preciprration s rrgated as usuar —ard used for
transformati on of (Wi’rmfﬂﬁ?mzm coli HBIA cells as described in Exanple 4.

Clones that are resistant to R 15 . EcoRI’ digest are referred to
as. pso/E%éﬁ#mh*“i@hMéJEﬁﬂERE&uEEE5&3&£§§ﬁ£ﬂ&&&ﬂl§ﬂ&ﬂ&LﬂLanscrIptlon .

ter m nagaed @cfénﬁg H@tf‘f[mea_ he PEDS 26130 $64diRE s AT nbBERT o IO @ﬂe Vé e Nucl eqse

mappi ng aJs tor tran pti.on ter tion €en shown to
be | ocaf ﬁ‘ ﬁeStnﬁt g rall ¢ Péﬁﬁ%’fsﬁé% f‘?"é@'ﬁeﬂ? 33 e (8105 gene. The
nucl eot Exkmpieqlence ddgesdea 62 t3dp Ratibn fwish nistricigh widohut1khge 21. Five
[err]g JRB207L P ( .are dl d to conpl e-
tion w %OR?egﬁgcfn%Q%n&on cﬁreﬁgefgagaﬂ%%ggﬁﬁs?%ﬁ «fé"g?fctlon .
f r agment aigap€ ExeRRrdigeskednp30 \iar 50 mal ofl 56%M mcn;ellolmg'ragaucse gel in -
10 pH 7.5, 10 mM MgCl,, 1 mM DIT, 0.25 uM JATP and 0.25 mM dTTP is S
' incubated for 30 min 37°C with 1 unit of DNA polymerase (Klenow

large fragment, BRL). The DNA recovered from ethanol precipitation is
. ligated as usual and used for transformation of competent E. coli
HB1Ol cells as described in Example 4. Clones that are resistant to

15 EcoRI digest are referred to as-p30/EcoRIR.

b) Isolation of a 0.37 kb Sau3A-PstI PHOS5 transcription termination
Eragment: . ' |

The PHOS transcript has been mapped by S1 nuclease mapping (48). The
signals for transcription termination have been shown to be located

20 in a 0.37 kb Sau3A-Pstl fragment of the PHO5 gene. The nucleotide | ot
sequence of the Sau3A-Pstl fragment is given in fig, 21. ' |

Five/ug.of pJDBZO?/EEQQ,EEQQ_ DNA (cf. Example 2) are digested to comple- (:)
tion with restric;ion endonucleases Sau3A and PstI. The restriction
fragments are separated on a vertical 1.57 low melting agarose gel in
25 TBE buffer. The 0.37 kb Sau3A-Pstl fragment is localized by
ethidiumbromide stalnlng and a gel block as small as possible is cut

out containing this DNA fragment.

¢) Cloning of the Sau3A-PstI PHOS5 fragment in M13mp9:

M.3mp9 phage DNA is a useful cloning vector w1th a cluster of unique
30 restriction sites (49). Five jug of M13mp9 DNA are dlgested to

completion with restriction endonucleases BamHI and PstI. The larger -



25 TBE buffer. The 0.37 kb Sau3A-Pstl fragnment .is |ocalized by

et hi di unbrom de staining and a gel block as small as possible is cut out
containing this DNA fragment. c) Coning of the Sau3A-Pstl PHO5 fragnment in
ML3nmp9: M. 3mp9 phage DNA is a useful cloning vector with a cluster of o
unique 30 restriction sites (49), ¢five [err]g of M3np9 DNA are dugeisted
to conpletion with restriction endonucl eases BanmH and Pstl. The |arger

- 69- 116 7.2 kb DNA fragment is
separated froma very snmall fragnent (8 bp) on a 0.8% I ow nelting agﬁroseI
gel . The gel b} 9cCk, GRAL 3B B sepaF SR aDNAN ”é h$ yhe ge
O bl ooke i L Ko SRR BBl 4D %ece N ﬂ#‘ﬁﬁ%&s(g 3 (et

st fragnen pJDB20
Exanpl e 13b) ot 2t heSislaw mekiingargqroms gl ?fagrmh bchlqvmm@nmgetm daegd ed

t 65 C t [, anmpunt L1 ut h, H20 to | ower
fhe. agar 086 cg?ﬁé“é%%%ﬂf?%ﬁ% B SE g o e Rioeke atfeBui ™Y 560 (err])
SOLI ug 6 8n co?t a ‘?‘i SATP % ﬁalwgmpm oﬂ@mepgrﬂg NO%CIS?Gmeﬂ& mpglig nttl,ercng/: iA'SI'P
an uni %

10 of t\§=§ st?al?n2 E'él co ﬂfl\/ﬁlo% %‘Earm ?P 138 Jn%g(glcc udpr‘l'd t%?he’ BERtal M3
cl oni ng and DN sboe wai iy Ley smewitspaind |dshmdby1ﬁﬂe (Emgl hmderhel apsros€hages
froma nunber nclhi L2 15 q:gU@%zar@lC%gEg‘ywlg “gq'“EgOZIQP &o gﬁgf Egela\r

DNA insert by cleavage with restriction en c eases
M 3np9 deri vedtataiingott aMntnig. IEQiePEabéA-%mM refis tlnambsml'ptn oM ATP and

f d d
term nation fragnestesi oz '1‘&0!)1@4 Q@%A%QS(#F&%%{:)EI Bﬁ?lgn Jggi%n%gfongﬁé? LS in

3A-Pst 1) d
é ;J EcoRISR 1¢Hb‘) She &Qlﬁg*n Em&r%ér(%i'bnst done aeddrding tagrtennarciadn®isi n
phage 20 ML3np&ioca démaaldﬂdoﬂqﬁaaéﬁgp $ydtkh” Iﬁ;b&f&leﬁﬂ@d NEw ﬁﬁtﬁﬁ' BistdpRdl Il R

fragment in. pl asm 30/ EcoRl cl eaved wi.ith Ball and "H ndl
Phages from a number of white plaques are grown and analyzed for the

size of their DNA insert by cleavage with restriction endonucleases
EcoRI and PstI.

15 A M13mp9 derived clone containing the Sau3A-PstI PHOS transcription
termination fragment is isolated and reférred to as M13mp9.,PHO5
(Sau3A-Pstl).

d) Cloning of the PHO5 transcription temmination fragnient in p30/EcoR]F:

The original PHOS transcription termination fragment clomed in phage
20 M13mp9 (M13mp9/PHOS5(Sau3A-Pstl)) is recloned as a HaeIII~HindIII
fragment in plasmid p30/EcoRIR cleaved with Ball and HindIII:

o M13mp9/PHOS (Sau3A-PstI) DNA is cleaved to completion with restriction
o/ endonucleases HaeIIl and HindIII. The resulting two DNA fragments are
' separated on a 1.57 vertical low melting agarose gel in TBE buffer.

25 The 0.39 kb fragment is isolated in a gel block cut out of the gel,
: _ p30/Ec:oRIR DNA is digested w1th Ball and HindIII. The large 3.98 kb
fragment is sepax_:ated on a 0.8Z low melting agarose gel in TBE buffer

"and isolated by cutting a gel block containing the DNA fragment.

Gel blocks with the 0.39 kb HaeIII-HindIII PHOS5 transcription
30 termlnatlon fragment and the 3,98 kb B21I-HindIII fragment of p30/

EcoRI are melted at 65°C and mixed in about equlmolar amounts. Liga-



ML3nmp9/ PHO5( Sau3A-Pst1) DNA is cleaved to conpletion with restriction
endonucl eases Haelll and Hindlll. The resulting two DNA fragnents are
separagted on a 1.5%vertical |ow nelting agarose. gel in TBE buffer. 25 The
0. 391.kib fragment is isolated in a gel block cut out of the gel. R p30/EcoR
"DNA'is digested with Ball -apgl Hindl 1. The large 3.98 kb fragnent is
separated on a 0.8% | ow nelting agarose gel in TBE buffer and isol ated by
cutting a gel block containing the DNA fragnent. Gel blocks with the 0.39

. kb Haelll-Hi ndlll PHO5 transcription 30 term nation fragnment and the 3.98
kb Bal I - Hisndl Ida tFaFERLatQbn RFOLoiPESARE, 28661 iMaE idAdcéf1s6htent] C and mi xed

I n about equi nol ar anounts. Liga- -70-"t1on and.transforpati on of
conpet entdeEcrihedi ingreur et OVAr of FTPRIOTPEHERL T LExaRRIvEed ! D3DNA of

transf or nBdatelel §idnS BANAINS GfheyT ChCANALE kb, 'Lheaﬁi’ﬂg“%e' Licrif €l one

containing the PHO5 transcrip- tion fernination Lt Rer

anal yzed %Ad temtaptiog f@saanosi furthew afalyred 26) reﬁmeésm es pillasmi d p31
cont ai s (k& FRgR popnoter region with part of the signal sequence of -RHOS -
and adjacent to it a DNA fragnent with the PHOS5 transcription term nagjbn
signal s. Foreign coding sequences to be expressed in this vector may

conveni eBkpnesbeor P3LdiadpID cbﬁﬁa&/ﬁsntw o163 ?Eoﬁl@rtfe%'ig@ ikhigaRet €r mi nation
seqguence | e_14:1nsertion of astoid interferon-5 DNA into

pl asmi d ﬁélﬁésg&“ﬁflg‘iﬁqé‘e% ° )—ﬂ—é-of‘éi’%lﬁﬁlfcﬁf‘tl-@ei'-ﬂa PB4 | freemgprent s of

pl asmi d Q&IpIBEBMOHLth&fph&; teﬁ@iﬂatﬁ&:{ 3t nd 18] Oor e RB3ZYY HLyCI FN-51
(seExa ? ge vvg é m LB nedi um sup Qlemented wth 0 W,
[err] g/ nf T“@f’?ﬁ%ﬁ?l % SXRELESRE 1R SBH ToEROX PRY |OBYeRISH: LK PESSLFERA i n
Exanplie Betwken pmmbter ahd @Gaaaaaaeidrushﬁmaadal\lée@reacs@.rrpl etely di gest ed
wWith restriction

Example 14:Insertion of lymphoblastoid interferon-S1 DNA into

plasmid p31l (see Figure 22)

a) Isolation of HaeIIl-Hpal fragments of plasmid CG-pBRBZZ/HLycIFN—S1

E. coli strain HB101 CG-pBR322/HLycIFN-5 (see Example loE) is
15 grown in 100 ml LB medium supplemented w1th 10/ug/m1 tetracyclln and
the plasmid DNA is isolated as described in Example 2, Ten mug of
CG-pBR322/HLycIFN-51 DNA are completely digested wi;h restrictiog
endonucleases Pstl and Hpal. The restriction fragments are separated
on a preparative 0.8%7 low melting agarose gel. The PstI-Hpal fragment . ;:2
20 of about 860 bp containing the IFN—S_1 coding sequence is cut out of -
the gel and eluted from the agarose gel as described in Example 4a

and purified by DE52 ion exchange chromatography as detailed in

@

Example 5a..

The PstI-Hpal fragment contains 3 HaeIll sites: at position 41, 65
25 and 146 (from the ATG) in the IFN-S1 coding sequence. Partial HaeIII

digestion leads to threg HaeIII-Hpal fragments of 699 bp, 780 bp

and 804 pp, respectively. HaeIIl digestion is carefully adjusted to

obtain about eﬁual amoﬁnts of all three fragments. The mixture of

fragmenté is phenol éxtrac;ed, ethanol precipitated and resuspended

30 in 10 m4 Tris pHS at a concentration of 0.1 mg/ml.



1 endonucl eases Pstl and Hpal. The restriction fragnents are separated on a
preparative 0.8% | ow nelting agarose gel. The Pstl-Hpal fragnment 20 of .
about 860 bp containing the IFN-5 codi ng sequence is cut out of the éell'dand'
eluted fromthe agarose gel as described in Exanple 4a and purified by DE52
I on exchange chr omat ogr aphy as _dgtlai_l ed in Exanple 5a. The Pstl - Hpal
fragnment contains 3 Haelll sites: "at position 41, 65 25 and 146 (fromthe
ATG in the IFN-5 coding sequence. Partial Haelll digestion |eads to three
Hael I | - Hpal fragnments of 699 bp, 780 bp and 804 bp, respectively. Haelll
digestion is cg 'ﬁl’lél L)eed Jlu%tgadﬂto eql‘)’tgu os% e ual‘ aqunm all three

fragnents. The m

preci pitated apd, resusp 0. ip 10 Tris pH3 at c pcentration of 0.1
mg/ ni . - 7195"6‘}3 | ré’%g?% g“rnf'ogx"é?|1?1\4c3ld§>a?7fé’d$° 35%’%&&%5‘% &dthI%8sni d
p3l Si xug of p3triohilorf ehdortucdegdecBARNYBRL)E Aftepl by edirgacdion amdt d-Ha@s1

striction endonucl.ease .Bal I. ( ).. After _phenol traction _and, et har. ol
precipitation ﬂaeuﬁf\%letllgnrteh i@g%llge’ifdllﬁsqlgﬁg[’é‘r }(F(i(ﬂ“rlo‘fft ég VT EHS 8H ji40gant
and 5 {passed passedgthmubl) 4 50 pll bk d£odquifjibdaitbd aihe texChod %i?ﬂ@))(ﬁi @RAD)
in a silliconized,.P o] i r | er

-subsequent was Eg%ilrcgﬁ%:%lréblp%et%s{‘ C}n}QEn T'r![h gv%ol%ocgﬁg U%lg{l g% fal%%él’ gloéa%lfb%téque#t
phosphat ase ( Buasiy iangerombined . Qe unitaf ofrcalf hindes timeudlkal tne ahoPhptase] C t he

enzyme i s inactj i C 1 re. Natde eRbéAal ' he 10

i ncubation m x{(%sr(egltr?{ggegglj %%tg a{dc') ‘?[f}(?@mfi/[h %Eghﬁ | neé??g%dgzecgtﬁgggﬁg% | at ed

pit:k, DNA i s pur i$iiegcpivaped ati 6%’ Cefeth dnfcrrshr BisaNeth sprseatsatdomdmphe 5a) .
er

A ethangl Ph&HaRIdARiArkNE Bhlhdead '@ Y5PRIOfe! PinkQridddThighoBbhdiyal @
concentration of 0.3 rr%lm_. c) Ligation of |inearized, dephosphorylatéd p3l
DNA to the 15 lated-p@} DNAjfapurifigindiyt RBE3SF iprrigxghangRychromatography (see

Example 5a). After ethanol precipitation the DNA is resuspended in.
10 mM Tris pH 8 at a concentration of 0.3 mg/ml.

c¢) Ligation of linearized, dgph0§ghorylatéd p31l DNA to the

15  HaellI-Hpal fragments of IFN—S1 DNA

0.6 mg of dephosphorylated p31l vector DNA cleaﬁed with Ball is ligated

to 0.5 mug of partial HaeIII-ﬂpaI fragments of IFN-51-DNA (see
Example 1l4a). Ligation is carried out in 10 ml of 60 mM Tris pH 7.5,
10 uM MgCl,, 10 mM DIT, 4 wM ATP and 300 units of T4 DNA ligase

o 20_ (Biolabs) overnight at room temperature. A 1 sl aliquot of the
ligation mixture is added to 50 ul of calcium treated transformation
competent E. céli_HBlOl cells. The transformation protocoll is as

described in Example 4a.

Transformed, ampR colonies are grown individually in LB medium con~
25 taining IOOng/ml ampicillin. Plasmid DNA is prepared according to the

method of Holmes et al., (50) and analysed by digestion with re-

striction endonuclease BstEII.(one unique site in the PHO5 promoter).

20 clones containing the IFN~5, insert are further analysed by

. 1
BstEII-EcoRI double digests co determine the orientation and size
30 of the insert. Among 8 clones with the insert in the right orient-

ation all 3 expected insert sizes are found. The size corresponds



1 0.6 [err]g of dephosphoryl ated p31 vector DNA cleaved with Ball is
ligated to 0.5 [err]g of partial Haelll-Hpal fragments of |FN-5 DNA (see
Exanpl e 14a). Ligation is carried out in 10 [err]l of 60 mMTris pH 7.5, 10
1\ Ng@k? 10 MM DTT, 4 nM ATP and 300 units of T4 DNA |igase 20 (Biol abs)
overnight at roomtenperaturg -A 1 [err]l aliquot of the ligation mxture
Is added to 50 ul of calciumtreated transfornati on conpetent E. coli HB101l
cells. The transformation protocoll is as described in Exanple 4a. R
Transforned anp colonies are grown individually in LB nmedium con- 25

tai ning | u 1111 PEASHL L gl © the

nmet hod otfoHo rrgég%a ﬁ 180 azgn%:l ana‘ﬁf?gﬁéégédggygggfﬁgé W t r&]ﬂrdggdgt riction
endonuclofaske B§U‘Eﬂ I ge@méctrmﬁqeeplsar fea) .nThe & 1ppess ape FitbeEred. t2@sSc| ones

cont ai ni I t lySeh-BY ihsBstEbk-doa0Rl doubl e
di gests ?g/idﬁqs ¥ r?gl{ir?gqgl)r %ﬁ?a{#g?\fgrr?él g?';‘ei %g‘ ot ‘the insert. Among 8

cl ones \hrpt hHateIiéI ﬂlsveitmsnrthemp ot (Bael&hi~Hpat) end 92 Bp expected insert
sizes @ E% E€£& sponds -72- to the three Haelll 3-Hpal
fragnents creét y partla el 1l digest of the | FN-51 gene (cf. E»adple
14a). The clones are referred to as p31l/1Fl(51), p31l/1F2(51) and

?Eé/e : rf(&& 1 48 | i 11804 1 B P: {eERAl loh-1 P8k 'msr; 3“,)' ZSQpr
InsertrQﬂ_ﬂﬁ__ﬂﬁbﬂbb?d@@@r@mrnterferon |"b DNA into pl asmi d p31 (see Fig.
22) a) Isolatron of FheIII-RSaI fragnents of plasm d _OG pBR322/ HLycl FN-1" b:.
Ten [ er rPglegls fBaplLE<R grenenct plasmidy GOTRBRIALMLYe IFNIL (PS5t ed 10 \J

with restriction endonucl eases Pst| and Rsal. The restriction frag-
Ten ug of CG-pBR322/HLycIFN-1'b DNA (see Example 10E) are digested

10 with restriction endonucleases PstI and Rsal. The restriction frag-
ments are separated on a 0.8Z low melting agaroee gel, A PstI-Rsal
fragment of about 870 bp is isolated from the gel and purified as

. described above (Example l4a).

The PstI—ksaI fragment contains three HaeIIl sites: at positions 13,
15 37 and 118 from the ATG of the IFN-1'b coding sequence. Partial’
HaeIIIl digestion leads to three HaeIlI-Rsal fragments of 735 bp,
816 bp and 840 bp, respectively. The mixture of fragments is phenol
extracted, ethanol precipitated and resuspended in 10 mM Tfis

pH 8.0 at a concentration of 0.1 mg/ml. R Sp{

20 b) Ligation of linearized, dephosphotylated p31 DNA to HaeIII-Rsal

fragments of IFN~1'b DNA . S o

0.6 jug of dephosphorylated p3l vector DNA cleaved with BalI'(see
Example 14b) is ligated to 0.5 ug of partial HaeIII-Rsal ftagmeﬁte
of IFN-1'b DNA. The ligation procedure, the transformation of compe-
25 tent E. coli HB 101 cells with the ligation mixture and the
selection of the transformed am.pR colonies is carried oﬁt as
described in Example l4c. Plasmid DNA is prepared according to the
method of Holmes et al. (50) and analysed by digestion with restric-

tion endonulcease BstEII,



ments are separated on a 0.8% low nelting agarose gel. A Pstl-Rsal fragnment
of about 870 bp is isolated fromthe gel and purified as described aboye, .
(Exanpl e 14a). The Pstl-Rsal fragnment contains three Haelll sites: -at lf-U
positions 13, 15 37 and 118 fromthe ATG of the IFN-1'b codi ng sequence. -
Partial Haelll digestion leads to three Haelll-Rsal fragnments of 735 bp,
816 bp and 840 bp, respectively. The3nT xture of. fragments is phenol.
extracted, ethanol precipitated and resuspended in 10 MM Tris pH 8.0 at a
concentration of 0.1 ng/m . 20 b) Li gatlon of linearized, dephosphoryl ated.
p31 DNA to Haelll-Rsal fragnents of IFEN-|'b DNA 0.6 rr of R
dephosphor yl afeeflopss QP@EGH\%“E)I\WQCF%%H ifjser: B5e Ia"(’ééideé’gr?ﬁF}éHl‘Eb‘)‘I"'
ligated to O. ﬁo&ﬁrrh%gtsp%B'@onkﬁ%&E| st vdf ea@mﬁtﬂleoﬁadﬂi +Rs|a1DNA The
| igation procedure e transformatjon of, co .HB 101

|

celI's with t héragmeati BI6nbd &R FhankiehhoTieRtd 8?r gt%lﬁfc"f‘ﬁté““[cg s F8r med anp
colonies i s caefér@dotd aaspIesE2(1bBY. i N Exanple 14c. Plasmd DNA is
“pr epared according to the nmethod of Holnmes et al. (50) and anal ysed by
digestion with restric- tion endonul cease BstEll. . 120 -. 73 - 7 clones
cont ai NTNg § h@xhdgiel 16: IASattionro bynphybkacbid RatddfleréhA3l |DNMotbte di gests.
“Two cl ones are shown to Zontg E;!tfee H%elll Z Rsal fragnment (816 bp) in the
right orientation. This %—Fedto as p31/1F2(1'b). 5
Exanpl e 16: Insertion, of Iyrrphobl ast0| d_i nt erferon 81 DNA into pl asm d p31
(see figure 23) BsolpgigmEf @, 1046 kbiSald-Fe Beny rchis FF d

3O FN (8[err DNA (see Exa l e 5d
dgggyégsbe: rh]FalgeFl}zvgeoL epr I’Ongl(S DNA (s(ee[ExamHe 5d) 1s( digested rv:rwlzth re—)

striction endonucleases Sall and EcoRI. A 1.46 kb SalIl-EcoRl

10 fragment, containing the PHO5 promoter linked to the protein coding
region of IFN-Si is separated on a 0.8%7 low melting agarose gel.
The DNA band is localized by ethidium bromide staining and cut out
of the gel.

b) Isolation of a 3.5 kb SalI-EcoRI fragment of plasmid p31

15 Five/ug of p31 DNA (see Example 13d) are completely digested
with restriction endonucleases Sall and EcoRI. The 3.5 kb vector
fragment containing the PHOS5 transcription termination sequence is

separated on a 0.8% low melting agarose gel and the DNA band is

cit out,

20 c¢) Ligation of a 1. 46 kb SalI-EcoRI fragment of niQIEN](& ) to a 3.5 kb
SalI-EcoRI fragment of p31

. _ Gel blocks with 0.67 ug of the 3.5 kb SalI-EcoRI fragment of p31
and 0.5 pg of the 1.46 kb SalI-EcoRI fragment of pSOIFNl(Si) are
ligated in 240 ml as described in Example 4a at 15°C overnight.

25 1l0ml of the ligation mixture are used to transform competent
E. coli HB1O1 cells.

R . - PN .
Transformed, amp colonies are grown individually in LB medium con-
taining 100 ug/ml ampicillin. Plasmid DNA is prepared according to the
method of Holmes et al. (SO) and analysed by digestion with restric-

30 tion endonuclease BstEIL (one unique site in the PHOS promoter).



striction endonucl eases Sall and EcoRI. A 1.46 kb Sal |- EcoRl _10 fragnent,
~containing the PHOS pronoter linked to the protein coding region of .

| FN-8l'err] is separated on a 0.8%|ow nelting agarose gel. The DNA band is
1 odad kzed by et hidium brom'de. stalning-and cut out of the gel. b) Isolation
of a 3.5 kb Sal | -EcoRl fragnent of plasmid p31 15 Five [err]g of p31 DNA
(see Exanple 13d) are conpletely digested with restriction endonucl eases
Sal | "and EcoRI. The 3.5 kb vector fragnent containing the PHO5 }
transcription term nation sequence is separated on a 0.8% I ow nelting

agar ose ,gel .and DNA band is Ot t.e20 c) Ligation of a 1 46 kb

Sgl | - Ecgglﬂ? unfbr%ggon%% BT f)%‘g:lall—'ﬂﬂgs v r%d‘at o5 '2 FTR 8AF 1o Rt agnent of
p31 Cel Pk Keubliet HigksBT, d@lemfallheor&a?nMesaM&-];Ebtﬂ??lélfzrf\lclia;?g\[a‘fﬁag??nmCBl (imd
0.5 [er f e,1 b Sall:z:EcoRl_fra b P err are

li gat e_drr%‘% i%ZBE{]‘g‘reré"Q‘ﬁg ?fgsgﬁeﬁé i ﬁgﬁ%?}e"@a’ ut 15C overnight. 25 10

[err]l of the ligation mxture are used to trans’formcprrpetent E. coli
HB101  clli 1Ry 7y SR ALAE e BIM SOLANLE5:,A0E; 07 qun Jadi vidually in LB~

medi um COT=—t3 g o6~ — st e 5r epar ey
accordi ng to the ¥f8Ehgecter mdbE et al. (50) and analysed by digestion
wth restric- 30 tion endonucl ease BstEIl (one unique site in the PHO5

pronot efhe construptions described in EXamples rlénbier codtaihories PR@ML ai ni ng t he

| FS- 8 ' ; n | 1 PYUL ub igests. They all

cont ai[ ﬁﬁf%ngtgfggﬁﬁgéx%ﬁ@%gg{%og ?%gnégt%egf%éyiaaggﬁecg&%f:g?\“@s are referred
to as psuinties[termigatipy mighelslin Ssbedemnanteyf allerdesaurdtimations in the
hi gh copgrIMMfdrived vector. For exyfillioy Gl 9£aSQJ%QIZOIQ insert is

10  subcloned as such in yeast vector pJDB207 (28) allowing selection

for leucine prototrophic colonies (c¢f. Example 9 and fig. 6).

2ug each of p3L/IF(8]) DNA, P3L/IFL(5,) DNA, P3L/IF2(5,) DNA,
p31/IF3(51) DNA and p31/IF2(1'b) DNA are diggsted with restriction
endonucleases Sall and HindIII. The restriction fragments are

15 separated on a preparative 0.8% low melting agarose gel. The small

fragment (~2 kb in size) of each digest is cut out of the gel.

10 jug of pJDB207 DNA are digested with restriction endonucleases

Sall and HindIII. The large 6.2 kb fragment is isolated from T
a preparative 0.8% low melting agarose gel. Gel blocks containing

20 the DNA fragments are liquifiéd at 65°C and diluted with H 0 to

2
lower the agarose concentration to about 0.3%. ' E I

Each of the 2 kb SalI-HindIII fragments of the plasmids p31/IF(8i),

p31/IF1(51), p31/IF2(51),_p31/IF3(51) and p31/IF2(1'b) is mixed with

an equimolar amount of the 6.2 kb HindIII-Sall fragment of pJDB207.
25 Ligations are carried out in 100 pl1 for 4 hrs at 15°C. 10 ml of

each ligation mixture are used ﬁd transform competent E. coii.HBIOI

cells as described in Example 4a. Several ampR colonies from each

experiment are grown individually in LB medium containing 100 pg/ml

of ampicillin, The plasmid DNA is analysed for the size of the insert



The constructions described in Exanples 14-16 contain the PHOS pronoter,
different interferon coding regions and the PHO5 trans- cription

termnation signals in a tandemarray, all inserted in a pBR322 derived . .
vector. For expression in yeast the whole insert is 10 subcloned as such i nle
yeast vector pJDB207 (28) allow ng selection for |eucine prototrophic '
colonies (cf. Exanple 9 and fig. 6). 2 [err]g each of p31/1F(8[err]) DNA,

p3l /1 F1(51) DNA, p31/1F2(51) DNA 7931/ 1F3(51 ) DNA and p3l/1F2(1'b) DNA are
digested with restriction endonucl eases Sall and Hindlll. The restriction
fragnents are 15 _separatged on a.preparative 0.8% ]l ow neltjng. agarose gel.

The smal | fragh@fiegrass 'ﬁbtq? ﬁessﬁrigﬁmg‘f e‘é’%?&ﬂ"%ﬁ‘*@%%lﬂl}‘g%ufndoﬁg”m Th¢re - gel .

10 gg of p}J] DB|29331%@E:Qoﬂ%sgﬁﬁﬁl'eﬂhd\licbbrécﬁlstﬂisie&'l‘.'? meed&daau;cjneaaeer&gl)g alnd
Hndlll. The Iar ; ra nt is,Lsolated.fr a pr ratjve, 0. 8% I ow

mel ti ng agar osB‘"%gp?/ éélli? H|’OB‘8£538%{HIF§I(%ISI’16C%0%%%E%§\H ng(ﬁémi(sa} gand

l'iquified at GpjomoyArat' )i Ked.edigy 2)H O to 2 | ower the agarose

toncentration to about 0.3% Each of the 2 kb Sall-H ndlIl fragnents of the

pl asm es /p3l /1 F(8[err]), p31/IFl (51), p31/1F2(51), p3l/1F3(51 and

p31/ 1 F2(1' b)3 i Exawpledlas Etm};ﬁom_,;gamloarsmbengés.Ehg}ﬁ.ﬁ?ﬂg&&%&h&ﬂI - Sal |
fragnment of pJDB207. 25 ch fions are arrieddoq:t. inlOO([err]l for 4 hrs
at 15[err]C. 10[err]| of%ﬁ%mmw to transform
conpetent E. cgli HB10Q1 I de j j a eyeral anp
colonies from ggac l%%(ﬁé?lgfrégﬁ F@?‘lg’ ?%\%\%&?Agﬁ#{%lgﬁﬁr}%&ﬁ@ﬂ%m um

Cant ai ni ng | COpEIB2PHY/IFB (D) andipdDB2A7MIFZ(iéb)laxs neathCivkrbducadalnteed for the
Si

iZe of the in - - .cle e e { ctii_Qhn £n ucl.eases
i ndi || and Sapdichagomyced keretdlife SRAC A (P YebL CUBS STRAMNELETIOC
pJDB207/ | F( 80) hisB, phbER26HA3) FigiBg) thep IDBROTYHAERSE prytacotl desgribad)hy
pJIDB207/ 1 F3(51y; Qg et al. (1). Transformed yeast cells are selected on yeast

minimal medium plates deficient in leucine. Single transformed yeast
colonies are picked and grown as described in Example 7. The different
yeast colonies are refgrred to as '

15 Saccharomyces cerevisiae AH220/pJDBZO7/IF(8i),
Saccharomyces cerevisiae'AHZZO/pJDBZO7/TF1(51),

. Saccharomyces cerevisiae AH220/pJDB207/IF2(51),

Saccharqmyces cerevisiae AHZZO/pJDBZO7/IF3(51) and
Saccharomyces cerevisiae AH220/pJDB207/IF2(1'b)

20 Example 19: Preparation of yeast cell extracts and determination of

the interferon. titer:

\ Cell extracts are prepared and interferon activity is determined as
described in Example 8.

The results are summarized in Table 3.



pJDB207/1 F2(I'b) (cf. fig. 27). 5 Exanple 18: Transformation -of

Sacchar onyces cerevi siae AH220 and i nduction of interferon production:

Plasnids pJDB207/1 F(8[err]), pJDB207/1Fl (51), pJDB207/1F2(5 pJDB207/1F3(5
- qd$6D8207/|F2(1 b) are each introduced into Saccharomnmyces cerevisiae
str

n AH220 (a, trpl, leu2-3, leu2-112, 10 his3, pho5, pho3) using t

he

cells are selected on yeast minimal nedium plates deficient in |eucine.

Single transformed yeast colonies are picked and grown as described i

n

"~ transformation protocoll aegeér +bed by H|nnen et al. (1). Transforned yeast

Exanple 7. The different yeast colonies are referred to as 15 Saccharomyces

cerevi sj AH220/ pJDB207/ 1 F(8'), 1 Saccharonyces cerevisiae
AH220/

1 FI (51), Saccharomnyces cerevisiae AH220/ pJDB207/1F2(51),

A020, pICEIITTEAT 1A o eaar e e o, B A A i acts

and det eranisfiatnasionfwith cthenfeklowins I‘FFQWnaUeIPIlaWFacts are prepared and

interferon activity is determ ned as described in Exanple 8. The resukts

are sunmarized in Table 3. 76 - Table 3: Interferon activity in
Saccharonyces cerevisiae strain AHP20 after transformation with the
foll ow ng recorfr‘@ilgmtdspl asm ds: [Pl gsgifSon activity | ntferferon activity
5 - units/m yeast cell gxtract
pJDB307/ 1 F(8[elr]) t&nt%@ PeINs209} ) PRETRCF 7 %
105
pJDB207/1F(8}) 1. 107
pJDB207/1F1(5,) ' 7 « 10°
pJDB207/TF2(5,) 5. 10°
pJIDB207/IF3(5,) | 3. 103
10 _pJDB207/IF2(1'b) | 4« 10°
Example 20: Expression of hepatitis B virus surface (HBVs) antigeﬁ under
the control of the yeast PHOS5 promoter
a) Construction of a fusion between the PHO5 promoter and the HBVs
protein coding region
15 5 pg DNA of plasmid pHBV130 (51) is digested with restriction —
| | - >

endonuclease Aval as recommended by the supplier (New England Biolabs).
"A fragment of 1336 base pairs is obtained which contains the entire
protein coding region of ﬁBVs, including 27 base pairs of a potential
pre-HBVs sequence (see Fig. 2 in_ref. 51: the Aval fragment spans the

20 DNA segment from the Xho site until an Aval site 62 base pairs beyond
the BamHI site located between the surface coding region and the core
coding region). The 1336 base pair fragment is purified by soft

agarose electrophoresis (0.87 agarose gel) as described in Example 4a.

o

;&J.



pJDB207/1 F2(5 ) 5 . 105 pJDB207/1F3(51) : 3 * 103
10 pJDB207/1 F2(1' b) _ 4 * 103 Exanpl e 20: Expression
of hepatitis B virus surface (HBVs) antigen under the control of tfggyeast
PHO5 pronmoter a) Construction of a fusion between the PHO5 pronoter "and the
HBVs protein coding region 15 5 [err]g DNA of plasmd pHBV130 (51) is
digested with restriction endongclneqse Aval as recomended by the supplier
(New Engl and Bi ol abs). A fragnent of 1336 base pairs is obtained which
contains the entire protein coding region of HBVs, including 27 base pairs
of a potenti a8l Aprel pRysnidcRRRSREEHPS hanrpal (se¢ figefl) B8 cuppaithyveastriegnent
spans the 20 teabé 'l i ang | Aval..sh4\e .62 base pairs
beyond the Ba%—luﬁ %??gﬁlogat'igh%eﬁaggﬁmtihzep%ssgﬁdgqé%ho %{%BR?ée{zfi Sﬁgand the
core codi ng r'd§i BieRltinge 3133 meeter phragmentagertieining pBRIZR| eanupycesof t
agar ose el ectygphureqih e PHo8IRMOSA g@én)enaSisdsﬁffﬂibeeLfJ Bogexanpl e 4a. -
77 - 5 [err]g of plasm d pBR322/ PHO5 Bant Sal (see fig. I) is cut with
Testric- tidrRtdReRthaLeeraoRRoTesls agndpsayhled pbaveri on 1424 of pBR322) and the
resulting 3.9 kb vector fragnment containing pBR322 sequences together with
- the PHOS Bam _Sal segment is purified by soft 5 agarose el ectrophoresis as
descri bed abokd8 ?f &he|ip36fbaskeprairsbragment d5i tigared rond Mesof ithat P kb
3[err]g of thgcdod t r | .56 Mocg- HCOl pH 7.5,
10 nM Mydl 2, 10 mw%'gr?, 8 shrdomens %60 %ﬁ%ﬁdﬂokﬂﬁsbﬁkwggm&gzm ol abs)
at. 15C for 4 Ho@PTTyr hdf 6F8mand SRO0ownits HIf PA1blisase iplatis)| ath 15°C |
resistance 1 i M, 1 |5 | S wCal fyls t.a ' | npl e
45 The corr et ot tuat Lo oirerit Ol 06 2; U BB o SPRITLIL Fe d Bare
anal ysi s. TReandenl3smad misgleaties toesrriedt eur 28 deskribgdpBREAMILCH .HBVS (see
fig. 24). :

The correct structure of the plésmid is verified by restriction
analysis, The new plasmid thus constructed is called pBR322/PHO5/HBVs
(see fig. 24),

\
b) Adjustment of the PHO5 promoter to the exact HBVs protein coding

15 region

The fusion described creates a DNA sequence arrangement as depicted in
fig. 25 . The sequence data are taken from fig. 3 (PHO5) and from
fasek et al, (52;'HBVs). The mRNA initiation site is determined
o by conventional S1 mapping (48) using the BamHI-Sall fragment of
20 pBR322/PHO5 Bam-Sal (fig. 1). In order to eliminate the PHOS5 protein
coding region present in pBR322/PHO5,HBVs 5 mug of the plasmid is
 digested with restriction endonuclease KpnI (conditions specified by

supplier, New England Biolabs) which produces a linearized plasmid.

4 pg of linearized plasmid is digested with 1 unit of exonuclease Bal3l
25 (Bethesda Reasearch Laboratory) at 30°C for 45 sec in 12 mM CaC12, 12 oM

MgClz, 300 mM NaCl, 20 mM Tris, 1 mM EDTA pH 8.1 in a total volume

of 100 ml. The reaction is stopped by phenol extraction as described

above. After ethanol precipitation the DNA is

resuspended in 50 ml TE.



brzjhjustnent of the PHOS pronoter to the exact HBVs protein coding 15
region The fusion described creates a DNA sequence arrangenent as depicted
in fig.25 . The sequence data are taken fromfig. 3 (PHO5) and from Pasek
et al. (52; HBVs). The nRNA initiation site is determ ned by conventi onal
Sl mappi ng (48) using the BanHl -Sall fragnent of 20 pBR322/ PHOS Bam Sal
(fig. 1). In order to elimnate ;he PHO5 protein coding region present in
pBR322/ PHO5/ HBVs 5[err]g of the ﬁ asmid is digested with restriction
.endonucl ease Kpnl (conditions speC|f|ed by supplier, New England Biol abs)
whi ch progudedNa ilsi mcamlpms»m tigati@t hlign a4 bxmeapiszednp asmd is

di gest &f IWJQ ]2&.;11 )| deLx.onucI ease Bal?zﬂ 25 _(Bet hesda Reasearch _
Labor at o1y er?c] Bt oA 5 S R - otrapsfopmapia 2f 300 nM
NaCl, M_THBE’I to rﬁMPEDfﬂAlpl-tes;Litamea(d:e@t BranpQb W) pfash@9 [err]l. The
reacti I 5 hen extr escri bed abgve. After ethano
preci p?;'?at | o%ggﬁﬂg&\ﬁyl ss"rrelsusp 'Hltwh fafs‘]“l1 d-preparationggare [ orr] g of
DNA i3 anatysedubmrestrichyjor iagatysia Wt:lhhtheTéoDNﬁuhg G2e6mddl Badm@tyunme of

20[ err C e.4da ter transfornation of E. col izNgBI O
to arrp}ﬂgltf :%%g}?%fs?s?a{%gg l(%'ge aé?%\?‘r‘?)ﬁ)s aﬁgwspf%ﬁsﬁf tempation; e the ed as

descri ipseisenctd ¢fdtheiHhadl sxﬂeaﬁﬁnbdsprpmpas aielfOfS taéesﬁirartaﬂ ¥BediBpy restriction
anaIyS| f Bst and Hhal. This
anal ysi 2 %H]] c‘g‘ﬁ%ﬁ Pécglgﬁﬂr mrlgna gea fme?ﬁ 1; ‘EéLﬁhal 'site (6 base
pai rs ldeleriont Hheshi tseq#enk:hem-lllie Jpnotmmanajnagdategnm)i @idgothees a
nmeas ence in the junction are
S dteq gf%ﬂlﬁeg?%a?hﬁea ecﬁlt(}gﬁgt 13 %Pdkg%aﬁ]%égﬁﬂ#ﬁért (15) (radioactive QJ
| abel | iBfigthst B?’FFéIBS’eQEI pt ppeitign -éb‘&l sporfig/ ) .sTee kndpoidfs cEhehendpoi nts of

the de dihn icat ed fig. 24.
Thi s ol aer o EAeE e ih o8 Horpe Mafedhes 18Afude B SOLE. B,

This plasmld is called pBR322/PHO5/HBVsAl4,

c¢) Transfer of'the PHOS5-HBVs fusion to the yeast;piasmid
15 pJDB207 (see figifzél

5 ug DNA of plasmid pBR322/PHO5 HBVsAl4 - is digested with restriction
endonuclease BamHI (New England Biolabs, conditions as describéd by
supplier) A 1.8 kb BamHI fragment is prepared by soft agarose gel
electrophore51s (0.8% agarose) as described in Example 4a.

20 2/ug of the yeast vector pJDB207 is digested w1th the same enzyme. 1/ug .
of digested pJDB207 and 1/ug of the 1.8 kb BamHI restriction fragment \/
is ligated in a total volume of 20 ul using the conditions described
in Example 20a. Transformation of E. coli HB10l to ampicillin
resistance and isolation of plasmid DNA is carried out as described o

25 above (Example 4a), Individual plasmids are analyzed by BamHI et
restricﬁion aﬁalysis énd the orientation of the inserted BamHI fragment
is determined by HindIII/BstEII double digestion. Fig. 26 outlines
the.construction. The plasmid obtained as indicated in fig. 26 is
called pJDB207/PHOS/HBVsAl4. |

30 The plasmid is transformed into yeast strain AH220 as described iﬁ
Example 7. Transformed yeast cells are selected, incubated in liquid
medium and grown under derepressing conditions as described in
Example 7. A single transformed yeast colony is referred to as

Saccharomyces cereviéiae AH?20/pJDB207/HBVsAl4,




1o

c) Transfer of the PHO5-HBVs fusion to the yeast plasmd 15 pJDB207 (see
fig. 26) 5[err]g DNA of plasm d pBR322/PHOS5/ HBVs[err]l 4 Is digested with
restriction endonucl ease BanmH (New Engl and Bi ol abs, conditions as - -
descri bed by supplier). A 1.8 kb BanH fragnent is prepared by soft agarose
gel el ectrophoresis (0.8% agarose) as described in Exanple 4a. 20 2 [err]g
of the yeast vector pJDB207 is digesttegd-with the sane enzyne. |[err]g of

di gested pJDB207 and |I[err]Jg of the 1.8 kb BanH restriction fragnent is
ligated in a . ol upe Qf Ik 1,09, & j t. esG Lbed in
Exanpl e 20a. El’l?%t’%%?%%r?a [ o'%"%)f?eg‘g&cto ftﬁs—l“’gigﬁs ?%%?rg?%ﬁﬁ | nmgeii%st%écﬁce and

i sol ati on of pheasppehtDNA HEYs crrote b poeduced idedetrdathénkd §s Eigovke ABRestpl e 4a) .

| ndi vi dual pl ' r ed, B ElCti [ t he
orientation o?g{ﬂf?gﬁﬁl%sg?%l( arhﬁ?lp%éfagfgghfgﬁ a%{g??npﬁggq%%—%ﬁggﬁlmt El |
doubl e di gest pxadiuced by Psgurddchessimhtardiynta thetanshgerThe Hymar rfegdumbt ai ned
as indicatedg LdLJel 8- ' \Y ?ﬁqk S
1ransfor medgi 'lr!11¥l)(51 tyg sgt2 ﬁg‘{sfgﬁﬁiéﬁﬁ%%]gg%%éégrd%{é%l %ﬂéglﬁﬁ)éﬁ?& 'Ell'lrea S %r med
yeast cells apingseprditéens.i Beddsarentepsing ernddtiensi the adteydevirelavider

der epr essi ng @gjyiié‘gé,q;ig as described in Exanmple 7. A single transforned
yeast colony is réferred to as Saccharonyces cerevi si ae

AH220/ pJDB207/ HBVs[ err] | 4. -79- Preparation of cell extract is done as
described in gxagphsred @@thﬁmmtf&fioﬁiet\ésagé&@'%aQﬁQﬁ'&Sﬁ’&ih?n% _
determ ned usin T adrol nmun_assay — U - tion
that the HBVs ardt PEdh tERUREKERIIORCarmARILIPA FedUeRGeyj | ar|y to the antigen in
“h n seru 5 about_ 2[err]g HBVs anti/gqun per,_n ¥east extract are found
“under der epPedmesphPNARRIPLAEHE. PORART TF&B e SEx4PLE O1di 1 Fh8ettsd Wither is
bel ow 0. OOl [ eg4dud/ 58 defdribeanitos 1 tie sP¥1AB- Flor fpesi Ok o Rack@ast

pl asm d cont ai ni ng . . .
_ soft agarose electrophoresis (0.8% agarose) as described in Example 4a.

5mg of pBR322 /PHO5/HBVsAl4 is digested with BamHI as described
above and the 1.8 kb BamHI fragment is isolated by soft agarose gel
15 electrophoresis. 1ug of the 6.9 kb vector fragment is ligated with
l/ué of the 1.8 kb BamHI fragment in a total volume of 20 ul using
the conditions described in Example 20a. Transformation of E. coli
HB1Ol to ampicillin resistance and plasmid isolation is done as
described in Example 4a. Plasmid analysis is performed by restriction
20 endonuclease digestions. The plasmid obtained as indicated in fig.
L.J 26 is called pJDB207/PHO5/HBVsAl4t. Transformation of yeast strain

AH220 and selection of the transformed cells is done as described
in Example 7. A single transformed yeast colony is referred to as

N Saccharomyces cerevisiae AH220/pJDB207/HBVsAlét.

30 Example 21: _
Hepatitis B virus (HBV) DNA sequences excised from plasmids

. | pBR322-PstI dG:HBV-KpnI dC;
pBR322-Pst] dG: HBV-BamHI dC;
pBR322-Pstl dG:HBV-BglII dC;

35 pBR322-Pstl dG:HBV-EcoRI dC;
pBR322-BamHI:: HBV-BamHI;
pBR322-EcoRI: HBV-ECORI;
pBR322-Pstl dG:HBV-Kpnl dC,



a PHO5 transcription term nation sequence 10 5[err]g of DNA of plasmd
pJDBZO?/IF(S[err]) (Exanple 17) is digested with BanH as descri bed above
ythe 6.9 kb vector part is isolated by soft agarose el ectrophoresi s

(0. 8% agar ose)  as described in Exanple 4a. 5[err]g

pBR322 / PHO5/ HBVs[err] |l 4 Is digested with BanH as descri bed above and
the 1.8 kb BanHl fragnent is iselgated by soft agarose gel 15

el ectrophoresis. lug of'the 6.9 kb vector fragnment is ligated with I[err]g
of the 1.8 kb BanHl fragnment in a total volune of 20[err]l using the

condi t | pBRS2demsani bamipEV I aPgIed@Pa. Transformation of E. coli HB1O1 to

anpi ci | | st e p].asm d isolation is done as described in Exarrpl e
4a. Pl agﬁﬁgwﬁ lf“gﬂgér r ﬁﬁ?i"c'ﬁﬁrrségt’?‘i‘c@t)'ﬁl‘f‘dé@' dRydHrdhehse

di gest imnmn]:l’h&mé:aﬂmsahmbt ained as indicated in fig. 26 is called
pJDB207/ | HBVs nsformati on of yeast strain AH220 and

sel ectl%@?og lﬁ ‘%BS{}EJHP@?EE%" %@I{’é‘ kPESxjone as described in Exanple 7. A

si nglSe PURRRBECRINERBW @&<Hhal (EcoRY lﬁakéﬁéoerred to as Saccharonyces cerevi-siae

AH220/ pJ@QQ?ﬁS@?ﬁ‘P%I&?'@Fﬁ ggp 1: Hepatitis B virus (HBV) DNA AW/

sequences excise 22-Pstl dG HBV-Kpnl dC, pBR322-Pstl dG
HBV- Banﬂasaapspsmzamsmm-m@deisv- Bglll dC, 35 pBR322-Pstl dG HBV-EcoRl
dC, pBR322-BanHl :: HBV-BanHl; pBR322- EcoRl: HBV-EcoRl;, pBR322-Pst | '

dG HBV-Kpnl dC, ~ - 80 - pBR322-Pstl’' dG pHBVI 14-Pstl dC, ((pBR322-EcoR
Hi ndl | :as_desquibedtiar Esegaen Carend n\dtl:lcaHBaﬂ 188241@kn HeNdhderebd nker S) BanHl ,

pUR2- Ec&lghfe;li%\{lr 1alktlé|paalpprg§r@|atei Sapt’:l.ng the termini) mto ' U
10 plasmids p30 or p3l according to Examples 5, 14 or 15 and subsequently
into plasmid pJDB207 accordlng to Example 17. Transformation of
S. cerevisiae is performed according'to Example 18. Expression of
polypeptides displaying HBV antigenicity is determined according to

Example 20c. -

15 Example 22: Deletion of 3' nontranslated DNA sequences in plasmids
pJDBZO?/IFZ(S ) and pJDB207/IF2(1'b) (see figures 27 and 28)

The construction of the plasm1ds pJDBZOl/IFZ(S ) and pJDB207/IF2(1'b)

(cf Example 17) resulted in a relative long 3' nontranslated region

of about 440 bp and 480 bp, respectively. To shorten this region of the
20 constructs the DNA is digested with exonuclease Bal3l from an unique

Smal site in the middle of this region. Xho linkers are introduced

and the DNA is circularized by ligationm.

O

a) Bal3l digestion of Smal cleaved plasmids pJDBZO7/IF2(51) and
pJDB207/IF2(1'b) |

25 20 pg each of the plasmid DNAs are digested with restriction endo-
nuclease Smal. After extraction with phenol/chloroform, the DNA is pre-
cipitated with ethanol. The DNA is resuspended in 10 mM Tris pH
8.0 at a concentration of 0.5 mg/ml., 10 ng of the Smal cleaved DNAs
are each digested with 2 U of endonuclease Bal3l (BRL) in 100 pl

30 of 20 mM Tris pH 8.0, 100 mM NaCl, 12 mM Mgclz, 12 mM CaCl2 and 1 m

EDTA. A11quots of 3 pg of DNA are withdrawn after 90, 120 and 150



5 pUR2-EcoRI: HBV114-Hhal EcoRl linkers; pBR322-Pstl dG pHBV114-Aval dC,
and pBR322-Pst| dG pHBV114- Taq dC. as descrl bed i n European Patent -
Appl i cation 13828 can be inserted (preferably after appropriately adiaétiﬁ ng
the termini) into 10 plasmds p30 or p31 according to Exanples 5, 14 or 15
and subsequently into plasm d pJDB207 according to Exanple 17. -
Transformation of S. cerevisiae is pertdmmed according to Exanple 18.
Expression of pol ypeptides displaying HBV antigenicity is determ ned
according to Exanple 20c. 15 " Exanple 22: Deletion of 3" nontransl ated DNA
sequences in plasmds pJDB207/1F2(51 ) and pJDB207/1F2(1'b) (see figures 27
and 28) The ceastudgcef dncdfatibm apl 3¢ arsd p&DBEﬂé’dilaEB(;Bh).xem@htH 50 pi of
pJDBZO?/IFZ(l C 17 in arelativ

nont r ansl at ed P‘)é%‘{lo%n%f%ﬁgg%tlfﬁh t%’g%gl:} cgé SHER PRERRICER °erl g“"‘rﬁnghorten
this region oktkdnel2precopistatien,s tbh@NDI\ith nesmpgwdeﬂnvmotMGxOsumﬂ easacBaI 3l

froman uniqu t fa B ar

i ntroduced gng éﬁﬁ;lg ttl'eLcs,gl cglfrgﬁq i 26 'r% %%%t J|El§"‘?1em‘}ucBa(%:‘?'ltl‘él| glégftll(?ﬁ of
Smal chegved oF Batdls aliPRZE 74T P27 5k OQIWApﬂﬂDBZQWH Eit(el pbint25re 20g¢wred] g

each of "the plasyiyd, AWASE&IRe %ﬂﬁ?ﬁ@%ﬂﬁz‘?srﬁ%fi&h'% Q@éﬂqr iyl ease Smal .

After extraction wth phenol/chl orof orm {)re- pitated wth
et hanol . The Mwlﬁ*@éﬁsﬁﬁnmm?‘ﬂf@(W)Tﬁﬁ!@"ﬁﬂ seme Eprténetémr ation of

0.5 my/m . 10efedlihgn@f thd OB Bron! RV G PR Bide «saﬁttsdaﬂee%@&i with 2 U of
endonucl ease Ba 3l (BRL) in 100 1 30 of 20 MM Tris pH 8.0, 100 nM NaCl, 12

k,NgCIZ 12 MM Call 2 and 1 mM EDTA. Aliquots of 3 [err]g of DN A are
wthdrawn aft g5 24 cd0o2Nhot OinkerS o th2e -

and are i medi a [err]] TNE. After
extraction w gh2 pleagdy 6hlehr bRA %063207/11'2(5 ) and pJDB207/IF2(1'b), after

90 sec. of Bal3l digestion (see Example 22&) are incubated for

1 hour at 37°C with 2.8 U of Klenow DNA polymerase (large fragment. of

polymerase I, BRL) in 35 pl of 60 mM Tris pH 7.5, 10 mM MgCl
mM dNTP s. '

2 and 0.1

15 Three pg of Xhol linkers (5"-CCTCGAGG-3', Collaborative Research) are
kinased in 50 pl of 6 mM Tris pH 7.5, 10 mM MgClZ, 4 mM DIT, 0.5 mM
ATP and 35 U of T4 polynucleotide kinase (Boehringer) for 30 min at
37°C.

0.67 pe of kinased XhoI linkers and 0.4 pg of Bal3l treated blunt end
20 DNA of plasmid pJDBZO7/IF2(51) or pJDB207/IF2(1'b) are ligated over
K_) night at room temperature in ?S pl of 60 mM Tris pH 7.5, 10 mM MgCl2
5 mM DTT, 3.5 mM ATP and 450 U of T4 DNA ligase. The ligated DNA is
separaéed from exéess linkers by isopropanol precipitation in the
presence of 10 mM EDTA, 0.3 M sodiumacetate pH 6.0 and 0.54 volumes of
25 isopropanol. After 35 min. of incubation at room temperature the DNA
is sedimented by centrifugation. The pellets are dried at the air and
resuspended in 17 pl of 6 mM Tris pﬁ 7.9, 150 mM NaCl, 6 mM Mg'cn2 and
6 mM meréaptoethanol. The XhoI linkers ligated to the DNA are cleaved
with Xhol, the DNA is precipitafed with isopropanol as described before
30 and circularized by ligation. After 6 hours of ligation at 15°C in

50 pl of 60 mM Tris pH 7,5, 10 mM MgCl,, 10 mM DIT, 1 mM ATP and



et hanol precipitation, the DNA is resuspended in 10 M Tris pH 8.0 at a
concentration of 100 [err]g/m . To analyse the exonucleol ytic digestion 5
of Bal3l, aliquots of 0.7 [err]g of DNA fromeach tine point are digested
W th Hi ndI | 1/ EcoRl for pJDB207/1F2(5 1)-derived sanples or with

Pvul [ /H ndl I for pJDB207/1F2(%,b)-derived sanples. For further experi rrent's
the PNAs fromthe 90 second tine points are used. b) Addition of Xhol
linkers to the Bal 3l treated DNAs 10 2.2 [err]g each of plasm d DNA
pJDB207/1 F2(5 ) and pJDB207/1F2(1'b), after 90 sec. of Bal 3l digestion (see
Exanpl e 22a) are incubated for 1 hour at 37C with 2.8 U of Kl enow DNA

pol yneréaeel (dfangé)Nhrbzga%ﬂtsOoPl Rfl gasdy ddeation pRFUre, 288 F4dpd 140 of 60 nM Tri-s
pH ,,F.ryi tidw tRFARnl &.F ko1 Ohdhokelinkers

(5" - leeéﬂfti} %o S%a%dl %%Eggglr%ch) ar‘g‘S Ki ngsed in 50 ul of 6 MM Tris
pH 7.5,(s26 Eﬂwnwg{:l-@) 4 mM DTT, 0.5 nmM ATP and 35 U of T4 pol ynucl eoti de

ki nase (Boehringer) for 30 min at 37[err]C. 0.67 [err]g of k| nased XhoI
linkers and 0.4 pg of Ral 3l treated blunt end, 20

pJDB20772 FegeEpraad, pam2oqionies Fopyainias | RIGaTids Byt aﬂ.’g}ﬁt‘ atmﬁs’&m u

3 te”pe%aiﬂér gtdvfﬁ EI%IIVQH\EJ]J FO{n 08 rﬁ@dlﬂ[lﬁlc%nﬁ)ﬁnlnﬁ 1000mgNl Mggdcd18iatM DTT, 3.5 nM

ATP and 450 U of T4 ase. The Jigated DNA is separated from excess
Ilnkersplﬁﬁmds(%f‘o‘r?aﬁb?lyﬁreé YoileehIio ﬁlﬁe t’f‘ﬁb Dreeptchion @3RAATBDTA, 0.3 M

~ sodi unBgAbas &oP idkeOt i dpPrddmytd RS oFf t1b desafibapAtebduchlit ey 35 min. of

I ncubation_at roomterrper ture the I s, sedi nented .by centrifugation. The-
pel | et sBaddd- drpetilones 3re ‘?thﬁﬁoa'ﬁaég%\r@péﬂ%éﬁs?ﬁ TéP¥Tﬁf%5?n6 MM Tris pH \J

7.9, 150.cadidNaCrhesd a8d/ dgeiirkdansl £ piUBIOT.AFR(SONIANGI. pTHROXMEF2 | i nkers
l'igated t the DNA are cl eaved with Xhol, the is precipitated with

i soprlgpﬁh 82 described before 30 and circul ari zed by ligation. After 6

hours of ligation at 15[err]Cin 50 [err]l of 60 MM Tris pH 7,5, 10 nmM
MyCL2, %he nucfgglidélsﬁﬁﬁé%zg §H1Qither8gide of the new junction (Xhol linker)
between the 3' nontranslated region of the IFN-5, gene and the PHOS

transcription termination region is given in fig. 28.

In an analogous manner 60 ampR colonies containing plasmids with an
15. IFN-1'b insert are grown individual;y in LB medium containing 100 mg/1
ampicillin. Plasmid DNA is analysed és described above. Oné clone is
selected and assayed for IFN activity. It is referred to as
. pJDB207/IF2(1'b)A.

Example 23: Construction of recomblnantgglasmlds, contalnlngrportable
20 IFN- 5,, -8

' and -1'b cDNA inserts which can be used for direct

1 .

expression of mature lymphoblastoid IFN (cf. figures 29 and 30) o/

a) Preparation of the cDNA inmserts

The cDNA inserts are excised from the recombinant plasmids
| - CG-pBR322/HLycIFN-8i CG~-pBR322/HLycIFN-1"b, CG-pBR322/HLycIFN—51 by
25 digestion of each of 150 pg of plasmid DNA with PstI (Biolabs)
using the procedure as suggested By the supplier. Following phenol
extraction and ethanol precipitation, the excised inserts aré
isolated by means of sucrose density gradient cgﬁtrifugation
(5-23%) in 50 mM Tris-HCl (pH 8.05 and 1 mM EDTA. The céntrifugation
a0 is performed at 35 000 rpm in a TST 41 rotor (Kontron AG) at 15°C



600 1 of T4 DNA ligase 10 pl of each ligation mxture are added to 100 pl -
of calciumtreated, transformation conpetent E. coli HBIO1l cells (see
Exanpl e 4a). R 72 transforned, anp col onies containing plasmds with an
|FN-5 insert 1 5 are grown individually in LB nmedi um-containing 100 ng/|
ampicillin. Plasm d DNA is. anal ysed by Haelll digestion. The restti.ction
pattern allows to judge the approxi @ -size of the deletion int r dduted. by
Bal 3. Two clones are further anal ysed and assayed for interferon activity.
They are referred to as pJDB207/1F2(51)[err]72 and pJDB207/1F2 10
(51)[err]82. The nucleotide sequence on either side of the new junction
(Xhol 1inker) B&tthedn G-HemB Irpgiicpa mreaeeddeetasi withornt 1560| FiddSdntgene and
the PHO5 trang6lidditbpuet €rdli A2k} @he '8QkLdnk Scdi LN 8e LN an
anal ogous manner 60 _anp col.oni es cont ai Er)l{ibnk ‘foc?lé‘:}s‘?‘nﬁgg '\:/\kntet %mgﬁ iﬁagmfﬁ\l-l "b
insert are grgﬂxme'i e APGEEY) 8T¢ popkedrelhe BNA Gift BFsRinEtated wighl ethapoki| | i n.
Plasmi d DNA i asamsuhkysemhdasne 8s&dipesteab9\es114184 Y @&dﬁf%&ﬁiﬁ.ﬂ 9‘{-‘0'
' err].

; d fOr oI Fp-RCJeYk t dhorh, d t 71JF
Bamyl &_50, > ooner reet st et Ab oot AL tor SR aimy iy gitaiabteso

| FN-51, - 8[ erris nedissplvedcDNAOI ptd0tmM WhicHCt afpHLR. 3)sesl 0005 dhivr Eta.

éxpressi on of RLUP ohl a Ld IFN (gf. fiqgyres 29 and 30) a) .,
Preparati on of tIE”lle cd{érqﬁgs%lret géc?oﬁgr%‘gﬁﬂ élzeﬁgxé’?’tnggabryem‘é‘k‘dﬁré% the aptieal
reconbi nant pldgspityrs CG pBR322/ HLycl FN-8[err], CG pBR322/HLycl FN-1' b,

CG pBR322/ HLycl FN-51 by 25 digestion of each of 150 [err]g of plasm d DNA

ith Pstl (Biolabs) using the procedure as suggested by the supplier.
FOT1 owi ng pherfol8 &ft ekt PHrEhenePNA: firaesks preedigsisted ivinh 2.5eurdtei sfedabiasert s

are isol ated lrgismaes ﬂléﬁ%ﬁ%cﬁ?rﬁdti/ £ tdel Bl ONy(5-239) in
50 mM Tris-HO (pH 8.0) and 1 mM EDTA. The centr'f:f%ggt{ognkg%lfl’sr}ﬁ’érforned
at. 35 000 rpmdflﬁe%’(:sTfﬂe Bhenqls g¥traReed end the)DN4 ig 30€cipitated in ethanol

as above. The DNA fragments are fractionated on a 1.2 Z agarose gel

in a solution containing 50 mM Tris, 50 mM boric acid, 1 mM EDTA and

0.5 pg/ml ethidium bromide.

15 The second largest DNA fragment (Sau 3A-PstI) from each .of the 3
digests is excised from the gel, squirted through a thin néedle
with a syringe into 5 ml of 0.15 M NaCl, 50 mM TriseHCl (pH 8.0),
1 mM EDTA, and eluted overnight by shaking. The eluate is passed
B through a 100 pl DE-52 (Whatman) Pasteur-pipette column to adsorb
o 20 the DNA. The column is washed with 2 ml of the same buffer and the DNA
is eluted with 400 ul of a solution containing 1.5 M NaCl, 50 mM Tris
(pH 8.0) and 1 mM EDTA. The DNA is precipitated with 2 volumes
(;} of ethanol at -20°C overnight. The precipitates are collected by
R centrifugation in an Eppendorf centrifuge and redissolved in 10 pl,

25 10 mM TriseHCl (pH 7.8), 0,05 mM EDTA.

b) Preparation of the acceptor plasmid DNA-fragment

1. Digestion of the plasmid pBﬁ322 by EcoRI and =2 _

10 ug of plasmid DNA pBR322 are digested with 15 units of EcoRI

(Biolabs) for 60 min. at.37°C under conditions described by the
3b supplier. Following phenol extraction and ethanol precipitation,

the DNA is redissolved in 25 pl H O and the staggered ends are

2



- 83 - 130 fox 16 h. 0.3 m fractions are
18dl lected with an I SCO gradient collector at i m/nmin. The fractions

- containing the small fragnment (i.e. the insert) are pooled. The DNA is
precipitated with ethanol as usual, and the precipitate is collected by
centrifugation in a 5 HB-4 rotor (Sorvall) at 10 000 rpmat O[err]C for 10
mn. The precipitate is redissaggdin 60 [err]l 10 nM Tris-HO (pH 7.5)
and 0.05 nM EDTA. About 30 ,ug DNA are recovered as determ ned by measuring
the optical density. 2 [err]g of each of the cDNA inserts are digested with
2.5 units of Sau3A 10 (Biolabs) in 10 [err]g/m EtBr and incubated at

~37[err] o-efnwedscbmmatihec ®f gt §Narvﬂtprmmhuexbf%t1&dma@dsé lge DNA i s
precipit d €ug N fra nts onated on a
1.2 %agg g‘sgi‘%ﬁmn a’ so u?ggl\é cont g?n‘?tﬁﬁn “f‘F‘F %I%fsk)orl c acid, 1
mM EDTA 3thaMOs®Blipgy/adetatai(dl hnshy ol eZnS0p A B0SE EoncBd ahg.ea‘heDNA f ragment

(Sau 3A- s e exc 0] he gel, squirted
throug{z1 g%ch%ﬁ{ r%ggj %Sgd%\% %1&%}% ﬂhg ?‘Eﬁo i) o‘fmg 1@ WP%CF 50 MM ~.
Tris eXtsRac R dyith Pm@@mm&ﬁwg@ét%emﬁ%rg?ﬂcxayt%hmang The elgte
i's passetkdibsaiigh in 5001 0Frid nldFrG2.-kMNbEENR) P@b?%{ phpette colum to
adsorb 20 the DNA. The colum is washed wth 2 m of the sane buffer and
the DNA is eluted with 400 [err]1 of a solution containing 1.5 M NaC, 50
MM Tris Z.plﬂlgatﬁ n ookl alchghi ELI1A. sithe DINAL SRONERIY LSRRI 4 Qs pLgl UMes of
et hanol over ni ght. e precipitates are
centrif ; S ppendorf centrifuge and redissolved in 10[err]| 25 1Q_,
MM Tris. 10l olj@dddoB)nuceddidedVloEDEe £bgmuiRaeparation of the acceptor plasmd -~
gnment 1. Digestd as pBR322 by EcoRI. and S1 10 [err]g
of pli:a &nid DNA pBRBZZEaggggeéfcgghwt g‘iS units of EcoRlI (Biolabs) for 60
mn. at 37[err] C unde} ~GATRACACARASAYERSG’ | bed by t he '

are synthesized using the procedure described in Example 10 Ea.

The synthetic'oligodeoxynucleotides are phosphorylated at their
5'-ends by 1ncubat1ng 80 pmoles of both oligodeoxynucleotides w1th
15 20 pCi [y- P]-ATP (6700 Cl-mmol » Amersham) in a 80 ul reaction
volume, contalnlng 0.1 mM rATP (Slgma), 50 mM TriseHC1l (pH 9.5),
10 mM MgClz, 5 mM DTT and 20 units of T4 polynucleotide Kinase
(p-L Blochemlcals) for 30 min. at 37°C. The reaction is stopped by

free21ng the mixture at -80°C.

20 The resulting radioactiﬁely phosphorylated 1inker of the formula

32
[ P]-AATTCTATGTGT 32
TTAAGATACACACTAG-[~“P]

5/_\i.
is subsequently incubated with 6 pe of pBR322 cleaved with EcoRI and

S1 (see above) in a 200 Pl reaction volume containing 0.5 mM rATP
25 (Sigma) 0.1 mM DTT (Calbiochem), 20 mM TriseHC1 (pH 7.8), 10 mM MgCl,

3
and 4¢10° units of T DNA ligase (Blolabs) by 1ncubat1ng the mixture
for 2 h at 15°C.

The solution is deproteinized by phenol extraction and the DNA .

is concentrated by ethanol preciéitatibn. The DNA is redissolved
30 in 100p1 10 mM TriseHC1 (pH 7.5), 0.05 mM EDTA and centrifuged

;hrough.a sucrose gradient (5 - 23 %) in 50.mM TriseHCL (pH 8.0),



30 supplier. Follow ng phenol extraction and ethanol precipitation, the DNA
Is redissolved in 25 [err]l H20 and the staggered ends are - 84 - -
renoved by treatnment of the DNA with 20 units of endonucl ease S (Plél

Bi ochem cals) in 350 [err]l of a solution containing 250 nM NaCl, 3 'P‘rfvl
sodium acetate (pH 4.5), 1 nM ZnSO4 at ggQ[ err]C for 30 mn. The reaction is
st.opped by adding EDTA (pH 7.5) at 10 M The DNA is 5 extracted with
phenol, concentrated by ethanol precipitation and redissolved in 50 [err]1l
of 10 MM Tris.HO (pH 7.8), 0.05 mM EDTA. 2. Ligation of a chemcally
synthesi zed DNA linker to pBR322 digested with EcoRl and S1 Two

ol i godeoxynucl eqim g9 .0thd BendQEERHEA6n L& performed at 60 000 rpm in a TST
5' - AATTCTATGIGT- 3' and 5' - GATCACACATAGAATT-3' are synthesi zed using the

procedure desctd Fakey {ResixRpI 48) 18t B C & Syhbhd-RcmbitrgRfdeBgyatac! eot i des

are phosphoryl gliedeadd &hei an&srangl&abypﬂ asyn@tbfl&tBQ mi:ﬁsmé fb@étﬂons
ol i godeoxynucl eotides with 3% 20 |er [v-3 ] ATP ( C . mol - _
Amershar’r) in acuGatingethe |[orP]v6F'tFr}§d Q:]Gﬁ’f"a‘} A fGait’ﬁ‘Msr];&TP ]("SPgﬁm) 50 mv

Tris. HCL;(pH YoH)R2 ﬂx&cm\&d\ﬁqu?e p5om&1 Eﬂiﬂé nmi i30preRii pfra0bd TALtRQeyEA eot i de
Ki nase -L Bi ochem cal eaction is, st ogped- by

freezing the & 8?‘%‘*3&?3) h‘ lzzﬁnlﬁfe"f @§Mt |CQ?Q°} GSO%F??P&“?“ horyl at ed
| inker of the fw gupmide. [A’iBa] Mﬁ@%ﬁkﬁlﬁﬁ@ﬁﬁ%@ﬁ%&iau%m S

b tl ted err 22 C t.h and S1
Cone ooty Vi e dBes el A Po hREid Gl BT SEP T oS AR 5
(Sigma) 0.1 rTMdIEEmérﬁahbbpftheréuppmrrJMh'Er pBerldClestphl tedS)iges® TEMchHl 2 and
4M03 units of T DNALiqase (B, Qsab%y By oubfii2hidlded NGBl UES: 15 b

at 35 000 rpm at 15°C in a TST 41 rotor (Kontron AG). 0.3 ml fractions
are collected (see above) and the fractions containing the large

[ P] labeled BclI - PstI DNA fragment (fractions 27 - 31 out

of 42 fractions) are pooled and concentrated by ethanol precipitation.

15 The DNA is redissolved in 20 pl TriseHC1 pH 7.8, 0.05 mM EDTA.

c. Ligation of the acceptor plasmid fragment to the cDNA inserts

2 pl of the acceptor plasmid DNA fragment (~100 ng) (sée above) are
incubated with each of S‘Pl of cDNA inserts (A~20 ng) (see above) in
_ a reaction volume containing 20 mM TriseHCl (pH 7.8), 10 mM MgCl ;
20 0.1 mM rATP, 0.1 mM DTT and 400 units of T
3 h at 15°C.

4 DNA ligase in 10 Pl for |

) 5 pl of the reaction mixtures are then added to a mixture containing
\/ 150 pl calcium-treated E. coli HB 101 in 10 md MgCL,, 10 mM CaCl, and
10 mM TriseHC1l (pH 7.5) in a total volume of 200 pl.

- '_ 25 -The mixture is cooled in ice for 20 min. heated to 42°C for 1 min.
and incubated at 20°C for 10 min. 1 ml of tryptone medium (trfptone
medium contains ‘10 g Bacto-Trypton (Difco); 1 g yeast extract
(Difco); 1 g glucose; 8 g NaCl and 294 mg Ca012°2 H,0 in 1 1 of

distilled water) is added and the mixture is incubated for 30 min.

30 at 37°C by shaking at 300 rpm. The mixture is plated onto 2 agar

plates (Mc Conkey agar, Difco; 0,6 ml/plate) supplemented with



4 for 2 h at 15C. The solution is deproteinized by phenol extraction and
the DNA is concentrated by ethanol precipitation. The DNA is redissolved 30
in 1Ol 10 MM Tris.HO (pH 7.5), 0.05 nM EDTA and centrifuged through a
sucroseggradient (5 - 23 % in 50 nMTris.Hd (pH 8.0), -8 -1 nM
EDTA. ‘Fﬁgdcentrifugation Is perfornmed at 60 000 rpmin a TST 60 rotor
(Kontron- AG at 15[err]Cfor & 5 h. 0.2 nl fractions are collected with an
| SCO gradient collector at 1 m/mn. The fractions 32 containing the
[32P] -1 abel ed plasm d DNA (fractions 11 - 14 out 5 of 22 fractions) are
pool ed, the DNA is precipitated with ethanol and digested with 12 units of
Bel | (B| 1@I fpayL as deeﬁwmuekadsbgm&hmeslppa&aseare AhtsBatpbedtoB7®xt raction and

et hanol t|on the IS tr ted th 10 upits of Pstl

(Bi ol ab oc @'ﬂ@c miBREREE “’BE/"- tYh uﬁ?)PNAFs afﬁe%btﬁéﬂ pSﬁt‘r‘éBfg"& digest is

t hen 10 mag¢etd miktiged 4moougtesaa(é5p1c&’ﬂ %3 oms eactlo e ankfoshitiogr adi ent for 15 h
at 35 00Q rg g%{ﬁ}] aTST 41 rotor (Kontron AG. 0.3 m fractions
are col I"BERF ?g’é b e)’n% d*fhe fractions containing the large 32 .~
[32P] -l abel ed Bcll - Pstl DNA fragrrent (fractlons 27 - 31 out of 42
fractlocé)are _and Qnol precipitation. 15 The DNA .
is redts AR e K —&—0. 05 nM EDTA. c. Ligation of

t he accefi ordey asnﬁtdtl’magtmmsetmd beteuibm |11yhexd; slésqldsr]tlheof t he acceptor

pl asm d ( bov a bat.e th each of 5
[err]l &ngl nsesr é" (r)‘g)(J ﬁ(eggfé‘om g’) E? ‘rﬁéatgt%b\r,\\%vol ume - :
cont ai mligaﬁibmhﬁﬂ'trurssﬁ@lee(;ﬂdvé')S) 10 mv I\/gC12 20 0.1 MM rATP, 0.1 mM \,_J
DTT and 400 units of T4DNAI|gase|n 10 [err]l for 3 h at 15[err]C. )

The hybrid plasmid DNA is isolated as follows: 1 colony is used to
10 inoculate 10 mi of tryptone medium, supplemented with 10 pg/ml of
tetracycliﬁe as above in a 25 ml Erlénmeyer flask. The culture is
shaken for 15 -~ 18 h at 37°C at 300 rpm. The cells are harvested
by céntrifugation (Sorvall, HS-4 rotor, 10 min. at 4000 rpm, 4°C).
About 0.1 g of cells are obtained and are resuspended in 1 ml 50 mM
15 TriseHCl (pH 8.0). 0.25 ml of lysozyme solution (10 mg/ml in 50 mM
Tris-HC1 (pH 8.0), lysozjme is puchased from Sigma) are added and
after incubation at 0°C for 10 min., 0.15 ml of 0.5 M EDTA (pH 7.5)
is added. After another 10 min. at 0°C, 60 pl of 2 % Triton X-100
(Merck) is added. After 30 min. at 0°C, the sample is centrifugéd for
20 30 min. at 15000 rpm and 4°C in a Sorvall SA-600 rotor. The super- f
natant is deproteinized with 1 volume of phenol (saturated in TNE).

The phases are separated by centrifugation (Sorvall HB-4 rotor) for

O |

- 10 min. at 5000 rpm at 4°C. The upper phése is extracted twice with’

1 volume of chlorofbfm. Pancreatic RNAse A (Sigma; 10 mg/ml in TNE,
25 preheated 10 min. at 85°C) is added to a final concentration of

25 pg/ml and the mixture is incubated for 40 min. at 37°C. The S

solution is then adjusted to 1 M RaCl and 10 7 polyethylene glycol

6000 (Fluka, autoclaved for 20 min. at 120°C) and incubated at

-10°C for 2 h. The precipitate is collected in a Sorvall HB-4 rotor
30 €20 min. at 10 006 rpm; 0°C) and redissolved in 100 pl of TNE. The

DNA solutiom is exﬁracted with 1 volume of phenol and the DNA is

precipitated with 2 volumes of ethanol at =-80°C for 10 min.



5 [err]l of the reaction mxtures are then added to a m xture contai ni ng
150 [err]l calciumtreated E. coli HB 101 in 10 nM MgCl12, 10 mM CaC 2 and
10 MM Tris.HO (pH 7.5) in a total volunme of 200 pl. 25 The m xture.i.s.
cooled inice for 20 mn. heated to 42[err]C for 1 mn. and i ncubat ebid4t -
20[err]C for 10 min. 1 m of tryptone nedium (tryptone medi umcontains 10 g
Bacto- Trypton (Difco); 1.g yeast ext$hct (Difco); 1 g glucose; 8 g NaC and
294 ng CaCl 2.2 H20 in 1 1 of distilled water) is added and the m xture is
incubated for 30 mn. 30 at 37[err]C by shaking at 300 rpm The m xture is
plated onto 2.agar plates (M Conkey agar, Difco; 0,6 m/plate)

suppl ement ed Wil Brecipic8fe -is190ﬂlsaee]d%mcegériﬁgsa%idlggoépi%gm- The pl ates

are incubated at 37[err]C for_ 12-17 h. proxi mat e onies are
obt ai ned per Eewfiréfese aphithgrDHf ke nedisspleed dni 23 pdref pPoedris-#fl each

transf of mat | ORpzcbyIhaf 015 WHTEIRT 02l Besor BytRidFpRIdEtHANal YSi s of
the hybrid plasmds In order to further analyse the potential hybrid
plasnids, therpfoyered foRR 40sm} sltured from 12 col onies (4 from each of the
3 ligatign m xtures, see above). The hybrid plasmd DNA is isolated as

follows? 1 colony .is, used tg 10 inocul ate 10 m of tryptone nedi um
suppl enent ed '\ﬁ?l’ iPE1Bhe @i?ﬁ“{j‘ﬁm DG %5t pORlyERY e BRe 585%@"?‘% dgubke digests:
Erl enmeyer fl ask.pglbe eadhtnmacis 9igdete@nwifc@r HkATIT 1@idladk) bldepvdIC at 300

. at 4000 \BAYRpLr Feaitagi Bo (bio P Lo eeatinidnd par bolelabae

suspended i EcoRIT(BHELabb) ldnd Trst3. iGing (§dn8akd) prétodbldy and fryctionated

;
sotution (10 ng/mM, in, 50 nM Tris-HO (pH 8.0), lLysqz is puchased from
S e Car & adflt dnd reatore ko abrsd e w5 eha i A M Beig ey o
0.5 M EDTA 1opHpH.BB) | sl aMiDXA ddnteiniagodSepgM) BtBr. at O[err]C, 60 [err]l|
of 2 % Triton X-100 (Merck) is added. After 30 min. at Of[err]C, the sanple
is centrifuged for _

The hybrid plasmids having the desired restriction enzyme pattern

are selected. The result is summarized in figures 29 and 30.
Plasmid DNA, contg?ping the insert derived from pBR322/HLycIFN—8i or
pBR322/!-H..ycIFl_\I__-51 or pBR322/HLycIFN-1'b are denoted |
15 CG-pBR322/HLycIFN(a-3)-252 and CG-pBR322/HLycIFN(q‘Z)-261 and
' CG-pBR322/HLycIFN(a-1)-258, respectively.

In order to further confirm the structure at the junction point -
between the linker and the start of the coding sequence of the IFN
cDNAs, the nucleotide sequence is determined at this area. In
20 particular, 2 pg of the isolated plasmid DNA CG—pBR322/HLycIFN(a-1)-258
o is digested with EcoRI, 5'-terminally labeled and cleaved with PstI.
S The DNA fragments are fractionated on a 6 % polyacrylamid gel and the
: EcoRI*-PstI (9.4 bp) DNA frﬁgmeﬁf is extracted as described above.
_ | X The DNA fragment is subjected to séquence analysis according to Maxam
- 25 and Gilbert (15).

The structure at the junction point between the linker and the start

of the coding sequence of the IFN cDNAs in plasmids

CG-pBR322/HLycIFN(a~2)-261 and CG-pBR322/HLycIFN(a-3)-252 is confirmed
analogously, :



20 30 mn. at 15000 rpmand 4[err]Cin a Sorvall SA-600 rotor. The super-
natant is deproteinized with 1 volune of phenol (saturated in TNE). The -
phases are separated by centrifugation (Sorvall HB-4 rotor) for 10 m n. at
?f(}?g rpmat 4[err]C. The upper phase is extracted twice with 1 volune of
oroform Pancreatic RNAse 8 (Sigma; 10 nmg/ml in TNE, 25 preheated 10
mn. at 85[err]C) is added to a final concentration of 25 [err]g/m and the
m xture is incubated for 40 mn. at 37[err]C. The solution is then adjusted
.to 1 MNaC and 10 % pol yet hyl ene gl ycol 6000 (Fl uka, autoclaved for 20

mn. at_120[err] Q) d | bat e -10[err]lC faor. .2 h, The precipitate is
col | ec?@dg"f%]pgia%’dfl?}gézﬁ_plb—gzmcgfﬁé@d(%’ "fn’.zg?i{mlﬁ“‘bdﬁr's)p'rﬁSQOC) and

redi ssahe eIfNi Bodlidg §efuehtesobird grecdded BINAhS ofclllbwing Sulébtntt ed with 1

vol ume of enol __and the %i S preci.pitated with 2 volunes of ethanol at
-80[ er Pf'?f“é) r AP e @ Re r-es‘?'ﬂ Ctﬁg%cﬁl Ptate is collected by
centrifugation in an %gl_ndorf Ge &ri fuge.and the DNA is redissolved in 20
[err] | of 10 mM Tri s (pH ﬁ.—-gi‘and 0.5 mM EDTA. 8- 10 [err]g of hyhrid
plasngd DNA are recqyst, culture. 5 All of the plasm d DN&y are
‘anal ;%ed by the fol %ﬁ%{é%%%gﬂgééts: 0.5 [err]g of each DNA is

di gested wi th Hi ndl+NCTTEBAGNTAGSOACAAGL .Pvul | - (Bi ol abs), Hindlll and Pstl
(Biolabs), HndlIl and BanHl (Bi ol abs), EcoRl (Biolabs) and Pstl using
standard protocols, and frdct+enated on a 1.5 % agarose gel according to
size in 40 MM Tris.acetateIEN gepel 7.8), 1 nmM EDTA containing 0.5 ,ug/n
EtBr. The hybrid plasmds having the desired restriction enzyme pattern arg
selected. The result is summarized in figures 29 and 30. Plasm d DNA, ;
containing the insert derived from pBR322/ HLycl FN-8[err] or

pPBR322/i32ppl ¢ R45 DedetixBRe f hell BEASFBigra) sequedem dhethel Bxpression
CG pBR322/ HLycl F ~ 2 HLycl FN(a-2)-261 and
CG pBR322/ HLycl FM%&%%E%@? ively. :

10 Expression plasﬁid p31 contains the PHOS promoter sequence ihqluding

the mRNA start sites,'the translation start codon ATG of acid phos-
phatase dn§ additional 40 nuclébtides coding for part of the acid
phosphatase signal sequence. In this coﬁstruction, the nﬁcleotideé for
the signal sequence and the ATG are eliminated by Bal3l digestion.

15 EcoRI linkers are introduced to allow joining of the PHO5 promoter

to appropriate mature coding sequences (e.g. interferon genes).

a) Bal3l digestion of Ball cleaved plasmid p30 ' ' \ug

20 pg of p30 DNA (see Example 4b) are digested with restriction endo-
nuclease Ball, resulting in 2 fragments of 3.7 and 5.1 kb. After
20 extraction with phenol’/thloroform, the DNA is precipitated with . W
ethanol. The DNA is resuspended in 10 mM Tris pH 8.0 at a concentration
of 0.5 pg/ml. 9 pg of Ball cleaved p30 DNA are digested with 2 U of
exonuclease Bal3l (BRL ) in 100 ul of 20 mM Tris pH 8.0, 100 mM
NaCl, 12 mM MgClz, 12 inM'CaCl2 and 1 mM EDTA. Aliquots of 2 ug DNA
25 each are withdrawn after 15 sec., 30 sec., 45 sec., and 60 sec. of
incubation at 30°C and are immediateiy mixed with So.pl'phenol and
60 ul TNE. After extraction with phenol/chloroform and ethanol preci-

pitation, the DNA is resuspended in 10 mM Tris pH 8.0 at a concentra-

T e e —— 4 e e—



In order to further confirmthe structure at the junction point between the

| inker and the start of the coding sequence of the IFN cDNAs, the

nucl eoti de sequence is determned at this area. In 20 particular, 2 [err]g

of the isolated plasm d DNA CG pBR322/ HLycl FN(a- 1) - 258 i s di gested Wdt.}h "

EcoRI, 5 -termnally | abel ed and cleaved wth Pstl. The DNA fragnents "are

fractionated on a 6 % pol yacryl ami @ &k~ and the EcoRl *-Pstl (9.4 bp) DNA

fragnent is extracted as descri bed above. The DNA fragnent is subjected to

sequence anal ysis according to Maxam 25 and G | bert (15). The structure at

t he junction pqint e he Iinker and the start of the coding sequence

of the I FN'ch\rb&émi_%pgweé‘t#ﬂt‘ %ﬁ;if'é %P FRE \FEEERY & 25%0pptleghntic cleavage

ol aomi ds_ OG- DEFRRRl L LSk PR [ Pr el e 256 (g osals and Tor e s

pl asm ds p yC rrl-1)- , -2)- and ([err]-3)-252 the

| FN codi ng seqﬁ?gg%aess? éarméilip%dggﬁ%]ﬁ%g/ ha #gl %oﬁﬁaﬁﬁs%tﬁ%é&t?ﬂé‘g‘é@%nt

cont ai ni ng an bEEOE! pHedM3.| @ itha Sieksge FOMY are rem&AM3Ardm each end of the

= NGAATTCTAT . AA! Q¥¥g! el | e 24:

Del et i g)of g{%%}&g %ﬁtéaﬁafﬁ%%ueongﬁerﬁgﬁ t he efBr' egsosf i g‘nutgﬁggﬁéﬁ g%’i&(see

figure 31) 10DEX[firessibensPlsasendd tiniel p6irtt @k nfselihe PHOS pronoter sequence

including the nRNA start sites, the translation start codon ATG of acid

phos- phatase and additional 40 nucleotides coding for part of the acid

phosphat ase sibyniddision, ef plsere &0 riher Bak3il e DHAC| eoti des for the

si gnal sequence and the ATG are elim nated by Bal 3| digestion. 15 EcoRl

| {nkers are i A¥P dyygednits Af] BORLoHmKATS IP "TORAATIRPS 3y BRB) @rettesyppendpdi at e
“ure coding iACIBOC L oF {6 oft T B fT O MOIRPRS) Two pg of EcoRI linkers are

10 kinased in 75 pl of 60 mM Tris pH 7.5, 10 mM MgClz, 15 =M DDT, IOAFM
ATP and 33 U of T4 polynucleotide kinase (Boehringer). After 1 h at

-37°C the mixture is allowed to cool to room temperature and is then

stored at -20°C.

The. annealed, double str;nded EcoRI linkers are ligated with their
15 blunt ends to the Bal3l treated DNA fragments. Half a microgram of
Bal3l treated DNA (see Example 24a) is incubated for 16 hours at room
temperature with a 50fold excess of kinased EcoRI linkers in 20 pl of
" 60 mM Tris pH 7.5; 10 mM MgClz, 10 mM DTT, 4 mM ATP and 600 U of T4
DNA ligase (Biolabs). After inactivation of the T4 DNA ligase (10 min
o 20 at 65°C) the excess of EcoRI linkers is cleaved by 50 U of EcoRI
(Boehringer) in a volume of 50 ul. The DNA is extracted with phenol/
chloroform, precipitated by ethanol and resuspended in 10 mM. Tris,
u 1 mM EDTA.

3

Restriction endonuclease EcoRI not only cleaves the terminaliy added
25 EcoRI linkers of both Ball fragments (3.7 kb and 5.1 kb) but also at

an internal EcoRI site in the 5.1 kb fragment giving rise to a 3.9 kb

and a 1.2 Rb fragment. The 3.7 kb and 3.9 kb fragments are separated

from the 1.2 kb fragment on a 0.8 % low melting agarose gel (Sigma)

in 90 mM Tris-HCl pH 8.3, 90 mM boric acid and 2.5 mM EDTA. The DNA
30 bands are stained with ethidium bromide and visualized under leng wave

UV light at 366 nm. The two large DNA fragments of 3.7 kb and 3.9 kb



a) Bal 31 di gestlon of Ball cleaved plasm d p30 20 [err]g of p30 DNA (see
Exanpl e 4b) are digested with restriction endo- nuclease Ball, resulting in
2 fragments of 3.7 and 5.1 kb. After 20 extraction with phenol/chloroforn]

DNA are digested with 2 U of

“DNA is precipitated with ethanol.

.0

The DNA is resuspended in 10 MM Tris

at -a concentration of_ SQS [err]g/mM. 9 [err]g of Ball cleaved p30

onucl ease Bal 3l (BRL ) in 100,u

Tris pH 8.0, 100 nM NaCdl', 12 mM MyC 2, 12 nM CaCl2 and 1 nM EDTA
of 2,ug DNA 25 each are withdrawn after 15 sec., 30 sec., 45 sec.

SecC.

-of

i ncubation at 30C and are-imediately m xed with 50 [err],

and 60 ul -TNE. After extraction with henol/chlorofprnland ethanol

pi t ati off® PAE ISRATFTEdr cHET pBAFISHE (94T 1

of 20 nM

Al'i quot s

and 60

ul phenol
preci -

Re welsihd sinslaieed bltdentra- -

89 rionakd a30Qxresdded/ 88 dedérideal isSExdndprecsd.ent of exonucl eol ytic cl eavage
by Bal3l 0.5 [err]g of DNA fromeach tinme point are digested with
nucl ease BanH and anal ysed on a 1.5 % agarose .gel in Tris-borate
8. 3. OnThdainawr ag&ngQcé)meammatem@\iedEéorRmmﬁaeh el afe tzhﬁ:uiaxhrzagnentfaf ter
45 sec

e poPRER TR G 4% f B lebhle SEPRAE 3o B ALRT SRS e Tn

Two A Tr1sUplitBSQf1(EmnFHgC

endo-
buffer pH

nkior aM (D8'T; MTEQC&&I 60B8RLT4apNA Legdsepended - 260

~in 250 pl % mM TG 8, 1 nM EDTA. Two pg of EcoRlI linkers are 10
ki nased*?h *7 ‘[rér?‘]l 0 60 mM Tris pH 7.5, 10 nM Mydl 2, 15 nM DDT, 10 pH
ATP and 33 U of T4 polynucleotide ki nase (Boehringer). After 1 h at —

37[err] Mxture i.s 0 JURA rqﬁg ur \d s then N
stored gn SOT quTté %’th% H.Pa afe J‘lﬁg%“luebla sat(ar ahded C’ULI flelc?l ers are
| i gat edtwedthdi heans foFmist ignt cmvdsetttoEtd:wehBaBml teldat GekeDBiumplag@m@nt s. Hal f a

at

room
10

15

20

i cr oot 340 Qb Pl ! L6ER 2910 (242 RAAMRAA A4BIY S5 R5URAES O

containing 100 pg/hl of ampicillin. Plasmid DNA is prepared according
to the method of Holmes et.al. (50) and is analysed by EcoRI/BamHI

double digestion.

c¢) Nucleotide sequence analysis to determine the position of the

- EcoRI linker addition

Most of the 35 clones wili differ from each other in the position of
EcoRI_linker addition in the PHOS prdmoter region depending on the
degree of Bal3l digestion of the individual DNA molecules. For the
nucleotide sequence analysis plasmid DNA is digested with EcoRI. After
extraction with phenol/chloroform the restricted DNA is precipitated

with ethanol. The DNA is dephosphorylated and 5'-terminally labeled as

described in Example 10Ed. The labeled DNA fragments are cleaved'with'a

second restriction endonuclease, BamHI., The products are separated on a

0.8 Z low melting agarose gel. The 0.5-0.6 kb 5'~labeled EcoRI-BamHI

‘fragment is isolated from low melting agarose as described in Example

25

4a. For the determination of the nucleotide sequence. adjacent to the
EcoRI linker the different DNA fragments are chemically degraded and
the products are separated by polyacrylamide gel electrophoresis as -

described by Maxam and Gilbert (15).

16 hours



tenperature with a 50fold excess of kinased EcoRl |inkers in 20 [err]l of

60 mH Tris pH 7.5, 10 mM MgC12, 10 nM DTT, 4 nmM ATP and 600 U of T4 DNA

| igase (Biolabs). After inactivation of the T4 DNA ligase (10 mn 20 at

65C) the excess of EcoRI linkers is clgavwed by 50 U of EcoRl (Boehri nger)j_dd
in a volume of 50 [err]l. The DNA is extracted with phenol/ chloroform

preci pitated by ethanol and resuspended in 10 nM Tris, 1 mM EDTA
Restriction endonucl ease EcCORl not only cleaves the ter i nal | y added 25
EcoRl linkers of both Ball fragnents (3.7 kb and 5.1 kb) but also at an
internal EcoRl site in the 5.1 kb fragnent giving rise to a 3.9 kb and a

1.2 kb fragnent. The 3.7 kb and 3.9 kb fragnents are separated fromthe 1.2 .

kb fragnent o ) % |.0 rreltl arose gel igma) in Tris-HC pH
8.3, 90 mM bor ts %cf? Tt Hes ANEFAPOTHA BN %g 8‘85%1“5 PaP‘g %tngﬂ et
et hi di um br omtdée aafdtm sHald quadtncmdﬂ'renl foid oved/ dy Udn| E@RL HinkeO6 iBMistée ihWo

| ar ge DNA fra nts Qf, alsokbe 9 kb - 90 - are not separated. They
are cut out of th é? |g 6 bl ock and are extracted as described -
in Exanpl g 4a. The Ilnear fragrrents terrri nating in EcCoRl sticky ends are

circul arized l:fé”égatlon About 0.25 [err]g of fragnents are ligated in 100
[ferr]I of 60 is pH 7.5 10 mM MgC12, 10 mM DTT, 1 nM ATP and 600 U
T4 DNA |igase for 4 s at 15[ er rr l.i,guQt s, O e ligation
i xtur e are%addedtctl] [err ]1%£41% J@r{ tenu e% goq' fPﬂpseuec\l\
conpetent E.coli HBIPR cells (see Exanple 4a). R'-ZE transforned, anp
cqQlanies are grown ipdividually in LB nmedium 10 _pﬁ:tal ning 100 [err]g/m of
a(r)?pfci l1in. Plasmd is prepared-according to e met hod of Hol nes
et.al. (50) and is ap@l ysed by EcoRI/BanH doubl €tdi gestion. c) Nucl eoti de
sequence anal ysi s topget ermne the position of thg -

10 pY _ o -4

pR -10

pP -16

pV . -18

pL =21

15 pN =22

pC =24

pH =27

pS -28

" pk -29
20 pl - -38

pPM -50

N poO =53

-\J pF =59

i pm _ _ -67
.25 . pK ' . - =73

- pi -1
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EcoRl linker addition 15 Most of the 35 clones will differ fromeach other
in the position of EcoRl |inker addition in the PHO5 pronoter region
dependi ng on the degree of Bal 3] digestion of the individual DNA nol ecul es.
For 4t:hg .nucl eoti de sequence analysis plasmid DNA is digested with EcoRl. _
After extraction with phenol/chloroformthe restricted DNA is precipitated
20 with ethanol. The DNA.ig dephosphorylated and 5 -termnally | abel ed as
described in Exanple | OEd. The | abel ed DNA fragnents are cleaved with a
second restriction endonucl ease, BanH . The products are separated on a 0.8
% | ow nelting agarose gel. The 0.5-0.6 kb 5'-1abel ed EcoRI -BanHl fragnent
is isolated fromlow nelting agarose as described in Exanple 25 4a. For the
determ nati on of the nucl eotide sequence adjacent to the EcoRl |inker the

di ffer et [LNAESRYFEYIES 58118 SaRALEAdLY f%ﬁ\@%@mm%@ oducts are )
separ at ed™py—potryacryta scrrbed by Maxam and
G | bert (B¥)5/R promgter: - _ 138 The
different clones and the position of the correspondi ng last nucl eo- tide of
the PHO5 sequence (then followed by an EcoRl _linker) is listed in Taka4
(see alBgsnidyaReIptpinsTihe HRAR promoter qf gned4 bp BamHI-EqeBEition of |ast
:‘_ligl eotd dendie .t MeoPifly $6MHRNEGbREFing in f_|_:.fé 3acr the fragment covers +25 pG
e - '
+12 50&05_ promogey geguences from nucleotide - 541p(Bz-_1mHI site) g pP

'1$ PV nucleotide - 10. An EcoRT linker, ligatéﬂj%opﬂucleotide - 10 (see

-2 -
Example 24b) contributes two G-residues upon EcoRI cleavage. \f{

Plasmid pR is digested with restriction endonucleases BamHI and
EcoRI. The 0.53 kb BamHI-EcoRI fragment is separated on a 0.87 low
10 melting agarose gel and isolated as described in Example 4a. The

nucleotide sequence is given in fig. 33.
In an analogous manner plasmid pY is digested and a 0.53 kb

BamHI-EcoRI fragment is isolated containing the PHOS5/Y promoter.

The nucleotide sequence is given in fig. 34.

15 e) Replacement of the Sall-EcoRI fragment in plasmid p31 by a L;}_

SalI-EcoRI fragment of the new constructions

Five mg of plasmid p31 (cf. Example 13d) are digested with restriction
endonuclease Sall. The restricted DNA is precipitated with ethanol and

resuspended in 50 ul of 100 mM Tris pH 7.5, 50 mM NaCl, 5 mM MgCl

O

2.
20 The DNA is digested with EcoRI to completion. The restriction fragments
are separated on a 0.87 low melting agarose gel in Tris-borate-EDTA

buffer pH 8.3. A 3.5 kb DNA fragment is isolated in a small gel block

containing the DNA band.



15 pN -22 pC

-24 pH ' -27 pS

-28 pk ' ' -29 20 pl ' PR
-38 pM - -50 pO : 1=y
-53 pF ' -59 pm ' S

-67 25° pK ~ 93 - -73 pi :

-81 ph -137 - 92 - d) Isolation of a

0. 53 kb BanHl - EcoRl fragrren't contai ning the PHO5/R pronoter: Plasm d pR :
contains the PHO5/R pronoter on a 534 bp BanHl - EcoRl fragnment. According to.

the nunbering.in flq. 3a e fr nt_.cover PHOS .prono sequences
from nucl eot i lfjle‘;%-}’%%f"?é’(f . °“seft€%gq5‘6 prﬁéf‘e’o?f%@ IZDTS Eﬁi Eg%ﬁfel |1ﬁ§%tre,d
li gated to nueisdotaldeand PRoRbde theanphie widyibls destribdiirbsvel. WHheGOL & Jibddié's
upon EcoRl cl gavage. Pl b .1, di kth restricti ndonucl eases
BamH and Eco a.gm%htes ff%g}gt%?n% sp%%%%ﬁ%?l?sa‘é’kml% ‘?%l%ré%fﬁg?%% g%l a 0.8%
1ow 10 nelting agarose gel- and isolated as described in Exanple 4a. The
nucl eoti de seguangce JeSeel 48 WpNsdirg - b dm@Re VRN QYQY I sppd pY
s di g&ﬁded an aﬁ% §3tt%lb Bgr#-ll -gcoﬁfgi%r agrent -i sa+so atspe%ag%ﬁtlg?éﬁl%ngathe
PHOB/ Y prorfot @34 Fhefnthe Qo8 ikbeSadqiesRiefrasngnt @f plesiid) pR3dr pY5 e)
Repl acenent ofg e SRh) - BoRln:E L AYTRN th1bPkd) 5HHAnBRl RY vita BlababRAR:
fragment of t eest‘:'ne'\:/v co%st?gctpirons ¢ ? dinfhy’ ki re
: . mixed and melted at 65°C. The liquified gel is diluted three times.
W Ligation is performed in a total volume of 240 pl of 60 mM Tris pH 7.5,
10 mM MgClz, 10 mM DTT, 1 mM ATP with 750 U of T4 DNA ligase (Biolabs)
10 overnight at 15°C. A 2 pl aliquot of each of the ligations is added to
100 pl of calcium treated, transformation competent E. coli HB1Ol cells

(see Exémple-4a).

8 transformed, ampR colofiies each are grown individually in LB medium
containing 100 pg/ml ampicillin. Plasmid DNA is analysed by restriction
15 analysis. The clones of each group are identical. One clone each is

further used and referred to as p3LR or p3L/Y, respectively (fig. 31).

- Example 25: Insertion of lymphoblastoid interferon-u-3 DNA-into.
k—f . ‘plasmid p3LR or p3LY (cf. figure 35)

This construction joins the PHO5 promoter region to the gene cbding
20 for mature interferon-a-3. Neither of the signal sequences of PHOS

or interferon is present but there is an EcoRI linker introduced at

the site of the junction.



Five [err]g of plasm d p31 (cf. Exanple 13d) are digested with restriction
.endonucl ease Sall. The restricted DNA is precipitated with ethanol and
resuspended in 50,.ul of 100 MM Tris pH 7.5, 50 MM NaCl, 5 nmM MyCl2. 20 The
DNA rj_Iil gested with EcoRl to conpletion. The restriction fragnents are
sepafated on a 0.8% I ow nelting agarose gel in Tris-borate-EDTA buffer pH
8.3. A 3.5 kb DNA fragnent94d s isolated in a small gel block containing the
DNA band. 93 - Five [err]g each of clones pR and pY (cf. Table 4 and
fig. 32) are digested with Sall and EcoRl in the same way as descri bed
above. The 0..-8 kb DNA fragnents are isolated in small blocks of |ow nelting
agar ose makmid o871 H €5&d tah . i nétl dhe EFiRSR! ector p3lis
ligated tQ 5 '0.p34 [_grr] gzngﬁplt h%eg. goﬁt%]gilélthtoﬁ "%‘{r“g’g?rpé%iqu%m\& asm d pR or
pY, respBaeh g fermiparesdhrd usleetides hefere chatAficnphgheheciBNA fragnents are

m xed a dt@be enb A e bk | KeoRT NG nkib AU Li -3'$ el i I MES.
Li gati oﬁog%)é:r f'%?ér%ld iyﬁ a to'?a.l \Illolﬂlr?e g?ggggé 3err1fule g%ﬁggﬂ%%%és pH 7.5,

10 mM Mjeterfergnaydpgeme in Ragrpl GETRERAZY HYyeFFN e DINASE (5886 (Bi ol abs) -.10

over niyhexadp1el 2B Lrils] SpecheZedlliyaddpbad OF GRCHuRibh&o EGAELORS IS addeg/ to
100 [err]l of calciumtreated, transformation conpetent E. coli HB10l cells

(see ExarpkeFr 48)thegPHQS, premptery Thepddigionaleaucieekhidesecatythan i sad vi dual | y

~in LB medi ture eodim Beq@ndtfQd Ritdre/ MHredfidai-hii Broflldassd @c.LNA s anal ysed
by restriction,15 gnalysis. The clones of each group are identical. One
cl one edEATTCHOR 1EF qrdedn 4718, mecessary for &Be gTnKlagiopiE/ the despectively .

(}‘i g. 3Jf)e§?n/E>gaaal QCJZ-?;EiIg{]ﬁ@IZ?:DQTEsGE%dS%é B Qe agdni odsREEiBh O a-ﬁ Dmois,m 0
pl as or cf. figure is construction joins the

prono oerﬁf% Bf 'fftof%t Plle’sé‘é%é’:"%‘gi {?ﬁezﬁ‘a’“?*“o?‘*enﬁ ure interferon-a-3. Neither

of the signal sequences of PHO5 or interferon is present but there is an
EcoRl | Iar} k?rreplagggl'%gugg %cgﬁl thgavseldt, ede%fho;p eor&tijantCeEil-gPa'smid p3LR

Five pg of plasmid p31.R are digested with restriction endonuclease

EcoRI (Boehringer) to completion. After extraction with phenol/chloro-
form, the DNA is precipitated with ethanol and resuspended.in 100 pl
15 of 50 mM Tris pH 8.0. Passage of the DNA through Chelex 100 (BioRAD),
dephosphorylation by calf intestine alkaline phosphatase (Boehringer)
and purification of the dephosphorylated DNA by DE52 ion exchange
chromatography is as described in Example 14b. The DNA is resuspended

in 10 mM Tris-HCl pH 7.5, 1 mM EDTA at a concentration of 0.2 mg/ml.

20 b) Isolation of a 0.6 kb EcoRI fragment of plasmid

CG-pBR322/HLycIFN(a-3)-252 containing the IFN-o-3 coding sequence

—_
Ten pg of plasmid CG-pBR322/HLycIFN(«a-3)-252 are digested with restric- g

tion endonuclease EcoRI. The digest results in 2 fragments of 3.8 kb



- 94 - Plasnid p31/R (see Exanpl e 24e) contains the PHO5 pronoter sequence
which is ternm nated 9 nucl eotides before the ATG of the acid phosphatase
gene by an EcoRl |inker 5'-GGAATTCC-3'. The |ynphobl astoid interferon-gr-3
gene in plasnid CG pBR322/ HLycl FN(a- 3) - 252 (see 5 Exanple 23) is {4c¢
specifically adapted for the junction to the EcoRl |inker in the PHO5
pronoter. The additional nucleotides at the 5 end of the -codi ng sequence
of. mature interferon-a-3 provide-apsEcORl restriction site and an ATG
necessary for the translation of the inter- feron gene (cf. figure 29) .
Essentially tbed 9258 0Msd bUE tKbOBrdghe o} sm4g p3LLY (see
Exanpl e 24e) Pr efoar ation of Ecoglgl ﬂglcgg'?/%gg e ‘ﬁ%spﬁgir&l ated angsm d
p31/ R Five [eF"%lé’nof hs| fxagmenty 3/ Fsodpkedipy ex Cebl Mlp‘?l medting ezamﬁe gel in

endonucl ease @ﬁ%oﬁﬁ@%’ﬂAﬂgﬁfﬂarl Orhe Ogd siéé}nco:m(atxﬁfngeﬁié ¥CEH@pHd th
phenol / chl or o, form ,the DNA is precipitated with ethanol an resuspended

in 100 [err]| f7ASmERE 46 FHH 1% Sfpthegael Pasusedef o 1isatiomA through Chel ex
100 (Bi oRAD), dephosphorylation by calf intestine alkaline phosphatase
(Boehringer ??Pg Jfica |on Qf the eghosphoryl ated DNA by DES52 |on
exchange chro 32 : g3 Crs

Fesuspended in Eeolml\/lfﬁgn&nHGf mh\l—?z—5 pNh MM EDTA at a concentration Of 0.2

ng/ M. 20 b) ol at1.0 ORI fragnent of plasmd
CG pBR322/ HLyiclssFRE a°f3? ‘%‘S’ﬁg‘é‘tﬁr?ﬁ?% H@@h&eqtﬁn%%cwﬁﬁg*%cﬁféﬁéewmn
[err]g gf pl F\Brgademoglﬁﬁ& HiEy ene=DN & -kB) ECIRZ ﬁfa%m@lmgestﬁm—w:tf hgﬁﬁ&fﬁ&&r
tion endonuc S CORI . est resulis npnts 0
95~ and 0.6 ﬁ%.ggﬁ’ﬁelf);%c’ ’5”¥eg o {13 {’tﬂcﬁs“t Ha¥i Ei"?geﬁé"ﬁﬂsér%ﬁl 3 coding
regi on. ThaOfwhigheis mebtadsat #52C. The al iqubd 9iboO\geltld WDDutRIAERS LI, | N '
Ligation is performed in a total volume of 220 pl 60 mM Tris pH 7.5,
10 mM MgCl,, 10 mM DTT, 1 mM ATP with 800 U of T4 DNA ligase (Biolabs)
overnight at 15°C. A 10 pl aliquot of the ligation mixture is added

“to 100 yl of calcium treated, transformation competent E. coli HB1O1

15 cells (see Example 4a).

6 transformed, ampR colonies are grown individually iﬁ LB medium
containing 1qo‘pg/m1 ampicillin. Plasmid DNA is prepared according to
the method of Holmes et al. (50) and is analysed by BglIL/BstEIL
double digests to determine the orlentatlon and the size of the insert.

o : 20 One of these clones is referred to as p31R/TIF(a=3).

The same construction is done with p3LY (See Example 245). Plasmids

o " . R .
\.) from 6 transformed, amp colonies are analysed. 2 clones have the right

orientation of the insert. One of them is referred to as p31Y/IF(a~3).

Example 26: Insertion of lymphoblastoid interferon-a—2 DNA into plasmid

25 P3LR (see figure 36)

This construction JOlnS the PHO5 promoter to the mature interferon—a-2

codlng region.

a) Isolation of a 3.9 kb HindIII-EcoRI fragment of vector p31R |

Ten pg of vector p3LR are digested with HiﬁdIII to completion. The
30 buffer is adjusted with 0.1 volume of 1 M Tris pH 7.5. The HindIII-



Tris-borate-EDTA buffer. The gel piece containing the 0.6.kb DNA fragnment
I's cut out of the gel and used for ligation. 5 c) Ligation of |inearized,
dephosphoryl ated p3l/R DNA and the 0.6 kb EcoRl fragnent of IFN-[err]-3 DNA
1.5 pg of dephosphorylated p3 /R vector DNA cleaved with EcoRl is |igated
te 0-19 pg of the 0.6 kb EcoRl fragnment of IFN-a-3. The latter fragnent is
cdritRined in a small bl ock of | ow nmel ti ng agarose gel 10 which is nelted at
65[err]C. The liquidified g&l-is diluted two tines. Ligation is perforned
in a total volume of 220 [err]l 60 mM Tris pH 7.5, 10 nM MgC12, 10 mM DTT,
1 mM ATP with 800 U of T4 DNA | iﬁgase,éhBi ol abs) overnight at 15[err]C. A 10
[err] 1°k9v6a R316R MNhe 1t ith5Ri Ugenfed B E £SoRydéle o MO EEY LT of cal cium
treat edeoRIr afdhehBlsi PE1GRBPEreRta 0. 8 CPlbw HR1Qdngl 2go@iskSed1s¢g £xanpl e 4a).
R 6 transfornmed, anp col gnies are grown individual Fy in LB medi um

cont ai BEh$120® PErtYtgPHithan®ilci 1 1in. Plasnid DNA i s prepared according to
the method of Holnes et al. (50) and is analysed by Bglll/BstElIl double

di gests,to determ pe the orjentati d the size e ert. 20 One of
these &} &M&Ma' n S ?dﬁlg}witﬂg@&;ﬁg uction i sedone
W t hs PB4l ugSee pExsinal pIUB20) AIFRIBITi(d5. Rxbagle 67) meesdigestdd wadh col oni es
are anal ysed. 2 clgnes haye the.rtght .orientafj.o f l.psert. One of

t hem | B1H9& T PP eﬁ?“p% %’I‘l&ﬁrﬁs% al‘:iilésnri)qe”ﬁ%': Bfﬁggﬁ{;&oﬁ@of | :

| ynphobhastod gui nioer fied GindEI2-ENAved tpd aphids s kh@B digested with -~ p31/ R (see

figure 36) This nstruction.joLns the PHOS pronpt re
I nterf n-?}lez%?ca 'bnﬁb#égf’b#.ﬁaérﬁg?%%atc ?%I-%lgg péﬁg. (St( QEQQ%EST%BECORI Wi
fragmegt2 @bdMRCEefuepdd /aRd Tetre fiewskgead PHOT ttoangs3ipEoar temiigetivad with E
I | idn2aS OB Lo er0Enckd DU'ebBhrdra 6l Y50 L i ePeshgyOl UMe Of 1 M

T 1§ ppfepads

agarose gel and cut out of the gel.

c) Isolation of a 252 bp EcoRI-Xbal fragment of plasmid
CG-pBR322/HLycIFN(a=2)-261 containing part of the IFN-a-2 coding
sequence :

15 Ten pg of plasmid CG-pBR322/HLycIFN(a=2)-261 (see Example 23) are

digested with Xbal in 100 pl of 6 mM Tris pH 7.9, 150 mM NaCl, 6 mM

MgCl2 and 6 mM mercaptoeghanol. After complete digestioq with Xbal the
linearized plasmid DNA is partially digested with 3 U of EcoRI
(Boehringer). After 20 min at 37°C the digestion is stopped by freezing ;;2
20 at -70°C. The DNA fragments are analysed on a 1.5 % agarose gel in

Tris~-borate~EDTA buffer pH 8.3. The 252 bp EcoRI-Xbal fragment contains

the 5' part of the mature interferon-a-2 coding sequence (up to the -
Xbal site) with the specific linker for the junctidn with the PHOS Q.J
promoter. The 252 bp fragment is isolaﬁed in a small gel block from a

25 0.8 Z low melting agarose gel.

d) Ligation of DNA fragments

Three DNA fragments described in Ekamples 26 a-c, having appropriate

sticky ends are ligated in one reaction:

0.67 pg of the 3.9 kb HindIII-EcoRI fragment of vector p3L/R, 0.16 ug
30 of the 0.9 kb XbaI-HindIII fragment of pJDBZO7/IF2(51) and about 70 ng



-96 - cleaved p3I/R;DNA is then digested with EcoRI. The 3.9 kb H ndlI-
EcoRl fragnent is isolated froma 0.8 %Ilow nelting agarose gel in a gel
bl ock cut out of the gel. ‘b) Isolation of a 0.9 kb Xbal-Hindlll fragnent of
pJDB207/1F2(5 ) 5 Fiveug of plasmid pJDB207/1F2(51) (cf. Exanple 17)f4xe .
digested with Hndlll to conpletion. The buffer is adjusted with 0.1 vol une
of I MTris pH 7.9. The Hindlll-cleaved plasmd is then digested with Xbal.
The 0.9 kb Xbal-Hindl Il fragnent conthlins part of the interferon- a-2

codi ng sequence and the downstream PHO5 transcription term nation 10

signals. The 0,9 kh. .fra ' arated on .a %1 0 | tj\n arose gel
~and cut out off t;h'éb)‘aél bg?‘;‘r’]‘%‘s‘ﬁ%ﬁ?gﬁ%"f‘?a°§gz @%3%'\9,&@1’"%% g%ﬁ%ﬁf of

pl asm d CG pBRZAREHLAL] FiNp&e DNA 2ArhgBartisabrd Rontadnéd dh &hdll £d¥ pbrakls- &

codi ng sequence 15 Ten ug_of plasnid CG:pBR322/ HLycl FN(a-2) - 26 see

S R T e

mvi NaCl, 6 nmMdVgsEic and dAlodddrehoaptimdshaliod ligdtiien isodpiectin alitgeslt volumei t h

Xbal the 2 Li i zed plasm [ arti di j t f . ECORI

(Boehri*{l‘g‘ﬁ_-r%.oA?Eéer}’(izﬁpr%%ng%%rg%lit E’eso’dlage"gﬂt #%cnIZi’gf\O:%'g;b&\gd gﬁf&ée)gllﬁb 20

at -70C~ The MO ¥refghe N8 kigesaral y$€dfon 18 HoulsYomdaridselypiotiof the

Tri 5 bor at o~ ERTA DUl ReL B daad8 %08 P oEEIs P LiA0 TR FQRPLRE L e

5' part of the fature Interferon-a-2 co ng sequence (up t site)

with the specidmpeténtnkercol brHBIAL delibet(sem Exawple Ae) PHOS5 pronoter. The 252

bp fragment is isolated in a small gel block froma 25 0.8 % | ow nelting

agar.ose gel. d) Ligation of DNA fragnents Three DNA fragnents described in
hayi sticky ends .arge

| es 26 a-C ng appr®priate | i gat.ed jn one
Feacti on: 0. 67 FEFRESRGL R aeafopietiont SroPE v idab et o Potifor pas/r
0.16 [err] 30 3>ntainingeld®. Pglall Xbampitindin) PlaswjdeDNA dé pr2pBRAT7Atda2dEdg and
about 70 ng to the method of Holmes et al. (50) and is analysed by BamHI/HindIII
- double digestion. All clones show an idgntical.digestion pattern.

One of them is referred to as p31R/IF(a-2).

Instéad of the 0.9 kb XbaI-HindIII fragment of pJDBZO7/IF2(51) alsc a

15 0.5 kb XbaI-HindIII fragment of plasmid pJDBZO?/IFZ(Sl)A72 or
pJDBZO7/IF2(51)A82 (see example 22) can be used for ligation. Also,
instead of the 3.9 kb HindIII-EcoRI fragment of vector p3l/R the
ligation is carried out with the 3.9 kb HindIII-EcoRI fragment of
vector p3l-Y.

20 Conditions for ligation of the DNA fragments and the transformation

of E.coli HB1Ol are the same as described above.
J
- 12 transformed, ampR colonies of each ligation are grown individually
in LB medium containing 100 pg/ml ampicillin. Plasmid DNA is analysed
. by BamHI/HindIII double digestion. The resulting clones are referred
25 to as p31R/IF(a-2)A_72, p31R/IF(a-2)A82, p31Y/TIF (a-2), p3lY/IF(a-2)A72

and p31Y/IF(a-2)A82,



- 97 - of the 250 bp EcoRI-Xbal fragnent of CG pBR322/HLycl FN(a-2)-261 are
ligated. Al three DNA fragnents are contained in small gel blocks of |ow
mel ti ng agarose. The three pieces of agarose gel .are pooled, nelted at
GE[.,;%r]C and diluted three tinmes. The ligation is done in a total volune 5
O[err]l of 60 M Ti9¢ pH 7.5, 10 nM MyC12, 10 mM DTT, 1 nM ATP with
1200 U of T4 DNA ligase at 15[err]C for 16 hours. A 10 [err]l aliquot of
the ligation mxture is added to 100 [err]1 of cal ciumtreated,
transformation conpetent E. coli HBIO cells (see Exanple 4a). 12
transformed, arrp colonies are grown individually in LB medium 10 containing
100 [eaépgaaﬁ__of aR$ETLIPR j9f 1ymphohd 4 tpifH inseyfespur ©d fmwoptisrddt o t he
- et hodof Hol nes et pai/R (589 £3pehd s7pnal ysed by BanHl/Hi ndl'l1 double
digestion. Al clonés show an identical digestion pattern. One of themis
referred to ¢ - -2). Instead of the 0 9 kb Xbal H ndl || fragnent of’
pJDB207 | =E QHindIRT-Hog eator 3l asmi d
pJDB20 26k 3 5f]s;)e623r(y314|38] QB@@JgLeEZé&ME@%L@ﬁI( S6P E@éﬂ%edezz) can be- used
- for atjo Al so, é‘?ead of the 3.9 kb Hindl|l-EcoRl Tragment of wettor .
p3l /15-2 gﬁ’é‘ Bedgin |E6‘ﬁm1?lse 2 1B ESE1tHnen0thkd Bnd RiP kpnfragred®soRl fragnent of
vect or g8l depar@€edCondi preguratDre watlbermﬂhﬁgmg%ef gelgMeRd S. %kl t he

t r ansf HBlO ar,e_t he sane, as cr.j bed ove
L anet HepBtRealt Frfne O3 P hudineters b BRL oSSR uReT da DRl Lo i n Lo
medi uméao i nnmg.slﬂ&-:.[féed Jbg/ DEs?aﬁmnarmhﬁ) don F&:ahangé Ehtomagography sed by

BanHl / Hi nd dou est.i 9 r ing, clones re ed 25 to as@
p31R/ | "ﬂ‘?‘éﬂ’e f 3 RPF E?%Flﬁ)aﬁiﬁiz &be@ﬁ % ”es%ﬁpﬁ?f“?ﬁf’?é?z{‘{e r]72 and  ©
p3l W | Fl'(rdisajﬂ[ 8:r0, 82mM EDTA4E a concentration of 0.1 mg/ml. - 98- '

b) Isolation of 0.9 kb PvulI-HindIII frazment of pJDB207/IF2(1'b):
Five ug of plasmid pJDBZO7/IF2(1'b) (cf. Example 17) are digested with
PvuIl and HindIII. The r2sulting fragmeuts of 0.9 kb and 7.3 kb are

separated on a preparative 0.87 low meltlng agarose gel, The 0.9 kb

15 fragment is eluted from tle gel and pur:.fled as described in Example
27a., The DNA is resuspended in 10 mM Tris pH 8.0, 1 mM EDTA at a |
- concentration of 0.05 mg/ml.

c) Isolation of a2 285 bp EcoRI-Pvull fragment of plasmid

CG-pBR322/HLycIFN(a~1)-258 containing part of the IFN-o-1 coding = | \./

20 sequence _ v

Ten pg of plasmid 'CG-pBR322/HLycIFN(d-1)-258 (see Example 23) are
digested with Pvull and EcoRI. A 286 bp restriction fragment is

O

separated from a 4.2 kb fragment on a preparative 0.8Z low melting
agarose gel. The 286 bp EcoRI-Pvull fragment is eluted from the gel
25 and purified as described in Example 27a. The DNA is resuspended in

10 mM Tris pH 8.0, 1 mM EDTA at a concentration of 0.03 mg/ml.

d) Ligation of DNA fragments

0.5 pg of the 3.9 kb HindIII-EcoRI fragment of vector p3l/R, 0.25 re

of the 0.9 kb Pvull-HindIII fragment of pJDB207/IF2(1'b) and 0.1 18
30 of tae 286 bp EcoRI-Yvull fragment of plasmid .

CG-pBR322/HLycIFN(a~1)-258 are ligated for 16 hrs at 15°C ia 20 pl



Exanmpl e 27; Insertjon of |ynphoblastoid interferon-a-I into plasmd p31/R
(see figure 37) a) Isolation of a 3.9 kb H ndlll-EcoRl fragnent of vector
p3l/ R Ten pg of vector p3l/R are digested with HindlIll and Ecolillt s de- 5
scribed in Exanple 26a. The resulting 0.4 kb and 3.9 kb fragnents :
separated on a preparative 0.8% | ow nelting agarose gel. The3.9 kb
H ndl 1l -EcoRl fragment is eluted hpomthe gel as described in Exanple 4a.
The DNA is purified by DE52. (Wat rran) i on exchange chromat ography (see
Exanpl e 5a), p e nd jne ngegy i g3pl Q Tgis pH
8.0, 1 M EDTA‘\Ith%g'h{:g%%eRFnrgpl o{ndqojfwd"& mnﬁw%@? q'lg%ldgtl)l e b
Pvul | - H ndl | | TNAaghease. of 3ppDB2ORorFf |th9)hs|=s:=m {n@ftru}'g it agedls fe 40O } u‘
pJDB207/1 F2(1 he | { I11. The.
"resulting frag%eu%ggloFEé%gPéﬁ ta &Bg‘n%%ggfégﬁgeeegé%m%ﬁgf%r Eggfriat ive
0.8% | ow nel t i (zgeckpampte 4ge} . The 0.9 kb 15 fragnent is eluted fromthe
gel and purified as described in Exanple 27a. The DNA is resuspended in 10
AM Tris pH 8.0, 1 nM EDTA at g concentration of. 0.05 ng/ c) Isolation of
a 286 EcoRl lmmsmmn@p ofcomrasmarecec%mwmwnm@aww@s@n
cont ai nr par { 160 @glhi: n iR MRS
€G pBR322/ HLyc'%"‘Fi’él @ £558 °?s%“‘eﬁ%§'1a12% gﬁ a§?1aa§gﬂéi§gg§%1§§9dw hﬁ):IPvuII angI
EcoRl. A 286 bfeubdsidizestinn.ffuegatone i siviaparigecty £r bt kb BapHk frigmentent on
a preparative Lhd% ﬁWngBAaﬁnHﬂQ{ﬁgﬁlo??aﬁﬂkt e a8RePRinkeRy- Mdiklsdfrggment
Is eluted fromthe 5 purified as described in Exanple 27a. The DNA
i s resuspendedt? r’l‘slﬁlrm pH 8.0, 1 nM EDTA at a concentration of 0.03
d) Ligation of DNA fragnents 0.5 [err]g of the 3.9 kb Hi ndllI-EcoR
fragment of vector p31/R 0.25 of the 0.9 kb Pvull-H ndlIl fragnent of
pJDB207/ | F289' B anﬁ L) Elr[déFthogb frggmanteod gscthy REUR c#v bel renlagtfent of

pl asm d CG pBREZ2hElyiat FIN-BedRE 2b8emehe df gadtest PP YI1W1Bbs idbtdad 8Erdne i n 20
Lerr]l 0.9 kb PvuII-HindIII fragment of pJDB207/IF2(1'b), a 0.45 kb PvulI-
HindIII fragﬁent of pJDB207/IF2(1'b)A can be used for the ligation.
The resulting clones are analysed as described above. The clones are
15 referred to as p31R/IF(a-1)A, p31Y/IF(e~1) and p31Y/IF (a~1)A.

Example 28: Subcloning of gene constructions in the high copy

number yeast vector pJDB207 (see fig. 38)

The constructions described in Example 25-27 contain the PHOS pfomoter,
"o different interferon coding regions and the PHOS transcription termi-
20 nation signals in a tandem array, all inserted in a pBR322 derived
vector. SalI-HindIII fragments containing the whole array are ligated

into the 6.2 kb SalI-HindIII fragment of pJDB207 as described in

e

Example 17.

2 pg of plasmid p31R/IF(x—3) are digested with restriction
25 endonucleases Sall and HindIII. The restriction fragmeats are sepa-

rated on a preparative 0.8Z2 low méiting agarose gel. The small frag- .

ment (1.8 kb in size) is cut out of the gel.

Plasmid pJDB207 is digested with restriction endonucleases Sall and .
HindIIT and the large 6.2 kb fragment is isolated as described in
30 Example 17. . '



99 - of 60 MM Tris pH 7.5, 10 mM Mgd 2, 10 mM DTT, 4 mM ATP and bOO U of
DNA ligase. A 3 pl aliquot of the ligation mxture is added to 100 [err]1l
of calciumtreated, transformation conpetent E. coli HBIA cells (see :
Exanple 4a). R 5 12 transfornmed, anp colonies are grown individually in LB
gﬂumvmth 100 [err]g/m of arrp|C|II|n Plasm d DNA is anal ysed by .
JHindi 11 doubl e di gestio. -One clone giving rise to a 1.4 kb BanH
fragnent and a 390 bp BanH -Hi ndl Il fragment, is further anal ysed and
referred to as p3IR/IF(a-1). 10 The 3.9 kb HindlIll-EcoRl fragnment of vector
p3l/R can be replaced by the Hndlll-EcoR fragnent of vector pa3l /Y. Also,
i nst eabtggtieh@fothe REA Hfﬁﬁ‘?e‘Hf"n%ﬂdl Fraqsfgreation oty seeeseny E2(22W) | a 0. 45 kb

Pvul'l -Hfdoﬂdéélllsfia@medOBmp&E)B&’&?/:hF&( in Bde@p1d 10018 laﬁp‘h%edc;{le& t he

i gation. The resul ti cl.ones are analysed as_descr. bed aboyve.. The cl ones
are 1537%EEPYedndiyidually) & (LB TedipR cqpspiping ioq FeAHy o FmpE e ELint ) A

Exanpl 'Ehe?%éaziﬂ%BCﬂ)mh?garﬁﬁygﬁ?jf_ﬁﬁQmsts’it@t bﬂrtaelihdsbhe ﬂylb GEEa@Q@éésx numloer zéezzi?t .
vect or see e .c s described i.n anpl e 25

cont &j K% hnéeﬁ%g °é‘|"° %ﬂsfe? eﬂ’@ﬁfﬂ ‘gr%agEOr?“Eoﬁ]lr%ﬁ ‘?"’é’df‘%rﬁ‘eand tkg! PHO5
transc&u&bhemntseﬂmls 26 caeéd @Ad Stegamtal to B baoBlemraria@ys).al | inserted in a |
pBR322 derived vector. Sall-H ndlll fragments containing the whole array
are ligated into the 6.2 kb Sall-H ndlll fragnent of pJDB207 as descri bed
i n Exanphe dnalogbysemanngrofstpktig drpsth |pR@preirdrs] pB)L aF @-ddgested with

restri g 1R9@F@z5 nm@ygﬂ-@a@gsz Sgﬁmp@_hjmdl bBlYmeq-r@§t riction fragnents
are se

rate on a arative 8% | ow Jrel ose gel. The snall
frag- PRWITE-DMNE pﬁ?ﬁg-zﬁgszmngtﬁ (5T1)[,hgﬁbxg/%?%‘i B8 0 ey T
di ggﬁ gﬁ%?@-‘l?sﬂd‘ 631 vNFerdoAydlRaseI obig casitbshrind! tie and the large 6.2

ment 1s 1solated as descrl bed in 30 Exanple 17.
correct insert are obtained _

pJDB207Y/IF (c3),
pJDB207R/TF (a=2),
pJDB207R/IF(a~2)A72,
15 pJDB207R/IF(a-2)A82,
pJDB207Y/IF (a2},
pJDB207Y/IF(a~2)A72,
pJDB207Y/IF (a-2)482,
pJDB207R/IF(a~1), | | L
20 pJDB20TR/IF(e-1)a, | Y,
pJDB207Y/IF(a~1), and |
pJDB207Y/IF(a—1)A,

O

Example 29: Transformation of Saccharomyces cerevisiae AH220 and

induction of interferon production

25 Plasmids pJDB207/IF2 (5 )A72, pJDB207/1F2(5 )A82, pJDB207/1IF2(1'b)A,
pJDB207R/IF (3), pJDBZO7Y/IF (a-3) . pJDBZO7R/IF (a2), pJDBZO7R/IF (a—Z)A72 ’
pJDB207R/IF (o~ 2)A8 2, pJDB207Y/IF (-2}, pJDBZO?Y/IF (a=2)472,

pJDB207Y /IF (a~2)A82, pJDBZO7R/IF(a=1), pJDB207R/IF(a-1)a,
~ pJDB207[/IF(a~1) and pJDB207[/IF(a~1)A (see Examples 22 and 28,

respectively) are each introduced into Saccharomyces cerevisiae
strain AH220 (a, trpl, leu2-3, leu2~112, his3, pho3, '

pho3) using the transformation protocol described by



100 -

Li gation.of the DNA fragnents and transformati on of conpetent E. coli
HB101 cells is carried out as described in Exanple 17. 8 anp
grown individually in LB nedium containing 100 pg/ml of ampicillin.

colonies are
The

plasm d DNA is anal ysed for the size of the insert by cl eavages 5 with

restriction endonucl eases HindlI|I
insert is selected and referred. t
manner, starting fromthe plasm

and Sal |l .

S p3| Y/l F(a-3),

One cl one having tijg gorrect
as pJDB207R/ 1 F(a-3). I n an anal ogous .
p3I_R/IF([err] 2),

p3l 1 F(a-2)A72, p3lR/IF([err]-2)[err]82, p3lY/I F(cr-2)
P3| Y1 (L err] sRhhal ek 74 ?f’)lY&{'fr(stgHe]d ;aa{s%r&lﬁ% & géc'é § bedsk:
3? / [er T t he .

p3IR/IF([err]-I)[err]

F([err]

and

fol | owi ng cl oMd8inglt He"clh@ %’cﬁtFEC’te F?@@Ftlmﬁé“@@@almele transformed yeast
pIDB2O7Y/ | F( [ @blidnidk, af) PRAGEARAAI GRowr) as RibPBRBLR i Eamp1kes I }Iég [d&?Tr?eéxt

pJDB2O/R/ | F(a-2) [ err}82
pJDB207Y/ | F( aY2#$tercP

pJDB2O7YI I F([err]-2),
guLes EnepYefARr et (ta- £9 |

pJDB207Y/ T F(a- err
20 pJDB2O/R/ I F(a-1)[err],

pJIDB2C7Y/ | F(2-gJak chaofly debDBEGYE ] de( amﬁzbﬁ{fdszo%m 9a79; Transformation of
c

-Saccharorryces Cer evi sl ae ARZZ0 and i ndu

i on of intlerferon production 25

Pl asmi dS” pJDB s ia JW@#PWQ%@)FF&&P% pJDB207/ | F2(1' b) A,
PIDBGTH | F( a Sy Py T, f’“ﬂgﬁa WE (o),

a err a-
BJDBZO?Y/IF(a sceharphyces 9 13%2[ T‘%FDF’S?; pJDB207R/ | F(a-1),

pJ DB207R/ | F( asb&éwrbz]nyceﬁJMHAeF(Lﬂzo,}’pJD)SZWmEOaDBXW [/VF([err]-1)[err]

U Exanpl es

nd 78,
Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae

15

3accharomyces

cerevisiae

Saccharomyces cerevisiae

Saccharomyces

cerevisiae

Saccharomyces cerevisiae

20

AH220/pJDB207R/IF(a~2),
AH220/pJDB207R/IF(a-2)A72,
AH220/pJDB207R/IF(a-2)A82,
AH220/pJDB207Y/IF(a=2),

' AH220/pJDB207Y/IF(a-2)AT72,

AH220/pJDB207Y/1IF(a=2)A82,
AH220/pJDB207R/IF(a-1),
AH220/pJDB207R/IF(a-1)A,
AH220/pJDB207Y/1IF(a~1)
Am20/pJD3207Y/IF('a-1)A.

and

Example 30: Transformation of Saccharomyces cerevisiae strain GRF18

and induction of interferon production

Analogous to the process described in Example 29, Saccharomyces

25

Saccharomyces cerevisiae

< Saccharomyces cerevisiae

Saccharomyces cerevisiar

Sacchiromyces cerevisiae

30 Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae

cerevisiae strain GRF18 (a, his3-11, his3-15, leu2-3, leu2-112, canR)

is transformed with the plasmids listed in Example 29. The different

yeast colonies are referred to as

GRF18./pJDB207/1F2 (51)A72 .
GRF18 /pJDB207/1F2 (51)A82 .
GRF18,/pJDB207/1F2(1'b)A,
GRF18,/pJDB207R/IF(a~3),
GRF18/pJDB207Y/IF(a-3),
GRF18/pJDB207R/1F(a-2),
GRF13/pJDB207R/IF(a-2)A72,



respectively) are each introduced into -Saccharonyces cerevisiae strain
AH220 (a, trpl, leu2-3, leu2-112, his3, pho5, pho3) using the
transformation protocol descri bed by -101

148 Hinnen et al. (1). Transforned yeast cells are selected on yeast

m ni mal medium plates deficient in leucine. Single transforned yeast

) col.gql Fs are picked and _gigw as described in Exanple 7. The different
..yeast .colonies are referred to as 5 Saccharonyces cerevisiae

. AH220/ pJDB207/1 F2(51) A72, Saccharonyces cerevi si ae

AH220/ pJDB207/ 1F2(51) A82, Saccharomyces cerevisiae AH220/pJDB207/1F2(1
b) [ errBacﬁaeaﬂ&resrya}esxmhe\ﬂkii&zpmmmﬁptwmmﬁl | F([err]-3),

Sacchar,omyces cerevlsiae, A r]-3), 10 Saccharonyces
cer evi éﬁ%‘—&%ﬁpﬁﬁﬁbﬁ % %B?%Q;\Q&E '%%)Orryces cerevi si ae

AH220/ pam%QE’dB/deE cer2yidize TRYIRAPIDBROLS IE G- B2 ,ae

-2 [ e I{Er g}ng’@ggs%g@%gg%ferew si ae ‘

o[ ORF]LEZpIDBIOBRAE @ 0yyCes cerevisiae o/

L e BB f, 2Vl >

AH220/ sd&iBifigiy/dels( ¢exten]siap| cORF]LS/SIDBCOIN/ABY@A3 Ccandevi Si ae
AH220/ O/RIIE([err [ acer evi si ae
AH220/ me eSebirge @@hyé%%gg /gg%@l Si ae

AH220/ pJDB207Y/ I F(a-1)[err]. 20 Exarrpl e 30: Transformation of Saccharorryces_/
cerevisiae strain GRF18 and induction of interferon production Anal ogous to

t he pr\gg@gﬁggsgﬂ%@amn% LEr 241 %%EMsOM‘aEg&nﬁﬂﬁ%hsé@e strain

GRF18 ——Can rs—tTarstorned with the

pl akvi ds | sted .EE.EmﬁiI_E‘.’_‘ZE._i‘he di f f erent

Cells from 50 ml of culture medium at a cell density of 1-2x10?/m1 are

collected by centrifugation in a Sorval GSA rotor for 10 min. at

3000 rpm. The cells are resuspended in 2 ml of 0.1 M KH2 4 pH 7.4, and

centrifuged at room temperature for 5 min. at 3000 rpm. The sedimented
15 cells are resuspended in 1.2 ml ice cold lysis mix [0.1 M potassium

phosphate buffer pH 7.4, 1% (vv) Tritdgpx-lﬂo,o.l oM PMSF (Merck)] and

transferred to a 30 ml Corex tube. 1.6 g of glass beads (0.4 m in

diameter) are added to the cells and the suspension is shaken on a

Vortex Mixer (Scientific Instruments Inc., USA) at full speed for | (:j
20 30 sec. and then cooled for 1 min. in an ice bath. This shaking

procedure is repeated 5 to 10 times until more than 907 of the cells

are broken (check under light microscope).

O



25 yeast colonjes are referred to as Saccharonyces cerevisiae
GRFI 8/ pJDB207/1 F2(51)[err] 72, Saccbaronyces cerevisi ae -
CRF18/ pJDB207/1 F2(51)[err] 82, 1 Saccharonyces cerevisiae GRF18/ pJDB207/1 F2
(1 'b)A, Saccharonyces cerevisiae GRF18/ pJDB207R/ I F([err]-3), 30 Ldu _
Saccharonyces cerevisiae GRF18/pJDB207Y/1F([err]-3), Saccharonyces
cerevisiae GRFI8/pJDB207R/ I F([err]-2), Saccharonyces cerevisiae
GRF13/ pJDB2O7R/ I F([err]-2)[ e’rr]‘?lz\',3 ~ -102- Saccharonyces cerevi siae
GRFIl 8/ pJDB207R/ I F([err]-2) 82, Saccharonyces cerevisiae
GRFIl 8/ pJDB207Y/ 1 F(a-2), Saccharonyces cerevisiae
CRF18/ pJDB207Y/ | F(a-2)[err] 72 Saccharonyces cerevisiae CRFl 8/ pJDB2O7Y/IF
(-2)[err]82, Selbsgebrif onycdastdbrads sraceneysd Grem BBy GPRet o[ BY (cprEyi-
Sacchar oy ces gGgiuh idae1o GREL dRRORR Pk {hl kbhann] ms-tagshal omy ces
cerevisiae CRF18/pJDB207Y/|F(a-1) and Saccharonyces cerevisiae ‘
GRF18/ pJDB207 Phe mugernatapt [is Exangperared to Bpeandesf ityhedi fyezedt indipuikt ract s
and det er mi nabi P¥bgeh aHd stored at -60°C.t PigtoirBE&Inl BEQRitY i8N deteERided from 50
m of cul,ture nmediymat a cell density of 1-2xIO/m  are collected b){
cent ri fUgat 5oRCFIFIARSR e @RPCHIUFR OFF STustrons (I2)ats K HupgihfCitd el
Tesuspended i nd vEbiaf1a®. dtMhitiABGA bl Gis¥) aNdn€ hkiidnggedrat. rmaem
tenperature for 5 mn. at 3000 rpm_The sedinmented 15 cells are resuspended
in 1.2 m ice eSS 38 SurRarizes gnl\;ﬁ%f’asssi um phosphate buffer pH 7.4, 1%
(v/v) Triton[err] X-100,0.1 nmM PMSF (Merck)] and transferred to a 30 ml
O\&r/‘}ex tube. 1.6 g of glass beads (0.4 mmin dianeter) are added to the
céls and the : i i ; : (SG! i f i
et rument s | AL REES AR PRy ¥, RenkUibfl Matitha (226 Mkl e

after transformation with a recombinant plasmid is generally identical.

Bs are

10 Table 6 shows a comparison of the interferon activities of both strains

after transformation with the plasmids listed as examples.



20 30 sec. and then cooled for 1 min. in an ice bath. This.shaking
procedure is repeated 5 to 10 tinmes until nore than 90% of the cells are
broken (check under |ight m croscope). 103 Cell debris and gl ass beads
are reim d fromthe solution by centri- fugation for 10 m n. at 8000 rpm
at 4f[err *ﬁ.n a Sorvall HB-4 rotor. The supernatant is transferred to
Eppendorf tubes, frozen ingkiquid nitrogen and stored at -60[err]C.
Interferon activity is deternined 5 according to the procedure of
Armstrong (32) using human CCL-23 cells and vesicular stomatitis virus
(VSV) as the challenge virus. The results are summarized in Table 5. The
interferon activity in S. cerevisiae strains AH220 and GRF18 after

transf orpgid @0 With a reconbinant plasmd is generally identical. 10 Table
6 shows™a ToMparison of the interferon activities of both strains after

transf OrJ.H?éﬂtQPOtY“aEQI.\;lQ? A %S n&éi%viéﬁteegtﬁ%ne fﬂ%ﬂz%%afttran ‘L.o%a Tab le S:

rans'f'or mat i on

I nterferon act|V|ty|n . strain
Wi th thEl‘Fl'bIthevﬁﬂéW@Gomonhma%l phasimiids: | nterferon activity expressed in 5
pl asm ds Exanpl e units/m yeast cell units/| yeast cell \(/
extract ~cultufe pJDB20}/ | F(Biterfgton activity expgessed in 1.10
2"1 ][-)828\; [Y)FIZ (Z.g%%i%ﬁ@a' 3) lz%amplgs units/m_l ye'a;t': tl.Qll units/1 yeast ﬁ)el%bl 09
BJ DB2CZLLEL (51) _17 J-e#%b%t Ul ) 4107
pJ mzou,mbsﬂ)m'l ) | 1717 1510105 20108 1.0.107
pJDB207R/IF(a=3) 28 10108 | 2¢10° St
pIDB207Y/TF(a=3) 28 101088 2+10°
10 PpJDB207/IF1(5,)) - 17 7010° 1.4-107
pJDB207/TF2(5)) - | = 17 5010° 1.0010’
pIDB207/TF3(5, ) 17 3010° 6.3-10%
p.J'DBZO7/IF2(51)A72 22 5010° ' 1e10’
pIDB207/IF2(5, )482 22 5010° | 1e10
15 pJDB207R/IF (a-2) 28 1e10’ 2010°
pJDB207R/TF(-2)A72 | 28 110’ 2010
pJDB207R/IF(a-2)A82 28 1.10 | 20108
pIDB207Y/TF (a-2) 28 1107 20108
pJIDB207Y/IF (a~2)A72 28 1e10’ 2¢10°
20 pJDB207Y/IF(a-2)A82 28 o 10107 20108 —~
pJDB207/IF2(1'b) 17 4e10° 8s10" ~
pJDB207/1F2(1'b)A 22 10103 2010%
pJDB207R/IF(a-1) 28 5010% 1.10%
pJDB207R/IF(a~1)A 28 4e10* 8+10°
25 pJDB207YL/IF(a~1) 28 se10% 1010°
pJDB207Y/IF(¢~1)A 28 4-_104 810°




pJDB207/ I F3(5 ). . 17 3-103 6. 3- 10

pJDB207/ 1 F2(5 *)A72 22 5-105 1.107 1 19¢
pJDB207/ 1 F2(51)[err] 82 22 5.105 1.107 15
pJDB2O7R/ | F( a- 2) 28 1.107 2.108 '
pJDB207R/ I F([err]-2)[err] 72 28 1. 107 2.108
pJDB207R/ | F(a-2)[err] 82 2805 - | . 107 2.108
pJDB207Y/ | F(a- 2) 28 1.107 2.10
pJDB2O7Y/ I F([err]-2)[err] 72 28 | . 107 2.108 20
pJDB207Y/ | F( a- EEEB.I’E_] gomparison ofginterferon act1vg_qy in S. cerevisiae ptnaigs
pJDB20O7/ 1 F2(1 ' b) - I
pIDB207/ | F2(1' b) [err AH220 4nd 202RF18 aftée th’nsfiB%atlon with tHd: étoﬂow1%
pJDB207R/ | F(a-1) recombjgant plasmidsis 104 - 1.106
pJDB207R/ | F(a-1)[err] 28 4.104 8.105 25
pJDB207Y/ | F(a-1) 28 - 5. 104 1. 106
pJDB207Y/ | F(af{IyTerr] 105
- Tabl e\fg 1&3‘&#?% of interf Td"r‘ieéﬁrP9|§°3F1V+FYS(“‘?:‘élsél~/|Y§Pé"e "4311?' aﬁ"‘i]ré“?%QZO
and GRF gfter transformation with the agidoowi ng r gconbi gapis pl asm ds:
pl asm ds Lot onactivity Cunits/t veast coll cuylturelb
AH220 L F18 5 HIDB207/| F( 8] @&rr 8 2.108
2.108 pJDB207 vJPP%%l@f%?) | 2&1%13 D 2010 g 210
pIDB207/ | F2( 519 08207R/TF (a=3) 110 2410 9. 2060
pJDB207R/ | F(ai?2) +2.108 ' 2.108 10
p 207R/ | F(a{2)Terr] 82 2. 108 108 Exanple
32: Pr oductiowp.mhzmmmzt;.—alr)on a- by a req;onﬂl nant Sfrain @klohe yeast
Sacchar’orryces ch%%g RS/II?&-ZSm a B00 1 sca&. 2-108

10 |pIDB207R/TF(a~2)A82 20108 20108

Example 32: Production of interferon—a-2 by a recombinant strain of "

the yeast Saccharomyces cerevisiae on a 300 1 scale

Saccharomyces cerevisiae strain GRF18/pJDB207R/IF(a~2)A82 carries

a plasmid which includes a leucine marker allowing selectlve .
15 maintenance of the plasmid in the host organism, a structural gene for
\.f human interferon-a-2 and the acid phosphatase PHOS promoter which
allows expression of the IFN-u-2 gene in media with limiting amounts

of inorganic phosphate.

£;> . The strain is maintained on agar slant cultures prepared with a de-

~ 20 fined medium lacking the amino acid leucine to ensure retention of the
plaémid. Freshly inoculated slants are incubated for 24 hours at 30°C.

“ The surface culture of one slant is resuspended in 3 ml pre-culture
medium which is then transferred to the first shake flask pre-culture.
The 500 ml flask has a single baffle and contains.100 ml pre-culture

25 medium having the following composition (values in g/1):

Yeast extract (Difco), 10.0; L-asparagine, 6.6; KH,PO,, 1.0;

2774
MgSo 07H20, 1,03 L-histidine, 0.02 and D-glucose (monohydrate), 33.0.

4



Saccharonyces cerevisiae strain GRF18/pJDB207R/ I F(a-2)[err] 82, carries a

pl asm d which includes a | euci ne marker allow ng selective 15 “nmintenance -
of the plasmid in the host organism a structural gene for human
knterferon-a-2 and the acid phosphatase PHO5 pronoter which allows
xpPession of the IFN-a-2 gene in media with limting amounts of inorganic
phosphate. The strain is maintained on agar slant cultures prepared with a
de- 20 fined nedium | &ck?hg the anino acid | eucine to ensure retention of
the plasm d. Freshly inoculated slants are incubated for 24 hours at 30C
The surface culture of one slant is resuspended in 3 m pre-culture nedium
whi ch i ShendipR el iag P PR arpd Hi81ap fedortsgdi"afeds dist &re. The 500 mi
flask hagu faliengf Qppsddimarelyd 6CONTARNGLlutOSe s Pragitidddure 25  nedi um

having the followi_ng c ositio val ues i /1): Yeast extract (Difco),

10. 0; L-ségﬁ‘aart&é}'né“,hg%.%‘Tgkﬁfepﬁﬁtgm 11.50}“‘1\9§§g?f! Tepg* E?'ﬁ‘;s Bt hi sti di ne, 0.02
and D- gl3geosd eAs0hySl @hsler dBH 5 cm thrd®@t- 2 Epeedwd P50 Wakghighas been
prepared using dei onised water, has a pH value of approximately 6.0. -The
glucose is sterilised separately. This first pre-culture is incubate&or

24 howr Fhat fid@kefre-Culturanflashi jmlviddakne Anbotlilum €o@ tthée d@cahd a speed of 250
revimn._ 5 The firgt pre;culture flask .provides the jnoculumfor the second
pre-cul tRffe® rﬁletélgﬁst.sla‘?ﬁse'sgﬁfﬁeagéisﬁsef%‘fe\} e At ARPaevel At &F 1% v/ v. The
medi um awed. i Theubéd iufiNareio bifktdblaefvn aomditdend iaeal identicdihesth thaset he first
pre-cul ture.. The culture brothg from 36 such flasks, are cqQnmhi ned to provide.
D oy PO oSt BT PESCEAE Ra; ThPRIRIRE: BIPERD. T2RE St TR oduct Lon. o)
f er ment arehambinédtal provtidera d2 wpprinocahiselfyr 30e daincorddactiond baffl es a'Hx _
a si nlt%l efeis__ting(-tlglraded disc turbine agitator with a dianeter of 230 nm The
agitation rate is 450 rev/mn, the overpressure 0.3 bar and the aeration
rate is 1 vol/vol/mn. -

The production fermenter has a total volume of approximateiy
500 1, contains 4 baffles and a single six-bladed disc turbine
agitator with a diameter of 230 mm. The agitation rate is 450 rev/min,
the overpressuré 0.3 bar and the aeration rate is 1 vol/vol/min.

15 The fermenter contains 300 1 of a medium with the following composi-
tion (values in g/1): L-asparagine, 2.0; L~histidine, 0.02; _
KH,P0,, 0.03; MgS0,e7H,0, 0.5; NaCl, 0.1; CaCl,e2H,0, 0.1; KC1l, 1.0;

4 2 2
D-glucose (monohydrate), 20.0; vitamin solution, 5 ml/1l and trace

 element solution, 5 ml/l. The medium is adjusted to pH7.2 using NaOH : "~
20 before sterilisation. The glucose, vitamins -and trace elements are : e

‘sterilised separately and added to the medium. The stock solutions for
vitamins and trace elements have the following compositions (in

g/1): Vitamins - biotin, 0.0002; calcium~D~-pantothenat, 0.04; C:}
folic acid, 0.0002; nicotinic acid, 0.04; p-aminobenzoic acid,

25 0.02; pyridoxine hydrochloride, 0.04; riboflavin, 0.02; thiamine _
hydrochloride, 0.04; and imositol, 0.2 in 1 1 of deionised water; s
trace elements - borig aciﬁ, 0.05; CuSO4'5H20, 0.004; KI, 0.01;

FeCl_e6H, 0, 0.02; MnSO,®4H 0, 0.04; Na MoO, #2H,0, 0.02 and

3 72 4 2 2774 772
ZnSO407H20, 0.04 in 1 1 of deionised water. The fermentation
30 temperature is 30°C. The pH value falls to a value of about 4.0-4,2
but can be controlled if desired at an intermediate value using

sodium hydroxide. After fermenting for about 18 hours the maximum



15 The fermenter cqontains 300 1 of a nediumw th the foll ow ng conposi -
tion (values tn g/l): L-asparagine, 2.0; L-histidine, 0.02; KH2 PO4,

0.03; MyS04 .7H2 0, 0.5; Nad, 0.1; CaC2.2H O, 0.1; KA, 1.0; D-glucose
(monohydrate), 20.0; vitamn solution, 5 m/|l and trace eI enent sol utlgm
m/l. The mediumis adjusted to pH7.2 using NaOH 20 before steri Ilsatlon
The glucose, vitamns and trace . I7ements are sterilised separately and
added to the nmedium The stock sol'utions for vitamns and trace el enents
have the follow ng conpositions (in g/l): Vitanmins - biotin, 0.0002;

cal ci um D pant ot,

a olic ni cotinic aC|d 0. 04;
p- ani nobenzoi c YAt ‘Q %Z?tﬁrff"fm ra%‘% H [ﬁyg?%eéﬁf“b"rdi BECOTEIRG O | bof | avi n,
0.02; thiam neAh:yshrce@l(szﬁeThQ db&icandemsims;tmdmh Gedchas abduto? .dandty, sed
water; trace ele [ 05; CuSo4, KL, .0.01;
e ot S ke S s il e B P ey i e O
0.04 in 1 1 of pdegrens s:sfdthvatfermenflaadrerMifatnemmaﬂibnt ermrarsdyube doeldDC. The
-pHvaIuefaI el eo.f baut 4042 ut ¢ be contr IIedlf desired
at an inter medi a?leoa\(/: e ‘é‘.‘ﬁg 38T U7 RS I‘e(%)p(l .gmﬂ T3¢ neer%‘tsl'ng for about
18 hours t he maxi num - 107 - yield of interferon is reached [as’

ueterm ned accgkilhld 1R ASBELAGA RN e HOF0RE ARAGRS Y, Whi cf reaches
about 2.0 unit 3 ful indications

of the progr es§ Ogre Q:.ea 185@%”& e Q 4:1f t0 tfoQ'ntIper% 'I@Xa e cooled 5
to 10[err]Ci MMMX anpl e 33:

| sol ation and puranitibedyl eplugh HLyl FN-[err]-2 a. Preparation of the
prypept i de solution for the nonocl onal antibody colum A total vol une of
600 1 of cul t uhetdsadt velumeiafg6e0 dHobhfculture bragdohaing(a pd dD et rijsCeodllied

cells are sem@tﬁdcusm%gcms/)ﬁuﬁaséﬁvate%mg% Sfrasldgeirszenss i fuge. The

cl ear super nat ant contal nsS no N- act
de-sludger centrifuge. The clear supernatant contains no IFN-activity.

Re51dua1 supernatant liquor entrained with the cells is displaced
by washing with 20 1 Lysis Buffer A [100 mM KH 4, 500 mM NaCl,
0.1Z v/v Triton X-lOOaa ‘and 0.1 mM PMSF ad;usted with KOH to pH 7.5].
15 Thé contents of the centrifuge bowl (7 1) are ejected with complete
desludging and the de-sludger washed once with 5 1 Lysis Buffer A.
The cell mass obtained is diluted witﬁ Buffer A to 60 1 and has a
pH value of 7.3. The suspension is cooled to 5-10°C and passed
through a DYN6®-M5.11 (type KD5) at a feed rate of 100 l/h.
W 20 The @ill is equipped with polyurethane agitator discs and 4200 ml
glass beads of 0.5-0.75 mm diameter and is operated at 1625 rev/min.
The ruptured cell suspension (pH~~ 7.3) is centrifuged as described
(:) ~ previously. The éﬁpernatant (75 1).is concentrated to 3 1 by ultra-
' filtration. An aliquot (300 ml) of this polypeptide solution is passed
25 through a HIP100 Hollow filter cartridge using an Amicon DC-2
Hollo& Fibre System. A further 2 1 of buffer system B [30 mM
Tris-HCl, 500 mM NaCl, adjusted.tb pH 8.5] is applied to the filter.
The combined filtrate and washings (2 1) are concentrated to 100 ml
by means of a HIPLO Hollow.filtér cartridge. The concentrate is
30 adsorbed onto a column of DEAE-TrisacrleDBIDEAE (LKB' Ltd.). The
column is washed and then eluted with Buffer C (200 mM NaCl, 25 mM

Tris-HC1 at pH 8.5). The eluate has an interferon activity of .



Resi dual supernatant |iquor entrained with the cells is displaced by
washing with 20 1 Lysis Buffer A [100 mM KH2P04, 500 nM NaCl, 0.1% v/v-
Triton X-100[err] and 0.1 mM PVMSF adj ust ed with KOH to pH 7.5]. 15 The

- contents of the centrifuge bowl (7 1) are ejected with conpl ete desl udgi ng
and ¥Be de-sludger washed once with 5 1 Lysis Buffer A The cell nass
"“obtained is diluted with Btlié er Ato 60 1 and has a pH value of 7.3. The
suspension is cooled to 5- %e"rr]C and passed through a DYNOerr]-M I |
(type KD5) .at a feed rate of 100 1/h. 20 The mll is equipped with

pol yur gt hane a tator _di scs,and 4200 ass,.beads of 0.5-0.75 nm di aneter
and |s‘0€é‘r aPe Uéflg1P6’é§9‘??é\}7iﬁ1“ﬁ’e“ﬁ€a?’?1"p%ﬁ?%’ifleﬁItl° §E§ﬂ§ﬁ§?%ﬂf(pH ~7.3) is
cent ri ugadoas (d%crnhbedlmevisousdn;ed dhe-200pairied adt fyrthed )purg-concent r at ed

to 3 1_by ultra- |Itrat quof (300 m ) of this polypeptide
sol ut i 5ﬁ¥atsl°5as'§ B © 25h °5'ﬁb 45'165{1%'1 low filter cartridge using an’

Am con DC- 2 HoIIow Fi bre System A further 2 1 of buffer systemB [30 nM
Tris-HC - .. | ) otefllter The
conbi né et ' pFe—COHEE R : by megys of:
a H Bl %Haiohocadnalltamnb@dyt lcotig;a Nﬂ'he(pcmhaead rExbe GmLm]:Hadso.r)béuhd)nt oa

ol ut e "G PR Bortdr T PY RN 00 ) Falenabplady’ LTl yETREC TS
has anpHni.ér mt @nracmswit yhefabove polypeéptide botulipn hﬂé ragpxnddypm;@:t i de when
aSSEY COnECEILH U9 L dn! DETELAO] ful'a TR ORA 32)5 dUR, ShudlR s stored at

-20[ e prior to T puri- "Tication on e ondclonat éﬁ & body )
col urm friptipus icontainiog Rﬂe MnOﬂ:}eﬂle[Y@qumzsoandawmmmﬂ)rﬁas ant i body o
coI NRJAO0 n |y CELLTECH U. K.)
(bed 0] wparings R ?i&?gh%@uﬂpcgggt% IS Wﬁmﬁ% § d%”a 954 nM NaQl ,
pH 7. 4ehmdpv)ﬂﬂi OHe mif of _WQSMle@ByMLmls@lSJM Mlaaed @p%ied onto t he
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0.3 M NaCl, pH 7.4, whereupon the specifically adsorbed polypeptides

are eluted with 50 ml of Buffer D (0.1 M citric acid, 0.3 M NaCl,

15 pH 2). This solution is adjusteé to pH 6.3 with 2N NaOH and concen-
trated at 4°C with the aid of an 1mmers:.b1e-CXTM molecular separator
(Mllllpore(33 The concentrate is applied onto a Sephadex G-2

fine column (2.6x34 cm, 200 ml bed volume) equilibrated with 0.025 M
histidineeHCl at pH 6.3. The column is eluted with the same

20 histidineeHCl buffer at 4°C and with a flow rate of 42 ml h.
- 20 fractions are ébllected of each 10,5 ml. Polypeptide containing '
fractions are detected by their optical absorption at 280 nm.

Fractions 7 and 8 contain the polypeptide with IFN activity as

O

localised by the assay according to Armstrong (32). The active
25 fractions containing LyIFN-o-2 are stored at =20°C until further use.

The IFN activity of the fractions is 1. 80108 IU/mg polypeptlde (32).

By lyophilizing the above fractions from 1 ml solution 20-40 jug of
- polypeptide are obtained. '

SDS polyacrylamide gel electrophoresis (cf. (53)) reveals a molecular

30 weight for the obtained LyIFN—a-Z of about 18 kDaltons.



fractl ons containing the nonadsorbed pol ypeptides and 100 ml of PBS 10
washi ngs are di'scarded. Further non specific bound pol ypeptides are el uted
with 110 mM of PBS containing additional 0.5 M Nad and 0.2% Triton X
100[err].The colum is washed with 200 m of 20 nM Na- phosphate, 0.3 M 4; .
NaCl, pH 7.4, whereupon the specifically adsorbed pol ypeptides are el ut e‘EI-"D
with 50 m of Buffer D (0.1 Mcitric acid, 0.3 MNad, 15 pH 2). This
solution is adjusted to pH 6.3 yigh 2N NaOH and concen- TMtrated at
4[err]Cwith the aid of an i mersible-CXTM nol ecul ar separator (M1 Ilipore
[err]) . The concentrate is applied onto a Sephadex G 25[err] fine colum

(2. 6x34 0 d L] L35 o t
EH 6X3 %P gx#mgﬂ &g cQJeH of ek | A Rh O WAt £0rddd é’is'%l sd11di {e}?: a_H@Jeﬁfé

and with a flowrate o¢u14:2r¢r1m§hlluﬂ20 fractions are col | ect ed of each 10.5

m . Pol ypeptide containing fractions are detected by their optical
absorption at 280 nm Fractions 7 and 8 contain the pol ypeptide with IFN
activity as Inoadesdd dstermineasbanefiectorfli ny-terminwk Profrin( Signal weguerasi ve
25 fractions 5 922e58rtho8 Odedluis? GRFISpiDiZor, tiiether

use. 8 THe I %g%?%{\ﬂ tggmlct)%\é J’:‘ﬁlﬁ?ractlons TS f nfua I U ng p ol ypepti de (32).
By | yophi |3 z{eaptatringhe \hybtidciseris sequsned, fee sqaqamﬂeowkcﬁnéovea[%rﬁrg%f

pol ypepti de gr %egbml%g %u@ﬁﬁﬁﬁimﬂﬁm Ck%lgﬁ‘duteé bl oA RR)Sakect . (53))
reveal s a g for the obtained LylEN-[err]-2 of about 18
kDaltons.  grown09s -depsuibsH eimExampler 28 She @rovnft oF ftdrRoPryced AREIFLRYY

yéast cells piQnths el tdiEufBhbdithl £ QeOE ast EhelBb&InE o€ ihberREbect of a
N-6r ni nal protein.signal sequence on protein secretjon, yeast .strain S.

cerevisi ae GRFasenpJipeelY ertercas  (prepared. ahgsenibgd a‘%?ﬁ“lpaeﬁlﬁnéﬁ
sequence, 1§ Qe LANMUE add )ehdNeb @8 larst §ideR in table 7.

Table 7: Comparison of interferon secretion of transformed

S. cerevisiae GRF18 strains into the culture medium:

S. cerevisiae strain Interferon activity (units/1 yeast cell
culture) _
15 cell extract culture medium
' | 9 A
GRF18./pJDB207R/IF (a—3) 1.5 o 10 {3 ¢ 10
AR o 8 7
\,, GRF18/pJD3207/IF(8i) 2 e 10 210




S. cerevisiae GRF18/ pJDB207R/ I-F([err]-3) (wi thout Stgmal’ sequence) are
grown as described in Exanple 28. The anmount of the produced interferon
present in the culture nediumas well as the anobunt of interferon present
in cell extracts.(prepared as described in Exanple 31) is 10 determ ned and
thejriesults are given in table 7. Table 7: Conparison of interferon
“seci€tfon of transformed S. cerevisiae GRF18 strains into the culture

‘medi um S. cerevisiae =stii@i Interferon activity (units/|l yeast
cell culture) 15 cell extract -

cul ture nmedi um GRF18/ pJDB207R/ | F( a- 3) 1.5 . 109 <3 .
104 GRF18/pJDB207/1F(8[err]) 2 . 108 2 . 107
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[err] and [err] nucl eoti de exchange sequence not present in

prior art polyadenylation sites in prior art deletion of a nucleotide

insertion of a1nuwchkeabuge ¢t0a1.,nJ1 hR1( asipectiegs f3-gpr@9sine indi cated
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del etion of as§ewlkl GYabdihi§! fifture 227, 680-685 (1970).
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ynphobl ast oi d pBR 332 sequences

interferon gene yeast chronosonal DNA

yeast cC

hr omosomal DNA derived from PHC3. PHO5 region

derived from TRPI region yeast 2[err]plasm d DNA del etion

ks pBR
“Terr]

322 [err] yeast 2[err]plasm d DNA yeast chronpbsonmal DNA
restriction_ site derived fromLEU 2 region anp anpicillin

resi stance gene - 1i4 - di rection of

transcr

iption tetR tetracycline resistance gene [err] | i nker DNA stretch

-116- CLAINMS: 1. A DNA fragnent essentially consisting of a yeast acid

phosph

Xronmoter, and nutants thereof which retain the pronoter

function. 2. A DNA fragnent according to claim1l wherein the expression of

t he aci d phosphat
retain %yﬂ&

nd.nmut ants t hereof which

t b troll ed,
5 OHETL ™ AMSEF PO T4 OF CHGASTITBRBIEE BHASABRh 8% BFai m 1

conpr i Solloting MHdnIngy:onoter, and nutants thereof which retain the pr'orrbt er
function. 4. A DNA fragnent according to claim1l or claim2 conprising-the

PRCG pr
DNA fra
of the
regi on

omoter, and nmutants thereof which retain the promoter functi ohe/5. A
according to any one of clainms 1 to 4 containing whole or part

si gn3l sequence ofnifaeC¥ kRSRARLI Ng aci d phosphatase protein coding
| inked to the yeast acid phos- phatase pronoter, and nutants thereof

whi ch r
havi ng

'the pronmoter function. 6. A DNA fragnent according to claiml
the nucl eotide se- quence G -

\5)
S * and < | nucleotide exchange o
""" ) sequence not present in prior art
v p_olyadenyl(ation sites in prior art
‘ | | deletion of a nucleotide ,.
1 | insertion of a.nucleotide

10

In the respective figures the indicated symbols are referring to

the closest prior art references as mentioned in Example 10.

In the other figures of the accompanying drawings, the symbol used

have the following meanings:

-



ATCCGAAAGT GTATTCAACAGAATGCGCAAATATGTCAACGTATTTGGAAGTCATCTT

ATGTGCGCTCCTTTAATGT TTTCTCATGTAAGCGCGACGT CGTCTATAAACT TCAAACCM _ @ :

GCTAAAAGGT TCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
CGTTTTCGCATAGAACGCAACT GCACAATGCCAA AAAAAAGT AAAAGTGATTAAAAC. AGTT:
AATTGAATAGGCAATCTCTAAATGAATCGATACAACCT TGGCACTCACACGTGGGACTAG
CACAGACTAAATTMAI GATTCTGGTCCCTGT TLTGGAAGAGAT CGCACATGCCAAATTAT CAAATT
GG'AC ' *-"t CTACTTt ,5" : AACGCATA'TAC .: CATLTTG . - - ATAA. GCGTt AA, - TTTT
CTTCATCTCTCATGACAATAAGAACAACAACVAATACAGCAAGCAAATTCGASATTACCA ATGT

r TMATCTCTTGTTTATTCAATTTTAGCCGCTTCTTTGGECCMI GCAGGTACCATT
CCCTTAGGCAAACTAGCC%ATG and subfragnents and ta{% % t her eof ich retain
the pronot er SFONCE| B .%% A DNA fragnent E:f‘t"

t he group consisting of the DNA fragnment having the nucl eot i de sequence
ATCCGAAACTTGTATTCAACAAGAATGCGCAAATATGT CAACGTATTT

ATGTGCCCTGCTITAATGT T 1c,;rg,;ﬂATGTAAGCGGACGTC:Gé%&{
EGTAAAAGGT TCATAGCECT T TTTCT 1T 6TCTGCACAAAGA AFTRREPT ﬁ?@{ZA

CGTTTTGGGATAGAACGCAACT CCACAAT GCCAAAAAMGT AAAAGT GATTAAAAGAGT T
AATTGAATAGGCAATCTCTAAATGAATCGATACMCCT TGGCACT CACACGTGGGACTAG
CACAGACTAAATT TAT GAT FGETIGER@ESGAIENN T TCGVGAGAT COCACAEEEMusbaA\ ik
CAAATTGCT CACETTRET GEGRMGHAHAT ADOEATH TCCGA T MGG TAANIATR THFT region
- GAATTGTCGAAAT GAAACGT ATATAAGCGCT CATGT TTTGCTAAGT CGACGT TACTATGG

CTTCATCTCTCATCAGATAAGAACAACMCVATACAGCCAA TTCGGC and the DNA fr agrrent

h vi.ng the n G‘ide]etmn in pBR 322
G%A%ﬁ% MATATGT CMCGTATTTGCAAGTCATCTT ATGIG

CGCTC(,I I |AAT(J| TTTCTCATGTAAGCGGACGT CCTCTATAAACTTCAAACGAA
GGTAAAAGGT TCATAGCGCTTTTTCTTTGT CTGCACAAAGAAATATATATTAAATTAGCA
CGITTTCGCAT AGAACCCAMGSIGRASMIGOEAAAAAGT t3e{EdnTsite
AATTGAATAGGCAATCTCT kérivedT BN ECGAERENVCCT TGECACT CACACGT GBGACTAG

R .
amp ampicillin resistance gene ————— direction of transcription
—

tetR tetracycline resistance gene

— linker DNA stretch

T} FiicE s Yteect ed from

P -



C—t—M™M S - 11 3 CACAGAC.'T; ' A ATCGA' JTCT CTCCCTCTT

1Tv TiskateiMidy npfil GEACHEN- TGCCA. 4ATAT CVAAA "TC

7CI N ! $IATATACNCC. TT. r CGCCXTAAGGGTAA: ACATCTTT
GAA G TGAAACG]’ATATAACCGCT CATGITTTGCTAAGT CGAGGT TAGTATGG

CTTCATCTCTCATGAGAATMGVCAACAACAATAGAGCAAGCAAATTCCAGATTAGG. 8. A DNA fragnent
accordi ng,to claim11 havin he nucl eoti de sequence GA
GATATC@WE{ACAGGT AAATGGATGT TCCCTGTAGTCAGT CAGGAACCCATATTA
TATTACACTATTAGT CGCCGCTTAGGCACGCCTTTAATTAGCAAAATCAAACCTTAAGTG
CATATGCCGTATAAGGGAAACT CAAAGAACTGGCATCGCAAAAATGAAAAAAAGGAAGAG TGAAA

; GAAATTTACTPAAATAATACCAGI TTGGCAAATAGTAAAC .
AGCTTTGAGTAGT CCTATGCAACATATATAAGT GCTTAAATTTGCTGGATGGAAGT CAAT

TATCCCTT GAT b %IQMMMW@GMAW Phagplptase

ATGTTTAAGICTCTTGT TATTCGG‘! D%@gpl; apgk qubfragnents and
nut ant s PFIROERDS P Pﬁr %e procrrgrt éﬁ%c 9. A DNA fragnent

according to claim1l, substantially as descri bed | n Exanpl e 3a herein~. 10.
A DNA fragnent according to claim1, substantially as described in Exehpl e

3b or 24d )nemai frraghdat Acaﬁdiag tfoonlpirmdiuﬁemgna tBBIAe:a‘plragﬁeﬁtoﬂmBé)r ding to -
any one of. Qnpr i se aring..an i hosphat ase
gene by &% ﬁ%r%ttaﬁﬁ p‘:(‘?""%lt an 53 haqtné:gzéﬁ(fgﬁ%l e taﬁ‘éﬁgﬁheﬁ% ﬂé

transf orrlsaauomhwgrhmqntea-sﬁmmhtm from a yeast gene library containi ng t he
w | d-type copy of said gene and isolating said gene,

3. A DNA fragment according to claim 1 comprising the PHO3 promoter, E

and mutants thereof which retain the promoter function.

4. A DNA fragment according to claim 1 or claim 2 cdmprising the

PHOS promoter, and mutants thereof which retain the promoter functionm.

5. A DNA fraément according t; any one of claims 1 to 4 containing
whole or part of the signal se§uence of the corresponding acid
phosphatase protein coding region linked to the yeast acid phos-
phatase promoter, and mutants thereof which retain the promoter

function.

6. A DNA fragment according to claim 1 having the nucleotide se-

quence _
' G —

ATCCGAAAGTTGTATTCAACAAGAAIGCGCAAATAIGTCAACGTATTTGGAAGTCATCTT . A

ATGTGCGCTGCTTT AAIGTTTTCTCATGTAACCG”AC"TCGTCTATAAACTTCAAAC”AA
GCTAAAAGGTTCATAGCGCTTTTICTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
CGTTTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTT

AAITGAATAGGCAAICTCTAAATGAATCGATACAACCTIGGCACTCACACGTGGGACTAG'

CACAGACTAAAITTATGATTCTGGTCCCTGTTTTCGAAGAGATCGCACATGCCAAATTAT



-119 - (B) preparing subclones of the obtained gene, and (C) identifying

the |l ocation of the pronoter region of the ab I sol ati ng
DNA fragnments conprising the aci d phosphat aseﬂmmﬂﬂmﬂﬂﬂ.lﬂmm&t hod,
according to claim11, carried out substantialty Gs 'dedcrfbetl in BRAples 1
to 3 herein. 13. A hybrid vector conprising a yeast acid phosphat ase :
pronoter and a yeast or a non-yegast pol ypeptide coding region which is
controlled by said pronoter. 14. A hybrid vector according to claim 13
wherein the expression of the acid phosphatase pronoter can exogenously be
controlled. 15. A hybrid vector accor di ng to claim 13, wherein the yeast

aci d phosphat £48ABHEREAEE THS I FeASEBATATABRRITE FCAMTAAGCORMMPICTRIC t or
according to claim 13 or claim14 wherein t ng%‘emqsg“aci'd Pphosphat ase '
pronmoter is tFEAPHTSSHGAL e T I MECHTRATE =7 ECTEA5 AP REATSS any one of
clainms 13 to 16 wherein th%east Qr .non- eaStG(f‘\%I X&%%tﬁi dpe codi ng region
codes for an &TZGMETCICATGARHAACAACAAFAACEATTATACORACK AN or y,
anti-viral or ti- cancer operti an_ antibody, a viral antigen, a
vacei ne,of a it Tt e PR AR T AR o TRt adts Pt cERTe o m 17
wherein The y Rggn. ERS y ' di ng region codes for a human
Fnterferon. 18&%?%;98“ \%ct O?Ggaglgor i%é&'?gegl aim 18 wherein the yeast or

. non- yeast pol ' | 40 f ' ynphobl ast oi d
i nterferon. %Qge%%lq-@s gtgl.g*%&hgﬁﬁhdp?/%g?g%eagﬁ%@a?ﬁ{:]R?%é%ﬁgi m 17 wherein

the yeast or non- yeast polypeptide coding region codes for a hepatitis B
virus antigen.7 24.pvA Byddhbst UeESQAin@GGOE HiR06 LR16L AT AR YRELELS, t he yeast

or~—fion- L .
consisting of the DNA fragment having the nucleotide sequence

~
r

ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGGAAGTCATCTT
ATGTGCGCTGCTTTAAIGfTTTCTCAIGTAAGCGGACGTCGTCTATAAACTTCAAACGAA
GGTAAAAGGTTCAIAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
CGTTTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAACAGTT
AATTGAATAGGCAATCTCTAAATGAATCGATACAACCTTGGCACTCACACGTGGGACTAG
CACAGACfAAATTTATGAiTCTGGTCCCTGTTTTCGAAGAGATCGCACATGCCAAATTAT
CAAATTGGTCACCTTACTTGGCAAGGCAIATACCCAITTGGGAIAAGGGTAAACATCTTT

-/ _ GAATTGTCGAAATdAAACGTATATAAGCGCTGATGTTTTGCTAAGTCGACGTTAGTATGG

: CTTCATCTCTCATGAGAATAAGAACAACAACAAATAGAGCAACCAAATTCGGG

and the DNA fragment having the nucleotide sequence

G

ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGCAAGTCATCTT
ATGTSCGCTCCTTTAATGTTTTCTCATGTAAGCGCGACGTCGTCTATAAACTTCAAACGAA
GGTAAAAGGTTCATAGCCCTTT&TCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
) CGTTTTCCCAIAGAACCCAACTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTT

AATTGAATAGGCAATCTCTﬂAATGAATCGATACAACCTTGGCACTCACACGTGGGACTAG



yeast "pol ypepti de codi ng regi on codes for hepatitis B virus surface

ant; e | d vector according to anyone of claim13 to 21

i n‘lllﬂml i“umllwml DNA sequences derived fromthe group consisting of a
bactserical Lpl msnt d,* bact eri ophage [err], yeast 2 [err] plasm d and/ or yeast
chronosonmal DNA. 23. A hybrid vector according to claim22 wherein the
addi tional DNA sequences are derived fromplasm d pBR322, yeast 2[err]

pl asmi d and yeast chronmbsbhal’ DNA. 24. A hybrid vector according to claim

22_wherein the additional DNA sequences are derived fromplasm d pBR322 and
yefhbt‘i) chronmosomal DNA. 25. A hybrid vector according to claim23 or claim

24 Wnert'aCmAt:meA.-ym‘asTcmmnmocmiﬁ%aﬁ@iﬁﬁb@m@%&%ﬁi‘@mUS| y replicating
segnment and a marker gene. 26. A hybrid vector according to claim13

wher ei FAME CE:T GATSE T AITS CLOGOST AT tcd e 1RARAAIcTRRN Y ERSE POl ypept i de end
in a DNA sequence containing transcription termnation signals of a yeast

gene. BRATISTNGAMATAAANOCTATATAACCOCTCATL O TCATANT RACEPINGRATIANT t ranscri ption
term nation signals of the PHO5 gene. 28. A hybrid vector according te

cl ai m CITUATETETCATCAGAATARSAACAACANTAAATACACEAABOANATEDEAGIG TE@S N region i g/
preceded by a signal sequence. -121.- 29. A hybrid vector according to .
claim 13 wherein the yeast or non- yeast polypeptide coding region is

joined to the acid phosphacase pronoter region between the nmajor acid
phosph&: as dNARagmenty iceamdingaoAdl2inf 1 tHaving ittle ph@d pdrdiidase codi ng regi on..

30. A RQubiddevector according to claim29 wherein the acid phosphatase __
pronoter “Is the PHO5 pronoter. 31. A hybrid vector according to claim 13, U

substantially as descri bed ca

GATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGTCAGGAACCCATATTA
. TATTACAGTATTAGTCGCCGCTTAGGCACGCCTITAATTAGCAAAATCAAACCTTAAGTG
CATATGCCGTATAAGGGAAACTCAAAGAACTGGCATCGCAAAAATGAAAAAAAGGAAGAG

TGAAAAAAAAAAAATICAAAAGAAATTTAC?AAATAATACCAGTTTGGCAAATAGTAAAC

AGCTTTGAGTAGTCCTATGCAACATATATAAGTGCTTAAATTTGCTGGATGGAAGTCAAT
TATGCCTTGATTATCATAAAAAAAATACTACAGTAAAGAAAGGGCCATTCCAAATTACCT

- ATGTTTAAGTCTGTTGTTTATTCGGTTCTAGCCGCTGCTTTAGTTAATGCAGGT

and subfragments and mutants thereof which retain the prombter

function.

9. A DNA fragment according to claim 1, substantially as deséfibed in

Example 3a herein. : C;;

10. A DNA fragment according to claim 1, substantially as described in

Example 3b or .24d herein.

11. A method for producihg a DNA fragment according to ény one of

claims 1 to 10 which compriées

(A) preparing an acid phosphatase gene by complementing acid phos-
phatase deficient yeast strains by transformation with plasmid
DNA from a yeast gene library containing the wild-type copy of

said gene and isolating said gene,



in Exanpl es 22 and 25-28 herein. 32. A hybrid vector according to claim 13,

substantially-as des- cribed in Exanples 14 to 17, 20 i A
hybrid vector according to claim 13, substantially as th“ﬂ“ﬂ“ﬂc““r“ﬂil e
Exanples 5, 6, 9, 11 or 12 herein. 34. A hybrid vector accore¢ing t® cfaim
13 selected fromthe group consisting of the plasmds p30I FN2(8[err]), .
p30A FN2' (8[err]) and pJDB207/1 FN2' (8[err]). 35. A hydrid vector acc b,lbng
to claim13 selected fromthe grbilp-consisting of the plasmds p31/1F1(51),
p31/ 1F2(51), p31/1F3(51), p31/1F2(1'b), p3l/I1F(8err]), pJDB207/1F(8[err]),
pJDB207/ | F1(51) pJDB207/ 1 F2(5 pJDB207/ 1 F3(51) and pJDB207/1F2(1'b), 36.
A hybrid vect dB) arepaddinggsubgletesi of kBesditadnesdd gérnenhe group consi sting of

the plasm ds RdPHEAQLLAN HEYSIRLE]clto AN PAINE0 rE%pJg/ FBYRLEILLL 4L 37 A

hybrid vector according to claim 13 selecte rom-t group consi sting of
t he plasmi ds pJDBROT]4e2( &) ferlak ey DES I3RETYNtE2¢BPY feing] Y acid - 122 -

IR F(a-3), p3l.Ys asd - e F -2), IR IF -2 72,
31 V1 1 F(Ler 1] -2) PoRRER PR3y orr 1 vo " palvi L F([err]-2) (rr] 6
p31R/ I F([®grr]-1), p31lR/ I F([err]-1)[err], p3lY/IF(a-1), p3lY/ IF(a-l)[err],

pJDB207Y F( a'l%l A RQQ%%OZ&’&E{&' %2)'ClQ‘itPBlzlq7BirirEé@'o%):[ﬁfbrs]:Zt?nially as
pJDB207Y/ I F(a-2), pJDB207Y/IF(a-2)[err]72, pJDB207Y/IF(a-2)[err]82,

pJDB207R/ | F( adrjcripgdprobrmpies - §¢ & hpreisapB207Y/ | F(a-1) and

pJDB207Y/ 1 F(a-1)[err] 38. The hybrid vector p3IR/ IF(a-2)[err]82 according
to claim13. 39. The hybrid vector pJDB207R/ | F(a-3) according to claim13.
40. The hybri d3vekhgbris) rEstor FImpr i5img AR Yeasl Gedd MiosRpatres pramte - A

met-Hod for produci Beadt BYNM inBnYREELHoAFEPIENGolithAR¥OIRA Hickl 8 B 13 to
40 whi ch net hod cgrr?)ri ses _innltlr oducipr?g Into a vectgf)lr %I%l%\ a ;east acid
phosphat ase pr8htedled Y $AifeBEI™OBRT 3 non- yeast

14. A hybrid vector according to claim 13 wherein the expression of

the acid phosphatase promoter can exogenously be controlled.

15. A hybrid vector according to claim 13, wherein the yeast acid

phosphatase promoter is the PHO3 promoter.

16. A hybrid vector according to claim 13 or claim 14 'whe,rein the

yeast ac_id phosphatase promoter is the PHOS proﬁ\oter. '

17. A hybrid vector according to any one of claims 13 to 16 wherein
" the yeast or non-yeast polypeptide coding region codes for an enzyme,
a hormone, a polypeptide with immunomodulatory, anti-viral OF anti-_

N cancer properties, an antibody, a viral antigen, a vaccine or a

. o clotting factor.

. _ 18. A hybrid vector according to claim 17 wherein the yeast or non-

yeast polypeptide coding region codes for a human interferon.

19. A hybrid vector according to claim 18 wherein the yeast or non-
yeast polypeptide coding region codes for a human lymphoblastoid

interferon.



pol ypepti de coding region which is controlled by sai'd pronoter, 42. A
nmet h i aim4l, carried out substantially as described in any

ane,of Exa , 11 and 12 herein. 43. A nethod according to claim
Jincat “ nmgil‘ ‘ tially as described in any one of Exanples 13 to 17,
20 and!ipt 4. A method according to claim 41,carried out

substantially as described in any one of Exanples 22 and 24 to 28 herein.

45 . A yeast transfornmed weéh a hybrid vector according to any one of

claims 13 to 40. 46.. A transforned yeast according to claim45 sel ected
froma species of the genera Saccharonyces, Schizosaccharonyces or

Tor ul op&i A hybrid ¢®R3or akfordirgr amsflaimdd yisaetin atheoyetismgot mect ai m 46
wherein_the ast i charonyces revi siae.. 48. J:ransf orned yeast

accor d??\ags 'Bg%pg H%?%%Inég%eeggxﬁr%r‘#? h%\{:ggorgé aggtﬁgi @t%l%ijs O?QS%EEhar onyces

- cerevisiae RHI7I/p30O FN2(8[err]), Saccharomyces cerevisiae RHI71/p30 FN2
(8[err nd_.Sacch ey sj P§2r§27 N2' (8lerr]). 49. A

t ransf %ir'nl?d%beral;ét v%ggg?%l%ﬁagﬁg }é+ a‘%l%gﬂ%géﬂger%#e r%én‘%él hoel( g’r["gup consi sting
of SacgbastopybypeptiiecvodingereBipR 0¢qds DEG7Thedatsf &y B] YiruGaswifaconyces o/
cerevi g %e- AH220/ pJDB207/ 1 F2(51) and Saccharomyces cerevisi ae

AH220/ pﬁ B2/ 1 F2(1'b). 50. A transfornmed yeast according to claim 47

sel ected fromthe group consisting of Saccharomnmyces cerevisiae

AH220/ ps) D2 éaﬂ@vf&grg 1ok 8y SRS GRAL QIO £6818\thel Re

AH220/ pJB@Zg%%%%cHBVs er r?l‘%t? 51.y A transfo?%secfl ;e/{alast accrc!)%di ng to claim,
47 sel eddigdonab @A rreqyennes denivpdifray Wi Srwhednmipeing ebraevi si ae o
AH220/ B DRZ9 L1 51L b, 3ba :S%E%h@ O, CoSadteh &Y inth o aPen Qe PASE07/ | F2(51) A72,™
Sacchar onyces cper evfi%sfi a%c AH220/ %JDI?IZ 77I FZ?SI ) A82, Sacchar omyces cerevisiae
AH220/ shoBReRY P¥&. 2) , Saccharonyces cerevi si ae

23, A hybrid vector according to claim 22 wherein the additional
DNA sequences are derived from plasmid pBR322, yeast 2 u plasmid

and yeast chromosomal DNA.

24. A hybrid vector according to claim 22 wherein the additional
DNA sequences are derived from plasmid pBR322 and yeast chromosomal

DNA L

25, A hybrid vector according to claim 23 or claim 24 wherein the
yeast chromosomal DNA contains an autonomously replicating segment

and a marker gene.

26, A hybrid vector according to claim 13 wherein the transcripts _\UJ
coding for the yeast or non-yeast polypeptide end in a DNA sequence

containing transcription termination signals of a yeast gene.

27. A hybrid vector according to claim 26 containing transcription

termination signals of the PHOS5 gene.

28. A hybrid vector according to claim 13 wherein the yeast or non-

yeast polypeptide coding region is preceded by @ signal sequence.



AH220/ pJDB207R/ | F(a- 2) A72, Saccharonyces cerevi si ae AH220/ pJDB207Y/
| F(a-2), Saccharonyces cerevisiae AH220/ pJDB207Y/ | F( a- 2) gmll]

Saccharonmyces cerevisiae AH220/ pJDB207Y/ I F([err]-2) A82, HS mnuul“ml " l"l )
cerevi siae AH220/ pJDB207R/ |1 F(a-1), Saccharonyces cerevi si ae cortomos o
AH220/ pJDB207R/ I F(a-1)[err], -Saccharonyces cerevi si ae AH220/ pJDB207Y/ 168
| F(a-1), Saccharomyces cerevi siae AH220/ pJDB207Y/ 1 F(a-1)A. 52. A o
transforned yeast according to TH&tm 47 sel ect ed fromthe group consisting
of Saccharomnmyces cerevi siae GRF18/ pJDB207/1F2(51)[err]72, Saccharonyces
cerevisiae GRF18/pJDB207/1F2(51)[err] 82, Saccharomyces cerevisiae
GRF18/ pJDB207¢kl F{ ayByid Sactirascusrdiite cercawisildevkdiels/ pdDB2BIR. InBa- 2) ,
Sacchar onmyces ge[tevi Si ae °F18/PJDBZO7R/J F%ia.-l%d[grr%ZZgl {4 shoboicas
Sacchar onyces YéaFe 7P STRER - L4 C8F BPDEET?Y 1A ALY, FRARE S WEE W EFRyi s i ae
GRFI 8/ pJDB207 $kbhotereragliod Hertrédn TRe mSjer haidmhogshatesecwR8A Feart and the
GRF18/ pJDB207 F r]-2)[err].82, Saccharonyces cerevi sae GRFI 8/ pJD207R/
Xebrith Eh st alpauntesd e

LLF([err] 1),S onyces 1%SPee S p%B@ZO?R/IF([err]-l[err],

Saccharpnyces cerevi siae GRF18/ pJDB207Y/ I F([err]-1) and Saccharomyces

cerevisirde GRELS/ 7YLILE (a1 ) Lerr nsf.Qr y
Sacchar onyces %ér%&%%%evéﬁfo%ﬁfmky ﬁﬁéﬂ?%ew%%%g?& ﬁgf cgg @'F%%’ﬁ?tﬁf" 54,
The transf or npdopaast i Sabe [FE0P prpwetercer evi si ae AH220/ pJDB207R/
| F(a-2)[err]82 according to claim47. 55. The transforned yeast

Saccharonyces cerevisiae GRF18/ pJDB207R/ | F(a-3) according to claim47. 56.
The transf or ned . yedgbridhvettoroagoedingerevilein el SGRABSE gridR2 D7 RE described

Ilﬁea-Z)[err]S-a i t o, Gl 54 Fe4. . A transformed yeast according to
cl aim 45, subéﬁa%%?%?%g;gés %‘gsgirﬁgecfrfﬁgaarrpl e 30 herein. 58. A

transformed yeast according to claim45, substantially as
32. A hybrid vector according to claim 13, substantially as des-

cribed in Examples 14 to 17, 20 or 21 herein.

33. A hybrid vector according to claim 13, substantially as des-—

cribed in Examples 5, 6, 9, 11 or 12 herein.

34. A hybrid vector according to claim 13 selected from the group
consisting of the plasmids p3OIFN2(8i), p3OIFN2'(8i) and
pJDB207/IFN2' (8)).

35. A hydrid vector éccording to claim 13 selected from the group
consisting of the plasmids p31/IF1(51);_p31/1F2(51), p31/IF3(51),
_. p3L/IF2(1'b), p3L/IF(8]), pIDB207/IF(8]), pIDB207/IF1(5,),
\/ pJDB207/IF2(5,), pJDB207/IF3(5,) and pJDB207/1F2(1'b),

36. A hybrid vector aédording to claim 13 selected from the group
consisting of the plasmids pJDBZO7/PH05/HBVsA14 and pJDB207/ .
PHO5/HBVsAlat,

37. A hybrid vector according to claim 13 selected from the group
consisting of the plasmids pJDBZO?/IFZ(Sl)A72, pJDBZO7/IF2(51)A82,



descri bet—r—+Exanples 22 or 29 herein. 59. A transforned yeast, according to
cl ai m 45; bstantially as described in Exanple 18 or Exanple 20 herein.

6004 tr H",’H"Mﬂﬂjﬂ,ﬁccordi ng to claim45, substantially as descri bed
i n Exanpl i 2 herein. 61. A nethod for producing a transforned

yeast according to cfai’m 45, which conprises transformng yeast with a
hybrid vectoraccor- ding to anyone of clains 13 to 40. 172 - 125 - 62. A
met hod according to clarmA1; carried out substantially as described in any
. one of Exanples 7, 9, 11 and 12 herein. 63. A nethod according to claim

61, carried out substantially as described in any one of Exanples 18 or 20
her ei ne3BAIF (~-fet AL AFEor Bipg1R0IXE hai m BLR taior-R B 2oup2 §ubstafdj al |y as
descri { ¥ any.pne_of E Les) 22:01. 128, Aer g _A.ethod according to
claim ?,Q/%‘a‘rur ?"e%iﬂdu?ﬂs‘lﬁgiﬁgﬁtlfﬁ’l J'é)"r's Iﬁ‘easéfl’g!ezggki/%QﬁxQ‘\ le 30 herein. 66.
A et oY EF (opt bd @8 HFFAxyioas t POB2ABHIY et » polPPRRIvLBE-8) . a natural | y
occuri nhg, J [ e Ch_ et i bhe steps of (1)

cul turt SRR el B0 e B o R DA Ts 5 to 60 and (2)
i sol at#RG2aHETE(r12098hg PIPR2OIRI TFept ) .d e RA20dR(IR(atiMe t hereof . 67. Aet hod

for pr%ﬁb%ﬂ&/_qgsgn@thﬁﬁﬁ%_M:ypepti de according to claim®66,

characterized 1n that the transforned yeast is cultured in a nutrient
medi um cont ai ni ng assi nm | abl e sources of carbon and nitrogen and i norganic

sal ts. 3§87hmd\ Wbt i0del x mﬁiﬁd@@tm )88 @R8drahg NN ¥E@S 3 POl ypeptide
according to claim66, erein the transfornmed yeast contains a hybrid

pl asm d conprising the PHO5 pronoter.

W/
39. The hybrid vector pJDB207R/IF(a-3) according to claim 13. o

40. The hybrid vector pJDB207R/IF(a-2)A82 according to claim 13.

41. A method for producing a hybrid vector according to anyone of
claims 13 to 40 which method comprises introducing into a vector
DNA a yeast acid phosphatase promoter and a yeast or a non~yeast

polypeptide coding region which is controlled by said promoter;

42, A method according to claim 41, carried out substantially as
described in any one of Examples 5, 6, 9, 11 and 12 herein.

43. A method according to claim 41, carried out substantially as

described in any one of Examples 13 to 17, 20 and 21 herein,

o~

44. A method according to claim 41,carried out substantially as R

described in any one of'Examplés 22 and 24 to 28 herein.

45 . A yeast transformed with a hybrid vector according to any one

of c1aims‘13 “to 40.

46. A transformed yeast according to claim 45 selected from a species

of the genera Saccharomyces, Schizosaccharomyces or Torulopsis.




69. A nethod for producing a yeast or non-yeast polypepti-de—accordi-ng-to
clai m 68, wherein the nutrient medium contains | ow concentration of

i norgani ¢ phosphate. 70. A nmethod according to claim Hm H‘ u Il
pol ypeptide is an enzyme, a hornone, a pol ypeptide w ry,_:[..-,_.
anti-viral or anti-cancer properties, an antibody, a viral antigen, a L4y
vaccine or a clotting factor. - 323126 - 71- A nethod according to claim

70, wherein the "ol ypeptide is a human interferon. 72. ‘A method according

to claim71l, wherein the human interferon is a human | ynphobl astoid .
interferon. 737./ mebhpdrastoedingdcldaghdicd Z)?aiwh%%@:éih?ut&u?@&: .

| ynphobl astoid interferon is IFN-a-1. 74. A nethod according to claim

72, wher ei n t hé ShEARERRFSIBRD IFeERSH@8 i nterferon is |FN-a-2. 75. A nethod
according to claim72, wherein the human | ynphobl astoid interferon is
|FN-[err]-3. 76. A nethod according to claim70, wherein the pol ypeptide is

a hepatitis B 4A-rhisrarifiogest yaateheRrddne sPdeingmt 47 rEgateIsEroRhEieei n t he

Rol ypepti de i grb@pabhdistify Gl SkcchbEdidess @abéEiRRae Rio7LpABIRRdsACCOrding to

claim6g, carrjied out substantTalTy_as_deScribed.in any one of Ex’arrpl es 32
or 33 harein. Sggchazomyges secevisias RF97L RI0IFNZ '¢8;) @&Prg?éﬂfwgtﬂjst antially
ds descri bed icer&xaipé ®RHG1LHADEL07. 1D (& y1et hod according to claim66,
carried out substantially as described in Exanple 19 or Exanple 20 herein. -
81. A nethod according to claim®66, carried out substantially as descri bed
in Exanple 8 019.% heh®dfdrmed yeast according to claim 47 selected from the

U group consisting of Saccharomyces cerevisiae AHZZO/pJDBZO7/IF(8i),

Saccharomyces cerevisiae AHZZO/pJDBZO7/IF2(51) and Saccharomyces
cerevisiae AH220/pJDB207/IF2(1'b). '

50. A transformed yeast according to claim 47 selected from the

group consisting of Saccharomyces cerevisiae AH220/pJDBZO7/PHOS/

HBVsAl4 and Saccharomyceé cerevisiae AH220/pJDB207/PHO5/HBVsAl4t.

51. A transformed yeast according to claim 47 selected from the
group consistinglof Saccharomyces cerevisiae AH220/pJDB207Y/
IF(a-3), Saccharomyces cerevisiae AHZZO/pJDBZO7/IF2(515A72,
Saccharomyces cerevisiae AH220/pJDBZO7/IF2(51)A82, Saccharomyces

\_/ cerevisiae AH220/pJDB207R/IF(a-2), Saccharomyces cerevisiae

AH220/pJDB207R/IF (a~2)A72, Saccharomyces ce:evisiae'AH220/pJDBZO7Y/
IF(a-2), Saccharomyces cerevisiae AH220./pJDB207Y/IF(a-2)A72,

Saccharomyces cerevisiae AH220/pJDB207Y/IF(a-2)A82, Saccharomyces

cerevisiae AH220/pJDB207R/IF(a-l), Saccharomyces cerevisiae

AH220/pJDB207R/IF(a-1)A, Saccharomyces cerevisiae AH220/pJDB207Y/

IF (a-1), Saccharomyces cerevisiae AH220/pJDB207Y/IF(a—~1)A.

52. A transformed yeast according to claim 47 selected from the group

consisting of

Saccharomyces cerevisiae GRFlS/pJDBZO7/IF2(51)A72, Saccharomyces

cerevisiae GRFlS/pJDBZO?/IFZ(SI)ABZ, Saccharomyces cerevisiae

GRF18/pJDB207Y/IF(a-3), Saccharomyces cerevisiae GRF18./pJDB207R/
1IF(a-2), Saccharomyces cerevisiae GRF18/pJDB207R/IF (a~2)A72,




- 127 - A hybrid vector consisting of a yeast acid phqsphat ase pr onot er
and addlt m“m‘“ﬁmm‘es derived fromthe group consisting of a

bacteri al m‘ ophage [err] , yeast 2[err] plasm d and/ or yeast
chr gnosonal* 83" A hybrid vector according to claim 82, wherein the
yepslti- acid phosphat ase pronoter is the PHO5 pronoter. 84. The hybrid vector
- p30 according to claim83 5. The hybrid vector p31l according to claim 83.
86. rhe hybrid vector p3| H? according to claim83. 87. The hybrid vector

p31/Y according to claim83. 88. A hybrid vector according to claim 82,
subst afif¢sliskguyres deareriticd ¢KF LB/RIRBRE7Y IRér @) n. SBYGhamulyods i d vect or

accor dightiQi &4 a:ms&%anmbﬁmrm@um %CGQ%&DE-Q LPeJXap!l 13 herein. 90.

Ahybrrd-V‘E'CT'OT according to claim38 Ty—‘&s—d'ecrlbed in
Exanpl| EREE REHERY Fla-N. tlﬁﬁdﬂmw IPfBE8 BIDBEY8r according to

anyone rgf Ghaimc%apgc@@ 18 Badre POl o SORRTRS R P, 00UCH ng into a \r%egtl or

DNA a yeast a ave;p'rvnb
carri eééﬂif_ﬂﬂﬁﬁaﬁﬁmag d8<eMBRRH IR (Eddnpde Saceharemyces93. A net hod

accor dbg,gevtlglgg @ng} IDERTT) o0, SUbst antial |y as described in Exaggle 13
hereinT— - 12 A net hod according to cl'aim 91, carried out

subst anti al I y as descrl bed in Exanple 24 herein.
53. The transformed yeast Saccharomyces cerevisiae AH220.pJDB207R/

IF(a-3) according to claim 47,

£

L/

S54. The transformed yeast Saccharomyces cerevisiae AH220/pJDB207R/

IF(a-2)A82 according to claim 47.

55, The transformed yeast Saccharomyces cerevisiae GRF18/pJDB207R/

IF(a-3) according to claim 47.

56. The transformed yeast Saccharomyces cerevisiae GRF18/pJDB207R/

IF(x—~2)A82 according to claim 47.

57. A transformed yeast according to claim 45, substantially as

described in Example 30 herein.

38. A transformed yeast acéording to claim 45, substantially as A

described in Examples 22 or 29 herein.

O

59. A transformed yeast according to claim 45, substantially as

described in Example 18 or Example 20 herein.

60, A transformed yeast according to claim 45, substantially as

described in Examples 7, 9, 11 or 12 hereip.

61. A method for producing a transformed yeast according to claim
45, which comprlses transforming yeast with a hybrid vectoraccor-

ding to anyone of clalms 13 to 40.



I
95. A polypeptide or a naturally occuring derivative t her eof, whenever

produced by a-net hod accor di ng to any one of clains 66 toum‘lmﬁumm\!“
fragment according to claim1, whenever produced by a net

claim11l or claim12. 97. A hybrid vector according to clai*m 14," whenever
produced by a nmethod according to any one of claims 41 to 44. 98. Ae
transforned yeast according to claim45, whenever produced by a nethod
according to any one of clainms 61236 65. 99. A hybrid vector according to

cl aim 82, whenever produced by a nethod according to any one of clains 91. :

to 94. FO 7.4 UL/as*/hc*rz*/eg*
62. A method according to claim 61, carried out substantially as

described in any omne of Examples 7, 9, 11 and 12 herein.

63. A method according to claim 61, carried out substantially as
described in any one of'Examples_18 or 20 herein.
64. A method according to claim 61, carried out substantially as

described in any one of Examples 22 or 29 herein.

\— 65. A method according to claim 61, carried out substantially as
described in Example 30 herein. . |
66. A method for producing a yeast or non-yeast polypeptide or a
naturally occuring derivative thereof, which method comprises the
steps of (1) culturing transformed yeast according to any one of

claims 45 to 60 and (2) 1s01at1ng and purifying the polypeptide or

derivative thereof.

67. A method for producing a yeast or non-yeast polypeptide according
to claim 66, characterized in that the transformed yeast is cultured
in a nutrient medium containing assimilable sources of carbon and

\~/ nitrogen and inorganic salts.

68. A method for producing a yeast or non-yeast polypeptide according
K_; to claim 66, wherein the transformed yeast contains a hybrid plasmid

comprisging the PHO5 promoter.

69. A method for producing a yeast or non-yeast polypeptide according
to claim 68,wherein the nutrient medium contains low concentration

of inorganic phosphate.

70." A method according to-claim 66 wherein the polypeptide is an
enzyme, a hormone, a polypeptide with immunomodulatory, anti-viral or
anti-cancer properties, an antibody, a viral antigen, a vaccine or a

clotting factor.
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7L. A mefhod according to claim 70, wherein the peptide is g

—
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human interferon.

72. A method according to claim 71, wherein the human interferon

is a human lymphoblastoid interferon.

73. A method according to claim 72 ,wherein the human lymphoblastoid

interferon is IFN-a-1l.

74. A method according to claim 72,wherein the human lymphoblastoid

interferon is IFN-a-2.

75. A method according to claim 72, wherein the human lymphoblastoid
interferon is IFN?q-B.
76. A method according to claim 70, wherein the polypeptide is a

hepatitis B virus antigen.

77 A method according to claim 76, wherein the polypeptide is

hepatitis B virus surface antigen.

78. A method according to claim 66, carried out substantially as

described in any one of Examples 32 or 33 herein.

79. A method according to claim 66, carried out substantially as

described in Example 31 herein.

80. A method according to claim 66, carried out substantially as

described in Example 19 or Example 20 herein.

81. A method according to claim 66, carried out'substantially as

described in Example 8 or 9 herein.-
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82. A hybrid vector consisting of a yeast acid phosphatase promoter

and additional DNA sequences derived from the group consisting of a

"bacterial plasmid, bacteriophage ,/ , yeast 2 u plasmid and/or veast

chromosomal DNA.

83. A hybrid vector according to claimr 82, wherein the yeast acid

phosphatase promoter is the 2592 promoter.

84. The hybrid vector p30 according to claim 83.
£5. The hybrid vector p31 according to claim 83.
86. Ihe hybrid vector p3L/R according to claim 83.
87. The hybrid vector p3l-/Y according to claim 83.

88. A hybrid vector according to claim 82, substantially as described

in Example 4 herein.

89. A hybrid vector according to claim 82, substantially as described

in Example 13 herein.

90. A hybrid vector according to claim 82, substantially as described

in Example 24 herein.

91. A method for producing a hybrid vector according to anyone of
claims 82 to 90, which method comprises introducing into a vector

DNA a yeast acid phosphatase promoter.

92. A method according to claim 91, carried out substantially as

described in Example 4 herein.

93. A method according to claﬁh 91, carried out substantially as

described in Example 13 herein.

I g
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%4. A meihod accoxdlng to claim 91, carried out substanrially as

_described in Exampls 24 herein.

95. A polypeptide or a naturally occuring derivative thereof,

whenever produced by a method according vo any one of claims

96.'A DNA fragment according to claim 1, whenever produced by a

method according to claim 1l or claim 12,

97. A hybrid vector according to claim 14, whenever producéd by a

method according to any one of claims 41 to 44.

98, A transformed yeast éccording to claim 45, whenever produced

by a method according to any one of claims 61 to 65.

39. A hybrid vector according to claim 82, whenever produced by a

method according to any one of claims 91 to 9.

FO 7.4 UL/as*/hcXrz*/egk
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