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shorter chain. Each gene n gene with a

P- gal actosi dase gene and the ind+v+du?++y—expressed pol ypepti de chai ns were
enzymatically isolated and |inked to form conplete insulin nolecul es.

[ Goedel |, et al., Proc. Nat. Acad. Sci. U S A, 76, pp. 106-110 (1979).] In
each of the above procedures, dgoxyollgonuckpotlde segnents were prepared,
and then sequentially liga | om ng general procedure.
[See, e™., Agarwal, et al., Natore—g27pp. 1-7 (1970) 35 and Khorana,
Sci ence, 203, pp. 614-675 (1979)]. An initial "top" (i.e., 5 -3 polarity)
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Wih a bot% éﬁs-nf %1 ﬂ‘aleutflw is Fpacifi EFBS/D&‘{ lggcu
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2'\24 930 BlU A and UUG). Exhaustlve anaIyS|s of genome codon frett: jos for microorganisms has rev%aled
endogenous DNA of E. coli bacteria most commonly contains t G leucine-specifying codon, while the

DNA of yeasts and slime molds most commonly includes a TTA leucine-specifying codon. In view of this
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possi bl e dfiets| iedernglof Bagiess apdgelespiegificition aml the anfivisal meCeaniams imkged. Inhitgestidiss ne
provi d¥ trladormeds yviflyecnide r Prepgrajjons csuggest gek e erimanio fuseliop of (BN s bggs an im-
transcri prunerpoulatary paent Ghe anirioifastive effaetioh ITN-nRpA5qasianped celithis bagh rerpriedtode 184
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the am no aci d eu0| ne 1's speC| y any of six DNA codons I ncl udi ng CTA,
CTC, sg@ CIG CIT, TTA, and TTG(V\/mch correspond, respectively, to the
MRNA codons, CUA, CUC, CUG CUU, UUA and UUG . Exhaustive anal ysis of
genonme codon frequencies for mcroorgani sns has reveal ed endogenous DNA of
E. coli bacteria nmost commonly contains the CTG | euci ne-speci fyi ng codon,
whil e the DNA of yeasts and slinme nolds nost commonly includes a TTA

| euci n®@- speci fying codon. In view of this 5 A
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hikerarchy, it is generally held that the |ikelihood of obtaining high
level s of expression of a |eucine- EP@¥2aeo9@ipti de by an E. coli host will
depend to sone extent on the frequency of codon use. For exanple, a gene
rich in TTA codons will in all probability be poorly expressed in E. coli,
whereas a Grich gene wi || probably highly expégss t he pol ypeptide. In a

cel Ts Tor PeaNr s AR T PO St ron e A fraT S BEhaEn or

usk_in an i medr rad e \mc CAG CRMA.TARGTR. MAA GAANGCDANGARtARE . CTMC| ei c
_Aci ds Research, 8, pp. r49-r62 (1980); Grantham et al., Nucleic Acids
Research, 8, pp. 1893-1912 (198®@Q and, Gantham at al., Nucleic Acids
Research, 9 LW?LMEWK&M-AIMIMJZ%-aSﬂmBSD'FVdebha'pl\%P'eﬂtm e
phenorrena o ke GARDInAR ipraNANIP ) Wi G TR 688 eTRTGRG Caat NaT
phenoneppn nmay serve to epr airn many prior farlures to achieve hig
expression | evelsy for exogenous genes in successfully trmsformed host

or gani sms - gy. Jm%&new-eftﬂxm-caqﬂqléwue@en SPRShLUL Y-y €SCTE-G Tt he

i nserted gene and t he host cell machiner or es&es& on_ray _not _operate as
ef fici ent | ySCMPASTHEIToFifo T Il GRG &“méet% f THE: AN FAG CA

manuf actaur ed genes whi ch have been desi giid to include a proj ect ed host

cell's pref rre ns provjde a pref e

material fo géﬁ g‘é'go SHYaT lree@c?rfg ﬁﬂéf’e%ﬁfq{‘é é?"n %ﬁ %B'nt ext,
t he absenceAGfr GAQC MEN dAN ATA amcicm;i X060 i CARNATT OGRE ueme-rmmect ure
whi ch woul d permt codon selection is seen to constitute an even nore

se us ?? oadbl ock to adw®nces in the art. O substantial interésifto the

bac ground (Phet-lwSprtasae-rﬁha-m&m-thsmﬁ-l?m-tntess%sy-ehsp-@he-&et-me'l'ﬁlmgard to
t he prepar atip@n d I v u s, the
i nt erferonsa?FFﬁg?. #?teg‘r&?rerons ar eGEZ"E}b %%@f%?%é?n@%a@? airly

wel | -defzg ned antiviral, antitunor and i m’runom)duégt ory charact er| stics.

See, K ' 1ys€s@r-va1ai1 diimitl-11 My Piget 50én50F1LAPS2pnand Edge,
et al., sup rg 5 references cites thereln C% ﬁ asi s antigenicity
and bi ol ogi ééF; éﬁ("l' ETenGRE ASCORTC ARG GAMGAC n%'éGfM'BnQTﬁaﬁ‘%Gb'E'g'ﬁ gr ouped
into three major classes: |FN-a (leukocyte), IFN-# (fi brobI ast) and | FN-y

(i muneke Consi derabl e i.nformati has accunul ated opn th %yﬁngres and

properties 8PerRERTERESASRMIYSr LYSd Yt L 250 e??@?%h%" &Y3nd , a).
These have freenaner AGCeAAO DA AAY corl @Tlemtmrcml ARGI ODGaci d
sequences have been deternm ned. Anal yses of cloned cDNA and gene sequences
for IFN-, Al andlolbe | FN-a nmultigene famly have permttetlohe deduction of
t he conpt et a.'hnnfhsn-a'gird-SeeqimrlG-amre-fAsm-mﬁm-fAsrheVén{-elﬁeAngnsLysﬁAhddi tion,

efficient s h n | aaRNdeAFN-au,
in yeast, ng‘ %&g‘ Ll% ﬁ@l 2‘%1?%% ﬁ? @k‘gcr??%fc%rggéquant I ?I es of
t hese proteins |n bi ol ogically active f Much less information is
avel) an.e COREehILIAIUIFSLIEIG, «w&h iéféleildéﬁ-\bé(: —pPoLRLgLf eron
general Iy produced n culturées o es exposed to vari ous mtogenic
stimuli. |tArad galrdGRabCTE mmt(mmascxx k?GEGGTeGAA TG hTeGt Cabr @CAr epar ed
against [FN-a or IFN-fl. A broad range of biological activities have been
attributed to IFN-y i ncll3® ng potentiation of the antiviral acti¥#fies of
| FN-a angl - ABa-LysmThii-6A Yi-Lysi-Arg-LysrArgnSenfGEnsMet rleuaRlieceln-
specificiti a t a V|r c v 0] u s 95
- performed w E?E ggﬁdgﬁﬁ%g%%ﬁa suggezgaﬁﬁﬂgyt gcpé?ﬁaFééfa%gtggﬁ of
|FN-y may be as an im nunoregulatory agent. The antiproliferative effect
of IFN- on transfornmed cells has been reported to be 10 to 100-fold greater
“than tha of IFN-a or -fi, suggesting a potentia 4gse in the treatment of
neopl asia. Murine IFN-1 prepeigthpgsApﬁaglgegg P¥n to have significant
antitunor activity agai nst fas recently been reported
(Gray, et al., supra) that aGEBcCEDi AGAtGBAaTEEdCABAt ai ning a cDNA 40
sequence codi ng for human IFN—7 has been |solated and characterlzed
Expressi®n of this sequenc |n

d U g1 B atn fg B8 o seclid o lon 449
ehon! P o 2 "331535 f'an ;ﬂi ggﬁmu}xwg" P eEh e
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am no acid se uence excl usive of the putative
| eader sequence, is as folloms 45 50 55 6
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&ys- Tyr-Cys-d n- Asp:- Pro-Tyr - Val - LER 03249890 B1 G u- Asn-Leu- TGl TAC TGC CAG
CAG CAA TAT GTA AAA GAA GCA GAA AAC CTT 6 20

Lys-Lys- Tyr-Phe Asn-Ala-d y-H s Ser-As VaI Al a- Asp- Asn- AAG AM TAT TTT AAT
GCA GGT CAT oWeg;wge &éﬂ(@’g‘-‘n |es of various int erferon types makes the construc-

Ry I 2 R VRS

RANE B Rﬁ%@%%w T e,

ATA AT g0
%P al \Shbrd FP & iddratii! of bl gdndEdding Tk GFdfMandthd TTT

:

70 Phe- LyS- pun
AAA AAC -B;t-gnsﬁe&b%-gf s n'%T&ld w'ﬁély manufactured IFN-a;_gene provide only genstic

80 Lys- Sanaterial 16d eMprddsion u Singia/ SeriAprioisp ublibe, A6iGperide- debiendda CThoR risART plsdes GAG
ACC ATfs Atdkes Ghbopiossiblys fdAe spcifid\iutadenési€) Which would permit microbial expression of large

Phe- Asn- Sintifsiof hanLf$-y laydogé\wdick \Siflerdss ftonttne " &dtHiéntlcy Boliymptide Tl formid of thaGlen\C
AAA AAG Alicétiof\of(8ddn £-dglel antindEdd. INAGKE Thanndi) Preparation of an IFN-a1 analog which differed by

110 35 Tidne ainn adid/ironbthe phlpdeptideprafapd byeEBdghsat al\/alipradawauld\ampedr \is reddia-an AQETtiohAT
TAT TCG @& oh@lior @OnTTG@ing A Wh@a GovwCehe @BCh Yadgd iG®Amd Of(r single it codon. No means is

| | e- Hi %- Gpagily_evpildblecioGthe-exgiion\pft a fpgmmed of- the gutisist g¢me cand|replacaiont GAIT admoment C
CTC ATC dpghgd;qg'@eggqinmpn@i@ fpoe varapt potypeplide) sequence. Further, modification of the reported

140 45 /PNAdgrivedand regnytagtyred DiNAsepyencas ey vagpqodencysagene aat 3’I_E"GﬂaPHe°RBP'h* GCT

ACA GGG AAG"M tﬁ%‘?—("yﬁ(@?” °@7§%°’?(‘PQ;;€F@“T’F‘P"W°M@“@ PP -VA '“Rf‘%[‘t

GGTCGAAE&& . vhs e g E*;g"’!‘
ar qini Pﬂe an c : ;) \ : ‘: “ %gmné su e o Lt]hﬁt qﬁr ssible
sequence : Sof g,{;%aé‘f, ’f|n Q&etff 3 of the | D{\lg -derjv g?:g
i mmune i ufgagnc. é e gsawnséa i)
.and [An'g sites f&rit r§a9 onucleases, Pvull and Bglll.
25 There exists, therefore, a substantial need in the art for more efficient procedures for the total synthesis

from nucleotide bases of manufactured DNA sequences coding for large polypeptides such as the

interferons. There additionally exists a need for synthetic methods which will allow for the rapid construction

of variant forms of synthetic sequences such as will permit the microbial expression of synthetic

polypeptides which vary from naturally occurring forms in terms of the identity and/or position of one or
30 more selected amino acids.

BRIEF SUMMARY

The present invention provides novel, rapid and highly efficient procedures for the total synthesis of

35 linear, double stranded DNA sequences in excess of about 200 nucleotide base pairs in length, which

sequences may comprise entire structural genes capable of directing the synthesis of a wide variety of
polypeptides of interest.
According to the invention, Imear double stranded DNA sequences of a length in excess of about 200
K/ base pairs and coding for expression of a predetermined continuous sequence of amino acids within a
40 selected host microorganism transformed by a selected DNA vector including the sequence, are chemically
synthesized by a method comprising:
(a) preparing two or more different, subunit, linear, double stranded DNA sequences of about 100 or
more base pairs in length for assembly in a selected assembly vector,
each different subunit DNA sequence prepared comprising a series of nucleotide base codons

45 coding for a different continuous portion of said predetermined sequence of amino acids to be

expressed,

one terminal region of a first of said subunits comprising a portion of a base sequence which
provides a recognition site for cleavage by a first restriction endonuclease, which recognition site is
entirely present either once or not at all in said selected assembly vector upon insertion of the subunit

50 therein,

one terminal region of a second of said subunits comprising a portion of a base sequence which
provides a recognition site for cleavage by a second restriction endonuclease other than said first
endonuclease, which recognition site is entirely present once or not at all in said selected assembly
vector upon insertion of the subunit therein,

55 at least one-half of all remaining terminal regions of subunits comprising a portion of a recognition
site (preferably a palindromic six base recognition site) for cleavage by a restriction endonuclease other
than said first and second endonucleases, which recognition site is entirely present once and only once
in said selected assembly vector after insertion of all subunits thereinto; and
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The abeve-noted wi de variations in biological activities of various
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stranded DNA 1h6dusONA stncBprbraRfidnstdp (10t @RSFeféted 3hHakit maAdfActOf Drd2adspreferabty
codi ng f or céwgassemd stapsof a predet erm ned conti nuous sequence of am no acids

W thin a 40 (apehafiitig fildaihd S8cOidOned) aBdxyoligbriuclamitie segmanth YiavingSKS| o Gicta] bdsBéAin a
vect or ishicl ushienigd lilear segeres (s limacsegiisnte ofbdsys ofythd beeendzesgmbnt camprisinh dich total
conpri si ng: domplemens hthe sgquenve of basa® picthal firktf sogreent exceptliah att least pnecend of He sdvbmd
stranded DNAsegment shad eiihep fncladeoan addidghalginearsequenss obfrgse B tes 7 selected ibgeeh bbysnd those

assenbl y i n fullyseomplementingiths Ershiegment.cor ghall lasige Kineds fefianemef framiSuin 7 tasopioe nce
prepared con@V |m"!§a'§é‘ﬂqeﬂ@ o the gt Pwmderowgémw%b it the s°°°"‘l:‘t‘?§1"ﬁ'§ shajmel
di ffereft coift $if%b aci ds

l5eRYepse 9hpases,orpe E’EPeil SRR &‘-‘Eﬁg

to be expr es@b‘a’mbﬁ'ﬁ'@ ?f’a?ec?"@ ARenLR;unger J"fdg'P"so‘P" %It°s‘iﬂﬂﬂ'ﬂ’f‘?'§a“bﬁsﬁ‘ﬂﬁ'ai“% ng
a portion of g"°8%1§°@m§@ﬁf? E‘ea'Wﬁ' PIox A 8% 2 recognition site for cleavage |
by a first restriction endonucl ease, which recognition site is entirely
present either once or not at all in said selected assenbly vector upon
insertion of the subunit 50 therein, 9



oRe term nal region of a second of said subunits conprising a portion of a
base sequence whi ch, provi des a reEPQH424 890Bti te for cleavage by a second
restriction endonucl ease other than said first endonucl ease, which
recognition site is entirely present once or not at all in said selected
assembl y veBespauspreret Pasatip thecsiquis stiapded A gHfupit pequencesformad preferably ingludqscong ¢
one- hal f %hMmory FipipteGodons; salgctedsfrom mpng; atgmalive cerons; sASGHYing the- BAMSy MY, 'da°'p@?t| on
of a rec ?ﬁf’fi’&f orgntialy ’;’g%ﬁ" ?IB_ 's‘éfs the F899 P @ Regispted oy MigrRUeATIsh 315" &F t e)

- or a
fok_el ea\y 6{3 E ct% §re n\(e§ ion alr% g\pre asll;ﬂﬁfmhne\ rthotdg1 gnrtlj n?a{%na S ;or erﬁwnotﬁ1 qevfg cond

endonutl eog e doftd. BribHly St
once in 33 %m\ s duﬁ.g;gﬂvﬂ %’t & 415 .9535{. Ui A%J:e o
subuni t I%%ﬁlg \dirdsSatl dhbibgendus oIH%pfde?Q\ lf ntlyrHré?ente @el desﬁaﬂa oS GENAUivG of

vect or pangh fbbédRfelbindfg bittSseRleRtedideilod FIIPE. Ichil dlebsi oPdutdr RBmBRSSHTEbIN F\SMPOr
subsequergm to each insertion, thereby toTorma DNA vector including the

desired DNAomaqasamsearﬁoa»mgém thd) Prepent theérlion willl b EppBend lupshUcSiderdlibm of thei d
sequence felsing\letdiled destripgondiséct.ed DNA sequence assenbl ed includes at 5

| east one unique, preferably palindrom c six base, recognition site for
restri ot iDETALED ORSCAIRHGR cl eavage at an internediate position therein. The
above general nethod preferably further includes the step of isolating the
desired DNAAS pd berein,dhn tBive "syRikasiserd"\as werliedio HPNA eaaeanrs ortagngrphel designdiea of
t he cl assresictoifher ietally chamictiyay grsiriy @ssephly johyclagtide bases orsiadved g, fhe biological

pal i ndr orfpRicalip ofy3 Produch thys chemically synthesizad, As guchy the tqr s exrlSiMG, Of B’&%‘@tsc'lslé’h

at (an o1 %}zo%dr':r{’éd‘ioﬁﬁ e%‘l 9ri9gpPmig, eloni gr{"etl heddl s Ryt Ehe
oo zs%“éq%%fnﬁ%f%%%%ﬁ; Sl o e e S egt

fromthat in which the assenbly vector is anplified. In other preferred
enbodi gents of the method: at |east three different subunit DNA sequences
are prepared in step (a) and serially inserted into said selected assenbly
vector in step (b) and the desired synthesi sed DNA sequence obt ai ned

i ncludes at least 1s two unique palindrom c six base recognition sites for
restriction endonucl ease cl eavage at internediate positions therein; the
DNA seguence synt hesi zed conprises an entire structural gene coding for a
bi ol ogi cally active pol ypeptide; and, in the DNA sequence sythesised, the
sequence of nucl eotide bases includes one or nore codons sel ected, from
anong alternative codons specifying the same am no acid, on the basis of
preferential expression characteristics of the codon in said selected host
m cr oo¥gani sm 20 Il'lustratively provided by the present invention are
synt hesi sed genes coding for the synthesis of human i nmune interferon

(I FN-y) and biol ogically functional anal og pol ypeptides which differ from
human i mune interferon in ternms of the identity and/or |ocation of one or
mofe, ani no acids. Al so provided are synthe5|sed genes codi ng for synt hesi s
of hunfn | eukocyte interferon of the F subtype ("Lel FN-F" or "IFN-aF") and-
anal ogs thereof, along with consensus human | eukocyte interferons. 25

DNA subunit sequences for use in practice of the nethods of the invention
are preferably synthesized from nucl eoti de bases according to the nethods
di scl oged in co-owned, concurrently-filed U S. Patent Application Serial
No. 375,493, by Yitzhak Stabinsky (WX083/04029), entitled "Manufacture and
Expression of Structural Cenes" (Attorney's Docket No. 6250). Briefly
sunmmari zed the general nethod conprises the steps of: 30 (1) preparing
two or nore different, |inear, duplex DNA strands, each duplex strand

i ncl udéng a doubl e stranded region of 12 or nore sel ected conpl enentary

. base pairs and further including a top single stranded term nal sequence of
from3 to 7 selected bases at one end of the strand and/or a bottom single
stranded term nal sequence of from3 to 7 selected bases at the other end
of the strand, each single stranded term nal sequence of each dupl ex DNA
strand®conprising the entire base conpl enent of 35 at nost one single
stranded term nal sequence of any other duplex DNA strand prepared; and

réssn n o
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(2) anpealing each duplex DNA strand prepared in step (1) to one or two

di ffetent duplex styands prepared ER 042489081 havi ng a conpl enentary single
stranded term nal sequence, thereby to forma single continuous double
stranded DNA sequence which has a duplex region of at |east 27 sel ected
base pairs including at |east 3 base pairs forned by conpl enentary

associ ation of single stranded terni nal ZABLE Isequences of duplex DNA
strands prepared in step (1) and which has fromO to 2 single stranded top
or\bbttqp1terninal regions of from3 to 7 bases. In the preferred general
process for subdmipopAgiBact ure, atHBQEQ!&EHBQE(HfferedﬁﬂﬂﬁhﬁéﬂﬂﬂﬁA
strands are prepared in step (1) and all strands so prepared are anneal ed
concurrently in a single annealing reaction mxture to forma single

conti nuous doubRéaBiépBnded DNA sequenceﬁ#ﬁch has a dupl ex rébion of 45 at
| east 43, sel ect gdspagferai rs including gyd east two non-adjagent sets of 3
or nore base paifs fornmed hy conpl enentary association of single stranded
terninal sequenB&B2EFiGuAFdE strands préﬁé?ed in step (1). The dupl ex DNA
strand preparatgogtamge @é&ligof the prefgined subunit manufactBiri ng process
preferably conngses tge steps of: (a) §§$structing first and,second |inear
deoxyol irgonucl eBt EA¥18L4REAEs having 15 T81® nore bases in a 5 sel ect ed

| i near sequenceGlybénki near sequence of Glases of the second Legnent
conprising the total ;caonpl enent of the ence of bases of the first
segnent except ﬁi?lganeast one end of%ﬁ%g second segnent sﬁgll ei t her

i ncl ude an addi tsohebclineear sequence ofleom 3 to 7 sel ect edl bases beyond
thQse félly cong#ggﬁgting the first seg , or shall lack aginear
sequence of fro 0 7 bases conplenen- “tary to a term nal sequence of the
first segnent, peweised, however, that tUR¥ second segnent shaf| not 55
have an additi oggtnhssepyaece of bases or pa | acking a sequenceqof bases at
both of ,its ends; and, (b) conbining the first and second se nts under
condi ti ons condfEP3E28ANEoNp| enentary addti ati on bet ween segﬂgnts to form
a linear, dupleprPhNpnetrand. 9 A Pro : S P

EP O 424 990 Bl1_The sequence of bases In.the double stranded subuni t
sequences for ne@1PE@P&R8LIy i ncl udes ongQﬂ more triplet codohs sel ected
fromansang al t eapginyfiecodons specifyi n@rgie sane am no acid Bbn the basis
of preferential exgression characterisﬂéxicﬁ the codon in a @rojected host
m cr oor gani sm §ﬁﬁ n8s yeast cells or bacteer i a, especially E "coli
bacteria. 5 Thteonpnevi ded by the pr&ment invention are i rovenents in
met hods and rratggighg for enhanci ng Ievq}asj,f of expression of sglected
exogenods genes In E~ col host cells. Briefly stated, expression vectors
are construct edTryptaphade sel ect ed DNATFRjuences upstream of¥ pol ypepti de
codi ng regi ons yggggiﬁglected sequences qfe duplicative of rivosonme binding
site sequences extant In genomc E. coil DNA associated with highly :
exfressed endogenous pol ypeptides. A presently preferred sel ected sequence
i's dupl itati yg, gf oy b Badoh BRI BAOI BBl BROIGSRACE B skl 4 b =
col'i expr egsihng lp?or il€4nd Ay RSife. [RbrEase & uhd g of i) preseht itvbntier, IS4 R art i
advant ages pgiw hidRdePbsine Borrelafidhs Bbtvedn thé 64 alfBiRats RipRE Rutleotidd RRsoCBhshs QEBIM ARt f
the f ol | owedEniAebcds! A6l wralRspiidnRbrinitation 18IB Y runcliohs E¥adifd thdrby R CRIbNE ld6Rins the

enpl oyeds hesrbgdndihd rrbigtions foSHNK, Dasiubstitlitedasr TARMbitBRs.t 0 @ DNA sequence or
gene shall designate a product either totally chem cally synthesized by

assenbly of nucl eotide bases or derived fromthe biological replication of
a product thus chemcally synthesized. As such, the termis exclusive of
products "syn- 20 thesized" by cDNA nmethods or genom c cloning

nmet hodolsegi es whi ch involve starting materials which are of bi ol ogi cal
origin. Table | bel ow sets out abbreviations enployed herein to designate
am no acids and includes 1UPAC recommended single |letter designations. 25

55
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30 35 40 45 50 55 10 EP O 424 990 Bl TABLE I Ami no Acid

Abbreviation . ., | EPO@28900Bt Al ani ne

Al a A 10 Cyst ei ne

Cys C Aspartic acid

Asp D 1 £ acid

Au E I £E 1 Pt ~enyl al ani ne

Ph;/ fIRST F dycine

a j ey THIRD

Hs POSITION sechnp, Sostrity POSITION

I1e 20~ tysTTe

Lys _ T ¢ K Leuciyne G

Leu _ L_MNethionine

Met 4 M 25 Aspar agi ne

Asn Phe Sern proff¥ge Cy% T

Pro Phe SerP G utrgwi ne Cys o

A@n T Q 30 [ ai.ni ne

Arg Leu Se::R Ser ﬁﬁgp ét%p : 3

Ser 15 Leu SerS Thr 8sepne Trp G

Thr T 35 Valine

Val Leu proV Trygtaphan

Trp rOW Tyr.gélgne Arg _T

Tyr Leu Proy 40 Bh& fol | B%Bng abbrevi ali ons shal |l be
er‘r‘QI_py%’d for nud eoti depéases: Aghor adgppne; Gﬁ.gr guani ne; J for thynine,;
U for uracil; and C for_ cytosine. For ease of undérstandi ng of the present

invention, Table Il and®®@4 bel oR¥Br ovi d81Rabul aR8orr el ati ons et ween t he
64 al t er nat e 4++pl-et—hueteoi--de—-base—codons—of _DNA_and the 20 _3am.ng aci ds
and trgnscription ternmIbéion (¥Rtopn) AsActionsegpecified thereby. In

order to determ ne the cor r,§;§gondi ng correl gti ons for RNAC Uis
substituted for ,T in t HeLS abl es1BEQ 55 AsA: er EP 0%424 990 B1
TABLE |1 FIRST Ile SECCREX PCS| TLg® Arg TRRD
“ Met Thr Lys Arg G
Val Ala Asp Gly T
val Ala Asp - Gly C
35 G Val Ala Glu Gly A
Val Ala Glu  Gly G
&“j 40
45

50

55
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PGSI TO.EQ Tl ON PSTION TID T C

! G 10 Phe EPO4&#990B1 Tyr Cys T Phe
Ser Tyr Cys CT Leu - Ser St op St op
a 15 Leu Ser St op Trp G Leu Pro
H s Arg . T Leu Pro ' Arg C 20
C Leu Pro Gn . Arg I—’-\-B-Iﬁif-l A Leu Pro Gn
Arg G 25 Ile Thr Asn Ser
T Ne Thr . _Asp . Ser C A, Thr Lys
Ar g s - Bmipo Acid oy, Lys SReChfyin Codbn'(£) G 30 Val Al a
Asp Ay : T Val Al a Asp Ay CG
Val - Al a (€] Ay
Ci 40 a5 5o 554y Kignige Y 000 o GETE $6¢. oca, Bl B, L
Speci fyi,pg Codof€)k) Cy¥s$teidheni ne TGT, TGC GCT, GCC, GCA GCCG
10 (O s TGI, TGC (D) Aspartic
acid (Dg ﬂ%ﬁtz&%ct%) Gu %?n' CG%c(::l GAA, GAG
(F) Phenyl al anfBk Glutamic acid TTTGAATSAB (G dycine
COT, GO0 GGA GRP (Hlenfhstidife 777, Toc CAT, CAC (1)
| sol eucime ATC, ATA 20 éI'IK') Lysi ne
AMA,  AAG (L) [RUci®kycine GGT, GGG/ GGATHGETT, CTC, CTA CTG.
,(A,IXDT NEA:[A?JI ?BI) Ne(H) I Hxstldme ATGeRD, cac (N) CACZpar agi ?g)
: rolin : CCG
d ut ami ne F TSoleucine can, cAGEBs ATC, ATER)"  Arginine
C&{_ C&C, CGAR) CaysikéA AGG (S) ARR|nRAG TCT,
o TOA TG feidd Threonine pmy, 1, crr, crc, cfk] cfC AGA
(M) Methionine ATG
26 " (N) Asparagine AAT, AAC
(P) Proline CCT, CCC, CCA, CCG
{Q) Glutamine CAA, CAG
30 (R) Arginine CGT, CGC, CGA, CGG, AGA, AGG.
(S) Serine TCT, TCC, TCA, TCG, AGT, AGC
(T) Threonine ACT, ACC, ACA, ACG
(V) Valine GTT, GTC GTA, GTG
* (W) rvptophan TGG
(Y) Tyrosine . TAC, TAT
o STOP TAA, TAG, TGA
' W

A "palindromic” recognition site for restriction endonuclease cleavage of double stranded DNA is one

which displays "left-to-right and right-to-left” symmetry between top and bottom base complements, i.e.,
where "readings™ of complementary base sequences of the recognition site from 5' to 3' ends are identical.

45 Examples of palindromic six base recognition sites for restriction endonuclease cleavage include the sites
for cleavage by Hindlll wherein top and bottom strands read from 5' to 3' as AAGCTT. A non-palindromic

six base restriction site is exemplified by the site for cleavage by EcoP15, the top strand of which
reportedly reads CAGCAG. The bottom strand base complement, when read 5' to 3' is CTGCTG.
Essentially by definition, restriction sites comprising odd numbers of bases (e.g., 5, 7) are non-palindromic.

s0 Certain endonucleases will cleave at variant forms of a site, which may be palindromic or not. For example,
~Xholl will recognize a site which reads (any purine)GATC(any pyrimidine) including the palindromic
sequence AGATCT and the non-palindromic sequence GGATCT. Referring to the previously-noted "BRL
Restriction Endonuclease Reference Chart," endonucleases recognizing six base palindromic sites exclu-
sively include Bbrl, Chul, Hin173, Ein91R, HinBlIl, Hinblll, Hindlll, Hinfll, Hsul, Bglll, Stul, Rrul, Clal, Avalll,

s5 Pwull, Smal, Xmal, Eccl, Sacll, Sbol, Sbrl, Shyl, Sstil, Tgll, Avrll, Pvul, Rshl, Rspl, Xnil, Xorll, Xmalll, Blul,
Msil, Scul, Sexl, Sgol, Slal, Slul, Spal, Xhol, Xpal, Bce170, Bsu1247, Pstl, SalPl, Xmall, Xorl, EcoRlI,
Rsh630l, Sacl, Sstl, Sphl, BamHI, BamKI, BamNI, BamFl, Bstl, Kpnl, Sall, Xami, Hpal, Xbal, AtuCl, Bell,
Cpel, SstlV, Aosl, Mstl, Ball, Asull, and Mial. Endonucleases which recognize only non-palindromic six base

13



V) Val i ne GIT, GIC GIA GIG 35 (W Tryptophan

GG (Y) Tyrosi ne EP 0 424 990°B1 TAT STOP

TAA, TAG TGA 40 A "palindrom c" recognition site for restriction

endonucl ease cl eavage of double stranded DNA is one which displ ays
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wll ord 'd% l?»t lsi¥an ePrB ngsaﬂﬁup?& with RSP Lihdid SrtinbdN bR’ WREHTEfGuely " | N9
t he SURUMNdompBM&R SR Yond bOKE Sihgle &Eanded redibt® JFRAHEASH {dupiedis [BMOmMBRASLERE SteriBiie DE
provi ded ¢abignsectioh Witk b corftidfYorblic E6g irsindahdy, adtpReReraBilitsoGrOiRe EMtexDdf codon
expr essi qileféréncePof thesprdjdtRampRbgémsh.i Nt o a vector in a manner providing for
control of wehepfolmingOdbsitiptich §fr thérbianuficiubg) i athgpotittail g ONAXéegidnce Dodirgefor a
vect or. Nypatdeticd polypeptioblaill sewjel rytapbicallf illudveteipractie tof theinvantionsespéaldily in theacontext
| ncor psr aif teeation of peoperdérming! seduasess dr BLboNkDNAce@®ngee. 9., P- gal act osi dase) to
f or m f usi onA piviegisallg @clive golfreptide 19§ intereshis lisplated tandliits gmitsdiacids are seguenchidrie raveab a
desi red anenstitytionedf doos@qm@ess-dywee given CQBWUPW(?G‘}!@“”WB@: of iy manuigplred gene
S equencesf°" microbial expression of the polypeptide will thus require assembly of at least 300 base pairs for insertion

into a selected viral or circular plasmid DNA vector t0 be used for {ransformation of a selected host

55 organism.
A preliminary consideration in construction of the manufactured gene is the identity of the projected
microbial host, because foreknowledge of the host allows for codon selection in the context of codon
preferences of the host species. For purposes of this discussion, the selection of an E. coli bacterial host is
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IR practice of the invention in its preferred forns, polypeptides produced
may vary in size fromabout 65 or E® 0428489081 ds up to about 200 or nore
amno acids. High levels of expression of the desired polypeptide by

sel ected transforned host organisns is facilitated through the manufacture
of DNA seqPR®fdes mhlch |nclude one or nore al ternatlve codons whi ch

r

ELELﬁI?”EtEg'B' ﬁg 3 3 %%‘ts"é;egﬁ“a"““‘“ %}M‘tm‘“ te

ackay di fl cle vag }i‘{l vg%r gnc %\g{: 8Fe Ie E ase bly
ﬁ

vectol Is selecte on Basis of ncu i g donuc

lgdvage |tes whlch
pref erab y wﬁvpmp o Mo oftr.% gy %%EE
di scl osed | tié") %n
(V\O 83/ 040 mtai rth?% césgesc%r tﬁd 5\1 th %h%?a pdi’l‘retlééal:lrcular
practice o NAP‘QS,M Bﬁpeﬁtioohmh@atsln QEc@ﬁ nggthe these pr ocedur es 1 nvolve
the assggbly Trom deoxyol i gonuc eotldes of two or nore 30 different,
| i near, duplex DNA strands each including a relatively |ong double st randed
region along with a relatively short %% TC¢ r anded regi on on one or both
opposi ng ends of the double strand. TTfe™ Te stranded regions are

designed to include codons needed to specify assenbly of an initial, or

t er m nalis oand adirglerfval rasteéctiprositeiien of the total am no acid sequence of the

desi red pol ypeptide. \Were possible, alternative codons preferentially

expressed by a projected host (e.g., jé gﬁ%j are enpl oyed. Dependi ng on 35
0

the relative position to be assuned i L hal |y assenbl ed subunit DNA
sequence, the single stranded reglon(sj he dupl ex strands will include
a geq uerte, of b&ses whi ch, mhen conplenented by bases of ot her duplex

strands al*® ovi de, codons De des;

0 d.p I ext o n
ol vt il ofgaét ittt gt; O;"%p% sr?%y"i&he g
t hen e”Zy % hi ‘i}n enaﬁ’J tvS ably
havi ng G h on% OJraer £a 981 0§ 5% &( eJc 96 sfor pr eﬁalﬁo = total
cont i nuous taa crofShe g,e its
desired poﬁx,g,egg{ut e,.,geaggp%gttoashh B | cr enC| es and rap| dity in tot aI

sequence asseaRymstmadsCof aﬁégﬁr@sattaﬁbehtnn S5 Ghpied RARE Biich Subtifitsd §érblly e Joringorids be
anneal i Ng  bRad fiHe@bunit/ift e i@samblyERctr aniBificatidiLopthe Xytsit fédidl Sarméd) BndSihsaHtibn of the
si ngl e s r sstoRCsubd itdiBen ®Sechd HybridiauNEling thetagssinbled BubEifits ANEDHrepEe Sdquénte. Becdl®s t
one ot her e mglthed sivehas Guirthgr tiaiwd Buliihitsotogethdt it @r mahtigy| pemnitiig’ the) BinedPerely itclprovirecd |
dupl ex st r eonthuofisoprosetdciod sdyuene ot baseésn@bieg fof B zordiewbus pgselrtied \sbrjuarite whanjoekojds4 5
conpl enment theral sxiseeetaio frequinements myharming rtaen dendityr andi seqenasf of dveybaseshehichdoake ar thes
acconpl i shtegmibgy regionsofritze: anafacturekb suburits avbich witl bevicinied te anpither salwnit Becayse themethod:
code r eduncrindoy joining guwnits to thatsisspmbly yecterntherp exigt giherarquirgments saenemisg dedeestify erd of
t he proj ecsesdense st the pesam waich makecupftonsp (iR repione pf (he marptagiured isubupitswhich villipee
of a hypot iBeq todhe ¢ hyreatos & die ubenith grersgrally B‘P%%Q"F‘E’&P“V '6 Plt'EPe
W1 ser veskn Sl yerer Je %tt‘%!s 2 @enem-a'tf hane H%}y 1
8}
i ns o s b
W,t % %? ‘1

fP’ t"@‘ia?'ﬂ"
lOl'l C a %lcs e op OSlf(l:F

i nlthe con K‘Zﬂ

esiencdl Skt b "’?gjg R
its amino dgi it a%regtﬁsc%%@n;t oCd e Had o e i
residues in I'nuous sequ For rranuf actur edI gene
for m crobi aI expression of the poI ypeptlde Wi II thus reqw re assenbly of
at | eastg 300 base pairs f% gnsertlog L{nto a sejegted virgljor circul ar

pl asm d DNA vector to be formati ed host 55
organism A prelimnary consideration in constructi od of t he manuf act ur ed
gene is the identity of the projected mcrobial host, because foreknow edge
of the host allows for codon selection in the context of codon preferences
of the Bost syssumedbat afressepbly piciegy isaleveidppd withirebrt subwiitdvis tot hednserdddnto pBMBOOA firstn
E. coil bawiteterngihal hegiot Aristo bé ligatedBP tip vhotdr A US EioR|yestiictierdsite,An dhecaimplest case, the
consi der at tegmind! regivp frsimuiic provided wth arhEcoRhbTstickuend]r ied aglagie sirand pteuribasen (-ARTA- of

t he proj ect@aADMACH wit complamept single stranded seqpanse fermed ugprhEqeBLdigestion @ERBRSA00p Thisy
sui t abl e v#ltatiew ljogtion o& termingh regien At te Hle priRkiupitEeatyientyith digase enzype- dAIpssfae #ndls he
vect or 15y Fleet #iths 9nd 9t lerminahigeiPoArd i RESeodRddY an RRFRIEAPASP B/ ar Iy, the assenbly
5 vector is selected on the basis of inrplgdi ng DNA sequences providing
endonucl ease cl eavage sites whicHe-9-. 3'-CTTAA-
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wifl | permt easy insertion of the subunits. In this regard, the assenbly
vect ot sel ect ed preferably has atEPO#2899aB1restriction sites which occur

only once (i.e., are "unique") in the vector prior to performance of any
su:aunltt hnqs)gnrtlg rgn p{lq%gi?tgéﬁlismeggr@mt”gﬁmpur Oﬁ.gsu of th| S descrl pt [ on
Eg OeRIC :,Ce)sr cfopr&uﬁn hi glr?cgnstlﬁuteg upon]! atiop~{i. . t er or wull b I% eénaig{p | |
r| ertion of.su unitAl )|s qﬂgw Emgvly
restricti gsi %é t e naI 1on A- bf ? e base air 8ro(\3|diﬁ%pl
3gg¢eﬁepngglr93”og‘i Fbﬁ e 333; ?fﬁ&s &hgn ! ip% hﬁen 595 FioRd o
t it b ke i b
(preferal ﬁlrﬂ@ &é& S ol Sl e ﬁe%r& w]’nﬁ .nﬂmysﬁ"&a o ol
205'[ ) - rifon! hePfelEHomer férrho jon oY rnsine? Yidtoh AINR, HEiRNHacH %rﬁpnse a
esl 9”9d pol%ﬁ’(n 8l aps r3ba f albasd é%Qu Mtﬂbvﬂgs b FHéod?uqur%teQ&r c’ﬂa@ﬂd 2 Geshigfn

Pai s ro ¢AdGHcSH6]iwhn rsaagrﬁuap IsfRX is TBRiirBY YoreRéHe oifidl bnc@for hiteut laPintthe aéeemy I6dtl
sequencesupd indditon dehe subchitpol ypepti de. For purposes of this description, the

t wo subuni t Asstiaé thabieimifabgioh Bi2 db@ubiusif Blig sish tb Be juined A’ théBdemiily vectoh (.g1ait meds
of the prsegeniecdgntiensitecir Baull aqEalage (prdsent tonOpBR30G0). SThb Lreuirementyeiae canstrugtianadt |
for: i nsdermingiregién BA@recthe tame as didy wenstrectiondf &1, kxeept hak tb Isgcondeeridonuclease enzyme
anpl i f i5c de refanengé tot which einonsiuetion pidi-2 fsanadie shusthediifierentcfrom that with respast 8 Whick theond
subuni t tegnstrgetion af Ad ddMEden Jfypgodnition sitescars @Btsﬁ'ée 98 ¢iliyiobbe able, o separaely axdsAe
proper seﬁﬁ@fé‘?ﬂ‘ﬁe“ a’Eeﬁ:’&lﬂS’ée fu sﬁ%‘!“‘?@@‘l“ﬁ%i ves joining the two subunits

t ogether jnT "gq&?’mf‘tq!"r% ef, H‘?‘F ffg'@’t‘l G? L4 r"S?}?‘bﬁ@ teém@ﬂ chﬁ Folig
presel ectt%f'%aééfaﬁ@?? 00 b S'f’" B’n ?rﬁi‘B %' "Rgions By 1@&3‘% e u'@nce
of (ami il

ag wi set 2co andy
R °r§§°‘%¢c$he'"sw itﬁ";sq“t, et Tﬁ'%% e

et hod 3sstrat8 A\éeaﬁ % regioll Ghdtich \Q%
ot her 55eq 1d o?ne (bp%rJ Pdrtibids toh hér hl{léﬁ é’i‘t for © ﬁtﬂ:’fegs

make up t Pr o lthd Midndh of SMBLAE int thd Q&em Vdctr ir oy |f|§éﬁbr¥'9ﬁrﬁo§e for e
j oi ned t QubdueRBiSRIAY bt/ sub@it Ol - sulldf BUMGHIS SteHhal rb§lont-¢ woRd héUe'aV lts 6n@t g’

t han conakg bR8E Ae¥essarp Ak B thriinal rodiéh 23, ﬂ@é’ﬂa{hb’r MRS, thodRtite DBTAVREgnltiBEsite

met hods &a§ éhcli@st in Remmbli 6gic BY apd Bett jukiRfl insl@s3 dt Ite endu® PortidnSof GAdBcdgition site for

sel ect sov adnyionaeigsss elshvhgeanich Bsaseilllid Gbiringrsubunib Aad subwmitteor al terations in

sel ect ed baseamthguainmetve tretirai vogion Bilirhdy déntain atlls eridur pdntion of the VY mesabdtioaxi St
concer ni reje.t Teeminatl eagion tA2 wéuld then tmtaingthe entitecTYiYY T eeicognitign site plusf at dtsl lud iatssitable
manuf act Ulliekdr™ ¢ doiningefs todfie assetehiysvegtaichiriagto iamplifibation of|slibunit Ade-gli asRvulb Ssticky epd™)-

t erm nal Aflegarontfication: of dhechybrd fastaining [gubupibAoibe hyprid wovid he cleaved with SYYYT (eayibaidi t s
A and B atiekyre 629['@%'@1 Sher Mrfﬁ@a"'ﬂ‘tﬂ siie °ﬂ9°i°da?mth¢\92d of @) Fmd BuliniY Bropld bgj -

_ lnserted its B-1 terminal regionpoiped with the end of terminalyegion A-2 to reconstitute the entire
B-2 yithyi /{oipo totmipalpy
A 50 u’ﬁ@?gf“mi'ts“%zﬁ h&é%qélfﬂﬂe f%’t"P%FE’ ?'éhetfé‘{mab' @e{'sm»sewnemmmam is
to be in H"é’oe”) °“‘ ' | "r?a?P"‘P’@ PBFT"?&' (i‘F %a'| T gabed
to\/hemve 033;;:; ot f%""""‘9° pigh gy prgant
ter m naI y o .84 IS m l{?) n a|d mb| er |ns It su ums greinto.
a&dg Ha f‘ i b3 baeéw’é%a% 'Lﬂ%} ! ‘5‘5‘%&@ ki ‘"Fy SBPLRET 18 Heng o
b romic' recogn ito
St r anded S eUMRNE Sublift Eadindd ﬂm eﬂ%ﬁ&vb QbLiPbe RRARARG0 e)BHdsfrthH suBliritOW

ligation &f dug"mEnag! aldngGhd eubﬁmltot % &elaﬁr 68 Gl Bractiedd ikttbr ﬁafcm&ct.austﬁatehlv@a@e
enzynes UiRA tolbricinBlinandimasio 328 bades! hRilaRfivhl thb Ghilile Hterh &b Tecdgrtion S
preceded day i theaiwd ls@tiihit aésBmblafeCm#ldbd up tolthfee times closdr 3o el &t of ltfe mamfa%tu%d424
990 Bl sequence than it is to the other, it will ordinarily be located near the center of the sequence. I, in the above

description, a synthetic plan was generated calling for preparation of three subunits to be joined, the

manufactured gene would include two unique restriction enzyme cleavage sites in intermediate positions at

s0 least one of which will have a palindromic six base recognition site in the class of new DNA sequences of

the invention.

The significant advantages of the above-described process are manifest. Because the manufactured
gene now includes one or more unique restriction endonuclease cleavage sites at intermediate positions
along its length, modifications in the codon sequence of the two subunits joined at the cleavage site may be

55 effected with great facility and without the need to re-synthesize the entire manufactured gene.

Following are illustrative examples of the actual practice of the invention in formation of manufactured
genes capable of directing the synthesis of: human immune interferon (IFNy) and analogs thereof; human
leukocyte interferon of the F subtype (INF-aF) and analogs thereof, and, muiltiple consensus leukocyte
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the entire recognition site will not be reconstituted upon ligation to the
vectot. Wether or not the EcoR r&Poy424990Bisite i s reconstituted upon
ligation (i.e., whether or not there will be 0 or 1 EcCoRi sites renaining
after insertion of subunit Ainto the vector) is at the option of the
desi gner offteffaransswhichy hm'w&af':w n bg amers3s IESAE f”i“’d’@f %t Wl be aprgfeptfrom
region A-118¥ ©@mpes fh &9"%6%‘;%‘“ de'P@’ detho gres hg‘é" {F‘" cﬂ)|°d?’ﬁ' a
ame
gk >

5 recogni t f eg t" te 3 iR gud exp "g\fil
"XXX %nd hereP been ]ava 8‘ble nvesrlga?gs actlg lé%(reco bH\ rflquz\

prOV|de an ni
from an asggﬁmL%q sequence t he ")OOC S|te should not appear eIsemhere in
t he hybrld—pfasnrd formed upon insertion. The requirenent for construction

of term nal n@eHeQiochaute toP corstAREiGH & sGnthdtiB Ybnels tror CprBsslon Bf AurkdAl IFNPE fitsh ‘sBlectior?! |
or part )ip Ofnade WaStRe SRYit R ES colittis @ ImigioBiklii HATordeverfisad Bhiprdeiioh of Ihd dusirédl pofypspNaRT e
by a restr irrérdafét, kélioR rseIedlion lpRasdRres \WekeC BanicdCAM i theOddntSkttd? H. Tolf Bbdoh Gréferences
present ei efudleratsaGethe Graniham piiblicdtibns] supialve seeoicslattivn wadd v thesicd 61 PBRIZR @far0f
t he subuni bxpreisieumeetot laad, sigaificahtyahbs the gissmbB-vactaf to e bamployedBini anpiicstion tod siibenit
joined to béupermes inrhdayd to detiater factorcthe plasimid was selbotegl with thedogviadge that isindiugled single
Pvul | clieaBagd, Hindibecand Solh resBRIBOGAGs. With dhese epsirictionsitissand dhe knowrs saquence ghangfio

t erm nal r egdisoin Bman jmreuns linderforpndn mindf & gensimh plap frx tformpfion fof rep, "major"egpbunitiNA

t he secondseadenserudi-&dEe aathFyhend enej iminoe’t subwyt NAr sgauentect-4) s evslved. rThistiapris of
B-2 i s nmaddlusigied byZablglY pelevent fromthat with respect to which the
construction of A-1 is made. |If recognition sites are the sane, one wll
not_pe dhle to separately excise segnents A and B fromthe fully assenbled
sequence. The above assunptions require, then, that termnal region A-2 is
to be ligated to termnal region B-1 in the final pBR3000 hybrid. Either
the termnal region A-2 or the termnal region B-1 is constructed to 20
conprisgga portion of a (preferably palindromc six base) recognition site
for restriction endonucl ease cl eavage by hypot hetical third endonucl ease
"YYY" which recognition site will be entirely present once and only once in
- the expression vector upon insertion of all subunits thereinto, i.e., at an
internedi ate position in the assenbl age of subunits. There exi st a nunber
of stratsegies for obtaining this result. In one alternative strategy, the
entire recognition site of "YYY" is contained in termnal region A-2 and
the region additionally 25 includes the one or nore portions of other
recognition sites for endonucl ease cl eavage needed to (1) conplete the
insertion of subunit Ainto the assenbly vector for anplification purposes,
and (2) %&llow for subsequent joining of subunit A to subunit B. In this
case, termnal region B-1 would have at its end only the bases necessary to
link it to terminal region A-2. In another alternative, the entire "YYY"
recognition site is included in termnal region B-1 and B-1 further
ingludes at its end a portion of a recognition site for 3a endonucl ease
cleavagémmhich is useful for joining subunit A to subunit B. As another
alternative, termnal region B-1 may contain at its end a portion of the
"YYY" recognition site. Term nal region A-2 would then contain the entire
"YYY" recognition site plus, at its end, a suitable "linker" for joining
A-2 to the assenbly vector prior to anplification of subunit A (e.g., a
Pvull "sticky end"). After anplification of the hybrid containing subunit
A, the hybrid would be cleaved with "YYY" (leaving a 35 sticky-ended
portion of the "YYY" recognition site exposed on the end of A-2) and
subunit B could be inserted with its B-1 termnal region joined with the
end of tserm nal region A-2 to reconstitute the entire "YVV' recognition
site. The requirenment for construction of the term nal regions of al

- segnents (other than A-1 and B-2) is that one or the other or both (i.e.,

"at least half") conprise a portion (i.e., include all or part) of a
.recognition site for third restriction endonucl ease cl eavage, which
"recogni t®fon site is entirely present 40 once and only once (i.e., is

»"unique") in said assenbly vector after insertion of all subunits
"thereinto. To generate a nmenber of the class of novel DNA sequences of the
“invention, the recognition site of the third endonucl ease should be a six
base palindromc recognition site. Wiile a subunit "term nal region" as
referred to above coul d be considered td7extend fromthe subunit end fully
hal fway al ong the subunit to its center, as a practical matter the
constructions noted would 45 ordinarily, be perfornmed in the final 10 or
20 bases. Simlarly, while the unique "internmedi ate"” recognition site in

t he tmo subunlt assenblage may be up to three tlnes closer to one end of
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manuf act ured gene woul d i nclude two unique restriction enzynme cl eavage
sites‘in intermedi ate positions agpba2iessione of which will have a

pal i ndrom ¢ six base recognition site in the class of new DNA sequences of
the invention. The significant advantages of the above-descri bed process
are mani fest. Because the manufactured gene now i ncludes one or nore unique
restriction endonucl ease cl eavage sitesmat internedi ate positions along its
| engt h, nodifications in the codon sequ@ce of t two subunits joined at
thé_gl eavage site may be s5 effected wigh great ﬁ cility and w thout the
need t8 re-synthesize the entire nmanufactured ge€dd. Following are
illustrative exanples of the actual practcce obtb e invention in formation

of manufactured genes capabl e of directl r@ hesi s of : human i mune
interferon (I1FN-y) and anal ogs thereof; ocyte interferon of the F
subtypg (I NF-aF) and anal ogs thereof; a >~ ggl'*e consensus | eukocyte

EP 0 424 990 B1 interferons which, due to ho to | FN-aF can be naned

as |FN-aF analogs. It will be apparent Hﬁmth exanpl es that the gene

. manuf acturi ng net hodol ogy of the present ¥nvéh®i®n provi des an overal |

. synthetic strategy for the truly rapid, egfl |gr6 ynt hesi s and expression

- of genss of a length in excess of 200 base pgi &s<wWi thin a highly flexible

- framework allowi ng for variations in thg gtrucisup of products to be 5

- expressed which has not heretofore been'afaillafi® o investigators
practicing reconbi nant DNA techni ques. MPUE 1 IIn the procedure for

construction of synthetic genes for expressi % human I FNy a first

~selesct?n o made was the choice of E. coli fa m crobi al host for

- eventual expression of the desired pol ypepti egg hereafter, codon

sel ection procedures were carried out in the [cbr€eixt of E. coli codon

preferences enunerated in the2fx ant ham publi da®ns, supra. A second

sel ectgson made was the choi ce pf pBRS22 as a riessi on vector and,
significantly, as the assenbl¥|vector to be ¢gng/gyfed in anplification of
subunit sequences. In regard the latter f % the plasm d was sel ected
with the know edge that it in€luded single i anH , Hindl I, and Sall

restriction sites. Wth these restriction sitle¥ Bnld the known sequence of
am no gcids in human i mune interferon in m nd<® general plan for

formation of three "major" subunit DNA seque gss‘( F-3, IF-2 and IF-1) and
one "mnor" subunit DNA sequence (IF-4) was gv . This plan is
illustrated by Table IV below. 20 25 30 35 40 _¢pes5SP 55 17 EP 0 424 990
Bl 5 Us V4 IC 10 ggSE-db-I a N
: 35 £
=<
LS
{ gg::
N W iy
o OO
< &
B
Yo
< &
45 - S‘
1 ] ﬂg
B Q
= | < & _]

50

55

18



_ K

Y

20°¢

t 40 dC

. O @]
L0 AN ! —
Te} “ - |
o< __._/._
564 “ o
NONaI '
o 2o O 3 = (4 i ve .
% o L > 0" ™ v va.—. IVD UYL LLD VOV D19 VL OVI JLL VI9 9LD 99OV JLD VO JLL
o Z@ S s D l VIO LIV VYWD JLI& OVD DLV JIN, DYV IDD IVH DOI YVD HVO vV
.1 O Cm/a T A ] L ¢ i cE
<8 v I3 Z.wuPurli  Tea o11 uTo 135 uTS 39W OTI SAq bay dsy 1ag nyo 019 SAT
- R €S 0S ov
L L O <« !
_ - 9 ——o— _ o€ 1 ov
i IOV Uhh. \ A nwf@ m.uf.—. fUU D DYV VO 991, 90D DI VIO ¥HD IVO 91D 959V HIL9 93D 19D
5 & OV VBV WD DIV {199 5ID DLL OLD IOV 99 DVV IVD LD VLD Oy JL DV D99 VIO
l ; Hd ! m_.m.. LE 6f ————r
& % 0 w
% cdil, us m%d@ﬁ o711 &% na71 ayd na1 ayl, LA19 usy dsy ely TeA dsy 135 st A19 elv
¥ ccon > O ! O 0€ 02
m o~ © Al “ O oow® w
e Il o | S P IH weg
ﬂ - iy 2t by
_ - 1
~ U3 logylovy osv ._.Ep.,r_.a OVO OLL LLD 199 11D DLL VVD DIV D9 VD OLO 139
mw o &3 uc_fu.rf a\TAS <§ VWV DLD JVV V¥ VDO , VYO DVV 1L DVL 905 IVH| OVD ¥9O LIV V¥
T o 147 £ —
— w— O ~ l ~ ~
n m _ “us <3m=m ...ﬂ. 94_ “maa nan usy N9 ety no sk1 fep 14L oag dsy uro 13009
T g 8 1 o '
B @] l w —ee
FU O ! £-Jd1
N <t !
< \Y; - !
S i S D m w ("P,3u03) AT aTavi,
o)) 4W (0X®) l
w (o] l
< !
N N <t Lo !
<< o < W
3= wE: Se Z<le o o o o
uo - o w 22— © v & & ) 3 3 ¢ 3
O W o om._> & — w
(@) O - — _ - 5 l -
=S 8 m w ) D,
8no10_4._d_.__L@dA_7HB_ _O-\I._/.C

19

55



55
w

o
o o
o] — ™ o
Ul ol ¥ w W w
O AN < O o < Vv
S r<o =31 1| 81 |
¥ OVED 1OE WD VOV OLV OLL VOL DVO LLL DLD OVV 91D 'VLD 909 1Ll
0 T o Z < VOB 419 LALDVL OVV IOV HID VWV OVD JLL OVD IVO J9D VVV
<t SR <t — L O g1 1 LT |
1 < - © 00 ~ W
e 2hi O O 0 < 1O
- rP © ! < A © aylL ¥ea Jog 141 usy 1yl nd7 sdq nTo ayd dsy dsy bhay skq
o UL o 1116q 00T
Od AN o M/@
N N L l
oz 07— zz 174
. oo s J |
« 7 0Lk o.E. OLL 901 DL YWV OVV ILL IVD SLL OVLI 91D J&LD J&LL VVL VOL LLD IVD 901 DLL
. OVV OVV| {OVV D9V DVV ILL DL VUV VLD DVV SIV DVD 9V9 (OVV LV DV VVD VLD DOV OWV
O ! 46T — . 12 : X4
| o 9 =
=4 s/t &a usy Jaas :2%@4»& sA7 TeA usy 313K dsv n19 sAT O9TI 1yl n{9 TeA 198 SAq
w S QW o @) 08 .
| D — (@] [ - \llm <t o
w m Noens ¥ 0 <
o CoN o 3 g 10 IIIPUYH
o > gzt o M_NS 0
NV - 4 - NN -—
m OETIOVL 9OV SLOLNGD DLD LIL DV OLL SLL owv ovo'irl svv oxv o<m 921 IND J19
| M0, Jv 201 2<od._ﬁu OV VWY DLIQyv SWv JLL 91D vwv¥ OLL OVL D4l 09V] Vi® 9Svd LIVY
. = Lz 62
S <3 ZSu
“ uro ¥1 a1e8g ﬁm mm<~ dsy mﬂ rm:_m :w;@m 1 ayd na sdq ayg 1&L ayg 1ag tea
< ~ | A “ 09 14
W _ ' 6® | < | o 14023
o s, 0 wd | S
©
oS < 3 m 3 _w_fL m {10 Z-d1
n l Kp} o < N [ h
< o o -l o <t 1
=9 = & ® ol T°p,Y0dY AY @iavd
— .- o <t - JdO l
o > <t 04 ! &5
o - <t o o
EE- ) C4n.w Ul mﬁ EMm_ ! % & 8 8 g L 3
v %m od N > “ e “ IS %9 ’
poon I s30yTe, 13 19 P ,p
22T 3488 -%8 253 ® b oY

55

20



16 N 4C4 dl 00

ooU t > - 454 \BP 0 424 8908100 @ -
00 _V CEW D < - 5ri SP-44r O e Wz
- E EW _ ¢ ~00 0" 5441 cEa
U V-t v 15 _
SWuWi C 00S 0 AC u 04 EE% ~ 45 a U
E :erF* 00 a' ~~~L a 20 R . < | IV -*4 dC
4 W aVv.l-aV - 5 S Q r Vc 45
cu- ° tN T v 3 ‘g& 0 '5
E4 1C 4 OCJ 0.—~&P} &80 o 1o >to 80 ¢
o0 U c le g4 g~~~ﬁ& L E
11 ( S 4BEl - s o] 00
454 W 10, 4 (PR 354 5§ | 2BDha E 00
E-4 0 8 | B2R4 © Lo 0~~'
0 30 a <~ a ugpr pEBs|- 45 55 additi onal
Ea - 4 0 E- & 82 w45g=ituti 00 ] 4~~~~S
00 .4a U 0 -4- '6 o0 | E- AC Aht5fmaki Ve form
E- se 15 4 4 <i[_.UP t o GY 588 aeo0 ite
speci fying the 1- 4540 anc g41U © 544L1 4.4 OOE
-US 50 ~ ~ 45 IThe ' ni mor " S(EE.IJI’ICE (1F-4) is seen to
I ncl ude codons for t he 4thﬁhro st-(5 Srar ™8 fec GAG am no acids and
an ATG codon for 7ah initiaf ngl PE®hj onine Betf @G In this construction, it
al go,i n@ udes 55 B di tionaly ba Stp provi & aj 8d¥t¥Pon of a control
i nvol ved in an expfessi on wectpk &sgenbly fur om pBEeBZZ as described infra.
Alternative form subuni te | for use 'Gh S/I§ 5i's of a mang 3ct ured
gene for [Argl 40]1¥FN-/ inchded@GBe' codor, 5, - G5L, 0| pl ame of 5 ‘Q\G (for
[ G n140]) at thes don site, sp géﬂng t@gmqg,rggm no ﬁmd 212
83 -3 v < o))
S ~ 3 08 < B
a oo i & < g
< — (LN &S] — u
e~ < o0 0 33 ) < B
< > < & v
30 £ eg ) 2 n I 23
m—
S = les| 85 |gs
- LX3) < o0 -0 ooN
; Sﬁ © RS . H<g
3 c SR < LR w =<
@ <&
< < & 0 < 8 AR
o1 QY o=t LY
3 X3 a O0® < TR
3 So: u B o =<
U W woo elg] = @ g2 < oo
S v MLk -
~<ogpl e g legl o8
<fg< | @ R ~OO < 0O
SR =
©O s < & > =<
: p = - — SR
pu L39) o TR3) o oo
<
o = (g8l [B5 |28
- - B < Lo - 3R
| Fol : ow (LN S) o o L
fu 0 N B< < u LN
- ® | < - = &£ < Lo

50

The "minor” sequence (IF-4) is seen to include codons for the 4th through 1st-(5'-TGT TAC TGC CAG)
amino acids and an ATG codon for an initiating methionine [Met™']. In this construction, it also includes
65 additional bases to provide a portion of a control involved in an expression vector assembly from pBR 322
as described infra.
Alternative form of subunit IFN-1 for use in synthesis of a manufactured gene for [Arg'*®]IFNy included
the codon 5'-CGT in place of 5'-CAG (for [GIn'*°]) at the codon site specifying the 140th amino acid.
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ER 0 424 990 Bi The codon sequence plan for the top strand of the

pol ypépt i de- speC| fying portion toERD42NESGBluence synt hesi zed was as
follows: 5 5" -TGT- TAC TGC- CAG GAT- CCG TAC- GIT- AAG GAA- GCA- GAA-
AAC- CTG bAA- AAA- TAC- TTC- AAC- GCA- GGC- CAC- TCC- GAC- GTA-

GCT- GAT- AACTRe(sedod seauenss. plapcor hetopsairand ptthe-pplyrsptide-spoeifying pprtion total DNA sequence
TGG AAA- CXRNEEN! W8 EIRWSCT G- AAG: ATC- ATG- CAG- TCT- CAA;

ATT GTA- AGC- TTC- TAC- TTC- AAA- CTG TTGC- AAG AAC- TTC- AAA-

CACEAT- CAA- F o CrA O COAGCRTACEA THEL T AME>GAA -GCA-GAA-

A- ABA- TCC TTT- AAG
AAA- CGC- GAT- @\H‘?@-@é—m-@é‘ﬂ‘@ﬁ A%‘%ﬁg‘%%ﬁé'%&'s“";“'
ACA- GAT- CTG d¢%=EA - RAC-CEE-ALE-CPE-TE-CAG-GE-ONE-CTA-AAA~-AAC~

G Angy OO I B S S s e g -Che-rer-cm-

CGT- CCC- CCT- @T-@ﬁ-@éﬁ-m-TACJMGWWGHETGMUI sequence

e termi nat 6B RN TEARSICS MECARANGOANE (P BAR-ACH-Apt diAgat o, nor

restriction GAGeGAdemah&Gmm@WTm%&Mﬁs%ﬁrr| but abl e
to eacts of t RGeS a8 ald clrtysgrples a
preferred ge a#eg r(Z:A"er(sj-l;erg‘gefor gr-eegara ion o%w{jeogé R&onucl eoti des for
use in the naaaf-smce’eemmme«mm-@m&ﬁrm ~GAN-CRETPLE 2

d i gonucl eot fﬂm@@% sShgo-pcpsedure and
several int e?‘&r:gdl a e vvas Ggo yner boun ﬁn%%éﬁgﬁt?y P &g ted
an/eoﬂ’l de | BG&- Mﬁ@d’ T AGICAGTATG1CTC T TT poRE— &P g ?

5' - protecti nggglewe-cd vﬂw ad) using 3%trichloroacetic aC|d in
di chl or onet hane or 1-1/2 mnutes. The polyner was then washed with
met hanol, tetrahydrofuran and acetonltrl | e. The washed pol yner was then

ri nsedypni thindfey ardesled nL 'tﬂeeuomr& tﬂpmmémm stse;er:fwgechdnns hdie
Condensatuﬁl!é‘?ate%t RE? o5 teknlh BH’\§equ cé nc%s Huhé Qrierﬂ nal-Sall W&t eﬁ-cél
acet oni tijhgs ééﬁa?at@fiﬂ%ﬂhnﬁ BortidhS afirDaiahid Brbac\.heoﬁﬁ lsusuRinéedldntddd pol yner . hen 0.5
m of 30 nuTHY ARG BmPldGlusiRes @ ProRie® generariidcaduré ol BlepafBdn dP BbdkydiigdRudiidtdes
added. Thbrusé mawe rhantfattars oiNA stglchéds @fithémtbnédnl oOwed to react for 2 m nutes.
The reactants were then renoved by suction and the polyner rinsed with
acetoni t reXAsPLERI s was fol |l owed by the oxidation step wherein 1 ml of a
solution containing 0.1 nolar 12 in 2-6-lutidine/ HROTHF, 1:2:2, was reacted
wi t h t he poPlagmuclebiisia frkgwenits) were cdyethasized usingn a rfour-step Dracbduret awsl. seerbl| intpimediata THF
rinse capyshey Rolvsredbnved diswethexytityk prptagtecomciggsidgiime sintored, alpssdynpelivas first Stippsl of i n
100 i 35TH)Sprplactiag giorr: (dimathpwtrityeusing Spentechioregoriie @eid i dichlpromgihare forj 17142 miputesth s
was fol l oWGd’%‘}l‘eraW%\‘mmedr"f'thé@“ﬁl‘}" tﬁﬁﬂydépf“ﬁm:a“ﬂlaﬁ%t@!"t"'?h@ﬂ “laﬂ@d @9‘&5’?‘%’ Yegan

again w ttFP"a{'"ﬁdl"E ! ‘(‘F@E’@F"e p'%[-‘@f’ él" °ha'€$?2ﬂd2h '°ws
i
L:2:2, " g, wx#'i’i%glg oy é%@}i{ & %3,« éﬂ#%& %js%ﬁ ﬁ;&." 01
i oxane, 2 e Gas r Pbdu cIB ﬁ ?o
the pol ymr. A t=$1|oﬁ9@sen o i i

decant i gyt Y acstie! dihyjdAdb :fnrtﬁH’fiSrS ﬁuom Wmm&t&emmssefa fidwad G amﬁUl Hﬁ?e
- hydr oxisdeang @lTHF riRd3. VA teRdIEEbgat adald with-a triRhlordRetitQidiiin GHRCB tSAMbRThD BRR wasach
ol i gonuc| rgiated entis b UésirétoligHuciédigedseqionterbds@bathédir tines with 1-butanol. The
sol uti on washd fnaidsgbnlidiofdeachain Wad BéaysaGaith itfspheho! dioxamd, Bithylingite £2:2ddrr46 piute@Si S
gel and, aakdosv temperatiragThei, hatteraipgingpith didxenep mettiarot andidisttytather, wa Sligopadicatidadvas 55
Subuni t s aeeved flolmaie pryrenithemndenitatadchemoyion ihgdyexide | abobm depemtumoAittr desattiog thee
gener a$o mobtmdmmghq‘ relymas dercbicpniafed smmonidnt hydpoxitle solution was heated at 60° C for 16 hours
in a sealed tube.
Each oligonucleotide solution was then exiracted four times with 1-butanol. The solution was loaded into
a 20% polyacrylamide 7 molar urea electrophoresis gel and, after running, the appropriate product DNA
band was isolated.
55 Subunits were then assembled from deoxyoligonucleotides according to the general procedure for
assembly of subunit IF-1.
Following the isolation of the desirod 14 DNA segments, subunit IF-1 was constructed in the following
mannet:
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Fol | ow.ng the isolation of the desired 14 DNA segnents, subunit |IF-1 was
constfucted in the foll owi ng manneEP ®424 990ER 0 424 990 Bl 1. One nanonol e
of each of the DNA fragnents excl uding segnent 13 and segment 2 which
contain 5 cohesive ends, were subjected to 5'-phosphorylation; 2. The
conpl enent ar Qpep l“éﬂ‘?ﬂg'e Gf ‘*BNAf they BWPR"!?“@ 3"‘%‘&9 fﬁp"‘e!! 11 3&4’1@1 5392“9“’92 ‘&*ﬁ‘él' 02('}3'" f’
and 8, 5 a s"’Se%ﬂﬁ shigcted 9 35pho 'é“°80 ne

and sl owy c%) he ";pé? tﬁry sga"ds NATﬁ%""F’é@ |2 rtfa Ea'liifa Blﬁﬁf’%eare
corkb_vned seaj‘ﬁ'I b ”E% é" ﬁ"e% Th 5:
concent rat i o L?g'f gaﬂ‘ﬂ T, o B PR PP 598'6 Y g aarg'g‘b i IR
1.4 was adj us cén%%:ﬁwf ﬂ‘[kd g%de c%LtXImng H&EA{s Y 15 34 gs ;B] %ﬁg}%
i gase was a%é f’ @ ﬁa.,or-rﬂvﬁr«g% { FRENA fios %@a% At b, 44 "
18 hrs; 10 |eachonws @nc[.&idd dNg product was heate to 90- for

and s ubh@ct el ThereStling fehhib E@aucpnasqmat&fafmdeaf 2GR/ AP subpbiB@to g8 fﬁMl&ﬁdnEﬁeb%hex
anmoni um bi cgsohcmaﬁgamaﬁwtr fhyinahilim bRarbdra® a8 @eielug®; pProduct was purified,
fol | owi ng 5'e. he&dirdarprddadtiwas puritisd, BEbwhg %Bﬁnﬂdhbrymydswhnds%’ﬁaliacgnakmde&shlgau ts
| F-2, | F-3 arsibinfts #-2\E3and FSidraicngitictodina shiled rhamhermanner . The fol | owi ng
exarrpl e rel atmas fdllowingaosaaplal iglateé td: Faesemblydf ahee cdmphaten hintanLimmunenin@iférar genegfMme
from i s 1subupanitsIF-1 AFR, IRF-al IFH4-ptdcedared fdr fhelgrowing) ciedin rapmorfiate nukient goraitionsy of
under appr bgsfoaed B oli icelist the gsetiition ofnlwman fimmunanitbriaraneibnithecalls, and: Medestiod) ef

i sol ati on biplogieaheativily phintederenrodsoiatedon from the cells, and the testing of

bi ol ogi cal activity of interferon so isolated. EXAMPLE 3 20 The nmj or steps
in the genEX¥PLEScedure for assenbly of the conpl ete human | FNy speci f yi ng

gekes frdm s IsIFl IF2 an IF3are| ustrted ure 1. The
136 base h urE UB F’Fﬁl:f afﬁﬁg' Iy]o ?rFT"PF teg'éﬂmanﬁlﬁ H?ﬂ'fy'"g genes
pr eci pl tat g{n m ee (o) u d T %Ce etL na ;ge ;ﬁate en

Sl bz

Plasm d pB g(% w
phosphat QSﬁeate%?\ﬁm NN o

el o4 & 9% Bl‘?h ng p‘?e(éldﬁét esu feéijg H§ ealEM c&frfb
hL | bESdAH iF-
0.1 pnol o 4t éstm fid Pragmil BINT Ec pm@{rénsfbtlr:ne& and'mubifilfb &pl@s m 1! vid> €

to form hyhpigg {p,g,@m d pI col vere transfornmed and nultiple copies
of pINT1 wer ernb $8dva tpfdeduRewAf rbsdated Td? PuPBLRY 8 REMG H! 133 \Wase Faf REGUMEIF-2 B form
pur poseso ObINFA SfJebtl thg thdFlashiid whkadigosed i with EdbRIbnd BYNt- Fhet 163 Tb@sePal OF-B Ishifurit was
except thakimidig ifFeaininid PR dltiteMardeiciulet di pENTA Rikcept fhatBEdoRI and TH@I [l Wareb@B ¢ to
pair | F- 3 sgigbstitheiplasmid. simlarly inserted into pl NT2 during manufacture of
pl NT3 except AnhE# sioniRiwasaplbfierdn the Icbnsiaatien ofsthel fiiab expregei®t vettaeaspiotivems: Rlasmith
| F- 4 subunP¥viwas pwehesedyiron Stanfordhénivesits tPela Aitd, Galifayiiia, tahdedigested Iwitke Ryl dsing standard
vect or a5 Probddus an Broi mceunmmmtemsmgm@ha@adasmm Bvulisite Capiegrmif thisrhybridywere
Pal o Alt o, themdigesigdnvith EqaRbjandi Hpaktocriovidetah245\kape pain aeavegcas inglvdingr 31 PEtipn of the trp
pr ocedur es Prompterperpior fegien Byisiandard Rrptedures $-4 wascadgeddtothe Hrgbsit inarsiar o iggorpprate
Pvul | si te“‘%%?é’\é@ %Patferﬂa'és o ’BP'%F’%"?'HB?P"EI|"§$§‘i"é@"%‘?dnbaﬂisd¥8v'd53ﬂ6°q%%’9 to

Qui d Spgni np jforgung inte Y mbly was' then
Or onot o1 o BETEt 4o w@i% 'ﬁ “a‘l‘ﬁ?é‘?%lw@% e e v e oo T

Hpal site ' c&% Is i%n‘au hifs B 1 whil Srowft TRk Thdald ng Q@s%ﬁoe%{r p pR;n A Qr? 0. Dso
conpl ete t rp yiatesye: nﬁatgmaﬂz erwcu or
the initi aﬁd tBHJI 2611 as s?icbdéeuQ oo BRI firis v/r:éu ﬁas%sﬂ pend
resul ting asedodmiferbd ik HEPES (HE8) Gils w& R,s&: tihéiih mncfphrék%% ed
with EcoRl 1660 d3arhd csuqyééteabdd cibaidh 3 abfls dﬁaérﬁmfgmd a )éupe'hfaﬁhﬂwas FassaGéd for
cel I's cont athikd Gctiviy\NBy el OPE a¥sBy ¢"THG Mitdifedn SfstodSRwar) dd Spagecveasy, aly., N..
t r ypt ophan (fog1)prhe@daied Qrbduct of expression was designated y-1.
This example relates to a modification in the DNA sequence of plasmid pINTy-irpl7 which facilitated the
s0 use of the vector in the trp promoter-controlled expression of structural genes coding for, e.g., analogs of
IFN-y and IFN-aF.

EXAMPLE 4

56 Segment IF-4, as previously noted, had been constructed to include bases coding for an initial
methionine and the first four amino acids of IFN-~y as well as 37 base pairs (commencing at its 5' end with a
Hpal blunt end) which completed at the 3' end of a trp promoter/operator sequence, including a Shine
Delgarno ribosome binding sequence. It was clear that manipulations involving sequences coding IFN-y
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of+ 1. Lndol eacrylic acid was added at a concentration of 20 ug per m and
the célls were cultured for an adBPDi424880 Blthours at 370C. Cells were
harvested by centrifugation and the cell peI I et was resuspended in 45

fetal calf serum buffered W|th HEPES( H Cells were |ysed by one
passage taf'??' dé°’F@P'éPﬂPﬂd %“3 °"'taﬁﬁ’é'%éﬂs1"°"l §5‘1% t9v§'§ °61"§§P d

f debri < 8?&'%‘?’ r i "éﬁﬁm 5‘?3 fogfling 1t I-G f9r al
iy %53% : ggsi,e s ik
SpriLAger - om eg ‘;s,p ? 5P 22 YR ECIER was
de5|gnate

n 'fra
l%b ah@(ghgsr%sﬁgg nce
of pl asmtﬁ’aﬂs é(rs 6n%l&m bfr ﬁ‘nﬁtb lderﬂfone ﬁstrﬁau;hlﬁ h Jﬁ%lé t oW U‘ﬁ

trp prom)ter-contro

exp reSS|on of structural genes "co I ng

anal ogs of IFN-y and IFN—aF. EXAMPLE 4 56 Segnent | F-4, as preV|oust
not ed, shad been constructed to include ba®BBLEoMi ng for an initial
met hi onine and the first four amno acids of IFNy as well as 37 base pairs
(comrencing at its 5° end with a Hpal blunt end) which conpleted at the 3
end of a trp pronot egpaperator sequence, including a Shine Del garno

ri bosome bi ndi ng sequence. It was clear that manipul ati ons invol ving

sequen®es codi ng | FN-ey 23 0 424 for pol ypeptides
other than I FN-.y woul d-pg &ﬁg ¢éaﬁe@ caaEESPAACAARNGEEt e 3' to the
entire trp pronot er/‘P.Peéﬁ. at e p b@G@s églﬁ{ieéccBy way of

il lustration, sequer]_ges_&_g_[_[_es_pg_rgi E-4 far biher genes could then be
construct ed vmthout having to reconstruct the entire 37 base pairs needed
tou,ecﬁ’nstitute the trp pronoter/operator and would only require bases at
the 5 end such as would facilitate - |gserh| on,in taﬁ’l“ﬂioper r eadi ng
frame with the conpl ete ¥pdhot er7hperht o gent this goal,
sequence | F-4 was reconstructed ’f%&%%r’ﬁ&' é‘l Rbal restriction site 3'
to theybase pairs conpleting the trp pronot er/ operator. The construction is
shown in Table V bel ow—10

TABLE V Epal 15 |-  TAT|CTA-GANVATD ATGTATECCTBEGCATC ACG TAA AAA GGG TT
GAT CAT GCG TTC AAG A% TrXTQACH XDG| ACG GTC- CTA 1 2 3 4
BanH Met Cys Tyr Cys—@&-r—25-- £ ~~e TAT CTA
GAA ATés TGT TAC TGC CAG ATA TAC ACA ATG ACG GIC CTAG -d

f 30 This variant formof segnment IF-4 was inserted in plNTy-trpl7

(di gest ed wihis vadgrt| foranof 8ambift )IF-¢ wag)inserfedtie pNTadrpi ddigdsted 7jth THda aridr BamHihto c h
the | FN-yge %IP[a?'l“ﬁ #INJerT&b4 enh whible the dFhey-speciing diopee sauidoe delletda bydigestion avital |
and the efbeland Selkand Hreonie &p propetprigperptoswayldderpaimen the large fragmentar ge fragnment. 35
The f offl ow fellowiip pemple relatesto eanstrustipniof sfrvetuighanglegsof 1PN vhesel Polyprptidrysirueipre

| FN-y whtfer @W?ﬂ%ﬁft'r'ﬂré instermg of the the ifleptiteet docatiop Af anp gt mse amipppgldsi n t er i of

t he the ISEE“%% of location of one or nore am no acids. EXAMPLE 5 > 40
A first anal ogs of IFN-"y was fornmed which included a |ysine

r e‘S_L,d u% at R Qrssjt Elasg Iolgs ofqll-'l@s %asoiormed which included a lysine residue at position 81 in place of
asparagine. The smgle base sequence change needed to generate this analog was in subunit IF-2 of Table
IV in segments 35 and 36. The asparagine-specifying codon, AAG, was replaced by the lysine-specifying
codon, AAG. The isolated product of expression of such a modified DNA sequence [Lys"]IFN-y, was
designated y-10.

45 Another class of IFNy analogs consists of polypeptides wherein one or more potential glycosylation
sites present in the amino acid sequence are deleted. More particularly, these consist of [Arg'*°JIFNy or
[GIn™°])IFNy wherein the polypeptide sequence fails to include one or more naturally occurring sequences,
[(Asn or Gin)-(ANY)-(Ser or Thr)], which are known to provide sites for glycosilation of the polypeptide. One
such sequence in IFNy spans positions 28 through 30, (Asn-Gly-Thr), another spans positions 101 through

s0 103 (Asn-Tyr-Ser). Proparation of an analog according to the invention with 2 modification at positions 28-30
involved cleavage of plasmid containing all four IFN-y subunits with BamHI and Hindlll {o dslete subunit IF-
3, followed by insertion of a variant of subunit IF-3 wherein the AAC codon for asparagine thersin is
replaced by the codon for glutamine, CAG. (Such replacement is effected by modification of deox-
yoligonucleotide segment 37 to include CAG rather than AAC and of segment 38 to include GTC rather than

66 TTG. See Table IV.) The isolated product of expression of such a modified DNA sequence, [GIn28 JIFN-y,
was designated y-12, Polypeptide analogs of this type would likely not be glycosylated if expressed in
yeast cells. Polypeptide analogs as so produced are not expected to differ appreciably from naturally-
occurring IFNy in terms of reactivity with antibodies to the natural form, or in duration of antiproliferative or
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asparagi ne. The single base sequence change needed to generate this anal og
was in subunit IF-2 of Table |V in EPRA4899 B35 and 36. The

aspar agi ne- speci fyi ng codon, MC, was replaced by the |ysine-specifying
codon, AAG The |soI at ed product of expression of such a nodified DNA

sequence |[ L ha’Wé%""Hl?@'l"ﬁ?F&% E‘H "if‘y f@p'a‘ﬂﬁ“ha"ced PERSCH & Phe! r"agoéogml aF‘I!NS/
anal ogs co s‘i" J% eP f]ﬂ??escﬁv%‘\/n nlyg?rhe [?5' ‘Eg?t{ aﬂﬁe }Qﬂp'

gl ycosyl at P ta: rseto Bsidu ! .%l I’ns

panti-cul a F% Ey % . (3}? ”E esvg‘ga |t| \/\gg fa d1b
pol ypept | d@ QH?BP&e Q tnoﬁ% aﬁal

sequences, m[igc( r‘eﬂ:rres f tl%r ca for s@ffd@vdr

sites for eghyggsi | ati on of t he poI ypept e. One such sequence | n I FNy spans
posi tions 28 Heplasdkht of Gyptéphenwifd pﬁama)une ANREHA30 SRR RBSitukiorOBSa 88 cbdeh Gligh
SO 103 1§ Asdburiiy IF-Sedt}) . TTET @RI TN chlid ABo Harl BébnAREd)/ Bfed@d (Y inbdRfichtial ef tthedN
W t h a nodidéoxgaigonGdleotide Segmisiiti 33N GRSto 3rC) AND byeAabphb eayraahe 30 (TG &STAC) used to
cont ai ni ng mahufacfueuF-3] [Fhé>y LgsBiNER-y] tBe iaoldtét foadutd of expebsdibnidl buch atm@dided ENAcseguenceni t
| F- 3, fol whickdishinclided ¢hetabene-notbd eplacamiestrof aspraginelhyriysine kfpoSitiant83) wasrdesignatel/k>
codon for asparagine therein is replaced by the codon for glutam ne, CAG
(Such répl acdm@nkkej mana¢ri eaplaceinent ohyordi P tariei methiorfined eabpositions 48,08 c12B.02dd 137,
segnent 37 resepclivaly| invelvealigration ok aybunitiErd (Wit repeastrygtion; ef depwyeliggrgicleatides i} 3Prad BAC
rat her thafubgnt IF2r(yith gecensirugiipn of 99‘9‘!'0\'3&9“‘?'@8‘1%&9@@9’& taed 297 anggypunitsIFd (Wit
such a rmdf*?’l?ﬂ”%“s"é g E’E’c'vj' %%]ef“F pd 1\9&"’6&? n‘ﬁt Aa '°.9_2’f IFN-y wherein
PO| ypeptld 0 n- % Spbpgit IF-3 to
exRr essél gpec 5\2}5

|f|
WI an %ﬁ tl ents 34
ex pect ed t @iz (l;fA ; were a:gﬁ:fﬁ 9s£q% co t lls y%%' speclglﬂip c%?%ls? {on
r

QUU

reactivity he™ nat raI

antiproli e ux@e éelet.oné%?c %Qgt%ﬁﬂmé ﬂP&ﬂ}AL WP Si¥ra ao‘?%ﬁﬁi! |P-Q'£saal
ef f ect s,,5 Dkt dJB¥pIS! n§:9 ichYorf i '@R oPQié?:&SM 1K toﬁ‘ HB&R m@véHe i#Inb ¥odoRs
one or NOr g PRABR' 1 e (e %Sm Orbspobihbly) 2t 8 Ssefidbpéciiny SbdoR,0 é‘perQ&uir&?
wher ei N t heschnbriadl of bR b détfehts (306 BlaAE S THYe (PR 9ders, BYRTHIMN-,, WRASHRIEA Q;pdaea‘af
nore of t hexpfasith 6iMthélthus ARLIIERYAYIFRYI DNA Sgldhcd) Wab dbsijhdted! §-2. RS anctheb exbitidie 1 37
K> 5 a[gs' ep?,a6iey sk 1IFR-yQ designeted ivide was iobthingd sEh&1T SxpPossiyis produse sf &tmodifidd10
aci d posot cansteuctionaoh subdnitiF-@ wherpih acddos AAA, ABA, @nd CAIBEpBELIVElY repladsd TOGPTAL ik \TGC.
el i m nat edFindilpcdes-Gya's tiesintt desilast, kyatlIIfNys designatbe y-#Dwas obiaised by menos eftnexdification
m crobi al ebqubunit di-bseclimmeteuse t hey | ack the capacity for formation of
i nternol ecul ar disulfide bridge for rrat ion. Replacement of tryptophan with
phenyl al ani ne at position 39 requ| u§|.on for a TGG codon in lo
subunit %¥F-3 with TTC (al t hough TT 5 ggo have been used), effected by
nodi fi cation of the deoxyol | gonucl e t| e segment 33 (TGG to TTC) and

act

over |l appin e nent u
Lys81Jl FN—§‘m A ?ﬁ a:‘: 'B’\? i:g ?ﬁgﬁlg % ac:;t;lb
Squenc%?( mean(?;imagfij)}(g ?lgz ﬁn and amE 5 s nee ed con mp ote y
L5l acopont e Eemiircs Tl a@ Ty @5:“"?3 t°*“?$°“‘% ity e

mo! cla | p e pr ti th cl
respecti VebMypethM@ MG Sdifflr i FFN- Pi’r\ t& Fa§h d 'Eo%‘e%\r%kéd%%b&ﬂda@%
deoxyol i goabaay b §ura3|$n of Py, s, an DM Erro‘}lfdn féwdéherr&m&&tah itfidrh &bt
deoxyol '490Bé8&io@ﬂtthéjlﬁN$,%Wdh geﬁuilataz)spec.aa& polypaptide! strbdtardily fabfiitative of formation
r econst r ucbi itantdiectl@0aisufité BAIYYE bemben CenirCigiiial Snd/inlBMibdide stelhd fesiduss ici s
An anal og -@kind i lNN/a. Fiehog insertidnloR G6létioR off peglihed Gie pblypeitidbscatboidingath theGrivbritio® Maylditenas
obt ai ned bymneamatidf bepditg oconfigifratisresgwithn¢orr@spondingsatiacisiion biolegidal tacivilo [LysRd] O¥sEsIFRgG,
met hi oni nedesggsted @i wag isoidd npohB&pressidn piggDNAcsequencefeshioned witACT codon.
Al teratisons in segnments 34 (TACto TGA) were al so needed to effect this
change. [ThrM, Lys3'1lIFN-y, the isol ghggcgLgduct of expression of such a
nodi fied DNA sequence (al so includinggza.hyglLge-specifying codon at position
81) was designated ry-6. Replacenent or deletions of cysteines at positions
1 and 3 involves only alteration of subunit IF-4. As a 25 first exanple,
modi fi cdfions in construction of subunit IF-4 to replace both of the
cystei ne-speci fyi ng codons
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at: posi:tions 1 and 3 (TGl and TGC, respectively) with the serine-specifying
codon, TCT, required reconstructi EROAR4880B12 segnents (see e and f of
Table V). [Ser', Ser3, Lys8 ]IFNvy, the isolated product of expression of
t he thus rquLfled [LysJ' ]I FN-y DNA sequence, was designated y-2. As anot her
exampl e, PR8FL® Lys2, @G n3, LysPJIFN-y, designated y-3, was obtained as an
expression product of a nodified 30 construction of subunit IF-4 wherein
codons AAA, AAA, and CMrespectivel ysreppaced TTG TAC and TOC. Finally,
[désy()és , des-Tyr2, des-Cys3, Lysa'3ifddg~5desi gnated y-4, was obtai ned by
means of nodification of subunit IF-4 sections to S3' -ATG CAG 3 3'-TAC

GIC-5" i Nn bQGord N7 BRY RFérdusie i XiDha seﬁmh&rsped.fy.nﬂwykﬁnbﬁ(m% Aattal,-f1 R
above M elnl GBhstriey bythb REmé GbrietaR brosddliBOLiWIsS, & Béhe NtBdind? bt gz&sso roloMfENG e e
wer e gr eainti¢gr dodstrudtioh At thelilirebriive-spéditying’ tdbn AOA stectibh NE' oy 1F2flséing Repexad By the4
whi ch 40 prétieasdecitylmgcodanicgashort sequences with Xbal and BanH sticky ends
needed t o bISIENTFN:, Itaibd dadighatedor 18D Will tresult fidm modifivatidnef Sactivhl 43 QibenitIF-6 @indkilie
sequence thedlutainaii codon, @A eattieo thiain the Gepadicatid sheclyiny @dut, GAT. Butausg suchlacdhange

cl asses ofouldrisHangerrpatmitghepprbsepespdf ia dBampl recaguitian sitey attthed lopuse submriit IF-A willikelp neeelr e

t hose i ndp belcengtrystot phepermrdeits subtinit Witiithé Areino dcidoapedifiing oriions efsolueit B4, Basingano

aci ds tér a@stictienmsite boiwens| Xpakapd Hiadlll inhs aseeinbiled gers: Thitianelpg afrlEN-v ésreaxpagte to be less
conf i guraﬁcldd??"%iha P QayEllyoeruEing leem-an exanpl e, provi sion of a cysteine

resi due at &P PROAARGS haying tﬂSab"E%%‘T‘etdl teyRtophian rkor meftioging,andior, @PP!"EI@PHEF}V“GMS
generate aée 8@°&t§d B’fd'ff%f’ il é’°‘§i”!"ﬂé': i3 farms ?fé[? vity with spdiogdfes footheBatyrdln of
i nt ranp| d ’m Ir '" Jessorjmmitpans 'é{?‘f‘?'ﬁ(? 3% Htlﬂ%lle""gﬁﬁd ihbayp seencefe

uratnon armacological e i d | t f
g?/&'le:’lgg drre§fill(€“§t or gg} ﬁal ﬁ@égﬁls{s %f é d(pfﬂldes cw Pengg I:}c:]r % &nﬁng gx El; £§ % Do%log 0
[Lys ng%%ﬁggﬁw E'Enéa.gauf? o vxass e @%‘5 rae@%gfﬁiamﬁfap &b A

sequehsse IS mwﬁ&%g BxpriSsed'is 555 foc;%o reahm £Gdasts p tRe>antibod e rea@twﬂ;-.)éf n%a&

repl aci NGheBurring- IFN4--afd téhﬁplay some degree of the antubody reactlvnty of LelFN. Its pharac =

i N secti cuatwitibs' 2@ sipotBd @ beSsubstidt fo nbttraily-oclunfilyAFIS-S GHE OBIMIE R Boténty Bl duration of

[ Cys95] | Fdkion. (t o be designated y-1 1) is being constructed by the sanme
gener al pr oTabibVicheloi setsostethe sesgiarve stadiedi on gntivieal adti@y oD F-N-Frephidd Jabdobding tb the
under @orisventios loagwiti thit of hextainiof the ranaiags 3¢stedi Rejdtive)artidabactiviicAvaé agseyed o hubfan Of

| F-2) beiheya celiplindacted Wity ecdephaboygnawiitis migus(BMEY) per it bircithg no £@anodjol abtjbbdyNey

to be dedFiymas delerpinggin apjnirunpabgarbant 4ssaym nodi fi cati on of section 43 in
subunit IF-3 to include the glutamate codon, GAA, rather than the aspartic
aci d specifying codon, GAT. Because such a change woul d no |onger permt
the pr¥sence of a BanH recognition site BABLEaVI| ocus, subunit IF-3 will
likely need to be constructed as a conposite subunit vmth the amno acid
speci fying portions of subunit IF-4, |eavinggdyative Adtieit®D Site between
Xbal and Hindlil IntebnéegoBenbl ed gene. This analgaifigy Ny is expected to
be\_,es;b acid labile than the naturally-occu or n“;ﬂﬁ above anal ogs
havi ng t he above- not ®dlt rypt ophan and/ or met hi oni net H/ or cysteine

repl acements are not . ,ejpected to differ from naturadJ@Ooccurri ng IFN-y in
terns of reactivity with antibodies to the natural i n potency of
antiproliferative orYr frunomodul atory effect but are O@rpect ed to have
enhanced 20 durationyef pharmacol ogi cal effects. K-0.06 Still another
cl ass of anal ogs con5|ibs of polypeptides of a "hybgigh or "fused" type

whi ch i ncl ude one

50 The following example relates to modifications in the polypeptide coding region of the DNA sequences
of the previous examples which serve to enhance the expression of desired products.

EXAMPLE 6

85 Preliminary analyses performed on the polypeptide products of microbial expression of manufactured
DNA sequences coding for IFN~y and analogs of IFN-y revealed that two major proteins were produced in
approximately equal quantities -- a 17K form corresponding to the complete 146 amino acid sequence and
a 12K form corresponding to an interferon fragment missing about 50 amino acids of the amino terminal.
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Qr- nore additional am no acids at the end of the prescribed sequence. These
woul d ‘be expressed by DNA sequenceERO42490B1 t he addition, to the entire
sequence coding for I FNy, of another manufactured DNA sequence, e.g., one

of the sub nlts codln fQr a seguence of poI geptldes peculiar to
Lel FN- Con, Yé ojin, ih F a"“???%' P@Eé‘@&‘hi’ &bbsgyj F?Ets@?f'ef&'as

retain at |bra o encr:esm; h rcg y@ﬁ;m ltll' sh . b Iaﬂ o‘:
| FN7 and tgmgﬁfﬁio?ﬁ 6 Y ﬁ (Etun ao (} FIB?%n a?geﬁ(:%ﬁn\%rtt the |n|t| methlomne the

phacracol o alf ¥o &; the Ilkellhood of nb somo
nat ural | y- gegiky rdth&uJ nél 1 OE) | pla;ﬂudé Rbiok) , Bﬁs}’ 3@‘ .8”
Table VI, BéisWedSRirs s;;daﬁlé Qiﬂ(ﬁéﬂd lyed loLBbdRy a Qluta Qt[a'rééld[ué'?’l tpgﬁ oant'l s Of
| FN-Y pr epeerpﬁdedamw dkbrste, [EAAL &ﬁo@ﬁ!d'tﬂbvﬁﬁ dofbh piiyél w Hghindht po&iichab Wadf
t he anal 0gseplagst§the dieiab, 06T, Bdtioh. VihésBlchahgds, ¥iebidd Wi of the l3bHEEPBedGhA
cel I s i nbewsses sialol oemepiaalnedmmﬁie&ssen i 4 $iigle ﬂ@?\‘ﬁnaﬂ%becibg iof pdRipBslidé6r the a

nonocl onal apgpndprifte@yigth.0o | FN-y as determ ned i n an i nmunoabsor bant assay. 35
TABLE VI RelThbifollewing\samples @land Birelsite to gro@bures of the invention for generating a manufactured
Acti vitv 4@ene specifying the F subtype of human leukocyte interferon ("LeulFN-F" or "IFN-aF") and polypeptide 1

ay-4 analogs thereof. 0.60 y-5

0 * 10 4% y-6 0. 06
y-10 EXAMPLE 7 0 51 so The fol | owi ng
exanple relates to nodifications |n the tlde codlng reglon of the
DNA sequences th’mt“ﬂé"' P%W? f°'e V@H“t 99 deduced by
expr essi gn‘"ﬁ‘f }ﬁf‘fe P r°8 F'r“V: ﬁirﬂ § es| "hﬁ? ﬂ &%%fg;’:::"
peUr me use m m|c lal exprossi ns g \Z
manuf-act urg Seals g "Ip°? ‘1 &(th OQIIJ\E-n §§%|F§qj

t hat two ] ° 'I' E)
a 17K f or%&ﬁ“r,pﬁagg |bgg~tot e corrp eteb@ﬁ@h oﬁcgm seq ﬁce&gn a%iSZK

- form corgesponding to an interferon fragnent m ssing about 50 ami no acids
of the amno termnal. 26 EP0424990B1 Revi ew of codon usage in the
manuf act ured gene reveal ed the |ikelihood that the abbreviated speci es was
formed as a result of mcrobial translation initiation at the Met" residue
brought about by the simlarity of base sequences 3' thereto to a

Shi ne- Debgar no ri bosone bi ndi ng sequence. It thus appeared that while about
hal f of the transcribed nRNA's bound to ribosones only at a locus prior to
the initial nmethionine, the 5 other half were bound at a |l ocus prior to
the Metes codon. In order to dimnish the likelihood of ribosome binding
internally within the pol ypeptide coding region, sections 33 and 34 of
subunit %¥F-3 were re- constructed. Mre specifically, the GAG codon

: enpl oyed to specify a glutamate residue at position 41 was replaced by the
. alternate, GV codon and the CGT codon enpl oyed to specify arginine at

- position 45 was replaced by the alternate, CGC, codon. These changes,

ef fect ed during construction of the gene specifying 10 the e-6 anal og of
LFN-.y, resulted in the expresssion of a single predom nant species of

- pol ypeptide of the appropriate I ength. The foll owi ng exanples 7 and 8

- relate to procedures of the invention for generating a nmanufactured gene

"~ specifying the F subtype of human | eukocyte interferon ("Leul FN-F" or

"I FN- aF'4 and pol ypepti de anal ogs thereof. 15 EXAMPLE 7 The am no acid

- sequences for the human | eukocyte interferon of the F subtype has been

- deduced by

50
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way of .sequencing of cDNA clones. See, e.g., CGoedell, et al., Nature, 200,
pp. 20-26 (1981). The general 20 EpoGédaw Bs of prior Exanples 1, 2 and 3 .
were enpl oyed in the design and assenbly of a nmanufactured DNA sequence for

use in mcrobial expression of IFN-aF in E. coll by neans of a

pBR322- deri ved expression vector. A general plan for the construction of

three "major" subunit DNA sequences (Lem FN-F I, LeulFN-F Il and Leul FN-F

| 11) and one "m nor" subunit DNA sequengge (Leul FN-F 1V) was evolved and is

shows in Table Vi1 below 25 30 35 40 4§ 50 55 ZF | EP 0 424 990 Bi W5
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As in the case of the gene manufacture strategy set out in Table IV, the strategy of Table VIl involves

55 use of bacterial preference codons wherever it is not inconsistent with deoxyribonucleotide segment
constructions. Construction of an expression vector with the subunits was similar to that involved with the
IFNy-specifying gene, with minor differences in restriction enzymes employed. Subunit 1 is ligated into
pBR322 cut with EcoRl and Sall. (Note that the subunit terminal portion includes a single stranded Sall
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- aci d s®guenBekishbd pregicigti taminDdéid crequena@sl fdn Leighi cONAded eyt ramam teekobyte dwterfsioly-sull-y pes
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20- 26 (198Yng thad apnrY #pjnq_esids Rppgar in iderligh pesitors\e Bl eight mné@rpm@rmswaﬂ 9% amino golls
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99 ami ffo ’%?'H@g%ﬁ%‘érwa? #najyead ferjtheplatiys pquepsy of ?‘*P“'f‘ﬁ%ﬁ %aQUHt Rjge aoidand nberet r om
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32 EP 0 424 990 Bi F required few nodifications fromits

"natural l y-occurring" formto conplgp guggegoEy consensus sequence. A program
for construction of a manufactured | FN-Con DNA sequence was devel oped and
is set out belowin Table Vil. In the table, an asterisk designates the
vari ations F|rwu-rqdr{pvaﬂow@et@wfrqno-tsdewaltypc@erlng'l\forrrcs igomply with the @n&ewlsweme
[Arg2, Al a76A FKIS\%*FB for cprsraptionTyfra: panufagtired) IFN:Gon dINA SPW%W“A!?YPIQPW anddig; 's¢

anal og of B°'°"f o BIFV"'THéhq 'P'P'%lsat‘ @sterisly d?séﬂﬂatg*’t ih&Mﬂ'a%"éﬁﬂﬁ‘éW P‘??é?%'ﬂé’g"ebwr\é'f: ver

possibl e, ol W% Aéau‘b 'Y G w'é? dre nHﬂa‘i Terx“ %sg a,-ﬁu‘ “hane'og of
coli. THe Eé“ age §°' p’PY?QP ‘° i

Hindlel, a mdl %E <8t ‘gg E‘:ﬁ v ?Eqa "'F‘B‘ s"?% rs d |
BanH at I %s %n% le éncor r{:: § s% ﬂ%@ﬁor, aﬁiﬁ% gtrhitign
of the nalo seque e

devel op %eeqp E a@p ts ana 0gs. 10 15 ] 20 25 30 35 40 45 50 55 33
EP O 424 990 B1 TABLE VI II -1, 1 10 5

Met - Cys- Asp- Leu-Pro-Qd n-Thr-Hi s- Ser - Leu-d y- Asn- Arg Arg- ATG TGI GAT TTA
CCT CAM ACT CAT TCT CTIT GGI MAC CGI CCC 20

Al a-Leu-I1le-Leu-Leu-Ala-d n-Met -Arg-Arg-Xl e-Ser -Pro-Phe- GCT CTIG ATT CTG
CTG GCA&£AG ATG CGT CGT ATT TCC CCG TTT 10 30

40 Ser -Cys-Leu-Lys-Asp-Arg-Ni s-Asp-Phe-d y-Phe-Pro-An-3 u- AGC TGC CTG
AAA GAC CGT CAC GAC TTC GGEC TTT CCG CAA GAM 15

~~~~~~~~~~ 50 d u-Phe-Asp-d y-Asn-Ad n-Phe-G@ n-Lys-Ala-A n-Ala-11e-Ser- GAG
TTC GAT GGC AAC CAA TTC CAG AAA CCT CAG GCA ATC TCT 60

Vali- Leu®Hi s- d u- Met - 11 e-d n-d n- Thr - Phe- Asn- Leu- Phe- Ser- 20 GTA CTG
CAC ATG ATC CAA CAG ACC TTC AAC CTG T5T TCC 70 *
* * 80 Thr-Lys-Asp-Ser-Ser-Al a- Al a- Tr p- Asp- d u- Ser - Leu- Leu- d u-

25

30

35

50
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ACTAAAGACAGCTCTGCTGCTTGGGACGAAAGCTTGCTGGAGZS*
<90 EP 0 424 930 B1

Lys- Phe- Tyr-Thr-d u- Leu- Tyr- 3 n-d n- Leu- Asn- Asp- Leu- G u- AAG TTC TAC ACT
GAA CTG TAT CAG CAG CTG AAC GAC CTG GAA 100

110 30 Al a-Cys-Val -1l e-d n- G ¢npf very- Val - d u- 3 u-Thr-Pro-Leu- GCA
TGC GTA ATC CAG GAA GIT GGI GTA GAAGAG ACT CCG CTG 120
Met - Asn- Val - AspaSel- | | e- Leu- Al a- Val - Lys- Lys- Tyr - Phet@d n- 35 ATG AAC

GTG_GAg TCT AT HeCTCy SASISLEUARFOGAB-TAC-HikC SeAGLEBEGly-Asn-Arg~Arg- '

Ar g- 1 | e- Thr - Led Ty FCT LATTRTACGEET |IGAS- AGT- Q‘Vl" TGT CPF R/% MCCERT LB ACT CTG
TAC CTG ACC GAA AAG AAA TAT TCT CCG - 140

150 Al a- Tr p- G yqYa X UaSEL s Pha.Se _TGG GAM
GIA G ooe GC%%y LeyﬁfIﬂ_&%ﬂ %éi ég E ArSL1id 1 %erehros %

'r CGT ATT TCC CCG
166 Stop 45 Leu- Ser - Thr - Asn- Leu- d n- GI u- Arg- Leu-Arg-Arg-Lys-Gu CTG

TCT ACT AAC CTG CAG GAI® CGI CTG CGC CGT AAA GAA TMA St op 500 TAG Tabl e
| X bel ow sets &Qf-EYie- Fr&SMBPEiSﬁM-@Ww@nc@lﬁﬂlupr eparati on
4 subunit DNA 35CsEEt SRR GAG SOT QACHEAG FTFUFEC oFTT £RSCOMY CARybuni t

Leul FN-Con IV is a duplicate of Leul FN-F Vg f Table VIII. Segnents of

subuni s whi chcﬂuifaﬁé-ptgmyhmammfaimygonﬂw—gﬁeziEJ&eeE gene are
desi gnated wi t Ba@ T iGRY GGE. SAC CAX TPO AN AnAr 6ch! ¢y &eaf Afgercef sections
37 and 38 needed to provide arginine rather than glycine at position 22).
34 EP 0 424 990 Bi 14~~~~- 60> 5m
. O IECf.4~ ng %g) gﬁg-Glu-Met-Ile-Gln-Gln-Thr-Phe-Asn-Leu-Phe-Set-
ul \5._ EWIC § A CT C GAA ATG,/éTﬁ CAA [FAG-ACE TTC @ﬁ CT§ TTT TCC
N v O {- 0 UC " @ JE-GCdggEWd 25
ad >< ~= W’rﬁt—ﬁrs-hsp-Ser-Ser-Ala-Ala-Ttp-Asp-Glu-Ser-Leu-Leu-Glu-

ACT AAA GAC AGC TCT GCT GCT TGG GAC GAA AGC TTG CTG GAG
2 * *90 . * .
Lys~Phe-Tyr-Thr-Glu~-Leu-Tyr-Gln-Gln-Leu-Asn-Asp~-Leu-Glu-
AAG TTC TAC ACT GAA CTG TAT CAG CAG CTG AAC GAC CTG GAA

100 110
S0 Ala-Cys-Val-Ile-Gln-Glu-Val-Gly-Val-Glu-Glu-Thr-Pro-Leu-
GCA TGC GTA ATC CAG GAA GTT GGT GTA GAA GAG ACT CCG CTG
120
Met—Asn-Val-Asp-Ser-Ile-Leu-Ala-Val-Lys-Lys-Tyr-Pl-e-Gl-u-

35 ATG AAC GTC GAC TCT ATT CTG GCA GTT AAA AAG TAC TTC CAG

. 130
Arg-Ile-Thr-Leu-Tyr-Leu-Thr-Glu-Lys-Lys-Tyr-Ser~Pro-Cys-
CGT ATC ACT CTG TAC CTG ACC GAA AAG AAA TAT TCT CCG TGC

140 150
Ala-Trp~-Glu-Val-Val-Arg-Ala-Glu~Ile-Met-Arg-Ser-Phe-Ser~
GCT TGG GAA GTA GTT CGC GCT GAA ATT ATG CGT TCT TTC TCT

* * % 160 166 Stop
45 Leu-Ser-Thr-Asn-Leu~-Gln-Glu-Arg-Leu-Arg-Arg-Lys-Glu
CTG TCT ACT AAC CTG CAG GAG CGT CTG CGC CGT AAA GAA TAA

Stop

50 TAG

Table IX below sets out the specific double stranded DNA sequence for preparation 4 subunit DNA

55 sequences for use in manufacture of IFN-Cony. Subunit LeulFN-Con IV is a duplicate of LeulFN-F IV of

Tabie VIIi. Segments of subunits which differ from those employed to construct the IFN-aF gene are

designated with a "prime” (e.g., 37" and 38' are altered forms of sections 37 and 38 needed to provide
arginine rather than glycine at position 22),
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DNA
ed.), CRC
., 25, pp.

ci d are shown
?% of ami no acid
60)| t he vari ous

ﬁaEsi fication of

tthe seven

hEeg< FN-a

&g 11 and, in

of the G oup

whi ke tih of Goup |1

\Sq i s described

rg_akn resi dues of

g%d be "conmmon"
q to be

d t £m ned to be

u® Sand Tyr 86)
g¥qgrtain

i @nodf the DNA
r&sgijon vector for
30 gybuni ]E Leul FN
i peci fyi ng
|%§§ peci fyi ng
The product
MEtS1d, Arg22,
—Ee' 58] | FN- aF,

which 39 wi&l| differ from

was desi gnated | FN«Con2.x Pre bei ngucoasorcmq
S

| FN-Co®, in terns Bf thelide ty of resgdu

posi

&i on

s84 and 121.

More specifically, the Vall 14 and Lys121 residues which duplicate |IFN aF
subtype resi dues but are not predom nant am no acids wl|
predom nant _d ull4 and Ar 12' reS| dues es ctl veI y Because the codon

be changed to the

ur u |t S8 pe@}o
gglalnggfsz reo?%jr? afP 4s P\ 't\ %cijlor VI %ﬁ? ing reglon of ablg% under contré?p ﬁz) trp
promoter opera ] produ of expresswn |s vector in E.coli was designated IFN-Con;. It will be

noted that this polypeptlde includes all common residues indicated in Goedell, et al., supra, and, with the
exception of Sert?, Glu®3, Val'*, and Lys', included the predominant amino acid indicated by analysis of
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Leul FN-Con | (of Table IX), subunits | and 11 wll likely need to be
constrfucted as a single subunit. CERQA24990®B1 the AAA |ysine, codon of

sections 11 and 12 to CTGw Il allow for the presence of arginine at
position 121. The product of m cr ob| al expression of the manufactur ed ene,
[Arg22, Al 6'efer ?gum sec: Ve'ﬂ@?fb sid %fl?lfetalp_@dq ogy the fai % -
Asnls7, Le sermew retamert; artu osnrt‘uc)jr:é t ‘;‘l ; 8 aP n , H |?§Rﬁ°§?{j’"é’)?%{?(p| ©
relates to préaﬁ:g Hl;h thgﬁlg Iep § a lona “%enes
i n oact egl ﬁﬁve BérCds out | rf daallc Ihh 43 3stn yek

devel opnent, pe@i&%ﬁ%ﬁ/ﬁ 'onhoéé%&e%& bl 'ﬂv Gwﬁ"‘ Sorlafidhs of the same
pronot er/ Omﬂﬁ&% b\Pon® Bt GsboMResCiHi Y |y' 98 éﬁd et

bi ndi ng si teBedeli %I,)su%ﬁqgﬁ , lelald np%b&nlb%nﬂm Pr%&:c&r InQJnn, |9teFrJP€rms'aﬂafd &ﬂh
transl at i ORorondst (A BEB, ed.), BRE)Presé\{108%)T 28 Woisan, Coll B !
expr essi®n 295325 TmeAAPIsHitrs WHSRURNIO SodBMMEN fiind-acid Bb ] shm ih B W‘l&b
sequences dia[rbighiRigroupsdodn the bdsisOsh amdb afidl kediduese InFB%Rn posiELAH C1@S160 %1, &8 79] 83, and
genom c E. ¢ef) theBDhtus adptypescshew AsiSIac hlbtretile\aimink abids) lowing xipssiisaiadofaial dubtymss into
protei ns. Robabgewski andiNdasedtop vehish Lof thecsvenf positiank aper aicdpiad- iyoitie BaMegamias add
reported i residuaskThrés IFNwtsubtipes Nidid” andiB) sariRetdbe, classified pp Gradp b o GOESII Arikl) BAyrms of
Col d, et aldlstmgsq?hmgme%mqw dhety l9preRr. to bssaturﬂmybr@ssgtmm:yrqum Sehhypes it thahwer reported that
al ., Natur é‘N-azﬂlktVP?fpof thpeArogaigyRe1displiy relatiuely higheantieabastivit vhilenthosg of Group A asblan

was made t{f'aé ﬁ%@y artially duplicative of those associated with
the E. col | -G "t‘"ﬁ??rfeﬂrz'g{;t%°ffﬂ‘%m‘f’ﬁ lii§ notewerthy, et ‘@!\Wf ’°s'd”°s °f
(Chl ora l,, seq I o O in (% Rea:g
°C]\9f9 t
Tﬁsgr Fleggaﬁg rg‘d mlfa? 08n vb]s Iﬁ%t &Lre eren r'&An‘ %ﬁ% Wo or so as::sf S
= 83
3 TTGGTA \,'::: dr('aerr I %r poratet X seaudeﬁlé’e) " g2 be

position prior to t e proteln codlng reglon of, e.g., the to nanufactured.
gene codj ngxAmsLe fg\F Conj or | FN-aF, . subunit IV of the expressi on vector
was del eted (by cutting the vector with xbal and BstEIl) and replaced with

a nodi fied suybniiah cdnVorisitViGlkydyROntatekdhwWhith Al6rbd ArS IP10dN AR Sordte & thdderlif) @F amino
r epl acenentcidtesiggstat pesRiont3142dnd 16 dva¥\piloBardtedy MEidRIoh Sf e DNAREqUERbS. codifitPfor IFN-
const r uct i Gon0More speciddllyf the ekpiasidhevecdr fosIFRComEWasQidhted withl BREIRand, Hikdall @\delete
TABLE X sXbadbunit LeulFN Con Iil. A modified subunit was inserted wherein the alanine-spcifying codbn, GCT, of
Met Cys AspecRnBB9 @i db/vwes aliitsd {6 @Ahr&iBBe-Epetifylny/ CodohAAGTT @Gndlthd is@iéiiciné EddomITG\Wds
CCC ATT AT¢ohangef td ATS. ADAP©IUst ftBRpression of the modified manufactured-ge@®h [TBr't, Met'®] Arg?2, AB’S,
6 7 Asp’Q GIW73, TgrsY, @y Phey® SCTir > Tifsn'F, beuSENFN-of, was dasigrated] IFN3Con2.41A TTA CCT
CVA ACT CAT Trssently peing ponstrycied, isGy genp i appsengys hapan leykpeytesintarigien polypeptide which
35 will differ from IFN-Con; in terms of the identity of residues at positions 114 and 121. More specifically, the
Val'** and Lys'?' residues which duplicate IFN-aF subtype residues but are not predominant amino acids
will be changed to the predominant Glu'** and Arg'?' residues, respectively. Because the codon change
from Val'** to Arg''* (e.g.. GTC to GAA) will no longer allow for a Sall site at the terminal portion of subunit
c LeulFN Con | (of Table IX), subunits | and Il will likely need to be constructed as a single subunit. Changing
/ 40 the AAA, lysine, codon of sections 11 and 12 to CTG will allow for the presence of arginine at position 121.
The product of microbial expression of the manufactured gene, [Arg®, Ala’¢, Asp”®, Glu’?, Tyre5, Tyr9°,
Leu®s, Glu'*, Arg', Thr's¢, Asn'37, Leu'58] IFN-aF, will be designated IFN-Cons.
The following example relates to procedures for enhancing levels of expression of exogenous genes in
bacterial species, especially, E.coli.

EXAMPLE 11

In the course of development of expression vectors in the above examples, the trp promoter/operator
DNA sequence was employed which included a ribosome binding site ("RBS") sequence in a position just
50 prior to the initial translation start (Met™', ATG). An attempt was made to increase levels of expression of
the various exogenous genes in E. coli by incorporating DNA sequences duplicative of portions of putative
RBS sequences extant in genomic E.coli DNA sequences associated with highly expressed cellular
proteins. Ribosome binding site sequences of such protein-coding genes as reported in Inokuchi, et al.
Nuc.Acids.Res., 10, pp. 6957-6968 (1982), Gold, et al., Ann.Rev.Microbiol., 35, pp. 365-403 (1981) and
55 Alion, et al., Nature, 282, pp. 864-869 (1979), were reviewed and the determination was made to employ
sequences partially duplicative of those associated with the E.coli proteins OMP-F (outer membrane protein

F), CRO and CAM (chloramphenicol transacetylase).
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Table X, below, illustrates the entire DNA sequence in the region

precedi ng the protein coding regi ER0cI24t98@Brieconst ruct ed gene starting with
the Hpal site within the trp pronoter/operator (conpare subunit |F-4 of
Table 1V). 40 45 50 55 40 EP 0 424 990 Bl TABLE XI Hpal

Xbal AAC TA 1”A¥:° oquplicgie-p porian Ahthe QMP-I\RBS seqyenqeythecfoliowinpGeameacanis G
CGT TCA ApspriggKionip SR TAG ATC TTT GGT 10 -1 1 2 3 4
5 7 Met Cys Asp Leu Pro G n Thr Eis TGA GGG TAA TAA ATA ATG TGT
GAT\:VT% CCT CAA ACT CAT 15 _ ACT CCC ATT ATT TAT TAC ACA CTA AAT GGA GIT
TGA GTA 8 9 Bst E 19’ ~MACGARGAGECTAATAAATACYT G AGA GAA CATG

Sinilar procedures were fold ' SWEEGTTACTREATFARTIAR S bnces duplicative of
RBS sequences of CRO and 25 CAM genes, resulting in the follow ng

sequences | mEddrab echrpbrate ARS isbtlericB 8n ¥edosilion 'Izgﬂpfb thé protein coding re&tQ! of, e.g., the

20 * 10 manufactured gereRRclindIoATFARGYMT AARKRREGE, bt the expression vector was deleted (by

CGT ACAT GALitting_the @beddrAvith Xbal and BstEll) aﬂd)replaced with a modified stBurftNMinvolving attered sections

CAGGAGCTAMAB(3hA(32RAdRA 186 replacement of sections 43 and 44 with new segments RB1 and RB2. The

GT CCT CGATrGTTTO femddified/sdquenioe israe bat duttihTdbleaX, beldhe RBS sequence inserts

possess substantial honol ogy to Shine-Del garno sequences, are rich in

adeni n® and i ncl ude sequences ordinarily ifg "stop"” codons. 40

Level s of E-coli expression of |FN Con, \A/Fe)'fr@ﬁ"og'rgr m ned usi ng

trp-controll ed expression vectors i ncorporati ng the three RBS inserts (in

addition to the REX®bafequence extant in the conpleteytrpypropoter/operator).

EXpI’eSSI on of the desired polypeptide using the Ovfet €8S ﬂygl icating
q}gnce was at from 150-300 ng per liter of culture, representing from 10

0

per cent of W—MW RBS
dupl i cati ng sequeGFAGHA iCERd TGA/ €GE (AL IR KTRATEI TETVWGAT about

one-hal f 4s that proyiTig GET HGT QG RTRrAPITAYETAOrACANCTAdI ng the CRO
RBS dugl i cating sequ Rﬂa’é-des-ﬁﬁe-d—p-ﬁe-t-a—ﬁ—a-ti—l-e*e-l-s of about
one-tenth that of the OW-F variant. The foll ow ng exanple relates to
antiviral activity screening of human | eukocyte interferon and pol ypeptides
provided by the pragcedigng exang es.q so £XAMPLE 12 Tabl e XAl bel ow provi des
the results of tegeiyn@ref gamt Wrrgﬂ sacst%rwl‘eé, ingargpps cell lines of
naturade (buffy coat) interferon an 1 SO m Cro |aIIy expressed,
pol ypepti des desi gratgdalEN-aEl. 1 EN-aF2 |FN g‘Dnj :

TTA CCT CAA ACT CAT TCT CTT G

AAT GGA GTT TGA GTA AGA GAA CATG
42A

35

Table X, below, illustrates the entire DNA sequence in the region preceding the protein coding region
of the reconstructed gene starting with the Hpal site within the trp promoter/operator (compare subunit IF-4

o of Table V).
— 4w
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and | FN-Con2. Viruses used were VSV (vesicular stomatitis virus) and EMCV
(encephal onmyocarditis virus). 55 (@&R0424980Blere from vari ous mammal i an
sources, including human (W SH, HelLa), bovine (MDBK), nouse (M.V-6), and
nonkey (Ver 0). Antiviral activity was determ ned by an end-point cytopathic
effect assay -as described in Wck, et al., J.Gn. Virol., 57, pp. 233-237
(1981) and Canpbell, et al., Can.J.M ea@olxy 21, pp. "1247-1253 (1975).
Data shown was normalized for antivi ral_ activity in WSH cells. 41 EP O

424.990 Pi TABLE X1 Cell Buf fy | FN- | FN- | FN- |FN- 6
Virus Li ne Hpal Coat aol aF2 Con&aI Con2 VSV
oH 100%9\9: TAg\l@@q;CA AG§ L CGTLE%% % \g;r cc:ts.Be'-a
1600 g’G AT G CGT TC .bT GCA ?/ A TAGI\k 20
5 N 20 VSV Ver o 0.1
ND 10 0.1 15 1EMy 3 JUSH 5 2100

100 100 N 100 7100 {O¢ys asptba pro cin #e gis 5
1000 GGﬁDTAAné“H‘atAém tﬁ%e’?ﬁ? yGATBTA GCE CAA W?I%’& appar ent
fromthes abovgch&q:& &TT ART (JAT p'#"&é?ﬁ“ |9%M'5ns?ﬁ o@?’ﬂe@chfgr the first

time, an 25 entire new genus of synthesized, biologically active

protei naceous prodgcts ytit%]goducts differ fromnaturally-occurring forns
in terns of tg% %tlt | ocation of one or nore amno acids and in
ternms of one or ndore biological (e.g., antibody reactivity) and -
pha(_rpacc?f’ogl cICT(ETT. G potency or duration of effect) but which

subst anti al | yAGAt GiRA A& such properties. Products of the present
invention and/or antibodies thereto may be suitably "tagged”, for exanple

30 radiol abej j:%g s with tftnovaell c&%&‘%&&gesv&uﬁl ativd 69 RBESseflliences of CRO and

f1 uorescenichi mttﬁ% fEtfoQ’ﬁb uérf‘c@é}#.%duﬁ&} proteding thd odofl @SSays
and/ or di agnostic test kits, for the qualitative and/ or quantitative

determ nation of the presence of fuch prochts and/o? said anti bodies in
fluid sanpl es. Such anti bodies may be obtarned from He i nocul ati on of one
or nmore animal species (e.g.GRO CcCATGPACTAJGGAGGREGEN, etc.) or from
nmonocl orsal anti body sources. Any GFTACATGATEGERECCAACAri al s nay be used
alone or in conbination wwth a suitable 35 substrate, e.g., coated on a
glass or plastic particle bead. anerous fpdificationg and variations in
the practice of the |nvent| * expected=to occur to those skilled in the

art upon consi deration of t ﬁ% Hg exarrpl es.
Consequéhtly, the invention shoul égTF'l mted only to the
extent reflected by the appended cl ai ns. 40 CI alnms 1. A nmethod for the

emse or i e %f | 5EGE %";‘;fg'e SR, ENASG i ooy tﬁa%wgtgg'm%ed

$§ ning and include Sequenc s id
cont pnuoys %“etatt%néﬁ é,giggwh T L st o
t ransfor rreq‘cpr Yor&lin Eﬁ, Qradh enc?e wl fgic&:f
met hod CO Mfoimsisthbber 545 s‘gnnfoa meswt %amas nangttw? P- Frﬁ&%ed ctt esqn nce was
subuni t, | LNR&H 15618080k pef taNEeinkiNieEddnag GRm 1 tof 50°BardtnP R, 90RH
200 base PHcsrdoratifg kRIMIRBS Afplic oREY prévidad! Rvdis S?I\&prss%ﬁhl %H&Ew&é’ Eﬂibm ShielhglF 2

series af i€ proideddsy hasmnpcmkaia& I'srTlﬁcltfdhb the ORO fmsambncmatsvemmsyumtth@n
of sai d pr desrbcepramin atievbR @t sHacionefenth tatldf HBWOMISF Vatiadde expr essed,
The following example relates to antiviral activity screening of human leukocyte interferon and
polypeptides provided by the preceding examples.

50 EXAMPLE 12

Table Xl below provides the results of testing of antiviral activity in various cell lines of natural (buffy
coat) interferon and isolated, microbially-expressed, polypeptides designated IFN-aF;, IFN-aF2, IFN-Con,
and IFN-Conz. Viruses used were VSV (vesicular stomatitis virus) and EMCV (encephalomyocarditis virus).

86 Coll lines were from various mammalian sources, including human (WISH, Hela), bovine (MDBK), mouse
(MLV-6), and monkey (Vero). Antiviral activity was determined by an end-point cytopathic effect assay as
described in Weck, et al., J.Gen.Virol., 57, pp. 233-237 (1981) and Campbell, et al., Can.J.Microbiol., 21, pp.
1247-1253 (1975). Data shown was normalized for antiviral activity in WISH cells.
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50 a one termnal region of a first of said subunits conprising a
portion of a base sequence which EP©®WY2d®90 81recognition site for cleavage
by a first restriction endonucl ease, which recognition site is entirely

present either once or not at all in said selected assenbly vector upon
insertion of the subunit therein, one g Ny region of a second of said
subunits conprising a portion of a base seguercte which 56 provi des a

recognition site for cleavage by a second restriction endonucl ease ot her
thansgid fi rst, _endonu&eddse, Yy re ti FNtte JWNenti ¥y present
once orf not at VAFMSin &dng sel &0a&d as ly Wi or i nseengon of the
subunit therein, at | edSt one-mMart—of art Tenal™mng ternT nal—Teyi ons of

subunits conprwsvng a Rask on ofyo0d 42 100FP O Yot 990 jlog ABLfpe! | Cel

Buf f | F I FI\- | FS- IEN— Vi rus Li ne Coat

£ 0 aF2 Vsv confiela 490 100  Np* 200 1000 5 vsv

WSH 100VSV MDBRO 1600100 . 33 N0 2000 V5o Hela

400 100 ND: ' 0 00 YRV K 1600

33 D VSV DoMIV=6 500205, 5 \KB 30 5

ND vs§v veroysy 10 Vero0.i ND 10 10 o1 ND

10 15 0.1 W SE 00 100 100

100 EMCV EAEY, wise' SToz00 106’0 100 ;7100 108, 33

EMCV Ver BMCV HeLa(0o0 100 20 5 ND - 3000 33 10 20

*ND - no dat apmpyesenisbye avai hggle. gl apparoyy frofg the above

exanpl es that the present invention provides, for the first tTme, an 25

ent\’ﬁe hew genys 0T Symrthesi zed, biol ogically active proteinaceous products
product s WP T eR fﬁ’%ﬁ#n&?ﬁﬁ&ﬂF}i’oé&érﬁq €&.orms in terms of the

identity and/or |ocation of one or nore amino acids and in terms of one or

nmor e bi ol ogj; gay e( ont 7O LtheP Ve SERGEY Hhtlele) prBdf i EB ﬁ)% #o?ﬂ\le < i, an
POt ency, Qe et %ﬁ & 'g'f? Ay e cﬁﬁ R Ea ¢ JH"
proper ti &ppuray gsr Fr‘nsQi’fﬁr% hiity EHG%PIobé&Gn Y S}de?é‘érﬁ. dS 3nd HEHRE G MBY
be suitalyny or Fn@ﬂ gical (95 antiB oty r@acﬁ\ﬂy)rﬁg'pﬂirﬁibﬂ hiesl &, btency\bridir % ct)
conj ugat mitm.&%umym&t@{mﬁ&mﬁg@ml y | abelled, to provide reagent .
materi als up@budts of theA Prasyis indehtidnOdnd/idi afiBEUTds  thordte Say Ibb tsGitably Ottaghdt®, fatiataimp@t | Ve
and/ or soquradidlabiiidi(a/@, withtIeH) GonjugitbdWithdnzyinfbe opRREIRAIE I8HollsdiLIG propit® agdnbmastdisOr
-sai d ant iUsefdi iesassays fahdior Hiagasspd st kifSLoh tt@ndualiattle @sd/sragpattiativ@bdetsrmiagtion lopMet he

I nocul at i meseme of sueh Produnty andansaitedntilsndies individ(samples. Snehcantiboeibdhimbly bejatadined ivaman,
etc.) or the boguiationoef|coeat manataniyatispesien  (ege snice/albitogoak ihatan; eted @n fromavosedlondl s
may be usastibody gecesr Anyrof sughblepgent matengist Mayabes uded @lohe 03B combinatiomwith acsuiggble
coat ed%orPubstigiPefss, coptoqneisglase oppigstiq rartisletbeadd. Nunrer ous nodi fi cations and

vari at i ons_Nmereus modifiestipnscang variatinss in-ihe prestisp) obihe invsntiencare exppelechio ogeur taothesios e
skill ed isKled,io the arty £%°%FP§%@ ehihp dereqeing tifyatrative @@mplpy Gonseguentiva theyigvention
exanpl es.® %g"e‘?ﬁfﬂ%‘?ﬂ dyps limited only fathe pagt ©fiagier §Y Be 2pR9Adedlimsd as |inmited only
tO\_pe exd.g reflected by the appended clainms. 40 Clains 1. A nethod for

t he ch&ni 3[“ synthesis of linear, double stranded DNA sequences of a length

in EXCEeSSy O];\ H’for %Q%hé?ﬂéa?s @IEJ of g%gr. ﬁ&me annt!ﬂf @(ﬁhf\eﬁt?és &ra I"f‘m exce s of
predeterm n uf 208" Badd)Blirs e formith i ﬂ'c h&% ino
T G 00T 0AN! 00k RATIST G Tl e ok e o RS S g A8 arino
sequenge, S gdqdendb,shid thofhBdEYMpRSIRG.:

(a) chemically synthesising two or more different, subunit, linear, double stranded DNA sequences of

from about 100 to about 200 base pairs in length,

each different subunit DNA sequence comprising a series of nucleotide base codons coding for

a different continuous portion of said predetermined sequence of amino acids to be expressed,

50 one terminal region of a first of said subunits comprising a portion of a base sequence which
provides a recognition site for cleavage by a first restriction endonuclease, which recognition site is
entirely present either once or not at all in said selected assembly vector upon insertion of the
subunit therein,

one terminal region of a second of said subunits comprising a portion of a base sequence which

56 provides a recognition site for cleavage by a second restriction endonuclease other than said first
endonuclease, which recognition site is entirely present once or not at all in said selected assembly
vector upon insertion of the subunit therein,

at least one-half of all remaining terminal regions of subunlts comprising a portion of a
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(a) chemcally synthesising two ER Ode4 @9aiBiferent, subunit, |inear, double
stranded DNA sequences of from about 100 to about 200 base pairs in |ength,
each different subunit DNA sequence conprising a series of nucleotide base
codons coding for a different conti ne i on of said-predeterm ned
sequence of am no acids to be expres% ; ik 5! one term nal region
of a first of said subupjts con‘gri sing a portion of a base sequence which
provigdes a rq’ci‘(l)ﬁ‘niti eLlte fBREEVeavA@N-by IENv st IRt ri cEENm

endonucl ease, Th r niti®Ra8ite pFyenti @fly pr&emy eiCony once or not
at all in said selected assenbly vectdr Upon~TTsertiomof tte—subunit
therein, oneWVsstm nalwxssi on ofoe secqod of gaod subygs cgggrising a
portion of a‘}g@se seq*l ce Wh'@& 55 . pr0\‘i des a recognition site for
cl eawage by a second ricti 8%%endoh@0 eas®Dt her 1406 sAWP it st
endonucl ease VS¥i ch MBBRINi tiDEOBIite .i33enti wp y prepd orgpyp or not at all
In said sele ass - »a Vectop upog.insertion of the subunit

t herein, at Igesggt one- a‘lysf of a?? remai Ni ng 2 mi nal rggi on f subunits
corrp;éi:si ng aV8¥rtionWeren 42 | 101111 10.1118D1 1111110111 08P 0 424 990
Bi ré&cogniti i te estrigcgaon e nucl e cle ge hy,.an

endonucl easeggfﬁier tfﬁ?r’?%ai d f#dre’st angagecongﬁgndonu?@aseg,oqa/\lhi ch
recognition SMF¥ is Bedidely @Bent on8e an¥Donly ondd in <@ d sel ected
assenbly vecemcvaftewergserti apef al | 2gubunjps the&gio@t o; g (b) serially
insegting each of said subunit DNA sequences prepared in step (a) into the
sellected a . assgngl y vector and effecting the biological

anpl i fication'Bf ~t R S8LaRresantly aVAiLabiks to each insertion, thereby

to forma DNA vector including the desired DNA sequence coding for the

predet er my Wﬂb&%ﬁﬂeﬁlqmth@%&g oRdrrpibs SR Hﬁrb?&erﬁmeﬁﬁﬂ’? brobidbs! J&ethg% {uﬁéj alNA
SeqUBNCtiR SRANEENYs biNGnthedRd Abiclbfidil a@NE plRifatkdus BloRdR! WHIprSdub® &eff from

r est ri Otatuedly-6deth@ing! Hneain Gnsid GrANGIBENIGand/Br 1bdalich JTBRY G hRreliitolaci@Sardd S lofhdbr 10

2. A nednhed maciiisiehical(elg) affibddytedctifdafd PhatriRolb@éal {olgh tpb@ity Sr WEraidRof effect)
endonudivesiseh substamialy eotilly othdtaudhaBdpetties.i on endonucl ease ot her than said first
and seconBrodyrthoofLibé peesant irivention pad/dr ndititotibs theielo Ay Be SEHAKIY Mabijear f6i &@mped t he
desi e daditighelisddeienwith 159 senjigated withsnzained @ distressardly lshéligd,co proMddragy@ntineatapighgi t i on
site f omefplcigtassays japgioredietmpsiic | tesh kits, Fbrethe mgalitative and/or uaptitativel i dateamipation bf tha

t her ei rPresenco of such praduele) angor Sidi prtigodies ie fuid mampleshBych iantibadies maydte dblained from

di f f er it inequistion of MRIQT MO MRk Sreties (Re-efite atbbit.oosh bymanagtc-herdfrose moedclogal

i nser t AIIROAY SOUSEP gAY TRUETL FpagRat materialy, may &g yser) algnedortim sorplkingtionewithDpavis@ie uenc e
obt a‘?snesdel'ﬁt& Uperoated on a.glass of plastig g beadst rj ctj on endonucl ease recognition
sites askmed'l’ﬁfé&'fg%ﬂ fagio o%‘f’t‘f’éﬁ‘l St fegpractice qd the inventiop arpoexpectaddp aeHgtotepse | ai m
1 wher esk d Dok | §d3;§‘°|‘. ;}'an ) hﬂées °§8%|"Q: tﬂ@f‘m’g&a seI prspavertlyy the tRYPRfon gene
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each different subunit DNA sequence comprising a series of nucleotide base codons coding for

a different continuous portion of said predetermined sequence of amino acids to be expressed,

50 one terminal region of a first of said subunits comprising a portion of a base sequence which
provides a recognition site for cleavage by a first restriction endonuclease, which recognition site is
entirely present either once or not at all in said selected assembly vector upon insertion of the
subunit therein,

one terminal region of a second of said subunits compri§ing a portion of a base sequence which

55 provides a recognition site for cleavage by a second restriction endonuclease other than said first

endonuclease, which recognition site is entirely present once or not at all in said selected assembly
- vector upon insertion of the subunit therein, ot :
at least one-half of all remaining terminal regions of subunits comprising a portion of a
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Revendications

1. Procédé pour la synthése chimique de séquences d'ADN double brin linéaires d'une longueur
dépassant environ 200 paires de bases et codant pour I'expression d'une séquence continue prédéter-
55 minée d'acides aminés avec un microorganisme hte choisi transformé par un vecteur d’ADN choisi
incluant la séquence, ledit procédé comprenant :
(a) la synthése chimique de deux ou plus séquences d'ADN double brin lindaires, sous-unitaires,
différentes, d'environ 100 & environ 200 paires de bases de longueur,
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codon dans | gatbinsabirerde-caleni sme h8te choisi. 6. Pr oceg sol on

revendi gati on 2, dans | oquel |a sequence d ADN souhai t do, asserrbl ee,
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bases. 7. Protigus poullerlivige perciine retiopuriSass ve gstridtion sn despositions ntaredutairesoibere|pailr
un pol yﬁépt i de humain. 50 8. Procedd selon |-a revendication 4, dans | oquel
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6. Procédé selon la revendication 2, dans lequel la séquence d'ADN souhaitée, assemblée, présente deux
45 ou plusieurs sites uniques de clivage par une endonucléase de restriction en des positions intermédiai-

res de celle-ci, dont au moins une présente un site de reconnaissance palindrome 2 six bases.
7. Procédé selon la revendication 4, dans lequel le géne code pour un polypeptide humain.

50 8. Procédé selon la revendication 4, dans lequel le g&ne code pour un polypeptide qui différe d'un
polypeptide humain existant naturellement en termes de I'identité et/ou de I'emplacement d'un ou
plusieurs acides aminés.

9. Procédé pour exprimer un polypeptide, lequel procédé comprend la synth&se chimique, par le procédé

&5 selon I'une quelconque des revendication précédentes, d'une séquence d'ADN codant ledit polypspti-
de, et I'expression de ladite séquence d’ADN dans un organisme.
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