"1 NTERFERONS AND PROCESS FOR THEI R PREPATATI ON' 5 I TMRs A |
invogéhon relates to the field of re- conbi nant DNA t.echnology, i.e. to

pr ses used in recom binant DNA technol ogy and to products obtai ned by

t he processes. 10 In a meje detailed aspect the presant i nvention

re- lates to polypeptides, specifically to mature human | eudo- cyte

I nterferons, to pharmaceutical conpositions containing themand to a _
process for their preparation which conprises causing a culture of a €

n1croorgan|sn1transforned mnth a 15 replicabl n1cro ehicle
capabl e of APERFEROY M msal d poly-

pepti des. The present |nvent|on al so .conpri ses the expres- sion vehicles
used in this process and the novel mcro- organi sns containing these
expression vehicles as well as 20 the processes for their preparation.
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and LF@@gggggg(Proc R Soc. B 147, 258-267 [1957]; U.S. P. 3.699.222).
Efforts to purify and characterize the mat eri al have been ongoi ng since

t hat tihe,_and have led to the preparation of relatively honbgeneous
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pr oper ave pro eclinc ocyte | nte ron as a
t her ag@nsding a culture of a microorganism transformed w1th a

15 replicable microbial expression vehicle capable of expres-
sing said polypeptides to grow up and express said poly-
peptides. The present invention also comprises the expres-
sion vehicles used in this process and fhe novel micro-
organisms containing these expression vehicles as well as

20 the processes for their preparation. Finally, the invention
relates to DNA éequences comprising sequences coding for
the amino acid sequence of a mature human leukocyte inter-
feron.

25 Background of the invention

Human leukocyte interferon (LeIF) was first discovered
and prepared in the form of very crude precipitates by
Isaacs and Lindenmann (Proc. R. Soc. B 147, 258-267 [1957];
30 y.s.p. 3.699.222). Efforts to purify and Eharacterize the
material have been ongoing since that time, and have led to
the preparation of relatively homogeneous.leukocyte inter-
ferons derived from normal or leukemic donors' leukocytes
(German Offenlegungsschrift No. 2.947.134). These inter-
35 ferons are a family of proteins known to possess the abi-
lity to confer a virus-resistant state in their target cells.



agent for the treatment of viral ‘infections and mal i gnan- 5 cies. Leukocyte v&;
interferons have been purified to essential honpbgeneity (Rubinstein et al., 4’
Proc. Natl. Acad. Sei. U S. A 76, 640-644 [1979]; Zoon et al., ibid. 76,

5601- 5605 [1979]), 10 and reported nol ecular-wei ghts range from about

17,500 to about 21,000. The specific activity of these preparations is
remarkably high, 2 x [ERR] to 1 x 109 units/nmg protein, but yields from
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fam iy nmenerSi88es not al one account for the spectrum of nolecul ar weights
ob- -served. Instead, the | eukocyte interferons differ markedly in anino .

acid composition apd sequence, .and am no .acid .honol ogy. LS, i D_sone _cases,
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16 ques have permitted the determination of partial amino acid
sequences (2Zoon et al., Science 207, 527 [1980]; Levy et al.,
Proc. Natl. Acad. Sci. U.S.A. 77, 5102-5104 [1980]).
- Elucidation of the glycosylation of varidus-leukocyte_inter—
ferons is not at present_compléte, but it is now clear that
20 differences in glycosylation among family members does not
" alone account for the spectrum of molecular weights ob-
served. Instead, the leukocyté interferons differ markedly
in amino acid domposition and sequence, and amino acid
hbmdlogy is, in some cases, less than 80 percent.
25
While isolation from donor leukocytes has ﬁrovided
- sufficient material for partial characterization and limi-
ted ¢linical-studies.with homogenecus. leukocyte interfe:on;
it is a totally inadequate source for the amounts of inter-
30 feron needed for large écale:clinical trialé and for broad ‘
scale prophylactic and/or thefapeutic use thereafter. Indeed,
presently clinical investigations employing human leuko-
cyte-derived interferons in antitumor and antiviral testing
have principally been éonfined to crude (< 1 percent pure)
35 preparations of the material, and long léad times for the’
manufadture_of sufficient quantities, even at unréalistic.
price levels, have critically delayed investigation on an
expanded front.



-—6%%iith t he advent of reconbi nant DNA technol ogy, however, fhe controlled ®
. M\Crebi al production of an enornous variety of usef ul polypeptldes has _
"becone possible. Already in hand are bacteria: nodified by this technol ogy v
"to permt the pro- 5 duction of sugh_pol ypeptide products such as

somat ostatin, the A-and B chains of human insulin and human growt h hor norie

(ltakura et al., Science 198, 1056-1063 [1977]; Goeddel et al., Nature 281,
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by a process known as transformation and | arge quantities of the.

heterologous gene-cont ai ni ng - reconbi nant plasnid are obtai ned by gromnng
_ The workhorse of recombinant DNA tecHnology is the -

plasmid, a non-chromqsomal loop of double-stranded DNA-

found in'bacteria and’ other microbes, oftentlmes in multiple
20 copies per cell. Included in the 1nformatlon encoded in the
plasmid DNA is that requlred to reproduce ‘the plasmid in
daughtet cells (i.e., a "replicon") and or&inarily, one of
more selection characteristics such as, in the case of bac--
teria, resistance to antibiotics which permlt clones of the
25 host cell contalnlng the plasmid of interest to be recognized
and preferentially grown in selective media. The utility
of plasmids lies in the fact that they can?be specifically
cleaved by one or another restriction endoﬁuclease or
. "restriction enzyme",. each of which recognlzes a different
30 site on the plasmldlc DNA. Thereafter heteroloqous genes
or gene fragments may be inserted into theeplasmld by endwise
joining at the cleavage site or'at reconstructed ends
adjacent to the cleavage site. DNA recombiﬁation_is'per--
formed outside the cell, but the.resultingl“fecombinant"-
35 plasmid can be introduced into it by a pro&ess known as
- transformation and . large'quantities of thelheterologous
gene-contalnlng recombinant plasmld are ob alned by growing -

the transformant. Moreover, where the gene . is properly
|



te transformant. Moreover, where the gene is properly -4- inserted wth/
reference to portions of the plasm d which govern the transcription and '
téanslatlon of the-.encoded DNA nessage, the resulting expression vehicle
can be used to actually produce the pol ypepyi de sequence for which the 5
inserted gene codes, a process referred to as expression. Expression is

initiated in a region known as the pro- noter which is recogni zed by and
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strans fromits 5 to 3' énd into messenger RNA which is in turn translated

into a polypept|de havi ng the ami no acid sequence for whi.ch the DNA codes.
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that part whi am no acid sequence of the expresse roduct .
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binding SiEe ¥ /iglde iulfe PPSaSEEL. Thi pbllymerase travels along the
DNA, transcribing the informatiep contained in the coding

strans from its 5' to 3' end into messenger RNA which is in
turn translated into a polypeptide having the amino acid
sequence for which the DNA codes. Each amino acid is enco-

20 ded by a nucleotide triplet or "codon® within.what'may for
present burposesbe referred to as the "structural gene",
i.e. that part which encodes the amino acid sequence of
the expressed product. After binding to the promotef, the
RNA polymerase first Franscribes'nucleotides encoding a‘

25 ribosome binding site, then a translation initiation or
"start" Signal (ordinarily ATG, which in the resulting
messenger RNA becomes AUG), then the nucleotide codons _
within the structural gene itself. So-called stop codons are
transcribed at the end of the structural gene whereafter

:30 the polymerase may form an additional sequence of messenger
RNA which, because of the presence of'the-stop sighal,
will remain untranslated by the ribosomes. Ribosomes bind
to the binding site provided on the messenger RNA, in
'bacteria-ordinarily as the mRNA is being formed, and them-

35 selves produce the encoded polypeptide, beginning at the
translation start signal and ending at the previously
mentioned stop signal. The desired product is produced if-
the sequeﬁces encoding the ribosome binding site are po-



Yeria ordinarily as the nRNA is bei ng fornmed, and them 35 sel ves
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human leukocyte interferon, unaccompanied by any presequence,
characterized in that it contains 165-166 amino acids, the
partial amino acid sequence Cys-Ala—Trp-Glu—Val-Val-Arg-Ala—
20 Glu-IledMet-Arg-Ser and in position 114 the amino acid Asp,
Glu or Val. : : ' - Ny
" The approach to obtaining a first leukocyte gene. -

in . accordance with the present invention involved the
following steps:

25 (i) Partial amino aciad sequences of human 1eukocyte
interferon purified to homogeneity were used to construct
~ sets of synthetic DNA,prohes the codons’ of which, in the
_aggregate represented all possible nucleotide combina-
' tions capable of encoding the partial amino acid Sequences.
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ti @15 capabl e of encoding the partial amno acid sequences. -5a- (2)
Bacterial col ony banks were prepared contai.ning conplenentary DNA (cDNA)
fr&n i nduced nessenger RNA. Ot her induced NA havi ng been radio-1| abell ed
was hybridized to plasmd cDNA fromthis ank. Hybri di zi ng nRNA - was el uted
and tested for :translation into-interferon.in oocyte assay. Plasm d DNA
from.col oni es shown t62} nBacteriad: RalenycPanks| vere, POSRaLRA EPERAN1Ng
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a probe for the full-length gene. (4) The full-length gene obtained above

was tailored, using syBdhParalded, te thenapproaghy ineRRRt stheabovearindu-
mght prevent i elgbhgla eXRAIULLANA L DR BRadREaRObikr o i dER! e it (n inde-
permt appropriate posi |on|ng In an expres- -ston vehicle.relative to start
signal s and the pébdeokebainkdiafy tsﬂ'ares&raa#FcF@&%leﬁrﬂr%%rpr%ses%%dpart
interferon was purified to a point -pernitting confirmation of its character

and determ nation.of its activity. '




20 (5) The interferon gene fragnent prepared |n the fore- 90|ng fashi on was &
pgel f 'used in probing, by hybridization, for other partially honol ogous
glikocyte interferon species. 25 I n appl yi ng met heds af reconbi nant i
DA t echnol ogy as outlined above A he microbial production in high yield and*
\plrity of the famly of honol ogous Teukocyte interferons (unglysosyl ated)

as mature pol ypeptides, essentially un- acconpanled by the corresponding ..
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.tanslation. product to delete.. the initial qethlonlne Mat ure | eukocyte
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18 peptide and to permit appropriate p051tzon1ng in an expres-

sion vehicle relative to start signals and the riboscome

. binding site of a microbial promoter. Expressed interferon
was purified to a point permitting confirmation of its
character and determination of its activity.

(5) The interferon gene fragment prepared in the fore-
going fashion was itself used in_probing,;by hybridization,
for other partially homologous leukocyte ;nterferqn-species;,

25 In applying methods of recombinant DNA technology as
outlined above the microbial production in high yield and
purity of the family of homologous leukoc?te inte:ferons
(unglysosylated) as mature.polypeptides éssentially un-
accompanied by the correspondlng presequence or any portlon

30 thereof was achieved. These interferons may be directly
expressed, recovered and purified to levels fitting them
for use in the treatment of viral and malignant.diseases
‘of animals and man. Family members so fargexpressed have
proven efficacious in in vitro testing and in the first .

35 such demonstration of its kind, in in v1vo testing as well,
the latter involving the first mature leukocyte lnterferon
to have been mlcroblally produced.



t P8 interferon coul d be produced in conjunction with a microbial
"signal "- peptide which transports the conjugate. to the cell wall, where
t_he si gnal i_s processed away and 20 the mature pol ypepti de secreted.
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| Discripti®iak RPBEIRAY; PrOCess they Eﬁ?ﬁs}aﬁéﬁfkﬁq&;ﬁgrﬁﬂo 3@

IS_eqtliencest Whigd i’ﬁ@%ﬁﬂ”ﬁ&%hﬁl@tﬁld&d Fl?@t%ﬁépﬂe&{t&ﬁyﬁﬁr I:&fﬁe@rﬁﬁrbnzlmlduMH

euko- cyte _an urifie enej esignate X

pot ent i aIy %’g%ﬂ%ﬂ 88 %8&%‘0% sB PREIIEES eé’r gra?r}g%n §§h§|re e

CorreSpondHihéWEbﬁequemoaal'weadérjethersoﬁauﬁata hannglspeei@&nal&yy

connot e tfie (ucl o051 & 985 2B Trlfll %t N6 R 3821309 U end Y ERAGH LI (UL LS,
British Patent Publication No. 2007676A). Finally, the:

. mature interferon could be produced in conjunction with a

microbial "signal®™ peptide which transports the conjugate
to.the cell wall, where the signal is processed away~and'
20 the mature polypept;de secreted. "Expresszon“ of mature
leukocyte lnterferon connotes the bacterial or other micro-
bial productlon of an interferon molecule containing.no
glycosyl groups or a presequence that immediately attends
mRNA translafion_of a human leukocyte interferone genome.
< Particular leukocyte'interferon pfoteins hereof have
been defined by means of determined DNA gene (Pigures 3
and 8) and deductive amino acid sequencing (Figures 4 and 9).
It will be unde:stood that for these partlcular interferons,
30 jndeed all of the family of leukocyte';hterferon proteins
embraced herein, natural allelic variations exist and occur
from individual to individual. These varlatlons may be
demonstrated by (an) amino aczd difference(s) in the overall
sequence or by deletlons. substltutlons, Lnsertlons, inver-
35 sions or addltlons of (an) amino acid(s) in said seauence.
For each 1eukocyte 1nterferon protein hereof labelled
LeIF A though LeIF J such allelic variations (with the exception
of position 114) are included within the scope of the label
or term defining such

. - R . .- R . - - | e e



t@si/ne and uracil. The letter N connotes any one of the nucteotides A, G »
U. Pol ynucl eotides are depicted as reading fromthe 5 (left) inthe °
- ight) direction 15 and, where double stranded ("d..s."), DNA is .
depi cted, vice-versa for the bott gmgor. non-coding strand. Figure 2 is an ’
aut or adi ogr am showi ng hybri di zati on of potential LelF plasnids with

32pl abel | ed synthetic deoxyoli--20 gonucl eotides. Figure 3 depicts the ,
nucl@Wd(ﬁhuﬁyngﬂmgxaﬁaénhﬂgnstrands) of eight| gene fragnents isolated a&,'
candi dates for use in the expression of |eukocyte interferons, res- 25 -
pectively designated "A" through "H'. The ATG translational ‘initiation
codon andDﬂaznggggonuoﬁntheldrewlhgg each LelF is underlined. The stop
codons or termnation triplets are followed by 3' untranslated regions. The
included full- length gene for LelF Ais nlsS|ng one codon found in the 30
others defiguge lLsiemittattdoi anine apiddsaquences wWhiclwerd. 5 _
untreeﬁﬁn%tne(id %mlori%&uzef&d@nt@ﬁe&%age&séi tgae%‘.-%% Ar?oi%ﬁx?&'a f ragnent

E Iacks the full prese- quence of |eader, 1 ncl udesthe entire gene for

the F¥ etéﬂ%@%ﬁ%%d 1% femogengHEKt desasnua§e|dat1'e'd |anskLthd- ful | 35
codi g lsparentd alFinRNE dedqveRc69NPEALEGNEBE fu'&@s@ Puptidds protein

sequences,.predi ct ed fraom nucl eoti de uences.; The one -9 - letter

abbr 8V atsihgﬁg1 rea(,sorﬂfe%o'g]be b?/orfﬂ%s??ﬁé@g UBNéoﬁﬁﬂé‘e"ﬁe(ﬁT g8 ocheni cal

NdRedett&emse Aar @ ushd:C Aandil tarm-enepeetmesyecoanolﬂe aparidclest d; E,

gl ut agly n gl |d|ne I

I sol g?g:éﬁee , lmﬂ%em ne; @{éé]% eﬁ%‘*’%ne ¥ME‘| or1| #‘L ea’spar agi ne; P,

pr o- CYtREing 1AL - FTh%trkﬁhFﬁE NSCOQBPERG any e orl e V, valine;

Wt hiplepkadesand G, to/rfm g, ﬂ_@fyﬁﬂgl?éétlaégerarteod%? égf pOSI tions
= acl

Srefers to_signa tide e dash Ln
gequﬁﬁeg ﬁgg%[t&%eso dlgft) in the 3 %r:.g*iht) direction :
15 and, where double stranded ("d.s.") DNA is depicted,
_vice—versa for the bottom or non-coding ﬁtrand.'

Figure 2 is an autoradlogram show1nguhybr1dlzatlon of
potential LeIF plasmlds with 32
20 gonucleotides.

P- labelled synthetlc deoxyoli-

Figure 3 deplcts the nucleotide sequences (coding
strands) of eight gene fragments lsolated as candidates
for use in the expression of leukocyte 1nterferons, res-

25 pectively designated "A" through "H". The ATG translational
_1n1t1atlon codon and the termlnatlon trlplet for each LelIF
is underllned The stop codons or termlnatlon trlplets are
followed by 3° untranslated reglons. The 1ncluded full-
length gene for LeIF A is missing one codon found in the

30 others deplcted as indicated in the thlrd A line of Fi-

' gure 3 5! untranslated regions precede the leader se-
_quences. As 1solated fragment E lacks the full prese-
quence of leader but 1ncludesthe entlre gene for the pu-

tative mature LelF E. Fragment G as 1solated lacks the full
35_cod1ng sequence.

Figure 4 is a comparlson of the elght LeIF proteln
sequences predicted from nucleotide sequences. The one




10-4 s |ntroduced to align the LeIF A sequence with the 166 am no acid .
seque Cbs of the other LelFs. The Lel F E_ ?p - quence was determ ned by 2 h

i gnoring the -extra nucl eotide (p05|t|on 187 of. Figure 3) in its coding

redYion. The aste- risks indicate in-phase termnation codons. Am no acids

15 conmon t%@été:elfﬁbfs&shu%ag rag amfutinae ey LehE Eubaglaull ComhyeD.

The underlined residues are.am no_acids whi.ch are al so_present, i n human

fibreplast iR ABrBierhgpdcslqdomanc iaine 3y %n“%ﬁeonﬁe B Mups of

the. 20 eightg tWté’.{né | B, chapedtqla\l/a‘&:(é; tiy ogw\ht&ﬁxichelwbm d phenyl ds
wer e constructed dC dG.tail i ret hod, ( Goeddel P ture
287, 411-416 a[lﬁjs’d’\‘ Th‘éFXClPSr' iIfRerts 88 B&cé%es'ecfm ¥y Pst

|. The | idesiatet He ehduoi.neach cﬂ&thmﬁe;e@r easparagénel;a®k mres.

honnpolynerl d R | I, apd I
restriction ?’l qi(ca;%’ g?ea?#-%gfchgpga, regrf{%;g bfsgﬁ?g%?g%r‘e%?’éjpresen? 'the -
codi ng sequertevaliinmi uWe EGYPsophhei.cramt Ylatwmslagl- ofhe myimkars si gnal
pepti de codi c e n o )s- .
codi ng seque%eizéiq%u%glga 18 P?%gﬁ o‘?%e icts t%% coﬁstgr gtairlo aqe)

gene codlng1ﬂhet¢ESM|$%thﬁ1éﬁébﬁleQHQQ#é;&ﬁ¥ﬁ Ao eAUenerr ak POSitiOn

Restricti a0 si4 ess aﬂsltfsauéeas €81 81355 U e 1A eienel wherThend o168

"b.p." connotes, "base pair’ ure not to scale emati cal deplcts
a restric- tidHMAPRSH t%qﬂéﬁé Pf&&ﬂé’&’t% LDl ﬁ' 'E §‘§I% ’3’

the mature Ie;ﬁ@wéewas\taéi:efmnbal Bﬁlgmﬂ@omseqxenaeama@aﬁw are
enzye. Saiaa P NERRo TR 2B ERgRA e SOF R LEiabh 5 PG eRE e il
am no acid (xisks gmézdaaéoia-phpastehd:mxmmnhugdona.l amigio Fxhidwi a-
16 common to all LelFs (excluding the pseudogene LeIF E). are.
also shﬂgn» The underlined residues are amino acids which
are also present in human fibroblast interferon.

Figﬁre 5 depicﬁs restriction endonuclease maps of the .

20 ejight types of LeIF cloned cDNAS (A through H). The hybrid
plasmids were constructed by the dcCc:dG tailing method
(Goeddel, D.V. et al, Nature 287, 411-416 [1980]). There-
for, the cDNA'inserts_can.be exised_using'PstI. The lines
at the end of each cDNA insert represent fhe flanking

25 homopolymeric dC:dG tails. The positions of PvuII, EcCORI
and BglII restriction sites are indicated. Shaded regions
of the figure represent the coding sequences of:mature '
LelFs; the_cross-hatched regions ihdicate-signal peptidg
coding sequences; and the open regions show 3* and 5' non-

30 coding sequenées, ' 5 ' '

Figure 6 schematically depicts the construction of a.
'gene coding for the direct microbial synthesis of mature
| LeIF A. Restriction sites and residues are as shown (“PSt
35 1v, etc.). The term "b.p." connotes "base pair“.

Pigure 7 (not to scale) schematically depiéts a':estric—
tion map of two gene fragments employed in expressing



2

16 a. Microorganisms employed

s) sequences of five LelF proteins hereof i ncl uding . types I and J.
igure 9, the asterisk indicates a ter- 10 nrnatlon codon in the '
espondi ng DNA sequence ang- tie fhyphen a del etion or gap in the

uence. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 15 A. M cr oor gani snms

- enpl oyed The work described involved use of -tywo mcroorganisns: E. coli X

17me satieverldeidocyte. SnRerferdh 495IF aBd Thecgbidol Kequences294 (end.A,

R T T

COﬂngetsm;mr( ATiCh atbesspekrie: im sy e Sauds r-eseér,er mmy) Al l

ree AodNA work was perfornmed in conpliance with appl i-cabl e gui del i nes
t he hbtlonal Institutes of Health. 25 The invention, in its nost
referred embodi ments, is described with reference to E. coli, i ncl udi ng

not. onl msjd;eeé\sa Eanaobl px-oirme k. [DNZ Ohhd Kaﬁinat raea.ra 2%ee def i ned-
ab yve, but, al.,so otP gg E. colugflralns siich as ‘E_, .coli; 30 B, or other
AORER 43R0FS, §i CRFFESER one; Ltelterd akkRRe%A2 from -

rem@msz)ecke"qwemegaofsmdepm.em tprote s i heteols., inedudinghe Anerican

5.
-
L

F A

ol Rer3H & ot SER PRepBRC o™ SRR AERARIRRT LR 2000, These

1§umunatiqnutqdmnr13ntheoba¢Meepnn§mngumN@ sequeoge anderheoned as

ex ¥Qﬂ§£ | i a marcescens, utilizing
pl gﬂh%% t%il can rep éﬁd@x%r%fgéﬁ?erol ogous gene sequences

t herein. -11- Yeast, such as Saccharonyces icerevisiae, may also be em

pl oyed to adWﬂﬂﬁéﬂfpﬂioﬁoé? @hﬁmﬁﬁﬁﬁﬂﬂkﬁﬂeﬁﬂgéﬁiﬁéhhﬁﬁ of the interferon
prot ei ns her 0T by genes .under the control of

a yeast pronotor.

S
I

The work described involved use of tw% microorgaﬁisms:
E. c011 x 1776, as described in U.S.P. 4. 190 495, and
E. coli K-12 strain 294 {end A, ‘'thi =, hsr Z hsm*y - as des-'
20 crlbed in British patent publlcatlon No. 2055382 A. Each
has been deposited with the American Type Culture Collectlon
(ATCC accession Nos. 31537 and 31446 respectlvely). All
recombinant DNA work was performed in compllance with
_applicable guldelznes of the National Inst;tutes of Health.
25 '
The invention, in 1ts most preferred embodlments, 1s
described with reference to E. COll, 1nclud1ng not only
'stralne E. coli x 1776 and E. coli K-12 streln_294, defined-
above, but also other known E. coli straihé such as E. coli
30 B, or other microbial strains, many of whlch are depa-f
sited and avallable from recognlzed mlcroorganlsm depo-
"ltory_lnstltutlons,.such as the American ?ype Cul ture
Collection. See also German Offenlegungsscﬁrift 2544432._
These other mlcroorganlsms include, for example Becilli
35 such as Bacillus subtilis and other enterobacterlaceae
among . with can be mentioned as ‘examples SaLmonella typhlnu-
Eigg.anu Serratla marcescens, ue11121ng pla mids that can
replicate and express heterologous gene sequences thereln.




58 Source and purification of Lel F nRNA Lel F nRNA -may be obt ai ned from
hunantleukocytes , or- -dinarily those of patients with chronic nyel ogen us

| eu- ¥ kemi a, that .have been induced to_pipduce interferon with Sendai or
Netwast | e di sease virus, as described in e.g. German Cffenlegungsschrrft

No. 2947134. A partrcularly preferred source, and that used in the work

reported here&réhstﬁ suenl bsl'is &3l &évdsraaedmaryr @Dso [é i eRt.

wi t hil5 acutcgfg nou% ﬁ@& em a € cell _T1ne HEEbr b Koeéfler

H P. "and ol 20y, '%f aaﬁr RrarnIEpoRE FhaIBrFRTR SRR Uy o
nedrunrcommwcfnghéF&htéRﬁswmﬂIprd%yinsmhmreaf byséxpubspzuhﬂbinganés%)

63 (et al, caldaper heDBghy WA Wid cZpcoM HEEER DUALY ciktgr 0

pLpeTazi ane-sul font c acl niam cin
and is subCultured 1 to 3 split two tinmes a week. Cells nmay be frozen from

t he foregoing%gromg LPEd 4maP s 1A% £ -ngipxh fa KG 1 has been -
t

deposited w accessi on 25 No.
CRL 8031). KG 1 cells were induced to produce | eukocyte inter- feron nRNA

with Sendai or Newﬁéﬁt-lﬂamswae rd&éﬂ&é&vwfmtaemahoqe@w&:m@rlaed by
Rubi nstein et _al. (Proc, Natl. Acad. Sci. US A . 76, 640-644 1979 %%

Cells were ha‘?ln%’éé%gdtgoﬁﬁuf"§ m’fé@rﬁmd&%nclaﬁanmmyﬁé

guani di ne 1hijeswpant ehauanweneéwrmd&addeoppseadueelbeerrwdn etith. ,
Bi ochem stry 18, .5294-5299 13é6§§% RNA fronrunrnduc i sol at ed

in the sane mipeRe 35 BPMFGES ffﬁf“-aﬁegFﬁFﬁéée rdheT o8t aphy -
and sucrosegpemhantOﬂEEnaegMMQshqnnnﬂtrNuw 2343184. ontaaruﬂauﬁéﬁly

L ooy S BheeA TR B 1086 DR oI tnd) wolk o) G Mhretn,
Bi ophys. 188, igaam@ql}lgiap)deSLgnated KG-1 derived from a patient with
- 15 acute myelogenous leukemia. The cell line, described by
Koeffler,_H.P.'and Golde, D.W., Science 200, 1153 (1978},
grows readily in a culture medium comprising RPMI (Rosewell.
Park Memorial Institute) 1640 plus 10% FCS (fetal calf
serum) heat-inactivated, 25 mM HEPES buffer (N-2-hHydroxy-
20 ethyl-piperazine-N'-2-ethane;su1fonic acid) and S0 ug/ml

of gentamicin, and is subcultured 1 to 3 spllt two times

a week. Cells may be frozen from the forego;ng growth

medium plus 10% dlmethylsulfoxlde. KG-1 has been deposited

with the American Type Culture Collect1on (Ach accesszon
25 No. CRL 8031). |

 KG-1 cells were induced to prodﬁee lehkoeYte inter-
feron mRNA with Sendai or Newcastle diseése'virus'followimg
the procedure described by Rubinstein et al. (Proc. Natl.
30 acad. Sci. U.S.A. 76, 640-644 [19791). Cells were har-
' vested 5 hours after induction and RNA prepared by the
guanidine thiocyanate-guanidine hydrochloride procedure
" (Chirgwin et al., Biochemistry 18, 5294-5299 [1979]). RNA
from uninduced cells was isoiated in the same manner.
35 Oligo deoxythymidin (4T) - cellulose chromatography and
sucrose gfadient ﬁltracentrifugation”was used to obtain
the 125 fraction of poly (A) mRNA as described by Green
et al. (Arch. Biochem. Biophys. 172, 74-89 [19761) and



3 MRNA had an interferon titer of 8000-10,000 units per ni'crogramin thes
pus | aevi s oocyte assay (Cavlgleri et al., Proc. Natl. Acad. Sci.

. /A 74, 3287-3291 [1977]). 75 Preparati on of colony, banks containing

eIF cDNA sequences 5 ug of nRNA was .used to prepare dou |l e stranded 10 ¥

[Dbl?g?»ﬁm%t aeggagﬂfdj (ngg.lér Eiﬁ%ﬂjre %o%}g% ‘5% 8899 oqj%:?e Cl 3\223&22295
f r Rbtliso mRNAJ nﬁydeaecinterﬁacp@smm @ﬁ%%@ 36, QDQmmtﬁlp%md 2310 ng@f
mhﬁ&k@[ggﬁnw%w %éﬁsphgowa%%st %% ba%mwea 9.9.|Vé‘zrdfd by 15

el ectr o€l ution portion of was ta W th

de8%y @t-i,diBF QUC)N3 B dBE3das S¢dsc U ok by I4nahg8dr3291 INRUTE) 275,
§617-624 (1978), annealed with 470 ng -of plasmd pBR322 whi ch has been
tailed wth deoxyguangsin dG re |dues at the Pstl site (Bolivar et al.
GeRe 2- PZERALaQIORN 10 lop : ; IE.SDNA 1776,

Approxiggg%ehaaa tetracycllne reS|stant anphC|II|n'sensitive

transformants were obtai ned per ng of CDNA. I'm a second simlar experinent,
appr oxi-mat el'y 1000 25 tetracycline resistant, |anpicillin sensitive E. coli
K-12 st iSaiuy 2%¥! nRN&Stasased. \uor@rdpamea@b lengtelandddA. In this case

10, E0vhr B9 ik s IPoMBuRELs (AU b o4f T, 0BRNY | SrelfO b P Ve
sy26Bet |2c48c3-+2ﬁ9ﬁ1cﬂ b%?aﬂleenénﬁmeh@erl et élfhe. khﬁamegé_%ﬁ the amino. acid
segggngq? g&?ﬁ}’ﬁ alpheye Nﬁ gr;q_rgé ﬁaé‘ﬁ:f@ﬁ'até? ?C 1edtitLferon

permtte e deS|gn 0 etlc deoxyol 1 gonuc es conpl enen- tary
t oPHPERSAEN O ®|%§%¥YE§F¥ mme Bel 13l 1290t Re pépmakeriml and T13 were

Sefﬁﬁb&@qbq(i@lésﬁzé heyoagd08Mmeao 1500 Bip. were! recovered by

15 electroelutlon. A 100 ng portlon of. this cDNA. was talled
with deoxycytidin (ac) re51dues as descr1bed by Chang et
al., Nature 275, 617-624 (1978), annealed wlth 470 ng of
plasmid pBR322’wh1ch has been tailed with aeoxygﬁanosin
(dG) residues at the PstI site (Bolivar et al., Gene 2,

20 95-113 [1977}), and used to transform E. coli x 1776.
Approx1mately 130 tetracycline resistant, emp;clllln
'sensitive_transformants were obtained pef ?q of cDNA.

In a eecond similar experiment, approxlmately 1000
25 tetracycline resistant, ampicillin sen51t1ve E. coli K=12
strain 294 transformants were obtained per ng of cDNA.
In thls case size fractzonated cDNA materlel ranglng in '.
size from 600 to 1300 b.p. was recovered by electroelutlon _
for dC talllng. :

D. Preparation of synthetic oligonucleotﬂdes and their use

The knowledge of the amino acid seque&ces of several

tryptlc fragments of human leukocyte 1nterﬂeron permltted

35 the de31gn of synthetic deoxyollgonucleotldes complemen-'.
tary to dlfferent reg1ons of LeIF mRNA._The two tryptlc :”
peptides T1 and T13 were selected because they had_amlno'




ami d sequences requiring the synthesis of only 12 and 4 undecaners,
respectively, to account for all possible coding sequences (Figure 1.).
Four sets of deoxyoligonu- cleotide probes were synthesized for each
s&uence, con- 5 taining either three (T-1A13B~- C,- D) or one (T-13A, B, C
D) ol igonucl eotide each. The indicated conpl enentary deoxy-
oliganucleotides 11 bases |ong were chemcally synthesized by the
phossphot ri estaaldr&témﬂe:(asareqwi-mg&ne s&daﬂ:hesA(sa@bf Soily US.and 74,

gZ?Fes76$héaH§§%FaA%%r %%éé§g$$ %?épégg gugggpgﬁ%iégﬁireeTb}gbes
as shown in ﬁqﬁﬂng:Beqﬁ§n¢emr(anunedmaD pFQDGsSQKStWQ'ﬁ%ﬂix&%iqgn@md t he
15 twelve T-1 @n&xﬁeSI f ff@érée% abs#)fmgegﬁeaf £b QRN srag\lx%r?@&h &5 used.

to prime the synt adi o st ngl e stranded for use as

hybri di zat® o §Hmoing e fthex chipraee 'HRM'\ABS Eirt Rdr %anzé%%’ﬁro?n '

Sendai -i nduces) G igdinid Fed 8088 &aERS tEea@ha!bhkeﬂehdmﬁuemedﬂﬁﬁy PSdyy £ A)
MRNA from 20 nlndu d | eu ocy ﬁgb%<lo n its . .32P- Iabellgd cDNA was

pr epar ed froﬂ et es s fB%n P@ch Gﬁ 5 G (
Proc. Natl. Mﬁ@theﬁ@hoé@lﬁ:@néﬁteﬁ?ﬁétﬁaam( ft8a%k)k alhe @G ad. rm:ti ons

mere perfor (p 3 0 8 0 5
B- ner capt oet 4] Z%e]actq_% Udée_zég %763 g%ea h* WMQ(&M&%QE
t ot al forTD—panQSﬁwezhtgremaa¢dfan ¢h§3T3é9|§§Fle§ &?Qﬁtwaﬂﬁu%xﬂ 12S

fraction nRN% o ERYA) th ST rbds 4°TP,
dTTP, 32 200[err (Arrers égéf@& §% ?ﬁ’{r% gébland 6(13:1%n|ts 30 rseverse

transcrlptaséhﬂﬁﬂfkﬁ;E%QE%%a}ch Laboratorles) Product was separated from
uni ncor poated | abel by gel filtration on a 10 m Sephadex[err] col um,

treated with 0.3N for 30.m te err el

tralized with HC1. r‘%%#?"&ﬁ z’a?ﬁibﬁé pﬁghagr %?Ed%gs Jﬁ%e%mg the

Kaf at os et15altwelNie B4 L prokies ResepdredsSd b- fb&?Zp@bgigpf three primers
each were used to prime the synthesis of radiolabelled single

stranded cDNA for use as hybridization probes. The template
mRNA was either the 12S RNA from Sendai-induced KG-l cells
(8000 units' IF activity per ug) or total poly (A) mRNA frem_
20 uninduced leukocytes ( £10 units per ug)d. 32P-labelled
cDNA was prepared from these prlmers using known reaction
conditions (Noyes et al., Proc. Natl. Acad. Sci. U.S.A.
76, 1770-1774 [1979]). The 60 wul reactions were performed
~in 20 mM Tris-HCl (pH 8.3), 20mM KCl, 8mM'MgCl,, 30mM
25 p-mercaptoethanol. Reactions included one ug of each primer
(i.e. 12 ug total for T-1 series, 4 ug total for T-13
series), 2 ug of "induced" 12S fraction mMRNA (or 10 ug
of uninduced poly (A) mRNA), 0.5mM 4ATP, 4CTP, 4TTP, _
200 ucCi (a3 P)dCTP (Amersham, 2-3000 Ci/mmole), and 60 units
30'reverse transcrlptase (Bethesda Research Laboratorles)

filtration on a 10 ml Sephadex G-50 ‘column, treated with
0.3N NaOHR for 30 mlnutes at 70°¢C to destrqy.RNA and neu-
tralized with HCl. Hybridizations were performed as dee-

35 cribed by Kafetos et al., Nucleic Acids Res; 7, 1541-
1552 (1979). | | |

Product was separated from unle;quptfted label by gel



o Al A

cedure of Birnboimet al., Nucleic Acids Res. 7, 1513-1523 (1979) was
Sed to pre- 5 pare 1 ug of plasfi 4DRa from each of 500 i ndividual E. coli
K-12 strain 294 transformants (see C). Each DNA sanple was denhatured and  #
applLied . n|tr cellulogg fé &L W 4Lt ﬂydcate follow ng the procedure of
Kaf @t os ts:of- nitrocellulose. filters
cont ai ni ng. the 500 plasnld sanpl es were hydrldlzed with a) - induced cDN@H.
an

p“ med Wrhd ggﬁa%f £in 04 gsgmionl%b:@%edu}el%grbmmwce@ CDNA,

uni n repare y usi Z-g& r- ners Cl ones were
conelderHucéGs-lq |Axatds Mey Ryb2fdidrd& 28 (rﬁﬂe‘?ktvaqgussetdo thePRe~bot h of

gwduaeﬁgcw;ﬂrmdtb@ﬂ EPohh‘éaE@xt Yt st ﬁﬂv@.&%ﬁ@. ETh|éé%1 e

Itive" Clones 30) were selected fromt
IysKleZStFalnIaﬁﬁn?44%§f?ﬁﬁaBFs éFGﬁE§:puﬁﬁ%&3§ﬂﬁs§ﬁmﬂkﬁlof a plasnid

( Nowasd Odenaenraididt capsl Fegcte h&&&mﬂllﬁw@é%maé&sofnﬁ coli x 1776

mere sc eened by the 30 co) ony hybr.i di zatj Qn procedure Grunstein and
BLiEA%e Bosl o ine e profeaure B Mt B804t a3 et Yo n
P—Iabeéla&omnduced nRNA as probe (Llllenhaug et al., Biochem stry, 15,

4$58- 1865 [1976]). Unl abel | ed mRNA from uni nduced cells was mxed with the

probe at a ratio 35 of 200-to 1 to conpete mnﬂh uni nduced nMRNA present in

t he 32P- Thlecltheeerestes a@fonltﬂybeﬂduﬂ.axae)rfnt{téaSera&aﬂ%g houl d occur

pregﬁ eghip2 i&éﬂiéx%éékféﬁcﬁg}é'B&@defygdthfﬂ“ences Thr ee classes of
0

trans -0r I"I’B.I’]kJ wer e

(E52%4 - E | dentification of clones PL1-pL30: The rapld plasmid isolation
e

a) " induced cDNA prlmed with the T-1 set;of prlmers,

16 | | |

b) T-13 primed induced cDNA, and
) uninduced cDNA prepared by uSing-both sets of pri-
‘mers. Clones were considered positive if %hey hybridized

20 more strongly to one or both of the induced cDNA probes
than to the total uninduced probe. Thirty:“positive" clones
(pL1-pL30) were selected from the 500 for further ana-
lysis. ' ‘

25 p, Identification of clones pL31-pL39 .
.Isolation of a plasmid (No. 104) containing a LeIF
gene fragment ' ot o

Transformantg of E. coli X 1776 were screened by the
30 colony hybridization procedure of Grunste;n ‘and Hbgness
(Proc. Natl. Acad. Sci. U.S.A. 72, 3961-3§65 [1975]) using
32 -labelled induced mRNA as probe (Llllenhaug et al.,
Biochemistry, 15, 1858-1865 [1976]). Unlabelled mRNA
_ from uninduced cells was mlxed with the probe at a ratio
35 of 200 to 1 to compete with unlnduced mRNA present in the
' 32P labelled preparatlon. Hybrldlzatlon of labelled_mRNA
should occur preferentlally to colonies containing:induced
sequences. Three classes of tfansformants_were obtained:
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- &5 - (1) 2-3%of the colonies hybrldlzed to 32P- nRNA very strongly, (2)

10% hybri di zed significantly less than class 1, -and (3) the remainder gave.

no-det ect abl e hybri di zati on signal. The positive colonies (classes (1) and
(2y) were exa- nined for the presence of interferon-specific sequences by
10 -an assay whi ch depends upon hybrldlzarlb Of interferon nRNA
specifically to plasmd DNA. Initially, 60-strong positive colonies (cl ass-

d I d w '
bt r oyl nettdo dgh it il dbeRef ChiBr TREARE SRR RN (20 uoy

15 m), and dﬂmaﬂghy(l.ug/n1) The MP nedium contains per liter [err]

(69), [err] (3 g), [err] (0.5 g) and NH4C1 (1 g). After autoclaving 1 nl of

sterile 1M J[err] and 10 m of sterile 0.01 M[err] are added. Ten cultures

vere pool ed 43d pll@rhyinNaiged isigni ficanthvt hessi #hpoord ass des@nd 20

bed by Cleswel | et al., Biochemistry 9, 4428-440 [1970]. Ten ug of - each

pl asm d DNA 253 were cleaved with Hindl I, denatured and coval ently-bound
nz

to DBM (diaz FRS FRRadnden, grve encdetestablei Pybyifikra tiosms
cells was hybridi zed to each fllter Unhybrldlzed MRNA was renoved 25 by

washing. The speci |caII br|d yas.gLu an r,anRslated in
Xenopus | aevi s oob&t %%Fg ?ﬁeﬁokﬁg 5 Hﬁggaﬁqﬁf e
pool s of tenmamb@nﬂarethﬂ1prabennapm@llmtenfeeonebpaceflwesequamséswhy59'

weakly posigt iy %g%y‘éﬁ}cécﬁ éé?% Pl §z£@£8n39fp %E%ﬁ?%y%ﬁp”‘the

pool s and exan1ne ove tested,
hybri di zed t@RN#témﬁsmﬁiqﬁmwyeﬁo|2AQ§%1@|9MAf|éahﬁuyléﬁovéobéGR§KEUnd

| evel s each @&ﬂﬂvéMEbﬂdﬁiégj(dfhé&dff &eredeﬂbwﬁylhaevsa@aﬂry:ln
interferon c cl.one plasm d repared fromthe col oni.es 35 of
pool K10 andlgﬁamlngg|ﬂ%ﬁqﬁ4ﬁﬁﬂliﬂpﬂ£EWé#t$ ewﬁFHetﬁF£§ﬁWE§lPﬁquﬂol and
No. 104) boupng/miter iddramindplineri¢ DI e( baokggsmnd,| engmidimeorh2y asgy d
No. 104 a13nki9€ %gh d-biotin (1 ug/ml). The M9 medium contains per |
| liter Na,HPO, (6g), KH,PO, (3 g), NaCl (0.5 g) and NH,CL -
(1 g). After autoclaving 1 ml of sterile 1M Mgso, and ‘10 ml "
of sterile O.Ol_M-CaCl2 are added. Ten cultures were pooled
and plasmid’ DNA was isolated from the six pools as descri-
20 ped by Clewell et al., Biochemistry 9, 4428-440 (1970]. Ten
ug of each plasmid DNA pool were cleaved with HindIII,
denatured and covalently bound to DBM (diazobenzyloxymethyl)
paper. One ug of purlfled mRNA from induced cells was
hybridized to each filter. Unhybrldlzed mMRNA was removed
25 py washing. The specifically hybridized mRNA was eluted
and translated in Xeﬁopus laevis'oocytes.'By'this'aSSay,
all six_pools'were hegative. Five pools of ten colonieé
"each and one pool of nine colonies were made from 59
weakly positive colonies, (class 2) and plasmids were
30 prepared from the poolsVahd'examined as above. Among the -
six pools tested, one (K10) hybridized to interferon mRNA
at levels.significantly above background levels each time
it was tested. In order to identify the specific interferon :
cDNA clone plasmid DNAs were prepared from the 9 colonies
35 of pool K10 and examined individually. Two of the nine
plasmids (No. 101 and No. 104) bound interferon mRNA well
above background levels. From piasmid No. 104 a unique Bgl
II restriction fragment containing 260 b.p. was isolated,



estriction fragment containing 260 b.p. was-isol ated; -16- |labelled &

- 'h 32P using the procedure desciébed by Taylor et al., Biochim Biophys.
Aeta 442, 324-330 (1976), and used as probe to independently screen 400 E. -
'coIi 294 trans- formants by an in situ col ony screenl dure id

Ni n@éf%%?gsg?gmlapﬁ%n%re @@ {:ed§g8 %? %r?&?ggﬁ?’%Sdl[%?ZrSQﬂ
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usedk 10-d0e | BACRRRLERINdCE PoRA000 BooCBlLl 234 Lgpsterpmnts In the sane

manner oni es were | i fferent extents'
Wi tEPAMARES BYeANOHE aiﬁtm%bpmesgeenengr @@mﬂdume(sgnnaltmme Lel F .

51 farx&grﬁ’&%neagd Q%ccorﬁaéulneob@ﬁr@gaeﬂt gos| @wﬁdsééé F[t'évgfaf) appa- 15
rent, all e of Lel F_H.. The h% rid plasm ds—which result aré désignated

" pLiine (polapiesc(pL3 LeRL9 brivers %éat}&ﬁéﬂ-ﬁ& whigch ihgbridigedength Lel F
gengn Qi fEécenhd RAetrs mmgrﬁql;jrpgbaél 39 pot ent lal LelF cDNA cl ones and
rescreened with the sane 260 b.p. DNA probe using the hybridization
procedure of Kafatos et al. (see above). Three plasm ds (pL4, pL31, pL34)
gave verin2sdditdag,hyhe dlamlkﬁldﬂ@ﬂabsp f & Mﬂ% W@tSOSegLSZ pL36)

é?gb | cf@gﬁt L Q%gy d weakly with
ﬂzgﬂﬁg% gﬁggésigo¥entla %Eg%3$¥;$?%50294pkéﬁ%1p as Egmere 32y30 al so
scrigb e p9amei Rgnnep.| ISP RISS HEeFe: i ("i"h%ﬁ:bl BYRFLT | priner

DOQiiSzé& t@ddﬂfﬂaﬂbn'ﬁ b&wﬁwr@itwlﬁsﬁél ﬁrébe‘lylﬂdéﬂé@ﬁtaﬂna&Obes The
tions were chpse ect base pairing

br' d']:é%{# eSiu ?g&hF&t'dé’f"é’ct%ﬂﬂ%am i § ?aPF&F ggéﬁ?%m?%ﬁl'l ace

_ and one contained a fragment designated heIP H1, an appa-
'45 rent allele of LeIF H. The hybrid plasmzd# which result are,
deSignated "pLelIF H", etc.

G. Isolation and sequenoigg of a first-éuII-length
LeIF gene : _ ; o

Plasmid DNA was prepared from all 39%potential LeIF
¢DNA clones and rescreened with the same 260 b.p. DNA-
probe uSing the hybridization procedure of Kafatos et al.
(see above). Three plasmids (pL4, pL31, pL34) gave very
25 strong hybridization Signals, four (pL13, pL30, pL32
' pL36) hybridized moderately, and three (pLS pLS, pL14)
hybridized weakly with the probe.

- The 39 potential LeIF cDNA recombinan? plasmids were_
30 also screened by uSing'32P—labelled syhthe?ic'undecamers
. (individual T-1.primer poois or individual T-13 primers)
directly as hybridization probes. The_hybridization condi-
tions were chosen such that_perfect base pairing should
be required for detectable hybridization signals (Wallace
3 et al., Nucleic Acids Res. 6, 3543-3557 [19791). Thus,
plasmid DNA from the-39 clones was prepared by a standard
cleared lysate pg e (Clewell et al., See above} and

purified by Bior dl?garose A-50 column chromatography.
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the 39 clones was prepared by a standard.cl eared | ysate procedure (Cewell
et al., see above) and purified by Bior d Agarose A-SO colum .
ch?onatography -17- Sanples-(3 ug) of eaqv preparation were linearized
by treatnment with Eco RI, denatured in alkali and spotted on 2 separate
nitrocellulose filters, 1.5 ug per spot (Kafatos et al., see above).

| ndi wi-dual sysndlpzles dz:oug) 5fobagbnpcle@@mad:e.qar |wea:res Jeurmquzled pyol s vvere
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units of T4 pﬂkyfaé&s né'@'SPt'dQeE' asaee\oerqnaqdﬁ%md,s@meétﬁ@ aeaﬂyes at.

[err] 32P- abelle rlner wer e urlfled by chronatogra
Sephadex & 5P ggdplza BE s 2 SE3er AL HaRE Ghosphory-
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as descri - '”E‘?L% fwe §tmﬁ| -&.gggagg%%gan%ﬂ 'Y e Jpshedpdey- S 2y

358et al., Nucleic¢ Aci'ds Res. 6,'3543-3557:[1979]). Thus, plasmd DNA from(:za

m nut es (3 ,_and expose

film Resul lrhnqrsg wzreoaddesi gdnerfies 3R MOWERS Rt rr%?‘

T-1C. Plasm iﬁélﬂééo Elﬁgﬂs wasef pud flieddinie FHrindtogs on 10 ml
hybri di zation_ with P 1C and%rl mer T% g é’gﬁﬁ

C, 25 bUt;ZP ?éect abl e
hybrldlzatumﬁﬁgQ?pgﬁe %Tﬂ@rcﬁﬁﬁﬂeﬁneﬁgb %ﬁﬁh?q%1W3ﬂﬁuQ$ OLRSerYfiBg
t he 39 potentigl dgm Fopl peimerde-{pC2ord3 A H° kpm JE pifimedd, pSd) BL$0.

hybridized\M%ﬁE hybridizations were performed at 15°C for 14 hours in
| 15 6 x ssc [1 x  SSC = 0.15 M Nacl, 0,015 M sodium citrate, .
" pH 7.21, 10 x Denhardt's {0,2% bovi serum albumine,
0,2% polyvinylpyrolidone, 0.2% Ficog_ lution, as descri-
bed by Wallace et al. (see above). Filters were_washed.for
5 minutes (3 times) at 0°C in 6 x SSC, dried, and exposed
20 o x-ray film. Results are shown in Fig. 2 for 32P-primer
pool T-13C and primer T-1C. -

Plasmid DNA from clone 104 was foﬁnd to give signifi-
cant hybridization with primer pool T-1C and primer T-13C,
25 put no detectable hybridization with the other undecamers.
As shown in Figure 2, several of the 39 potential LelIF plas-
mids (pL2, 4, 13, 17, 20, 30, 31, 34) also hybridized with
both of these probes. However, restriction analysis showed
that only one of ﬁhese plasmids, pL31, alsé contained a _
30 260 b. P. internal BglII fragment. PstI digestion of pL31
showed the size of the cDNA insert to be approxlmately
1000 b.p.

The entire PstI insert of pL31 was sequenced by both.
35 the Maxam-Gilbert chemical method (Methods Enzymol. 65,
499-560 [1980}) and by the dideoxy chain termination
procedure (Smith, Methods Enzymol. 65, 560-580 (19801)
éfter_subcloning'Sau3a fragments into anIM13 vector.
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b h of] these probes. However, restriction a&alysis showed that only one of &

t Q§@ )| asm ds, pL31, also contained a 30 260 b.p. internal Bglll fragnent.
Pst | /di gestion of pL31 showed the size of the cDNA insert to be
approxi mately 1000 b.p. The enting Pst] insert of pL31 was sequenced by

both. 35 the Maxam Gl bert chemi cal method (Methods Enzynol .

65, 499-560
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is 23 amlno acids 1ong. The 165 amino ac1 s constituting
15 the mature LeIF have a calculated MW of 19 390. We have

termed the LeIF encoded by pL31 “LeIP A.“\It can be seen

from the sequence data ("aA") 1n Flg. 4 that the tryptic

peptides Tl and T13 of LeIF B correspond to amino acids
145-149 and 57-61 respectively of LeIF A. 'The actual DNA

20 coding sequences found in these two regions are those re-

Lhe secretion
5 am no acids

wad, 3388 W have

B fieeS&ear&r 9gpt he sequence
T13 of LelF B

HY Bf LelF A The
QWIdeegpnesumablyhose re-

Di rect

presented by primer pool T1-C and primer T13-C (see Fig. 8)

H. Direct expression of mature: leukocyte 1nterferon A

(LeIF A)

1. Generallz

' ‘The procedure followed to express Ler A directly

- as a mature interferon polYpeptlde is a Vaklant of that

30 earlier employed for human growth hormone (Goeddel et al.,
Nature 281, 544-548 [1979]), insofar as it involved the com-
~ bination of synthetic (N-terminal) and complementary DNAs.

As shown in Figure 6, a Saula festriciion endonucie-'

35 ase 51te is ‘conveniently located between codons 1 and 3 of

LeIF A. Two synthetlc deoxyollgonucleotldeé were de51gned

which incorporate an ATG translational 1n1£1atlon codon,

restore the codon for amino acid 1 (cysteine),

and create



'25-1 ..General I Y The procedure follomed to express Lelf Adirectly as a
metur & 'i nterf eron pol ypeptide is a varianfgofl that earlier enployed for
hunan growt-h hornone (Goeddel et al., Nature 281, 544-548 [1979]), insofar
as it involved the com bination of synthetic (N—terninal) and

conpl enent ar yaxDl\HGoRBSsslileWIy lemg:l PHesé, o hidomeasr wekei afhmea:ndwual e- 35
ase site is veni en ocate tyween codon of Lel K

synthetic deo ‘go}f’Tan%S?'/‘gSt | dés av‘@‘f a%%‘?%ﬂﬁ d° g\/ﬂ%’éfﬁe ggﬁpgr ast%léjhn%\l\%s
transl ati onalbipi t paodustcwasn 1 igsttest e heweoadditisnaki DilAacirhgments to
(cysteine), ag%n EC%}R] Y h I %cg;? LS were
|igated to_a %{:’P&Eg aga'B?S%' /Ea% a%t?r%{r:]fg ?geﬁﬁid ﬁﬁ’gr?'gs Ing 45 b.p.
product we® |wlgmledcpéesmoad&etm‘owalamnxcalgnpﬁtbouadednévm FSoRFk 388

b. p. synt het 'ﬁsaftyéakrbw%b% Ges>, WHLH ﬁéﬂﬁswéerlhsh&a@%w dﬁﬂnB%z

bounded by EcoRI and restriction sites ene was inserted into
pBR322 bet vveel?F‘E%%eECBRP BRORAs ands iRt t%’-‘@?%etf’hﬁlﬁPa§ﬁiedH}L§§m . 10

2. Construcsi@rrof1{ he tryptophan control el enent (containing the E. coli
trp. pronoter, operator and trp |eader ribosone binding site but |acking an
ATG secuence for initiation of translation). 15 Plasmd pGM carries -
the E. col10 trypt ophan c.Qsaauaﬁﬂdn : bhan| epnierdl czxkemenet

al. , J. Bacteriology 133 -, : on
protein conprising-the Opdrat8t|

approximately the |ast ahdr dtgg ltd&etr Emo@m ggggg gg Q@; Qm lacki g
referred to in conjunctanage 44 3enl BEa ki BrDOROIORER 1 £610

entirety, 'all under the -
plasmd, 20 ug, was digested with the restriction

18 Plasmid@ pGMI carries the E. coll.tryptophan operon
containing the deletion ALE1413 (Miozzari et al., J. .
Bacteriology 133, 1457-1466 (1978]) and hence expresses .

a fusion protein comprising the first 6§ amino acids of‘thé_
trp leader and approximately the last third of the trp

20 E polypeptide (hereinafter referred to in conjunction as
"LE'), as well as the trp D polypeptlde in its entirety, _
all under the control. of the trp promoter-operator system."-
" The plasmld, 20 ug, was digested with the restriction
enzyme Pvull which cleaves the plasmid at five sites. The

25 gene fragments were next combined with EcoRI linkers (con-
sisting of a self complementary oligonucleotide of the
sequence: pCATGAATTCATG) providing an EcoRI cleavage site
for a later cloning into a plasmid containing an EcoRI
site. The 20 ug of DNA fragments obtained from pGMi were

30 treated with 10 units T4 DNA ligase in the presence of o
200 pmoles of the 5'-phosphorylated synthetic oligonucleo-
tide pCATGAATTCATG and in 20 ul T, DNA ligase buffer (20mM
Tris, pH 7.6, 0.5 mM ATP, 10 mM MgClZ,'S mM dithiothreitol)
at 4°C overnight. The solution was then heated 10 minutes

35 at 70°C to halt ligation. The linkers were cleaved by .
EcdRI'digestion and the fragments, now with EcoRI ends ,
were séparated using 5 percent polyacrylamide gel élegtro-
phoresis (hereinafter PAGE) and the three largest fragments
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dqi me Pvull which cleaves the plasm d at flvé sites. The 25 -jgene fragnents .
£ next conbined with EcoRl Ijnkers (con- sisting of a self conplenentary °
or'i gonucl eoti de of the sequence: pCATGAATTCATG providkng an EcoRl cl eavage -

site for a later cloning into a plasnid containing an EcoR site. The 20 ug~
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20 - isolate ron1t I TSI stalnlng d|un1 romd
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CO e rom e lLa eno extra C ororormextracte an
A S UL e AT a0, Ao S Latked sl glorm oxt racted ant

pretaqha:raum gdhe trd.php!:almtlersupﬂcmtendscvaaaiﬂem:mmdw th EcoRl sticky

engs, ‘Qﬁfe ﬁ@#é@hﬁg th:‘:h‘&e%fc% vﬁ‘?i‘ hdgﬁgﬁﬁféd end! Jx‘sSPt alls- the

1.C
I nSer ragnents rnto a facycliné dgensitive p TAERT d 15 whi ch,
updiomy mﬁ)tﬁramnnt:on-nmnser mmaqmbme sensitiyec/plasieidi stant. Plasnid

18BWH1 OQ{;S&&'%rS&o%Er-oEl'é‘i-‘aedé"r ﬁeé&fsﬁ ﬁec%&@s %@@:&1979]) expresses

anp|C|I I n resi'stance
cycline resistant.

Plasmid pBRHI (Rodriguez et al., Nuclelc Acids Res.
6, 3267-3287 (19791) expresses amp1c1111n reSLStance and_

20 contains the gene for tetracycllne reslstﬂnce but there
being no associated promoter, does not expkess that
resistance. The plasmid is accordingly tet&acYcline sen-
sitive. By introducing a promotereoperator%system in the
EcoRI site, the plasmid can be made tetracycline resistant.

25 ' ' ' _ o

PBRH1 was digested with EcoRI and thel enzyme removed
by phenol_extraction followed by,chlorofor@ extraction and -
recovered in water efte: ethanol precipitation. The resulting
DNA molecule was, in separate reaction‘mixtures, combined

30 with each of the three DNA fragments obtaihed above and

'llgated with T4 DNA ligase as previously descrlbed. The

. DNA present in the reaction mixture was uséd to transform
competent E. coli K-12 strain 294 by_standard techniques
(Hershfield et al., Proc. Natl. Acad. Sci. U.S.A. 71,

35 3455-3459 {1974]) and the bacteria plated &n LB (Luria-
Bertani) plates containing 20 npg/ml ampicillin and 5 ug/ml
tetracycline. Several tetracycllne-reSLStaAt colonies were
selected,.plasmld DNA isoclated and the pre%ence of the de-

v emme -
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202cont ai ns the gene flor tetracycline resi stance but, there being no YA ‘
asso\dfted pronoter, does not express that r esi stance The plasmd is -
accor hgl y tetracycline sen- sitive. Jqnt roduci ng a pronot er - oper at or
system in the EcoRl site, the plasnid can 1be made tetracycline resistant.
25 pBRHl was d| gested with EcoRl and the enzyne renoved by phenol

extraction fql;lQueddyy ﬁﬁﬁeresamﬁéhm I:%anfuf&eveﬁss}mén avRliysad fer
et hanal preC| |tat|on e resul tin mol ecul e was, in separat€ reaction
i xt ur es, end@sit G ng Bhagmif F-ﬁedﬁﬁi@é’ fﬁ’%%’éﬁ’s obt ai ned- above

and |i gat ed W|th [err] DNA |igase as previously ‘descr i bed The DNA present

in the reaction mxture was u gto transform co e& {: - gg K—l strain
294 by standard t EhFRRE 2 ARAL §igeshiopRICINEE OTAEs Va&ial U s A

71, 35 34%6- de&?ﬂ]aepaditlﬂs Bawlasr ot iaierdl hqn d:ﬁa(réntn.ona&enrtms

Petracyol | ne b ahane Dasd hS, EroRa iy ol ALHESTHE! piSsmidiBichs |

prelsence of t(Im:aﬂdletl et 218 Satugef 28dne iS4 £ I 79EN by femrrtdnt: (lﬁ-mydre
si s

o aesti on pr SHSEEE PRl & B8 2° p880 IR AT [fbadh BRAH0L WY

convent i onal teshnshkrreforndextracted Eé@?leﬁ?ﬁﬁ@ame%}l?e§a§ﬁdpl é’s’-‘m‘iﬁs

pGH6 ( Goedgelepin atﬁem rﬁ%ﬁla §i4zL1%‘aJ;) 15132.Y f;%m:téeaaéaim @kwﬁ%%? .frag-

Pl asm d pHS32 was eaved with extrac-_ ted, chloroform
extract ed: an&'%’tﬂwa‘rﬁﬂe?p?é'égﬁ rﬁPBBheF'-E“ wdd AP t%rP‘ﬂ%%?%ﬁsﬁn Peffey E
col i DNA pol yrery ape 6ota<é§ﬂﬁ)mf phogphame! pHBORN | MM - MGOD el o) mn 30 ul

B e ean: oct RS SHSFRRAGLS § SRS iy e

[err] then 2 geaurd) naimﬁ’ees]afhbsct rtaetnrr@wmolﬁssaansez;?zc:)f'rhlis 4reatment’
nucl eotldeg %%rﬂgewtoaf ytﬁg Ilhﬁuéleotldes complementary to the S5°*

protrud:.ng end of the Xbal cleavage site to be f:.lled in:

5' . ~ CTAGA —— 5 ~ CTAGA ——
-3¢ T—— ' -3 TCT—

Two nucleotides, dC and 4T, were incorporated giving ahd.en&
. with two §°' protruding nucleotldes. This linear residue of |
plasmid pHS32 (after phenol and chloroform extraction and
recovery in water after ethanol precipitation) was cleaved
25 with EooRI. The large plasmid fragment was separated from
the smaller EcoRI-Xbal fragment b9'PAGE and isolated after e
electroelution. This DNA fragment from pHS32 (0.2 ng), |
‘was llgated under conditions similar to those descr;bed
above, to the EcoRI—Tan fragment of the tryptophan operon
30 (~0.01 nug), derlved from pBRHtrp. |

In the process of ligating the fragment from pHS32I to
the EcoRI - Taql fragment, as described above, the TaqIl
-protruding' end is ligated to the xbaI femaining pz;otruding'

85 end even though it is not completely Watson-Crick base- '
pa:l.red- ) |



ot rudi ng end of the Xbal cleavage siteto be filled in: 5 ° CTAGA ; &
. CTAGA 3 ' T- 3" 20 Two nucleotldes dC and dT
fer e i ncorporated giving and 2nd2wth two 5 protrudlng nucleotldes This. ¢
i near residue of plasmd pHS32 (after phenol and chloroform extraction and™
recovery in ter after ﬁ%x _I preC|pg ) was cl eaved 25 with EcoRl.
The | arge Plasmd fL agne S separ at 5§%¥§hTThe smal | 'er EcoRl - Xbal =
f ragnent by-BE@E and i sol ared-af ter 4tion. This DNA fragnent fram
pHS32 (0.2 ug), was |ligated, under conditions'simlar to those described

above, to the EcoRl -Taql fragnent of the tryptophan operon 30 (0.01 ug),
demlyedtionnpﬁBRHumplﬂgatimmpreaetsonfmMa;nnemwametfaagﬁaMmddxnnpkB32 to

e rotruding end is
I@&Mqi %hlﬁéagrg?gh&%gg%@/?déevengﬁhoggh it |sgnot
cdrbes| 9°vse§@m ianpirbbling Twgnty-four colpnies were CTAGA-
- T§dP6¥eed; Agrown in 3 mﬂTﬂh (LurAGCECE tamd WHdd LR, Ohnlhi S ligation

reaction_m xfure was transformed 5 into E. colli 294 cell's, heat treated and

piBtasmiq EEopRkeds Hit Lhi FReARpFEFR ERunfidit 3 ver ! th8l oni es were

se:kmt edi t@r ewgenerated L4 LYl i aober carial yal dNAngephagni d isol ated. Six
14; $ese re found to have the Xbal site regenerated gla E. coli catalyzed

e’bﬁP 1¢8td08 r eplication: - TCTAGA- - TCTAGA - - AGCTCT -
- AGATCT- 15 These pl asm ds were al so f ound td cl eave both with EcoRl and
Hpal and to give_ ected restrict 11,% Ha_g_rrents One pl asm’ d
deS|gnated pTrpl4,” Was used LnL_agpreSS|on<%

AGCTCT-— —-AGATCT—*

15 These plasmids'were'also found to cleave_héth with'EcoRI._
and Hpal and to give the exﬁected restrict#on fragments.-
One plasmid, designated pTrpld, was used fér expression of
heterologous polypeptides, as next discussed.

. e

20 . The plasmid pHGH 107 (Goeddel et al., Nature 281, .
544, [1979]) contains a gene for human growth hormone
made up of 23 amino acid codons produced fr om synthetlc
DNA fragments and 163 amino acid codons obtalned from
complementary DNA produced via reverse transcrlptlon of

25 human growth hormone messenger RNA. This gene though 1t
lacks the codons of the "pre" sequence of human growth
hormone, does contain an ATG translation lnltlatlon codon.
The gene was isolated from 10 ng PHGH: 107 after treatment
with EcoRI followed by E. coli DNA polymerase I Klenow frag—'

30 ment and ATTP and dATP as described above. Follow1ng phenol
.and chloroform extractlon and ethanol prec1p1tatlon the
plasmid was treated with BamHI.

. The human growth hormone (HGH) gene-contaznlng frag-

35 ment was 1solated by PAGE followed by electroelutlon. The _
resultlng DNA fragment also contains the first 350 nucleo-
tides of the tetracycline resistance structural gene, but |
lacks the tetracycline promoter-operator system.so that,



hetgr ol ogous . pol ypepti des, as next discussed. 20 The plasm d pHGH 107
(Goeddel et al., Nature 281, 544, [1979]) contains a gene.for human growth
ho;the made up of 23 amino acid codons produced from synthetic DNA
frafments and 163 amino acid codons obtarn@d fr.om conpl enent ary DNA
produced via reverse transcription of 25 human gromﬁh hornDne messenger
RNA. This gene, though it |acks the codons of the " sequence of human
grow h hor mordhen susb semranr l¥ncAPRedr ARECa o ﬁ"iﬂ#’qﬁ sa‘tqu . TRbagBAEs

was i sol ated é&ﬁﬁﬂ&l&% OheH A94raf Eah becaldatdedMbyh &@E‘eé@éf&ﬁ‘@é‘nbdflz
coli DNA pol ynerase

nt and dTTP a dAT, scribed -
above. FoH(Mﬁ?ﬁf?ﬁﬁﬁ&ﬁngﬂgg%ﬁfggBFSrnggﬁﬁFﬁét|gﬁ rgi 1° % g%?pléatlon
the plasm d wrsagmemnt ctasi béeBafiil ledhénhbyathgr Kltendwrpuilnmeriss I

gene- cont agni 35 n Q e f
el ectroel u (;!}%%%95 eSuT' h%eb?aé%ntgn??oﬁgént%dns { ;)%/lc}?( %%‘6

nucl eo- t|de@rtﬁ‘unimgtmcpae;/c@rnentesn.gnawbsnstlrar@tmrlaisemmd intolamks the
tetracycline QLo e{sHPST %ﬁidsysten1so t hat, -23- when subsequent|y
cloned into an expreSS|on plasm d, plasm ds contalnlng the insert can be

| ocated by the restoration of tetracycline resistance. Because the EcoRl

end of the fragrrenrhénaéx sibh' ﬂagmayptrb@ﬂél wm&wrﬁr@@&éd&o re-
procedure,.ld he fra s _one - unt and e stic end d?_um n‘z pr oper
P2ND

orlentatlon\ﬂﬁﬁy? é??%ﬁ‘?ﬂ?ﬁaéﬂlgﬁp E2GMSR T PISHAF © t essi on
pl asm d pTrpZhwss pmnplprw@armuarodigestedcanuethherH@Mkyangcxmﬁckying

fragment pre p I I Sl sulting
sticky ends fe%{tfsdogﬁlwg tthh‘Igft]RI gﬁgwﬁlgﬁﬁﬁgﬁlﬁ& ror"‘cedggricejo g}:ﬁl‘l([)yl ng
dATP, dTTP, ®ERLQyihglGATP Af@'é'erhéﬁ@P and elﬁ?rl'@r-ofAcfrtmremheml ondénd

et hanol premdﬂﬂé?df&kﬁfE&thcﬁ?oﬁUéh&”@tHHﬁoWaiﬂéa¥§f¥$ﬁMdﬁ‘éﬁﬁ”ﬂeﬁnd the

resul ting Iarg
15 sulting DNA was treated with BamHI and the resulting large

_plasmld_fragment isolated by PAGE and electroelution. The
pTrpi4-derived fragment had one blunt énd 6né sticky end,
permitting recombination in proper 6rientgtion with the
HGH gene containing f:égmént preViously described.

The HGH'gené fragment and thé,pTrplé'AXba-BamHI frag-
ment kere combined and ligated together under conditions
similar to those described above. The filled in XbaI and
EcoRI ends llgated together by blunt end llgatlon to re-

25 create both the XbaI and the EcoRI site:

XbaI filled in  EcoRI filled in HGH gene initiation
— TCTAG " AATTCTATG~ —TCTAGAATTCTATG—

- L+ | m—

o — AGATC ~ TTAAGATAC—  —AGATCTTAAGATAC—

XbaI . ECoRI

This constfuctioh also recreates the tetracycline resis-
tance'gehg. Since the plasmid pHGH 107 expresses tetra-

35 cycline resistangé'from:a promoter lying upstream from the
HGH gene (the lac promoter), this construction designated
pHGH 207, permits expreésion'of the gene for tetracycline
resistance under the control of the tryptophan promoter-



A )

1 g fragnent isolated by PAGE and el ectroél ution. The' pTrpl 4-derived .
- frag nt had one blunt and one sticky end, permtting reconbination in T
pxopér orientation wth the HGHgéfle= contai ning fragment previously g
descri bed. 20 The HGH gene fragnent and the pTrpl4d [err] frag- ment were = -
conbi ned and |igated together under conditions simlar to those described

abRRer FRETrH| Fhe® ithexd IARPRCBRIEBRGs WA HEAPS ERERREr 1BF DI unt end
| | O 1 €611 0258 add WXLt Felber&habninB PladwdRotithanitpl filled l@

%$F‘T‘;;2Tﬁ?é;a9£§; ene [nltlatlon - TCTAG: . _AATTCTATG— _ o
-AEATCTTAAGATAC— Xbal EcoRIA$ﬁrg construcgrgﬁcﬁrég recreates the ' '
107 -
b oo hLRPRLE ot YT 0 ok iR bBS LIS SBDIRT P 2o 00 Ll
I ac:Er)agmener9:pnttmmmsnhelctrpnp:lesogsa‘t,e@ @O 7angektmpt s expressi on of
thelé’%&&-fPibB%%Qg%Clb&ddb?r{%eéi%aﬁﬁ%hgag? y"%rfoﬂ %LeQhehlle tryptophan

I N n1x ure was transforned
| ntfPJE indtriazdonyof @mm&ts@nevaédrsﬁomrmdathas RA¥GEafaildewedig/ m

'-tegﬁi‘céleéEfoeiutlon Pl Ob@ﬁ%geﬁe%swﬁ@%léﬂ&&siﬁéoa%ﬂea 300 b. p.

ment contalnlng he trp pronoter,. operat and trp | eader ribosone

PRI spikepnf 5uf%nﬁ¥9¥?§§ﬁ8€n8éaﬁ&iq |QQQ&?%5189 thehsl ati on was
r ecweeedmba;%@a fealg vEsubonel Bct eogkiuticen obawn DB¥ohr agiel was cloned

ot 5t RpEALEy Sl TAE Foeh Broateh A A EERELabE 0, e sbove
secheiglrténsekpresdidont dievel sbncanl bebbyown ¢gid predetesmiaed evel s) can
m?fg&g@stgnpaﬁigggugfkghla containing addltive tryptophan "
15 in quantities sufficient to repress the-promoter-operator
system then be deprlved of tryptophan S0 as to derepress
the system and occasion the expression of the intended '
- product. '
20 ' More particularly, and with reference to Figure 6,
250 ug of plasmld pL31 were digested with PstI and the
1000 b.p. insert isolated by gel electrophoreSLS on a
6% polyacrylamlde gel Approxlmately 40 ug of insert was
electroeluted from the gel and divided Lnto 3 aliquots for
25 further digestion: a) A 16 ug sample of thzs fragment was
partlally digested with 40 units of BglIl 'for 45 minutes
~at 37°C and the reaction mixture purified on a 6% poly~
acrylamide gel. Approximately 2 ug ef thefdesired 67b'b.p.
fragment were recovered. b) Another samplé (8 ug) of the
30 1000 b.p. PstI insert was restricted with AvaIl and
BglII. One ug of the indicated 150 b.p. fragment was re- . .
covered after gel electrophoresis. c) 16 ug of the 1000 b.p.
piece was treated with Sau3a and Avall. After electro-
phoreszs on a 10% polyacrylamlde gel approxlmately 0.25 Mg
35 (10 pmole) of the 34 b.p. fragment was recovered. The two
-indicated deoxyoligonucleotides S'-dAATTCATGTGT (frag-
ment 1) and S'-dGATCACACATG (fragment 2) were ‘synthesized
by the phosphotrlester procedure. rragmentéz was phos-. -



| evels in nutrient nedia containing additive tryptophan 15 in quantities {. {
suffiwi'ent to repress the pronot er - oper a. L@r _ system then be deprived ofe -
tryptophan so as to, derepress the system and occasion the exgrggsion of th

i it ended propboryl2ded as Moklems:i 200anly (~add wmdlelefaf ehte Pd ATHure
6, 250 ug of ¢ @§gh%mt’,|-%]0d@r@iﬁhﬂ§§&?dw%t Bried & (difa 1988uBpBndieser t
i sol ated by gel e ectzgghore3|s on a 6% pol yacryl am de eI.'AgprOX|nater
40 uyg,of insént 3Raslelaf &b REl sTERL AREFA!, FORMiME i bt oM BrigFot s

for 25 furt hgppiioaesldndl, BorftdfnisgSeop! pmell eshioE DNy Erdgmeatpand al ly
digested with EO units of BgllJl for 45 . mnytes at [err]and the reaction
m xture pari £ BBL&S §f60%4pcﬁq®i-yré‘t':?£?%ﬁ?'a1€ gép.asﬁppﬁéﬁ%ﬁa?& VROHGS8t t he
desired 670 Atp37Peqgrenil wef el 0me ONEPedasbaddedt aerd szhplmedBtigh of the
ndi cated 153LoHed EamaRCent PRoChED faananiTe s othe s euRE wl”
16 ug of theth&ﬁOhb.qtquia;t:eTQ\m fausat_Egmﬁhulrteﬁummatw?&ighm;)m pgglelo
ool € of "t netsd 508 Eroghdth odNatib Bndlle HRLIIE AR A, gasd0-%5
deoxyol i gdAuavadti deagren tAMIRGTETIETVasr R fiormed] fam P S1OWGATERCACATG
O e g R B o Y i PR i SO S T
(Amer sham 586&hdorhesidohaL FrEATBnARENd Or é’é’!ﬁﬁeﬁfed"‘)% Ltg@afeof 60 mv
Tris-HO (pHBhe AWMU Masd eldéErdBhoreskioehnNaney pulyatryDgnibe genl es
of DNA fragnent. and 5 units of T4 pol ynucl eoti de ki nase. ter 1
m nutes at [ &PA] tl‘eUI“soi"fb'm\ﬁ %sﬁﬁﬂégﬁrﬁﬁd h@%%‘?%&*‘?ﬁmgbf’&t
proceed am5tBer ng5 (1 puricle) e thetdScbups preductaterteaiicdmbihedowith
Ut aoCBL8%0g" (S L AIP! Se Ofng’ 15Y B3I WVark. W B Bl Ggfibn® 3
' and 1 ug (2 pmoles) of -the 670 b.p. BglII - PstI fragment.
" The ligétion was performed at 20°C for 16 hours using 20
units of T4 DNA ligase. The ligase was inactivated by
20 heating to 65°C for 10 minutes..The mixture was then di-
gested with EcoRI and PstI to eliminate polymers of the
gene. The mixture was purified by 6% PAGE. About 20 ng
{0.04 pmoie) of the 865 b.p. product were isolated. 6n_e,-half--
(10ng) of this was ligated into pBR322 (0.3 ug) between.
25 the EcoRI and PstI sites. Transformation of E. coli 294
- gave 70 tetracycline resistant, empicillin sensitive
tz;ansformarrts. Plasmid DNA isolated from 18 of thesé
transformants was digested with EcoRI ana PstI. 16 of the
18 plasmids had an EcoRI - Pstl fragment 865 b.p. in
30 length. One ug of one of these, pLeIF Al, was digested -
with EcoRI and ligated to the 300 b;p.-EcoRI fragment (0.1
ug) containing the E. coli tr;S -promoter and trp leader
ribosome binding site, prepared as described above. Tx_‘ans;
fo'rniants containing the trp pr_oinote-r were identified using
35 a 32P-trp probe in conjunction with the Grunstein-Hogness
colony screening procedure. An asymétrj.cally located Xbal
site in the trp f’ra_grne_nlt allowed determination of recon-
binants in which the trp promoter wés oriented in the
direction of the LelF A_.gene, | '



Mval | fragment. Ligation was performed for 5 hours at [err] in 50 U of ,

M Tris-HC (pH7..5) 10mM My C1 10 mMMdithiiothreitol, 0.5nM ATP and 10'-
ts T4 DNA |igase. The m xtar Bes el ectrophoresed on a 6% pol yacryl am de.
~ - Ng€l and the 45 b.p. product recovered. by electroelutlon About 15 - 30 ng (1*'

p ngle) %f th- _ uth 0.5 ug (5 pnoles) of the -

15 =0 . . . ‘ules) of the 670 b.p. BgII
.- Pstl fragnent The Ilgatlon was perforned at [err] for 16 hours using 'f
' unlts o] |5 a 0 tiyg to [err

S o Beskad B db08%roTiR el $13 04000 LY kG110 JREIAL0 L0 et

el cnimsqommrgr@rnthe geh@ot’rhé:qm@mmm% par/ml getrat% PAGE. About
20 Q0 of 6 t hal f (1 Ong)

grepliate b A 2o ratud 5fba€‘;;"°‘f ool Teg gkt 4fle PO bl

s. ?§sm1T|°£n§‘¥%r"?ﬁé+%nCGFtE"-né-5lg Hg/Fl cteragyradpe-i AP Mmki st ant

awahﬁFhlésnw?e&relﬁay@esfeasbgr &@H&lﬂ@éﬁ&m%hsm at e(i'ééél{@zés of these

tran ornaqﬁétwas ested with E:J% nd Pst | §5 he 18 Iasn1ds had

b ieDoand Geil BeLLAER: veEs suspe hiht @R 15gRATRREof 1 hese.

pLgukrdlse WE0 duwesfﬁsl-nclhtﬁaolal oind 50 gﬂt@hnm.t baesaﬂ; to®. ECoRl fragnent

I b '
A ARV gk A 0ed "SR, s ¥ RIS a0 L o0
t r giprapyed hgwsnnﬂeatzbnedThe m;ﬂﬁies:ﬁﬁ?éﬁpeptuﬁéugedxwuunctlon with -
1Ty | d
ngp%%%ﬁféé"tt:;f@”@&(?f 9“% pd i %%%ﬁr?%&'&i&t O?P%r'ca y locate

] Site erm nati on recom: binants in _
msuperm&arrﬁq)rmt@etmgmeﬁemed:qmpawes@mmzsthoﬁ-e@ﬁ‘ t$eandards gene.

39 thle cyﬂébé%ﬂi@ @EgebQ YﬁyﬁﬁﬂﬂdﬁﬂﬁﬂkfganégaQ Bﬂa%xns were prepared

for | F assay as one_m cultures were; romn in_L broth containing
16 gdgrerming fhe number of IF molecules per d LeIE speci-

fic activity of 4 x 108 unlts/mg was used.

as shoﬁn in Table 1, Clone pLeIF A trp 25, in Wthh
the trp promoter was 1nserted in the de51red orientation,

20 gives high levels of act1v1ty (as high as 2.5 x 108 units
per liter). As shown in Table 2, the IF prpduced by E. coli
K-12 strain 294/pLeIF A trp 25 behaves-like authentic
human LeIF; it is stable to treatment at pH 2 and is neutra-’
lized by rabbit anti-human leukocyte antibédies. ‘The

25 interferon has an apparent molecular welght-of approxlmately
20,000. o

The in vivo efficacy of interferon're&uires'the'
.presence of macrophages and natural'killeri(VK)'cells and
30 the in vivo mode of actlon ‘appears to lnvolve stlmulatzon
' 0f these cells . -Thus, it remaxned possible that the
Lnterferon produced by E. coli 294/pLelIF A 25 while having
antiviral act;vzty in the cell culture assay, would not be
active ‘in infected anlmals. Moreover, the 1p_v1v5 antiviral
35 activity of the bacterially produced, non-glycosylated LeIF
A might be different from the glyeosylated LeIF derived
from human “buffy coat" leukocytes. Tﬁetefoie'the biological
activity of bacterially synthesized LelIF A tZ% pure) wae



5’g¥cline to an A° value of about 1.0, then diluted into 550 25 ml of M .~
medi a containing 5 ug/m tetracycline. 10 nl sanples were harvested by 'égé
centrifugati on when A55Q reached 1.0 and cell pellets were suspended in 1

m ¢ of 15 percent sucrose, 50 mM.Tris-HC <[ @78 O, 50 nM EDTA. One ng of .10

| ysozynme was added and, after 5 minutes ai [err] cells were disrupted by

soni cation. The sanples were centrifuged 10 m nutes (15,000 rpm and

i nt eif eron actompayednwihk buféyngvart S.elds (B% @une%dlrbyltdwphresgﬁphm-h-

Lel F st andar t | fse

determ ne thcel‘?%@%% &§t$¥ ggﬁ%hega ft‘é‘s ;q)'télrf(e tlﬁ?m{arylzfeItglélksl'ré):(tahz:| S@%kg tIVI ty of
4 x 10 units/{Bake Bded. As shown in Table 1, Clone. pLelP Atrp 25, in
which the trp pronoter was inserted |n the desired orlehtation 20 gives

hi gh Ievel of_actiyity X 108 uni-ts lifer As shown
in Table 2 t FRBRE %rodﬁé@ﬂrsﬁgﬁn EGIHJ'VI%WZ I BT 3R % #1 %?}b 25
behaves |ike authentic human LelF; it is stable to treatnent at pH. 2 and is
neutra- |ized y ti-lhuman [eukocytp antibodi es. The 2 r ni
has an appar gn ﬁ%?gg * ?Q ijght of apprOX|Eater 20, 000. The |nt€%€o%8i8 :
ef ficacy ofirﬁtwéenoa94eqU|re§eﬁﬂedpmaasnc bre i AERthMmges and eulesaper
Killer (NK) e&gné@érﬁgat B¢ '@cmg/mqe of Al MPRASRESEd ¢ | YpLVe

stinmulation reEse cerrs. . jnus, e ey poSST or e that yhe rarerter

produced biP 'P%%$? hokrpl éFH A- §5x %Wlle hiavi nd®&MRA%iral actji vit9-PROt he

cell culture aggayp ROHEg pst Qeaagtuw@ in jinfexgeden nal s. Mbregzgooothe
In vivo antlulral 35 activity, of the bacterfially produced- ' : B
non- gl ycosyl 3 . e
derived from human "buffy coat" | eukocytes. Therefore the biol ogical

activity of bagieriallyesyBhbesbacd s et i@ YoV acts Brom E. coli.
15 ~ 294/pLelF A 25 with standard LeIF*

-

Interferon Activity (units/ml)

‘rabbit anti-human

R S untreated | pH 2 leukocyte antibodies|
20 | 294/pLeIF A trp 25 500 500 - 410
extract _ -
LeIF standard 1500 500 - <10

25 » The 250,000 units/ml extract of E. coli 294/pLeIF A trp 25
described in Table 1 was diluted 500-fold with minimal"
essential medium-giéing'a specific activity of 500 gnits/ml.
A leukocyte interferon standard (Wadle§ Institute) previously.
titrated agalnst the NIH leukocyte interferon standard, was

30 also diluted to a final concentration of 500 U/ml. One ml
aliquots were adjusted to pH 2 with 1IN HCl, incubated at
4°C for 52 hours, neutralized by addition of NaOH and IF
activity determined by the standard CPE inhibition assay.

25 ul aliquots of the 500 units/ml samples'(untreated) were

35 incubated with 25 ul of rabbit anti-human leukocyte inter-
feron for 60 minutes at 37°C, centrifuged at.12,000 x g for
5 minutes and the supernatant assayed. ' |



A - conpared with buffy coat LelF (896pure) I n | ethal encephalo- S
dcarditis (EMC) virus infection of squirrel nnnkeys (Table 3). 5 TABLE 1
erferon activity in-extracts of E. coli E coli K-12

4l F nole strain 294 Cel | deagity | F Activity - cules pér' N
transforned by (cells/m - TtS/m culture cell "10  pLelF Atrp 25
3.5 x 10 B 36, 000 ' 9, 000. pLeIF Atrp 25 1.8 x 10

2500880 3 agtiviral %%Téﬁtﬁa&ou@ﬂaw B ppeicatidng ties of -
extracts fromE. coii st andard Lel F*

I nterferon AcBBFREY @Mq §71rﬁ‘)5 r’a‘b%??thﬂf‘l °ﬁuﬁﬁﬁlﬁ'ﬁterle§i¥ﬂ‘e3b‘ﬂ 2

| eukocyte antibodies 20 294/ pLelF Atrp 25 500 - 500 < 10
extfract LelF standard] — 1 500 500 A <I0O 25 * The |250, 000
unijts/ mextract of E jcoli 294/pLelk A trp § uncirtls &d in Tabl el was

giljuted 500-fold with}n ninal essen? 4P oFrane mgasgemflc activity

| ey Institutle)
tefferon standard, was 30
e d__aliquotls were

of its/m. Alep 1 nf t ndar
'pre\5/'|£)‘8euasl‘l'{ﬂ%/tri itrated a;%%%%g¥*1e gﬁ_{e{ 4 csfllte [
alsiog diluted to a fingl concent atinn,nf 500 L)
adj jusdfdoi 0 PH 2 withf1N/HCL, ihegbat pdyepg [err
by addi ti on of NaOH aphd IF actipity deterniineds by the standard CRE :

i nHi hacterials 889teims) ()| aliquots Bfrd he S0Q dBi § 1 AP0 sArpr &9 unt|r eat ed)
rle 35 incubated with 25 ul - of|rabBbi} anji hunmn | eakocyt e inte; feron
or t [erf] ggntrifliged af 12, 000 x{g fop 5 mnutes gnd the
supe gﬂﬁfﬁﬂgf jfég 39;8'- _TABLE 3| afliviral efféct of varioys LellF
pr epar at i ons agalnst EMC virus | nPect{on ®f squilrrel Ononkeys.

' 0 0 . e

LeIF standard o33

0 0.
15 o 0
- 0 0

o O O

All monkeys ‘were male (awverage welght 713 g) and had no
20 EMC v1rus antibodies prior to infection. The ‘monkeys were
infected lntramuscularly with 100 x LD50 EMC virus (deter-
mined in mice). The control treated monkeys died at 134,
158 and 164 hours post 1nfect10n. Interferpn treatments
with 106 units were by the intravenous rouie at -4, +2, 23,
25 29, 48, 72, 168 and 240 hours, relative tol infection. The
bacterial leukocyte interferon was a cdlumh'chromatogréphy -
fraction'fromfa'lysate 6f_E. coli 294/pLeI§,A 25 at a speci;
fic -activity of 7.4 x Iosinﬂaﬁgprotein. Thé control bac-
teriallproteins were an equivalent column fraction from a
30 lysate of E. coli 294/pBR322 at twice the total proteln
concentration. The leukocyte interferon standard was Senda1
'v1rus 1nduced znterferon from normal. humaanuffy-ccat"'cells,
ourlfled chromatographlcally to a specific act1v1ty of
32 x 106 units/mg protein.

]

foggR2 hours, nqutralized



I{ Al nonkeys were nale (average weight 713 g) and had no 20 EMC viruéﬁé/
antl dies prior to infection. The nnnkeys were infected intranuscul arly °
Ww.th 100 x LD50 EMC virus (deter- mned’'in mce). The control treated
nUnkeys died at 134, 158 and 164 hours post infection. Interferon
treatments 6 withThe aontmolemenkgyshehowedareraressive bethargyl IOSEB

25 29, 48, 7§er %,eﬁafﬂb% 24 ho Mg péﬁgik‘%\-{% % 'HHe?%irP&‘-l BsPankeyy er:.r*g

| eukpeyte in ron wes a colum graphy fraction froma ysate
E. coll 294/ plﬁewheAezsesathnm;ngaarpenéct& NAUF HiBLA oF xtar gpashot &he

The control baGeriRiHdH H&iesdndRkEys" sREWePIrRite COF Uple56aGbNBRMA1GN 2
30 lysate of E. coli 294/ pBR322 at tw ce the _total protein_concentration.

The IeukoﬁytélFﬁbeFFEﬁbﬁﬁﬂéﬁﬁﬁﬁda$E§VSeﬂGaPLAIQquﬁmER%dd?ﬁFéPPQPoﬁqrcwn

nor mal - humanyiremfifay.- oo ' _orf»@'xhénk@?'r ihi eﬁecfao@mtmrmuxgahhxcmdad not
specific act|V|%é of 32 X 10§Pun|t e control

showed  pr ogr SEYRYER SHESHIA 2VH. BaREe Tatent. (164, BoyERCbhRt fareds

hi nd- | i nbs apdondt &ithghdwedichiglksttaapsnoifnyianminch 8tth®uheap1t| and dbram
death. The interferon t e n d b

ties; they LEEaPﬁé&'QgFﬁ% dr§$|¥$¥§§§2§§§ &Q oped& %e%?énﬁ?
nnnkeyirnmhéemaanﬂaqﬁihquﬁwphodEuCnUnrdavdan§QNannn§®yl4 daﬁSZGuﬂﬁys
latest (164 Layes &%edi%?‘&‘ éﬁgﬁé PHEuiQQ"‘%HHrﬂ&ztéﬁé’r&[{QE ¥iaéu%n't'l-t he

heart and brain on post e.Interferon treated not
devel op ant i Nddads afF s 9 F ke EE H§FE?R§&&9Q§1%§KF@E.%E@%cﬁﬁﬁeﬁnlmals

i nfection. Thape Het S 5 KleEad S§6 8b Byl laat ihher¥trdon \We@dusél €RkS contl F
preparations in the infected anlnals §&F%§ tributed soIeL; to |ghgrfe on
because the Hﬁélﬂﬂrﬂﬁ??ﬁ}?ﬁo?ﬁ?nguéFé IRnY funthe nbaftepd
and 15 buffy coat preparations. In addition these results indicate
' that glycosylation is not required for the in vivo anti-
viral activity of LeIF A.

'J. Isolation of cDNAs for additiqnal leukocyte interferons
DNA from the fully characterized.LeIP-A cDNA-containing .
plasmid was excised with Pst I, isolated electrophoretically,
and labelled with'32p. The resultlng radloactlvely labelled
DNA was used as a probe to screen additional E. coli 294 _
25 transformants, obtained identically as those in Part C, by
the in situ colony screening procedure of Grunstein and
Hogness (see abave). Colonies were isolated which hybridized
in'varying amounts to the probé. Plasmid DNA from these
colonies and the ten hYbridizing colonies referred to in
30 Part G'above was isolated by Pst I cutting and characteri- =
zed by three different methods. First, these Pst fragments
were characterized by their restriction endonuclease
digestion patterns with the enzymes Bgl II, Pvu II, and
Eco RI. This analysis.allowed the classification of at least
a5 eight different types (LeIF A, LeIF.B, LeIF C, LeIF D,
LelIF E, LeIF F, LeIF G and LelIF H), shown in Figure 5,
-which approximates the location of various restriétion_cuts
‘relative to the by-now known presequence and coding



. ' -.;
15 buffy coat preparations. In addltlon these results indicate that N
ycosylation is not required for the in vivo anti.- viral activity of LIeF
| sol ati on of cDNAs for addiﬁlonal | eukocyte in.terferons 20 DNA _
the fully characterized LelF A”cDNA-cont:ai ni ng pl asmi'd was excised * °
h Pst |, isolated electrophoretically, and labelled with 32p. The

res j (@di Fye el Hd\We ag gapRr Nneen

addllgt %éé%g%&ﬁ‘ %YZEI?%% grﬁ%ornanmgé Pﬁt?gl ngg F%é%?ﬁlgglt%aﬁét hose |m—

Par- tld@mbBFQhet? ntBAEUTEEPSFES B NATRERr Bt cllir o 8?@&15%%11 and Hogness

(see @0y - ( {p8onies were isolated which hybyidized in varying anounts to
- the probe. Plasnmi d DNA fromthese col onies and the ten hybridizing col onies

referred to in 30 Part G above was i'solated by Pst | cutting and

ghar act erSecdﬁ@l@y tbreaid foffertind DASOWere Frestedt bysehst fragments were

RS tar s o, JSho i 1AL ANOELEIYD Colan s ML 0 (he
cI as:e]flt c20 ) 095-ef 04t (Iléaﬁt) :f!?oren'g#e abhilktentot ypéec(tlmﬂellyA remdveB, Lel F

app OXI rrg?es tﬁ 5%8*’? oh 0 P Al A kel Fe %’h RRRWN g I.F'pgurg 5, which

varil ous I‘eStI‘IC utsr tlvetothe
by- arkhdvwer espgabhivealy dddishpssay acfrhyé%embe datiter Bt One of

¢ t Nagat t
G- ntd, gt i Wy destisgloh g akoor by, e
b

tes@éﬁtﬂﬁﬁrﬁ?ﬁ%ﬁf?ﬁﬂ?ﬁtWéﬁhséhﬁnﬁkﬁﬁ@ﬁéayaﬁésﬁ éqagpan el and et al .

Cel lwedld %ﬁ@éséé98Qhef es: saitad l ;woa@cﬁsLeaéuek&dr a@veate! F MRNA from
. pol y- A cont ai ni ce tb Ai C% g F were positive by this "

assifenﬂﬁ§?rl?ggr SFPB? P?F?ﬁ)%% FRt EL VB BY i HEE: A3F I Z9F expr essi on

plaimuirﬁéramlacﬁﬁélt@s hmheﬁtﬂmznbﬂnahlyhecph&emui uhuieieefragnents

45 ©of the LeIF F fragment. In addition to tHe foregoing, all

of the LeIF types descrlbed have been sequenced.

K. . Direct expresslon of a second mature leukocyte inter-
feron (LeIF B)

20 _ ;
The sequence of the isolated ftagmen% comprising the
'gene for mature LeIF B shows the first fourteen nucleotides
of types A and B to be 1dent1cal Accordlngly a fragment
_ from pLeIF A25 bearlng.the trp—promoter-operator, ribosome
. o5 binding site and the start of the LeIF A (=B) gene was
 isolated and cembined_with the remaining portion of the
B sequence in an expression plasmid. The %alient restriction
maps for the Pst fragment of pL4 (a plasmid comprising the
. LeIF B Pst-ended gene depicted in Figure 5) and pLeIF A25
30 are shown, respectively,-in-FiQures 7a'énd 7.

To obtaln the . approxlmately 950 b.p. Sau3a to PstI
fragment from the sequence shown in Flgure 7a several steps
were necessary because of the presence of lone or more inter- -

35 vening Sau3a restriction sites, i.e.: '
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‘were expressed. The expression products, believed to have been _
pre-interferons, were all positive by CPE assay for interferon activity, ,
al‘bels‘t mar.gi nal I y active in the, case 15 of 8hke-LelF F fragnent. In additi
to the foregoing, all of the LelF types described have been sequenced.. K
Direct expression of a second mature | eukocyte inter-.feron (LelF B) 20 The
sequence of the isbl d&thke folnwingc Smagmsinits twargeheolakeddt ure Lel F B
shows_t he first fourteen nucleotides of types A and B to be identical.
Accordingly a fragment: from pLel F A25 bearing the_trp-pronoter-operator,
ribosome 25 binding s*telhfll Php-s€zom Haudre §@|ECORIB) gene was isol ated

and conbi ned with thqbfeﬂggnbng p@gbhogdyhfrEbEkggquence I n an expression
pl asm d. The salient restrlct|on nmaps for the Pst fragnent of pL4 (a

pl'asmi d c&nprising t He) LRTROBPPRE- @ﬁ&@d%ﬁﬁm?QkﬁﬁEted in Figure 5) apd
pLel F A25 30 are shown, respectlvely, |n Flgures 7a and 7b. To obtain the
approxi mately 950 Sau3a,to

. P t from uen
Fi gure 7a several £‘te%’é agReRt ﬁe((,ééé sV t %gﬁiﬁgeﬁgge(ﬁu%
nmore inter- &bamxﬁdmﬁémnsatoeprecaudm1saﬂﬁxpolymerlzatiah-thrdﬂgh

oo na {1 SPrLS 488 Ch 1oLk oriodl ) (il R0V AL S ARG a1®?
Fragnents10|&nthmh(ébﬁghkleshtgat@dhmijdnnsvwarﬂe@neaadsay3ﬁ ‘swigk¥cl ude
sel f-pol ymeri | onAt%;ngp S ?Fggmgg& é%aﬁ gubigtdgnal s (the rel evant

In a gI 1te, Bg

Sau3a site was 10 wit cuts to |l eave a Sau3a sticky
end). A 242 b.p. fragnent was isolated. 3. The product of - (2) and (1lc) were

ligated and cut wijh +igé! pﬁBéu@ﬁ' ble, (292idhd Of 1 PVeEte S eibarelld EHA Zaht on.
| with PstI and BglII, again to prevent self-polymerization.
15 An approximate 950 b.p. fragment,-Sau.Ba to PstI of
Figure 7a, was isolated. This fragment comprised that por-
tion of the LeIF B gene not common to LeIF A..

4. An approximate 300 b.p.. fragpeﬁt {HindIII.to Sau3a)
20 comprising the trp promoter-operator, ribosome binding
site, ATG start'Signal and cysteine codon of LeIF A was
isolated from pLeIF A2S. |

S. An approximately 3600 b.p. fragment PstI to HindIIIX
25 was isolated from pBR322. This comprised the replicon and
~ encoded tetracycline but not ampicillin resistance.

6. The fragments obtained in steps 3, 4 and 5 were
triple-ligated and the resulting plasmid transformed into
30 E. coli K-12 strain 294.

Transformants were miniscreened (Birnboim et al;,
Nucleic Acids Res. 7, 1513-1523 [1979]) and plasmid samples
were digested with EcoRI. Digests gielded three fragments -
35 characteristic of: 1) The EcoRI-EcohI trp promoter frag-
ment;.Z) The internal EcoRI to EcoRI. fragment of pLid; and
3) protein translational start signal to EcoRI fragment of
pL4.
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/ A approximate 950 b.p. fragnent, Sau 3a tio Pstl of Figuré 7a, was . A

f‘ ol/ated. This fragnent conprised_that por- tion of the LelF B gene not

copfion to Lel F A 4. An approximaBé 300 b.p. fragment (Hindlll.to Sau3a) 20
rising the trp pronoter-operator, ribosone binding site, ATGstart =~ * °

| and f_LelF A at ed pLel F A25. 5. A
boroxi i EAARa p SPe SERERL SREF RS ST | cLaSHal et Ao 17 om

pBRERe. fabegawrﬁMdsmetyppha&my mancmdeabdmtraowd itee’ but not v
anpi I|n resi nce, fragaent ned in,st 3, 4 and 5 were
tri ﬁ PléﬁFg é%ﬁ§QFﬁ§ Pf Rﬁg ﬁ§§ﬁ?a%$§§¥@5mrne& ﬁﬁg 30 E. coli K-12
‘st reeprésentatdivel arivme spmperﬁdnn.scrtéersema{rmembns et c@li Nucleic Acids

1979]) and plasm d sanples were digested with EcoRI.
%ig%%gépégé?ded tﬁ%éﬁ fragments 35 characteristic of: 1) The EcoRl - EcoR

trp pronoter. frag- ment; 2) The internal EcoRl to .EcoRl fragment of pL4;
and:.3) Phetet e @éim%fsra&h&gwtd& Feobkob {RaMeRledd= PL4. ~ -32-

oi'ng fashion

I'n CPE asTSay . _
typlcalI5_£EE§y_éEﬂ&h&h.ﬁiLEALﬂLLEA&H&AlLnterferon activity per liter at

A550 1. One representative clone. prepared |n this manner is E. coli 5
294/ pLel rect ex ressi on of urthe& mature | eukocyte

thter- féﬁgﬁ Hﬂgg#!ﬁgl%}ieggthkp FRIPENES  that \GARPES®A full -1 ength
gen@tﬁeagnem?s tyipss mprheetalhere&elaﬁd ylescadlyineekprleasddmnd pl aced

o TRRLERE Dol U d n PAR 8RR BRad) I PR RS cobitadd (TP S
i esequencq.nqnﬂcw qenventiconal smeansnyilld anmcea:bdtohetherhe mat ur e
'r“f%é@f?&t&%ﬁ?S@%é(liggr@ﬁffic1ently near the first amino
45 acid codon of the mature interferon type as to permlt '

convenient resort_to the approach employeg in part H,

supra, for the expression of mature LelIF #,_i.e., elimina-

tion of the presequence by restriction cutting and
replacement of codons for the M—termihal ?mino_ac;ds lost

20 in presequence elimination by ligation of%a'synthetic DNA
fragment. Failing thét,'the following proéedﬁre-may be
employed.’ Briefly, this entails cleaving ﬁheipreseqﬁence-
containing fragment precisely before the point at which the
codon for the flrst amino acid of the mature polypeptide

25 beglns,'by:

1. converting the double strandeduﬁNA to siane—
stranded DNA in a region surrounding that point;

30 ‘2. hybridizing to the single-strand?d regidn formed
' in step (a) a_compLementary'primér length of
single-stfanded DNA, the 5' end Bf the primer
lying opposite the nucleotlde adJOLnlng the
intended cleavage site; '

. s ——— . . . e . [ S 2 1) .
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Sanyenient resort: to the approach enployed in part H, supra for the
expr@ssion of mature LelF A i.e., elimunazztion of the presequence by
restriction cutting and.replacenment of codons for the N-terminal am no
acids |lost 20 in presequence elimination by ligation of a synthetic DNA
fL agnent . IFal ! : ng 3t.hat ,r#.mnfnid; ovh &€ pbee%nr erf&)hé)as@f%@yedranlar legf:{c-y,
this entails cleaving the pre uence- ai f ragnme pLeci.se ef ore
the point at which theqﬁﬂé%ﬁﬁkﬁ tRESP; s ﬁ%hg d féhﬁesnagaféé
pol ypeptide 25 begi ns, Sxom lthe pnﬂmertbygrbheuﬁmﬂﬂwitnrnmmepomyﬂdmase in
singl e- stranded DNA i rrQu thaqlﬁg| 2
hybridi zing to the si ngqihae s%%a %%%é' égl ggegg’r slt ep’ (‘g‘fanlne and

conpl emengary primer | eytdsivie-conghdningadeoxybugladtide tnipbbsphates;

primer |ying opposite t nucl eoti de adj oi ni ng the intended cl eavage site;

- 33 - 3. restoring that portion of the second strand eli- mnated in
step | which lies in the 3 dlrectlon fromthe prlner by reaction with DNA
pol ynerase in thegnreseiicfe ﬁ?eﬂﬁéerehaiﬁhﬂé Wflidles @dhded length of
cyt osi ne-contai ni ng deo nucl i de triphosphates; and 4. t he
remai ning single-stran B‘F°H§M L] I?Yﬁ’lnét iRt E@%‘gﬁgtﬁ AN Ried
cl eavage |yaﬂﬁt,_ A short length of synthetic DNA term nating,

at the. 3 end of the coding strand, with the translation start signal ATG
can then be ligated by, e.g., blunt-end ligation to the 15 resulting
tail ored gene forAthhanﬁLM&thﬁeafespnshendctDNAyﬁarmimamied.iatotam'3'

expr essi on pég Q@ iy #EP&ﬁdthﬁlﬁﬁnkﬁg dPh&%fHéE@ﬁe£t§9@ si¥nal
associ ated rbosOre Bin I ng

ATG can then be ligated by, e.g., ‘blunt-end ligation to the

15 resulting t;llored gene for the matu:e-znterferons_and the
gene inserted into an expression plasmid and brought under
the control of a promoter and its associatéd ribosome |
binding site. |

20 In a manner similar’ to that employed in part K, supra,
gene - fragments encoding LeIF C and LeIF D we:é appropfia-
tely configured for direct bacterial expression. The '
expression strategy for these additional leukocyte inter-
fefons included, in each case, resort to the approximately

25 300 b.p. fragment (HindIIT to Sau3a) comprising the trp
promoter-operator, ribosome_binding site, ATG start signal
and cysteine‘CQdon of LeIF A from pLéIF A25. To this were
combined gene fragments from the additional interferon
genes encoding their respective'émino.écid sequences beyond

30 the initial cysteine common to all. Each resulting plasmid
was used to transform E. coli K-12 strain 294. Ligations
to form the reépective genes were as follows:

~LelIF C
Isolate the following fragments from pLelIF C:

(a) 35 b.p. from Sau 3a to Sau 96
(b) >900 b.p. Sau 96 to Pst I

C eyt



In a manner simlar to that enpl oyed in part K, Supra; gene -
ments encoding LelF C and LelF D were appropria- tely configured for
ect bacterial expression. The.expression strategy for these additional

25 300 b.p. fragment (Hindlll to Sau3a) conprjsing-the trp

pr onot er - oper éebr fselbteorn GORHANLIRA LR 3QQGPsPaan§Qﬁﬁntand cysteine -
.codon. of LelF. A g gapkg&Fdﬁggu'Bh;kgfbme§ge§9m§J§gjégﬂ@hfragnents f rgm
t he additional interter.on %enes encodi ng their respective amno acid
sequences beyond BRTEHhE (4t SMPXRrst ei ne commpn to all. Each resul ting

plasm d was uggp tgoiaeasfta@ﬂa%pm&m&é széenan%él dphéRps to form
the respective genes were_a | ows: Lel C 35 I'solate the fol |l ow ng :

5fragment s from pLRF FPert(k) %§E? “p?rﬂ'rom Sau 3a to Sau 96 (b) >900 b.p. Sau

96 to Pst | - 34 - (c) Isolate an approximate 300 b.p. fragnent (H nd
11 - Sau 3 fromplLelF A-25 as in part K (4) supra. (d) Isolate the:
approxi'ﬁ‘-ﬁg&%&c’ *p. fragment 5 | of part K (5) supra.
Construction: (1) Ligate (a) and (c). Cleave with BglIl, HindlIl and 10

01 at e (43 ARpL KT FB) ChkaTIR)D: Ry BLAEINpLen (B3 PR L4 0Pt eafd) + (B)

(d) and r'an rn1E ‘t he Tresul tThRg asm
10epseiatentthe zppreximasely 335 bﬂm@rtpéuEt-col i K-12 strain 294/ pLeI F C
trp 35. LelF D 20 ~Isolate fron1pLeIF D a) 35-b. p: fron18au3a to Aval

(2) Trlple llgate (1) + (b) + (4) and transform E. coli

with the result;ng plasmid. ;
' i

15 A representatlve clone made in this Manner ls E. SO ;;
K-12 straln 294/pLelIF C trp 35. '

i

LeIF D

20 : Isolate from pLeIF D: | |
a) 35 b.p. from Sau3a to AvaIl
b) 150 b.p. from AvaII to BglII
c)'apgrok. 70d b.p. from BglII to PstI _

25 ' Isolate from pLelIF AZS"
d) 300 b. p. from HlndIII to Sau3a

Isolate ffom.pBR322:' | _ |
e) approx. 3600 b.p. from HindIII to PstI

30 o
construction:
(1) llqate (a) + (b), cut with BglII and purify a
185 b.p. product (1).:
35

(2) llgate (1) + (d), cut w1th HlndIII BglII, and
purlfy the approx.- 500 b.p. product (2).

“ukocyte inter- ferons included, in each case, resort to t he approxi mately *

P

>



e '
<D} 150 b.p. fromAvall to Bglll c) approx. 700 b.p. fromBglll to Pstl 25
| sohate frompLel F A25: d) 300 b.p. fromHndlll to Sau3a |Isolate from
pBR322: e) approx. 360Q b.p. from Hi ndl || k0 _Pstl 380 Construction: (1) :
1fgate (a) + (b), cut with Bglll and purle a 185 b.p. product (1). 35 (2)
ligate (1) + (d), cut with Hindlll, Bglll, and purify the approx.-500 b.p.
product (2). - 1§ C éggﬁ m o] th
t he~resulting pl aé%ﬁd J%jaréeé ?‘Z%gn{ {?geiclkg)r:eg%d?‘%%ﬂg D Eod uét\M
coI| 5 K-12 shearﬁsggmmngﬂniqﬁmx® 11. LelF F The Lel F contai ning fragnent
may be tailored for 10 direct expression through reassenbly made convenient
by the conplete honol-ogy of anmino acids 1-13 of. LelF B and LelF. _Atrp
pronnter-contalnlﬁgrﬁﬁﬁﬁﬁﬁﬁtQQQV%m?%°BﬁpWBﬂPl&PeF?%ﬁnﬁ?ﬁﬂﬁ%dlénﬁs_Egli
obt ai ned 8 r ogL ppiGE29-4,i nd g sl M b Ver vlg Pst | and Xba' 'l digestion

foll owed by isolation of the 15 ca. 1058 fragnment. A second fragment
(b) is obtained as the |arger of the fragnents resulting fromPst | and
Bgl Il digestion of the plasmd pHKY 10. Feagnent (a) contains approxinately
hal f the gene encoding anpicillin resistance; fragment (b) contains the
remai nder of that 20 gene and the entire gene for tetracycline resistance
save for the assofhat E&If dhtantainbngefiragheptamay Be taitonednédrvi a T4
) 9ase anmb | BErBEAIUSrd Al YhiudhiteadllnBlY hddt UddVdRiEnt by the

di meri zation rmng-a
complete homology of amino acids 1-13 of LeIF B and LelIF F.

A trp promoter-contalning fragment (2) with approprlately

configured ends is obtained from pHGH207, descrlbed above,
-via Pst I and Xba I digestion followed by isolation of the
15 ca. 1050 b.p. fragment. A second fragment (b) is obtained
as the larger of the fragments resulting from Pst I and
BglII digestion of the plasmid pHKY 10. Fragment (a)
contains approximateiy half the gene encoding ampicillin
resistance; fragment (b) contains the remainder-of'that
20 gene and the entire gene for tetrecycline'resistance save
for the associated promoter. Fragments (a) and (b) are
combined via T4 ligase and the product treated with XbaI,
and BglII to eliminate dimerization, formihg a fragment
(c) comprising the.trp-proﬁoteréoperetor and genes for
25 tetracycline and ampicillin resistance. | '

A fragment (d) of approx1mately 580 b. p. 'is obtained
by AvaIl and BglII dlgestzon of pLeIF F. This comprises
codons for amino acids 14-166 of LelIF F.

A fregment (e) (49 b. p.) is obtained by XbaI and
Avall digestion of pLeIF B. Pragment (e) encodes amino
acids 1 13 of LeIF F.

35 Fragments (c), (d) and (e) are triple ligated in the
presence of T4 ligase. The coheSiVe énds of the respective
fragments are such that the composite plasmid circularizes
correctly, bringing the tetracycline resistance gene under



: . - - & -
: conprising the trp pronoter-operator and@genes for 25 tetracycline and, -
cillin resistance. A fragnent ) of approxinately 580 :b. p. i s obtained

Aval | and Bgl |l digestion of PLEPF"F. This conpri ses codons for amino .
‘acids 14-166 of LelF F. 30 A fragnent (e) (49 b.p.) is obt ai ned by Xbal and ~

AM d n Ci 1 13 of LelF.
au’e Eg?%?r?g.mog (ﬂ*—@ {d? %Féﬁ?E? g“? rmd?l ga egglt%t iy presence of T4

||ggsae fhc' @ tEtey LFRISF of sugb m@m&am#xegmnmiame@uch that the i

CONPOEhH! ehid! @@Eﬂ-é& rﬁPA@tﬁiaeﬁaErOUée%‘éDéc d’Q%”Ge’tQQc Ty cline '

resi stance -gene under he contrtol of the trp proroter-operator
al oR@RRALR1AGe RjAkeS ord nﬁ%EFESEEFPtF’-V% wenmaprepared 4n rignsYormed with

shemdfAbbed sPIEASTBLL By - P2 sekashed 94 Q?ﬂéﬁﬁ agyebpng, containing plates. A
representati ve, ctrone prepared in this manner is E.. coli K-12 strain

294/ pLelF F trp 1. LelF.H The conplete LelF H gene may be confi gured for 10
expression as a mature | eukocytgetmt @ feron as follows: 1. Plasnmid pLelF H -
is subjected to Haell and Rsal. digestion mnth i sol ati on .of the 816 b. p
fragnent extending fromthe signal peptide an1no acid 10 to 'the 3

-noncodi ngh%cmsq:lcete AelhecHf gageeniy dbedaui wnl::addfeurbj ected to repair

RUpRBREE Yo 8 T WSLEAE TRyl VST helEOBABNS i 7O
deoxyrlboollgonucleotlde priner 5 -dATG TGT AAT CTG TCT. 3. The resulting
product is shaauad WidrPaudasanlnleb e éséﬂfﬁahar R@seNt i ng am no

acids 1 to 150 isola-
digestion with lsolatlon of the 816 b. P. fragment extendzng

from the signal pept;de amino acid 10 to the 3 noncodlng

15 region.
: l
2. The fragment is denatured and subgected to repair
syntheszs with Klenow fragment of DNA pol?merase I (Klenow
et al., Proc. Natl. Acad. Sci. U.S.A. 65, 168 [1970]),
20 employlng the synthetlc deoxyrlboollgcnucleotlde prlmer

5'-dATG TGT AAT CIG TCT.

3.-The_resulting product is cleaved'ﬁith Sau3a and a
452 b.p. fragment representing -amino acidé 1 to 150 isola-
25 ted. o '

4. Sau3a and PstI digestion of pLelIF % and isolatioﬁ
' of the resulting 500 b.p. fragment ylelds ; gene encoding

amino acids 150 through the end of the codlng sequence.

S. Fragments isolated in steps (3) and (4) are ligated
to. form a fragment*

-1 166

35 : met cys . asp sto§
ATG TGT _‘_.. ...GAT TGA._..._...st I
Sau3a :

encod;ng the 166 amino aclds of LeIF H. L



L 3 _ - ,'
é.- Sau3a and Pstl " digéestion of pLelF H and isolation of the resulting 500

b.p.\{;agneht yi el ds a gene encoding anmino acids 150 through the end of the.

codi ng sequence. 30.5. Fragments i sol ated=i 37st+eps (3) and (4) are ligated
to forma fragnment: 1 166 35 - met cys

asp stop ATG TGT ... . GAT TGA ...Pst | . Sau3a encqding the 166
am no acids of LefF PLeIF & R |35 Ag (pioestedqwish: &&afi+ (Phupr-ended

bl untsended wi ¢th DR pelyierase T aih t tige PpPddGELIndeRistb VW e I’SPsk. TThe

| arge resul ting fragment mgy .be isolated and |]gated. wi.th the, prpduct  of
St (5 to TR ot PG8,BPELL ki, | SRARRAE ARKoPE. L85aR terh ANl HIRERd0r £
coli K-12 stwath Eﬁéhproaz.xla:ef diodtdmct Y i 8o ﬁﬁ%axaneem smimeplabﬁia. :
LelF I 10 p rrl].’ on. 4A rgc inant i of t man
genone coﬁst?i&%%gebya§§ﬂh%§éhﬁéayﬁ§§%°ﬁs§g$§5¥£$ié7§}£2&g?%§£%e?gé $5r

| eukocyt e | mehérrbasgebadtier iz, ol expressingbndtioyel imifetdal . (supra)
and Maniatis et al., Cell 15, 687 (1978). A radioactive LelF probe derived
fromthe 15 cDNA clone LelF A, was used to screen approxi hately 500, 000 .
pl aques. Six Lel F genome cl ones were obtla@ERJIin this screening. Foll ow ng
rescreeni ng and plaque purification, one of these clones, [err] was

sel ected for further analysis. 20 Using the nmethod described above, other
probes calP be useBheoPBasgntaGdarsn s HecembinraBial ibEar e [Fheshe r BRARe

hunman genoneyerdd®é ecohBtbuthed ¥y Hawimd©y£L. { oceleduss addiziereys),

| eukocyte interferon prqteins.in.accordance 25 with - tAis invention
y was screegeg %or leukocyte {htergeron-genes Y procedures

described by Lawn et al. (supfa) and Maniatis et al., Cell
15, 687 (1978). A radiocactive LelF probe derived from the

15 cDNA clone LeIF A, was used to screen'app:oximately'500,000-
plaques. Six LeIF genome clones were obtained in this
screening. Pollowing réscreening and plaque purification,
one of these clones, AHLeIF2, was selected for further
analysis. T . e

20 o

Using the method described above, other probes can be

used to advantage to isolate additional LeIF clones from
the human genome. These, in turn, can be employed to produce
additional leukocyte interferon proteins in accordance

2§ with this invention. '

1. The 2000 b.p. EcoRI fragment of clone AHLeIF2 was
subcloned into pBR325 at the EcoRI site. The resulting
plasmid LeIF I was cleaved with EcoRI and the 2000 b.p.

30 fragment isolated. The deoxyoligonucleotide AAATTCTGCAG
(an EcoRI — PstI cénverfor) was ligated to the 2000 b.p.
EcoRI fragment and the resuiting product cleaved with
. PstI to give a 2000 b.p. fragment containing PstI ends.
This was cleaved with Sau96 and é 1100 b.p. fragment isola-
35 ted which has one PstI and one Sau96 end.

2. The plasmid pLeIF C trp 35 was digested with PstI
and XbaI. The large fragment was isolated. ' ' '

-

¢



; * -
¢ 2000 b.p. EcoRl fragment of clone [err] was subcloned into pBR325 , . .
at{st®9 EcoRl site. The resulting plasmd LelF | was cleaved with EcoRl and
_ P00 b.p. 30 fragment isol ated. The deoxyol i gonucl eoti de dAATTCTGCAG
(an~EcoRl - Pstl convertor) was_|lggated to the 2000 b.p. EcoRl fragment -~
and the resul ting product cleaved Wth Pst| @ give a 2000 b.p. fragnent
- containing Pstl ends. This was cleaved with Sau96 and a 1100 b.p. fragment

'.I sol-a- 33t efeind) N3G LNE Fissézaﬂfla ﬂensay%mem,ex% cdhepl psnid plel Fy @
rp 35 was digested mnth Pst | ge | ar ge  f ragnment g@; I sol at ed.

- 38W353d19ﬁ§t§ﬁamlﬁﬂxﬁ aIF%ﬁ4 $?%€ nf ﬁPoPI BrefPad 7 P s di gest ed
-MAtbrggﬁbn&ndaSau$@14£4£ b:p. Xbal - Sau96 fragnent was ‘isolated. 5

4. The fragments isolated in steps (1), (2) and (3) were ligated to form

the expression plasmd pLelF | trp 1. LelF J 10 - 1. The plasmd pLelF J
Sont ai ns4a The mdagmanxSﬂIsblatédagneateps fdran (@naric GNA- whi ch

I nc F agnment was
iso{’gged;ﬁggmt itsojp asm%‘?g%‘ees%Zﬁ Qagfngisgdn%% B:I_FE?% tgférp 7 was
cleaved with Hindl Il and Ddel and a 340 b.p. HindlIl - Ddel fragment
isolated. 3. The plasnmid pBR322 4@s gl eaved with Pstl, blunt ended by
i ncubation with DNA pol ynerase T {K&now fragment), 20 then digested with '
Hindlll. The large (3600 b.p.) fragnent was isolated. 4. Fragnents isolated
-ﬂ? f}zeps 1(1lrhe( plaskid (Igiﬂ erE d:d:ﬂﬁ%_ﬁhidst a f30bsnrlkt;]p.(aJ:s@qulr SR TT | a?m d

e urific n contert of .le t |nter eron in
DLk EaBmer, b, B, g i A Pl B8, SRLERs oo e #

' gene sequence. A 760 b.p. DdeI -~ Rsal fragment was isolated

»

from thls plasmid. . ;
15 2. The plasmid pLeIF B trp 7 was cleéved with HindIII
and DdeI and a 340 b.p. HindIII.- DdelI fr%gment isolated.

3. The plasmid pBR322 was cleaved wiéh PstI, blunt
ended by incubation with DNA polymerase if(Klenow fragmenty,
20 then digested with HindIII. The large (~3600 b.p.) fragment
was isolated. ' a o -

4. Fragments isolated in steps (1), (?) and (3) were
llgated to form the expression plasmld pLeIF J trp 1. =
25 :

M. 'Purification

_ The content of leukocyte 1nterferon 1n bacterlal
extracts may be enhanced by successive:

1. Rolyethylene - imine pfeéipitation% in which most of
the cellular protein, 1nclud1ng the lnterferon remains in
the supernatant. |

L . i .
38 2. Aﬁmonium sulfate fractionation, inéwhich interferon.
comes out of solution in 55% saturated amménium sulfate.




g’

+30.1. Polyethylehe - imne precipitation, in which nost of the cellular
protein, including the interferon, remains in the supernatant. 35 2.
Ammoni um sul fate fracti.onation, in which interferon comes out of soluti.on
i n '55% sat ur at ed annnnlun1sulfate -3 -~ - 3. Suspensi on of

the ammonium sul fate pellet in 0.06 M potassi um phosphate, 10 mM Tri s- HCL,
pH 7.2, and dialysis against 25 mM Tris-HO, pH 7.9 (interferon activity
remains in soIut|Dn)SuSpénsﬁbnonﬁtG@BapquﬁIQMKsuﬂan§sﬁﬁk#ﬁatanto pel M

adj usted to ul gge Legdqut i h [ di ent
o 0 to 0.2 RrReepiyR DEOEpRgel AP miCn b oLy 0 747 Shg BedlyHig ©

Ci bachr one me%lﬂgﬁr§§em8rT§9§r6Q}h- aﬂ|%64kﬂﬁ?#ﬁ%ﬁQQwﬁQW%ﬁlEY5rﬁWREﬁsor

0.2 M phosphgtesspheiban.respectively (optional). 6. Mlecular sizing on a
Sephadex 75 colum:. 15 7. Cation exchange chromat ography on CM cel | ul ose
in 25 mM &moni um acetate at- pH 5.0, devel oped with an amoni um acet ate

gr adi ent (to 0.2 Mamamaﬂbgeebatyebf lﬁhe abov‘ﬁ]smmmtESpHyaébdsted

mat eri al >95% purity i [
excl usi on chT’ rrgtggrgﬁh nggnggg é’ssg %ﬁg'@) %@%i&%gﬁlg ﬁaea"
chronatograp@ga@xeatfoﬁlDytohﬂoﬁauoyﬁgphynoﬂﬂlﬂﬁﬂﬂﬂliﬁﬁCDB amt$+ﬁﬂerferon

anti bodies. Alternatively the material fromste above  can be | oaded on a

nonocl onal anti body col um, prepared as de by MIstein, Scientific
American 33, 66 3193850rakacs| gne§ivacknamef Bl y TSR E, hpdu9xYLE -t on

and 0.15 M Nagheit@ andablathahi wdthPnefen aeendzod e, pmepﬂasu&ocyte .

i nterferon p;gfggfgnb¥egggc Eggigqup %%%gl ed herei nbefore

6. Molecular sizing on a SephadefemG—75 column.
15 . | -
| 7. Cation exchange chromatography on CM-cellulose in -
25 mM ammonium acetate at pH 5.0, developéd with an ammonium
acetate gradient (to 0.2 M ammonium acetate).

20 The above process yields material of >95% purity.

The material can also be purified by siie exclusion
. chromatography, reverse phase (RP-8) high pressure liquid
- chromatography orIaffinity_chromatography on immobilized
25 antiinterferon antibodies.

_ Alternatively the material from'step 4 ébove can be

loaded on a monoclonal antibody column, prepared as described

by Milstein, Scientific American 243, 66 (1980), and eluted
30 with 0.2 M acetic acid, 0.1% Triton and 0.15 M NacCl.

In an alternative, preferred embodiment, the léukocyte'
interferon produced by the procedure described hereinbefore
can be purified by the following steps: '

1. Frozen cell pellets containing the expressed leuko-
cyte interferon are broken up manually or by appropriate
size reduction equipment. The partially thawed cells are



cé%i}e purified by the follow ng steps: 35 1 Frozen cell "pel lets .

C ai ning the expressed | euko- cyte interferon are broken up manual I'y or
by appropriate size reduction equiggment. The partially thawed cells are

~ - 40 - suspended in 4 volunmes of buffer A,'containing 0.1 K Tris adjusted -

- to pH 7.5-8.0, 10% (wW.v) sucrose, 0.2 MNaCd, 5 oM EDTA, 0.1 mM PMSF and
10svlé)ﬁeﬁﬁfeﬂg€lrﬁ 4 Rrelumescasi bafiternal d d:cmwpnﬂngrmt.el W[Bris 5 The

OSRENRESE, < MR 5181009000 IRIRCUGSIAAL CHOBORRREPS, (40 308 KP) o
er)rthBDm‘BrmO -JemM R MSF oandot {14045 e i Mg Chgl eThen suspersbanh. 10 2.
.ab%%?ﬁgxé A)a%§§#§ §e§fgsﬁggﬁﬁ¥oﬁo t he- honogenate to a concentratloh_of

5 _ about 30 minutes. The solids are
renmoved by centrifugation eor filtration. This step is tenperature

controlt %é)rsusiﬁné-ﬁ)ﬁ Oiifﬁpb.ﬁséal £heBLkY BUhelbgenidler Ner super nat ant

[f||trate) | ess supprnatant (filtrate) is

con@douty tsé??%)?sti’i t&h’fﬁ@? a‘F?%R %81$%¥5?pr¥& seconty PaRS A% ginal vol une.
Par lle@d WGOII p¥i heg894s%6i KPANe rEFEIL8hE TRomP&He HoMsl by an -

appropr,i at e |It uch as a mcro nenbr, ane The clarified:
soI@F%&? € rQﬂﬁ? oﬂ%ocggﬂﬁﬁoiVoﬁﬂl P?% colum at a flux of

18-8 cmihr. (e.q. 25 40 n1/hr on:2.6. cn1d|aneter colunn) -After.-|oading the

TSRy SR ot D RBR 95 T TR E, KR BiinSe R O . 100

(o::a%; coneentra ttign ﬁl abouw og3ISI,.’e amralhowedl ton stsandnfegd wi th about
10,585 E B0V 1 WIRR LT Ptk L5 2Ra80 AL w&,&e&%{; DagkA¥LsyEiag ant
or flltratlon. This step is temperature controlled or per-—

15 formed sufflciently'qulckly'that the supernatant (filt:ate)

- is kept at less than 10°C. The supernatant (flltrate) is
concentrated by ultraflltratzon to approxzmately 1/10 the
original volume. Particulate matter or haz;ness 1n the _
retentate‘may be removed by an approprlate filter such as a

20 microporous membrane.

.3? The clarified solution is loaded directly onto a
monoclonal antibody column at a flux of 5-8 cm/hr. (e.g.
25-40 ml/hr. on 2.6 cm diameter column). Aﬁter loading the
column is washed with approximately 10 col&mn volumes.of
25 mM Tris-HCl, pH 7.5- luding Nacl (0.5 M} and

surfactant such as TritJ; X!?g% (0.2%) or equlvalent. Follo-
wing the wash the column is rlnsed_with abqut 10 colunn
volumes of solution containing 0.15 M NaClEand surfactant
such es'Triton'x-lool(O.l%) or equivalent. The column is
~eluted with 0.2 M acetic aoid containing su%factant such as
Triton X-100 (0.1%) or equivalent.'The'protEin peak from

the monoclonal antlbody ‘column (as determzned by uv
absorbence or other convenient assay) is pooled and the DH
adjusted to approx1mately_4 5 with 1 N NaOH. or 1.0 M Tris
base. ' | '

‘25

|
\ -
|

<
+



-such as Triton X-100 (0.1% or equivalent. The colum .is eluted with 0.2
acetic acid containing surfactant such as Triton X-100 (0.1% or
equi val ent. The protein.peak fromthe nonocl onal anti body col um (as
determined by W absorbence or other convenjent assay) is pooled and the pH

35 adjusted to approximately.4.5 with 1 N NaOH or 1.0 M Tris base. - 41
- 4. The pooled interferon 'peak i's | oaded onto a cationic exchanger such

as Waat man/ C\Vb2 Cehl utﬁéepebleauma:l ' Cﬂéil@&@%\a&&!'i éh’@éa&eda‘&bhlé
sui tabl e buffer such as angnnlunhﬁl qéi Ea gadlng t he
colum 5 i s vRXFRINGPE hSEERi RELI Iy ??ﬁe?ﬁ/%% bYﬁ fBE of the

ef fl uent has wigbcheRas béeheaquaamhratteld'mﬂtm adduitambal bpfHéei such as

eluting fromthe co h u el

acetate/0.12 iW%%ﬁfﬁ#1 ﬁFI g qns é@?% hkﬁgég%%n#%?%§ﬁ?wggﬂgggégery of
inter- 10 Serbs washefif widh aqny.éphrlartzm e emvinti b athef Gt abgorbence
appearance ange Sendber ki keRtORSE! kAchEl Cg'ylb%émls&néﬁmdiﬁétfgpgemd in

t he preferred e i ment escrl e prepared e. proce-
dures descri bttongl SPREKELAN1Et edMting, fxomkhe \n sé?he Falamn7gs

1848-'52. (1981&heﬁfb@pﬁ£eaa¢uent RIBOAME & maiof iRl Iacéw@bm.diz:quaé@mhm l'i nked
to Affigel-10/as }gscrl QW Preparatlon and purificati

nonocl onal antRboEtee 98 FrSHW L BRELET; WhLEh IﬂRﬁ?qﬁﬁﬁﬂef?ﬁﬁ?ﬁfyn?gelREFe'
each i noculit feroht 4n8 SfEord8 » 1@ophilliizéeire alad |atimgm satisdgcyoowt h

phase. 6 Abouégé? gc¥| rapggﬁbézég&&akﬂeg% eac'éhe nouse producing 25

fluid were in ‘of 10 or nore mice. The
ascitic fluid was collected repeatedly (2 to 4 tinmes) fromeach nouse. Up

to three transferspR@dmonoclonal antibodies employed in the preferred
embodiment described above can be prepared by the proce-

15 dures described by Staehelin et al., Proc. Natl. Acad. Sci.
U.S.A. 78, 1848-52 (1981). Monoclonal antjb dles are puri-

fied and covalently linked to Afflgel-&OLlsSdescrlbed below:

.Preparation and purification of monoclonal antibodies

20 from ascitic fluigd.

Five female Balb/c mice were each inoculated with 5

to 10 x 106 hybridoma cells from mid-log growth phase;

About 5 x 106 viable cells obtained from the mouSe‘producing
25 fluid were inoculated intraperitoneally into each of 10 or

more mic¢e. The ascitic fluid was collected repeatedly (2

to 4 times) from each mouse. Up to three transfers and

collections_may.be performed from one group of mice to the

next. Ascitic fluid from mice at each transfer was pooled.

Cells and debris were removed from the ascitic fluid
by low speed centrifugation (500~1000 x g) for 15 minutes.
Then centrifugation was performed for 90 minutes at 18,000
‘rpm. The supernatant was frozen and stored at -~-20°C. After

35 thawing, additional fibrin and particulate material were
removed by centrifugation at 35,000 rpm for 90 minutes.
Batches of ascitic¢ fluid from each transfer were tested for
specific antibody activity by a solid phase antibbdy-



V% | I ecti ons may be perforned from one group of mce to the next. Ascitic. ,,
luid fromnmice at each transfer was pooled. 30 Cells and debris were
removed fromthe ascitic fluid by | ow speed centrifugation (500-1000 x g) .
for 15 mnutes. Then centrifugatigp was performed for 90 mnutes at 18, 000° v
rpm The supernatant was frozen and stored at:[err] After 35 thaw ng,
additional fibrin and particulate material wefe renoved by centrifugation
at . 89nd00g" RBsfay (YraeHeiDs. efmanheSsatrascahuppHdnehffﬁﬂﬁéﬁﬁ@ transfet,
“wer e ested for specific antibody activity byia solid phase anti body- -
42 SafiAdRrEiYsay (Staehelin et al ., supr a) And pooled if found
satisfactory. Concentration of protein in thejpooled solutions was 5
estimate a 0 Y absorbance
of 1.2 ae°§§ B%%é¥¥€§¥§figfé¥%é$ lg EhEUpPBlg %%Fafﬁéﬂ cites fluids
Gi t Bshightedy Bys tdfe: aarnpromqtb@ntahnt% rg 95 @g‘q&a;treuyﬂeﬂds This is

equa ahsgbrb%nf&ewéa ©f2 specraé cnﬁnihbad&bmet Eheuftlwlapl diluted 10 with
PBS M sadi um phosphat e, to a érotel n :

conééﬁSthPShloﬂ Rt & r#au#gseﬁéﬁhlbég&i1&W%%qtﬁ ®rtution, 90 n

of ﬁeagn tcemera.ai Be tAt3lf. aicgzebﬁmm)ams utrhdise l%O|eu1F(jlmm add](cad 14510$| OV\A6%
Wi th vigaqrous |rr|n at lerr nsi s ke e for to
n1nﬁ?e§ t }€n ﬁHQQékﬁ§i4?ﬁl%3g¥?ﬂg f%glggaﬁﬁﬁﬁﬁﬁrﬁiar] The

$0pedinat 28BS ds Odemarstceih.lamcphbwheﬂev\ept-! 7Tle pr.aSeidh Natl et s were '
di sgql ye 0 PH:74 8) (Buffer 1).The protein 20
solg |§n9ﬁ§§egﬁa%ﬁﬁ§?4€§£§% A $ﬁ81ﬁoﬁ§sggtm%2§%:tenpera- ture against 100
vol unes of Buffer | with at Ieast one change qf the buffer. The dialyzed

sol uti onpyagaedntyod u&ecb@tdllﬁ;@é)@ §8mﬁ:96n109@ Rl &% bdenove undi ssol ved

materi al. About 30-35% of the o | anmount _of .t ot al ro in
temperature saturage ammon{u ifate soﬂutlon waé) &5;3

4

'15 slowly with vigorous stirring at 0°C. Theésuspens;on was
kept in ice for 40 to 60 mihutes, then centrifuged for
15 minutes at 10,000 rpm at 4°C. The supeﬁnatant was decanted
and drained well. The protein pellets weré dissolved in
0.02 M Tris.HCl (pH 7.9)/0.04 M NaCl (Bufﬁer_I);The protein

20 solution was dialyzed for 16 to 18 hours-it room tempera-
ture against 100 volumes of Buffer I with;at least one
change-of the buffer. The dialyzed solutidn was centrifuged
at 15,000 rpm for 10 minutes to remove uniissolved material.
About 30-35% of the original amount_of-tothl protein in

25 the ascitic fluid was recovered as estimatkd by absorption
at 280 nm. | | | '

The solution containing 30-40 mg of p}otein per'ml was
then applied to a column of DEAE-celluloseEequilibrated
eSO with Buffer I. A column bed volume of at least 100 ml was
used for each gram of protein applied. The antibody was -
eluted from the column with a linear NacCl gradlent con-
taining 0.02 M Tris.HCl, pH 7.9, from 0,04 M to 0.5 M NaCl.
Pooled peak fractlons eluting between 0. 06 and 0.1 M Nacl
35 were concentrated by precipitation with an equal volume of
room temperature saturated ammonium sulfate and centrifuga-
tion. The protein pellets were dissolved in 0.2 M NaHCO
(pH~ 8.0)/0.3 M NaCl (Buffer IIJ followed by dialysis

3




!“ . .
,25,.the ascitiec ftuid was recovered as estlnated by absorption at 280 nm -
The sol ution containing 30-40 ng of protein per m was then applied to a ‘g@
col um of DEAE-cellul ose equilibrated 30 with Buffer I. A columm bed

vol‘une of at least 100 m was used for eachygpram of protein applied. The.
anti body was eluted fromthe colum with a |inear Nad gradient con-
taining 0.02 MTris.HO, pH 7.9, from0,04 Mto 0.5 M NaC . Pool ed peak

fragti ons eb@@ﬂﬂbéﬂﬂﬁ%ﬁiléh& aadoQ tnl Nadle BusEse §0NLOBM BempdPature.

preC|p|tat|on wi t.h .an egual ume of roon1tenp ra re_s ed ammpni um
sul fate andTo&nG4FhEeEe t?%%“t*ﬂESpV8F3|ﬁﬁ&ﬁﬂ r%td?é éﬁbe& |?§§§2|w
NaHCO3 (pH 18. GinktesV taGenBuéf anyl h.)asfod.ldmyechawmhl yBretein @3}1’1-

- agai nst three_ch h fer e yzed
sol utions m€F€%§§¥# ?ug%% %?fgggﬁg Zofgf %gﬁ BH%%% Fan
i nsol ubl Smaterial. Protein con- centratlon was adjusted to 20 to 25 np/
with Buffer I1. B | 0$fi ARadsg’ g Affigel -10 (BioRad
Laboratories, Ri a sintered glass filter

three tines mnth 10 |ce cold i sopropanol followed by three washed with -

i ce-cold distill %A%HéﬂﬁlahPsﬂghaélHEB%HE@B?LéE‘“%fEHﬁ%@&) ¥a%ifornia)

transferred to plastlc tubes and sedinented by a brief centrifugation. The
super nat ant %fgs ASNehiW 2 Then pAEREdISES Swdd Lok FRTEH Bame§udi thol une of

purified 1@nticRads1kd i petdSinaDdss 0l alved wdﬂwre endlsivéd [ wikh fice-2old
Bufor 111" CO=FIHIGH IR 3R EeE) SLBTFSn0b %ﬁ%m%%f%n%%%%%g“wasote. n
detern1nat|a&amhﬂénraﬁnﬂnrpmhsnsbeSubesednajséﬂmmenMGdthgnaQBwneE
f ?n_n;ggo\c,imyt W%ﬁn%%ﬁ.ﬁaq/a%013£ tﬁ?ﬁgghwg?ﬁano am nee{% ?pﬁ%é?sgﬁghg&g’a egévas
gel was mixed with an equal volume of purified antibody
.15 solution and rotated end-over-end at 4°C for 5 hours.
After reaction, the gel was centrifuged, then washed twice
with Buffer III (0.1 M NaHC03/0;153M Nacl) to remove
uncoupled antibody. Protein determination of the combined
washes revealed that more than 90% of antlbody was coupled
20 to the gel.

To block unreacted sites, the gel was mixed_with'an'
equal volume of 0.1 M ethanolamine.HCl (pH 8)-and rotated
‘end-over-end at room temperature for 60 minutes. The gél'

25 slurry was washed free of reactants with PBS and stored in
PBS in the presence of 0.02% (w/v) sodium azide at 4°C.

N. Parenterai administration

30 LelIF may be parenterally administered to subjects
requiring antitumor or antivi:al treatmenf, and to those
exhibiting immunosuppressive conditions. Dosage and dose
rate may parallel that currently in use in clinical
investigations of human derived materials, e.g., about

35 (1-10) x 10° units daily, and in the case of materials of
purity greater than 1%, likely up to, e.g., 5 X 107 units

© daily. |
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ed free of reactants with PBS and stored in PBS .in the presence of -

0.02% (W v) sodium azide-at [err] N Parent eral administration 30

Lel F may be parenterally adm nistered to subjects requiring antitunor or

Cantiviral treatment, and to those exhi biting |nnunosuppressrve condi tions.:
Dosage and dose rate may parallel that currently in use in clinical

N nvestlgawsorb%ze)fe:&w% e 0§ €1 ¥Ad apRireygral See ed@sagéb@HTrfn:gE’o(rl 10) x [err] wr

1 epsSen ety ddnidsnddns, Bhciariar et
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N pagengerdde IB&Mple of an

. apprepmga}n.emwesﬁﬁﬂfioraesamituwldg/, mgemeﬁusoﬁaqhqrﬁsadm,g_eli: in /
pare r 0 ecific . activit a err] units/m
@%$dlﬁssoqu@§11 nég?h% ng Iﬂé % \ﬁ A4H3f & ﬁi"%ﬁh‘é‘“& ution is

péssedlumough.sa daased i thogughl af rblarcaemrmn.dcm:ecéll feﬂ.eérselrui | the '
asep n i ' rr] units pure
i nt e;r: g?%k‘?ﬁ%’?’%ﬁl l%gréﬁégt%?gg'gpa q'C“l ‘?l%%w ﬂ vvé'l afre preferably
st or eachncomdadaling BRR¥ b?r o\dnﬂ-(ssu@elrelamﬁ#MOuadstafoltehéqm esent

| nvephiaRea2RI0R Y EratEdnaC ol

phar haceut i cadﬁyx(use nposi ti onsw%r%s?e#pvﬁ% po?%pggt %J}y hereof S

conbtRe8hen <2

t'l?r(g% tW‘bPﬁhEPrrﬁé&xt i cally acceptable 15 carrier

vHhi cl e. Suitabl e vehi cI es and their formul atiion are described i.n
Rem ngt on! Phar maceu ci ences by E. W Martin, whjch is ‘her eby
TBE 69 g &y

i ncor pora
armunedo&ct:bedumgerﬁ‘darlarbwmahethohsr eof drageiferphaiiadeatiitalllley amount 20

_of VGOLELE LBnBoli e dhd! PRLRBY L B U1 86 RBLEBC 1 s

18

BhPESREES t"r”d‘??sn%?q‘ S8Rt BPn foF Mt i ve |

combined in admixture with a pharmaceutlcally acceptable
carrler vehicle. Sultable vehicles and t#elr formulation
are described in Remlngton s Pharmaceutlcal Sciences by
E.W. Martin, which is hereby lncorporated by reference.
Such compOSLtlons will contain an effectlve amount of the
lnterferon protein hereof together with a suitable amount
of vehicle in order to prepare_pharmaceuglcelly acceptable
compositions sﬁiteble for'effective admi#istration to the
host. One preferred mode of administratien is parenteral.
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conﬁGleons sui tabl e for effective adm nistration to the-hest—COme
preferred node of adm nistration is parenteral. CLAI epti de
cohprising the amino aci'd sequence of a,mature hu m m@l‘i “Fferon
unacconpani ed by any. presequence, char act%{ ains 165- 166
anino acids, the partial .am no acid seque Q/s Ala Trp GI u- Val -

Val - Qrg Al a- G prAfy Met-Arg-Ser and in position 114 the amno acid Asp, ‘du
or V 2. A potypeptide as clainmed in -claiml| wth nethionine attached to

the N-termnus of thg,fAr polypeptials kehprdsingnthel amiho Bacfdpebnmmdedeof
according to claim1 or_claim2 Werein the am no acid sequence CF t he

interferon is& H%ﬁt‘é?e hHEATY m&":? mREeRFBRON c MPRCLORPAn edpbyr any

| or 4. A pol or clai e
bacterially.- A ?/gg%t' | gﬁ g'catc‘% ig&% oilg gﬂ,ﬁ?h% &&héﬁ%ﬁ egﬂg 466 amino |

EScheri chi a chid$. themrmaemxtmmieu sgqueacee@wawddero'ﬁrpgmu-‘k&ie-
am no acid- se C f u I t - a d
claim1l1 or-cl g#‘?#zﬁg Aiﬁ% g:eltqéﬁgéﬁtce @%%éd/# ogél gogiéﬂ'&%l jﬁgﬁf (t):rh!é

human' | eukocytamind ea¢bdoAsp,elGi Ar W1 L - D, F H | or J. . ADNA. _
sequence as defined by sequences A, B, C DF and Hof Figure 3. 9. A DNA-

sequence as defined ®y Aeguamtﬁdélas% claﬂmdclJinf cEagma. &:mﬁ me thAidWine

Capabl o of of ULERARSH EPoBRe Koo erab'%ﬁ tﬁ 9;5 et @éfar FFaid

claim1l or cI alrmérferon.

3. A polypeptide according to claim 1 or claim 2
* wherein the amino acid sequence of the interferon is that
of human leukocyte intérferon (LeIF) A, B;.C, D, F, H, I or

4. A polypeptide accordins tg any of claims 1 to 3
_when produced bacterially.

5:, A polypeptide according to claim ﬁ when produced by
E.scherich;e enli.

. - A DNA sequence comprising the sequence coding for
the a.mino acid sequence of a mature human leukocyte inter-
feron claimed in claim 1 or claim 2.

~ 7.. A DNA sequence according to cla;im 6 coding for
human 1eukocyte interferon (LeIF) A, B, C, D, F, H, I or J.

a . A DNA sequence as defined by sequences A B C D
Fand H of Figure 3.

9. A DNA sequence as defined by sequences A, C, H, I
and J of Figure 8. |

10. . A DNA sequence according to cleim 6 or 7 operably
linked with a DNA sequence capable of effecting microbial-



- DNA sequence accordl'ng to dai .Lin- ked with a DNA
eénce capabl e of effeécting. expression of |the pol ypeptide jn a bacterium

X DNA sequence according t claim 1Hmw) "m'mm ked with a DNA s
-sequence capabl e of effecti n I essi . UHMt ide in Escherichia?”
coli. 13A replicable nicrobial expressi on veH'l cle &apable in a t ransf or mant

m cr oor gani sm of expressing a pol ypeptlde accordi ng to any one of clains ;L

! gp§b¢%};}6§s§iga @' §§f§ﬁégehdsxarc§%?ﬁhg%cé aiﬁxc‘i{ U%igifl 8lM 13

r'essi ng Iypeptl I n ranst or man erl um 15 A

Capabl 6 of i%&éﬁf?ﬁéﬁ%?? %%%@3?%%#%%9?@? B Cor i

16. Addcwilthala W@@qmaehcab&b&mmﬁueﬁfé@tmg erpré@ssienmefl3 to 15
which is a Iasmc& pé WhIChIS pLelF Atrp 25, pLelF Btrp 7 or
pLel Ftlre ¢ PR Typept %&%s% A ke pLelF ¢ trp 35 or plLelF D trp 11. 19,
A plasmd which is_pLelF G or gIeIF H 20. q}flasr{:&d which is pLeIF | trp |

or pLelF J- tlr%)-Aln% S9QURRES REERTEING st t PPETARE | £1Bs claimed
N Aednaith 8 TP indd: odBabAch Y WS MBEIARSERIMAIILM Sevehicie

as claimed in any one of clains to . 23.; A strain of Escherichia coli .
t ranstiee npelyreriderin | Bseherighiad ciallwny lone of clainms |3 to 20.

24. Escherichia coli K-12 strain.294 transfornmed with a vehicle as claimed
in any one 34l aieplicablewicrobisl expregwioni vehdrleqavakdeprising a

o i FrARfordEiY sl fAbERAnen RS *’é"ﬁé’n%%.ﬂéﬁni Eﬁlaéﬁ???ﬂa%”&‘?ip

according to any one. of claims 1 to 3.

s |

L Y
»

14.A replicable bacterial expreséion vehicle according
to elaim 13, capable of expressing the polypeptide in a
transformant bacterium. ) ' -

15, A replicable Escherichia coli expression vehicle

-according to claim 14 capable of expressing the polypept_ide
in a transformant Escherichia coli. '

'15, A microbial expression vehicle!{according to any one
of eJ.aims 13 to 15 which is a plasmid

17. A plasmid which is pLeIF A trp 25, | pLeIF B trp T or
pLeIF F trp l. '

" 18. A plasmid which is pLeIF C trp 35 or pLeIF D trp 1l.
19 A plasmid which is pI.eI]':‘1 G or pic.eIF H.
20. A plasmid which is pLeIF I trp 1 or pLeIF J trp 1.

~ 21.A microorganism transformed with a vehicle as
claimed in any one of claims 13 to'zo. |

. 22._ A bacterium tr'ansfqrmed with a vehicle as claimed
in any one of claims 13 to 20. :

| 23.A strain of Escherichia coll transformed with a
vehicle as claimed in any one of claims 18 to 20.

24.Escherichia coli K-12 strain 294 transformed with a
vehicle as claimed in any one of claims 13 to 20.
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cént pu.re.pol ypeptide as clained in any one of clains 1 to 3. 27+ .
phar maceuti cal conposition containing a thera- ﬁﬂlﬂl Iﬂﬂf“'“ﬂﬂmml ve am)unt
o; a pol ypeptide as clainmed. in any one T[cl ai carrier
naterial suitable for phar meceut i cal adm ni stratfon A® phar maceut | cal
conposition. as claimed in. cIa 27 f renteral ni s Ne)

culture of microb®® cdl ICOMROS: °Bf g:r ety SANRY rq'ﬁiﬁa I%%’GIF ‘é i"

i ntagferon ase&iﬁyﬂaéﬁiﬂvewrﬁ\ﬁ& sfahMpolyipepbidd. ad he1& 8 mbdr Q.rpfarﬁlrabﬂe
29; which is a culture of gcroorganlsm clainmed in any one of clainms 21
to 24. 31. T®B edABBEnds X9 Ained in any one of clains 1 to 5 for use in.

the treatment of tunors and viral _infections or .for preparing
phar maceuti cal codPeosi th Sreetarial extraash comptiaing greatere thea &5 tper-

DNA sequences, a r I
-producti-on of éﬁgoﬁggungjﬁﬁé)%@% %%ybgg‘%go?o&}?#gllﬁe néf. ggaﬁmsnel ut':s% 3-
o crobial prodioidtn oft PsmRARCL A BtmiR Rt o HedTnrAg S hery,
The :Jse of ?muwga@l&m elr{mtiwe ncﬂ%zntacrl wq:oigypémjl;ce%stcla%eu pe ]

a culture of mcrobial gells, as claim or_cl ai

producti on of2RY c8Rfo dct;laei‘r%dfiﬁ"a 'aBaeaoF'alﬂ %@Y’%rgé 35 eitlﬂ\lA
sequences cl ap¢RdphAraRceutticil cadmifiistratidnihenever used in the

m crobial productionof a conpound clained i'n any one of clains 1 to 3.

36. An expressionggghi g Wﬂ@é@eﬂcam é%p@%@.ﬁor?'@s ®1dSmea 4% \&ﬁ‘ﬂi{em
used in the microbial production of a conpound clained in any one of clains
| to 3. 37 AforcPapeskerad adminiabyationny one of clainms 21 to 24 or ‘a
culture of microbial cellsias claimed.in claim

~ 29., A culture of microbial cells capable of producmg

mature human leukocyte interferon as claimed in any one of
claims 1 to 3. |

Fl

.30." The culture of.' claim . 29, which is e culture of a

_microor:ganism claimed in any one of claims 21 to 24..

'31. © The compounds claimed in any one of claims 1 to | 5
~for use in the treatment of tumors and viral infections or
‘for preparing pharmaceutical compositions usef‘ul for such .
‘treatment. | |

. 32. The use of the DNA sequenc'es. claimed in any one of
claims & to - 12 in the microbial production of a compound
claimed in- any one of claims 1 to 3. |

33. The use of an expression vehicle as claimed in any
one of claims 13 to 20 in the mierobial production_ of a
. compound claimed in any one of claims 1l to 3.

34 The use 2f a microorganism as claimed in any one of
claims 21 _to 24 or of a culture of microbial cells as claimed:
in claim 29 or claim 3-0‘-in the produgtion of a compound
claimed in any one of claims 1 to 3.

35. The DNA sequences claimed in any one of claims 6 to 12
whenever used in the microbial production of a compéund
claimed in any one of claims 1 to 3.
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9 or 30 whenever used in the productio s
clains 1 to 3. 38. A process f prep e claimed in ¢
one of clains 1 to 3 which pro&e uﬂ culture of a , @
croorgani sm transforned with a repli c * W,Expr ession vehicle
capabl e of expressing said. pol ypeptide, to grow up ahd *express sai d.

pol ypeptide and recoveri ng sai d_pol ypepti de 39. A process for preparing« -
ni croor §6ni B €¥PEBSS ien é@b@%?n@sa%%ti-ﬁeaﬂ!falm PR sdpiste W

of 19' Ebn@ol Wiesevid &3dy @&ssnsomeméz aPpSbaLBIHIBh R FECROOT ga-- ni sm
with a replicable mcrobial gresm ﬁn vehi cle rcr£.abl e of expressing said

. peeppepndichaimedl AR AThPrRe ot & §1“T§)r]rreﬁ° roorgani sm 40 A process
, for preparing a replicable mcrobial -expressi! on vehi cl e capable, in a
transformant mcroorgani sm - of igreassng a pol ypepti de as_cl ai rred i n any

one_of @7ai ik MLEEOOTTARGFR A GLadmed i} i eBRsOfLEIA4™E first DNA

segyegse 20 BRda . £4lL tudedd ¢! mﬂeﬁbbdelar&lcm@raal &1@;%4\91:5%@ afJ.'ni st " DNA
sequence with a second sequence cgpl le of effect |m£°mcro ial

exP0el8i &P JNeRPYSHo| thRjethe preduckigy Q€ & FOMEORRG; red in claim

1,chabmed dH i@hyyone dEsidbns 42toA Pharmaceutical conposition as
claimed in claim - 27. substantially as desCrl bed. . 43. ‘A process as

claimed in claim 38, substan- ‘tially as de cribed. 44. . A polypeptide,
or epar edghy X herpcesss€of pieparingda pd: p&idﬁhe:]lﬂ«hedf inhe

speci fi | cat I O S, bee duced hot oocp the applicants original

7 A ST D Ml et S SR e
Tm cun.gzluné dfpasmn.plrmi;anmmg trlamaefamwdimmth raay:-epb:.cas-pect ed on
thlglgrmlc SDOf tgaecp?%tsesr%onoc‘;'eﬁfcle capable of expressing said

nd cl ai med .in. any onea

polypept:.de to grow up and express said polypept:.de and
* recovering sa:Ld polypeptide. . '

n39 A process for preparlng mlcroorganlsms capable
of expressing a polypeptide claimed in any one of clalms
‘1 to 3 which. process comprlses transform;ng a mlcroorga-
nlsm with a repllcable microbial expreSSLOn vehlcle capable-
- of express;ng said polypeptlde and cultlvatlng the trans—_
 formed microorganism.

- 4oA process for preparing a replicéble microbial
-expression vehicle -capable, . in a’ traneforri;ent microorganism
of .expressing a polypeptide as ‘claimed in i‘any one of claims
1 to .3, which process comprises construcﬂ:.ng a first DNA
_sequence cod:.ng for said polypept:.de and operably linking
said first DNA. sequence with a second DNA sequence capable

" of effecting microbial expression of said polypeptlde.
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41. A polypeptide as clazmed in claim 1, sub-
~stantially as descr;bed.

42é _A pharmaceutlcal composztlon as claimed in
claim é? substant;ally as descrlbed.

-

tially as descrlbed.

) 44, A pulypeptlde, orepared by the process of
claim .38or claim. 43:

The text of the specification has been reproduced by photoeepying the spplicants original

typescTipt. It may contain s few amendments which are difficult to read. The original

typescript containing these anendments may be inspected on the premises of the Patent Office

" 43. A process as claimed ipn claim 35, substan- :



