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STARTING PLASMIOS FOR ONA SEQUENCING AND EXPRESSION PLASMID
CONSTRUCTION

| yeast gene library

Hind lll

: Pstt

p?r?amzé{}mnus,?nua IBR 322/PH0S Bam- Sat

saurce of PHOE gene for ONA sequencing
expression plgsmid
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LOCALIZATION OF THE REPRESSIBLE (PHOS) AND THE CONSTITUTIVE (PHO3)
ACID PHOSPHATASE GENE

BumHIl PHOS  PHOI BainHI
:E: : +—t A t 7 :F: C —
Sau3A SoudA Sau3A  SaudA  Sau3A
Sau3A SaudA
Pst |
phosphatase activity ' cloned subfragments
repressed derepressed
+pl =Py 3 B A D F C
1+ ++4 —t pot —i
2+ ++
i+ +4+ -
L+ ++ —_
b+ +
b + +
7 - -
8 - - —t
g - - b—t————
10. - ++

N - -

Pst |
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NUCLEQOTIDE SEQUENCE OF THE BamHi-Sall RESTRICTION FRAGMENT
OF PHCS INCLUDING THE PHC5 PROMOTER REGION

=540
ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGGAAGTCATCTT

-480
ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCATCTATAAACTTCAAACGAA

-420
GGTAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA

-360
CGTTTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGT ARAAGT GATTAAAAGAGTT

-300
AATTGAATAGGCAATCTCTAAATGAATCOATACAACCTTGGCACTCACACGTGGRALTAG

-240
CACAGACTAAATTTATGATTCTGGTCCCTGTTTTCGAAGAGATCGCACATGCCARATTAT

-180
CAAATTGGTCACCTTACTTGGCAAGGCATATACCCATTTGGOATAAGGGTAAACATCTTT

-120
GAATTGTCGARATGAAACGTATATAAGCGCTGATGTTTTGCTAAGTCGAGGTTAGTATGG

-6d
CTTCATCTCTCATGAGAATAAGAACAACAACAAATAGAGCAAGCAAATTCGAGATTACCA

+1
ATG TTT AAA TCT GTT GTT TAT TCA ATT TTA GCC GCT TCT TTG 6CC *4°
MET PHE LYS SER VAL VAL TYR SER [LE LEU ALA ALA SER LEU ALA

AAT GCA GGT ACC ATT CCC TTA GGC AAA CTA GCC GAT 682
ASN ALA GLY THR ILE PRO LEU GLY LYS LEU ALA ASP
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_khig.3hb

NUCLEOTIDE SEQUENCE OF THE Pst] -Rsal RESTRICTION FRAGMENT OF PHO
INCLUDING THE PHO3 PROMCUTER REGION

GA

-360 :
GATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGTCAGGAACCCATATTA

-30C
TATTACAGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAATCABACCTTAAGTG

-240
CATATGCCGTATAAGGGAAACT CAAAGAACTGGCATCGCAAAAATGAAARAAAGGAAGAG

~180
TGAAAAAAAAAAAATTCAAAAGAAATTTACTAAATAATACCAGTTTGGGAAATAGT ARAC

-120
AGCTTTGAGTAGTCCTATGCAACATATATAAGTGCTTAAATTTGCTGGATGGAAGTCAAT

- 60
TATGCCTTGATTATCATAAAAAARATACTACAGTAAAGAAAGGGCCATTCCARATTACCT

‘1
ATG TTT AAG TCT GTT GTT TAT TCG &TT CTA GCC GCT GCT TTA GTT *45
MET PHE LYS SER VAL VAL TYR SER VAL LEU ALA ALA ALA LEU VAL

AAT GCA GGT *o%
ASN ALA GLY
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CONSTRUCTION SCHEME FOR THE HYBRID PLASMIDS p30IFN2 (8/,)
AND_p30IFN2/{8)

EcoRl EcoRl
ampR BamH | ampR BamH |
tet?  1.8atkePvul dlgest tet R

pBRIZ2A Ball pBR 322

2.blunt end ligation 53kb
ol |
Pvull B
BamH | digest
ligation +BamH! frogment of pJ0B207/PHO5, PHO3

cantagining PHO5, PHO3

EcoRl

BamHl

ampR

Ball
Hae lli

BomK|

Batl Soll C6-pBR 322/HLyc IFN-8/;

EcoR| EcoR)

Bal l+EcoR! digest amoR Hind 1ll
[38kb fragmentA) | EcoRt+Hae Il digest P
PIOIFNZ I8 \)_ ¢ o,
60kb co

(602 bp fragment B}

ligation

1. EcoR |

2 li%ution

15kb EcoR| fragment of
Yrp7 contasning TRPI
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LIGATICN OF THE PHO5 PROMOTER DNA WITH THE cDNA INSERT OF CG—PBREZZ/HLYCIFN—SJ'_

Q. DNA SEGMENT CONTAINING THE PHOS PROMOTER AND ADJACENT PROTEIN CODING REGICN
BamH1

+1
\|f ........ PHOS5 PROMGTER ——ATG TTT AAA TCT GTT GTT

+43
TAT TCA ATT TTA GCC GCT TCT 776 GCC AAT GCA GGT ACC .....

¢
Bol I (Hae 110}

b. DNA SEGMENT CONTAINING INTERFERON PROMOTER AND ADJACENT PROTEIN CODING REGION
oF CG—PBR322/HLYC[FN-8]'_
Hae III
+1

......... INTERFERON PROMOTER ————ATG GCC TCG CCC TTT GCT

+28
TTA CTG ATG GCC CTG GTG GTG CTC AGC TGC AAG TCA AGC .......,

Haelli EcoRl

c.DNA SEGMENT OF THE FUSION PRODUCT OF a. AND 5. IN P30[FN1(8i) AND
N-TERMINAL SEQUENCE OF THE RESULTING INTERFERON POLYPEPTIDE
BamH]
+1
.............. PHOS PROMOTER ————— ATG TTT AAA TCT GTT GTY
Met Phe Lys Ser Val Vval

Haelll EcoRI

TAT TCA ATT TTA GCC 6CT TCT TTG GCC CTG GIG GTG CTC ....vu
Tyr Ser Ile Lev Ala Ale Ser Leu Ala Leu Vol Vol Ley ........

PHOS SEQUENCES

wansnnanannannaan [NTERFERON SEQUENCES
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_big.&

CONSTRUCTION OF PLASMID pJDB207/1FN2'(8/)

EcoRl

Hind IIf
D3U IFNZ’ !Bi) EcoRl

6.0kb

each digested with
HindllI+BamHI

6.5kb fragment Sal |

pJDB207/IFN2’ (81)
pI0B207 Y—\ - Ecofl
6.9kb
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NAMALWA ds cONA SYNTHESIS AND CONSTRUCTION OF RECOMBINANT ONA MOLECULES

IFN-RNA

Newcastle
Disease Yirys

Induced Namalwa Cells

poly (A) RNA Extraction
oligo (dT ) Cellulose

| aaA3
y JETPUIU AAA
J omim o AAA poly [A) RNA
o= —AAA
5 e AAA
IFN AAA

1. Reverse Transcriptase [ oligo{dT)]
2.RNA removat { JH - treatment }

13__Y__ e
/SRR 1
——— cONA
§ ——mm e i

] m

ONA Polymerase |
§1 Nuclease

> ds cONA

Namalwa Cells

big. 7
EcoRl
psTl Tet"
@m m
BamHi
.
Amp 1. pstl

2.dOTP / Terminal
3. Deoxynucleotidyl
Transferase

“6"-tailed Pstl cleaved pBR 322

-»"Hybridization”

d{TP /Terminal
Deoxynucieotidyl
Transferase

5’ 1M

coc == oo - ooAMAlle

Lcc i

L - %
T AAACCC
Ce--——=~171 &
IFN__ ———AAACLC

cee o

: EcoRl Y EcoRl
I < < <
Leppion o ARACL e S S g
x Jpuppm— 1.V S L 3L i
CCC—— = ——T17 L ds cONA 2y 2D
........... AAACCC ? -?‘7')

EcoRl EcoRl

S

IFN-cONA| { ! 1y

EcoRl

g

AN

Ecofl

=~ s
G6;<,
it

-

7
&%_(
\s‘:&(‘
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SYNTHESIS OF HulFN-[3 AND HulFN - oc SPECIFIC PROBE AND USE FOR THE
INDENTIFICATION OF HUMAN LYMPHOBLASTC!D 1FN-CONTAINING CLONES.

———————— AAA SRS m——————-
AAA SR deerse e
IF-B————AAA . —ummme— (F-B EVerse
B_ — —aap Hybridization” P Transcriptase = e
— — —AAA i — unlabeled dNTP — — ——
IF-a —AAA '—"u:cm:r'p‘— IF-o T iF-o
_— .___-AAA —_————————— e p —
poly{A) RNA .
NOY induced ) 32p isolation of
IFN proeducing [““P]-7-ATP elongated
lymphoblastoid cells T,-Kinase primer
3 5 {polyacrylamide
oligodeoxynucleotide("primer”) gﬁlor:::,tro_
complementary tolfFN- o

and IFK -B; mANA '

[F-B ———— p

IF-oe—— p=

colonies on agar in situ colony
containing hybrid plasmids hybridization on
mtrocellulose
1 replica plate on filter
mtrocellulose sheets
2 Lyse the colonies in situ
colonies autoradiogram
regrow (X-ray film)
correlate darkness
on film with the
_ Sppropriate clone
Master Plate darkness on X-ray film
corresponding to positive
{ clones

tsolate positive clones
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CONSTRUCTION OF CG-pBR (AP) /Ly IFN- -1 RECOMBINANT DNA

ApPr:B-lactamase expression control region
ApPr. _-EcoRl

Pstl
ApPr 7_—-EcoRl

U =7
Q

Psl!

- _Fig-15
Hoell CG-pBR322/HLycIFX-1'b

Pstl
Pstl  Haelll Psti

Psti
Pstl  Haelll Hae i
o o
[xonuclease
2 O
_— EcoR|
by foell Saik Haell n I!l""“”'@ﬂ"d@
ae
3,/ ) ‘ a i3bi
Bo131
Y Bcl l ®
X {Sou3A) . Sau3A Hae lll Psti
_ i Linker
Ligase |+ [FTGTETGATCACACAT H + —
TACACACTAGTGTETA \ /@
¥
pPI’ _—EcoRl Bell ‘
_ (Sau3A) 1L|guse
Llnker ) Sau3A T Haelll Pstl

1 8cll
2 EcoRl

Ecofl
.

f\ Pr
AIGTGT
TACACACTAG}

) et
Pstl

pBR 322, digested
with Pst! gnd EcoRi

...l Ligase
ApPr Pst!
ATGTGT[GAICTG
TACACACTAG|AL
2
ApPr ~fcoRl
Tet"
Pstl

CE-pBR [API/Ly IFN- a-)
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CONSTRUCTION OF THE RECOMBINANT DNA PLASMID CG-pBR{AP)/Ly iFK-a-3

Fiig. 17
ApPr _-EcoRl
Scu3A\\ ——Hind 1l
/TEtr

Squ3A(Bgl ="

Pst I/
C6-pBRIAP)/Ly IFN-a-)

Hind 1Nl +
Bt Il
® Wind 11
i

©»

Ilsolute ()]

Hind Il Sau3A  Bgl li
AN

lSuu JA

hind 1 © @ O ®®Bgl I

Hiy =n s o -

llsolute €]

Pst |\ /ECDR |

——Hind IlI

Pst |—
C6- pBR 322/HLyc IFN- 8

l Pst |

pst1 S0 oo
I
——

Sau 3A
ethidivm bromide

Sau 3A Pst |
i

I Ligase

Hind 1) ——fiREAMAAAR Sou 3A}——o

'

Rind | Pst |

D ee—
Kind 1l

Ligose (e

pBR 322,
y Pstl digested with
ApPr Pst! and Hind !l
_tcoR |

CHind I

Pst I—
C6-pBRIAPHLy IFN-a -3
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Frxgg 2] CONSTRUCTION OF EXPRESSION PLASMID p31

piDB207/PHOS, PHO3 (12kb}

1.EcoR | digest 1.50v3A+Pst | digests
2.dATP, dTTP 2.isalotion of 0.37kb
ONA polymerose Squ3A-Pst | fragment
3. ligation Y
Sau3A Pstl

PHO5 termination fragment

'

(gcoRy) Hind Haelll

EcoR!
BamH | BamH1 Pst!

Bal | ‘

—-
BamHI«Pst | digests

ligation

ing il
1.Ball-Hind Il digests ind
2.isolation of

388kb fragment BamH1/Sau3A

EcoR |

N Hae il
ligation
) M13mp9/PHO5 (Sau 3A-Pstl]
1. Hae llI+Hind Il digests

Hind il 2.isolation of 0.39kb
Pstl fragment

L JLUIRLIUIRIL d

Hoe III! 1Br.1mH| {Hindlll

Koo EcoR| Pstl
BamH| PHOS 8al!/Haelll

promoter
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NUCLEOTIDE SEQUENCE OF THE Sau3A-Pst] PHOS TRANSCRIPTION
TERMINATION FRAGMENT

GATCCTGGTACGTTCCTCAAGGTGCTCGTGTCTACACCGAARAAATTCCAATGTTCTAALG

ACACCTACGTCAGATACGTCATTAACGATGCTGTTGTTCCAATTGAAACCTGTTCCALTG

GTCCAGGGTTCTCTTGTGAAATCAATGACTTCTACGACTATGLTGAAAAGAGAGTAGLLG

GTACTGACTTCCTAAAGGTCTGTAACGTCAGCAGCGTCAGTAACTCTACTGAATTGACCT

TCTACTGGGACTGGAACACTACTCATTACAACGCCAGTCTATTGAGACAATAGTTTTGTA

TAACTAAATAATATTGGAAACTAAATACGAATACCCARATTTTTTATCTAAATTTTGLCG

AAAGATTAAAATCTGCA
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INSERTION OF IFN-5) AND (FN-1’b COBING SEQUENCES INTC PLASMID p3I

Pstl Pstl
E‘I 27 Rsal
IFN-1’b
Hpal
Pstl Pstl
C6-pBRI22/HLyclFN- 5, CG-pBR322/HLycIFN-Vb
lPstI digest Pst | digest
Pstl Hps Psti Pst Rsal Pstl
alul digest leu | digest
Pst! Haelll Hpal Pst! Hoell  Rsal
lpurtiul Hae lli digest lpurtiul Hae Il digest
Haell Hpal Haelil Rsal

1. e 801 bp
2. s 780 bp
3. nmememam 639 bp

1. e 840 bp
2 emmmmmm 516 bp
] oommm 735 bp

1. Bol ! digest

 [“7.qlkatine |
ligation | ~phosphatase gampy Bami( PhOSPhatase | jgqtion

L
Hind il
R Pst!
amp Bamk|

EcoRl

Hpal

Salt Ball/Hoellly.5

BamH |
p31/IF1 (84} {5.2kb)
p3V/IF2(5q) (5.2kb)
p3VIF3 (5] {5.1kb)

Bal |/ Hae Iilz

Bamk|
pIl/IF2117b}



&dy'gq
2125347

_kig: 23

CONSTRUCTION OF EXPRESSION PLASMID p31/iF {87)

R Hindlll g Rl
Pst|

2\ PHOS term.
rogment

/.- BamH|
EcoR!
atd

amp

[ e ]

—

BamHI” pyps
promoter

1. Sall, EcoRl digests
2. isolation of
35kb frogment

1. Sall + EcoR! digests
2. isolation of
146kb frogment

Nl

Sall Hindlil~~ Pst| Bum*IWECORI Sall BamHl EcoR/

ISI10NREAN

ligation

Hind Il

Pstl

PHOS term. fragment
BamHi

Sal| BamH!
p31/1F(8%)
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Jixgy. 2« CONSTRUCTION OF A CORRECT PHO5-HBVs JUNCTION

Pt | EcoR| EcoR!
Aval /Xhol
HBs B( pHBY 130
W 8.7kb
Pst|
BamHl™ b0 pBR322/PHOS/Bam-Sal
1. Aval digest 1. Aval+Sal | digests
2.isolation of 1336bp 2.isolation of 3.9kb
fragment fragment
Aval/Xhol  BamHi "Ava! Sull/fl(pnl BamHILEmRI Aval
lligution

EcoR!

Kpni
Sal|-Xhol junction
pBR322 / PHOS / HBVs

2. Bal31 digest
3. ligation

EcoRl

lm Kpn! digest

BamHi

5.1kb
4

BamHlI

pBR322/ PHOS/ HBVs 14

Aval
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SEQUENCE ARRANGEMENT AFTER PHQS PROMOTER AND HBYS PROTEIN
CODING REGION FUSION (PLASMID PBR322/PHQ5/HBVS ).

... TAAGAACAACAACAAATAGAGCAAGCAAATTCOAGATTACCAATGTTTAAATLTGTTGTTTA

Bami] ™ PHOS mRNA { —= PHOS
A
Kpn]

TTCAATTTTAGCCGCTTCTTTGECCAATGCAGGTACCATTCCCTTAGGCAAACTAGCEGATIGTC6AG]
Hhal

+HiVs
GATTGGGG%CCTGCGCTGAACATGGAGAAC .......

L__] FUSION POINT (HYBRID RESTRICTION SiTE Sall /Xhal)
——= PHOS START PHO5 PROTEIN CODING REGION
—» HBVS START HBVs PRCTEIN CODING REGIGN

I MAJOR  mRNA INITIATION SITE OF PHOS

{—. ._i DELETION ENDPOINTS OF pBR322/PHO5/hBVSA 14
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CONSTRUCTION OF PLASMIDS pJDB207/PHOS/HBVSs & 14 AND pJDB207/PHOS/HBVS Allt

Hind |l

EcoR!
BamH| Hind i

Sall BamH! digest BamHI
207
pI0B20 EcoR|
ligation
Ll 87k )
EcoRl
1. BamH| digest A Bstel
2.isolation of am BamH
18kb fragment - naon7/ PHOS/HBVs ATk
BamH! .
Aval 1. BamH} digest Hind Il
pBR3I22/PHOS/HBVs Al \J.isolation of

1. Bam#l digest
2 isolation of
6.3kb fragment Sall BamHl

BamHI pJ0B207/PHOS/HBVs al4t

Rind Il

EcoRl

Sall  gamHl
pl0B 207/1F (8!1)
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_Jaig: 27 CONSTRUCTION OF PLASMIDS pi0B207/IF2 (1'b)A

AND pJOB207/1F2(54)A 72

Bamii Ball/Haelil, Bami1 Boll/Hae Il
pJDBZU?IIFZ(Sﬂ pJOB207/1F2(17h)
1.Sma ! digest
2.8al31 digestion
EcoRi EcoRl
Hind I Hind
EcoRl } EcoR ; Bal31
Bal3l
UmDR /o umpR
EcoRl Pvull
EcoRl
Bamhl Ball /Hue'lliz BamHl Bal l/Haelll,
1.Kienow DNA polymerase+dNTP
Z.fkinqsed Xhol linker
EcoRl 3.ligation EcoRl
Hind Nl Hind Il
EcoR| Xhol ECUR] Xhol
A Yho! ) Xho!
amp EE[;DF?I[ amp Pvul
co
BamHl gg 1/ Hoe I gampy 01/ Hae Il
1. Xho | digest
2. ligation
EcoR!
Hind Il

Xhol

Pvull
Ball /Huelllz

BamH| BamHl

pJOB207/IF2(5,) a72 pJ0B207/1F2(1'b] &
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CONSTRUCTION OF HYBRID PLASMID CG-pBR322/HLycIFN(a-3)-252 CONTAINING
A PORTABLE HUMAN LYMPHOBLASTOID IFN-a-3 cDNA INSERT.
Pstl EcoR|
Ecol _kig.c4 Hing I
umpR tetR iFN-8/
Pst ! !
pBR322 Pst|
CG-pBR 322/HLyc IFN-B/,
I.EcoRIdigesuon
2.31digestion Pst! digestion
6 C
@mn Pst | Pst
Saqu3A
Pst |
1 Sau 3A
(32p1- AATTCTATGTGT 0
) TTAAGATACACACTAG-[*“P]
2.Bcll+Pst| digests
=GATCTG. ..
Y Pstl AC....
Sau 3A
EcoR}
tetP .lligution
Pst] EcoR |~ Hindll

Pst| Pvy il
CG-pBR322/HLycIFN(a-3)-252
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STRUCTURE QF HYBRID PLASMIDS CG-pBR322/HLyclFN (-2 )-261 AND

CG-pBR322/HLyc IFN {a-1)-258

EcoRl g

Pyu ll L/ Bamh |
Sal
[FN-o-1

Pstl Pyu ll

Pvull

C6-pBR322/HLyc IFN {a-2)-261 CG-pBRIZ2/HLyciFN {a-1)-258
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Fizeg> 34  DELETION OF THE PHOS SIGNAL SEQUENCE IN

EXPRESSION PLASMID p3

EcoRl Bam]
umpR N\Bai 31

—_—
1.Bal ! digest
2Bal 3 digestiong, |

-

BamH| Bal 31
Bal |
1 ligation with

EcoR| linker pGGAAITCEBH
2 EcoR! digest

EcoR!

amnR

Hind Il Sal |
Pst| BamHl  FeoR!

BamH! ligation
EcoRl

Sal |
Bam#!

1. Sat +EcoR| digests
2. isolation of

ETM/

#igution 1. Sai l+EcoRl digests

2. isolgtion of
0,8kb frogment

Hind Il
Pst |

R
amp

Sal |7 A BamH
BamH| EcoRl
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NUCLEOTIDE SEQUENCE OF THE BamHI-EcoRI RESTRILTION FRAGMENT
CONTAINING THE PHO5/R PROMOTER REGION

ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGRAAGTCATCTT

ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCGTCTATAAACTTCAAACGAA

GGTAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA

CGTTTTCGCATAGAACGCAACTGCACAATGLCAAAAAAAGTARAAGT GATTAAARAGAGTT

AATTGAATAGGCAATCTCTAAATGAATCGATACAACCTTGGCACTCACACGTGGEALTAG

CACAGACTAAATTTATGATTCTGGTCCCTGTYTTCGAAGAGATCGCACATGCCAAATTAT

CAAATTGGTCACCTTACTTGGCAAGGCATATACCCATTTGGGATAAGGGTAAACATCTTT

GAATTGTCGAAATGAAACGTATATAAGCGLTGATGTTTTGCTAAGTCGAGGTTAGTATGE

CTTCATCTCTCATGAGAATAAGAACAACAACAAATAGAGTAAGCAAATTLGGG
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NUCLEOTIDE SEQUENCE OF THE BamHI-EcoRI RESTRICTION FRAGMENT
CONTAINING THE PHOS/Y PROMOTER REGION

ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGGAAGTCATCTT
ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCGTQTATAAACTTCAAACGAA
GGTAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
COTTTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGT AAAAGTGATTAAAAGAGTT
AATTGAATAGGCAATCTCTAAATGAAT CGATACAACCTTGGCACTCACACGTGGGACTAG
CACAGACTAAATTTATGATTCTGGTCCCTGTTTTCGAAGAGATCGCACATGCCAAATTAT
CAAATTGGTCACCTTACTTGGCAAGGCATATACCCATTTGGGATAAGGGTARACATCTTT
GAATTGTCGAAATGAAACGTATATAAGCGCTGATGTTTTGCTAAGT CGAGGTTAGTATGG

CTTCATCTCTCATGAGAATAAGAACAACAACAAATAGAGCAAGCAAATTCGAGATTAGS
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INSERTION OF LYMPHOBLASTOID IFN-a-3 ONA INTO PLASMID p31/R

EcoR!
Hindlll
Bt i BamHl
[FN-o-3 Sall
EcoRl

CG-pBR3I22/HLyc!FN{ec-3)-252

Pstl

1. EcoRl digest
2 isolation of 0.6kb fragment

{ (FN-oc-3 }

EcoRl EcoR!

1.EcoR| digest
2.dephosphorylation

ligation

Hind Ml Pst|

BamH! BstE Il
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Fig. 36

INSERTION OF LYMPHOBLASTOID IFN- -2~ONA INTD PLASMID p 31/R

EcoR!
Xbal BamH|i
EcoR! Sal |
iFN-S1
Pst | Sal |
a
CG-pBR322/HLyc [FNee2) - 761 Bami Ball/ Hae ll,
pJOB 207/1F2(5,)
1.Xba! digest 1.Hind Il + Xba! digests
2 partiol EcoR| digest 2 isolation of
3.isolation of 252 bp 0.3kb fragment
* fragment
Y
EcoRl  Xbal Xba! Ecorl 28l bing i

Hind Il

Hindlll
Pst!

1. Hindil+EcoRl
digests

BamH| 2.isolation of 3.9kb
BamHi EcoRl fragment BamHl  EcoRl
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INSERTION OF LYMPHOBLASTOID IFN-a-10DNA INTO PLASMID p 31/R

EcoRl

Pvull R
et gomHi
IFN-1% Sall
Pst! Pvull
CG -pBR 322/ HLycIFN(oe-1) -258 BamHl Ball/Hae il
pl0B207/1FZ (1'h)
1. Pvu il + EcoRldigests 1. Pvull+ Hind II! digests
2. isolation of 2 isolotion of
286bp fragment 09kb fragment
\j
FH F‘ T
Ecofl Pvull Pvull // \\ Hind Ill
EcoRl  BamHl|

Hind {1 amp

—
1. Hind N+ EcoR| ligation
digests Sall

2 isolgtion of
3.9kb frogment
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CONSTRUCTION OF EXPRESSION PLASMID pJDB207R/IF {a-3)
Hind ill

EcoRl
Hind lli
BamHi
Sal | BamHi  EcoRl
1. Hindlll+ Sal | digests 1.Hind!l} + Sal | digests
2.isolation of 2 isolation of
6.2kb fragment 186kb fragment

‘ ////////A_fr// ‘ [[[ﬂ!liﬂ;_ ‘uumn“
Hind EcoRl  EcoRl Sal Sail BamH! EcoRl \ Psti Hind Il

tcoRi Bam|

ligation

Pst |

pJ0B207R /IF (-3}

Satl" gamii EcoR!
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fEAST HYBRID VECTORS AND THEIR USE FOR THE PRODUCTION OF
POLYPEPTIDES




10

15

20

Field of the invention

The invention relates to DNA fragments containing the promoters of the
yeast acid phosphatase genes, hybrid vectors containing said promoters
capable of transforming yeast cells and yeast cells transformed with
said hybrid vectors. The invention also provides processes for the prep=
aration of said DNA fragments, said hybrid vectors and said yeast cells,
wherein recombinant DNA technology is applied. 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

useful in the treatment of human and antmal diseases, and of derivatives

thereof.

Background of the invention

With the development of recombimant DNA technology, the controlled
microbial production of useful polypeptides, especially such of med-
ical interest, has become possible. Most of the recent work with re-
combinant DNA technology concerns prokaryotic organisms. Methods have
been elaborated and are now well established to introduce into these organ=-
isms D¥Awhich codes for eukaryotic proteins, Several bacterial

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

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,



However, for many purposes it will be desirable or necessary in future

Lo use eukaryotic aystems in the commercial preparation of proteins,
especially of pharmacologically important proteins. Since yeasts
are eukaryotes they share many biological pathways with other
5 eukaryotes, most importantly with mammalian cells. As many pharmacolo-
gically important proteius are synthesized by mammalian cells, the related-
ness of the two systems can be advantageous, For example, the secre-
tory pathway of yeast resembles that of higher animal cells and it is
known that yeast cells have the machinery for the cleavage of signal
10 sequences (uncharged N-terminal part of a protein, usually split
off during the secretory transport) (47). Associated with the secretory
pathway is the glycosylation system. The basic steps leadiﬁg 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 glycosylated (although some final steps in the pathway

will have to be modified).'

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

removed through expensive purification steps.

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 additionm, the fermentational

behavicur of yeast is well understood and conditions for large scale

fermentations are already established.

25 In the last few years, baker's yeast, Saccharomyces cerevisiae, has

received increasing attention among molecular biclogists 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 manipulations, such as introduction and cloning of heterolo-
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gous DNA., Similar to the prokaryotic systems, plasmids are the pre—
ferred vectors used to transform yeast cells, i.e., to introduce re-

combinant DNA into yeast cells,

There are various patent applications and other publications which
relate to vectors, suitable for transforming yeast cells, yeasts trans-—
formed with said plasmids, polypeptides produced by said transformed

yeasts and processes for the production thereof:

The general yeast transformation protocol is disclosed by Himnen et
al. (1), Beggs (2), Hicks et al. (3) and Struhl et al. (4).
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-

ing the chromosomal rabbit p-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,

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

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 8L-02425 (7).

A DNA sequence coding for a eukaryotic replication site, eukaryotic
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).
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Hybrid DNAs comprising, inter alia, a eukaryotic host autonomously
replicating segment, a methed for the production thereof and a
method for high-frequency transforming eukaryotic cells, e.g. yeast,

with said hybrid DNAs is disclosed in European patent application
45573 (9).

Plasmids comprising the ovalbumin gene controlled by the promoter

of the Escherichia coli B-lac Z gene and capable of being transformed
into yeast cells are described in German Offenlegungsschrift

2923297 (10) and French patent application 2458585 (11).

Hybrid plasmids comprising DNA of a bacterial plasmid, whole or
part of the DNA of the yeast 2p plasmid and the yeast URA3 gene and
yeasts transformed with said hybrid plasmids are disclosed in

European patent application 11562 (12).

Object of the invention

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

organisms, especially strains of the enterobacteria Escherichia coli,

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

proved systems, especially eukaryotic systems, such as yeasts, which
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
would allow exogenous control of gene expression. It is an object of
the present invention to provide yeast promoters meeting these re-
quirements. It is also an object of the present invention to provide

hybrid vectors containing said promoters and foreign structural genes

controlled by said promoters.
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Detailed description of the invention

1. DNA fragments containing yeast acid phosphatase

promoters and their preparation

The present invention providesnewly isolated yeast promoters having im-

proved expression properties and a process for the production thereof,

The yeast promoters according to the present invention are derived

from the genomic DNA of yeast, especially of Saccharomyces cerevisiae,

At least two structural genes (PHO3 and PHOS) and several regulatory

genes (PHO2, PHO4, PHO80, PHO81, PHO85) are involved in the expression

of acid phosphatase in yeast (for reference, see, for example, (13)).
PHOS and PHO3 code for a repressible (regulated) and a comstitutive
yeast acid phosphatase, respectively. The PHOS gene is repressed at
high concentrations of inorganfc phosphate and turned on (derepressed)
under inorganic phosphate starvation (usually to a high extent under
appropriate physiological conditions), whereas the PHO3 gene is ex~—
pressed constitutively at low levels. The repressible enzyme is glyco-

sylatad and has a molecular weight of about 490 Kilodaltons (14).

The promoters controliing the acid phosphatase genes have not been
isolated or used in prior art recombinant DNA technology and hence
their nucleotide sequences have not been elucidated. In contrast to
other yeast promoters used in recent recombinant DNA technology (e.g.
ADH1), the DNA sequences directly following the yeast acid phosphatase
promoters code for signal peptides which are thought to be involved in the
secretion process. It would be advantageous to link a foreign preotein
coding region to a yeast signal sequence ensuring in vivo transport of the
protein across the yeast cell membrane. This would result in a reduction
of produci degradation and contamination of the product by host cell

material and would facilitate product recovery.
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It is a disadvantage of the promoters hitherto used in recombinant
DNA technology that the respective genes are transeribed constitu-
tively. The expressed pelypeptide may be either toxic to the yeast
cell (fungicidal activity) or may at least inhibit cell proliferation
(fungistatic activity), or the polypeptide may be enzymatically
digested within the cell, especially if it is exposed to yeast prote-
ases for a long time. In all cases mentioned, the yield of the desired
polypeptide would be low. These disadvantages can be avoided by using

the PHOS promoter and vectors containing said promoter. The PHO5

promoter can be repressed or turned on (derepressed) at the will of
the experimentator, solely 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
allowing expression of the gene controlled by the PHO5 promoter. This
property combined with a-high level of transeription makes the PHOS5

promoter the preferred one in the present invention.

The present invention relates especially to a DNA fragment comprising
a yeast acid phosphatase promoter, such as the PHO3 promoter or,

preferably, the PHO5 promoter, and flanking sequences,

Optionally, the yeast acid phosphatase promoter is followed by all
or part of the signal sequence of the yeast acid phosphatase coding
region naturally lirked to said promoter. In addition, said DNA
fragment may contain sequences which are required for efficient
translation of mRNA. Also enclosed are those mutants of said DNA

fragment which retain the promoter function.

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

example, by

(A) preparing an acid phosphatase gene by complementing an acid phos-
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,
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(B) preparing subclones of the obtained gene, and
(C) identifying the locatiou of the promoter region of the above
subclones and isolating DNA fragments comprising the acid

phosphatase promoter.

More especially, the following steps are involved in the preparation

of said DNA fragment:

(1) A yeast gene library is constructed using wild-type yeast DNA

cloned into a hybrid bacterial (especially Escherichia coli)-yeast

plasmid carrying appropriate markers capable of expression in both

the bacterial and yeast cell (for suitable markers, see below).

(2) Clones containing a yeast acid phosphatase gene are selected
by transformation of an acid phosphatase deficient yeast strain

using plasmid pools of the above library.

(3) Plasmids containing an acid phosphatase gene are isolated from
the transformed yeast and amplified by transforming back inte 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 phosphatase deficient yeast
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 clone is isolated, digested
with suitable restriction endonucleases and the fragments are recloned

into an appropriate yeast vector.

(5) DNA fragments containing a yeast acid phosphatase gene can be
identified by transforming yeast acid phosphatase deficient yeast
strains with 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.
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(6) DNA sequencing of the identified fragments serves to locate the
promoter regions, the acid phosphatase protein coding regions and,
additionally, the restriction site(s) which may be useful in further
processing, fur example, for cutting off DNA sequences which are not

necessary for promoter function, with restriction endonucleases.

Dependingon the choice of the restriction endonucleases, the DNA frag-
ments containing the acid phosphatase promoter may also include at the
3' and 5' termini original flanking DNA sequences whichdo not affect the
promoter function and may be used as connecting sequences in the sub-
sequent cloning procedures. If desired, these additional seguences
can be shortened by digestion with a restriction endonuclease (if
possible) or with a suitable exonuclease, for example Bal3dl. In
addition, the fragments can be ligated to chemically synthesized
DNA linkers which preferably include the recognition sequence of an
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 construct a DNA
fragment which contains the yeast acid phosphatase promoter and part
or all of the adjacent signal sequence from the acid phosphatase
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-
tion may be used to control the expression of a yeast or a non-yeast

polypeptide coding region in a yeast hybrid vector,

2. Hybrid vectors containing yeast acid phosphatase promoters and
their preparation

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

coding region which is controlled by said promoter.
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The terms "vector", '"hybrid vector'"and "DNA sequences" used in

the present application relate in particular to double stranded DNAs.

However, single stranded DNAs are also comprised. Vectors and hybrid

vectors may be present in linear or, preferably, circular form.

A yeast acid phosphatase promoter is especially one of those described
in chapter 1 and refers preferably to the regulated acid phosphatase

promoter PHOS,

The yeast or non-yeast polypeptide coding region (gene) controlled by one
of the above promoters may be derived from genomic DNA or from cDNA pre-
pared via the mRNA route or may be synthesized chemically. The non-yeast
polypeptide coding regions (genes) originate from viruses, prokaryotic
cells or eukaryotic cells, including from higher eukaryotic cells, espe-
cially from human cells. When expressed in the host yeast cell, these
genes can provide for the productionof a wide variety of polypeptides
including glycosylated polypeptides, such as enzymes which canbe used,
for example, for the production of nutrients and for performing enzy-
matic reactions in chemistry, or non-enzymatic polypeptides, for

example hormones, polypeptides with immunomodulatory, anti-viral and
anti-cancer properties, antibodies, viral antigens, vaccines, clotting
factors and foodstuffs. For example, such genes code for

anylases, proteases, lysozyme, viral thymidine kinase, rennin,
B-lactamase, glucose isomerasej secretin, thymosin, relaxin,

calcitonin, somatostatin, human or bovine growth hormone, insulin,
luteinizing hormone, parathyroid hormone, adrenocorticotropin,
f-endorphin, melanocyte-stimulating hormone, 8-lipotropin, urogastronerl
interferon, such as human interferon, e.g. a human interferon-e or

-B polypeptide derived from human leukocyte, lymphoblastoid or
fibroblast cells, or human interferon-y; lymphokines, tumour necrose
factor; anti-rennin antibody, hepatitis A virus antigen, hepatitis B
virus (HBV) surface or core antigens, hepatitis non-A non-B virus
antigen, human histocompatibility antigens, food and mouth disease

virus antigen, influenza haemagglutinin, fowl pest virus haemag-
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glutinin; serum albumin, ovalbumin, thaumatin, eglins or plasminogen

activators.

A chosen polypeptide coding region may optionally include a

signal sequence or a part thereof. As indicated above, this can give
rise to a fused protein containing the PHO5 signal sequence or a
hybrid signal sequence containing part of the gﬂgé.signal sequence and
part of the signal sequence of the foreign polypeptide together with
the foreign mature polypeptide. In both instances, those combinations
are favoured which lead to the cleavage of the signal sequence upon

maturation of the foreign polypeptide.

Apart from an acid phosphatase promoter and a yeast or a non-yeast poly-
peptide coding region, the hybrid vectors according to the invention may
contain additional DNA sequence(s) which are inessential or less im-
portant for the function of the promoter, i.e. for the expression of the
polypeptide coding regioﬁ, but whichmay perform important functions,

for example, in the propagation of the yeast cells transformed with
sald hybrid vectors. The additional DNA sequence(s) may be derived from
prokaryotic andsor eukaryotic cells and may include chromosomal and. or
extra-chromosomal DNA sequences. For example, the additional DNA
sequences may stem from (or comsist of) plasmid DNA, such as bacterial
or eukaryotic plasmid DNA, viral DNA and/or chromosomal DNA, such as

bacterial, yeast or higher eukéryotic chromesomal DNA, Preferred

hybrid vectors contain additional DNA sequences derived from bacterial

plasmids, especially Escherichia coli plasmid pBR322 or related

plasmids, 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 autonomously
replicating segment {ars), are extrachromosomally maintained within the

yeast cell after transformation and are autenomously replicated upon
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mitosis. Hybrid vectors containiug sequences homologous to yeasr 2p
plasmid DNA can be used as well. These hybrid vectors will get
integrated by recombination into 2p plasmids already present within
the cell or will replicate autonomously. 2p sequences are especially
suitable for high-frequency transformation plasmids and can give rise

to high copy numbers.

In addition, the hybrid vectors according to the invention may include
a DNA sequence of a gene present in the host yeast chromosome (e.g,
PHO5), the promoter of which may be linked to the yeast or non~yeast
polypeptide coding region. By virtue of the homologous sequence the
whole vector can be stably introduced into the host chromosome by
recombination. Thus, during propagation the progeny cells will retain
the introduced genetic material even without selective pressure.

As to the selective gene marker for yeast, any marker'gene can be used
which facilitates the selection for transformants due to the pheno-
typic expression of the marker. Suitable markers for yeast are
particularly those expressing antibiotic resistance or, in the case
of auxotrophic yeast mutants, genes which complement host lesions.
Corresponding genes confer, for example, resistance to the antibiotic
cycloheximide or provide for preototrophy in an auxotrophic yeast

mutant, for example the YRA3, LEU2, HIS3 or IRPl gene. It is also

possible to employ as markers structural genes which are associated
with an autonomously replicating segment providing that the host to

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

Advantageously, the additional DNA sequences which are present in the
hybrid vectors according to the invention may also include a replica-
tion origin and a celective 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
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in a yeast hybrid vector: Firstly, large amounts of hybrid vector
TNA can be obtained by growth and amplification in E. coli and,
secondly, the construction of hybrid vectors is conveniently done in
E. coli making use of the whole repertoire of cloning technology

based on E. coli. E. coli plasmids, such as pBR322, con-

tain both E.coli replicationorigin and £.coli genetic markers confar-~

ring resistance to antibiotics, for example tetracycline and ampicillin,

and are advantageously enployed as part of the yeast hybrid vectors.

The additional DNA sequences which contain, for example, replication
origin and genetic markers for yeast and a bacterial host (see above)
are hereinafter referred to as "vector DNA" which together with the
acid phosphatase promoter and the yeast or non-yeast polypeptide coding

region is forming a hybrid vector according to the invention.

The hybrid vectors can be prepared by methods known in the art, for
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.

Conveniently mapped linear or, preferably, circular vector DNA, for
example bacterial plasmid DNA (see above), having at

least one restriction site, preferably two or more restriction sites,
can be employed. Advantageously, the vector DNA already contains
r2piication origins and gene markers for yeast andsor a bacterial host.
The vector DNA is cleaved using an appropriate restriction endonuclease.
The restricted DNA is ligated to rhe DNA fragment containing the acid
phosphatase promoter and to the DNA segment coding for a yeast or non-
yeast polypeptide. Prior to or after linking of the promoter and the
polypeptide coding region (or simultaneously as well), it is also
possible to introduce replication origins and or markers for yeast or

a bacterialhost.Atallevents,therestrictionandannealingconditions

are to be chosen in such a manner that there is no interference with
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the essential functions of the vector DNA and of the promoter, The
hybrid vector may be built up sequentially or by ligating two DNA

segments comprising all sequences of interest.

Various techniques may be used to join DNA segments in vitro.

Blunt ends (fully base-paired DNA duplexes) produced by certain
restriction endonucleases may be directly ligated with T4 DNA ligase.
More usually, DNA segments are linked through their single-~stranded
cohesive ends and covalently closed by a DNA ligase, e.g. T4 DNA
ligase. Such single-stranded "cohesive termini" may be formed by cleav-
ing DNA with another class of endonucléases which produce staggered
ends (the two strands of the DNA duplex are cieaved at different
points at a distance of a few nucleotides). Single strands can also

be formed by the addition of nucleotides to blunt ends or staggered
ends using terminal transferase ('homopolymeric tailing') or by simply
chewing back one strand of a bfunt-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 chemically synthesized linker DNA which contains a recogni=-
tion site for a staggered-end forming endonuclease and digesting the

resulting DNA with the respective endonuclease.

In order to be efficiently expressed, the gene coding 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
DNA segment comprising the promoter with the polypeptide coding region
has to be achieved in the proper orientation. If two orientations are
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
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restriction endonuclease and re-ligating the gene with the hybrid
vector fragmant. In any case improper orientation can be avoided by
ligating two DNA segments each with different restriction sites at
their ends. Furthermore, the construction of the hybrid vector should
be done in such a way that it allows correct transcription initiation
and termination. As to the latter point, the transecript should
preferably end in a DNA sequence derived from yeast chromosomal

DNA or yeast 2p plasmid. Advantageously, the transcript ends in a
DNA sequence containing transcription termination signals of

a yeast gene, e.g., of PHO5 or PHO3. Secondly, a proper reading frame

must be established. Ordinarily, the nucleotide sequence of both pro-
moter region and polypeptide coding region is known prior to ligation
or can easily be determined (e.g. (15)) so that there are no problems
in establishing the correct reading frame. In addition, specific second-

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 regiom, for example,
when using the PHO5 promoter, within a stretch of about 40 bp
between the major PHO5 mRNA start and the ATG of the PHOS acid phos-
phatase coding region. For a junctiom in this region the foreign
coding sequence should have its own ATG for tramslation initiation,
or else it has to be provided by an additional synthetic oligonucleo-

tide.

Since many polypeptides of higher organisms are primarily expressed as
pre-polypeptides consisting of signal peptides attached to the
N-termini of the mature polypeptides, it may be useful to include a
signal sequence 1in the gene insert. Suitable signal sequences are those
naturally linked to the polypeptide gene to be expressed or to the
acid phosphatase promoter. Alternatively, fused signal

sequences may be constructed by ligating part of the ac%d phosphatase

signal sequence with part of the polypeptide signal sequence. If the
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direct expression of a mature polypeptide is desired, signal sequence:
or parts thereof optionally following the promoter region or ontiomaliy

preceding the mature polypeptide coding region have tobz eiimiratad, tor

.+

example by digestion with an exonuclease, e.g. with Bal3l.

Intermediate products, such as vectors still Tacking one or more
essential functions, as well as the final hybri. vectors according

to the invention may be transformed into a bacterial host, especially
E. coli, for the above reasons (e.g. production of large amounts of
intermediate products and hybrid plasmids, respectively). Bacterial
vectors, such as the E. coli plasmid pBR322 and those fragments
thereof which contain a bacterial replication origin and gene marker(s)
are the most preferred vectors for that reason. When using such a
bacterial vector, the final steps for the preparation of the yeast
hybrid vectors preferably also include the introduction of a genetic

marker and a replication origin for yeast.

DNA segments, which may be inserted into the bacterial veccor in
order to produce the hybrid vectors according to the invention, such
as an autcnomously replicating segment (ars, cf. (4)), sequences of
yeast 2p plasmid (2} or yeast marker DNA (cf. 16), can be isolated
from yeast chromosomal DNA and yeast 2y plasmid DNA, respectively,
in a conventional manner. The gene coding for a yeastor anon-yeast
polypeptide may be isolated from chromosomal or extrachromosomal DNA,

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

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

In a preferred embodiment of the invention, the method for the
preparation of the hybrid vectors comprises the steps of

(1) constructing a yeast gene 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
biologically functional, in particular an intact replication origin

and selection marker containing fragment thereof,
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(3) inserting into said plasmid a genetic marker for yeast, such as the TRP1

gene, and a yeast replicationorigin, such as a chromosomal autonomous ly
replicating segment or alternatively yeast Zp plasmid sequences
into an appropriate restriction site,

(4) inserting a DNA segment coding for a yeast or a non-yeast poly-
peptide, such as human interferon or HBV surface antigen, in such
a manner that the acid phosphatase promoter controls said poly~
peptide coding segment, and

(5) optionally inserting a DNA sequence containing transcription

termination signals of a yeast gene, e.g. of PHO5, downstream from

the polypeptide coding region.

It is likewise possible to alter the order of steps, such as steps 3 to 3,
for example, by first introducing the polypeptide coding segment and
subsequently inserting the genetic marker and the replication origin

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

Prior to inserting a gene marker for yeast, a yeast replication origin
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.

Especially, the DNA segment coding for a yeast or non-yeast poly~-
peptide is joined to the acid phosphatase promoter (step 4) in the
region between the major acid phosphatase mRNA start and the ATG

of the acid phosphatase coding region. Optionally, a synthetic linker
containing an appropriate restriction site is introduced to allow a

Junction between said DNA segment and the acid phosphatase promoter.

Intermediate 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 (3),

wherein the acid shosphatase promoter is preferably terminated in the

region between the major acid phosphatase mRNA start and the ATG of
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the acid phosphatase gene and-or, optionally, a synthetic linker con-
taining an appropriate restriction site is introduced to allow the

iusertion of a DNA segment coding for a yeast or non-yeast poalypeptide.

3. Transformation of yeast with hybrid vectours containing yeast

acid phosphatase promoters

Another aspect of the present invention involves a process for the

production of transformed yeast cells capable of producing veast or non-

yeast polypeptides, which processcomprises transforming yeast with any

of the hybrid vectors described in chapter 2.

Useful yeasts include species of 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 accomplished
by procedures known from the literature, e.g. according to the method
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 (spheroplasts) with the
transforming DNA in the presence of PEG (polyethyleneglycol)
and Ca2+ ions.

(3) Regeneration of the cell wall and selection of the transformed

cells in a solid layer of agar.

Preferred methods:

ad (1): The yeast cell wall is removed enzymatically using various
preparations of glucosidases, such as snail gut iuices (e.g.
Glusulase™ or Helicase™~) or enzyme mixtures obtained from micro—
organisms (e.g. Zymolyase R) in osmotically stabilized solutions

(e.g. 1 M sorbitol).
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ad (2): The yeast spheroplasts aggregate in the presence of PEG and

local fusions of the cytoplasmic membranes are induced. The generation

of "fusion~like" conditions is crucial and many transformed yeast
cells will become diploid or even triploid during the process of trans=-

formation. Procedures which allow selection of fused spheroplasts can
be used to enrich for transformants, i.e. transformed cells can easily

be screened for among preselected fusion products.

ad (3): Since yeast cellswithoutcellwallch:notdividethecellwathas
to be regenerated. This regeneration is conveniently done by embedding
the spheroplasts into agar. For example,molten agar (about 50°C) is
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
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 agar is prepared in a way to allow
regeneration and selection of transformed cells at the same time.
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) regeneration
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,
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If the hybrid vector does not contain any marker gene the transformed
cells can also be identified by means of alternative methods. Such
metheds include, for example, in situ hybridization with a labeled
DNA fragment homologous to sequences of the hybrid vector (e.z. accord-
ing to Hinmnen et al, (1)), in situ immunoassays provided that the
antibody of the product of the introduced gene is available, or other

screening methods which measure gene products encoded by the trans-

forming plasmid(s).

Alternatively, the yeast can be co-transformed with a hybrid vector
according to the invention and a second vector containing a genetic
marker for yeast. If the two different vectors have DNA sequences in
common (these can be bacterial sequences present on the vectors),

recombination can take place leading to a fused selectable hybrid

molecule,

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

non-yeast polypeptide coding region.

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

peptide synthesis

To a vary’.ag extent, yeast cells transformed with autonomously repli-
cating plasmids, for examplé, plasmids containing yeast 2p plasmid
ONA, tend to lose the introduced hybrid plasmid (cf. (16)).

For this reason, such yeast cells have to be grown under selective
conditions, i.e. conditions which require the expression of a plasmid-
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 minimalmediadeficient in the corresponding
amino acid or purine base. However, some genes conferring antibiotic
resistance may be used as well (e.g. genes conferring resistance to
cycloheximide or to the amino-glycoside G 418 (21)). Yeast cells

transformed with vectors containing antibiotic resistance genes may
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whereby faster growth rates and higher cell denzities can be reached,

Yeast cells transformed with DNA integrating into the chromosomes do
not require selective growth conditions. These transformed cells

are sufficiently stable to allow growth without selective
pressure. For the above reason, these cells are advantageously grown

in complex media.

Yeast cells containing hybrid plasmids with a constitutive acid phos-
phatase promoter (e.g. PHO3) express the yeast or non-yeast protein
gene attached to said promoter without induction. However, if the

yeast or non-yeast protein gene is under the control of the regulated
acid phosphatase promoter PHO5, 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

phosphate for derepression of the PHOS 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,

comprising the steps of

(1) culturing a yeast strain transformed with a hybrid vector con-
taining a yeast acid phosphatase promoter and a yeast ora 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
are cultured in a liquid medium containing assimilable sources of

carbon and nitrogen and inorganie salts.
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Varicus carbon sources can be used. Examples of preferred carbon
sources are assimilable carbohydrates, such as glucose, maltose,
mannitol or lactose, or an acetate, which can be used either alone or
in suitable mixtures. Suitable nitrogen sources include, for example,
amino acids, such as casamino acids, peptides and proteins and

their degradation products, such as tryptone, peptone or meat
extracts, furthermore yeast extract, malt extract, corn steep

liquor, as well as ammonium salts, such as ammonium chloride,
sulphate or nitrate, which can be used either alone or in suitable
mixtures. Inorganic salts which may be used include, for example
sulphates, chlorides, phosphates and carbonates of sodium, potassium,

magnesium and calcium.

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

growth include, for example, trace elements, such as irom, zine,

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
survive in a medium supplemented with the antibiotic substance whereas
cells which have lost said hybrid plasmid as well as contaminating
antibiotic-sensitive microorganisms will not. If the hybrid plasmid
contains a gene providing for prototrophy in an auxotrophic yeast
Zutant, e.g. the LEU2 or HIS3 gene, a selection pressure can be
exerted by omitting the gene product, such as leucine or histidine, in

the nutrient medium.

~
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If the cultured yeast strain has been transformed with a hybrid plasmid
containing the regulated acid phosphatase promoter PHOS, the content of
inorganic phosphate must be reduced in the nutrient medium after the

pre-culture phase in order to ensure maximum levels of mRNA transcripts

and, consequently, maximum yields of polypeptides.

The cultivation is carried out employing conventional techniques,

The culturing conditions, such as temperature, pH of the medium and
fermentation time are selected in such a way that maximal levels of
polypeptides are produced. A chosen yeast strain is preferably grown
under aerobic conditioms 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, preferably until maximum yields of polypeptides

are reached.

Afrer the transformed yeast cells have been grown to a satisfactory
cell density, the first step for the recovery of the expressed poly=
peptide consists in liberating the polypeptide from the cell interior.
In most procedures the cell wall is first removed by enzymatic diges-

tion with glucosidases (cf. section 3). Subseqguently, the resulting

spheroplasts are treated with detergents, such as Triton, Alterna-
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tively, mechanical forces, such as shearing forces (for example
X-press, French press) or shaking with glass beads, may be used to
break cells. The resulting polypeptide mixture can be enriched for
the desired Polypeptide by coaventional means, such as precipitation
with armonium sulphate or trichloroacetic acid, gel electrophoresis,
dialysis, chromatography, for example ion exchange chromatography,
size-exclusion chromatography, HPLC or reverse phase HPLC,

The final purification of the pre-purified product can be achieved,
for example, by means of antibody affinity chromatography. In principle,
the purification steps (except the lysis of the cells) can be accom-
plished according to the method of Staehelin 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 fdllowing steps:
(1) 1lysis of the yeast cells with glucosidase,
(2) treatment with a detergeant,

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

with polyethyleneimine,

(4) precipitation of the polypeptides by saturating the solution with
ammonium sulphate,

(5) dialysis in an appropriate buffar mixture,
(6) column chromatography on DEAE-cellulose,
(7) affinity chromatography on a monoclonal antibody column, and

R
(8) molecular sizing on a suitable SephadexC:l-column.

In order to obtain a sufficiently pure product additional purification
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,



In the case where the desired polypeptide is secreted by the yeast
cell into the periplasmatic space, a simplified protocol can be szod:
The polypeptide may be recovered without cell lysis by enzymatic re-
moval of the cell wall or by treatment with chemical agents, e.g.

5 thiol reagents or EDTA, which give rise to cell wall damages
permitting the polypeptide to be released. In the case where the poly-
peptide is secreted into the culture broth, it can be recovered

directly therefrom.

The polypeptides obtainable according to the present invention are

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 proteolytically

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

prised by the present invention.

The invention concerns furthermore polvpeptides 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.
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Brief description of the drawings

In the following experimental part various embodiments of the present
invention are described with reference to the accompanying drawings

in which:

Figure 1 is a partial restriction endonuclease map of the plasmids
pJDB207PHOS, PHO3 and pBR322/PH05Bam-<a1 used as sources of the PHOS

gene or for DNA sequencing, respectively,
Figure 2 shows the localization of the PHOS and the PHO3 acid phospha-~
tase genes within a 5.1 Kb BamHI fragment isolated from a yeast gene

library.

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(81) and p3OIFN2'CBi).

Figure 5 illustrates the ligation of the PHOS promoter DNA with the
IFN—Bi CDNA in the construction of plasmid pBOIFNl(Bi).

Figure 6 schematically illustrates the construction of plasmid

pJDB207,/IFN2" (8)).

Figure 7 is a schematic outlinpe of the construction of recombinant

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

containing human lymphoblastoid IFN cDNA.
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Figure 10 to 14 provide the DNA and cerresponding amino acid

sequences of the cDNA inserts of the plasmids CG-pBR322/HLycIFN-1'D,
—Bl, —41, —81 and —51.

Figure 15 depicts the construction of the plasmid CG-pBR(AP),/LyIFN-a-1
and figure 16 shows the DNA and the amino acid sequences of its cDNA

insert.

Figure 17 depicts the construction of the plasmid CG-pBR(AP),/LyIFN-u-3
and figure 18 shows the DNA and the amino acid sequences of its

cDNA insert.

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

Figure 20 is a schematic outline of the construction of plasmid p3l

containing a PHO5 termination fragment.

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

transcription termination fragment.

Figure 22 is a schematic outline of the construction of plasmids

p31/IF1(51), p31/IF2(51), p31/IF3(51) and p3l/IF2(1'b).

Figure 23 is a schematic diagram showing the comstruction of the

plasmid p31/IF(81).

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 PHOS promoter

and HBVs coding region fusion point in plasmid pBR322/PHO5/HBVs.

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

expression plasmids pJDB207./PHO5/KEBVsAl4 and pJDR207,PHO5HEVsAl4t,
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Figure 27 is a schematic diagram showing the construction of the

yeast expression plasmids pJDB207./IF2(1't)A and pJDBZO?/IFZ(Sl)A72.

Figure 28 displays the nucleotide sejuences of plasmids pJDB2O7/IF2(51)
A72 and pJDBZO?/IFZ(Sl)ASZ around vhe XhoI junction between the 3'
nontranslated region of IFN-5, and the PHOS5 transcription termination

region.

Figure 29 is a schematic diagram showing the construction of plasmid
CG-pBR322/HLycIFN(a~3)-252,

Figure 30 shows the structures of plasmids CG~pBR322/HLycIFN{(a-2)-261
and CG-pBR322/HLycIFN(a-1)-258.

Figure 31 displays a schematic outline of the process for deleting
the PHOS signal sequence in éxﬁression plasmid p3l and specifically

shows the construction of plasmid p31/R.

Figure 32 schematically shows the collection of clones obtained in the

process outlined in fig., 31,

Figures 33 and 34 display the nucleotide sequences of the BamHI-EcoRI
restriction fragments containing the PHO5/R and PHOS5,Y promoter

regions,

Figures 35 to 37 schematically display the process of inserting
IFN~a-3, -a-2 and -a-1 DNA into plasmid p31.R.

Figure 38 is a schematic diagram showing the construction of plasmid

pJDB207R/IF (a~3),

The following Examples serve to illustrate the present invention but

should not be construed as a limitation thereof.
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Experimental part

The following abbreviations are used in the Examples:

EtBr: ethidium bromide
BSA: bovine serum albumin
DTT: l,4-dithiothreitol (1,4~dimercapto-2,3~butanediol)
EDTA: ethylenediaminetetraacetic acid
SDS: sodium dodecyl sulphate
TNE: solution containing 100 mM NaCl, 10 mM TrissH<1
(pH 7.5), and 1 mM EDTA.
TriseHC1l;:: . tris-(hydroxymethyl)-aminomethane, pH adjusted with HC1
PMSF: . phenylmethanesulphonylflucride
TE: solution containing 10 mM Tris+HCl (pH 7.5) and
1 mM EDTA

Example 1: Construction of a yeast gene library

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 methylase (New England Biola%s) in
250 pl of EcoRI methylation buffer as reccmmended by the supplier.
DNA is precipitated by ethanol, resuspended in 500 ul of 25 mM
Tris+HCl pH 8.5, 2 mM MgClz (EcoRI* buffer) (24) and digested with
EcoRI (Boehringer) until the size distribution of the DNA frag-
ments has a maximum in the 30-50 kb range (a Xhol digest of ADNA
provides appropriate 33 kb and 17 kb markers). The yeast DNA di-
gested under EcoRI* conditions is size-fractionated om a sucrose
gradient (5-207 sucrose in 10 mM TriseHCl pE 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 «f this fractionm

(3 mg) is precipitated with ethanol and ligated for 16 hours at
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15°C in a total volume of 15 Ml to 1 pg of cosmid vector pyel

(25), linearized by EcoRI, Ligarion iz carried out with 300 ¥ T4
DNA ligase (New England Biolabs) using the buffer Sysiew described
by the supplier. The DNA is nackaged in vitro into bacteriophage A
(26) and the assembled phages are used to transduce E. coli strain
HB101 (E;, m;, 133-, 253-, ffﬁé—)' The efficiency of transduction is
about 5000 ampicillin-resistant colonies per pg of pYcl vector,

3000 ampR colonies are picked and grown individually in the wells

of microtiter dishes in LB medium [10 g Bacto-Tryptone (Difco),

5 g Bacto Yeast Extract (Difco), 10 g NaCl] containing 100 f4g-ml

ampicillin.

Example 2: Isolation of the regulated acid phosphatase gene PHOS

Replicas of the gene library are grown on LB agar plates (LB medium
Plus 15 g1 agar) containing 100 ug/ml ampicillin. The cell material
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 rpm, 4°C), resuspended in 100 ml TE (10 mM Trise HCI,
1 =M EDTA, pH 8.0) and centrifuged again under the above conditicns.
The cell pellet is resuspended in 3 ml Tsuc [50 mM Tris<dCl, pH 7.5,
25% (wr/v) sucrose] and transferred to SS-34 polypropylene Sorvall
tubes. All subsequent steps are carried out on ice: 0.3 ml of lyso-
zyme solution (10 mg-ml, purchased from Worthington, 11'000 U mg) is
added, after 5 min 1,2 ml EDTA (500 mM, »H 8.0), and after ancther

5 min 4.8 ml detergent [0.17% Tritonm X-100 (berck), 50 mM EDVA,

50 mM Tris+HCl, pH 8.0] are added. After 5 min the lysate is centri-
fuged in a precooled $S~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 (3igma)
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(final concentration ! mg /ml supermaiant) the solution is trans-
ferred to 13.5 ml Quick Seal polyallomer tubesz (Beckman) and
centrifuged in a Beckman Ti50 rotor for 40 hrs at 40'000 rpm. Two
fluorescent bands can be visualized with long wave UV (366 nm). The
lower band contains supercoiled plasmid DNA which is collected by
puncturing the tube from the side with a Z ml syringe (18G needle).
The echidium bromide is removed by extracting 5 times with equal
volumes of isopropanol (saturated with CsCl) and the product is
transferred to 30 ml Corex tubes. 2.5 volumes of TE is added and
the DNA is precipitated with ethanol. The solution is then kept for
12-15 hrs at ~20°C. The precipitated DNA is collected by centrif-
ugation in a Sorvall HB~4 rotor for 30 min at 12'000 rpm at 0°C

and redissolved in 200 ul of TE. 50~100 mg of hybrid plasmid DNA

are recovered from a 100 ml culture.

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

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

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
the components according to the recipe of Difceo {(Difco Manual,

Difco Laboratories, Detroit, USA) except that 0.03 g1 KHZPO4 plus

1 g1 KCl is used instead of 1 g~ 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
(Serva) and 0.2 mg/ml c-naphthyl phosphate (Serva}]. Colonies with

a functional PHO5 gene stain red upon derepression of the gene on

low Pi—medium. By repeated subpooling (17 ) of the gene library 3
independent clones exhibiting repressible acid phosphatase activity

are obtained.

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
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in pBR322/HIS3 (16) and pJDB207 (23 ) respect:ively. Restriction
digests are as recommended by the supplier (New England Biolabs) and
ligations are performed in 20 ul with 150 U T4 DNA Iigase‘(New
England Biolabs) and 20 ug/ml of the individual digested plasmids
5 (conditions as suggested by New England Biolabs). A 5.1 kb BamHI frag-
ment which is part of a 8 kb EcoRI fragment is subcloned in yeast
vector pJDB207 and, upon transformation of yeast st;ain AH216, this
hybrid plasmid (pJDB207-PHOS5,PHO3, see fig. 1) elicites high
phosphatase activity under derepressed (low F.-} conditions (PHO5 gene)
10 and low levels of activity in normal yeast mi;imal medium (expression

1. of the PHO3 gene),
Example 3: Localisation of the PHOS and PHOJ genes and DNA sequence

analzsis
4. lThe PHOS gene

15 For the localisation of PHO3 and PHOS5 within the BamHI fragment advan-

tage is taken of the pattern of Sau3A restriction sites and a

unique Pstl site. Digestion of the BamHI fragment with restriction
“endonuclease Sau3A (New England Biclabs) generates 6 fragments
(A-F, £ig. 2). Subcloning of a partial Sau3A digest into the BamHI
20 site of self-replicating yeast vector pJDB207 leads to plasmids with
different combinations of Sau3A fragments. These plasmids are then

used to transform the pho3, pho5 mutant yeast S. cerevisiae AH216. Trans-~

formants are checked for acid phosphatase activity after growth on either
low?, - or normal minimal medium plates. Clones containing at least Sau3A
25 fragments A and B (fig. 2, No. 1-4) express acild phosphatase at the
same level (qualitative estimates after overlayering with acid phos-
phatase staining agar, as described in Example 2) as the entires5.1 kb
BamHl 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 rot influenced by the inorganic phosphate concentration in
the medium. This indicates that information carried by the Sau3a

fragment A is sufficicnt for constitutive acid phosphatase (PHC3)
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expression. SaudA fragment B (fig. 2, No. 7) alone does not lead to
any expression of acid phosphatase under either repressed or de-
repressed conditions. However, a subclone with the complete se-
quence between the BamHI and Pstl sites (fig, 2, No. 10) shows regu-
lated, but not constitutive synthesis of acid phosphatase. This

subclone must therefore contain the yeast PHOS gene (16).

The exact lccalisation of the PHO3 gene is determined by DNA sequenc-
ing using the method of Maxam and Gilbert (15). A 623bp BamHI-Sall
restriction fragment is cloned into plasmid pBR322 (see fig. 1),
replacing the BamHI-Sall fragment which extends from position 375

to 650 (pBR322 nomenclature), using digestion and ligation conditions
as described above (all enzymes are from New England Biolabs). DNA
fragments of the BamHI-Sall DNA insert are asymmetrically labelled at
their 5' ends at the following sites: BamiI (- 541, Sau3A (-200) and Sall
(+82), (for numbering sée 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 PHOS

phosphatase protein coding region.

b. Tae PHO3 gene

The exact localisation of the EEQE 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')
fragment is subcloned in vectors MI3mp8 and M13mp9 (49), using unique
Pstl and Smal restriction sites. The nucleotide sequence of the

416 bp PstI-Rsal 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.
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Example 4: Construction of Plasmid p30 (see fig, 4)

a) Flimination of the Balf restriction site in plasmid pBR322

The scheme outlined in fig. 4 requires elimination of the unique Ball
restriction site in plasmid pBR322. 3 F& of pBR322 are digested to
completion with restriction endonucleases Ball (BRL) and Pvull (Bio-
labs) according to the recommendations of the suppliers. The BallL~
Pvull double digest of PBR322 results in two restriction fragments
of 3738 bp and 622 bp in size. The two fragments are separated on a
17 low melting agarose gel (Sigma) in TBE (90 mM Tris«HCl pH 8.3,

2.5 mM EDTA, 90 mM boric acid) buffer. The DNA bands are stained
with ethidiumbromide and visualized under long wave UV light at

366 nm. The piece of agarose containing 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 phenol (equilibrated
with 10 mM Tris<HCI pH 7.5, 1 = EDTA, 500 mM NaCl) is added, The
aqueous phase is reextracted tyice with phenol and once with
chloroferm. The DNA is precipitated with 2.5 volumes of cold absolute
ethanol and collected by centrifugation. The DNA pellet is washed
with cold 80% ethanol and then dried in vacuum. The DNA is resuspend-

ed in TE at a concentration of 0.15 mg/ml.

The isolated 3738 bp DNA fragment has two blunt ends resulting from
the Ball and PvuII 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 TrissHCLl pH 7.5, 10 mM MgClz, 10 mM DTT,

4 mM ATP, and 900 U of T4 DNA ligase (Biolabs)}, 5 Ml aliquots of the
ligation mixture are added to 29 pl of caleium treated, transforma-
tion competent E. coli HB1O1 cells, prepared by the method of Mandel
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 agor plates containing 100 pg/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 pgml ampicillin. Plasmid DNA is
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prepared from the cells using the precedure described in Example 2.
Restriction digests with HaeIIl (purchased from Biolabs, digestion
conditions as suggested by supplier), PvuIl and Ball of the plasmids
are analyzed on a 1.5% agarose gel in TBE buvffer. The restriction
pattern and the predicted size of the newly formed junction frag-
ment indicates that the plasmids are identical and contain all of
the pBR322 sequences except for the Ball - Pvull fragment. These
plasmids lack the Ball restriction site and are referred to as

pBR322aBall.

b) Cloning of a yeast 5.1 kb BamHI restriction fragment containing
PHOS and PHO3 into pBR322ABall

pJDB207/PHOS5,PHO3 (see fig. 1) contains a yeast 5.1 BamHI imsert with

the genes for regulated and constitutive yeast acid phosphatase (PHO5

and PHO3). pJDB207/PHO53,PHO3 as well as plasmid pBR322ABall are di-
gested with restriction endonuclease BamHI. After complete digestion
the enzyme is inactivatea for 2 min at 65°C. Both DNAs are precipi-
tated by ethanol and resuspended in 10 mM Tris<HCl pH 8.0 at a con~
centration of 0.2 mg/ml each. 0.5 pg of each of the two BamHI-di-
gested DNAs are combined and ligated in 20 ul of ligation buffer

(as suggested by New England Biolabs), containing 300 U of T4 DNA
ligase, for 20 hrs at 15°C. 5 ul aliquots of the ligation mixture
are added to 50 ul of calcium-treated E. coli HBLOL cells and
transformation is carried out as described in Example 4a. The trans-
formed E. coli cells are tested for their resistance towards ampi-
cillin and tetracyclin, Eight ampR, tets colonies are isclated and
grown in 100 ml of LB medium containing 100 pg-ml of ampicillin,
Plasmid DNA is isclated from the cells (see Example 2). Restric-
tiondigests with Bamdl show that 4 plasmids contain a 5.1 kb insert
besides the 3.7 kb vector fragment (pBR322ABalIl). Restriction di-
gests with Sall (New England Biolabs) 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 transcription of the PHOS, PHO3 geres in the 5.1 kb

ingert is anticlockwise as indicated in figure 4.
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Example 5; Insertion of foreign;ggﬁ into p30 (see fig. 4)

a) Isolation of a 3.9 kb Ecoil-sail fragment of p30 {fragment A)

10 pg of p30 DNA are digested with restriction endonuclease Ball.
After extraction with phenol/chloroform, the DNA is precipitated with
ethanol. The DNA is resuspended in 100 jul TE buffer. The restriction
fragments are separated on a preparative 0.87 low melting agarose gel
(Sigma). A 5.1 kb fragment, containing the vector part of p30 is
eluted from the gel as described in Example 4a. The DNA is purified
by adsorbing the DNA on a DE52 (Whatman) ion exchange column in a

low salt buffer (150 mM NaCl, 10 mM Tris sHC1 PH 8.0, 1 mM EDTA) and
then eluting it with a high salt buffer solution (1.5 M NaCl, 10 mM
Tris«HCl pH 8.0 and 1 mM EDTA). The DNA is precipitated with ethanol
and then further digested with EcoRI (Boehringer). The 3.9 kb EcoRI~
Ball restriction fragment is again separated on a preparative 0,87
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-8i
(fragment B)

E.coli strain HB-101 CG—pBR322/HLycIFN-8i (see Example 10E) is grown

in 100 ml LB medium supplemented with 10 ug/ml tetracyclin and
plasmid DNA is isolated as described in Example2, NinepglofHLycIFN—Bi
DNA are completely digested with restriction endonuclease HaeIII.

The restriction fragments are separated on a preparative 0,87 low
melting agarose gel. A 940 bp HaeIlI fragment is cut out and eluted
from the agarose gel as described in Example 4a, The DNA is purified
on DE52 as described in Example 5a and then further digested with
EcoRI. The 602 bp EcoRI-HaeIIT fragment is again separated on a
pPreparative 0.87 low melting agarose gel, recovered as described in
Example 4a and ethanol precipitated. This DNA fragment is called

fragment B.
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c) Ligation of fragments A and B (gae fig. 5)

The two restiiction fragments can be ligated enzymatically via the
EcoRI sticky ends and the blunt ends of Ball and HaeIIl respectively,
thus creating a circular molecule with a unique EcoRI site and a
BalI-HaeIIl junction which is cleavable with HaeIlI (but not with
Ball),

The ligation is carried out in a buffer system containing 60 mM

Tris*HC1l pH 7.5, 10 mM MgCl 10 mM DTT, 4 mM ATP, 300 units of

2’
T4 DNA ligase for 16 hrs at 23°C at a DNA concentration of 20 xg/ml

of fragment A and 3 ug/ml of fragment B in a total volume of 10 sl

d) Transformation of E. coli HB10l with the ligated fragments

2 pl aliquots of the ligation mixture (see Example 5¢) are added
to 50 pl of calcium-treated E. coli HBIOL cells (see Example 4a).
The mixtures are then plated on LB agar plates supplemented with
100 pg/ml ampicillin. The plates are incubated at 37°C for 16 hrs.
About 300 ampicillin resistant colonies of E. coli HBLOl are pre-
pared. Plasmid DNA from eight ampicillin resistant colonies is
isolated, analysed and their structure is determined by comparing
the mobility of the restriction fragments obtained after cleavage
with EcoRI and HaelIl with standard DNA [bacteriophage A DNA di-
gested with HindIII (New England Biolabs), p30 plasmid DNA digested
with HaeIIl and EcoRI]. After verification of the structure of the
junctions, 5 plasmids are cbtained which have the correct structure.
One of these plasmids containing the PHOS promoter linked to the

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

p301FN1(8i).

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

ligation into plasmid P3OIFN1(8il
In order to facilitate the ligation reaction the 1.5 kb EcoRI restric-

tion fragment is purified. Piasmid Yrp7 (4 ) is cut with EcoRlL,
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the two fragments obtained are separated on a 0.87 agarose gel and

the 1.5 kb fragment containing a yeast autoncmously replicating

segment and the yeast IRP]l gene is purified and isolated as describ-

ed in Example 4a. Ligation is carried out (as suggested by New England
Biolabs) with 20 ug-/ml of EcoRI cut pBOIFNl(Si) and 10 pg/ml of the 1.5 kb
EcoRI restriction fragment from Yrp7; 100 units of T4 ligase are

used,

b) Transformation of E. coli JA 194 with the ligated fragments

Plasmids containing the TRP1 yeast gene are directly selectable by

transformation of the E. coli trpC mutant strain JA 194 (EEPC, leuB,

B1). The E. coli trpC gene codass for the E. coli N-(5"~phosphorihosyl) -

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

the yeast TRP1 gene (4). Transformation of E. coli strain JA 194 is
carried out as described for E: coli HB101 (see Example 4a) except for
the following modification: before plating the 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 once with E. coli M9 minimal medium
(30) and plated onto M9 minimal medium plates supplemented 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 pretotrophic

E. coli colonies are recovered.

¢) Isolatlon and characterization of hybrid plasmids

Trp colonies are purified on LB plates supplemented 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, HindIII, PstI and BglII (Biolabs)., Two different types
of plasmids are obtained which contain the 1.5 kb EcoRI restriction
fragment in the two possible orientations (see fig. 4). They are

named pBOIFNZ(Si) and p3OIFN2'(8i) as indicated in figure 4,



10

15

20

25

30

- 19 -

Example 7: Transformation of Saccharcmvces cerevisiae RHS71 and

induction of interferon prnduction

Plasmids pBOIFNZ(Si) and pBOIFNZ'(Bi) are each intvoduced into Saccharo-

myces cerevisiae strain RH971 (a, ctrpl, leu2, his4) in analogy as

described by Hinnen et al.(1).0ne pg of plasmid DNA is added to 100 Ml of
a spheroplast suspension and the mixture is treated with polyethylene
glycole as described (1). The spheroplasts are mixed with 10 ml regen-
eration agar and plated onto yeast minimal medium plates without

leucine. After incubation for 3 days at 30°C, about 1000 transformed

cells are obtained.

One single yeast colony from the yeast transformation plates [named

Saccharomyces cerevisiae RH971/p301FN2(8£) and /p3OIFN2'(8i)

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
of about 2—3x107 cells/ml. The cells are washed once with 20 ml of
10W?Pi minimal medium. Tﬁree ml of the resuspended cells are used to
inoculate 300 ml low—Pi minimal medium 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
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—2:<107 cells/ml (26-30 hrs of incubation).

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

interferon titer

Cells from the 300 ml culture medium (see Example 7) at a density

of l—2x107/m1 are collected by centrifugation in a Sorvall GSA rotor
for 5 min at 8CC0 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, 17 (vv) Tritoggx-lO0,0.000lM PMSF (Merck)] and
transferred to a 30 ml corex tube. The suspension is centrifuged
agaln for 5 min in a Sorvall $$-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 m in

diameter) are added to the cells and the suspension is shaken on a
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Vortex Mixer {Scieantific Instruments Inc., USA) at full speed for
30 sec and then cocled for 1 min in an ice bath. This shaking
procedure 1s repeated 5 to 10 times until more than 907 of the
cells are broken (check under light microscope). Cell debris and
glass beads are removed from the solution by centrifugation for

10 min at 8000 rpm at 4°C in a Sorvall HB-4 rotor. The supernatant
is transferred to Eppendorf tubes, frozen in liquid nitrogen and
stored at -60°C, Interferon activity is determined 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 1.

Table 1

Interferon activity in Saccharomyces cerevisiae strain RH971 after

transformation with the recomblnant plasmids p30IFN2(8! ) and p30QIFN2' (8 )

respectively, and also with plasmid pJDB207-IFN2’ (8 ) (see Example 9)

Interferon activity expressed in
units/ml yeast cell extract

plasmid pBOIFNz(Si) P3OIFN2' (8]) ! pJDB207,/IFN2' (8])
repressed conditions 0 30 100

(normal phosphate content)

derepressed conditions 700 7000 50000 -
(low phosphate content)

Example 9: 1Insertion of the interferon gene into the high copy number

yeast Zp vector pJDB 207 (see Fig. 6)

Plasmid pBOIFNZ'(Si) is digested with restriction endonucleases HindIII
and BamHI according 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,
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Plasmid pJDB207 (28) is digested with restriction endonucleases Hind
III »nd BamHI. Three fragments are generated. The 6.5 kb restriction

fragment is separated as above.

0.3 mg of the 2.0 kb fragment (containing the PHOS promoter linked to
the interferon proteir coding regicen) is ligated for 15 hrs to the
6.5 kb vector fragment in a total volume of 20 ul using 300 U T4 DNA
ligase under conditions described by the supplier (Biolabs). E. coli
HB10l cells are transformed and ampicillin resistant colconies are
selected. The plasmid DNA is isolated and the correect structure of
the isolated plasmid DNA is verified by restriction digestions using
HindIII and BamHI, with pBOIFNZ'(Si) ahd pJDB207 digested with the
same enzymes as molecular weight standards., The new plasmid obtained

is called pJDBZOY/IFNZ'(Bi).

Plasmid PJDBZO7/TFN2'(3i3 is transformed intoc S.cerevisiae strainRH971

in analogy as described (1) selecting for leucine prototrophic colonies.

One single leucine prototrophic yeast colony [named Saccharomyces

cerevisiae RH97l/pJDB207/IFN2'(8i)] is picked and grown as described
in Example 7. The interferon titer is determined as described in

Example 8. The results are depicted in Table 1,
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Example 10: Production of F.coli strains transformed with recombinant
plasmids containing the coding regions for human lymphoblastoid

interferons

A. Isolation of poly(A) RNA enriched for HuIFN mRNA (Eisure 7)

a) Induction of the Namalwa cells

Namalwa cells are grown in culture medium RPMI 1640 containing 10%
fetal calf serum at 37°C. When a cell density of 3'106 cells/ml is
reached, the suspension is centrifuged at 800 x g for 10 minutes at
room temperature. The collected cells are resuspended in 200 ml of
culture medium containing glutamine (0.027%7 by volume), penicillin
(200 units./ml) and streptomycin (SO‘pg/ml). The cells are incubated
for 90 minutes at 37°C with Newcastle disease virus (NDV 110) at a
ratio of 1%0 HAU/106 cells (HAU: haemagglutination units). By adding
fresh culture medium the cell density is adjusted to 1.3-106 cells/ml
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-buffered
saline ("PBS"; 1 1 PBS contains 80 g NaCl, 2 g KC1, 1l4.4 g NaZHPOQ and
2z KHZPOA).Before harvesting the cells,asample is removed and the
interferon activity is detarmined according to the procedure of

armstrong (32) using human CCL-23 cells and vesicular stomatitis virus

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

b) Disruption of the cells and deproteinization

The cell suspensicn (6'109 cells in 50 ml PBS) is added at room
temperature to 800 ml lysis buffer consisting of 0.05 M Tris-lCl

(pil 7.5), 0.1 ¥ NaCl, 5 mM EDTA and 2Z SDS (ecryst. research srade,
Serva). The lysate is digested with 0.2 mg/ml of preincubated (2 h at
37°C) protcase (Protease P, type VI, Sigma) at room temperature for

1 h vhile stirring the solurion. The solution is deproteinized by
extracting 3 times with 300 ml phenol satured with TNE and 5 times
with 500 ml chloroform. 500 mg of nucleic acids are obtained as

measured by absorbance at 260 nm.
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¢) Removal of contacinating DNA and RNA

The slightly viscous aqueous solution obtained as descriled apove
(step Ab) is adjusted to 0.3 M NaCl and 1 g of oligo(dT) cellulose
(type 7, P~L Biochemicals) is added. After stirring for 30 min at

room temperature the suspension is centrifuged in 1 1 Sorvall bottles
in a Sorvall RC-3 centrifuge at 4000 rpm for 10 min at room temperature
and the oligo(dT) cellulose slurry is washed twice with 40 ml 2 x TNE
containing 0.57 SDS. The bound poly(4) RNA is then eluted by five
successive washes with 2.5 nl HZO' The yield is 720 pg poly(d) RNA as
determined by measuring the optical density. The supernatant RNA
solution from the first adsorption is adsorbed a second time to 1 g

of oligo(dT} cellulose and eluted as described above, yielding 320 Pt
poly(A) RNA. The eluates are pooled, adjusted to TNE and the poly(A)
RNA is precipitated with 677 ethanol at -20°C for 10 hours. The RNA

is collected by centrifugation at 10 000 rpﬁ 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 HulFN mRNA activity by injection into cocytes

of Xenopus laevis as follows:

50 nl of the RNA solution is injected into each of 20 oocytes. The
ooccytes are incubated in Barth medium ( 2 mM Tris, 88 m NaCl, 1 mM
KC1l, 0.33 mM Ca(NOB)z'HZO, 0.41 md CaClz'ZHZO, C.82 mM MgSOA'7H20,
2.4 mb NaHCO3, 0.01 mg/ml penicillin, 0.0l mg/ml streptomycin; the
solution is adjusted to pH 7.6 with lICl) according to Gurden (33),
Barth (34) and Colman et al.{35). The injected oocytes are incubated
for 42-48 hours and the incubation medium is removed, ceatrifused for
5 min in an Eppendorf centrifuge, and the supernatant is stored at
-20°C or -80°C until it is used for assay. The IFN activity 1is assayed
essentially according to Armstrong (32), except that VSV is used as
the challenge virus on Hep-2-cells (Tlow Laboratories). The oocyte
extract has a specific activity of 600 IU interferon per ng LNA in-

jected.



10

15

- 44 -

d) Enriching the poly(A) RNA for HuIFN mRNA
The poly(A) RNA is passed through a Chelex-100 column [ 200~400 wesh

(U.S. Standard), Bio-Rad] of 0.5 ml bed volume. The column is rinsed
with L ml of 1 mM EDTA.

The eluate (1 mg poly(A) RV¥A in 2 ml EDTA) is heated for 2 min at
100°C and subjected to centrifugation threugh a sucrose density gra-
dient ( 6 14 ml sucrose solutions increasing in sucrose coacen-
tration from 5% to 23% (m-v) and containing 50 mM Triss+HCl [pH 7.5],
0.2 M NaCl and 1 mM EDTA). The centrifugation is carriad out in a
TST 41 rotor (Kontroa AG) at 35 000 rpm for 15 h at 5°C. 0.3 ml
fractions are collected with an ISCO gradient collector. 2 volumes
of ethanol are added to each fraction and the solution is allowed

to stand for 10 h at -20°C. The precipitated mRMNA is collecred by
centrifugation (Sorvall, HB~4 .rotor at 0°C, 10 C0O rpm for 10 min) .
The pracipitate of pach fraction is redissolved in 25 ulof 1 mMEDTA
and each fraction is assayed for human IFN mava activity as described
above (step Ac), except that only 10 oocytes ars injected per RNA

sample ilastead of 20. The results are given in table 2.
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Tabie 2:

HulFN mBNA activity from fractions of sucrosc-deasity gradient.

fraction No. 1 IFN activity (uaits/ml)
1-18 =
19 162
20 162
21 | 162
22 162
- 23 not tested
24 ' 729
25 not tested
26 405
27 not tested
28 . 486
29 ' not tested
30 162
31 not tested
32 162
33 not tested
34 54
35-40 not tested

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

further as follows:

The pouiy(4) RrA solutlon is adjusted to 2 x TNE in 0.5% SDS and
applied on a ZOO’pl 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 HZO. The eluate is adjusted to TNE and the solu-
"lon is extracted twice with an equal volume of phenol (saturated in

THE) and tvice with an cqual volume of chloroform. The poly (A} RYA
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1s precipitated with 2 volumes of ethanol at -20°C for 10 hours and

collected by centrifugation in a 13-4 rotor as described before.

The poly(A) DNA is dissolved in 100 Ml of 0.5 mM EDTA. The vield is

40 ng as determined by measuring the optical density,
A portion of the poly(A) RNA is assayed for human IFN activity as
described above by using 20 oocytes per assay. The poly(A) RNA pre-

paration has a specific activity of 8100 IU interferon per ug RNA.

B. Preparation of double-stranded cDNA (figure 7)

Poly(A) RNA enriched for HuIFN mRNA (see step Ad) is used as a template
to prepare double-stranded cDNA essentially as described by Efstra-

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

a) Tirst strand synthesis

250‘pl reaction mixture containing 40 =M Trls-HCI (pH 7.5), 30 mi NaCl,
5 mM HOCIZ, 0.5 mM DIT {Calbiochem.), 1 mM dGTP, dCTP, dTTP (P-L Bio-
chemicals) and 1 mM 32P-dATP (Amersham, specific aétivity 50 000 c¢cpm
s/nmole), 20 ngsml olloo(dT)l2 18 (P-L Biochemicals), 40 ng/ml poly(a)
RNA and 100 units of avian myeloblastosis virus (AMV) reverse trans-
criptase (Life Sciences, Inc., St. Petersburg, Florida) are incubated
for 80 min at 37°C. The reaction is terminated by adjusting the solu-
tion to 10 mM EDTA and 0.1% SDS. The mixture is extracted once with

1 volume of phenol. The aqueous phase is reextracted with 1 volume of
chlorcform and applied on a 3 ml Sephadeégh-SO (Pharmacia, fine)
column. 0.1 ml fractions are collected. The radicactivity of cach
fraccion is determined by weasuring the Cerenkov radiation.'Radio—
active fractions are pooled 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 voter for 20 min at 10 000 rpm at 0°C. The precipitate
is dissolved in 95 ul of H20. 5 Ml of 10N NaOH is added and the

mixture is incubared at 25°C for 40 min. After neutralization with 5M
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acetic acid, 50 ul HZO and 2

sample is stored at =20°C for 10 hrs.

volimes of cihanol ave added and the
The precipitate is coilociod by
centrifugation as described before and redissolved in 200 nl of

0.1 m¥ EDTA. The yield of single-stranded cDNA is 3.7 Hz. The size of

the cDNA is 700-1500 nucleotides in length, as determined from its

electrophoretic mobility in a 62 pelyacrylamide gel in Tris-borate-

EDTA (108 g of Tris, 9.3 g of disodiim EDTA, and 35 g of boric acid per

one 1 solution of pH §.3) containing 7 M urea relative to marker DNAs of

known length (39).

b) Second strand synthesis and S. endonuclease digescion

1
The obtained cDNA solution is heated at 100°C for 90 sec, chilled and

incubated im a 400 pl reaction mixture comprising 0.1 M potassium
ju P g P

phosphate buffer (pH 6.9), 10 mM ‘MgCl 10 mM DTT (Calbiochem),

1 mM dATP, 1 mM dCTP, 1 mM dTTP (r-1, éiochemicals), 1 mM 3H*dGTP
(Amersham, specific activity %4 000 cpm/nmole) and 165 units./ml of
E.coli DNA pelymerase I (Biolabs, New England) for 8 h at 15°C. The
reaction is terminated by adding EDTA and SDS to final concentraticns
of iO mf and 0.1%, respectively. The mi:iture is extracted with phennl
and chloroform, chromatographed over Sephadeﬁgb-SO (Pharmacia, fine,

2 ml bed volume) and ethanol precipitatad as described zbove

(step Ba).

The resulting DNA is treated in a 50 ul incubation mixture containing
0.25 M NaCl, 50 mM sodium acetate (pH 4.5) and 1 mM ZnSO4 with 6

units of Sl endonuclease (P-L Biochemicels) at 37°C for 30 min. The
reaction is stopped with 0.1 7 SDS and 10 m EDTA. The reaction mixture
ls deproceinized with 1 velume of phenol (saturated in 30 mM sodium
Pratere, o 4.5) and chloroform. The agueous puase is chrematozraphod
on a 2 =l Sephadeggh-50 (Pharmacia, fine) column in TNE. lCO’ul

fractions are collected and the Cerenkov radiation of each fraction

w

is determined. The excluded fractions are pooled and the DNA is preci-
nitated 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

collectad precipitate is dissolved in g 100 ul sclution containing

O ol TrissBCl (pE 7.3) and 0.5 =00 EDTA. & Mg of DNA ave obrained.
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The DNA is fractionated through a sucrose density gradient (5-23 %)

In 50 mM Tris-HCLl (pH 7.5) and 1 o EDTA in g TST-60 rotor (Komtrom AG).
Centrifugation is carried out at 55 000 rpm for 5 h at 15°C, The DNA,
which sediments faster than a S00 base pair marker DNA, run in a
parallel gradient, is pooled, adjusted to TNE and precipitated with

67 7 ethanol at -20°C for 10 hrs, 0.4 ng double—strandeq cDNA are ob-

tained,

C. Preparation of pBR 322 - linked cDNA (figure 7)

a) Preparation of dCMP-clongated cDNA

The 3'~-termini of 0.1 +8 of the obtained ds cDNA are provided with
poly(dC) tails in a 10 ul reaction volume containing 100 mM sodium

cacodylate (pH 7.2), 2.5 mM CoClz, 50 pg BSA (Calbiochem.) per ml,

1 il dCTP and 10 units of terminal deoxynucleotidyl transferase

(P-L Biochemicals) per pg of ds cDNA. After incubation (20 min at

27°C), EDTA is added to 10 mM and the sample is stored at -20°C until

use.

b) Preparation of Pst T cleaved, dGP eloncated pBR 322

10 pg of pBR 322 plasmid DNA is digested with 10 units of Pst I endo-
nuclease (Biolabs) in a IOO‘pl solution containing 50 mM NaCl, 6 mM
Tris«HCl (pH 7.5), & mf MgClz, 6 mM 2-mercaptoethansl and 100 pgs/ml
gelatine for 1 hat 37°C. The sclution 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.

The lincarized plasmid DNA is elongated with dGMP in a 200 ul reaction
volume containing 100 mM sedium cacodylate (pH 7.2), 5 mM HgClz,
20 m NaHzPOA, 50 pz BSA per ml, 1 mM dGTP and 100 units of terminal
deovrnucleotidyl transferase (P-L Biochemicals). After incubation for
10 min at 37°C, EDTA is added to 10 mM and the rezetion mixture is

frozen ac -20°C uncil use.
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<) Arncaling of dGMP-clon~ated pBR 322 to dCiP-clonmated ds eNuA

A mixture of dCMP-elongated double-stranded cD¥A (0.1 Hg) and dCMP-

tailed lincarized pBR 322 (0.5 pg) in 500 pl TNE buffer is incubated

at 65°C for one hour, at 46°C for one hour, at 37°C for cne hour and at
5 20°C for one hour. The solution containing the pBR 322-linked cDNA is

Put on ice and used immediately for transformation.

D. Transformation of E. coli HB 101 with the annealed hybrid plasmid

Calcium treated E. coli HB 101 is prepared for transformation by the

method of Mandel et al. (29),

10 1o‘p1 of the reaction mixture containing the annealed pBR 322 hybrid
plasmid DNAs prepared as described above (step Cc) are added to a
mixture containing lSO,pl caleium-treated E. coli HB 101 in 10 mM
MgCl,, 10 m4 CaCl, and 10 mM Tris+HCl (pH 7.3) in a total volume
of 200 pt.

15 The mixture is cooled in ice for 20 min, heated to 42°C for 1 min
and incubated at 20°C for 10 min. L ml of tryptone medium {tryptone
medium contains 10 g Bacto-Trypton (Difco); 1 g yeast evtract (Difco);
l g glucose; 8 g NaCl and 294 mg CaC12-2 HZO in 1 1 of distilled
water) 1is 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
(*lc Conkey agar, Difco; 0,6 mlsplate) supplemented with 10 pg/ml of
tetracycline (Sigma). The plates are incubated at 37°C for 12-17 hrs.
about 3600 tetracycline resistant colonies of transformed T.coli HB

L0l are preparaed,

25 E. Identificorion of clones containing HuIFN cDNA

a) Synthesis of a 13-mer oligodeoxynucleotide primer {fizureg)

Anoligodeoxynucleotide complementary to a stretch of 13 nucleotides
which both MuIFN—al and HuIFN-8 mRNA share in common is chemically

synthesized Ly the phosphotviester method (cf. Itakura ot al. (40),
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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 didcoxynucleotides carrying protective groups) are
known from the literature. The protective groups are split off by the
methids described by Itakura et al.: the deblocking of 5'-monomethoxy-
trityl (M) or dimethoxytrityl (D) substituted nydroxyl groups is per=-
formed with acetic acid (80%) at room temperature, and the B-cyano-
ethyl phosphate groups are cleaved with 0.1 N sodium hydroxide in
dioxane-water (4:1) at room temperature. The condensation of the
building blocks is accomplished by using triisopropylbenzenesulfonyl
chloride as an activating agent to afford oligodeoxynucleotides up

to the fully protected 13-mer primer represented in line 7 of figure 8.
The last step (complete removal of all protective groups) is achieved

in the following manner:

A solution containing 64.6 mg of the fully protected 13-mer ovligodeoxy-
nucleotide in 3 ml dioxane and 1 ml acetonitrile is treated with 200 mg
syn-p-nitrobenzaldoxime and 124 mg Nl,Nl,N3,Nswtetramethylguanidine

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

veen evaporated in vacuo, the residue is dissolved in wvater,

adjusted to pH 4 with acetic acid and the solution is extracted 20
times with chloroform. The aqueous solution is evaporated in vacuo

and the residue is dissolved in 1 ml acetic acid (807). The solution

is allowed to stand for 1 hour, diluted with 6 ml water, extracted

3 times with chloroform and lyophilized. The third part of the raw
product obtained is purificd by chromatography on Dial-Sephadex A 25
(column size: 10+1.3 cm) through 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, vhich consists

of the pure product as indicated by a HPLC test, is evapcrated 3 times

_ , o
with water, filteved through 10 ml Dowex 50 W (NHa-salt) and
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iyephilized. HILC (permaphase AAX, column size 904+0.3 cm, £0°C,

2 ml/min; gradient: A = 0.005 M RH PO, B = 0.5 M Ril,P0,, 0.5 i KCI,

P 4.55 207 A —— 100% B in 30 min): tp 11.8 min,

b) Preparation of a 32P—1abeled human ITN-a and IFN-f specific cDUA

probe (ficure 9)

40 pmol of the synthetic 13-mer oligcdeoxynucleotide primer (cf. step
Ea) and 40 pmol of [Y-BZP]—ATP (5700 Ci*mmol_l, Amersham) are com-
bined in 100 Hl of 50 mM Tris<HC1 (pH 9.5), 10 mM MgC12 and 5 mM DTT,
50 units of T4 polyaucleotide kinase (P-L Diochemicals) are added

and after 30 min at 37°C additional 20 units of the enzyme are added,
and incubation is continued for another 15 min at 37°C. The aqueous
solution containing the 32?—1abeled primer is purified by phenol
extraction. Further purification is accoemplished by chromatography on
a4 ml Sephade§gh-5o (Pharmacia, fine) column in 1 mM TrissHCl

(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 oligodeoxyuucleotide is
obtained. The 32P—1abeled primer (40 pmol) is lyophilized, resuspended
in 91 pul of HZO coentaining 1A‘pg of poly(A) RNA (from induced Namalwa
cells, prepared as described in step A) and heated for 60 sec at
106°C. 9 pl of 4 M KCl is added and the mixture is incubated at 25°C
for 60 minutes. 450/ul reverse transcriptase mix is added such that
the reactilon volume comprises 40 mM TrissHC1 (ol 8), 4 mi MgClZ,
1 m¥ DIT (Calbiochem, Inc.), 74 mM KCl, 1 mM each of dATP, dGTP,
dCTP, dTTP (P-L Biochemicals) and 90 units of avian myeloblastosis
vizus (ANY) reverse transcriptase. The incubation s concinuad Cor
1 h ac 37°C. The solution is extracted with 1 volume of phenol
(saturated in TNE) and the nucleic acids are precipitated with 2
volumes of ethanol at -20°C for 10 h. The precipitate is collecred
by centrifugatiown (iB~4 rotor, 20 min, 10 000 rpm, 0°C) and dis-
solved in ZO/ul dye mix containing 907 (v/v) formamide (lerck, pro

analysis),l mx EDTA, C.057 bromo.phenol blue and 0.037 wylene cyancl
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blue. The sample is heated at 90°C for 2 min and applied on a 57 poly-
acrylamide gel in Tris-borate-EDTA (cf. Peacock et al. (39). A single
band is visible on the autoradiogram which migrates between the 267 bp
and 435 bp 32P-labelcd marker DNA fragments obtained from the Hae III
digest of the plasmid pPBR 322, The 32P-labeled cDNA fragment is
extracted from the gel and purified as described by ‘ueller et al.
(42). 20 000 Cerenkov cpm of the 32?—1abe1ed human IFN=-a and IFN-p

specific cDNA probe are obtained.

¢) Screening for colonies containing HuIFN cDN¥A (fiecure 9)

1650 of the transformant colonies prepared as described above {step D)
are transferred to nitroceliulose filters BA 85 (Schleicher & Schuell,
8 cm diameter). The cells are lysed and their DNA is denatured and
fixed to the filters in situ, acpording to Grunstein and Hogness (20).
The filters bearing the colonies are prehybridized in 4 x SET (a solu-
tion containing 0.15 M NaCl, 30 mM TriseHC1 (pH 8.0), 1 mM EDTA)

0.1% (wrv) Ticoll 400 (Pharmacia), 0.1%7 (wv) polyvinylpyrrolidone
(PVP-360,Sigma), 0.1% {v/v) BSA, 0.57 sDS, SO‘Pg/ml denatured calf-
thymus DNA (prepared as follows: 5 mg calf-thymus DNA (type I, Sigma)
1s boiled for 10 min in 0.5 M NaOH to shear the DNA, neutralized with
5 M acetic acid and precipitated with 2 volumes of ethanol at -20°cC,
The precipitate is collected by centrifugation in a HB-4 rotor for

10 min at 0°C and redissolved in SOO/pl 0.5 mM EDTA) at 65°C for 4h
using 20 ml mixtures per filter and hybridized with lO3 Cercnkov cpm
of the 32P—1abeled probe per nitrocellulose filter in 3 x SET, 0.02%
(w/v) Ficoll, 0.01% pelyvinylpyrrolidene, 0.027 (v.v) BSA, 0.2% sDS
and 52 pusul denatured calf-thymus DNA. The hybeidization is per-

formed at 65°C for 36 h.

The filters are rinsed once in chlereoform, twice in SET,0.5% SDS at
teom temperature and twice in SET, 0.57 SDS for 1 h at 60°C and
once with 3 Trizma base at room temperature for 1 h. The filters

are dried by blotting on 3 Ll-paper ("Matman), -nd an L-ray film
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(Fuji) is exposed to the filters using a screen (Ilford intensifying

scroen) at -80°C for 72 h.

Nine positive colonies are identified on the autcradiogram and are

used for further iuvestigation.

Since the primary clenes of transformed cells occasionally contain
more than one species of recombinant DNA molecules, the hybrid
plasmid DNAs are isolated from the 9 positively hybridizing clones

and used to retransform E. coli HB 10l as described Lefore.

The hybrid plasmid DNA is isolated as follows: 1 colony is used to
inoculate 10 ml of tryptone medium, supplemented with 10 Pg/hl 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 harvesced

by centrifugation (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
Tris«HC1l {(pH 8.0). 0.25 ml of lysozyme solution (10 mg/ml in 50 mM
Tris«HCLl (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, GOlpl of 27 Triton X-100
(Merck) is added. After 30 min at 0°C, the sample is centrifuged for
30 min at 15 000 rpm and 4°C in a Sorvall SA-600 roczor. The super-—
natant is deproteinized with 1 volume of phenol (saturated in TNE).
The phases are separated by centrifugetion (Sorvall HB-4 rotor) for
10 =in at 5000 rpm at 4°C. The upper phase is extracted twice with

L volume of chloroform. Pancreatic R¥Ase A (Sigma; 10 masml in THE,
prediected 10 min at 35°C) 1s added to a final concentration of
ZS’pg/ml and the mizture 1Is incubated for 40 min at 37°C. The solutiocn
is then adjusted to 1 M NaCl and 107 polyethylene glycol 6000
(Fluka, autoclaved for 20 min at 120°C) and incubated at -10°C for

2 hrs. The precipitate is collccted in a Sorvall HB-4 rotor (20 min
at 10 CO0 rpm, 0°C) and redissolved in 1OO‘F1 of TNE. The DXA solution
Is extracted with 1 volume of phienol and the DNA is precipitated

with 2 volumes of ethanol at -20°C for 10 min.
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The precipitate is collected by centrifugation in an Fppendorf cen-
trifuge and the DNA is redissolved in 20 Al of 10 md Tris«lUCl (pi 7.5)
and 0.5 mM CEDTA. 8-10‘pg of hybrid plasmid DNA are recovered from a

IO ml culture.

E. coli UB 101 is transformed with each of the nine isolated hybrid
DN¥As and the transformed cells are plated on agar plates containing
tetracycline, as described before (step D). From each transformation,
3 tetracycline resistant clones are picked, 10 ml cultures are pre-

pared and the hybrid DNAs are isolated from the cultures as described

before,.

All the DNA samples before and after retransformation are analyzed
by cleavage with Pst I endonuclease and electrophoresis through’a 17
agarose gel in 50 aM Tris-acetate {pH 7.8) and 1 mM EDTA. All the
samples display identical cleavage patterns before and after re-

transformaticn.

One of the recloned recembinant DNA molecules gives 2 bauds, one with
the mobility of Pst I-cleaved pBR 322, the other with a mebility

corresponding to about 1000 bp. It is dencted CG-pBR 3Z22-/HLycIFi-1'b,

Another recombinant DNA gives 3 bands, one with the mobility of Pst I-
cleaved pBR 322, one with a mobility of about 60C bp and one with a

mobility of about 150 bp. The recombinant DNA molecule in this clone

is designated CG-pBR 322/HLycIFN-Bl.

d. Characterization of the clones CG=pBR 322/HLycIFN-1'b and

CG-pBR 352/HLycIFN-Bl

The recombinant plasmid DNAs of the clenes CG-pBR 322 HLycIFN-1'b and
CC-nBR 322/HLycIFN—Bl are isolated from the culcures as described
above (step Ec) and characterized by establishing the nucleotide
sequence of the cBNA insert using the method described by llarxan and

Cilbert (15). Basically, the Lellewing avproach is uscd:
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The isolated recombinant plasmid DNA is digested with various cesrric -
tion endeonucleases, The cnzymes are applied essentiaily as described
by the supplier (New England Biolabs),except that DSA is replaced by
zelatin in the enzyme buffers. The solution containing the restricted
DNA is deproteinized with phenol (saturated with THE). The DNA 1ig pre-
cipitated with cthanol, redisscolved in 50 mM Tris—HCL (pH 8.0) at a
DNA concentration of 50 pg/ml and incubated with 0.1 units of calf
intestinal alkaline phosphatase (Boehringer) per pmole DA 5' ends for
30 min at 37°C. The enzyme is inactivated by heating the solution for
60 min at 65°C. The DNA is purified by DEAE-cellulose chromatography
as described by Mueller et al.(42) and precipitated with ethanol. The
DNA is then 5'-terminally labeled with [Y—SZP]—ATP (> 5000 Ci/mmole,
Amersham) and T4 polynucleotide Kinase (P-L Diochemicals) essentially
as described by Maxam and Gilbert (15) except that the DNA is not de-
natured before the Kinase reaction. In general, the specific

activities amount to 1-3+10° cpm/pmole 5'-ends.

The labeled DNA fragments are cleaved with a second restriction
endonuclease and the products are separated by electrophoresis through
a 67, 87 or 10% polyacrylamide gel in Tris-borate~EDTA buffer. The
DRA fragments are extracted from the gel and purified as described

by Mueller et al. (42), For the determination of the nucleotide
sequences, the DNA fragments are chemically degraded and the produccts
are separated by polyacrylamide gel electrophoresis as described by

Yfaxam and Gilbers (15),

25 In particular, the isolated plasmid DNAs of the clone CG-pBR 322/

HLycIF%-1"b are treated as follows. On the one hand, 5 Hg of the
plasmid DNA is digested with Bgl II, 5' terminally labeled, and
cleaved with Pvu II. The Pvu II-Bgl II* (*indicates the labeled site)

-

and Bal II- Pvu 115 Dxa fragments are isolated on a 6% polyacrylamide

30gel. On the other hand,
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5 pg of the plasmid is digested with Alu I, 5'-rerminally labeled,

and cicaved with Pst I. The Pst T - Aly I* DNA fragment is isolated

on a 87 polyacrylamide gel. The individual fragments are subsequently
degraded and sequenced according to Maxam and Gilbert. The

nucleotide sequence obtained is depicted in figure 10, A stretch of
about 25-35 deoxvguanosine residues is preceding at the 5'-end of the
cDNA insert. The nucleotide sequence shown is somewhat similar to that
of IFN-a (type F) cDNA described by Goeddel et al. [(43), cf. also
Weissmann(44)}, nevertheless displaying a lot of distinct deviations

(point mutations) some of which are affecting the resulting amino acids
(cf. fig.l10).

The isolated plasmid DNA of the clone CG-pBR 322/HLycIFN-B1 is
treated in a simiiar manner. 5 pg of the plasmid is digested with

Pvu II and 5'-terminally labeled. One half of the mixture is cleaved
with PBst I, énd 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 nuclectide

sequence (N-terminal sequence) is depicted in figure lland reveals
that the c¢DNA insert starts at nucleotide number 102 of the IFN-Bl
cDNA as described by Taniguchi et al. (45). Therefore, the cDNA insert

has the capacity to code for human IFN-B. lacking 11 amino acids at

1
the N~terminus. The ¢DN¥A insert is flanked at its 5'end by a stretch of
about 20-25 deoxyguancsine residues and shows a peint mutation at -
cosition 153, converting a C to a T residue witheut affecting the

resulting amino acid.

e. Identification of clones containing recombin:nt DNA woleculas

cross-hybridizing to the inserts of CG-pBR 322 HLvcIFN-1'b and
CC-pBR 322/HLVCIFN-51

The recombinant plasmid DNAs of the clones CG-pBR 322/HLycIFN-1'b
and CG-pBR 322/HLycIFN—Sl are isolated from the cultures as des-

cribed above (step Ec). The CG-pBR 322/HLycIFN-1'b plasmid DYA (Sfug)
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Ls digested with Bgl TI, 5' tecrminally labeled, and cleaved wirh

Pvu IL. On the other hand, the isolated CG-pDR 322HLycIFN-B, plasmid

1
DNA (5)yg) is digested with Pvu II, 5'-terminally labeled, and

cleaved with Bgl IT. The Pvu II-Bgl II* (351 bp) DYA fragment (probe A)
and the Pvu II*-Byi LT (368 bp) DNA fragmen. (probe B) are isolated

from a 87 polyacrylamide gel as described above (step Ed) and used for

in situ colony hybridizarion {see below). The restriction of the

plasmid DNAs, the labeling, and the purification of the DNA fragments

are accomplished in the same manner as described above (step Ed).

4000 of the transformant cclonies prepared as described above (step D)

are transferred to nitrocellulose filters BA 85 (Schleicher & Schuell,
8 cm diameter). The cells are lysed and their DYA is denatured and

fized to the filters in siﬁu, according te Grunstein and Hogness €0).
Hybridizations to the proﬂes A and B (both probes are mixed) are per-
formed as described before (step Ec). 6 positive colonies are identi-

fied by autoradiography, 3 of which, designated

E. coli HB 101 CG-pBR 322LyeIRN=4
E. coli HB 101 CG-pBR 322/HLycIFN—S1 and

E. coli HB 101 CG-pBR 322/HLycIFN—8£

are used for further investigation. The plasmid D¥As of these clones

are isclated, retransformed, and re-isolated as described above

(step Ec, Ed).

In order to establish the nature of the inserts of the reccmbinant
Di¥ds, the nucleotide gequences of the cDNA inmserts (partial or complete)

are established by using the general approach as described above

(step Ed).

In particular, 5/pg of the isolated plasmid DNAs CG-pBR 322/HLycIEN—41

and CG-pBR SZZ/HLycIFﬂ—Bi are each digested with Pvu II, 5'-terminally
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labeled and cleaved with Pst I. The DNA fragments are fractiouated
on a 87 polyacrylamide gel and the Pst I-Pvu II* (~120 bp) from 83.
DA aad Pst I-Pvu IT* (82 bp) from 4, DNA are isolated as usual,

The isclated plasmid DNA CG-pBR 322/’HLycIFN-Sl is treated as follows.
On thc one hand, S};g of the plasmid DNA is digesced with Hae I1I,
5'-terminally labeled and cleaved with Pst I. The Pst I-Hae III*

(57 Lp) DVA fragmentis isolated on a 103 polyacrylamide gel. On the
other hand, 5 18 of the plasmid. is digested with EcoR I, 5'-terminally
labeled and cleaved with Pst I, The Pst I-EcoR I* (235 bp) and EcoR I#*-
Pst I (~700 bp) DNA fragments are isolated on a 8% polyacrylamide gel,
The various DNA fragments are subjected to sequence analysis according
to Maxam and Gilbert (15).

The nucleotide sequences of the cDNA imserts are depicted in

figures 12-14.In figure 12,a partial nucleotide sequence of the cDNA
insert of CG-pBR 322/HLYCIFN-41 is shown. The insert is flanked at the
5" end by a stretch of 23 deoxyguanosine residues and comprises part
of the IFN—a (Le) cDNA described by Streuli et al. (46) .Tn the 3'-extra-
cistronie renc“, there are some minor deviarions (point mutations) and a
stretch of additional 318 nucleotides. The nucleotide sequence of
the cDNA insert of CG~pBR 322/HLycIFN-8£ is depicted in figure 13.The iusert
is flanked at the 5' end by a stretch of 20-23 deox <yguanosine residues and is
similar but not identical, to the IFN-« (type D} ¢DNA described by Goeddel et
- [(43); cf. alsoMantei et al. (27)]. Apart from differences in the cDNA
regions preceding and following the IFN coding sequence, the IFN gene con-
tains at positions 28-30a GCC triplet end at positions 409-471] a GCG triplet
coding for alanine instead of GTC and GTG, vespectively, coding for valire.
Finally, the nucleotide sequence of the ¢DNA inscert of Cg- pER 322/HLye
IFI‘.’—S1 (see figure l&4reveals a stretch of 17 deoxyguanosine residues at
the 5" end. The nucleotide sequence is relaced to that of IFN-a (type B)
cDX¥A described by Goeddel et al. (473) . However, there are additionmal nu-

clectides at the 5' end of the cDNA insert of HLycITN- 5 » peint mutations,

excisions and insertions in the extracistronic region and in the IFN

coding sequence, especlally at positions 22 and 361-372, are evident
as well.
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F. Syvathesis of human interferons by . coli containing buman ITiH-

specific recombinant DY¥A molecules

The 5 clenes which have been shown to contain human IFN specific re-

combinant DA molecules, namely

E. coli HB 101 CG-pBR 322/HLycIFN-1'b
E. coli HB3 101 CG-pBR 322/HLycIFN-4l,
E. coli HB 101 CG-pBR 322HLyeIFN-5, ,
E. coli HB 101 CG-pBR 322/HLycIFN-8'

1’ and

E. coli HB L0l CG-pBR 322/HLycIFN—Bl,

are tested for IFN activity, which, in each case, is accomplished in
the following manner:

Cultures of the corresponding E. coli clone (30 ml susp nsions) are
grown in tryptone medium to an optical density (0D650) of about 1. The
cells are harvested and resuspended in 0.5 ml of an aqueous solution
containing 30 mM NaCl and 50 mM Tris-EC1 (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) 5 times, and centrifuged for
20 min at 20 Q00 rpm in a SS 34 Sorvéll rotor at 4°C. The supernatants
are assayed for IFY¥ activity using the cythopathic bioassay according
Lo Armstrong (32) as described in step Ac, The following activities

are found:

Source of extract IFN activity

E. coli HB 101 containing recembinant DNA (IU/m1)
CG~pBR 322/HLycIFN-1'b 0;0
CG=pER 322/HLycIFN~4, 030
CG-5BR 322/HLye IFN-5, 10 ©00;10 000
CG-piR 322xﬂLycIE:-8'l 1835100
CG-pIR 322/HLycIFE—ﬁl 0;0

Possibly, clones exhibiting no measurable IFN activities contain re-
combinant DlAs in which the HuLyIFN-cDNA insert is in an improper
orientation in regard to the direction of transcription. Therefore,

the recomb>inant DNA of one such clone (CG-pBR 322/ HLycIFN-1'bL) con-
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taining a full length eDNA insert is reoricnted as follows:

The plasmid DNA of the clone E. coli HB 101 CG-pBR 322/HLycIFN-1'b

is isolated as described above (step Ec) and cleaved with DPst I.

0.5 8 of the cleaved DVA in 20 Pl of a buffer mixture, containing
20 mM Tris-HC1 (pH 7.8), 10 mM MgCl,, 10 mM DIT, 25 md NaCl und 50 ji%
ml gelatin, is treated with 0.2 units of T4 DNA ligase (Biolabs) and
0.5 mM ATP for 2 h at 15°C. E coli HB 10l is transformed with the
cDNA mixture as described above (step D). Transformed colonies are
selected on Mc Conkey agar plates supplemented with tetracycline and,
subsequently, replica-plated to nitrocellulose filters. & bacterial
colenies hybridizing to the 32?—1abeled Pvu II-Bgl 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'b1 to —1'b4'
Extracts of the 4 clones are pre?ared and tested for ITN activity as

described above. The following activities are found:

Source of extract IFN activity

E. coli HB 101 containing recombinant DNA (IU/ml)
CG-pBR 322/HLycIFN—1'bl 0;0
CG-pEBR 322/HLycIFN-l'b2 0;0
CG-p3R 322/HLycIFN-1'b, 0;0
CC-pBR 322/HLycIFN-1'b, 30330

Hence, the plasmid CG-pBR 322./HLycIFN--1‘b4 contains a cDNA insert

capable of directing the synthesis of a polypeptide with IFN activity,

G. Construction of racombinant nlasmids capabla of producing high

levels of polypeptides with IVN activiec
i s

I. Construction of CG-pBR (AP)/LyIFN-a-1 recombinant plasmid

In order to improve the IFN specific protein yield of the clone
E. coli B3 101 CG-pBR 322/HLycIFN-1'b, the following construction

1s performed as indicated schematically in figure 15.
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a. Preparation of the ¢DNA iuscrt

The recembinant plasmid DA (LSO'pg) of the clone E, coli HD 101
CG-pBR 322/HLycIFN-1'b is cleaved with Pst I (8iclabs) using standard
proccdures {(cf. step Ed). Following phenol extraction and ethanol
precipitation, the excised insert is isolated by means of sucrose
density gradient centrifugation (5-23%) in 50 mM Tris-UCl (pH 8.0)
and 1 m¥ EDBTA. The centrifugation is performed at 35 COO rpm in a TST
41 votor (Kontrom AG) at 15°C for 16 h. 0.3 ml fractions are collected
with an ISCO gradient collector at 1 ml/min. The fractions con-
taining the small fragment (i.e. the insert) are pcoled. The DNA is
precipitated with ethanol as usual, and the precipitate is collected
by centrifugation in a HB-4 rotor (Sorvall) at 10 0CO rpm at 0°C for
10 min. The precipitate is redissolved in 6O‘Pl 10 mM Tris-HC1

(pH 7.5) and ©.05 mM EDTA. 304Pg DNA are recovered as determined by

measuring the optical density.

The insert DNA (10/pg) is digested with Hae III (Biolabs) and the
fragments are fractionated on a 2% agarose gel in a solution con-
taining 50 mM Tris, 50 mM boric acid, 1 m¥ EDTA and O.Slpg/ml ethidium
bromide. The largest DN fragments, Hae III-Pst I {869 bp) and

Hae III-Hae III (82 bp, cf. figure 15,fragments 3 and 4 respectively),
are each excised from the gel, squirted through a thin needle with

a syringe into 5 ml of 0.15 M NaCl, 50 mM TriselCl (pH 8.0), 1 mt
2DTA, and eluted overnight by shaking. The eluate is passed through

a 100’pl DE-52 (Vhatman) Pasteur-pipette column to adsorb the DNA.

The column is washed with 2 ml of the same buffer and the DY¥A is
eluted with QGO‘FI of a solution coutaining 1.5 M JaCl, 50 sl Tris
(pE 8.0J and 1 wm 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.

The Hae III-Hae III DNA frazment (82 bp) is redissolved and digested

with Sau 3A (Biolabs). The enzyme is heat-inactivated at 65°C for

20 nmin. I‘Fg of the ltae ITI-Pst I DNA fragment (869 bp) is added,
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the solutlion Is adjusted to 1C m HgClz, 10 m1 37T and 0.5 mM ATP,
and T4 DNA ligase (Biolabs) is added to 10 units<p1 reaction volume.
The solution is incubated for 10 h at 15°C. Following cxtraction with
phenol and chloroform, the mixture is Fractionated on a 27 agarose
gel in Tris-borate-EDTA in the presence of ethidium bromide. The Sau
3A-Pst T DNA fragment (cf. fisure 15,fragment 5) is extracted as
described before, precipitated with cthanol and redissolved in IO‘PI

of a solution containing 10 mM TriseHCL (pH 7.5} and 0.05 mM EDTA.

b. Preparation of the DNA fragment containing the f-lactamase

regulatory region (ApPr) of pBR 322

The plasmid pBR 322 is cleaved with Pst I {cf. step Cb) and treated
with 4 units/ml of the exonuclease Bal 31 (Bethesda Research Lab.)

at 30°C for 4-10 min to remove the B-lactamase coding segment.

A chemical DNA linker of the formula
5'~ATGTGTGATCACACAT-3"

is synthesized using the method described zbove (step Ea). The linker
is added to the Bal 31 treated PBR 322 DNA using conventicnal means.
The resulting hybrid molecule is cleaved with *he restriction endo-
nucleases Bel I (Biolabs) and EcoR I. The digestion products are
fractionated on a 87 polyacrylamide gel in Tris-borate-EDTA as
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 wich echanol as usual.
The precipitate is redissolved in a solution contalning 10 m

Tris+HCL (pH 7.5) and 0.05 mM EDTA.

c. Ligation of the ApPr DNA fragment to the cDNA insert

The solutions containing the ApPr DNA fragments and the cDNA insert

are pooled. The mixture is adjusted to 10 mM Mz Cl 10 m¥ DTT and

2!
0.5 m ATP, and incubated with 30 unitsfpl T4 TNA ligase {Biolabs)
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at 15°C for 12 h. Following extraction with phenol and chilorofory,
the mixture is fractionated on a 1% low melting agarose gel (Biorad),
The obtained ApPr-cDNA fragment is joined to the large fragment of
PBR 322 cleaved with both Pst I (Biolabs) and EcoR I (Ziclabs) in

the follewing manner. The gel picce, containing the ApPr cDNA frag-
ment (about 204;1) is mixed with the Pst I-EcoR I fragment of pBR 322,
melted at 65°C for 2 min,cooled te 37°C, adjusted to 0.5 mM ATP,

10 mM DTIT and 10 mM MgClz, and incubated with 20 unitsfpl of T4 DNA
ligase (Biolabs) for 12 h at 15°C.

One tenth volume of a solution containing 100 mM Tris-HCl (pH 7.5),
100 mi CaC12 and 100 mM MgCIz, is added, the solution is heated

for 10 min at 65°C to inactivate the ligase and cocled to 37°C. The
solution is then faken to transform Ca2+—treated E. coli HB 101 as
described above (step D) and plated onto Me Conkey agar plates
supplemented with 10 pg/mt tetracycline. The transformed colonies are
screened for IFN activity (cf. step F). The clone synthesizing the
highest level of IFN activity is selected and designated E. coli HB
101 CG-pBR(AP)/LyIFN-a~1. An activity of 40000 (IU/ml) is found which
represents a 1300 fold stimulation compared to the‘original clone

E. coli HB 101 CG-pBR322/HLycIFN-1'b,

The recombinant plasmid DNA of the cloze 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 ingsert (ITN
gene) and the f-laccamase regulatory ragion. The result is summarized

in figure 16,

II.Construction of the recombinant plasmid CG-pBR (a2)/LyIFti-a=3

The IFN specific protein yields of the clone E. coli 5B 101 CG~-pBR 322/

HLycIFN—Si Is improved as follows (cf. fig. 17):

a. Preparation of the DNA fragment containing the B-lactamase regulatory

rezion from CG-pBR (AP) /LyIFN-a-1
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CG-pER (AP)/LyIF¥-a-1 DNMA (100 pg) is cleaved with Iiind III (Biolabs)
and Bgl IT (Biolabs). Following phenol extraction and ethanol pre-
cipitation, the excised DNA fragment is isolated by means of sucrose
density gradient centrifugation (5-23%) in 50 mM Tris*HCL (pH 8.0)

and 1 mM EDTA. The centrifugation is performed at 58 000 rpm in a TST 60
rotor (Kentron AG) at 15°C for 4 hours. 0.2 ml fractions are collected
as described before. The fractions containing the small fragment

(Hind III-Bgl II) are pooled and the DNA is precipitated with ethanol
as usual. The precipitate is redissolved in 80 pl 10 mM TriseHCl

(pH 7.5) and 0.05 mM EDTA. 16 48 DNA are recovered as determined by

measuring the optical density,

The DNA fragment (Hind III-Bgl II) (& ng) is cleaved with Sau 3A
(Biolabs) and the digestion products are fractionated on a 6% poly-

acrylamide gel in Tris-borate-EDTA as described before. The DNA frag-

15 ments are stained in EtBr (0.5 pgs/ml}, the Hind III-Sau 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 Bl 10 oM Trise

HCL (pH 7.5) and 0,05 mM EDTA.

b. Preparation of the cDNA insert

20 The cDNA insert is excised from the racombinant plasmid CG-pBR 322/

25

HLycIFN-Si as described above (secticn Ia). .

The cDNA insert (2 ug) is digested with 2.5 units of Sau 3A (Blolabs)
in 10 ug/ml EtBr and incubated at 37°C for 60 min. The dipgests are
phenol ertracted and the DNA is pracipitated in cthanol as above. The
DNA fragments are fractionated om a 1.2% agarose gel in a solution
containing 50 mM Tris, 50 mM boric acid, 1lmM EDTA and 0.5 perml

ethidium bromide.

The seconu largest DNA fragment (Sau 3A-DPsel: 693 bp} is extracted

from the gel and purified as described in section Ta). The D¥A is re-
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dissolved in 20 pl 10 mM Tris-HCl (pH 7.5) and 0.05 = F'DTA.

c. Ligotion of the Hind ITI-Sau 3A DNA fragment to the cDNA insert
(Sau 34-PstI)

Equal amounts of both DNA fragments (~50 ng) are incubated in a
solution containing 10 m MgClz, 10 mM DTIT, 0.5 mM ATP and 30 units/ul
T4 DNA ligase (Biolabs) at 15°C for 3 hours. The mixture is incubated
for 15 min. at 80°C and adjusted to 50 mM NaCl. The DNA mixture is
digested with 0.5 units Pstl (Biolabs) and 1 unit Hind IIT (Biolabs)
for 20 min. at 37°C. The DNA is phenol extracted, ethanol precipitated

and redissolved in 20 Al 10 oM Tris-HC1 (pH 7.5) and 0.05 mM EDTA,

Cne half of the resulting mixture is ligated to the large Hind III-PstI
DNA fragment of the plasmid pBR 322 (~“100 ng) in 10 mM MgClz, 10 mM
DT%, 0.5 mM ATP containing 30 units/ul of T4 DNA ligase (Biolabs) for
2h at 15°C.

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 rest for

IFN activicy as described earlier (cf. step ).

The clone synthesizing the highest level of IFN activity is selected

and designated E. coli HB 101 CG-pBR (AP)/LyIFN-a-3,

The IFN activity is determined as described above {step F). An activity
of 700C0 {IU/m1) is found which represents a 700 fold stimulation com—
paved to the ariginal clone E. coli HB 101 CG-pSR 322/H1yc1?2~8i.

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-
terizad by establishing the nucleotide sequence of the cDNA insert

(IFN gene) and the f~lactamase regulatory region. The result is

summarized in figure 18.
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used for all o-IFN cDNA geunes or appropriately cut chromosoral o« 7Y
genes in general.

For example, starting from the plasmid CG-pBR322/HLycIFN—51, the plasmic
CG-pBR {AP)/LyIFN-a—-2 is obtained 1. an identical manner as described
for the plasmid CG-pBR{AP) /LyIFY ‘a~3. This new plasmid contains the

DNA insert of CG~pRR 322/HLycIFN--S1 and the f-lactamase regulatory
region from CG-pBR (AP)/TyIFN-a-1. A clone designated E. cecli HB 101
CG-pBR (AP)/LyIFN-a-2 is selected as described above. An IFN activity

of 50000 (IU/ml) is found which represents a 5 fold stimulation com-
pared to the original E. coli HB 101 CG-pBR 322/HLycIFN—51 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 describzd above

and depicted in fig. 19.

IIL. Deposition of prepared microorganisms

Micro-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

14, 1981 and are assigned the following accession numbers:

E. coli HB 101 CG-pBR 322/HLycIFN~Bl: NRRL 3-12528

tr1

._coli HB 101 CG-pBR 322/HLycIFN—4l: NRRL 3-12529

E. coli HB 101 CG-pBR 322/HLycIFN-1'b: NRRL 3-12530
E. coli H2 101 CG-pBR 322/HLy:IFN~51: N¥RRL 3-12531
E. coil H3 101 CG-pZR 322/BLycirN=3': NRRL 3-1233

o)
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Example L1: Tne lymphobiastvid ELFN~1"b and [7h-3  coding sequenees
f the E. coll plasmids LG-pRR322/HLvciti-1%h and -3 ‘¢

Y ST

C
hy

can be subcloned in plasmid p30 (cf. Example 4} in an analogous mabnce
as described for IFN-Si in Examples 5 and 6. A partial digestion
with rescriction endonuclease HaelIl “s required. T2 yeast hybril
plasmids obtained in this way are o30IFN2(1'b), p3CIFN2'(1'b),
p3CIFNI(51) and pBOIFNZ'(Sl).

These obtaxned hybrid plasmids can be used to transform Saccharomyces

cerevisiae RH971 as described in Example 7. The following colonies
containing a hybrid plasmid with a lymphoblastoid IFN cDNA insert

can be selected:

S. cerevisiae RH97L/p30IFN2(1'c)
S. cerevisiae RH971/p30IFN2'(1'b;
$. cerevisiae RH97l/p301FN2(51)

S. cerevisiae RHQYL/pBOIFNZ'(ST)

—_—

Example 1': In an analogous manner as described in Example 9, che
following seast hybrid plasmids can be obtained starting from the
plasmids p30IFN2(1'b), -(51), -(8{) and p30IFN2'(1'b), —(51),
respectively:

pJDB207/TFN2(1'b), pJDB207/IFN2'(1'b), pJDB207/IFN2(5,),
pJDBZO?/IFNZ'(Sl) and pJDBZOY/IFNZ(Bi).

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

inserc caud ue obtained:

5. cerevisiae RH971/pIDB207/IFN2(1'b)

. cerevisiae RH97L/pJDB207-IFN2'(1'b)

S
S. cerevisiae RH971/pJDBZO7/IFN2(51)

._cerevisiae RH97L/pJDBEO7/IFN2'(5L)

. cerevislae RH97L/pJDBZO7/IFN2(8{)
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Cxample 13: Construction of an expression plasmid containing the PHOA

promoter and PHCS transcription termination signals

(see fig. 20)

a) Elimination of the EcoRI restriction site in plasmid p30:

The scheme outlined in fig. 20-22 requires elimination of the unique
EcoRI restriction site in plasmid p30. Five mug of p30 DNA (cf.
Example 4) are digested to completion with restriction endonuclease
EcoRI (Boehringer). In order to fill in the resulting sticky ends,

1 ug of EcoRI digested p30 in 50 ml of 50 mM NaCl, 10 mM TriseHC1

pH 7.5, 10 mM Mgclz, 1 mM DTT, 0.25 mM dATP and Q.25 mM dTTP is
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

HB10l cells as described in Example 4., Clones that are resistant to

EcoRI digest are referred to as.pBO/EcoRIR.

b) Isolation of a 0.37 kb Sau3A-PstI PHOS transcription termination

fragment:

The PHOS transcript has been mapped by S1 nuclease mapping (48). The
signals for transcription termination have been shown to be located
in a 0.37 kb Sau3A-PstI fragment of the PHO5 gene. The nucleotide

sequence of the Sau3A-Pstl fragment is given in fig. 21.

Five ug of pJDB207PHOS5,PHO3 DNA (ef. Example 2) are digested to comple-

tion with restriction endonucleases Sau3A and PstI. The restriction
fragments are separated on a vertical 1.5% low melting agarose gel in
TBE buffer. The 0.37 kb Sau3A-PstI fragment is localized by
ethidiumbromide staining and a gel block as small as possible is cut

out centaining this DNA fragment.

c) Cloning of the Sau3A~-PstI PHO5 fragment in M13mp9:

M 3mp9 phage DNA is a useful cloning vector with a cluster of unique
restriction sites (49). Five uug of M13mp9 DNA are digested to

completion with restriction endonucleases BamHI and Pst]. The larger
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7.2 kb DNA fragment is separated from a very smali fragment (% bp)

on a 0.8% low melting agarose gel. The gel block containiag the large

DNA fragment is cut out of the gel. Gel blocks with the 0.37 &b
Sau3A-Pstl fragment of pJDB207/PHO5,PHO3 (cf, Example 13b) and the
7.2 kb BamHI-Pstl fragment of M13mp9 are liquefied at 65°C, mixed

in about equimolar amounts and diluted with H_O to lower the dgarose

concentration to 0.3%7. Ligation is carried oui in a 200 mul solution
containing 60 mM Tris.HCl pH 7.5, 10 mM MgC12 10 mM DTT, 1 oM ATP and
600 units of T4 DNA ligase (Biolabs). Transduction of competent cells
of the strain E. coli JM101 (Ca++) is done according to the manual "M13
cloning and DNA sequencing system'" published by New England Biolabs.
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,

A M13mp9 derived clone containing the Sau3A-PstI PHO5 transeription
termination fragment is isolated and referred to as M13mp9.PHOS

(Sau3A-PstI).

d) Cloning of the PHO5 transcription temination fragment in p30/EcoRfE

‘The original PHOS transcription termination fragment cloned in phage

M13mp9 (M13mp9,PHOS5(Sau3A-Pstl)) is recloned as a HaeIII-HindIII
fragment in plasmid pSO/EcoRIR cleaved with Ball and HindIII:
M13mp9/PHO5(Sau3A-PstI) DNA is cleaved to completion with restriction
endonucleases HaelIIl and HindIII., The resulting two DNA fragments are
separated on a 1.57 vertical low melting agarose gel in TBE buffer.
The 0.39 kb fragment is isolated in a gel block cut out of the gel.
p30/EC0RIR DNA is digested with Ball and HindIII, The large 3.98 kb
fragment is separated on a 0.87 low melting agarcse 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
temination fragment and the 3.98 kb Ball-HindIII fragment of p30/

R - . . . .
EcoRI are melted at 63°C and mixed in about equimolar amounts. Liga~
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tion and transformation of competant E, coull HELOL cells are uas
described in Example 4. DNA of transf{ormed cells is analysed by
¢leavage with Ball and HaeITI. A clone containing the PHOS tramscrip-

tion termination fragment is further analyzed and referred to as p31

(see Figure 20).

Expression plasmid p3l contains the PHO5 promoter region with part

of the signal sequence of PHOS and adjacent to it a DNA fragment

with the PHO5 transcription termination signals. Foreign coding
sequences to be expressed in this vector may conveniently be inserted

between promoter and transcription termination sequences.

Example 1l4:Insertion of Ivymphoblastoid :i.nterferon--S_1 DNA into

plasmid p31 (see Figure 22)

a) Isolation of HaeIII-Hpal fragments of plasmid CG-pBR3I22/HLycIFN-5,

E. coli strain HBLOl CG-pBR322/HLycIFN-5. (see Example 1oE) is

grown in 100 ml LB medium supplemented with 10 pug/ml tetracyclin and
the plasmid DNA is isolated as described in Example 2, Ten ug of
CG-pBRBZZ/HLycIFN-S1 DNA are completely digested with restriction
endonucleases Pstl and Hpal. The restriction fragments are separated
on a preparative 0.87 low melting agarose gel. The PstI-Hpal fragment
of about 860 bp containing the IFN-Sl 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 HaelIlIl sites: at position 41, 65

and 146 (from the ATG) in the IFN-5. coding sequence. Partial HaeIIl

digestion leads to three HaeIII—HpaIlfragments of 699 bp, 780 bp
and 804 bp, respectively., HaeIIl digestion is carefully adjusted to
obtain about equal amounts of all three fragments, The mixture of
fragments is phenol extracted, ethanol precipitated and resuspended

in 10 mf Tris pHS8 at a concentration of 0.1 mg-/ml.
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D) Preparation of Ball cleaved, dephospherylated plasmid p3l

Six ug of p3l DNA (cf. Example 13d) are completely digestad with re-
striction endonuclease Ball (BRL). After phenol extraction and cthansl
precipitation the DNA is redissolved in 100,11 of 50 mM Tris pH 8.0 and

passed through a 50 ,ul bed of equilibrated Chelex 100 (BioRAD) in a
siliconized Pasteur pipet. The flow through and 430 pl of subsequent

wash are combined. 0.4 units of calf intestine alkaline phosphatase
(Boehringer) are added. After 1 h of incubation at 37°C the enzyme

is inactivated at 65°C for 1.5 hrs. The NaCl concentration in the
incubation mixture is adjusted to 150 mM, The linearized dephosphory-
lated p3l DNA is purified by DE52 ion exchange chromatography (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, dephospherylated p3l DNA to the

HaeIIl-Hpal fragments of IFN-Sl DNA

0.6 mug of dephosphorylated p31 vector DNA cleaved with Ball is ligated

to 0.5 ug of partial HaeIII-Hpal fragments of IFN-S1 DNA (see
Example l4a), Ligation is carried out in 10 ml of 60 mM Tris pH 7.5,
10 mM MgClz, 10 mM DTT, 4 mM ATP and 300 units of T4 DNA ligase
(Biolabs) overnight at room temperature, A 1 4l aliquot of the
ligation mixture is added to 50 ul of calcium treated transformation
competent E, coli HB10l cells. The transformation protocoll is as

described in Example 4a.

Transformed, ampR 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., (50) and analysed by digestion with re-

striction endonuclease BstEII (one unique site in the PHOS promoter}.

20 clones containirng the IFN--S1 insert are further analysed by
BstEII-EcoRI double digests co determine the orientation and size
of the 1insert. Among 8 clones with the insert in the right orient-

ation all 3 expected insert sizes are found. The size corresponds



10

15

20

25

- 72 -

to the three HaeIIIl_3-HpaI fragments created by partial HaeIIl digest

of the IFN-Sl gene (cf. Example l4a), The clones are referred to as

1
-Hpal) and 699 bp

p31/1FI(51), p31/IF2(51) and p31/IF3(51) with IFN~5, inserts of 804
bp (Haelll
(HaeIIl

-Hpal insert), 780 bp (HaelIIl

1 2

3—HpaI), respectively.

Example 15: Insertion of lymphoblastcid interferon-1'b DNA into

plasmid p3l (see Fig, 22)

a) Isolation of HaeIlI-Rsal fragments of plasmid CG-pBR322/HLycIFN-1'b:

Ten ug of CG-pBR322/HLycIFN-1'b DNA (see Example 1OE) are digested

with restriction endonucleases PstI and Rsal. The restriction frag-
ments are separated on a 0.87%7 low melting agarose gel. A PstI-Rsal

fragment of about 870 bp is isolated from the gel and purified as

described above (Example l4a).

The Psti-Rsal fragment contains three HaeIII sitesS: at positions 13,
37 and 118 from the ATG of the IFN-1'b coding sequence. Partial
HaeIIl digestion leads to three HaeIII-Rsal fragments of 735 bp,

816 bp and B840 bp, respectively. The mixture of fragments is phenol
extracted, ethanol precipitated and resuspended in 10 wM Tris

pH 8.0 at a concentration of 0.1 mg/ml.

b) Ligation of linearized, dephosphorylated p3l DNA to HaeIII-Rsal

fragments of IFN-1'b DNA

0.6 jug of dephosphorylated p31 vector DNA cleaved with Ball (see
Example 14b) is ligated to 0.5 ug of partial HaeIII-Rsal fragments
of IFN-1'b DNA. The ligation procedure, the transformation of compe~
tent E. coli HB 101 cells with the ligation mixture and the
selection of the transformed ampR colonies 1is carried out 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 BstETII.
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7 clones containing the IFN-1'b insert are analysed by BstEII-Pvull
double digests. Two clones are shown to contain the HaeIIIz-RsaI

fragment (8i6 bp) in the right orientation. This construction is

referred to as p31/IF2(1'b).

Example 16: Insertion of lvmphobliastoid interferon-Si DNA into

plasmid p3l (see figure 23}

a) Isolation of a 1.46 kb Sall-EcoRI fragment of plasmid p3OIFN1(3i)

Five pg of pBOIFNl(Si) DNA (see Example 5d) is digested with re-
striction endonucleases Sall and EcoRI. A 1.46 kb SalI-EcoRI
fragment, containing the PHOS promoter linked to the protein coding
region of IFN-Si is separated on a 0.87 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

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 PHOS transcription termination sequence is
separated on a 0.87 low melting agarose gel and the DNA band is

ciit out,

¢) Ligation of a 1.46 kb SalI~EcoRT fragment of p3IQIFN1(8!Y to a 3.5 kb
SalI-EcoRI fragment of p3l "

Gel blocks with 0.67 mg of the 3.5 kb SalI-EcoRT fragment of p31
and 0.5 pg of the 1.46 kb SalI-EcoRI fragment of pBOIFNl(Si) are
ligated in 240 pl as described in Example 4a at 15°C overnight,

10 jul of the ligation mixture are used to transform competent
E. coli HB10O1 cells.

R . c e . .
Transformed, amp colonies are grown individually in LB medium con-
taining 100 jg/ml ampicillin, Plasmid DNA is prepared according to the
method of Holmes et al., (50) and analysed by digestion with restric-

tion endonuclease BstET1 (one unique site in the PHCS5 promcter:,
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1
Pvull doutle digests. They ail contain the 1.46 kb Sall-EcoRI fragment.

A number of clones containing the IFN-3] insert are analysed by EstEil-

The identical clones are referred to as p31/IF(8i).

Example 17; Subcloning of gene constructions in the high copv number

yeast vector pJDB207

The constructions described in Examples 14-~16 contain the PHOS
promoter, different interferon coding regions and the PHO5 trans-
cription termination signals in a tandem array, all inserted in a
pBR322 derived vector. For expression in yeast the whole insert is
subcloned as such in yeast vector pJDB207 (28) allowing selection

for leucine prototrophic colonies (cf. Example 9 and fig. 6).

2 mg each of p31/IF(81) DNA, p31/IF1(51) DNA, p31/IF2(51) DNA,
p31/IF3(51) DNA and p31/IF2(1'b) DNA are diggsted with restriction
endonucleases S5all and HindIII. The restriction fragments are
separated on a preparative 0.87 low melting agarose gel. The small

fragment (~2 kb in size) of each digest is cut out of the gel.

10 ug of pJDB207 DNA are digested with restriction endonucleases
Sall and HindITII. The large 6.2 kb fragment is isolated from

a preparative 0.8% low melting agarose gel. Gel blocks containing
the DNA fragments are liquified at 65°C and diluted with HZD to

lower the agarose concentration to about 0.37.

Each of the 2 kb SalI-HindIII fragments of the plasmids p31/IF(8i),
p3l/IF1(51), p31/IF2(51), p31/IF3(51) and p31/1F2(1'b) is mixed with
an equimolar amount of the 6.2 kb HindIII-Sall fragment of pJDB207.
Ligations are carried out in 100 ml for 4 hrs at 15°C. 10 ml of

each ligation mixture are used to transform competent E, coli HB101
cells as described in Example 4a. Several ampR colonies from each
experiment are grown individually in LB medium containing 100 ug/ml

of ampicillin, The plasmid DNA is analysed for the size of the insert
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by cleavage with restriction endonuclaases HindIII and Sall. The
resulting clones with the correact inserts are named pJDBZU7/lF(85);
pJDBZO?/IFl(Sl), pJDBZO?/IFZ(Sl) (cf. fig. 27), pJDBZO]/IFB(Sl) énd
pJDB207/1F2(1'b) (cf. fig. 27).

Example 18: Transformation of Saccharomyces cerevisiae AH220 and

induction of interferon production:

Plasmids pJDBZO?/IF(Bi), pJDBZO?/IFl(Sl), pJDBZO?/IFZ(Sl),
pJDBZO?/IFB(Sl) and pJDB207/IF2(1'b)} are each introduced into

Saccharomyces cerevisliae strain AH220 (a, trpl, leu2-3, leu2-112,

his3, pho5, pho3) using the transformation protocoll described by

Hinnen 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 referred to as

Saccharomyces cerevisiae AHZZO/pJDBZO?/IF(Bi),

Saccharomyces cerevisiae AH22O/pJDBZO7/IF1(51),

Saccharomyces cerevisiae AHZZO/pJDBZO?/IFZ(Sl),

Saccharomyces cerevisiae AHZZQ/pJDB207/1F3(51) and
Saccharomyces cerevisiae AH220/pJDB207/IF2(1'b)

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.
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Table 3:

Interferon activity in Saccharomyces cerevisiae strain AH220 after

transformation with the following recombinant plasmids:

Plasmids Interferon activity

5 units/ml yeast cell extract
pJDBZO?/IF(B]'_) 1+ 107
pIDB207/TF1(5, ) 7 . 10°
pJDB207/TF2(5,) 5. 10°
pIDB207/TF3(5,) 3. 107

10 pJDB207/TF2(1'b) | 4 o 107

Example 20: Expression of hepatitis B virus surface (HBVs) antigen under

the control of the yveast PHOS5 promoter

a) Construction of a fusion between the PHOS5 promoter and the HRVs

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 HBVs, 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.
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5 ug of plasmid PBR322/PHOS Bam-Sal (see fig. 1} is cut with restric-
tion endonucleases Sall and Aval (position 1424 of pBR322) and
the resulting 3.9 kb vector fragment containing pBR322 sequences
together with the DUOS Bam Sal segment is purified by seoft

agarose electrophoresis as described above.

L ug of the 1336 base pair fragment is ligated to 3 ug of the 3.9 kb
vector fragment in 50 il of 60 mM Tris-HC1 pH 7.5, 10 mM MgClZ,
10 mM DTT, 1 mM ATP and 600 units of T4 DNA ligase (Biolabs) at 15°C

for 4 hours. Transformation of E. coli HBIOl to ampicillin resistance

and plasmid isolation is carried out as described in Example 4a.
The correct structure of the plasmid is verified by restriction
analysis. The new plasmid thus constructed is called pBR322/PHO5/HBVs

(see fig. 24),

b) Adjustment of the PHOS promoter to the exact HBVs protein coding

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

Pasek et al. (52; HBVs). The mRNA initiation site is determined

by conventional S1 mapping (48) using the BamHI-Sall fragment of
PBR322/PHOS Bam-Sal (fig. 1). In order to eliminate the PHOS protein
coding region present in PBR322/PHO5,HBVs 5,ug of the plasmid is
digested with restriction endonuclease KpnI (conditions specified by

supplier, New England Biolabs) which produces a linearized plasmid.

4mg of linearized plasmid is digested with 1 unit of exonuclease Bal3l
(Bethesda Reasearch Laboratory) at 30°C for 45 sec in 12 mM CaClz, 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.
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1 mg of DNA is recircularized by ligation with T4 DNA ligass in a

volume of 20 ml (conditions see Example 4a). After tvansformation nf

E. coli HBIOL to ampicillin resistance (see Example 4a) plasmid

DA is isolaied as described and individual plasmid preparations are
analysed by restriction analysis with the following enzymes: HaelIlI,
PstI, BstEIT and Hhal. This analysis allows the determination of the
presence of the Hhal site (6 base pairs before the start of the HBVs
protein coding region) and gives a measure for the size of the
deletion. The DNA sequence in the junction area is determined using the
method of Maxam and Gilbert (15) (radioactive labelling

at the BstEIIl site at position =374, see fig. 3)., The endpoints of the
deletion generated in one of the plasmids are indicated in fig. 24.

This plasmid is called pBR322,PHOS5,HBVsAalé4,

¢) Transfer of the PHO5-HBVs fusgion to the yeast plasmid

pJDB207 (see fig. 26)

5 mg DNA of plasmid pBR322/PHO5, HBVsAl4  is digested with restriction
endonuclease BamHI (New England Biolabs, conditions as described by
supplier). A 1.8 kb BamHI fragment is prepared by soft agarose gel
electrophoresis (0.87 agarose) as described in Example 4a.

2 mg of the yeast vector pJDB207 is digested with the same enzyme. I/ug
of digested pJDB207 and 1 mg 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 HBIO1l to ampicillin
resistance and isolation of plasmid DNA is carried out as described
above (Example %4a). Individual plasmids are analyzed by BamHI
restriction analysis and the orientation of the inserted BamHI fragment
is determined by HindIII/BstEIIl double digestiom. Fig. 26 outlines

the construction., The plasmid obtained as indicated in fig. 20 is

called pJDB207/PHO5/HBVsAlL4,

The plasmid is transformed into yeast strain AH220 as described in
Example 7. Transformed yeast cells are selected, incubated in liquid
redium and grown under derepressing conditions as described in
Example 7. A single trausfcrmed yeast colony is referred to as

Saccharomvces cerevisize AH?20pJDB207/HBVsAl4.
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Preparation of cell extract is done as deseribed in Example 8 and

the amount of HEVs protein produced is determined using the Abhott
radioimmun assay (51). Under the assumption that the HBVs antigen
produced by yeast reacts similarly to the antigen in human serum,
about 2 ug HBVs antigen per ml yeast extract are found under derepres-
sing conditions. Under repressing conditions the titer is below

0.001 pg/ml,

d} Transfer of the PHO5~HBVs fusion to a yeast plasmid containing

a PHOS transcription termination sequence

5mg of DNA of plasmid pJDBZO?/IF(S{) (Example 17) is digested with
BamHI as described above and the 6.9 kb vector part is isclated by
soft agarose electrophoresis (0.8% agarose) as described in Example 4a.
5 mg of pBR322 /PHOS/HBVsAl4  is digested with BamHI as described
above and the 1.8 kb BamHI fragment is isolated by soft agarose gel
electrophoresis. 1 ug of -the 6.9 kb vector fragment is ligated with

l g 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
HB10l to ampicillin resistance and plasmid isolation is done as
described in Example 4a. Plasmid analysis is performed by restriction
endonuclease digestions. The plasmid obtained as indicated in fig.

26 is called pJDB207/PHOS5/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

Saccharomyces cerevisiae AH220pJDB207 HBVsalét.

Example 21:

Hepatitis B virus (HBV) DNA sequences excised from plasmids
pBR322-Pstl dG:HBV-KpnI dC;

pBR322-Pstl dG: HBV-BamHI dC;

pBR322-PstI dG:HBV-BglIl dC;

PBR322-Pstl dG:HBV-EcoRI dC;

pBR322-BamI:: HBV-BamHI;

pBR322-EccRI: HBV-EcoRI; .

pBR322-Pstl dG:HBV-Kpnl dC,
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PBR322-PstI' dG:pHBV114-PstI dC;

((pBR322-EcoRI HindIII: Lac promoter sequence)-HiadIIT:HBV1i4-Hhal
HindIII linkers)-BamHI,

PUR2-EcoRI: HBV11l4~Hhal EcoRI linkers,

pURZ2-EcoRI: HBV1l4-Hhal EcoRI linkers;

PBR322-Pstl dG:pHBV1l4-Aval dC, and

PBR322-PstI dG:pHBV114-Taq dC.

as described in European Patent Application 13828 can be inserted
(preferably after appropriately adapting the termini) into
plasmids p30 or p3l according to Examples 5, 14 or 15 and subsequently

into plasmid pJDB207 according to Example 17. Transformation of

5. cerevisiae is performed according to Example 18. Expression of

polypeptides displaying HBV antigenicity is determined according to

Example 20c.

Example 22: Deletion of 3' nontranslated DNA sequences in plasmids

pJDBZO?/IF2(51) and pJDB207/IF2(1'b) (see figures 27 and 28)

The construction of the plasmids pJDBZOY/IFZ(Sl) and pJDBZ207-1F2(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
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 ligation.

a) Bal3l digestion of Smal cleaved plasmids pJDB207/1F2(51) and
pJDB207/IF2(1'b)

20 pg each of the plasmid DNAs are digested with restriction endo-
nuclease Smal. After extraction with phenol-/chloroform, the DNA ig pre-
cipitated with ethanol. The DNA is resuspended in 10 mM Tris pH

8.0 at a concentration of 0.5 mg-ml, 1O »& of the Smal cleaved DNAs

are each digested with 2 U of endonuclease Bal3l (BRL) in 100 pi

of 20 mM Tris pH 8.0, 100 mM NaCl, 12 mM MgClz, 12 mM CaCl2 and 1 mM
EDTA. Aliguots of 3 Hg of DNA are withdrawn after 90, 120 and 150
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seconds of incubation at 30°C and are immediately mixed with 50 p1 of
phenol and 60 pl TNE. After extraction with phenol/chlecroform and

ethanol precipitation, the DNA is resuspended in 10 mM Tris pH 8.0 at
a concentration of 100 pug/ml. Tc analyse the exonucleolytic digestion

of Balll, aliquots of 0.7 pg of DNA from each time point are digested
with HindIIL EcoRIl for pJDB201/1F2(51)—derived samples or with

Pvull/HindIII for pJDB207/IF2(l'b)-derived samples. For further

experiments the DNAs from the 90 second time points are used.

b) Addition of Xhol linkers to the B{Eél treated DNAs

2.2 pg each of plasmid DNA pJDB207/IF2(51) and pJDB207/1IF2(1'b}, after
90 sec. of Bal3l digestion (see Example 22a) 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 MgCl2 and 0.1

mM dNTP's.

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 oM
ATP and 35 U of T4 polynucleotide kinase (Boehringer) for 30 min at
37°C.

0.67 pe of kinased Xhol linkers and 0.4 pg of Bal3l treated blunt end
DNA of plasmid pJDBZO?/IF2(51) or pJOB207/IF2(1'b) are ligated over
night at room temperature in 25 pl of 60 mM Tris pH 7.5, 10 mM Mg012
5 mM DIT, 3.5 mM ATP and 450 U of T4 DNA ligase. The ligated DNA is
separated from excess linkers by isopropanol precipitation in the
presence of 10 mM EDTA, 0.3 M sodiumacetate pH 6.0 and 0.54 volumes of
isopropancl. 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 pH 7.9, 150 mM NaCl, 6 mM MgCl2 and

6 mM mercaptoethanol. The XhoI linkers ligated to the DNA are cleaved
with XhoI, the DNA is precipitated with isopropanol as described before
and circularized by ligation. After 6 hours of ligation at 15°C in

SO pl of 60 mM Tris pH 7,5, 10 mM MgCl_, 10 mM DIT, 1 mM ATP and

2!
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5} U of Té4 DNA ligase 10 pl of each ligation mixture are sdded Lo
106 pil of calcium~treated, transformaticn cempetent E. coli HBlOL cells

(see Example 4a).

72 transformed, ampR colonies containing plasmids with an IFN-S1 insert
are grown individually in LB medium containing 100 mg’l ampicillin.
Plasmid DNA is analysed by HaelIl digestion. The restriction pattern
allows to judge the approximate size of the deletion introduced by
Balll. Two clones are further analysed and assayed for interferon
activity. They are referred to as pJDBZO?/IFZ(Sl)A72 and pJDB207-IF2
(51)A82.

The nucleotide sequence on either side of the new junction (XhoI linker)
between the 3' nontranslated region of the IF.\I-51 gene and the PHOS

transcription termination region is given in fig. 28,

In an analogous manner 60 ampR colonies containing plasmids with an
IFN~1'b insert are grown individually in LB medium containing 100 mg 1
ampicillin, Plasmid DNA is analysed as described above. One clone is
selected and assayed for IFN activity. It is referred to as
pJDB207/IF2(1"b)A,

Example 23: Construction of recombinant plasmids, containing portable

IFN-Sl, -81 and -1'b ¢DNA inserts which can be used for direct

expression of mature lymphoblastoid IFN (cf. figures 29 and 30)

a) Preparation of the cDNA inserts

The c¢DNA inserts are excised from the recombinant plasmids
CG-pBRBZZ/HLycIFN-Bi, CG-pBRBZZ/HLycIFN—l'b, CG—pBR322/HLycIFN~Sl by
digestion of each of 150 Hg of plasmid DNA with PstI (Biolabs)

using the procedure as suggested by the supplier. Following phenol
extraction and ethanol precipitation, the excised inserts are
isolated by means of sucrose density gradient centrifugation

(5-23%) in 50 mM Tris-HCI (PH 8.0) and 1 mM EDTA. The centrifugation

30 1s performed at 35 000 rpm in a TST 41 rutor (Kontronm AG) at 15°C
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for 16 h. 0.3 ml fractions are collected with an ISCO gradient
coliector at ! sl/min. The fractions containing the small fragment
(i.e. the insert) are pooled. The DNA is precipitated with ethanol

as usual, and the precipitate is collected by centrifugation in a
HB-4 rotor (Sorvall) at 10 000 rpm at 0°C for 10 min. The precipitate

is redissolved in 60 pul 10 mM Tris-HCL (pH 7.5) and 0.05 mM EDTA.

About 30 ug DNA are recovered as determined by measuring the optical

density,

2 ng of each of the cDNA inserts are digested with 2.5 units of Sau3a
{(Biolabs) in 10 ug/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 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.

The second largest DNA fragment (Sau 3A-PstI) from each of the 3
digests is excised from the gel, squirted through a thin needle

with a syringe into 5 ml of 0.15 M NaCl, 50 mM Trise<HCl (pH 8.0),

1 mM EDTA, and eluted overnight by shaking. The eluate is passed
through a 100 pl DE-52 (Whatman) Pasteur-pipette column to adsorb

the DNA. The column is washed with 2 ml of the same buffer and the DNA
is eluted with 400 pl 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
centrifugation in an Eppendorf centrifuge and redissolved in 10 Rl

10 mM TriseHCl (pH 7.8), 0,05 mM EDTA.

b) Preparation of the acceptor plasmid DNA-fragment

1. Digestion of the plasmid pBR322 by EcoRIl and §

1
10 pg of plasmid DNA pBR322 are digested with 15 units of EcoRI

(Biolabs) for 60 min., at 37°C under conditions described by the
supplier. Following phenol extraction and ethanol precipitation,

the DNA is redissolved in 25 pl H,O and the staggered ends are

2
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removed by treatment of the DNA with 20 units of endonuclease g,

(P-L Biochemicals) in 350 ul of a solution containing 2350 mM Na&l,
30 mM sodium acetate (pH 4.5), 1 mM ZnS0O, at 30°C for 30 min. The
reaction is stopped by adding EDTA (pH 7.5) at 10 mM. The DNA is
extracted with phenol, concentrated by ethanol precipitation and

redissolved in 50 ul of 10 mM TriseHCl (pH 7.8), 0.05 mM EDTA.

2. Ligation of a chemically synthesized DNA linker to pBR322 digested

with EcoRI and §

1
Two oligodeoxynucleotides of the formulae

5'-AATTCTATGIGT-3' and

5'-GATCACACATAGAATT-3'
are synthesized using the procedure described in Example 10 Ea.

The synthetic oligodeoxynucleotides are phosphorylated at their
5'~ends by incubating 80 pmoles of both oligodeoxynucleotides with
20 pCi [Y—BZP]-ATP (6700 Ci-mmol-l, Amersham) in a 80 ul reaction
volume, containing 0.1 mM rATP (Sigma), 50 mM TriseHC1 (pH 9.5),
10 mM MgClz, 5 mM DTT and 20 units of T4 polynucleotide Kinase
(P~L Biochemicals) for 30 min. at 37°C. The reaction is stopped by

freezing the mixture at -80°C.

The resulting radicactively phospherylated linker of the formula

{32P]-AATTCTATGTGT 32
TTAAGATACACACTAG-[" "P]
is subsequently incubated with 6 pe& of pBR322 cleaved with EcoRI and
Sl (see above) in a 200 pl reaction velume containing 0.5 mM rATP
(Sigma) 0.1 mM DTT (Calbiochem), 20 mM Tris+HCl (pH 7.8), 10 mM MgCl2
and 4-103 units of T4 DNA ligase (Biolabs) by incubating the mixture
for 2 h at 15°C.

The solution is deproteinized by phenol extraction and the DNA
is concentrated by ethanol precipitation. The DNA is redissolved
in 100p1 10 mM TriseHC1 (pH 7.5), 0.05 mM EDTA and centrifuged
through a sucrose gradient (5 - 23 %) in 50 mM TrissHC1 (pH 8.0},
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60 rotor (Xoniron AG) at 15°C for 2.5 h. 0.2 ml fractions are
collected with an ISCO gradient cellector at 1 mls/min. The fractions
containing the [32P]-labeled plasmid DMA (fractioms 11 - 14 out

of 22 fractions) are pooled, the DNA is precipitated with ethanol

and digested with 12 units of Bcll (Biolabs) as recommended by

the supplier. After phenol extraction and ethanol precipitation,

the digested DNA is treated with 10 units of PstI (Biolabs) as
recommended by the supplier. The phenol extracted digest is then
centrifuged through a (5 = 23 %) sucrose density gradient for 15 h

at 35 000 rpm at 15°C in a TST 4l rotor (Kontron AG). 0.3 ml fractions
are collected (see above) and the fractions containing the large
[32P]-1abe1ed Bell - PstI DNA fragment (fractions 27 - 31 out

of 42 fractions) are pooled and concentrated by ethanol precipitatiocn.

The DNA is redissolved in 20 ul TrissHCl 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) (see above)} are
incubated with each of 5 pl of cDNA inserts (~~20 ng) {see above) in
a Teaction volume containing 20 mM TriseHCl (pH 7.8), 10 mM MgClz,

0.1 mM rATP, 0.1 mM DTT and 400 units of T, DNA ligase in 10 pl for

3 h at 15°C.

4

5 pl of the reaction mixtures are then added to a mixture containing

2 10 mM CaCl2 and

10 mM TriseHCl (pH 7.5) in a total volume of 200 pl.

150 pl calcium-treated E. coli HB 101 in 10 mM MgCl

The mixture is cooled in ice for 20 min. heated to 42°C for ! 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); 1 g glucose; 8 g NaCl and 294 mg CaCl,*2 H,0 in 1 1 of

2 2
distilled water) is added and the mixture is incubated for 30 min.
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
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10 ug/ml of tetracyclice (Sigma).The plates are incubated at 1317°C
for 12-17 h. Approximately 1000 colonies are obtained per transfor-
mation mixture. 4 colonies are Picked from each transformation

mixture for further analysis.

d) Restriction analysis of the hybrid plasmids

In order to further analyse the potential hybrid plasmids, the
plasmid DNA is isolated from 12 colonies (4 from each of the 3

ligation mixtures, see above).

The hybrid plasmid DNA is isolated as follows: 1l colony is used to
inoculate 10 ml of tryptone medium, supplemented with 10 ngsml of
tetracycline as above in a 25 ml Erlenmeyer flask. The culture is
shaken for 15 -~ 18 h at 37°C at 300 rpm. The cells are harvested

by centrifugation (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
TriseHCl (pH 8.0). 0.25 ml of lysozyme solution (10 mg/ml in 50 mM
Tris-HC1 (pH 8.0), lysozyme 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 7 Triton X-100
(Merck) is added. After 30 min. at 0°C, the sample is centrifuged for
30 min. at 15000 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 TNE,
preheated 10 min. at 85°C) is added to a final concentration of

25 pg/ml and the mixture is incubared for 40 min, at 37°C. The
solution is then adjusted to 1 M NaCl 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
(20 min. at 10 000 rpm, 0°C) and redissolved in 100 #l of TNE. The
DNA solution is extracted with 1 volume of phenol and the DNA is

precipitated with 2 volumes of ethanol at -80°C for 10 min,
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The precipitate is collected by centrifugation in an Eppendorf
centrifuge and the DNA is redissolved in 20 pl of 10 mM TriseHCl
(pH 7.5) and 0.5 mM EDTA. 8 - 10 pg of hybrid plasmid DNA are

recovered from 10 ml culture.

5 All of the plasmid DNAs are analysed by the following double digests:
0.5 pg of each DNA is digested with HindIIT (Biolabs) and Pvull
(Biolabs), HindIII and PstI (Biolabs), HindIII and BamH1 (Biolabs),
EcoRI (Biolabs) and PstI using standard protocols, and fractionated
on a 1.5 % agarose gel according to size in 40 mM Trissacetate

10 (pH 7.8), 1 mM EDTA containing 0.5 pe ml EtBr.

The hybrid plasmids having the desired restriction enzyme pattern

are selected. The result is summarized in figures 29 and 30.
Plasmid DNA, containing the insert derived from pBR322/HLycIFN*81 or
pBR322/HLycIFN_—51 ;r pBR322/HLycIFN-1'b are denoted

15 CG-pBR322/HLycIFN(a=3)=-252 and CG-~pBR322/HLycIFN{(a—-2)-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
¢DNAs, the nucleotide sequence is determined at this area. In

20 particular, 2 pg of the isolated plasmid DNA CG-pBR322/HLycIFN(a-1)-258
is digested with EcoRI, 5'-terminally labeled and cleaved with PstI,
The DNA fragments are fractionated on a 6 % polyacrylamid gel and the
EcoRI*-Pstl (9.4 bp) DNA fragment is extracted as described above.
The DNA fragment is subjected to sequence 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 c¢DNAs in plasmids

CG-pBR322/HLy<cIFN(a-2)-261 and CG-pBR322/HLycIFN(a~3)-252 is confirmed
analogously.
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In the plasmids CG-pBR322Z/HLycIFN(a-1)-258, (a-2)-261 and (a-3)-252
the IFN coding sequences are preceded by the following nulcectide

segment containing an EcoRI restriction site.
EcoRI Sau3A

5 -NGAATTCTATGTGTGATC. ....
—NCTTAAGATACACACTAG. ....

——y
IFN gene

Example 24: Deletion of the PHOS signal sequence in the expression

plasmid p31l (see figure 31)

10 Expression plasmid p31 contains the PHOS> promoter sequence including
the mRNA start sites, the translation start codon ATG of acid phos-
phatase and additional 40 nucleotides coding for part of the acid
phosphatase signal sequence. In this construction, the nucleotides for
the signal sequence and the ATG are eliminated by Bal3l digestion.

15 EcoRI linkers are introduced to allow joining of the PHOS promoter

to appropriate mature coding sequences (e.g. interferon genes).

a) Bal3l digestion of Ball cleaved plasmid p30

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-/chloroform, the DNA is precipitated with
ethanol. The DNA is resuspended in 10 mM Tris pH 8.0 at a concentration
of 0.5 pg/ml. 9 ug 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 mM 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 immediately mixed with 50 Ml phenol and
60 1 TNE. After extraction with phenol-/chloroform and ethanol preci-

pitation, the DNA is resuspended in 10 mM Tris pH 8.0 at a concentra-
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ticn of 100 pug ml. To analyse the extent of exonucieclytic cleavage
by Bal3l 6.5 pg of NNA from each time peint ave digested with endo-
nuclease BamHI and analysed on a 1.5 g agarose gel in Tris-borate

buffer pH 8.3. On the average 70 bp are removed from each end of the

fragment after 45 sec. of Bal3l digestion. For further experiments

DNA from the 45 second time point is used.

b) Addition of EcoRI linkers to the Bal3l treated DNA

Two A260 units of EcoRI linkers (5'-GGAATTCC-3', BRL) are resuspended
in 250 Bl of 10 mM Tris pH 8, 1 mM EDTA. Two p8 of EcoRI linkers are
kinased in 75 pl of 60 mM Tris pH 7.5, 10 mM MgClz, 15 mM DDT, 10 PM
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 stranded EcoRI linkers are ligated with their
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 ul of
60 mM Tris pH 7.5, 10 mM MgCl,, 10 m¥ DIT, 4 mM ATP and 600 U of T4
DNA ligase (Biolabs). After inactivation of the T4 DNA ligase (10 min
at 65°C) the excess of EcoRI linkers is cleaved by 50 U of EcoRL
(Boehringer) in a volume of 50 pl. The DNA is extracted with phenol/
chloroform, precipitated by ethanol and resuspended in 10 mM Tris,

1 mM EDTA.

Restriction endonuclease EcoRI not only cleaves the terminally added
EcoRI linkers of both Ball fragments (3.7 kb and 5.1 kb) but also at
an intermal EcoRI site in the 5.1 kb fragment giving rise to a 3.9 kb
and a 1.2 kb fragment. The 3.7 kb and 3.9 kb fragments are separated
from the 1.2 kb fragment on a 0.8 7 low melting agarose gel (Sigma)

in 90 mM Tris-HCI pH 8.3, 90 mM boric acid and 2.5 m¥ EDTA. The DNA
bands are stained with ethidium bromide and visualized under lung wave

UV light at 366 nm. The two large DNA fragments of 3.7 kb and 3.$ kb
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are nof separated. They are cut ocut of the 2el in 2 single gel block

and are extracted as described in Example 4a,

The linear fragments terminating in EcoRI sticky ends are circularized
by ligation. About 0.25 #g of fragments are ligated im 100 HLl of 60 mM
Tris pH 7.5, 10 mM MgClz, 10 mM DTT, 1 mM ATP and 600 U T4 DNA ligase

for 4 hours at 15°C.

Ten pl aliquots of the ligation mixture are added to 100 ul of calcium
treated, transformation competent E.coli HB1O1 cells (see Example 4a),
35 transformed, ampR colonies are grown individually in LB medium
containing 100 pg/ml of ampicillin., Plasmid DNA is prepared according
to the method of Holmes et.al. (50) and is analysed by EcoRI/BamHI

double digestion.

¢} Nucleotide sequence analysis to determine the position of the

EcoRI linker addition

Most of the 35 clomes will differ from each other in the position of
EcoRI linker addition in the PHOS> promoter 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 phenolL’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 7 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
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).
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The different clones and the position of the corresponding lest nucleo-

tide of the PHO5 sequence (then followed by an EcoRI linker) is listed in

Tab. 4 (see also figure32 ).

10

15

20

25

Table 4

clone position of iast nucleotide of the PHO5 sequence
pE +25
PG +16
pe +15
pd +12
oY -4
pR -10
oP -16
oV -18
oL -21
pN -22
pC -24
pH -27
pS -28
pk -29
pt -38
pM -50
pO =53
PF =59
pm -67
pK -73
pl -81
ph -137
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d) Isolation of a 0,53 kb BamHI-EcoRI fragment containing the

PHOS/R promoter:

Plasmid pR contains the PHOS/R promoter on a 534 bp BamHI-EcoRI
fragment. According to the numbering in fig. 3a, the fragment covers
PHOS promoter sequences from nucleotide = 541 (BamHI site) to
nucleotide - 10. An EcoRI linker, ligated to nucleotide - 10 (see

Example 24b) contributes two G-residues upon EcoRI cleavage.

Plasmid pR is digested with restriction endonucleases BamidI and
EcoRI. The 0.53 kb BamHI-EcoRI fragment is separated on a 0.8%7 low
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 PHO5,/Y promoter,

The nucleotide sequence is given in fig. 34.

e) Replacement of the Sall-EcoRI fragment in plasmid p31 by a

Sall-EcoRlI fragment of the new constructions

Five pg of plasmid p3l (cf. Example 13d) are digested with restriction
endonuclease 5all. The restricted DNA is precipitated with ethanol and
resuspended in 50 ul of 100 mM Tris pH 7.5, 50 mM NaCl, 5 mM MgClz.
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.
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Five pg each of clones pR and pY {cf. Table 4 and fig. 32) are digested
wich 3all and EcoRI in the same way as described above. The 0.8 kb DNA

fragments are isolated in small blocks of low melting agarose gel.

0.67 pg of the 3.5 kb Sall-EcoRI fragment of vector p3l is ligated to
0.34 pg of the 0.8 kb Sall-EcoRI fragment of plasmid pR or pY,
respectively. Appropriate gel blocks, containing the DNA fragments are
mixed and melted at 65°C., The liquified gel is diluted three times.
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)
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 HBIOL cells

(see Example 4a).

8 transformed, a.mpR colonies each are grown individually in LB medium
containing 100 pg/ml ampicillin. Plasmid DNA is analysed by restriction
analysis. The clones of each group are identical. One clone each is

further used and referred to as p3L/R or p3l/Y, respectively (fig. 31).

Example 25: Insertion of lymphoblastoid interferon—w—3 DNA into

plasmid p3L/R or p3L-Y (cf. figure 35)

This construction joins the PHOS promoter region to the gene cbding

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.



10

15

20

- 94 =

Plasmid p31/R (see Example 24e) contains the PHOS promoter sequence
which is terminated 9 nucleotides before the ATG of the acid
phosphatase gene by an EcoRI linker 5'-GGAATTCC-3', The lymphoblastoid
interferon-a-3 gene in plasmid CG-pBR322/HLycIFN(a—3)-252 (see

Example 23) is specifically adapted for the junction to the EcoRI
linker in the PHO5 promoter. The additional nucleotides at the 5' end
of the coding sequence of mature interferon-a-3 provide an EcoRI
restriction site and an ATG, necessary for the translation of the inter-
feron gene (cf. figure 29). Essentially the same construction is

also done with plasmid p3LY (see Example 24e ).

a) Preparation of EcoRI cleaved, dephosphorylated plasmid p3L-R

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
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.

b) Isolation of a 0.6 kb EcoRI fragment of plasmid

CG-pBR322/HLycIFN(a=3)-252 containing the IFN~a-3 coding sequence

Ten pg of plasmid CG-pBR322/HLycIFN(a-3)-252 are digested with restric-

tion endonuclease EcoRI. The digest results in 2 fragments of 3.8 kb
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and 0.6 kb, The 0.6 kb fragment contains the interferon-o—3 coding
region, The fragment is isolated on a 0.6 2 low melting agarosz gel in
Tris-borate~EDTA buffer. The gel piece containing the 0.6 kb DNA

fragment is cut out of the gel and used for ligation.

c) Ligation of linearized, dephosphorylated p3L/R DNA and the 0.6 kb

EcoRI frggment of IFN~a—~3 DNA

1.5 pe of dephosphorylated p3L/R vector DNA cleaved with EcoRI is
ligated to 0.19 pg of the 0.6 kb EcoRI fragment of IFN-a-3. The latter

fragment is contained in a small block of low melting agarose gel

10 which is melted at 65°C. The liquidified gel is diluted two times.

15

20

25

Ligation is performed in a total volume of 220 ul 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 PI of calcium treated, transformation competent E. coli HB1O1

cells (see Example 4a).

6 transformed, ampR colonies are grown individually in LB medium
containing 100 Hg-ml ampicillin. Plasmid DNA is prepared according to
the method of Holmes et al. (50) and is analysed by BglII/RBstEIl
double digests to determine the orientation and the size of the insert.

One of these clones is referred to as p3lR/IF(a‘3)-

The same construction is done with p3L¥ (See Example 24e). Plasmids
R . .

from 6 transformed, amp colonies are analysed. 2 clones have the right

orientation of the insert. One of them is referred to as p3lY/IF(a-3).

Example 26: Insertion of lymphoblastoid interferon-a-2 DNA into plasmid

p3LR (see figure 36)
This construction joins the PHO5 promoter to the mature interferon-a-2

coding region.

a) Isolation of a 3.9 kb HindIII-EcoRI fragment of vector p3L-R

Ten yug of vector p3L/R are digested with HindIII to completion., The
buffer is adjusted with 0.1 volume of 1 M Tris pH 7.5, The HindIII-
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cleaved p3L/R DNA is then digested with EcoRI. The 3.9 kb HindII[-
fcoRl fragment is isclated from a 0.8 7 low melting agarose gel ia a

gel block cut cut of the gel.

b) Isolation of a 0.9 kb Xbal -HindIIT fragment of pJDBZO?/IFZ(Sll

Five mg of plasmid pJDBZO7/IF2(51) (cf. Example 17) are digested with
HindIII to completion. The buffer is adjusted with 0.1 volume of

1 M Tris pH 7.9. The HindIII-cleaved plasmid is then digested with
XbaI. The 0.9 kb XbaI-HindIII fragment contains part of the interferon-
a-2 coding sequence and the downstream PHO5 transcription termination
signals. The 0.9 kb fragment is separated on a 0.8% low melting

agarose gel and cut out of the gel.

¢) 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 '

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
MgC12 and 6 mM mercaptoethanol. After complete digestion 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
at —70°C. The DNA fragments are analysed on a 1.5 J 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 junction with the PHO5

promoter. The 252 bp fragment is isolated in a small gel block from a

0.8 7 low melting agarose gel,

d) Ligation of DNA fragments

Three DNA fragments described in Examples 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 HE

30 of the 0.9 kb Xbal-HindIII fragment of pJDBZO?/IFZ(Sl) and ahout 70 ng



of the 250 bp EcoRI-Xbal fragment of CU-pBR322/HLvclFN(a-2)-261 are
ligated, All three DNA fragments are contained in small gel blocks of
low nelting agarose. The three pieces of agarose gel are pooled, melted
at 65°C and diluted three times. The ligation is done in a total volume
5 of 450 pl of 60 mM Tris pH 7.5, 10 mM MgClz, 10 mM DTT, 1 mM ATP with
1200 U of T4 DNA ligase at 15°C for 16 hours. A 10 ul aliquot of the
ligation mixture is added to 100 Bl of calcium treated, transformation

competent E. coli HB1Ol cells (see Example 4a).

12 transformed, ampR colonies are grown individually in LB medium

10 containing 100 ng/ml of ampicillin. Plasmid DNA is prepared according
to the method of Holmes et al. (50) and is analysed by BamHI HindIII
double digestion. All clones show an identical digestion pattern.

One of them is referred to as p31R/IF(a=2).

Instead of the 0.9 kb Xbal-HindIII fragment of pJDBZOZ/IFZ(Sl) alsu a

15 0.5 kb XbaI-HindIII fragment of plasmid pJDBZOY/IFZ(Sl)A72 or
pJDBZO?/IFZ(Sl)ASZ (see example 22) can be used for ligation. Also,
instead of the 3.9 kb HindIII-EcoRI fragment of vector p31/R the
ligation is carried out with the 3.9 kb HindIII-FcoRI fragment of
vector p3l-Y.

20 Conditions for ligation of the DNA fragments and the transformation

of_E.coli HB10Ol are the same as described above.

12 transformed, ampR colonies of each ligation are grown individually
in LB medium containing 100 pg/ml ampicillia. Plasmid DNA is analysed
by BamHI/HindIII double digestion. The resulting clones are referred

25 to as pILR/IF(a=2)A72, p31R/IF(a=2)A82, p3lY/IF(a-2), p3lY/IF(a~2)A72
and p31Y/IF{a-2)A82.
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Example 27. Insertion of lymphoblastoid interferon-a-1 into plasmid

p3L/R (see figure 37)

a) Isolation of a 3.9 kb HindIII-EcoRI fragment of vector p3l-R:

Ten pg of vector p3L/R are digesited with HindIII and EcoRI as de-
scribed in Example 26a. The resulting 0.4 kb and 3.9 kb fragments

are separated on a preparative 0.8%7 low melting agarose gel. The 3,9 kb
HindIII-FcoRI fragment is eluted from the gel as described im Example
4a, The DNA is purified by DE5” (Whatman) ion exchange chromatography
(see Example 5a), precipitated with ethanol and resuspended in 10 mM

Tris pH 8.0, 1 mM EDTA at a concent-ation of 0.1 mg/ml.

b) Isolation of 0.9 kb Pvull-HindTII frasment of pJDB207/IF2(1'b):

Five pg of plasmid pJDB207/IF2(1'b) (ecf. Example 17) are digested with
Pvull and HindIII. The :-=2sulting fragmeuts of 0.9 kb and 7.3 kb are
separated on a preparativaz 0.87 low melting agarose gel. The 0.9 kb
fragment is eluted from tie gel and purified as described in Example
27a. The DNA is resuspenced in 10 mM Tris pH 8.0, 1 mM EDTA at a

concentration of 0.05 mg/ml.

c;j Isolation of a 285 bp EcoRI~Pvull fragment of plasmid

CG-pBR322/HLyeIFN{a=1)-258 containing part of the IFN-a-1 coding

sequence
Ten pg of plasmid CG-pBR322/HLycIFN(a=1)-258 (see Example 23) are
digested with Pvull and EcoRI. A 286 bp restriction fragment is
separated from a 4.2 kb fragment on a preparative 0.87 low melting
agarcse gel. The 286 bp EcoRI-Pvull fragment is eluted from the gel
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-EccoRI fragment of vector p3l/R, 0.25‘pg
of the 0.9 kb Pvull-HindIII fragment of pJDB207/IF2(1'b) and 0.1 F8
of the 288 bp EcoRI-Fvull fragment of plasmid
CG-pBR322/HLycIFN(a=1)-258 are ligated for 16 hrs at 15°C in 20 pl
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of 60 mM Tris pK 7.5, 10 mM MgCl,, 10 mM DTT, 4 mM AT? and 500 U of
DNA ligase. 4 3 pl aliquot of the ligation mixture is added to 100 ul
of calcium treated, transformation competent E. coli HBIOL celis

(see Example 4a).

12 transformed, ampR colonies are grown individually in LB medium
with 100 ug/ml of ampicillin. Plasmid DNA is analysed by BamHI HindIII
double digestion. One clone giving rise to a 1.4 kb BamiI fragment
and a 390 bp BamHI-HindIII fragment, is further analysed and referred
to as p31R/IF(a-1),

The 3.9 kb HindIII-EcoRI fragment of vector p31L/R can be replaced

by the HindIII-EcoRI fragment of vector p3L-Y. Also, instead of the

0.9 kb PvulI-HindIII fragment of pJDB207/IF2(1'b), a 0.45 kb PvulIl-

HindIII fragment of pJDB207/IF2(1'b)A can be used for the ligation,

The resulting clones are analysed as described above. The clones are

referred to as p31R/IF{a-1)A, p31Y/IF(a-1) and p31Y/IF(a-1)A.

Example 28: Subcloning of gene constructions in the high copy

number yeast vector pJDB207 (see fig. 33)

The constructions described in Example 25-27 contain the PHOS promoter,
different interferon coding regions and the PHOS transcription termi-
nation signals in a tandem array, all inserted in a pBR32? derived
vector. Sall-HindITI fragments containing the whole array are ligated
into the 6.2 kb SalI-HindIII fragment of pJDB207 as described in

Example 17.

2 pg of plasmid p31R/IF(a-3) are digested with restriction

endonucleases Sall and HindIII. The restriction fragments are sepa-
rated on a preparative 0.8%7 low melting 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
HindIII and thz large 6.2 kb fragment is isolated as described in

Example 17.
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Ligation of the DNA fragmeuts and transformation of competent E, =oli

HE101 celle is carried cut as described in Example 17. 8 ampR colconies
are grown individually in LB medium containing 100 pg/ml of ampicillin.
The plasmid DNA is analysed for the size of the insert by cleavages
with restriction endonucleases HindIII and SalI. One clone having the

correct insert is selected and referred to as pJDB207R/IF(a=3).

In an analogous manner, starting from the plasmids p31Y/IF (a=3),
p3LR/IF(a-2), p31R/IF(x-2)a72, p31R/IFa-2)282, p31¥/IF(a-2),

p31Y/TF(e-2)A72, p31Y/IF(a-2)A82, p31R/IF{z=1), p31R/IF(a~1)a,
p31Y/IF(a~1l) and p31Y/IF(a-1)A, the following clones with the

correct insert are obtained:

pJDB207Y/IF (a~3),
pJDB207R/TF (a=2),
pJDB207R/TF(a~2)A72,
pIDB207R/IF (a—=2)A82,
pJDB207Y/IF (a=2),
pJDB207Y/IF(a—2)A72,
pJDB207Y/IF(a-2)A82,
pJDB207R/TF (a~1),
pJDB207R/IF(a-1) a4,
pJDB207Y/IF{(a-1}), and

pIDB207Y/IF (a=1)A,

Example 29: Transformation of Saccharomyces cerevisiae AH220 and

induction of interferon production

Plasmids pJDB207/IF2(51)A72, pJDBZO?/IFZ(Sl)ABZ, pJDB207-TF2{1'b)A,
pJDBZ07R/IF{e—3), pJDB207Y/IF (a~3), pJDB207R/IF (a~2), pIDB207R-IF (a=2)AT72,
pJDB207R/TF (a~2}482, pJDB207Y/IF (a=2), pJDB207Y IF(a~2)A72,

pIDB207Y /IF (a-2)A82, pJDB2O7R/IF(a-1), pJDB207R/IF(a-1):,
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, pho5,

pho3) using the transformation protocol described by
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Hinonen 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

10
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20

yeast colonies are referred to as

Saccharomyces

cerevisiae

Saccharomyces cerevisiae AH220/pJDB2O7/IF2(51)A82,
Saccharomyces cerevisiae AH220.pJDB207/IF2(1'b)A,
Saccharomyces cerevisiae AH220/pJDB207R/IF(a~3),
Saccharomyces cerevisiae AH220-pJDB207Y/IF(a-3),
Saccharomyces cerevisiae AH220/pJDB207R/IF{(a-2),
Saccharomyces cerevisiae AH220/pJDB207R/IF(a-2)A72,
Saccharomyces cerevisiae AH220/pJDB207R/IF(a-2)482,
Saccharomyces cerevisiae AH220/pJDB207Y/IF(a-2),
Saccharomyces cerevisiae AH220/pJDB207Y/IF(a-2)Aa72,
Saccharomyces cerevisiae AH220,pJDB207Y/IF(a~2)A82,
3accharomyces cerevisiae AH220/pJDB207R/IF(a-1),
Saccharomyces cerevisiae AH220/pJDB207R/IF(a-1)A,
Saccharomyces cerevisiae AH220/pJDB207Y/IF(a-1) and

Saccharomyces

cerevisiae

Example 30: Transformation of Saccharomyces cerevisiae strain GRF18

AH220/pJDB207/TF2(5 )A72,

AH220/pJDB207Y/IF(a-1)A.

and induction of interferon production

Analogous to the process described in Example 29, Saccharomyces

cerevisiae strain GRF18 (¢, his3-11, his3-15, leu2-3, leu2-112, canR)

is transformed with the plasmids listed in Example 29, The different

25

30

yeast colonies are referred to as

Saccharomyces

cerevisiae

Saccharomyces

cerevisiaae

Saccharomyces

cerevis.an

Sacchiromyces

carevisiae

Saccharomyces

cerevisiae

Saccharomyces

cerevisiae

Saccharomyces

cerevisiae

GRF18,pJDB207/IF2(5 1)37'2 ,
CRF18,/pJDB207/1F2 (51)-_\.82 ,
GRF18,/pJDB207/IF2(1'b)A,
GRF18,/pJDB207R/TF(c—3),
GRF18/pJDB207Y/IF(a-3),
GRF18,/pJDB2C7R/TIF(a2),
GRF13/pJDB207R/TF(a-2)472,
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Saccharomyces cerevisiae GRF18,/pIDB207R/IF(a—2)4a82

s

Saccharomyces cerevisiae GRF18,pJDB207Y/IF(a-2),

Saccharomyces cerevisiae GRF18./pJDB207Y/IF(a-2)472,

Saccharomyces cerevisiae GRF18,/pJDB207Y/IF(a-2)A82

Saccharomyces cerevisiae GRF18/pJDB207R/IF(a~-1),

Saccharomyces cerevisiae GRF18,pJDB207R/IF(a-1)A,

Saccharomyces cerevisiae GRF18/pJDB207Y/IF(a~1) and

Saccharomyces cerevisiae GRF18/pJDB207Y/IF(a-1)A.

Example 31l: Preparation of yeast cell extracts and determination of

the interferon titer

Cells from 50 ml of culture medium at a cell density of 1-2x102/ml 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 KHZPO4 PR 7.4, and
centrifuged at room temperature for 5 min. at 3000 rpm. The sedimented
cells are resuspended in 1.2 ml ice cold lysis mix {0.1 M potassium
phosphate buffer pH 7.4, 1% (v/v) TritogDX—IOO,O.l mM PMSF (Merck)] and
transferred to a 30 ml Corex tube. 1.6 g of glass beads (0.4 mm in
diameter) are added to the cells and the suspension is shaken on a
Vortex Mixer (Scientific Instruments Inec., USA) at full speed for

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
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Cell debris and zlass beads are remeved from the sclution by centgi-
fugation for 10 min. at 8000 rpm at 4°C in a Sorvall HB-4 rotor,

The supernatant is transferred to Eppendorf tubes, frozen in liquid
nitrogen and stored at -60°C. Interferon activity is determined
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 transformation with a recombinant plasmid is generally identical.
Table 6 shows a comparison of the interferon activities of both strains

after transformation with the plasmids listed as examples,
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Table 5:

Loe ~

interferon activity in S. cerevisiae strain AH 220 after transformation

with the following recombinant plasmids:

Interferon activity expressed in

plasmids Example | units/ml yeast celliunits/l yeast cell
extract culture
pJDBZO?/IF(Sl) 17 1-10’ 2010°
pIDB207R/IF(a-3) 28 1010° 2.10°
pJDB207Y/IF (a~3) 28 1010° 2:10°
pJDB207/IF1(51) 17 7+10° 1.4+10"
pJDB207/IF2(51) 17 5010 1_0-107
pJD3207/IF3(51) 17 3.10° 6.3-104
pJD3207/1F2(51)A72 22 5.10° 1e10’
PJDB207/1F2(51)A82 22 5010 1e10’
pJDB207R/TF (o~ 2) 28 10107 2410°
pJDB207R/IF{(q-2)A72 28 1010’ 2010°
pIDB207R/TF(a-2) A82 28 1.10’ 2.108
pJDB207Y/IF (a-2) 28 10107 20108
pJDB207Y/1F(a~2)A72 28 10107 2010°
pJDB207Y/IF(a=2)A82 28 1.10’ 2010°
pJDB207/1F2{(1'b) 17 4-103 8-104
pJDB207/1IF2(1'b)A 22 1.10° 2010"
pJDB207R/IF{(a-1) 28 5¢10% 1.10°
pJDB207R/TIF(a-1)A 28 4e10* 8+10°
pJDB207Y/IF(x-1) 28 5.10% 1-106
pIDB207Y/IF(o~1)A 28 4-104 8-105
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Table 6: Compariscn of interferon activity in S. cerevisiae strains
AH220 and GRF18 after transformation with the following

recombinant plasmids:

plasmids Interferon activity (units/1 yeast cell culture]
AH220 GRF18
' 8 8
pJDB207/IF(81) 2e10 210
9
pJDB207R/IF (a-3) 2-109 2010
7 6
pJDB207/1F2(57) lel0 9e10
pJDB207R/IF (a=2) 20108 20108
pJDB207R/IF (a-2) 482 20108 2~IO8

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 selective
maintenance of the plasmid in the host organism, a structural gene for
human interferon-a-2 and the acid phosphatase PHOS5 promoter which
allows expression of the IFN-a=-2 gene in media with limiting amounts

of inorganic phosphate.

The strain is maintained on agar slant cultures prepared with a de-
fined medium lacking the amino acid leucine to ensure retention of the
plasmid. Freshly inmoculated 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
medium having the following composition (values in g/1):

Yeast extract (Difco), 10.0; L-asparagine, 6.6; KH_PO 1.0;

2774
Mg804-7H20, 1.0y L~histidine, 0.02 and D-glucose (monohydrate), 33,0.
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The medium which has been prepared using deionised water, has a
pH value of approximately 6.0. The glucose is sterilised
separately. This first pre-culture is incubated for 24 hours at

30°C on an orbital shaker with 5 cm throw at a speed of 250 rev,min.

The first pre-culture flask provides the inoculum for the second
pre-culture flasks. These flasks receive an inoculum level of 1%
v/v. The medium and incubation conditions are identical with those
for the first pre-culture. The culture broths from 36 such flasks
are combined to provide a 1% v/v. inoculum for the main production

fermenter.

The production fermenter has a total volume of approximately

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 overpressure 0.3 bar and the aeration rate is 1 vol,vol.min.

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;

KH2P04, 0.03; Mg504t7H20, 0.5; NaCl, 0.1; CaC12-2H20, 0.1; KC1, 1.0;
D-glucose (monohydrate), 20.0; vitamin solution, 5 ml/l and trace
element solution, 5 ml/l. The medium is adjusted to pH7.2 using NaOH
before sterilisation. The glucose, vitamins and trace elements are
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;

folic acid, 0.0002; nicotinic acid, 0.04; p-aminobenzoic acid,

0.02; pyridoxine hydrochloride, 0.04; riboflavin, 0.02; thiamine
hydrochloride, 0.04; and inositol, 0,2 in 1 1 of deionised water;
trace elements - boric acid, 0.05; CuSO405H20, 0.004; KI, 0.01;
FeC1306H20, 0.02; MnSan4H20, 0.04; NaZMoOAOZHZO, 0.02 and
Zn504-7H20, 0.04 in 1 1 of deionised water. The fermentation
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
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vield of interferon is reached [as determined according to
Armstrong (32)]. The cptical density, whieh reaches about 2.C units,
and the acid phosphatase activity are useful indications of the
progress of the fermentation. The fermentation broth may be cooled

to 10°C if required prior to harvesting of the yeast cells.,

Example 33: Isolation and purification of HLyIFN-o~2

a. Preparation of the polypeptide solution for the monoclonal

antibody column

A total volume of 600 1 of culture broth having a pH of 4.1 is cooled
to 10°C. The cells are separated using an Alfa-Laval BRPX-207
de~sludger centrifuge. The clear supernatant contains no IFN-activity.
Residual supernatant liquor entrained with the cells is displaced

by washing with 20 1 Lysis Buffer A [100 mM KH2P04,
0.1% v/v Triton X—lOOda'and 0.1 mM PMSF adjusted with KOH to p4d 7.5].

500 mM NaCl,

The 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 with 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 DYNdElMill (type KD5) at a feed rate of 100 LA,

The mill 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 supernatant (75 1) is concentrated to 3 1 by ultra-
filtration. An aliquot (300 ml) of this polypeptide solution is passed
through a HIP100 Hollow filter cartridge using an Amicon DC-2

Hollow Fibre System. A further 2 1 of buffer system B [30 mM
Tris-HC1l, 500 mM NaCl, adjusted to pH 8.5] is applied to the filter.
The combined filtrate and washings (2 1) are concentrated to 160 ml
by means of a HI1P1O Hollow filter cartridge. The concentrate is
adsorbed onto a column of DEAE-Trisacryl(g)M DEAE (LKB Ltd.). The
column is washed and then eluted with Buffer ¢ (200 mt NaCl, 25 mM

Tris=HC1 at pH 8.5). The eluate has an interferon activity of
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1.4 x 106 I7/mg polypeptide when assayed according to the method of
Armstrong (32). The eluate is stored at -20°C prior to further puri-

ficatien on the monoclonal antibedy column,

b) Purification of human LyIFN-a~2 on a monoclonal antibody column

The monoclonal antibody column NK2 (purchased from CELLTECH U.K.) (bed
volume 20 ml), is equilibrated with 20 mM Na-phosphate, 154 mi{ NaCl,
pH 7.4 and portions of the above polypeptide solution are applied onto
the column at room temperature with a flow rate of 50 ml/h. The first
fractions containing the nonadsorbed polypeptides and 100 ml of PBS
washings are discarded. Further non specific bound polypeptides are
eluted with 110 ml of PBS containing additional 0.5 M NaCl and 0.27
Triton X 100®, The column is washed with 200 ml of 20 mM Na-phosphate,
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,

pH 2). This solution is adjuste& to pH 6.3 with 2N NaOH and concen-
trated at 4°C with the aid of an immersible-CXTM molecular separator
Qiillipore(:3. The concentrate is applied onto a Sephadex G-2§ED

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

histidineeHCLl buffer at 4°C and with a flow rate of 42 ml/h.

20 fractions are cbllected 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
localised by the assay according to Armstrong (32). The active
fractions containing LyIFN-a~2 are stored at =-20°C until further use.

The IFN activity of the fractions is 1.80108 IU/mg polypeptide (32).
By lyophilizing the above fractions from 1 ml solution 20-40 ug of
polypeptide are obtained.

SDS polyacrylamide gel electrophoresis (ef. (53)) reveals a molecular

weight for the obtained LyIFN-o-2 of about 18 kDaltons.
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Example 34: Secretion of interferon by transformed yeast cells into the

culture medium

In order to determine the effect of a N-terminal protein signal sequence

on protein secretion, yeast strain S, cerevisiae GRFlS/pJDBZO?/IF(Si)

(containing a hybrid signal sequence, see example 17) and veast strain

S. cerevisiae GRF18/pJDB207R/IF{a-3) (without signal sequence) are

grown as described in Example 28. The amount of the produced interferon
present in the culture medium as well as the amount of interferon
present in cell extracts. (prepared as described in Example 31) is

determined and the results are given in table 7.

Table 7: Comparison of interferon secretion of transformed

5. cerevisiage GRF18 strains into the culture medium:
= — .

S. cerevisiae strain Interferon activity {(units/1l yeast cell
culture)
cell extract culture medium
9 4
GRF18/pJDB207R/TF (a-3) 1.5 e 10 <3 e 10
8 7
CRF18,/pJDB207/TF (8}) 2 e 10 2 e 10
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Appendix

Symbols used xn figures 10-14 of the accompanying drawings have the

following meanings:

amino acid exchange

and 2 nucleotide exchange

sequence not present in prior art

polyadenylation sites in prior art
* deletion of a nucleotide
T insertion of a nucleotide

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:
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Tz HBVs gene

pBR 372 sequences

yeast chromosomal ONA
derived from PHO3, PHOS region

Tz yeast Z,uplasmid CHA

yeast chromosomal ONA
derived from LEU 2 reqion

R . .
amp  ampicillin resistance gane

Ro.; .
tet tefracycline resistance gene

——E— deletion of a restriction site

human lymphoslastoid

FRNNNNEN icterferon gene

yeast chromosamal ONA
derived from TRP| region

£d91efiun in pBR 322

——L—— restriction site

———— direction of transcription
—

linker DNA stretch
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CLAIMS:

1. A DNA fragment essentially consisting of a yeast acid phosphatase

promoter, and wutants thereof which retain the promoter function.

2. A DNA fragment according to claim 1 wherein the expression of the

acid phosphatase promoter can be controlled, and mutants thereof which

retain the promoter function.

3. A DNA fragment according to claim 1 comprising the PHO3 promoter,

and mutants thereof which retain the promoter function,

4. A DNA fragment according to claim 1 or claim 2 comprising the

PHOS promoter, and mutants thereof which retain the promoter function.

5. A DNA fragment according to any one of claims 1 to 4 containing
whole or part of the signal sequence of the corresponding acid
phosphatase protein coding region linked to the yeast acid phog-

phatase promoter, and mutants thereof which retain the promotar

function.

6. A DNA fragment according to claim 1 having the nuclectide ga-

quence
G
ATCCGAAACTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTCGAAGTCATCTT

ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCGTCTATAAACTTCAAACGAA
GCTAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
CGTTTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTT

AATTGAAIAGGCAATCTCTAAATGAATCGATACAACCTTGGCACTCACACGTGGCACTAG

CACACACTAAATTTATCATTCTCGTCCCTGTTTTCGAAGAGATCGCACATGCCAAATTAT



CAAATTGGTCACCTT&CTTﬁCUAACCCATﬁTACCCATTTGRGATAAGCGTAAACATCTTT
CAAT UG AAATOANACOTATATALUC, LTRATS TLTGOTAAG TCCALGT I ASTATGG
CTTCATCTCTCATGACAATAAGAACAACAACAAATAGACCAAGCAAATTCGACATTACCA

ATGTITAAATCTGTTGTTTATTCAATTTTAGCCGCTTCTTTGGCCAATGCACGTACCATT

CCCTTAGGCAAACTAGCCGATG and subfragments

and mutants thereof which retain the promoter function.

7. A DNA fragment according to claim 6 selected from the group

consisting of the DNA fragment having the nucleotide sequence
ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGGAACTCATCTT
ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCGTCTATAAACTTCAAACGAA
GGTAAAAGGT TCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCA
CGTTTTCGCATAGAACGCAACTCCACAATGCCAAAAAAACTAAAAGTCGATTAAAACAGTT
AATTGAATAGCCAATCTCTAAATGAATCGATACAACCTTGCCACTCACACGTGGGACTAG
CACAGACTAAATTTATGATTCTGGTCCCTGTTTTCGAACAGATCGCACATGCCAAATTAT
CAAATTCGTCACCTTACTTGGCAAGGCATATACCCATTTGGGATAAGGGTAAACATCTTT
GAATTCTCGAAATGAAACGTATATAAGCGCTCATGTTTTCCTAAGTCGACGTTACTATGG
CTTCATCTCTCATGAGAATAAGAACAACAACAAATAGAGCAAGCAAATTCGCE

and the DNA fragment having the nucleotide sequence

G

ATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTCCAAGTCATCTT
ATGTGCGCTCCTTTAATGTTTTCTCATCTAAGCCGACGTCGTCTATAAACTTCAAACGAA
GGTAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTACCA
CGTTTTCGCATAGAACCCAACTGCAUAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTT

AATTGAATAGCCAATCTCTnAATGAATCGATACAACCTTCGCACTCACACGTGGGACTAG



CACACAULAANTTYATCATTCTGGTCCCTGTTI TUGAAGASATC CACATCCCAAATTAT
IC_"\AA T CACC LT AUTTOGCANCGCATATACCCATT ICGGAT AACGGTAAACATCTTT
GAATTCTCCAAATGAAACGTATATAACCGCTCATGTTTTGCTAACTCGACGTTAGTATGG
CTTCATCTCTCATGAGAATAAGAACAACAACAAATAGAGCAAGCAAATTCGAGATTAGG.

8. A DNA fragment according to claim 1 having the nucleotide

sequence

GA
GATATCCGAAACAGGTAAATGGATGTTTCAATCCCTGTAGTCAGTCAGGAACCCATATTA

. TATTACAGTATTAGTCGCCGCTTAGGCACGCCTTTAATTAGCAAAATCAAACCTTAAGTG
CATATGCCGTATAAGGGAAACTCAAAGAACTGGCATCGCAAAAATGCAAAAAAAGGAAGAG

TGAAAAAAAAAAAATTCAAAAGAAATTTACTAAATAATACCAGT TTGGCAAATAGTAAAC

AGCTTTGAGTAGTCCTATGCAACATATATAAGTGCTTAAATTTGCTGGATGGAAGTCAAT
TATGCCTTGATTATCATAAAAAAAATACTACAGTAAAGAAAGGCCCATTCCAAATTACCT

ATGTTTAAGTCTGTTGTTTATTCGGTTCTAGCCGCTGCTTTAGTTAATGCAGGT

and subfragments and mutants thereof which retain the promoter

function.

9. A DNA fragment according to claim 1, substantially as described in

Example 3a herein.

10. A DNA fragment according to claim 1, substantially as described in

Example 3b or 24d hevrein.

11. A method for producing a DNA fragment according to any one of

claims 1 to 10 which comprises

(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,
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(B) preparing subclones of the obtained gene, and
(C) identifying the location of the promoter region of the above
sibelones and isolating DNA fragments comprising the acid

phosphatase promoter.

12. A method according to claim 11, carried out substantially as

described in Examples 1 to 3 herein.

13. A hybrid vector comprising a yeast acid phosphatase promoter
and a yeast or a non-yeast polypeptide coding region which is

controlled by said promoter.

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 wherein the

yeast acid phosphatase promoter is the PHOS promoter.

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 Or anti-
cancer properties, an antibody, a viral antigen, a vaccine or a

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-

veast polypeptide coding region codes for a human lymphoblastoid

interferon.
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20. A hybrid vector according to claim 17 wherein the yeast or non~

yeast polypeptide coding region codes for a hepatitis B virus antigon.

21. A hybrid vector according to claim 20 wherein the yeast or non-

yeast polypeptide coding region codes for hepatitis B virus surface

antigen, .

22. A hybrid vector according to anyone of claim 13 to 21 including
additional DNA sequences derived from the group consisting of a
bacterial plasmid, bacteriophage.k, yeast 2 p plasmid and/or yeast

chromosomal DNA.

23, A hybrid vector according to claim 22 wherein the additrional

DNA sequences are derived from plasmid pBR322, yeast 2 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.

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
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 acecording to claim 2¢ 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.
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29. A bybrid vector according to claim 13 wherein the y2ast ain noa-
yeast polypeptide coding region is joined to the acig chuoiphatase
promoter region between the major acid phosphatase mRNA start and the

ATG of the acid phosphatase coding regionm.

30. A hybrid vector according to claim 29 wherein the acid phosphatase

promoter is the PHO5 promoter.

3l. A hybrid vector according to claim 13, substantially as described

in Examples 22 and 25-28 herein.

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 accowrding 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(81), pBOIFNZ'(Bi) and
PJIDB207/IFN2' (8)).

35. A hydrid vector according to claim 13 selected from the group
consisting of the plasmids p31/IF1(51), p31/IF2(51), p31/IF3(51),
p31/IF2(1'b), P3L/IF(8), pJDB207/IF (81), pJDB207/IFL(S ),
pJDBZO?/IFZ(Sl), pJDBZO?/IFB(SI) and pJDB207-/1IF2(1'b),

36. A hybrid vector according to claim 13 selected from the group
consisting of the plasmids pJDB207.PHO5.HBVsAl4 and pJDB207~
PHOS HBVs l4t,

37. A hybrid vector according to claim 13 selected from the group

consisting of the plasmids pJDB2O7/IF2(51)A72, pJDBZO?/IFZ(Sl)ASZ,



o

PIRATIF (=33, p3:¥/IF{a=3), p31R it {a=2), DIVR/LF{a-2)A472, p2lY/TF( -2),
PALY/1F{u-23A72, pALY IV (e-2)232, p3liIF{a=1}, pRIR/IF(a-1)4,
p31Y/IF(a-1), p3lY/IF(a=1)4, pJDB207Y/IF(a-3), pJDB207R/IF(a-2).
pJDB207R-IF (a=2)272, pJDB207Y/IF(a-2), pJDB207Y/IF{(a-2)A72,
pJDB207Y/IF (a=-2)A82, pJDB207R/IF(wu-1), pJDB207R/IF(a-1)A,
pJDB207Y/1F(a~1} and pJDB207Y/IF(a—~1)A’

38. The hybrid vector p31lR/IF{a-2)A82 according to claim 13.
39. The nybrid vector pJDB207R-IF(a-3) according to claim 13.
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,

44. A method according to claim &l,carried out substantially as

described in any one of Examples 22 and 24 to 28 herein,

45 . A yeast transformed with a hybrid vector according to any one

of claims 13 to 40.

40. A transformed yeast according to claim 45 selected from a species

of the genera Saccharomyces, Schizosaccharomyces or Torulopsis.




47. A transformed vyeast accvording to claim 46 wherein the yeast

is Saccharcomvces cerevisiae.

48. A transformed yeast according to claim 47 selected from the

group censisting of Saccharomyces cerevisiae RH971/p3OIFN2(8 Y,

Saccharomyces cerevisiae RH971/p301FN2 (8! ) and Saccharom,ces

cerevisiae RH971/pJDB207/IFN2' (81).

49. A transformed yeast according to claim 47 selected from the

group consisting of Saccharomyces cerevisiae AHZ220-pJDB207/IF (8! )

Saccharomyces cerevisiae AH220-pJDB207/1F2(5 ) 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-pJDB207./PHOS/

HBVsAl4 and Saccharomyceé cerevisiae AH220-pJDB207.PHOS5,HBVsAl4t.

51. A transformed yeast according to claim 47 selected from the

group consisting of Saccharomyces cerevisiae AH220pJDB207Y/

IF(a-3), Saccharomyces cerevisiae AHZ220-pIDB207/IF2(5 )a72

Saccharomyces cerevisiae AH220/pJDB207/IF2(5 YA82, Saccharomyces

cerevisiae AHZ20-pJDB207R/IF (a~2), Saccharomyces cerevisiae
AR220/pJDB207R/IF (a~2)A72, Saccharomyces cerevisiae AH220/pJDB207Y/

IF(a-2), Saccharomyces cerevisiae AH220pJDB207Y/IF (a-2)A72,

Saccharomyces cerevisiae AH220/pJDB207Y/IF(a-Z)ASZ, Saccharomyces

cerevisiae AH220-pJDB207R/IF (a-1), Saccharomyces cerevisiae

AH220/pJDB207R/IF (a~1)2, Saccharomyces cerevisiae AH220.pJDE207Y.

IF(a-1), Saccharomyces cerevisiae AH220.pJDB207Y IF (o=1)A.

52. A ctransformed yeast according to claim 47 selected from the group
consisting of

Saccharomyces cerevisiae GRFIB/pJDBZO?/IFZ(51)A72, Saccharomyces

cerevisiae GRFIS/pJDBZO?/IF2(SI)ASZ, Saccharomyces cerevisiae

GRF18/pJDB207Y/IF(a-3), Saccharomyces cerevisiae GRF18/pJDB207R~

IF(a-2), Saccharomyces cerevisiae GRF18/pJDB207R/TIF (a—-2)872,
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Saccharomyces cerevisiae GRFL18/pJDB207Y~ IF{a-2}, Saccharomyces

cerevisiae GRUL8/pJDB207Y/IF (a-2)A72, Sacchavomycas cevevisiae

GRFE18-pI0a2 7Y IF(a-2)A87, Saccharomyces cerevisae CRFL8/pJLSIOIRS

” N - a o [, - - - +
ir{a 1}, Saccharomyces cerevisiae GRF1S.pJDB207R/IF(a-1)A,

fge
[gvy

Saccharomyces cerevisiae GRF18/pJDB207Y/IF(a-1) and Saccharomyces
cerevigiae GRF18/pJDB207YIF(a=1)A.

53. The transformed yeast Saccharomyces cerevisiae AH220-pJDB207R~

IF{a-3) according to claim 47.

54, The transformed yeast Saccharomyces cerevisiae AH220pJDB207R~/

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(a—-2)A82 according to claim 47.

57. A transformed yeast according to claim 45, substantially as

described in Example 30 herein.

58. A transformed yeast according to claim 45, substantially as

described in Examples 22 or 29 herein.

59. A transformed yeast according to claim 43, 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 herein.

61. A method for producing a transformed yeast according to claim
45, which comprises transforming yeast with a hybrid vectoraccor=

ding to anyone of claims 13 to 40.




52. A method according to claim 61, carried out substauntiaily s

described in any ome 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 wethod 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) isolating 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
to claim 66, wherein the transformed yeast contains a hybrid plasmid

comprising 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 imuunomodulatory, anti-viral or
anti-cancer properties, an antibody, a viral antigen, a vaccine or a

clotting factor.



71. A meihod according to claim 70, wherein the polvpeptide 13 g

human interfevon.

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-1.

74. A method according to claim 72,wherein the human lymphoblastoid

interferon 1is IFN-a~2,

75. A method according to claim 72, wherein the human lymphoblastoid

interferon is I[FN=-a=-3,

76. A method according to c¢laim 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 ia 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.

8l. A method according to claim 66, carried out substantially as

described in Example 8 or ¢ herein.



82. A hybrid vector consisting of a yveast acid prosphatase promoter

and additional DNA sequences derived from the greup consisting of a

bacterial plasmid, bacteriophage | , yeast 2 u plasmid and or veast

chromosomal DNA.

83. A hybrid vector according to claimw 82, wherein the yeast acid

phosphatase promoter is the PHOS promoter,

84. The

£5. The

86. The

37. The

hybrid

hybrid

hybrid

hybrid

vector p30 according to claim 83.

vector p3l according to claim 83.

vector p3l/R according to claim 83.

vector p3l/Y according to claim 23.

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 deseribed

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 phesphatase promoter.

92. A method according to elaim 91, carried out substantially as

described in Example 4 herein.

93. A method according to claim 91, carried out substantially as

described in Example 13 herein,



34, A ueihoc accerding to claim 91, carried out substantrially as

described in Example 24 herein.

95. A polypeptide or a naturally occuring derivative thereof,

whenever produced by a method according co any one of claims
66 to 81.

96. A DNA fragment according to claim 1, whenever produced by a

method according to claim 11 or claim 12,

97. A hybrid vector according to claim 14, whenever produced by a

method according to any one of claims 41 to 44.

98. A transformed yeast according to claim 45, whenever produced

by a methed according to any one of claims 61 to &5,

399. A hybrid vector according to claim 82, whenever produced by a

method according to any ome of claims 91 to 94.
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