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manufacture of a transformation vector by enzymatically cleaving viral or circular plasmid DNA to form

linear DNA strands. Selected foreign DNA strands are also prepared in linear form through use of similar

enzymes. The linear viral or plasmid DNA is incubated with the foreign DNA in the presence of ligating

56 enzymes capable of effecting a restoration process and "hybrid" vectors are formed which include the

selected foreign DNA segment "spliced” into the viral or circular DNA plasmid.
Transformation of compatible unicellular host organisms with the hybrid vector results in the formation
of multiple copies of the foreign DNA in the host cell population. In some instances, the desired result is
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55 Inefficiencies in the above-noted methodology are due in large part to the formation of undesired
intermediate products. As an example, in an initial reaction forming annealed top strands associated with a
bottom, "template™ strand, the desired reaction may be,
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[ - er r] - gsabjedt tt® widd aaRation; idpentifly i part on specific alternative forms of the amino acid-specifying
genstic code present in an inserted exogenous gene. A "friplet" codon of four possible nucleotide bases
can exist in 64 variant forms. That these forms provide the message for only 20 different amino acids (as
well as transcription initiation and termination) means that some amino acids can be coded for by more than
so one codon. Indeed, some amino acids have as many as six "redundant”, alternative codons while some
others have a single, required codon. For reasons not completely understood, alternative codons are not at
ali uniformly present in the endogenous DNA of differing types of cells and there appears to exist a variable
natural hierarchy or "preference” for certain codons in certain types of cells.
As one example, the amino acid leucine is specified by any of six DNA codons including CTA, CTC,
s5 CTG, CTT, TTA, and TTG (which correspond, respectively, {o the mRNA codons, CUA, CUC, CUG, CUU,
UUA and UUG). Exhaustive analysis of genome codon frequencies for microorganisms has revealed
endogenous DNA of E. coli bacteria most commonly contains the CTG 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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. Put another way, the work of Gray, et al.,, supra, in the isolation of a gene coding for IFN-y and the
extensive labors of Edge, et al., supra, in providing a wholly manufactured IFN-a; gene provide only genetic
materials for expression of single, very precisely defined, polypeptide sequences. There exist no proce-

45 dures (except, possibly, for site specific mutagenesis) which would permit microbial expression of large
quantities of human IFN-y analogs which differed from the "authentic" polypeptide in terms of the identity
or location of even a single amino acid. In a like manner, preparation of an IFN-a4 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

s0 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
¢DNA-derived and manufactured DNA sequences to vary codon usage is not an available "option™.
Indeed, the only report of the preparation of variant interferon polypeptide species by recombinant DNA
technigues has been in the context of preparation and expression of "hybrids" of human genes for IFN-a;4

55 and IFN-az [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 (1981)]. The hybrids obtained consisted of the four possible
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
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422 697 dlftdrent from that in which the assembly vector is amplified. In other preferred embodiments of the method:
at least three different subunit DNA sequences are prepared in step (a) and serially inserted into said
selected assembly vector in step (b) and the desired manufactured DNA sequence obtained includes at
so0 least two unique palindromic six base recognition sites for restriction endonuclease cleavage at intermediate
positions therein; the DNA ssquence synthesized comprises an entire structural gene coding for a
biologically active polypeptide; and, in the DNA sequence manufactured, the sequence of nucleotide bases
includes one or more codons selected, from among alternative codons specifying the same amino acid, on
the basis of preferential expression characteristics of the codon in said selected host microorganism.
55 Novel products of the invention include manufactured, linear, double stranded DNA sequences of a
length in excess of about 200 base pairs and coding for the expression of a predetermined continuous
sequence of amino acids by a selected host microorganism fransformed with a selected DNA vector
including the sequence, characterized by having at least one unique palindromic six base recognition site
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pol ypepti desgngt&%gﬁicée. g?t her, nodi fighc% ion of the reportegﬁcDNA-deri ved
andt ranuf a::Phewlmt\lﬁanéqleences t;) v?rli‘/he:odon usa?g is POt aﬁ a;/a! I ?bI;a
"option". , e only report o preparation of vargant interferon
p]?I ypept i dteﬁgg%gigs by reconbi n?nthDgﬁechn;qﬁes has beenfin Ehe ]cogtSext .
of preparat Has rexpression of "hy s" o uman genes r [err an
| FN- a2 [V‘éc& ‘iteu? eNuc_l ei ¢ Acids I?f arch, 9, pp. 6153- 6}68 (1981) and
Stredi, et AP 8YSAN® nNat. Acad. Scif s A, 78, pp. 2848-2852 (1981)].
The~hybri dsLystiamened consisted of they®ur possible conbi naki ons of gene
fragments dgvglg ed upon finding that %\‘AY\D of the eight hurrag (cDNA- deri ved)
genes fortu £85 ?Xf i ncl uded only oncé[’ thin the sequence, Dase sequences
corrggpondi Mgthdomime estriction 7 MéP 0 422 697 Bl endonMcl ease cl eavage
sites for tge bacterial endonucl ease Pvul | and Bglll. Thege exists,
therefore, @°8588MMT al need in the M for nore efficient procedures for
the total spebldses from nucl eoti de IBs®s of manufactured [NA sequences
codi ng for rge pol ypeptides such as.the interferons. Therg additionally
exi st a peégugéfﬁé%t hetic methods WRh will allow for th@ rapi d _
constructi oargindmevariant fornms of spgghetic sequences sucR as will permt
the m crobi gl expression of synthetic é)Ol ypepti des which va%y from
natural |y oe®€GAP®ng forms in terms of°$he identity and/or pBsition of one
or nore sel-pﬁt_-gdnqnj@o aci df5. BRI EF $R#VARY 10 The present "rnventi on
provides noveh_,, rapid and highly effigcient procedures for the total
synthesi s of2tRR&ar, doubl e stranded @N& sequences in exces$ of about 200
nucl eotide pagptdhanin | ength, whickrgequences may conpriwe entire
structural genes capable of directing the synthesis of a wige variety of
polf\i/l%epti des¥bPSiiferest. is Accor¥f ng to the invention; linear, double
st randed DNA sequences of a length in excess of about 200 base pairs and

codi NG f OT XS eBFbviondstRl 5516ihEyBH R HuckORHo RS K10 SN 65or Yhartl] PRy ACH TS

wi thin thmine; U for uracil; and C for cylosine. For ease of undersianding of the present invention, Table Hl and Il

below provide tabular correlations between the 64 alternate triplet nucleotide base codons of DNA and the

45 20 amino acids and transcription termination ("stop™) functions specified thersby. In order to determine the
corresponding correlations for RNA, U is substituted for T in the tables.
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sel ected host m croor ganismtransfornmed by a selected DNA vector including
t he sequence, are syn- thesized bEP@a2e®bpBi1conprising: (a) preparing two
or nore different, subunit, |inear, double stranded DNA sequences of about
100 or 20 - nore base pairs in length for assenbly in a selected assenbly
vector, each different subunit DNA sequence prepared conprising a series of
nucl eoti de base codons coding for a BABLErd&: continuous portion of said
pr.edet er mi ned sequence of am no acids to be expressed, one term nal region
of e first wfpgdi d subunits congri sing a portion of a base sgggghce which
25 provi 1bfcogni ti on SECONDoPOH e by a first ggsiFi@gi on
endonucl ea it i I i I or not
at all in said selected assenbly vector upon insertion of the subunit
therein, one termnal r&gion ofCa second of sai d@subunits conprising a
porti op of ~=fase—segmencte—whrch—provrdes—a—recogrnrtTom-stte—for-—ctieavage

by a second restricti eendonugggase o] t ha § idfirst 30
endonucl ease, which récognition-Site i ti reIn§ gresent once ‘or not at all

in said selected asse®ie/ vect8erupon iMyerti onCPS t he subuni tCtherein, at
| east one-hal fTof all ¢r inin ermn gi on subunits nprising a
portiom of a recogni tiLoeﬁpgi te %5 ef er agv{é pal;s\ﬁg?on‘i C SiX bgge
recognition site) for LefweavageSey a re&topti onTepdonucl ease dd her than
said first _and second endonucl eases, which recognition site is entirely
present once and only.gnce 35 jn saiq.selecte ssenbly vectpr after
insertion of all subur*'%q’s thergfhto; a s(b) segfglly i nserti n'g each of
sa&?} stounit DNA sequdmaes prePmoed i nBifsep (a)Atgto the sel ed®ed assenbly
vector and eff@cting Z%S{ bi ol o?iéal anplgifi catiRn of the assenply vector
subsequent to each in ion, k r eby t&'nf orm & BRA vector inctudi ng the
desired DNA sequence Qedi ng foProhe pr@iater- nArgd continuoussanm no acid
sequenge and wherein the desired DNA sequence assenbl ed includes at 40

| east one uni que, pre&g&abry p,gl I ndrom,C SI X bage, recognition,site for
restriction endonucle cl eav 35 at afStht er mettht e position tTherein. The
above general nethod A« er ablhturt he@dsgmcl udeSethe step of i®ol ating the
desi red DNA segjuence fr,omthe senbly vector pyreferably to provide one of
the cl ass of novel rraﬁdlgacture‘gﬁf)NA sed¥&hces HAYPng at | east ®ne unj que
palindrom c six base meaogni tiphrsite figfg restraggi on endonucl@ase cl eavage
at an 45 internediate position therein. A sequence so isolated my then be
inserted i a difTerent,.. "expresston . Vector an Irect expresl§| on of the
desi red pol ypepti de bglaa} m cr M+Gani smARR ch | $1¥e same as or¥different
fromt#at in which thgagssenbl x1¥ector pgp anpl igigd. In other @referred
enbodi nents ofgthe nethqod: at |east three different subunit DNA sequences
are prepared in step é’&)l and sdtfal | y Gidkrt ed $B¥0 said sel edted assenbl y
vector in step (b) anggaihe desjyfgd manghact uredgPpA sequence oyt ai ned

i ngl ydes at 50 | east two uni que palindrom c six base recognition sites for
restti & i o eNOONUCT TAsSE I eavage ar T ermedrare posrtions therern. t he
DNA sequence synt hesi zed conprises an entire structural gene coding for a
bi ol ogically active pol ypeptide; and, in the DNA sequence nmanufactured, the
sequence of nucl eotide bases includes one or nore codons selected, from
among @ ternative codons specifying the same am no acid, on the basis of
preferential expression characteristics of the codon in said selected host
m croorgani sm 55 Novel products of the invention include manufactured,
| i near, doubl e stranded DNA sequences of a
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68

"



Iengthlin excess of about 200 base pairs and coding for the expression of a
predet erm ned conti nuous sequencEP 082269781 aci ds by a sel ected host
m croorgani smtransfornmed with a sel ected DNA vector including the
sequence, characterized by having at |east one unique palindrom c six base
recognition site 8 EP 0 422 697 BABLE X¥ktriction endonucl ease cl eavage
at an internediate position therein. Al so included are pol ypeptide products
t-he expression by an organi sm of such manufactured sequences.
II\I-dstratl vahinpr ddidkd by the preseSpeciMningnCedeniisyel manufactured:
genes® coding for consensus human | eukocyte interferons. 5 DNA subuni t
sequences for use in practice of the nethods of the invention are
preferably $K)t h@diareihé r om nucl eot i GCTHaBLC ABOAEI 80Gt 0 t he net hods
di scl osed i o-gwned,. concurrently-{iled . Patent Application Seri al
No. 335,493?C§y %Méiﬁﬂpgiabinsky, e&kﬂﬁlé#x§whnufacture and Expression of
Structural (PhesAspidticeaesdDocket GNT, GX®). Briefly summarized the
gener al net?gg c rlses the t eps o% (1) eparing two or nore different,
| i near, dup acid dup @é's d including a double 10
stranded regrpn pheﬁ&xxlgﬁ&ﬁeselectg&mqomwcwmﬁnary base pairs and further
i ncl udi ng a &g' g%{e stranded term_nal sequence of _from3 to 7 selected
bases at onk 3Re strand and/ offGF b GGA g €6Ct r anded ternina
sequence of (AjonE3sitddiree! ect ed baseargt dare other end of the strand, each
single strandgd er i nal, sequence of _each dupl ex DNA strand conprising the
entire basef® é et nost onBT ?'n@t stAhded terninal sequence of
any c®her dppbexLygaﬁarand preparedaaandalleg (2) annealing each dupl ex
strand Prepared i,n step (1) to one or two different duplex strands
prepared i n{&l epL@YF i ng a conpl eFEPraBEGi feFBr sSEFGMdCEAre GRSl
sequence, thgyebueggﬂayynéislngle capl nuous doubl e stranded DNA sequence
mhlch has a dupl ex region of at least 27 sel ected base pairs including at
| east®3 bas®Vbai ASPAS ®y conpl enPATar WA soci ati on of single stranded
t erm nal segpencpgogﬁjﬂyplex DNA st repds @@@Jrcgh;rcggep (1) and which has
fromO to 2 single stranded-top or 20 bot t om t er m nal regi ons of fron13
to 7 bases. (@h tR2usABHAE ed general CPRac&AS for subunit nanufacture,
| eastget hree(glj f f gEERN ieP! €x DNA strages @ralt rwre@b@n AEAP (ﬁ@Gand aII

strands so prepared are anneal ed concur rent e annea
reaction m & lreSe6iNgrm a single coRETRUS d&ﬁ#e %@ and6d DPM;Csequence

whi ch has a(.flpplggr@gglllm of at IeasAcd-Z ? ctmbaﬁécpal rs including at
ase

| east two non-adj acent sets of 3 or noré alrs formed by 25

conplaenent af¥) as&ééilatel on of si ngl e €TTan&SE t&ﬁm M@FGsequences of dupl ex

strands Pregay ed LOpt bﬁ@ The dupggx DNA strand preparation step (1) of

the preferred subunft nu acturlng roces referably conprises the steps

of (a) conﬁ!tucTyngSﬂmﬁst and secon AChﬂé@ﬂpdeoxyoligonucleotide segnent s
g 15 qpre bases in a SeleCteﬂAh'”QﬁL nce the |inear sequence
ages of e second segnent conprisi g e tot al conpl enent of the

sequence of bases of the first segnent except that at Ieast one end of the

second segpeny d?JPr?é"' ‘?‘Zie“ﬁ ﬁ;&? bedfAGioR Unddfiilichie didlbagh ‘o Gible FHUG'GRA Blonl  OM 3
fott-t

to 7 Selvﬁﬁﬁ G pI 280 Foft symmetry between top and boitom base complements, i.e.,
45 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 sirand of which
reportedly reads CAGCAG. The bottom sirand base complement, when read 5' to 3" is CTGCTG.

s0 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 palfindromic or not. For exampie,
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 Endonuciease Reference Chart,” endonucieases recognizing six base palindromic sites exclu-

s5 sively include Bbrl, Chul, Hin173, Ein91R, Hinblil, Hinbill, Hindill, Hinfil, Hsul, Bglll, Stul, Rrul, Clal, Avalll,
Pvull, Smal, Xmal, Eccl, Sacll, Sbol, Sbrl, Shyl, Sstll, Tgll, Awril, Pvul, Rshl, Rspl, Xnil, Xorll, Xmalll, Blul,
Msil, Scul, Sexl, Sgol, Slal, Slul, Spal, Xhol, Xpal, Bce170, Bsu1247, Pstl, SalPi, Xmall, Xorl, EcoRl,
Rsh630l, Sacl, Ssil, Sphl, BamHI, BamKl, BamNI, BamFl, Bstl, Kpnl, Sall, Xaml, Hpal, Xbal, AtuCl, Bcll,

12



fully Eonplenenting the first segnent, or shall lack a |linear sequence of
from3 to 7 bases conpl enen- taryEP® 42216087 Binal sequence of the first
segnernit, provided, however, that the second segnent shall not have an
addltlonal segtuence of bases or be | acking a sequence of bases at both of

its ends;® Bal.ftpl: AndMial ﬁéiowcxegs@s Ahieh fg@@wmnyggwaﬂmfowﬁa'é pase

T e °“?“*‘9m Ty “‘F'gsa %ﬁﬂ CEhRL R - SOL0CAT et G Aret i
a.linear e

’Mnnllj inHl
AR i ﬂu% Gl L5 B Sl ggdons
sel ect ed J\J 0& a? tl @—Q'&Qﬁ t| Cp @unﬂn
proj et e §£?sm§2&sm@ f:,%?‘ﬁ%ﬁéﬁ"&ﬁ*“ﬁ“ bl ot el
especi al | dctis i Bl sblod@EAGRI b n.s(shl 84 R4 &ﬁbnpveétzh'?or raﬁeéﬁe%te saaeeeat--bﬁgevers’é%?g
| NPT OV Y TeNRESr inBudiRy 1he INAR BEudHBS WhicRIhEs b&dn AEHIRBGIEH JromEHs lsSbufils) &XPARBAL QN Of
sel ected mmagﬁgg&dl Bolﬁn? ﬁgli'ﬂepg?%bqtgﬁiek Sxprd3ddaih e Hostabkdpism O jts AB&H ON
vect ors agiienDibdds pradtiesl of the invedtidndivolse BRp @ saivé\veohl e assembly pSthé eantfdiured
pol ypept i shquencecking dor laegpi soals explessidn of the aiygtide oF| it g, ais tmstmidoqmdahismteinweye;ffor
ri bosonme dxpreskiongwih i ordinagie cheethe ssme as caniployet épe reowiifications paformeBNAwiags $ecsubtntd 45
W t h hisgghdasyemblyrecessed endogenous pol ypeptides. A presently preferred
sel ect ed sederememiactred (ANA soauensremaf ba previded iydih arasonotanbigvigiorsregien foeeuinanmeus
associ at e¢pnifil phexpressios|of may Be insepasrieddito Gueeter i msnnen Broyjdieg fer epniml of Epession™ )
Ot her aspRc ROBeieregypiahseqpRnse eftant 'néhgpﬁetgrewenuraﬁ*v@ﬂpﬂbﬁewmqes plehesipysatiasitayupon
consi der ai“!t‘i‘SW Pﬁ '"E’?‘i%p'ﬁ*‘?ﬂ NB\xistpoRiasaidrhopro eass, (B g+ iSgalagioidassh o fonp f‘BE'mP'I‘_"ED

=]

0

2.8
P

SCRI P71 & aem'e? &ofucts; jngluding; the dggliad amiop @P@oﬁeq‘e?gcea;faﬁd faf Pyt pnA
ence '8?" a‘_’g% ve r oduct géﬁjher tOtgn}a}(/ cheni cal | .
;gnt hes e i c. %é’éﬁ)’?ﬁ %%9& Iev §%§%% T %@*‘gg'rm

i he
i s exchus] W taﬁafw% Wi o fosk | ONi NG
met hodo! og' & wran Feﬁ ofl 4B "lﬁanaigewumgomt:&d;éi% Hd @b%ﬁ ssgf Rl SHhay

origin. Tablesd Acca-ahﬁw ﬁgi&ta‘?t R5EmbRORGIRDEE Blolisl3f rEHRL Y, BGt .bs‘faie.laay E&oﬁlﬁﬁheﬂ%t e
am no aci .d&anaadhé FiGit WA StfididdD fbceti@ePAITERBSHERA 0 ahfEnRntoRsd €5, AMRRaEHAT.N. 3784939
EP 0 422 §Ptabidsky Al-Gsell i certain of the/fBlloRig Akdntples of actual practice of the present invention.
Abbr evi@at Bridfly put, these procedures involve the dstdrifdly frayriThedkyofidontiticdfides of two or more different,

Al a linear, duplex DNA strands each including a rélativély long Qyubloestrar@led region along with a relatively
Cys short single stranded region on one or bottCopk®giay érids ofitediouble strand. The double stranded
Asp regions are designed to include codons needed o Gbagifnassembdncef @n initial, or terminal or intermediate
du portion of the total amino acid sequence of e desired polypeptifie, Wreapoaswq; @lternative codons
Phe 35 preferentially expressed by a projected host (g.9GE\qeli)ate employed. Depending on the relative position
Ay to be assumed in the finally assembled subunit}PNA sequence, the single stranded region(s) of the duplex

strands will include a sequence of bases which, when complemented by bases of other duplex strands, also
provide codons specifying amino acids within the desired polypeptide sequence.
Duplex strands formed according to this procedure are then enzymatically annealed to the one or two
N/ 40 different duplex strands having complementary short, single stranded regions to form a desired continuous
double stranded subunit DNA sequence which codes for the desired polypeptide 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
regions of which constitute the base complement of at most one other single stranded region of any other

45 duplex strand. Providing all duplex strands formed with short single stranded regions which uniquely
complement only one of the single siranded 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.

The following description of the manufacture of a hypothetical long DNA sequence coding for a

50 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
for microbial expression of the polypeptide will thus require assembly of at least 300 base pairs for insertion

65 into a selected viral or circular plasmid DNA vector to be used for transformation of a selected host
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

13



Hi stidi ne : Hi s

H 20 | sol euci ne EP 0 422 697 B1 Il e
| Lysine - Lys
K Leuci ne Le

u
L 25 pfg{gﬁgp@rﬁf {ha host species. For purposes of this discussion, the selection gfiap E. coli bacterial host is
MAspargﬁﬁ':fﬁe o . Asn . o _
. second consideration in construction of the manufactur ene is the identity of the projected DNA
N .Proline . ! X . o
P 'sg v oq °¥'?8 in the assembly process. Selection of a suitable vector is base_j! qn existing knowledge of
Q’ Ar 5| r“si s for cleavage of the vector by restriction endonucleas%gnzymes. More ™ particularly, the assembly
R S gl vector is selected on the basis of including DNA sequences gro%ding endonuclease cleavage sites which
ﬁr ' n%li" permit easy insertion of the subunits. In this regard, th sombly vector selected preferably has at
S Thr eorlHaQ‘?wo restriction sites which occur only once (i.e., are "uniq ‘r) in the vector prior to performance of any
T 35 Valsbtﬂlﬁit insertion processes. For the purposes of this descriqjion, selection of a hypothetical circular

V Tr yipt @RAPRsmid pBR 3000 having a single EcoRl restriction site, i6.0
W Tyr osi ne Tyr

Y 40 The foll owi ng abbreviations s Ah.rlie_e'rrpl oyed for nucl eotide bases: A
for adenine; G for guanine; T for } ?m%_ U for uracil; and C for
cytosine. For ease of understanding of the present invention, Table 11 and
11 bekow provide tabular correl ati ons between the 64 alternate triplet

nucl eot iantka siegiecPvothwetrictionsiteDMA and t he 45 20 amino acids and transcription
term nation ("stop”) functions specified thereby. In order to determ ne the
correspondi ng correl ations for RNA_ b&. ubstituted for T in the tables.

50 55 10 EP 0 422 697 Bl TABLE | G | RST SECOND PCSI TI ON

Pogjf’o\l T C A &t e Ser Tyr oys

T Pre is pog 2 Tyr Cys CT Leu Ser St op

alt gp The amin'tAJ‘ alt‘:%useque?ces rthe _desiredsgo%eptigfeg;rrﬂ?en analyzed in the cGtelgf gf deterrﬁiﬁrﬁg
availability of alternatg codons %o iven amino acids (pr :;%‘Iy in the context of cod references of tHe

C LeLEs proje fo E. coli host). With this intbrfhation in hand, two subunit DNA sequences are designed, preferably

having a length on the order of about 150 base pairs -- each coding for approximately one-haif of the total
amino acid sequences of the desired polypeptide. For purposes of this description, the two subunits
manufactured will be referred to as "A" and "B".

The methods of the present invention as applied to two such subunits, generally call for: insertion of

30 one of the subunits into the assembly vector; amplification of the hybrid vector formed; and insertion of the

second subunit to form a second hybrid including the assembled subunits in the proper sequence. Because

the method involves joining the two subunits together in a manner permitting the joined ends to provide a

continuous preselected sequence of bases coding for a continuous preselected sequence of amino acids,

there exist ceriain requirements concerning the identity and sequence of the bases which make up the

35 terminal regions of the manufactured subunits which will be joined to another subunit. Because the method

-calls for joining subunits to the assembly vector, thers exist other requirements concerning the identity and

sequence of the bases which make up those terminal regions of the manufactured subunits which will be

joined to the assembly vector. Because the subunits are serially, rather than concurrently, inserted into the

: assembly vector (and because the methods are most beneficially practiced when the subunits can be

K/ko selectively excised from assembled form to allow for alterations in selected base sequences therein), still

further requirements exist concerning the identity of the bases in terminal regions of subunits manufactured.

For ease of undersianding in the following discussion of terminal region characteristics, the opposing
terminal regions of subunits A and B are respectively referred to as A-1 and A-2, and B-1 and B-2, viz:

B-2 B-1 A-2 A-1
B A

50
Assume that an assembly sirategy is developed wherein subunit A is to be inserted into pBR3000 first,
with terminal region A-1 to be ligated to the vector at the EcoRl restriction site. In the simplest case, the
terminal region is simply provided with an EcoRI "sticky end”, i.e., a single strand of four bases (-AATT- or
-TTAA-) which will complement a single stranded sequence formed upon EcoRI digestion of pBR3000. This
55 will allow ligation of terminal region A-1 to the vector upon treatment with ligase enzyme. Unless the single
strand at the end of terminal region A-1 is preceded by an appropriate base pair
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Léu " Pro Adn Arg G25 1lle Thr Asn Ser

Tlle Thr Asn Ser EP 0 422 697 B1A 30 | Ile Thr
Lys Arg A Met Thr Lys Arg G Val
Al a Asp Gy ‘T 35 Val Al a Asp
Ay CG Val Ala s'.gdu Ay A Val
Al a Au Ay (e g0 55-@@1'55-) * EP 0422697 Bl TABLE 111
Am no Aci d Speci fyi ng Codon(s) (A) Al anine

Aspar ?I(S:C th re %ni 19 site %ﬁﬁr‘io‘? 55' ?ecgvh&lllutemoh tlon the vecto%. c\gge r or r%?th%(iic&;?)

tion site is reconstituted upon ligat oRl sites emammg

GAA, GAG insel iaﬁ Wéuﬁdnﬁw ift&’ the vector) is at the option of the designer &TIQ slr&egy Altern , one

A yciN€  may construct the terminal region A-‘Fﬁ-rsubur@ﬂo iktRde a as vidlng a

CAT, CAC /béapnitidnSsité Rk Sdnidther endonuclease, hypothetically desigfislel; )db-('cand‘iﬂ-eﬁ & on portions &K)

Lysi ness the EcoRI recognition site as above to pra%idéan BRI (inRer”. Ire b& bifpRactical uss in excising subunit

TTA, TTG A fdn an adsdribled Eb4uenés] the ("MIX" sitd/Efichid @B apPear elsewhere in the hybrid plasmid folisd 25

(N) Aspaipaginsetion. The requirement for construction of terniifel regfeAQ\-{ i) theléfod, ithakit comprise a

CCT, CCC, podior\(i.eCBCor(r@it) of @ hatensviquence which provides a recognition site for d@avage CAG ré&@iction CR)

Ar gi ni ne endonuclease, which recognition site is entireiC@TeserC@ilier O©A, or ARG a\@Athe AGEMPIB)vector

Ser i ners upon insertion of the subunit. TCT, TCC, TCA, TCG AGI, AGC (T7)

Thr eoni ne  Assume that terminal region B-2 of sulumit B Az -glso tabe joingdtp the assembly vector (e.g., at the
single recognition site for Pvull cleavage present on pBR3000). The requirements for construction of
terminal region B-2 are the same as for construction of A~1, except that the second endonuclease enzyme
in reference to which the construction of B-2 is made must be different from that with respect to which the

, 20 construction of A-1 is made. If recognition sites are the same, one will not be able io separately excise
\_/ segments A and B from the fully assembled sequence.

The above assumptions requirse, then, that terminal region A-2 is to be ligated to terminal region B-1 in
the final pBR3000 hybrid. Either the terminal region A-2 or the terminal region B-1 is consiructed tfo
comprise a portion of a (preferably palindromic six base) recognition site for restriction endonuclease

25 cleavage by hypothetical third endonuclease "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 intermediate position in
the assemblage of subunits. There exist a number of strategies for obtaining this result. In one alternative
strategy, the entire recognition site of "YYY" is contained in terminal region A-2 and the region additionally
includes the one or more portions of other recognition sites for endonuclease cleavage needed to (1)

30 complete the insertion of subunit A into the assembly vector for amplification purposes, and (2) allow for
subsequent joining of subunit A to subunit B. In this case, terminal 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 terminal region B-1 and B-1 further includes at its end a portion of a recognition site for
endonuclease cleavage which is useful for joining subunit A to subunit B.

35 . As another alternative, terminal region B-1 may contain at its end a portion of the "YYY" recognition
site. Terminal region A-2 would then contain the entire "YYY" recognition site plus, at its end, a suitable
"linker™ for joining A-2 fo the assembly vector prior to amplification of subunit A (e.g., a Pvull "sticky end").
After amplification of the hybrid containing subunit A, the hybrid would be cleaved with "YYY" (leaving a

; sticky-ended portion of the "YYY" recognition site exposed on the end of A-2) and subunit B could be
\_ 4 inserted with its B-1 terminal region joined with the end of terminal region A-2 to reconstitute the entire
"YYY" recognition site. The requirement for construction of the terminal regions of all segments (other than
A-1 and B-2) is that one or the other or both (i.e., "at least half") comprise a portion (i.e., include all or part)
of a recognition site for third restriction endonuclease cleavage, which recognition site is entirely present
once and only once (i.e., is "unique”) in said assembly vector after insertion of all subunits thereinto. To

45 generate a member of the class of novel DNA sequences of the invention, the recognition site of the third
endonuclease should be a six base palindromic recognition site.

While a subunit "terminal region” as referred io above could be considered to extend from the subunit
end fully halfway along the subunit to its center, as a practical matter the constructions noted would
ordinarily be performed in the final 10 or 20 bases. Similarly, while the unique "intermediate” recognition

50 site in the two subunit assemblage may be up fo three times closer fo one end of the manufactured
sequence than it is to the other, it will ordinarily be located near the center of the sequence. If, 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

s5 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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bott oy strand base conpl énent, when read 5 to 3 is CIGCTG so Essentially

by defi nEdAMBILE1restriction S|tes conpri sing odd nunbers of bases (e.g., 5,
7) are non-palindromic. Certain endonucl eases will cleave at variant forns
of a sit e, Thatamiro ante\seduengesifor thet homarclewkocykeointerfdra of thecthsubigpe Béds bbdn derdlided by
recogni 2@y af squanciog picdPNAcldes. Sem p.gp Goedets)eBall Maturey 200y pp. 1PD-A6 (1951 Thelgemtrahg t he
pal i ndr eracedusas (pf erpe ExNBITF QT 28nd) 3 twete mlpvp}blnithﬂjtﬂ%m @ndsasgerelincef aQnmpETtured
Referri RNAL epauanee fior aige di giiojabieb pxpepssiERpf [RMwFrin &. jcalh PEfRRSRALET @ #BB32dpivednce
Chart, " esMersiY c@éfe%e"?’@@!ig far f\ﬁﬁg"%ﬁ‘%mbﬁé*eeep&laph chubyAit PNA sequences EeylFN-B 5
sively it 'éf"bﬁél 3@ LpulFNR ) and pg; “iinorEsulenit NALfeawpneq (LeylfNgh M) was pyolyeg pqd is

Hionf ], Sy TaBRlypélowss | ' Rryl, Clal, Avalll, Pvull, Smal, Xmal, Eccl,
Sacl |2 Sbol Sbri, shyl, Sstil, Tgll, Avrll, Pvul, Rshl, Rspl, Xnil, Xorll,
Xma 11, Bl uI , I\/Isi |, Scul , Sexl, Sgol, Slal, Slul, Spal, Xhol, Xpal,

Bcel70, Bsul247, Pstl, SalPl, Xmall, Xorl, EcoRl, Rsh6301, Sacl, Sstl,
Sphl, BanHl, BanKl, BanNl, Bantl, Bstl, Kpnl, Sall, Xam , Hpal, Xbal,
AtuCl, Bcll, 12 EP 0 422 697 Bl Cpel, SstlV, Aosl, Mtl, Ball, Asull,
and M al. Endonucl eases which recogni ze only non-palindromc six base

sequences exclusively include Tthillll, EcoP15, Aval, and Avrl.

Endonucl eases recogni zing both palindrom c and non-palindromc six base
sequences include Hael, Hgi Al, Acyl, Aosll, Asulll, Accl, Chull, Hncll,
Hi ndldel , WMhnl, Xholl, Haell, H nH, Ngol, and EcoRI'. 5 Upon

determ nation of the structure of a desired pol ypeptide to be produced,
practice of the present invention involves: preparation of two or nore

di fferent specific, continuous double stranded DNA subunit sequences of 100
or nore base pairs in length and having term nal portions of the proper
confiuration; serial insertion of subunits into a selected assenbly vector
with internmediate anplification of the hybrid vectors in a sel ected host
organi sm use of the assenbly vector (or an alternate, selected
"expression” 10 vector including the DNA sequence whi ch has been
manuf.actured fromthe subunits) to transforma suitable, selected host;

and, i1sol ating pol ypepti de sequences expressed in the host organism In its
nost efficient fornms, practice of the invention involves using the sane
vector for assenbly of the manufactured sequence and for |arge scale
expression of the polypeptide. Simlarly, the host m croorgani sm enpl oyed
for espression will ordinarily be the sanme as enpl oyed for anplifications
performed during the subunit

50
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15 aséenbly process. The manufactured DNA sequence nmay be provided with a
pronoter/regul ator region for aut BROA2REITBAtr ol of expression or may be
incorporated into a vector in a manner providing for control of expression
by a pronoter/regul ator sequence extant in the vector. Manufactured DNA
sequences of the invention may suitably be incorporated into existing

pl asm d-borne genes (e.g., [err]-galact{sidase) to formfusion genes 20
codi ng for fusion polypeptide products including the desired am no acid
sehﬂén%es coded for by the manufactured sequeﬂﬁes. In practice of the
invention inits preferred forns, polypgptides p@p uced may vary in size
fromabout 65 or 70 am no acids up to about 200 e inore am no acids. High

| evel s of expression of the desired pol ypepti gies sel ected transforned
host organisns is facilitated through thegranlf yre of DNA 25 sequences
whi ch iycl ude one or nore alternative codens Nﬁ? are preferentially
expressed by the host. Mnufacture of dSunl e ki?&hded subunit DNA sequences
of 100 to 200 base pairs in |length may prqpeegggggcrding to prior art
assenbly methods previously referred to, taut } e g dferably acconplished by
means of the rapid and efficient proceduregs dl l#®aed in the aforenentioned
US Application S.N 375,493 by Stabinsk anj@@t“ in certain of the
foll owi ng exanpl es of actual practice of the preserft invention. 30 Briefly
put, these procedures involve the assenbl & fﬂBﬁS gxyol i gonucl eoti des of
two or nore different, |inearz} dupl ex DNA trﬁﬁﬁ gach including a
relatively |ong double strandq region aleng M<lg«d rel atively short single
stmdé‘ﬂ regi on on one or botﬁ opposi ng eﬁds bﬁ d doubl e strand. The

do

e stranded regions are qg igned to igclube, godons needed to specify
assenbly of an initial, or teéhinal or inkernpdbaid portion of the total
am no aci d sequence of the desired polypeﬁtidéﬁ’ﬁﬁere possi bl e, alternative
codons, 35 preferentially expressed by a o ag host (e.g., E. coli) are
enpl oyed. Depending on the relative positéedn assunmed in the finally
assenbl ed subunit DNA sequence, the singl @ st{gaded region(s) of the duplex
strands will include a sequence of bases Qni c1,g@en conpl enent ed by bases
of other duplex strands, also provide codons ppecl flying ami no acids within
t he dess red pol ypepti de sequence. Dupl exy &ra Sdrrred according to this
procedure are then enzymatically anneal ed® o {He<orfe or two 40 different
dupl ex strands having conpl enentary short¢ si @ &t randed regions to form
a desired continuous doubl e stranded suﬁh&t ;%E'quence whi ch codes for
t he desired pol ypeptide fragnentz Hi gh effici®ngigeq and rapidity in total

sequené® assenbly are augnented | such procefjuwes by performng a single
anneal i ng reaction involving thr or nore du Ié)f‘-strands, t he short,

si ngl e stranded regi ons of whichZonstitute t base conpl enent of at nopst
one other single stranded regi om=0f anys=ot her}_ dupl ex strand. Providing
al I dupl ex strands formed with sigprt si @l e stranded regi ons which uniquely
co effent only one of the singl&lstrandfed regions of any other duplex is
acconpl i shed 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 The follow ng description of the manufacture
of a hypothetical | ong DNA sequence coding for a 50 hypotheti cal

pol ypeptide will serve to graphically illustrate practice of the invention,
especially in the context of formation of proper term nal sequences on
subunit DNA sequences. A biologically active polypeptide of interest is
isolated and its am no acids are sequenced to reveal a constitution of 100
am no acid residues in a given continuous sequence. Formation of a
manuf act ured gene
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As in the case of the gene manufacture strategy set out in Table IV, the strategy of Table Vil involves

s5 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 | is ligated into
pBR322 cut with EcoRl and Sall. (Note that the subunit terminal portion includes a single stranded Sall
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EP 0 422 697 Bl effected with great facility and wi thout the need to
re-synthesi ze the entire manufact GP8d129@8ZB1Fol | owi ng are illustrati ve
exanpl es of the actual practice of the invention in formation of

manuf actured genes cagﬁol e of d| recti n t he synthesis of: hurran | eukocyt e
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flexible greéé%ﬁb&i ons structures @ pro ucts to
be expr esseelhaﬂdaalﬁ B@@ucﬂ@ft trwsfsﬁ&afogérao.b&ef?o||aa/élc& fsdidh ot MeCRbrufalyed DNA
practi ¢ NqieRse T ThiIE N as IAbKMsll M TR ftldEskproskidn FetVWhd dotigrdid 1IN0 aci d
sequences for the human | eukocyte interferon of the F subtype has been

deduced bexampyee@f sequenci ng of cDNA clones. See, e.g., Coedell, et al.,

Nat ure, 200, pp. 20-26 (1981). The general is procedures of pri or Exanpl es
1, 2 and 3 Wediscussegdlinipedthirespbdido dansengus lewkdcytesipleridyony thofe bumua nevkergie UntertirobNA
sequenee dublypasdevinga thieoninsriesitiuecak positions | Handa métigonirle residu at position tHarermaried of a
pBR322- dedispizg diraatop aetividl @etiviie them thoseAsulytypesr prssegsingnAll'h rand Hel® cesidues: Aatanaleg off
three " uman legkpsyip vrﬁemsmaémeeéhe(qmjmmewd by aeprsnef miarabiah pygreseion gER- F
[11) and sequqnRe) P Bxample A whichliad Been aiaredto (spesify FhNPF‘"‘? appl mginlonjsg 3¢ (asiduesrid i s

shown i n 2rgHE-desreetinRly- Mare specifisallygfihed's Matf 1 Jidi-afp designates! IFN-aEpwes aipressed in goli
[ er\r/] 5 upgn sformation with a vector of Example 1 which had been cut with Sall and Hindlll and into which a

modified subunit Il (of Table VII) was inserted. The specific modifications of subunit Ii involved assembly
with segment 39 altered to replace the alanine-specifying codon, GCT, with a threonine-specifying ACT
codon and replace the isoleucine-specifying codon, ATT, with an ATG codon. Corresponding changes in
compiementary bases were made in section 40 of subunit LeulFN-FII.

25 The following Examples 2 and 3 relate to practice of the invention in the microbial synthesis of
consensus human leukocyte interferon polypeptides which can be designated as analogs of human
leukocyte interferon subtype F.

EXAMPLE 3
30
"Consensus human leukocyte interferon” ("IFN-Con," "LeulFN-Con") as employed herein shall mean a
non-naturally-occurring polypeptide which predominantly includes those amino acid residues which are
common to all naturally-occurring human leukocyte interferon subtype sequences and which includes, at

. one or more of those positions wherein there is no amino acid common to all subtypes, an amino acid

35 which predominantly occurs at that position and in no event includes any amino acid residue which is not
extant in that position in at least one naturally-occurring subtype. (For purposes of this definition, subtype A
is positionally aligned with other subtypes and thus reveals a "missing™ amino acid at position 44.) As so
defined, a consensus human leukocyte interferon will ordinarily include all known common amino acid

; residues of all subtypes. It will be understood that the state of knowledge concerning naturally-occurring
o 40 subtype sequences is continuously developing. New subtypes may be discovered which may destroy the
"commonality” of a particular residue at a particular position. Polypeptides whose structures are predicted
on the basis of a later-amended determination of commonality at one or more positions would remain within
the definition because they would nonetheless predominantly include common amino acids and because
those amino acids no longer held to be common would nonetheless quite likely represent the predominant

45 amino acid at the given positions. Failure of a polypeptide to include either a common or predominant
amino acid at any given position would not remove the molecule from the definition so long as the residue
at the position occurred in at least one subtype. Polypeptides lacking one or more internal or terminal
residues of consensus human leukocyte interferon or including internal or terminal residues having no
counterpart in any subtype would be considered analogs of human consensus leukocyte interferon.

50 Published predicted amino acid sequences for eight cDNA-derived human leukocyte interferon sub-
types were analyzed in the context of the identities of amino acids within the sequence of 166 residuses.
See, generally, Goedell, et al., Nature, 290, pp. 20-26 (1981) comparing LelFN-A through LelFN-H and
noting that only 79 amino acids appear in identical positions in all eight interferon forms and 99 amino acids
appear in identical positions if the E subtype (deduced from a cDNA pseudogene) was ignored. Each of the

55 remaining positions was analyzed for the relative frequency of occurrence of a given amino acid and, where
a given amino acid appeared at the same position in at least five of the eight forms, it was designated as
the predominant amino acid for that position. A "consensus"” polypeptide sequence of 168 amino acids was
plotted out and compared back to the eight individual sequences, resulting in the determination that LelFN-
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EP 0 422 697 Bl [err] 55 18 EP 0 422 697 Bl [err] [err] 45 50 55 19
EP O 422 697 Bl [err] [err] As IEPO#&2263¥B1 of the gene manufacture strategy
set out i Table IV, the strategy of Table VII involves 55 use of .

bacterial preference codons wherever it is not inconsistent with
deoxyri d‘?ﬂ&ftﬁdéﬂ’{ medifications oM "%Gﬂ‘g’ﬁ'l'ch?f‘I"b‘ﬁsm"U?rFQ'f‘PMHF’l B CHEeNSYF SAIYBPSES S| ON

vect or wi thhPregram & ’Pﬁ"t'“s"bm\‘/\)afsa @anyactyred tF N-Gaq IF ﬁasvﬁeyqlppp é“ 'érs? °”b e,
i, ht rend ?3}’1“ an ?ap% ? F;j s??f'ﬁ'i;fﬁs B:d?%n‘ Yr?é'S‘“ %E i a o5 of
tgglm a'prepe9 né; 'f“p q;a@ #““ﬁ@{u%n *J.Z% | ug }JZ 85.3.,, = .t.r?h .925%?";5%

E, |t eﬁ
reconSt ISIS a %f I'U

't E)Rgbp{h erﬂa ifa gﬁﬁbq ctor, VW%%@ a \c,i”‘
a,§ asm

subsequegy, e,@ggb‘gbg&fgr":ﬂ |rst Intermediate p
anplijgied and subunit 11 is i nser ed [ nto the anplified plasmd after again

cutting with EcoRl and Sall. The second internediate plasmd thus forned is
anplified and subunit 1ll is inserted into the anplified 5 plasmd cut
with EcCORI and Hindlll. The third internmediate plasmd thus formed is

anplified. Subunit IVis |ligated to an EcoRl and Xbal fragnment isol ated
fromsperr] of Exanple 4 and this ligation product (having EcoRl and BstEl
sticky ends) is then inserted into the anplified third internedi ate plasmd
cut with EcoRI and BstElIl to yield the final expression vector. The

i sol ated product of trp pronoter/operator controlled E. coli expression of

t he manuf actured DNA

\/ 20

25

30

36

50

55
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i 0 sehuence of Table IV as inserted into the final expression vector was
designated [err] EXAVPLE 2 As di SER9#R2687Bia Wi th respect to consensus
| eukocyte interferon, those human | eukocyte interferon is subtypes having
a threonine residue at position 14 and a nethionine residue at position 16
are reputed to display greater antiviral activity than those subtypes
possessing [err] residues. An anal oBARBE Wuman | eukocyte interferon subtype
F was therefore nufactured by means of nlcroblal expreSS|on of a DNA
ewdence of Ex 1 WhLih hgd bhee & y,threoni,ne and
nethloﬁlne as T@Hd Té}: écg ﬁi;r gpgigTé @ GAEE. [err]
| FN- aF, design ed err was expresse pon-transTormati on
with a vector of Exanple 1 mhlch had been(nﬂ vmth SaII and H ndl Il and
into which a nRLa{Las-1ebuevtLdi-1-clabket \Mrg-Aras 11 8ssés Fto-Phe-specific
modi fi gati ons GCT SCAGIATT £2Gi OP®|G0A CASSAT®|CGPMAGT Agnedt (X% Jrered to
repl ace the al ani ne- speC|fy|ng codon, GCT with a threonine- speC|fy|ng ACT
codon and repl ace t he 300l euci ne- speC| ylng codon, ATT, wi t4? an ATG codon.
e, SRS T e i e o ©
subunit Leul F fige
practise of the inventi-on in the ntcroblal t hesi s of consensus hunan
| eukocyt e int egf el PRpLOEPLASIETINRPRE-C BN -tiqs'-emar-ﬁﬂaaqeasetogs of

human | eukocyt@ad NieY iGATOBES UAKG TA- TTEXEAE Gie CACNGEN AT froran
| eukocyte interferon” ("IFNCon," "Leul FN-Con") as enployed herein shall

mean a non-naturally-occurri ngp poI ypepti de which predom nantly incl udes
t hose #mi no acYal tlel-BiesChpiNet-dle-Gonr@intThizibherAsnrhey<PhecEQETi ng human
| edocyte i nt tTe/TE SBht PR ARR, AIRC LA ARE MG FTCNAREIETS BT 3RE or nore

of those positipns wherein there is go anmng acid ¢ gmon to all subtypes,
an amno aci d gy —pyu-R3pRE Lx;ssf ¥ -sma Qﬁétim.emd-' n no
event lf,nCI udesp@narTGRE REE d"le% ugcahr aﬁ-c idrst BRE Pposition
in at feast one natural | y-occurring subtype (For pur poses of this

definition, subtype A*i s positionallysaligned with other subtypes and thus
reveal s a "m skysrPheafiynoThrtGl wilepolirt +@in-GAn-Lev-3ondhspried-Gluconsensus
human | eukocyt®G TAEOACTGAR ST RATI CAC (GG GF6 ARE GMOWGTGC&MYDN ani no
acid rgsidues of aII ?types It will be understood that trﬁ%% state of
know edge con 3& r e S .|

o e S L P A SR S i e o
t he ' corrm)nallty of a art| cu resi due at a partircular positi

Pol ypepti des whose str uct ures are predicted g the basis of a | at er anended
det er memat i on Mt -GeHFVAD-A$Y-~SHr -T1@-DEuFRY B-VAISLivisoDg s Wyt <PheeBBhA Wi t hi n
the definiti orATSe@Als6TChGAC IO ATTOATE hatze EITpkadoARGaTAlt VTICN€AAGde common

am no aci ds and because those amno acids no longer held to be comon vvoul d
%nt the predom nant 45

nonet hel ess q |rtq_|; o dﬁy ' no a

Sy SRa i e ST R R e

pr edonfhant a noA i % My nd | ecul e
fromthe definigg on so long as the residue at the pggption occurred in at

| east one subtalesTrBetypeydl-den JAz2ekADE-CNS- Ie -MRtS AL L SéTRhecSet er M nal
resi dues of C@CIMSGSGRANGTA |GRTKCGEt 6CT NGAN fANRTOATGr CGTCtCTiTRE MCTer nal or
term ngl residues having no counterpart in any subtype woul d be considered
anal ogs of hunan consénsu‘é Ie*ukoc te169|terferon 50 Pubi§6s$&6Ppr edi ct ed
anino acid sedifdnées -FBF- AzetLewmda 9raag 4t erferon sub-
types were andiyzedT ﬁcTh%A &?tGeRGOFA?rﬁGT FR BLeSCTr ARG d6fds within

t he sequence cg‘t°£66 resi dues.
50

TAG

Table VI below seis out the specific double stranded DNA sequence for preparation 4 subunit DNA

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

Table V. 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).

23



See, generally, Goedell, et al., Nature, 290, pp. 20-26 (1981) conparing
Lel FN- A t hrough Lel FN-H and not iBR)0 82269781 y 79 am no aci ds appear in

i dentical positions in all eight interferon forms and 99 am no aci ds appear
in identical positions if the E subtype (deduced from a cDNA pseudogene)
was ignored. Each of the 55 remaining p_‘ositi ons was anal yzed for the

rel ative frequency of occurrence of a gmven am no acid and, where a given
anmino acid appeared at the sane positiog in at |east five of the eight

fo‘rfhss it was designated as the predom sant amn

hcid for that position. A

"consensus" pol ypepti de sequence of 166gam no acgds was - pl otted out and
r

conpared back to the eight individual sequences,
determ nation that LelFN- 21 EP 0 422 697 [BO

nodi fications fromits "naturally-occurripg”
consegsus sequence. A program for constguBti on
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5
g |
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equired few

o conply with the
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n| Table V. In the table,
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The illustrated top
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strand sequence incl udes, wherever possLb.ge, cgdgn;s noted to the subject of
prefesential expression in E. coil. The sequgngemal so i ncl udes bases
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sites are selected for use®n incorporation df
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i nternedi ate the sequence d for XBal Ba-nglua
tfe sequence in a pBR322
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desighated with a "prime" (e.g., 37" and 38 are altered forns of sections
37 and 38 needed to provide argemode2e9x Ber than glycine at position 22).

23 - EP 0 422 697 Bl [err] 45 50 55 24 EP O 422 697 Bl [err] 25 EP O
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EP 0 422 697 Bl the reference's summary of sequences. The four above-noted
residues were retained fromthe ngpiow2idNB1[ err] sequence to facilitate
construction of subunits and assenbly of subunits i'nto an expression
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The four subunits of Table VI were sequentially inserted into an expression vector according to the

65

procedure of Example 1 to yield a vector having the coding region of Table V under control of a trp

promoter/operator. The product of expression of this vector in E.coli was designated IFN-Con;. It will be
noted that this polypeptide includes all common residues indicated in Goedell, et al., supra, and, with the
exception of Ser?, Glud2, Val''*, and Lys'?!, included the predominant amino acid indicated by analysis of
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The product of mcrobial expression of the manufactured gene, [err] [err]
w Il be designated [err] The folgrewzmesr®npl e rel ates to antiviral
activity screening of human | eukocyte interferon and pol ypepti des provided
by the precedi ng exanples. 45 EXAMPLE 5 Table VII bel ow provides the

resul t s thefrefererceis symmary ghssayancest Theclpyr\abeve-npled (eaidyes wereretined frometbe agtiveyEiur al
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300 VSVIFN-a subtypes\&f\theGGroup [ type displa@Qelatively high antivital activiffdWhile those of Group il dispi8y 20
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whi chﬁprE%MEtEs“dl ffer from naturall y-occurring forns in ternms of the
identlty—emtl!I—GT | ocation of one or nore amino acids and in terns of one or

more bi ol Ok cér%erg'u |e€§i ﬂgaqg;n% d}ff'erreg }r I‘ﬁliﬁtl (EUﬂﬁ{nqaﬁQ loPtﬂé ﬁ@rltlty(o?argmo
POt eNCY 406 rébldlati st 2B 5 madHRREcR B 18 I ONA dbilofdel Lol BF IFRLIC
Proper t icas. MofeQipbiciicatlyOthe uzb%esasrese%ﬁ fot irwedbw REs RRRA Wit BREN BRAUSPITD8a&S 0 May
be sujpt afduit LEMBOESh N A Giod@EREIUM was inserted wherein the alanine-specifying codon, GCT, of
sections 39 and 40 was altered to a threonine-specifying codon, ACT, and the isoleucine codon, CTG, was
changed to ATG. The product of expression of the modified manufactured gene, [Thr'*, Mef'®, Arg®, Ala’¢,
Asp’8, GIW7?, Tyr86, Tyr®0, Leu®€, Thr'S¢, Asn'S7, Leu'8]IFN-aF, was designated IFN-Conz.
Presently being constructed is a gene for a consensus human leukocyte interferon polypeptide which
35 will differ from IFN-Cons in terms of the identity of residues at positions 114 and 121. More specifically, the
Val''* and Lys'?! residues which duplicate IFN-oF 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
-' LeulFN Con 1 (of Table V), subunits | and Il will likely need to be constructed as a single subunit. Changing
L/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”?, Tyr®S, Tyr®°,
Leu®8, Glu''¢, Arg'®', Thr'S6, Asn'57, Leu'8] IFN-aF, will be designated IFN-Cona.
The following example relates to antiviral activity screening of human leukocyte interferon and
polypeptides provided by the preceding examples.

EXAMPLE 5

Table Vii below provides the resulls of tesiing of antiviral activity in various cell lines of natural (buffy
coat) interferon and isolated, microbially-expressed, polypeptides designated IFN-aF;, IFN-aF2, IFN-Con;,
so0 and IFN-Conz. Viruses used were VSV (vesicular stomatitis virus) and EMCV (encephalomyocarditis virus).
Cell lines were from various mammalian sources, including human (WISH, HelLa), 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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30 radiol abel | ed (e.g., with 1125) conjugated with enzynes or
fluorescently |abelled, to provi dEPOst2g®9T Braterial s useful in assays
and/ or diagnostic test kits, for the qualitatjve and/or quantitative
determnation of the presence of such products and/or said antibodies in
fluid sanples. Such anitbodies may be BAB&En®IIfrom the innocul ati on of one
or nore animal species (e.g., mce rabbi t, goat, goat human, etc.) or from

nocl onal antibody s S suc eag ter s may_he used
al*erfe or in CRlY tl%éﬁth aﬁﬁfzble g ?ﬂgtei}a\H §§§t‘ed on a
gl ass 3r pl ast_m__p_artlg e_bead rou® dlfF at|0n§°ofhpl varPBRi ons in
the practice of the invention are expected to occur to those SKiTled in the
art upon consV&® at i orWDSHLt he fd.tﬂ@;m ngl00! ust 180 ve. e>g_eau)l €s100
Consequent |y, i nv n shoyl dergd as i d only to the
extent ;,yefl ected by t?e@té%pendegogl rrgfgi Cﬁyl ms C fot0 ﬁh
fol I ow ng ConW¥Sdcting MBBK es: BEOOCH, DE33FR ®B. LI, l2eoNL. 35 1. A
consensus Ieubggyte [ fgron pgatein prgdom nantly including_those am no
aci ds which are como 0 all natdrally-oRcurr Pg human a?fpha r3:iN subt ype
sequences andVBNcl udi iemd one ollOnore 450,, NDPSitions yhere thege is no
am no &cid co to ubtyp an a ' aci I ch predom nantly occurs
at that posi tlgﬁg%and ﬁ#ﬂg eveniipncl u ﬂg anyfgmnno adi®® res1@Be which is
not extant atEMO¥ podHeLon in 200l east ofe nagpral | y-oggurringgsubtype. 2.
A consensus mg I eulkfcl_yte [ ntiéheron te| n.according to Caim1l
sel ected fro gro Sisti %é) BB 29 1 0 4230697 B1

T%E?ﬂl Cel +memme———Ruf f y | FN- | FN- | FN- IFN- 5
L*ND - no da@wtpresently[ %fv'dxlable. [err] [err] VSV
W SH 100 100 100 100 VsV HelLa

400 100 It W||Ng appare QQh Efé; plysst\(at the h‘h@%n provi%gs, %;Q the first time, an5
)
f th

33 MD entire new gen ically actl e prot S products hich ducts differ from
ND naturall -occurn form e identity a fcation of one or morJ ino acids and mrba of ND
10 oneQ:r Je5b|olog|cal (e. N@l‘lbody reactivi )\/gnﬁ"ﬂharmacologlcd (Jq,opotency or duﬂag& of effect)
100 but whiBDsubstantially &hdeYuch probﬁzé 00 S ND
33 33 EMpMducts ofethd present invention and/of @flibodies thereto m&y be suidbly "tagged”, for exaipléO
10 20 3%d\Dadiolabellsd (e.gawith 1'% lcofRatod With éngghdsabirestantyvatieliodD® privida Fsagent hiteBist he
above examsphen iskit ahdler MagacHHic test RIS for i teeNqualitative Gedor duartitatiVeeddtdrimbtioh ioffthe an
presence of such products and/or said antibodies in fiuid samples. Such anitbodies may be obtained from
the innoculation of one or more animal species (e.g., mice rabbit, goat, human, etc.) or from monoclonal
antibody sources. Any of such reagent materials may be used alone or in combination with a suitable
35 substrate, 6.g., coated on a glass or plastic particle bead.
Numerous modifications -and variations in the practice of the invention are expected to occur to those
skilled in the art upon consideration of the foregoing illustrative examples. Consequently, the invention
should be considered as limited only o the extent reflected by the appended claims.

\—/ 4« Claims
Claims for the following Contracting States : BE, CH, DE, FR, GB, LI, LU, NL, SE

1. A consensus leukocyte interferon protein predominantly including those amino acids which are
common to all naturally-occurring human alpha IFN subtype sequences and including at one or more
45 positions where there is no amino acid common to all subtypes an amino acid which predominantly
occurs at that position and in no event including any amino acid residue which is not extant at that

position in at least one naturally-occurring subtype.

2. A consensus human leukocyte interferon protein according to Claim 1 selected from' the group
50 consisting of:
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25 entire new genus of synthesized, biologically active proteinaceous
products which products differ fgm%#rﬂly occurring forns in terns of
the identity and/or |ocation of one or nore amno acids and in ternms of one
or nore biological (e.g., antibody reactivity) and pharnacol ogical (e.g.,
potency or duration of effect) but waiaHypuwasgtantially retain other such
properties. Products of the present Mventrom and/ or antibodies thereto may
be suitably "tagged" E&r exanple 30 radiol abell ed e.g., with [err]

conj ugat ed .t h enzyFrE or fIBSEE¥CendFRt abedFld, t Fd-ovi dEFNeagent

mat efi al s US} Sin khid%ys afePat dia gstic @Bst ki €Op,for Com,qualitative
and/ or quant—t_’t—ve determ nartomof e presernce of—s-uén -ed-u-%ts and/ or
sai d anti bodisss in TResg sanplgee Such p@ni t boghgs may 19 obtf‘wed fromthe
i nnocul ati on %f one or_nore anl mal species (€.g., mce rabbi goat, human,
etc. L or frd®¥honoci BRER anti FRR soud®ds. ArﬁD‘bf suc@00eagano rnaterl aI s
may De usedy@vone ormpgxcombiygygd on Wi gy a syd able 354 sub?qqa

coated on a Iass or plastic particle bead. Nunerous modifi ons and
variations VRYthe pri¥e¥YrBe of taf invendion &k expected to dgur to t hose
skilled in vy art up@pgconsi dgrgti on ofy the regoi ngqjgl I ustr
exanpl es. Consequent | the i n\?'eqjtlt I on sft‘t)oﬂ"l d’iﬁ) consi dlljped as q,jl‘l ted only
to the exteRMC Veflecﬁgﬂﬂby t hd.0bpendd@0cl ai 300 40 CL&Dms cumo ms for the
followi ng Cpmewacti ppiates: jBfy CH Dg FRy B LI, hé} E1. A
consensus | eukocyte 1 nterferon protein predom nant | y I NT| udi t hose am no
aci ds whi chEME¥ com®®8¥®@o0 al | 208 ural | 0occuMND ng huh@d0al phdd FN subtype
sequences and.including at one or nore 45 positions where there is no
amno acid # n id which predom nantly occurs
at that pom??g‘r)\' atr?g %né%gﬂgéégﬁ%@ @Lﬁga ﬁff *am no acid residue which is

not extant at that position in at |east one naturally-occurri ng subtype. 2.
A consenslﬁé""h‘iﬂ’rﬁﬂﬁ’a'l"@lf'f?d‘c ?ébqvﬁﬁ‘éﬁ"tp@?dﬁt e Brasens inyertion BrpYidpst for toe Jishiime. ‘an
sel et eelfi'“’ter'l?i'ﬁ e ér f)’l’] ’Gd biologi gF °:gé5?5?p’°ducﬁﬂv'tfhﬁ°f'u8‘9ﬁ'@'iff‘i

t

Fatugelye ! t"lS'f‘s it ’\t' MPi] apinoapias.and
Ene(r:H)or %wh'%:ﬁ % tgoﬁmﬁ?cdt% Waté?{:' QE% Ny to
Claim1 sg

ﬁctlrn
Te am t
tf:n ntl {Po‘é"a.QQ thg.%{lt hachd Shastt 3k edA xaﬁigd”“
Pr odlCag o d Z A sl gl W 3{3& ;@%Q
i nterf oM Wé%&e?y rk 9/ £ QdHuQi@rtLA%té 3 Mg'qﬂ tali /oﬁﬁhdﬂ hi
comon 4 Qemtel of Bath Hrédutty aifidr Yhil 'aﬂﬂod?éérm-'ﬂw@ s: §uch anitb &1. rﬁé& dB?am%@%lrﬁnceS
and i NChe!fhdteiafidn &F'3Re BF mBB RimaCsHetibLR Y., WG Bbtit §da€ hirfar) Bic B} #ién Alohddiofd MTON
to all ﬁhﬁbHVI%&ﬁce%nAﬁijMCﬁGéagedMMa&ha@ﬁrﬁﬁwu@&ﬂﬁl 36 RO dbhbimttiond Wil a RAGbILT ON
and isn snBst@iépdly., doael bfla GEssn plagiBiparticl@bdad. 1 esi due which is not extant at
t hat posi Nueérousmmadifichtivfss dndo/agations!t inl thdl PracticeCat Wher invegtion ke expéecteddo obupBLibdse
pr oduc esttilldgy inatheriactr @bn ebregieatdn g rtiec Egoing tingdative | axgmpiesc Cosequsntly, the rwvention
| eukocysheuld be eanfidarahes limited only to the extent reflected by the appended claims.

40 Claims
Claims for the following Contracting States : BE, CH, DE, FR, GB, L}, LU, NL, SE

1. A consensus leukocyte interferon protein predominantly inciuding those amino acids which are
common to all naturally-occurring human alpha IFN subtype sequences and including at one or more
45 positions where there is no amino acid common to all subtypes an amino acid which predominantly
occurs at that position and in no event including any amino acid residue which is not extant at that

position in at least one naturally-occurring subtype.

2. A consensus human leukocyte interferon protein according to Claim 1 selected from the group
50 consisting of:
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30 protein according to Caim1l selected fromthe group consisting of:
[err] so 3. A gene (DNA nol eclEreg 422 68 Brd by a m crobi ol ogi cal process
and‘capabl e of directing the synthesis in a selected host m croorgani sm of
consensus human | eukocyte interferon protein according to C ai m 1 or 2.

Pat ent anspr| che 55 EEthzans ryghe f Uspgfol ge Vert mggsst a BE, CH,
DE, FR @B, LI, LU [AfS7SH 1A ElanAHPensu e ukozPyen-| ,nteyf ron Pr ot ei n,

Uberw eg nd d| i gen osdur einschlieft, die alien natOlich
ataJ\H’r et eIn%I‘énGHurﬁtﬂejé ghaﬂﬁ@%ﬂbtypezgammnml nsam si nd, und das an

ei ner® 30 Illllllégl 1] 11111 0422 697 B1 oder nehreren
Posi tionen, an der EBhkeine Mug §aﬂf§ | bhla(? 'Ieﬁl'gemei nsam
i st, eine Aghnosdure ei nSChﬂléel t, glﬂg Ubervi%\% end a]r;sa ser 03| tion
auftrittpygpnd d tk neghal | in no n t, der
in dl,gser Posi t?‘cs‘){n ni ch;zfn \A/entl"ggtené g Rem Ha |ch§§5ﬁ if égh Subt yp
vor handen i st. n o8t e nasrf rorpcPr otei n nach
Anspruch 1, ausge kﬁ%éaué 3 bESaiHen %@ %

22 109 1249 57 90 ( : , Asp
Au Jf"fr‘r"‘ 'T§?“96 ' A19156 ' Thrlsus?Asnl i\“]mﬂﬂm , Thr

, Asrs : Leu JI FN-aF; 14 16 22 76 78

79 [Thr , Met , Arg , Ala Asp , GQu , 86 90

96 156 157 Tyr , Tyr , Leu Thr .Asn Leu 1 |FNaF;
und 22 8 A genpgcapable of dirpgting the synth?gs in a selectqgl6host mlcroong@qn)qpfgconﬁnﬂls humarAsp

G G u 9qkocyte mtqrfﬂrong)g)tem accordifg| tg Claim 1 0or 2.1 91 156 157 20

Asn Leu 158 | FN-aF. 25 Ein Gen,

Gas o' a*mwwel fg'eow'raqg@mgvﬁ'mesg@teven h
Consensys-4uman 5%5‘ il Blollks oMb i3 NG DA S |r:1lterPeron
ei nem aus ‘rﬁ\i g}%}f e i b S (50 b %lpizUr

f ol gezgden mcludmg at one or more positions where there is no amino acid common

to all subtypes an amino acid which predominantly occurs at that position and in no event including any
amino acid residue which is not extant at that position in at least one naturally-occurring subtype.

2. Product produced by a microbiological process, comprising a consensus human Ieukocyte interferon
30 protein according to Claim 1 selected from the group consisting of:

2 o
[Arg 2! A1376J ASP.JBJ 61079, Tyras. ‘I‘yrso,

Leu?®, tnel36, agplST, po,158

[Thr]" 16

36
JIFXN-gF;

76 78

+ Met™", Argzz. Ala'", Asp L

» Glu
~ 86 . 80

[Argzz, Al_an, Asp78, Glu79, Tyr“, Tyrso

“Lend eiglld 121 . 188 157
. Arg

] Th! ’ Le"l a]IN"u- .

;, ASn

50 3. A gene (DNA molecule) produced by a microbiological process and capable of directing the synthesis
in a selected host microorganism of consensus human leukocyte interferon protein according to Claim
1or2

Patentanspriiche
55 Patentanspriiche fiir folgende Vertragsstaaten : BE, CH, DE, FR, GB, LI, LU, NL, SE

1. Ein Consensus-Leukozyten-Interferon-Protein, das {iberwiegend diejenigen Aminos3uren einschlieBt, die
allen natlrlich auftretenden Human-alpha-IFN-Subtypsequenzen gemeinsam sind, und das an einer

-
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30 1. Mt ei nem m kr obi ol ogi schen Verfahren hergestelltes Produkt, das ein
Consensus- Leukozyten-Interfe- rongPoof2eies7 B1f aBt, das Uberw egend

di ej eéni gen Ami nosauren einschlieBt, die alien natUlich auftreten- den
Human- al pha- | FN- Subt ypsequenzen genei nsam si nd, und das an ei ner oder

nmehr er en Posgfarimshieren Fepitionen. ap derasi kaise Aminadivig it dig allen Sulitvpen bereginssp listysinen
genei nsam i §ninogureesingahlin®cdies Heerwipgead AN idiegsr Poglfio agflitt, und dagieinogfally égrndeinen
di.eser Posi fAMBRsaserest pipschliefty der ja Slioges; Rogiligngiehs in wepigsiges pinem ApHIfichsaiifetopdest
ei’ngchl i el t SURMRVOMAN@P B5er Position nicht in weni gstens einemnatUrlich

ot ost oIt %@Sﬁtﬁ%ﬁ%ﬁ@%&@%ﬁ%e%&ﬁgéﬂ@?fgﬁeﬂ?ﬁ?%ﬁ?‘ts?tyﬁ'iii’%u%#%? Sl G "

I nterferon- Pro hgrf nounfalt, nach Anspruch 1, ausgewi hit aus der G uppe,

best ehend aus: 40 22 Al 76 78 79 86 90 [Arg
, Ala ,, Asp , GQu *Tyr , Tyr Le96 156 157 158
“F Leu ,Thr  , Asn  (argeu ddd'EN kepPidciu™, Tyis, Tyr’®,22 76
78 79 [Thr ., Met 94Arg 156 Alailst 158 As Gu 9 86
90 96 1&2@""” i X57 TSR KAy IR 'b‘i“‘p" * ghr , Asn Leu
J8] | FN-aF: und 22 rat, met!®78arg®?, a13¥, asp’®seiu’”, 90 50
[Arg 15 Ala ASp...86 Gl 90 96Ty, . 156 157Le96 114

121 156 T YT g ew AT A T asn 158 Leu

]I FN-aF. 55 3. Ein GenLeoNAlWENeRrBl) undas hergestel It ist mit einem

mi krobi ol ogi schen Ver f glargfA? und 4, dggp®agg1 %, 19i 88 Syppt#ése von
Consensus- Human- Leukozyt eng | nterﬁpron-_%gptei niggRch Apgpruch 1 odor 2 in
einpem ¥ 1 1111111 111%@ 1O 11 PG 1 ThIEP.0ASM 697 Bl ausgewghl ten
W NS kr oor gani snus zuewut €ygrFN—aRevendl cations K-, : Revend| cat | ons pour
| ea Etats contractants sulvants: BE, CH DE, FR GB, Li, LU NL, SES5 1.
Interferon | eucocytaire consensus, incluant, de fagon pr6dom nante, |es

aci deszsam' nés qui sont

3. Ein Gen, das in dor Lage ist, die Synthese von Consensus-Human-Leukozyten-Interferon-Protein nach
Anspruch 1 oder 2 in einem ausgewé&hiten Wirtsmikroorganismus zu steuern.

Patentansprliche fiir folgenden Vertragsstaat : AT
30
1. Mit sinem mikrobiologischen Verfahren hergestelites Produkt, das ein Consensus-Leukozyten-Interfe-
ron-Protein umfaBt, das Uberwisgend diejenigen Aminosduren einschlieBt, die allen natlrlich auftreten-
den Human-alpha-IFN-Subtypsequenzen gemeinsam sind, und das an einer oder mehreren Positionen,
an der s keine Aminos&ure gibt, die allen Subtypen gemeinsam ist, eine Aminos8ure einschlieBt, die
35 {iberwiegend an dieser Position aufiritt, und das keinesfalls irgendeinen Aminosiurerest einschliest, der
in dieser Position nicht in wenigstens einem nattirlich auftretenden Subtyp vorhanden ist.

2. Mit einem mikrobiologischen Verfahren hergestelltes Produkt, das ein Consensus-Human-Leukozyten-
Interferon-Protein umfaBt, nach Anspruch 1, ausgewahit aus der Gruppe, bestehend aus:

“

arg®®, ala'®, asp®, Gciu”. Tyr®, Tyr’?,
Leu%, Thr156, Asn157, LeulSS]IFN—qF:

% [Thru, Metm, Argn, Alam, Aspn, Gluw,
Tyf%, Tyrgu, -Leu%, Thrlss. Asn157.
LeuISB]IFN—aF; und

50 (arg??, ala'®, asp®, Glu”, Tyr®, Tyr'",
Leu%, GlulM, Argul, Thrlss, Asnls".

Leu158] IFN-aF.

55

3. Ein Gen (DNA-Molekill), das hergestellt ist mit einem mikrobiologischen Verfahren und in der Lage ist,
die Synthese von Consensus-Human-Leukozyten-Interferon-Protein nach Anspruch 1 oder 2 in einem
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a1 F oy

communs a toutes |es s6quences de sous-types | FN al pha humal nes exi st ant
naturel | ement et incluant, en urep @e2ésrBEuUrs positions ou il n'y a pas
d' aci‘de am nd commun a tous | es sous-types, un acide amne qui existe, de
fagon prddom nante, en cette position et n'incluant en aucun cas un rdsidu
d' aci de 1(?“39°Wé*ﬂ'ﬁﬁ‘%fsﬁ|‘lk@P@m*ﬁ!fw&Z'qﬂ?“°W exi ste pas en cette position dans au
m)l ns un sous {Ié'pe exi stant naturelle- nent. 2. Interferon | eucocytaire

ng dica lon La revendication 1, choisi _dans |s rou e constitu6

5 mezz'caﬂonmnauv'es FisgTERcani i OF, PO Ty Pot) Lo, B Th 156

gsn 57 1. éég ron leucocyltalre consensus, cIu n ago ma(%f2 s iny 7 E -

ot u[ Ar g S 3 toutes ces d fi alp g ain éﬁgztur éﬁ %tqrélua a ull 4’
plusie t ,

it e riche] e TR

synt hgse dafiss 4RicHqEs 9u|Q1"eQi§Q'p'i£f€n E‘po§| 'o%hs ) mBhEhd SJuSps %ki‘&&@)ﬁt@blfee
humai n congéasus selon | a revendication 1 ou 2. Revendi cati ons pour Et at

contractant sulvant: AT 35 1. Produit obtenu par un procW6

m crobi @ ogledie leuetdyiRir€aitin dditsehsdé Sdldnad RVentiGAIEW T, \ehdldi Bahs ORGP Bahstitud dac| uant ,
de fagon predom nante, |es acides am nes qui sont communs & toutes |es
sequemces de sous- types |FN al pha humaines existant naturellenent et

i ncl uanlz“t. ung;gd6pl ysl @rs @512 09580, i ITYQ._-%Q, a pae° ¥, agheS8ni n6

commun | es fg)ys t un aci de”ani ne qui éxiste, de f agon

pr6domkﬁhte ¢ 'Leug é’FFc'ette p05|t|on et n'incluant on aucun cas un

rdsi dlg d' aci de am n4 quel conque qui n'existe pas on cette p05|t|%n dans au
'i nsfun_sous 18Xi s} an22 na rakl e 78 2. @GQui t énu.ﬂ%ﬁ un proc6d6
i Crobi q‘Ue % kli dﬁ,fen? Iouc?gtgilyt 4i re* hunki n*Consen- sus

sel on |Beue eriI!hma? pnAgn c'fw Is#u nELENr-afr ou®E constitu6 de: 45 50 55

EP 0 422 697 Bl 22 761 78, 79 86 T 90

9 A 2761 ASp]879 985Ty eo6 Thy, 114  Asn57,
Leuls8 Hm F 76% fg;é gg é Aﬁ%t% ’ ﬁé @& u79  Tyr
86  Tapg't p%hr;fﬁ 158sn mm-a}rrFN aF ; et

30
3. Géne capable de diriger la synthése dans un micro-organisme hdte choisi d'interféron leucocytaire
humain consensus selon la revendication 1 ou 2.

Revendications pour I'Etat contractant suivant : AT
35 .
1. Produit obtenu par un procédé microbiologique, comprenant un interféron leucocytaire consensus,
incluant, de fagon prédominante, les acides aminés qui sont communs 4 foutes les séquences de sous-
types IFN alpha humaines existant naturellement et incluant, en une ou plusieurs positions ot il n'y a
pas d'acide aminé commun 2 tous les sous-types, un acide aminé qui existe, de fagon prédominante,
\/40 en cette position et n'incluant en aucun cas un résidu d'acide aminé queiconque qui n'existe pas en
cette position dans au moins un sous-type existant naturellement.

2. Produit obtenu par un procédé microbiologique, comprenant un interféron leucocytaire humain consen-
sus selon la revendication 1, choisi dans le groupe constitué de :
45

50

55
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O A

10 (Arg 2 Ala 76, Asp78, du79 Tr86 Tr 90 L 96

114 Arg 1, Thr 156, Asn 17, LulS5BPPI42R6aFB115 3 Gne (nol ~cul e d' ADN)
obt enu par’ un proc6de nicrobiol ogi que et capable de diriger |a synthbse
dans un mcro-organi sme h8te choisi d interf~ron | eucocytaire humain
consensus _sehgn | a reyendicglgion 1 25 30 J40 50 55
11111111[1\{911111&1111 uA@pﬁ)g Glu s*Tyrgs. 93&, Leugg, Thr1§§

\_'/ Asn157, Leu]'5 JIFN-aF ;

[Thru_, Metls, Argzz, Ala76, Asp78, Gluvg, Tyr86, Tyrgo,
eugs, Thrlss, Asn157, Leulss]IFN-aF ; et

10 '
[Argzz, A1a76, Asp 8, Glu79, Tyras, Tyrgo, Leugs, Gluln,
Arg121', Thrlss, Asn157, Leulss]IFN-aF.

15

3. Geéne (molécule d'ADN) obtenu par un procédé microbiologique et capéble de diriger la synthése dans
un micro-organisme hdte choisi d'interféron leucocytaire humain consensus selon la revendication 1 ou
2.
20
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