5 .. Mcrobial Production of Human Fibrobl ast. Interferon 10 The (Ezf'
present jnvention- r'el ates to the.field of re- conbinant DNA technol ogy,
kﬁ' tQ processes psed in recom binant DNA technol ogy .and to products
obtai ned by these pr.ocesses. . 15° . In"a nore detailed aspeg%agygggﬁfgént
- invention re- lates to polypeptldes "specifically to mature :
-blast interferon, to pharnmaceuti cal conmposi tions containing: themand to a
progess for the|r preparation which conprises causing a.culture of a o
~m crBorgani smtransformed with a 20 replicable m crobi al expression vehicle
- capabl e of expres- sing said pol ypeptides to grow up and express said poly-
peptides. The present invention al so conprises the expres- sion vehicles
used in this process and the novel mcro- organisms containing these
"~ expression vehicles as mell as 25 the predesses for their preparation.
Finally; th |nventhon_ L9 DN < SDEES codlngu
faor the an1no acid s ot S owamvimommEreras F e Fete 30
Background of the invention Hunan flbroblast |nterferon (FIF) i's a proteln
whi chexhi-bits antiviral as well as a w de range of other bio- |ogical
-activities (for review see WE. Stewart |1, The 35 Interferon System
Springer-\Verl ag, New York-Wen, 1979). T has reportedly been
purified to honpgeneity as a single pol ypeptide with a nol-ecul ar meight of -

19000 - 2004 h t
19000, - 20009 fav\niyg SPSGRLCIEGLHLY Bligedf ol thilesigh Lt
al .. J. Biol. camhinant DHAobechnolegyvygi)e. The BEQtesses gpsedein Fecom-

[err]-terninal pahne pRAdeehnblbghagndces gebgustsesbtihéd by these
Met - Ser - Tyr - ASn- Leu Leu- G y-Phe- Leu-Qd n-Arg-Ser-Ser- (E Knight et a

Sci ence 207, ‘5252°538°F1080]). Houghton et al. (Nucleic Acids Res. 8, 1913-
10 1931 [1980]) have used synthetlc deoxyollgonucleotldes

15 In a more detailed aspect the present 1nventlon re-

lates to polypeptides, spec1fica11y to mature human fibro-
~ blast 1nterferon, ‘to pharmaceutlcal composltlons containing

them and to a process for their preparation which comprlses

causing a culture of a mzcroorganlsm transformed with a-

- 20'rep11cable mlcroblal expresslon vehicle capable of expres-
‘sing said polypeptldes to grow up and express said poly— |
peptides. The present invention also comprises the expres-
“sion- vehlcles used in this process and the novel micro-
organlsms contalnlng these expression vehicles as well as

25 the processes for their preparatlon. Flnally, the invention
relates to DNA sequences comprising sequences codlng for
“the amino ac1d sequence of a mature human flbroblast 1nter-

_ feron. ' ' ' ' '

3 . Background of the invention

Human fibroblast interferon (FIF) is aeprotein_which
exhibits antiviral as well as a wide range of other bio-.
logical'sctivities (for review see W.E. Stewart II, The

36 Interferon Systenm, Springer—Verlag,'New YothWien, 1979).



(phedicted fromthis amino acid sequence) to determine the sequence of the
5' -term nal ' nucl eotides of FIF nRNA. Tani guchi et al. (‘Nature 285,
- 547-549 [1980]; Cene 10, 11-15 [1980]) and Derynck et al.  (Nature 285,
. 542-547 15 [1980]) have recently been able to identify the nucl eo- tide
-.sequence of cloned cDNA copies of FIF nRNAR i+ E. coli ‘and have  deduced
therefrom the conplete-anm no acid sequence of human FIF |nclud|ng a 21
am no aci-ds signal sequence. The mature pe tide is 166  amino acids" | ong.
- Finally, 20 Ir'a?h eprtedly (heenr PWeifled\cker hapogensity 7as 530- 5233
[ 1980] ) havesﬁczjr.@ér wbﬁtﬁaam@htbaﬁomém @éﬁres%pnwmﬁ cb 60 @f _
the human FI F‘glx_ane %I el di ng. mat u% v %\V%&é ent 1g)f reﬁgﬁgbl nant DNA
technol ogy, B ot T ot Jro’b?%l t’fo of ré’h %/nuﬂﬁ S variety
of useful pdniaept i cR;somasNanborﬁzcnﬁ)ssSdaie USA rE3dy53h-Fhadl 1926 bacteria
modi f i ed @ycﬁlh@eﬁm'&em 9, REI nai%i hecrmx@d%‘és orsznéem POl ypepj | de

products su as-somat ost-a- -tin, human |nsul I'n, human

growth 30 hFhrReqyengaof e'fh%|13 tﬁéz-em@nlml amtne msdf @5 A IF Goeddel |
et al., Nat utaa Zﬁéen M&&dé&?ﬂi )be Nid ©- ST YA st RO et 1 Phhe -

t echni |

p(ragl EISS:J??] ieéi?t alpl :ﬁiocy%%? %rﬁa‘lrgnsg@%eﬁ’r %}%ése of
r econbi nant m& odicughtor et aaki d{Nuckrir AridoResd 8 oolP I~ -

~ doubl e- styoangiesh %é@ﬂ%éﬁb b@éé&ré ek 4 B0 kY61 HsiSuc EsE1dddTEs i n

mul ti-pl-e -3- e | ncl uded, nthelnf rmat | on encode |nthe

o e 0 o (S e Frdn Shls bR REL4 e diendR £ 10 detRRRIRS ¢

(i.e., a "repdqueamte aihdthe A TGS | yterminal muchectides i of) EIRIMRNAY | st ics
ch a in 4 ac r st Dt ch permt .

'ironessoflth gﬁlit ceI% gaofn)t afbﬁé\&? 283 %25&? ﬁr?téeé)jesté%’g @f ecggnl zed

and preferentiatd L R8N @P‘%etP%%W% ?ﬁeoﬁﬂa (Nature 285, 542-547 °

15 [1980]) have recently been able to identify the nucleo-
tide sequence of cloned CDNA -copies of FIF mRNA in E;_coli
and have deduced therefrom the complete amino acid sequence

: of'human FIF including a 21 amino acids signal sequence.
The mature peptide is 166 amino acids long. Finally,
20 Taniguchi et al. (Proc. Natl. Acad. Sci. USA 77, 5230-5233
- [1980]) have constructed a plasmid that directs expression
-_in.E} coli of the human FIngene yielding mature FIF.

_ With the advent of recomblnant DNA technology, the
25 controlled mlcroblal productlon of an enormous variety of
. useful polypeptldes has become posslble. Already in. hand
are bacteria modlfled by this technology to permit the
productlon of such polypept1de products such as somatosta-
tin, the A and B chains of human 1nsu11n, human growth
30 hormone (Itakura et al., Science 198 ~1056- 1063 [1977];
Goeddel et al., Nature 281 544-548 [1979]). More recently,
recomblnant DNA ‘techniques have been used to occa51on the
bacterial production of pr01nsu11n, thymOSLn ay and
1eukocyte 1nterferon. '

\ -

The workhorSe'of recombinant DNA technology is the
plasmld, a non-chromosomal loop of doub‘e-stranded DNA
-found in bacterla and other m1crobes, oftentlmes in multlple'



The utility of pl asm ds lies in the fact that they can be specifically .-
cleaved by one -or’ a@hot her restriction endo-- 10 nucl ease or "restriction o
nzyne", “each of which recognizes a different site on the pl asmi di ¢ DNA. -

T ereafter het'er o- Iogous genes or.gene fragrrents may be inserted into the .
" plasni-d by endwise joinihg at the cleavage sjte or at reconstructed ends
“adj-acent to the cleavage site. DNA 15 reconbination is perforned outside
the;cell, but the resul- ting "r econbi nant " pl asnid.can be introduced into
it by a pr OCESé‘opﬁKE’\ﬁpe&S deAnsfmidIRided metﬂarigﬁoqmw&ﬂotu emcoldedhdn

het er ol ogous Onén?id"'ﬂlﬂx recq,_ tn nﬂrae%“t% @r nq:qleb 1 rsQn\gl ng
dh

the transform reover, géne is I NSer

‘reference to piy td@f@hhﬁr tcmllpi a(s;méd» A d'r#'ﬁ;ﬁ-\m"t h@ntdr a’tfsié-rnlaﬁ'tllldn ane
transla- tion gf fdiee enedad N mléﬁ%g &RidH i3 VRPHHeSiczeVRH Cl e

can be used_toq act ually roduce the it i de sequence for, whi.ch the
i nsert ed ge§1 Rasthear 1y '@Péﬁ"{tg‘gp é’gﬁF@sﬁe&?‘F BES 8F i s
initiated in atheediomt IdeMn amzﬁéxm:mg)-thmtpdrasmlctbﬂ dnrteregt md&y and

.prormter pre- g% ﬁ reg %%e pract | ce ?’f% # prelg!(r'-:nt l%%&gnq't i E)nr?dtl;??ormter
regions are oVEhe apped ‘b&/°‘ @i tthe fasta th@thithey can be

pr.onot er - oper aépgciﬁﬁl&y)rcﬁle'ﬁ\%cﬂw &ﬁwweﬁwﬂue&h rijst rieeden E?xdlob-y
so-cal l ed rgpres ro e serve to regul a gquenc

f,
Crancr i pt | Bh THI9aY G S tiak i ShavheinO R SETRE s Rerund zes
travels along ‘3 hid ek ent agishy idni rkhe Ipd daxfiction tiiNgn dﬂ:mafet@n iettegocodi ng

strand fromitf,ghud Gehes Uk gl BSIHMIRs ﬁl\l@ WY Ghdettid tiWed tens! at ed
into a pol ypeptide having the am no .acld héoq]xfg uence f.or whi-ch the DNA
t

codes. Each aR}PHd PY endize daining shud %age) St P @kdon”
W thin what negedarstanesssd endgpeatadent afcerthed dleavagedsitet.r dNAUT al

gene”, i 1é riaécoqﬁ;inm&h J@%H&% adﬂﬂyidaec'éhesquc%u@c the resul-
: ' ting "recombinant" plasmid can be introduced into it by a.
‘process known as transformation and large quantities of
" the heterologous gene—containing recombinant plasmid are
obtained by growing the transformant. Moreover, where the
20 gene'is properly inserted with reference to portions of
the - plasmid which govern the transcription and transla-
~tion of the encoded DNA message, the resulting expression
vehicle can be used. to actually produce the polypeptide
~ sequence for which the inserted gene codes, a process
25 referred to as expression.

Expression'is initiated:in a“region known as the pro-
moter which is recogniéed by and hound'by RNA polymerase.
'In'sone_cases,'asﬁin the'trfptophanjor'ﬂtrp" promoter pre-

30 ferred in the practice of the present invention, promoter
' '-regions are overlapped by'"operatOr" regions'to'form_a
combined pronoter4operator. operators are DNAfsequences
‘which are recognized by so-called repressor proteins which
serve to regulate the frequency of transcription initiation’
35 at a particular promoter. ‘The’ polymerase travels along ‘the
" DNA, transcribing the 1nformation contained in the coding
strand from its 5' to 3' end into messenger RNA which is in
- turn translated into a polypeptide hav1ng the ‘amino acid



.-the expressed product. After binding to the pronoter, the RNA pol ynerase-
_ ‘st transcri bes nucleotldes encodlng a ribosone binding site, then a

g 'transl_atlon initiation or "start" signal (ordinarily ATG which in'the :
~ resulting nmessenger .RNA becones AUG), t hen the nucl eoti de codons 10 within
the structural gene itself. -So-called step4&oedons are’ transcribed at the.
end of the structural gene where- after the polynerase may form an

- addi tional sequence of nmessenger RNA which, because of the presence of the.
stop signal , SHAUEAGAEOF Whickhdha AVAFodes -+ Bash AdnaRasid 15 eaees bi vl
‘to the bi ndl A@eds iHye apmudldectide i plRas @rgecoddh Wi thdel ahiat @a“acy R | y

as (e TRNA iy oilo Lok 30 SIAIRALYSY PLOONGR USSR cenon,

pol ypepti de, pt)egl a1g] ation start si-gnal :
previ- ously iment itdedd pardp wiighalencpdesdddier @Gllm%camld isequence2@fduced i f

the Sequent e HN eadirasdder PriddE ATt 'lﬁnﬁ:.tn% Al tHeS igricaRRGry Ay |y
with respect to th AUG |n|t n .codon a |f all - I nin codons follow.
the initiat onw&) Eﬁmrﬁfs f%e HrARFSE tr‘?% Ned by
l'ysing the hasiboseinie zlz:mhd:mgowerhewg then prd:imrtsllatmmmutz&mmtoe' '
purification wgQpat f&ggé}%ﬁﬁ(%rfﬁ' ndt'i méﬁ T)-J;%H S9 &LI | fR 1

fibrobl asts has prov ufficient artla characte zatlon

and I'im- tefeasendes RNA besonfss mmnogémom mqsd@we%mn, 300t
is a tot ahwauwimWee SRt Al deiRe ABNETES o-iddldled fsafdywdmm for

| arge scal e |n| | I o Ie I IsC an
the?apeut I C (uasfe tﬁ%r eatdfrei qagg: tg', pré&g%rﬁsf;‘?‘ clslq" g‘?zﬁd‘%\/gsetni atqe

enpl oyi ng hurditeki mhebmaﬁe@amtf@mem§ddimalumqwﬂam VI ral
35 testing hawgsengex RMA YWHie) w&faused Jf0 tHel$2 dsehdflor GHY SHYP)

preparations of the material, and lLead times for the manufacture. of .
sufficient qfdfided? gﬁ“’é’tl%m% liated iy §he, HLDCIOMRS < Rikosy) | y
del ayed 15i momeis dpamidortoorthen ba:qa‘am:_i;ecsﬁueolprov\dﬁqmrorelurmd ntelﬂenger

'1appllcat|0n %hAre%wm@dytgrfgwgrdlnarlly as the mRNA is being formed,

' and themselves produce the encoded polypeptlde, beglnnlng
at the translatlon start 51gnal and endlng at the previ-
ously mentloned stop s1gnal The de51red product is pro-

20 duced if the sequences encodlng the rlbosome binding site
are pos1tloned properly w1th respect to the AUG initiaton
codon and if all remalnlng codons follow the initiaton

-'codon in phase. The resultlng product may be obtained by
lysing the host cell and recoverlng_the product by -appro-

25 priate purification from other'bacterial protein,

Ny Whlle isolatlon from donor flbroblasts has prov1ded
sufflcient materlal for partlal characterlzatlon and limi-
ted clinical studles w1th homogeneous leukocyte 1nterferon,

3031t is a totally znadequate source for theyamounts_of inter-
| feron needed for large scale cllnlcal trials and for broad
'scale prophylactic and/or therapeutlc use thereafter;
Indeed, presently clinical 1nvest1gatlons émploying human
.flbroblast-derlved 1nterferons 1n antltumor and ant1v1ral.
35 testlng have pr:.nc:.pally been conf:.ned to crude ((1 per-
cent pure) preparatlons of the materlal, and long lead
tlmes for. the manufacture of sufflclent quantltles, even
at unreallstlc price 1evels, have critlcally delayed



technol ogy woul d be the nost effective vvay of providi ng 5 | arge quantltlesd@*‘

~of fibroplast interferon which, despite the absence in material so produce

'of t he gI ycosyl ati on .characteristic of human-deri ved mat eri al ,- coul d be
l.oyed clinically .in the treatment of a. wide range of viral and

_'neopl astic di'seases and have succeeded in Hroduci ng mature 10 human

fibroblast interferon mcrobially, by constructing a gene therefor whi ch

could then be inserted in nicrobial expressi on vehicles and expressed under

the“eontrol of inyeswigatiopmn rayupmaded fmonks. 15 Qur approach to

obt ai ning -a fibroblast gene involved the followng tasks:. 1. - Partial am no

~acid sequences of n fibro | nt er s T 8 e construct sets
of synthetic DNA. ZIC}E%H% LN éa%ﬁ%%sapcﬁf% |°nf ;#?le&e{%%negaqi P&

- represented al techrologyiwdwld drbi the iRt c@iﬁm@-‘(ﬁ way off rngrqw@mt i al

amno. acid g e%%@m%tﬁﬁ?rdﬁ'fﬁtéﬁwaw%é’ﬁ&d}{ QRAIA, v ng 25

conpl ement ary frominduced nessenger robes o part

(P e SLL RS ShoaRte in MAHTRAL 41 DeRHURec e TP & Tan il

cDNA for use aeh&wdwtoh-mic)rbprmhm-d'éﬂwgmmaenairptmmlﬂ)tbej ét;pdrowladze
wi th induced t t 30
to forminduced, ra |o§??b. %ﬁﬁ%%% ?%lnée’te 0 o‘#ﬁmﬁ" %(]p a*]ﬂ]
~hybridized to memba%belciwm I havr| swqeﬁ%emenr LngeMpture

i nvesti gat efy fhﬁxﬁi&ffi&é@lﬁsﬁ r&ﬁt@:ﬁﬁﬁerﬁtﬁbﬁaﬁwJ Hyertﬁidhﬁﬁcafﬂrﬁj on

encodi ng gene. | al ut a fra rre bt a| ned .
itself used asaag%?g '?‘Eﬁf?’ﬁe ?@ht‘%éh} J'ﬁ'n ‘iﬁq aé‘ngt h
gene obt ai ned msmtmhmhejs Qn;i rexses el |thCINA tlte) anri triqiataf any

| eader sequencg; &RGhi 81 Hdndr LY f*ql_;g r&Pr ession of  the mature poly-

peptide and to permt appropriate po loning I'n an expres- 5 sion vehi cI e
relative to start signals and t-he ri bosone. '

1§ . Our approach to obtalnlng a flbroblast ‘gene involved
the following tasks'

1. Partlal amino acid sequences of human flbroblast
1nterferon were used to construct sets of synthetic DNA
2g probes the codons of which, in the aggregate, represented
all the pcssible Combinations capable of encoding the

.partial amino acid sequences. ' '

- 2. Bacterial colony banks were prepared conta1n1ng
725 complementary DNA (cDNA) from induced messenger RNA. The
- probes of part (1) were used to’ prlme the syntheszs of
radlo-labelled single stranded ‘cDNA for use as hybrldlzatlon
probes. The synthetic probes would hybrldlze w1th lnduced
mRNA as template and be extended by reverse’ transcription
-30ato form 1nduced, radlo-labelled cDNA. Clones from the
colony bank that hybrldlzed to radlo-labelled cDNA obtained
-1n thls manner have been 1nvest1gated further to confirm
_the presence of a full length interferon encoding gene.
Any partial 1ength putatlve gene fragment obtained was
':35 itself used as a probe for the full-length gene.



@yadi ng site of a microbial pronoter. Expressetd interferon was purified to
“epoint permitting confirmation of its character and deterrminationh of its

activity., 100 ~I'n applyi ng met hods of reconbinant DNA technology as . .
outli.ned above a series of replicable plasnidic expression.vehicles have ‘.~
been constructed which dlrect the high level synthesis in. transformant
m croorgani sms. of a mature poly- pepti~dé sith the properties of authentic

human fibroblast_15_ interferon. The product paql ypeptide exhibjits the_am no.
aci d sequence of 3sufhei Aot eng thadreeae F@é"%% qy?r%?§e§?+hﬁr885mt¥¥
the | ack Ofugiﬂéosyhahewldﬂnuxmtew|elnolﬁhtbhenbumwhdkr|seqbeﬁ¢erthht .

" Reference hereip Lo the " expre Si 9 t o
connot-es t HB %’IOQ BREVER almgcrrslf f 8xg£§ %; prot%lt’jﬁ:c ?%aﬂ&gné ?erferon
ol ecul e copéptidegand ¢loyEEsyhiyr appropriater posdudisrsingiain i ameekpresy
attends wﬂ%éﬁa{)éh%hgn r@ﬁm@ue@ns&hbtoghaatavsnta@{a WY OLH998me The

~am no  aci d ionine is the ordlnarlli irst "amno acid of _the interferon -
nol ecul e. hwm@%engBFG-qgiatﬂtﬁﬁ°PhP r PEPBRteECc BPAALTF %S t Het pF ESERD

invention, ,,is bapediakelts %@@ﬁsedpéfﬁirtmhgaasln&mmem{tosl gusl (ATQ
whi ch al so encodes the fjirst ampo: ﬁ £of Pg on of the. atural product. = The
I t

presence orCBRERGEET ofNGHASHEHI LA? 155 A6 3% Y n the nicrobiall'y

expressed product is governed by a ki neti c phénonenon dependent on'

fernment gpi on gro hﬁég ?@ bro géofe Sﬁﬁkiaﬁ Q§§55H5

transf or mant host: Interreron cou exp resse% together.
“with a con- owuyaned 9b9N@|ﬁ(§¢K#e§haﬁ Fﬁeléeﬁ#é#tPémﬁmNQ%&kﬁxp¥ﬁ551°n '

conj ugat e heing-$ReChilealdert! &SSPt 8ctBaalinibh & ¥ic X Raae! ul aével
“‘environment (see British Patent Publication No.2Q07676A). Finally,

.matur e i nt eS¥ntResig; 4f &ﬁﬁQFﬁﬁFTﬁ%HuEéﬂrPRrQGMHi%ﬁ ﬁMT?F%Fﬁ1BP Hlaf'
"“signal” pefpégadedéhwslahtrtanswdﬁefheeeoafugatteemltdmmﬁﬂ fEbtobkste the

2 Shres 8 PIRCSRRRtRa e RSt dE Bk EvBRbtice bV |5 PRRISLY. |
Flgure 6 somendtseqhbyc@epﬁnqumelnterferon and is active in in vitro
testlng desplte the lack of glycosylatlon characteristic
of the human—derlved material. Reference herein to the
)  wexpression of mature fibroblast interferon" connotes the
izo"bacterlal or other microbial productlon of an interferon
molecule contalnlng no glycosyl groups or a presequence
that 1mmedlately attends mRNA translatlon of the human -
flbroblast 1nterferon genome. The amino acid methionine is the '
ordlnarlly first amino acid of the interferon molecule. Mature flbro-
25 blast 1nterferon,_accord1ng to the present1nvent1on,1s 1mmed1ately
.expressed from a translation start s1gnal (ATG) which also encodes the
first amlno BCld codon of the natural product. The presence or absence
of the methlonlne first amlno ac1d in the mlcroblally expressed product
is governed by a klnetlc phenomenon dependent on fermentatlon growth
30 conditions and/or levels of expres31on in the transformant host.
- Mature flbroblast 1nterferon ‘could be expressed together with a con- ~
Jugated proteln other than the conventlonal leader, the conJugate being
_ specxfically cleavable in an. 1ntra- or extracellular environment (see
.British Patent Publication No. 2007676A) Finally, the mature inter-
35 feron could be produced in conJunctlon with a mlcroblal "gignal" peptlde
which transports_the conJugate to the cell wall, where the signal is
processed away and the mature poly- | |



5 construction of plasm ds coding for the diregts expression of nature @75
fibroblast interferon. Restriction sites and resi-dues are as shown (" Pst

" ,etc.). [err] and, [err] connote portions of the pl asmi d which express,. -
r\é"’speci i- vely, arrpl cillin and tetracycline reS| stance. The l.egend 10. "p 0"
i.s-an abbreviati-on for "prormter o_perat_or' | . DESCRI'PTI ON OF. THE PREFERRED
‘EMBODI MENTS UnI ess ot herwi se specified, all_percentages are based on -

wei ght. A’ [ 9an s npl oyed 15 Tne! Work descri bed invol ved use of

t he“Mti: croorgzﬁﬁ Ctrﬁ% oﬁ—nf(e%z strain 294 (end A, thi , hsr, [err] as
described in British Patent Publication No. 2055382 A -This strain has-

been deposited wi tﬂ%&@eé@r%&@ fadd W &b Gotd egb58p1 bAFCEnARERSSI ON
No. 31446. All reconbl hant DNA work was perforned in co Ilcanc%IS \'f%’ﬁ"(
n i'on

appl i cabl e gdefetird %?x;hénﬂaﬁ-oﬁmgqrr%tﬁ (ehentierll ynderps
al though gesgrfd-idt 168 BQSbmrsai‘lasr ebdinentmi tientdineth eeperssdient o

E. coli K-12 st 294 d.ah oI | |
strains such%ks rng n‘t"i)‘?lfﬁg %&'ﬁa 5%\/1'%7" Orar%y E{) cg’ffgﬁg{’iﬁ Blléggwg Ié coll
- mcrobial straigsiduesyaoé allsl shosme (deposiTece ) { phAent i andy) T&véfl I abI e
~fromrecogni ze%J ég?%%?? ?I g% dci%cgf;g id Wiéﬁté%‘fes§ucge§§etc|%%—

American Type ee al so
O f enl egungsscﬂry.f tam-ﬂqn!;i?lnTﬁ@S?e Qﬁq{eﬁcyﬁl(ﬂr%rlg%ﬁﬂ%%n?ﬁcl The legend

exanpl e, QC'-? igBULH 28 Bebrlehiativi ifds Grbmster &péepaebpe~ teriaceae
- anong whi ¢ n be mentioned as exanpl es. Sal- 35 nonella typhi nurium and

Serratia marcescens, utilizing plasm ds that can.replicate and éxpress
het er ol ogous gene, mnpe50themn=' ‘P&aﬂtERmemEBMEhaSonyces

i siae, may al ed to.ad h
G ot oparat | o ofinIRBS [SHEBPYIRoP e @ ﬁ%?p@%%w%%ép%%’;@%‘%%”%ﬂe %eéﬁes
codi ng thereffor _unmw_smgm :

_ s _

The work described involved use of the microorganism

. E. coli K-12 strain 294 (end A, thi~, hsr™, hsm;), as

) described in British Patent Publication No. 2055382 A. This

_ f'strain has been deposited with the American Type Culture
op Collection, ATCC Accession No. 31446. All recombinant DNA

| work was performea in complicance with -applicable guidelines

of the National Institutes of Health.

' The invention although described in its most preferred
25'embod1ments with reference to E. coli K-12 straln 294,
defined above, comprlses also other known E. coli stralns
‘'such as E. coli B, E. c011 x 1776 and E. coli W 3110,
or other mlcrobzal strains many of whlch are dep051ted
.and (potentlally) avallable from recognlzed mlcroorganlsm
" 30 de0051tory 1nst1tutlons, such as the Amerlcan Type Culture
' Collectlon (ATCC). See also German Offenlegungsschrlft
2644432 These other m1croorganlsms 1nc1ude, for example,
1Bac1111 such as Bac1llus subtilis and other enterobac-
terlaceae among which can be mentzoned as examples Sal-
'35 monella typhlmurlum and Serratla marcescens, ut111zxng |
plasmids that can replicate and express heterologous_gene
sequences therein. Yeast; such as Saccharomyces cerevisiae,

may also be employed to advantage as host organism in the



@drmt'er. ‘5 B. CGeneral nethods Restriction enzynmes were purchased from
' w Engl and Bi ol-abs and used as directed. Plasm d DNA was prepared by a
- standard cleared | ysate procedure (D. B. C ewvel |, J. Bac- 10 teriol. 110, . .
1 667-676 [1972]) and purified by colum chr oma- tography on.Biogel A-SOM' v ,
DNA sequenci ng was perforned using the netéod of Maxam and Gl bert (Methods.
Enzynol . 65, 499-560 {1980]). DNA restri.ction fragnents were iso- lated’ '

- from pol yacryl ami de gel s by el ectroelution. DNA 15 fragnents were : -
radi ol abel ed BRRP¥RLERN Q& Fhae zwtwﬁﬁ%eer%';eméﬂmm&bzaﬂpmgm DN#(_ .

primng procegiirgernds Teyd Dig ethéte £4Bi @dléiN t1fe OPdYEroP\é £ 44feasd- 330

[1976]). - In situ col ony hybr|d| zations were perforned by the G unstein-
“Hogness procdft®t¥roc. Natl. "Acad. Sci. USA 72, 3961- 20 3965 [1975]).
C. Cheni-cal synthesis of deoxyoligonucleotides The deoxyol.i gonucl eot i- des

were syntBesiged hyeddieaPTndPslhds ed phosphotriester method.in solution -
(Crea et al., Proc NatT-_ Acad. Sci: USA 75, 5765-5769 [1978]), using

. trideoxynucl eot | des _.as bui t di ng bl ocks (H rose et al., Tetrahedron Letters
28, 2449-2452 | 1%%884ridtionnéezyme s vﬁé‘ﬂegﬁﬂﬁdﬂﬁisé&omhlrwéwvm&l&hdﬂ lar to -
t hose descri Y. C 2331-2348.1[.1980] .-
The six pools bgﬂ??%%)n%ngs il‘féure "l\%%én al nﬁ%g'? cf%%sdrﬁﬁﬁ%ﬁ?% l%Yeach :
wer e, obt ai ned® W%@t@%d??@@ \RY IRodHEe (dboﬁe Gldwell, o7 { fRa@Nt

3' ]; ]g erm nﬂ% 5WGSEE?C@6‘FM% tMmh]ﬂ) fdrpd eﬁﬁrf@i@cﬁfﬁ dﬂﬂ{’itﬁnﬁ Oéfhicma-
f: brg[)thsts I—Eﬁ%‘%ﬁéﬁ%p%bl qijefce%ﬁ? r@“mmi%réﬁtﬁsﬁ/ﬁg@gﬁscn bed
previously byasdiasy ktz:i'xeatmathqd Ry H Maxim | and\a@ill bér SciMe tird s 2En 88681 3901 :
[1975] Caﬁ ogcés eI JUB A0l P86 1T} TONR r ESEENE L Aln "BALILAOD AL "B d 0%
ated from polyacrylamlde gels by electroelutlon. DNA
15 fragments were radiolabeled for use as hydrldlzatlon probes
.. by the randomrcalf thymus DNA priming procedure of Taylor -
et al. (Biochim. Biophys. Acta 442, 324-330 [19761). In
situ colony hybridizations were performed by the Grunstein-
'Hogness procedure (Proc. Natl. Acad. Sci. USA 72, 3961-
20 3965 [1975]).

c. Chemical'szgthesis of deox?oligonucleotides

_ -The-debxyoligonucleotides were synthesized by the
25 .modified phosphotrlester method in solution (Crea et al.,
© Proc. Natl. Acad. Sci. USA 75, 5765-5769 [19781), using
trideoxynuclectides as building blocks (Hirose et al.,
~ Tetrahedron Letters 28, 2449-2452 [1978]). The materlals
,and general procedures were s1m11ar to those descrlbed
30 by Crea et al., Nuclelc Ac1ds Res. 8 2331- 2348 [1980]._
- The six pools of prlmers (Figure 1) contalnlng four
dodecanucleotldes each were, obtalned by separately coupllng
- two hexamer pools (of two dlfferent 5'-terminal sequences
] each) with three dlfferent hexamer pools (of two different
35 3'-term1nal sequences each)..



was renoved fromroller bottleées (850 .cnB) and repl aced W|th 50 m growth @ N
nedi um contai'ning 50 -[err] of poly(l): poly(C) and 10 ug/ni cycloheX|n1de
This |nduct|on medi um 10 was rrenoved after 4 hours at -[err] and cell
nonol ayers wer'e. washed with- phosphate buffered saline (PBS, 0.14M Nad, 3rr1\/| :
KA, 1.5 m\/l[err] Each bottle was incubate& at [err] with 10. M of a
.'trypS|n - EDTA solution (G bco 610-5305) until cells were detached, and 15
“fetal calf serumwas added to a concentration of 10% Cells were spun: f or
15 M*nut es at D506 Wﬁgﬁﬁﬂﬁ&uspended in PBS, pooled, and
resedi mented. - Cells were frozen in liquid nitrogen. ApprOX| mately 0.17 g

of cells were obtaingd,nesy F@b18kedokpln Hinelan-2EbaR & kenﬂégagaaéav of.

interferon mRNA Po con
bl asts by pheﬂ@scmbeécprewgoaﬁéxrobwgaeetracem aﬂ-osel’QscchP‘éﬁ&toQFaﬁhy as

described hy @c&enu%h gb., GBbeL39Bi10{iohe ], BrowklSmedidm (#a§le3975]).
The poly (A caqnt.ai

centrifugati ofigima] IF é&Ft§g20ﬂ$?WFV)c?ﬂ&?&?éhgﬁzé%ﬁﬁFFa$Egé§%As§5HB es_u

wer e heat ed t wajserieoved Zromnwodderr bpitdllesc6858dem dyenddrepleced the
gradient. and ARH 5ol RICHr LY fx\eﬁ%ﬁus 5Bhtdind8G 5BM.EYml CbE] pbByRrPeckman

-SW 40 rotor ctions anol precipitated,;

di ssol ved in F@ﬂﬁﬂcdn@nﬁléPoyﬁdﬁﬂs&ﬂﬁﬂebeﬁﬂmﬁﬂﬁA t& FﬁF&EFéanlﬁFSI§§
Xenopus | aqgi ya@0gendveds afeeer idbaduly Gavalicer iandt calll, mBrotaybesl . Acad.

Sci. USA 74, 3287 329 1 ec t re ubat 24 hours
at 21C honn- §ﬁ ?gﬂ%egn %knP$°FEE€% %%%g%%%ﬁu géwgt igggo o ?QM
interferon i nMdGE. /S 3pdf K&lantl ﬁamwgﬂgﬁ‘@l ne §mpy Niap HPOyt)o- Eﬁshhbétﬁﬂ-ﬁect
(CPE) inhi biti oy a33ubatadeWrr 37 ENqikht 9i0- mflean aS!:i @inSRr EB@Ar - Ver | ag,

-Pﬁ:“;n’;rdxvz“’qu?% ook hedn G193 2050 AL FaLiTcrae RESFBFR ARE

1§ fetal calf serum was added to a concentratlon of 10%.
Cells were spun for 15 minutes at 500 x g and pellets were
‘resuspended in PBS, pooled, and resedlmented. Cells were
frozen in liquid nztrogen. Approxlmately 0.17 g of cells
were obtained per roller bottle. '

"B Preparation and assay of interferon mRNA

Poly(A)-containing mRNA was prepared from human fibro-
~ blasts by phenol  extractions and oligo(dT)-cellulose
'325'chromatography'as.described by Green et al. (Arch. Bio-
" chem. Biophys. 172, 74-89 [1975]). The poly (A) containing
. RNA was enriched for interferon mRNA by centrifugation on
| a_liﬁear‘s-zo% (w/v) sucrose gradient. The,RNA samples
were heated to 80°C”for'2 minutes, rapidly'cooled; layered
- 30 over-the-gradient, and'centrifuged for 20 hours at 30,000 .
rpm at 4°C in a Beckman SW-40 rotor. Fractions were collec-
-_red,-ethanbl predipitatéd,qud-dissolved in Hzo.

" One microgram samples of mRNA were-ihjected into ‘
35'Xeﬁopus-1aevis oocytes as described by Cavalieri et al., -
- Proc. Natl. Acad. Sci. USA 74, 3287-3291 [1977]. The
injected oocytes were incubeted_24 hours at 21°c, homq-
genized, and centrifuged for 5 minutes at 10,000 x g. The



st andard) per mcrogramof RNA injected were routinely obtained for the 12S
Gg%ecies of nMRNA. F. Synthesis and cloning of cDNA 10'Single stranded cDNA
s prepared in 100 [err] reactions containing 5 [err] of 12S fractlon _ \;;
mRNA, 20 mM Tris-HCL (pH 8.3), 20 mM KO ; 8rr1\/||\/gC12 30 MM '
-[err]-mercaptoethanol, 100 [err] of ([er"r])odCl'P and 1'mM dATP,: dCTP, dGTP,
dTTP. The priner 15 was the synthetic HindlIl| decaner dCCAAGCTTGG (Scheller

"gt-?le-r’m ﬁﬁ!se\%cnt 3 5&}1756,13;81% &%ﬂa.%ﬁﬁ#%ﬁey S-Igesfiﬂ}; ng term nal o

- deoxynucl eot ipdathity mffedte(QRE ) @mignézi% asaat disteyast eﬂ‘heazlm{ws] ).
- 100 units 20 gfond WAt ! 'SPRSIHY dH-ARR 10y © NEWIAGh AN e, M1B96L) Qb i

ture was incubated at [err] for 30 n1 tes The sec tr nthe5|s
~ was carried cindpisygdcdsand ‘(dG(fee(éd@ g{idsgf) %%%%ﬁ :
"~ 544- 548I [5979:]:)ter'§1e>ﬂlldulﬂ0® Sideﬁrm ibNA s\aRdavetest (Nt refrentde s of S1°
- 25 nucl ease f.or AR 00V
‘Terr] 0.3M Nasfa d%ftjtyj’ en&[&r‘{éractloﬁ%ﬁﬁuﬁﬂmﬁeﬂeparé@ '
- el ectrophor ettheanrspdorf-oa' Fhepdids sraciemidfe WlA- cDNA ([err]) ranging from
550 to 1500 base pairs in size. was recovered by electroelution. A 20 ng 30

al i quot was extendedﬁ jgkékx) (:reS|dues u ;; t er m nal deoxynucleotldy

transf erase €bhane 2 A l a—etl Wi th 100 ng of pBR322 which
had been 10 eaved with Pstl and tal E ed W|th deoxyG residues (Chang et al.

supra).. The annea t r o gal i
294 by a publ i she gﬁ?ggﬁ%ﬁs f| %itﬁﬁ&r‘%ﬁr dn fr\tléadt Ilﬁ %ﬁg ONA -
P- CDNA

71, 3455- 345FINERAAYNG 5 Ug oA ERICHLGE MRNAN &P amm%
probes 5 [_errd :O)f mmﬁmwrma@gg 30 tniM B-tkerc dd feetHamdl pl 10D uCi

Lert] of Lomeri(eh. BORTR e 1 il dazey ' foie FARyre, Al el lod T 0
m nut es, tsujwpgynhgxpxntheg;c HindIII decamer dCCAAGCTTGG (Scheller
: et al., Science 196, 177-180 [1977]), ‘'which had been
 eextended at the 3 terminus with about 20 to 30 deoxy-
-thymldlne residues using term1nal deoxynucleot1dyl trans- _
ferase (Chang et al., Nature 275, 617-624 [1978]).:100 units
20- of reverse transcriptase were “added and the reaction mix- '

- ture was. 1ncubated at. 42°C for 30 mlnutes. The second
. strand DNA synthesls was carried out as described previ-
ously (Goeddel et al., Nature-ggl,_544-548.[1979]). The
. 'dbuble stranded_cDNA-was treated with 1200 units of S1
25 nuclease for 2 hours at 37°C- in 25 mM sodium’acetate'(pH
4.5), 1mM ZnCIZ, 0.3M NaCl. After . phenol extractlon the
mlxture was separated electrophoretlcally on a 8% poly-
acrylamide gel. 'cDNA (~ 0.5 ug) ranging from 550 te,;SOO
‘base pairs in Size was recovered by electroelution. A 20 ng
30 _allquot was extended with - deoxyc residues. u51ng term1nal '
deoxynucleotldyl transferase (Chang et al., supra), and
annealed with 100.ng_of_pBR§22.wh;ch_had_been_cleaved with
PstI and tailed with deoxyG residues (Chang et al., supra).
. The annealed-mixture~was used to transform E. coli K-12 |
35 = strain 294 by a_pubiiSﬁed prdcedure (Hershfie1d3et al.,
Proc. Natl. Acad. Sci. USA 71, 3455-3459 [19741). |



60 [err] of 40 mM Tri s-HC (pH 8.3), 40 mM KCl, 16mM Myd 2, 60 niM

[err] mer captoet hanol, 1 nmM dATP,, dGTP, dTTP and 5 x 10 M([err]) dCTP ,
2,000 - 3,000 G/noM. was added to each 10 tenpl ate-primer mxture at. [err]
Arter the addition of 100 units of reverse transcriptase, ‘the reactions. '
wer e incubated at. 42 C for 30 mnutes and puWrlf+4ed by passage over 10 m
Sephadex G 50 colums. The products were treated with 0.3N NaOH for 30 .
mnotes at [err] neutral [ zed ~and 15 et'hanol _ preci pitatep 32 The P- cDNAs
- wer@“conbi ned G t h BIER3ES and rundaduded)c g b@ss jn -
50 [err] of 0.4M sodi-um phosphate (pH 6 8), 0.1% sodi'um dodecyl sul fate

(SDS). The 20 m xt. esmﬁle{%w e for ut. and IIo
anneal 15 hours at ﬁ' El‘fgﬂ)r? dlbl('be w’t*’&] é"ﬁfnrzﬁ

sequences) vver@lm)a(rcmbﬁ f{gprAmingie- Qsﬁrm&m%e(tmmm@quences)

by chromatog g¢ €N NV Y/ 3paldd & @al ay Giu dpradS ’
~(Proc. Natl. Aca Scr USA 74, 1020- 1023 [1977 P ngﬁé“{brr ds were -
treated with Z3N&%E ’EU‘FW?%P@-? 479 18%smi ds B

Wi th 32P- cDNA §0 GiESS040 mM s <HG TretpH \8.38 § 2140 maKdles LEmMpIMyOT 0, DNA

(Bt rbor et a6 8 firhet it od SRR LY rr@%@#&zw&gﬁwﬁ%%ﬁfsam es
‘were linearizek bW dqu'estﬁbrﬂ%‘& H & - oGy ™M) sasiaddeshdamached
to each of {gr@angl dtél-primexeniitage fald toefes. eddie’ eHédtadaliilo zati on

' d Kaf 1, al Nucl Aci.ds R 1--15 1979 Th

Pl Ptors vero M Ui Sel 98 (Ve A UG SRS 15 FERRADS 958 ] i n
50% f or mam de, irdubdisrhatlt4x° G daxn i3 minutes 4113 @herh Sied)h s pdﬁeeageCorrm

23, 641-646 [1966] )10 @rﬁ%@;ﬂeﬁ H]% '1%1 et et [eiddiea

yeast RNA. Frlters were was 0. 1x 10{9 S.tw ce for. 30 mnutes
at-[err] driedt%hd <3thdtarH tfP‘K(ﬁPaR“’-XR“?% Ertay"0 C, neutralized, and

15 ethanol prec1p1tated.

The 32 -cDNAs were combined with 100 ug of poly(A)
mRNA from unlnduced fibroblasts in-50 'ul of 0.4M sodium
phosphate (pH 6.8), 0.1% sodium dodecyl .sulfate (SDs). The

20 mixtures were heated at 98°C for 5 mlnutes and allowed -
to anneal 15 hours at 45°C. The DNA-RNA hybrids (con-
taining uninduced cDNA sequences) were separated from
single~-stranded DNA.(induced'cDNA'Sequences) by'ehromato-

7graphy-on'hydroxyepatite as described by Galau et al.

25 (Proc. Natl. Acad. Sci. USA 74, 1020-1023 [1977]). The

* DNA-RNA hybrids were treated with alkali to remove RNA.

"H.: _5creening'of”reCombinant plasmidé with_32P-cDNA probes

30 - Approxzmately 1 ug samples of plasmld DNA were prepared
~from individual transformants by a published procedure
(Birnboim et al., Nucleic Acids Res. 7, 1513-1523 [19791).
The DNA samples were linearized by digestion with EcoRI,
denatured-inﬂalkali,-and applied to each of three nitro-

. 35 celluiose-filters by ‘the' dot hybridization'procedure

(Kafatos et al., Nucleic Acids Res. 7, 1541-1552 [19791).
The filters were hybridized with the 32 P-cDNA probes for

16 hours at 42°C in 50% formamide, 10x Denhardt's ‘solution



1 m using Dupont Lightning-Plus intensifying screens at [err] [ SSC .

mtains 0.15 M NaCl and 0.015 Msodiumcitrate, pH 7.0]. T Cbnstructron
offplasnrds for direct expression of FIF 10 The synthetic priners | S g’;'
(dATGAGCTACAAC) and || (dCATGAGCTACAAC) wer e phosphoryl ated using T4 '
‘pol ynucl eo- 32 tide kinase and ATP to a Spe%r'rrc activity of 700 G/nmM as .
descri bed by Goeddel et al., Proc.” Natl. Acad. 15 Sci. USA 76, 106-110

SR e T e Al e ERLIEE S NN

fragment cont4@ M T he-HT T COMIAT 6T b c?mié. EDPR, n‘l@rtménlrvazeestlm

- precipi tat ed, pipeesdapsied wa\sé&x[ﬂéﬁ obﬁw@l 28.1% $HEUtkfee ched in a

d i'ce-ethangl bath, and c t err] solutron 200mM
T:Ys HC1 (pH 5!7“'“1‘29-T*n\fr“k/gl‘gi;Tx %1?,%(] r\%‘t‘i e¥pesed, tamfod %FE:#R AGTEAUTTP
at [err] 80 uflilns ?1mmmmtﬂ1?&mfimF £y Eng geheb@he)(t r?ngitt he
. mxture vvasrrg:drl@ r 0

~with phenol /[ err/% ﬁ‘gsres%ﬁ%h%?oonﬁvr#tkﬁ %a%?? &ﬁe daeiér (r)%m pro%c‘fléﬁi

purified on P%Ho yacryl am de gel. Subsequent I'i gati ons were.done at r_oQ_m
tenperat ure (cohesive termni). or [err] (bl unt. ends) usi ng condrtrons R
reported prer# ousl ddel al. 30 . € erron
expression | . e e o — e X e , ; S

follows: the m cultures were grovvn overnr ght |n LB (Lurra- 35 Bertan i)

medium cont ai ni ng g e%atg@er@cyﬁréps fhggh AGACARE P S5ty of MO

nedrunrsupplepented ‘Wt casam no_ aclds an [err]

|"ucose o
tetracycl.i ne. (4T ]/ve‘\?%rgraﬂ W%t‘ﬁ*%é’t‘? RPhrrycleo= 13 -

,tlde klnase and (Y- P)ATP to a specific activity of
_ 700 Ci/mM as described by Goeddel et al., Proc. Natl. Acad.
15 Sci. USA 76, 106-110 [1979]. Primer repair reactions were
"performed as follows: 250 pM of the 32P-pp1mers were -
combined with 8 pg (10 PM) of a 1200 bp Hhal restriction
fragmeut containiug.the_FIF_cDNA sequence. The mixture
. 2_o, boiled
20 3 minutes, quenched'in a dry ice-ethanol bath, and com-
bined with a 50 nl solutlon of 20mM Tris-HCl (pH 7.5),
. 14 mM MgCl,, 120 mM NaCl, 0.5 mM JdATP, 4CTP, dGTP, dTTP
at 0°C. 10 units of DNA polymerase I Klenow fragment were
 added and the . mixture was incubated at 37°C for 4 1/2

25 hours. Follow1ng extraction with phenol/CHCl

was ethanol precipitated} resuspendedlin'so ul H

3 and restrlc-
tion w1th PstI, the desired product was pur1f1ed on a 6%

' polyacrylamlde gel Subsequent llgatlons were done at
room temperature (cohesive termnnJ or 4°C (blunt ends)
using condltlons reported prev1ously (Goeddel et al., supra).

J. ,Assax_for interferou expression in E. col; -

Bacter1al extracts were prepared for IF assay as
follows. One ml cultures were grown overnlght in LB (Luria-
- 35 TBertanl) ‘medium contalnlng 5 ug/ml tetracycline, then - -
dlluted into 25 ml of M9 ‘medium supplemented with 0.2%
glucose, 0.5% casamino acids and 5 ug/ml tetracycline.
10 m1 samples.were harVested by,centrifugation when.



absorbance at 550 nm (A550) reached 1.0. The cell pellets were quickly ééif
frozen in a dry ice:ethanol bath.,and cleared | ysates were prepared as >y -
qkfcrlbed by c ewel | (supra) Interferon activity - in the supernatants was .
déterm ned by 5 conparison: mnth NIH FI| - standards" tsi ng CPE i nhibition
assays Two different assays were used: £aj3W SH (human ammion) cells were-
~seeded in microtiter dishes. Sanples were added 16 to 20 hours | ater and

di luted by serial 2-fold dilution., Sindbis virus was added after at |east

10 3~hours o&bsorbaace oat $50tmm migzo)sthEQolt%- Mheotakl [Rrlkets th

crystal viol e:'e(@ m fP YemeiKi ANeYy f£&élethdiforasatieesias cleared

S|nultaneous 0 dilutions of sa Ve st om |t|s virus '
was added af %%?a'ﬁe'?ow%rﬁo‘&?%pﬁﬁ‘ab%?|%?15%'h"trn@?)$a‘?3és i@\‘%ﬂﬁt .
.crystal 15 vrﬁtefféﬁohOaéelhbuy31ﬁathe sﬂhetnntamﬁbéhasednﬁenmaﬂeﬂ:byerlal

extracts and I

_c)(;ncent r at oﬁé%ﬁggg%gﬁ ﬁ#ﬂ;u%ﬁ? %#aﬂ%é’f uot sgﬁf%éﬁ ¥ edﬂ% pH 2 wit h
1N HCL, |ncu§a¥€ﬂsat'1“[’@r¢}f¥%¥ell'6 APIRLS wm%ﬁabdﬁﬁﬂ adwnamn of

NaOH. 20 :lF &Gﬁi&hiké?ﬁsﬁﬁéﬁé%é@&e@ym hflf;p&:%m bﬁ*"f“awt L?SP% htiggg
amion cells antjgenic i | uot s e

Um i nterer’%ﬁesﬁ%?‘g ié('&ﬂt#gg‘? a?%’g“%‘?&’ %t?1 of rabbit
“ant i human Iemkboydedlhuexénroﬂlﬁ@bLSOvnrumtwase§d¢qdr§ft§rnatflgﬁﬁh25 at
12,000 X o 9" hGuPbNbE Cindhlatén S PELEES 30 dr§18§@yﬁ¢ed Reray!

Ieukocyte In eraon Sstand ar S were o rom the Nationa Instltufes
‘of Health. REBBEE Whthner¥stabukbRlet- i (P ¥RBEN RRing idney } 1ot} he.
National 1nsiinetwas séededecsiubbashétislyiwith 2 sfsbdsdiBodtions @eni cal

'synthesi s of p | o
am no- tern1nﬁgmﬁggfélggégaﬁg%€e§€$ﬂﬁé%%hg3 fiﬁ%qﬁ%gaégflntépg%ron pern1tted
us to deducehones’ingubatioe ami/platesreere ptaineduritl RRY$%ALthe first

four am n?%aGigﬁetTi'G €4 wnn&mniafar dopy Yok &€ 0PN CI COE ABIER P Pac~

synt hesi ze ?afoexgrgéts an§e§€2§ ar gqge g”g {utea in minimal

essential medium to a concentration of 1000 units/ml. One
ml aliquots were adjusted to pH 2 w1th iN HCl, incubated
‘--_at 4°C for 16 hours, and neutrallzed by addltlon of NaOH.
20 IF act1v1ty was determlned by the CPE inhibition assay
using human amnion cells. To. eetablish'antigenic'identity
25 ul allquots of the 1000 U/ml lnterferon samples’
(untreated) were lncubated with 25 ul of rabbit antihuman
leukocyte 1nterferon for 60 m1nutes at 37°C, centrzfuged
25 at 12,000 x g for 5 minutes and the supernatant assayed.
- Fibroblast and leukoéyte'ihterferon'standards were obtained.
' from the National Institutes of Health. Rabbit antihuman _
'1eukocyte'intefferon_was,obtained from the National Ihsti- |
tute of Allergy and Infectious Diseases. -

K. Chemical synthesis of primer gdols‘cemglementarx”to

" The known' amlno-termlnal proteln sequence of human
35_f1broblast 1nterferon ‘permitted us to deduce the 24 possible
“mRNA sequences which could code for the first four amino
-acids..The_24 complementary déokyeligonucleetides were
synthesized in 6 pools of 4 dodecamers eaeh (Figure'l).



- anpicillin- s@ﬁéﬁ?l?@raFéﬁﬂé&?3P4

.4 - The six pools of 4 deoxyollgonucleotldes each were synthe5|zed by

e nodi fi ed. phosphotr.iester method in solutjion and oh sol'id phase.
(Crea.et al., supra).. The basic strategy i nvol ved reacting two different ;‘;
3'-blocked,5 triners with an excess of. a.single 5'- protected trimer to . .
yield a pool of two hexamers, each represéﬂted equaIIy The caupling of tmo '
- pool' s, each containing two hexaners t hen resulted i.n.a pool of f our

dodecaners. 10 L. | dentifi atl of FlLE DNA cl 2S ARNA fromr
 {nduced huan 11 b8 B PPpigogR. 4 AeorEedaRepl) SRk BEtR VBRS¢
assay), doublsgnthesided b&NAhwamopnépsﬂe@haﬁahDNSQEBaérlmeahpERahZ at the-

PSUI 15 Sitgohuelibh ShANGA dodGadEriad (2R Lh0RIA3 dapEibedrdy Chang. et
al ., supra. A fibroblast cDNA llﬂg%r¥ con-.-sistin

saine, Tonhitseahes Jirbiocksts k.12
strain 2%t mms;nbrelnedhfemneiﬁesg off eDHAngaegsngprbtectedfmeﬁmi&Otbo 20

1300 base pa Plaigb? QyAtW%s g&g&g&g@rgagglgggcrlgé &4t §§%5$Hnants and -

applied to 3 s 8t PR°tr Sceldl 05 @
appr oach foIWbﬂeGOpﬁlﬂRQ péeﬁwpfpeaﬁsoneephhfenﬁelzensl3yw|a9xe@nraun|ng

fi brobl ast IehehfeeenleEHAlaeeueaeqsowaso&rnabaechee&eat used to identify
human | eukocyt € inter- feron reconbinant plasmds (CGoeddel et al., Nature

287, 411-416 [1980]). Radi ol abel ed cDNA hybridi zation probes were- prepar.ed -

using ei ti@er Li.he ZdepyifhienitdododEc BIE cDYA. alogkisgo(dT) 12 18 as prlners
and 12S RNA from induced fibrobl asts (5000 unlts/ug |n oocytes) as

tenpl ate. The 32 ' 'P-cDNAs (specific
activity >5 x 10 Uéﬁﬁﬂué?soBB&Pn§H°WeF§dHFBP|BPEGB féb§°PéF§§3e 488001

~ nRNA i sol at ednfitenTRnaedicedyhpenuli Bhobbayte, aa_eetypbedaﬁhl&ecwahuléal ds
S ® T DL bR URS 1AL S PN Y S0 AR R R 880
'enr|ched1Eorss83ubwc§bewhﬁehdaré dG: ac talllng method as descrlbed
by Chang et al., supra._A_f;broblast cDNA library con-
sisting of 30,000 ampicillin-sensitive, tetracycline-
resistant transformants_qf E. coli K-12 strain 294 was
.obtained'from 20 ng of cDNAtranging in size from 550 to.
20 1300 base pairs. Plasmzd DNA was prepared from 600 of the
' transformants and applled to 3 sets of nltrocellulose |
filters as descrlbed above. '

}_The_approach fqllqwed in the identification of hybrid
25 “plasmids containing fibroblast. interferon cDNA sequences
was similar to that used to identify human leukocyte inter-
feron recomblnant plasmlds (Goeddel et al., Nature 287,
411-416 [1980]). Radlolabeled cDNA hybrldlzatlon probest
"were prepared us1ng e1ther the 24 synthetlc dodecamers
30 or ol:.go(dT)12 18 as prlmers and 12S RNA from induced
flbroblasts (5000 unlts/ug in oocytes) as template. The
: 3.2 P-cDNAs (spec:.f:.c act1v1ty>5 X 108 cpm/ug) obtained
were hybrldlzed to a large excess of mRNA 1solated from
.unlnduced human flbroblasts, and the- mRNA-cDNA hybrlds
35_ were separated from unreacted cDNA by hydroxyapatlte
.fchromatography (Galau et al., supra). The 31ngle stranded
cDNA fractlons should be enriched for sequences whlch are
present in induced flbroblasts but absent in unlnduced



present in induced fibrobl asts but absent in uninduced cells, and the
~ MRNA- ¢cDNA hybri ds’ shoul d represent” ‘'sequences common to both |nduced and \=7
uni;nduced cells. Approximtely 6 4 x 10 cpm of- S|ngle st randed. cDNA -

('\]’Wbl’l di zati on probe, A) and 8 x' 106 cpm of  cDNA- nRNA " hybr| ds wer-e obt ained
using 5 oligo(dT)12 18 pri med cDNA; 1. 5= 1Berr] cpm of single stranded.
(hybridization probe B) and 1.5 x 106 . cpm.of hybrids. were obtained" from :
c DNA- prlned usi nq - synthetic dodecaner - TRNA h ids from.
BotheA 1a0- 11 Gk e e, ARNATERNA RaRsa, Sholls, SR TENE, PhBheSegk O
-with alkali, amimtdte 122 oA nidieveda sanidy lani iciduatieido ced 1sb e AGpriviynade lvhe

600 plasm d s Iql hat -
“the hybridi zatlon rea)céyg %fgbgl%ﬁ%%gﬁ%%w giz'a‘tiS%NkQﬁgh oir) to -
the hydroxyapa@nd & #% & | PR it CPNAFPRAA hybgid H@rteo°(?6ﬁﬁl"€ nﬂl on. |
However, ogly aq%dxqut)% 6 Ogﬁ;m EDONAFI26) d:pui o&dsihgdrgly With-

th f I N - | F526

al gosﬁsglrl hf?aﬁ'ﬁ#@ é“{b(ft’%c zcﬁtllé’&[ é’%ﬂ%eerﬁneg&ldgw %uce&o D%imp(rggge A and -

~ failed to givaiatists atere lokitdidiedatinon (PN rioed msdng0 symtherded pr obe -
C. Pstl digestd r.?inb W1 e CRREHRVANAYLISE Frdmd BodO ¥ 5220

base pairs Iong obabl’y too short to contalnthee I r odi ng reqion for
fibroblast i nt‘é‘l°n325-°’¥5br“fﬂ¥e , thes XA hydro yﬁlﬁ% yoﬁé'%\ﬁé"g‘%
prepar ed f{@muitis AUl agrenthedy rsied rag \Nybir icklziatiopmps oBEA

(Tayl or_ et al | |
f:o?gmo(rasefrgm a ?M\H )coﬁefuﬁoggﬁfa\%a %qlftl%ssg@%dé%%&y q?u‘\elbg’ﬁv CcDNA
library was prefshesl BEnd Gy imgd oriag that e dybriddaations meafng a.
titer of 6, 00%5115 Yedtwddh tlﬂﬁrﬁﬁfé@di‘ n8@AYan®) SPeeDNA xbee.rarclt@weme

[l eased tvo MEREHE T ARARRPTAIT RGP Rt B g PR (TR
cont ai ned fg1|tﬂdn1uﬂowever, only one of the 600 plasmids (pF526) hybrid-
- ized strongly with the specifically primed, induced cDNA
probe B (Figure 2). Plasmid pF526 also hybridized with the
total'oligo(d'i")12 18'primed,'induced CDNA .probe A, and
failed to give detectable hybridization to the combined
- 20 uninduced probe C. ' '

- PstI digestion of p?526 showed the cloned cDNA insert
.'to be about ‘550 base pairs long, probably too short to
‘contain the entire coding region for fibroblast inter-
25 feron. Therefore, : 32P-labeled DNA probe was prepared
from this PstI fragment by random priming with calf thymus
. DNA (Taylor et al., supra). This probe was used to0 screen |
-2000 individual colonies from a newly constructed fibro-
_blast cDNA library (the new CDNA library was prepared
30 using 12S mRNA from induced fibroblasts having a titer of
6,000 units/ml in the oocyte assay system). Sixteen clones'
hybridized to the probe. Plasmids prepared from the
majority of these released two fragments when cleaved '
_with PstI," indicating thatfthe cDNA contained an'internal.
38 PstI site. Clone pFIF3 contained the largest CDNA 1nert,_
about 800 base pairs. The DNA sequence of the 1nsert was
determined by the Maxam-Gilbert procedure (supra) and is
shown in Figure 3. The amino acid sequence of human;fibro-



rs.. The DNA sequence of the.insert was. determ ned by the Maxam G.| bert
rocedure (supra) and is shown in Figure 3. The amino acid sequence of
human fibro- = - 16- -blast interferon redlcted from the nucl eotide -
~ sequence is identical to that reported Tet ntly by Tanmi guchi et al. (CGene
10, 11-15 [1980]) and by Derynck et al. (supra) from DNA sequenC|ng of FIF
cDNA c| one cids is foll owed
o1 fuP  SELSRLOL SoodlOnal PEBh! Hhe ChudloBrlng. gcideyls foll oued

- by a seque ant ho r epresen e in a
stretch' of . :g_eaxeenmahnmatwm@nte@esemmthymyy%mwmm gheal. '

“NH2- t er i na} gefle a0 01 AC1 8IS[ PISORS Uéﬁd Fby Déwgndiecdt di1 ect &y, ?Psi ermined by
protein m- crose%ﬁnm ng and, 10 EFS# m?gma as those predicted fromthe
DNA sequencer O PNA sequencing Q THORSSt 2 RES FFRE BN T®F express
hi gh Ieselssnﬁna&upnpmidérwblEStamnMQracﬂds igrpollowed byl a sedqaéemteon of

Cant o e, Ehy 38, °°§%f%?a%#@§%§9}f§’ﬂ§“%%%%§? ”%{*‘.*%?f‘?ﬁﬁﬁﬁpta'cf’ﬁ sy

”<§§§Ll ‘site. Clone pFIF3 contained the |argest cDNA inert, about 800 base
i

(Figure 3). az@tretc prdacen tpanehated e et adeotytibhg
| regltons grﬁ]&pﬂ Fﬁhesu téi®inal 20 OahEnd . aﬁs.%go@fh@aim“efrﬁlﬂnﬁﬁem' ;:h
cont al ne e en 1'SO e roma acl am de ge
after di gestTHy eé%ﬁﬁln¥€éb%é%ﬁ?g?ﬁpé@ﬁﬁ?@ﬁ%@uéhCIRQ fhd

- deoxyol 1@onare ethed%am_’é pltﬂ!ﬂ& M@md\mwhemm@a@mmql 1),
were prepared. Both priners. contain the coding sequence for-the first four
am no aC|ds of mature flbroblast inter- feron, primer_Il has an additional.
C at the" 54t er RIRRSE RXRES R 0f See “i;:‘_ sSEEQLRR”Nt |1 gations were
30 carried out. separately for prlners I and 1, and gave nearly identical

resul ts. Theref %S e %{aé eﬁfa:éljl Iofa%véj én(gf p&é f%ﬁﬂgﬁgﬁjsﬁ‘ﬁg&n det ai |

here. The prinmers; We 0 using
" pol ynucigotferon in E. coli inltlatlon of proteln synthesis must

occur at the ATG -codon of the mature polypeptide (amlno
. acid 1) rather than at the ATG of the slgnal peptlde _
'(amlno acid s1) (Figure 3). '

20 ~our approach to removing the signal peptide coding
regions from pFIF3 is deplcted in Flgure 4. A 1200 bp DNA
'fragment which contained the entlre cDNA insert was _
isoclated from a polyacrylamlde gel after dlgestlng-pFIF3
with HhaI. Two separate eynthetic deoxyoligonucleotide

25 primers, AATGAGCTACAAC(I) and dCATGAGCTACAAC(II), were

- prepared. Both primers contain the-coding.seqnence for
the first four amino acids of mature fibroblast inter- B
| feron; primer,II;has an additional C at thedS?-terminus. |
Primer repair reactions and subsequent ligations were '

30 carried out'separatelyffor*primers I and II, and gave

nearly identical results. Therefore, only reaetions'using
- primer I are dlscussed in detail here. The primers were

5'-rad101abeled using (y- P)ATP and T4 polynucleotlde

kinase, combined with the 1200 bp Hhal DNA fragment and

35 - the mixtures were denatured by b0111ng. Following hybrldl-
zation of the prlner to. the denatured ‘Hhal DNA fragment,'
E. coli DNA polymerase I Klenow fragment_(Klenow et al.,



k| nase, conbined with the 1200 bp HhaI DNA fragment and 35 the m xtures Tt
wer e denatured by boiling. Foll.owing hybridi- zation of the priner to thg "
QKPatured Hhal DNA fragnent, [E. coli DNA pol ynerase-l Kl enow fragnent
(Rl-enow et al. ~-17- Proc. Natl. Acad. Sci. USA 65, 168-175 [1970]) was
-used to catal yze the repair synthe5|s of 4he7plus (top) strand (Figure 4).
In addition, the associated 3' [err]5 exo- nuclease act|V|ty of the Kl enow
. fragment renoved the 3'- 5+ ~protruding end fromthe.mnus (batton) strand,.
l-eabhg a fl uskread. Nanhl yscadofSea:rpﬂJ%s &8, t 8+t [ 17 kivae used

“pol yacryl ani de, ae&aeéfgééoeagrpéﬁn nghaies & hok e apa «to;yntmsaﬁd did
-not go to conp etion ut -sto d at several discrete sites herefore, the

entire reacti ohFiQURexfhr eIV\a%g‘H*eh?‘éd the PPRRF AR (he T8 T 8K9AL bp
frag- . ment (18Hu899a£ereokMtpn¢f[ehe]KBew Pagmen t {1 embad pehe/-3° -

| ami d | hog L f 1
(et v o PFREFSASREOLER £ 4f PhE Sndios LLASLLON el fid, HEHBY 4° 1 9
4), followed bflegh|endp ngbznsmfyﬁmbess@wa@%kw dmsw@r]
pPM [err]30 ngy %oi?ﬁcﬁ?ﬂaﬁﬂd%ir@m‘ﬁ:o @1 nmdr@a@éulma@oawg

sequence for ure Tibrobl ast erfero t '
priner Il gaver8839505¥5ﬁ??f%?rlEéS“%RdggeF?]%ﬁT t%ﬁggdﬁf%ong R4 20
_ ]'cl'hg cglnzt{uc'ﬁllt at sévefaknaﬂscmbtehsﬁtesct'rheleesqre ttteslmtﬁrmwmtlon .

i br obl as o) i r r i S
wer e const rgctlg ‘j"éf EI.%AE%@ *Pﬂ{‘:h%#g %‘%?ﬂ?h%%%ﬁ%? féf t%] ﬂ-?ﬂl '
coli 25 lac omeﬂtp(b?%nﬁ?@rC%b%#%?%ch?sféﬂs3 Pig)h A% PRkEked Ry dﬂ%lﬁave

Eroven usa;ﬁthnylaﬂlder%el exaéeﬁépn@reélsukniqu&ecsgensﬁgafu&h &Pl this
uan growh gL apaRaEa ol Sl b T Uk BN HES BECE MELTRRLLE Hagosvoten
feron has beenmenbdueehatedhfghmlBﬂb?% (Bigg 4¢he foplowed by BglII _
18 digestion, yielded 50,000 Cerenkov cpm {~v0.1 pM,¢030 ng) _
'”dof the 504 bp DNA fragment containing the entire coding '
sequence for mature fibroblast interferon. The ‘same reac-

tions using primer II gave 83 000 cpm (~0.15 pM,nISO ng)
'of 505 bp product., -

_The construction of plasmids which direct the sYn-
thesis of human fibroblast interferon is outlined in
Flgure 6. Separate expres51on plasmids were constructed o

- which placed FIF synthe31s under the control of the E. c011
25 ‘lac or trp promoter-operator systems. “Both ot these
systems have proven useful for the dlrect expression of
eukaryotic genes in E. coll. human growth hormone has been
eff1c1ently synthes1zed using the lac system (Goeddel et
"al., Nature 281, 544-548 [1979]) and human leukocyte inter-
30 feron has been produced at hlgh levels us1ng the trp
"isystem (Goeddel et al., Nature 287, 411 [1980])..

_ 'pBRH trp was dlgested w1th ECGRI restrlctlon enzyme
and the resultlng fragment 1solated by PAGE and electro-
35"elut10n. EcoRI-dlgested plasmld pSom 11 (Itakura et al.,
| Science 198, 1056~ 1063 [19771); G.B. patent publlcatlon
' no. 2'007 676 A) was combined with the above fragment.
The mixture was ligated with T, DNA ligase and the'resul-



em (Goeddel et- al., Nature 287, 411 [1980]). pBRH trp was .digested. with
JRI restriction enzyne and the resultl ng fragment isolated" by' PAGE and
€ctro- 35 elution. EcoRI-di gested plasm d pSom 11 (Itakuraet al., - G
Sci ence 198, 1056-1063 [1977]); G B. patent_publication no. 2 007 676 A) -
was conbi ned with the above fragnent. The H xture was'ligated with T DNA -
. ligase and the resul- 4 = .- -18- ting DNA-transfornmed into E: coli K-12

f | ect ed ~
strain 294 ase {4 aﬁil r%\gyg‘}é/? esudj[ngg aﬁps é)g r}z @c;&téj[a%vfg el ected omy

_an1C|II|n(xNﬁ ing a I|n- resis Oni es were?.
" screened by RAYHPURAN |8 %%R#W{S T{Giﬁ%ﬁmt é@ae#erlswf:ﬁrés %slengt% a
probe the tr )’ O £ ifRed it Din G el ¢ lix§-0| at ed
from 32 pBRHt v%m ch r}’glgdf’ been radl oact i veI x| abeI:Lo Sever al
~col oni es" shoﬁ?oép’dss P!y & 't’o?%r?f/e’?ﬁ/bﬁ‘f‘%ﬁe&ﬁ SR d DNA-
" was isol aged (aemmsmam iethtalk. JOsupyah wsindeas ra;epncehe ftrmgntarp spml:atcﬂren-ned _
by restricti K¥H¥ | #HE%%T?% amHl in -
~ double di ges?ilbon E. Zﬂ%%%fﬁk%@% h%r%p as d‘g%gnaff%l?egz'] whi ch
has the trp FRERHER- ofEh drad iPagiel kY rlabPetiadhivi P was grown
~in LB nedi umsrerailt aucmomew sh;dviﬂ fszwélw 631Ebrﬁe|h35bﬂﬁigzﬁib’m toOI 'd
; optlcal densi t_ 550, n ce at and. resuspende -
~in M nedia |‘$néé:t en%e qut lasm’éw 3/ n’tt/ﬁ} cgga’é Strlh%tﬁrsl ré"g%u nto
optical dinhsitipn off (khe Im%ﬁﬂj ﬁnﬁglﬂem Iiﬁtﬁrmdalhv ames ek inn . SDS
225 bras AR et Sl biples SpH80 G0 AL |
asmd p |ges
“turn di gest e(ﬁz%ﬁﬁ g." '2§°I1h’ed7§lrrﬂf§1 8 iRAPIHA| ved -
treat nent of dletsz[garaﬂed)fpsomz | -mdheﬁvaths)aﬂﬂa?&rm ﬁfbniﬂér]-diﬂeﬁhﬁdzer (0. 3
M.Nadl ,

fragment in the desired or:.entat:.on was grown in LB medium
- 18 contaznlng 10 ug/ml amp1c1llln._The cells were grown to’ _

o optlcal den51ty 1 (at 550 nM), collected by centrlfugatlon
and resuspended in M9 medla 1n tenfold dilutzon. Cells _"
were grown for 2=-3 -houns, aga:.n ‘to - opt:Lcal dens:.ty 1, then
‘lysed and total cellular protein analyzed by SDS urea

20 (15%) PAGE (Maizel et al., Methods Virol. 5, 180-246

C[1971l). | | '

Plasmld pBR322 was HlndIII dlgested and the protru-~
ding HlndIII ends in turn dlgested with s1 nuclease.
25' The Sl nuclease dzgestlon 1nvolved treatment of 10 ug of
HlndIII-cleaved pBR322 in 30 i1 s1 buffer (0.3 M NacCl,
_l'l mM ch12, 25 mM_sodium acetate, pH 4. 5) with 300 units
Ss1 nuclease for 30 mlnutes at 15°C. The reactlon ‘was
_ ’stopped by the addltlon of 1 ul of 30 X Sl nuclease stop
a0 solutlon (0. 8M'rrls base, 50 mM EDTA). The mixture was :
phenol extracted, chloroform extracted and ethanol precl-
pltated, then EcoRI dlgested as prev1ously descrlbed and
‘the large fragment (1) obtained by PAGE. procedure follo-
‘wed by electroelutlon. The fragment obtalned has a flrst

35 EcoRI stlcky end and a second, blunt end whose codlng
_strand beglns with the nucleotlde thymldlne. o



1 mM Znd 2, 25 nNIsodlun1acetate - pH 4. 5) wi th- 300 units S1 nucl ease for SOGEED

n1nutes at [err] The reaction was stopped by the addition of 1 [err] of 30 ‘”;
1 nucl ease stop.30 sol ution (O 8M Tri s base, 50 nNIEDTA) The mixture -

was - phenol extracted, chloroformextracted and ethanol preci- pitated, then

"EcoRl' di gested-as previotsly described and tthe-l arge fragnent (1) ‘obtained: -

by PAGE procedure follo- wed by el ectroelution. The fragment -obtai ned has: a.

first-35 EcoRl sticky end and a second, bl unt end ‘whose codi ng strand

begFHS wi th the nucPd@spdd Pﬁ?ﬁﬁéﬂneaﬁ PrePQreﬂl&?ﬁV&:[H?F]qulﬁrééﬁﬁéﬁed

above, was -Bgl lahadlt%stagdnndtt;bﬁyBehah &bbﬁkhﬁ@dﬁaaesabhbme gegdandaygbl e
stranded with th Q ure using i

deoxynucl eot i d&FY gﬁ%?@ 8&?’8?8?58§8°85“Fﬁe“éngsa# i 8u5roduct-
fol  owed by PAGanuﬁusﬂeotndelaruphoephahessnﬁbbREragaenageprytbbded a .
inear pieqe ofoWAranp! piBiige! 26116%80BYABARECGRICE1BEEBR L FEA COTONS

of the LE ™ proxi mal uence-upstream from.t g é"LE“ &ﬁ%
The product ha&faﬁhECGR énéréﬁﬁe&tblaﬁtyieléﬁe Re &PFPﬁgPFF f PEI g in
~the Bglll sitecohtadndng ithe Bgybitophian pSometeBsbpéuhedrb;nalgaabﬁs of the

bl unt_end of 1 L9ITRA 14) bR okl1Galh VAL oRHe8" LRLRANER' ebd pEDURG THE TV

fragments were°i garelt resence asé .
recircul at ed pBa§#|d“bﬂKYPiO)lSThﬁlDnoﬂugtphéﬂagatBGOBi endnahdr gaabluntinto

conpetent Rg cehl §b@%ﬂ%1384f96h|%11?&ﬁ§”&ﬁ EE@'BEQ&E'QitEheﬁgweGQE"

: i
b0 Bacront of porRes 89T YL 3 tR. 0 resaRe atytRl by Ligasitncos thel BRABED: o n

conpri si ng theehidr of Gragmeatad2dstof theeblluptl eadepfafidagppnoxititely the

last third of %Pﬁstrﬁﬁﬁ QQ%Y%ﬁ%%h@ﬁt@hﬁgﬁé”i&%ﬁ%eﬁeiﬁrEﬁg bg§5EP§8”bg”Cti°”

as LE"), as wel ts ent er the
control of- theTurBNﬂréﬁﬁﬁéﬁ-SﬁefaFBrt§9s€8ﬁir°U1at3d plasmld PHKY 1 '

15 which was propagated by transformation into competent E.

-c011 strain 294 cells.

Plasmid pGMl carries the E. coli tryptophan operon
- containing the deletion ALE1413 (Miozzari et al., J.
2@ Bacteriology 133, 1457-1466'[1978]) and hence expresses
a fu31on protein comprLSLng the- flrst 6 amino acids of the
trp leader and approximately the last third of the trp
E polypeptlde ‘(hereinafter referred to in conjunctlon as
LE'), as well as the trp D polypeptlde in its entirety,
25 all under the control of the trp promoter-operator system.
" The plasmid, 20 ug, was digested with the'restrictioh
_enzyme PvuiI which cleaves the plasmid at five sites. The
_'gehe fragments were next combined with EcoRI linkers
'(consistinq.of a self-cbmpiementary oligonucleotide of
30 the sequence: pCATGAATTCATG) providing an EcoRI c1eavage
-~ site for a later. clonlng into a plasmid containing an '
_EcoRI site. The 20 ug of DNA fragments ‘obtained from

'PGM1 were treated with 10 un;ts T, DNA ligase in the

--presence of 200 pico moles of the45'—phosphcry1ated syn-

35 thetic oiigonucleotidé-pCATGAATTCAms.and in 20 ul T, DNA

~ligase buffer (20mM Tris, pH 7.6, 0.5 mMM. ATP, 10 mM MgCl
- 5 mM dithiothreitol) at 4°C overnight._The-soiution was

then heated 10 minutes at 70°C to halt ligation. The linkers

2'



)¢ plasmd, 20 [err] was digested with the: restriction enzyme Pvull ‘which -
éﬁ.aves the plasnmid at five sites. The gene fragments wer.e next conbi ned
wi th EcoRl linkers (consisting.of a self conplenmentary ol'i gonucl eoti de of .
30 the sequence: pCATGAATTCATG) provi di ng an-EcoRl cleavage site for a '
- later cloning into a plasm d containi ng arkE&ceRl site: The 20 [err] of DNA
fragnment s obtai ned fronlpcmﬂ were treated-with 10 units T DNA ligase in
the 4 presence of 200 pico noles of.the 5 phosphorylated syn-- 35 thetic.=x -
ol gonucl eotWeke RIeRYSY ROARSRY Jigetien randihe | fRAIMINES erRQRONM Tr rv -
QE 6I o] Smw&a?]oﬂ:t)hén\dé\/gﬂﬂ?)e &pﬁﬂﬁé@lﬁiﬂ?lswlp)ws éxﬁirdh@vaﬁfrliaht o

e solution was then .heate r atjion g
l'i nker's - RIS bes{'u"c%ﬁ‘? %tﬁ% goﬁ]]g gr’fﬁﬁlsnl%w wi.th
" EcoRl ends wertah mcbxmd hmmgiesp/om@mml the itmg;eentas gest:h fuh'gmznts
i sol ated §ropd e QeigrY, féﬂ&tcﬂ@iﬁ rﬂ.dmtghgt ﬁléﬁg &ﬁ? ‘ﬂ@atl ng the

t he

. fragments with uItra-- V|0Iet ~and cutt fronlthe ortions.
Cof interest . MERGPY § ’f/ﬁgqlﬁ%o“fﬁ Oﬁ]‘?é‘f’s‘“@]ﬁ‘@% Ul TREced in -
~a dialysis begs m&mjmtacﬂiﬂﬁmtbag apkmrsam:peaed%b \eXedtmgre hour in

O. leBE buf f f T i g ric acid,
10 0.09 gm lé&’éﬁ%;sl n | terier Flfher%% gul"{e%uds ﬁ‘#ﬁfs%‘%\éﬁh&}s co%?ect ed from
~ the dial yS|sb1-lfeﬁfr ingq rete®gm A e 1T an kpPrigl avidd 0.2 M
sodi um tchit(pro 4 andid fED'lﬂN“s.trI ep(l’ﬂfei? H rb)/\@t':ﬁie addnpdontd fb%mlt leion | ok
- precipitation olot er a|n| e W C sti cky
- 15 ends was "ﬁ?erﬁq%ﬁeeg:%)‘{] ?’b%éiﬁﬂleymt w KRR 'al s the. -
i nsertion ofcHlcapfinnms exumacstedatarai:yﬁdeld) sZariMSodas.lmlcistomh.de cdand upon
pronot er - op

Sl Pnd RS dveiea bﬁPQ{%ﬁﬁ cdf ey géér{‘ﬁaéf Cié 2%7’1 By

. Plasm d pBRHl (Rodriguez et al cleic Acl Resear
[1979]) expr%éﬂ'%rﬁﬁﬂqtﬁ’?fqi?%ﬁ%t°r containing gene. w:l.th EcoRI sticky

15 ends was identified in the procedure next descr:.bed, which -
‘entails the insertion of fragments: :.nto a tetracycline '

sensitive plasmid which, upon promoter-operator insertion,
becomes tetracycline resistant. '

20 Plasmid pBRH1 (Rodriguez'et al., Nucleic Acids _
Research §,'3267-3287-[1979]) expressed ampicillin resis-
- tance and containS-the_geneffor tetracycline'resistance
but, there being no assooiated promoter, does not express“
that resistance. The plasmid is accordingly tetracycline

25'sensitiVe. By introducing-a promoter-operator system in
the EcoRI SLte,_the plasmid can be ‘made tetracycllne
resistant. '

_ _ pBRHl was dlgested with EcoRI and the enzyme removed
30lby phenol extraction followed by’ chloroform extractlon :
" and recovered in water after ethanol prec1p1tatlon. ‘The
: resultlng ‘DNA molecule was, in separate reaction mlxtures;
comblned with each of the three DNA fragments obtained
- above and ligated w1th T4 DNA - llgase as prevzously descri-
35 bed. The DNA present in the reaction mixture was used to
'transform.competent E. coli_K;lz strain 294 by-standard
techniques_(Hershfield et al.;'supra):and;the bacteria



tance and contains the gene for tetracycl i ne resistance but, there bei ng. no

‘associ ated pronoter;- doés not express. that resistance. The plasmidis -

accordlngly tetracycline 25 sensitive. By introdueing a pronnter-operator
temin the EcoRl 'site,  the plasm d can be made tetracycline resistant.

pBRHl was di gested with EcoRl and the ehzymey  eooved 30 by phenol B

extraction fol llowed by chloroformextraction and recovered in water after

: ethanol preci pitation. The .resulting DNA nol ecul e-was, in separate reaction

m xfutes, conbphatiediél EBCHLates heon tatrein/e o rmmhtampin:ellrned Fdbve and

-li gated th Tg t
Lhdeted Min Ts ffht | BE5Fadac PLAY! QMR P SElL e P Pl pr esent i
294 by st andarecleries (Were (selegred: Pasmid %p*%ﬁlﬁ?ﬁ}itﬁtdbﬁtﬁeri a

-21- plated onpt&seneé esf cCemé adélsﬂgecioftlﬁrﬁénﬂrﬁbtﬁfiﬁmai asgl fzegifﬂctlon
tetracycllng Several _tefracycljne- re5|f ant l%cjf)%om S\:Neéees naet:t

“plasm d DNA |sﬁ?§¥%ﬁ A Yie br @%ﬁ%%ﬁ% ragne .coﬁflrned by

restriction 5 pBREYyx®. anal ysis. The resultlng plasnmd is designated
pBRHt rp. An EcoRl and BanH di gestion product of the viral geno'rre of
hepatitis B was. obt.ai ned b conventional neans 10 and cI I nto. the EcoRl
~and BarmH sites of PRaEFPRIpRR® BRPRHDITLILLIIN RERINGE 4‘”5"4%1[1979])
to formthe pI@émﬂepéﬁmep&ﬁsmdspb&bmlmééaugmbanvénﬁ&mialptﬂmé

tract ed, f t t |
Created w1191 (gr(?ii%g& R e eI é’*‘ﬁ?%n%%%g 5 p 43'“@3‘*’3}?;”]
pol yrmer ase buf f@@e@ nﬁpﬁassﬂﬂﬁ%@hatﬂﬁﬁ 41197 Mfeg Zorm s

- mer capt o- hem&rh&oimsm nE143didV SHI 32 aﬂds Q1A SR E19rxdr 1 nut es at

then 2 h Thi t t 2. of | eoti d -
conpl enent ary PASERE sxerastod oA SHERE FREEEcda Mng SoAaiB iR N

filled in: pltated. It was then treated w1th 1 ul E. coli. polymerase
| 18 I, Klenow fragment, in 30 ul polymerase buffer (50 mM -
pota531um phosphate pH 7.4, TmM MgClz, 1 mM B—mercapto-
ethanol) contaznlng 0.1mM 4TTP and 0.1mM 4CTP for 30
minutes at 0°C then 2 hours at 37°C. This treatment causes
2 of the 4 nucleotides complementary to the 5 protrudlng
- 20 end of the xbaI cleavage site to be filled in:

5 CTAGA#——' -5 CTAGA——

3! P > 3' . TCT—
25 . Two nucleotides, dC and dT, were incorporated giving

an end with two S' protruding nucleotides. This linear
residue of plasmid pHS32 (after phenol and chloroform
extractlon ‘and recovery 1n ‘water after ethanol precipi-
' tatlon) was cleaved with EcoRI ‘The large plasmid frag- -
30 ‘ment was separated from the smaller EcoRI- XbaI fragment
by PAGE and isolated after electroelutlon. Thls DNA frag-
ment from pHS32 (0. 2 ug) was llgated under conditions
'slmilar to those’ descrlbed above, to the EcoRI-Taq I
fragment of the tryptophan operon (~O 01 Lg), derived from '
- a5 pBRHtrp. o , . .

: In-'the process -of ligating the fragment from 'p'Hs32 '
to the EcoRI-TaqI fragment, as described above, the



N:. CTAGA- S 5 CTAGA- 3’ T-

P . TCT- 25 Two nucl eotides, dC and dT, were lncorporated g|V|ng
~an end with two 5" protruding nucl eotides. This li near residue of plasnmd
pHS32 (after phenol and chl orof orm extraction and recovery in water after

et hanol precipi- tation). was cleaved witth 22 0Rl. The targe plasnid frag- 30'__'

ment was -separated fromthe smaller EcoRI-Xbal fragnment- by PAGE and
- isolated after electroelutjon. This DNA frag-. .ment: fron1pH832 (0.2 [err] —
was |igated FRfF SEREFIHLING S04 18- Jt’@?‘?ﬁfget

EcoRI -Taqg I fp*ra:;pmmmd erh!s éverptthpharh dpterion rdteradnplltd ¥y Migtsalsr i ved -
from 35 pBF}mdéicﬂriggga s of ligating the fragnent from pHS32 to the.

. _EcoRI-Tan fragment’, escrlbed above, the -.-22- Tagl protruding end

is ligated to.-the Xbal re’rrai ning protrudi ng end even though.it is not

conpl etel § Wat son—CQup ck base- paldmA.s_ . =T —reraga—LTAGA-
- TCTAGA- -AGC TCT- . —=AGETCT- ortion of this

o i gation reaction TG e was trans%%nrned into E.” coll %Ce'q'l'? heat

treated and 10 plated on LB plates containing anmpicillin. Tvve'nt'y f our

| | | at ed. s o
col oni es were se %%thave Ia‘)%ba s#ﬁl@pl@eaﬂ%’ow a%m Cg‘i;so ate I X

catal yzed

of these were found to enerat e
DNA repair arfFansgfiaraed dﬁ‘t°l§ - QofdrR34 cells, heat treated RUPAGA- . [err] -

- AGATCT- -10Thgatddon dB wilated ssordtainineg apisq 156 h wédtﬁ&ouﬁcol?l and

AN AR ARRALNING the *‘}L

el gnat ed pRAeR W SRR S, B Y AR el D i ahates, o

next dlscuss@dd isolated. Slx of these were found to have the XbaI
site regenerated via E. c011 catalyzed DNA repalr and

. . repllcatlon._
: '———TCTAGA—f—: . o ~—TCTAGA~——
——pagrer— ——AGATCT—

_ These plasmlds were also found to cleave both with

- 20 .EcoRI and HpaI and to give the expected restrlctlon frag-
ments. One plasmld designated pTrp14, was used for _
expression of heterologous polypeptldes, as next dlscussed.

The plasmzd pHGH 107 (Goeddel et al., Nature 281,

25 544-548 (1979]) contains a gene for human growth hormone 3
' ‘made up.of 23 amlno acid codons produced from. synthetic '
DNA fragments and 163 amino aczd codons obtalned from
complementary DNA produced via reverse transcrlptlon of

human growth hormone messenger RNA. This gene, though it
30' lacks the codons of the "pre". sequence of human growth
_ hormone, does contazn an ATG translatlon 1n1t1at10n codon..
. The gene was 1solated from 10 ug pHGH 107 after treatment_
with EcoRI followed by E. coli polymerase I Klenow frag—
' ment and dTTP and 4ATP as described. above._Followzng
'35 phenol and chloroform extraction andlethanol precipitation
- the plasmid was treated with BamHI.



The plasm d pHGH 107 (CGoeddel et .al., Nature 281, 25 544-548 [1979]) @f;,
.contains a gene for*human growth hornone made .up of 23 amino acid codons. -
' @{_gduced from synt hetic DNA fragnents and 163 ami no ‘aci d codons obt ai ned

_ m conpl ement ary DNA produced via reverse transcription of human growth -
-h'orrmne messenger RNA. This gene, though i4 20 -1acks the codons of the

" "pre" sequence of human growth hornone, does contain an ATG translation .
“i'nitiation codon. The gene :was |solatedfrom10[err_] pHGH 107 after =
treatment with Ecorfhe 31‘4%(91@"@ haxmong)| (G geneqatdingy £rdgin  and
dTTP and dATP méntlass i hash abew oy wdmwm&&@@ndlmaﬂwmmr m

extraction ang’aﬁt hanol . tDr ec%a{(l on t s%s ntvgai%st t%"g efq.rvg t t'és%anHI

- 23 - The hu con A g fTag- men
i sol at ed by PAGE:I@&M 2 7] @i%cﬂemmﬂdme Tesistanas rﬂ}rm%lmadgrrent

al so cont ai Sée Figgd ﬁiﬁ@t@ﬂ&%é&%ﬂlﬂ@ PridCldges 1Y vt

"~ structural ne,  but Iacks thetetrac cli.ne rom)ter-o erat.or, system so
that, when sub%‘éq%ﬁdwl?ﬁ'b >&}r°é'{$§f) PR S80S .
cont di ni-ng theplimd qmamdm&aimmﬂdﬂe:heemaﬁ aamibe diocatied | ne

Tesi stance. eg raset$§sgogoﬂ&uoﬁg%€ 441%4@}@1%{}}3{:% onejg& fldé Qxé” by the

10 Kl enow poI y proce unt one sticky

end, .ensuri ng PheoREIoRE iend f cthefiragmenty hag deany ﬂ-‘rlthQar%nePMé%'@i on
plasmd. Thg %ﬁrﬁﬁs'ﬁlﬁié&s&aéj D dediirfe Note [HraRfe L ttfasV%Qﬁ Wldne HGH

gene- cont a| ni n%é ment . epa d above. Thus %%4 Xbal ested and -
"the resulting 9385 ¥ 199y iSRRG rPe"?Ef %& l'grocedure _
enpl oyi ng dATP ag€aP, J.rrBEﬂ:teadlcb.xdEd'Fan Adspare shicro|p laamkichl or of or m ext racti on

and- et hanol precipitation.the resul- 20 ting DNA was treated wi'th BamH and

the resulting | arge plasm.d fragrrent i sol ated by PAGE and el ectrogel ution.
The pTrpl 4-deri ved Thegrmre st R MM RERPIho s ingXF prepared- to

5 receive the HGH gene-contalnlng fragment prepared above.
Thus, pTrp14 was XbaIl digested and the resultlng stlcky
ends filled in with the Klenow pelymerase 'I procedure

' -employing dATP,dTTP, dGTP and ACTP. After phenol and
chloroform extractlon and ethanol precxpltatlon the resul-

20 ting DNA was treated with BamHI and the resultlng large
plasmld fragment isolated by PAGE and electroelutlon. _
The pTrpl4-der1ved fragment had one blunt and one sticky.
‘end, permitting recomb1nat1on in proper orlentatlon with
the HGH gene containing fragment prev1ousiy described.

The HGH gene fragment and the pTRP14 AXba-BamHI frag-
 ment were combined and ligated together under conditions
"51m11ar to those descrlbed above. The filled in XbaI and
EcoRI ends ligated together by blunt end llgatlon ‘to
fso recreate both the xbaI and the EcoRI 51te. '

- XbaI ':Eilled"in_ EcoRI’-fin_'eqf in = HGH gene initiation
- ——TCTAG -, BATTCTATG— - ——TCTAGAATTCTATG—
as —AGATC -~ - TTAAGATAC—— - ——-AGATHTTAA{GATAC— _

-+ Xbal = EcoRI



_'e@ permtting reconbination in proper. orientation with the HGH gene
sal ni ng fragnment previously described. 25 The HGH gene-fragnent and the

PTRP14 [err] Xba-BanH frag- nment were. conbi-ned and l'i gat ed together under -\;;

~conditions similar to those described above. The filled in Xbal ~and EcoRl
- ends ligated together by blunt end |igati %% to 30 recreate both the Xbal -
~and the EcoRl site: Xbal fiIIed in EcoRl filled in - - HGH gene _
initiation TCTAG AATTCTAT AGATTCTATG 35 .~
- AGATC TTA,&"&&'FA olatEutidn also rE&&F&FEEGZ(’FEgL' ACYIERSR -
24 - This commam am-rm@q hrd.asmdid pdiEH .iL0d reemretm gene
Since the pl AT YT ftr%tuf%C ) d:d?o‘i:efre%'y%.tr@n

pr onot er Iy|n u ean1fron1t e H e ac pr.onote , thls A

construction f%S’“P(fé’ﬁ &3“?06& %p g't°s"eé'f'>?|m sorﬁ’° S tgoRe for -

tetracyclsnedeengstaa:e@epmmeaQMep@nnmw eodpxtelsemny;mtﬂ)-tuﬂl@mne for '

- pronot er - ope gyg# ST, q%%ﬂsf coll'
294 and col or?%tetgrascg-gg'cli?‘eey}o%r#ﬁ_ éa%'[ledéq conttgile\rli\,?:ril’g g/og tetr ég %

Pl asm d pHGHPI@R REOMOLSR- °(!‘ie§é§’c°€d' Fhys rhe 43 S xtdres Wdsng EcoRI

fragment recayemnedornedAGR dolE.0comdd 294 elnactddleamtes)rsellalm GnpBBHL was
EcoRl dlgesteiﬁ&pd t he , cleavedsends HB ated mﬁéﬁ_bacterlal al kal i ne phos-
15 phat ase (E gﬂﬁ ) nﬁﬂﬁﬂ &ero mv MgCL' f.or 30 mn.

at [err] 1 renove the phosphate groups on t he protrudi.ng EcoRlI- ends.

Excess bacterial 3hiaisee JHIPRIN 353 WORTCENAL LY AN Tneripct on,

chloroforn1extract|on and” et hanol recipitation. The resultin near 20
. DNA, because PFOMOREEs SoRFainings EGoRIL Eraohenty Fegodered Ry 8MGE FoLlon
‘ligation accemd @yl eliecteoed utiona PAasindide PERHL s:tasctapoarIdsugreated

phosphorylat%ﬂdb%h éﬂedygd ends treated with bacterlal alkaline phos-
15 Phatase (BAP, 1 ug, in 50 mM Trls, PH 8, and 10 mM MgCL2
- for 30 min. at 65°C) to remove the ‘phosphate groups' on
‘the protrudlng EcoRI ends. Excess ‘bacterial alkallne
phosphatase was removed by phenol extractlon, chloroform
_ .extractlon and ethanol prec1p1tatlon. The resultlng linear
20 DNA, because it lacks phosphates on the protrudlng_ends
thereof, will in ligation. accept only inserts whose o
_complementary'sticky ends are phosphorylated but will not
tself rec1rcularlze, permlttlng more facile screenlng
for plasmids contalnlng the inserts..

The EcoRI fragment derlved from pHGH. 207 and the |
linear DNA obta;ned from pBRHI were combined in the
'presence of T4 llgase as previously descrlbed and lzgated.
A portion of the ‘resulting mixture was tnansformed into
‘80 E. coli straln 294 as prev1ously descrlbed plated on LB
media contalnlng 5 ug/ml of tetracycllne, and 12 tetra- -
cycllne re31stant colonies selected. Plasmld was isolated
from each colony and examlned for the presence of a DNA
1nsert by restriction endonuclease analySLS employing
35 -EcoRI and Xbal. One plasmid contalnlng the 1nsert was
deszgnated pHKYl. '



Itself recircularize, permttlng nore facile screening for pl asm ds
-cont ai ni.ng the inserts. "25 The EcoRl fragnent derived fron1pHGH 207 an
LLQear DNA obt-ai ned from pBRHL were conbined in the presence of [err].
I Tgase as prevtously descritbed and |igated. A porti.en. of the resulting
mxture was transformed ifnto 30 E - coli st¥a@$h <294 as previously described,
pl ated on LB nedia containing 5 [err] of tetracycline, and 12 tetra-
cyclime resistant colonies selected. -Plasmd was isolated from each colony

andsexam ned for' t Heherplrgrid cDHI%\YM degenibes, ahole cis @ derdoratdivease
anal ysi s enpl oy rﬁaﬁﬁzﬂa&c@r&ba@ﬂns q\ wmﬁ&w&we&m&ﬁéﬂedwt was

d ted pHKYL1. 25, - KY10, d b b

Geri vaive b ek afietaRe D ptoars MR Fele &

cycline resi st'ﬂmelif@e)mm Memhmsilmmrdte}emgéﬁmngarpjﬁmwuh
fragment "i sgl & aéﬁ&raﬂﬂf ¥e il 1% éi}.& paPﬁé 'o@%égédalé flﬁrﬁ{ ore

contains part of the anp gl N resistance neg and all "of t

“structural gene®STSHRRCE JAR 1 e angd ook %J T‘B) StH’rE’tdF PR

' (Goeflflel et alput hbéd:lfﬁ %8& Té‘ﬁébﬁdkﬁofiéﬂmwgmmlmtpachsmim gaHeR! , the . '
resulting sin S g re fi nd -
theupl as% d vngg%?éi?a/gaeW? tﬁre ‘ﬁ #ﬁézgng%e %cg'g ai ni ;%ﬁéirtaof

the Ap gene, eithBtaRT acthe m@tm #Jenglrer Rrandes rﬁﬂdﬂg wenes figdijed

| acking an G4 rurie@tmm ;scsnpﬁééay@sI | Stk P adnid Wad L dHvEDWEth
fragment, containin he trf) ader ri osorre ,16 b| ndi ngg%}% Sie butR I ack| ng
an ATG sequenc®Stin | ST} %J agquRnL  CARt 150e

‘i sol ated from phHiMibleskac tpacbwdntme arkhelde rrib@s;pmtbqnd;tng edzare.ecbut) i S

~an anal og of tiﬁéklng an ATG 1n1t1atlon triplet was 1solated A ‘similar
trp promoter fragment, contalnlng the trp leader ribosome

15”b1nd1ng site, but lacking an ATG sequence (Goeddel et al.,
Nature 287, 411-416 [1980]), may be isolated from pHKY1 descrzbed above.

' The trp fragment Just referred to is an analog of the
E. coli tryptophan operon from which the so-called trp
20 attenuator has been deleted (Miozzari et al., J. Bact.
133, 1457-1466 [1978]) to controllably heighten expression
- levels. Expression'piasmids containing the modified trp -
regulon can be grown to predetermined.levels in nutrient
media containing additive tryptophan in quantities suffi-
25 cient te repress the promoter-operator 3ystem, then be
~ deprived of tryptophan so as to derepress the system and
'occa81on the expression of the intended product.

The expressieh:plasmids'may be assembled via'three _d
30 part llgatlon ‘reactions as shown in" Flgure 6 15 ng '
(:0.05 pM) of the assembled’FIF gene (504 or 505 bp),
0.5 ug { 0.2 pM) of the large PstI - BglII fragment of
'pHKYIO'and 0.2 ug ( 0.3 PM) of the appropriaté promoter
-fragment were 11gated and the mixture used to transform
35 E. coli 294 (Goeddel et al., Nature 287, 411-416 [19801).
'Plasmld DNA was prepared from 1nd1vidual transformants
-and analyzed by restriction mapplng. Correct joining of
the assembled gene to- the promotet fragment should restore



- control | ably hei ghten expre55| on | evel s. Expressi.on plasni ds contai ni ng the

- EzQol i tryptophan operon from which the so-called trp 20 attenuator  has
b del eted (Mozzari et al., J. Bact. 133, 1457-1466"[1978]) to
nodi fied trp regulon can be gr own to predeterm ned | evels. in nutrient medi av
eontai ning additive tryptophan in quanti+i2s suffi- 25 cient to repress the _
pronot er - oper at or system then be deprived of tryptophan so as to derepress -
the system and occasion the expression of the-intended product. The : i
expressi on plAEHERORE IAe h ke file KRAL (HFR): TREQETtIqny AeBIenca | on§!¢_
as SBO\)NI’I in awrxﬁj&rﬂ@rﬂ;(ﬂ& P Eiad gdve aﬂﬁaalréaé;ﬁéﬁad:m:(cﬁﬁ%HKergr . '
- 505 bp e and .
'02ug(0349%){"] (ﬁ)rla‘%e%rofr?olevrl'%r% e\;\asg;@. |ga an%nc?the
"~ m xture used the ttmsmmm@s EnGd2 cootyigiattidthectlag pragaten) 28te -
411-416 [ 898Ypowr’ alick N 10 pridipiiade dr QiR ddidietidialsddiaNnsd @t s and- -
. anal yzed ‘by restrigction mappi ng. Correct joining of the assenbled gene to - -
t he pronoter <1"5"';%’;r‘?tb%“ﬁ?tj’uI drestore  -26- the EcoRl (lac) orthe Xbal
(trp) recogni tion sequences. The majority of the plasnids gave the expected

~restriction enzyng, rgeassté %r{]%{&c -lmwrpgﬂIﬁpr@l@rom bt Al ng- the_.

- trp pronoter and 12 cont.ai ni ng r onot

extracts prepdfdt RAFEIHE fkﬁﬁ FheasPly Jdguéé‘stl%"r |%¥ék§§\&e %éﬂ‘%s‘-‘é‘@ed
. on human fmianslciarm Werfepariitive/ifelcaigpddintdiie <ol varhi bition. -

assay five of, t Ir td for t,s. \wer ositive (each .appro ely
- equiva- lent )]‘enqie)e’vg;ieé{‘%n[ taqujfc t %sﬁro%tﬁ?!%ad‘a'ifege \Fq“éh'{) ﬁg)% gid
activities. Feirafidries ofthanefierfeor mne tranatammande Srem (g sexdieand

PFI Ft 1 p69) natpsae! 18ise P it Sl deilddocl o DMSa@IE AR AN ysis

denonstr at ed t 16 de5| red attachment, of, promoter to FIF structural
" gene had ochrTr%}q ﬁ.e) asée&:ence analysis demonstrated that the _

16 desired attachment of promoter to FIF structural gene had
occurred in both cases. ' '

. Table 1.'Interferon_activityzin extracts Of_E.7coli

- |E. co1i k12 | - | IF Activity o |
strain 294 | cell density | (units/1 FIF molecules
transformed by | (cells/ml) | culture) per cell

| pBr322 3.5 x 10° T -
25| pFIFlacs | 3.5 x10® | s.0x10% | 2,250
. pFIFtrp69 | 3.5 x 10° | 1.8 x 10’ ~4,500
pFIFtrp 69 3.5 x108 | s.1x10” | 20,200
30 '~ . Cells were grown and extracts prepared as described

above. The human amnion (WISH) cell line was - used for the
CPE inhibition assay. Activities given are the average
 from three_lndependent exper;ments. To determine the
number of IF molecules‘per ceil a FIF specific activity
35 of 4 x ;08' units/mg was used (Knight', supra).

The amounts of. flbroblast 1nterferon produced by -
pFIFlacQ and pFIFtrpSQ are shown :m Table 1. The trp



Table 1. Interferon activity in extracts of .E. coli 20 E. coli K-12 G&Q
"IF Activity strain 294 ° - Cell density = (units/I - FI'F nol ecul es _
ransfornmed.bv  (cells/m) | culture) - per cell pBR322 - 3.5
x10'25 . pFIFlac9 .- 3.5 x [err] 9. O'X-[err] [err]2,250
pFI'Ftrp69 3.5 x [err] 1.8 x [erpgy - ~ [err]4,500 3 pFIFtrp 69
3:5 x [err] 8.1 x [err] . 20,200 30 .= . Cells were grown and.
- extracts prepared as described above. The hunan ammj:on (WSH) cell line was
used—f or thepEPhotahi gaveoa RIBagxpressioni bevel veeasurable highemge from '

‘three |ndepe@ggﬂtdgép@ﬁéngggs gggogggerftngntQ@tgﬂg?e£oo§u$§hgplecules per.

cell a FIF specific activit err] was used (Kni ght,
supra) The aﬁﬁﬁﬁ?§56fFIFbP&BF8§F1PﬁtEF?E Bn BFBBEEE@9bVa%F$¥$%% RHE
pFl Ftrp69 aracahmw@nantiabbeo1ba§bepaiﬁ EcoRI2fragmént®t €ongaieing Fl F

e | b h h t d th tt t -
Lo furthed i FhpesEE BFPRSKRr oLEPERaPLiBrcal pr Barite "AEE" Fhicll 1\ ' EooR
and two: 300 63880} weEeoRnsértgdenThecvesulhing Blasmid: rpF PR ormied .

(CGoeddel et ebnta§ﬁsUEﬁr3§7suéééséi6e3t£s9§PL&ow6f§ WREEH { £€ad THEwaLS I Ting
plasmd, pFlEtrp_69, contains three successive trg gﬁennters whi ch read

toward the FFPeQEHE gehRe- aﬂBﬁanB?nFé? sPHRF n8¥ntheshiet PXoft $UD strain
294/ pFI F [ erR}12sséraihi pRS/phar prpUlesgedsby-3 0t phest tipao pHdedheed )by Thi s

.i's apparep t e es o) e h occurs when
trp repre%éo%F?gggkgga?gaFE%rg ediggg ﬁL %€$?££$tfgd%?%s£o¥@%%e trp :
. oper at or . 5derepr¢ﬁélﬁnF°§rQbﬁcéapbprﬁmotetlWE@EQ QEEUr s @@ﬁ#pt#?%rpGQ
_behaves ||keré§fé§96r01393§5 ELE tf@r&h@&ﬂbyntﬁébﬁﬁlglple copies of

the trp operator.

:15 The FIP ﬁroduced by E. coli K-12 strain 294/pFIFtrp69
behaves like authentic human FIF. As shown in Table 2,
its ant1v1ral -activity is about 30 times greater on human
cells than on bovine cells. In addition, the ‘bacterially
produced FIF is stable to treatment at pH 2 overnight and
ad'ls not neutrallzed by rabblt antlhuman leukocyte 1nter-'
‘feron antlbodles (Table 3). ' '

Table 2. Interferon act1v1t1es measured on dlfferent

| cell types U : e ¢ -
os _ R :
N “”Interferon Adtivity7(unita/ml);
_Ceils"- teIF ,r EI? | "fE; coli K-12 strain
| : ' o 294/pFIFtrp69 extract
0| . . . | L -
" | Human amnion | 20,000 . 10,000 : 1280
{ Bovine kidney | 13,000 - .400 - 40
35 | LeIF and FIF were NIH standard solutions having 20,000

unlts/ml and 10,000 un1ts/m1 respectlvely. Assays were
performed as described above.



antiviral-activity is about 30 tinmes greater on human cells than on

_ ine-cells. In addition, the bacterially produced FIF is‘stable to “

tTeatment at pH. 2 overnlght and 20 is not neutralized by rabbit antihunman \;;

| eukocyte inter- feron antibodies (Table: 3 Tabl e 2. Interferon activities™

measured on different cell types 25 Interfs on Act|V|ty (units/m) Cells -

Lel F ' FI F E. coli K-12 strain 294/pFIFtrp69 extract Human ammion -
. 20, 000 10, 000. . . ' 1280. Bovine kjdpe . 400 40
35 . LelF and Taklecle RPMPRTLSRM OF s%‘FE&Ybﬁieﬂa?/# n@x%aﬁﬁﬁ £FPRs/ M 2w
10,000 units/ m respectlvemy cd&ta&elﬂwstramnfZﬂ4MpP£Et155$rwbem above :

- 28 - Table 3. Cbnparlson \ ar K-12
‘strain 294/ pFIFtrp69 with s %QE% %%%ﬁ g e and ff% fas : .
interferons 5 Interferon Ab%?%#f?r?%mlts/nt) LeIF _ FIF E. coli K-12
strain 29§/pFIFtrp69 10 untreated _ - 1000 "~ 1000 : 1000
pH 2 1000 - 1000 ' L 1000 rabblt antlhunan . <16 -
1000 . 1086 LC: I': (J.IIL I bk Ul Co - J.\J l_/\pCI I IIUIIL (1[ [J'I UUCUUI Co Jdcoul I bcu

- above. Assayed by CPE inhibitilon ' usi Fryte¥ 8 oml| Act By iklpi bunitséml N,
~Purification. 20 The purificatf

" Be coll-K-lz strain
- _ 1 _ - 294/PFIFtrp69
10 | untreated | 1000 1000 . 1000

pH2 - | 1000 1000 - . 1000

‘rabbit antihuman | <16 1000 . 1000
LeIF antibodies | '

15 . e S
Experimental procedures_des;ribed'above,'AssaYed_by
CPE inhibition using WISH cells/Sindbis virus.

| N. _ Purification”
The purlflcatlon procedure for bacterlal derlved flbro-
blast interferon is as follows:

1. Frozen cells are suspended in twelve tlmes volume per
25 welght with sucrose lysis buffer (100mM Tris-HC1, 10% _
- sucrose, 0.2M NaCl, SOmM EDTA, 0.2mM PMSF [phenylmethyl-
”sulfonyl chlorlde], pH 7.9) contalnlng lysozyme at lmg/ml.
The cell suspension is stirred for 1 hour at 4°C and
 centrifuged. Fibroblast 1nterferon activity remains in the
30 supernatant. ' ' |

2.'_ Polyethyleneimine. (5%,'v/v) is”added to the. sonicated
- supernatant to a final concentratlon of 0. 5% (v/v). The
solutlon 1s stlrred for 1 hour at 4°C and centrlfuged.

35 Interferon act1v1ty remains in “the supernatant.
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s

3 . B .

blast interferon is as follows: 1. Frozen cellts are suspended in twelve
times, vol une ‘per 25-wei ght with sucrose |ysjs buffer (100MM Tri s- HC, 10%
sucrose, 0.2M Nad, 50nmV EDTA 0. 2mM PVSF [phenylnethyl sul f onyl

a’rlfo_ri de],. pH 7.9) ‘cont ai ni ng |ysozyne at 1o/ - The cell suspension-is
stirred for 1 hour at {err] and centrifuged. Fibraoblast -interferon activity -
remai.ns in' ‘the 30 supernatant. 2. . Polyethyleneinmine (5% v/v) is added to
‘the.Soni cated, suwdl&t@r&mxmuﬁuihl gal faeecast raaderm 5 th&%éYyerhylbae-

sol®tfon is stlrredfor houy ert nd r|f £ e
cactivity remdPi®s ﬁ‘iﬂ?é"éﬁp%r? a?ﬁn% a‘al L{%% dgarr%g%m %%n%églgf ate
i s added t o thengolstetdnddngor i BOnmsupelsnattar#Ct carai feeratr tEngedt r Anitem—of
50@6satura3 %|o% %HHH¥¥E¥f5 g?nkggtgg%abéfygg and centrifuged. Inter-
t

feron activity is in 5 4 The 50% anmoni um sul fate pel | et
I S suspenBed in one half the voI ume of the 50% ammoni um sul f ate suspensi on

- with PBS (2041M S%&@@mﬂéﬁﬁumosﬂ%&ﬂpemét? 9 sMéﬁQM ﬁ:ﬁeogkycol
6000 (50% w v, in_PBS) js add dﬁﬁg SH 0 final, conc %rai on_of
0

(viv); sti rr 8314 ghe olgre o ABFeriMRy &P ‘?ﬁ%r?‘é?%ﬁnﬁé?f‘w ty is
in the pell ehltﬁh@asel(lm % smpemdpﬂosphaue,nlmswmm qusmcnd)se lysis -

buf fer and Ckg[l'yfg' d,4 & n_{y(lféi'g bb8"¢ ]:SIJ?FL w Bll,lsnslﬁn erferon ?éacrtgogm%

procedure re a burd |ca ron 0 rom
of the tot@l fpnetleiconaernstion oficl2ebH (p'r/ot)el stigied patef {6l f0AN be

further, puri 5' ﬁ@u&% WP el + Ve Ry elile Thellr @Urtsh GRILHW €Pr 08B AoEABNY
steps: 20. - Afinity - chronmat 0graphy on Am con Bl ue |n ﬂljcros% | ysis

buffer. 6. PRﬂl &t -e TRl bk ot SYFREAF 6N IgnE SRRk YR

sucrose lysis buffer and clarified by centrlfqgatlon.

45 - This initial extraction'procedure results in a puri-
fication of fibroblast interferon from 0.001% of the
total protein to 0.05% of'the-total proteih,_This.material
can be further purified to.homogeneity by the following
- column chromatography steps: | |
. 5. Afinity chromatography on Amicon Blue B in. sucrose

lysis buffer.

6. Anion exchahge-chromatography-on QAE Sephadex in

25 sucrose lysis buffer'in the absence of 0.2M NaCl.'

.7. ~Size exclusion chromatography on Sephadex G-75 in

sucrose 1y51s buffer.-

30 8. Reverse: phase high pressure liquid chromatography.

A purity of more than 95% has been actually achleved.
0. Parenteral Admlnlstratlon

FIP may be parenterally admlnlstered to subjects
35 requlrlng antitumor or antiviral treatment. Dosage and
dose rate may parallel that currently in use in clinical
investigations of human derived materials, e.g., about
(1-10) x 10% units daily, and in the case of materials of



| 2 sucr ose

Iysis buffer in the absence. of 0.2M NaCl. 7. - Size exclusion. -
‘omat ogr aphy on Sephadex G 75 in sucrose lysis buffer. 30 8. ‘Rever se
phase hi gh pressure liquid chromatography. A purity of nore than 95% has

been actually achieved. 0. - Parenteral Adm nistration FIF nay be

treat nent..

clinical investigations of: human derived materials, e.g., abouty(1-10) x-

“. parenterally adm nistered to subjects 35-rEqU+r|ng antitunor or antiviral-

Dosage and dose rate nmay parall.el that currently in use in

106 units dapuyltﬁnmr¢ﬂt9hetbagelﬁi Likelyare &9, e.g. 8015 ¥ b@r|?915$eaﬂ5?

than 1% |ikghy1yD Hésaed- oflﬁaétéﬂlaynytébaaﬂwd Prpagsalafbbagignial |y
obt ai ned FI F_coul d. he

the essen- tfh?a%5§%n%£ g?tﬁ%ntﬁgg$l¥§€ﬁeva%ﬁ%? tﬂ% rea%gr %L%ct?gynng té_

teins in fi

bt bél asbs emce vesl humnan i pteteiysacthes thawgens, Euhcblprng

adver se p%f Celfn ]dlgs 815§ -&Sgg@&&%&&ﬁ.%@%ﬁgga& Cas A%%pggeggarrpl €

of an ap

oprlate

or m or essentl-a eneous

rial FIF

i n parent er afXpbpiting nﬁdﬁﬁ%fe§5%‘é1=?r cadt i VFEYADFS, SEYTPOTREYRS. Uy nay

be di ssol vedelé@vabidh, 0&t&% hunan serum al bumin, the solution is passed_

t hrough a bacterlologlcal filter. and the flltered solution aseptically
subdi vidied into 100 15 vials, each containing 6 x 106 units pure
i nterferon suitabhe éne gngmmlerof annappropriate. dqhege|§¢smaferpreferably

stored ing h@s%@x‘lgi Lfi?] h@.aaeénésuyssac@fl SOPERNES PhréheePALSEStm,

I nvent I on can

phar maceut.i -

f ormu d accordi ng to -known netgﬁds to prepare .
e

389 I sef u?P%‘athbgl ?FBﬁglt%@Febﬁa‘Yhe pB

~Sui table Vehafi;gcrgﬂdlé *gagséareykaﬁaﬂnaasscésffawgﬁcw ReTtagt Qhas

Phar maceuti c

the flltered solutlon aseptically subdividied into 100

15 v1als, each containing 6 x- 106 units pure interferon

sultable for parenteral administration. The vials are
preferablylstored in the co}d (-20°C) prior to use,

The compounds of the’present invention can .be formula-

ted_accOrding to known methods to prepare pharmaceuti-
~cally useful compositions, whereby the polypeptide hereof

is comblned 1n admlxture with a pharmaceutlcally acceptable

carrler vehlcle. Sultable vehicles and their formulatlon

are descrlbed 1nrRem1ngton s Pharmaceutical Sc1ences by

E.W. Martin, which is hereby incorporated by reference.
Such compositions will contain an effective amount of -the
interferon proﬁein hereof together with a suitable amount

of vehicle in order to prepare pharmaceutlcally acceptable

comp051tlons suitable for effective administration to the
‘host. One preferred mode of administration is parenteral.

p?(ﬂ% B8¥eof is
conbi ned i n pen@kssobvedt in a2 phml natcs®i banhay serept abbemiayrtke vehicle.



25 E W Nhr?—_~—mETEF~T§_ﬁereby i ncorporated by reference. Such :

co sition ‘Q‘,w imﬁﬂﬂﬂml)effect i ve anmount of ‘the interferon protein
hereof .t oget | e anpunt of vehicle In order to prepare _
pharnadeutlcally acceptdblé conposi tions suitabl e for effective -
adnrnlstratlon to the 30 host. One preferred node of administration is
parent eral. 35 -31- CLA MS: 1. A pAHlypept i de conprising the ani no
acid sequence of. a mature human' fi broblast interferon as defined by
positions 1-166LAIMSEi gure 3 here of, microbially produced and

unacconpani ed by any corresponding presequence or. 5 portion thereof. 2.

A pol ypeptide ggcor di ng gl yilepitiide o8 efiema@mtwé AWniReS AU Hbquence

- glycosylation. ‘3. - The- polype | ordln to claim./l,. con ning. -
the amino aci dode® Matare human s‘Ib G" terfergp &g d‘qurh"@‘# 3!’ 4'

A DNﬁ sequ$ncep@eﬁnﬁbw3ng-as%e@uema@uocdsngeh@pftha;pebpﬁeguwde?ﬁnn?nﬁing
. to clains or uence according.to ¢laim
oper ably -l nke(?r\ﬂ f"ﬁ'afwage‘(fﬁ'e eaﬁgaﬁ%esg ?T"P@cplrﬁger%"e 55 AF 15- B

expr essi on5of. popdiippe thiedeofecording to claims 1 or.3. 6.
replicable mcrobial epppgy p%Bt&%Qﬁ%E% Qﬁggﬁlto il aih 1tr%%§@@33?3n1ed

' mcroorganl sm Of expressin accordil ng td clains

A mi crobi al exHVe§§ﬁGﬁ1@ém BéY&@édﬁﬁﬁﬁgnbo claim20. 6 which is a pIasnld

.8. A pl asmi.d seleqhedphqubbhadera@eoeqaaQSEbnele&mpﬁlHdaﬁtalnlng
pFIFtrp69 and BFIFtr%SGQ ni smtransfor

expr essi on.. 8| 8 &

strain. SR &, A DNA.sequencecompr1s1ng a sequence coding for

- the polypeptide according to claims 1 or 3.
5. The DNA sequence according to claim & operably

:linked with a DNA sequence capable of effecting microbial

) 15-'expression of a polypeptide according to claims . 1 or 3.

6e A.replicable microbial expression vehicle capable,

in a transformant microorganism, of expressing a*poly-
'peptide according ‘to claims 1 or 3. '
7. A’ m1crob1a1 expression vehicle according to claim
20 6 which is a plasmid._'
o 8. A plasmid selected from the group consisting of
pFIFlac9, pFIFtrpé9, and pFIFtrp 69,
q9. A microorganism transformed with an expression
~vehicle acccrding to any one of claims 6-8.-
'25-;10. . The microorganism according to claim 9, ‘obtained
by transforming an E. coli strain.

croor '
3ora(?|1ﬁ|ggfﬁlﬁ‘ﬁy o q‘?’l Bai-ms 6-8: 25%t (9\',\£I am""""I'he
nlcroorganncﬁlaccdrdﬁhgaﬂd 1owamﬁb9pnobta|ned by transfornrng an'E. coli

1. A transformed microorganism according to claim 10_.

. wherein said E. coli strain is E. coli K-12 strain 294.
i12. A transformed microoganism according to claim 9
- 30. obtained by transforming Bacillus subtilis.
13. A transformed microorganism according to c1aim 9
obtained by transforming Saccharomyces cerev1siae.
"14. A composition ‘of matter comprising a therapeuti-
:cally active fraction of a polypeptide cons;sting essen-
35 t1a11y of the amino acid sequence of a mature human

e re—— E - pap—— -

e .



’.11\ A transforned nicroorganisnwaccording_to claim 10 wherein said E. =\
coli strain‘is E. -coli* K-12 strairn 294. 12. - A transforned n1croogan| fuﬂ,
., accotdizng to cIa|n19 30. obtai ned by transforn1ng B “m Hlu
K tran!sf ormed ni croor gani sm according to claim9 obammﬂmu I m M ng
- Saccharonyces cerevi si ae. ‘14. - Aconposition' of nmattér tonPriling a
- thérapeuti - caIIy active. fraction ‘of a ‘B@l ypepti de conS|st|ng essen- 35
tLa$Iy of the am no acid seguence of a mature human . - 32 fibrobl ast-
i heerferon, t ??b'@ﬁbi\ase %té%lrdreafmeﬁbt bemaﬁaapblrssagdsebubbelm;@hobu al

" protein fron1mh|ch sai urifie fficient
~for effectlvecPHEFéﬁéﬂﬂl€°&éBEPCQPF6H X g p¥ pkein ?r bgggg _ ?gtract
- conpri.sing grpangpephaﬂeaheytbGS%hpufeepokppepﬂﬁdeeeoﬁyffﬂpngnés§QWt|aIIy
- of the am no agﬁs %iggegﬁgrg£eatigt%gﬁlgbgcgghast i nterferon according to

- any-one- of . cl § maceut i cal .conposition: conpr|3|ng a
" thera- 105 peaﬁhcalIyAebBG¢Bmu@1a#m$ﬁFCGfcamﬁﬁﬂﬁﬁéghaﬁﬁﬁtFFbFBBPa§P

interferon aceggkd 0 r o %hQ|Q11 h%WW&%@uumxﬂ
carrier nater?gr Bgu%tg%Pgbgﬁtldg c%n@ﬁ@t&n@ @g@ o y o

har maceut.i - gg 3 glst ation.: di - The
conposi tion aéGéﬂdFﬁ@“@Bcél2fnﬁ1@a§HFFa5P§rf 3BGr *RACENCELCR) Yecording .
adnlnlstratloao 48y one. Afcuuhum@ qL3n1crob|aI ceIIs as claimed in clalnB-
- 9-13 capable produgir epti,de s 1. -
_ mature human f roblagt %ﬁf@gfgﬁgﬁcg P@%H 3 %1@' or£§eﬁﬁn use
in antitumor peuadcnndyabbecauwanmounﬂopfpﬁepakung pMmHMaJQ@MQQﬂaSt |
conposi tions Fﬁ%@%geggh §W@Qﬂﬂﬁ?a%%egﬁal%g 1 or A RhACESTompatibadicing a

l_-polypeptlde clai ne f clains 1-3 which process conprises
~causing a 25 PF?FGP‘GGPQ&H-P% W&ﬁﬁomr\aﬂa@h éuuléabl&aﬁpé' phaTgmeguti-

cal admlnlstratlon.”_'

17._ The comp031tlon accordlng to c1a1m 16 su1tab1e
15 for parenteral edmlnlstratlon.' ' '
'18. A culture of mlcroblal cells as claimed 1n
:'claims 9-13 capable of producing a polypeptide as clalmed
in ‘claim 1. }-5-. AR : .
19. - A meture human flbroblsst 1nterferon accordlng
20 to- c1a1ms 1. or 3, for use in antltumor or ant1v1ra1 '
o treatment or for preparlng pharmaceutlcal compos1tlons
useful for such treatment.
-20. : A process for produclng a polypeptlde clelmed in
. ‘any one of clalms 1-3 whlch process comprises cau31ng a
-25 'microorgenlsm, trsnsformed w1th a repl;ceble mlcroblal
,express:on vehicle capable of expresszng sa;d polypept;de,
'to grow up and express sald polypept;de and recoverzng it.
21. A procese for prcduclng mlcroorganlsms capable of
_,texpresslng a polypeptlde clslmed in any one of clalms 1-3
:30'xwhich process compr1ses transformlng an mlcroorgenlsm w;th
..'_'a repllcable m1crob1a1 eXpresslon vehlcle capeble of
expresslng sald polypeptlde and cu1t1vat1ng the trans-'
formed m1croorganlsm.__ _ : C
22.1:7 A process for produclng a repllcable m1croblel
35 'expression vehxcle capable in a transforment mlcroorganlsm
R of expresslng a polypeptlde as clalmsd in _any one of
cla;ms 1- 3, which process comprises constructlng a flrst
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N :
expressi- on vehicle capabl e of expressing sald polypeptlde —to grow up and
express said pol ypeptide and recovering it. uuluﬂuﬂmnﬂﬂmu -produci n@
rikcyoor gani sms capabpl e of expressing a polypeptl one of
claims 1-3 30 'which .process conprises transfornihg @n'mi ¢rodrganismwith a
replicabl e microbial expression vehicle capabl e of expressing said a

pol ypeptide and cul tivating the trans- forgﬁd m croorgani sm 22. - A
proegss for produ0|ng a repllcable nlcr05| expressi on vehicle capable

in aFransf or magf .nicr anls iyn ti I din :
any one of clalﬁ@A S§q ﬁﬂ Ehcﬁ 885 ﬁ%r.sg§i¥§ﬁ§t3§§tfﬁ§ %ﬁ %ngge - 33
- DNA sequence tmdkmggfealdafdrpblDNépBﬁqgeane wp&habl pecionkdi PYAs siequfeincst
-DNA sequence Wi Lh,3 ?i@cﬁ?de%ﬁ%ﬂ em&ersﬁﬁag' "exBfrth:.E%t b9 ¢ r%'t

expressi on of sald Irst seque he process o l'ai m
22 -wherei n sai dP¥8c8RAUBRAEsequence conprises a nultlple trp

pronDter opsratgg,_ The process of claim 22 wherein said second DNA

: sequence comprises a multlple trp promoter operator.




