HUVAN | MMUNE | NTERFERON AND | TS PRODUCTI ON BY RECOMVBI NANT DNA TECHNOLOGY
Field of the Invention 5 The present invention relates to the field of
reconbi nant DNA technol ogy, to neans and nethods utilizing such technol ogy
in the discovery of the DNA sequence and deduced ami no acid sequence for
human i mmune interferon and to its production and to the various products
of such production and their uses. 10 More particularly, the present
invention.relates to the isolation and identification of DNA sequences
encodi nd_human i mune interferon and to the construction of reconb bﬁ&“ﬁﬁW&z
-2- expression vehicles containing such DNA sequences operably linked to
expressi on-effecting pronoter sequences and to the expression vehicles so
constructed. |In another aspect, the present invention relates to host
culture systens, such as 5 various-m croorgani smand vertebrate cel
cultures transfornmed with such expression vehicles and thus directed in the
expressi on of the DNA sequences referred to above. In yet other aspects,
this invention relates to the neans and met hods of converting the end
products of such expression to novel 10 entities, such as pharnaceuti cal
conpositions, useful for the prophylactic or therapeutic treatnent of
humans. In preferred enbodi nents, this invention provides particul ar
expressi on vehicles that are sequenced properly such that human i mmune
interferon is produced and secreted fromthe host cell in 15mature form
In.addition, this invention relates to various processes useful for

pr oekci ng sai d DNA sequences, expression vehicles, host culture systens and
end products and entities thereof and to specific and associ at ed

enbodi nents t hereof.

HUMAN IMMUNE INTERFERON AND ITS

PRODUCTION BY RECOMBINANT DNA TECHNOLOGY

Sgét:>- Field of the .Invention

S The present invention relates to the field of recombinant DNA
technology, to means and methods utilizing such technology in
the dfscovery of the DNA sequence and deduced amino acid
sequence for human immune interferon and to its production and
to the vaEious products of such production and their uses.

10 |
More particularly, the present invention relates to the
isolTation and identification of DNA sequences encoding human

immune interferon and to the construction of recombinant ONA



20 The present invention arises in part fromthe discovery of the DNA
sequence and deduced am no acid sequence encodi ng human imune interferon.
In addijti on, the present invention provides sequence information on the 3'
and 5' - flanklng sequences of the human imune interferon gene,
facilitating 25 the in vitro |linkage thereof into expression vehicles. In
particular, there is provided the 5 -DNA segnent encoding the putative
endogenous si gnal pol ypeptide which i medi ately precedes the am no acid
sequence of the putative mature human i mrune interferon. These di sco@| es,
in turn, have enabled 30 the devel opnent of the nmeans and nethods for
produci ng, via reconbi nant DNA technol ogy, sufficient anounts of human

i mmune interferon, so as to enable, #n turn the determnation of its

bi ochem cal properties and bioactivity -3- The publications and

ot her - mat er i af¥PMRetiedfvetitdqs t8 Fairing ﬁ“a‘t"e""t“hée“ﬂ&?ﬂfgr%ﬁ\“ﬁﬂ”bf the invention,
and in parti cmh&redCuaseq:,reisoo:p-rem/dcda‘gadfhmbtonedqudu&&alalna goesjrecting its
practice and for convenl ce are nuneri cal lJ y referenced bK the foll ow ng
text 5 and reSPEESTVVRIYF" gcr 88 P8d I A& Uppndf8d"Bi BIPSFapRY. Background of
the I nventionpidkent inventionHuéMamed nunboet kot wré ewmmk-lurmch afiterferons can be
classified in._t ree grou nth S| s, of f.ent ant i en|C|ty and

bi ol ogi cal and*bi’d Wg?f'l"'c?aqa"psrmoﬁ'é‘ftvf%sL"‘fﬁe ?l 3 "ﬁ?%ﬁﬁ"cs(g?rprf'ses a famly
of | eukocyte ¥5th mécdr éxprossdof [venicles poer torsodiretwdFrothd FN-[err] ), which
are normal |y L [ 4C& f bl ood upon viral.
i nducti on. gg%qﬁgi\?’g ﬁgﬂe )r{‘tl“g)ré%@ {hl Iegrg'(r)u c@dL%ﬁg fgﬁnggto be o’
bi ol ogi cal | y atheryespedts, 2th18) Invantdpn rpiagepdiocthle Treopand ingshods

of converting the end products of such expression to novel

-

l0entities, such as pharmaceutical compositions, useful for the
prophyltactic or therapeutic treatment of humans. In preferred
embodiments, this invention provides particular expression
vehicles that are sequenced properly such that human immune
interferon i§ produced and secreted from the host cell in

15 mature form. In addition, this fnvention relates to various
processes useful for préducing said DNA sequences, expression
vehicles, host culture systems and end products and entities

thereof and to specific and associated embodiments thereof.

20 The present invention arises in part from the dfscovery of the C:) \’/
DNA sequence and deduced amfno acid sequence encoding human i}
immune interferon. In addition, the present iavention
provides sequence information on the 3'- and 5'- flanking
sequences of the human 1mmuné interferon gene, faci]itating

25 the in vitro ]ink&ge'thereof into expression vehicles. In
particutar, there is provided the 5'-DNA segment encoding the
putative endogenous signal polypeptide which immediately
precedes the amino acid sequence of the putative mature human
immune interferon. These discoveries, in turn, have enabled

30 the devélopment of the means and methods for producing, via
recombinant BNA technology, sufficient amounts of human immune
interferon, so as to enable, in turn, the determination of its

biochemical properties and bioactivity.



have pronpted their use in the clinic as therapeutic agents 20 for the
treatnment of viral infections and malignant conditions (4). In the second
group is human fibroblast interferon ([err]-interferon, FIF or IFN-[err]),
normal |y produced by fibroblasts upon viral induction, which has |ikew se
been mcrobi.ally 25 produced and found to exhibit a w de range of

bi ol ogical activities (5). Cinical trials also indicate its potenti al

t herapeuti c val ue. The | eukocyte and fibroblast interferons exhibit_very
clear dimilarities in their biological properties despite the fact 3ﬂat t he
degree honol ogy at the amno acid 30 level is relatively low. In

addi tion, both groups of interférons cont®in from 165 to 166 am no aci ds
and are acid stable proteins. The human i mmune interferon (IFN-[err]),
otherwi se also referred to as hunan gamma interferon, -4 - to which this
invention is directedpubilsgatiomscort ptier-sagetilds [herqof-usghdo[ Bipding it er f er ons,

pH 2 labile, is produged mainly. mpmvm,@iggegr&: ihNAvei. o ofsekynphocytes and
is also clearly antigeni 3l Fy distinct. Until recently human_i nmune 5
interferon coul d ontoyidse adidt Exrrbdietsi Igereprentien {FevpicsicaddciPRyi dent |y

hanpered its chara j L. O, 1 L
partial purificati %%n%%?%ﬁg%ei %%gé%l%?e%f%?%%gﬁa@%}gﬂzb¥%ggﬁ é:?]‘;‘% 6). The
compound was sai ¥ &Sl FespeesiNed¥dIoueed L ipoasrepded) PilodagEaRlYYi-nul ated with a
10 conbi nation of phytohaenmaggl utin and a phorbol ester and purified by
sequenti al chromatographi c separations. This procedure resulted in a
pr&duct having a nol ecul ar wei ght of 58,000. Human i nmune interferon has
been produced in veickgto@wd of the Inventfon '

10 A. Human Immupe Interferon

Human interferons can be classified in three groups on the
-basts of different antigenicity and biological and biochemical
properties. '

The first group comprises a family of leukocyte

15 {nterferons (a-interferon, LelF or IFN-a), which are normally
produced nmainly by constituent cells of human blood upon viral
induction. These have been microbially produced and found to
be bfologically active (1, 2, 3). Their biological properties
have prompted their use in the clinic as therapeutic agents

hed (;) 20 for the treatment of viral infections and malignant conditions
{4). _

In the second group is human fibroblast interferon
{s-interferon, FIF or IFN-‘). normally produced by fibroblasts
upon viral inductfon, which has likewise been microbially

25 produced and found to exhibit a wide range of biological
activities (5). Clinical trials also indicate it§ potential
therapeuti& value. The leukocyte and fibroblast interferons
exhibit very clear similarities in their biological properties
despite the fact that the degree of homology at the amino acid

30 1evel is relatively low. In addition, both groups of
interferons contain from 165 to 166 amfno acids and are acid
stable proteins.

The human immune interferon  (IFN-y), otherwise also

referred to as human gamma interferon,



15 anmounts by translating nmRNA in oocytes, shoving interferon activity
characteristic of human i nmune interferon and expressing the hope that

i mune interferon cONA could be synthesized and cloned (7). The anount of

i mun&dnterferon obtained until nowis 20 certainly insufficient to carry
out unanbi guous experinents on the characterization and bi ol ogi cal
properties of the purified conponent. However, in vitro studies perforned
with crude preparations, as well as in vivo experinments with nurine
[err]-interferon preparations, suggest that the primary function 25 D

i mune interferon may be as an i mmunoregul atory agent (8, 9). | mmune
interferon has not only an antiviral ang_anticellular activity in comon to
all human interferons, but shows a potentiating effect on these activities
with [err]- and [err]-interferon (10). Also, the in vitro antiproliferative
30 effect of [err}eivhtasr fidsoinventivurfsrdicet fed, ifs. rigpeantedtity phe o-

approxi mately 10- fo .. 10040l d that 1Qfilehe 0 RQlcdaAni Loy Cl asses (8, 11,
12). This result, together wth its pronounced i mrunoregul atory role (8,

9). suggests a nuehtogerie rdpsrdancédivaphacytatornd Tpal ehéleaFrbr IFN-[err] than

for 1FN-a and 32 ibENh AL distidcRdCRFLii Peckhi9 RkRPLImAERLS Wi th m ce and
muri ne | FN—[err; preparations show a clear superiority over antivirally

i nduced i nt er f et ongterfenep couht PP UnBt dPteStredr YAFaimatT LY Ebtg2hic sarcoma

(13). 5 Al Qfideh@gensbaitiaests eHakidtetirat{pnes @Btentny,catiadier had to be

performed with rather crude preparati ons, . due to the very | ow avail ability:-
ke 5t o

However, they cer 4teif{¥estifg VEFS 3 EGE AT OB 1 BYRRE™ Unct i ons for N/
i mrune i nterferonintNeferanl hashmeninepurted i (60 er fMier compaupov&NBaidss0oe at ed

antiviral 10 acti %Lg%éepli}-onpqym%ﬁpéy e %luﬂ)urgs Ssttymoqgteidmvaoar egulatory and

10 combination of phytohaemagglutin and a phorbol ester and
purified by sequential chromatdgraphfc-separations‘ This
procedure resulted in a product having a molecular weight of
58,000. ' .

Human Tmmune interferon has been prodhceq in very low

15 amounts by translating mRMNA in oocytes, showing interferon
activity characteristic of human immune interferon and
expressing the hope that immune interferon cDNA could be
synthesized and cloned (7).

The amount of.immune interferon obtained until now is .

20 certainly insufficient to carry out unambiguous experiments on C:j
the characterizatign and biological properties of the purified
component. However, in vitro studies performed with crude
preparations, as well as in vivo experiments with murine
y~interferon preparations, suggest that the primary function

25 of immune interferon may be as an immunoregulatory agent (8,
9). Immune interferon has not only dn antiviral and
anticellular activity in common to all human interferons, but
shows a potentiating effect on these activities with a- and
g~interferon (10). Also, the in vitro antiproliferative

30 effect of y-interferon on tumor cells is reported to be
approximafely 10- to 100-fold that of the other interferon
classes (8, 11, 12). This result, fogether with its
pronounced immunoregulatory role (8, 9), suggests a much more

pronounced antitumoral potency for IFN-y than for IFM-a and



antitunoral activity, clearly pointing to a potentially very promising
clinical candidate. It was perceived that the application of reconbi nant
DNA t echnol ogy woul d be a nost effective way of providing the 15 requisite
| arger quantities of human inmmune. interferon. Wether or not the jmterialsg
so produced woul d include glycosylation which I's considered char eristie
of native, human derived material, they would probably exhibit bioactivity
admtting of their use clinically in the treatnment 20 of a w de range of
viral, (neopl astic, and i nmunosuppressed conditions or diseases. B.
Reconbiant DNA Technol ogy Reconbi nant DNA t echnol ogy has reached the age
of sone 25 sophistication. Ml ecular biolggists are able to reconbine

vari ous DNA sequences with sonme facility, creating new DNA entities capable
of producing copious anmounts of exogenous protein product In tr@nsforned
mi crobes. The gener H' Healt¥egtrg! gEPeginenith “Atha s "t ALMR Wity o

| i gati on of vari ousprdparal tvnls wwededcrar” Qipk ciloy i tyesnde danfth @igaENyt $ndoéedDNA,

produci ng potent expression yenicl,gs dsehyle i LaRRf0LMI0g. Rarti cul ar
organi snms, thus directing Thel 1 teffrci ent synthesl's of desired exogenous

product. However, oserasmai hiddvi dual product basis, -6- the pat hway

remai ns somewhat 4 ort UgkSeARflduNEuafdse i 1NaRe RO cAEAVGRTod. Ol 84 30 wher e
e made. In ;

regul ar predictions of success can . ee t hose o0 portend
successful results b pénfarmedis thnidheryFrige prprarihonsaldupdgithe W@ayso with

considerable 5 ri sk,oqfa‘jal,qpﬂqucl;i.l iHWevJDQhBJ @g,,r{iapl,,”asuragmh;g somal | oop of
dcrgl;} e-stranded DNA found i1 n bacteria and other m crobes, oftentines in

mul ti pl e copi es perinparyant pdptaohcalafusgtions dosndarneof ntestesani nigkt DNA

only has immune interferon a potent associated antfiviral
10 activity, but probably also a strong immunoregulatory and
antitumoral activity, clearly pointing to a potentfally very
promising clinical candidate.
It was perceived that the application of recombinant DMHA
technology would be a most effective way of providing the
15 requisite larger quantities of human immune {interferon.
Whether or not the materials so produced would include
glycosylation which is considered characteristic of native,
human derived material, they would probably exhibit
bioactivity admitting of their use clinically in the treatment
Aot (:) 20 of a wide range of viral, neoplastic, and immunosuppressed

conditions or diseases.

B. Recombinant ONA Technology
Recombinant DNA technology has reached the age of some
25 gsophistication. Molecular biologists are able to recombine
various DNA sequeﬁces with some facility, creating new 'DNA .
entities capable of producing copious amounts of exogenous
protein product in transformed mfcrobes. The general means
and methods are in hand for the in vitro ligation of various
30 blunt ended or "sticky" ended fragments of DMA, producing
potent expressfon vchicles useful in transforming particu\ér .
organisms, thus directing their efficient synthesis of desired

exogenous product. .However, on an individual product basis,



technol ogy. Included in the information encoded in the 10 plasmd DNA is
that required to reproduce the plasmd in daughter cells (i.e., an origin
of replication) and ordinarily, one or nore phenotypic sel ection
characteristics such as, in the.case of bacteria, resistance to
ant Yk otics, which permt clones of the host cell containing the plasmd of
15 interest ‘to be recogni zed and preferentially grown in selective nedia.
The utility of plasmds lies in'the fact that they can be specifically

cl eaved by one or another restriction endonucl ease or "restriction eQzyne",
each of which recognizes a different site on the plasm d DNA. Thereafter
het er ol ogous 20. genes or gene fragnents may be inserted into the plasm d by
endwi se joining at the cleavage site or%at reconstructed ends adjacent to
the cl eavage site, Thus fornmed are so-called replicabl e expression

vehi cl 65, DNA recBROPHRTPoRe T haPIF Hbdo BUPYT 88 ¢hS *EaTFe PBatot ne

resul ting "reconbddvamed @5araphe sabrecraupircesadddetivedio€l s@cck .plnazn‘: d, can
be introduced int s b p e nown .as _trapsfor i op an ar ge
quantities of t heper gg‘%ﬁbilﬁéﬁ%’v{ehﬁlgecﬁ" @Bf%"i“ﬂe‘é“‘b”f‘ﬁ“‘:’owsﬁggi Hgt"t"?"ansf or mant .
Mor eover, where tHe uedeelyigs pregrdpéntal paers,edb wh it gbresrieerae’d o porti ons of
the plasm d which,.QQVer PdoBfap3Pidyl anscription and translation of the
encoded DNA nessage, the resulting expression vehicle can be used to

“actual |y produce theTifoPlasBpt:i tleodeigaraterali dropysfi dpubtl brestranged t0¥4 gene

codes, a process FRh@riheshckri3San@XeWnes it Ofbbes, _o&'in;%resﬁmpmwlgn i's
initiated in a regi on known as the pronoter which is recognized by and -

bound by RNA pol yrPF&s@er A ohEemaf 2nd s bt ebepephas erespmbdatte® on, the DNA
unwi nds, exposi NgtdchnABgA | BIEPhdCT d @he i Rfolrh 164 eRYJU BRI £neOf NMESSENgEr RNA
from ' 10 plasmid ONA is that required to reproduce the plasmid in
daughter cells (f.e., an origin of replication) and
ordinarily, one or more phenotypic selection characteristics
. such as, in the case of bacteria, resfstance to antibiectics,
which permit clones of the host cell containing the plasmid of
15 interest to be recognized and preferentially grown in
selective media. The utility of plasmids lies in the fact that
they can be specifically c[eaved by one or another restriction
endonuclease or “restriction enzyme", each of which recognfzes
a different site on the plasmid DMA. Thereafter heterologous
20 genes or gene fragments may be inserted into the plasmid by (:) g
endwise joining at the cleavage site or at reconstructed ends )
adjacent to the cleavage site. Thus formed are so-called
replicable expression vehicles. DHA reéombination is
performed outside the cell, but.the resulting "recombinant"
25 replicable expression vehicle, or plasmid, can be introduced
into cells by a process known as transformation and large
quantities of the recombinant vehicle obtained by growing the
transformant. Horeover, where the gene is properly inserted
with reference to portions of the plasmid which.govern the
30 transcription and translation of the encoded DNA message, the
resu}ting expression vehicle can be used tc actually produce
the polypeptide sequence for which the 1n;erted gene codes, a

process referred to as expression.



5 the DNA sequence. The nmessenger RNA is, in turn, translated into a

pol ypeptide having the am no acid sequence encoded by the nRNA. Each am no
acid is encoded by a nucleotide triplet or "codon" which collectively make
up the "structural gene", i.e. that part which encodes the am no acid
sequence of the 10 expressed pol ypeptide product. Translation is initiated
at a "start" signal (ordinarily ATG which in the resulting nessenger RNA 35
becones AUG). So-called stop codons define the end of translation and,
hence, @i? production of further am no acid units. The resulting product may
be obtarmed by lysing, 15 if necessary, the host cell, in mcrobial

systens, and recovering the product by appropriate purification from other
proteins. In practice, the use of reconbfnant DNA technol ogy can express
entirely heterol ogous pol ypepti des--so-called direct 20 expression--or
alternatively nmay expiessssachés dnbtiogelidn goregieptpens fudbtl PrePodeporti on of

the amno acid seqyepeLqsOfecfyn? AP LIRS PR ¥PRRA IndBymeldkel ha@nl @t er cases,
t he i ntended bi oactive product 1s sometines rendered bioinactive within the

fused, honol ogous/ rarErdr Igb e sFoP § Saphes s nurithe| Pt unwindsy L1024 "5 i n an

extracel lul ar envi f0RMBNtenpRAR Brl fdi%latRAls9AthePUDlof iiDsendd0 KOV B omand

Wet zel , Anerican Scientist 68. 664 1980%. g. Cgl“ Culture]Te?hnoIogy The
art of cell or t3 sH¥§e?Mufqayense- i Jhe JERRAIPHG "YbAdy TR SUSY SRESLYER physi ol ogy
is well establishefhio sy pagtd dembiiagsthar saine akdhdeduencerancdtied my ng

permanent cell lines, prepared by su ssive serial t fers. fromisol ate
nokmal cells. For Wem@ﬁ' rgg‘: a?'&’y," ascﬁgﬁsceeﬁcf)dﬁ fres 'S'rcgaglﬁgfenttg{lpr‘]ég on a
solid - 8- suppost “tdtoht guic cxodeatiyelormaky upr bivet fistirncwushaesE’on

contai ni ng SUpporti.Qg-t{hiag%qpé'wh (ﬁaLrﬁ:'oUps ftper aJﬂﬁJogfcid sequence of the
10 expressed polypeptide product. Translation is initfated at a
*start" signal (ordinarily ATG, which in the resulting
messenger RNA becomes AUG). So-called stop codons define the
end of translation and, hence, of production of further amino
acid units. The resuiting product may be obtained by lysing,
15 if necessary, the host cell, in microbial systems, and
recovering the product by appropriate purification f;om other
proteins. )
In practice, the use of recombinant DNA technology can
express entirely heterologous polypeptides--so-called direct
et (:) 20 expression--or alternatively may express a heterologous
polypeptide fused to a portion of the amino acid sequence of a
homologous polypeptide. In the latter cases, the intended
bioactive product is sometimes rendered bioinactive within the
fused, homologous/heterologous polypeptide until it is cleaved
25 in an extracellular environment. See British Patent Publ. No.

2007676A and Wetzel, American Scientist 68, 664 (1980)..

C. Cell Culture Technology
The art of cell or tissue cultures for studying genetics
30 and cell physiology is well established. Means and methods
are in hand for maintaining permanent cell lines, prepared by
successive serial transfers from isolate normal cells. For

use in research, such cell lines are maintained on a solid



preparations seens to pose only nechanical problens. For further
background, attention is directed to M crobiology, 2nd 5 Edition. Harper
and Row. Publishers, Inc. Hagerstown, Maryland (1973) especially pp. 1122

“-et s¢ @ and Scientific Amrerican 245, 66 et seq. (1981). 10 Summary of the

I nvention The present invention is based upon the discovery that

reconbi nant DNA technol ogy can be used to successfully produce human i mmune
interferon, preferably in direct form and in 15 anmounts sufficient tg
Initiate and conduct animal and clinical testing as prerequisites to rket
approval . The product is suitable for use, in all of its'forms, inth
prophyl actic or therapeutic treatnent of human beings for viral infections
and mal i gnant and i mmunosuppressed or imunodeficient conditions. 20 Its
forms include various possible oligoneric forns which may include

associ ated gl yCG@yﬂoﬁttii@an—Ehé mpd @l Gir 8)S gpuwaslueessshynsgeneti cal ly engi neered

m cr oor gani sns Qr & m SJF;tpg'[tem?ygt ers. Icaqe_utpéar O':[ ential now exists to
prepare and i sol ar'e Fl fah P AuAe i ntert efBh it & not'€ef fici ent manner 25

t han has been poserdvhtionOseess gnirbsc anty ﬁnamhmfrcaofprbhemp.r esent invention, in
its most preferr C ene caIIy
directing a m crfggtrhgg%?g%[rn '{ﬁc{}{atﬁ ir%eﬁ?'gpJe %nﬁcgc—r'ﬁ%{%%ﬂl g"d

interferon inS5i §Giﬁt°ablﬂe"momt Row, sRub} tsthers. fFer Hagerstowt, tte’orlamdn mat ur e
form 30 The prasen égxmtmora CQIPS 186341 NRa UPBR: FATMNGdAt €T f eron thus
produced and the means and ﬁo ds of its productiomn—The present invention
is further diredfted5f Etr &89 @354’9 DNA 37 -9- expression vehicles o’
har bori ng gene sequences encodi ng human :

10 Summary of the I[nvention

The present invention {s based upon the discovery that
recombinant DNA technology can be used to successfully produce
huqan immune interferon, preferably in direct form, and in

15 amounts sufficient to fnitfate and c;nduct animal and clinfcal
testing as prerequisites to market approval. The product is
suitable for use, in all of {ts forms, fn the prophylactic or
therapeutic treatment of human beings for viral infections and
malignant and immunosuppressed or immunodeficfent conditions.

20 1ts forms include various possible oligomeric forms which may

Q

include associated glycosylat{on. The product is produced by
genetically engineered microorganisms of cell culture
sysgems. Thus, the potential hou exists to prepare and
isolate human immune interferon fn a more efficient manner

25 than has been possible. One significant factor of the present
invention, in its most preferred embodiments, is the
accomplishment of genetically directing a microorganism or
cell culture to produce human immune interferon in isolatable
amounts, secreted from the host cell in hature form.

30
The preseant invention comprises the human immune interferon
thus produced and the means and methods of its production.

The present invention is further directed to replicable DNA



imune interferon in expressible form Further, the present invention is
directed to mcroorganismstrains or cell cultures transforned wth the
expression vehicles described 5 above and to microbial or cell cultures of
.such transforned strains or cultures, capable of producing human i mune
interferon. In still further aspects, the present invention is dlreq§§d to
various processes useful for preparing said i mune interferon gene
sequences, DNA expression vehicles, 10 m croorgani smstrains and cel
culturgs%aﬂd to specific enbodinments thereof. Still further, this invention
is dir ed to the preparation of fernentation cultures of said

m croorgani sns and cell cultures. In addition, this invention is directed
to the preparation of human imune interfgron, as 15 a direct expression
product, secreted fromthe host cell in nmature form ThIS approach may

utilize the gene encodi ng t he {s«?%\lig rpn tehg jpeture humen inmune
interferon plus the""‘ES""'"fs ShRENG encodi Ayt Ha"s 6?13(' ﬁdf'%lpeptl de. The

si gnal pol ypeptide n@ubeliha:\redohoinaadrpmfme ft\fnansfp@rrterofthe hee2@tnol ecul e
to the cellular vall,gf.the.no3t ALIANRRAIB, MG Id-o| @ §l eaed during the

secretion process o e nmature man I nterferon pro i s enbodi nent
enabl es the isol atiodtared puns forged ¥vigh the e¢rrceisiorenerid! endeseitatmune

interferon withow [R90%hetQ mv&due(irpeme&w.ﬁ%s%S;ﬂne@amo%adm nate 25
contam nants of intracellular host protein or cellular debris. The

invention further ptaeittesr Suhgne T ntlPiRIs Af Srewedts ByrdecRpEni ed by

asgqci ated native gfmeP@¥bAl i BN stiiMCruirBN@Nidp@Bes2dehet j AR YnvidhO6hdes a
process conprising: providi n?? 30 a first DNA sequence coding for human

i mrune i nterferon, bp8tE6Fse F9 YRTIRYS iRroshsess EA“Jé&Jﬁd mRpedagdetce to forma
replicabl e cloning wumbBicligtertéranSfeqs HefgnaessUDNAADIpR e ASH veRicles, -9a-

10 microorganism strains and cell cultures and to specific
enbodiments thereof. Still further, this {nvention {s
directed to the preparation of fermentation cultures of said
microorganisms and cell cultures. 1In addition, this invention
is directed to the preparation of human {mmune {aterferaon, as

15 a direct expfession product, secreted from the host cell in
mature form. This approach may utilize the gene encoding the
sequence of the mature human immune fnterferon plus the 5*
flanking DMA encoding the signal polypeptide. The signal
polypeptide is belfeved to aid in the transport of the

(f'
)
s

20 molecule to the cellular wall of the host organisms where it
is cleaved during the secretion process of the mature human
interferoa product. This embodimeat enables the {solation and
purification of the intended mature {mmune interferon without
resort to involved procedures designed to eliminate

25 contaminants of intracellular host protein or cellular debris.

The invention further provides human immune interferon
" unaccompanied by associated native glycosylation. The
invention additionally provides a process comprising: providing
30 a first DNA sequence coding for human immmne interferon,
operably linking it with a second DNA sequence to form a
replicable cloning wvehicle, transforming a suitable host cell



with the cloning vehicle and culturing it so as to anplify said first DNA
sequence. The invention also provides a process conprising: providing a

fi rs% DNA sequence coding for human i mmune interferon, operably linking it
wi t3%a second DNA sequence to forma replicable 5 expression vehicle, and
transform ng a suitable host cell with the expression vehicle so that the
transfornmed host cell, when cultured, isgapable of producing human i nmmune
interferon, optionally further conprising culturing the transforned

cell to produce human i mmune interferon. 10 Reference herein to the

expr essi on " withithe iloaing mmaelanﬁed:dle;unmg torseoas 2ot amplify sabd #lirsy cel |

cul ture prod i hu '@{ﬂ’ r a%;%g he signal
pepti de or pP@é gg%ér%g' rmgli QES% I at &T’ gggi og‘gtns% Ton of the
human i nunePFaii Mgaraoﬁl% W@e;ﬁoés%tfwmu%mmgemabl e of
produci ng huaﬁ”rabmyrmiamnqmerﬁeﬁw sBESHANONATRbdich Béﬂﬁ £6rmi b Srepllicdo1ani no
acid (pregent %‘?’eﬁ% Vi I’ttl:.le of the ATG t Si é cog nsertl on
in front oOf ?*%reg?ﬁ?ct geaf?g) TSPSEUTRPS & A ?'nh8 ¢

extracel | ul aeicgres‘smeemdlevsmghau shmdmaasﬂopréd hest griho woen dul:tyxe@; rms

Mat ure humang geof ?ﬁgg& oﬂd"&ft’ ond1ly ¥urehdance
herewi t h, to er Wi jugate i%mt el n other 'than t%e conventi onal

si gnal pol ypE‘Hl‘Rr&%m'i ﬁ@%ﬁ]‘%&é?etrﬂﬁ? dert icell 1tp erasice hsan s nt r a-
or extracel | uhtgsrfersa.r onment. See British patent publication no. 2007676A.
Finally, {fie mature human immune interferon can be 10 produced by direct
~expression wthout the necessity of cleaving away any extraneous,
super f | uous Befergagr hgeein o jthe eppesicnimatnge hoapry mevwmter@rgnven_ host
MRy Not, O B&inoRé itheaficnithi d1C6P \CE1 R chil €ial pRABELIN 9 tifarl Hm@EPr eSSi ON

interferon unaccompanied by the signal peptide or presequence peptide

that immediately attends translation of the human immune interferon

15 mRNA. The present invention is thus capable of producing human immune
interferon having methionine as its first amino acid (present

20



*vehicle is designed to express the mature human interferon is together with

its signal peptide.
recovered and purified to a | evel
vViral, malignant,

i nt er f/enon.

gradi ent and

The thus produced mature human i nmune interferon is

fitting it for use in the treatnent of

and i munosuppressed or i munodeficient conditions. Hunman
i mmune interferon was obtained according to the 20 foll ow ng: 1.
ti ssues, for exanple human spleen tissue or peripheral
were cultured with mtogens to stinulate the production of
2.

Human

bl ood | ynphacytes,
i mmun

35

Cell pellets fromsuch cell cultures were extracted in the
prese of ribonucl ease inhibitor to isolate all cytoplasm c RNA. 30 3.

An oligo-dT colum isolated the total sggssenger RNA (nMRNA) in '
pol yadenyl ated form This nmRNA was si ze-fractionated using sucrose density

aci d-urea

| el ectrophoresis. e appropriate nRNA

e ¢ 4, Th
(12 to 18 S) wasPchives Péo‘q‘FchEO?ﬁ‘é%ﬁb?in‘ P98 AateEt ity Shdetr tedhpl ement ary
(ne ONA) ¢ ful DIMg v ¥) Cdr-, Wi r P 1e@6l g €xck 0Bl bt € i siraarded CDNA. Af ter

DNA 5

oly-dC tailing, it S a yector, .su as | as
gneyor nor e phgn?ﬁt&‘b‘ie HarRef £2veo h‘"*"%¥t‘ '"Wélf%ggrsﬁr’@g&$éa’£]e

serted jnto

d bearing
ctors were

used to transfordpsbaceer Madure dubsn Primve dintigrfaro@otamnytshitder ary. Radi ol abel ed
cDNA prepared from,both .i nQuced angle ugj‘ du& gth@%th daegi \zegatzg@ descri be. d

above, was used ¢ Separate

roduced, in a fordanc

y pro e'ﬁup i'cate col ony | TP ati es.

excess CDNA was #rieerinr exiey stiamnble cheveatioonl esgrek podeatptide, the

J%“;-

conjugate being specifically cleavable in an intra- or
extracellular environment. See British patent publication no.
2007676A. Finally, the mature human immune interferon can be
10 produced by direct expression without the necessity of
cleaving away any extraneous, superfluous polypeptide. This .
is particularly important where a given host may not, or not
efficiently, remove a signal peptide vhere the expression
vehicle is designed to express the mature human 1nt§rferon
15 together with {ts signal peptide. The thus produced mature
human immune interferon is.recovered and purified to a level
fitting it for use in the treatment of viral, malignant, and
immunosuppressed or immunodeficient conditions.
Human immune interferon was obtained'according to the

20 following:

1. Human tissues, for example human spleen tissue or
peripheral blood lymphocytes;'were cultured with
mitogens to stimulate the production of immune

25 interferon.

2. Cell pellets from such cell cultures were extracted
in the presence of ribonuclease inhibitor to isolate
all cytoplasmic RNA.

30 '
3. An oligo~dT column fsolated the total messenger RNA
. -(mRNA) in polyadenylated form. This mRNA was

size-fractionated using sucrose density gradient and

The 15



to X-ray filmso as to lIdentify the induced cDNA cl ones. 6. From t he

i nduced cOVA cl ones the correspondi ng 20 pl asm d DNA was i sol ated
and sequenced. 7. The sequenced DNA was then tailored In vitro for
insertion into an appropriate expression vehicle which was used to

trafgf orman appropriate host cell 25 whi ch was, in turn,
permtted to growin a culture and to express the desired human i mmune

i nterferon product. 8. Human.i mrune interferon thus produced dou ess
has 30 146 amino acids in its mature form beginning wth"
cysteine, and is very basic in character. Its nononeric nol ecul ar wei ght
has been cal cul ated at 17, 140. Perhaps befause of the presence of nunerous
-12- basic resi‘dues, hydrophobicity, salflﬁridge formati on and so forth,
the nol ecul e may associate jfself Hn plkﬁpgerig forms, e.g., in dinmer,
trimer or tetraner form ThE R Gh?Fof SEGT AN Wai Ght's previously observed 5
with natural material (6) which can not be accounted for on the basis of

the anino acid sequence aligng, fay.Ase Qi '@z Wb €} LAOTRHIGeLPLrs as wel |

as to the contribution of carbohydrate trom post-translationa
gl ycosyl ation. 10 9. | n ceorespindidgosingdelsitranged-apmplepateivcBfar | y when

[igated into an expressi o yali flf A0crRad rlic BXRLRTE AL 1 A0FIBRL W h its

si gnal peptide of 20 amino acids, the mature formo uman | mune
interferon i s exported intAétarhpolyetq txilliewr &t wedliigpqrted into a vector,

such as a plasmid bearing one or more phenotypic o/

markers.

10 5. The thus prepared vectors were used to transform
bacterial cells providing a colony libréfy.
Radiolabeled cOMA prepared from both'induced and
uninduced mRNA, derived as described above, was used

~to separately probe duplicate colony libraries. The

.15 excess cDNA was then removed and the colonies exposed
to X-ray film so as to fdentify the induced cDHA

clones.

6. From the induced cONA clones the corresponding —~ L_}

20 plasmid DNA was isolated and sequenced. -t

7. The sequenced DHA was then taflored 13 vitro for
1nsertion into an appropriate expression vehicle
which was used fo transform an appropriate host cell

25 which was, in turn, permitted to grow in a culture
" and to express the desired human immune interferon

product.

8. Human immune interferon thus produced doubtless has
30 146 amino acids in its mature form, beginning with
cys;efne, and is very basic in character. Its
monomeric molecular weight has been ci!cu1ated at

17,140. Perhaps because of the pfesence of nymerous



I mmeasurably aiding in recovery and purification methods. Description of
Preferred Enbodi nents 20 A M cr oor.gani sns/ Cel|l Cultures 1. Bacterials
Strains/Pronmoters The work descri bed herein was perforned enpl oying, i nter
alia, the microorganismEg coli K-12 strain 294 (end A 25 [err]), as.
described in British Patent Publication No. 2055382 A. This strain has been
deposited with the Anerican Type Culture Coll ecti on, ATCC Accessi on No.
31446. However, various other mcrobial strains are useful, includi ng’iknovvn
E. col trains such as E. colt B, E. colt X 30 1776 (ATCC No. 31537) and
E. col 3110 ([err], protrophi c) (ATCC No. 27325), or other mcrobial
strains many of which are deposited and {3potentially) available from
recogni zed m croorgani smdepository institutions, such as the - 13-
Anerican Type Cul ture Col i U f I i sting.

See al so German O f enl egudnaggttsc “dgé C@fé’io&fbiéliﬁ}gse ‘gtchﬁ%énfg%grgam sns

i nclude, for exanple, Bacidlio &unth. dde Batsulagap@bidclipte Ak btiner

ent erobacteriaceae 5 anugigqsakfd r&ae, ReqMERNS |dcp,m.d g.smgxgmle@,samgal monel | a
typhi muri um and Serratia marcesans. uti | | zing plasmds that can replicate
and express heterol ogous G&he Ikaghtdhcad efHar efehghtasprayionplesbsermd bet a

| act amase and | act ose projiRh &latsstANE-RAV@) DACH asky bt 3geRusintedised to
initiate and sustain 10 m crobi al production of heterol ogous pol ypepti des.

Details relating to the n@€eupreahetsicotstheudtingrrcdf semeedte 3f ettt systens

have been published by Chengueto auch oNejolérac 2foPns @4 wefilQ¢8)0 aned | takura et
aly_, Science 198, 1056 (1977

cont)ibution of carbohydrate from post-translational
glycosylation.

10

9. In certain host cell systems, particularly when

ligated fnto an expression vehicle so as to be
expressed together with its sfgnal peptide of 20
amino acids, the mature form of human immune

15 - interferon is exported into the cell culture medium,
immeasurably afding in recovery and purification

methods.

Daescription of Preferred Embodiments

oot (;) 20

A. Microorganisms/Cell Cultures
1. Bacterials Strains/Promoters
The work described herefn was performed employing,
inter alia, the microorganism E. coli K-12 strafn 294 (end A,
25 tni”, hsr”, khsm"). as described in British Patent
Puinca;ion No. 2055382 A. This strain has been deposited
with the American Type Culture Collection, ATCC Accession No.
31446. However, various other microﬁial siraiﬁs are useful,
" 1ncluding known E. ¢oli strains such as E. 5211.3, E. coli X
30 1776 (ATCC No. 31537) and E. colf W 3110 (F™, x~,
protrophic) (ATCC No. 27325), or other microbjal strains many
bf wh*ch are deposited and (potentially]} available from

recognized microorganism depository institutions, such as the



More recently, a system 15 based upon tryptophan, the so-called trp
proqﬁger system has been devel oped. Details relating to the nmake-up and
construction of this system have been pubilished by Goeddel et al., Nucleic
Aci ds Research 8, 4057 (1980) and Kleid et al., US S R 133, 296, filed
March 24, 1980. 20 Numerous other mcrobial pronoters have been di scovered
and utilized and details concerning their nucl eotide sequences, enabling a
skilled worker to ligate themfunctionally within plasm d vectors, e
been published -- see, e.g., Siebenlist et al., Cell 20, 25 269 (19%&¥. 2.
Yeast Strains/Yeast Pronoters The expression system hereof may al so enpl oy
the plasmd YRp7 (14, 15, 16), . which is capahl.e of selection and 30
replication in both E. coli and t he yeast, Sactcharonyces cerevisiae. For
sel ection in.yeast the plasn'd contains the TRP1 gene (14, 15, 16) which
S ot AB-/eRh BROU I RRRACPERCPLl T YL gRIAT) veas!
cont ai ni ng nutations ound on chronbsone |V of yeast
(17). The strain q;settgheﬁesu/i/as t hee stsoaﬁqrmm?l&nqmygdepogsted at the

Areri can Type: Cul us«%zOO'rL&%taa.@rv,witmuamna&tncqu fo(.AI%NO 44076) .
However, it wll Dbe understood that any Saccharonyces cerevisiae strain
contai ning a nut dachid fwivice rsnidedtlushsubdBlils andprthehgaterobrs tari e feect i ve

envi ronnent fofs exRhEIR AN Al bd REntIbAIM d e cARI A B.hmgmilh? expression system
An exanpl e of another strain which could be used epd-1 (19). This

t rypt ophan auxotHﬂ#hﬂﬁiﬂﬁJﬁmaﬂgﬁ—ﬁé§ﬂﬁL§§ﬂht“ﬁUﬁéPWoH‘FWdTRPftlo gene. Whgp
pl aced on the 5 &hdRppfcade ﬂQﬁ-e)fﬁ&SE l@@ﬂ&l&ﬁ@s gene sequences therein.

As examples, the beta lactamese'and lactose promoter
systems have been advantageously used:tq-tnitiate and sustain
10 microbial production of heterologous polypeptides. Details
relating to the make;up_and constryction of these promoter
systems have been published by Chang et ai.. Mature 275, 617

{1978) and !takura et al., Science 198, 1055 {1977},
More recently, a system

15 based upon tryptophan. the so-called ¢t g' romoter system, has
been developed. Details relating to th yake-up and
construction of " this system have been | shed by Goeddel

)80) and Klefd -
.1980. ) A

and details

t al., U.S.S. N. 133 296 f{led March’

20 Numerous other mcreb:.al

promoters have been discovered and utf

t al., Nucleic Acids Research 8, 4057

concerning their nucleotide sequences, ¢ ing a skilled

worker to 1igate them functionally withi @lasmid vectors,

have been published -~ see, e.g., Sieben

25 269 (1980).

2. Yeast Strains/Yeast Promoters

The cxpression system hereof ma aiso employ the

plasmid YRp? {1 .5. 16), which is capaj”e ‘of selection and

30 replication fa bo . E. goli and the yeast Saccharomyces

cerevisiae. For selection in yeast the p]ismid contains the

JRP1 gene {14, 15 ’ 16) which complements (a110ws for growth in

(
the absence of tryptophan) yeast contalningmmutatlons in this




5'-fl anki ng DNA sequence (pronoter) froma yeast gene (for al cohol
dehydrogenase 1) can pronote the expression of a foreign gene in yeast when
pl aced in a plasmd used to 15 tfansforn1yeast Be5|des a pronoter, proper
expression of a non-yeast gene in yeast requires—a second yeast, sequence
pl aced at the 3'-end of the non-yeast gene on the plasmd so aéiio al | ow
for proper transcription term nation and pol yadenylation in yeast. This
pronoter can be suitably 20 enployed in the present invention as well as

ot hers see infra. In the preferred enbodi nents, the 5' -flanking sequence
of the ast 3-phosphogl ycerate ki‘'nase gene (20) is placed upstreamfrom
the structural gene followed again by DNM-containing termnation -

pol yadenyl ation signals, for exanple, 25 the TRP1 (14, 15, 16) gene or the
P&K (20) gene. Because east 5' -flanking uence. (in conjunctlon wth 3

yeast term nation BNE&)f f‘ﬁf°r"a3""8‘%ﬁ‘?°1“hﬁ¥:t°ifo¥qub ‘ﬂ)?brm?‘é BXpresdtidon of
foreign genes in ye&%twasi theSee¥tn |IRHKSI ylat)hatpohhed Q't- 1fh|eaméb-n:gnsrsrquences of

any highl y-expressgﬁ %{ %g”ﬁg{:}% cog 0q“;30 ?"*Cg {T(?.E \ mresm on of

i mportant gene pro ances y ast expressed up
to 65 percent of |H&esa{ ubd eipreéehupraSoogl yaolawlxacmzm (21) and since

this high I evel Pp&aL s Lo Jfesu e product,i. hj.gh 15-
| evel s of the i né(;l Srvisise t"' §°£}FRFPJ Eho‘ﬁ o eth)g'gé"l '{)elseh%ocﬂsle t he
5'-fl anki ng sequenged dfouachyeotnheﬁfegﬂiyealnytnoonegenf@s §xpressiioh o&xheressi on

purposes - “e. 9., CPA@RP coflhY iR ShdolHR 10 NWEPNRY Sl drogenase,

heXxgki nase, pyruvate decarboxyl ase, 5 phosphofructoki nase, gl ucose -
6- phosphat e |soneraﬁé"eesbﬁﬁspﬁ6§19@@ﬂa¥%"ﬁﬂt&%é#ﬂp¥ﬂd9éte”ﬁFnase

tri osephosphate i sQaBiamen RROFPRPILUGRSA sé s.em%r 9&:@: ALk 19h uqohlp@ase Any

of the 3 -flanklng sequences of these genes could al so be used
0" gene.

When placed on the 5' side of a.non-yeast gene the
§'-flanking DHA sequence (promoter) from a yeast gene (for
alcohol dehydrogenase 1) can promote the expressfon of a
foreign gene in yeast when placed in a plasmid used to
15 transform yeast. Besides a promoter, proper expression of a
non-yeast gene in yeast requires a second yeast sequence
pltaced at the 3'-end of the_non-yeast gene on the plasmid so
as to allow for proper transcription termination and
polyadenytation in yeast. This promoter can be suitably
an (:) 20 employed in the present inventioﬁ as well as others -- see
' infra. In the preferred embodiments, the 5'-flanking sequence
of the yeast 3-phosphoglycerate kinase gene (20) is placed
upstream from the structural gene followed again by DNA
containing termination - polyadenylation signals, for example,
25 the TRP1 (14, 15, 16) gene or the PGK {20) gene.
Because yeast 5'-<flanking sequence (in conjunction
~ with 3' yeast termination DNA) (infra) can function to promote
expression of foreign genes in ye#st. it seems likely that the
§'-flanking sequences of any highly-expressed yeast gene could
30 pe used for the expression of important gene'pfoducts. Since
under some circumstances yeast expressed up to 65 percent of
its soluble protein as glycolytic enzymes (21) and since this

high level appears to result from the production of high



for proper term nation and nRNA pol yadenyl ation in such an 10 expression
system  &f. Supra. Some other highly expressed genes are those for the
aci d phosphat ases (23) and those that express high | evels of production due
to nutations in the 5 -flanking regions (nutants that increase expression)

- usually dueto the presence of a TYl transposable elenent (24). 15

Al of the genes nentioned above are thought to be transcribed by yeast RNA

polynmerase Il (24). It is possible-that the pronoters for RNA pol ynerase |
and Il which transcri be genes for ribosonal RNA 5SS RNA, and t RNAs (%3)
25), may al so be useful in such expression constructions. 20

Finally, many yeast pronoters also contain transcriptional control so they
may be turned off or on by variation in-tg-owmh conditions. Sone exanples of
such yeast pronoters are the genes that produce the foll ow ng proteins:

Al cohol dehydr ogemmel sl bf thedoyhochalontias, (2281 dt pihosighied asesib RS tdegr adati ve

nzynes assoct al ed,uf L) 81410450, TRLAR M SLYRST 8 BEAE s fophosphat e

dehydr ogenase, and ‘enzynes responsi bl e For tose fose
utilization (22). Quctuch cxeressdén perpioors \n/omlsd- eol\iecygwef'ﬂldﬂw#t'c-ont rolling

expressi on of prOtﬁ.pno,%muséhym%%pg@ %me@&n mﬁuteBchpmdmuon I's

toxic to yeast. It should also be possible to put the control region of one
5' -fl anki ng seq&enmswf'tfrﬂcaﬂg"ﬂﬁ-ahkicmf seiqakerebateohromefishg a pronoter from

a highly expressed; 3einoghk &ra0 Wt de@ Sighdvait® 1@ deDT irdo RHRIBHELe and 45
-16- should be possible since the control region and the pronoter appear to

be physical |y di stisBtraprareehhieHuetse fsomerasgy pndgipapkinase st Amg P Eel |
Culture Vectors 5 the 3'-flankindhéfuegclsi oM thfsevanbelRbardcasal deSutda cul ture

(tl Ssue for proper termination and mRNA polyadenylation in such an

10 expressiod system - ¢cf. Supra. Some other highly expressed
§enes are those for the acid phosphatases (23) and those that
express high levels of production due to mutations in the |
5'-flankiﬁg regions (mutants that increase expression) -
usually due to the presence of a TY! transposable element (24).

15 . A11 of the genes mentioned above are thought to be
transcribed by yeast RMA polymerase II (24)., It is possible
that the promoters for RNA polymerase I and IIl which
trénscribe genes for ribosomal RNA, 5S RNA, and tRNAs (24,

25), may also be useful in Such g¢xpression constructians. _

20 Finally, hany yeast promoters also contain (:) e
transcriptional control so they may be turned off or on by
variation fn growth conditfons. Some examples of such yeast
prombters are the genes that produce the following proteins:
Alcohol dehydrogenase II, isocytochrome-¢, acid phosphatase,

25 degradative enzymés associated with nitrogen metabolism,
glyceraldehyde -3-phosphate dehydfogenase. and enzymes °
responsible for maitose and galactose utilization (22). Such
a cdntrol region would be very useful in controlling
expression of protein product - especially when iheir .

30 production is toxic to yeast. "1t should alse be possible to
put the contrgl region of 6ne §'-flanking seéuence with 2
5'-flanking sequence containing a promoter from a highly.

expresﬁed ggne. This would result in a hybrid promoter and

-



-~ culture) has becone a routine procedure in recent years (see Tissue
Culture, Academ c Press, Kruse and Patterson eds, 1973). Enployed herein
was the COS-7 line of nonkey kidney fibroblasts as the host for the

« production of inmune 10 interferon (25a). However, the experinents detail ed
here could be perfornmed in any cell Line which is capable of é
replication and expression of a conpatible vector, e.g., W387YBHK, 3T3,
CHO, VERO, and HeLa cell lines. Additionally, what is required of the
expregsy on vector is an origin of 15 replication and a pronoter |ocated in
front the gene to be expressed, along wth any necessary ribosone
bi nding sites, RNA splice sites, polyademéati on site, and transcriptional
term nator sequences. While these essential elements of SV40 have been
expl oi ted herein, | tshowlld| beheoasibler stngedthr haanttofiere@®end ayentd @rmmosét hough

described herein in thgarps“oge anplRianr ed e oslianERbencsioul d not be

construed as limted to these sequences. For exanple, the origin of
replication of other viral (e.g., Polyoma, Adeno, VSV, BPV, and so forth)

vectors coul d be used, as well c@.ﬁ eQlthrd @ystg;.;',gignscp,fwg\l&\ecr@pi i cation 25
whi ch could functi on in a nonintegrated state. Vect or Systens 1.

Direct ExpressionSof Matur & PRAgEHAN|ft Karfehrate °F|”E o Gyjtung (tissue The
procedure used to ohfuaturefinaedlcsneps @6611a8 pobcddrMN Yn irBcdnt ki (@8 a Mature

interferon pol ypepti deﬂ‘ig‘?a nus si gnal uenc apvari ant of that
erployed car 1 er for A S R A
Rj_frferon (D, -1873) .1 renpi@led aeréin wasvelev eth-r dne @ionbdy ©1dney synt hetic
ermnal) and cDNAg, 05,deduednfJoRt 0% BUGLEILE ds feguence of p69,
10 interferon (25a). However, the experiments detailed here
could be performed in any cell line which is capable of the.
replication and expression of a compatible vector, e.g., WI38,
BHK, 373, CHO, YERO, and HelLa cell lines. Additionally, what
is required of the expression vector is an origin of
15 replication and a promoter located in front of the gene to be
expressed, along with any necessary ribosome binding sites,
RNA splice sites, polyadenylation site, and transcriptional
terminator sequences. While these essential elements of'SV40
have been exploited herein, it will be understood that the
20 {pvention, although described herein in terms of a preferred
\wfs [;) embodiment, should not be construed as Ifmifed to these
sequences. For example, the origin of replication of other
viral (e.g., Pélyoma, Adeno, VSV, BPV, and so forth) vectors
could be used, as well as cellular origins of ONA replication

25 which could function in a nonintegrated state.

8. Vector Systems
1.  Direct Expression of Mature Immune Interferon in
E. coli
30 The procedure used to obtain direct expression of
IFN-y in E. coli as a mature fnterferon polypeptide (minus
sfgnal sequence) was a'variant of that employed earlier for

human growth hormone {26) and human leukocyte interferon (1),



described infra, and by conparison wth the known cl eavage 5 site between
signal pepjide and mature polypeptide for several IFN-as (2), IFN-[err] has
a hydrophodi c signal peptide of 20 ami no acids followed by 146 am no acids
of mature IFN-[err] (Figure 5). As shown in Figure 7, a BstNl restriction:
endonucl ease site is conveniently  |ocated at am no acid 4 of mature
|FN-[err]. Two 10 synthetic deoxyol i gonucl eoti des were desi gned which
incorporate an ATG transl ational initiation codon, codons for am no acids
1, 2 and 3 (cysteine-tyrosine-cysteine) and create an EcoRl cohesive
These deoxyol i gonucl eotides were ligated to a 100 base pair BstN -Pstl
fragnment of p69 to 15 construct a 1115 ‘ﬁgse pair synthetic-natural hybrid
gene which codes for IFN-[err] and which'Ts bounded by EcoRl and Pstl
restriction sites. This gene was inserted into the plasmd pLelF A trp 103
between the EcoRl ‘amf:Pst| itsiltedvidh tef gertineriax 9f eysitatinl asnid pl FN-[err]
trp 48. In this QI,,a{serrhq,at]hqnj, Fbwierr] 20 gene is expressed under the
control of the E. coli trp pronoter. (pLelF A trp 103 is_a derivative of
pLel F A 25 in which the E‘éo‘ﬁr’“%ﬁdt Eropi 'I“cﬂ?f‘tiﬁeest‘é‘l"F“A°§é’ﬁ% was renoved.
The procedure usedet&rib&TBNEal Nind tzCodmba Sisbe whas theRRovdesizridzed previously
(27)). 25 2. Expression In Yeast To ex ress a hei‘{prol ogous gene such as
the cDNA for infrurfé®s ﬁfé‘?’?%r‘éﬁ“ﬁ'anéB‘E‘t ng patpsy PRLEPSRENF for o 5ﬁ‘§truct a

pl asm d vect or corw‘mdal mg fFlEy meﬁpommbﬂmbﬂaheig‘mat s:tepmeoufrrpa)mento is the

part which all ows fp o%fdor’rrﬁ %“%f tshofEmt%g‘I!l @ndHyiSay ?nd t hus
must contain a seléc a rom each gani sm caSe, this is

t he gene for anpi o\lslihonn nesﬁistzanée af Bspll E‘.esmbtioand'dpmlqenesi‘ﬁ?iﬁls from
-yeast.) This - ]z:%Fweniently Tocated at amino acid 4 of mature IFN-y. Two
10 synthetic deoxyo]1gonucfeotides were designed whicﬁ
incorporate an ATG translational initiation codon, codons for
amino acids 1, 2 and 3 (cysteine-tyrosine-cysteine) and create
an EcoRl cohesive end. These deoxyoligonucIeotides were
ligated to a 100 base pair BstNI-Pstl fragment of p62 to
15 construct a 1115 base pair synthetic-natural hybrid gene which
codes for IFN-y and which is bounded by EcoRI and Pstl
resfriction sites. This gene was inserted into the plasmid
pLelf A trp 103 between the EcoRI and Pstl sites to give the
expression plasmid pIFN-y trp 48. In this plasmid the IFN-y _
20 gene is expressed under the control of the E. coli trp (:} o/
promoter. (pLelF A trp 103 is a derivative of pLelF A 25 in
which the EEERI site distal tb the LelF A gene was removed.
The procedure used to remove this ECoRl site has been
described previously (27)}).
25
2. Expression in Yeast
Tq express a heterologous gene such as the cDNA for
immune interferon in yeast, it was necessary to coanstruct a
plasmid vector containing four components. The first
30 component is the part which allows for transformation of both
"E. coli and yea;t and thus must contain a selectable gene from
each organism. (In this case, this is the gene for ampicillin

resistance from E. coli and the gene TRP1l from yeast.) This



conponent also requires an origin of replication fromboth organisns to be
mai ntai ned as a plasmd DNA in both organisns. (In this case, this is the

E. coli origin frompBR322 and the arsl origin fromchronosone Il of °
, yeast.) 5 The .second .conponent of the plasnid is §r=5' - f I anki ng
sequence froma highly expressed yeast gene to pronote transérfiption of a

downstream pl aced structural gene. In this case, the 5 -flanking sequence
used is that fromthe yeast 3-phosphoglycerate kinase (PGK) gene. The
frag t was 10 constructed in such a way so as to renove the ATG of the
PCK uct ural sequence as well as 8 bp upstreamfromthis ATG This
sequence was replaced with a sequence co®fai ning both an Xbal and EcoRl
restriction site for convenient attachment of this 5 -flanking sequence to
the structural geneomddnent also requiddscad hirtgdn adnEenbntiof ftdebaystemi s a

structural gene constrycted in suych .a nner, th 1L .cqntains both an ATG
transl ati onal star t°'§?1"3 g g?]sblea'falqagaail"egtaa?)ﬁ E‘lags'ﬁg* g‘.mt "‘ﬁg’ﬂghsol ation and
construction of suchrgenigene (I3 thdscrasbedhisnis ahe FhecolwridincOmwponent is a

veast DNA sequence.,egCot Blehnd §15: 5 redd Blkhildas QIHSACROF 2 YeaST gene,

whi ch contains the proper sign or transcription termnation and
pol yadenyl ation. SWth al| Thheseondosgraenent < fptheseidsmid fyman® -ifanéffer on has

been produced in yeaglenc€orren a nfghiy efse Qb al yhaVBYURd itgtlp bRk Cul ture The
strategy for the synthesis of imune interferon in manmmalian cell culture

relied on the devel GptRERtPEIPn &F \edtdstreappipeedottriptuna gt BhonPuthis

replication and expagssithd s30:1 ik idg fs§Ringd ugeN s URFE K rdheneC padskOl Of a
hater ol ogous transcriptional unit. The replicatiqon of this vector in tissue
cul ture was accorrpﬁ‘gﬁ’éahwy’ﬁ’ﬁ?ﬁ Hf'ﬁ‘éeépﬂ&Ag?"épl iTeatfreredt "3t n (deri ved
from SV40 virus) }o adedsfruoteddinngudhed @@y so as to remove the ATG of the PGK

structural sequence as well as 8 bp upstream from this ATG.
This sequence was replaced with a sequence contain1n§ both an
Xbal and EcoRl restriction site for convenient attachment of
this §'-flanking sequence to the structural gene.

15 The third component of the system is a structural
gene constructed in such a manner that it contains both an ATG
translational start and trans?ationai.stop signals. The
isolation and construction of such 2 gene is described infra.

The fourth component is a yeast DNA sequence.
20 containing the 3'-flanking sequence of a yeast gene, which
gaﬂ' (;) contains the proper signals for transcription termination and
polyadenylation. '
With a)l these components present, immune interferon
has been produced in yeast.

25

3. Expression in Mammaliah Cell Culture

The strategy for the synthesis of immune interferon
in mammalian cel) culture relied on the development of a
vector capable of both autonomous replication and expression

30 of a foreign gene under the control of a heterologous
transcriptional unft. The replication of this vector in
tissue culture was accomplished by providing a DNA replication

or#gin {derived from SV40 virus), and providing helper



-19- function (T antigen) by the introduction of the vector into a cell
| i ne endogenously expressing this antigen (28, 29). The |l ate pronoter of
SV40 virus preceded the structural gene of interferon and ensured the

rg@cri ption of the gene. 5 The vector used to obtain expression
N-[err] consisted of pBR322 sequences which provided a sel ectable
marker for selection in E. coli (anpicillin resistance) as well as an E.

coli origin of DNA replication. These sequences were derived fromt

plasm d pM.-1 (28) and enconpassed the | oregi on spanning the EcOR

BanH restriction sites. The SY40 origin is derived froma 342 base pair
Pvul I -H ndl' I I fragment enconpassing thi<sregion (30, 31) (both ends being
converted to EcCoRl ends). These sequences, in addition to conprising the
viral origin of DNActmpl (Ttaiiigen) EflCtﬁdGn'thGuéﬁopro(Bm'(eEfecftﬂrF ihbat b the early
and | ate transcriptiona e orientatio V4D origin regi.on
was such that thep lljonofeer"g?gtf"mﬁqé ﬁxéfeessﬁ?gaﬁ’é%r?"ﬁti% é u%l’t V\Tgs posi ti oned
proxinmal to the gem encodr g bY#oerifres pnece2@d Bhe eftr!Descarll pinieosf of t he

Per i phoral Bl ood Lireeiseed e BT Ba) b ER Al OB 0 O] G er on
activity were olsserved (H&' erN upsd thobhdinctiede BIpORESH¥mi t h sizes of 12S

and 16S. The pOS'zanQEl&eefofr 59@9&..@% MRck &Frav {ae @ SfeltiRde | Ndependent | y)
are | abel ed above the absorbance profile. Figure 2 depicts an

el ectrophoresi s o'PB""FIYJIlf%deFﬁSE‘%FEI(EA)SLBdaN\IA‘IHI“o'LFgFl“dﬂ“) as <
aci d- ur ea- agar 0SeweiP}sy aR'Ee Q288K rP§1n26#E iDNA r¥pit@st1QRSENAE, seyllddebs coni grat €d

with 18S RNA. . The positions of ribosonmal RNA nmarkers which were
el ect r ophor esed Iheranderived from .the plasmid pML -1 (28) and encompassed the
loregion spanning the EcoRI and BamHI restriction sites. The
SV40 origin {s derived from a 342 base pair Pvull-HindlII
fragment encompassing this region (30, 31).(Both ends being
converted to EcoRI ends). These sequences, in addition to
comprising the viral origin of DNA rep1iéation, encode the
lSpromoter for both the early and late transcriptional unit.
The orientation of the SV40 origin region was such that the

promoter for the late transcriptional unit was positioned

proximal to the gene encoding faterferon.

20Brief Description of the Drawiags -’3 (N

Figure 1 depicts a sucrose gradient centrifugation of induced
~ Peripheral Blood Lymphocyte (PBL) Poly(A)+ RNA. Two peaks of
interferon activity were observed (as shown by the hatched
25 boxes) with sizes of 12S and 16S. The positions of ribosomal

RNA markers (centrifuged independently) are labeled above the

absorbance profile.

Figure 2 depicts an electrophoresis of induced PBL Poly(A)+
30 RHA through an acid-urea-agarose. Only one peak of activity
was observed, which comigrated with 185 RNA. The positfons of

riﬁosomal RMA markers which were electrophoresed in an



-20- adjacent |ane and visualized by ethidiumbromde staining are | abel ed
above the activity profile. Figure 3 shows hybridization patterns of 96
colonies with 5 induced and uni nduced 32P-| abel |l ed cDNA probes. 96

i ndi vi dual transformants were grown in a mcrotiter plate, replica plated
on two nitrocellul ose nenbranes, and then the filters were hybridized wég
[err]-cDNA probes prepared from ei ther induced nRNA (above) or nRNA

i sol at ed_from uni nduced 10 PBL cul'tures (uninduced, below). The filters

wer e d to renove non-hybridi zed RUA and then exposed to X-ray film
This set of filters is represent ative of 86 such sets (8300 independent .
colonies). An.exanple of an "induced" cloge is |abelled as H12. 15 Figure 4
is a restriction endonucl ease map of the clone 69 cONA insert. The cDNA
insert is bounded by Pstl. §ilesnd dQLs A B9t nfaIda o aRle e B o GG tai | 5
(single lines). The WSEE HSdTSi ze o]f ragnents produced by restriction
nucl ease 20 cl eavagdabewisd aseventitecec tiyi | enefil®phor esi s t hrough 6 percent
acryl am de gels. Positions of sites was confirmed by nucleic acid

sequenci ng (presented in Figure 5). The coding ion of the |argest open
reading frame i s boXégrany stews Wﬁft"déﬂ"‘Peg’labﬁ"f‘%ﬁ?egsseﬁ‘ilg"Teﬁ Miflt ative 20
resi due signal peptigg,3eAMeNaenduddy Whd-hgbeli ey SGMApb@def.egseon represents the
mature |1 F sequence (146 am no acids). The 5' p Qj Nﬁ is to the
left while the 3' erd@divddyad E']‘}é‘fr"i”b%‘t“ "erydranst I‘I"U§f°r FEsPt¥é’ nucl eot i de
sequence of the pl amﬂcBanﬁQ &M innEreLéluhawonsabrankd,l asdt tizdni tip t he nost
co naIIeIicformo | FN- w2 n C e of the-

| ongest open readingd’ 'réf‘re"ep 4'38Izﬁ(r3e'g§ﬁt eg Dwgr&e?aérgsgggﬂgl sequence
is represented by thdtheesimdues! hRielabede)Sir MRNASP®1ated from uninduced

10 PBL cultures {uninduced, below). The filters were washed to

remove non-hybridized RNA and then exposed to X-ray film.
This set of filters is representative of 86 such sets (8300
independent colonies). An example of an 'inquced' clone is
labelled as Hl2.

15 '
Figure 4 is a restriction endonuclease map of the clone 69
cDNA insert. The cDNA fnsert is bounded by Pstl sites (dots
at both ends) and olfgo dC-dG tails (single lines). The
number and size of fragments produced by restriction nuclease

20 cleavage was estimated by electrophoresis through 6 percent

C

acrylamide gels. Positions of sites was confirmed by nucleic
ecid sequencing (presented in Figure §). The coding region of
the largest open reading frame is boxed and the hatched region
represents the putat{ve_zo residue sfgnal peptide sequence.”

25 while the §tip1ed region represents the mature lIF sequence
{146 amino acids). The 5' end of the mRNA is to the left
while the 3' end is to the right.

Figure 5 {l1lustrates the nucleotide sequence of the plasmid

30 p69 cDNA insert, however, illustrating the most common allelic
fore of IFN-y. The deduced amino acid sequence of the 1odgest
open reading frame is also.presented. The putative signal

sequence is represented by the residues labelled Sl to S20.



-21- Figure 6 is a conparison of IFN-[err] nRHA structure with that of

| eukocyte (I FN-[err]) and fibroblast (IFN-s). interferons. The clone 69
MRNA (Iaﬂ@lled i mmune) contains significantly greater anpunts of
untransl at ed sequences. 5 Figure 7 is a schematic di agram of the '
construction of the IFH[err] expression plasmd plFN-[err] trp 48. The
starting material is the 1250 base pair Pstl cDNA insert fromplasmd p69.
10 Figure 8 shows a diagram of plasnm d used for expression of IFN-[err] in
nonkey cells. Figure 9 depicts a Southern hybridization of eight diffggspt
EcoRl di gested human genom ¢ DNAs hybridized with a 15 32P-1abelled 6

base pair Ddel fragnent fromtyhe cMNA | nsert of p69. Two EcoRl fragnents
clearly hybridize with the probe in each DNA sanple. Figure 10 depicts a

Sout hern hybri |zat|o of hu ge k. est.e th six different
restriction enchi dhtic eas'és“mp RIS IS RIN"A“"ﬁg "ﬁ q"\gd €\nth t he

32P-1 abel | ed pregbesyte dafHhe9.anki Ghrep1 it $bﬂ¥enhﬂnvaf¢rynsl | et rates the
restriction mapf st;hm?? da weﬁ' b ] bARFRL +0dn ¥ R OFy Prlacdy OM whi ch the

PCK 25 pronoter was 1 sol ate I ca-t I's the Insertion of an EcoR
site and an Xbeioustist ef uptnapg ased FFH‘HR‘F%Q DNA of the PGK gene. Figure 12
illTustratesgthe 5'-flanking sequence plus the initial coding sequence for
the PGK gene before insertion of 30 an Xbal and EcoRl sites. Figure 13
schematical | 'y Fi9tRf it dschenantf dinssamSétrerorptdrtioan bl site at
position - 8 ifruthaxp s {WnOpmkefd A= Qrp 48: 2 THe starting materfal

is the 1250 base pair Pstl cONA insert from plasmid p69. o

10 Figure 8 shows a diagram of plasmid used for expression of

IFN-y in monkey cells.

Figure 9 depicts a Southern hybridization of eight different
EcoRI dfge#ted human genomic DNAs hybridized with a

15 32P-labe11ed 600 base pair Ddel fragment from tyhe cDNA
insert of p69. Two EcoRI fragments clearly hybridize with the

probe in each DMA sample.

Figure 10 depicts a Southern hybridization of human genomic
20 DNA digested with six different restriction endonucleases ~ Q_)
hybridized with the 2p-Tabelled probe from p69. /

Figure 11 schematically illustrates the restriction map of the
3.1 kbp HindlIl insert of vector pBl from which the PGK
25 promoter was isolated. Indfcated is the insertion of an EcoR!

site and an Xbal site in the 5'-flanking ONA of the PGK gene.

Figure 12 illustrates the 5°'-flanking sequence plus the
initial coding sequence for the PGK gene before insertion of

30 an Xbal and EcoRI sites.

Figure 13 schematically fllustrates techniques used to insert

an Xbal site at position - B in the PGK promoter and to



isolate a 39bp fragnent of the 5 -flanking sequence of PGK containing this
Xbal end and a Sau3A end. Figure 14 schematically illustrates the
construction of a 300 S bp fragnment containing the above 39bp fragnent, .
-flanki ng sequence (265bp) from Pvul to Sau3A (see Fig.

additional PCK S
1), and a EcoRl

whi ch cont ai ns,
dill to Pvul

1300bp .
11). 15

human i mmune interferon in yeast,
IFM[err] cDNA and the term nator
in nore detai

| eukophor esi s.

site adjacent to Xbal. Figure 15 schematically illustrates
the construction of "the 10 1500 bp PG&K pronoter fragnment (H ndll1/EcoRl)

in addition to the fragnent constructed in Fig. 14, a
f ragnment fron1PGK 5'-flanki ng sequence (see Fig.

91

lgure 16 illustrates the* conposi tion of an expression vector for

contaigii_.ng the nodiffed PGK pronoter, the
region of the yeast PGK gene as descri bed
herein. 20 Detail ed Description A Source of IFN—[err] MRNA
Peri pheral Bl ood LyARtecyte (Perent telthe ée‘r iT9&d 9 sem eremah X88nors by
PBles a ¥¥8h Engf tiitshia 1 paali fnidedd sbyza2éndEi col | - Hypaque* gr adi ent

centrifugation and then cultured at a concentration of 5x[err] cells/m in
RPM 1640, 1 percent L-glutam ne, 25 nM HEPES, and 1 percent
peni ci | Iin-strept ciydien1setishb oira (1@ DO tratamke tadsandeiddpe aThmmse cells

were induced to prodpcemelnlil\{:#oLg % b¥:2eth ., {ﬁﬁeﬂaigﬁ hl['%(%f nz%ll pterot oxi n
4 4 our err]rn

B (1 30
[err]

[err]/m ) Palds st Brey"

per cent

Desacet yl t Iy AtShkkeg- geagdhed c[zesupp/mal Aset tadiedh tloeePBlg.cllltures to

increase the rel atj |, d rrl tivity., * Trade Marks
B. \Messenger RNA ye, ¥l d QL dfghk? thl xpd

essentially as

e

10

1s

20

25

0

Iso arron

Figure 15 schematically illustrates the coanstruction of the
1500 bp PGK promoter fragment (HindIII/EcoRI) which coatains,
in addition to the frigment constructed in Fig. 14, a 1300bp
HindIIl to Pvul fragment from PGK §°'-flanking sequence (see
Fig. 11).

Figure 16 illustrates the compositfon of an expressfon vector
for human’ immune interferon in yeast, containing the modified
PGK promoter, the IFN-y cDHA and the terminitor region of the

yeast PGK bene as described in more detail herein.

Detailed Description

A. Source of IFN-y mRNA .

Peripheral 8tood Lymphocytes (PBLs) were aerived from
human donors by Ieukophorésis. PBLs were further purified by
Ficoll-Hypaque*gradient centrifugation and then cultured at a
concentration of leo6 cells/ml in RPMI 1640, 1 percent
L-glutamine, 25 mM HEPES, and 1 percent penicillin-streptomycin
solution (Gibco* Grand Island, HY). These cells were induced
to produce [FN-y by the mitogen staphlococcal enterotoxin 8 (1
#g/ml) and cultured for 24 to 48 hours at 37°C in 5 percent
€0,. Desacetylthymosin-a-1 (0.1 ug/m1) was added to PSL

cultures to increase the relative yield of IFN-y activity.

* Trade Marks

fromrPBL cul tures was extracted

-23-



reported by Berger, S.L. et al. (33). Cells were pelleted by
centrifugation and then resuspended in. 10 MM NaCl, 10 nM5 Tris-HO (pH
7. 5)8:,"1. 5 mM[err] and 10 nmM ri bonucl eosi de vanadyl conplex. Cells were

| yse (by the addition of NP-40 (I percent final concentration), and nucl ei
were pelleted by centrifugation. The supernatant contained the total RNA
whi ch was further purified by nultiple phenol and chl orof orm 10
extractions. The aqueous phase was nmade 0.2 Min NaC and then total RNA
was precipitated by the addition of two volunes of ethanol. RNA fro

uni nduced (nonstinmulated) cultures was isolated by the sane nethods.

A igo-dT cellul ose chromat ography was ujlized to purify.mRNA fromthe
total RNA. 15 preparations (34). Typical yields from1-2 liters of cultured
PBLs were 5-10 mlligranms of total RNA and 50-200 m crograns of Poly(A)+
RNA. C. Size Fracti @nattiesyeng$r RENAsPI@tion Two net hods were used to

fractionate mRNA prqpanakiORsn FHCSA tUFJsh@QSeME@teUS@gedtﬂdﬂpement ly
(rather than in unison) and each resulted in a significant enrichnent of

IFN-[err] nRNA Seeerésh byriansesmt SLerttr dh-uldr ofel 1t Y418 BIESEANY of the

denat urant for mar g 1 PR t1bheehdt Qhefnrﬁf?shkﬂﬁafédemﬂmm Gadlmnﬁr«s 25 of 5
percent to 25 percent sucrqse in 70. peéag q ié) er were centrifuged
at 154, 000 x %Jr*spﬂ%daw abe foi P M9Cc AT IR "c“t°|o e(o 5 m) were

t hen renoved fromamm te@pp k. t [te11gr @ecke eyised erhaaoddaptfemqm traed!l and an

aliquot was injected in enopu IS, 00 S r l.ation of the 30.
mMRNA (35). After "24"?‘??3‘1“?1 cg"a"?"\éfzft"gr"g'x{eﬁh’éjr? Q;ehlibg‘??ob medi um was  \o/

t hen assayed for camtmvwaatoractﬂhwiuyennrataitsqoandlaled thyttopalt Rk wefdhect
L nhi bi t1on assay gupl ol Piled Wy b ¥l ATHHehb S abd hforbtdid! ana strain) or

Encephal onyocar di"tfs
l0extractions. The aqueous phase was made 0.2 M in NaCl and

then total RNA was precipitated by the addition of two volumes
of ethanol. RNA from uninduced (nonstiﬁulated) cultures was
isolated by the same methods. 0ligo-dT cellulose
chromatography was utilized to purify mRNA from the total RNA.

15preparations (34). Typical yields from 1-2 liters of cultured
PBLs were 5-10 milligrams of total RNA and 50-200 micrograms
of Poly(A)+ RNA. :

C. Size Fractionation of mRNA
20 Two methods were. used to fractionate mRNA preparations. \‘}
These methods were used independently (rather than in unison)
and each resulted inﬂa significant enﬁichment of IFN-y mRNA.
Sucrose gradient centrifugation in- the ‘presence of the
denaturant formamide was used to fractionate mRNA. Gradients
25 of § percent to 25 percent sucrose in 70 ‘percent formamide
(32) were centrifuged at 154,000 x g for 19 hours at 20°C.
Successive fractions (0.5 ml) were then'repcued from the top

. of the gradient;'ethaﬁol precipitated, aud an aliquot was

fnjected into Xenopus‘laevis oocytes fon granslation of the
30 mRNA (35). After 24 hrs at room temperatgre. the incubation

medium was then assayed for antiviral activity in a standard

cytopathic effect inhibition assay employing Vesicular

Stomatitis Virus (Indiana strain) or Encepha.omyocardvtis



Virus on WSH (human amion) cells as described by Stewart (36), except
that the sanples were incubated with the cells for 24 hours (instead of 4)
prior to challenge with the virus. Two activity peaks were consistently
observed in s sucrose gradient fractionated RNA (Figure 1). One peak
sedinented with a cal cul ated size of 12S and contai ned 100-400 units/m of
antiviral activity (conpared with a.lFN-[err] standard) per mcrogrbafn

RNA i njected. The other peak of activity sedinmented as 16S in size and

cont ai about half 10 the activity of the slower sedinenting peak. Each
of these activity peaks appears to be due to IFN-[err], since no activity
was observed when the sane fractions were assayed on a bovine cell line

(MDBK) which is not protected by human IRM-[err]. Both IFN-a activity and
|FN-[err] activity would have been easily 15 detected with the MDBK assay
(5). FractionationYioks mwiRNASH2(B8m{ncamnlipn Wes) 12l S0dgerften myds tayart

el ectrophoresis th g €A e, ¢! e slab arqgse gel (37,
38) was conposed o 5%? %ggdetréhleintaég%%gg% %@ '3‘5" Q"d alfﬁ'mtc‘?trgte pH 3.8 -
and 6 Murea. Elecferophdrersi &in2eeadosf pémfmfmctﬁﬁemehvduhsthat 25 mllianp

and 4C.  The gel wamghewafr@mmnﬁm Wil Rofs 11 %QE%QL%Q fhe individual

slices were nelted at [err] and extracted twce wt and once with
chl orof orm FracBi #H§5° ¥hefreadf tndnfrac hipnatedphidc (Riiovnet &b a?n! wbsequent |y

assayed for |FN-[ eEJdk dHRDAWPYh 12261100 kieO0 XEPO RS cEmtali ARV 1do-9@F Yt es and
antiviral assay. one fpeak of activity was observed in gel fractionated

sahpt es (Figure 2)""i'Fh"‘1's p@2W VUG Hithtisy ‘\RP'P'H"&‘BS‘FH\IA WAtk had an activity
of 600 units/m peftalﬁhﬁfdd)gfe_amief'qdrm aetrnd Mictedhi ShedGtneyi delk alFSO appeared

to be IFN-[err] spegl Si. nc t glg not Qrotect VDBK 30 cells. The size
di screpancy bet weeff éﬁjttﬁ'vfetdf/"'eﬁgﬁ'{d’ 83 v ElFe MY sPeFYL8? gPU BHifs (12S and
16S) and acid ureatigebcti¢it3SIf the/ shavee xsed trientithgpeak he Eadnser endseon t hat
these i ndependent. activity peaks appears to be due to IFN-y, since no activity
was observed when the same fractions were assayed on a bovine
cell 1ine (MD8K) which is not protected by human IFN~-y. Both
IFN-q activity and IFN-g activity would have been easily
15 detected with the MDBK assay (5).

Fractionation of mRNA (200 ug) was also performed by
electrophoresis through acid urea agarose gels. The slab
agarose gel (37, 38) was composed-of 1.75 percent agarose,
0.025 M sodfum citrate, pH 3.8 and 6 M urea. Electrophoresis

e (;’/ 20 was performed for 7 hours at 25 milliam d 4°
p an C. The gel was
then fractionated with a razor blade.  The individual siices
were melted at 70°C and extracted twice with phenol and once
with chloroform. Fractions were then ethanol precipitated and
subsequently assayed for IFN-y mRNA by injection into Xenopus
25 laevis 6ocytes and antiviral assay. Only one peak of activity
was observed in gel fractfonated sampTes (Figure 2). This
peak comfgrated with 18S RNA and had an activity of 600
unfts/ml per microgram of injected RNA. This activity also
appeared to be IFN-y specific, since it did not protect MDBK
30 cells.
The size discrepancy between activity peaks observed on

sucrose gradients (125 and 165) and acid urea gels (18S) may

be explained by the observation that these independent



-25- fractionation methods are not perfornmed under total denaturing
conditi@is. 0. Preparation of a Colony Library Containing IFN-[err] 5
Sequences 3 [err] of gel-fractionated nRNA was used for the preparation of
doubl e stranded cONA by standard procedures (26, 39). The cONA was size
fractionated on a 6 percent polyacrylam de gel. Two size fractions were

el ectroel uted, 800-1500 bp (138 ng) 10 and >1SCO bp (204 ng). 35 ng

portions of each size cDVA was extended with deoxyC residues using term nal
deoxynucl eoti dyl transferase (40) and annealed with 300 ng of the pl } d
pBR322 (41) which had been simlarly tailed with deoxyG residues at t

Pstl site (40). Each anneal ed m xture,gvas 15 then transforned into E. coli
K12 strain 294. Approximately 8000 transformants were obtained with the

800- 1500 bp cDNA and 400 transformants were obtained with the >1500 bp

cDNA. E. Screerfragfiotatien gatpops Bramyt isrfarmed @etprcBNAL dematuringThe col oni es
wer e i ndi vi dualdgyqiepgizyl ated into wells of mcrotitre plates containing LB -
(58) + S pg/mM tetracycline and stored at [err] after addition of DMSOto 7 °
percent. Two copies of the colony library were grown up on nitrocellul ose
filters and the DYA frarpar@afda €00 oy XEFaky chaxaihingt BN-DY 25 the

G unst ei n- Hogness procedure (42). 32P-1abell ed cDNA probes were prepared

usi ng 18S siZe gel fr¥8¥§"%6RAuted nRNA from i nduced and uni nduced PBL
cultures. Aigo [#L§lof geasriabeiopitadeirasad wed foeatrei papo@mtkat i ONs have

From {he. 600 18807 % BRAmr4 8,1 St PERaALer Benca 1 r 37 the 21500 bR
CDNA si ze cut woRre waybiedifrediviatid 20 a 6[eredntcprivadryiasdacgdi{ err] -cDNA. A
duplicate-set of,fl;[ &g 087 DR LHcEadi Vel 608-50b. 55" {138 P OF |
10 and >1500 bp (204 ng). 35 ng portions of each size cDNA was
extended with deoxyC residues using terminal‘deoxynucleotidyl
transferase (40) and annealed with 300 ng of the plasmid
pBR322 (41) which had been similarly tailed with deoxyG
residues at the Pstl site (40). Each annealed mixture was
15 then transformed into E. coli K12 strain 294. Approximately
8000 transformants were obtained with the 800-1500 bp cDNA and
400 transformants were obtained with ;he >1500 bp cDNA.

£. 8creeninghof Colony Library for Induced cONAs . .
20 The colonies were individually inoculated into wells of - (\4} o/
microtitre plates containing LB (58) + § pg/ml tetracycline '
and stored at -20°C after addition of OMSO to 7 percent. Two
copies of the colony lidbrary were grown up on nitrocellulose
filters and the DHA from each colony fixed to the filter by
25 the Grunstein-Hogness procedure (42).
32P-labelled cONA probes were prepared using 185 siie
gel fractionated mRNA from induced and uninduced PBL
cultures. O0ligo dTlZ-le was the primer used and reaction
conditions have been previously described (1). Fiiters
30 containing 8000 transformants from the 600-1500 bp cDHA size
cut‘and 400 transformants from the >1500 bp cDNA size cut were
hybridized with 20 x 106 cpm of induced 32P-cDHA. A
duplicate set of filters was hybridized with 20 x 105 cpm of



-26- uni nduced [err]-cDNA. Hybridization was for 16 hours using conditions
described by Fritsch et al. (43). Filters were extensively washed (43) and
t hen exposed to Kodak*XR-5 X-ray filmw th DuPont Lightning-Plus .

i it ensifying screens for 16-48 5 hours. Each colony's hybridizatidg"
pattern with the two probes was conpared. Approxinmately 40 percent -of the
colonies clearly hybridized with both probes, while approximtely 50

per cent the colonies failed to hybridize with either probe (presented in
Fi gure 124 col onies hybridized 10 significantly with the induced probe
but undetectably or nore weakly with the uninduced probe. These col onies
were individually inoculated into wells of mcrotitre plates, grown and
transferred to nitrocellulose filters, andshybridized with the sane two
probes, as described above. Plasm d DNA i solated 15 fromeach of these

col oni es by a rapi dysirideed RAdbunasuydksd :POYRit OroRi ier m,ekldgk.a,se filters
and hybridized (45) wth the induced and uni nduced probes. DNA from 22

col oni es hybri di zed®WRPTHOBhEgsr AR WafitHachessd - 4a’ wef 8 S & #&d " i nduced”
col onies. 20 Fex tefd1aé 3CkBhed 481 10Bn Ofthdnnetpaest €olkoniresr-Bl agay d DNA was

prepared from5 of elnd dcol pi.es edfor charactgri zati on
of the cONA i nserts; qfh'{esftt F"ﬁn"'énd’ cpﬁ%sa)ée?m‘%§w Sof o f 32 ?rg]dﬁced

pl asm ds (p67, p68,hopcd, pﬂh @nehyd ¥ Ay deidjgedvedattrar vittuthhdde si m | ar 25
restriction nucl S5 Sro B Gas It@%?eJ OUlpp L&@Zue P &Zéen%n& 9.7@101%@941 had four

Qdel sites, 2 Hinfl a sing [err]al te in the cDNA I nsert.
Thes¥ifth pI asm d (ﬁ@St)UcW&!'ﬁeﬁ "é“bb?ﬁ?o?ﬂ@%l "'F‘r’ag’f?ém*’aﬁd’hﬁﬁear ed to be

a short cDNA clone ;ﬁté}he& ke LhRnihesi1kous. hthf‘deD'Wl:poYthiUQﬂ%ﬁ[ ed by 30
restriction nucl ease map 9 was confirmed by hybridization. A 32P-1abelled
¢

DNA probe was pr epa?’é&‘%"&% FEBY"s Boo 1B8 colonfes hybridized
10 significantly with the induced probe but undetectably or more

weakly with the uninduced probe. These colonfes were
indfvidually fnoculated into wells of microtitre plates, grown
and transferred to nitrocellulose filters, and hfbridized with
the same two probes, as described above. Plasmid DMA isolated
15 from each of these colonies by 2 rapid method (44) was also
bound to nitrocellulose filters and hybridized (45) with the
induced and uginduced prbbe;. DMA from 22 colonies hybridized

with only the induced probe and were termed “fnduced" colonfes.

W/ 20 F. Characterization of Induced Colonies
Plasmid DNA was prepﬁred from 5 of the induced calonfies

(46) and used for characterization of the cDNA inserts.
Restriction endonuclease mapping of five fnduced plasmids
(p67, p68, p69, p7l and.p72) suggested that four had simflar

25 restriction nuclease maps. These four (p67, p62, p?l and p72)
each had.four Ddel sites, 2 Hinfl sites, and a single Rsal
site in the cpNA'insert. The fifth plasmid (p58!.contalned a
common Odel fragment and appeared to be a short cONA clone
related to the otﬁer four. The homology suggested by

30 restriction nuclease mapping was confirmed by hybridization.
A 32?-1abel!ed DNA probe was prepared {(47) from a 600 bp
Odel fragment of the b67 plasmid and used for hybridization

(42) to the other induced colonies. Ali five of the

* Trade Mark



Ddel fragnent
ot her i B&uced

nucl ease mapped col oni es cross-hybridized with this probe,

of the p67 plasm d and used for hybridization (
colonies. Al five of the * Trade Mark -27-

colonies-of the 124 chosen in the induced/ uni nduced screening.

of cDNA insert

CONA insert appeared to be clode 69 with an insert |ength of
This DNA was used for all further experinents, and its restri
endonucl ease map is shown in Figure 4. 10 The cDNA insert

denonstrated t

t hree i ndependent expression systens, yielding antiviral

described in
of p69 The co

0 be FN-Jerr] cONA by.jdsts expression product,

42) to the

restriction-

as did 17 otsher

The I ength
in each of these cross-hybridizing plasmds was determ ned
by 5 Pstl digesfion and gel el ectrophoresis. The clone with t

he | ongest

1200- 1400 bp.

ction

in p69 was -

produced in

activity, as

{s% PR hud RELPnaphad colonq;e $ﬁ Gfa R 'wms of cDNA Insert

et e nucl eoti de sequence O

det er mi ned by G'He ehofieory rié| dorthde ceheniips PérWFnb?L“l eneseetimoide(48) after
subcl oni ng frang‘Ed%uhﬂchfdh?chﬁ YECHRY 18603 ¢n (4%onanGsbat the Maxam G | bert

chem cal 20 pr

ocedure (52). The |ongest open reading frane e

ncodes a

protein of 166€#M Ho thased&rosprhateidi @9 plasmigh vas Stetqmdngd PXt resi due

encoded is tRepddr figeiBilon GAd YR 1 ENGOLHIbIVrELisi. N ThBe19aReeOtnd he CONA. The
first 20 residues at the ami no terninus probably serves as a signal

sequence for th¥9sETrEth biFeot 2pHiE o P Mt MPhG 196" 0 HF*Bti ds. This

putative si gnaher@elquenmohaso fbgat un%num.wmnfw afm etraer characteri zed = -

si gnal sequences stch, as rophgb ¥. Furth r nor,e,
a?ﬁsr %e"f?f an % res on 'en on e s shown in
am no acids fo e ta fve ¢ eav q en
Figure 4.
10 The cDNA 1nsert in p69 was demonstrated to be IFN-y cONA

15

20

25

30

by its expressfon product, produced in three independent
expression sjstems, yielding antivir&l actiiity, as described

in more_detail fnfra.

G. Sequence Analysis of cDNA Insert of p69

The complete nucleotide sequence of the plasmid p69 cDNA
insert was determined by the dideoxynucleotide chain
terminatfon method (48) after subclon?ng fragments into the
M13 vector mp? (49) and by the Maxam-G{lbert chemical .
procedure (52). The longest open reading frame encodes a2
protein of 166 amino acids, presented in Figure 5. The first
residue encoded is the first met codon encountered in the §'
end of the cONA. The first 20 residues at the amino terminus
probably serves as a signal sequence for the secretion of the
remaining i46 amino acids. This putative signal sequence has
features in common with other characterized signal sequences
such as size aﬁd hydrophobicity. Furthermcre, the four amino
acids found at the putative cleavage sequence
(ser-leu-gly-cys) are identical with four residues found at
the éleavage point of several leukocyte interfe}ons {LelF 8,
C, D, F, and H, (2)). The enccded mature amino acfd.sequence
of 146 amino acids has a molécular weight of 17,140,

There. are two potential glycosylation positions (50) in

t he four

asn1 p69 cDNA insert was

v

%+



(ser-leu-gly-cys) are identical with four residues found at 30 the cl eavage
poi npt of several |eukocyte interferons (LelF B. C, D, F, and H (2)). The
encoded mature am no aci d sequence of 146 am no acids has a nol ecul ar 17
wei ght of 17,140. There are two potential glycosylation positions (50)

-28- the encoded protein sequence, at am no acids 28 to 30 (asn-gly-thr)
and am no acids 100 to 102 (asn-tyr-ser). The existence of these positions
i s consi @nt with the observed gl ycosylation of human IFH[err] (6, 51).
In additie#A, the only two cysteine residues (positions 1 and 3) are
sterically too close to forma disulfide bridge, which is consistent with
the observed stability of IFN-[err] in the presence of reducing agents such
as a- ner capt oet hanol (51). The deduced r¥-ure am no aci d sequence is
generally quite basic, with 30 total |ysine, 10 arginine, and histidine
resi dues and onl yzn1~9ertc<aaaﬂ pRRPaT &équend,dataashingl 4¢ti asrize wcdd resi dues. The
MRNA structure of I EN-Jerr duce uence Qqf asmd p69 is
distinctively diff ?Pe‘hl{’ ?hr’%rﬁ"?r—ﬂ?“ (“i‘dds go%nlp}lé\k sq' ? %r)q n%kﬁ)«

presented i n Fi guédsbenck hd thade pgsttdgisoms ]:andfstdnlil\m[teruh]e quers'Iamter whil e
the 5 wuntransl at ?,g,cg{}q ﬁon%&fﬁﬂ:@?'x ;,ed gegipns#nak;ﬁ”mq,h Jhgnoqﬁ; t han either

| FN-[err] or |FN pressmn o} | mrune” I nterferon

in 20 Es ol pyspetne resfidyesnposttdory duand 3} ag0steriedl Ipftop| asmid p69
were digested withy Rty Al 4 U?sul?ﬁﬂ MS& pﬁh'&h'iﬂsﬁfnbiéﬂl tadeky gel
ele ophoresis on a 6 percent acr | am de gel. Approximately 10 [err]

of t is insert \/vasbser%t?fdéf‘dt%dff mt‘ne”‘25!"gé?""5’f[éﬁ"ﬁ'f‘"@f‘gteh S Pst |
fragment was partighl % gli{aesdpeskthhdd) S19Di trhe QbduBed M tu-BedniRs dasdResear ch

Labs) for 15 m nutes at lerr]

sequence is generally quite basic, with 30 total lysine,

10 arginine, and histidine residues and only 19 total aspartic
acid and glutamic acid residues.

The mRNA structure of 1FN-y as deduced from DNA sequence

of plasmid p69 is distinctively different from IFN-a (1, 2) or
IFN-g (§) mRNA. As presented in Figure 6, the coding region

15 of IFN-y {s shorter while the 5' uﬁtranslated and 3'
untranstated regifons are much longer than efther [FN-a« or

IFN-5.

gsé’ 1:;> H. Direct Expression of Mature Immune Interferon in
20 E. coli '

With reference to Figure 7, 50 ug of plasmid p69 were
digested with Pstl and ﬁhe 1250 base pair insert fsolated by
gel electrophoresis on é 6'percent polyacrylamide gel.
Approximately 10 pg of this insert was electroeluted from the

25 gel. 5 ug of this Pstl fragment was partially digested with 3
units of BstNI (Bethesda Research Labs) for 15 minutes at 37°C
and the reaction mixture purified on a 6 percent
polyacrylamide gel. Approximately'o.s ug of the desired 1100

_ base pair BstNIl - Pstl fragment was recovered. The two |

30 indicated deoxyoligonucleotides, 5'-dAATTCATGTGTTATTGTC and
5'=dTGACAATAACACATG (Figqure 7) were synthesized by the
phosﬁhotriestgr.method {§3) and phosphorylated as follows.

10G pmoles of each deoxyofigonucleotfde were combined in 30 g}



b dl

and the reaction mxture purified on a 6 percent polyacrylam de gel.
Appromaﬂﬁtely 0.5 [err] of the desired 1100 base pair BstNl - Pstl fragnent
was recovered. The two 30 indicated deoxyol i gonucl eoti des,

S - dAATTCATGIGITATTGIC and 5' - dTGACAATAACACATG (Figure 7) were synthesi zed
by the phosphotriester nethod (53) and phosphoryl ated as follows. 100
prnol es of each deoxyol i gonucl eotide were conbined in 30 [err] -29- of 60
ml Tris-HO (pH 8), 10 mMJ[err], 15 nM [err]-nercaptoet hanol and 240
[err]C ([err])ATP (Amersham 5000 C/mmle). 12 units of T4 polynudqayide
ki nase were added and the reaction allowed to proceed at 37C for 30
mnutes. 1.5 [err] of 10 mM ATR,yas added and the reaction allowed to
proceed an additional 20 mnutes. After [err]-OH[err] extraction the

ol i gorers wer e, conhi ngd. ﬂ’t‘."ltf}uoa)%u{ e,p‘r]gcpf theuBst NI - Pst| 1100 base pair’
fragnment and et hanol precipitated ea%r ragnents were ligated at [err]

for 2 hours i#rm@ecapesgthansd @ 2 ATY 4 1A7p) ‘“("E)H"?‘“-Sf“"lo mM [err]. 10 nM

di t hi ot hrei t of;/nf12) ™M ATR: 8Ndr 4@ sk 1d6kiBNAThisGafde adlble M Xture was
digested for 1 hour with 30 units of Pstl and 30 units of EcoRl (to

el i mi nate pol yrfethe atdcsion RHGHYh tPiRjatsednt of? Cofis?Y @18 LR ni) and

el ectrophosesgd oerloam:ﬁmemermmpwaewlraxmd& @eloved EBeprbdedea 15 base pair
product (110,000 cp ng was recovered y troelution. The plasmd pLelF A
trp 103 (Fi gu?’e“fﬂit nal PePintatsver G t‘ﬁ%"’[cﬁf*gsinfﬁ'b‘f_ PER®25 (1) in which

t he EcoRl sit gtigbsdral wetr® ctohElnheletlegE‘leg hetstlregsent exeyvadoq 27). 3 [err] of
pLelF Atrp 20 103 was di 20 iits of EcoRL and 20 units of Ps
for 90 m nut e8**4t p'[‘ierr]ag"'egl ectt ?%B ?‘ég@&°§°ﬁ’a Sl LIt S0l yacryl ami dew
gel. The lar gere[eirga}edbaseobalfw) 2vutrerinf Jaghwiit 200as Trecdter ed by

el ectroel ubhopyy 711E foldw MISS RPLA dsentotnreitor, 0.5 am ATP and
10 unfts T4 ONA ligase. The mixture was digested for 1 hour

with 30 units of Pstl and 30 units of EcoRlI (to eliminate
polymerization through Iigation'of cohesive termini) and
electrophoresed on a 6 percent po1yacry1amfde gel. The 1115
15 base pair product (110,000 cpm)} was recovered by
electroelution.
The plasmid pLelF A trp 103 (Figure 7) {s a derfvative of
the plasmid pLelF A 25 (1) in which the EcoRI site distal to
the LelF A gene has been removed (27). 3.ug of plLelF A trp '
20 103 was digested with 20 units of EcoRI and 20 units of PstI ' g;)
for 90 minutes at 37°C and electrophoresed on a 6 percent ’ \*)
polyacrylamide gel. The large (73900 base pair) vector
fragment was recovered by electroelution. The 1115 base pair
EcoRI-Pstl IFN-y DNA fragment was ligated into 0.15 ug of this
25 prepared vector. Transformation of E. coli K-12 strain 294
(ATCC No. 31446) gave 120 tetracycline resistant colonies.
Plasmid DNA was prepared from 60 of these transformants and
digested with EcoRI and Psti. Tﬁree of these plasmids
contained the desired 1115 base pair EcoRI-Pstl fragment. DNA
30 sequence analysis verified that these plasmids had the desired
nucleotide sequence at the junctions between the trp promoter,
synthetic DNA and cDNA. bne of these plasmids pIFN-y trp 48

was chosen for additional study. This plasmid was used to



ECoR! - Pst | |FN-[err] DNA fragnent was ligated into 0.15 [err] of this 25
prepared vector. Transformation of E. coli K-12 strain 294 (ATCC No.
Pl asm d DNA was prepared .

31446) gave 120 tetracycline resistant col onies.

from 60 of these transformants and digested with EcoRl a
t hese plasm ds contai ned the desi rred 1115 base pair EcoRI - Pst | fragrrer5
DNA 30 sequence analysis verified that these plasm ds had the desired
nucl eoti de sequence at the junctions between the trp pronoter, synthetic
DNA an . One of these plasmds plFN-[err] trp 48 was chosen for

addi tiofal study. This plasmd was used to - 30-

nd Pstl. Three of

transformthe E. coli

K-12 strain WB110 (ATCC No. 27325). 1. Gene Structure of the IFN-[err]
|FN-[err] was anal yzed

by 5 Southern RyHisedhnZedel ONcotil Re1lehi SraPY Q§AQULACE 34) 1279297 Cr ograns of hi gh

Codi ng Sequence The structure of the geme codi ng

nol ecul ar wei ght human | ynphdocyte DNA (prepared as in 55)
conpletion with various restriction endonucl eases,

10 32P-1 abel | ed DNA ‘gr obe was ar ed
the cDNA insert of [5

f or

is digested to

el ectrophoresed on 1.0
percent agarose gelis G5 Stﬁedxﬂﬂﬁ'ﬁ:%hhﬂyacd%iiﬁf @s@uw ose filter (54). A

él froma 600 bp Ddel fragnent of
Q“éi‘ﬁ&"ﬁy fé‘b‘ EABPIviior HFline ¥it #PHEEEY &Y ose- DNA

blot. [err] 5COL16’|It$e1}Ei|ehylmim'&eio@f ttheshps QloecedBFe (IS Qi zRgrdmer 16 hours

and t hen vvashed deSC{ech"

les from

di fferent 15 hu?ran TYHA%eS vveréd%all"ge%‘?’@dp’(ﬂp?‘?f’fﬁg"t%"F@f?|f8t| on
endonucl ease andshybrdﬂdeszed tm¢ohpteheorp69t18294babeédtedctpmbe As presented

NS 9, b
(i1 cbgse pal rs RS MY GUEIAE BT ¢ 4finE s

phse

rved
arose
arl

Y\Ath sizes of 8.8
S of nobilities

with 20 Hindl |1 (¥)gesdet) of tadr }Dlllﬁoitr?ﬁﬂbﬂewlfdl ﬂse ttsh_é- résult of two
| FN-[err] gengs3ay fetidib gride k! rlepDdeads FARL 2Sbdehp pmiNCe the p69

fragment of the cDNA insert of p69 and hybridized {43) with

the nitrocellulose-DNA blot. 107 counts per minute of the

probe were hybridized for 16 hours and then washed as

described (43). Eight genomic DNA samples from different

15 human doaors were dfgested with the EcoRl restriction

endonuclease and hybridized with the pé9 32P-labelled

probe. As presented in Figure 9, two clear hybridization

signals are observed with sizes of 8.8 kilobase pairs (kbp)

and 2.0 kbp as estimated by cumparison of mobilities with

g,f (:j 20 HindIIl digested aADHA. . This could be the result of two IFN-y

genes or a single gene spliit by an EcoRl site.

Since the p69

cDNA contains nb EcoRI site, an {intervening sequence (intron)

with an internal EcoRI site would be necessary to explain a

single gene. To distinguish between these possibilities,

25 another Southern hybridization was performed with the same

probe against five other endonuclease .digestions of a single -

human DNA (Figurg 10). Two hybridizing DNA fragments were

observed with two other endonuclease digests, Pvull (6.7 kbp

and 4.0 kbp) and anqll {2.5 kbp and 2.2 kbp).

30 endonuclease digestion patterns provide only a single

However, thrae

hybridizing DNA fragment: HindIIl (9.0 kbp), Bglll (11.5 kbp)

and BamHI (9.5 kbp). Two IFN-y genes would have to be linked

at an dnusually close distance (less thanm 9.0 kbp} to be



cDNA contains no EcoRl site, an intervening sequence (intron) with an
internal EcoRlI site would be necessary to explain a single gene. To

di stingui sh between these possibilities, 25 another Southern hybridization
was perfornmed with the sane probe against five other
endonuchﬁgif.digestions of a single human DNA (Figure 10). Two hybri di zi ng
DNA frag s were observed with two ot her endonucl ease digests, Pvull (6.7
kbp and 4.0 kbp) and Hincll (2.5 kbp and 2.2 Kbp). However, three 30
endonucl ease di gestion patterns provide only a single hybridizing

fragment: HindlIl (9.0 kbp), Bglll (11.5 kbp) -and BanH (9.5 kbp). T

| FN-[err] genes would have to be |inkgd at an unusually cl ose distance
(less than 9.0 kbp) to be 60 -31- Ccontained within the sane Hi ndl|I

hybridizing fra ined WOES " B3UL fueS t t .onl.y. a singl.e honol ogous
| FN-[err] gene %&E\F%‘I’('gdtﬁteﬁr"raﬁ'} rdté'leaﬁggFIﬁFﬁf-btébgéﬁg%)fya}gsme'btr'eg'léﬁf i n human
genom ¢ DNA and teaekt s469ss Gehati enlypi isindly hemel agpustdfie vi ganeons 5

contai ni ng ECORI gy P! the Ad39 H196dd 184-L Thi i;ction was supported
by hybridization of a 32P-| 3 e (47) e"??%”rrent%'%:"ggéﬁe@‘%f’?om Just the 3'

untransl at ed redie8PPiSFONANNdC EIRA tHiEIeBB T s(3r0t Y Ddetr mpergfetTens r om 860 bp

to 990 bp ingFi gheaiR)nagadnnstevalt, EeRhidi 0a3tes0l MYIBRHRAN C DNA.  Only
10 the 2.0 kbp EcoRI fragnment -Fﬁbrl di zéd tosphis probe, suggesting that

this fragnent coffai"RE°RAL 4 WERTY anEratedad setplahtided (4h) 1 e the 8.8 kbp
EcoRl fragment co8§@hbprefmred fro@quUEn@ns 3' uhlfang iR dSlelgtidnt bF @n@f | FN-[err] -

(murt oo 15 oenth 7759 off Tnalioe ikt SRasmeltyTon e R TN dhne wi th no
introns (57)). XFiguder epapeainsoranccoPhicli gesitad f dudahagehbmic DNA. Only
10 the 2.0 kbp EcoRI fragment hybridized to this probe, '
suggesting that this fragment contains the 3' untranslated
sequences, while the 8.8 kbp EggRI fragment contains the §'
sequences. The gene structure of IFN-y (one gene with at
least one intron) is distinctly different from IFN-a {multiple
15 genes (2) without fntrons (56)) or IFN-g {one gene with no
introns (57)). '

J. Preparation of bacterial extracts
An overnight culture of E. coli W3110/pIFN-y trp 48 in
20 Luria broth + 5 micrograms per ml tetracycline was used to .:/ v N
inoculate.M9 {58) medium containing 0.2 percent glucose, 0.5
percent casamino acids, and 5 micrograms per ml tetracycline
at a 1:100 dilution. Indole acrylic acid was added to a final
concentration of 20 micrograms per ml when A55° was between
25 0.1 and 0.2. Ten ml samples were harvested by centrifugation
at ASSO = 1fo and resuspended immediately in 1 ml phosphate
buffered saline containing 1 mg per ml bovine serum albumin
(PBS-BSA). Cells were opened by sonication and cleared of
debris by centrifugation. The supernatants were stored at 4°C
30 until assay. Intgrferon activity in the supernatants was
determined to be 250 units/ml by comparison yith-IFN-a
standards by the cytopathic effect (CPE) inhibition assay.



An over ni ght culture of E. coli WB110/plFN-y trp 48 in 20 Luria broth + 5

m crograns per nm tetracycline was used to inoculate M@ (58) nedium L
containing 0.2 percent glucose, 0.5 percent casam no acids, and 5 bi
m crogranms per nml tetracycline at a 1:100 dilution. Indole acrylic acid was
added to a final concentration of 20 mcrograns per m when [err] was
between 25 0.1 and 0.2. Ten nml sanples were harvested by centrifugation -
at A550 " 1.0 and resuspended imediately in 1 nl phosphate buffered saline
cont ai r, 1 ng per mM bovine serumal bumn (PBS-BSA). Cells were opened
by sonis=&tion and cleared of debris by centrifugation. The supernatants
were stored at [err] 30 wuntil assay. Interferon activity in the
supernatants was determ ned to be 250 tA¥-ts/m by conparison with IFN-[err]
standards by the cytopathic effect (CPE) inhibition assay. 61 -32- K
Transformati on of Yeaki/ Btamsformatinel ofcthaat/Seeadns and dieds? were transforned as

previously described ¢a9) .stFatasQlelre SirkArBrnda30p el dus £ UBR Aibda t hYA
trpCl117 hsdm hsdR strR) (20) was used to select for plasmds 5

cont ai ni ng functi off8 - TRPIcogbsarainydAdeq (ghy leuds b 18yARIPEY{ he genotype (a

trpl gal 2 SUC2 nal pWPlnsgd-180rRaoySRE Wed X6 awh edtr 201ShIsAPIsi ON host. RH218
has been deposited W thout restriction in the American H‘%&)e Cul ture

Col | ection, ATGC NePrtaindes fuassionsl niREL 9eAtedi (AfF ¢ it EH "0’258 Bar'8nt casani no
acids 10 (CAA) aexd bdhotypech mEdi gure suzeamadiscudescidlbeds byedvhd | er (58) with

the addition of 20 [err]/m, anpicillin | fter nedia is aytoclaved
and_gool ed. Yeast {ré Jé?'b’\ﬁ/ﬁ”"gﬁ;‘i"hé“ftbl I(RE%/#EE)SN% i"a{”"vgﬁ%"é?)hﬁt"gi ned 1
percent yeast extrestriciigercehé ApepcomdypnduRZupeiCeBrt tighuddSe Ne3 per cent

Di fcdkagar. YNB+CARLE  o&QRiAhlCHefud 41aMS. A peaR <IVahiRIgN Pase

(Wi thout amm no
10 (CAA) and LB {rich medium) were as described by Miller (58)

with the addition of 20 ug/mi ampic!llin {Sigma) after media
is autoclaved and cooled. Yeast MQre.grown on the following
medfa: YEPD contained l percent yeast extract, 2 percent
peptone and 2 percent glucose +3 percent Difcd*agar. YNB+CAA
15 contained 6.7 grams of yeast nitrogen base (without amino -
acids) (YNB) (Difco), 10 mg of adenine, 10 mg of uracil, §

" grams CAA, 20 grams glucose and +30 grams agaE per 1{ter.

L. Construction of yeast expression vector
20 1. 10 ug of YRp7 (14, 1S5, 16) was digested with

C

EcoRI. Resulting sticky DNA ends were made bluat usihg DNA
Polymerase I (Klenow fragment). Ve?tor and insert were run on
1 percent agarose (SeaKem) gel, cut from the gel,
electroeluted and extracted 2X with equal volumes of
25 chloroform and phenol before precipitation with ethanel. The
resulting blunt end DNA molecules were then ligated together
in a final volume of 50 ul for 12 hours at 12°C. This
1igation mix was then used to transform E. coli strain JA300
to ahpfci!ltn }esistance and tryptophan prototrophy. Plasmids
3o containing the TRPI gene in both orientations were isolated.
pFRHL had the TRPI gene in the same orientation as YRp7 while
pFRW2 had the TRPI gene in the opposite orientation.
20 ug of pFRW2 was linearized with HindlI[] and
* Trade Mark '



acids) (YNB) (Difco, 10 ng of adenine, 10 ng of uracil, 5 granms CAA, 20
grans gl ucose and +30 grans agar per liter. L. Construction of yeast
expressi on vector 20 1. 10 [err] of YRp7 (14, 15, 16) was
digested with EcoRI. Resulting sticky DNA ends were nade blunt using DNA
Pol yrrgase | (Kl enow fragnment). Vector and insert were run on 1 percent
agaro e“(SeaKerr) gel, cut fromthe gel, electroeluted and extracted 2X with
equal volunes of 25 chl orof orm and phenol before precipitation wt

ethanol. The resulting blunt end DNA nol ecul es were then ligated t her
ina final volume of SO [err] for 12 hours at [err]. This ligation mX was
then used to transformE. coli straj,n JA300 to anpicillin resistance and

trypt ophan prototrophy. Plasm ds 30 containing the TRPI gene in both
orientations were isolated. pFRW had the TRPI gene in the sane orientation
as YRp7 whil e PRRAAPPELIGSEhRN PRPIPEGEATE J9ATRIppbifess P eeeqti on. 20 [err]
of pFRW was |H}@3er1hmdfﬂ&nt thethrdhdd 2600dg Wedd afen Mpyaked wiéh2s50033-

el ectrophoresed on a E)ercent agar ose near(ﬁgl ecul es were el uted

fromthe gel ad°bdde r?g \/bér%i—ﬂh’e‘n"l‘le(j%lfgo?'\ﬂf"tfﬁ wotig Bich H& 8.1 kb Hindl ||
insert of plaspdsdriR@don( it.?a)gnml edmuanag reestye a &t B%ofﬂ’h&ﬂﬁ‘ﬁﬂia&ont aining the
yeast 3- phospho%F cerate ene. was used to

4]

transform B SO n @94’ '?f)t gﬁqﬂ W‘Fllﬁ";h‘el g g ftc°é'9rk d-%—ét racycline

sensitivity. Piasi dsqoltempemffnomnnansuahd rtecorpeiaat had an intact TRPI

genevvlththe31 b L1, fragment, from 81|n DNAﬁlntheHlndIII .
site of the tel%"a 'gl? |ne réss"figtpé'ﬁ e Ofrom °"e bl'hl s°mb%asm is pFRVB1. 5w/

[err] of pFRVBdn wetact JiRp} aeed yith gasﬂeldkw ﬂ_bnﬁ_ébRnguext faet @8l twi ce with
pher"” and insert DNA in the HindIIl site of the tetracycline resistance
10 gene. This plasmid is pFRM31. § pg of pFRM31 was completely
digested with EcoRl, extracted twice with phenol and
chloroform then gthano! precipitated. The cohesive ends of
the molecule were filled in using ONA Polymerase ! (Klenow
fragment) in a reaction which was made 250 uM in each
15 decoxynucleoside triphosphate. The reaction was performed for
20 minutes at 14°C at which time the DMA was extracted two
times with phenol-chloroform, and then precipitated with
ethanol. The resuspended DNA was then completely digested
with Clal and electrophoresed on a 6 percent acrylamide gel.
20 The vector fragment was eluted from the gel, phenol-chloroform Q;J
extracted and ethanol precipitated. )
The six N-terminal amino acids of the 3-phosphoglycerate

enzyme purified from humans are as follows:

25 1 - 2 - 3 - 4 - 5 - 6
SER - LEU - SER - HSM > LYS < LEU -

One of the translational reading frames generated from the
DRA sequence of the 141 bp Sau3A-to-Sau3A restriction fragment
30 (containing the internal Hincll site; see PGK restriction map

Figure 11) produces the following amino acid sequence.



chl orof orm t hen et hanol precipitated. The cohesive ends of the nol ecule
were filled in using DNA Polynerase | (Klenow fragnent) in a reaction aMich
was' made 250 pMin each 15 deoxynucl eosi de tri phosphate. The reacti

was performed for 20 mnutes at [err] at which tine the DNA was extracted
two tinmes with phenol-chloroform and then precipitated wwth ethanol. The
resuspended DNA was then conpletely digested with Cal and el ectrophoresed
on a 6 pgrgent acrylam de gel. 20 , The vector fragnment was eluted fromthe

gel, phe -chl orof orm extracted and et hanol precipitated. The six
N—term nal am' no acids of the 3-phosphoglycerate enzyne purified from
humans are as follows: 25 1 - 2 - 3 - 4 - 5 -

6 SER - LEU - SER - HSM- LYS - LEU -- OA& of the translational reading
frames generated fromthe DNA sequencg qof {he 341 bﬂ Say3A-t o- Sau3A
restriction fragnent 30 (cont ai ni ng the internal Honcll site; see PCK
restriction map Fi gure 11) Nﬁfcrdé%,ﬂes LEMe- fSER |-0%ARng LdFi-nbEYaci d sequence.
-34- 1 - 2 3 4 5 - 6 MET - SER - LEU - SER - SER - LYS -
LEU - After. rermval of initiator nethionine, it is seen that PGK 5
N-terminal amino aci d\féeqernral RAsindtrtos satiineingeild HoftArobfiP tvi%h
N-term nal am no anitslruﬁeaume Lfid RdgRc PGS sThE 3 SRAVIQBEd Rgho Bpul t
suggested that the start of the yeast PCK structural ene is coded for by
WA 1 the 141bp SIS PRI 1A BN 4 AGRRITESOP 4390 BReui ous vior k (20) his
uggest ed t hat the'rIDNAeﬁMUBd)CB&u$ﬂeﬁgsfeytmtﬁah(3tﬂ33<tamﬂm ty reside in

th| area of the Hi ndII a Fur t her n g,of t 141 bp Sau3A
fragnent gi ves nor¥€? DN& U’g ?:'é' ofeE s fg5§6te Tl"beu?%bﬁ)

SaulA restriction fragment of pBl. Previous work (20} has
10 suggested that the DNA sequences specifying the PGK mRNA may
reside in this area of the HindllI fragment. Further
sequencing of the 141 bp Sau3A fragment gives more DNA
sequence of the PGK promoter (Figure 12).
‘A synthetic oligonucleotfde with the sequence
15 " 5'ATTTGTTGTAAA3' was synthesized by standard methods (Crea
et al., Nucleic Acids Res. 8, 2331 (1980)). 100 ng of this

primer was labeled at the 5' end using 10 units of T4

polynucleotide kinase in a 20 ul reaction also containing 200

uCi of [132-91 ATP. This labeled primer solution was used

in a primer-repair reaction designed to be the first step in a

muiti-step process to put an EcoRI restriction site in the PGK

§'-flanking DHA_just preceding PGK structure gene sequence.
100 ug of pB1 (20) was completely digested with Haelll

then run on a 6 percent polyacrylamide gel. The uppermost

25  band on the ethidum stained gel (containing PGK promoter
region) was isolated by electroelution as described above.
This 1200 bp HaelIl piece of DNA was restricted with Hincll
then run on a 6 percent acryltamide gel. The 650 bp band was )
isalated by electroelution. § ug of DMA was isolated. This

30 g50 bp HaellI-to-HincIl piece of DKA was resuspended in 20 ul
Hzo. then mixed with the 20 ul of the phosphorylated primer
solution described above. This mixture was 1X

phenol-chloroform extracted then ethanol precipitated. DOried



A synthetic oligonucleotide with the sequence S 5 ATTTGITGTAAA3' was
8, 2331
. 100 ng of this primer was | abeled at the 5 end using 10 units of
nucl eotide kinase in a 20 ul reaction also containing 200 [err] G of
Pl ATP. This labeled prinmer solution was used 20 in a priner-repair
«~reaction designed to be the first step in a nmulti-step process to put an
EcoRl restriction site in the P6K 5 -flanking DNA Just precedi ng P& '
re gene sequence. 100 [err] of pBl (20) was conpletely digest

synt hes
(1980))
- T4 poly
[[erBf

structu
Hael | |

the eth
el ectro
restric

band was i sol ated "By 6feCt el Ut

i zed by standard nethods (Crea et al., Nucleic Acids Res.

then run on a 6 percent polyacrylam de gel. The uppernost 25

A wi t h
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i dum stai ned gel (containing K&K pronoter region) was isolated by
el ution as described above. This 1200 bp Haelll piece of DNA was
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cl eosi dd8tP p
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and 5 units of iDMAed yrmpéae IthiKlieaqw .feraagrmn,_ta., inE@bsxedQQ [err] reaction
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phenol -

gﬁ?g?‘%f ghﬁlQ" t?’z%ofu%. 4Thheogg1su'tion-r\t]aes %ICI)elnuH %Qenvﬁ:schtlbgr}o}mx

extracted, ethanol precipitated, dried by lyophilization then
exhaustively restricted with 10 units of Sau3A. This solution
was then run on a 6 percent acrylamide gel. The band
corresponding to 39 Sp in size was cut from the gel then

15 isolated by electroelution described above. Thi¢ 39 bp band
has one blunt end and one Sau3A sticky end. This fragment was
cloned fnto a modified pFIF trp 69 vector (5). 10 ug of pFIF
trp 63 was linearized with Xbal, 1X phenol chloroform
extracted, then ethanol precipitated. The Xbal sticky.end was

20 filled in using DNA Polymerase I Klenow fragment in a 50 ul
reaction containfng 250 uM in each nucleoside triphosphate.
This ONA was cut with BamHI then run on a 6 percent acrylamide
gel. The vector fragment was isolated from the gel by
electroelution then resuspended in Zo_ul uzo. 20 ng of this

25 vector was ligated with 20 ng of the 3§bp fragment prepared
above for & hoﬁrs at room temperature; One-fifth of the
ligation mix was used to transform E. coli strain 294 to
ampiciliin resistance (on LB ;20 ug/ml amp plateﬁ. Plasmids
from the transformants were examined by'a quick screen

30 procedure (44). One plasmid, PPGK-39 was selected for
sequence analysis. 20 hg of this plasmid was digested with
Xbal, ethanol precipitated then treated with 1000 units of

bacterial alkaline phosphase at 68°C for 45 min. The DNA was

i



extracted, ethanol precipitated, dried by |yophilization then exhaustively
restrlcted with 10 units of Sau3A.. This solution was.hen run on a 6
percent acryl anide gel. The band correspondl ng to 39 bp in size was cut
iromthe gel then 15 isolated by el ectroelution described above. This 39 bp
band has one blunt end and one Sau3A sticky end. This fragnment was cl oned
into a nodified pFIF trp 69 vector (5). 10 [err] of pFIF trp 69 was

|l ineari zed with Xbal, 1X phenol chloroform.extracted, then ethanol

preci pitat ed. The Xbal sticky .end was 20 filled in using DNA Polyrrerafsa I
Kl eno agnent in a 50 [err] reaction containing 250 [err] in each

nucl eosi de tri phosphate. This DNA was cide-wWi th BamHl then run on a 6
percent acrylami de gel. The vector fragment was isolated fromthe gel by

el ectroel ution thefx pRSYERANGREorinNeXPadRH] Jthen 2haEh QFediBi G@tdp vector was

| i gated wi-th 20 ng_of the 39bp fragnent prepared above for 4 hours at room
tenperature. One- Fef f??"&’f""t‘ﬁé"ﬁ“g&'tdiso"ff'h tpendabgiedf*t » Prdnsform E. col i
slt rai nd29]§ to aLrpl FJeIaH:io]Icﬂ doRsiiat MNQeo oNn oliay:"?@][ﬂ"’rir/dmokaﬁmsp&ﬁt es) .
Plasm ds fromthe {ransformants re y a ick screen 30 '
procedure (44). pbﬁ’ﬁ%ﬁﬁeﬂtidﬁﬁ ﬁ§ pgéf"g(?t'é’d 'ﬂ‘ér"is@q%?é d@%anal ysis.
20 [err] of this prasedd wasmdhgest-ﬂdmi/uethl)(bal et hanol precipitated then
treated with 1000 uni I Kk r] for 45

m n. The DNA was é’g ?{&p%t'%r"g ] l(')r"g% 3?%%&??2&?3& %h%ﬁ% et hanol
"precipitated. The semgbhwepior weacmi@idyméfqnhmhhaﬂétbd Thn RHA20 [err]
reacti on cont ai ni ngug0R PR oof sHkTdr BlisATEnAR0 oh0c 410kt 55 Urpdihes.

poly#iucl eoti de ki nase. The plasmid was cut 'l and run on a 6
percent acrylam de gel. The | abel ed insert band was isolated fromthe gel

and sequenced byothe chegi CabnsdRkasiibt Ql2 HRt AQE- do5EJort FAR ArbMbter

Fragment
25 pg of pPGK-39 (Fig. 13) was simultaneously digested

with Sall and Xbal (5 units each) then electrophoresed on a 6

percent gel. The 390 bp band countaining the 39 bp promoter
15 piece was 1solated by electroelution. The resuspended DNA was

restricted with Sau3A then electrophoresed on an 8 percent

acrylamide gel. The 32 bp PGX promoter band was isolated by

electroelution. This DNA contained 39 bp of the 5' end of the

PGK promoter on a SaudA-to-Xbal fragment.

o 20 25 ug of pBl was restricted with Pvul and Kpnl then
Y S
et i‘) electrophoresed on a 6 percent acrylamide gel. The .8 kbp

band of ONA was {solated by electroelution, them restricted

with Sau3A and electrophoresed on a 6 percent acrylamide gel.

The 255 bp band from the PGK promoter (Fig. 11) was fsolated
25 py electrﬁelution.

This DNA was fhen ligated withl the 39 bp promoter
fragment from above for two hours at room temperature. The
l1igation ﬁix was.restricted with Xbal and gggl then
electrophoresed on a 6 percent acrylamide gel. The 312 bp

.30 Xba-to-Pvul restrict;;n fragment was isolated by
electroelution, then added to a2 ligation mix containing 200 ng
of pBR322 (41) (previously fsolated missing the 162 bp
Pvul-to-Pstl restriction fragment) and 200 ng of the



sequence at the 3'-end of this pronoter piece was as expected. 10
2. Construction of 312 bp Pvul -to-EcoRl RGK Pronoter Fragment 25 [err] of
pPP@&©39 (Fig. 13) was sinultaneously digested with*Sall and Xbal (5 units
each) then el ectrophoresed on a 6 percent gel. The 390 bp band count ai ni ng
the 39 bp pronoter 15 piece was isolated by el ectroelution. The resuspended
DNA was restricted with Sau3A then el ectrophoresed on an’8 percent
acrylam de gel. The 39 bp PG&K pronoter band was isol ated by el ectroel ution.
This DNA contained 39 bp of the 5 end of the PGK pronoter on a '
Sau3A-to- Xbal fragnent. 20 25 [err] of pBl was restricted h
Pvul and Kpnl then el ectrophoresed gg_a 6 percent acrylam de gel. The .8
kbp band of DNA was isolated by electroelution, then restricted with Sau3A
~and el ectrophoresed on a 6 percent acrylam de gel. The 265 bp band fromthe
PGK pronot er (EE.g‘."iﬁiwérsl‘lpéo‘F‘Ht‘eﬂf"QB"‘By“éfb’c ydakes Fear. 20TRF s DNA was t hen

ligated with the RMDRFPROPPL Efnikr GERTIc forOMgdbRY EniflkOkast ¥agh@uUrs at room
tenperature. The ligation mx was restricted with Xbal and Pvul then

el ect r ophor esed ¥ fFarmsEpgelbitrdR 3fftath detraenc! ing,gesd$54458- 30 Xba- t o- Pvul
restriction fragammbrieas ciofleatwrde igntlcecdneoelsns iand,onk hantmdded to a

|l igation m x containing, 200 ng of pBR322 (41) (previously isolated m ssing
the 162 bp F’vul‘ﬂ"d'—%%’t?"qxégqor ?%st i ‘ﬂaf? a@ﬁé’ﬁf{"gaﬁ% 58 np(j}(/of the =~ -37-
Xbal -t 0- Pst| LalFiancioblongenaeprtevireusdly A gadeated poraeme 2@sdderr] of plLel F

trp A 25. This three-factQr-ligatjon_ g ed to.transformE. coli
strain 294 to tvéftr°£(':yg ?r?e ?"é’s?@%}éené?am #r%ﬁgf%?n%ﬁtgé?%"ﬁf%s wer e o

m ni screened (44jueanet ON'eCDHAGARTIS-5' . Thyk ofvisten o HREK-XIOD sikes frawl at ed as

havi ng 304 bp Q:fhe Fl;g(( promoter fragment into this sequence alliows for the

10 addition to the Xbal site an EcoRI site. pPGK-300 thus |
contains part of the PGK promoter isolated in a Pvul-to-EcoRI

fragment.

3. Construction of a 1500 bp EcoRI-to-EcoRI PGK
15 Promoter Fragment '
10 pg of pBl was digested with-gxgl and EcoRI and run
on a 6 percent acrylamide gel. The 1.3 kb Pvul-to-EcoRI DNA
band from the PGK 5‘'-flanking DNA was isolated by
electroelution. 10 ug of pPGK-300 was digested with EcoRI and —
20 Pvul and the 312 bp promoter fragment was.iso1ated by CF e
electroelutifon after electrophoresing the digestion mix on a 6
percent acrylamide gel. 5 ug of pFRLS was'cut with EcoRI,
ethanol precipftated then treated with bacterfal alkaline
phosphatase at 68°C fo} 45 minutes. After three extractions
25 of DNA with phenol/chloroform, ethanol precipitation, and
. resuspension in 20 ml of nzo;'zoo ng of the vector was -
1igated with 100 ng of 312 bp EcoRI-to-Pvul ONA from pPGK-300
and 100 ng of EcoRI-to-Pvul DNA from pBl. The ligation mix
was used to transform E. coli strafn 294 to ampicillin
30 resistance. One of the transforﬁénts obtained was pPGK-1500.
This plasmid contains the 1500 bp PGK promoter fragment as an
EcoRI-to-EcoRI or HindIIl-to-EcoRl piece of DNA.

10 ug of pPGK-1500 was completely digested with Clal:



5' -1 anki ng DNA fused to the LelF A gene in a pBR322 based vector. The 5
end of the LelF A gene’ has the foll,ow ng sequence: 5'-CTAGAATTC-3'. Thus
fusion of the Xbal site. fromthe P& pronoter fragnment into this sequence ..
allows for the 10 addition to thet Xbal site an EcoRl site. - pPGK-3§@ thus
contains part of the PGK pronoter jsolated in a Pvul-to-EcoRl fragment. 3.
Construction of a 1500 bp EcoRI -t 0- ECORl PCGK 15 Pr onot er
Fragment 10 [err] of pBl was digested with Pvul and EcoRl and run on a 6
per centj ryI am de gel. The 1.3 kb Pvul -to-EcoRI DNA band fromthe P&K
5'-flantrfig DNA was isol ated by electroelution. 10 [err] of pPGK-300 was

di gest ed vm'th EcoRl and 20 Pvul and the 312 bp pronoter fragnment was

i sol ated by electroelution after el ectrephoresing the digestion nix on a 6
percent acrylam de gel. 5 [err] of pFRL4 was cut with EcoRl, ethanol
precipitated then Bnefterd Wenhthsadiigesiiah mak kakinecphmmphﬁetda&eaa& [err] for
45 m nutes. After o i QRS oI/ch oroform

et hanol precipitat F %)'tr} ﬁgﬁg&legﬁ%pﬁﬁm éﬁeIQQB Z%Nﬁagmﬁ‘" ﬂb’bg ﬁlt:'; of the
vector was | i gat edP&l Proweoer Wi d$ol13id bp eEgmbeltu@idavuuo[l\siAof oA -p PGK- 300 .
and 100 ng of ECORk:f Qs P“U'co%tzfyomggg{:ed Jﬂ% ddofPtah @1 R rt 3’)4345 used to

transformE. colt strain 294 to anpicil Y esl starrce. e of the
transformants obt aFFFé’d'M%’“ﬁPGQ“l‘S@UeWtS‘WhWﬁ gebnt Bhend3a Ihe 1500 bp PGK

pronmoter fragment asndaconkeiithg te@e 9 PRIt Prexphedcd hb -frf-EeAR i €ce of DNA. 10
[err] of pPGK- 1800 as, Co Ietela/ digested wth d al 38 and EcoRl then
t he, _di gestion m x A% EtPobRoP s B ebertacd uptdrcent acryl ani de gel. The

900 bp fragment cont ai ni mae tybes tPGIf rpsso B tveE towawa si Eoak Bluete dOYa &1 &L 0l uti on.
10 [err] of pl Fh+|:?£JELr reaction by ligating together the PGK promoter fragment

10 {on a Clal-to-EcoRI piece), the deleted pFRM-31 and the above
isolated IFN-y cDNA. The ligation reactfon was 1ncu£ated at
14°C for 12 hours. The ligation mix was then used to
transform E. coli strafn 294 to ampicillin resistance.
Transformants were analyzed for the presence of the properly

15 constructed expression plasmid, pPGK-IFN=-y (éigure 16).

Plasmids containing the exhression system were used to

transform spheroplasts of yeast strain RH218 to tryptophan

prototropy in agar missing tryptophan. These recombinant
yeast were then assayed for the presence of immune interferon.

Yeast extracts were prepared as follows: Ten mil
cultures were grown.in YNB+CAA until reaching Aggo_l-2.
collected by centrifugatfon then resuspended in 500 w1 PBS
buffer (20 mH NaH,P0,, pH=7.4, 150 mM NaCl). Aa equal

volume of glass bead; {0.45-0.5 mm) were added and the mixture

25 was then vortexed for 2°'. The extracts were spun 30 seconds
at 14,000 rpm and supernatant removed. Interferon.activity in
the supernatant was determined to be 16,000 units/ml by
comparison with IFN-a standard using the CPE inhibition assay.

o~

30 M. Construction of cell culture vector pSVy69

The 342 base pair HindIII-Pvull fragment encompassing the
SV40 origin was converted to an EcoRI restriction site bound

fragment. The HindlIt site was converted by the addition of a



trp 48 was conpletely digested with EcoRI and Hincll and 5 el ectrophoresed
on a 6 percent acrylamde gel. The 938 bp band contai hing the directly
exﬁ&essable | FN-[err] cONA was isolated fromthe gel by electroelution. TheT
yeast expression vector was constructed in a three factor reaction by

| igating together the PGK pronoter fragnment 10 (on a O al-to-EcoRl piece),
the del eted pFRM 31 and the above isolated IFN-[err] cOVA. The ligation
reaction was incubated at [err] for 12 hours. The ligation mx was then
used to transformE. coli strain 294 to anpicillin resistance. (f)
Transformants were anal yzed for the presence of the properly 15

constructed expression plasmd, pPGK-IFN-[err] (Figure 16). Plasm ds

contai ning the expression system wesse used to transform spheropl asts of
yeast strain RH218 to tryptophan prototropy in agar mssing tryptophan.

These reconbi ”Q@Enéﬁ‘%‘é‘%ﬁim&ﬁ (5PNt cPARYQdadeOkne Peu1Rr 8seRGe Of | mune
interferon. 20 Yeast extracts were E Fared ‘as follows: Ten ni

cul tures were Grotites by YNBREARS UHEP Y oF daENiA cfto fTldsf 1'dct ed by
centrifugati Onustih@riofﬁﬁbl&ﬁendﬂdeﬂoﬂ ﬁaghe[ner.r] nRBSaslnmia‘ngr__@_eD m [err],

pH=7. 4, 150 mM Nad ) u volu eads 5 mMm were
added and t he ?ﬁ‘ﬂT’tﬁ't‘e"‘éSi"saé ed; {pt %rﬁ@ﬁpd% o?p?%i 9f%e’ exﬂracts were spun
30 secondssat p114sm0wfqhmrandeumen&bmrrea-nmmecl away Ifrew ftRe On activity in

t he supernatant was deter e 6 o/ y..conpari son with
|FN-[err] standdr Fe0%i"g fmﬁ&e %ipeldllﬁtlgomr?vg E;SPJIP site M  Constructi-on

of cell cultureavest ore Etmnrienfhef B> 1 bied . pai r H| ndi 11 -Pvul | fragment
enconpassi ng theT ¥4a°£r a\1,\/;35i gpjy%{,t ?ﬂagfn? agf lgqﬁg HgqSinal Ction site

bound fragnment I nd onverte | tion of a - 39-
synthetic oli g@ﬁér“%S‘“H#@@'ﬁMA‘F’FCﬁMnﬁtﬂ?é FRPGH“sl& é‘was‘"“’

10 converted to an EcoRl site with a synthetfc olfgomer:
(S'dGCGAATfCGCI. This EcoRI-BglIl bounded fragment was
directly cloned into the EcoRI-BamHI sites of the plasmid
described above carrying the origin of SV40.

Into the regaining EcoRl site was inserted the IFN-y gene

15 on a 1250 base pair Pstl fragment of p6§ after conversion of
the Pstl ends to EcoRI ends. Clones were isolated fn which
the SV40 late promoter preceded the structural gene of IFN-y.
The resulting plasmids were then introduced {nto tissue
culture cells (29) using a DEAE-dextran technique (61) R,

20 modified such that the transfection in the presence of o
DEAE-dextran was carried out for 8 hours. Cell media was
changed every 2-3 days. 200 microliters was removed dafly for
interferon bioassay. Typical yfelds were S0-100 units/ml on
samples assayed three or four days after transfection.

2s '

N. Partfal purification of monkey cell derived immune
interferon ' _ -
In order to produce greater quantities of the monkey cell
derived human IFN-;. fresh monolayers of C0S-7 cells in ten

30 10 cm plates were transfected with a total of 30 ug pOLIF3 {n
110 mls DEAE-Dextran (200 ug/m) DEAE Dextran 500,000 MW, .05 M
Tris pH 7.5, in DMEM). After 16 hrs. at 37°C, the plates were

washed twice with DMEM. 15 mls fresh DMEM supplemented with



converted by blunt-end ligation into an EcoRl site filled in using

Pol ymerase | (Kl enow fragment)., The;resulting EcoRl fragnment was inserted
iAto the EcoRl site of pM.-1 (28). A5 plasmid with the SY40 |ate
pronoter oriented away fromthe anpR gene was further nodified by renoving
the EcoRl site nearest the [err] gene of pM-1 (27). The 1023 base pair
Hpal - Bgl I'l fragment of cloned HBV DNA (60) was isolated and the Hpal site
of hepatitis B virus (H3V) 10 converted to an EcoRl site with a synthetic
ol i gone 5' dGOGAATTCGC).  Thi's EcoRI-Bgl | [ bounded fragment was di rectﬁ 4
cloned I'Mo the EcoRI-8anH sites of tyye plasm d described above carryi é
the origin of SY40. Into t he remai ni ng ECORl site was |nserted t he

|FN-[err] gene 1 50 tL,fragment .of. after
?0 ?rl% bé Fﬂqg Eés /rg'gpemmphn

conversi on of the I-P’sfﬁe"ends t'o dnes ‘were i so af ed in which
the SY40 late prétosér prroebutetin tes §t'°r"ue€¢lsr'a#° geerlofe] FNe[=g%d . The

resul ting plasm gy wghgcddemn Ifmxn,oducsg 05 R SHEe QUL UTG Rl IS (29)
usi ng a DEAE-dextran techni que (61) nodi fied such that the

transfection in tHampirasasér vts I.‘)B&'E ﬂ‘@)ﬁt?"&ﬁ’\ﬁﬁ% chbe ped2out for 8 hours.

Cel | nedia wag ctlang&ddamryepz at flay ant0QitAeg! akédyay &r Wotind @goVed daily
for |nterferon bi oassay i cal kll el ds were 50-100 unlts/m on sanpl es

assayed three or°§® ow”’ﬂa&?g f (e°t1974nETBCE 2BH Y 3 RS- PAPTi*aH °Burifi cati on

of nonkey cell dempvesdwtmmmaiuztednf;erronsdemtmdjeranmpfxadmevgryeat er

quantities of the ey, c der| d hu rr fre h_nonol ayers of
COS2 cells in tennggk |‘ﬁ°"l 'gs °F%9%‘rs§nsé %'t']”('i"‘we‘f"h °® total of 30
[err] pDLIF3 in mosm.sm@mazmxomm(wz@e adeed kd o PEAHE Batran 500, 000 MW

.05 MTris p | e washed
ttce w th vt epshiheliha onle "é%%ﬁ%%é’nf%f iy gehecel ares v |
short ceatrifugation fn a bench top centrifuge the settled

beads were packed ifnto a column and thoroughly washed with 20
mM uaPo4 1 M NaCL 0.1 percent u-mercaptqethanol pB 7.2. The
activity was then eluted with the same buffer containing 30
15 percent ethylen;glycol followed by further elution with.the
above'buffer containing 50 percent e}hyleneglycol. Basically
all the activity bound to the CPG. 75 percent of the eluted
activity was found in the fractions eluted with 30 percent
ethyleheglycoll These fractions were pooled and diluted with
20 20 mM NaPO, 1"M NaC)l pH 7. 2 to a finaI concentration of 10
percent ethyleneglycol and directly applied to a 10 ml Con A
Sepharosé*(?harmacial colgnn. After a thorough wash with 20
al NaPO4 1 M NaCl pH 7.2 the activity was eluted with 20 al
~NaPO, 1 M NaCl 0.2 M a-methyl-D-mannoside. A substantial
25 amount of the activity (55 percent) did not bind to this
lectin. 4S5 percenﬁ of the activity efuted with
c-methyl-o-mannosidg. -
#%  74-125m"° particle size

Pharmaceutical Compositions

30
The compounds of the present invention can be formulated
according to known methods to preparc pharmacecutically useful

compositions, whercby the human imaune interferon product

* Trade Mark



e
-4 0- 10 percent f.b.s. 2 nMglutamne. 50 [erk]/m, penicill in G and 50
ng/ M streptonycin was then added to each plate. The nedia was replaced=s
the following day with serumfree DVMEM " Fresh serumfree nedia was then
added every day. The nedia 5 «collected was kept at [err] until either
assayed or bound to CPG The pooled fractions from3 and 4 day

pz gt -transfection sanples were found to contain essentially all of the
activity. 05 g of CPG (controlled pore glass. Electronucleonics, G 350,
mesh size 120/ 200) were added to 100 ml of cell 10 supernatant am® the

m xture stirred for 3 hrs at [err]. After a short centrifugation in a
bench top centrifuge the settled beadsiiwere packed into a colum and

t hor oughly washed with 20 mMM[err] 1 H NaCL 0.1 percent

[err]-mercaptoet mE‘@H iPHodbined 1Ih§dm@~9$u|r¥|wt1¥h\Q’afhatrpﬁ@u?i Qh?d with the same
buffer containing 30 15 percent ethyl eneglycol 3 by further elution
with the above bifFFe'r“bbﬁf'a"‘ﬁrri’g"?iﬁepers&b‘ﬁf"eet’h’}flcbﬁeg‘r“yé&ﬂ‘" Basical ly all
the activity boupdaQeidieakeP@sc TR dPE @EHYhg ' PR Blabld BRI ACt i vity was found
inthe fractions eluted with 30 percent et%yleneglyCOI. These fractions
were pool ed and EEREESYWF tth ?U*gb Terr]"1 MNad pH 7.2 to a final
concent rati ons of SR 664 bwi BL h&sh&[iesghrytéﬁfedﬂide(ﬁ:mly applied to a 10 m
Con A Sepharose*@ ar maci % colu @ teévI goro h wash with 20 nM[err]
1 M Nad pH 7.2 thé"adtiey V"vea{g"el ute8° Wit e Aty arrftaPlyy Nad 0.2 M
[err]-nmethyl - D- namaavos b tleve hix18 UDSH asRt i @l pz%aarmmhaaﬁttdael,actl vity (55
percent) did not b| 0 _this Iectln er t|V|ty ef uted
with [err]-net hy na{n"néé’?"aé“*”‘ 5'7 “RES > 1bF e?%rch ] aeJ"'El 1z"‘ Bi&® naceut i cal
Conmposi tions 30 t‘lihehec(nmeunds of the present invention can be formnul ated
according to jpown nethods to prepare pharnmaceutically useful

A. Parenteral Administration
The human {mmune {nterferon hergof may be pareanterally
administered to subjects requiring antitumor, or antiviral
treatment, and to those exhibiting {mmunosuppressive
15 conditions. Dosage and dyse rate may parallel that curreatly
in use in ciinicél in?estigations of other humaa faterferons,
e.g., about (1-10) x 10% units dafly, and fa the case of.
materials of purity gréater than 1 perceat, likely up to,
e.g., 50 x 105 units daily. ODosages of [FN-y could be e #—)
20 significaatly elevated for greater effect owing to the’ ' \~¢r
essent{al absence of human proteins other than IIH-f, which
praoteins in human derived materials may fanduce certain
untoward effects. _. _. -
As one example of an approériate dosage form for
25 essentially homogéneous IFN-y {n parenteral form applicable
herein, 3 mg. IFN-y of specific activity of, say, 2 x 108
U/mg may be dissoived in 25 ml. Sl N serum albumia (human) -
UsP, the solution passed through a bacteriological filter and
the filtered solution aseptically subdivided into 100 vials,
30 each containing 6 ;‘105 units pure interferon suitable for
parenteral administration. The vials are preferably stored {n

the cold (-20°C) prior to use.



>
conposi tions,
-41- her eof
carrier vehicle.
Rem ngton' s Pharmaceutica

SUch 5

wher eby the human inmmune interferon product * Trade Mark
is conbined in adm xtureswith a pharmaceutically acceptable
Sui tabl e vehicles and their formnulation are descri bed
Sci ences by EEW Martin.

In
conpositions

will/ contain an effective amobunt of the interferon protein hereof together
with a suitable anobunt of vehicle in order to prepare pharnaceutlcally71

accept ab

10 A gnt eral

parenterally adm nistered to subjects requiring antitunor,

treat nent,

of other human interferons.

e.g..

and to those .exhibiting | munosuppressive 15 conditions.
and dose rate may parallel that currentidy in use in clinica
about (1-10) x [err] units daily,

t he case of materlighssapfOapyrity greater than 1 percent. |

50 x [err] units daily. Dosages. of
el evated for greater effect owwng to the essenti al

| FN-[err] could be 20
‘absence of hunman

conpositions suitable for effective admnistration to the host.
Adm ni stration The human i nmune interferon hereof nmay be

or antiviral
Dosage
i nvestigations
and in
kely up to. e.g.,
significantly

proteins other than 44 NeWaspqterizapfashobrativipd patikittan derived material's
may induce certain Ufbtroy\?eﬁﬁoﬁfie%‘ihﬁuﬁﬁ Pﬁesﬁ%f’&pl:é‘reoénaﬁdapﬁr opriate

dosage formfQr 25 essentially ?eneous
appl i cabl e herei n""®<8$s3%f - FEN f‘é"r‘:FT"'G

solgijon passed tﬂf998h a bacteriological filter

with seria

| EN-[err]
Toantfc P99~ &°%9c’t”i‘\FFf"V ‘b”‘ say, 2°x [err]
U ng may be di ssodesegkal. N £46a1mo1uie No 8 SlakifMedd did Mndu JtedBO) 2-1%Ps

leukocyte, fibroblast, or immune interferon antisera.

arenteral form

t he

nd
ilutions of rabb?t antihuman

The

anti-1FN-a and 8 were obtained from the Mational Institute of

10  Allergy and Infectious Diseases.

The asnti-IFH-y was prepared

using authentic IfH-y [5-20 percent purity) purified from

stimuylated peripheral blood lymphocytes.

Samples were

centri fuged 3 minutes at'xz.ooo x g for 3 min before assay.

To test pH 2 stability, samples were adjusted to pH 2 by
15 additfon of 1 N HCl, incubated for 2-12 hrs at 4°C, and

neutralized by addition of LN NaOH before assay.

To test

sodium dodecyl sulfate (SDS) sensitivity, samples were

fncubated with an equal volume of 0.2 percent sps for 2-12 hrs

- at 4°C before assay.
S 20
B. Characterization of IFN~y Produced by E. coli and
C0S-7 cells
Antiviral Activity {Units/ml)
E. colf W3110/ COS~7 cell/
pIFl-ytrp48 pSVYy69
Treatment IFN-q IFN-g [FN-y extract Supernatant
25 yntreated 375 12§ 250 250 62.5 ]

pH 2 378 125 <6 <i2 <4
0.1 percent SDS 375 -- <4 -
Rabbit antf-IFN-a <8 125 250 250 187
Rabbit anti-1FN-g 375 <8 187 250 125
30 Rabbit anti-IFN-y 376 125 <4 <4

This table shows the characteristic behavior of {Fl-a, 8

and y standards after various treatments.

The interferon

activity produced by E. coli W3l10/pIFM-y trp 48 and by



the filtered solution aseptically subdivided into 100 vials, 30 each
containing 6 x [err] units pure interferon suitable for parenteral
adm nistration. The vials are preferably stored In the cold [err] prior to

use.

-42- Bioassay Data A. Characterization of antiviral

antibodﬁ?heutralizations, sanples were diluted, if S necessary, to a
concentration of 500-1000 units/m w t'h P8S-8SA. Equal vol unes of sanpl
12 hrs at 40C  ~43-with serial dilutions of rabbit

wer e i ncubated for

anti human | eukocyte.
anti-1FN-[err] and B were obtained fromthe National Institute of 10

Al l ergy and

2-

fibroblast, or immune Interferon anti sera. The

authentic |F %"gr}r'%’g‘%'é%]&s%agcefd-seg@itfi%é,' B a3 RLgRaLEd Us! ng

ercent” puri purirfie rom $tinul at ed

activity For

e

peripheral b}hoed-4yIPL® W) Sfmmufd Rl % MRS nC @leliisbdmd 318 pEtgseat 12, 000
x 9 for 3 mn before assay. To test pH 2 stability, sanples were adjust

to pH 2 by lheutpdliiédrbpladtibddiles iveculri-ad ook .2- TReBesdatalerr], and
neutralized by addition of 1N NaCH before assay. To test sodi um dodecyl
sul f at e ( SDSrosEismt thvat ythes ainl exst aveme produlcaide dnwichksansggtiemhs vos une of
0.2 percent SOS for 2-12 hrs at [err] before assay. 20 B.
Char act ePi zatF8nY oand fphderthe M dasant RPL pdiasmiddpréPscodes| far Anti viral
Activity (Units/m) E. colt WB110/ COS-7 cell/ plFN-[err]trp48
pSV[ err] 69 TFESThent

Super nat ant 25

62.5

10

15

20

25

|FN-Terr] IFN-[err] I1FN-[err] extract

Unt r eat ed _ 375 125 250 250 -

Purification

One method by which IFN-y can be purified from e.g.

bacteria is described by the following general scheme:

1.

Extraction of the cells in high conduétivity
lysis buffer (at about pH 8) by passage through
a homogenizer at higﬁ pressure, cooling the
effluent in an ice bath.

Precipitation of DNA by polyethylene~imine
addition under stirfing, for example at 4°C.

pH precipitation of bacterial proteins, again
leaving IFN-y in solution.

Separation of the solids by centrifugation at
4°C,

_ Concentraﬁion of the superhatant (after
readjuéting the pH) as by ultrafiltration.
Dialysis of the concentrate against a low
conducEivity buffer.

Removing solids by centrifugation leaving the

IFN-y in solution.

ed

T N
N

K

»



BH 2 375 125 <6 <12 4 0.1 percent

SCs 375 - - <4 . ;<8 -- Rabbit anti-IFN-[err]
<8 125 250 250 187 Rabbit anfti-IFN-[err] 375

<8 187 250 125 30 Rabbit anti-1FNy 375 125
<4 <8 <4 This table shows the characteristics.
behavior of IFN-[err], [err] and [err] standards after various treatzgﬁts.

The interferon activity produced by E. cot448110/plFH-[err] trp 48 and by
- 43- // pSVWy69 is acid-sensitive, SDS-sensitive, and neutralized by
i mmune Tnterferon antiserum It is not neutralized by anti bodies to
|FN-[err] or [err]. These data confirmthat. the interferon ﬁéoduced I n

these systems is 5 | BN yIQRC¥FRINIRLRNGRY YoPnpFaEheaYRethdes
for IFN-y. Purification On by ich ILE can ritied frome.qg.
10 bacteria is described bgeﬁ%f$%?10%\nf\‘,{r}bm nwelrl%ﬁ asgﬁglr%g'gp’% °%>< PEETTon"of
the cells in high conductiy} ¥c|¥§£éh§%ﬁfer (at about pH 8) by passage

t hrough a honogeni zer at high pressure, cooling the effluent in an ice

bath. 15 2. Poeci phtéhd€6gPAp N b Ye I et HHoRPR=ILB ge1agdi tion
under stirring, for exanple at [err]. 3. pH precipitation of bacteri al
proteins, again |eaving | Falytingswlthi®dngradierdepst dincareasfinghdosbdti ds by
centrifugation at 20 [err]. 5. Concentration of the
supernatant (after readjusstpgngtle.pH) as by ultrafiltration. 6. Dialysis

of the concentrate against_a | ow
\_ 10. Ion exchange chromatography on carboxymethyl

cellulose under weak denaturing conditions by
eluting with a gradient of increasing ionic
10 strength.

11. Separation by gel filtration chromatography.

The above process enables yields of material of
greater than 95% pﬁrity.
15
The immune interferon protein hereof has been

O defined by means of determined DNA gene and deductive amino

({

acid sequencing--cf. Figure 5. It will be understood that
for this particular interferon, embraced herein, natural

20 allelic variations exist and occur from individual to
individual. These variations may be demonstrated by (an)
amino acid difference(s) in the overall seguence or by
deletions, substitutionms, insertions, inversions or
additions of-(an)\amino acid(s) in said sequence. All such

25 allelic variations are included within the scope of this

invention.



conductivity buffer. 25 7. Renoving solids by centrifugation

| eaving the IFN-Y in solution. -44- 8. lLon exchange chronat ography on
car boxynmet hyl cellulose, eluting with a gradient of increasing ionic
strength. 9. Chronatography on cal ci um phosphate gel by 5
elutingﬂﬁtrla.gradient of increasing ionic strength. 10. Ion exchange

chromat ogr aphy on car boxynet hyl

11. Separation by gel filtration chromatography. The above process e

yields of material of greater than 95%purity. 15 The inmune interfe

protein hereof has ngg ngkggdpgg?ggggg éﬁi%?%fﬁﬂﬁéﬁ§j4%§Aogene and

deducti ve am no aci

for this parg%gghgﬁggggebkg

vari ations exi st an

under st ood t hat

PBchRIPEEE CEb el ifd hr dp rHBilor @ fakialibas

nci ng=-c ure o. W

may be denpngimahedriyy( derigatDoedsi dadidd£Ieme{ididd dyhaezuvarahlt
sequence or by del etions, substitutions, insertions, inversions or
addi ti ons of siagleasirnoudtigle) anineaacld espiesicitutiang, dedleti®ngl .l el ic
variations are included within the scope of this invention.

S

10

15

20

25

additions or replacements. All such modifications
resulting'in such derivatives of human IFN-y are included
within the ambit of this invention so long as the essential,
characteristic human IFN-y activity remains unaffected in
kind. .

With the DNA and amino acid sequences of IFN-y in
hand (see Figure 5), the most preferable course in
reproducing the present invention doubtless would involve
the preparation of either the complete gene by synthesis
means (see 26, for examples, or synthetic deoxyoligo-
nucleotides with which the cDNA source could be probed in
order to isolate the gene by standard hybridization
techniques. Once having obtained the nucleoéide sequence r
encoding the requisite IfN-y protein, the means for
achieving expression, isolation and purification to afford
highly pure preparations of IFN-y could be followed
according to the above description.

Notwithstanding that reference has been made to
particular preferred embodiments, it will be further under-
stood that the present invention is not to be construed as
limited to such, rather to the lawful scope of the appended

claims.

cel l ul ose under weak denaturing conditions
by eluting with a gradient of increasind®Tonic 10 - strength
g%}Ies
ron

r
occur fromindi vidual to individual. These variations



74 - 45. | ndeed, the potential exists in the use of reconbi nant DNA

technol ogy for the preparation, of various human |FN-[err] derivatives,
variously nodified by resultant single or nultiple anm'no acid: 75
substitutions, deletions, 5 additions or replacements. All such

nodi fications resulting in such derivatives of human IFN-y are included
within the anbit of this invention so l'ong as the essential, characteristic
human ITEN-[err] activity remains uhaffected in.kind. 10 Wth the -
DNA and'an'no acid sequences of IFN-y in hand (see Figure 5), the nost
preferaBtte course in reproducing the present invention doubtless would

i nvol ve the preparation of either the conplete gene by synthesis neans (see
26, for exanple), or synthetic deoxyol f4fo- 15 nucleotides with which the
cDNA source could be probed in order to isolate the gene by standard
hybri di zation tec#APdag&eMnce having obtained the nucl eotide sequence -
encodi ng the requi $it @oddabk [_m] Paei @i 287,tNe n[@am)s, for achieving

expression, isolation a urifJi cation aff 0 highly pure
preparations of |FRE[ 8??"? c &1 - pdlage %&Qe ’C98F §1 ng to the above

description. Notwi nhslmmlrrng éthal.,l‘ eﬁa&m@eidaasesbe&m grA tospasticul ar

preferred enbodlnents rther C er.- ﬁ t.he present
i nvention is not to' bguéﬁﬁ%" °t H ? 2 A% 28 9qu%ﬂgr to the
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Human i mmune interferon produced by reconbi nant DNA technol ogy. 5 2. ‘A

pol ypepti de prodg§§ﬂ£§¥ reconbi nant DNA technol ogy and havi ng phy5|oI09|caI
properties chara I ¢ of human i mmune interferon. 10 3.

synt hetically produced pol ypepti de conprising an am no acid sequence
substantially corresponding to that shown in Fig. 5, an allelic variation
or a portion theneof, pdnPdssRas ngteR¥erohogrodbced Opertédsmbinant DNA

characteristic of human i nmune interferon. 15 4. Human i mrune interferon,
free from protei rteagHdoMiygych it is ordinarily associated. 5. Human i mmune
interferon essentially free fromoth[err]

5

2. A polypeptide produced by recombinant DNA
technology and having physiological properties

characteristic of human immune interferon.

10 3. A synthetically produced polypeptide comprising an
amino acid sequence substantially corresponding to that
shown in Fig. 5, an allelic variation or a portion
thereof, and possessing physiological properties

characteristic of human immune interferon.

15
4. Human immune interferon, free from protein with
" which it is ordinarily associated.
5. Human immune interferon.essentially. free from otH\J
proteins of human origin.
20

6. An essentially pure polypeptide produced by
recombinant DNA technology and comprising the amino acid
sequence of human immune interferon free from signal or
presequence polypeptide at the N-terminal end attendant

25 upon its expression or secretion.

7. Human immune interferon unaccompanied by associated

A




proteins of human origin. 20 6. An essentially pure pol ypeptide produced
by reconbi nant DNA technol ogy and conprising the am no acid sequence of
kuman i mmune-interferon free fromsignal or presequence pol ypeptide at the
N-term nal end attendant 25 upon its expression or secretion. 7, Hunan:'g
I mmune i nterferon unacconpani ed by associ at.ed 50 native glycosylation.

8. "A chinmeric polypeptide produced by ré&cConbi nant DNA t echnol ogy,
conprising human inmmune interferon amno 5 aci d sequence covalently

| i nked{at) the N-term nus thereof to a conjugate pol ypeptide. 9. A
chimeri ol ypeptide according tqQ cl.aim8 wherein the conjugate pol ypeptide
IS cIeavaBIeyPrgn1t¢EF%KF 9%¥éa§ﬁ%§§ﬁ?“'lo. A reconbi nant gxgressponyeeﬁicle
capable, in a transformant mcroorganismor cell culture, of expressing
human i mmune interferon. 15 11. A microorganismor cell culture transformnmed

with a vehicle accog di ng t g, iqleisa é%é_}%:%ﬁ)_t@d@ekkoﬁﬁééa”ﬁyafé@érﬁgﬂgart@ gifadl M

11, obtained by 20 transftorm ng I ne of nonkey Kkidney f1brobl asts.
13. A microorgani sSMesiiulbgyy comprdisingl humhaifnfdnsyis €S 0onn ahgi i
Escherichia coli strain. 25 14. A m croorgani smaccording to claim 11
obt ai ned by transf acidgequesast coivadiently linked at the N-terminus

thereof to a conjugate polypeptide.

9. A chimeric bolypeptide according to claim 8 wherein
the conjugate pblypeptide is cleavable from the

10 interferon.

10. A recombinant expression vehicle capable, in a
transformant microorganism or cell culture, of
expressing human immune interferon.

15 |
11. A microorganism or cell culture £ransformed with a

vehicle according to claim 10.

12. A cell culture according to claim 11, obtained by

20  transforming COS-7 line of monkey kidney fibroblasts.

13. A microorganism aécording to claim 11, obtained by

transforming an Escherichia coli strain.

25 l4. A microorganism according to claim 11 obtained by

transforming a yeast strain.
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51 15. A plasm d having the characteristics of plFNy-trp 48, pSV-[err]-69,
or pPGK-1FN-y. 16. A mcroorganismor cell .culture transformed with 5

any of the plasmds of claim15. 17. A pharnaceutical conposition B
conprising a therapeutically active substance of any one of clains 1 to 9

in asuitable carrier. 10 18. A process which conprises expressing a gene
encodingbﬁbnan i mune interferon in a mggroorganismor cell culture. 15

19. A process which conprises producing a substance of any one of clajnms 1
to 9 by expressing a gene encoding it in a mcroorganismor cell cul e.

20. A process conprising: providing a first DNA 20 sequence coding Tor
human i mmune i nt erqn,_oper.aply l.inki i ] . d uence to
forma replicabl :i‘éé‘l o%]r%l#gLL?*gl%Vltn artl.‘s% Ogh}a%‘aggeghlgﬁgggeo%ﬁg-&%% th
the cloning vehicig gy cilddlr idi dogrSGrRS L0 anplify said first DNA
sequence. 25 21. A process conprising: providing a first DNA sequence

coding for human i mrune interferon, operably 52 linking it with a second
DNA sequence to forma replicable expression vehicle, and transform ng a
sui t abl e host celléwi th nivroongaedsmowry ekildl eudburbatrameformed fwitted host

cell, when cultured, is capable of 5 produci ng human i nmune interferon.
5 any of the plasmids of claim 15.

17. A pharmaceutical composition comprising a W/
therapeutically active substance of any one of claims 1

to 9 in a suitable carrier.

10
18. A process which comprises expressing a gene
encoding human immune interferon in a microorganism
or cell culture.
A 15 19. A process which comprises producing a substance of

any one of claims 1 to 9 by expressing a gene encoding

it in a microorganism or cell culture. ;J“ e

20, A process éomprising:-providing a first DNA

20 sequence coding for human immune interferon, operably
linking it with a second DNA sequence to form a
replicable cloning vehicle, transfo:ming_a suitable host
cell with the clonihg vehicle and.culturing it so as to
amplify said first DNA sequence. |

25 | |
21l. A process compfising: providing a first DNA

sequence coding for human immune interferon, operably
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-
22. A process according to, claim22 which further conprises culturing the
transforned host cell 'to produce human.i mmune interferon. 10 23. Human
immune interferon per se, of the kind produced by expression of a .
reconbi nant DNA sequence coding therefor in a tissue cell culture. 15 2431
Human i.mmune interferon per se, of the kind produced by expression of a

reconbi nant DNA sequence coding therefor 4n a mammalian cell |ine. 25. g
Human i mmune interferon per se, of the kind 20 produced by expression
fromtHe)plasmd pSV-[err]-69 in a COS-7 nonkey cell line. 26. A process

for prodlci ng human inmune interferon by reconbi nant DNA technol ogy,
substantially as d§§ﬁki98di@5witﬁmg‘%éhond DNA sequence to form a

replicable expression vehicle, and transforming a
suitable host cell with the expression vehicle so that
the transformed host cell, when cultured, is capable of

5 producing human immune interferon.

' W : '22. A process according to claim 22 which further
comp:ises culturing the transformed host cell to produce
human immune interferon.

10
23. Human immune interferon per se, of the kind
produced by expression of a recombinant DNA sequence

coding therefor in a tissue cell culture.

15 24, Human immune interferon per se, of the kind
produéed by expression of a recombinant DNA sequence

N2 codiné therefor in a mammalian cell line.

25. Human immune interferon per se, of the kind
20 produced by expression from the plasmid pSV-v-69 in a

COS-7 monkey cell line.

26. A process for producing human immune interferon by
recombinant DNA technology, substantially as described

25 herein.
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