5 HYBRI D HUVAN LEUKOCYTE | NTERFERONS 10 This invention
relates to the mcrobtal production, via reconbi nant DUA technol ogy, of
hybrid | eukocyte interferons for use in the treatment of viral and

nedpl asti c di seases, and to the means and end products of suchzgjgmﬁgn
15 Rel atively hoaneneous | eukocyte interferons have been deri

normal or | eukem c donors' Ieukocytga These i*nterferons are a famly of
prQMelns characteri zed by a potent i1ity to-confer "a virus-resistant 20
state in their target cells. In addition, interferon can act to inhibit
cell proliferation and nodul ate i mune reSponse. These properties have
pronpted the clinical use of i.nterferon as a therapeutic agent for the
treatment of viral infections and nmalignancies. 25 More recently,
reconbi nagt DNA t e{WBR Ty VHimM&EN bERDKOORTRY eNTERFERORE ON the mi crobi al
production of a nunber of different T eukocyte I nterrerons whose ami no acid
sequences exhibit on the order of 70 percent honol ogy, one relative to
anot her, all as disclosed by David V. Goeddel et al. [Nature 290, 20-26
(1981)]. Cenes 30 encoding ami no aci d sequences of various |eukocyte
interferons designated, inter alia, LelF A B C D F, Gand H
respecti.vely,are obtained fromthe cell I|ne KG 1 descrlbed by Koeffler,
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bacterial expression ransf orm
preferably E. suchl prdfugion.rain 294, Anerican

15

Relatively homdgeneous leukocyte ihterferons have been derived from
normal or leukemic. donors' Teukocytes.. These interferons are a family of
protelns charactertzed by a potent ability to confer a virus-res1stanu'

20 state in th=1r target cells. In addition, interferon can act to inhibit
" cell proliferation and modulate immune response. These properties have
prompted the clinical use of interferon as a therapeutic agent for the
v ~ treatment of viral infections and malignancies. B

25 More recently, recombinant DNA technology has been employed to
- occasion the microbial production of a number of different leukocyte

interferons whose amino acid sequences exhibit on the order of 70 percent
homology, one reiafive to #hother, all as disclosed by
David V. Goeddel et al. [Nature 290, 20-26 (1981)]. Genes

30 encoding amino acid segquences of various leukocyte '
interferons. deSLgnated, inter alia, LeIF A, B, C, D, F, G
and H, respectlvely,are'obtalned from the cell line KG-1'
'descrlbed by Koeffler, H.P. and Golde, D.W. [Science 200, -
1153-1154 (1978)] by David V. Goeddel and Sidney Pestka.

85 The cell line KGsl'has been depcsited with the American
type culture collection, ATCC Accession Number CRL 8031.
Such genes, appropriately'déployed in plasmidic vehicles
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tyﬁg culture col |l ection Accession No. 31446, deposited COctober 28, 19787
nor khor se of reconbi nant DNA technology is the-plasmd, a

noen-.chr onosormal | oop of doubl e-stranded DNA found in bact er i a and ot her

‘m crobes, oftentimes in nmultiple copies -pér=cell. Included in the
|nformat|on encoded in the pl asmd DNA is that required to reproduce the 10

plasmdln daughter cells (i.e li con") d ordinaril one or nore_
sel ecti on cHhfFakdstenials %’ER:‘FF%%“PH gﬁg g&sé‘“&ﬁ°l¥§ét ¢ £rIIEWMmnce t oy

antibiotics HgytcrbgaégiaapIpmesef)ébl.heshoebldekl-1<20|:stt&1a'mlmgza41ﬁ Aainasm&i}ﬁf
nt er tt r n Wn
ity of §VREMGI 1428 Gt thet o APRalsuhey B 31 A5 EASTIRA T,

cl eaved by oatoclrerarf® hex97&striction endonucl ease or "restriction enzyme",
each of phich recognizes a different site on the plasmdic.DNA  Thereafter
het er ol ogous genes or gené fragnents may be irhserted into the plasmd by

endwi se j oi ni ngrhgt werkhorse Hfagecombinand DA teshoolngyuts dhecplasmid; &ent to
the cl eavag‘ﬁpﬁlétﬁomo%lr & %hbpé‘-s&ra&fed amff%ﬁechpua&éieatm sekép

but the resu can be uce Into it

ting "reconb a int [
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gene- cont ai Flhf&nfatiéh“%'néédéd Rhaghe §145nHdi DN 1B YtHatove i redetd nmdﬂem
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the pl acth apiard G daiintar BBl ench, prer0Acod AP FeRlEA Y oot ©
encoded DNAmoee;sze@;ecttohechmotenimgiamuehsnsminethectase:arﬁ beectertal, t o '

actual Iy produfge,hi ? 1:%%)(59&%&?& aﬁe%@w@gbmscnfgﬁ hH?@rcEiﬂ cQﬁ:‘EQininlg 4

codes, a process referred to as ex ession |Is Irni

in a regi ontheipiasaid ofeipierast o bminegogai zeecogdupzeﬂewtmﬂybem B9 RNA
pol yner ase. gef ébt%wﬁné‘diﬁesrheaetﬂrit}r@r o ¥ BHiARNPIesOl n” $HeP Fad¥ Odhﬁt Shey can

preferred IB9 the ractice present |nvent|0ni$€ronn er ﬁglons are

over | appt dftgaddy %V%ﬁg’yt Bne SrnRoetheRpTesdy chignoerdanyplease pr
Operators ar'eeﬁ‘:*‘rceﬁﬂueﬁm"\g\frefch 9f Svhieh ' Reaghi e30a N rFeréml lseee roRPLRSSOr

prot ei ns whi or e frequency of transcri t|on|n|t|at|on

at a parti car%i'"S*§ ﬁ:ﬁr‘e ﬁperﬁé 8 Bﬁi@?&i&gwsare%s ar SR ﬁEﬁ

transcri bi nQnté}Etedﬁfttﬁormhe Plasmid by nerdiwise joining at the cleavage site or at
reconstructed ends adjacent to the c'leavage site. ONA recombination is

20 performed outside the cell, but the resulting “recombinant" plasmid can
be' introduced into it by a process known as transfonnation and large

quantities of the heteroiogous gene-contaim ng recombinant plasmid

obtained by growing ‘the transformant. Moreover where the gene is

properly inserted with reference to portions of the plasmid which govern
25 the transcri ption and ‘translation of .the encoded DNA message, the

'resu'lti ng expression vehicle can be used to actuaﬂy produce the

poi ypeptide sequence for whi ch the inserted gene codes, a process

referred to as expression.

30 , Expression is ini tiated in a region known as the promoter which is
recognized by and bound by RNA po'lymerase. In some cases, as in the '
tryptophan or trp promoter preferred in the practice of the present
invention, promoter regions are over'lapped by operator regions to form
a combined promoter-operator. Operators are ‘DNA sequences which are

35 recognized by so-ca'l'led repressor protei ns which serve to regulate ‘the
frequency of transcription initiation at a particuiar promoter. The
polymerase travels along the DNA, transcribing the information ‘contained
in the coding strand from its 5' to 3' end into messenger RNA which is in
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~in“the 'coding strand fromits 5 to 3 end into nmessenger RNA which is in.

-3- turn translated into a pol ypeptide having the am no acid sequence for
whi ch the DNA codes. Each am no acid is encoded 'by a nucl eotide triplet ‘?6
or "codon" Mﬁthln what may for present =pé@rposes be referred to as the
structur- 5 ‘gene",, i.e. that part which encodes the amino acid
sequence of thbuenptcggodaﬁﬁnhumwo a maletpentidehavingethe oadiap, achd RNA
pol yperase fi féhﬁ%ﬁ%%crﬁo*}e%vmw 4%e ONAGo g odi rwaawrmpﬁenschun%ng

site; then a translation initiation or "start™ sigpal (ordinarily ATG
whi ch in 10 t henredeid pig amdsirdiepdd daud pidtkpfe onUlgodeme i BRIAUNhES- tide

codonswi thin the S%&ere%lerﬂe% idowdd -be @F&ﬂé&%@tw €EREoNstabetur-
transcribed at the end of the structural e mher after t he Iﬁnnrase may

forman additi 8 Eegéque&cé'of e$ctne 2R RE1Hr esence

éi-g of theb$t3§eQU?ﬂ&|ebMd|ﬂhd Qﬂ?lﬂasw”éd aap“n(sjdcam?. by.AﬂBefIbDndSﬂgE_to :
osones bind,to the bindin | rowi ded. on ssenger |

bacteria ordin&b anﬁﬁg w%ﬂ& @?4&5%&}@%&%%% ﬁﬁﬁ%gtﬁ%%ﬂ%?ﬁggﬁbr8§&&§°Fhe

encoded pol y- mépbndenduﬂyngnau;xuoadmntbxndﬂng sits) athesi gnhransdazdm
di h | ) " i

ending at the BReYiauslon THNWaGH sts%pqﬂmggamb#&df@; APE, PURIUA! 1hs

p
produced.i f theé Sequences encodi ng the t are p03|t|oned
properly wioh tbepsesulding mrsseandarn RANA beramesdiUG ), athenckhennngleo-

codons fol | ow Saﬂe'« 5&5&5% qlprtﬂen s‘l{ﬁ.ﬁﬁ:uraf*@eﬁé’sﬂéelﬁ Isa-egqu

may be obtai ne y5|ng th e ost cell and recovering t pr oduct
appropri ate puPlPPcﬁpﬁﬁﬂﬁlﬂﬁﬂ dnansorihed iat Hheend oBrEke SGWHRRYrGﬂ THE
| NVENTI ON gene whereafter the polymcrase may form an additional

sequence of messenger RNA which, because of the preéence

95 of the stop signal, will remain untranslated by the ribo-
somes. Ribosomes bind to the binding-site provided on '
the messenger RNA, in bacteria ordinarily as the mRNA is
being formed, abd themselves produce the encoded poly-
peptide, beginning at the translation start signal and

20 ending at the previously mentioned stop signal. The
desired product is produced if the sequences encoding:
the ribosome binding site are positioned properly with
respect to the AUG'initiator codon and if all remaining
codons follow the inifiator codon in phase. The result-

25. ing product may be obtainéd_by lysing  the host cell and
recovering the product by appropriate purification from
‘other bacterial protein. |

- BRIEF SUMMARY OF THE INVENTION

_ Nucleotide sequence studies of genes encoding the
30 various leukocyte interferons reveals a degree of common-
- ality amongst various of them with regard to the presence
and location of cleévage_sites recognized by particular
restriction endonucleases.. According to the present
invention, advantage ‘may be taken of this commonality to
35 form, by DNA recombination, novel hybrid genes useful in
the microbial production of hybrid leukocyte interferons



Nucl | de sequence studies of genes encoding the 30 various |eukocyte ?_ -
i nt & rons reveal s a degree of common- ality anongst various, of themwth
regard to the presence and | ocation of cleavage sites recognized by
particul ar restriction endonucl eases.. Acgording to the present inyention,
advant age may be taken of this comonal-ity®*to 35 form by DNA _
reconbinati on, novel hybrid genes useful in the mcrobial production of .
“hybrid | eukoostieh ntay flee cespeetedi tlo wap ibd texipeeg e ter exdi bessen greatel)
or | esser deqi s dd' Gl dNte g4 B0 AN YOI d i Ao | OF CAEL PR EREOUC
by the parentﬁﬁ-genes.- n prefrerred enbodi - nents of the 1Tnvention, such
hybrid | eukoeypcoded dry the p#eeoheslmggn@shi bi tlrermratetredt epbodirel ative

to those enC%%ctﬁaé %&aiﬁ%ﬁtieﬁr;e%acﬁ%g/&ww tukdiey P& esgbkrLlnvention

there is pro- vi an antiviral polypeptid

acids, the afieronginpypihbitornbangesoppidnitoe nelakbyrtai kgosen

‘sequence, di $Hfded Wy Seglélepaeentalr @eneQNding in amno acid identity and

nunber to sub-sequences of drfferent, "naturally occurring leukocyte
Throrteronat he alGRPEAHH0 by ERBePar Solt 1N SHART daver £ 15, Hgorn
overal | conpadidddorar raxitivitrali pelgpied tieipuerfc eapyfrdobi mak eIyl 1 §504686rri ng
| eukocyt e intenferongﬁfcco ging to the.present invention. herf_is EL?O pro-
vi ded a net hdF4° 6t %g 'BoBBr 8Os AP d@&qﬂﬁﬁ%ﬁnﬁwi%ﬁh PQYPEPER gcting
a first,qgoultospatirssimipd DNAs éqagneet, ddmic netiesisuh-oogieerscescodrngsal | or
‘a portion of a7 -acid saq sQf, a fir tucally Q i

| eukocyte i nlpté)?'%érq'{yn%sgé)mdl'?r agﬁgﬁt H?%@l%&g‘{yng"{:do -onmsb -o-ry‘%'ﬁ%au%mgﬁgu%éfﬁgnal
portion of sa&ifddififafenton naturspdyeqciewrmio®'levkocyte interferons,

- the amino acid sequence of said ﬁdlypeptide différing in

overall“COmPOSition_from_the ami@o acid sequence of
15 . naturally occurring leukocyte inﬁerferoﬁs." |
. Aeccording to'the-p?esent inVentioh;there ié alse pro -
-vided,a;method of forming a dpub1e stranded DNA comprising;
.a.  selecting a first, double étranded DNA fragment com-
-prising. codons encoding all or a portion of the amino N
20 acid sequence of.a first, naturally occurring leukocyte
intefferon, said.f:agment inclﬁding codons for the amino
términal-portion of said interferon and, spaced in the 3' "
direction therefrom, a firsf rgstfiction_endonuclea&e
61eavage-site; o :
25 b. cleaving said fragment with said restriction endo~- .

‘nuclease; . _ _ ,
C. selecting a second double stranded DNA fragment

encoding all or,a'portion of the ‘amino acid sequence of a
second, different, naturally occdrfing léukocyte inter-~
30 feron, the second fragment comprising an identical re-
fstriétion endonUCIease-cleavage'éite essentially identi-
cally positioned from the stahdpdint_of the ‘amino acid
numbering of the ‘two interferons and additionally com-
prising, beyond_said site, codoné'for the carboxyl terminal
35 portion of the second intérferon{
d. cleaving'the second Fragmént with said restriction

endonuclease; and

H

of ‘approxi mately 165-166 ami no
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d?recfion therefrom,a first restriction endonucl easte cl eavage site; 25-,.

b. ‘cleaving said fragnent with said restriction endo- nucl ease; c. Q-
sel ecting a second doubl e stranded DNA fragnent encoding all or a portion
of the am no acid sequence of a second, fferent, naturally occurring

| eukocyte inter- 30 feron, the second fragnent onpr|5|ng an i denti cal re-
striction end®wucl eals’eg%#Jé'ag/aﬁ%sgﬂ’é eQcpiifaPr¢leass: digestipnREToned

framthe standp@ivy of éma@nb n&acudtauﬁeaheglebtbheahwoﬂersttezrif@umrs* and
addltlonally C 4;# % gahd Si te BO gn% or the carq%éy

term nal aﬁaﬁ e?% 2ondi ROEP: 8 BYDTAd Tragpepk, icopn %ﬁ%bnd

f ragnment V\Athﬂﬁlshdum'id‘e;:td:@d!loue@dﬂlaucthasemlaadterm&natJ). plolrg:alomgaf‘
restriction e ti-on ucts t eps a

o meet or o R FLEEE L GRPLLRA RO4) sRHCb8rB T F0RaRnRd Al en 9 rene
conpri si ng, |¢hmequanned codons for the amno termnal portion of 5 the’

first interferon and‘%I 35 §%;e$0£<g E? rr'\[)ﬁggen@rEhggggfmhhgﬁigc‘eopc% eGP ng

to the present inven provi orn1ng an
antiviral pol me conpethodgof16orming andaptdyizelt e lypen i

fragment resuldg fW%Ihe ‘met hod descri bed above within a repllcable

pl asm di c _expression ve |cIe transfornlnﬁga m croorgani smw th the sane

cul turi nd® he av cr ostepiRrinanthechylrid HYA. feagnsnts Teguldiingfrom
pol ypeptide engslasetiod @ed¥Pibed 18bovONRithasmanirepdii¢able plasmidic

expreséion vehicle, transforming a microorganism with
the same, culturing the mxcroorganism and occasioning
the expresslon of the polypeptlde encoded by the hybr;d
15 DNA- fragment, and -
b. 1lysing the resulting mlcroorganlsm and recoverlng
therefrom the polypeptide.
e | - The parental leukocyte interferon genes, encoding
) the family of leukocyte inter?eron proteins édnfémplated

20 herein, exhibit_nétural : ,




| ysing the resulting m croorgani smand recovering therefromthe b
ptide. The parental |eukocyte interferon genes, encoding the famly
of\ I elkocyte interferon proteins contenpl atied 20 herei n, exhibit natural
all&lic variations fromindividual to individual. -These variations may be

denonstrated by (an) amino acid difference(s) in the overall protein’

b del ot iape oeaprd o1 S EeELe) L 0 : n )

oGt ons_of AARTIE yaRLRk1oRs Fiph; tds3Pdal B8 Y 0Pdya; " el oriBb1gns.may (5

| eukocyt e i ntber Hemams thatedoby lambdetmiod dafid-difference(B). in theLoveral] mtotein
O el demoms L . " e ere e i

Got 1 ng sucriedieRd B ny” df1enibhus Sibttittisfohs 160RT0RS, HATerBRL & T

ot her obj ect ddhtiensveaft(2gésaminotagid{s) imsaid iseauence. oan mach warentadcone

accompany ng B e 1] Qo s bcutan s SaT
The Codi hg P ehr AT 18T 16 YAEAREIOPE carbn( s Fided rithi 8] the Seops o8 E1R 1ABETRR
("cDNA") cl oneim définifg subksandothus, Cthfisesvantionl Y designated LelF E, is
| an apparent "pseudogene” encoding-no active |eukocyte interferon while
‘anot her, designated LelF G contains less thanithe full sequence for the
correspondi ng i nThe fnanner §pedhieh. theBecandl Gtherambjettsoand ddvantayesoof cthdon

opi cts 1S3t rSerElin. B obka b PHTT berle, ittt B b B8
(A through Hydeseriphipaswhicht Ealiowy andefromothe asepmpanying rdréwdegsoyntwhichc: dG
tailing nethod [ Goeddel, O V. et al. Nature 287, 411-416 (1980)]. Therefore

the cDNA inserts_can be excised using Pst |, 25 i.e., each end of each
insert is a Pst Figusskidepiehs é_%ﬂrﬁﬂsg_ de sequencasy afcthei cedingTreglionfeaf & t he
end of each q%%ﬁef hterPBFEE EPLe I Edmip kinélit ahy BNPOI( YEBNA") éonde. t D S.
The posi tjgons of ull, Eco _aqd - I R .

. these, one, correspondingly designated_ueIF E, 1s an apparent
"pseudogene" encoding no active leukocyte interferon while another,
designated LelF G, contains less than the full sequence for the
corresponding interferon specfes. The ATG translational initiation codon

and the termination triplet for each LelF is underlined..

‘Figure 2 depicts restriction endonuclease maps of eight types of LelF
cloned cDNAs (A through H). Plasmids c&ntaining the clones were
constructed by the dC:dG tailing method [Goeddel, D.V. et al. Nature 287,
411-416 (1980) ]. Therefore the cDNA inserts can be excised using Pst I,
i.e., each end of each insert is a Pst I restriction endonuclease
cleavage site. The lines at the end of éach cDNA insert represent the
‘flanking homopolymeric dC:dG tails. The positions of Pvu II, Eco Rl and
Bgl II restriction sites are indicated. Shaded regions of the Figure
represent the coding sequences of mature LelFs; the cross-hatched regions
indicate signal peptide coding sequences; and the open regions show 3'
and 5' noncoding sequences.

25

Figure 3is a éomparisdn of the eight LeIF protein sequences
predicted from the nucleotide sequences. The one Tetter abbrévfatidns
recommended by the_IUPAC-IUB Commission on Biochemical Nomenclature are
used: A, alanine; C, cysteine; D, aspa}tic acid; E, g]utgmic'acid; F,
phenylaIanine; G, glycine; H, histidiné; I, isd]edéine; K, 1ysihe;-L,
leucine; M, methionine; N, aSpafagine;jP, proline; Q, glutamine; R,



Byl . IIv.restrlctlon sites are indicated. Shaded regions of the Figure 30
_ represent t he codi ng sequences of mature LelFs; the cross-hatched regionfs
i ndi cat e signal peptide codi ng sequences; ,and t he open regions show 3'
5' noncodi ng sequences. Figure 3 is a cong;lri son of the eight LelF protel
seduences predicted fromthe nucl eotide sequences. The one letter

bb I ati de I
Rogencl at ur o AEAATBRGSs seriiiet 10 tnvgoriaed’y PURTEE! 3 BRARoRRIIG bR Y,
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gl u![ grsnl 22; ’pép‘%‘i'&é)ne’ TIM dggﬁ Rip OtHé“‘?.GS!?.lim@ﬁp?d'ﬂgté'ﬁ & squlfeﬂéé Q&\/\?&i tion 44

t rypt ophan; a‘irSdiqudyced;ltneﬂ foncthkBER A sequanceovidin ke 466 ARIO; agidh (S
refers o, Si oaheRSR! bGhe JHRNCERIFsL N Ao\ 4f5 c2 n@é'»ﬂé&éﬁen%ﬁé‘dm%nce

at p05|t|%n 44 7' s |ntroduced to he Lel F uence wth the 16

am no acid 5 ignostng.dhe extsr nusteqsiider H_Oér‘FEO" lﬁeofLEmre b e hte GRding
det erm ned bYrég%@.“ 'TBe t&s«zemkrsaimehe@tilndshés@%éﬁmatfl&?ceaoda QUARRS nb) ad s

its coding region I sks j'ndi cate | n-phase ation cod .
Ani no aci ds cgﬂ‘mﬁh Woahﬁ Eé? Hexe ludd ng ftheqps °§%L6g£nré arg 1g9 Q\"E"al SO
shown. The unmrhndeeﬂlinasmdsmdueera‘eaamm acidbs whidh: larersl sol presgnesimhuman
human 10 {49 %?? aﬁfl e‘_&rgron Wth reference to Figure 1, nucleotides +1
to 69 cor JoRIpsE| T9%eTESP M o acids of Figure 3. Codon TGT .
(nucleotides 70 to 72) of Figure 1 corresponds to cysteine (C, amno acid

1) of Figure 3. jfwf 'rg{’%r‘aenée ‘H:?i%\ﬁg PV'L}‘;;HeJﬁ%Egi-ﬁt itarbéaggpﬁéﬁgg@ﬁ% E

cl eavage site occurs or_am no acl

A B, D, F and (323 amino peidscefi Riguredei deadonaflafaucieptidgs FPgtn 421 °fFFZbﬂ#@ i
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a eleti O
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Lel F A are deforcamiho a¢ids 92iand 83 iin LelF A,B,D,F and G, i.e., between

nucleotides 346 and 347, of Figure 1.

Figure 4 compares the amino acid sequences of mature leukocyte
20 interferons A and D, a deletion of amino acid.44 in LelF A being -
indicated by dashes. Only those LeIF D amino acids which differ from
corresponding amino acids of LelF A are.depicted: the amino acid _
sequence of LelF D is otherwise identical of LeIF A. Figure .4 also
indicates the relative position on the corresponding gene of Bgl II and
25 Pvu 1I restriction endonuclease cleavage sites employed in forming
preferred hybrid leukocyte genes of the invention.

Figures 5 and 6 illustrate the results of comparative testing of a
preferred hybrid leukocyte interferon of the invention ("LeIF-A/D") for
30 activity against encephalomyocarditis virus (*EMC") and vesicular
_ stomatitis virus ("VSV"}, respectively in mouse cells.

 Figures 7 and 8 depict the results of comparative testing involving
LeIF-A/D and other interferons against EMC virus infections in,
35 respectively, mice and hamsters. The data in Figure 7 result from
treatments i.p. 3 hrs. before infection. Dosages.of LelF-A/D and LelF-A
are as ti trated on WISH cells.
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ence of LelF Dis otherwise identical of LelF A. Figure 4 also S
iJcates the relative position on the correspondi ng gene of .Bgl 1.1 and 25
11 restriction endonucl ease - cl eavage sites enployed in formng
preferred hybrid | eukocyte genes of the i®ention. Figures 5 and 6
. illustrate the results of conparative testing of a preferred hybrid .
~ leukocyte interferon of t e inyentl N Q gai nst_
encephal omyocar dP¥Tes valYégfs %Eids'%ogﬁé“ c‘{}l g %% L&rxrg tﬁ'\‘ﬁ y’ é/‘lfe:VS\/' jw
respecti vel yndludimg type=lll and Hi.gures 7 and 8 depi ct the r esul ts of
conparatrve testing involving LelF-A/D and other interferons against EMC
virus infections in, 35 respectively, nmice and hansters. The data in Figure
"7 result frwmmnf ection. Dosages of Lel F-A/D
and LelFs A are as titrated on WSH cel | s. 8 Figure 9 provides the DNA
sequencé% of five Lel F proteins hereof, including types | and J.
DESCRI PTI O A3 Sms- oY ad .CDINENTS M cr oor gani snms Enployed The work
descri bed. |nvoIved use of two microorganisns: E. coli x1776, as descri bed

U.S: Patent 4190495 E 294 nd, A, thi- -,
S e b ded T o, 1R Loell $a, o B nR oot S06sln 2o, colbop7iee
Rgen gigo? ﬁeﬁt%ﬁh?ﬁﬁ!%ﬁéﬁmegﬂﬂ\%?%& &;bdr%ﬁ:ﬂ(gm :%tgiﬁﬂ %dcm ap

S .
t hET & bed in A b th
espect o JI° Al SRt A W e B PO AR T ance
| nvention, £y YeEBIGIRSRTR! AEEddsttn ARQISN' S s3adeSqebbe el diny: 91 Fogace
‘strain 294, atar?eror:mrase)u&?%utreame@iuehe Ahbecembingnt BNA wark MaBs such as
E. coli B pérfiihéd 1% Sonpiti #heeShi € '&Ep’f‘ﬁ'&)ﬂ@fgdﬂﬁe?ﬁe@r@f the Natfonal

- 18 Institutes of Hea'lth.

The invention, in its most preferred embodiments, is described with
reference to E. coli, including not only strains E. coli x 1776 and
E. coli K-12 strain 294, defined above, but also other known E. coli.
20 strains such as E. coli B, or other microbial strains many of which are
deposited and (potentially) available from recognized microorganism
depository i nstitutions, such as the American Type Culture Collection '
. ATCC. {See the ATCC. catalogue listing and also German
 Offen egungsschri ft 2644432) . These other microorganisms inc'lude, for
25 example, Bacilli such as Bacillus subtilis and other enterobacteriaceae
among which can be mentioned as examples Salmonella typhimurium and
Serratia marcesans, utilizing plasmids that can replicate and express
heterologous gene sequences therein. Ye'ast, such as Sac'charornyces
-¢cerevi siae, may also be employed to advantage as host orgamsm in the
_'preparation of the interferon proteins hereof by expr'ession of genes .
codmg therefor .under the control of a yeast promoter.

The LelF hybrids are prepared in acco’rdance with the present
~invention, by taking advantage of restnction endonuc1ease cleavage sites

35 commonly located within the { ndivi dual parental genes and each end
thereof in conjunction with the same sites! in carrier expression plasmids
(vectors). For example, the 1arge (~3900 bp) fragment of a Xba I toPstl



depository institutions, such as the Anerican Type Culture Coll ection,
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- Direct QpreSsion' of a First 'Matdre'L'eukocyte Interferon

The procedure followed to express Le~IF A directly és a mature
20 interferon polypeptide involved the combination of synthetic (N-terminal)
and complementary DNAs. : - '

A Sau 3a restriction endonuclease site is conveniently located
between codons 1 and 2 of Le-IF A. Two synthetic deoxyoligonucleotides
25 were'désigned which incorporate an ATG translational initiation codon,
restore the codon for amino acid 1 (cysteine), and create an Eco RI
§ticky'end. These oligomers were ligated to a 34 b.p. Sau 3a - Ava II
fragment of pL3l. The resulting 45 b.p. product was ligated to two
 additional DNA fragments to construct an 865 base pair synthetic-natural
30 hybrid gene which codes for Le-IF A and which is bounded by Eco RI and
Pst I restriction sites. This gene was inserted into pBR322 between the
" Eco RI and Pst I sites to give the plasmid pLe-IF Al.

Plasmid pGM1l carries the E. coli tryptophan operon

35 céntaining the deletion ALE1413 [G.F. Miozzari et al.,
'J. Bacteriology 133, 1457-1466 (1978)] and hence
expresses a fusion protein comprising the first 6



36776. Direct Expression of a First Mature Leukocyte Interferon The.?‘
edure followed to express Le-IF A directly as a mature 20 interferon
peptide involved the conbination of synthetic (N-tenmnal) and

| ementary DNAs. A Sau- 3a restrictio¥endonucl ease site is convem ently
| o¢at ed’ ‘between codons 1 and 2 of Le-IF A Two synthetic
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the restriction enzy [ which cl eaves coe $S|tes
The gene. fraéﬁﬁﬂ@@ﬂéh%t%ﬂil%ﬁﬁi?ﬂi} dgj RGAT E%H AT rﬂf@ré—“(% 5ty of a
sel f conpl emangage bgk-'ré@rrtzghntﬂmd ] 7t.b;e cﬁscmrxre, 1QniAN ITsAirrG)dl-
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ol es of the cﬁgem%ﬁpgr% %he fragments, now with EboRI ends were separated using
5 percent (weight/volume) polyacylamide! gel electrophoresis (here.m-
‘afer "PAGE") and the three largest fragments isolated from the gel
by first staining with eth:.dxum brom:.de, locat.tng the f‘ragments with
.20 ultraviolet light, andcutting from the gel the portlons of J.nterest.
Each gel fragment, with 300 mlcrohters 0.1xTBE, was placed in a
dialysis bag and subject to electrophoreszs at 100 v for one hour in
D_.1xT_BE buffer (TBE buffer contains: 10?8 gm tris base, 5.5 gm boric
‘acid, 0.09 gm Na EDTA in 1 liter H20). : The aqueous solution was
25 - collected from the dialysis bag, phenol. extracted, chloroform ex-
tracted and made 0.2 M sodium chloride, snd the DNA recovered in
water after ethanol pret_:ipitation.- The trp promoter-operate_r-_con-
taining gene with EcoRI sticky ends ‘wa_sfidentif_ied in the procedure
next described,:.which ehtails the inseri:ion of fragments into a tetra-
30 cycline sensitive plasnu.d which, upon promot:er-operator J.nsertlon,
becomes tetracycline resistant.
Plasmd pBRH1 (R.I. Rodriguez, et al., Nucleic Ac:.ds Research
_6, 3267-3287 (1979) expresses amp1c111n resistance and contains the
_ . gene for tetracycline resistance but, there being no associated
35 promoter, does not express that res:.stance. ~ The plasmid is accord-
ingly . tetracyclme sensitive. By mtroducmg a promoter—operator
system in the EcoRI s:.te, the plasmid. can be made tetracycline
* resistant.
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| at ed Synthetic oligonucl eoti de pCATGAATTCATG and in 20yul T4 DNA |igase.
buffer (2:1mMtris, pH 7.6, 0.5 mM ATP, 10mM MyCl 2, 5 mM di- thiothreitol
at 40€C overnight.. The solution was then hegated 10 15 mnutes at [err]\C
to halt ligation. The linkers were cl eaved by EcoRI: digestion and the
fragnents, now with EcoRl ends were separated using 5 percent-
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r enoved phenol extraction foll'owed by chloroform ext ract I on and

recovered 1 n water_after ethanol precipitation. The resu{ ti ng DNA nol ecul e
was, in separat 80 EcoRl and BamHI digestion product of the viral gendme of hepatitis

B was obtained by conventional means and cloned into the EcoRI and BamHI
sites of plasmid pGH6 (D.V. Goeddel et al., Mature 281, 544 [19791)) to
form the plasmid pHS32. Plasmid pHS32 was cleaved with-XbéI, phenol

20 extracted, chloroform extracted and ethanol precibitated.. It was then

© treated with 1 4] E. coli polymerase I, Klenow fragment

(Boehringer-Hannheim) in 30 ul polymerase buffer (50 m4_potassium ]
phosphate pH 7.4,'7mM MgC12, } mM s-mercaptoethanol) containing 0.1mM
dTTP and 0.1lm4 dCTP for 30 minutes at 0°C then 2 hr. at 37°C. This

25 treatment causes 2 of the 4 nucleotides complementary to the 5'
protruding end of the Xbal cleavage site to be filled in:

| lv‘H.

5  CTAGA— 5' . CTAGA—
3 T = Tee—

Two nucleotides, dC and dT, were incorporated givi ng an end with two
5' protruding nucleotides. This linear residue of plasmid pHS32 (after
phenol and chloroform extraction and recovery in water after ethanol
. precipltatwn) was cleaved with EcoRl. The large plasmid fragment was
35 separated from the smalier EcoRI Xbal fragment by PAGE and isolated after
e1ectme‘lution. This DNA fragment from pHS32 (0.2 ug), was ligated,
under conditions similar to those described above, to the EcoRI-Taq I
fragment of the tryptophan operon (v0.01 ug), derived from pBRHtrp.
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95{ on m xtures, conbined with each of the three DNA fragnents obt ai m..é*d ‘o
&‘ ¥Ye/and ligated with T4 DNA |igase as previously described.. The DNA '
pres€ént in the reaction mxture was used to transformconpetent E. coli

K-12 strain 294 (K. Backman et al., Proc. W&t 1. Acad. Sci. USA 73,

4174-4198 [1976J) by standard techniques (V. Hershfield et al., Proc Nat | .
Acad. Sci. USA 71, 3455-3459 ]1974]) 10 and the bacteria plated on LB
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residue of pegenerdtey’a H.atdbi cattelydedabiA repatofand nrepticatiionon. and
recovery in water after ethanol precipitation) was cleaved with EcoRI'.- The
| arge plgsmd fragrrent was 35 separated from-the smaller EcoRl - Xbal
fragmant‘?%y PAGE armd—T6hAGeet after el ectroetw+TCIAGAF s DNA fragment from

'pHS32 (0.2 Jerr]g) _Magc-j-g-;g,al_ed ~under condl_q@-rgirm I ar to t hose
descrl bed above, to the EcoRI - Taq. | _ ) _

These plasmds were also found to cleave both with EcoRI and Hpal and
to give the expected restriction fragments. One plasmid, designated pTrp
20 14, was used for express'ion of heterologous po'lypeptides, as next -
di scussed. ' -

The plasmid pHGH 107 (D.V. Goeddel et al, Nature, 281, 544, [19797)
‘contains a gene for human growth hormone made up of 23 am'i:nn acid codons
25 produced from synthetic DNA fragments and 163 amino acid codons obtained
from complementary DNA produced via reverse transcription of human growth
hormone messenger RNA. This gene, though it lacks the codons of the
"pre” sequence of human growth homone, doe‘s contain an ATG translation
initiation codon. The gene was isolated ‘from 10 ug pHGH 107 after
30 treatment with EcoRI fo'l‘lowed by E. coli po]ymerase I Klenow fragment and
" 'dTTP and dATP’ as ‘described above. Fo'l'lowing phenol and chloroform
extraction and ethamﬂ precipitat'lon the plasmid was treated wi th BamHI.

The human growth hormone (“HGH") gene-contaming fragment was
3B 4 solated by ‘PAGE followed by electroel ution.' The resul ting DNA frabment
also contains the first 350 nucleotides of the tetracycline resistance
structural gene, but lacks the tetracyli ne promoter-operator system so



| fragnent, as descri‘bed above, the Tag | protruding end Is ligated to t
Xbal remai ning protrudi ng end even though it is not conpletely Watson-Cri
base-paired. T + CTA®- - TCTAGA- - AGC
TCT AGCTCT A portion of this ligation reaction m'xture was
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di scussed Tbnprpdsai;m qb‘lp!iﬂd.lO? (D. V. Goeddel et al, Nature, 281, 544,

[ 1979] contains a gene for human growth hornone made up of 23 amno acid
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cont ai ns the nuc eot I d tracycline resistan
' one sticky end, permitting recombination in proper orientation with the

HGH gene containing fragment previously described.

f’ri—"a"gneaht of thé trypt ophan operon (~0.01 [err]g), derived from pBRHtrp. @ :
e,

The. HGH' gene'fragment and the th_?p14 AXba-BamHI fragment were
combined and 1igated together under conditions similar to those described

20 above. The filled 1n Xbal and EcoRl ends 1igated together by blunt end
ligation to recreate both the Xbal and the EcoRl sij:e':
Xbal filled in  EcoRl filled in " HGH gene initiation
25 ' - .
—TCTAG + AATTCTATG—e ~—TCTAGAATTCTATG——
——AGATC TTAAGATAC— = ——AGATCTTAAGATAC—
' ' Xbal EcoRl
30 This construction also recreates the tetracycline resistance gene.

Since the plasmid pHGH 107 expresses tetracycline resis;ance from a-
promoter lying upstream from the HGH gene (the lac promoter) this
construction, designated pHCH 207, penmts expresswn of the gene for
tetracycline resistance under the control of the tryptophan
'35 promoter-operator. Thus the Tigation mixture was transformed into E.
coli 294 and colonies selected on LB plates containing 5 ug/ml
© tetracycline.
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ural gene, but lacks the tetracyline pronoter-operator systemso ™ - °
when subsequently cloned into an expression plasm d, plasm ds

ining the insert can be located by the restoration of tetracycline _
stance. Because the EcoRl end of they{ragnent has been filled in by the
Kl enow pol ynerase | procedure, the fragment has one blunt and one 5
sticky end, ensuring proper,orientation when |ater -inserted into an

expressi on pl asnPyasmick pHRHAQL sasrEen &Intlibested| andyibentop ppoegizredon-o
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treated with BamH and e resulting large plasm ragnen ed by
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one sticky i, w@@rdliohbunﬂwfr@%ﬁm&amo&ﬂé"o?rﬁl@"IFOA' entation with the HGH
gene contai ni ng revi ouysl y descri bed.” The HGH gene fragnent and

the pTrpl 4 Axba- rPf Jtte rebapnacde §0akri ani avalag phglhenbr cokider
.condi tions igyptbptiar @pehmefr@ﬁsﬁﬁid?ﬁ@hgoso—éhi)lltﬁj trghétﬁ(e'nbb%'r iHAsXp&dn and
EcoRl ends q d toget her - qéf H’nt end ligation to recreate both the Xbal
and- t he Ecoc*ﬁl gF& tRbﬁ?"‘fﬁ’qH Bly peigh e'E(,eéR’r'e'*’T?’PPetle‘f%S' Expressiqqay gene
initi anﬂorlﬁlﬁsmiﬁEﬂ@Gntalnlng the- mod&ﬁTEEﬂB¥BGregulon can. be grown to predeter-

;g?%g%}gl%( ar méf:otlﬁllegb media %EEIEH?%FFHI‘:HV(% tLYRLPPPEE, Uht es t he

tetracycl i mpantiissanuefgdeat & meprese mapmwtp%%t?emr?ﬁmea’c(tﬁn be
(hetac. prRpbRid R ERSURIER, B AOLS e i Y8 LAy LA HIE I "
expr essi on ecxp_r@mogené the méem@;&/orommem stance under the control of the
tryptop@an More partlcularly, 250 pg of plasmld pL31 were dlgested with

Pst I and the 1000 b. p. insert 1solated by gel electrophore31s on a 6

. .ﬁ\:

percent (welght/volume) polyacrylamide gel. Approx:mately 40 pg of
insert was electroeluted from the gel and d1v1ded into 3 allquots for
further dlgestlon' a) A16 Mg sample of thls fragment was partlally
20 digested with 40 un1ts of Bgl II for 45' at 37°C and the reaction
mixture purified on a 6 percent (welght/volume) polyacrylam1de gel.
Approximately 2 pg of the desired 670 b. P fragment were recovered.
b) Another sample (8 pg) of the 1000 b.p. Pst I insert was restricted
. with Ava II and Bgl 1I. Dne‘pg of the 1nd1cated 150 b.p. fragment .
25 was recovered after gel electrophoresie. ~¢) 16 pg of the 1000 b.p.
-piepe'was;treated with Sau 3a and Ava II.. After electrophoresis on
a 10 percent (weight/volume) polyacrylamide gel, approximately 0.25 pg
(~ 10 pmole) of the 34 b.p. fragment was recovered. The two indicated
deoxyollgonucleotldes ‘5'-dAATTCATGTGT (fragment 1) and 5'-d
30 GATCACACATG (fragment 2) were synthesized by the phosphotriester pro-
cedure (Maxam and Gilbert, Methods Enzymol. 65, 499-560[1980]) .
Fragment 2 was phosphorylated as follows. & 200 p1 (~ 40 pmole) of -
(Y P) ATP (Amersham, S000 Cl/mmole) was dr1ed down and resuspended in
_ 30 pl of 60 mM Tris-HC1 (pH8), 10 mM MgClz, 15 mM 8 -merceptoethanol,
35 containing 100 pmoles of DNA fragment and 2 units of T4 polynucleotide
kinase. After 15 minutes at 37°C, 1 pl of 10 mM ATP was added and the
reaction allowed to proceed another 15 m1nutes. The mixture was then
heated at 70°C for 1S minutes, : ‘_
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35 édprooter-operator. Thus the ligation m xture was transfornmed into E
coli- 294 and col oni es 'sel ected on LB plates containing'5 [err]g/m

tetracycline. . Plasm d pHGH207 was Eco Rl digested and the trp pronoter
con- taining-a 300 b.p. Eco Rl fragnent''rgepvered by PAGE fol | oned by
el ectroelution. 'The 300 b.p. Eco R fragrrent contains the E.coli trp

promot er, Operaéo%mgd‘%tﬂ:ﬁpldoeﬁﬂﬁe Brbf" ﬁﬁeﬁ@gﬁﬁhi‘%ﬁa& elubg&ofe of éf‘i"&‘Sﬁ g/

AT&sequence for-ini 'on of "tran

cl oned into ther-ESsuria si fva Jf Pragmept,n  lrigatiop W&Sagﬁ%ﬁ’ﬂrmpdsforr éf ’@WD@dato
is an anal og Ofaichﬁn%@ﬂh' of rznpmﬁlﬁg-me(@m 7. 59rﬁ0’VﬂMcﬁb fche, sfo Rl hathibLp .

attenuat or has been | et ed to control % %{ en exp?eSS| on levels.

Expressi on 10 'meAE‘H’r!dQ - 2wt &T?nﬁ'i‘& 16 andbsr igaseyqul dhe distuee dagwn
to predetes- m éﬁéti-@mﬂrase@ oﬁué ré 9Bi'céi‘ﬂ:d(ﬁefghﬁyﬁ’dlﬁblma§l rﬁﬂ%éw@muaamapbﬁ@

tit tt th {to th b
depr ved of ¢ ryepRdirRsopiRoe emuprel By ecEraniibihin oBRdaih Compkov
expr essi ](c)n F;Std‘pm warernéedvaradd(wtm ad. 1 pmole),l\ginn?mﬂdtwntglmﬂ pBg 25(bm::%es)

err o}

|[sol Lttged bs gemptﬁgﬁsd\ﬁtﬁe vge@; ggglfa‘hf’éiﬁﬂe"t ';:Q/g& ﬁ%’kié%) of tHe

Fﬁl yaclryl an de- 6};1 b.p. Agdr Ik i-nBsk|ly fudgmegtof |Theehtgatmn mlaecwenfelrledzcatf rom
e ge R r

chmple of 1B's HE ro a2 Hodtd Buficd b st "éf% NG I3haqit, Eid21 o#’%ar’ X

‘for 45 at [err%ﬂaﬁ dvated b)éd@?tm #Px@iﬁcefptlr" pinutes. a dhporicdyre was then

(wei ght/vol U”E)dﬁéb)!é&rvﬁltﬁrﬁdieﬂﬂednd PYPTIO%H @tlﬁiﬂlai?e Bglﬂferbh@f' pel ééﬁk 670
b. p. fragnent V\ﬁ{e recovered. b)_Another sanp (eig%g/YOf t;ne 1000 . Pst

| insert was retie PixigFe nag pughfied by f ngrcqqt d?olyng'ylamde
i ndi cated 150 bgel elécttophoredis. W36,000 eph’ @Gd0al4 Pmole) 20! Ag) [dTPBES ARpS.

ol eotr bphortdsi gt Higesofadiabedye BRERREF L1ohlp St 4 B, b aned
approxi mat el y CbB!BZﬂg(O 3 ug) between the Eco RI and Pst I sites. Transformation
of E.coli 294 gave 70 tetracychne resistant, ampicillin sensitive
R 'transf'ormant's. Plasmd DNA 1s01ated for 18 of these transf'ormants
' " was’ digested with Eco RI and Pst 1. 16 of the 18 plasm:.ds had an
20 Eco RI - Pst I fragment 865 b.p. in length. One ug of one of these,'
pLe-IF A1, was digested with Eco RI and ligated to a 300 b.p. Eco RI
fragment (0.1 ug) containing the E.coli trp promotei' and trp leader
ribosome binding site, prepared aé‘-"_ described abave. - Transformants
containing the trp promoter were identified using a 32P-i:::;:: probe - in
' 25 conjunction with the Grunstein-Hogness colony screening procedure -
| Grunstein et al [Proc. Natl. Acad. Sci. (USA) 72, 3961 '(1975)]. - An
asymetrically located Xba I site in the trp fragment allowed deter-
mination of recombinants in which the trp promoter was oriented in
the direction of the Le-IF A gené. ' .

30 - Extracts were prepared for IF assay as Follows. One ml culture !

were grown in L broth conta:.m.ng 5 pg/ml tetracyclme to .an ASSO of
about 1.0, then dlluted into 25 ml of M9 media containing 5 ug/ml
tetracycline. 10 ml samples were ﬁarvested 'by centrifugation when
ASSO reached 1.0 and cell pellets were suspended in 1 ml of 15 per-
35 cent sucrose, 50mM Tris-Hcl (pH 8.0), SOmM EDTA. One mg of lysozyme
was added and, after 5 minutes at 0°C, cells were alsrupted by soni-

cat:.on. The samples were centr:.f'uged 10 minutes at 15,000 TPm in-a
. Sorvall SM-24

@

e mmen e



. _ : ]
§ pnole) of the 34 b.p. fragnent was recovered. The-two indicated -
ol i gonucl eoti des 5' -dAATTCATGIGT (fragnent 1) and 5*-d 30 '
ACACATG (fragnment. 2) were synthesized be“st he phosphotriester .pro-
segure (Maxam and G | bert, Met hods Enzynmol 5, +499-560[ 1980]); Fr.agnent 2
was phosphoryl ated as fol I ows. '200 pl (~40 pmole) of (Y 32p) ATP
(Anersham 5000 Ci/mmmole) was dried down and resuspended in 30 [err] of 6Q...

M Tri s- HCL ropbl) , IatenfrddGeRivilty i ther sipernetartst oes iabeimingd by -

i mace. s EaPPRET R b Cirtey SRR B9y ’I‘Q% i BRI “Rigon
reacti onal | @ssaly ¢ 0 Tprdeteen!inen Shéumber mfnlﬁem eciles pérxcel b avhe-Ifhepetificed
at 700C TOr o34 JubPx10% ATRIMPHadldsha 10 bF?HP{eein bt 31 Obrokaongt 1 and

10 pnol e of “t I gatfon was per for ned
for 5 hofirs Agadj dici} Glfsmﬁ,eﬁﬁ? (dp7 %)d-mvl Trls Hcl (pH 7.5) 10 nM My [err],
10 MM dithio- threitol, 0.5 mM ATP and 10 unlts T4 DNA |i gase. The

m xture was 5 el ectro hor ese er.cent ht/ vol une)

on.a

pol yacryl ani de GlaneapleefieA £8Py iBr"HHththee%E/éFéﬂ #Rs dnseatas fprthe

%[360 ?00(gerqelkwed:ammeemecgwsediéh IQve g of| agtTRi &) (aeomlyhne.d zms&boq)(z
err nol, es \Y n

prol eg) of pt”ﬁét%ﬂ?rb {)te"ﬂagl q-Ihf* fF pgggqcepr %en?c’” kTﬂgEslr{rgjﬁl (}8ﬁ/é&%&}%

loerfor metd attr[iOZS bekavels 1tke abthentis hmang.ez-(] gt §so§table oA tregaat at The
i gase was t e m xf ure

vvag t hen di gfggti'@ ﬁt‘ﬁeﬁég%lﬁﬁa Wqﬁgﬁﬁ[ gﬁﬁ h}.ﬂ%ﬁ) %f“ga% §nt‘ibo§'§s hei‘ ene.

The m xtureimeerﬁnmnfhesdamwp@amtcmnleqmlergmigb |qfneppmri5:ete1yl 203 096. gel -

el ectrophoresi s 36, 000 cpm (~0. 04 pnol e ng) of 865-b.p. 15 pr oduct

wer e isol ateId One-half (10ng) of this was Ilgated |nto pBR322 (0.3 pQg)

bet ween t he 1sahatiionaof) cBiAs \foxjAdditiona}, Letkocy ke ETORS col i 294 gave 70
tetracycisg ne-resistant arrp|(:||||n sensitive transformnts :Plasni d DNA

|1;ssolo?t teﬂef 2?3 é| theﬁ:ﬁ éﬂq rar;ggterizei e-QFS& cngm-ctorntaE n)ingl P ansgﬁfi)wasl "
- excised with Pst I, isolated electrophoreticaﬂy, and labelled by a
_ published procedure [Taylor et al., B1ochem. Biophys. Acta. 442, 324

(1976)Twith ¥, The resulting radicactively Tabelled DNA was used as
20 a probe to screen add:.t:.onal E. colJ. 294 transformants o

by an in situ colony.screenlng propedure;_Grunsteln et al.,
supra. Coloh'ies' were. isolated whicih hybridized' in varying
amounts to the probe. Plasmld DNA from these colonies and
the ten hybr:.d:.z:l.ng colon:l.es referred to above was isolated by Pst
25 cutting and characten zed by three different methods. First, these Pst
fragments were characterized by their restriction endonuclease digestion
patterns with the enzymes 891 11, Pvu 11, and Eco RI. This analysis
allowed the c‘lassification of at least eight different types (Le-IF A,
Le-IF B, Le-IF C, Le-IF D, Le-IF E, Le-IF F, Le-IF G and Le-IF H), which
‘approximates the ‘location of various restr'iction cuts relatwe to the
by-now known presequence and coding sequence of Le-IF A. One of these,
Le-IF D, is believed to be identica'l to that reported by Nagata et al.,
_ Nature 284 316 (1980) :

Second‘ly, certam of the DNAs were. tested by a pubhshed
hybriduatinn se]ection assay, C‘IeveTand t a1., Cell 20 95 (1980) for
the ability to selectively remove Le-IF mRNA from po]y-A containing KG-1

‘cell RNA. Le-IF A, B C.and F were posit‘ive by t}ﬁs assay. Thind, the
' 1



pLe-IF A, was digested with -Eco RI-and ligated to a 300 b.p. Eco R
fragnent (0.1 pg) containing.the E.coli trp pronroter and trp | eader
ri bosone binding site, prepared as describefh above.: Transfornmants
containing the trp pronmoter were identified using a 32P-trp probe in 25
conjunction with the G unstein-Hogness col ony screening procedure - _
Grupstein et attpprRse. fregmentswgne iasertqdudp)am expssion pdasyid, Earoli 294
asymet 11 cal | yeddcpbiada e ol ot abifid,Nind 't FrAGHEAYS 84praegeq defi -
m nation of récombinants in which.thd trp promofer was oriented in the
direction of efeesslonFpyoductke, bedieved to hawgiBaes: prejoterfiarapss 8¢ A11IF
?stsay asI fol Ifuss-tiveA & gcmﬂ} aQ%H)i waervgﬁe{ﬁér@wG@dﬁtvht ,_re:isei%omfﬂﬁgirm?n% Qepiven
etracyclipe (o . an abou e iju .l.nto Q nme
cont ai ni ng£5 I'brtﬁfgqaﬁ‘le ?gtﬁhﬁc%)eﬂtlfh'e.frag'i@ L’hr‘?’g bg%?%ihﬁrv&?%wgbygha
centrifugati ogf wherLeA360typeacdesd ribdd have beéh sequémded.were suspended in |

m of 15 per- 35 cent sucrose, 50mM Tris-Hcl (pH 8.0), 50V EDTA. One gy
of l'ysozyme was added and, after 5-minutes at [err], cells were disrupted

by soni- cati SecondTHaturanisukecyke dntenfierbbuged 10 minutes at 15,000 rpmin

a Sorvall SM 24 "rotor. Interferon activity in the supernatants was
determ ned by conparison with Le-IF standards by the cytopathic effect
(CPE) inhilfiti on TA8ssgauenay ofeths isptatedefragnaet comprising| theupere for mature o

Proc, Natl . 5ot ol shosthe IELE KoURdnl MUEISBRIASEON ot TR R0 S
which the irpigetiieely  WRs2ccREdinald propored doot i0ate d dnpamensn g pEe T Gh8
|b evEI s o:‘ _ aﬁt buaﬁ%ng(_ﬂm I;kpi;pr?mo'f’efaﬂ?&tum tﬁbgwmdhbimi)'nlg_ siffecand uhte_oghmdof_

. coli K-12 str 2 - . Lr Sl u ic. n
Da T o o S Hie- s AR Y kR dn o inh PhiE WD BUF e S, iph of tHE"
ant i - humart8l eBksequeacarini aro@xpeessidhepliasmidf er on has an apparent nol ecul ar
wei ght of approximately 20, 000. '

R . . !
20°; Eco Rl - Pat | fragment 865 b.p. in |ength. One pg of one of thes@
e

To obtain the approximately 950 b.p. Sau 3a to Pst I fragment from
the sequence shown in Figure 7a several steps were necessary because of
the presence of one or more intervening Sau 3a restriction sites, f.e.:

20
_1. The following fragments were isolated:
a) 110b b.p. from Sau 3a to Eco RI;
_ b) 132 b.p. from Eco RI to Xba;
25 ¢) >700 b.p. from Xba to Pst.

2. Fragmehts (1a) and (1b) were ligated and cut with Xba and Bgl II
to preclude self-polymerization through Sau 3a and Xba end terminals (the
relevant Sau 3a site was within a Bgl II site; Bgl II cuts to leave a Sau
3a sticky end). A 242 b.p. fragment was isolated.

3. The product of (2) and ({1c) were 1igated and cut with Pst I and
8g1 II, again to ﬁrevent éelf-.po]ymen‘ zation. An approximate 950 b.p.
fragment, Sau 3a to Pst I of Figure 7a, was isolated. This fragment
comprised that portion of the Le-IF B gene not common to Le-IF A.
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hafion of cDNAs for' Additional Leukocyte Interferons 15 DNA fromthe .

fgl I\ characterized Le-1F A cDNA-containing plasmd was ‘exci.sed with Pst I,

[ (LI’ ted el ectrophoretically, and | abel+edvBy a published procedure (Tayl or
., Biochem Biophys. Acta. 442, 324 (1976)] with 32P. The resulting '

ra | oactively | abelled DNA was used as 20 a:probe to screen additional E.

coli 294 trans4or danapproximatei 306 ibp. chriagnents {HinhilEl tor Saeda)ecompriisingi n,

o oruniR o RBRSRCAGI L) FABsoHl GGl oA Bedey MipRIAERA

to. the prob t hese™ col I'zI ng

col oni es r efysteine codathofelendE A s@saisal aed Ffsmmzmi-e-éﬁtﬁﬁng and
characterized by three different nethods. First, these Pst fragnents were
characteri zed by their restriction endonucl ease_di gest i.on patterns with

the enzgmes BgB. | An mAroximateiy 3600 byp. fragmensRst di to Hindvidd vake

classificatisgatdd From %sts'&t.ghrhﬁl é&ﬂiﬁ@édtueeﬁe;ﬂlieoﬁ Rng. edcoded B, ‘Le-|F
C, Le-IF O, Le-l1F H), which 30 approxmates_

the | ocati dietsre XFJEPBbg‘tr At rafnﬂfq’dﬁie Ft?'&ﬁ've to the by-now known

presequence and cod| ng sequence of Le-1F AL One of these, Le-IF D, is-

bel d be i d h ) : ,-3.16
(So00) ™ secongfy Thb, Frlonés’ BREaTaRRCI S0eBY 3R 8 sty iRkl foted
hybri di 20t iand sied e*esumngsiﬁmmd?lm'eakmatirwo E. Colli K22 Wa(imgmy)., for

the ability to-selectively renove Le-1F nRNA from pol y- A containing KG |
cell RNA Le-|

oSi ti Vv this a say hi t he

Fatter Pot {1 adranttormiants Mate Hagsmentt o BorUatim At flas luE 68 ASJA 204
transfornedkmeahthhk rlsb.‘!;rmﬂnb,ndnu rpiabniad;rsamptesenereaaﬁgelste“ﬂhm Hxﬁcesksﬁ.on _
pr oduct s, v, t all positive by CPE
assay ,for iﬁi%er"‘f\ég Wq38€ @"F ﬂ'g%g“t} ?ré%éc%ﬁ%cfl've 5 in the case of
the Le-hg-F fragment. In addltlontotheforegomg all of the LeIFtypes-
described have {jeefheSgod/iceE RI trp promoter fragment; 2) The internal Eco RI
' to Eco RI fragment of pL4; and 3) protein trans1ationa1 start signal to

- Eco RI fragment of pL4.

‘o0 -~ In CPE assay, bac teri al extracts from clones made in the foregoing
fashion typically assay at about 10 x 106 units interferon acti vity per
liter at A550 =1, One representative clone prepared in this manner is
294/pLIF B trp 7. '

| 25 Further Mature Leukocyte' Interferons

Additional full-length gene fragments. that comprise other Le-IF types
may be tailored and p1aced in expression vehic1es for expression as in
the case ‘of Le<IF A. Compiete sequencing by conventional means will

30 reveal whether a restriction site lies sufficientiy near the first amino

 acid caodon of the mature interferon type aﬁ to pennit convenient resort

to the approach employing the_elimination of the presequence by
restriction cutting and replacement of codons for the"ﬂ-tenninal amino
acids lost in presequence elimination by Tigation of a synthetic DNA

35 fragment, as described above. Failing that, “the procedure described in
Kleid et al., supra,may be employed. Brief1y, this entai]s ‘¢leaving the
presequence-containing fragment precisely before the point at which the
codon for the first amino acid of the mature poiypeptide begins, by
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Ségond-<Mature Leukocyte Interferon 10 The sequence of the isolated
fragnent conprising the gene for mature Le-1F-B shows the first fourteen
nucl eoti des of types A and 8 to be identical. W accordingly proposed to
i solate a fragnent from pLe-|F A25 bearing t&e trp-pronoter-operator,
ri besome binding site and the start of the Le-1F (A=B) gene, and conbine
this with the remaining portion of the 15 B sequence in an expr.ession

pl agm.d. To obtaingt heﬁﬁ%@@fég)ﬁ;”ﬁ@'dugﬁos@r&deﬁam\lk?'%otﬁn é-étgfaﬁmm i ﬁren

t he 'sequence shown i n u a sever Ssteps were necesSary because of t
presence of one or moreeSiAR SUrENd ngkhadpeiads i ction sites, i.e.: 20 1.
The follow ng fragnents were isolated: a) 110b b.p. from Sau 3a to Eco RI;
b) 132 b.p. fromEco R to, Xba;, 2 c >700, b. p. from Xha t

oot o U ngment s 26 ApOEhEIAIRG) thdhe singhessrabded reoian Formed T pigp ) (al 2
to preclud® self-pol yroomptemengary proémerh 18agithd af agithgkies tranddd: ONA nethe §'t lead

rel evant Sau 3a site L t |l slie; | tQ l e.A. Sau
3a sticky end). A 24 bt}[‘)\é %Qﬁ'ﬁéﬁ%%gp%ﬁ%aﬁ%"ugie#ﬁggpardgah'gf"\éofﬁ? 2)
and. (ic) were |igated tnténded cleavagessitiesand 8gl 11, again to prevent

sel f-polymerization. An approximate 950 b.p. fragnent, Sau 3a to Pst | of
Figure 7a, was isolated. This fragnment 35 _conprised that paortion of the

Le-1 F B gene not c Snmoesteris - Prataportion of Aheasnnosd vwaad Ridminated in step 1
fr a?rrfng ' f1(>HI _ndLI I : Ft Qvhi¥en Bal P ERe| ylAas.rwcﬁbﬁ! ﬂ%{nclﬂ@gggiertey ! }I*efaetw wti th
i sol ated from pLe- . . n_approxi ] .p. fragpen
bt I to Hnd IT1 was Tpalmerase, i e poesenca ot agenisite By AiRes SUBfINaLANd
and encoded tetracycl igytobine-gohtadnprg idebxynucsotsiidenteiphbsphiites rangnent s
obtained in steps 3, 4 and 5 were triple-ligated 10 and the resulting

plasnmid transfornmed into E. coli K-12 strain 294. :
4. digesting the remaining single-stranded length of DNA which

15 protrudes beyond the intended cleavage point. -

A short length of synthetic DNA tem’inat‘ind , 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 resulting tailored gene for the
20  mature interferons and the gene inserted into an expression plasmid and
| brought under the control of a promoter and its associated ribosome
binding site. |

In a manner similar to that employed above, gene.fragments-encoding
25 Le-IF-C and Le-IF-D were appropriately configured for direct bacterial
expression. The expression‘strategy for these additional ‘leukocyte
interferons included, in each case, resort to the approximately 300 b.p.
fragment (Hind III to Sau 3a) comprising the trp promoter-operator,
ribosome binding site, ATG start signal and cysteine codon of Le-IF A
30 from pLe-IF A25. To this were combined gene fragments from the
additional interferon genes encoding their respective amino acid
sequences beyond the inftia] cysteine common to all. Each resulting _
plasmid was used to transform E. coli K-12 strain 294. 'Ligations to form .
the respective genes were as follows: '
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6rmants were mniscreened, Birrnboimet al., Nucleic Acid Research 7, ;"
' and plasm d sanples were digested with Eco RI. Digests yielded
nts characteristic of: 15 1) W®ge Eco RI-Eco Rl trp pronoter

.”2) The internal Eco Rl to Eco Rl fragment of pL4; and 3). protein

translatlonal start signal to Eco R fragnment of pL4. 20 - I n CPE assay,
bacterial extracts fromclones nade in thg fpyegoi ng fashion typically
assay at about 10 x [err] units interferomactivity per liter at A550 =1. J.,,;'-
One representative clone prepared in thiss manner is 294/pLIF B trp 7. 25

Further Mat L{rsewﬁultﬁeyﬁuﬂbmrer?ﬁégaﬂaté\cww sUEAIFicd | -1ength gene fragnents
that conprise o #e | F ;%ﬂleg maa)é/ be tai k@red and placed in expression
vehi cl es for exgﬂ s 3 dhpas e Rate By LF A Conplete sequencing by
cop}/entignﬁl megyls wgqco BOp. 1Saw 38 tuhuﬁﬂg(rj a r‘festLl ction site I|es
~sufficiently near, the first anno.ac n of,_the r type
‘as to permt co ?ﬁqlltatFe%’braPpmipﬂte 9@@ %R,’hfﬁ?ﬂﬂ%gaﬁﬁnﬁhte% on of
the preseﬂuence by f eont lpLetIFoA-Zilhslhgpamd NE( asuprant of codons forfthe
N-term nal am ng,ya c [

synt heti c DNA 3@” f;ggr%%t ; _eagp%giﬁ’%bﬁlg 5% é% %Irhgl ng ?ta@ai ﬁ'}s‘} sﬁ:ra.

procedure described in Kleid et al., supra, my be enployed. Briefly, this
entails eyl r esequence- cont ai ni ng fragnent precisely before the-
poi nt at.fd\/\/h;%},S "r.f'tg@f%fon for- the first am no acid of the mature poal ypeptide
begi ns, by: - 1. converting the double stranded DNA to si'ngl e-stranded

DNA in a regi Ontls)urlliﬁé't@' (&) ahdt(c)Qi rmeaae wi'tﬁbﬁﬂdlﬂl HindOI1D@nd isolate
singl e-stranded re n: &@Sé ste I{g: 51! conpl enentary
primer | engt®otP ﬁﬁ’? ded DRINE I’ie5 end of the primer |ying
opposite the nucl eotide adjoining the int ended cI eavage site,; '
15 - (2) Triple ligate (1) + (b) + (d) and transfor'm E. coli with the
resulting plasmid. ' !

>

A representative clone made in ‘this manner is E. coH K-12 strain
_ 294/pLe IF C trp 35
Le-1F .

Isolate from pLe IF-D:
_ a) 35 b.p. from Sau 3a to Ava II
25 - b) 150 b.p. from Ava II to Bgl II ,
| ¢) approx. 700 b.p. from Bgl II to PstJ;
~Isolate from pLe IF A25
d) 300 b.p. from Hind III to -Sau 3a
Iso'late from PBr 322:
.30 e) approx. 3600 b.p. from Hind III to Pst I

Construction:

(1) 1gate (a) + (b), cut with Bl II and purify a 185 b.p. product
3% (1), o I

(2) Tigate (1) + '(d) cut with Hind 'III Bgl II and puri fy the
approx. 500 b.p. product (2). | l

A



3. res‘lori ng that portion of the second strand elimnated-in step 1 10
which lies in the 3" ‘direction fronlthe priner_by reacti on with DNA

polynerase in the presence of adenine, é" R ne, guani ne and ' --'|\0
cyt osi ne- contalnlng deoxynucl eoti de trlph Sphates; and 4. digesting the
rermai ni ng singl e-stranded | ength of DNA which 15 ' protrudes

. beyond the |nte d cleav 0j nt short, le t

tegni nating, e Hgaéﬁ Bt to@’n@ %tﬁrﬁﬁ%‘%ﬁn ?‘h cﬁg ‘{} ang"'e%%ﬁp%rt
si ghal ATG cpnagnhqn be ligated by, e.g., blunt-end ligation to the
resulting tailored gene for the 20 mature interferons and the gene
Inserted into an expression plasm d and brought under the caontrol of a
pronot er and it A aspreseatativei tkonermade hai thissmanaer | i E. netlicK-13 strain ¢ o

t hat enpl ye fyr agment s, encodi ng 25 Le-1F-C and Le-1F-D were
appropri a Q W?Sunrg%ﬁflc}r di rect bacterial expression. The expression
strategy for these addi tional l'eukocyte interferons included, in .each case,
resort to the approximately 300.b.p. fragpgiF gHind |11 to Sau 3a).
conprising the trp pronoter-operator, ribosone binding site, ATG start
signal and cysteine codon of Le-1F A 30 frompLe-IF A25. To this were
conmbi ned gene frm“reéuw Frcvmhmngdﬂi-dg'menwmayrberthé'rmdgémesiieemeknppisﬁenr

Each resul | Moy psasselaly, Bade BMARHIsbEch) thd ' Bapfe TS caguP Jmif ! !
Li gations thi:mnlt-me deEe)-em BvandybeelF Rer A asp fpromober-castaining: firagment
sau 06 5 . (3 ofin"SrsBRIRET Cohf el plesy s(ﬁtaf"@of’s‘%‘“} 2&"?&3?36’& o
300 b. p. frag!esmhbeﬁil atwve} [via Bstu I3and fXbani ,slﬁees op.- £ 199ed bypisql afien)o
supra. the ca. 1050 b.p. fragment. A second fragment (b) {s obtained as the
15 larger of the fragments resulting from Pst I and Bgl II digestion of the
plasmid pHKY 10, a der1vatjve of pBR322 which contains a Bgl Il site
between the tetracycline resistance promoter and structural gene.
-Fragment (a) contains approximately half the gene encoding amplicillin
resistance; fragment (b) contains the remainder of that gene and the
20 entire gene for tetracycline resistance save for the associated
promoter. Fragments (a) and (b) are combined via T4 ligase and the
product treated with Xba I and Bgl II to eliminate dimerization, fon11ng
~ a fragment (c) comprising the trp promoter-operator and genes for

tetracycline and ampicillin resistance.
25

_ A fragment (d) of approximately 580 b.p. is'obtained by'AQa II and
Bgl II digestion of pLe IF-F. This comprises codons for amino acids
14-166 of Le-IF F. '

30 A fragment (e) (49 b.p.) is obtained by Xba I and Ava II digestion of
ple-IF B. Fragment (e) encodes amino acids 1-13 of Le-IF F.

Fragmenis {c), (d) and (e) are triple ligated in the presence of T4
ligase. The cohesive ends of the respective fragments are such that the
35 composite plasmid circulari zes correctly, bringing the tetracycline
resistance gene under the control of the'trp promoter-operator along with
the gene for mature Le-IF F, such that bacteria transformed with the
desired plasmid may be selected on ;etrecycIine-containing'plates. A



: : - s
olate the approxi mately 3600 b.p. fragment of part N (5) supra. 10 .
ction: (1) Ligate (a) and (c). Ceave with Bgl rl, Hnd Ill and
g t he approxi mately 335 b.p. produgt, 15 (2) Triple ligate (1)
+ ) /+ (d) and transformE. coli with th‘LrééuIting plasmd. A . _
représentative clone made in this manner is E. coli K-12 strain 294/pLe IF

Ctrp 35. 20 Le-IF Q. solate from | E-0: a) 3% : mSau 3a to Ava~
125 b “remyssuat R ong PrEPAres gyt shnens b cobh kL2 Siratm b

to Pstl- |spbsyptelf ¢mtppel.l F A25: d) 300 b.p. fromHnd Il toSau 3a

| solate from PBr 322: 30 e) approx. 3600 b.p. fromHnNd Il to Pst I
Construction: (1) ligate (a) + (b), cut with:Bgl I;l and purify a 185 b.p.
product 35  (1). (2) - ligate (1) + (d),LedF Bith Hind 111, Bgl Il, and -
purify tge approx. 500 b.p. product (2). (3) ligate (2) +.(c) + (e) and
transformE. coli wth the resulting plasmd. :A representative cl one nade
in this manner The gomplete Le-IP> Hsgeng mag be gonfigured fiori expressionasRF The

Le-IF F Conﬁlé’éd?hngelfk'bédﬂf@qht%érbﬁ %aifbprdm:f or direct expression 10

through reassenol Yy amid pLaviF K15 subjected %o Hae 11 and Rsa' lgestion with
isolation of the 816 base pair fragment e%tending from the signal peptide
10 amino acid 10 to the 3' noncoding region. - |
2. The fragment is denatured and subhected to repair synthesis with
Klenow fragment, Klenow et al., Proc. Natl. Acad. Sci. USA 65, 168
- (1970), employing the synthetic deoxyribobligonucIeotide primer 5'-dATG
-~ TGT AAT CTG TCT. This general procedure-?s also described by Goeddel
15 et al., U.S. Serial No. 190799, filed September 25, 1980. -~
o 3. The resulting product is cleaved*ﬁith-Sau Jda and a 452 base pair
("bp") fragment.representing amino acids ;:to 150 isolated..
4. Sau 3a and Pst I digestion of pLelF H and isolation of the
resulting 500 b.p. fragment yfelds a gene:encoding amino acids 150
20 through the end of the coding sequerce. _ - _ o
5. Fragments isolated in steps {3) and (4) are ligated to form a

fragment:
' 1 - 166
| . met cys - | . asp stop .
25 | ATG TGT .. —| — ... GATTGA ....Pstl
T Sau3da |

‘encoding the 166 amino acids of Le-IF H. - :

6. pLelF A trp 25 is digested with Xba I, blunt-ended with DNA
polymerase I and the product digested with Pst I. The 1arge'resu1tipg
fragment may be isolated and 1igated with the product of step (5) to form
an expression plasmid capable, upen transformation of E. Coli K-12 strain
294 or other host bacteria, of expressing mature Le-IF H.

-«



. L .
aci ds 4-13 of Le-IF B and Le-IF F. Atrp pronoter-containing fragnent (a
wi th appropriately configured ends. is obtained from pHGH 207, described {
above, via Pst .I and Xba | digestion foll q,gd by isolation of the ca. 10§60
b.p. fragnent. A second fragnment (b) is obTdined as the 15 |arger of the~~
‘fragnments resulting fromPst | and Bgl -1l digestion of the plasm.d pHKY 10,
a derivative of pBR322 which contains a Bgégl;l&l Site between the -
tekpracycline resistance pronoter and stru gene. Fragnent (a) contains
approxi mately half the gene encoding. anplicillin resistance; fragment (b)

contains the rergl f ok n nt | 0

tet ral:ycl I ne regﬁé{ﬁﬁé%q‘sggﬁé%%t ﬁeé:%ggis%agﬁ%aﬁ(eb .aﬁ 0%?@?%?@94?@8?‘% (a) and
(b) _are conbfnNsdrygtedrhy |Layaset ahed, 0ed1 pkaddits? (1828)gdwas tsoredned fend Bgl
[l to elignn LT i ' : PG 1S e tgr

pr orot er I—?pe?%f o?ny; ihggﬁee% ? ogieﬂigﬂlyggﬁ?ﬁdﬁgé%n sétrrpfgiol?s{)iuﬁéir'% tsa? 'a’ntgg?raZS
A fragment (¥ @P"‘;ﬁgﬁo% ﬁit el§p! 8}'.§rb.5é. (1978} afreadipactive telFapmotmyl ||
Eieglegt iFon38fdmaea Frrom e SDNAEN6AS QR IF W qRseddal @10, Afitdpe 12871641 107

~digestion of(wg)fé%agggéﬂéﬁ%éé)gapgﬁ@bif@g O%@"@@da@ﬁ?g m_g@ﬁéa;l
?L _agmeRt s ( cgenohe)claonds (warecottainedlia thizasereeninghe FﬁTmﬁngere(si:ra;ehiln'ggm.
Conmpost &+ 00 RIS et eFCasiSAEIRE oF hbBE VRS CORLERY oK beldied por

resi st ance .giurghan@mlysis.control of the trp pronoter-operator along with
the gene for mature Le-1F F,  such that bacteria transforned with the

desired plasmd be sel ected on tetracycline-containing plates. A
representative U% tg? é‘l?&g%éi described Rerothereprobgsican be usedatd,
294/ pLel F F 4dvantage 2o ! fsotate additional LelF clones from the human genome.
15 These, in turn, can be employed to produce additional leukocyte
interferon proteins in a_Ccordance with this invention.

1. The 2000 base pair Eco RI fragment of the genomic clone (AHLeIF2)

was ‘subcloned into pBR325 at the Eco RI site. The resultingﬂp1asmid

| 20 LeIF I was cleaved with Eco RI and the 2000 base pair fragment isolated.
The_deoxyoligonuc1eotide dAATTCTGCAG (an Eco RI » Pst I convertor) was
ligated to the 2000 base pair Eco RI fragment and the resulting product
cleaved with Pst I to give a 2000 base pair fragment containing Pst I
ends. This was cleaved wtih Sau 96 and a 1100 base pair fra&ment

25 {solated which has one Pst I end and one Sau 96 end. |

2. The plasmid pLelF C .trp 35 was digested with Pst I and Xba I.
The large fragment was isolated. ' ' ' '

3‘. The small Xba I - Pst I fragment from pLgIF C trp 35 was digeste&
with Xba I and Sau 96. A 40 base pair Xba I - Sau 96 fragment was
isolated. ' ' '

4. The fragments isolated in steps 1), 2) and 3) were ligated to
form the expression plasmid pLelF I trp 1.



- The conplete Le-IF H gene may be configured for expression as a mature -

- encodi ng anm'no acrds 150 20 th

pLelF Atrp 2

I S

eyhe interferon as follows: 1. Plasmd pLe-IF His subjected to Hae

Hsa | digestion with isolation of tay 35816 base  pair fragnent

g fromthe signal peptide 10 amno acid 10 to the 3' noncoding

2. The fragnent is denatured and subjected to repair synthesis

Wit h KIenOM/fragnent Klenow et al., Proc..ihagl. Acad. Sc. USA 65, 168 .~

(1970), enploying the synthetic deoxyrlboéirgvnucleotlde primer 5 -dATG TG

AAT CTG TCT. This gener.al procedure is also described by Goeddel 15 et

al., US. Seria _ sﬁié rq.85 T i

product is cl eas?éNq.he ?111%% ?LE ce]]dc ﬁ?’gﬁg galr'rr‘ljo(%ﬁge Iﬁndrglélngsgﬂeh't”&f

repr esent i nchuman rgenaoi ¢l PNA W'SCISUiq]s'dP&tt@G LefF Jganesgequencest A $asei on .

of pLel FgH gng i sid 3tLaa0t £ mérﬁ:ﬁ%&'%ﬁ@éh iFrom thiagsTRRhiyi el ds a gene
0 the end of the coding sequence. 5.

Fragnents isolated in steps (3) and (4) are Ilgated to forma fragnent: 1

166 met cys . 2. The plasmid pledE{B $rpp/ »@s cleaved with Hind IlhpadTdie I and

GAT TGA §4r Sbﬂoﬁtm& ﬁguwﬁﬁepc‘qqpﬁ&bﬁ heotifiegani no acids of Le-IF H 6.

di'gest ed Xba unt - ended wi th DNA pol yner ase |
and the product di gested with Pst I.  The large resulting 30 fragment may

be isol atgd andgli %Ee,?l a\@h‘i? &dnszz)r»ﬁ@luetea%d%m b I, ObTMt”hﬁdbdelSPreSS| on
pl asm d- capabl e, upon trans

ormation 2 strain 294 t he
host bact errwcuéﬁt@ﬁp’flleﬂbp% rPdtﬁr@“EBQ‘T E"Pﬂme“t)lze%'?f"ld 1% é%XH%rﬂar on.
4A recombi naptr | i fHeanyrgd obbsomumirﬂﬁgmws@nwonueérﬁd by Lawn et al., Cell

-15, 1157 (1978) was screened fo

4, Fragments isolated in steps 1) 2) and 3) were ligated to form
15 the expression plasmid pLelF J trp 1.

The methods and materials empioyed in the following
constructions were as in the foregoing description.
The foliowing'Table 1 provides-the details for particular
20 constructions of hybrid LeIF plasmids hereof:



5", Ieakocyte interferon genes by procedures described by Lawn et al.,
supra, and Maniatis et al., Cell 15, 687 (1978). A radioactive LelF prob
derived fromthe cONA clone Lel F A (Goeddel et al., Nature 287, 411 (1980,
was 'used to. screen ap' proxi mately 500, 000 Y¥bagues. Six Lel F genone clones”
were obtained in this screening. Follow ng-rescreening and .10 pl aque
purification, .one of these clones, xHLel F2, was selected for further
anal_ysis. Using the nethod described above, other probes can be used to
advantage to isol ate additional LelF clonés fromthe Runan=genong. 15=
“These, in turn, can be enployed to .produc'egaddi td onal gl eukacyte gnterferon
proteins in accordance with this inventiorg 1. %The @00 bgse paxr Ec& R
fragment of the genonmc clene (xkHLel F4 was subglonedgi nt o BR324 at tde

Eco Rl site. THeglesutti ng_';pl asnrd 20 Lel¥ | was cl edved with E€o Rl .+and
the 2000 base 84§l 1= agnedZ i s@Bt edd Fhe Yeoxy® i gorficl €0& de IBATTCECAG
(an Eco R > P3tal] ¢overkdr) WS | ed %o t his 2000=base50air £co Rk '
fragnment and tR& Flesufti n@ Prodhift clediveddwi thgPst 12to give a 2000 Base
pai r fragnment contjaining Pst | ends. This was cleaved wih Sau 96 and a

1100 base pair fragment 25 isolated which has one Pst | éend and one Sau 96
end. 2. The plasmjd pLelF Ctrp 35 was digested with Pst | and Xba |I. The

| arge fragnment was| isolated. 3. The small Xba | - Pst |I fragnment from '
pLelF Ctrp 35 wag| ¢j gestgd wi th Xba,l and,Sau 6. A 40 ba®e paig Xbag -
Sau 96 fragnent s 3 sol afed. & Th& fradhkentsd sol dged i M step$ 1), 2)

and 3) were Iigat dg o 358f or mg he ezpresséon pRasm @@pLelB Il trP 1. Q

- LelF-J 1. Thegpl@snm d pLelF J contains a-$8 kilobase Hind Il fragment of
human genomi ¢ PNA Mhizh i né udes=t he LekF d~gene sequence. A 760 base 5
air Dde | - R8a I| fragnmentsewas psol eupd f- t hi lasmid. . ©Sw S
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2. The plasmd pLelF B trp 7 was cleaveda(n'th: Hnd Il and Dde | and 3?340;‘

bp dl1lll -Dde I fragnent isolated. 10 3. The bl asmi d pBR322 was
cl gay Wwith Pst |, blunt ended by incubation w th DNA Pol I (Kl enow
f rlag| , thenedigestedwith.Hnd |1k THE large (~36800 bp) fragnent was

FRagnerts Fsol ated +n skeps B, 2)=and 3F weré& ligated to
xé)ress[son @asnsd pEel F2J trpsl.- Tige netfods gpd materials
enpl oyed Ergghe=fol | i n§ constr ueti ofs were as +=n t hesf or edi ng ~
descripti &R aThg fol ISowi iRy Talle & pr8videstthe @etail§ for Particular 20
' I hybgJ d lel F plasgi dschereqd: o aWthdurther

ble I = the fi r%t four Bescribed hibrid fel Fs have been’
tyo Le _e?ression;pl agmds’s ABglL Il Bite g@mon to LelF A
S been@se®t o Bons®r uck an &pres® on pasni & plel Ftrp AD
codes for the 63 amino termnal; am no-acids of LelF A and
<y termnal amno acids of LelF 0. THe same site was utiliZed
ction of an expression plasmd pLel F trp DA (Bgl 1) which
gno t&m i@l an ndgaci@s of elF 8 and 02 c& boxy term nal
JelF & The P@ 113sitE has peen fsed id thegconstruction of

ref er ence™g®
produced fror

codes for 648
am no acids g

two ot her 10g Wbrid®int & ferdn eéXpreldsi on %l asnfds: D1 antho term nal
amno acids of A wth 74 carboxy term nal amno gcids of D (pLelF trp AD
(Pvu I'1)) andl 92 amino t&minal am nogaci d§ of LEIF D with 74 carboxy
. . . . N :
term nal- am np aci ds of t;elFé-(pLelFElrp- (Pvis 11)). In summary, for:
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-15, < pLelF ADtrp (Pvu Il): The large (-3900 bp) fragment of an Xba I
and Pst | digest .of plLelF Atrp 25 was ligated with a 285 bp Xba I|-Pvu I
fragment of pLelF Atrp 25 and an approxi ma.kgly 550 bp Pvu II-Pst |

fragment of .pLelF D trp 11; 20 pLelF DAtrp (Pvu I1): The | arge
(-3900 bp) fragnment of an Xba I'and Pst | di gest of pLelF Atrp 25 was-
ligated with a 288 b[%XbaI-PvuII a,%rsrb{‘e of pLel F D_t 11 an

approxi matel y 5581 Yp Fuxkher) refgrence tg b theelirsk f%’pﬂssc"zaed hyb"b‘lel F

_ f\D trzg ( Bgl I |Ue)Ifs dﬁﬁhﬁt lﬁlﬁr\gﬁrdduaﬁmmftwtéIfBlg!lx?késmBﬁtm]lcasdﬂgﬁstII\IC:ﬁ E])pllel FA
r was | ed W a ra I e r

117 and" prel AR Solon i LePEA SR 3P pobds RE} pesn  FURL dongfhRIal § 1P |

30 digest ofexpressiod prasmid plvaiFIu aARdBgd H apjmhogodest €by the06d@mino

f t qbt

ot 1T i Gos S ndY abfdo fcfé{%‘ég*geﬁgféﬁﬁebr. Qoo garbey Herffll LALRF 48

The | arge (~3d0obeHp)P.f rEignsame éitawaxuatfﬂiaem ipsthe cqngzmctiﬁn pfearF Atrp

25 was |igat pvégégo ErasmPd ot |trp B’N%bi I1ogRRN fagestJ#s'LFsaAaﬁﬁﬁb 25 _and

an approxi mat e m%rrent LelF B trp
7. 1n like rratrminah R@1RQ ﬁeidsC@ sltelﬁcl?.msl%lsasbw tarmiagi ea"lf"ar@:'@é of ’

aef ' n;ad l;?:ﬂ’UAI hehe PGaNDL &1 té rhatshfﬁeél;rp%%d Yat L c@?sﬁ‘ub%’fﬁ Gfaﬂﬁﬂ @théﬁ' F _
pOI’IOI’] ontal nin one can e _aavantage o C

‘sites occﬁ ri ygrig &GB@"HBC?"@GF?%F@"Z g&gﬁs@? ""gm){]g‘é'g@ ac1ds of
S}frquteﬂces | M Mrﬁ]kﬁ mafhﬂfola:yptmﬁhﬂts amfﬂ;b taabufz offOD (tﬂnexmwpom aﬂPveXW)e)ssndaEO
(0] (0] er nov eu C e 1 n rte Yy Il e .
o bl at | on 3 DM, RerEiAeS o 085, SE RRTE Eoi O Pao e RoaR e SRR AL b .
aci d sequencexcids afaﬂ.aflélA éplalfr trpy DAe(Ruuc ¥ k)« nimrsuemanys,. fomhus, a fi rst '

15 pLelF AD trp (Pvu II): The large (~3900 bp) fragment of an Xba I and
- Pst 1 digest of pLelF A trp 25 was 1igated with a 285 bp Xba I-Pvu II
fragment of pLelF A trp 25 and an dpproximately 550 bp Pvu II-Pst I

fragment of pLelfF D trp 11;

20 pLelF DA trp (Pvu II): The large (~3900 bp) fragment of an Xba I
and Pst I digest of pLeIF A trp 25 was 1igated with a 288 bp Xba I-Pvu. II
) fragment of pLelF D trp 11 and an approximate'l_y 550 bp Pvu II Pst I
fragment of pLelF A trp 253

26 plLelF AD trp (Bgl II): The large fragment from a Bgl II, Pst I ,
digest of plelfF A trp 25 was ligated with a ~600 bp Bgl II-Pst I fragment
from pLeIF D trp 11; and -

ELeIF DA trp (Bgl II): The large fragment from a Bgl II and Pst I
digest of"pLe'IF D trp 11 was ligated to an approximately 700 bp fragment
obtafned by Pst I cleavage of pLelF A trp 25 followed by partial Bgl II
digestion.

In the fifth depicted hybrid:
pLelF AB trp (Pvy Il): The large (~3900 bp) frag}nent of an Xba I and

Pst I digest of_ pLelF A trp 25 was ligated with a 285 bp Xba I ~ Pvu II
fragment of _pL‘e_IF A trp 25 and an approximately 750 bp Pvu II (partial) -




: o & .
stranded DNA fragment is sel ected which encodes the amino termmal
a first, naturally occurring | eukocyte interferon am no aci d sequence

- proceedl ng therefromin the 3' directad, - a substantial portion of 15
the am no aci d sequence thereof. The fragnent. conprises a restri ctlon
endonucl ease cl eavage site positioned adjacent codons for amno acid "n" of

the first Iﬁ%qcy‘t gbm%rg @[m Bnt@m;no acids:constituting a substantial ~

portion of am aci uence of the flrst |nterf ron 2va e V\nthhf' |

the restricti.ofnehikennannesscthe; ather soastyreian SCS‘Pﬂi’Fltg Eébci%
- term nal Ofdéme&' rak 4 FuPthe eRamp1d, cmﬂcmé édnrstmiowmraetdrm caanmr
aci ds. sec. gfra nent cogrﬁrlswli‘%g or a&é aogn { t he codons or t he
ani no aci d ?"§°§E§: 89 hbid, ane san;taks advantager af somman B -
. sel ect eds t it oguurPtng QEPabotitnoucd ety 29 (di.ee, TAETGEN ofd eing igene
restriction:endopucl ease positioned adj acent codons for that amino acid 25

of the secoMtA%eATEYf er on whose amino acid nunber (proceeding fromthe am no
termnal of the second interferon) is approxinately 166-n. C eavage of the

ST ) et st s bt
first fragn® f‘«i‘PJ’tidt kQFYeR, BRI JRY oFe R bYe

| i gat edt{o) m&rﬁ‘rpui)iititoheoif idoable rstf-mdadnw reocodistgra‘b'lt |oonpontdons|cdffealtie amino t :
recognition cQn s

i nt e?f eron, ﬁi’t ?8&9 6‘§F? 0? ﬁ#éx}rlé?] ?&gﬁ-pﬁn% ?%JK% i?t{?eQ?eﬂgl' nr ??1%{

" restricti ondeubdenstrianded DYA gEragment dis ‘Sﬂ@cseédﬂ'dch rengnéeﬁ thﬂri!ﬁ@ﬂabem1 nal

pr oceeds fr?fnot ??r&‘dnéﬁa‘diy rwcﬁm Ci&ﬂc\be‘ 'iﬂtérieersn am nd! 499 584uence

t hrough nuc tides ‘enc he ca rm nal - he second | eukocyte

i nt er f er on. and, Arogaeqing \xéepefrnybirr d’Ee nﬂéi‘?ﬁﬁ@“s&ﬁﬁﬁﬁ"&l’abcﬂoﬁm off

thf a][n ng; aghe aﬁ?ﬁW%@W%eQﬁeh&U ehémﬁ tvmhenmgmehbcoooﬁuersl a0réstHHOBINE
I nterrerons

d t
ot oned sepbup Leasg f Taauaed o e sk e, affackit Madgng %, BR(HY Be{d, 207"
endonucl easef &heSfirctdtwkotywnntenﬁorohe o antno athds sonstid;uti e abei ng

| denti cal t§h5§tantiai portion of the amino acid sequence of the first interferon.
Cleavage with the restriction endonuclease yields a fragment comprising
20 the amino tenninai of. the first interferon and codons for approximately n
o amino acids. A second fragment comprising all or a portion of the codons
for the amino acid sequence of a second, different leukocyte interferon .
s selected the fragment comprising a cieevage site for an identical
restriction endonuclease positioned adjacent codons for that amino acid
256 of the second interferon whose amino acid number (proceeding from the
amino terminal of the second interferon) is approximately 166-n.
Cleavage of the second fragment with that restriction endonuclease yields
a product complementary to the “n" tenninai portion of the digestion
product of the first fragment, such that the digestion product of the
30 second can be 1igated to that of the first, refonning the restriction
'endonuciease recognition site and reconstituting the codon for amino acid
n of the first interferon, where lost in the initial digestion. The
- product of the restriction endonuclease digestion of the second fragment
preferably proceeds from the end resulting:from cleavage in_the 3'
35 direction through nuclectides encoding the carboxy tenmina] of the second
ieukocyte interferon. -




‘ ]
siqrilasly positioned site within a fragnment encoding the carboxy term nal fﬁ@ﬁ
portion of a third Ieukocyte interferon, etc. In the exanple referred %o, '
t he products of successive restriction endggvclease operations my be
triple-ligated to forma hybri d gene encodlng the amno term nal portion 10
of a first interferon, the md-range anmino acid sequence of the second and

e CarDOKY ot B BobnaB g4 4] ok s By T RO Ao 1
1 st e st e b i
auke ?C{% n vihi v 0 e rddi®n wned

| eukocyt e |rWQ* t precede translation initiation
codon and a ahaveoi eraddi tionehix Ghﬂweﬂat@ﬂtéil%taeﬁecm restedgtion epdonuglease

pr oduct. o éfﬁ&bﬂt'r@ n'. ‘f?mﬁ%@a?irg'isencogéétﬁﬂdsfteab@i'@ %bhtf@al atgplaasmi d

capable o re55|n

bacteria or 5) mdarty @Pébﬁéﬂeﬂ)rsgjéﬁl%‘rﬂ' 9 raarfi'FW%oe%"Fﬁ]"Q H@z gﬂgﬁ%e "Iﬂn'm;r

means of Conéér&%hﬂﬂ' tahaﬁbubrélmoayrfee 1hedr fiEren Olaital qxptmsampw réfdreed
apparent to thos skllle P the a

l ts
i nvention, tFR® FPBrRPdYetR2 e?%&ﬂ%sria\’ez??ﬁ\’%{ﬁneﬁw&‘y?geqsﬁ?&?rgﬁ%&hﬁ!\a%
aci d sequencerilR-bigated i 100 faiiibalfybrddi geneaehalzlingrihiei amirionteran inahjpogaien of

Snterrorofd BB frbstARRRo ot PSR ATMIR E LRpRHcE P ofe j&uKACY ©
Lel F 0, Lel Faii thel darBoxy dieFminalapaertion ofHthe t!népdct(@a, itn Bnothes saﬂmmn
. preferabl_y Bgrﬁ’ﬁoyg'lséowh Irg ﬁ%fﬂresf gﬂ«?rﬂ:tﬁf&mﬁt pmqﬁgd;lqgcéam@ sameyi d genes

conpri se the Cids s ed "an 0S| |one as In ted in the
sequence "All" of Figure 3. The expression products of plasm ds forned

accordi ng to t heprauR{HIyQNEHERY T RS tf?ﬁnﬁﬂtflﬁ!nﬁaﬁéd/ labs¥e 36tdeHividifrom an
conventional manner, as in_the biologlcal tl\”qﬁ%gotern]natlo S nexf

descri bed15 38xpressipmed arpid.ol- &5 A I“Olm T the amigo  ersyipal | o9y
was conventi ggatidh bf ahel pirsedIdikobyté interferon are preceded by an ATG or other

translation initiation codon and a promoter or promoter-operator system.
As a resul't. the end product of the manipulative operations described -
above will -be a plasmid capable.of expressing the polypeptide encoded by

20 the hybrid gene in bacteria or other microbial drganism_s transformed . wi th
the plasmid. Other means of configuring the hybrid gene for microbial
expression will be apparent to those skilled in the art.

In preferred embodiments of the invention, the hybrid genes encode a
25 ‘novel leukocyte interferon amino acid sequence approximating 165-166
amino acids constituting a conjugate of substantial amino acid sequences
drawn from two or more different leukocyte interferons 's“el ected from the
group consisting of LelF A, LelF B, LelF C; LelF D, LelF E, LelF F, LelF
G, and LelIF H as depicted' in Figure 3. Most preferably, the novel
leukocyte interferons encoded by the 'hybr_-'id genes comprise the amino
acids specified and positioned as indicated in the sequence "All" of
Figure 3. The expression products" of plasmids formed according to the
invention may be tested for antiviral activity in conventional manner, as
in the bio1ogical act'tvity determinations next described.



X : &
dependently, the plasmds pLelF trp A 25, pLelFtrp D, pLelF trp A/D (Bgk -

' and pLelF trp DDA (Bgl I1). The transformants were separa- tely grown
g In 5 nl cultures in L broth contai ni ng,é?rrg)/m tetra- 5 cycline to an
A550 of about 1.0, then diluted into ofe [Mter® of M nmedia containtng 5
err]/m tetracycline. - Cells were harvested when A550 reached 1.0 and

- cell pellets sammﬂnﬂmmummﬂxvmuacpwmnt (wei ght/vol ume) sucrose, 50
mMMtris-HCL (P ng of |lysozyne were added and, aft eg~

5 mnutes at OOC,_ce re, di.s Ie
were centrifuged %60 haﬁ‘[\ﬁ 1T52%b38?p?#vﬁg%f%gi%ﬁ%gé%f%ﬂieg "FL?' ELE

I nE erf;ar onTﬁCtlepeﬁQentDy; H:besmtmmhds phetF vmfétﬁﬁ,eptdf top tlyspLeby ta:ntMDdr al
acti vi e 0 ) %d]gfg on
a humanycel I (wﬂg %%ﬁp ér]é:e‘“{»‘ V\A&lﬂrqb#ag) | CE&&-{&“%&% steba{.g '
appar ent t hat tely Eranm ugciny$ tml cgl#m‘sam'e& bmtgw eenfaflnans%mg{mﬂartetne-
other int §rfec89f1r13 t{/h%? AdLf o BHGER §98) $hBR diBtLbd LB 11Bds idFsig

activity of th PS80 greater ‘yield in terns of my protien of this

interferon. mpdiseontainingeh dia/el Iﬁﬂ%ﬁt?%@ i dgﬁu%ét’Pr?dTaré(P?t%é@E"
interferons i TA Se%cﬁ&ft‘l Brﬂ‘hﬁgbfl lewbﬁsp%ed i Hoess &t sl étcbﬂﬁ

" greater activi ot her i.nt ons a |UKOC E

| NTERFERONS F&WQEHZK?*W@LM"@EJL 'aésé*&ccbﬁeﬁ @e%t’g
Activity Yi el MLl)iscdzy(léder& added! &vd),* aﬂ:er 5 m:.hutes at 0°C, cells were d:l.B-XlO
D

5X AD 108
DA (Bgl I19 rupted by s""':"""i'h"m'1 ]1‘@? '&é’g‘%yg %gen%r,ﬁfbngﬁl o"r(fI 5'% e sopg)gt hi c
ef fect on W SK5¢@00 spmiirh aVSitvadl cSikiZserator. Iﬁterfnltoenaqtmwhm \thei ous

interferons i Qu&efr%@gﬁté)fwagagﬂg?’]leh% &6! test for antiviral activity.

The y1elds per liter of culture of these 1nterferons, titrated’
on a human cell line (WISH) are shown 1n Table 2 from which it is
15 'apparent that LeIF-A/D actlvity is prcauced in greater amount than
the other interferons. This dlfference could be due to greater
intridsic_actiVify of the LeIF-A/D or tu greater yield in terms of
'mg protien of this interferon. Because.the genetic link-up was
identical for all these interferons it?seems most probable that LelIf-
20 A/D essentially has greater activity tﬁan the other interferons.

Table 2

YIELD OF LEUKOCYTE I.NTEERFERUNS FROM-
SHAKING FLASK CULTURES OF E. COLI

Type interferon Act1v1ty Yield/Liter (Um.ts on WISH)* :

A - " ax1u7
D | - C sx0®
~ AD (Bgl II) o ad®
DA _'(Bgl' m 1x10=6 |

o assayed by inhibition of cytopathlc ef‘fect on WISH cells wJ.th
VSV as challenge. :



R
| ipes was determned (human, WSH, African green nonkey, VERO, hanster
fibroblast, BHK; rabbit kidney cells, RK-13; nouse L-929; and bovine
ki dney, MDBK cells). 1In order to conpare the relative activity of the\5
interferons their activity on various cellqywas calculated relative to
their activity on WSH cells taken as 100 . The results in Table 3 show
that LelF-A/D has very high activity in VERO and L-929 cells whereas

LehE: D/ A has | ovtmcpawnt:y ofh théomei 6wd linterfesongHase rangel 6fS mammildahecdihat

porti on of - LANReDWRs (Gatarafried imely HLSHE, AFrires axged Pokey dERos baf ™

prot ei n part ifd bl apby &HKy rabbtt kidneyacel bst RKfl emeuss Le32Btabndiboyprei es.

Vor eover . LN&3fndy ORSHK LER1 GC NPorddiMbYcdsrs WHIHIORIOL dchfvREOBEI eS|
nter hi s

of the parent | | S ear | een 1n tivit
L- 929 cel $s (imtgnferens themacﬁma*-yeowarh@n ne‘rhawaﬁm]culwedmﬂnmverm

Lel F-D nor t hfepd *&ea%ﬁrw wrbﬁ'di- P§ AakBASasS 1001 | vﬁé\treamtswhyraﬂem Shdw

Tl TRATI ON OF VAR RFERONS | N L
MAMVAL | AN Sppg@\at:-é. as very hI}ITE activity in \&ERID and L 5‘25 ce sll'ﬁlﬁk'%i/t e

interferons* LegFDMi N5 Tow activity in these celD lines. Ahese resu'th/i,ﬁdicate

ﬁ;g Bmt% Ct%e@mb?natwn of She b}-termina'l ggrt]ion tlf é.,E)F-JAO and thfo _100
200 - 10 C-2OMiAa) Bidftion of LeIF-DAAGhin one mol2eOle (LelF-838) confefOCto
ﬁlog ' tﬁé%f%ggﬁotein particulgra]p%tency whi 51095 margfgf)ib i sewerﬁI D.
10 . maomali3p speciesw eMerRoyes, tthese praperties arey/nphisdap]n ther the

di fferent cel\xb‘.g,l,dﬁgﬁlofA%évdﬁga%ﬁ;péﬁ%edpa%n’eeﬁﬁsﬁmﬂspf Wﬁ&'i\’d tYearly

observed in ctivity of er viruses

was al so exarfefdin thes caae £fi AcH Sy o LsPAcahts ﬁi%ﬁge @Sf'@bf"gi%ér’ﬁ%t EMC
virus infggtingfther a mixture of LeIF-A and LelF-D nor the other hybrid, LelF-D/A,

_has si gnificant actfvity.
Table 3

20 ' TITRATION OF VARIOUS _LEUKOCYTE INTERFERONS IN
CELL LINES FROM VARIOUS MAMMALIAN SPECIES

25 : : Leukocyte interferons*

Cell line A D A/ D/A A Buffy-coat
WISH 100 100 100 100 100 100
| VRO 250 . 75 1,670 20 - 200 200
0 400 200 833 2,000 400 20
RK-13 - 12 500 6 N.D. N.D. 120
L-929 - 1% 5 3,360 2 10 0.1

35 *Interferons tested against VSY infection of the different cell lines.
. Activities expressed as percentage of activity observed in WISH cells.



&
Ils and the data in Figure 6 shows effects agai nst VSV infectionsof ~
It is clear fromthese data that the greater activity of 5 °
A/Dis not confined to one virus (YVS) q:ld its greater activity is
likely to be a general property agai nst many viruses. Natural hunan
buffy-coat interferon preparations: have no effect against nouse cells (see

ice wab t her of (e atbief cof Eelr/B QAnRE ek VirisEs Wls RS Brdtyngd £ a G-
is extr elrrel yheodatat imdiigue 8§ ehmelanE'lmrg'l;eﬁfecFS against £MQ muﬁehfabsinmas
antivira a%ﬁl’_hl‘.’ié 1s aa?id' nd Aabs g%nfr‘ae 6 SHomst L eREL a?'ati)‘st W§9 Lrifel:tﬁb‘?fo e

(Table 2). ta |n |gure rom.treat ne

i nf ection. Mz@%sof Ittei Foaear afl'iﬂm Lfé\eﬁeﬁdﬂiaet%t fthe rgi'@éﬁe'bricwiel-ty in
Let hal ENC \LeEF'SA/O”iﬁ%toébrﬁﬁneﬁirtEt&ié wsu@'(szsv fafnaCied gb&ateg' ij Coat

A (F h b
:_(r:i'lt ereg olnggliugﬁ\& Gﬂfkﬁeé g%erﬂ a?empgf%)i |a§?n? W?"X ih\é%sﬁl ggﬁﬁ“
the -case obuffyrcost iaitlerfemnrﬁleepahstmseh@evw éffact hgafnst %ns@%@ﬂ?

e cau et sl HBTe Ssc R bk o & ERFEA0B M EicT 1S Thedinn
manmal i an s§8el wcesvasolthemfbmeexalﬂmaﬂal ITIImIrEsu'Id:s bthiguralkehmb%ated in

| ethal vipuge t#‘{ﬁﬁt prauﬁ%éi;%mua;qaqagt ﬁi‘%«ﬁe{ﬁ‘&s gw:oﬂgpem a

dermnstrat ion o
antiviral ettt éb%ﬂ has antévqures'emiém. misytmbevemsteci froy . thet he

pi cor navi rugcéwmyyiﬁ‘&e?!) Minks (T BP& gnd Tﬁé'ﬂﬁté"iﬁeﬂfﬁjr@nﬂ Rl € b

menbers. VSV virus can be consi ere em)nstratlon of
antiviral eftredtmestsihge Jubiren 'iﬁf9"?)é'“59%’€ﬁ%l séﬂe%irﬂfl belFnA/RrandcLelF-A

agai nst thear-emgeaefﬁaq;ddf@nmsu of viruses, e.g., the rhabdovirus famly of
whi ch ra*es is an inportant nmenber. 35 Table 4 tabul ates the activities of
0

vari ous the Lel F hybrids hereof on WSH and MDBK cells and the activity
rati os thereof :Lethal EMC virus infection of hamsters is also affected by LeIF-A/D

and LeIF-A (Figure 8), the former being the most effective, and buffy

coat interferon shows only a small and stgtistical‘ly insignificant

effect. In the case of Fig. 8, all interferons were given i.p. 3 hrs.
20 pefore infection at a dose of 5x105pg/kg,; titrated on WISH cells.

In.

These results indicate that the pronounced antiviral effects of
LeIF-A/D in a range of mammalian species is not confined to cell cuitures -

but is also observed in lethal virus infections.
25

EMC virus can be considered a model sjstem, a demonstration of
antiviral effect against which'may be pre&ictive of antiviral effect
- against the represented family of viruses; e.g., the picornavirus family
30 of which foot and mouth disease and poiioéare members. VSV virus can be
considered a model system, a demonstratiod of antiviral effect against
which may be predictive of antiviral effect against the represented
fami]y of viruses, e.g., the rhabdovirus family of which rabies is an
important member. ' ' '
35 |
| Tab]e 4 tabulates the activities of various of the LeIF nybrids
hereof on WISH and MDBK cells and the activity ratios thereof:
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Table 4 Units/liter culture
Hybrid (Pvull)
2.4 x 10[err]
1.2 x 10[err]

107

-1.5 x 107

X Do
10[ err]
x 107
105
.3 DA

.04 OF
.05 DG
.014 FA
.003 FS
. 025 FD
.5 FG
.025 | A
.04 A*
8*

22x 107
106

2 X 108
107

eoleollojolojoloNoNeNe)

. 025 OB

Units/liter culture Ratio Activities LelF

“WSH Cell's . " MDBK Cell's W SH VDB
4 x 107 o . 6 AD
| 2x 107 - 3 6 AF .. BX
1 x 107 6 AG 4x 107
2.7 A Table 3 2 X 10 1.2
- 2.7 BA | -%bljeﬂ?-.l_oz. | 1
1.5 Blnits/1iter culture Bnits¥Piter culture Ratio Ag]tﬁties
Lelf Hybrid BWull) WISH Ca113X 10[ errpek Cells MDE X
U. 3 BG —2ZX 107 : - x0T
. AB 3 >2< 1%[erz.l4 x 108 41y é101 i87 6 -
. X 10f.eJr. 8 . X
o 0s 12 2 4 % %08, ;
AF 22x 105 6 x 10 1.5 x 1007 6
. 2x 105 4 . 1ol 6y % 10717 -
e D Tod k107 oL i‘o;°7 2.7
AL 1 x 108.2 x 107 | 2b2 w10’ 2.7
ga - 1 x 106 g, ' 4 X .
2.4 x 156 * 10 '6_}<]’%9 7 1.5
BD 8 x 107 6 x 10 1. b-%x810 4 0.7
oF 8x 10 1 6‘7106 4x108 3.8 x 10° 0.2.8
' .5 X 7 ) * 7 X
8 2.5 x 10 2X100 0.2 pEX10° 220307
DA 011" 3x10 1.6 x110% 10 0L025%
pgl- 3 *For conpay i spyb pur poses 5 x 107 0.04
OF - 2x10° Cax10® 0.05
DG 2x10° | 1.5 x 107 0.014
FA 2x10° 6 x 107 0.003
FB 2 x 10° 8 x 107 0.025
FD 1x 107 2 x 107 0.5
 FG 1 x 108 4 x 10 0.025
1A 2.4 x 10° 6 x 107 0.04
A* j 8 x 107 1.2 x 108 0.7
B¥ - 8x 10 4 x 10° 0.2
c* | 2 x 107 1.5 x 107 1.3
px  5x 108 2.5 x 10’ 0.2
F* 2x 10’ 2x 108 0.1
I* . 1.6x 10 1.2 x 107 1.3

| *For comparison purpases
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~¢ral. Adm nistration The hybrid | eukocyte . interferons hereof may be
rally adm nistered to subjects requiring antitunor; or.antiviral
nt, and to those - 5 exhibiting i munosuppressive conditions.
Dosage and dose rate may parall el thatwﬁurrently In use'in clinical

i nvestigatiols of human derived materia e.g., about (1-10) x 106 units

daily, and in the case of materials of purity greater than 1 percent, —
| i kel y p4pPesterat. AdminbstratPdn units daily. Prelimnary indications in the  «
nonkey ~STUAY- described above suggest that 10 dq)sages of bacterially -

 obtained Le-1F could belsignificantly elevated;'for greater effect owing to -
t he essentti hﬁﬂmfteukd‘cyluunﬂitepfemalsnbemtolﬁemaﬁ banpdrentéraliyi admipietereds | n-

ef oo o ablfec S nedit Bl i Fhio év""?n%v{f?%ﬁrﬁseﬁe%'W%as%?ixam e
Icn;] asnar apprbﬂingtmﬂneamg&mh\ef condid:slens.u ans:m ; amgedoseuaﬂeama)erpaahllei-l F
e 114 @rﬁw FRAlde ?Pzamﬁﬁ farvegﬁgef BP Ny 24l ved Giabbrplis, .
serum aa-oumaboqh Uk x @Qﬁ unigs dajilysiand asﬂ'@dccsﬁ @fgna‘eertbabs &fi putidiycal
filter g@tadtéﬂﬂehéﬁ It sémﬂen%olwweqy @f%tle.gélrg sUbgplieds i diiqy20 100 vials,

each c al ni ng .6 uni ure inter sui for parenteral

admi ni Krekim Gﬂ% i—nydgca,ﬁgpg tﬂ &RBr%F&bﬁg" dy dpsear $?fjjtaﬁev%(ﬂ“89?5t2 &t prior

t 0 gﬁSbe lgoibgkscoﬁmmdei Myt bistatned cu-1F wuu bm 'sdgmi HicahtTynell avaskdageer di ng
o] no

wher ebyf TR 8% fﬂgo I'T'g p@{;(fa eggg'btgﬁg ‘ﬁd ﬁ\”%f'hu 'PES%’E?, Slﬁéﬂe?'n than

phar madesiF c ahigh epa:‘oeqimbﬂe tmlkocm-derﬁ\(eldematéﬂdal sizlay actias| pyrogeds; hei r'

or T BHPRYARG ARRFS el Rarh NN L BRI o UG Sy

Martin; y i NCOr'por ref er Suc conpd rons wil |l
contain an effective anount 30 of the |nterferon protei n hereof together

SLEOF A he SIS S wihppopriecadig. fo Yo ETE il
- parenteral form applicable Herein mutatfs mutandis, 3 mg.
-Le-IF of specific act'lvity of, say, 2 x 108 U/mg may be dissolved in 25 m].,
5 N serum albumin (human) - USP, the solution' passed through a
bac teri ological filter and the filtered so'lution aseptically subdivided into
20 100 vials, each containing 6 x 1()6 units pure interferon suitable for
parenteral administration. The vials are preferab1y stored in the con

(-ZO’C) prior to use.

The compounds of the present invention can be formulated according to
25 known methods to prepare phannaceut'lca'l'ly useful compositions, whereby the
polypeptide hereof is combined in admixture with a phamaceutically acceptable
carrier vehic1e. Suftable vehicles and their fonmﬂ ation are described in
Remington's Phamaceutica‘l Sc'lences by E.W. Martin, which 1s hereby
incorporated by reference. Such compositions wﬂ‘l contain an effective amount
30 of the 1interferon protein hereof together with' a suitable amount of vehicle in
order to prepare pharmaceutically acceptable compositions suitable for '
effective administration to the host.
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1. vAn antiviral polypeptide of approximately 165-166 arino acids, the a
aci d sequence of said-polypeptide 5 conprising, in sequence, discrete
sub- sequences corres- ponding in amno acid identity and nunber to
sub- sequences of different, naturally ocgy;?ﬁwg reukocyte I nt erferon;s t he
am no acid sequence of said polypeptide differin “ |<“I osition
fromthe ani . i d sequence of 10 naturally occﬁl“ m“ml uaﬁm

i nferferons. blypeptlde according to claimi the N-ter i nal portion
ther eof consi st i ng essential ly of am no acids 1-92 of Llell F- Df and the ;
car boxy term nal rt _ f on5| S essenti a of am_no aci ds
92- 165 of Lel F-A. p’g i“?pof'h-gé'%? & é’cPrecﬁ*rﬂng ® gl%?ﬂ??xﬂﬁétﬁ]tyerlrﬁsda’l
portion ther@@\‘lmbrmd!Jsdwngtbssentl:l.rn@:c Iaécmi ssquEneei df .s.a?a lplblwejfyﬁcp@od

t he carbo rtiQn L FeTell essentially of T

aci ds 93- ?%6%@5}%”? if ségﬁeﬁ(& gie accéoér%lgn‘gbt%e%\l?\f’% P r&res

N-t er mi nal p@PHQiﬁquﬂe6W1§9n§F§ﬁlﬂgeﬂﬁmﬁﬁlandqmumben1no subdsehdﬁhaés
Lel F-D and tbg mrmweﬁernhaehraqw VB HY FAbOoLS! LAY

I
of am no aC|d 63- 165 of |F-A. 5. A poly to clalm%the
N-t er mi nal (ﬁ‘?"t”r%r%%:fgcﬁﬁgPEPFﬁg°és§é1{<1{)a4935UR#Phhdﬁo Affeérings2 of

Lel F- A and ttm ediaK] (e ipOak tRoht iFpbn el fmi3b Cé)é‘§a3.fsé&geﬁ§:%e'&tf' all'y
pol ypepti de accordingto claim1 the

ds ,64-
ﬁlft2Tmn(r)1aﬁ)c:OBSlattuSr?]JI%r"e%‘Fuﬁﬁﬁggs?FH§°§§’§§nt’1"eﬁqlﬂf%‘f°% no acids 1-91 of

‘Lel F-A and the carboxy term nal portlon thereof consis- 35 ti ng essentlal ly

of ami no acids 93 16 ol t|de ac 0 n cIa|n11
the N-termnal port i (?nq{%i@?é:g g%gﬁsf“s?f: ?>s/e gﬂ? g §€|r5‘§'na -

portion thereof consisting essentlally of amino acids

1-92 of LeIF-D and the carboxy terminal portion thereof
16 consisting essentially of amino acids 92-165 of LeIF-A.

3. A polypeptide according to claim 1 the N-terminal
portion thereof consisting essentially of amino- acids
1-91 of LeIF-A:and the carboxy terminal portion thereof

20 cbnsisting essentially of amino acids 93-166 of LeIF-D.

4. A polypeptide according to claim 1 the N-terminal
portion_thereof conéisting essentially of amino acids
1-63 of LeIF-D and the carboxy terminal portion thereof

25'consisting essentially of amino acids 63-165 of LeIF-A.

S. A polypeptide according to claim 1 the N-terminal
portion thereof qonsisting essentiélly of amino acids
1-62 of LeIF-A and the carboxy terminal portion thereof

30 consisting essentially of amino acids 64-166 of LeiF—D.

6. A polypeptide according to claim 1 the N-terminal

portion thereof con51st1ng essentlally of amino acids 1-91

- of LeIF-A and the carboxy terminal portion thereof consis-
35 ting essentially of amino acids 93-166 of LeIF-B.



of LelF-A, the carboxy term nal portion thereof con5|st|ng essentizallys
] gl no aci ds 93-166 of LelF-F. 5 8. Doubl e stTamnded DNA conpr|5|ng a

Ad encoding a pol ypeptide as clained in any “un
Doubl e stranded DNA conprising a strand &gcoding E‘lﬁ““ﬁlmmm
claiméd-in claims 6 and 7. 10. A'replicable plasm«di¢ expressiort vehlc e
capable, in a transformant: m croorgani sm of expressing a poly- peptide as~,
clained in any orre mrpakyﬁﬁpﬁxdb éébdﬁdlﬁgreaﬂbmab?elpwmaﬁNﬁﬂéﬁm@H£§SiOﬁ"
vehi cl e capa o rmant, m croorganis of _expr.essin
ol ypept | dLBRE CeR sherev | Gflee g $9E9RRL ATy o MRIRE AL -
m cr oor gani $aBdowtfaileilfe X hechex praslsoxy vehmihalopocitiom therkdf A -

t f I 11.
LS O LRSI PLPI 08 a6 XREEAS! 09 4R B st L
1), pLeéBF AD trp (Pvu II'), pLelF DA trp (Bgl 11) and pLelF DAtrp(Pvu

I( IP)V ??) d15 8A Poavblidl Halfrd&dl ﬁﬁ&”&éﬂﬁrﬂé@ﬁ aoaiﬁhengm%d%@ F AB
u an

el F AE (Pvu | net hod ©0 orn1n doubl e stTanded
DNA as cl ai feB° hﬂpéﬂﬁﬁﬁé3 ?i%&ﬁ?ﬁl%%n%PYSQEe Qf & alg§el€§t|ng a first,
doubl e stranded DNA fragnent com prising codons encoding all or a portlon
of the amino aci ¢ spANHNCe Alrdhddd Bwa "SHpRLLYngo S Sk Md SWi%aing

10 a polypeptide as clalmed in claims' 6 and 7.

10. A replicable plasmidic exbressidn vehicle capable,

in-a transformant mlcroorganlsm, of expre551ng ‘a poly-
~ peptide as- clalmed in any one of clalms 1-5.
15 ‘

11. A replicable plasmidic expression vehicle capable,
in a transformant microorganism, of expressing a polypeptide
as claimed in claims 6 and 7. '

20 '12. A transformant microorganism containing thé
expression vehicle of claim EP‘

13. A transformant microorganism containing the

_expression vehicle of claim 11. '

14. A plasmid selected from the group'consisting of
pLeIF AD trp (Bgl II), pLeIF AD trp (Pwvu II), pLeIF DA trp
(Bgl II) and pLeIF DA trp (Pvu II).

30 15. A plasmld selected from the group con51st1ng of
pLeIF AB (Pvu II) and pLeIF AF (Pvu I1).

16. A method of forming a double sfranded DNA as
claimed in claim 8 or 9 which comprises:

a. selecting a first, double str?nded DNA fragment com-
prising codons encoding all of a portion of the amino
acid sequence of a first, naturally occurrlng leuko-

™ s



> 16

cyle iinterferon, said fragment including codons’I%?_lﬁg_gning—Le+ﬁ+nal .
portion of said interferon and, spaced in the 3 direction the on1 a
first restric- _tion endonucl ease cl eavage si te : ‘u““tm ﬂl&

fragment with said restriction endo- nucF \ “l cond
doubl e stranded DNA fragnment 10 encodlng aII pbrtlon of the am no

aci d sequence of a second, different, naturally occurrlng | euko- cyte
i nterferon, the seyhsl fnw@'momonpaiéi ﬁgagmehdemnt:d;al:iinqstcloid@tni&rfor

endonucl ease -cl ea“&&ecﬁd trﬁoeeééﬁﬁ‘iﬁéi'%o ng 8.@' EX?.HOEhtt'e%%QoH(HH he

stand- 15 poi Nt anm no_aci nter- f'erons
and additionally @ﬂﬂﬂﬁQﬂ#ﬁ)t%%y%hddbé?ﬁtépﬂeth€§§§ﬁ§mﬁoﬂ th& staisPpic-

termnal portion afidmerRsifichdader épéPagdlsiite; Cleaving the second
f ragnment th said restri-cti on endonucl ease; and e. ligati.ng restriction

endonucl ease di gestion products of steps b and d to reconstitute said
restriction iB& cleaviom 3 a3 ef Sagrentowi oh nsailly besdricagennendaon
prising, in sequemﬁ%l %ans for the amno.term nal portion of the first
interferon and thé caeboxy'tern1nal portion of the second. 30 17. A
met hod of form ng an antiviral -pol ypeptide as clainmed in any one of clains

the met EBﬂ;é’l@éI o R N Rt b L
expressi o vehlcl@nng%ﬂg(ﬁ#ﬁrﬂfeﬁrﬂQﬁE#°%r@§nF§ﬁ1ﬂﬂﬂﬁ°tﬁ€1§aﬁ€QWQHQQHlng
the m croorgani smenG @H‘étﬁid)ﬁldlﬂfféh@eﬂprﬁéﬁuﬁalwir beeupelingeneuke®-encoded
by the hybrid DNA fr%g érf%ron, the second fragment comprlslng an
identical restriction endonuclease gleavage site
essentially identically positioned from the stand-
15 point of the amino acid numbering of the two inter-
ferons and additionally comprising, beyond said site,
codons for the carboxyl terminal porﬁion of the

second interferon;

20 4. cleaving the second fragment with said restriction
endonuclease; and

e. ligating restrictiQn endonuclease digestion products
of steps b and d to reconstitute said restriction '
25 endonuclease site and form a hybrid fragment com-
' prising, in sequence, codons for the amino terminal
portion of the first interferon and the carboxy
terminal portion of the second. '

30 17. A method of forming an antiviral polypeptide
as claimed in any one of ciaims 1-7 which comprises:

a. deploying the hybrid DNA fragment resulting from the
method claimed in claim 16 within a replicable plas-
35 midic expression vehicle, transforming a micro-
organism with the same, culturing the microorganism
and occasidning,the expression of the polypeptide
‘encoded by the hybrid DNA fragment; and



| | ysing the resulting microorgani smand FﬁtﬁV@TTﬁﬁafﬁg?g?F;;]the {Tﬂ_;T”

Qly¥peptide. 18. A pharmaceutical conpositi m“mm‘}ol y- - :

enti/de as clainmed in any one of clainms_J-7 andg\“\mm tically
e

accept abl e carrier vehicle. 19. - A pot¥Ypepti as chai'hed in any. -one of
- claims 1-7 for use in the treatnent of viral or neoplastic diseases or in
the preparatibbn of ppaingcébei caisuddipasinicroorganidmiand sechverdagnent.
The. tt of the specifi l.on S hege rpduced by photoCopying the .
appli cation typesCr%ﬁkgg?%hﬁa§h%bH?§$%%§§%§%bnpndnent which are difficult
to read. Th ri gi na riapt. s CQRt .%§HH¥¢€¥%WEGEW@Q _
- inspect ed onegﬂé'pren&ségggigfﬁg%ﬂgggh?! fice ; .fﬁﬂﬁa ga¥o§9

: peptide as claised in any one of claims 1-7 and a pharma-

5 ceutically acceptable carrier vehicle.

19, A,poljpeptide'as claimed in any one of claims 1-7
for use in the treatment of viral’or'neoblastic diseases
‘or in the preparation of pharmaceutical compositions use-
ful in such treatment. !

The u&t of _th§ specification has been Teproduced b:lphotoeom.ng .the applicants original
typescript. It nay contain a fow amendments which aPe difficult to read, The original
tvoescrinst containing these snendments may be inspected on the premises of the Patent Office
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