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obt ai ni ng high Il evels of expressj pr&&sﬁ?h{?um ne-rich pol ypeptide by an E.
coli host will -depend to sone ex ent e frequency of codon use. For
ex_arrpl e, a gene rich in TTA.codons will in all probability be poorly o
expressed in E. coli, whereas a CIG ri.ch gene w I'. -probably highly expr ess
the pol ypeptide. In a |ike manner, when yeast ddl |s are the projected
transf or CMBl-d?yrS-CMlneABp-mxroﬂpreﬁalobysf-Gé.d-e\hfﬁlurbsnp&lejnpept i de,

& hnt nan o THE R G °caR, Eh T G M RN, 200 Gl BB e

=et al ., Nucleic Acids Researc 8 pp. 1893-1912 (1980); and, G antham -et

., Nuc c 7 1 ' ns of
codon pr%?g &Q%ed@ffeﬁggﬁéggn Mgﬁ% %ﬁ& ?%gt £ igpkkéahg est, and
10 the ARGNARANTATEPTTCAR? GCAGGRiI CATRTCADGAT Gﬂ |GCG@SGAT AAN eve high
expre§%|on | evel s for exogenous genes in successfully transforned host
organi sns --38 | ess "preferred” codon nay be repeatedl y4@resent in the

i nsert edgygrThartdurPhesLenetl yrEle+bey-Lys-Asn-Trp-cbyseGlueGlaper at e as

renu o (6B pGAn ST AR ol AR S ARE AN B Ao BR6 £a6 ot

cell's preferred codons provi de a preégred fofmof forei gn genetic '
material _for reco hi 5 cont ext
the abseRBE~ Bg i,i?ﬁ‘r'l“‘F_&pl ’é%?&'giﬁ 'I’s%ﬁ' iﬁt‘acture
whi ch wongd encrmmpm ATACATCOTAG KGC'CAR APTSGTQ/IFC@NTETCPALO! €

- seriows roadblock to advances in the art. O substantial interest to the
Brackground of the pregent invention is the state of the art wi-thgregard to

the prepphéll -Vt Mfe Oy S-AsaSPHE -y &L REPCALPW-GAG 4 S€r Syhel-grnes, the
i nterferons ‘ FNSE Interferons are 20 secreted proteins havi na fairly -
14r

wel | - defTHe BTT ARt ARG TER A eRF0EACCHG AGRrATEEAN i cs.
See, &g., Gray, et al., Nature, 295, pp. 503- 508 (1982) and Edge, et al.,

supra, and references cites therein. On the ba8 antigenicity and
bi ol ogi Jeys‘aﬁﬁrCNG&'@u'p?’é)b'eliPe&Yﬁﬁﬂd&r&%PeMﬁérMﬁ%g'bﬁénp Bouped

into thrges RGP GHGATIRS: éf“h?l Orﬁ‘d(%eéac[ﬁi'bl Afhf'l‘ﬁ] apd [err]

(i mmune). Considerable In orrra as accumul ated on e structures and
properm[les of the virus-inducgg acid-stable interferons 25 (1FN-a and

[err]). PRESgshake R e0ELLY AN 1AL anmi no
acid sequencgsénhg\%é ??3%%% ﬁtg %g%%a.ﬁgg st ?g%eréf‘%l\&y gghene :
sequencétT'G kAT cAGL AAC tARA | BAGa AMMN tCGjer@ATaGACyMéSPpbrmet éﬂ'Gt he
deductd on of the conplete am no acid sequences of many of the interferons.

In addition,l@Pficient synthesis of [err] and several I B®cs in E. coil,
and | Fl\l-'l%hl;-Asny@x:t-SertaWéaho’nhrr&Asppdmﬂm-t-“alpafllrf-rkrog-i»bylsehllaa-r ge

I or i 148 268R 26 @iét?tf’hé@%‘é‘@t%t?ﬁﬁévé R e S Ler

ar” i nwer f eron generally produced in.c %res of Iyrrphocyt es exposed to .
vari ous rrul i cid does osssteact with
L D VIR TR e
activitipgs heye @Rﬁnc&tt rd'l*@'tﬁf'ct éAhernI'ﬂG '(ﬂ?i' L'@Aﬂgcﬂ%t 91‘&6 aEARNGER t he

antiviral act|V|t|es of [err] and [err], fromwhich it differs in terns of
its vifus and cell f|C|t|es and the antiviral mechanisns igpggced. In
vitro spudi-asy §5ThPEC %g E.é- —@é’fﬁéiﬂﬂﬁ'ew-‘l%?lpﬁ ﬁg %;tle
primry functr on of y rray munor egul at ory agent.

ant i pr olGOTerARA VECAf G6Gt ANG [CGA] AAA tPrGBts‘inr NEAGCATIGs CBG DPEENCRAported. to
be 10,40 100-fold greater than that of [err] or [err], suggesting a
potential use in the treatnment of neoplasia. -Murine [err] preparations have
been shown to have significant antitunor activ agai nst nouse sarcones.

It has recently been repogted (& el , al ‘ég a) that a reconbi nant

pl asm d - contai ning a cDNAE‘iU"é'&T%ﬁ'eA’!:ﬁaﬁﬁﬁ P human: I FN-y has been

i sol aked and characteri ze@eTEQEAEEEHGOA TOCSCAGquence in E. coil and

cul tured nonkey cells is reported to give rise to a pol ypeptide having the
properties of authentic human [err]. In the publication, the cDNA sequence
and the deduced 146 am no acid sequence of the "mature" pol ypepti de,
exclusive of the putative |eader sequence, is as follows:

8
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[err] 20 Lys-Lys- Tyr - Phe- Asn- Alag? y%s%i T Asp Val - Al a- Asp- Asn- AAG AAA
TAT TTT AAT GCA GGI' CAT TCA GAT X AAT 10 30
40 [err] GGA ACT CTT TTC TTA GGC ATT TTG AAG AAT TGG AAA GAG GAG 15 50
[err] AGT %A@ﬁo&%bl&%néﬂtﬁ $oAGen&d Sarglniné) rﬁﬂ'Tﬂﬁﬂ'@uﬁﬁﬁemsﬂe&ﬂe&ﬂ pbéition 140
70 Phe- Ly grthe seqiinee. [(Yrsess\stheribeindigeted Ah¢eférs refalonce 36 Mutmae inEhune infefiGort/of sply- TTT
AAA AAC TTIFNAAShaEATmEBMEndAB tHBrgRTIan@ LGN 2P foBis.) .
Lys- Ser - Val -¥8b abdVarnoted widé yasiatiGhs iin Aiojogikad tactidisies- Qf’ahnou-ystemren tyPeRak@SThGSRBSIAAG
ACC ATG Afgd mt@@mtmwa@@fﬁmmng@f maemount significance to the full development of

. Phe- Asn- Sthe- theswelégiglm@y!ﬂ phythis glags. mmmpdspﬁesp@ the |agvantagas. in W@quem

AAG ARterfgraps gug-beenproyded by recemiinantsDNA) technidues to date, practitioners in this field

110 Thr - Abg¥engi beeg abls A9 adquﬁs "E%?j PRQH“\?&Pf ortetiarglypepide gngloos athe jterferpper
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15 or location of even a single amino acad In a |lk9 manner, preparation of an IFN-a; analog which differed by
one amino acid from the polypeptide prepared by Edge, et al., supra, would appear to require an additional
year of labor in constructing a whole new gene which varied in terms of a single triplet codon. No means is
readily available for the excision of a fragment of the subject gene and replacement with a fragment
including the coding information for a variant polypeptide sequence. Further, modification of the reported

o 20 cDNA-derived and manufactured DNA sequences to vary codon usage is not an available “option”.
hadl Indeed, the only report of the preparation of variant interferon polypeptide species by recombinant DNA
techniques has been in the context of preparation and expression of "hybrids" of human genes for IFN-a4
and IFN-a2 [Weck, et al., Nucleic Acids Research, 9, pp. 6153-6168 (1981) and Streuli, et al., Proc. Nat.
Acad. Sci. US.A., 78, pp. 2848-2852 (1 981)]. The hybrids obtained consisted of the four possible
25 combinations of gene fragments developed upon finding that two of the eight human (cDNA-derived) genes
- fortuitously included only once within the . sequence, base sequences corresponding to the restriction .
endonuclease cleavage sites for the bacterial endonucleases, Pvull and Bglil.
~ 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
so 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
more selected amino acids.

35 BRI EF SUMMARY

The present invention provudes novel rapid and highly efficient procedures. for the total synthesis of
linear, double stranded DNA sequences in excess of about 200 nucleotlde base pairs. in length, which
oo sequences may comprise entire structural genes capable of dnrectmg the synthesls of a wide variety of
e 40 polypeptides of interest.
According to the invention, linear, double stranded DNA sequences of a length in excess of about 200
base pairs and coding for expression of a predetermined continuous sequence of amino acids within a
selected host microorganism transformed by a selected DNA vector including the sequence, are syn-.
thesized by a method comprising:
45 (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
coding for a different continuous portion of said predetermined sequence of amino acids to be
expressed,
50 one terminal region of a first of sald 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 aII 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
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,
at least one-half of all remaining terminal regions of subunits comprising a portion of a recognition
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consiste n?? i t§ 1112 &%P'dl%é\ ée@ﬁr?c& wrig&, 'ton uFr@:ﬁ{Fﬁl sleéphoped
UPO” fin §gna MP 39 il SthbiHIRY) tﬂ%éﬂﬁf&éﬂé@d&d expRRSord &rSthth@IUS| y
ncl udedg 'V(Aﬁ&ﬁ'd:‘y s\Hobiat fo. % ). gﬁéilvgtﬁlﬁﬁanz QAREgen61al IO SonfpikdsAsatspdiong t o the
reSt rictio 6} b @A hBre ChtBAHIEEHRarS biliphk ONAstrbride, dadCduplok srane dding b daubles
Pvull and J\del:l region &f 82 BX mdlleSselebthE Eiplintdntai basEOSHiIrs Bitd fithen deiddinga tdpesirglet  f or
nore ef fi céyartod Rermadidguanicel @ ffroi etot Déeidcted \badok @t b dnd Oftha strandoand/diea bettoms  of
menuf act ur sehie¥Wandee tenans asquemsi of Grorh Gr to [7aseilgete bdsypatpite alies oad ofttheasirandh ®ad0
i iter 1 OngingleTstrarided uehsihd beanericd yf eaoti duplex BNAeeid Camprisingritevatiie daspecomplg@eniaf ¢ h
wi |1 al | ovatfmest dhésinglesgtiantied tarminal sesuense ofrny otheridupiex DNy strandgreparpritandt i ¢
sequences (@) einealing \wadhl duplex BINA straad preparashin sitepeltintocand jop e, iffere 1Rl E"a"ds
pol ypept i derepandi it istep d1)yhating: mopmelemantany, sipgie: Effaf"i’eﬁ °’f'\'5‘P'n%°W°i‘i°% é'PFPé’Vd
i dent ity asirblagrontinuays dpuble Wd%BmemWE'@l '@E

SUMVARS Theairp including at; ispsts, basg paifs forned &x © E'ﬂ‘])? ? ﬂdf £
pr ocedur es*ﬁ%@t%é""!"ét"&r‘ s fﬂ'g%ﬂ’%d i3 ptep (1 %’E?r‘”hw T°8' s‘P? Fg'ﬁ{ﬁr@
sequences P Tt 50D 86sP e §iffe BQIBIG'Ast Was N
sequences '?e §8"° P'i°ﬁ|°§s :l': s AP SRR kl g,ge ,i’be
S e S e e s TR e
t he |n e Onm ure base qﬁl

of about | %(g:,gfe h,ggd

ARSI SRE G @ 'mofs $a§6‘9$1 fdnnedaw:ess
ind? $daLéness! oP Buplek standl (6lfaked iMddpsh.

cont i nuods 'ﬁr@%ﬁ&@lﬁw aﬁJTer&ra%&i 8lsp W $lthe prétorfoR|saishibMaraftlringi pidcos ppsdratiyM

transf or REHprdys the fsPs@Et €d DNA vector including the sequence, are syn-.

85 (a) constructing first and second linear deoxyoligonucleotide segments having 15 or more bases in a
selected linear sequence, the linear sequence of bases of the second segment comprising the total
complement of the sequence of bases of the first segment except that at least one end of the second
segment shall either include an additional linear sequence of from 3 to 7 selected bases beyond those

ltlo sute
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ey atnes e S

t hesized by a nethod conprising: 45 =~ (a) preparing two or rmre diffe W
subunit, linear, double stranded ﬁg? '.ps of about 100 or nore base:
pairs in length for assenbly in a selec g assenbly vector, each dlfferent _
subunit DNA sequence prepared conprising a series of nucl eotl de base’ codons- g
coding for ailygedniprimantng tierfirt Segiiest, @ ahalli IR adiheas Sdqtenps SIS Wi T tashsomplanEe Of
am no aci ds tanyotolactemningl ssjsandy of 3 first segmeoty protidedithavaver, rtieay thersecoind @egentsshallafot

sai d subuni have @uaqsitiondl saguencyofibases pr heflackinga seguance)ofdagse atioticd| itpendisiadds a

recogni t i on (3 icerebirfingr the; firstoand gecomsl,segmerits underrconditiong: edndueive trieomplometane asspdidtion
r.ecogni i onbaiweas spamanisite foem 3 lingpreduplax DVA streed- once or not ‘at all in said

s\e/I ected as sH]‘Pt?P?" eecof B‘Pseﬁgeﬂ}? dopplastrandad, DA s't'q‘f@t segyanerstiormad pratersbly ingludes one -

&7 ni nal \mgl ?ﬁ"ﬂ?’ cpdans Sglseiedy from; é‘F‘El‘gs‘ﬂF Hd§° BhiRefign heas rgMingAcigronzihg, 5 g o
erential ?)BW Chg{a‘?eé'ﬁtﬁ (5: oD

sequence iné pf°Jth 8§ 3@’@9‘5’3 WEk 8hd
restricpl di WH’?&LP E}a mven on elm Ao rtan e e ?ﬁsf

coount i g IS - SRR age.%ge ; .. ?As .ong'@c%@m |
assembl y Vel Ok G0 58 adqsmo Fd ﬁaﬁ of
al | remai nbdidnde® b/l b catfv % %§on% b| aﬁ i I?Qﬂ{i)(pé dofi”bNR

recogni t i Qi Highly ke BlyrSpil l%ﬁamp% o silon W ae s Spleafdof

recogni fsi Qi rbbdofb binding Sit ees%é{&% aQébc@eJ WlE. b&ntdxﬂgssﬁﬂg%ﬂﬁheﬂ%e%&&r{ F {"Omb-
said firsteyand second endonucl eases, which recognition site is entirely
present 0oNceotRst Chspettsyand ddi@antafesSati thb ﬁeéeapm%au@smwlaypamﬁhwn @dhdidFation&Qhd | ON
of all suluewihgdetdied dastription teeredf. (D) serially inserting each of said subunit
DNA sequences prepared in step (a) into the selected 5 assenbly vector
and ef factDERALEMBESGRIPTION cal anplification of the assenmbly vector
sh‘osequent to each insertion, thereby to forma DNA vector including the
desi red DNA Ascamployedherqinthe fmor"a'!umiwpd ‘exbcrpplied tong PRiAIsaguence era9nesshathdlesionatecd d
sequence ®fdudipitheciolliy ghamigally synghgsizaphy asseyntely,eferuglectidaniasespr derivpd et the biolpgicek t
‘one uni quéePligatiany efy 3 progu éﬂ"? ﬁwycsygﬂ‘%s'zﬁﬁts@ suelp ARy 9 i prelipiyeo off pypducts "syn-
restri c®i a'r?s'é%’aan& !“éﬁ? % %W'"&ﬁ'ethﬁﬁ 52 uhich iavolys sparting materials whigh are o
The abovegg '89%5%3_95} gile | P ‘f"é ou, abhreviations employed igtein R slegignale aging acidp 209 g
the desir getnended sinelp ggﬂ@ﬁ‘fﬂ vector preferably to provide one
of the class of novel manufactured DNA sequences havi ng at | east .one uni que
pal i ndrgm c six base recognition site for restriction endonucl ease cl eavage
at an internediate position therein. A sequence so isolated may then be
inserted in a different, "expression" vector and direct.expression of the
desired pol ypeptide by a microorganismwhich is the sanme as or 15

different fromthat in which the assenbly vector is anplified. In other
preferrgd enbodi nents of the nethod: at |east .three different subunit DNA
sequences are prepared in step (a) and serially inserted into said sel ect ed
assenbly vector in step (b) and the desired manufactured DNA sequence

obt ai ned includes at |east two unique palindronmic six base recogni tion
sites for restriction endonucl ease cl eavage at internmedi ate positions

tWérei no the DNA sequence synthesi zed conprises an entire structural gene
coding for a 20 biologically active polypeptide;. and, in the DNA sequence
manuf act ured, the sequence of nucl eoti de bases i ncl udes one or nore codons
sel ected, from anong alternative codons specifying the sanme am no acid, on
the basis of preferential expression characteristics of the codon in said
"sel ect e host microorganism Novel products of the invention include

manuf actured, |inear, double stranded DNA sequences of a length in excess
of about 200 base pairs and coding for the expression of a predeterm ned
continuous 25 sequence of am no -acids by a-selected host m croorgani sm-
transfopmed with a sel ected DNA vector including the sequence,
characterized by having at | east one unique palindromc six base
recognition site for restriction endonucl ease cl eavage at an internedi ate
position therein. Al so included are pol ypeptide

n
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‘products.of the expression. by an organl sm of such’ manuf act ur ed sequences
I1lustratively provided by the ntion are novel manufactured
genes coding for the synthesis Q%B&?%%Ar?arynpl mune interferon (IFN-y) and .
novel biologically functi onal anal:og pol ypeptl des which differ from hurran
imune interferon in terms of the identity and/or location of one or nore:
am no acids. DNA subunit sequences f@ABIE In practice of the net hods of
the invention are preferably synthesized from nucl eotide bases accor di ng to.
t he met hods di scl osed in co-owned, concurrently-filed U S. Patent

Appl i eat i onapehbalhci@ 375, 493, Agb\‘letvzilwtkicﬂhabl nsky, IGPAQ |Symbodbnuf act ur e
and Expression of Structural 35 nes” (Attorney's Docket No. 6250).

B efly summari zed the general method conprises the steps of: (1) preparing
two or noreplahfigeent, linear, dupleplfNA strands, each dug ex strand

i ncludi ng a_doubl e stranded region of 12 or nore sel ected conpl enentary
base Bal rs QY\% ®dPCher i ncl udi ng a tGﬁ%l ngl e stranded ter A nal sequence. of
from3 to "asghesiededses at one enggg ‘the strand and/or g bottom single
stranded term nal sequence of from3 to 7 'sel ected bases at_the other end
of the strdptutamifs #¢id sjngle str®4d¥ed termnal sequenc® of each duplex. -
DNA sfirand prgR entire bas npl ement of at nostp one single
stranﬁed term %?'igggll}tgr?ge of any ot ?g‘éodupl ex DNA strand g‘repared and (2)
anneal i ng GBEYCHDBl ex DNA strand prefd¥ed in step (1) to offe or two :

di fferent chlpégf?§hgands prepared ingglgep (1) having a comgy ementary single
stranded term nal sequence, thereby to forma single continuous double
stranded DN/S@beWeAbe which has a dupleéx region of at |eastl 27 selected -
base 45 {gei ncluding at |east EX?ase pairs forned bygconpl enentary
associ ation single stranded termn sequences of ‘dupl ex DNA strands
prepar ed wLQi!Qanl) and which has fL@® 0 to 2 single stradded top or
bottomter ns of from3 to bases In the prefepyed general
proce®¥s for és\ét}k)uénﬁ? %anuf acture, Péast three different S{Jpl ex DNA -
-strands ar e\qpaamweu n step (1) andhahl strands so prepar®d are anneal ed
concurrentl jg SI ngl e annealing 5 eaction mxture to fgporma single
cont i nuous cFo 18 st randed DNA sequenCe€ whi ch has a dupl ex regi on of at
Ieast 42 s@lrtamibase pairs includi@3nat 1 east two nonadj &ent sets of 3
or nofe ba formed by conple ary associ.ation of ngl e stranded
term nal 2}@6‘&’?& dupl ex strandgsggepar ed in step (1).§The dupl ex- DNA
strand pre@mnon step (1) of the pSeterred subunit manuf&turing process
preferably s§§ the steps of: ,i‘ (a) constructing figst and second

| i-neag deo ’h | eoti de segnents Hﬁw ng 15 or nore basé€s in a selected
| i near seqllta’henethe | i near sequenceVall bases of the secon® segnent

conpri si ngé(;ethe t ot.al _conpl enent of t&le sequence of bases of, the first
segnent ex r}{p'i(?w%l?agt | east one endidP t he -second segnent "shal |l either-

i nclude an‘madgime@al |inear sequenceyef from3 to 7 sel ect¥ed bases beyond
t hose«0l10 EP 0 423 845 Bl fully corrpl enenting the first segnent, or shall
l ack a linear sequence of from3 to 7 bases conpl enen- tar to a term nal

sequence ofhetfpliewing abbreviglionsehall be prp &ﬂ“““F?G'W@\Pé?"S Qﬁé'i‘de'ﬁ"l‘?e Q@B?ﬂﬂ‘es nt
shal | nd%y"}’ﬂfv\éf%ﬁra&bla'?dc? p Sytosia t&‘é?ﬂ?%° n ol Ee of
bases atb*’BBtPﬁ""B Fiptions hoty ﬁ' &“& ° E’;Z ments
under “c Hdme Eg’g ."’f?' g ?m?yh "5°' or f%e '
segment SOFEPN 9n°°é’° }"ﬁ'e f ANa b & e sequence of bases in the

doubl e stranded DNA subunit sequences forned preferably includes one or
nore triplet codons selected fromanong alternative codons specifying the
sanme gnhino acid on the basis of preferential expression characteristics of
the codon in a projected host m croorganism such as yeast cells or
bacteria, especially E. coli bacteria. 10 Al so provided by the present
invention are inprovenents in nmethods and materials for, enhancing | evels of
expressi on of sel ected exogenous genes in E. coli host cells. Briefly
st at egh, expression vectors are
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constrycted to i ncI ude sel ect ed DNA sequ_ -upst r eam of poI ypept| de s
codi ng regi ons which sel ected seqt@ru:@g@g%ﬂupl i cative of ribosone bindi ng- _
site sequences extant in genomc E. coli-“DNA associated with hi ghly L
expr essed endogenous pol ypeptides. A presently preferred selected sequence
is duplicative of 15 the ribosonme binding site sequence associated with E **
coli expression of outer nenbrane prFABLE BX"OW- F'). Other aspects and.
advant ages of the present invention wll be apparent upon consi deration of .
the foll ow 2 ailed descri ption thereof. 20 DETAILED DESCERhIf‘ﬁbO\I As
~enpl oyed heggg term " muSECONDIrRASITRIONppl ied to a Bce or

ene shal | a‘* e a product either totally chenmcally svn§§e5| zed by
assenbly of nucleotide bases or derived fromthe biol ogi cal replication of
a product thus chem cal'l'y synt heﬂsr zed AR such, the term is ech usi ve of
pr oduct, f : g A—-retred : .
nmet hodo ogl es Wmch mg@l ve St@’tl ng erlalsngy ch are of b| ogi cal
origin. Table |I bel ow &s out *B¥orevi at¥bns e (i/ed herein t0 designate
am no aci ds ‘and i ncl udphel UPACSacom‘rertﬂpd singlCyd etter desig@ations. 30

35 40 45 60 557 EP 0O, 423 845 Bl TABL o Acid .
Abbr evirat i on Leu Ly UPA<E,5'l59$mo| e 2 A
Al a . __Leu Ser A 1(stopCyst @irge G
Cys : _ - CAspartlc acid
Asp DGuamc a
du Leu Pro. p 1d6is Phen&!‘& ani ne T
glf;‘ a | Leu Pro E; S‘_Hﬁge Arg c
=/ : c i sgidine:
Hs - Leu Pro ZC&I | sol & ne A
Ile Leu Pro | Lysinme Arg G
Lys 2 . - K Leuci ne '
Leu T 25 VET N1 ONt nNe '
Met . ' o . Ile Thr M Aw8g| neser T
Asn | Ile Thr N Prgggne ser c
Pro A : ; _ P 30 d utam ne -
dn. g Ile Thr Alggsu ne Arg A
Arg - RS G
Ser ' Met The S Tﬁ'?%%m ne Arg _ -
Thr ~—F—=S5—VattrTe
Val _ val Ala v Tr y’gﬁg_phan Gly - .T
%r/lro ® N val Ala ‘()’“ﬂéﬁ' ne @iy C
¢ val Ala Glu Gly A
: ~val  Ala - Glu Gly G
::\s?(' 40
45
50
§5
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40 The. f.ol | ovii ng abbrevi atlons 's’-‘-hall be errpl oyed for nucl eoti de bases: ‘A
for adenine; G for guanine: T fo th&wmu for uracil; and C for- :
cytosine. For ease of understandl ng of the present |nvent|on Table Il and
nucl eoti de base codons of DNA and the 45 20 ami o acids and transcri ptlon -
termnation ("stop") functions specifABLEt PEfeby. In order to determ ne'the
correspondi ng correlations for RNA, U 1S substituted for T |n the tables.
50 55 12 EP O 423 845 B1 TABLE Il 5 FI RST

THI RD®PCS| Tiagino Acid SECOND POSI Tlﬂgczfzmg Codor_xﬁl TIONT . C-
A, G I0 Phe Ser Tyr S he Ser Tyr

&Ys C 15 T Leu Ser Stop  Stop A
Leu Serr (A} omlanihe dé'ltﬁuccc. ecm, GdGs Arg
T Leu,, Pro Hi s Arg Pro. adn Arg
A Leu”  pPri€) Cysteinep g - TGT, C?Qg I I e Thr Asn Ser
Tlle Thp) As‘ﬁktxc agga AT @@0 Il A le Thr
Lys Argh ) Thr GAT, QX Arg ' G val -
Al a AsgE) Géiwtamc acid T Va|GAA. e Asp dy . C
G 15 Val  ¢p tenvlafdni AVal  Aa . A u
Ay () G 40 !5 505 ne Elg 04'23%4% Bl TABLE Il Ami no Acid
Speci fyi ng dGdonGhyeine _ GGT, GGC, GGA, GGG
(H) Histidine - - CAT, CAC _
.. (I) 1Isoleucine ATT, ATC, ATA
=~ (K) Lysine AAR, AAG
_ (L) Leucine ' TTA, T7G, CTT, CTC, CTA, CTG
25 (M) Methionine - ATG
(N) Asparagine AAT, AAC S
(P) Proline ccT, CCC, CCA, CCG
30 (Q) Glutamine CAA, CAG _ |
(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) Tryptophan TGG o
L {Y) Tyrosine TAC, TAT
wrd 40 _ .
STOP TAA, TAG, TGA

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

45 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.
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 &' 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

s0 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.
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

85 Restriction Endonuclease Reference Chart," endonucleases recognizing six base palindromic sites exclu-
sively include Bbrl, Chul, Hin173, Ein91R, Hinblll, Hinblil, Hindlll, Hinfil, Hsul, Bglll, Stul, Rrul, Clal, Avalli,
Pwull, Smal, Xmal, Eccl, Sacll, Sbol, Sbrl, Shyl, Sstll, Tgll, Avrll, Pvul, Rshl, Rspl, Xnil, Xorll, Xmalil, Blul,
Msil, Scul, Sexl, Sgol, Slal, Slul, Spal, Xhol, Xpal, Bce170, Bsu1247, Pstl, SalPl, Xmall, Xorl, EcoRl,
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(A -Alanine’ T " GCT, Gec; GOA, GOG 10 0 (C)  COysteine
TGI, TGC (D) Aspartlc aC|d o EP042384531 GAT, GAC (E) (dutamc acid .

GAA, GAG 15 (F) Phenyl aI anl ne’ TTT, TTC (G
d yci ne ... . GGT, GCC, GGA GGG (H) Histidine .

CAT, CAC 21’@h630| ©hal, Sqtls&bm;lﬁamﬂb BamKi, BamNI, BamFl, Bstl, Kpnl;:Sall, Xamly-fipal,tbal, AMAB@IK)
Lysi ne Cpel, SstiV, Aosl, Mstl, Ball, Asull, and/ia, Endaqacle @Zs wh_@ugqoquze only non-palindromic six base
TTA, TTG, s@,qupnoegp@msgqlAmclwlggl EcoP15, ‘-I Riisloppas recognizing both palindromic.
ATG (N) A gp lmﬁ@mlc six base sequences mclude ael AWIN mICAQSﬁ.)Asulﬂ_erq Ghull, Hincll, Hmdll
CCT, CC@ mHI Ngol, g{@

cture

_R) Ar gi m n bon determmatlon of the tld «c esent
ge/r i ne nvention involves: preparation of two flur .tgfglﬁc nuo) ub %%HI ne
ACT, ACC, nce 12(\& tiérase ngt termi
ertgl ’ms bu selected as y ve mtermedlate Iifl hyb
P efmﬁ;ov:ﬂ '

(W Tr%ﬁ t a selected host organism; use of (Bl'S b 8ternate se "expression"
TAC TA uding the DNA sequence which has been manufactured il fdin tHe bu ansform a -
" pal i ndr ongygiable! §ideidt InbétOdhdSididing Polypbitidh shdubrctdexprRRAA W ihe AR orgbﬁawaﬂﬁs Mbst
doubl e st reﬁl&ﬁﬂdo%rh&c&&&h&kﬁv Gﬁ%ldés&ﬁih@lﬁﬁ sarhé>¥elctof far Ads€Milly 8tAb manufactured
right.-to- | sefuenceSen@B? lafgé s64 $HpRBsidn@Pthd Plypapridb.BImilads tho GOSTRHicRdBRJahkISM einpl6yed for .
wher e " fseahtprogdn vall oRimaily &ehé ahve a8 mpBEsguieN aaplifictiors brioreed Glaling B8 sabuni
from5" tasibmbiipiimesst € | dentical. Exanpl es of palindrom c six base
recogni ti on Fhet eanufactored EHArsequen@mayboprevided wvitte a ploawiediggulator cégimiciort dwonemdue s
for cl eavaguatrobyf exprashion [or miay beincprmoggtedantel a lyedtdr gma samanptevidingcior dontreirpfExpressioR’
as AAGCTT.by/a mempiaskdgiiatdr ssaiencesexiantin the veaier: Manufagtered BINA sequencescef sl inviehtion mgy
the sit# fsyitably| keaipegiporatad iple (isting, plasmid-bpigp) ganes 4. Gpalagtasideseltp for fusior gprips
redds CAGEAting fon dusipht Rolyperiide awalcﬁa@@"% dopisert am'Whéﬂd iSeAugnags cpqed Jor bysthe
CTGCTG E§E@H‘P‘F"é{?q DNA qH%‘P‘? on rest ricti-on tes c rrprl si ng odd nagout

Cleave at @ 2;:&5:6'}0 wgmm e e, o d‘sjﬁ o rﬁ‘%’ Sopr RE ‘ﬁ;ﬁ
cl eave at 1% ra 1% msms e u
e; ?lr?nl gl neﬁeg@mﬁwh?zg 2D %?é;&e § nd | cca%ps whit i%ﬁ%:h rzg:bm d a:
non- pal i ndj, b.y b re.wi% o e e
Restricti qnaa rS‘d%&uﬁes i ib&ed in A6 QI-AG tiofbadLRs. rﬁ(iaﬁlf?:gtfbh %'N”'§7§492§

base pa m;rgsnuﬁkysh §se@¥nc ér'tam%f W8 MohinG briABIeBBl hotualhriidtice b b proserEiinISiib.
Hinbl I 1, Fﬁrﬁﬁv dt, théde "Hdchdurestvaivé kho dsifokhbly 1381 debxyoligohticleotidbs! b, twe oftimore Mifrdnt, ,
Pvul I,  Snakear,diplbx DRA Glrand$Sadch lincludihdh relatitdiyl longSivyible sthbidd regidrgaldng with ral rblativily ul |
Rshl, RsplshorXsihgle stitntdd regisireh lohe orBbotl oppbdirigl endsSetUthe dadiel stradi) The dalbll stradmled | |
Spal , Xholregiofp ate, defigrad Tdinclkdis tdddAs neelisit th spetityl ds$embrobibd initiak@r teymibat oRhtermbdiate -
EP 0 4238 Sébiok3df s il Gdjno Said |spquBade| of thedesired Ballybeptidéaiiere pBssithd, alteBeativel codddst | |
Kpnl , Sal |prefetentilly ebdpragsed bibabrojedied iGst, (0. BCE. [coli) @pemploRsit Papendivgsin, theviglefive pBiition,
Asul |, ando ké agsuméehig thefioklly assembiph subhinit RNAospavence, tha |sipgle sirenged regiei(2) of the duplex
base sequetrenss withinclude B wesuonce gthasesenhipt,ihpn comploopnies! by/asss of ethry dupjexstrands, also

- Endonuc| easeile rce@ogwiegivwg anipe W‘?ﬁéﬂ“h'ﬁ&@éﬁﬁ"&d Bﬂ'ﬁ&%’éﬁiﬁﬂ%nﬁﬂr omi.c Six base
sequenc®s | nByrlRistrangde F°"m‘f4g?°ﬂ9’d'"9°&9 s progedyre are Ahgnjengymatically anngalnd)tp theigne, gy wo

Hi ndl |, 5 different dupR atrqnds mpw %omgl j‘range jons to'form a desired continuous
double stranded subunhit sequence which’ cod r'the desir ypeptide fragment.

High efficiencies and rapidity in total sequence assembly are augmented in such procedures by
performing a single annealing reaction involving three or more duplex strands, the short, single stranded

45 regions of which constitute the base complement of at most one other single stranded region of any other
duplex strand. Providing all duplex strands formed with short single stranded regions which uniquely
complement only one of the single stranded regions of any other duplex is accomplished by alternative
codon selection within the context of genetic code redundancy, and preferably also in the context of codon
preferences of the projected host organism.

50 The following description of the manufacture of a hypothetical long DNA sequence coding for a
hypothetical polypeptide will serve to graphically illustrate practice of the invention, especially in the context .
of formation of proper terminal sequences on subunit DNA sequences.

A biologically active polypeptide of interest is isolated and its amino acids are sequenced to reveal a
constitution of 100 amino acid residues in a given continuous sequence. Formation of a manufactured gene

§6 for 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 to be used for transformation of a selected host
organism. .
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35 cont i steOTsmipsl eegidneA2 duld Genl eontan thé elitins BYYT extognitiof site usCatrits iend) @Ussitable '
pr esel ect Yidkes'dopieiniagA-@fto theressemily vesitor prioh eragplification ofcsebunitiAr{e.g.cajENull Estiskytend”).
concer ni nifter awplifickion pftthe hybed Sendpiningcaubupit A; the hituid ovuldibe claaved hvith 0YYW'Hfleaving a -
term nal stickyrendest eefrtion [k theelYYY ‘ateregnitien sitebrurprsedsonihe ohd o A-R) and subunitEjoquig be .
anot hero sipsaried with e B4 yerminehegionioled) withihp ond efytermisialyiegien A-3He rRconstitulg thenentire
assenbl y \)’é((‘f’f Feeognitien-sita. Thejrequirgmeniior %ﬂ@?‘%ﬁ’é“ﬁ rminghregipnsi o gl ﬁeﬁ@eﬂtﬁ@ﬁt”l th and
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manuf act u? é‘o‘ | "t'tg "E'H°W°F' °'3$8 F'ﬁ@’ g% %@;Fﬂ I’“ff lgfy ’°s°“t

B é’r‘“iq ot
e ac ,.:;g::,. %ﬁ%’ %iéf%é% :@mi YR P o e
pract % Ehila 6 G5niiod b mﬁ,ﬁ\ Sibur ™
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ordinarily be performed in the final 10 or 20 bases. Similarly, while the unique "intermediate™ recognition
so site in the two subunit assemblage may be up to three times closer to one end of the manufactured
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
least one of which will have a palindromic six base recognition site in the class of new DNA sequences of
s6 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
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furt.her requirenents exist concerning-the identity of the bases in terninal
regi ons of subunits manuf act ur edgp jQbs 8488y of understanding in the
fol | ow ng discussion of termnal region characteristics, the opposing 45
termnal regions’of subunit& A and B are respectimgly referred to as A-1
and A- 2,effectel with Draghfacility and withopt thé3ne@d to re-synthesize e gntire manufactured gene.A- 2
A-1 50 Following are illustrative examples of thg actual practice of the invéntion in formation of manufactpred\s s e
t hat an 298escqipablp of diregtl svgﬂ'efe\pémwpeammﬁeer igterferan (§fim) 4nd Anqhgs thefeﬁe't W'H $erted
i nto pBreppwent f"P’P é'lese rfigne e 36?‘\"")& 'Tetl"lﬁb'ﬁ%’ 9“;12 Mot or at
the EéoFG" "I"%’E’ [‘? cﬁtfatgﬁy o “‘? fthe % 58 ?°§f “gfhé | on
s S|np '&ih '° mﬁ?ﬂ ot ﬁ%a°;ry %ﬂ gﬁ

ur eé on av[g;pli) emen‘fe &a |c|n§trecoH\ gﬂ"l
sequence ornea upon EcoRI dlgestlon of pBR3000. This mnll allow ligation:
of te ion A-1 to the vector upon treatment with |igase enzyne.
Unl e ;o IMPmgle strand at the end of terminal region A-1 is preceded by
an appr opr in3thé pldBestifiro &Y dondtiBetion. of dyfathetic deResOroft SpRASIorPe haman FFRTAMirdt sefdctioh Ne
entire rrﬁéa@%h{t) HeOdhoiSé HIE.\Wok bs & RiicrddRI RGRE RPN S¥ehiusl leRiSteddidR Bt thb AaKirb® Poljpepiidbs
vect or. THBRRE coBdn E¥lctidnRodsBds werb RE@EN biitl 1A NheS cdritoxt Bf E.LEUM Nsdtidnt pbidndapON
| i gat 50 nen(rheréted in\veGriiiamOpubliztions, BpkL Awbdohd Sstocfbnawadd whtiadLholsb bifBRBZ2E IaRi NQ
aft er i nexpredsionrvecir s bsignificandy,ias ttie bheedcr Yo bes eaployetidn apiiificationodt sulmit
desi gnerseqenteadn ssgard ity lattehFatior, tha plasnaitl was spivetedrarijh th@krowiedgetthat th iacluded singlel
regi on AainHbfHimilibend Sall/restirtipmsites) Mthathese pstristian sites anglf thé mown sequence9f emindi ng a
recogni tacigs ins hureanfimmunsoimerfaserhie rmied) dogenertlcpiancior faatienheftthree "hajory sukiugih BNAd
" XXX" 20 caeauentes {IF3d iF-20and G )t and eme drningrp syblieit B Raquense ﬂﬁ'ﬁl wasavolgds Bhisgplangipov e
e pr ovi ilustrated tzJgble VheloWker " . To be of practical use in excising subunit A
from an assenbl ed sequence, the "XXX' site should not appear el sewhere in
the hybrid plasnmid formed upon.insertion. The requirenment for construction
of termnal region A-1 is, therefore, that it conprise a portion (i.e., .al
or paft) .of a base sequence which provides a recognition site for cleavage
by a restriction endonucl ease, which recognition site is entirely present

ei ther once or not at all in the assenbly vector 15 wupon insertion of the
subunit. Assunme that term nal region B-2 of subunit Bis also to be joined
to thg assenbly vector (e.g.,. at the single recognition site for Pvul

cl eavage present on pBR3000). The requirenents for construction of term nal
region B-2 are the sare as for construction of A1, except that the second
endonucl ease enzyne in reference to which the construction of B-2.is nade
nmust be different fromthat with respect to which the 20 construction of
A-1 is made. |If recognition sites are the sane, oné will not be able to
- separately éxcise segnents A and B fromthe fully assenbl ed sequence. The
above assunptions require, then, that termnal region A-2 is to be |igated
to termnal region B-1 in. the final pBR3000 hybrid. Either the t er m nal
region A-2 or the termnal region B-1is constructed to conprise a portion
of~a preferably palindrom c six base) recognition site for restriction
endonucl ease 25 cleavage by hypothetical 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
interpedi ate position in the assenbl age of subunits. There exist a nunber
of strategies 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 includes the one or nore portions of other
recognition sites for endonucl ease cl eavage needed to (1) 30 conplete the
i nsergd on. of subunit A into the assenbly vector for anplification purposes,
and (2) allow 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 termnal region A-2. In another alternative, the entire "YYY"
recognition site is included in termnal region B-1 and B-1 further
incluges at its end a portion of a recognition site for endonucl ease
cl eavage which is useful for joining subunit A to subunit B.
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contain the entire "YYY" recognition site plus,

35 . As another alternative,  termnal region B-1 may- contain at its end a
portion of the "YYY" recognition fpgesigasminal region A-2 would then '
at its end, a suitable _
“li'nker" 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 =

contai ning subunit A, the hybrid would ke cleavedmwﬂth "YYY" (leaving a
sticky-ended portion of the "YYY" recogl‘Eti on si it¥T}exposed on the end of

‘1 engt h,

A-2) and subunit B could be 40 inserted

recognition site. The requirenment for congiru
of” all segnents (other than A-1 and B—2)"§ t
(i.e., "at least half") conprise a portion (

recognijion site for third restriction sppnu
recognition site is entirely present once%and
in said assenbly vector after insertion ok al
generate a nmenber of the class of wevel S
recognition site of the third endonucl easgl sh
recognission site. Wiile a subunit "term=n r
coul d be considered to extend fromthe suMuni
subunit to its center, as a practi cal nqtgpr

ordinarily be performed in the final 10 ox 20
uni que "internedi ate" recognition 50 site in
may be2up to three tinmes closer to one end of

than it is to the other, it will ordinarily b
t he sequence. If, in the above description, a
calling for preparation of three subunits to
gene V\géjl d include two uni quﬁrestri ction enz
internmedi ate positions at | eagt one of which

ithits
with tife end of terminal region A2 to recOnstf;m@

41 ternm nal region joined
é the entire "YYY"
of the term nal regions
g Brle or the other or both
e. irclude all or part) of a
cl eavage, which .
once (i.e., is "unique")
nits thereinto. To 45
es of the invention, the
bl d. e a six base palindromc
a%%@n' as referred to above
fully hal fway al ong the
Qggp nstructions noted woul d
0ged. Sinmlarly, while the
wo subunit assenbl age
ﬁ? nuf act-.ured sequence .
b [ Ocqted near the center of
B hetic plan was generated
& ojined, the manufactured
yReEClieavage sites in
)3 S have a palindronic six

base recognition site in the 3l ass of new DNA
i nvention. The significant a@jantages of the
mani f est. Because the manuf a&lured gene now i
restrigjion endonucl ease cl eavage sites at in
nodi fications in the codon sequence o
the cl eavage site may be 17 EP 0 423 845
and -wi thout the need to re-synthesize the ent
Following are illustrative exanples of the ac
in formati on of manufactured genes capabl e of

human i mmune interferon (IFNJerr]) and anal ogf

fromthese exanples that the gene nanufacturi
invention provides 5 an overall synthetic st
efficient synthesis and expression of genes o
base p&frs within a highly flexible franmework
the structures of products to be expressed wh
avai l able to investigators practicing reconbi

nces of 55 the
Eggg descri bed process are

& EH4s one or. nore uni que
iate positions along its
two sSubunits joined at
cted with great facility
nuf act-ured gene.
ractice of the invention
ting the synthesis of.
eof. It will be apparent
e hodol ogy of the present
%@; for the truly rapid,

| ¢ngth in excess -of 200
5§Eb ing for variations in
&h
ant)

Q

s- not heretof ore been
techni ques. 10

EXAMPLE 1 In the procedure for construction o %& hetic genes for

expresgion of human | FN[err] a first selectio
coli as a microbial host for eventual
pol ypepti des. Thereafter, codon selection pro
the context of E. coli codon prefgrenceg, 15

publ i cations, supra. A second sel ecti onarade
expresss on vector and, signifi cant.'.“;.y, ag't he
in anplification of subunit sequences.
plasm d was selected with the know edge t hat
Hndlll, and Sall restriction sites,
known sequence of am no acids in human i nmune

plan f&% formation of three "mgjor"” subunit DNA 20 sequences (IF-3,

expressy @nto

In regard to the latter factor,
it .
Wth these restriction sites and the

was the choice of E.

t he desired

S were carried out in
ated in the G ant ham

e choi ce of pBR322 as an
ly vector to be enpl oyed
t he

§e
3
i ncl uded singl e BanH ,

a generaf
| F-2

interferon in m nd,

and I F-1) and one "m nor" subunit DNA sequence (|IF-4) was evol ved. This

plan is
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The "minor" sequence (IF-4) is seen to include codons for the 4th through 1st (6-TGT TAC TGC CAG)
65 amino acids and an ATG codon for an initiating methionine [Met™']. In this construction, it also includes
additional bases to provide a portion of a control involved in an expression vector assembly from pBR 322

as described infra. '
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addi.ti onal bases to prOV|de a portlon of a: control involved in an
expression vector assenbly from pERo?&gaggadescrl bed-infra. 22 EP O 423 .
845 Bl Alternative formof subunit IFN°1 for ‘use in synt hesis of a

manuf actured gene .for [err] included the codon 5'-CGTI in-place of 5 CAG L
C(for [err] aneratie farmchdsubbiit IENS [fe aibd inisyrghebis of d derulact i pane A ilAlg*OF ANy ikl -
sequence thé endorf SHCGHT lirepldce pf SHOAGIidr @I AT)iat the cbdop @it spekifyiapibe 14041 aminopoidt | on

" total DNA sébpcedercsequepes plansipizibel topstrandof the|polykeptidesspecifying portion total DNA sequence . .
5' - TGT- TAEIRGZe RS asolloveCG- TAC- GTT- AAG- GAA- GCA- GAA-

AAC- CTG& AAA- AAA- TAC- TTC- AAC- GCA- GCC- CAC- TCC- GAC- GTA- 10

GCT- GAT- AAC- GGC- ACC- CTG TTC- CTG GGT- ATC- CTA- AAA- AAC-

TEG AAA- GAG SIVTGTETAESTCUSONG>-CAT~C0G-TRETCTT CAAG-GAA -GCA-GAA-

e S Cax MESHE DK R e thicEenieliactbec-aac-am-

GAG GAC ATGGUT>-GAR-AAG-COC -G ACEG APRCMITOMCE DARTC~CTA-2AA-AAC-

ACA GAT. T Jotes B EAE- AR08 A nEF o AR T Er TG —cac-Tor-can

ATC- CAA- GT T-MTG-G ¥R ~ K88~ TTC-NGC CRFc SRRAGE PV Er SAAG- AAC-TTC-AAA -

COT CoP. Cor S A-ERA OG- L Fhe AAGTARR B TATGARG AT ATR T bases

and the ini GaE-CREPAPE-AACSIA LAARS TECL TP SAROL AGCLANC-HXSLARGL are
term nation sequences Qr sequences 8row di ng a termnal Sall restriction

site. Verti GARLLCroATsCACTITE wGA TRET T BAS~TACGRREBTTE-t 0 each

of theassubunjda - EAPEEPESAA T@Aﬂﬂﬂ@c Vol 5 erred.
getieral -pr ocedure forag A@E&Et%éwggoxyo |gonucbeg{.|tges f‘?}%‘gée in the

nmanuf act ur e A€ 65 GETtGRA -GTEmICH - CCRARMPCEGL A3 AAG T RETnC| eot i de
fragments wege béétZﬁﬂcuﬁdﬂﬁcéﬂéhcih%-‘ﬁféﬁfﬁﬁc%@i nuc#!)m de in

i ntermedi ate washes. Pol ynmer bound di methoxytrityl protecte

a sint& ed §OILECrERT-GET-MATtCAG:i pped of its 5 -protecting group

(di met hoxytri tyI) usi ng 3%tri chI oroacet | c aC| d [ n d| chl oromet hane for
JHIBL, Was en washe nol, te rah rofu

1-1/2 m nut - n 1 no
and acet 9 sfitéj al;r :ﬁ c%gﬂe Q&cys ﬁceh% E % I ?IV?E:ﬁ loq "ot 0Ve.e)rtlc:a:

ensation step

acet onj tr & ond Ll hakl
as fol Tﬁiptg Wﬁ gl’a ﬁ%é EQ'Bre re&- onBral ﬂr@cte&tﬁ’gﬁ eﬂa&tu&%ﬁ%oﬁuéduﬁcld@ﬁ&es

added tO fBJ'lEe fnmén%cﬂ@% A $090bnEds ¥ A8 indShtionTET -
protected nucl eosi de phosphoranidite in acetronitri I e vvas added Th| S

reacti on peampragkt ated and allowed to react for 2 minutes. The reactants ,
were tken renoved by suction and the polyner rinsed with acetonitrile. This
~was f ol | owediidoyuctebtitie Cayeierts @bre Sdyatpesiaic lusing) a fourstep fpratedund eridi sERerslOintbitrietiiata g
0.1 45 ndsizas. Faymenbdiind dimethoghritye prota@iéd-hucledside: iR a simared glesadinpel was tirlst stripped of
pol ymer  hitsushprotetting grou (dissttiogdritylnasing Stotrictiborezcstia tagd in dichlotomathany fof THAFminutes e
cappi ng Ve pdymer wesitheg veashed| with imsthaodl, telrahysirdiyranaanidraogionitiileli The washed polyiner w80 i
afd thenrinses with itiptiacetdeitrilenpladed unden proen sndrihan: trpatpdyin tiie gendensatien staphgsdolinns;
fol | owed Wymbofipesolytigncit 19 méeraea'mmacemmerwqﬁ@édedmm Tqagtion ygssel ConaigiaghPoler n
with a triempsmiehime p@wad nw'eestmmsnhw@avwmacem@me édqR&sThfse' oo
until t heagaeé%q and dloged 1 S d%?éﬁ%‘é ‘a/ suet?" a"d P nal
ol i gonucl* q‘idi m{g’ ! ?poée
1:2:2, “ O'P ollfm sﬁ c]a rﬁisé d?ﬂ;ﬁua Iuttoh wﬁg ghrglgr@a g in 100 -
d' oxane, acglaan y |¥ Iéflﬁgrfomoxrh klloﬁ by a methanol rinse
and a THF rinse. Then the cycle began again with a tnchloroaoetlc acnd in CHCl> treatment. The cycle was
repeated until the desired oligonulcleotide sequence was obtained.
50 The final oligonucleotide chain was treated with thiophenol dioxane, triethylamine 1:2:2, for 45 minutes
at room temperature. Then, after rinsing with dioxane, methanol and diethylsther, the oligonucleotide was
cleaved from the polymer with concentrated ammonium hydroxide at room temperature. After decanting the
solution from the polymer, the concentrated ammonium hydroxide solution was heated at 60 C for 16 hours
in a sealed tube.
85 Each oligonucleotide solution was then extracted 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. '



cl eaved from the: poI yrrer Wi: t h concent rat ed- amoni um hydroxr de.at room . .
terrperat ure. After decanting the |§PI45§ k&g{ rom t-he polyner, the
concentrated ammoni um hydr oxi de so

in a sealed tube 95 . Eag_h ol i gonucl eotide sol ution was then extracted
pol yacrpbmdefﬁrbmmll&n urea el ectrophoresi s geI and after running, the -
appr opr i at Eoligwingcthe isol@ikiA ohthe desived 14 BNA sagements, 2@bunit IFEPN@ cansyu@erhin B fellovingi t S
wer e t hemanegssenbl- ed from deom i gonucl eoti des according to the general -

pr ocedur e 14 @ne ngromoipf pachf of he INA| fragmenisiexcipdiiigl soomeng 13 and searpenk 2 whish egntainit
desired 180hesyR %%Wﬁtsgble%ed%ﬁw@sm“w?"%s construct ed in the follo

heiner : 62 The complpmentany ¢irangsof ONAsegments 15,30 ° & ﬁ'cﬁﬂ‘ﬂssggmant
13 and seg 4,gnd %?(‘Yﬁ’eggﬁ?'%ﬁd h°’c‘6“t‘?8%4‘98° '°‘” ect d to

5 - ph%sph ‘%P ulting asnealeq, gaits B Yer smpingq F‘%H?fg'a'gf m getﬁ n?8d 319¥y g

14, 1T an

combi ned { ceﬁ%gon & ?515{%1 g&im tﬁj‘f’ﬂﬁpt ] %M%ﬂﬁ‘ sagﬂ%% 1]thr"&tél’|g fsméf aﬁﬂgl to

resul ting, %?BF ugg{w 49 or re corrb ned equentr an vvarrre
37[err] rii;é'r o priRktSHs h é%tea% 90 *Jor 2THR. &QQWQJQéPﬁtrQ%n&TQSpﬂ xDTT
in thg fl @80/40 J4RE 16 RV tASthYI BBmSREH Bdaitanale dsidbiubfit; Was adj usted to 150 [err]M
and 18 VeI Besibd Mduét wab\Wartiod, ioNBwikgs' BhosgiofyalAuding@ 8 pfyscrdiRlasiTEEN el i s
sol ution agbudits &F-2, G &ridaF+4 Ware cordtuctda incdksirdilar bl | for 18 hrs; 5. The

resul ting TreUldMwinY Gestaidle reldiss theassenblyt of 16 [compidte homanlimmune iragiron Weneettdned t O
gel fi | tsotunitsOlF-10 IF-Z58i>8,aathe XF-4;Sproceduis Gordie gwing, uhBerndpbropriatet igrientacondititingirof -

bi carfonatsioraed Eheplicdelis rthe is@atiof vk huteapi imexdnep intederon frova Shepcalls,fand dhe festing @i Ng
S\Jphosrbivm?#lactwuwflmfpmgstaml@% pol yacryl ani de- TBE gel . Subunits IF-2, IF-3
and | F-4 were constructed in-a simlar manner. The followi ng exanpl e

rel at es BAMPHEZ enbl y of the conplete human i mune ‘i nterferon gene from
subunits IF-1, IF-2, IF-3, and |F-4; procedures for the rovvrn under

appr offr i at B‘ermFH' P'@PR '"d’l‘?rﬂf(’?’?'cﬂ‘f’é’e"“f?ff°'?(§s°f‘tbﬂr?§fhﬁr"ﬂ’ﬁﬂ‘*‘Eh"% f"’t:%ﬂeg@‘"g oenes

|b;58: g;: df,:{r: &s&g fﬁ@ﬂ{;ﬂ? ‘F’ he S and thred %3"%%5%1 .
i s Rl
T ttr%arr e
P gur rgg: n r L d’ﬂ‘ﬂrésm ut wi 101 10 of &9“1 i &e gel
et hanol IQ aI¥ resuspen e V\B. er at a concent rat i on O .
prol /[ err [ he @S;m,dédtp@%?-?e éa?ed%rpﬁtmoaes\wasdtwgqﬁ o3 pakd PaisBiRit 1R8 % §atr I
treat ed pirF2 bxEupO T b e&amdnﬁsra@bs@xw.rhewcbﬁrdand Hgma ey 1537384 Pdirt Ri3edlbunit Wls

I esusgenfimery insened Mo ANTAJGHRY GRAlficEre StChINTI0Rcapt tHat EcomMedd HiRd N were segab i on
was car rdigest tiplasiviat h 0. 1 pnol of the plasmd and 0.2 pnol of subunit 1F-1,
using T-4 ANNK-4 sugaritewss @ripyed ih\tier dodstppdtiars oi te [fihdNbipreskion eator asvédliewst Plastaid or med
and mul tAvill ves parphased fedm Sthitird University, Railo| Adth, cGdlifornier apll digested Witk Padio Usingostandardiur e
Was ; r epeedicedirescan Esoifiyecognition fsite was dnserted in thdvplashiiBatiaiyell sitei Gopissitfulis byblidwele t o

f bim 491 MR digesteqhwith FeaR! anrk Hpsl 4 priovidev 8450bage paie seauprics inBludim) a aadiorBefl he e The
153 bas @rqmeterioneratos region. iy Htanderd pmSedytesyilf-4 wes/addad torthextdpal gitegn pidITlo ingerperate

manuf actﬂi!?rfé’"'t‘J'I‘"‘ﬂrJ’VI‘IPPBe eajre atfhe ?WE@GRPS'% inifigfiep signp! apgh pases revidingrodng 5t t he
pl asni d.theafqitiplpfour amino ppids ofJem %‘H‘ {Gys-THOYEGIAL tThe, cesulfing gsembbly wes fnep

expr essi Wd@? BINT3 which, P?doQﬂQ“ diggstod ity Wt/?“dv@g‘“bﬁryﬁ?a%@?f"t‘q davioasted-piRlTg

Uni vePs ItlrllDVI’:’ coli oeﬁs congamingcm -y-trp %% groawrr]t%nqé rgee ia in q'-e terr}ce ofl’tlryptophan {onaq Osl'.ri.saop dard

.of 1. Indoleacrylic acid was added at a concentration of 20 g per m! and the cells were cultured for an
additional 2 hours at 37°C. Cells were harvested by centrifugation and the cell pellet was resuspended in
_ fetal calf serum buffered with HEPES (pH 8.0). Cells were lysed by one passage through a French press at
50 10,000 psi. The cell lysate was cleared of debris by centrifugation and the supernatant was assayed for
antiviral activity by the CPE assay ["The Interferon System™ Stewart, ed., Springer-Verlag, N.Y., N.Y.

(1981)]. The isolated product of expression was designated y-1.
- This example relates to a modification in the DNA sequence of plasmid pINT~-trpl7 which facilitated the
use of the vector in the trp promoter-controlled expression of structural genes coding for, e.g., analogs of

66 IFN-y and IFN-aF.
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procedures, an EcoRl .recogniti-on site'was' inserted in the plasnmd at a
Pvull site. Copies of this hybri d gpgy g]en di gested with EcoRl and Hpal
to provide a 245 base pair sequence |ncI ugl ng a portion of the trp .

pronot er/ operator region. By standard praocedures, |F-4 was added to the"
Hpal sit eEXAMRLEdIEr t o i ncogporate t-he-remaining 37 ‘base pairs of the .
conplete trp translational i nitiation si gnal and bases provi di ng codons for -
the initial Segroent dfid.nes ereviaisly abted,niradnipen reorstrictedote . inbyde- bRses- @ging @rman inffile
resul ti ngmathisaingang thediest olweaminiorasids ofdtN-y ag welliss RFTBasH A%l icommending ahitsch’ epskwith @

wi t h Ecfo RHpal bigniBendHvhighocopiplsted ah thel hond 6f ﬁ&@upgameéepeﬁwm%?ncr inolyding (| Shinef,
col i cel | Selgasmp rhopame ryrnwv rg&f Plegiclh e tBb\%PP°B-‘n'“\@"’|'P€cfP%P°P°ﬁs cedinglfance

oF trypt BW!?HS 1! tar poiypenichs qsnef an % Kop iR d 19 the.pnti tp
concentra meﬂ“"é*e'z‘e' F@?W P“ﬁ'?"s yt‘l’ﬂ*! @'f’ft?" 8"'°8 'i’°88° g9 to] eﬁ" for .
addi ti onaf '2' t'g ag‘i ﬁ and
the cel ? nsertlon |n rp i wnt 1\ te o Uf?ner \M

g-S?)-Tﬁg' ool {.se %s Xau %E' f& A rTh t.sfg %;ﬁj&%&o ite 3 10 000
supernat ant waspxassaye %or Nt {/el rpg act?wt uEﬁcJH he CPE assay [" The

I nterfeggon " Stewart, ed., Springer-Verlag, N Y. (1981)]. The

i sol ated product of expressi'on was desi gnat ]-1. This exanple rel ates

to a nodification in the DNA sequence of plasmd pINT[err]-trpl7 which
facilitated the use of the vector in the trp pronoter-controlled expression
of structural genes '&Rﬁ]hg for, e.g., analogs of 55 IFNerr] and :
|FN-[ers] F. 24 EP 0.423 845 Bl EXAVPLE 4 Segnent | F-4, as previously

neted, had been COﬂS{..LULL-Ed—LO-JfLC“LdG—b&GS—QGdJ—RQ—f-O%—a&—HﬂtIal

net hi oni ne and the faRSicTR@TREGE AAGITTY ACO PAA] AAA ®6G as 37 base
pairs (comencing at ppt g% 9 ¢e¢ 'recSANdaGE! APT, TPF) CET ch conpl et ed
at the 3' end of a tLp_p.LQ.DZ)L&LLQ.pBLaLD.I”_S.E.q.HﬂEIL&._I-hGJ-UdL-D.g-a Shi ne.

Del gam® ri bosone bi ndi ng sequence. It was clear that nmani pul ations

I nvol vi ng sequences coding | FN[err] anal ogs and for pol ypeptides other than
IFNJerr] would be facilitated if a restriction site 3 to the entire trp
pronot er/ operator regi on X2l d be~kst abl i sifed. %y V\I&y of BamEIst r ation,
sequenges corresponding to |F-4 féetoCHsr Tymdey€dell then be constructed.
wi t hout” having to reconstruct The enti re 37 base pairs needed to 10
reconstitute the trp reqwre bases at the
5' end such as woul dephs |d.1tt§ﬂ QN ipls t reading frane with
t he conpl et e pronot eh é;g &gﬁ”hﬂ m;.?cge@h sequence | F-4
was regenstructed to,.l_ac__p.g.r_or EL&MM to the base
pairs conpleting the trp prom)ter/operator The construction is shown in
Tabl e V bel ow. 15 TABLE V
Hpal 20 a  This variant form of segment IF-4 was mserted in pINTyarpiRAdigstied @th HBGRd BAGHI) 1WQeAEG
TAA AAA BB AEsm@AAINGATXbEBG TWhch AWGFR-SpetTiingT gefie CBE! Do deided by digestion-with Xbal 1
2~ 30 and Sl and the @tinattip piviptote@ypsratpy wouldremah pn B large fipgmenl. TAT CTA GAA ATG
. TGT TAC TGC Taaliowing eganple relatfsg costuctianesf Actu@l @alogy et IFN-y whose polypeptide structure

differs from that of IFN-y in terms of the the identity of location of one or more amino acids.

EXAMPLE 5

A first class of analogs of IFN~y was formed which included a lysine residue at position 81 in place of
asparagine. The single 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, AAC, was replaced by the lysine-specifying
codon, AAG. The isolated product of expression of such a modlf'ed DNA sequence [Lys“]IFN-y,

s0 designated y-10.

Ancther class of IFNy analogs consists of polypeptides wherein one or more potential glycosilation 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
Gln)-(ANY)-(Ser or Thr)], which are known to provide sites for glycosilation of the polypeptide. One such

s5 sequence in IFNy spans positions 28 through 30, (Asn-Gly-Thr); another spans positions 101 through 103
(Asn-Tyr-Ser). Preparation of an analog according to the invention with a modification at positions 28-30
involved cleavage of plasmid containing all four IFN~y subunits with BamHI and Hindlll to delete subunit iF-
3, followed by insertion of a variant of subunit IF-3 wherein the AAC codon for asparagine therein is
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35 ' IR Th| s variant form of segrrent | F- 4 was
|nserted in plNT[err] - trpI? (d| gﬁﬁ{,gga ¥isigy Hpal and BanH ) to gene- rate '
plasm d pINT[err]-TXb4 from whic he IFN[ err]-specifying gene coul d be .
del et ed by digestion with Xbal 40" and Sall and the'entire trp .
pr onot efdpiip@s By Gtie vtk dorr ghivitine, WAGE kSuch aepipeerfantiipefisbted B enddificitioni oh gleex anpl e
rel at es ybligowolastkie sagtrient87 &f indide CAGUratdr tham AAG gl ob $egmBIN[38 fariiclugl @€ rather than

pol ypeptTTa{ Seer Tabletly.)iTheLisalatai dréduptsof xpoassiorheftsueif a mpdied rl?"]‘\ sequenes; FAINBIFNChe t he
i dent i t yapfesignatest +-t% Polypeptirle analogyof is Amp weuidikely sot bengjxsasiiatedst expregsed jnygest ¢| ass
of ‘anal ¢glls- Balyppitie eslogp anuse Pogicas are iR Rxpecied dp difier preregiahly; fﬁ’é‘ patursliygecuding

posi t i offNy1ini M| efc@adiyitya Wit priBedins mﬁh%“%‘i"ﬁ'g@@“ AR Wihone pfcantiprpifereive b e ded
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36. | The' | f i nsg CO on ‘Q@s ‘?ﬂ' retst]ue is re
S5 ﬂ?é %‘ﬁ °§7 et ﬂr%:%é 9}@ % 5525
F i

Anot her i eﬂmdtéagﬁeg BSlmshifon S ol Lsmy@ o
mor e pO 4 exh %Bﬁ)sd :ﬁu Hay Shck Efe RAgasi or fdhmdt |@oﬁrﬂté?ﬂolé&la d Brédge 21 €
del et ed.g, [oﬁ particul arly, %’ hese consist of [[err] or [[err] IFN[err]

wher ejgn b NopREEMERESN i StEphERAMEB PhshylaRhiheSat besitioR 86 He@iro@ BEbsRitioN Rt @ TR deb6H ih Y
OCCUT T i IRGhuRi WIS AR STTA (aftfddghd ITTE dalid (ahdMhavd Besn Gied)T lRfigcled BANmGHIficaticnr k@ t O
provi de debxy@igorubibotiad Begaseni 83 i(TBG @ TTA) and @leriasMgi sbomerD36 (TEA ho TABC) saquence
i n | FN[ edahdfactpeIf 3. [PAGY ILiySIEN23 the sbiated) brodiiat of exessibd of siidhrajmodifind DNA seqa@@e S
posi t i orwhichGilso firieludadgtie sbiod-riofke meplgemeptot pspalagiaply Ipsineanpasitiondt) wardesignatadaer di ng
to the ishvention with a nodification at positions 28-30 involved cl eavage
~ of--pl asmi dncoieamaninay repldcernent rof loP\.oy moreh mathioninagi at PoEilons 489188 HOn@Md [13% o

del et e gesbestively. inpolves altefagipn efiguriinib -3 (withreeongiyction obdepxyoligaricleptides 3t g and H)-- 3
wher ei n supyait (=2 é‘ﬂﬂidﬁcqhﬁf“%pérda@%’?l@'l“ﬂ%qﬂéq gegments 21 a"d EF) @ndy subuniy -1 {with
r epl acedemgstrugien efodagryoligopu %ﬂeéﬁsm@ts m 10 ase/eh3 AR Apalge qf JFhsy whorein § |y

?ﬁ:;fiz%%m:%gﬁ g o : 2? byt % ")
. d product of
Fgenl[ Z(rjlrgFﬂ Qﬂ%a%ﬁ‘g@; seﬂuef‘ B 'F '"ggda .Iy g"' e %R i}fogs waa?h IS

type LB nobods Sl ﬁaferneav%@q g WP |
POl ypRpL Eﬁg qc;urélrﬁw: g%ﬁ%ﬁi&h%tié&m SARBGLRY i’ ﬁ,'bcﬁﬁf S o] Bingb! ¥

from natgr esbdatnfe | Whh He SeRmd-dobiifying cBlidnl TEM! teh@@aes to.
the nat Ysghstl@bATbt oAy 21 SagrieHisetbdean k oitablb V).Q5dri, S&ra LS GIFRL, théTRHIRSITREAUCEG! OF Y
phar mac. Qkﬁﬁﬁsﬁﬁ’-'of fb fﬂﬂﬁtrﬁodlflb&ltLymDFl\ﬂ) B1A @éﬁu&i&ﬂ%ﬂﬁs@ﬁfeﬂw Asfanother example,

‘phar njcely@yilgR] GRE! Liys'IFN-4, teSipited! v-3TWee dBRMBEEs aflekiéssioh pREGS odfa mbdifear I ]
anal 0gs combGdtion & sGunip IF-4\aRin ddedhs WAK AAAant IBAA fdspectively repteeeddTIRS, ITAC edTGG:ed by
10 [ Phe[raelly] ides-Cystl/des-Tyih @escCys®, Qysa'1IBN-y Masignaell vtdnwasmbtainbd by means ebmakiifieationt

am no aof shbprdtdF-8 sextions48, 80, 120 and 137 are replaced by, e.g., ‘|l eucine,
and/or wherein cysteines at amino acid positions 1 and 3 are repl aced by,
eNgl ;#serine or are conpl etely elipminated. These | ast-nentioned anal ogs may
be nore easily isolated upon ni c3bsARC @ABr3dsi on because they |ack the
capacity for formation of internd!eTACa€T8FSUI fide bridge formation. 15

Repl acenent of tryptophane with phenyl al ani ne at p05| tion 39 reqw red

substi t uyt | on J‘or codon uni t F-.3 L TTT oul d
al so ﬁa (C:% H tt#e con 0 0 i argnqr&agﬁt i de
segrrent = t n

manuf act °|’" S ote % Pro uct o :
expr essi 0” al r& rﬁﬂwérﬁ\ éi‘slﬁ\qsetlktﬁ’udmg
aboveg,nqj, w%ﬁ‘ lFﬁ»iﬁo@{eﬁﬂé daem a( a@aaaeonaaty rBBStb bé Mlolvad in ¥dsndary
desi gnataﬁ r&nﬁa&a&n o 5b| optidé Agrame:hpue RO SR teiRY reSMLR aOén ifBnRdiate

met hi onig3gfond the KR hoB/psptid maﬁganeétfé ,spoivd of Folypeptide structurally facilitative of formation

of intramolecular disulfide bridges between amino terminal and intermediate cysteine residues such as

found in IFN-a. Further, insertion or deletion of prolines in polypeptides according to the invention may alter

65 linear and bending configurations with corresponding effects on biological activity. [Lys®!, Cys%5]IFN-y,
desigated -9, was isolated upon expression of a DNA sequence fashioned with
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respectl vely, i nvol ves al ter ati on of subuni: t I F—3 (with reconstruction of
déeoxyol i gonucl eotides 31, .32 and" o 4 %.gdrg,t |F-2 (with reconstruction of
deoxyol i gonucl eoti de segnents 21 and°2 and subunit IF-1 (with -
reconstruction of deoxyollgonucleotlde segitents 7 and 10 and/or 3 and 4)... .
An anal og of IFN-y wherein 25 threonine replaced nethi-onine at. position 48 ﬁ.'
was .obt ai ned by nodi fication of segrs?n.t'rcﬁ-;sn subunit IF-3 to delete the
net hi oni ne- speci fyi ng codon’ ATG and 3sfdgee5it with an ACT codon.
Alterations in segnments 34 (TACto TGA) were al so needed to effect this -
change.5[Thr[err], Lys[err]]IFN-[err], the isolated product of expression
of such a" M ied DNA sequence (also including a |ysine-specifying codon
at’ position 81) was designated [err]-6. 30 Repl acenent or del eti ons of
cysteines at positions 1 and 3 involyesppolg*alteration of subunit IF-4. As
a fi rstoexarrpl e, nodifications in copstgaetsen of subunit |F-4 to replace
both of°t he cystei ne-specifying codons at positions 1 and 3 (TGT and TGC,

respectivel ghiond hhanhhs o &ibiritGr-8 DESNA dqliéhed G ing ql ERY b b6 des. ignated 11 s
r econst r Ugbihdd Bon@tucB by the SuRidIGeRdral pro2Bdire LREWIse, aQfene tn@ for\fLyseq, glf us
Ser 3, Lyshfdef Lonkstlchén \ﬁlfhrtiw itddRind- §pRkiginG Goddh XA secibn 8 B 1825 béiiy @I:la&e By L
modi fi agl ploeEpddthg ®bsn cJANA sequence, was designated y-2. As another
exanpl e, 35 [GhSIFENyy, to)b8 [designhted (18 [walr fedult frloiyiSmdditatibn bifsbetior 3 i sulilais IFgnaineilde
[err] -3, wagtdiatki coach, BAA axathe Xien alss aspartiqadittispetifying cadonDGAT. Bedlusecenelt & tigihged N
of subuni wouldFnetiongse parinit the prbsense St/ BamMifecognitidn &iv]at thetdenus,isulainy IFr3ewll Blelytheddl G,
TAC and T@&®e denstradtéd/as af admposBy sibynitchith 1iByamino acld speCiiirg, pottigns[obsubjinit|IF=ALidawing #o, -
desi gnap eepsfriction sitetbetweers Xieshandi Hindill it the pssambledhgenaitiisfanalegt df g expetied1p be leFs 4
sections ®©ed lgbjleshan Ap@aigally-geurdngfrMC GTC-5' 45 in the amino acid specifying
region. |t sTegberesealeasthaving ﬁatab@vn@ma%wréomu gnlier methiqaing andion, gystaifie; rppiace-
ani no aci feedarest ?’@g‘i“??rfg differ ffwafgﬁ‘l gf"éé{tp stof, Raptivi Wil pfippdipg, fo the
const ruct f“i‘ﬂ‘faoP' B?t?':EY ?ﬁ(ﬁﬂ'p Telvengs| 'é‘m& ’P‘reagﬂ‘ft Quh 3 xpRcipd tﬂ(ﬂa’(e

) I lc . d d
compl ete h:{[Eﬁﬁ' s Ay ,%ﬁ e gb ag @gﬁ wouf, i YR o
Egﬁygggp: @g);}f?fzgfe % dmw&) :ééﬁ ?for&‘Jg n t]lﬁrw DNA
pol ypepyi g&a ik e ad AL r@ta.h S P%Oant!ii)éh Racil Lafs?'ﬁe'

hel d t 0 bgeduRik@! F’Wy‘faddntosd'i‘ébﬁv A3y o% o to?'iﬁe' éh'i-h(od?q fctivity! ro@tLlalﬁﬁ ®&f pharmacological

- p0| ypept i d&Ritie © %eﬁéﬁatm% §upe%r@d’h§dréﬂf‘- &urrifig fFNS}EUtIﬂﬁ tdrRS biPaRncPland Buration of
i ntermedi gégn.position in the IFN-[err] pol ypeptide may generate a species.

of pol ypept iTdBle M, Ibuiow, 668 idrii thoasiults bfakudies ofdntivirar semity OMFIOY propirschatobraingitoatie

di sul f iséle indénticlydienglmith Wae sl caftainof thee sriaiogiestad) teiative cantivizel iastivity @3sSdssayerbinhemardues
such as f emiaccelisinfottéd with dntephdiamiyocarditisedris (EMCUY pel @hitbinding tok npnetlonabantibady to
_pol ypept i tfidty sxlermiineddn sndminbewabsosbemassayy nay al.ter 55 linear and bending .
configurations with corresponding effects on biological activity. [Lys81,
C,ys[err]]IFN-[err] desigated [err]-9, was isolated upon expression of a -
.DNA sedience fashi oned wth 26 EP O 42&1&1}538&15 -TCG 3" 3" -AGC-5" 5
replacing 5 -TTC-3' 10 3'"-AAG 5" in

sections 17 and 18 of 'subunit IF-2. A DNA se nce s emal g
[Cys[err] | FN-[ er ghterdyoniesi gnated y-1 1) gg P&d by the
same geperal proCedure. LTkew se, a gene codi

Prof er r‘f] | FN-[err] |Ys. 1 under construction-with the thy@®@ni ne-specifying
codon ACA (section 15 of IF- 2) bei ng repl aced by the 165 pr ol i ne- speci fy| ng
codon CCA. y-4

Y-5 0.10
50 v=6 _ _ 0.06
v-10 - 0.51

§5 " 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. .
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: [Gub] | FN:[err], ‘to be designated-y-13, will result fromunpdification of - -
section 43 in subunit IF-3 to | NnGgpigla2s 85 @i ut anat e codon, GV rather than -
the aspartic acid speci fyi ng codon, GAT. Because such a change woul d no b
| onger permit the presence of a BanH recognition sitie at that |ocus,

subunit [EXAWPMIG| |ikely need to be constructed as -a ‘conposite subunlt W|th
the ami no acid specifying portions of subunit |IF-4, |eaving no 20 '
restricti orPrefiminaryianelygee inerjdmed emitie pplyrgptide produatshef "a@'wwpeﬁfs'geﬁenanmwed

anal og ofPNAmsAyeRgep Foding fer iy apdianalsosef PNy sevepled dhat g major protelns waee produced in

nat ur af | %{'; a'fqa?wemq@%@%%mzp 49 '%Wm&c'ﬁ §equgnee and

\PRRY

t.rypt oph 1 M/ 'fesm’ﬁ? &n%'éteﬁ‘ﬁ?!‘/ fEﬂng é‘i‘ 1“ ab #minofeyminal.
expect ed%"ﬂe picp g @ %\’ qwa}egéeqc%
T o T :,,z:%" 'ﬁ,e‘%% J gf,!’ﬁé % e Wiar ggar' 57
'mmno,avﬁﬁi*’ 911 o‘"ﬁx’ﬂ%n.ﬁa}dae.o pr.oe..b é’ﬁ.

phar macol al@ﬂi
pol ypept I‘ﬁ'&ﬁg iy %ﬁ Iud cwﬂemidy%s B s & Qﬁb%n.PﬁF-m"é°T§
addi t i onghnsRdtedOMErS spbeiticHily, B orh o lo2Pécity g taaaa»b%:aaeeat phéifon 1 Wadll d

be expr esspReeddy ﬂ%e&@talmc&ﬂorf Q{dﬂm'c c&&ﬁenﬁi@é&bmﬁ RgihiReatPBlitich A5 was
sequenge répiddd sy thdaitehbBYCGE toddh OthbsRIching ey, bibcled! e U W hE QenetspBbifyind® N €
of the suums trfalog OHIFRY, fefultedinIR]eMPIRERIOR bf d)aﬁgaoﬁ%mt&a spaxiel bof pulypbgslide of the
Lel FN- Comappretsiste tengtied 30 infra. The pol ypepti de expressed is expected to
retain at |eaddllogiogrexamples endBtrelite thy proaeatd ofitheyinshtion torigeadriting acoanufactirod)

| FNy and ger® @atsfplhmywesmsmwaegf wanap fleukdvgte dnterietvo (SLeUIBNET o IAN/aFOf aﬂdeﬂol?hbptlﬂd S
phar meeolateipge thereefct i viti es are expected to be superior to -

nat’ur al | y- dtwillibe japrarant-Keny the @boye epampias that the prasent ineapticnriovitles. eri then firgif timeg 8 on .
Tabl e VI entisepeyngenyie 1of synthesized; higlogiealy, jagtiye proteinpgegiiscrrodyrts avhich \prqdugts differ fiam y of
| FN-[err Patwﬁ'b’p?&?‘{gﬂ‘g éft!'@iﬂ"d?’ﬁ‘&;fc e {dppitypnd/prriQrationiobene £F BPrg aline AcidsaRd indprmeet t ai n
of the af® ?I °'? 'Q'P@!EF' % °96 ’°&ﬁtv'i‘¥) |a?daPhaﬁﬂaP?'?ﬂ'°FV°ﬁmB°t%'§§ 85/%‘(!3"% ohefiesth .

HeLa c&| Patwh Ell S. Virus n| t _bi nd| ng
to a mong. gﬁm L o S Py 'af 1;
assay. 4 diolabe e (eg t conjugated with enzymes or fliorescent vide a a
Rel at I .in assays and/or dn}g nostlc tost kits, for the qualitative and/ |tat| determmau
€l a ' Ve nl:é/ bf' sdth rgt] "Said antibodies in fiuid samples. Such a odle be Fﬁvﬁa
45 [e moculatlon -of one or more anlmal species (e.g., mice rabbit, goat, hu ﬂ% ng\ onal _'
. 0. 60 sources. Any of such reagent materials may be used alone. or ln co able i
0.06 y- Qubstrate e.g., coated on a glass or plastic particle bead. he follow ng

exanpl e relNudfud RodReichs 6 vaRslions i tle'Haced dfmfanweﬁtsn afadsxwtea Ib&RLr W 'thobd1e :
DNA sequeiieesn e dr6poR cBivsidekaBonC ARG toRsgoiliy) illGdRratve leXainpled. ©dhBa 6y A€ invention
expr essi ewouldibe deridered agiinMedl 6ilsto thé lextent réfloctél Bydfe dpfénaGilcid(MVPLE 6 Prelim nary
anal yses perfornmed on the pol ypeptide products of m crobial expression of ;
manuf act @labds DNA sequences coding for IFN[err] and analogs of IFNy .
reveal ed that two najor proteins were produced-in 5 approximtely equal .
quantiti ds A geng cdpakle pixlirastiog the swthesislinrseledied tost riangugasise of lnap inmune dgsineha)
sequeree arivterferopywherqiy the baterseayspercinclisies enecar more: codéns selacted: gnameng piteragtivy
about 50 arfoAs geqcii¥ngothe same ARiPeFd: @R He basis of mesfarantipl GrPressian AhafpsiRrdics of thee
manuf act ur x99 @ Projegiad, hostmicrograpnism-ndyherain fthe bese; seauenson pammensing withjba ¥ gad g5
formed as Pfedepsranssis@FoflNsi al translation initiation at the Met[err]

resi due brought -about by the simlarity of base sequences 3" thereto to a
Shi ne-Pel gdrno ribosone bindi ng sequence. It thus -Appeared that while 10
about harcﬁﬁ@e"ccacac%h.edcmﬁcmdnm-u@mmm%@-tcml-ocus

prior to the initial nethionine, the

15 '
80 AAA-AAA~TAC-TTC~-AAC-GCA-GGC-CAC-TCC~GAC-GTA-GCT-GAT~-AAC-
28 :
GGC-ACT~CTG~-TTC~CTG~-GGT-ATC~-CTA-AAA ~AAC-TGG~-AAN-GAG~GAA -
56 43

TCT-GAC-CTG-AAG-ATC-ATG~CAG-TCT-CAA-ATT-GTA-AGC-TTC~-TAC-



other half were bound, at a locus prior-t:o the Met[err] codon. In order to
di mini sh the |Ike|lh00d of riboso nternally wthih;the
E?PQ% Ao

Dona T bct o6, “bor e spedt T1ear v. the GAG cadon or) oyed. Hlllﬂéﬁllmlﬂllﬁﬂlll
n

gl ut amat e pesirdee at position 41 was replaced by the altér Scodon _
and the CGT codon enployed to specify arginine at position 45 was 15

repl aced by Pletimiadry enalaéscperfaiaied of atdbOgblypdptids produat rof) @ticrobial Sxpeis€ich 6tUkdnBQ@ctured
construct i RWA sHquénaes qpding: fop [Fdley éngli angjogsioe IFNey meyealed thiatatvo tajof profeing @ére|produced in
resul t ed iapprokimately pauwsbguantities ofa 12K sirm gbresspandio ol tiracrimpbiecidb @mino facip sbqupedtandle
of te appr ¥ foan eomeenanding, to Eh dntdrigioh dragrrryt wissingodbost S0 aming Bids of the @mino terminal.

pr ocedur esReyewoheodpmysaae indhe manufagtuied peneirewgaled the fikelinged thetctbe ahbreviated epdciogivag
the F subtfyfﬁ@d e? 3 resHin A migrgiRie) drpnstation initigtipopthe Wett®crasidue brougldrabout pittecsimijafity Yof

and poly ?.aih?s 2 “t ﬁ§P'é‘UP°'9‘=}"t° wofqmeb@dwspfaw@me ft ey appraresithat ewhile
exanpl eédp at* h P‘b‘ﬁd °H'§§°“'3f %Sta '?‘*IfeP’PF fosthe initighanethignina,the r e
new genus uﬂ ac‘t° ?}‘eﬁ%cﬁﬂ' 'a'e'ét)tt'g t B‘H’Gé’f b"tﬁﬂ’ﬂ'?:h
products f&re s etglzlcal lpﬁ Uqu ﬁg;?’?ﬁ';{?] I'E @ftﬂgat sn at s'tl?ﬁ s
and/or | Océé‘léc%]b he c do eﬁj Io edt ecn rgl ne a pOSl[B)

bi ol ogi gal 32@% 1? Epthé éne's eC| m

or durati ogg b% ,égg o%d?'atsnat r%lff |de 2 Piherny
proper t i eSappf 5,@ Urigf. o e pr esent i nvention and/ or ant| od|

be suitably ‘fHeaBmRing. exén(ﬁ'lese?(m Riate?td i pRicaddrl lof the (fveftion chgBrtbrdtl[\éa Errla}\ufactured

conj ugat ecgend bheciBingtheEF s@typel of BLRSTRIKotYe InRAGHA @CoulFNFIUr OHNAE Y SRR beptide
mat er i aboS dndlégsherdofl assays and/ or di agnostic test kits, for the quali tat I ve

and/or quant it willt evappatert &omitieadbioaNexainplbd hat eS8 EIN@htioR lM?dmdéE’ el Wi firstaindd) o
sai d ant i beptiie aewigends| ofi syntsesizpd, eilogiBally hactivei dréteicticeds ddudte whibh piotedts HiffeiodD
t he i noculmaturaiyrocgdirringrfermsiin wewnscof thaiideatity aroiéc logaior( &f .oge or nidres aminddidivistand HQerins of
hunman, et @y comorerhigingicalreg) ehedy aerclivitpicand pharmemivgicakitg.afotepaicor dussiigre ot effect)
mat er i af5s hybwhighsulptantipliy fetaincother such propertissnat i on with a suitabl e substrate,
e.g., coatedMacs qjitheseresont ipyention; andiop prtibedies ' thasetel majibeesuitpbly asded™ fonteixayanie
and vari atf?ft'ﬂ'@e'leﬁ (@ Qi r"”é poniugatert withpazymes arfiupigprentiydabeliadetomeayide epagent metstials

those ski I¥¥ 'F r‘?siah%a ‘1’ IAgBATHC 19 Kitte for theogaliative pad/er ueniitsfivagdetermingtion 0f  the
exanpl eg. pﬁ? diot spid "EPH'e f‘é‘ﬂéﬁ?‘@le%é“‘@dﬁ%tm@? B@Y 5o obtpingd: feap

only to’ t e't‘% 8°'3 tg ﬁ? g@ of from glonal
capabl e ofg tgc;furces cpa ceggzédl %ec?sg B or e B?t'ﬁﬁl’ﬁ'tg ftable

hu ' ok £8 btnd G Co BHIUENE Cockid

one or rmrsmegquq:ﬁtsg i 3:°"s Geld z-{tn @tﬁg%}e% AlileY sﬂ'ﬁg‘g@"g pgaea*&, e q°f‘3

Same amsNQpéifd B cofitielel Bs §H%nl9 1 Skdnl {%Vé} n& er| stlcs
the codon in a proj ecte host nicroorgani smand wherein the base sequence

comenci ngiaingh the 5 end of the top strand, is as follows: 45 TGI-

TAC- TGC- CAG GAT- CCG TAC - GI'T- AAG GAA- GCA- GAA- AAC-CTG " 15 50

AAA- AAA- A féne TaabBACHifsElg the synthesis in a sefected\hosT fnicroofgéisn JiAuisbaliminfdhe (gAia) 29
2 AG@- CT Gnibifeton. Ghiéteir\THe- tade \seliohce MdlGiles BsCor riddé\céddhs selsbidd oM abng alternative
TCC- GAC- CTG @adghsSp&itiig3hEAGnd @lindCAcid, Al The- 13His\ ofitaleretiaCoxpra&diondbaractersicsOof 413
845 Bl EXAMPtodorgin Rrpedidcied hest yiceaordarisre andoehefeinrtheclohse sequénge, monmprsiigivith thersdendct 5
of ‘mi crobi al ofdhegeresirendy s agfollemsnuf act ur ed

¥ - e
67-1 AC-T Gs'.'-C.-sG-GAT-CCG-TAC-G’I'T-AAG-GAA-GM-G‘ A-AAC-CTG-
’ 1 :
50 AAA-AAA-TAC-TTC-AAC-GCA-GGC-CAC-TCC-GAC-GTA-GCT-GAT-AAC-
‘ 26 .
GGC-ACT~CTG-TTC-CTG-G3T-ATC-CTA-AAA -AAC-TCG-AAA-GAG~-CAN-
® 43

TCC-GAC-CTG-AAG-ATC-ATG-CAG-TCT-CAN-ATT-GTA-AGC-TTC-TAC-

28



DNA. sequences codi ng for.. IFN[ err] “and anal ogs of | FN[eFF] reveal ed that. two

mej or proteins were produced in 5 EFY Y equaL 17K

form corresponding to the. conpl ete 146 amno acid seq gmm‘l “IEWHH“ orm-:

_correspondl ng to an- interferon f.ragment m ssing ‘about 30 amiho *acisds *of * t-he

am no' termgz\ Revi ew of* codon usage in the manufactured gene reveal ed .t he
at

sl ne RCTAAN BRI AT ARBE RS ST e S e SBER gylc< oP ©

simlarity of base sequences 3' thereto to a Shine-Del garno ribosone
bi ndi ngése nce. It thus appeared that while io about half of t_H_
transcri b&AGrFRAGE sCEATRAA-AGTATITRAC b Gi-GACa MG GrEEh LChi ti al
met hi oni ne, the other half were bound, at a locus prior to the Met48 codon.
I n order 't(ﬂiiirrinish the likelihood of ribosome bindi ng internally within
the DO{%DWMGQNG@QMQGIM - XXCL ARRSCES~-GAT-BACHTROBGAG-ARR-ETGer € 1 e-
constructed, Mre specifically, the GAG codon enployed to specify a
gl ut anat e idue at position 41 was replaced by the alternate, GAA "codon
and the nglfm aqﬁtn Lvedlfe 4553/3.5
repl aced he al ?er na??dczgc ﬁxnr eshe'ngﬁgnges Ag ?gct ed durc:!?;g
constru,gtgg%of t he gene speC|fy| ng the [err]6 anal og of FFN[err], resulted
in the ex SSi c e d t he
appr opr | e Rhefrs Wx‘am-cﬂ&é“;%fﬁé-éei-b%—éfﬁrt&oeé?o?&ﬁres of
the invention for generating a nanufactured gene specifying the F subtype .
of human A& kocyte interferon ("Leul FN-F' or "IEN-aF" and P2 de 20
anal ogsot GEFReTAGHACTIEEC hAAATEGETAAG TCRT t AGTab ke T‘ﬁ’aflq '
présent invention provi des, for the first time, an enti re new genus of
synt hesi zed, biol ogl¢hl |y active proteinaceous products which products
differ frpmnm]a#d:m-eccapccug-d@mrncge[rm of the identity and/ or
| ocation of one or nore am.no acids and in terns of one or nore biokogical
(e.g., %&ntibody react|V|ty) and phar macol ogl cal (e.g., potency or duration
of effect) 2 but h substa tiall in ot her I o i es
Product s 8 ’?@g oo Pl P o9 e o iy GAA Ay B8 et ¢
"tagged", arrpl e radiol abel | ed (e g., with I[err]) conjugated with
enzymes, or f fu
aseays Bndh op HEEAREE Bhikel SUEniflhpalh B J"%ffm‘if"aavf. BB sl Sorl B
determ nati on of the presence of . such products and/ or said anti bod| es.in
fluid samgl egvectoksddordiRd foRRM £anichRY a BRuELHNY ,g]gq,d‘ rom 3o the inocul ation of
one or nore animal species (e.g., mce rabbit, goat, human, etc.) or from
monocl qpals., aRplokdesiir _ﬁﬁtb\‘da_ﬁtﬁton MRl imBi\grAR PHoRGR Egkighgs By be used
al one or in cogwingtunds apprégiatd nGtkiént SdAbiGons, HaiGlo6rgdnfsms Gra@bforméiOih@iblagidal} fghcals S
or plastic pivhiliDsiaencheingla gdie aETAING to 1@kt i vidichy Seid Mid@org s lokPess saidigdnB @nd
practice of ;trdstﬁcemmtclhanarﬂmmummwaad to occur to those skilled in the art
upon consideration of the foregoing illustrative exanpl es. Consequently,.
t fre” i nwen®i ohpragess énoertiiog belaMuhmrtbdmawodgammsenmvmmWE fcdli mibreorggoismsit
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interferon, wherein the base seguence includes one or nore codons selected
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B0 ARA. ARA WK die Bpgei AAC- 25

GCC -CTG TTC -CTG - GGT- ATC CTA- AAA AAC TGG AAAGAG GAA 55 43
TCC—GA CTG - ATC- ATG CAG TCT- CAA-ATT-AGC- T T C - TAC
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EP 0.423.845 BL:57 TTC -AM - CTG TTG: MG~ -+ '+ — o o
AAC- TTC- AAA- GAC- GAT- CAA- TCC- ATC- gg$ 2%,3"
G RAG GTA—AAA TCC

e ey X ﬂlﬂﬂﬂﬂﬂ lllH lllll I
ACT- AAC- TAC- TCT- GTT- ACA- GAT- CTG- AAC- GTG- CAG- CGT- AAA-GCT 5113 ATt-cac*

- GAA- CTG ATC- GAA- GTT- ATG GCT- GAA- CTG- TCT- CCT- GCG-~ 127 20

GCA- AAG- ACT-REECTRGT RS- GRS AT ORE-Thes QR T ANG- G- GOR-GAYTARGTCTG-

CGT] - CGT- CGC-1&GT- GCT- TCT- CAG. 25 2. A gene according to claim1, wherein

the b&#se COQXA-ANA-TACHITSHXACHGEA-EBE20RC+TCCEACGPE+CCTEGATSALKEC. 30
A Dbi ol ogi s |y functional DNA m croorgani smtransformtion vector

0 G AR B hE A Are fepf XL PR Soh SR

ﬁ"‘h

vvh| chis ac
human i mmune 43yama) " i nterferon conpri sing: grow ng, under appropriate
nutri éht corRQ-GAC,CTE-AAGTARGTATE-CAGHTC D Chl- AT T-HGTA-CAGTHTBE +HPAEHNC-
ti onal DNA uding a gene accordi ng to cl al m 1, whereby sai d

| :
m cr oor gani Sfl&_gkﬂﬁ %LBA %éLdT (I,‘&P |leU§ allgé;
I nterferon. A pr OCESS according to a| m 5 mr ern e mc §I’ gani sns

grown,are E. m cr oor gani sns. Pat ent ansprUche 1. Ein CGen, das in der
Lage i st dll‘é\%ﬁﬁ%e@é‘ 'FMFF%@TW@T@?T§¢%T%T¢M‘G’HAMWCC—

ausgew hi t en-ggi5 W rtsm krcoorgani smus zu steuem wobei di.e -
BasensequenzrEr-Eae4aC AT ARG - RAGASAR -0aC hbABOEAC I PC AUAGEARRL ETELNd aus

al te(rjggt I ven dons, die diesel be Am nosiure spgm fi zheren auf der
gedl ant on WA @%ﬁ% R TR RGBT Rl gt 'a@ééﬂﬁ&‘ﬁa it

‘dem 5' - Ende ME3} oberen Stranges, wie folgt ist: 50 55 29 1
TGT- TAC- T GC-XPIE- AT G22G ORI ATl ~ Cavs- GLT - AR~ G- GRG- @@-T&"ﬁ—CC’I’-GCG-
- MAAA- AAA- TA! C- AAC- GCA- GGC- CAC- TCC- GAC- GTA- GCT- GAT- ~AAC-

T8 G SRR S M SR A e e WT?CAG-

{oder CGT] —CGT-CGC-—CGT-GCT TCT-CAG.
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2, Eih Gen nach Anspruch 1, wobei der Basencodon flir Aminos&ure 41 GAA ist und fir Aminos3ure 46
CGC ist. : '

35 3. Ein biologisch funktioneller DNA-Mikroorganismentransformationsvektor, der ein Gen nach Anspruch 1
einschlieBt. :

4. Ein Vektor nach Anspruch 3, der ein zirkulires DNA-Plasmid ist.

“~ 4 b&. Ein Verfahren zur Herstellung von Human-immun(y)-interferon, welches umfaBt:
' ZUchten von Mikroorganismen, die mit biologisch funktioneller DNA transformiert sind, die ein Gen
nach Anspruch 1 einschlieBt, unter gesigneten Nahrstoftbedingungen, wobei besagte Mikroorganismen
besagtes Gen exprimieren und authentisches Human-immuninterferon produzieren.

45 6. Ein Verfahren nach Anspruch 5, wobei die gezlichteten Mikroorganismen E. coli-Mikroorganismen sind.
Revendications

1. Géne capable de diriger la éynthése, dans un micro-organisme hbte choisi, d'interféron (gamma)

50 immun humain, dans lequel la séquence de bases inclut un ou plusieurs codons choisis parmi des

codons alternatifs spécifiant le m8me acide aminé, sur la base de caractéristiques d'expression

préférentielle du codon dans un micro-organisme hbte projeté, et dans lequel la séquence de bases,
commengant 3 "extrémité 5' du brin supérieur, est comme suit :
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TTC- AAA- TG TTC- AAG AAC- TTC- AAA- GAG- GAT- CAA-TCC: ATC. CAG- 71 B o
AAG AGS- GTA- GAA- ACT- ATT- AAG- GAG- Gﬁ, % (G BTA- ABA- Tee—85——————"

TTT- AAC- AGC: AAC- AAG- AAG- AAA- CGC- GA PG AAA

ACT: AAC- TAC- TCT- GTT- ACA- GAT- CTG- AAC- GTG- CAG- CGT- AAA- i"ligﬂll" ||||| "IM[!"
ATT- CAC- GAA- CTG- ATC- CAA- GTT- ATG GCT- GAA- CTG: TCT- CCT- GO

GCA- AAG- ACT- GGC]AAA CaC- AAGCGT AGC- CAG ATG CTG TTT CAG 141. Coder

oot Ta A g B e
*Basencodon f ar rn HOSaUr e (% Tar rn nosaur |stC 6 3

Ei n bi oPogi sch funktioneller DNA- M kroorgan|snentransfornatlonsvektor, der

qrﬁ Gen nach Angpruch 1 einschliel3t. 4. Ein Vektor nach Anspruch 3, der™
zirkul are Pl 4 Ein_Verfahren zur Herstellung von

. | rmun - R AR R GG S AT AOCEEAC I A5 T KT GARTAE | di e

m t bioLogisch funktioneller DNA transformert sind, die ein Gen nach

Anspruch 1 ein lieft, unter geeigneten hbhrstoffbedlngungen wobei

besagt e M kroorgani snen besagtes Gen exprimeren und aut henti sches

Human- | mruni ntGEG-ACET GRGIRED -€ITGTGCTS ATE ~CHAT Al RO SICATRARRA “GAH1GAR 5,

wobel die gezUchteten M kroorgani smen E. coli-M kroorgani snmen sind.

Revendl gat f ons ‘Gone capabl e de difiger |a synthbse, dans un

m cro- organlsné 8te choisi, dinterfdron (gamma) 50 i mmun humain, dans

loquel |a sdqTOTEME-CPE-IRG-NICHATE CAG-TCTSICRAN-ATIoES- Adrisic-Ta-1  des

codons altematifs sp~ciflant le nBme acide anmin8, sur la base de

caracteristiques d' expression pr~f~rentielle du'codon dans un

m cr o- ogani sm®7ote projet8, et dans | equel |a s6quence de bases, ,

C ngant A a _inaur S _ - EPO

402 3" meng Wp@”c{&-ﬁp&%@ A’Afs‘l% LA catS G AT B - d A’Il':é éﬁ%

TGT- TAC- TGC- CAG GAT- CCG TAC- GI'T- AAG i AA- GCA- GAA- AAC- CTG 5 15. '

AAA- AAA- TAC- TTGJAAC- GCA- GGC- CAC- TCC- GAC- GTA- CCT- GAT- AAC- 10 29

GGC- AC®CTG TTG-.CTG GGT- ATC- CTA- AAA- AAC- TGG- AAA- GAG GAA- 15 43

TCC- GAC- CTG GM@-‘%&R?‘G@*F@@CAMA#GG%GAM%A@C GTA-ARA-TCC-

85

* TTT-AAC-AGC-AAC-AAG-AAG-AAA-CGC-GAT-GAC-TTC-GAG-AAA-CTG-

99 .
35 ' ACT-AAC-TAC-TCT‘GTTfACA-GAT-CTG—AAC-GTG-CAG-CGTfAAAfGCT-
~ 0 113

AT’I‘-CAC-GAA-CTG'-AT.C—CAA—GTT-A'I‘G-GCT-GAA-CTG—TCT-CCT—GCG—

127 _
45 .
GCA-AAG-ACT-GGC-AAA-CGC-AAG-CGT-AGC-CAG—ATG-CTG-TTT-CAG—
141
50 {ou CGT)-CGT-CGC-CGT-GCT-TCT-CAG.
2. Geéne selon [a revendication 1, dans lequsl le codon de bases pour I'acide aminé 41 est GAA et pour

§5 I'acide aminé 46 est CGC.

3. Vecteur de transformation de micro-organismes par ADN biologiquement fonctionhel. incluant un géne -
selon la revendication 1.
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20 . 57, TTC AAA-CTG TTC AAG AAG- TTC- AAA. - GAC- GAT- CAA- TOG- AT CAG 25—

T ARG S A MG A . s S e PR i na crc ] I H llll S

ACT- AAC- TAC- TCT- GTT- ACA- GAT- CTG- AAC- GTG- CAG- CGT

ATT- CAC- GAAVECHbGrshibila CdvbndichtionAT &ai 65 n %mmmm GCG 127 45 .

GCA- AAG- ACT- GGC- AAA- CCC- AAG- CGT- AGC- CAG ATG- CTG TTT- CAG 141 (ou

CGQT) - CGT-6COed8a pdut Hrodult dé@erfézbn (d2ewre) imwiuo hurhain, canpegamelitcat-i on 1, dans | equel
| e codon delalsrisemce alans ﬂesamrdiupnamutnﬁesupmée@matmcpmmamsﬁes winsioimde pemda6 46
est CGC. 3. IADddhicagiquetesnt fongierinely incluanbyn ghoe aeler la reyprgiation rtelgsdis micrpganismes -
ki ol ogi quen@nremwﬁ@tqémm@rodquaneumﬂém 'wé'umgvewwnﬂqae revendi cation 1. 31
BP0 423 845 B1, L1l 111 4. Vecteur selon |a
revendi c&t i Bpeed8 selen 'ae?t’e"ﬂﬁat‘m ésﬁ‘?’lfe'eﬂf‘ehm 'E'F'P?f?f‘%’i"?"é encultysp Sont os JRige- .
produire d e aAEResT £Plbn (ganma) i nmun humai n, conprenant: |a croissance,
dans d&s conditions nutritives appropri6es, de m cr o- organi snmes transfornes

par de 5 | ADN bi ol ogi querment fonctionnel, incluant un gbne selon |a
revendication 1, lesdits mcro-organisnes exprimant |edit gbne et
produi sant de |'interf6ron i nmmun humain authentique. 6. Proc~d4 solon |a

revendication 5, dans |equel |es mcro-organisnmes on culture sont des
m cro- organismes E. coil. 10 15 20 25 30 35 40 45 50 55 32
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