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| MPROVED RECOMVBI NANT HUMAN | NTERFERON- b-1b

POLYPEPTI DES This application clainms the benefit of
wahd@s/oRsBovi si onal Application Serial No. 60/ 488¢1595%2004/021618

filed on July , 2003, which is incorporated herein by

| VWD rcueaNT BUMA IkrERFERGNEH-TE Bypeprioes

b-1b ("1FN-b-1b") pol ypeptides, or fragrrents anal ogs,

derivatives, or variants thereof ing an i nproved

s p&Ys FRRlicalian Gaimy therhenalf k.S mem' Bipication eralios
60/436%5?*‘ AleARAKlyl €12bo6D WHSH it irfkBFpoFAER 'hb%lrngy feférBnce.

b-1b pol ypepti des, or fragnents, analogs,

derlvatlves or variants thereof, useful for treating

mul tiple scl er osi sF|§mdﬁm@mvEm@nl on further

relates to nmethods of producing such | FN-b-1b

conmposi tions. BACKGROUND OF THE | NVENTI ON Recomnbi nant

h F 9 u [}

t lr"l‘eﬁ%{br%%r Ft‘frfvgﬁt‘?cfh dregt({s tl) &d&?glgén@ thh%ﬂ u%tl;eft'f&]gﬁeﬂaj} ty( [I’-CN B-1b")
polyplepﬂdqssomfgagreents tana@g‘smienvaﬁvesubrt \rqmnlaetsstbéreobba\sng aiviBhproved
specif ggrg ity.o ﬁ‘h? pfe}reﬁte.ﬁ ‘ﬁ a%g[}&lgeegﬁé #}H%rﬂ pt%? corﬁﬁ&.ﬁo%s
compsisingtsech HFNsAsl b(pollyiauptic)es whiiragmeme amtogkl derivativesshor variants
theregf;'g m%(fkrf?etdﬁ%ﬂ{gorp@{lﬂegﬁlga{sl ag 8@?%@@%@@&4&?&3 to
methdsofiqapdBing @86 Nietihcoripositions. 9: 3- 14; and Sen, G

and Lengyel, P. (1992) J. Biol. Chem 267:5017-5020.

The pol ynucl eoti de and am no aci d sequences of human

| FN-b are knownBASKGROUNMD OR THEINYENMTIONT. e al .

(1980a) Cene 10:1 and U. S. Patent No. 5, 326, 859.

Reconbi nant DNA technol ogy nmakes it possible to

prm&mmnn hdnﬁhh Intérferdn-BYIFNEE) fsrussu ‘¢ilm¢l§tI9$o treatGertain medical

and ot ntamn nts fro ourc B
concin, 1 BTG HEERRoN G s PO o Bt aerman
IFN-{¥ Cathdie! QEﬁIQ!a@kthHtroﬁQ' and'is amaéraberA anhrgl family of secreted

expressi on vector that contains a gene_encodi ng

proteq’ﬁé(nﬁwg @sdriprteroas GHdNS hathichaie cyiokiBes Wik apthdraly @HB pécﬁazoal
mmd%%ﬁ@lﬁtddﬂ Qan@%‘éll gﬁﬁvtﬁ’ ‘r%\uﬁﬁt&y athates. tSseh \‘Br%l)tﬁﬁpleal”éstka S.

in bacterial ( Tani guch
098@ "d?fh ?ﬁyg@é)ﬁﬁﬁo&‘ aRgSen, Qc%&nde@ﬂgyebsm (79925)2%@%2%3'"
oe7:90ary5mel, R e al. (1980) Nature 287:1 93-197; and
CGoeddel, D.V. e al. (198) Nucl. Acids Res.
8:4057-4074), manmalian (Chno, S . and Taniguchi, T.

( 1ﬁ%oIM€ieotld¥é$arﬁﬁ§ acib%e%@&&é%f hﬁﬁ‘ﬂn hﬁ%"eﬂ‘b Khowr as shown

, and i nsect

in Taplgm:ljlhT e{gal (1%&0a5|Gene 1933)15mﬂd U@ePptenBNQJ 5,326,859. Recombinant
DNA%ec%ﬁél@g%H%E)—:s Qstsicigd |§roNH{:eeéﬁ‘E:I\9E thdths ﬁ’e@ﬁ?ﬂn%uses, e.g., HIV-1,
ave bee as

i Nprov araterlstlcs produce
and alesycontaguinants froorhumeanngsiuegesMidykmednisfaf sachatechid®@4 human IFN-B

can b%rpquucle%tdy'cuﬁgr"f}‘ndg a §8§t 'ceIP§aAns§or;n$e%6\gifh5gn6gxp§9&io% \%ctor that contains
a gene encoding IFN-B. The host cell is one that can transcribe the gene and produce the
desired protein. These techniques have been used to produce IFN-§ in bacterial
(Taniguchi, T. et al. (1980b) Proc. Natl. Acad. Sci. USA 77:5230-5233; Derynck, R. et al.
(1980) Nature 287:193-197; and Goeddel, D.V. et al. (198) Nucl. Acids Res. 8:4057-4074),
mammalian (Ohno, S. and Taniguchi, T. (1982) Nucl. Acids Res. 10:967-977; and
McCormick, F. et al. (1984) Mol. Cell Biol. 4:166-172), and insect (Smith, G.E. et al. (1983)
Mol. Cell. Biol. 3:2156-2165) host cells.
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Patent No. 4,588,585. Muteins are nutationally altered

bi ol ogically active proteins or polypeptides that are
w@eadoosdl by directed nmut agenesi s techni ques. PEMUB200D021618

is amutein of IFN-b in which Cysl7 is changed to

Serl7 via a Tto Atransition in the first base of

codon 17, which prevents incorrect disulfide bond

f qnuvBivG @2|FNTB %aﬁh@ ﬁh&bVéH‘cW&’ctMnbé hﬁ@é bﬁm p?ﬁdddéN— bs a@scnbed
expresse N

in, oL SRR, dark B 636} OF) RinsyNall Acad: e 3/SE5 ARGP-66E and U.S.
Paterﬁ) N2 Bis88B855 MAdngt SR mutdtoraily 5Iféﬁ'&ﬂ§|olf3$ib§l§! defivd prdtebhs or

have been approved and are avail or ‘the treatnent

polypeptides Iﬂm’égrerigOdmedtbw|dﬁgctﬁ$muca9ﬁnewel§hmauewFNrB -1b is a mutein of

IFN- Bwﬂ‘?/v ?ﬁ‘fj ﬁ%f&g ;?@erggﬁ9?}r/% & Fl')tg Agtp%\ it@\ (l)rﬁ] ft?st b?ﬁ%e of codon

17, whigh W@dts' ifdertecpdisullide bonteioraation. m@ nredwq@ge anéparification of
PGS SR ERER o7 GO BRScrBRy Y0 PR £, i AR 8Y) wetn

EnzyMar. 1 a0 88192 an R0S.FHaté€itiNu. 51816(48525 105-118. |FN-b- a
differs fromIFN-b-1b in several ways: (1) IFN-b-1la is
a N-linked glycosylated protein that is expressed in
Chiwiegiffefeat®iras oPNRAKY havebEdn) appedletl, andtiee aasilableNobtheit®atment

of reiab3135 P ENIG M (] RS T ReHTIEh HELES AHDTRR 08 RAPYT: a0 ) IFN-B-
1b, wﬁkhﬁrﬁ@ud&st@tﬁe‘w andi i@ Ron®h Q'Heéé: Makeldd IFN-PpRIIBSE MR crease

In coli and the N-terminal nethionine is renpoved, it
the rql@psgasteaﬁlpw&l%ﬁ?sa@rqgﬁessmg@m {RrAvesEflammatqr, geasures of disease

actlv@t &fdy fblt‘%'xar@ﬁ% Vhkghidiatr, yoosi Bk, THeF ¥sbroba faas a
yst el ne resi

Ue at position 17, whereas in |FN b-
Cysl7 is replaced with Ser17; and (4) I1FN-b-1a has a

Orf o)
Sgﬁﬁéf 18d LéefYér}SYFr@ %bﬁré:sg%r n?éél.p)%ﬁﬁ éJ#%(%fl N‘ih?é?:i
glycoR¥iaterhprdtein. tha: i§ adpressed nv@bmese Ramater gvary ("G¥9) cells, whereas

IFN-[%E% 4 ogyglgéos%%gegdgégfg@ E{eggtgd iZ\ % coﬁt(I?fI'FN-é-%g%) 66 amino

acidsdo iethgthowitlaMet nat tiyd Mdemmhuslgdiei'qfasdmarhEN fafleisquocassed in E.coli

T e e

termifigg; (BXikeplatve lHl\D&dFNlrﬁ Cx hasd chtemba@ﬂdud‘at posHieB ) 7, whereas in

a L J. | i
PN 1S TS T s aPPlatotaii Se iy GOl NP Ted s SPeeE SeiNibh o1
appr&arﬁat@@dﬂoaftom@m%mmea hbcsbb foEERMADIE,| RUhKE, L. ot al. (1998)

| -matrix interaction via ectlnllke rotelns or

Phaf@aﬁ%hkﬁﬁ”dt@‘l% Y aheryfd reh ak (1990L Neera/asl$2: 1@§ﬂ§|0765¢'tﬂ’e%fa“°'s G.

etal Qm)weupg,oﬁ,gg -podzspi ety linked to a large fam |y of
ol igosaccharide structures that differ in glycosidic

I i nkage position, sugar conformation, neutral sugar,

ar@arﬁh@élhés afel é?ah@%@fded&wtam F?fggé&ﬁﬂhir@%l PaP4rel Rc&f ubiquitously

. human” serum consi st s of east ten i fferent
in verehipiGul PlasTRmembrAges ARd aaﬂ%'afb/ ahupdantim Hsuneavave system.

See, We@@mgleqaoyd Q®Rb. aﬁa— Furuk’gs\wg> K. M?B E&Jc@@ J. 19%27 636

described i n ‘Senn, . al 198 ur . _Biochem
Gangliggidgssaregayolved in the control of cell growth and differentiation, which are

mediated through cell-cell recognition or cell-matrix interaction via lectin-like proteins or by
carbohydrate-carbohydrate interactions. Gangliosides consist of a lipid moiety linked to a
large family of oligosaccharide structures that differ in glycosidic linkage position, sugar
conformation, neutral sugar, and sialic acid content. The ganglioside profile of human

serum consists of at least ten different compounds, including, in decreasing order in
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Gangl i osi des have been shown to bl ock the specific
activity of certain human | FNs (al so called herein

w0 gmsgidsosi de inhibitory activity"), e.g., |FNPCT/US2004/021618
antiviral activity, under particular exper| ment al

abuqqoaggé,%lgng%@?{qmmﬁ%Q\m Qltd % n% ﬁ,t ésv c'jés\érigéd in Senn, H.J.

et al Q19RO E e JOBbrhanl 18a165Ves6RFN- , i s inhibited by
pre-incubation with m xed gangliosides (Gupta, S. . e
al. (1984) J. Interferon Res. 4:305-314), and the
anGanplicdideatiave bben stiowretoi bisckl théNsPedific adtioity sffveetaipyhuimz® IFNs

(s S8l nTei aniloae B IR aetili s BN APRataP iy gy
partlé{illtar gigeimenes contlitiond: Fﬁﬁéxarﬂ'ﬁléaﬁe BAtival actlvhpwﬁit%blast-derived

obt ai ned w t artl al | d native .
nativerJF S, S g e h et Phrel i hblod By 8- mcubation with
mlxer G'uBM' &1Lt af, (198 B- iArfofdAVBENRY: 306- B-W)E and the antiviral

ENTI (]\I present invention provides conposit

aCt'Vd% ®pPativer] EN%'S@HB\'%‘QG oy FW@%BS'% GNefaMeandFMs, bUt "Ot by
siali¢ 584 '(W%Eety%@ﬂ}a%mc %ld)’ﬁlbhé‘ﬂfus'éhﬁr@ﬁfl 1§§‘2‘3tAﬂ?ﬁﬁala?es 2:161-166).

greater Sp ecific act|V|ty anareference
Thegaigsais. PPWﬁVefawaferﬂltﬁﬁ%Wtﬂf onjy gatialpurigd Watlmntﬁr@fpns and not

win SRR} e FRRIER Ay BABRFAAGRIEN b composi (i ons

Ter ence conp03|t|on or a
ref erence IFN—b 1a conp05|t|on GangI|05|des are known

to inhibit IFN-b call ed herein

"gangl i osi de i nhi %thi@py ac(?"G WE“?L&Q in some

as b’betpsasehﬂlevérfﬁun kprdshﬁasmmpmmslﬂomsom;ﬁrtﬂudﬁearpmmm IFN-B-1b
polyé%;%‘( i?r qgien? % rﬁgl’ g?'\?arﬁ%g@%éeogstb%ﬁaggé %&epr eCéfIC activity than
a reienamsatlFrdﬂB q@mapasiies, qutaml bathoésmi mad%mml IFqu;b compositions.

r| si.n tide r. fr , .

B {ER 51 TSP EL AR ESrRE BT MORER <2 R shEBERGp 1> compostion
oragefagalnceﬁmi-e 1andunipdsitiog. activity and have greater IFN-b

specific activity as conpared to a reference IFN-Db

conmposition. n one aspect, the pharmaceuti cal
coﬁmgllddidyssare)kndi\/metopnlaibie HN-Brpecific activiy lso called herein

gangﬁ cg lghbﬁhrlé(yaic&ri y@. glgwggﬁnggmg%sgg? §,ytﬁ 1EIEI\E(%[Tb éor#nposr{%ns of the
presphanmleumawhememynlsgangmndﬁ mhubnaorp aemmyt Ecmeemmptenunl some
as""rcisaé?e %ref%”td”"eb‘ '°’5Pr°|"'é‘S§Phir6‘af°8F%°a ? 'B?%Ss“%”ﬁaW"é"”s'“g an IFN-B-
1b polybepteiec or frégudnt carmabugs ot variant mem”ethalsr[wetcmcrehhed ganglioside
oSG, BN RN B R S50 SRR oo o
compos:;'mzco)'sbt i lhione aspem{tlhglﬁhgrhn&:meggdf g‘;’??‘;ma " @$ tHe mraserit invention are
ain.a c |
subglaBlY rBe SPERRROTO JibPe R SortF BRFRRe g PG sBE( i activiy of
pham@tdcieviiday corhpaositionr o ftie msmtlnﬂ&nﬁomm@t&ft 2-6oid, & lemsed-fold, at least
{ r In -
o-fofiaRarrs & s Bf s BB apEs et Eefnen JivH dheositon.

corrp03| tionis substanti aI ly free of gangl iosides. n a
her as itory acti vi

o ST BSTR Br TR BT BYHES Lo pREPYag docrSasing
the gnr@hoswa/mhmabry achityi of al conpiosition gomptising an IFN-B-1b composition, to

obtain a composition that has decreased ganglioside inhibitory activity and has a greater
IFN-B specific activity than a reference IFN-B composition. In one aspect, the process

comprises a step of removing gangliosides from the composition such that the composition
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oxi dation. n one aspect, the oxidation is by an

oxi di zing agent. n preferred aspects, the oxidizing
wag®sn1d3sl sel ected froma group consisting of BOOUSIUN4/021618

peri odate, o-iodosobenzoic acid, CuCl , and

s suB R 56 o anSTios et Al et %%%efeﬁ%%#@gmﬁ%wpm‘ww activiy s
decréemeelrliyl sefectiVelyp oxidievy des cgrheositvbeelyi, ®ftihean khersictl, onenzymatic
ess

b-1b optai ned f h
oxisGiRRT 10 BB i erlia 0 B b BEPieg 0= Rb e PacBUEY Bl the

OX|d|l|ﬁ§ agenids delectad flohi D groupCohsisting c&I%ddlbmvpiar@ﬂaﬂel:bhchvosobenzmc

. |f| activi that is greater th reference
acid [ Giely 208 gonempleing. e @bftied ashedping agelit s sodium
pendd@tﬁ)dmd préﬁbr@ fiﬁv@hﬂﬁﬁaléd& provisies pharniiceasss corbipositions, comprising an

IFN-B—HS g%i—:-‘ g}?rfa%%an%?rs dgﬁqu;gglf aFcomposntlons have a
decr@éde)dlfg%ﬁblldiﬁ% mmbutéry agiiE ahd hav@he FaN- B%@écm@bumﬁ tha®ls greater
eof, that are selectively oxi

var|ants €
than g TelsgiedFUE Sugio: 4 phe AERFohne BRATEIRGELACS! Sprposition
obtain@fl oA e hladobessasTpalsstdritiany frddef ginghicdides. nvent i on
further provides pharmaceutical conpositions
conprising such inproved | FN-b-1b pol ypepti des, or

f r ageBrYsEnt itvERtion SI»so %%\)ldé%tlm}éﬁave@'IFN-ﬁHb%BlﬁpeTph@ése of fraginents,
some aspects, the ecific activity of npr oved

a”anﬁ\IdS”‘@é‘V?J% IO{/ M%ﬁ!ﬁ’it% eregf, tF?ta?dﬁéﬂ'?Ct“@Wd?Wedoeé}q Rayeigyeater
speciic acavit tco‘iﬁiﬂ'&ﬁo a fferbhée IIFNG[§ Sé\hféﬂWtTWbré&rﬂnventlon

| east 2-fold, at |east 4-fold, east
f””hP’é%@t"dSS Pmrmacsvt'cat qu%l%&stt'°ﬂ!®99'8Pﬂs'@9 sughdmproyed IEN-B-1b

polyﬁé%ﬁn@é@%‘iﬁabﬂﬁ%hl’é SRUIBES ldéh@ﬂve Ior YRR EHRPES(S It §6me aspects, the
sel ectjve oxidation 1S by heat, chemical, or enzymatic

speciigi aghy ity animproyed filspr1b R%@P%Q‘i’%&f fragmeat, gyalgg, derivative, or

varla‘Pd(tHél'e?df g t@egsrréeentramwnﬁé@rsrae ba36 2808 Sat 14384 91b Chtdéd¥0 6-fold, at
is selected froma rou]p consi sting of sodi um

Ieas fqlcbd)a@bleag 0fald-gpatRy thep agefefience |TN-B cofpppsition. In some aspects

the s%fé%h\%‘@ﬂ@amoﬁhé Bfhedt, ﬁé@m@dl%r@n”zﬂﬂaﬁ&@cﬁtlont ﬁ}?one aspect, the
oxi di zi ng gent I's sodi um periodate. The present

oxidationds, by gﬂ oyl g@g@g@m daprefered agrasts; Yigpiidizing agent is selected from

a gr&fb' kst of odiueh éér&ﬂiaﬂan oh&%s@bé&oﬂpéd{d)@ﬂdlzdﬁn& 8-phenanthroline.
tain an i mproved | FN-b-1b pol ypeptide, wherein the

In Oﬂerﬂin@V@G aﬁmtﬁhwx'ﬂt;mpﬁg@m igsodiya %er@fjé‘&t er speci f iC
activity than a reference IFN-b conposition. n sone
as;lgects the selective oxidation is by heat, chem cal,
or TR\PIASaRY ievesiPy alsP@fPV'Ci?Scﬁw@’o‘a%%é‘@f“P”ﬁlﬁ‘Q sglectivly exdizigg an

IFN- le bgibly%ébt%eztb%ta%gﬁmmprev&f BNeBH1 B PoRPORdeS whefeh the improved
i Zin g t is selected froma group consisting of

IFN- E'd&RSPMPﬁ@tM agregler seeiiinRstyiby t@ag@,rgferqgg:ellFN Baqggnposmon In

somé Bmarsgleb% 0)(7dé¥|6ﬁ |§6)ﬁﬁﬁt r&@nﬂﬂ@ﬁtenz%ﬂﬁldﬁ%dﬂtléh Nfhone
ent 1 s sodium periodate. The present invention also

aspe‘gi;l dRe %gatpﬁ-[ﬁ by, aiy oxigiging aggnbdp)pﬁgqrqmggoecggq the oxidizing agent is

sele&@@frﬂﬁ&%‘r‘ohf%néiﬁmg%?'sbdin@ﬁrspe‘ﬁ@ﬂ&é' SloBsbBENzE¥ @id, CuCl,, and o-
ypept i obt ai ned by such a process. The

phengpthselipe. |'%9%Pi%¢rrqs#aﬁwa?e§1ei QxidjZing agert és $adium periedaiey the
presén‘& iRLieT hIeb 'p?cﬁnde@@mbm%@mﬁlﬁ%o@péﬁtlc%%l ¥RE Bﬁérﬂf‘a%e@l&@l

phar maceuti cal conpositions of i nvention.
compRSHinnR COMRUERY iraRTovest FhER- 1BrP@lYP€I@§’e§o‘?ﬁ§@§¢<ﬂ Py ﬁ'éCh a process.
conprising a pharmaceutical

The present invention provides in vitro and in vivo assays to characterize the

improved IFN-B-1b polypeptides and pharmaceutical compositions of the invention.
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acceptable carrier and an i nproved | FN-b-1b
pol ypepti de or pharmaceutical conposition of the

w0 nenidzon. Met hods for using the | FN-b-1b conposUsi005621618
of the invention are provided. The |IFN b-1b
conpositions of the present invention are useful for
treating nultiple sclerosis, e.g., relapsing remtting
muThe presery inventien wnbemyideasommsutloas combe'sing ammarrdceutically

[ r
scoefie e OB AGRUAIA B AELRR R M Bk cmoosion o
the IFDEEMIRI PTI ON OF THE FI GURES F| gure 1. Am no acid
sequences of IFN-b-1a (SEQ D NGO 1) and IFN-b-1b (SEQ
D NO 2). The pol ynucl eoti de sequences, am no acid
s d¥etbndsfor uaing tht IFbER-1beooiposifidhsiof Hee mventibdsare ipheitiedn, The

IPN-H36 6ASEI s of M s e ys ik 3360 o rapind citBte scterosis,
e.g., zglM@@B‘llﬂlﬁ'@ muﬂtpleysulmbsm("lMBé’) sasqw!braseﬂhergmnﬁmofgﬂ% dncluding
secof Y B S Bl ok B RS RIARFS 1

Pateln_t Nod t4hS88 585. Wien IFN-b-1b is p:o::rg\s/:gd :tn .

E. I an )

16;Oam no aci ?%,%Eﬁ%%ﬂ?w&h%%@g%@ﬁﬁ N-term nus.

Ei ggre 2. EIIfF?}Legf N-term nal Met1, dqéﬁ)g repl acenent
Figuig/, B acdsddloeer siF i SIS 1,R0F 1 Pane (y bribnssoup no:

2). T&@@)olyﬁbblbotih@%ﬁ&:gnoesl fﬂniﬁbla@ﬂ s@ﬁﬁéﬂce’ssaﬁcﬁﬁl'&ﬁﬁ'g oPY¥EN-B-1a are
were expressed in pur |

desciied iy oy OXARIFr PRI G M P pnd HrGorisket (966 M\éemmyv@ew 119:397-

403 dnﬂd!u st PRRNERS. a3’9663§43j eRrtd paNAicicbtide seflefices, (aﬁ)ino'?é‘t%‘ 6&iliences,
non-reduced | FN-b- were degl ycosylated wth

and S&r’gﬁw‘w 'ﬁb'r@r&%ér%%%ﬂlpec{ inpiacgsemple) Markg Dtfe st @bl (1984) bepra and
U.S. PXRnORE S baEibey. | 'Wﬂeﬁ?ﬁ@- -1bF§ glﬁc@sg&ed e &t anﬁﬁRﬁ Bl-tﬂ)mmal

gangl i osi'des on the bio activity of
methipnine ds renaved. i is 1@5@"@&@@@ @Ilntlenglbwtb@ser%ehtbem-mmlrmas
of the indicated gangliosides, and then tested in the
ene induction assay in vitro, as described in

Figurs&n% fifect of Nterningl Meti e@(ﬁﬁﬁgenlacetﬂmt be Beriat, Nolinkedl gtykesylation,
ond 5800 SO OBIG PRI A D ER AR o i
whichoCygidriaitaptaced by \Ber1 btwere)éxprmeh 4l BH@ecels amalfigd @t affidiity
onorBRBR87 386 e LS B Bhelid icn 30, B gLl oo 1
(B) Redunjed@ndahonoedicded |-ty s ?/ere_”de@Ikaﬁdlteo hMitB.dgbﬂ'dFe“Nand
th | [ )
aveofie'? EEalcsersiEa B3B8 1P WRASHIS BIRGEn RoRRE o ¢ her
purified by either RP-HPLC, NAP 10, Sephadex G 25, or
as_indi cat ed

) SRR BB i Ao
expoéﬁﬁas'aﬁcﬂlsafolnd@rﬂratl&@ & thEhdidatéedy ;[]hé!\rhég:aﬂ_é"ﬁae'nw&w_ Ife MxA

ar maceut j cal osl.tions O resent

gene fWgﬁqq gssag MW as c iGed.ip Exgmple 2. Pathways leading to the

generation of the various gangliosides starting from GM; are indicated.

Figure 4. Presence of carbohydrate in IFN-B-1b preparations. Two lots of IFN-B-1b were
analyzed for monosaccharide content (A) before and (B) after further purification. (A) IFN-B-
1b lots A and B were subjected to acid hydrolysis in 6 M HCI or 2 M TFA and analyzed for

the presence of six monosaccharides, as described in Example 3. (B) IFN-B-1b lot A was
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pol ypepti de, fragment, anal og, derivative, or variant

t hereof, and have an inproved | FN-b-1b specific
w@edos®idsyr The i nproved | FN-b-1b pol ypepti des, POT/US2004/021618

fragnments, anal ogs, derivatives, or var i ants t her eof

s TGRS OAP JEsaPREL B 2kl S coimn

chramatpgmapiy doindicakideamdithen Ialﬁblybetttmﬁﬂ'%présme ah six monosaccharides.
particul ar enbodi ments, the pharmaceuti cal
conpositions of the present invention, conprising an
I FN- b-1b, h®ETAIED OESCRIBRIGN OFSTHEINVENTIONOT Yy
activity and a greater FN-b specific activity. n one
aspect, the pharnaceutical conpositions of the present

i n\rr]m_tﬁr@rrga’\fegmsal batr@agh@iét of tlﬁf present ngbxh ©6rh_d|$sia arml'FN:p 1b
I NN PI speci 1 C actli vi n an 1 nmp
polypRRIGS. LipoPr, analod. chrvgivenss it BREoD 200 dus ah Goroved IFN-B-1b

spe&ifié ALY ThE RnprBVEPIFRIS-h b Nolypditides NarasighiePis aRkloh$ Rierivatives, or
present invention. n a preferred enbodi nent, the

variantp thereef, PiHRe Bresencipvgbion eraeamesised ek - 831é>m0lypeptldes that have
a gr’th\é?gﬁ cgffb ﬂ.ﬁaﬁg cﬂin‘iﬁ?ﬂetﬁ% é@é@@h‘%‘é’ ll?ﬂnNé% E?@%g&h%vllhgﬁmcwar
emmdm@ﬁ%,ébe pbarrrmeutiqal Wmcmms phthedripesst trive'htpnh QWPI@SIHQ an IFN-
14 PRGS04 Glodsd bl ST ARCATRED: i ecric acty. I
onejasgedti thathagnapeHtical eemaesitions i ithepreser inventign ar@cm@stantla"y free
of g&ﬁ@io@ﬁl@?\ﬁhﬂ:ﬂ ul(l'glfalt IrFWjFISI\'E &WGrid mVWTQHH‘Ea@ in Hﬁﬁ}gbéoo#'l\fj[%pecnﬂc

can 1 nh speC| I'C actli vl

activiyn ddejbedst arg proviged fenpbtaining the imiieyead |5ng'db cpmgositions of the
pre%?ﬁ@@ﬁtldnm{ﬁ Bt SBrrE@ ¥R bBHin{eMP éﬁ%%rb\%ﬂ' IPN??—?G 'cf)r'nﬁosmons of the

tirvit y he 'r ef erences Clte ereln I n
pregsat imnertionaie ehtaingddlyi selactivaly oxidiging tzg lFMlﬁﬂblp@b/peatm
bo r Bt
o7l LSk BEPRAR e o H o RAL PR ooiOitins
havingisprtave spedific gaivitowl hegproeessss af féemaenémvaﬁlon are useful for

decfé& an%tr% Ilﬂggﬁnﬁ%ﬁﬂgﬁﬁMQm%tﬁwbﬁlflggfgb trelr'récgevsmg (or reducing the

epti r ot S or
amembd @@dgllwdeewlﬁbuqaamhlm\l&l\t R sperifipactivity angl, copsegdentlydthe IFN-

) | r " .
18 ORGSO TN P T bk
encodi ng the desired protein or pol ypeptide. Proteins

or 1l r)é%%ﬁde? %ﬁ?‘;ﬁ%@ﬁs me dlnp )pgg-ﬁﬁ %r fnhpitcafidts! ufal articles,

wi |l typi cal ree o otelns or
andpoblypaist ln@ésorésqdrr@s@@dn |tmelry@1ils¢ty ryretesensea
gl ycosylation pattern different fromthat expressed in
manmmal i an cells."Native" or "naturally occurring”
Definitions ns or pol ypeptides refer to proteins or
pol . r i oo
b tlﬁ gg?érlpﬁwgﬁpé ﬁ%‘%}éﬁgﬁ%@aﬁw cﬁl%fn%‘%ﬁgrt?sﬁéﬂfe o|e39ed 8s indicated
belawccurring I FN-b" woul d i nclude native or naturally
occurring IFN-b and fragnments thereof, and would
i ncl ude post-translational nodifications of |FNb and
f r dGreorninanigreteins or polypelitidgs” reter taprotdingdrt pedypeptides produced by
recoqﬁl%%#ﬁl\iﬁ ’chr‘? ﬁﬂé)sml(}él ﬁl;do‘aged %%%%ﬁé’ ln"f}&JoBEI or mammalian,
phosphoryl a
transformed by an exogenous recombinant DNA expression construct encoding the desired

protein or polypeptide. Proteins or polypeptides expressed in most bacterial cultures will
typically be free of glycan. Proteins or polypeptides expressed in yeast may have a

glycosylation pattern different from that expressed in mammalian cells.
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i pi dation, acylation, and cl eavage. A DNA or

pol ynucl eoti de "codi ng sequence" is a DNA or
w@odognusieot i de sequence that is transcribed i PeDUSENA21618

and translated into a polypeptide in a host cell when

pl aced under the control of appropriate regulatory

sequences. The boundaries of the codi ng sequence are

t he Natiye't orc pavraliiocewENg' prafeinsrarpalypeptisies réfer to proteins or

C ' ] i »

Pt ooBler el A Sl o bk Mg’ b TR B R g o
“natuuraliyroootiiriog NS, wgelidneloddDhtive @q natacaly obcuring LANGB aptifagments

el b B e i S R Bt BN AN Al hereot
incladinigNigut heglirRifetEto, AédAatin, barbykaiof ol ety BN heSphdriation,

. .het eropol yner of deoxyri bonucl eoti des (bases adeni ne,
I'p'?ﬁj'gﬂi ?f@%t'iéﬂﬁﬂdrf‘é‘?avég?'osi ne). DNA or pol ynucl eoti de
sequences encodi ng the proteins or pol ypeptides of

this ynvention cap be assenbled fromsynthetic
c DNADINA PR RO e HraRe SeaRncs s DU oy BRYBVReRtidgsequence
that isni@s&ibied ifto RINE aﬂd%ﬁ&lb@biimo?%bbﬁde iha KPP &l wneé¥ placed
i nan e

ei.ng ex ssed in a reconb Xpressi on )
undig Mol G DB et o HBob FILBIPS. SFhe AR S the coding
seqilentd sreshé stacteddbNAL fie! 2 AilteRRinuS SSHIBIRARMISIABYN BBp codon at the 3’ C-
cribea.herein according to the normal conventi on of

d
tenBIRgS AiCRGINGSEPUTTIRE COBRRUAEPTPIAYRHIS Batienoss, EPNA deMpHkaryotic

mRMAY gendrhie DN séquRNGES IrbRGukhiyaDRA, AdNynthdRe BN E&RRhces. A
expression vector or plasm oJ IS a regl i cabl e DNA
tranSE it g7 pRtiod, seguErRFLYl Uetallybedocaiad o 115 casing sepusioe.

to express DNA encoding the proteins or polypeptides

of , resent inyention. An expression vector or )

ol aSTABTEN o peauBee 4 = Belpiannbueerat dosisbanypotides
(baseamnie, gliving aRfnink, GRSHIHRNC BNA dtPpoldaciBbRIENelences encoding
sequences, [ri b_gsonf pbi.ndi ng sites, polyadenyl ation _
theﬂfgﬁ'aﬁ 91 PelyRarliEes pt thisnYasNion faf PR ASsemliRhEe® synists iA-derived
DNA&@dhhey shdEhdRi dligonisbtias haeeeioproiies 8 EYhIMaME gene that is capable

expressi on, systens as defined herein will expréss the
of Beng RPFRSSEY lr%q)[%pﬁgmqaagQN&fexpfgéspﬂ\yngf. o' digsyasing the structure of
partidifireioubie-stant EDNAGHOBENEY, sBHEIHRBS Fhay bE! dHissfitdd Wfein according

gostm%il |s" refer to cells that have been transforned
to this, ormal RIPMEBHAUORTPHIIBY AgW bR EeTHRACE Bdhg Shit diratiopsjong the
norPrari¥Bibdtddtrdpd of sbear ated (i.e., covalentlylinked) to
chronmosomal DNA nmaki ng up the genone of the host cell.
n prokaryotes and yeast, for exanple, the exogenous

DNARgBymbiganted Ptcisivf ebldr aNpl@sthiRIOFE reBli@IBRNDNASALER 88plasmid
rated i nto chronosomal DNA

a plasmd, or staply inte _ . .
con 6| Upe Biher te BMBlli 4 JReiiesSdpA engocing e PrelPiAsY BpReptides of
the prdskeni iﬁvéﬂﬁi@n.\/\lﬁ\h@iﬁie%sbh QeSS OEIEMNd EDtaMB DNIL SRR sequences

e chronmosone. This stability is

integrated into_t ) ]
a“%a_eﬁ%ﬁ& FHUERCHYPHACORBRISeAYeNses inckide ey sr seduaspes, ribosome
bindind§ifesOpolgadengRitibPsigh&s Utehs¥iigtioh @thiiketioh @Bg@ences, upstream

popul éltl on of daughter cells containing the exogenous
regulatory domains, and enhancers. Recombinant expression systems as defined herein
will express the proteins or polypeptides of the invention upon induction of the regulatory

elements.

“Transformed host cells” refer to cells that have been transformed and transfected

with exogenous DNA. Exogenous DNA may or may not be integrated (i.e., covalently
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DNA. "IFN or IFNs" refers to the famly of secreted
proteins known as interferons, which are cytokines

wowdos/oadstri viral , anti-protozoal, imunonodul atPCyUSBNG021618
cell growth regul atory activities. IFNs wer e

ik e Bmakar iR A g b e P o freNias) BHE 15 Siipites and
yeastefor exgrnpidl the ex&gﬂﬂouﬁ @N/’emayrpbenanﬂembu an aB. episba&b plement, such

as i, 5o Elgteorfgd g AbRiospmpl ST Wi BsBestit Bniarvono oot

a sthﬂy traﬂQorm@Mﬂs ond’whish is the@xogdimus DiNAhad\beco(riEdi8teprated into the

to fi bro n man i
chrarppie- ofti S  gerPRisnE! ovhe =pl e BuiRthe af s o
clonge thprociece Via heptieatidnFa\pbpulstiotles daudieer dells Camaipingithe elogenous
DN tal. (1980a) supra and U.S. Patent No. 5, 326,859. The
uman | FN-b cDNA encodes a pro-pol ypeptide 187 am no
acids in Iength A 21 amino acid si gnal sequence is

° OFACSIPRE ofhrs B LA aT seeio BEeIES FipwriasjRierferons, which are
cytokinENwhh éﬂtlwrﬁleﬁﬁtt srotaoalemmdmmatunyrmnd IcENgfowatx wgelamyi
nese a t CHO'
actiyieg NS W GOR bRtV Rokiper oo naa - g IFN-ce2),
f.brdbnhskse{m -p), aﬁeﬁrﬁ.ﬁaﬁ@eéhsrwmttﬁ Bab, t¥€exahipid) Pebkth §- (1986 Supra; Sen,
i nked

cosyl at ed e asparagi ne resi due at
G.Cpanrd wwe'sa Q'ﬂ% sapra; apd Pestia, SexadhinierferonsiFart GunMeta.fenzymol.
VoINQ@OAéHd%Knc ﬁes@ Iﬁé Név@-?gﬁc) NyUp@bgsand U.S. Patent No.
66, 843. - refers to reconbi nant human | FN-b
expressed |n E co// host cells and having a cysteine

ton t ' 17
7;3_ mb%fe@énmr@&é&wwdh iHhiaAns as.ngesgehﬁgagkﬁ it The

en | F I'S processed In '
DNA\ot paiyriunlabtidesselquendeed humandinfdBdsl desaribed inTemigushind. et al. (1980a)

sy SIPb BRGNS Pty Gt SOk Boadf bt

187aim|n<6 aaagwn IemglhaAmdarhlnS acidadigmat sdduende B384va8 off to form the

Mty F B A PSS PO A AT o2 .

fragnents anal ogs, derivatives, or variants thereof,
rmaceutical conposition conprisin

and C | E
pol ifp ;%Et Tagedersdp reqo Qumﬁrr‘]hﬁc %5§Xp@§§¢qq,gtt¢\ﬁ;@%se hamster ovary

("CIHOYREIRNAS sHAW B HidurBaY MRtré sEdrBRHTENPRES s 168 tihd ¥EibY in
as ‘conpared to a reference | FN-b conposition. n a

length exoesesRandingtio datieantEN-B h EN-Apads Ninkeiiglycasylated at the asparagine
resiSTBARISHORB (Rlodd)© SBE P Blark IR W A0 RRICRHARE, et at

se ectlve thel b 'composition uslng
19$ﬁ§&upram@rhi SaPateOt Nen‘k?‘ﬁ@&ﬂit oxi dation. n anot her

preferred enbodi nent, the inproved I FNb-1b

conpositions are obtained by selectively oxidizing the

| FNHAN-f41 be cafers o réaombirsng huraan &N-fliexpregsed)nk.. cofi host cells and

n r S .
o 1oL B A BT REL TRBlmyBhet fBy  SPER v e
processechin E)f:olganghe dstedrinahinethianoreyis mmwadt it i9 165 dmeino amds in
Ieng(‘fh mﬁ)%'eré &he N-terminus. IFN- B-1b is not glycosylated. See, for example, Mark,

D.F. et al. (1984) supra and U.S. Patent No. 4,588,585.

“Improved IFN-B-1b" compositions are IFN-B-1b compositions (e.g., IFN-B-1b
polypeptides, or fragments, analogs, derivatives, or variants thereof, and pharmaceutical

composition comprising IFN-B-1b polypeptides, or fragments, analogs, derivatives, or
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anot her preferred enbodi nent, an | FN-b-1b conposition
of the present invention is obtained by renoving
wa@2mghiasi des from the conposition such that tPer/US2004/021618
conposition is substantlally free of gangliosides. A
! ectively oxidized |E e
varigrF e A % o SO arvDn R A Ko et pes a8
comb&dﬂrd@ Iha pegigresd émmdrmbmr thie improved-IRNaB-1b cpmbysitpisiofithe present
or.var

inveioniace PREMG b P Sigh S she Imal Bk Eiipop o ysing heat,ehemical,
or emzymaw exlddtioht In driotter|pyefepéd dﬂboﬁdhhehtﬂ%%pd)védﬂﬁ-l\bﬁ 1b

comBER5S e M ol 250 A B o

agerﬂaI'rGéndtﬁérWerrdd émbdodihenteas FFN-B-1bRembbditidn ofbhe present invention is
ventl on neans

oSj tions t he sen
obtafaH By FBEPRSRD The AT PhaAp OIS AR I RO DA d e mbosiion. In
anotflét ;referrbl embydikreat, ARTIFGEST w&bﬁwosiﬂem ofae @I’dseﬁlfrn\l@mwﬂ is obtained
net hods okﬁﬂf ction, or that tg hi bitory actL% é
by respoving-gangtipsidesdioqy eicoMpasiin e ‘h% Nd ga s §upRtagually free
of garfipdedd to a reference IFN-b conposition. n preferred
enbodi nents, the I FN-b-1b conpositions of the present
i nvention are obtained using the processes descri bed

hepekdledtRely @FmIzed (FN-BARC pEIASEHLitiE orarmghzt, @fnhlog or variant thereof"
and/ or. to, decre

gangl i S, or acti.v
s arp LBt RToSPY WaEe A [ER-.fo PHEPRNE 19 {iggment, analog,
or vARITP BiRiddf 08 Selediively @Rkiizet Bbdbscribed ﬁéf@@ﬁbfobthl’rﬁarﬁhﬁ)roved IFN-B-1b

obt ai ne that subst antj al free of i 0sj d
polyBerAs 1on bR e BNE Béﬁ&ompowh%mr‘?m B4rgRTGP B¢ SN Pan 2
refefefbe [FN-®Edmpaditioni ty. The terns "anal og", "fragment”,

"derivative", and "variant", when referring to the

i nproved | FN-b-1b pol ypeptides of this invention nean

an %msannélryawwtgsngr@eﬂey aﬁuhvreeren@e@o th%rlFl&IIBtﬂ) &Im5dékibns of the
roved | FN-b- g x&etl

Pre%ﬁﬁ%‘(e@ﬂ?” Hepys @Phﬁ’“ \¢aides B‘HB‘F 'Fi‘j:@ 1&099‘98?'“0“ are not detectable
by ﬂﬁ#h@ﬁ'l@ﬂg dedlclived HeReif @m%ndwmrh%b@éibf detétibh,Qn tHet tHRGihhiditdny activity
the jnmproved | FN-b-1b epti des, as descri beﬂ:

of ‘hﬁ&aeg'l?s'd is-deqraaged injthe P?IBB%S%E”&F&°B‘BPS?SéBP|rﬂf8mPﬁ% N-B
comp&éitiond as pmférrédrénhtsoduﬁéms ane IFN-89 b dompesIRINE ®f e pﬁélsent invention
roved | FN-b-1b peptide of this invention,
are ?%P%%”Q ?BRIPBOOFBS%%H‘{?B%%" heeeie iprepove (X dpegass E}%W“t of)
gan@li@gltjéé Qﬁ@ﬁor RNddRa8s loﬂﬁ\a&th/afe g‘dh@likisﬁﬁeanﬁlﬁﬁ)ry activity, in the IFN -B-1b
1bnol ecul e natural, in vj vothé)rocesses

°°m595"ﬂﬂnécgaﬁre@$ IGR1Br 1tk sitrﬁn§ ae og'tqrnedstne rg§u ntially free of

gan@iogeRandortave Besresdd dHiRYAIS %aﬁfyloﬁd@rﬁﬁrbﬁe ry bEWVitp- 1
(see Figure 1) is expressed in co// s a 166 am no

acid pro-1FN- b-1b, which is processed in vivoXo

re"l’ﬂéiﬁé?rﬁshﬁnél@@ ESfFEgRRen®s I'dbridgtivieY, &ind Tedriane, Whéh haféﬂﬂngﬁ\) the
nment" is a portion of an inproved | FN- b- 1b

mprgw@, @-,1g@o[ype,ptpp@slﬂf thisipventippdnrananalags: fragipentpcderivatives, and
varlaZﬁ' &t &feh !nﬁ‘a o¥e§ FR-B &b ﬂoWbCePflﬁ&%?tq'gfa'invédb‘éta‘ﬁ'halIy similar, fur}r/ctlonal

ubstanti a e sane blo 0gl Ca uncti on or "acti vi
activity oaaubsrmmelhetﬂleIsamekblqlbglpailfyfpepn poactivilg as hevmprovetdhieN-B-1b

polyiaebti\éieg,ra% described herein.

An "analog" includes a pro-polypeptide that includes within it, the amino acid
sequence of an improved IFN-B-1b polypeptide of this invention. The improved IFN-B-1b

polypeptide can be cleaved from the additional amino acids that complete the pro-IFN-B-1b
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assays di scl osed herein, as described further below A
"derivative" includes all nodifications to an inproved

wo BidshiaBb1 pol ypeptide of this invention that PCT/US2004/021618
substantially preserve the functions disclosed herein

mol?{}ﬂ%wg[ﬁtﬂgai lg%j/ot' 2 ?%&s rb&%}rééegibl?efnsg\g ten ﬁ‘l’h art such as by
enzghetat @fchiealidal tlieheageA Fov axaraﬂb IFNAB-H btdﬁ& lpghrxepie)rlﬁ exﬂ:eessed in E.
ff t] | a
coll@g\él 1%%%&%?{:@%@%@965 W Bgﬁ%grgpe?%q%}q%wvﬁ,& r@,?]p@ae the 165 amino
ac,dfd}{vg r;lrgumlp)(p@%l des of this invention. The term
‘sufficiently simlar' neans a first am no acid
sequence that contains a sufficient or m ninum nunber
of [, AG '
rorerElis SpoRH of h SHbrodd AL B b b EREIES: the prospt
inventiprs thah redaine suhratardinlingmiar funetionaleaativity draaubstantiaiyiamsame
. St . .0 l ' ANV EN .
oG SHA of SR8 5 SATTERER 26 Bl B it e i
assaysdiztosedhecdinrasl dedonigadfutthertbelav.at | east about 45%
preferably about 75%through 98% identical are
defined herein as sufficiently simlar. Preferably,
varA ‘aletigsative! incloges alf inodifieatidny te amirhgrovéd| FANa@-181polypeptide of this

S f the ref rred QV | EN- b-1Db -
inveRGod b iR o) pRPEE i r s JFEIoRE el filude addiiona
strugtare amd attevidahtfpnetiond ngF,MEtﬁy’lehecﬂ) polypenidesiaghicnieneatedtyr half-life.

a polynucl eotide that hybridizes to a pol ynucl eoti de
of this invention, or a conplenent thereof, under

st rA ngeait’ meludes polpseptiBos haviry amatninageoies&dueyic stféiciently similar
the f unct ional activit

to the YRR FEIdRegUBACE ¢itae oAt e e PP eR e of s invention.

Thel tBih a(BtidntiNsimithP nivngREMEL £heifo bbidisedudricRIthatboAtdinda sufficient or
aci d sequence due to nut agene3| s.. Variants that have

minigpiim pRMBer of dderficalor eaHIVRIEN JIBIRP RPiddaSiByeselatiyp g second amino

acidlCsutRbAGH SUchahatlthdfirt bﬁ&s&fonméhﬁ'rm Scid E8gueRsadRAR a common
truncati on or point mutants rerroved | FN- b-

S"“B‘é’@ﬁ@ﬁ‘?l”o%@%fcof'}m%” functionel %ﬁﬁ""t)él Y QXH@PMA”‘@'&@'C’ sequences

that' c@eltam & eBmaADRAYruciofdl @Bmam tH8ISS ét |es§t atb@dtsAtso/&S&aisé‘iam;oabout 75%
ure the Specific Activity of

thropgp %éptqeaté%a' aregaﬂj@pgﬁg{em @@sgpqwrptgrsmm{cprgﬁ@bly variants will be
suffféfén!l%’ Similar @fe aﬁﬁhﬁé@@&éqﬂ]e‘n&e bhe pREVBIrBY 91'1&9{/éiﬂ|eFNoB -1b

function or activity" each nmeans that the degre _
polypieplidegiat dis iventian: Warigntaiindlide \@siants & dvproged db polypeptides

encB@éfbeyr B?Ig Me\m% Iﬂgﬁ%%&é;té q &%&P\(g%@{)%drgé&%? "f’rpv%gt{fg?{ Gr a
corrtmlgmig!tlm?ofaumqe«mtrmgaetmndmo@ﬁ eﬁmbwanpetsmhyp@met@le thep
funéﬁ@b?\%c&i@ty’o@ tlpeei Qﬂpﬁ- : %é@l?@epglggs Bf tﬂ‘sqgveg]%n Varlants include

eac ype eterm ne
improved geNH3 el tmolyspesaqes thar dlféecranphmo aacncpeéq(mepé ddetd dnatagenesns

ha st ant simlar functi activit
varaRR BT B ahihe! deukiebatbe KeRGles T srdting srirhideapt oraries o
mutdl@tgcffor b)t@dnplé trEthQ)rﬁoltndﬁfmm bﬂﬁﬁﬁo‘id&ﬁlem hbwlyp@ptudes of this
uce ene or (Ol | VI Irus ro
ivepli s el PR BoliROrRAEA AUy IREERH andidssavs o Meastre
the §g@&né AStivAE bf FNER-18TPolyipkbiriesb Pol ypepti des.

imlarity" between two polypeptides is determned by
conparing the am no acid

"Substantially similar functional activity” and “substantially the same biological
function or activity" each means that the degree of biological activity is within about 50% to
100% or more, preferably within 80% to 100% or more, and more preferably within about

10
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sequence of one polypeptide to the sequence of a
second pol ypeptide. An am no acid of one pol ypeptide

WO 200siomisiar to the correspondi ng am no aci d of paI/EsmONCR1618
polypeptide if it is identical or a conservative am no

90°/a ﬁ) S/J gzr%l%; Hﬁgt bl%@ﬁ)g §c§ kxv%n’? n%i( {etdwetﬂgﬁplgg%gﬁg% which it

is bé?ng)t:emparﬁdqmendhae hiotbgal antivity ef éach I}siatypepmje iBdetepdinedby the

R AR 00 ot (40 8

funaiohal aictdlyao iF LB - Tkois @ne tiadt, dftee okidhlicninnige gﬁsawﬁescnbed in Example
4, drg;pgaset%??,st th%%gsﬁ?yAtgﬁrt\cle{\égrlﬁg Wegsen%%?o @Eio{ttv% grro]amtlon in Vitro, as
descr\lﬁ%’d unUéﬁAssJa‘?bl to Méhsuré'th’r’e g&vﬂlc AdtMﬁiy ofAF -B-Irb Polyp&htRies.
Tyr, Trp, H's; and - i ncl udes humans
and donesticated ani rral s such as cat s, dogs, sw ne,

CatSinflarify" BEMee A §oly'p“k§ﬁtﬁ8§ is deddined byaélﬁnﬂéi'iﬂg hthe<Bmino acid

"Specific activity"” | FN-b specific activity" as
sequgqgg ahepe PH'VR?RtWert@f@r WG”Q%Ofa?}wquPNp BOlYERRH9Es |'°t"| aiping fcid of

onetdaﬁ/pegsﬁﬁeqablm.ﬁvwal\f%arreaﬂmamg a}mlﬁé aau ohh saécsddvpdmpegfde if it is
or

function of an | FN- b
iderdica)| 5 gi coaseyeivearpineg §C'ElrS“P§IH‘é1tqno &Onéf““’ﬁm gibstitutiens include those

desérdtidulin b@?/ﬁ’df? el |e‘d<nm@'14ﬁé3 df%t@h%@ﬂgné@ﬁd@%ctmg National
are not limted Wgﬂéhlaantlwral act|V|ty

BlO@@@%@'ﬁeée%reh.Fww}at@an BOBCD o (L970) AML Ao By H§89) EMBO

J. 8i7re-788t h@ﬂéxéﬂﬁ&éférﬁuﬂg abids Bbngihg ¥S bRE ol fEIRWIHYYrbepresent
in the art (see eNgWO assays described in Fellous et

conggrvativeghanges ¢y sub NSAcad. Sci USA 79: 3082- 3086;
-AlaCPRS, @)ecd,qh &dn, er, Th984) J. Virol. 49(2):490-496; Mrk
et_al 198) Proc. Natl Acad. Sci. USA 8 :5662-5666;

-CygSaichrelhfal . (1981) Nature 277:221-223; Wl liams et
-Va@lle, elONig) AMatpHee 282: 582-586; Herberman et al. (1979)
Nat'ure 277:221-223; Anderson et al. ( 982) J. Biol.
LyseiegnHi®57(1 9): 1 301- 304).n a preferred embodi ment,
-phéhg,rl-ﬁbl-hslg)ncporrposul on of the present invention has
a specific activity as detected and neasured using the
-Aspp@Ugene i nduction assay or the viral production
assay, as described herein under Assays to Measure the
Specific Activity of IFN- b- b Polypeptides. Antiviral
act Mammal) igclydasdiumans @nd @P@?F%"Qd@nﬂrﬂﬁs SRUED @ £3ts Jogy, swine,
caﬂfee;ﬁ,r%res'%té‘%%@s'rgﬁblﬁ afd Be fiké.ef erence | FN-b-1b or
(See, e.g., Pestka, S. (1986) Meth. Enzynol .
199 14 23) n one errbodl ment, the specific activity of

t heghédficaclipityt éﬁqFrh%" Pebifié §ctlv§y")ésllsé%€rﬁm \ﬁi?n reference to an IFN-B-
deternm ned using the antiviral t opat hic effect
1b qomppsitign eftbe pregpatinvention means a b|o glcal activity or function of an IFN-8,
e.g., IFN-B-1b or IFN-B-1a. The biological activities or functions of IFN-B-1b and IFN-B-1a are
well-known in the art and include, but are not limited to, e.g., antiviral activity. Such specific
activity can be detected and measured using the methods described herein or using any
method known in the art (see e.g., assays described in Fellous et al. (1982) Proc. Natl. Acad.
Sci USA 79:3082-3086; Czerniecki et al. (1984) J. Virol. 49(2):490-496; Mark et al. (1984)
Proc. Natl Acad. Sci. USA 81:5662-5666; Branca et al. (1981) Nature 277:221-223; Williams
et al. (1979) Nature 282:582-586; Herberman et al. (1979) Nature 277:221-223; Anderson et

al. (1982) J. Biol. Chem. 257(19):11301-11304).
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A549 cells and nurine encephal onyelitis ("EMC') virus.
"I FN- b- 1b conposition” refers to an | FN-b-1b

w@ologpepri de, fragnent, anal og, derivative, orPUBRUSANL/021618
thereof or conposi tion (e.g., a phar maceuti cal

OB )R P BB By roenion s
SpeCIiIWtNW}eds derectetiiand mddsuieﬂmar@ahema(@\ depednductieaassdylvathe viral
rod B RES e bttt BV vEESRE SRR AR ot
B-18 Ebly;hbmae@onzmwuarhcnﬁw %Qiéié?m[r@ﬂ&élﬁﬂ@toltﬁé\lab‘twl% of a reference

conmposi tions includ reference | FN-

humeg R, eidorTeferencer sNt-4hokFNER 16 (368, EhplRastta. n 61986y Meth.
Enz?l?@fmé@‘l 4-28) OR&SNE EMIESH; tht 3Bedifi d\b&wHi’oﬁHé‘m\? 'BHboﬁbed herein

he present I nventi on as a SpeCI I C activit
is ~Prs 48 UNKaIgi as determirgd gen@thermmal@woawayeftgct ¢ ﬁBEv)l asaay with

d As t
A54 c%%ér&‘éd @Hréﬁe;%@acép 28 grtﬁfgr: Vﬁpiwbenber says to

Pol ypepti des, that |s greater than the specific

actipy.§ b%Bg@o%i%ﬁ'rrgfé??to' dNER-G-90 GRBASIE! Aamé. analog,

I Mprove 1 C act|V|ty (0] OSItIOﬂ
derivdtive hey vgrne@etherephwemmmsnm (prgafaepmmceﬂlcale@mposmon)

o o 4L ol St kit

act|V|ty of areferencelFN—b conposition (e.g., a

refs ﬁ‘ﬁ Os:gggllh%aétnltf @gﬁ%éa hér‘éﬂ\ rﬂée]r% tﬁﬁftﬁ%ﬁé%ﬁc aENZHP of-fhe IFN- -B-

conp SItI es can i1 n
1b oacruopvtwryofam s@semllm@dtumels ereraterglamgmiab@marefarwbIFM@rqpmposﬂlon

S A HD DB REASEAL NG bR Bl 5 A 05Ep38one, o
referemre I NB-1ganogiposiionde §or example,gn bﬁNeme@meohﬁwleNrﬁ}ms

oo TG IRESEN N enhBCh AR5 ol BBy SRR Forf ekl gene
mdm:ﬂm‘pmay piothe wsalpgodustomadsapds déseriredihecinendsr Assays to Measure

the SRETER AVRAR B ara8 PolvoBobs. SR0F bl e HE SReqRapviy of a

refeRic€ 1FN-BH1 blsiniibsitieh h adsmisrues spétifidwtisityt ofeand FN-f-®b composition of
renove, d cr.eas or | nact] vate

I des.
the PIRERTIYRBUON iE REGETEBH bR HZAIC, AldFantd 1pig. 2t IeashBdaiatigast 8-oid,

or afIRERMOFbI8 Gratiter tha¥ e (sPedfic adtifily- dF-aliefependefENLE dampdshtah (e.g., a
is not treated or, mani pul ated as descrl bed herein to

referqfse SA-RalP ¢ampastioper af’?f?r%{@(el"\:n #13 FRIPR¥UOBRd/ or as

descri bed herein for obtai n| ng an | FN-b- 1bconposition

of the sent i nve erefe nceIF

cofFsfi gﬁ’l'&? GRgyniyit E:e‘leg sggm 'éﬂ% %E?’ﬁ?@r ganglipside
|nh|l§i@;r¢ééﬂvﬂ)e') } ’Eﬁ E@séﬁﬂ iMEenBie provides @E‘dde%Sés)’foBﬁedr@&Smg ganglioside

reference

osition to tg'e S£e0|f| C activity
'“h“aifo%ﬁc“l"m'bfem?v@@rﬁ?&g|'Q%'Q?ﬁ feom thedFye %‘éﬁ?mP?R}t&’rﬁ‘ﬁ%H
conE%ueﬁ%yafﬁ&&sm&FN@sﬁéﬂﬁﬁCHcﬂﬁﬂt GargRodifdy éhrﬂfe r*ehﬁ)ved or

erence conposition Is not SE|€CtIVE|%%0XI

doclRas i FaRPIIHOR S InfRpelods coBsEeTSIB oD AL the art

SimirfS gé\i%hbﬁb{@ mtmery &ction) cnnetddiyefsebi@F HinviBsHdel dbaddsribed herein
of FN-b- 1b g@%’?etlde and, thereby, resulting_.in

or USHOFRRDASHIORBIHEE A1 B8~ (hER GHsRf B ! GRGINAIS GanDlosides.

activity as conpared to the reference IFN-b

"Reference IFN-B composition" refers to a composition comprising an IFN-B (e.g.,
IFN-B-1b or IFN-B-1a) that is not treated or manipulated as described herein to improve an
IFN-B specific activity thereof and/or as described herein for obtaining an IFN-3-1b
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conposition. Also for exanple, in another enbodi nent,
the |FN-b of the reference conposition is not treated

wo 000s8nBVE (or reduce the anmount of) gangli osiPEBUS2004/021618
whereas the | FN-b-1b conposition of the present

comaffich 3Ps bk iditah ThERTK S soPHEfa dBy be sea as a

standarjto otripare ar’rdadletermwﬁmtralati#eak;iqpnffcre&&wtyfof trengferescediEdl-B

compRiaTBpF epedtic SubRerEaRETu henfoSTRE Tike BRpptfBnion. For
examplfeememeeenmumnsnttuhe mFN-ss afdte tefe—ahenjcdmpm:onesaaa sefectively
ctivate

oviold Wha(Bas R 0GB it gr ioNreBlice 8k brdskt AVTRA Ry obtained by
selebti\madx&iiatnbm OﬂﬂﬂerlENQﬂEﬂ b)polypmmUe aat ethg@bg,l resu!ilrtgam an IFN-B-1b

activit sut n n_an
compgri Bl s ke RiRc e AU A-dnid fotha Ld'Piamps 1E0LP
composipai.ed to the reference IFN—b conposi tion. Methods
of the present invention for renmoving (or reducing the
anount of) gangli osides, or for decreasing or
| NA8d fopexamgplganghotoer dﬁbod‘udnebu theerNa&bﬂ the referedte composition is

bed h
not €860 | Bimel Gursiudtife aBouB S A oBRERS Hpertd e Tt

comipbitiartist thé ptdsenpinesrtioh id thested toorenfove (sretb eedumeeﬂme/amount of)

oo B P R85 s s
as coripdadd toithe rEffiereSqEeiEiNG Cmapdsslwnt YAlSd fo&l@xduﬁblebmﬁnother embodiment,
' vention_can

osj.tion of the sent
tne (R &Pl Bl8raics <OfwBr Rt Sanot FoRiey (O edragee aisfeunals vangloside
|nh|tb|5N b)ctmmmi‘édsahe IF!N;BF@ caam‘pbbltlod of the plledent invagtionris freated to
d% ﬁ I1C a e.%.,ﬁ_%_ .

deciFBSE I BAL A SAWIGOR BTy Retpein dn 1R 1b compositon
that'hab @fcpgeret ispadifi/activiteas torepared tothe refeferice IFN-B duaiposition.

anount of an inproved IFN-b- b pol ypeptide of the

i nvention which, when adm nistered to a human in need

t hcwlétloxﬁds df?ehépllfeééminﬁi\antubrOfoeférﬁ@\tlng (deaéclwmg th@amaaht df;ad

aengelh. % ST B STy B R Sare descrived

her@@@mﬂdqummgreeﬁaumew& . | mmweroagémmﬁe VN-gAich
rogressive rel apsin nt

polyPeRits: et Rt Piracutanion i SRErbr o ARG T E T oo

polypeptidee il ei¢tbe atd iyotdifrfited ta, \eey. pudmghéat \eHeimidsrof enzymatic
depending on the I FN-b-1b protein, the condition and
oxidafih-severity, and the age of the human to be treat ed,
but can be determined routi ner by one of ordinary
he art

edge

o ndne spBrTC Seti o [FRPe 1B Bpofon o e ffesan ke og gan be

assam(hsfvbhﬁiaf‘efd?tﬁ\tﬁé Spddifie dctigiftaTetd rsaéredct@ms[ecsmﬁmtudm uing a
ef er a hurran,slé\lgi ch g sease- st at
methanoaseteRiEa Y defuinaen il Bupaell SR, S oS deferiged herein
or a¥RAKUNE Bthe ARMONess, trenor, | oss of vision, pain,
paral ysis, |oss of

"Therapeutically effective amount" refers to that amount of an improved IFN-B-1b
polypeptide of the invention which, when administered to a human in need thereof, is sufficient
to effect treatment, as defined below, for relapsing remitting multiple sclerosis ("MS"), as well
as other forms of MS, including secondary progressive MS, primary progressive MS, and

progressive relapsing MS. The amount of an improved IFN-f3-1b polypeptide of the invention
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bal ance, bl adder and bowel dysfunction, and cognitive
changes (primary synptons); repeated urinary tract
w0 nfoepidzons, di suse weakness, poor postural al P@QnUEINN4/021618
and trunk control, nuscle inbalance, decreased bone
. densi,; ci ent breat hin nd bedso
which 8353iies ”EWB?%@T eHefyeciin Bt Sbipy Sepditina e 1F¥-p-1o
protéir)’ rmé @cmii)tlon and its BeVeriteand thie)agerdnttai Humg tb be tieated] bitean be
arr e eve i.evin

detefsifed ELnch by B ot bRy skl BPe it rhingredar Ruf it RegiSage and
to thidldisclstier technical terns used herein have the sane

nmeaning as is comonly used by those skilled in the

art to which the present invention bel ongs.

Cherragingr bsttiefndht” dshsell pfeivesletdthle heéthweﬂﬁbﬁdm%é-@t%ﬁe ina
of the Inyention The roved | FN- b- c osi tions of
el RSB & PHOBA (T SRS Sie FreRRISCIog2 SRy MR s gssociated
with MS fsh@ﬂé@ﬂé&me@@ Hupdhessl Qfelrﬁ(ﬁlt lb¥E£6f, vigibn, A, pa.tass,/sus loss of
ereof , that have at | east . 2- fold referab

ba'a!‘%%gadﬂe? %ﬂddbo"}‘% Aysfneticarafsl SPQQF'V? 85%’? ges-(Pyrary Sé(V‘QFPmS)

repeBTduriRBAf tRick facti8nd, Qilsd:se mdk@s%npmrp@smmfaﬁgrahém aatj trunk
eC|f|c activity than t

| east f ol ter hat a
conticl AR SEHREBAIIS, GTRASER BOGTHOCT iy Sl Y B BRBUH e, and
bedédi’ét seécﬁfdaﬂc@ynh;ﬁblnb) @ﬁdra@;srbtsm@rmaemaa/ §yﬂf;ﬂk§rﬂ§)03nd includes:

hg -1b conp03| Ion. N sone (%gents
r efilbr entObbjg R CHiga & @ﬁre§t§19dtsr gPemeat PrFN- b- 1a

comyosn tdlieving the@WdAdiBSM) 0.d], BRRINg refRssio bPe dohdiird- b

conpositions of the present i nvention have at | east

2-fold greater specific activity than a reference

| FNt lothbb teeaRR BRI 61A Hade tHe damec®baniAd s Rbomrhédly used
accordi ot E*@rocedure described in U S. Patent

by thqse 35'"%‘1% the grt tepphicadls preseptdnysntion PeI9b9%n of 1 npr oved
| FN- b- 1b Pol ypepti des There are several ways to

exg;ess and purify reconbi nant human | FN-b-1b in
Chapagtqristicy of the WH?"PV%‘!JIF&{"B'IW Rolypeptjdestqf the inyentiprN: b- 1b

poﬁ'ﬁé’gﬂéﬂgg%@g'ﬂﬁ '12 oh{é)FBélﬁéfr%dof%H@E}efsb{ﬁ gﬁ‘?&“‘“"‘ Ebfmpu@ﬂﬁ'ﬂl -B-1b

express t genes
polypentides.ici fragmeotst analogs, glhnvaévv@, oe xpriarss thereabfthat hﬂveraéwast 2-

fold,g):l’é;fgfea‘ri)g;b%t(feé%?ﬁ%lh nm@re%r@*é%ﬁﬁ%t‘ Igasi%%mvér{ mhr% preferably 8-fold,

to construct expression vectors
and evert mpre, prefesabiipatjeastddoldr gneatedispegific agiMjty than that of a reference

|FN-P%§R1?&§ili&‘i.i ﬂgorg?éﬁﬁﬁ lefibofimdnfd 'tﬂé‘rte?érlénéee#'r\l%‘ éorﬁHbénf’oW iS a

I'S purpose are t he pro ter and operator region
referghce HdN-B-1bgoniposition.- bl spsessénibedimgeisethetraterancedioiNiB composition is

a ref‘eFéh% fa: B J%o‘?ﬁp%& SR 'Ir?cfrpéa&%@z?'lmeﬂ{ tﬁé“fn dsré{etg\é}flﬁ- -1b

not er usion o
comp@mﬂmuswf |the ;EDBEerpIM@miQIBha\neeaM;a‘ast 2afald igreder spetific astivity $an a
s..0f such mar i nel ude (t he nes
rofolgfEe BTl MRS G el B o ot # R PUFEBY BEGRARRES thg procedure
desatibbo irali$h Patend No. £8$4,48%.ansl ati onal nodificati ons,
such as gl ycosylation, do not occur in the prokaryotic
cell expression systemE. coli. n addition, proteins

ExphéssioncanepPearification of leproved IFN-p-1b Polypeptides

There are several ways to express and purify recombinant human IFN-B-1b in
bacteria, in particular in E. coli, to obtain IFN-B-1b polypeptides having improved specific
activity. Known methods can be used to express the cloned genes in bacteria. To obtain
high-level expression of a cloned eukaryotic gene in a prokaryotic system, it is preferable to

construct expression vectors that contain, a strong promoter to direct mRNA transcription.
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patterns are can be m sfol ded when expressed in E.

coli. Wth the prokaryotic system the expressed
wEemseia37i s either present in the cell cytopl aBom/Us20a4021618

i nsol ubl e form in so-called inclusion bodies, found

n,th blefract t the cell .has ed, .or
Exafrpidg ey aA1o TelbRF aUBBIs Bl fulfostare AEREMERET find Sperator
regiem pf thpra. &bEbeta@mﬁosmlaseggmaltheschtﬂqumphﬁn bioeynthetic pathway, or

xpressed tei is [ nsol ubl e, i ncl usi on, bodi gs, .
the BERGGT PRl ot o B Sipn L et spariara i BA plasmis
trankfderh&e@inOE. doleH &so aéaulumahiplesrcﬂ@ucrﬁ frkedimglude the genes
Spegrokar otic ex ressjon vectors are known ,to those of

lying re 'ﬁtaf‘ﬁ%t% pPigig. '§|“é° AP CPIRFATIPRARIGOf abl e, such
as pKK223-3 (Pharmaci a Fi ne Chem cal s Uppsal a,
vaeden pKK233- 2 CI ontech, Palo US%,, and
%@?%@@3‘ ’BP‘?J igatigns, wah §BH'YCWY'3“83A N} QSRY iR the
prol@?ﬂﬂ@ %bw eXsTE8kibsysBsiA D bHIR Nh adtitio® Prafein® WatheRfriphik dlsulflde
ystens include the beta-|actamase spenl cillinas

pattp%taé%@arbp%m glpegylgtaré ﬁ?(Rr@l%?ﬁ’dn Epcell. \With the ;erfga,rggt) ic system the

exphiabad &o?e?ﬁrs@tﬂeﬁ&@serﬂﬁdth@t%d dptoplaBin\in aﬁﬁr@olub(&i@?rﬂ)ln so-called
Nat ure 281:544-5 r onpt

il R eiden hergoluleTagtion SRR col Bt o & Siectestinto the

eriplaSibyahe ASAIBH Odpprobriate $dcrdtlon si |§é‘cth'eﬂéeso [P RS} reésed
P Eaborat ory Manual , p(f.obl d rin Ha%o C
géo l)!bth%H

abor at or Cal
protgjyis Wg“?%‘tﬂ% fnelugiop bodiege o1 ARd syRseAuent 6%{8%‘/’6!94 |the
incl@SidH BseidsOate 2464IRMegIRIOYS the | anmbda phage pL pronoter
and cl ts857 thernoinduci ble repressor (Bernard, H .
et al. (1979) Gene 5:59-76; and Love, CA e al. (1996)

Gefkﬂhnj,fﬁﬁoléa?ycﬁ%)exp@%@loﬁ NesefsSare knoRA W Mok bf $1al ih ke Art and are
b/ Bet aser on( r) t s subsequent anal %@gs and rel eas

commpareialyavgyiapl ?e‘iHCB\ﬁécﬂ)*ﬁ'ﬂgzﬁuf*r{PhE’matClaa@B? {nicajs;, flppsala, Swede”)
pKK2B82A CIdHeech! PaRAAIt, EN: USA;ta{anJ@ém Yomkegh BictedH) Madon, Wi,

| FN- b-1b expressed in E. coli under control of the trp
USAr onpt er, and produced and purified as described in
U S. Patent No. 5,814,485, the disclosure of which is

i ncorporated by reference in its entirety. n one
enSoOMRIeRt Com'ﬁ‘@”'é!b'ééﬁ’ in r@"%f@?'f‘@mt"?'cfﬁb a azsqf%&m pystens include the

betdlraeﬁa{a@.bl(@érﬁc.mﬁas@? amd tacldde HeorfiotBF g’\ﬁrﬁ Tcghaf@t has! ét@u 1978)

express_and purify the inproved

|
et 27 R 1200 PRI - PLal (1879 Netaees2R] G S4B Fvptophan
trp}-br&no{%ﬁts?ﬁémhé@roeédcﬂlé VA@Pal. N@BTPﬂﬁarébf a@(th@%é ?I"(brrﬂfter (Sambrook,

nproved FN-Db Be ptid he oxidatio

J.F. reéébrMP/ﬁatH@r G/eﬁwa{ 'ﬁéﬁ YrseMagualxpeld sPeng H@ftt%éﬁé?ﬁa?ry, Cold
Sprﬁ?mr@cﬁ NRN%1 999§ tmmlulsafu%a&t&mexptreés.csmﬁysf&ﬁ BRbIoYS the

i sul f is identical hei r

lamba Bﬁa&el%lh RJ@E‘QFGF |aﬁ§ Cgﬁﬁﬁ?tta?rﬁéﬁ"ﬂ%"c'%'@@éﬁ?ﬁgr (Begrang, H.r et al

(1975 iGHnei5%b-7 & Ui bve CY AL B BIeA1098) @b NEs:passeri al |y
expr essed manmal i an’ protei ns i ncl ude o-i odosobenzoi c

acid, CQuC , and phenanthroline, as described in U S

PatieRiordiR3s of madliaéRifing EN-A- fB/Betd95%0n® and its subsequent analysis and
release testing are reviewed in Lin, L. (1998) Dev. Biol. Stand. 96:97-104. IFN-B-
1b/Betaseron® is a form of IFN-B-1b expressed in E. coli under control of the trp promoter,
and produced and purified as described in U.S. Patent No. 5,814,485, the disclosure of
which is incorporated by reference in its entirety. In one embodiment, the specific activity of

such IFN-B-1b preparations is ~3 x 10” 1U/mg.
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Gangl i osides can inhibit the specific activity of

| FN-b-1b (al so called herein "ganglioside inhibitory
wa@edosmidsyl' ) . An obj ect of the present inventi oPCT/BS1008021618

oxi dat i on is also useful for the oxidative cl eavage of

carboh that are present in.highl ifie :
ARPErTeRESpd B oo bbbtk 1FRHP b olbpagtces of the
preéémc hlvmlohﬁé\hlb-;ﬁbcesslﬂ@bcriﬂedme S PadéntiNee 58131881
i nvention are useful for renoving (or reducing the
anount of) gangliosides in an I FN-b-1b conpositi on,

MetABES oF OkfdatioRBfIimpgodd FRCIH Palypeptidés | nhi bitory
activity of gangliosides and consequently increasing

t he' hexidatior ObepPRPingnighammalia RN WSS in Pi‘ﬁﬁ%"%ﬁucr‘ as

IFN§ e tnycﬁEf@rhpl’o?é’@fb‘i' 'tKéWorrP@tHhQﬁ%@uﬁld@)HrlagﬁQ Yt iSHERIER] to their
car boh ates are well known and include, for exanple,

nattaeliyooqeymnswygm@rpa@ﬁz Fieagens Hyeftbiy exidizing Equsag @ysteine-containing

bacte¥ia xp@ébsea%nmgtanggote%nhm &icRA8sSkEhi&8 ab.a o6el, i o-
oxi di ze npnosacchar i

acchari des, and
phepantheiag @ssleserined s beS. '?%‘F”té\}/@&nﬁﬁé"o 7B4Bpag;57R.798. ¢ al .
(1990) Carbohydr. Res. 197:1-14 and Sussi ch, F and
Cesaro, A. (200 Car bohydr. Res. 329;87- 95)
pr &@%@S'gﬁﬁfﬁ@éb’)ﬁ'b'&g‘@ 9(P§é'é'° agtiyity &% thphBdb @F‘aﬁﬁ”edﬁ@‘\e'"
@Qsﬁ@ HﬁiﬁbltoFy adtﬂq%ﬁﬁ)Aerﬂ@&%he]pregé‘ntlr?\reaﬁan |s@$ét'di%¥|&1 is also

dati on p oxl dati on y eri odate of FTOtGInS and

usefyd for ithpeaxidative clearagesf carkpbniiates thakafe PERESEY 18 dighhpyrified
prep':’a?%n@%f 'Ehgolf é)(p?ésséa %Pan'\rﬂal?anrﬂ%t'éﬁﬂ &R:rh a%' IEUTS e@h@djprocesses

bel |ng , for exanpl e, bi ot I n, | uor escent
of thearp'@sctréﬂryenm are uskbl mrurergo‘gmm(mgeducmghﬁ gmegetnfsgangliosides in
t I
an |?N ﬁ;g?ﬁg psi 38@’6'?’ ulﬁlné d?%a%g\?d?ﬁg’t%é#\ﬁmlt@ activity of

gangh@@@ﬁ apd @emqwgatlxemméwﬂg yﬁelwcm@pﬂv'tméthengleQ 1 b gpmpositions
£t t&ef ation is the 2-am no al cohol structure,
© (‘,‘i—lr%ﬁﬂﬁ @H M whi ch exists in proteins and peptides

in NNterm naI serl ne or threom ne residues and in

hy %&ﬁ?&é’t@'d&ﬁjlfeecﬁ gﬂéé@é cg hiiafes a?@ﬂlef'fll(ﬁ’d?mpé‘r}oﬂih?lﬁae, for example,

severa am no acl resi aques 1 n rotel ns ) ) )
acid Wdoydysiss enmyrnaticdnyidratysishipgtiodste emd@tmm and peatipgafPeriodate oxidation

is u%eg t%rlﬁldlz!e onc%ﬁgcﬂg‘?iHQ% (’fo}ysa&é‘ﬁ%ﬁﬁés 2HB% ﬁ% sagaﬁqlbléé gé%, for

e se ective oxi tiron o te rman seril ne
examleeenpms Rap-t4t aki( 1999 ICasahutdr. ifes. B17: btl hand Subsieh, dc iadd Cesaro,

%@ﬁ&% ohybf’l §b§f§18fj§§ hh@ﬁ%&%lﬁ%%@g%rﬁ?&@ e®; for gxample, Clamp,

and Stro a; an
JR@B’WW LH1965)859!GC/@W@’F841R2E (1996) Bi oconj ugat e
Res. 7:38-44, the disclosures of which are
incorporated in full by reference. Three exanpl es of
Periodate i¢ﬁiﬁn mammal i an cyt oki ne prote| ns that have been

Isﬁlt )E&éfloﬂye/‘ﬂeﬁgqfatétof b%%ﬁs érﬁ&e r Eyg %&%@F‘% @lée"@de in the

pepafﬂﬁjarecgbs uged as theclirstestep Ingnipetitodtol %\temw\r@Cfedd@hﬂhng with, for example,
. . T

blot%?|§% dent ‘éﬁort-gﬁ? H@k%?gﬁ%g{@%é#?@gg@g abgrﬁl’t@, SytoMrugs, or

| zed Wt
stabilizing agents, such as polyethylene glycol (Geoghegan, K.F. and Stroh, J.G. (1992)

Bioconjugate Chem. 3:138-146). The target for periodate oxidation is the 2-amino alcohol
structure, -CH(NH2)CH(OH)-, which exists in proteins and peptides in N-terminal serine or

threonine residues and in hydroxylysine residues.
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fold nolar excess) in 0.2 M sodi um phosphate, p 7.0,
for 30 mnutes at 0 C. Periodate was renoved by gel

wa pdospaision usi ng Sephadex G 25 equilibrated wetruSHoM21618
sodi um acet at e, pH 4.5. Quantitative oxi dat| on of the

o BRl ol e A L SRKahhp o s o PR oyl
tyrosineemethitalines ershdlee ] amdlth&apQwan Qlamp, 8. H”rghd’l-poug}asl_ (1965) supra).
Co@loﬁﬂ%&ﬂ% %Iecft e]OQ(IdfaE{)lg f;ﬁﬁgrrc‘rﬁ?q? geﬁ derqmegﬁ{n;eo\ﬁ% Fﬁ ﬂ rqal

resence o
oxidalion of dthemaramoeauccderssndoés imatd been mmbed im, fon erample, Geoghegan,

PRSI of G it GO B Hh aliof LARTHRE Mo T o] Bbconiugare

Reg @rasotiy tires dlaﬂﬂdSlIréEOfSHﬂ\ICﬂ amnndio:pcbr’amd in nﬂllhyaetederfoer Three

exakﬁp@elét Sreﬁaoté%bér? ) r Al %%lnﬁztpggpe %ﬁé R%%? % Sct:tlv(e)ly oxidized
at tieghoN G ronigh, mau&re (()Leﬁabulem-paa( I|)_(1&)')f02)®1télilqélfki‘rﬁ8 nal -8"); and (3)
threonine in G CSF (at » i), after the
gfaaﬂ?‘?@‘ﬁg@PMg‘%@'@a}%@%gG?@%E\)m of the N-terninal
met hi oni ne, was oxidized with a 5-fold excess of

e srmip Feln Bi-G6 (TSRMbas Bigizad Wi gt Sodith befoate (3

fold rROBE&@eYs)an 0.0Q sba@iakt ;brﬂi%ph‘&é S P et FYmihRs added.i Pariodate
of a 1000-fold nolar excess of et hgélﬁeneag col over

wagerqyad Py geldiizatiendisingererhadex Gagneqyiliogst h B0 mM godiym acetate,

pH &@O@antﬁéﬁfe&bd’ d’dﬁoﬁ@i MR A trMirfs ivilisZ®ntilced tﬁNs&leleéinc focussing.
ypepti des of present invention include the

Seeeﬁﬁ%@h%@ﬂt'éf 6%%%|JSG((1?92 ($Prd-and (3) above, which
result in the OXI datlon of the N-term nal serine
resi due of | FN- ut without any del eterioqus eff

& thedNtarBInRY ?%%ﬂe 'aélt N@tt%/too? mgfral) WBF Ppdized with aa@-fO'd excess of
sodilRS pEfidiRte Reroe Np, I oypuies! pwé 3, In"tA8 PRk Ace of ab50 -fold molar excess

Derivatives, and Variants of |nproved |IFN b-
of megihippiBp foraicbminytes Al renyn tamRRsAWFR , ThiieRGtan Was stgpped by the

addt®dhi A at2000-1618 %dl&ﬂ&xeaﬁbfleﬁw&el@ymb\y&ww@@é &d th88olution
resent invention may (i) one in which one or nore

furtper ipgibalad fﬁN%E\'Wt?Se%tl reweéeraperawesthe@ 9'@%9%@41”%{ 0.1 M sodium
ace‘féié‘%@ﬁé’regHWS R GRMPRF \FEF, &0 ORoRICRE. [($5d6y 48pra.
(preferably a conserved am no acid residue and such
substituted am no acid residue may or nmay not be one

ef\créadtéthiddd thr8SHIRS iInGG-OBFeat 9md/il)) affdi end &nW@béﬁd‘éQ@catalyzed

or nore of the ami no acid residues | ncludes .
remoyalaf |“ﬂ%@ﬁ?m§j9%i lﬁ‘ﬁ?th'eF'“?a was oxigiged Witha |5cfﬁldtq9f§e§5rﬁ5rpc9\r)@‘éﬁte in 1%

NH}-ANRbuleR BHRE moheﬁmmgss Mé@wndﬁb&%yéﬁ@ﬁlﬁﬁae Wﬁnwn@kes at room

such as_a conpound to 1ncrease the
tempgistgeed e F?@‘B'Q” ¥GEE pirpper 8% the afdiiangha 1@00ﬁe'pmﬁweﬁes of
ethﬁéb/&?lk/éol oQ&r ddribateNSeeGaMmneh HE tid @ﬁ&H ﬁ'E HDoa§ sbsra.
are Tused to the mature, inmproved | FN-b
pol ypepti de, such as a | eader or secretory sequence or

a Sﬁl@?@%@h%b@to‘&m@i&h@)ﬁ@-ﬁtm pcﬂ*ﬁe’g‘nﬂ%f'tﬁ’é‘ RisefitlBvention

mature, | nprove one 1 n

incluge the Qxhérlmﬁ@iﬂb@fétwcplﬁl@)b@)ba%@ PN, welcbe@métn@ ¢hq exidation of the
N-téted s@Mrﬁre@ndh@ QFFrI\{t qlby&?t%fhgﬁtdaﬂar §&i te%ﬂgae?fea SHfReiological
0 uration o

an ant1 body r I ncrease ra
activity of the polypeptlde as described herein below.
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effect. Such anal ogs, fragnments, derivatives, and
variants are deened to be within the scope of those

wekioshed7i n the art fromthe teachi ngs herei n. PCT/US2004/021618
Pr eferably t he derlvatlves of t he present invention

analigs, BRSO ohy e YBRRS a ieraib el YLk Bbfmegtices

amapGnmkigd frag@hbatugsrivative, B0 DaGR Bt thalimprved QFN*-QI-H) polypeptldes of
residue is a residue that can be altered fromth

the pieseRtypEentieymanbe: Brong iIHIHiceianeqr MRsa ! tieEsing 50'9 figsidues are

subéﬁuﬁb@mtﬁ al consérvyd bb’noﬁ%@fs@ﬁféd%ﬁ\ln@&%@i’édlcﬁle piarérasly%dahsewed
residue is reg uired fo bi ol oglcal activit

aminQ;agid egsidue) @@d ﬁ‘l‘ﬁwbéﬁtf’@ds%"ﬂjﬁ? Reidiregige may Qh@ay ROLPR ere

encddi® %‘Th@ Eeﬁ'@tlcdaoﬁssérqm%desin Wﬂh&ﬁ@%r%dr@ oﬁmeaemuﬁ@ aéiflirfsidues
resi due having a simlar side chain. Famlies of anino

inclugies @ sftbgﬁltue@sgrm Ph i SiNgiin whickitieingiayass FNf-éb pelypeptide is fused
wnth%?\%wgggo&\ n ds@crf}%sl an S&?&o&r@%hﬁc‘?&aﬂée’qﬁé HQI?N@'Bf'ﬂ% I?ff’dr&%d IFN-B-
1b plwlypeptuuelm)r exanpléi polgétigendglyod); Ce (ig. gneds pdnrqmaddauonal amino acids

are &s %?qr,?g% ”i@ﬁ%?’ Q&#ﬁ\?&aﬁﬁlﬁg Aﬁ]%ﬁ é(peétlogr ﬁl%é]]\a% Igéﬁergdr’secretory

seqdieﬂcé?dr a%eqagrweemrrm is empm@baor mrﬁieattdnajfme 1hatuge, improved IFN-p-
ani ne, eu0|ne i sol

1b PﬁWQﬁQ‘I‘%ﬂ HHM 8“9 I'Pe‘t"HF'bmed'é‘Pfct"PQ E’f'& @h&?ﬁyﬂf@f'%\e BPUISORR {p fused
wnthsd IQ@eE Belypéptide; 199 hLﬁﬁHrﬁé)Burﬁﬂ; aN ahiiteRly o'rS@'f@Hi‘thé@ke@ﬂtﬂ'atlon of
omati c si de chains yr osi ne, al ani ne
effe?tr ﬁﬂcﬂ FRakIS, Hr@me@ﬁq g;grlvq%gﬁs @A Yaranis ?&ed%%@%q toferwithips the
scopét tHodtodkillea immidaar! fém GRNEAENAGs ReeM® aci d resi dues or
for amino acid residues residing within a conserved
protein domain. Fragnents or biologically active
POIHréfaRbly, fife d@ﬁaﬁl@s)ﬂf’ﬂ@ﬁr@@eﬁtrrﬂ@m ﬁlll%@htﬁﬁ‘ﬂdﬁséﬁétlve amino

use as a nedlcanent as a research reagent and t
acid| suRglitulignsdRada at ANRAr Mmke PEAsHSteR HrelgraBl rsqnﬁ@se&\tfﬁ'r%mae pgid

res@&%uW%ﬁeﬁéﬁﬁél’%rﬂﬁb'a\éloﬁ'e%hé‘\'s a Fésﬁfued@ét'c&ﬁ@efa'lt@f@dtfhﬁn the wild-
am no aci d sequences of an |%rgr oved -1b

FN-
typeETIy pRR eTBIo WIS ARG th bielRgicsk by, hgreas ansgential
amn%"&c@?ééld{letly r&fuwba' #dr HRSPJ)%&# Bbil\ﬁ@ Abﬁbné@Naﬁlbe bRty

fewer am no aclds than t %pe tldes
subgfitiationt Seneria which. therwmaaqwl/reaidap dfgree!ﬂcresé/ Wit B Aenino acid residue

haviR§ il s BMairS Fatnifla B iamifd adiBiédidudstiaving sirfifs kideRAains have
activity of the polypeptide. A biologically active

beep detineshin e art. pB'P%‘ﬁﬁéﬁ'iﬁi"&% incliidetpaniao Bas Ml basia idpShaing (e.0.

Iysw%xﬁf'&ﬂlﬁe histifine MR Shahtd @Sy.] dbphRRHcl, glitsihic acid), uncharged
bi ol’ogi cal 'y actjve portions can be prepared

polag sidecBRiNg 4¢- Igy gFinByASPEEAAR, ﬁh‘ftﬁm'ﬁécf’rﬁ*iﬁnau@éeoﬂﬁl? YEeSing cysteine),
nonSN& $idd @r‘?ialﬁé){e .PBafhe, VRIIke, Muciieeisbledsiht %?@I'ineaﬁﬁéﬁylélérﬁﬁe

of a pol ide of this invention by neans di scl osed

meth’@?'@?ﬁ P). REtarbrRAGHAY Side ehadnseg. tpieé’f‘@?r waine, isoleucine) and

arorﬂﬁfd é(é’é J:Hé%s (@f tt?@sm@eﬁrwﬁglauahwwﬂephm h%ﬂ&néﬁm&v@&sewmwe
-1b th have been fused wit

SUb%m‘&toﬁé WO @ﬁdﬂa%%c%ea/ee GRRAcd residuse Péé@f @mipgacid
resncﬁlﬂalsfre&buf'ns Mﬁﬁlﬁ@&&@%@%tbﬂ%oﬂw OFrabﬁ\ehf%(B#(b?ologlcally active

otential imunogenicity of the polypeptid
portBns o ROBPGEIIRIIASHRENES SEable 1oPEEs 38 & TiesicRmENE 4 afsearch
readéPEGnbi®hd MRATEradERE iRldéPeptilies comprising amino acid sequences

sufficiently similar to or derived from the amino acid sequences of an improved IFN-3-1b
polypeptide of this invention and exhibiting at least one activity of that polypeptide, but which
include fewer amino acids than the full-length polypeptides disclosed herein. Typically,
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size, slow rate of kidney clearance, and reduced

I mmunogenicity to the fusion protein. See, e.g., U S
weadoenic3ND. 6, 214, 966. n the case of PEGy| ati opsT/Us1v84/021618

fusion of the inproved |IFN-b-1b pol ypeptide to PEG can

bR Aol TERR, AR AR L e

polypeptider sﬁt biplvgicatiuadting partion f eipolypaptidetdanrbel anpeptidedhat is, for

ol 847k B B 55 5, LR e s s rar

synmymﬂy oeby exbohbmacbiechEqaetted dan uerm/amateetfm anes oomotehaf the

funcvo rov v:tlilsz%%ﬁol)#%gggé Kﬁﬁigtlﬁ\%gwggnsggh]_egngﬂi’sg;?%%a%@n and/or well

kno@ﬁﬁﬁthe\ml ants of the inproved | FN-b-1b pol ypepti des
of this invention include polypeptides having an am no
aci d sequence sufficiently simlar to the amno acid
s equeﬁecred derivdige®of the lpaésenrrpvemtned uidENehmiah)ved IFN |3 1 b

The, t ffi t .
ponpEpt S Hiat Eva prar skt i 2Mphaf Cibrrdonait Sia riaRg o increase
the BAlf-life f RePoNpEpide aid/ddBRédR! potentiabitinviilogBhiciydfthe polypeptide

N T MR RO TR ST e

sizeN 8lo® rateC KITPBY Slehradtelr aald réamdnmaﬂmhbgém@i@rtmﬁe fusion protein. See,

e.0. Y3 Pttt Nonb2 ol B cas o e cuB iRy eiupof 8F e hroved
IFN!pe 65 bolbupitie 4SPEGIanbRr lebmpRéted by GhYmidaine kBbwR &Bne skilled in

i dentical are defined herein as sufficiently simlar.

the P’ftef: gy %ﬁﬂ”}‘P'e VEHGHRI08 Ganbe ageorplished by rfl'felty'“QdHF'PSIa qygteine
mut&% @f@ :LtE@ nﬁ&r’odec?ﬁ%“@ﬂﬁ%oﬁ%ebﬁ& RiIIskes b ditd- QMdﬁ}éedénvatlzatlon with

pol ypeptides of this i nvention. Variants
PEGﬁ@'%@e\/ Jﬂeﬁﬁ@'f@ffeﬂﬁb@ gacke pdgediothe Qdﬁweﬁéﬁ pfthg improved IFN-

hah d
SRR B PR, 1B R A g S Lo

or a co
8558her eof under stringent conditions. Such vari ants
generally retain the functional activity of the
i mproved | FN-b-1b pol ypepti des of this invention.
Li Beginntssof tfe impaguedEN-fofb polgpgpdidgs aicthisonveméien oahudb eolypeptides

55 o 555 e GREE OB B A he LRR P
orlglnahnmrcyvedflFNFﬁangpoiyﬁeledes b'éh@mnmr‘ auféicleditly dimitsat ﬂnegnsaé first amino
% ﬁ é‘? {f nent. of a !%nyﬁl.&gﬁ.i %e W th Iat .
acid e e e oA aY P B (PIB P TER 61 ¢oLER s Sl Bnt amino
aCIda’egldtJeSJmlhmvam a getaEdideino deidakyuénte suble that the first and second
e-stra

DNA i ng .t he. to f . y
amifS AP So g0 e ERg BV RO MTOR S b BiscAngish S tuacfiogal activiy
For B_ﬁamslef aimimnd!gfdg saqeempersitbéqeﬂnmmai gerhson rseraotvian gomaln that is at least
- 1.0NS
abop| L8brsgterdii focad 75t Fittigh 585, i RiAlars Gt Mt be puffiienty
smifafrﬁ@’?ﬁélfablyl, tdirinys witlbe saﬁlc@nw a&ﬁlaom tieainino. aoﬁ!lsédiljeﬁce of the
prefEie QRTONEY Gy PoLHEPiee &f it PYorigie Yeuas mpkideoggants of
impfvé@ FrNAR- TSIy pEptidaseshchEdd by &%ol@ﬁbd&ﬁﬂb'tl‘i’é&%XQﬁdliéél Ba

i nvention. Variants include inproved .
polypeeloptisie: of dig invRBIONRIE GaMRlemant theyealcindes siingemt ¢onditions. Such

variants generally retain the functional activity of the improved IFN-B-1b polypeptides of this
invention. Libraries of fragments of the polynucleotides can be used to generate a
variegated population of fragments for screening and subsequent selection. For example, a

library of fragments can be generated by treating a double-stranded PCR fragment of a
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due to nutagenesis. Variants with antiviral activity

can be identified by screening conbinatorial libraries
wobkoosnwiant s, for exanple truncation or point NMRECEOSEN4/021618

of |nproved IFN— b b pol ypeptides of this invention

poly@ %gatet |t ngggpcgeﬁgﬁﬁ g%ﬁgfem ﬁ ?65%?8%88@ fBOUt once per

mol&nlle; pﬂepatud&g;therdomlbb sirdnddd DR, rermtwringitieg BNAdtolforon doyble-stranded
DN.ggvhiéﬁ ﬁ ?Uéfle Cseggé}gr[n ger\ B%I ”JR dq Eor lgl%lkggwo%%g&e%n?owng
singlastrargiat drtigas éom Hefcmmyed dApleaes mgtueaimehi mrasy naélease, and ligating
the 0 ARYRaTRY R 4] Sarinbiet Pectdt “E hiurneo. one can derve an

exprdsmgn nbrrahemat @PmdémNetegmna aedutematBagruerdts bhedrioais sizes of the
. t ntial variant am no acid
'mp?é(gﬁﬂﬁ@ 1% L Eh'ﬁ NYENUNYi vi dual pol ypept i des,

or alternately as a set of |arger |nproved | FN-b- b

'ﬁ%/ I?ﬁﬁsr@ce't?q?g@réqv%)éﬁ Fy &qt%{%@{é%éjﬁr‘]ﬁgﬁe @sahd'ﬁ%'@ra@m acig sequence

due\t@mlﬁégéne&s MhASKES with @hmﬁ@na&ﬁnw s&albé meﬁrMLtssﬁscreenmg

ibraries of potential variants froma generat

CO"IS’I'W%I%EW%Q% Qfé"'ﬁé@fﬁefﬁéSxa’@lgﬁﬁ“%ﬂt'%)ﬂﬁ?ﬂ'@ fnytagts, gf improved IFN-

B-16 pAIGRSRiBES oHRRENERINE D§iRg %MQ@ thﬁé fnBLERA ds8aPBescribed under
aut omati ¢ DNA synt hesi zer, he synt hetic gene then

AsspysjiatMepsura hesipesitp A@b‘rliyatf & l%rﬁp‘rbel's‘,@ynﬂwtld@ast or. Use of
a degenerate set of genes allows for the provision, in
one m xture, of all of the sequences encoding the
dedn pael egbpdipfenp gt @niegatied libtanaeft vasisofa éngensratet bl cdmbinatorial

muth§encR U NTHEIA0LERRRPLR € AL Sk G HERONA

variggated libragiai variarks cen k¢ prqduostiby, fmmmpme@nzmai@htwgatmg a

mlxr%g%&z%ggl%ﬁ% 8@0%FE|E81’IC€§ |nt8 eﬂle Fi@%%s%é{l hitrg: gegf_.?nerate set of

potendizlA-a4ig 81 amlseaeldaﬂequmeﬁmmewtée CE mwvndual pdiypeptided, or,

a|teﬁ'n1%&2ﬁ %;.7 %gs(ﬁg §FI%F](£e{r ﬂﬁ#@kéd Q{N ﬂﬁggﬁég@e@. éfor e?ér%ﬁl'eef%r phage
disptay) eemtainngabidetl of sequeress tmarelge Taeneraned acksetyad meghads that can be

voof} 0, 0t BRTRR B HE R £ Pe By R 2Pl pquence.
Chendcdd isprathesis el a dugel@eategese séquampe ocaete Eéﬁbﬂnelhn an alutomatic DNA
wi_d:
sy B ESpuben ibla R oREh i ot et B g Rl bfagor use
of aategbyarate deb of ganesatiowg fdrangprogisiva, inidneaniktse, tof pil obthksequences
enchfio HESrH80 Bty PerfENRLR Y ol s MeR ok 8 blmesizng
degmr\]eérbtceg ch'gomm;te:)drtnltjem grel Kriomanrity thef artéésreboe goaladartgx Brieg$988)
rorgatR e Beha S ALATIHRS G . Bt e R WPk tptre. . o
al. (0984 Scisact 098:¢08H UOGE] IKen . gteaie(mﬁa)slduanmwabs ViIS477-488).
detected. Recursive ensenbl e nutagenesis (REM, a
techni que that enhances the frequency of functional

nutSevesl temhmheeé arerkaoivasn theart foescrseming penopioidaets iob combinatorial
ass t he d

ioraeh Py HRUE R uctRo R BB bl ol Rt Bfprigp or gone

produets havirly Pedlggieppropherty. Such techniques are adaptable for rapid screening of
the gene libraries generated by the combinatorial mutagenesis of improved IFN-8-1b
polypeptides for antiviral activity. The most widely used techniques, which are amenable to

high throughput analysis for screening large gene libraries typically include cloning the gene
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The antiviral activity of |FNs can be neasured
guantitatively in terns of reduction in virus yield or

wo oosstdsnduced cytopathic effects ("CPE"), e.grpCT/D§2004/021618
vital dye uptake, in cultured human cells, as

o154l B BB it AP g ol s ity s

librd?y ebgectdra@nd emmsémg the ddmblna(tdr% g)anesﬂmndev coraditions in whnch

det%_ﬁRB E)?% gﬁg%eq égrt% CeisA%da%tgo Fflﬁe Irfe'n gﬂﬁ% éé’ne whose

prodideiiwias Hetectzain ka:utmteeafnsembw meiaggnesid tREM) daeasamiduedhat enhances

erein or.knpwn in the art. e.g., _an antivi .CPE .
tne 8t & o FARAA b Eiathe s, caR B PRy I Smaliton win the
screemiiy dsshydiolidertifyaitle dégieediydrimkes. i n A549 human | ung

carcinoma cells infected by nurine
encephal omyocarditis ("EMC') virus. This procedure is
Asshys 6 MeadurenthécSsicific ActRityoor IFNER- 1BIPoIﬁJeip|t|deé 199) J.

I nterferon Res er antivir
ass %rglwa'ﬁ@mm? }é\g%?ﬂ”é‘%e RF‘PF‘%H’G%P @atwsbmr&{%r@ﬁ q?ﬁed“Ct'O” in
viru¥\Wyiskd orumas- urwme@eytspamble‘sfebt@f(mw eby MEGitad dy&lptake, in cultured

stomatiti ru VSV tern ion nits
A A AT GRS X HATIRE SN A TS
EnZyiml. ¥0|. a8 Adabibmiz Fresg) o, INeW York, Nef. erggaze human

reconbi nant | FN-b conposition (Pestka, S. (1986)

supra). MA Gene Induction Assay Based on the specific

Antivlﬁéi@hcbﬁh@tffédfﬁcm“g@@ by type IFNS |n cultured
human cells (Von Wis

I mﬂhﬁﬂpecﬁeaQMtB Oétﬂ\bﬁ pgwe@rq?anmc%dmapmh ﬂ“lﬁ)%?"g IFN-B-1b,

can'H’étd%rtérﬁfn‘ié'H %y methbas aé&)rlbeéﬂefmwﬁ% kHér%rf‘ 2t &4 Bntiviral
A") assay was devel oped by Files,

CPI% gg%:) ne anivisal{GRE Assay dised Gergin meagyas nq;p{'@hql@]_qg -black dye uptake
in A@ﬁg %%mawflirﬁbdrénm %ﬁISQerHé@ bf;/rrﬁ@rﬁfé%n%eﬁalgmyocﬁrdltls eEmc")

| munol det ect

ViruBy ShSiRTORSKLTEL KoPG DR s etal IR ArROr o5 19} Inorferon R,

18: fdisl t090A AFRIHRE hRMAal BPE 12RE4 sed HIMEIN AleadtietRiraiSlaque reductlon in
conjugated with acridinium’ester, which is detected

WIGH human smsieic cettp infagted @%M@"F%ﬁ‘?m@}ﬁmw@uﬂ( ¥SY¥ay Internatlonal
r [ [

Un'%_(gge)%g%_sg?l 9'g%@$f gsreﬁiz?ﬁr‘rt%lcrglﬁﬁd rijﬂ;r@ntrb)l%sétllfrl\l?nécﬁﬁp05|ﬂon or
refeTénce hwreant iecembinar |pN@/¢atesosiioar RestkaitS. ¢ 8986) supra).

conpositions that can be adnministered to a patient to

achi eve a therapeutic effect. Pharnmaceutical
MxA Gepe diductiersAggayt hi s i nvention can be prepared for

ad tr

%Jyeﬁ ongﬁé Q@béﬁﬁé i cﬂ{éﬂbﬁ] ggig\faf@(éﬂl ga{eo%ﬁ@%% FEJI\E IA'IBU"UI'%d human

cells ﬁébrpWassmrcéhtat eta(vggéf Eacti mmmzmmmg and Slmon A etal.
(oF I e B o e R R G B RE e PR ERY assay ves
devpbaedr’azéllﬂs dzﬁ %ahpwm Vonterfetar Resaitt BA0&R3084. The ICLA assay,

whlc‘f‘ryr%cb%gé? 57 Hfé' &r?)@éJuW@HJ Sk Pl 61855)‘5‘}. I?r%ﬁv%lnol. Meth. 176:79-91,

detects MXa protein in cell lysates using two non-competing anti-MxA monoclonal

antibodies, one of which is conjugated with acridinium ester, which is detected in a
luminometer. The MxA gene induction ICLA assay procedure used herein is described in
detail in Files, J.G. et al. (1998) supra.
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Thus, the above descri bed pol ypeptides preferably w |
be conbined with an acceptable sterile pharmaceutica
W@ 2005063371 such as five percent dextrose, | actapemus2004/021618
Ri nger's solution, normal saline, sterile water, or
connerC|aIIy prepared physiol ogi cal buffer

Phag%%/'ﬁ?ll't!ﬁ‘?lig pé’ﬁétbo'}sor intravenous infusion. t wll be
undeesiveation Hled pidvizies phacihacentic coiposiwonsitiat (ﬁo Ibeteidﬁnnlstered

d t h
to a e S p e rerpefitplied ERbriabeSina PRRraonsIcl i grention
can @etptrémed finedininidtralien B EenbiRfhgin .ﬁfpam%nmlmem ﬁcﬁi/peptlde having

procedures. n accordance with the nethods

the %"?sé@@ egremes ﬁt’f"fxﬁ"dtﬂP\%B'éa’BﬁSP%’é@U?ff%GHYe %‘Hﬁ’(‘}s\"’tth BRysiologically
accépiblbearidrs. ni stered in amounts effective to inhibit or

anel i orate the pathol ogi cal consequences or synptons

associated with M5. Administration of the inproved

' F"l"h@ irhBroR@d YENE B by pRbtiddiof RRERTEHtioh B4R Bl URBd iphdiaceutical

by bol us intravenous 1 njection, by constant
compasitiense RS IRIravANQLS, subcuianenys, Antrsmscalar | Qs intesthagat administration.
Thubaé ss%e%és%m@i bdf@e)bt.déy pr‘gféré’tqﬂ i &rbonﬁdwed W &Y §&beptable

pept | xe propriate

Stef@(@*"%méﬁ@lﬁlcﬁéiaf% sugheas f|VﬁtP@erﬁéd@1"|°§9’l lagtated Ringeragrsolution,
north&) (fraﬁﬁ@@?éﬂllléa\hat%l' tof anQ— Bek %ﬁ%ﬁﬁall& pﬁﬁéré@ptﬂ%‘o‘fm bt solution

har maceut i cal conpositions
designeql; ,mWVquysu@fgslgn ftovill bepagarategy that gﬂﬁ gedgction of the carrier

solugﬁrﬁa ra%\ﬁﬁ‘é’Hésag@ra"i\b’adﬁ{lmjst%i%h ARHY éBm?JsfﬁBh CWHI v?ﬂw.th the subject

rmaceuti cal conpositions can adm ni st er ed
and\hg P@i'%'@TC"Dﬁﬁ'tseéttﬁiﬁagfed WtHrMQYéﬁ@ﬁdliYﬁgaﬂ%&wmﬁﬁ'éalrm@mfes
of administration. For exanple, unit dosage fornms can
be adm nistered in the formincluding, but not Iimted
t 0,In aegardanse withghe methods @hiher presest inveot, thasg pharmaceutical
confggk'ihéﬁsorﬂﬁ bd Qﬁmir@ér@& GflambOht ei’f@ﬂ%lté’ Rt S SPneiBidte the
harnaceu I cal conpositions of resent invention
pathelagiqeheanseauences ousumRIPTS@sseaiated Win M
adm ni stration. The conpositions for adm nistration
will comonly conprise a solution of the inproved
I Fb&dmmibtrqftmlnqumih’qbaaO\@idSlEN’rﬁfﬁnjpd)lylpe))tiphaDMG @eseotinvention may
be b&\cpé)ﬂ%teﬁt Saé gfj%n oY rrlﬁget‘rggtl iﬁtéé}%bgu?ﬂ ﬂ%?o%ugr 8)% on%[ﬂnation of
bottrolifesr @atesmltlvmya calirdaddition, tHeampidved ¢éFN-@- 14 palmepad&s mixed with

sterjle and ene[) ta% frte?h of. u%esn rabl.e '{'
app@BHﬁt&s‘?"Piplfﬁ B RSP AP e Y °'&b’ﬁ\?é‘riPV?JH%?°“ ar site.
wel | - known steri I i zation techniques. A typical
pharmaceuti cal conposition for intravenous

adrﬁ RilEproyed GilN-E2liy RAYPERUCRS 3PdRhaEPRTHEERl s MpREitigns of the

presehflinfartionefé LUbeflilfof peftertetal, tdhiBal2RBEENDURAFRINbAbE4AI@dministration.
are clearly protein sp ecific .and depend on its potenc

The gnarmaceutier! GR’"H@W'QPSFﬁanqu adminigterpd infevarglyof pjt dosage forms

depaﬁcﬁwupd}gtheaﬁeeﬁts&éfaeldnymaﬁaﬂdw FHok ebérﬁpls ourmwsbg@r&mw&h be
known or apparent to those skilled in the art and

adny}lge(%ig@ F'Teof@H" |'r}?'%"ﬂ}ge bH@%%l"m'tF% tq lﬂ?tﬁlﬂﬂpﬁ‘é&% iRSMsle solutions,
andRatlidieison' s Phar maceuti cal Science, th ed., Mck
Publ i shi ng Conpany, Easton, PA, 1990).

The improved IFN-B-1b polypeptides and pharmaceutical compositions of the
present invention are particularly useful for intravenous administration. The compositions
for administration will commonly comprise a solution of the improved IFN-B-1b polypeptide

dissolved in a pharmaceutically acceptable carrier, preferably in an aqueous carrier. A
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The conpositions containing the present inproved

| FN- b- 1b pol ypeptides or a cocktail thereof {i.e
wowds/ooher proteins) can be administered in PCT/US2004/021618

t herapeutic treatnent s n therapeutic applications,

veriefy S A REO VTS a0 e \Orpr €01 hiered sReu g kg hefesoluions
are Qieilé and bynéraﬂyefﬁée éfhmddsmabiellmatterAnTrwmmosmdeq trely ®etsterilized by

"th t [

convggﬁcg‘gf 3%8‘:”@ Bteri lﬁ’ﬂ %‘ﬁ'@'fq%%ﬁfl ve ?g?pfﬁl Iscﬁseva | |

depend upon the severity of the disease and the

t [th. Single.. .
e PR i S BN e st U pFoERUGh san be readily

deteaﬁhma@ bszgﬂé GgordﬁiﬂWIIng tignart. EEhd amagetsaidchitistersdeare tlieadly protein

requl r and tol erate t he patient
spedifgsERead or b8 Pakaoy oy e S Emroe o Aa(HERbgs for
prepaf‘ nd b&ethlQ‘éGdudn&Mbﬁb ccbn;ﬁt&itwﬂg Will skeignown drizipparent to those skilled

nvent,ion to ISff ect i ent ner al

Y,
in th%éB@HSuaﬁ%d%??V AN ’HPr 5| 'Prr?H%h B‘I‘ﬁ'&g‘:‘ﬁ’\snaét’?%{f"ﬂg??”st he
Phafhacelicst Stieféd, 1 88.ed S MazR IPablshiAyoSorhpanys Bastoh, RPANIEON

about 1% to about 99% by wei ght of an inproved | FN b-
b pol ypeptide of the invention, and 99%to 1% by

V\/efl'ﬁéborﬂf)oﬁtlcﬁﬁlcbﬁféﬁrm@iharﬁmuﬁﬁ&&edemwﬂlh B pblypéptides or a
carrier, Preferably, the conposition will be about 5%

cockiail thg@pb(yh ew@ilta mhe(g]prcgﬂlnﬂﬁﬁn&peqpmlpjﬁ;ebed B therapeutlc treatments. In

therdpfeu® Sﬁélicgﬁirﬁ) céthpdditfonk RYE BdrPisterdd tda bAferit eﬁﬁermgl fRfin MS in an
suitab F har maceuti cal exci |ents or carriers

amOPIP&ﬁUH{P&]\t re or gt Ig%qt)pegﬁly aggstétpe @ﬁgrdﬁf cAr gmount adequate to

accdmpliSitHiPR defifed H€h MhBRPEIMGBY b EAVE das€ e Mindiings effectlve for this
are adm nistered in a therapeutical

ositions s
use WF'%E?”Q/ WP Feverith Pfc‘ﬁe\ﬁi'qeﬁs‘?/ﬁ'f@/”@é%?@ﬁfﬂ' ﬁ@“hﬁfdhe Bat'em
healfyari ety of factors including the specific activity of

the particular inproved | FN-b-1b pol ypepti de enpl oyed;
the nmetabolic stability and | ength of action of the

| MRIrRweest Hu’ﬁﬁbl@a&mr@éﬁa&*@ﬁ Bt ih@%on‘#pb@itl&%emapﬁgﬁdwﬁhﬁelted depending
general health, sex, at1 ent

on thefpsppaandf reg@ﬁﬁcM,@tre%{lreg@ndttwgra,tey( Ry @P pajientedn anYy e‘feﬁ'é the
comgééﬁ%ncé?ﬂgld'ﬁé\h@é‘a shﬁ‘l@leﬁﬁéﬁf‘arn'n?yyof He Hb‘?O\Re@rIFNCBJII I‘S“bolypepndes of

di sease- st at es; host “und er gol ng th erap
this iguention|te 9ffeféi'b/ﬁ|¥rtr§9buhﬁlp@ﬁemty Gempeadly,idpeeriding gn ﬁ@s@ten@ed mode of

admfnti;s‘rf}mld'}p e pHarmh4cdditicdhy %Q@aﬂécc@nﬁ&ﬁ%gs @i cgg%m é(lft%'Hg 4, t0 about

an | nproved pol ypept i
99%i hy\muht @han prseadd ENyB-1 polypensidatof heinvegtion and §8% to 1% by

weig%m@sé@%ﬂ? ?)H%rrﬂﬁ%b?ﬂ(;bta rp|eQ‘€¥r caﬁ‘!‘§1k 'ﬁ’ec‘f{a a@ gg{h%rc%mé)é?iti%nevrvill be
aboud &% toFHGf% exaeiphtnf ahampmded l‘!s-Bﬂ@tpodwepWe(as)thegnventlon, with the

et B03 Shaglo}afita e BRGFeNRY} dhbie{ T om about g to

| iproved | FN-b- b
pol ypepti de of the invention, preferably from about 50

Db Sy PR T bt g BE 3Bl MRLSA Al S aceutcay
acceptathlecaimpaBitiond) ard admihietendd infa th&bbéunchllirl\éfi@cﬂx& gnslint, which will
vary Idepen%lng dpo%raevaﬁgte ?Yacgorg %rcluglj;'ms trger s(epaec{f(g agtlwty of the particular
improved IFN-B-1b polypeptide employed; the metabolic stability and length of action of the
improved IFN-B-1b polypeptide; the age, body weight, general health, sex, and diet of the
patient; the mode and time of administration; the rate of excretion; the drug combination; the

severity of the particular disease-states; and the host undergoing therapy. Generally, a
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relapsing remtting M5 (Vartanian, T. (2003) supra).
IFN-b is also used to treat genital warts. The

wo ppsowsdl | FN-b- 1b pol ypeptides of this i nventP@nUsmm/ozlﬁls
useful in the above diseases, disorders,

or R S L R 5 5000 e v

per dHyl dTBhYmP‘bO&i EENSBMQ d@pepﬂﬁé dﬂkmh@ﬁi?\é g)rdléfgi‘a@l%frﬁm agbut 0.7 mg

to it Ethot boty wOBBLRes LoV, nd sk IREDIG 1o 8Bt d.4 g to abour

7.2 rﬂgﬂlg of Bcbdyh@“g%ﬁt PePdLY Foir efhrisla.F6r adhinicBatidhay 80 K Fepsthcthe
progressi on 0O a nbre severe state, or to anerliorate

dosgge rargRiwelidbe framabeuit0 @eﬁ%ewéﬂ@egrem REr dayefan 'mmvegéFN -B-1b
ponﬁ@;tldg> Bﬁfhﬁﬁﬁﬁﬁtlﬁ?%rﬁﬁmr@mqbohhﬁ) ingRé aN&H 7bb bhdpek b.!ay, and most

pepti d resent invention as set fort
Pfef%fBBWéFOMﬁQOH@@mm?bQW59@15‘9“1%@%!|on sever al groups

of inmproved | FN-b-1b pol ypeptides are particularly
preferred. n one enbodi nent, the inproved IFN-b- b
Therapeypie pndicatéons the i nvention have at |east 2-fold

gr q’ﬂ% cofﬂ%@gl Eiﬁ\l 3CtF'NV[§t1X a&er p eghﬂ)t apé ;?Perg\‘(aéoefoﬁ{h%qreatment of

| FN na pre enodr
relapsm:g @vidtting MS (vaitanipn) 7.02003)depra)f IRNLP id alse nbedto theat genital
east er specific actjvity than that of
wartd: The Enernues IRKE D BIvE iR i I ingSign e el p 4k Sbove
dlseﬁwdlsﬁﬁléish ok B&citltllilhéoéllﬁﬁat rbf'ﬂféobjl g skhul R?Hbf@ﬁﬁéthféaﬁoﬂfthéﬂ‘fﬁrms of
invention have at |eas 0 reater
MS, SRl SPOoIATY PrRarosSveMS an dhan BEa sents Mg AsLirparsasive
elaﬁsuﬁﬁ)ms Byalseful fis SeRedhamAé imprbfed IFRL @Vﬁ%olygébthjesfére useful for
peptides of theinvention have at | east

treaémeééptewsge}f@ce i ceifer fa/preyentidineass A QPrexentlisgasa peogression to a

moré §DYdPe SR @ td ARBriofAtéBr r%ﬂ@éb HeyRpBREdrioh88huence of disease, such
embodi nent’, the inproved | FN-b-1b pol ypepti des of the

as M'Swentl on have at | east 10-fold greater specific
activity than that of a reference IFN-b conposition.
The follow ng specific exanples are provided as a

PrefgrreddEmbodimeinds in the practice of the invention, and

ar f

o SN PO Pl bBL R BP A 958R5 s b avove
the Slirivmaryldf the tnvention, sevdralrgrolResadd irhproasd |FAN:fetib dofyideptides are

i s 166 amjpno acids in length, N1inked glycosylated
pa”BB'PabBE??‘?’B"g’]- expressed in CHO cells ("IFN-b-1a"). By

contrast, reconbi nant human | FN- b- is a 165 am no

Zihi?é'éj“sg’&l) E“t g?ﬂoln{np?oqeﬁﬂfﬁl & begol peplids 54 1€ invention have at

least 2-fold greater specific activity than that of a reference IFN-B composition.

In a preferred embodiment, the improved IFN-B-1b polypeptides of the invention

have at least 4-fold greater specific activity than that of a reference IFN-B composition.
In a more preferred embodiment, the improved IFN-B-1b polypeptides of the
invention have at least 6-fold greater specific activity than that of a reference IFN-3

composition.

In a more preferred embodiment, the improved IFN-B-1b polypeptides of the
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1b"). The N-termnal nethionine residue in IFN-b-1a is
deleted in I FN-b-1b, so that the Nterm nal am no acid

WO m0osBN3bt 1b is Ser2. n addition, |FN b-1b hasp@ysd2004/021618
repl aced by Ser17. Figure 1 shows the am no acid

inveaE QY ENGES | F b- 1h.

inveB g RN st by i sRpE fop ) hering! o sl g -6

complogitieas t he specific activity of IFN—b-lb is 2to 3 X
107 U ng. The relative contribution of the |oss of
the N-termnal Met, replacenment of Cysl7 with Ser1l7,

abggraRVveh mdré pn@r@tbdgémmmbmt theimprovag Iead-3- ﬁJ”Wolypeptldes of the
exposure to SDS during purification to the observed

mve@fﬂw BRRideast 18 4Re ioreateraperifie agtivif thaddhal otr-rsterencer GN-A
00"15,6%'0@- 1b was investigated. IFN-b- a (obtained from
Rent schl er Bi ot echnol ogi e GrbH) was purified by
affinity chromatography using the i munoaffinity
chr omat ogr aphy col utmm and procedures described in E
0529300. IFN-b-1aSERi 7 , in which Cysl7 is replaced by
SeM/, was constructed using standard reconbi nant DNA

t eeﬁfé%lﬁﬁ\)(nd%%ﬂy@%‘?npl& are ffovided és]ag% E)Uf%"s%t fﬁril‘?e Ha&ce of the

Pat ent No. 4, , [i)resse In

invenfierh apd are nat wtweafaﬁuadmv @rh%mtssgp%ﬂpe ayeaf@fae ri bed
for IFN-b- a. N-term nal am no acid sequence anal ysi s
was perfornmed on an HP GLOO5A protein sequencer
foll owi ng the standard r d&0AMBREAd protocol. The

' I
gl;(:J:(r:tmega v@ﬂ‘keascﬁhbﬁ tehrghléﬁgﬁﬁNr% %Rgﬂl@i bﬁje of

>80%of the | FN-b-1a E 7 nol ecul es was Ser2 S|mlar

N i e ol Bl SR ey s e if aafefacosyates

poly{b@fétlc@@@ﬁé?és% iMCHOecAV fIRMeRel 4" CBIC EdrdrasB $6qynbiriit human IFN-B-
descri bed under Assays to Measure the Specific

1b in@t 1i6p;anine fcids-iq. 1gngth, nesy- g‘b@&v'ﬁlw@soo'm@p%wr?%e#.'rgﬁr eoli ("IFN-B-
1b" A he 1§t ehiddl g'ne:i’r'@ﬁﬁﬂé];egl R1eSh IFRBCIA | ‘5; Qe@ﬁ;d' |H III£|§1 ngCFa so that the N-

reconstitute Bet aseron
ternihal cspec adid 0 Hd-F-t btisySeﬂ? |In¥au@m1ra IW&fB 1b45aet 6y3 722pln0® by

sert ! FRus 8, eastp%}‘aﬁﬁsoofc' bhGueRBEL St (1. g' o Qg@lu-j\{-g?ﬁa The
spetific Botvity @FIFN-BHJ a (SLYGSPS; 10®Il5’%g[\|53h§|@as a@s;ﬂé&g.chdctwny_of IFN-B-1b is
2 tolgbb?%'_’g{mg p% reg%)tme-f.:ogtn%f {{hqBé f.lpé Eﬁ(ed\g-itq?{g/%{gﬁ/ldég;{aplacement

of CysME VB Seei7, hbghnck of Nainred Glycsyttibh ontABNBO,QHd exposure to SDS
t enper at ur e) condi ti ons. Non-reduced and reduced

duripg Ruficpgortothgobgervad Afsrange 8y erasifig RET T PeiRAns N -1 & and IFN-

Bme@gl,rg,esﬂ’#agéd/co& dase F ("PNGase F"). The reduced,
degl ycosyl ated | FN-b-1aSERi 7 was al |l owed to

spontaneously reoxidize in air for up to hours. The

NEH-¢ g&%%&%&%@ | BBntQLni @bt@ %ﬁ@'fgpéérﬁtﬁ-gvv rddriti&dp
m b Iot anal yrsiﬁsn us% ng = da%d rieaby
afflﬂﬁytqhmmatc@dgmt uging Mdmuwaﬁumt)owrometqgr@mtcpwmn and procedures

. I h Fi gire.. I
oesE N osgB300 RIIE BB B 71 efde A B e
conbtirddtéxd asaﬁﬁlaﬁdamelseawmmmal\#eieyhnology (see Mark, D.F. et al. (1984) supra
and U.S. Patent No. 4,588,585), expressed in CHO cells, and then purified by affinity
chromatography as described for IFN-B-1a. N-terminal amino acid sequence analysis was
performed on an HP G1005A protein sequencer following the standard recommended

protocol. The N-terminal amino acid residue of IFN-B-1awas Met 1, as expected, whereas
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affected by overnight incubation alone. Reduction of

| FN-b-1aSERi 7 in the presence of the strong denaturant
wehBs/oiali owed by its spontaneous reoxi dati on, PABUS1004/021618

20% reducti on i n speci fic activity. The PNGase

medi ted d t f 1aSERi 7
the KA AR ok SR BT e AL R e faclegu WES gere, similar
to IFRPRABYTHE GBS thelcsrtsiféd loss aCthe \N-teyminal M@mﬁifoyreplacement of
neit her the conbined loss of N-termnal Mtl1l

Cys1&pith Sergvasssessetn i Mx/ssﬁﬂe/'ndH@Pn@aﬁxﬁ@éﬁf’?ﬁa’fheewnder
Ass%fs tAMEBRuiethé BBeahs RARRY Bf IFN-ES BrFQnyfp%Ftl(’iJée A $HOMA in Figure 2A,

nat urant SDS, accountS for the reat er
using theproductdahel emqoywcﬁctlwmfbemsatytaddﬁﬁ#éprtasmn gs 1B\

stanE%?t% hle%p%cﬁéggﬁ\)lt? Exfﬁ\f% v?atselﬂdéél ﬁ)gé géa ?( t1 g L??anlp %%se (ﬁ% specific

activity lof tFIN- Batasdnﬁl\lvds pBecpaMaH(ﬂth/mg]dl cat ed that
gangliosides inhibit the antiviral activity of native
IFN-b in vitro (Gupta, S. . et al. ( 984) supra; and

FU$FEN BAasgl, Was dé%ﬁ:%ayla@umﬁ Adn-retieingf(i Be3DSf0.5% NP-40; and 100

i FRHC 7y 285 e ractionpiRtorshs N W dhredastmuTrisees pedle: 140
mM iB0métcdptoBRBEAL atdP~1Pmihkfesdsbiing, RGWEd by @cﬁohﬁ?'?&#do%teﬂﬁ‘érature)

are present 1n human serum or pI asmna.

conditiensp|Non-nedwend ang rrduced(lif e j asapie Werngng@tpeéﬁql ogr@ghWB hours)
o TR B, Bl Bt BN A

was@dogéd tosipdetaneousty feoyidizedmraickar up to 18 hours. The complete
coglRFRTbY NN FTLACS XL AL] BPH| ot BRY bASLAC MRbIEN-p-1b, with

ncreasing a urit
and gé@thglitiredudties afdalkylalion, a@lmgra@m sta@GBards GAs,shawd irFigure 2B, using

tested in the Ct.i as
e $128 oS i eehets R o s et "Bk pAS not acversely
affeé\@a by olamht inbbaliod Ridie! YRenEtiahest |FMPB- ‘ﬁdLQMfy’llnl tAe piedEhe of the
3, several of these gangliosides, in the

strong genaiwpat SPRpPlIowat Y itssnoatangpes Eeex'idﬁmrbﬂ%%wtpwéo"/o reduction in
speéid éétwy ofhd IFNGESe p- rﬁéu.éteal HE@#J&?IaWﬁOQWBQHﬁﬁg%nJ& either

general’, the gangliosides w nore pot ent I'tor
non=eduoyng: ra@w@g ¢ahsldions.ted oo 30- éé%;ﬂe@f@@wrmémw@sacﬂwty

EXAMPLE 3 Presence of Carbohydrate in IFN-b- b

Preparati ons Reconbi nant human | FN-b- 1b/ Bet aseron (r),

as Injsypmape feither thessonmlinechiosef Ndergaml bt apd fﬁﬂ'@&ﬁ@éﬁm
Cys'i'f‘wﬁh Sep7, @P@éﬁr ﬁb%ﬂaﬂdﬁ dthenss H’ﬁﬁg ‘éb?erﬁ‘:%scﬁ gi'é%%Hcé Bf the strong

Ptent See Lin, supra
denatgranﬁ §D|Seap00uht§ or thal~ 1§tf@|§ qreatewemhmabv\m of IFN-f- 1a as compared
tolFﬁ*lplfl cation prior to formulation is colum

omat ography on Sephedex G 75, a bead-forned,
crosslinked dextran gel filtration nedium The G 75
pool material was used h‘firx‘i\il\ﬁbl.t.éjzi nvesti gate

Ganglioside-Mediated Inhibition of IFN-B-1b Activity /In Vitro

Experiments using partially purified fibroblast IFN-f preparations indicated that
gangliosides inhibit the antiviral activity of native IFN-§ in vitro (Gupta, S.L. et al. (1984)
supra; and Fuse, A. et al. (1982) supra). The effect of gangliosides on the biological activity
of IFN-B-1b in vitro was investigated. IFN-B-1b was prepared as described in U.S. Patent
No. 5,814,485.
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the presence of carbohydrate in preparations of

| FN-b-1b purified as described in U S. Patent No.
WGh2834016480. Two | ots of I FN-b-1b were tested fPeT/Ub®04/021618

nonosacchari de content. Monosacchari de Conpositions of

A igosaccharides in the IFN-b-1b G 75 Pool WMateri al

| FN- b- 1b was hydrolyzed in either 6 MHCl or 2 M TFA

at Al@ﬂeﬁ}o‘f gandliobides aredsresehtimhumapeedmvarglasamd See, for example,

Kund 37 S0t (8888 ol it BRRARS GaPrE Ao BN aarh F. ot al (1969)

suprex C—Tmlws sam@mtmnmynmmnmm g&nehatiphlos gangliosides starting from
ect em cal detection on a Dignex G ycostation
aMy b A Sey g aloR S U Ba P RAORA 1 st o exchange
colum and a Carbopack guard colum. The d ycostation
was_cal i brated with a m xture of fuc

A HNEByIog ) tHe PERSERFSE1 Ingreasing 91“8%‘@(929%?91@5"’83% GMe, GM;,

GD,gGE5.06®,,, ARd B RR8Qestdd tﬁBmag%ﬁm@aﬁdtﬂ:ﬁén wBday, 8¢ HéRAbed
in an isocratic node t he col um was

and
undeifssays WMWSE(R)thﬁfﬁRQﬁ&lFIﬁCBV@IQ?_%“ -8 iRl Raptides: oz shay in
ol §35, 8470 e S BBLER R4 50 0ol Kiang i v o
mhlblntFtNa bblmty of HIN-A; 1 betndnduge tyeMxf gene by §6%. dngenenah maHQI'OSIdeS
r ) | ar
wnth\pﬁa & gg{eﬁfﬂﬁrbﬂ)& ac{: hgsaegrgﬁﬂé)%% dﬁih(r@rg% ﬁf_pﬁé& soru\%g:?eesng 58
and 0.05 in lots A and B, respectlvely These rati os
are considered to be |O\NE5( Englt es of carbohydrate
content in the IFN-b- b SI nce the acid hydrol ysis
i s not conpieseacaofiCarbahydrate S IRN:priiboRiepdegtionde
during the acid hydrolysis. See Beeley, J. . in
Laboratory Techni ques in Biochem stry and Ml ecul ar

Bi P('e@é%bmﬁht&ﬁ)ﬁheﬁ{ IFNNe Wb/ BRtdserdN®, as dé's%ﬁﬁéd inWs.8NBaténiNo.
TFA acid hydrolysis, fucose, L/-acetyl gﬂgcosam ne,

4 58§|5§éo'§@rodaﬁad i aceerAing e theqpcediire EREsbeg in 14¢S. Ratent No.
5,818285f 4eaf, LLf\[gggﬁslyArg k&qg?é\m ife fnﬁ‘él‘it&ﬁhfﬂ% ﬂfNi‘B W Rirification

present in Figure 4A). The nol ar
priorrtaferawiaiion isedumpghesmatediaphyodsSern Em%Yita baddfognerh cross-
Imke%lrtféxgarq)éel' fnra{tﬁh%e% @Rd Tﬁﬁ d- %B@&trﬁé&@rlléf wash a)séd 'h@r%\*H fo ihvestigate
I'n agreénment wth published data that aci olysis
the prnsencA of ganlvphyx&atetln areparatiogs of IEéleﬁS@y pugfied ag qwsped in U.S.

Paten} Rb a% 81 Pél?é h?wct.a Wis BP%NI'@I\I-S mfé?({)%%%ﬁp{h% gg@qhah&‘ee%pntent

reserf [ ucose i

by resin Ieach| ng fromthe Sephacryl S— 200 and

r e$FNiBE19o mgsrﬁydmlmdmn anhare WITHIIﬂoi' hev rITEAtat EOO‘UZDfoIr 1 hour, dried in a
Protein-Qi qosacg aride I nteractions and Se tions

SPee ¥Aon 314 FAEOBTHIR I WIS MBNeseBear e SaDaRYel abasis was

perf@rme@r@m.groﬁemmaﬂw hAIbE dxdhange bmasmatcsgraw étﬁlﬁtﬂlﬁ)éd/wnth pulse
| ot A was further pu“f:g,lﬁlgn? reverse

elecﬁPﬂT?"B?azggﬁFﬁoq %a.‘?ﬁor@%l%msl?g% I‘.’@T’g@s EH opack PA-1
anioM¥slafanigé coRIMHANY 4 Cambopaékduardesilimn WHe@chc%lfdiloﬂfﬁv%s calibrated

with a mixture of fucose, N-acetylgalactosamine, N-acetylglucosamine, galactose, glucose,
and mannose. The monosaccharides were eluted in an isocratic mode (16 mM NaOH), and
the column was washed with 200 mM NaOH to elute oligosaccharides and other adsorbed

anionic species.
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sol vent system After chromatography, the |IFN-b-1b was

hydrolyzed in 6 M HCI and nonosacchari de anal ysi s was
w@eoosoiased as descri bed above. Figure 4B showspeEs2004/021618

RPHPLC di d not renove the car bohydrat es fromIFN-b- b

| tri but f th
oS0 AU al bR, o s Bnets S e £ oremrgsans i JEA-B-1b lo
A, aﬁlcu chegérgala%mséem@maﬁmgéWe prdset .aoldwqm tarbeBa(F@urduA) The
1% SDS in the G 75 pool, as conpare
mo'%rdefmﬂftt?ta! r@mqs,&cmrvﬁé toRE NP b were peﬁsm.w i lots A and B,
resp'eENeRl hhek@atdsWRs ccgﬁéﬁdé?@d toBY Ib%b?é&t?f‘/&@és N%%rl%?ﬁdrate content in

Sephadex G 25 size exclusion colums, wth
the IEhcB-16 IQ’stlNa@ma avid hysirolipeis Ise10p Rersplste av&w mep§ﬂcchandes

degrabié l(’iﬁﬁn f&’%&&gér ﬁéé B&&ie N'?JPG r\ﬂ}g@ﬁ%ﬁpﬁ 'T@@hrmu&% in

excl USI reno ed ca at es
Bloqhmmm:audll\mlewlaraﬂwlmja @lsevas, Neye Yok Ny . f(bQBSRPUSIFnD(Z M TFA acid

hydréB{gls fugsgerwjééegy ﬁéqstaPn‘? éet 28 A %Eba%ﬂeg&ﬁ in IFN-B-1b

or mati on s
lot Mandhﬁ:dsw N-laceigalgnmoe:amlae ranel galmtcselwe&eipseanandmfﬁettem B
stem

a chr onat ogr.a nd t ent of ,
(FiolyR 4fc S Be Fabi Bt ahch 1B S S abrasag 4 RSk Were 8100 and 0.08 n
lots Aa&#Q.B, F@éd@l ctively. OThlé\ré@s%ﬁ isfih 2@rderidni @4th publishe@ datathat acid
canava

POTERRG fad B DIIENIRT HAUERRRYHe: AOBPLPER) vent

delivery and UV detector systenms. The Con A Sephar ose
colum was equilibrated in Buffer A (20 m Tri s-HCl

7. St thepworpgsriRte carfohygiate gpurces, the pre qgmf;lglL)cosg @dﬁ@tﬁ -1b lots
is et bibI&in&d b)’l: Pésh I@Qcﬂ 1) fr@m tﬁé‘éeéﬁﬁ%ﬂll 2 Rfid S&iHabed Gardldextran-

extensively washed wt er A~ Elution was
bas%‘?‘?"ﬁf‘ﬂ%%%‘“@&ﬁwwfﬁ@%@ @P%Rﬁ“é?rt Ingonitaginthe oneglucesg fepidues

mosBMfefI)ﬁéns% f(o@llr‘frfeeﬁos‘f‘\E*'c&po mV - met hyl - Dmannose
pyranosi de). Sanpl es of gradient fractions were

di al yzed agai nst water, dried in a speed vac, and

Prot@int ORjosh &HEASE ir&&h@%n%%né%s?%ﬁa%@ﬁ’é um acetate in 0.1%
Oor reconstl and subj ected to

nobe aatie of he IBNA- s potei-carbskydraledntarmsiien wes galeredigy column
chroﬁ%ﬁ%ﬁﬁmtlFNL}? Bf‘o"illﬂ \A/A:%\l’ Rhélbpl.fn?lé@f)i k&)\%ﬁ@ c%rfalsg Wg&ngﬁe&% liquid

arose col umm cont al ns
chromatograpiey (EH- HHhC) asiog Hudauﬁ/écoltrmnes t&mwAtaeeqﬂemrmBIe and TFA

solvgr%:éflgtegﬁféfg ﬁ%%{%érggﬁ))y %%@Wn%ﬁg‘dé[% hygg)?yrz%d i &M ILIBFand
momba@mamhaarlysdheww)pe&gmedlas deberidelNblovd.b F:glnaaMB sigpws that RP-
HPLCE S RSB 1P o R P BOp R T Holch AN 5 dbution of the
|den|ﬂféd BoncaCHitdTdaE ahandddl Boweler poskiblyiuedo thedifiérdelt sdifents

emefebesord B S 8RR Borte ADSPHSR B R AmForRReraftiy

acetbﬁmlngAtm therRP-wHPLE., activity. Using the WSH CPE
assay, which nmeasures viral plaque reduction by type
IFNs in the human amionic cell line WSH infected

W iafteiviaNvely, NEN-BRES ot AGNa%thNérterlﬂ&ﬁox?er@lA?P 1®4nd Sbpfhdex G-25

. This SpeCIfIC act|V|t¥||sa least simlar to that of
sizergpglusipneplumps il Mg HCl and 1.5 mM NaOH in the mobile phases,

respectively. Figure 4B shows that neither NAP 10 nor G-25 size exclusion
chromatography removed carbohydrates from IFN-B-1b lot A, although, as was found for
RP-HPLC, the distribution of the identified monosaccharides changed. The quantitative
information should be handled with caution, since the solvents are different for each

chromatographic system and the extent of oligosaccharide hydrolysis differed in each case.
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material, indicating that the renoval of carbohydrates
fromIFN-b-1b preparati ons may be beneficial.
w@Ebhasaoser i zati on of A igosaccharides by LectipPcBUSDOHNRI61S

Finally, ITFN-b- b lot A was tested for binding to

biotinylated I ectins from Vector Laboratories. O the

six lectins tested, Con A Datura Stranonium Lectin

(" [P&L'BN b 1068 wla's ralso?oomlimmrlﬁ@gbwcbmttﬂrha{{aliSBN"Dpn Maﬂsbdrﬂarose
rensis Lect chos

ol perEERpstng the PiMmaen PLG Miers aeRBRcarg Uy BRlegtor

systémbhdqhe QR AlSépHalreuet sllinmivas qurmaﬁblw Bafier. A zrzm mM Tns HCI, pH
esult is consistent with the_above npbnosacchar

7.4; SR N TGS anc VNSl BRdsd W81 B N-rfBagt A, and

thenfreSEQuiBrat G ext@leRdnadnel withBuffeP RS IEGtRAtwaY ddifolied b
© Séealcl:ltlr\‘;:\e rerm?/al of carbohydratues fromthewll'—ﬁl\l-k? 1b y

conﬂrypus\gr@gte@f between Batiamd and Buiter B (Bujfes r‘\epé@%m%ﬂgnethyl -D-
manﬁﬁgg S)PrQanﬁtfé? ?énfé)fgsecﬁ ?ﬁéﬂl&t %EMW@H ))z@d %P? in&QldtOfried in a

I gosacc are pr edom nan
speeshyagl andkeiher FRASNE YR Am B g sg@we@cet@tq)@rq 1%&D$ m\pesonstltuted

in 6 WA H(:Eh Snd¥@bdtby tcgﬁgngéé%bﬁérbﬂe%fnah/gg S RO AoFe.

ears to vary betwee reparations. The
source of carbohydrate is the host E co// production

t k2] f f

SLF B 289000 O R A R S 1 8B Sfion

colugwl qsvmainsmlmmeowghlalp leachesmidorn the ann,aandimranset The Con A
f
SeofAeE 85t Sy 20 SPYAFRS Bl BIaR o A mates
The Bhadrirg btxﬂigoéatchand%s méz@t irdth];é eﬁl\é-IBFﬂb ﬁtaﬁlbg naterl WaLSJ reSmoved by
ressed an r ed a S ed in U S

ConyDertaras ot aams oarattyy ecatnaeh T eHENaa  RpiRrety
carb@ﬁﬁﬂétesmérdé%rﬁ)% Crir@dtﬂﬁlﬁammwhoﬁcdh%lététy)/n&i -c&VeRitl ment al

condi ti ons, escri bed under Met hods of Oxidati on of

| mproved | FN— b 1b Pol ypeptides. The specific activity

of TRZ ipdak AN-BMbRtra&tionS) #@hEHBIGHMA BEpRstosdSollAwE8MRxt tested
|nduct| on assay in vitro, as described under Assays to

for aukiviEal petivithe Usip8 dng WHSHGRE asspy owhipitRregsures viral plaguie reduction by
typeFle‘:N@ FRhé A6san Eﬁfn%@é@l"lﬂb%ls@-f |nfé%fé2fm{m‘@§V tﬂE@H@élfl@ébtlwty was

cyt.oki nes_that have been oxidized with sod um
3.6 p#0'i IUirag-e Thigispeeilic actiireisss lapsksimiat tojbatioh dhe IFN-B-1b starting

mat%llr?cﬂéa%ﬂ tﬁs&ﬁl@lfetr% a. %%kaiétfiﬁﬁguﬁ&ebéﬁ#ns may be

bené@m@l.t ner, H . and O‘ford R E. (1996) supra). After
OX|dat|on | FN- b- 1b|srepur|f|ed by col um
chr omat ography, for exanple, on a Sephadex G 75 size
Cha riggficpnof chasgd gchieBindingU. S.  Pat ent No.

PERTEA ﬁ-ﬁ%"@i?.%%&efﬁgdi R e
Labérb®iries.nOh teasileatinsdtestednPasAf IDamreaSImnoraomcLehyld ("DISKLY)i dacalin,
Soybean6Ag|\g/;|Iut|nuh (%%A ?%ﬁaac%adAmurenms Lectin Il ("MAL 11"), and Dolichos Bifluorus
Agglutinin ("DBA"), only DSL did not react with IFN-B-1b that was dot blotted onto
nitrocellulose. This result is consistent with the above monosaccharide composition
analysis. The peak IFN-B-1b (fraction 5) also no longer reacted with SBA, consistent with

the effective removal of carbohydrates from the IFN-$3-1b lot A material.

In summary, IFN-B-1b preparations contain readily detectable carbohydrate in the

form of oligosaccharides, which are predominantly, if not completely, non-covalently
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in Exanple 3. The specific activity of the oxidized
| FN-b- b preparations is then determ ned using the MA
w@ene/oigduct i on assay. n this in vitro assay, PEEUS2004/021618
OXI di zed | FN-b-1b quali tat [ veI y di spl ays the sane
ical functiop as n oxidized in this
attachg HRPUTRHAP RG0S GHAio: A BielBse dhes bR RS BpRSAIS to vary
betweB& ﬂﬂ@ﬁﬁl‘ﬂ) ;ﬁfépérﬁﬁ’oﬂs 2i"hfeQ~‘Jo€|rcelef %Eﬁfoﬁ%r)ﬁteﬂ& thedRsst E4edirdduction

mor e preferably | east  6- d, and even nore

straip aad eiatatbe puufa):an@v ETOCQQUfédiﬁ?JhrE%P eybolmidraie £BN PR favpel reggmoved by
| I

Con Ex%ﬁ?h‘é%tcgmq %ééﬁ‘llafg éa?ggd%@& r’eﬁﬁ ?II d;ogs'?nof/éd%rsely affect, and
may iposiziply be ibeneficia foy, mee’mpl@@caianmwf O BMQ See, for

exanpl e, Swanborg, G (1995) CHn. | munol.

| mmunopat hol . 77:4-13; and Martin, R and MFarl and,

H  (1996) Springer Sem nEXAMﬁlquq.f)at hol . 18: 1-24.

el oo Bibtoabat Adufl &f SfRlzelIFtntERE o B B, o

this invention denonstrates qualitatively the sane
bi ol ogi cal functio I 1h that s _express nd .
i PaE o et ot iod 25 ePaR U RoPREnETa. SBKE A, i
treatE’éS\h'ih \iee INAARG Qgerﬁ@afumwtoabte‘ﬂﬂdéf Q Iv§r|ety of experlmental condltlons
phal onyelitis in mat er

as d@%é'ke% Header ddathedswy @’?‘ﬁ'aé'@" @ﬁ %‘P{QW 'fﬁb%‘ﬁ Qtp&'ﬁpégt)deSRﬁ'IUP SPeC'f'C
actnv#@époxﬂ}&échFN}Bg{ W&Qf&é’r‘ﬁnr@ﬁ%s%@ thé KR ne%uc?cr_@aﬁa?rlﬂ Ditro, as

tered Technol ogi es);” FBS, defi ned
desanibed unqtm(ﬂssamtedaeasm\nha@pegés Aativitylof Hr¥-Ricl beRglykeptides. Three

R

periobatd) mithogti aels ¢ rselpeffiectirld theif Biotogjrabastivity) ifcluRkenL S, GeﬁSE and IL-1o

(Gecpprs | b Siori & TSGR S #id Gaplilt i 8 TGRS me. (1908

suprdechnol ogi es) . Ei ght-week-old femal e SJL m ce are
i mmuni zed with 0.1 m subcutaneous (divided between
base of tail and upper back) injection containing 150
My Afédxeitibp) IENES-0b & rep(riffddBy)columnrceirpimatogrdphg Uioe egample, on a

adj uvant ("CFA"). with 200 cob eri um
SepIst Lanb 5icp Exeldomet i, PR oo B 5a e Lie, 5814485,
RemUAH calboRjtateteim el oxidiZzgeNFRAIEL 9@&%%@.@0@@% by the
fromthe mce and cultured at 6X1 [ls/m

analysiy pighipih frorasacgharids crsepositiorpfier %%YQWY?'E in & MJlleh'Pﬁ gescribed
in E)@Jrﬁﬁe BEPRSkp&dit a'iinﬁQ ofﬁﬁ@ox@lzé@ﬁ:l‘ﬂb 1b prepargtl%ns rhs then determined

- mer capt oet hanol . Pen/ Strep and

US'“@\&@M%@%‘BQ @ﬂugwnr?@swu ds PLP is added to the cells

to obtain a final concentration of 50 ng/m . Cells are

I ncubated for 72 hours at 37C, 7% CO . Cells are

hambistie ditreagsaa drreexidisg i N-fr 1 biRGalitaedisplays the same biological

T

runclof REIERRESC Hhch &34 ARRRITE thaber, G uE R e URkOBy 1Fn-p-
1b |s<|ndrﬁé’seﬂa¢ﬂ|&spérfolm pre&rabl;l@t?lehgtrﬂphldwcrwee pdférablaraéleast 6-fold, and

evert M SrERratly 1GRSY ' ds 20RRaret bIRG- 1! urre = 0.5 ) per
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nouse into naive 8 week old female SJL mce. The m ce

are wei ghed and scored daily. Treatnent with | FN-b-1b
w@anasoxiddi zed | FN-b-1b i s adm ni stered as neededr/us2004/021618

Cinical evaluation (EAE score/synptons): 0/ nornal;

Ulinmp tail; 2/difficult ' ing; 3/inconplete

paral ysis of one or bot hgﬂ\wgﬁl& s; 4/ conpl ete

paral ysis oBi#8 .carAbmugx oﬂdtﬂeatlsn 1b Wvhid e,

nmor i bund or dea Acut e peri ment al lergic

Encephal onyelitis in Lewis Rats Animals and materi al s:

E?Aéﬁﬂe%‘ﬂﬂl %llér@k%nﬁ%dr@%h& VERE?) ih MeBEmZi8 Widdly Gsed asa model
weeks of gl nal cor fr

enat e prep aration
for Mgl SoerdRriepablp SHERDIB 43, (18BRLERLAmTRg) 0o g 7 4-13; and

Mart@VRN&RY Mbﬂ%l%eHeHbBéPSEl‘gg;eY"sb uplmm-EHSp:ﬁHbI”?é }]‘éﬁr #EN-B-1b

are renoved using sharp ne scissors to cut
showsgn tvivioreffisacy inrtbesp leteveal MAanodslsot Wsing these modﬁlﬁ he@xigized IFN-
t : L nal . cor
B- 163 Ihl%%g&lth’)ﬁ *b%gg%tggéagl&?t@@ gg??%@aé’{"q‘gd'%? F}_f?{cg?rli he [EN-B-1b
that s&lxpneesedamd gﬂmedmlcesmrﬁuedgm Urfe Papérg Nopbr8dK,486r d
honogenate is mxed 1:1 with CFA (Difco) with 1 ng/n
Mycobact eri um tubercul osis (ground with a nortar and
Passmasl’rbasfer BExp&inental AllérQIerrtoedhélomoelmathhli. M[bel i mb

r cmires rfl nelih ™ @ AilaoiehSl TRe Ll tBlitades) rem

1640 wite d:.t-glxltarr!ime aral25lmMVRAEBES) X, W1 ghierdn ilteted ¢lofecTectiaolbgies); FBS,

defingy TALGTE, hih ilacivalefll MNP Ra B e itcRlis $Biuligh. 10 mi, 100

(Llfesl'@ohmfl@gléﬂ)twaﬁerc%tbéuhml 10000, 515 >t w? M idD- IHISI(mfeet e
one or

TecH3alogleb R FenBHIrgEeRIPRICT (“EanIaeBnt O AP s EnJEie-Waigker)

Hanl®s!BalAcdtPSallSbibtidr) 1X0Y & RiBfonGiitefdae kO Mchnblogiep! et e
paral ysis of both hind linbs; 5/conplete paralysis of

hind Ii nbs and weakness of one or both forelinbs or

rmEightJWQek -6 fémarefsmmbs BASiImMruNiZatOwiBSe. a8 subflRaneous (divided
oxidi zed I F -1b displays qualitatively the sane

betwgen pags efdpil @rnﬁh@wn% Ragls inieplion-ceptainpehSQke aroseaiPidPretins"PLP")

(v |
n o TRE oS TR S RTHN00 RS B By e
(grounsi) e E[evenh daysolater zaxidl ekag@hlajahdhngwrmh ymphenodaselds are excised from

e B O 02l e A0, BEPRRAF KL NN 0

glutanépe pleie MERES) @dd If'oarmlﬂ-'cBSJtOL‘tﬁ@I micfpoarcaptoetbaria 5.0 mdIPen/Strep
and %grﬂmlmoﬁté’ EﬁtP ﬁ{&taac' (:Psl "B AL a'dggé %Vtﬂg c%Fé\to%bg’atfn a flpal

I'ypept e G venti on. or- & pRarmaceuy
concanna[maﬁ |5e ;@ahlt Gdliememincutted fmgr?Edioersteﬂ 3%@&7%\&02 Cells are

hawﬁé{gq sg (%i}wme in P—@S)éo e\Wéﬂ'n o?IhetIIQr%p#\ Rg e-:n E:éll% is ggse(s)s/ed by

Trypan Blue exclusnon. The concentration of lymph node cells is adjusted to 4 x 10 cells

perml. 2x 10" lymph node cells are injected intraperitoneally (dose volume = 0.5 ml) per
mouse into naive 8 week old female SJL mice. The mice are weighed and scored daily.
Treatment with IFN-B-1b and oxidized IFN-B-1b is administered as needed. Clinical
evaluation (EAE score/symptoms): 0/normal; 1/limp tail; 2/difficulty righting; 3/incomplete
paralysis of one or both hind limbs; 4/complete paralysis of one or both hind limbs;

5/immobile, moribund or dead.
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Magnesi um stearate 0.5% The above ingredients are
m xed and di spensed into hard-shell gelatin capsul es
w@onsailarng 100 g each, one capsul e woul d apprexi/osioe4/e21618
t ot al dally dosage B. Ingred| ents %w./w. |nproved
0. 0%vagnesi um

( pwlny'aalaylhpyrlaterialsjﬁemale me@%rmse(cabménwagnmm@ atiBtweeks of

age,a% dna“??ér%qf gtéﬂ}gp%%e(?ﬂomgfeﬁ %fglﬂﬁga lplsgsen Labs):

u3|ng granula |ng
500106 g‘gmmm‘:i plgs are eéwhdrized vdthi @d;. The(smnaMcbtdstdne removed using sharp

oond BRETS 10 Gl cBrl Anal MR bl Anfi ptldtedPripg unu

the tddyNoflusib apMayp@ris acetheh welghed and ﬂnbmgeﬁizéd withPsalioglad hgy/ml of

saln%o%{)@%%%més@ap%odl et hgﬁ agl %{6%%400 ‘s I{Blg(%q/é d with CFA (Difco)

withl 1FrNglnnlJMyq@blagtpewh |t¢drermflosm(egroumdemm amortar ahdspastlep d.05hmi is

niedf5 N6, Bk e b rodifed oL AL G BT B 8F vt er i ¢ nen
\zj\lgided wWith stirri ngn&o p{??/lede 100 L of the soLuti on,
. i vecid, Gt BRvs Pty i frmiede e S Bl bollbaierign on cey
1. Rdls Qfé Weighed ard scoréd %SH@tﬁ@nﬁmﬂ%FNﬂ&-ﬁ@d@xidized IFN-B-1b is
o 0 T e S Sl g o i
2/in¢drhplbte dara{:l%ély pﬁcﬁﬁé ¢tebotif hihd gr(;bgt\dggbmlé_ter] ﬁé&alygitshjign@ m[\d limb or
ootty b by Bor v Rub S ROty B AveMEnb ! thABof: dlsarmstS paralysis o

bottdhife Mnb€E/tamplBR paedlysid oitndthbganc wbakriess of dimd drevatitiforelimbs
an% bé)t tled, for use.
or moribund, or death.

In these in vivo assays, the oxidized IFN-B-1b displays qualitatively the same
biological function as IFN-B-1b. When oxidized in this manner, the specific activity of
oxidized IFN-B-1b is increased at least 2-fold, preferably at least 4-fold, more preferably at

least 6-fold, and even more preferably at least 10-fold, as compared to IFN--1b.

EXAMPLE 6
This example illustrates the preparation of representative pharmaceutical
compositions for oral administration containing an improved IFN-B-1b polypeptide of the

invention, or a pharmaceutically acceptable salt thereof:

A. Ingredients % wt./wt.
Improved IFN-B-1b polypeptide of the invention 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

The above ingredients are mixed and dispensed into hard-shell gelatin capsules

containing 100 mg each, one capsule would approximate a total daily dosage.

B. Ingredients % wt./wt.
Improved {FN-B-1b polypeptide of the invention 20.0%

32



EXAMPLE 7 This exanple illustrates the preparation of

a representative pharmaceutical fornulation for
w@aseniarael adm ni stration contai ning an i npr oRETUS2004/021618

| FN-b-1b pol ypepti de of the invention, or a

phar mac tabl e salt thereof I ngredi ent's

| mpr ove%g‘ﬁ% Sggagrg ypeptide of the |nvent%|92ﬁ 0.02 g

Propyl els¢arghycol 20.0 g Pol yet hyl ene gl ycolB. 6@00 20 09

Pol ysorlf_%&g) eso 1. 0.9% Saline solution g.s

The inp 8IFN—b 1b pol ypepti de of the|§ve |on|s

di ssol v@d/PI (polyviopipiresiieing) ycol , pol yet hyl en®.99%bycol 400

I 1B Rbha s teBrais B qpanbined
and pédhulated usihg whiér as al gramuwatingviguich Tihe féinulationds thenaligh, raixed with

the QaRFRTE feerhaanbie: o P LREGE AR o P Bl abiofpg machine.

preparation of a representative pharnmaceuti cal
composi tion.in supposi tory form containing an inproved
| FNF b- 1@r$5g—§%-§ptlde of the invention, or a

10 phar rracembtocvadi IFragcieichiplepticendfithé heeees | ogr @di ents %

rove N-b- b pol ypepti de of t? i nventi on
0% PoI ‘? f@,{ﬂ)"?@ ycol 1000 74.5% Pol yet h Eé)rﬂa gl ycol

4000 24 P@%eiﬂy@nlerwceths are nelted togekbgrg and

m xed o ath, and poured into nol
cont ai n:gﬁg'sﬁtbg?eg%&ot al weight. EXAMPLE 9 Tﬁros,g exanpl e

il Tustraygerthe preparation of a represent gtd. 160 mL
phar maceutical formulation for insufflation containin
15 an TnRpPBLeEed [YBHLRPIPSPIdspithe vERtiang disgolued i”d’rﬁoPVéﬁ“e glycol,

polyethpiéaé @%swuoocemd“po%@mat@@cb eA %aff’buehh rdf?ﬂfy of |Wéﬂér€?§jtr%ﬂta‘€dded with
M croni zed | nproved b égeptl de of

St'”'f‘ﬁéo PMYE’F?thﬁ“'iOb“)@ B MWD | 'P &B?’@Q@“g@oﬁ The
ingredients are nmilled, mxed, and packaged in an
[ nsbuffl at or eth pped with a

Ingredients % wt./wt.
20 Improved IFN-B-1b polypeptide of the invention 20.0%

Peanut Oil 78.0%

Span 60 2.0%

The above ingredients are melted, mixed and filled into soft elastic capsules.

25 E. Ingredients % wt./wt.
Improved IFN-B-1b polypeptide of the invention 1.0%
Methyl or carboxymethyl cellulose 2.0%
0.9% saline g.s. 100 mL

The improved IFN-B-1b polypeptide of the invention is dissolved in the

30 cellulose/saline solution, filtered and bottled for use.

EXAMPLE 7
This example illustrates the preparation of a representative pharmaceutical
35 formulation for parenteral administration containing an improved IFN-B-1b polypeptide of the

invention, or a pharmaceutically acceptable salt thereof:
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dosi ng punp. EXAMPLE 10 This exanple illustrates the
preparation of a representative pharnaceuti cal

wo ooosiiatri on in nebulized form contai ni ng an i PEI/US®A4/021618
| FN- b- 1b pol ypeptide of the invention, or a

phar mace Heﬁ%Hsy acceptabl e salt ther eof : I ngredi ents %
WL/ w. #érprcved | FN- b- 1b pol ypepti de of the invention

0. 005% \vubeove8IFISPSH iiypmptitle 0th8 AdAmTidre | 100Dy ed

| FN- b- 1*?35&@);'%!?92&%@036 _of the invention is dig'psool vled in

et hanol with water. The fornul
t hen pad#tﬂa]gw@dén% glyooehoo | zer equi pped with mcdgm ng

punp. his exanple illustrates t
pr epar at 100 gfa%%egepr esentative pharnaceuti c‘gp

f or mul at0.gm Satin@eslotierl f or m cont ai ni ng an igqgriQoed.

| FN- b-.1b pol tjde of the jnventiogn,. of a .
ohANedRBIved I it eaivpeptide oLiE inventiarbis dissAiyed in RpKens alycol

Iyethylane. glycaPAGLY & o t@eook\mﬁménd At &m@%\s@méwt
powf/‘ Ig)l el | ant %dg%gofﬁ)(] ei c ac gu ' ution is

the'] M‘ii%" With iR Rreude H0 phot F"r?v'eYrt%OBWOP sW'H?'},Bé\“%@G‘ thrﬁugh a0.2

um| ﬁleﬁhtﬁar@&ﬂlférﬁﬂ@ phékagBl AREEH KIS corldiforisesul ting m xture
Is then poured into an aerosol container fitted with a

metering valve. * * * * * While the present invention
has been described with rgBf{gappeg to the specific
enbodi ments thereof, it should be understood by those
skiThissexample fastzates theprenasatianal adeRiegestativg Phssmaseiical
conRSGH | HPpBalcRy A ORI HREA IH Sied ENIAD et e
investioi, tdr arpharmpageutioallyfacceptalye saltrtherdsd: made t o adapt a

parti cul ation, material, conposition tter,
process,I reaeHés step or steps, to the obj M

spirit amWrcs/edméN@f-mMypapﬁdentthemntlomn 1A0% such

nodi fic s are in d to be within th pe of

the cl a?ﬁ ye@% Ongjqeo What is clai mad%‘lss’%}D

phar rraceRdlyemWIermog‘rynmd;mOmn conprising an | IEN—.B.%lb

p°'1¥P greglehtsoarrefmr fe4% ge’theart%%tl:l Affxed on a steam bath, and poured into

molds containing 2.5 g total weight.

EXAMPLE 9
This example illustrates the preparation of a representative pharmaceutical
formulation for insufflation containing an improved IFN-B-1b polypeptide of the invention, or
a pharmaceutically acceptable salt thereof:
Ingredients % wt./wt.
Micronized improved IFN-B-1b polypeptide of the invention 1.0%
Micronized lactose 99.0%
The ingredients are milled, mixed, and packaged in an insufflator equipped with a

dosing pump.

EXAMPLE 10
This example illustrates the preparation of a representative pharmaceutical
formulation in nebulized form containing an improved IFN-B-1b polypeptide of the invention,

or a pharmaceutically acceptable salt thereof:
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or variant thereof, wherein said conposition has
decreased ganglioside inhibitory activity and a
w@emabei37i FN-b- 1b specific activity as conpar epCt/US®04/021618

reference IFN-b conposition. 2. A pharmaceuti cal
conposi t ording to C ai mwherein sai cto
conposi Ih d\gﬁl%subst antially free of gangli ot . 3.
The pharimpoevet il e - thopgpyreptideof the doedtiory t o 0A0&EN |
wherein d I FN-b-1b specific activity of hlo

W 1‘? %%%?/éd to

conp03|t| is at least 2-fold greater as c
sal d ref@thamte | FN- b conposition. 4. The 10.000%

bnaiE ocaref ek s PFES bienton § dfasBlyPl ifonol and

blerﬁeﬁtwum viHtea e faAnatigpas ﬂfbntpacﬁ@gédi ih @frRibainee ebfipbéd with a dosing
conposition. 5. The pharmaceutical conposition

PUMBcording to aim, wherein said | FN-b-1b specific
activity is at least 6-fold greater as conpared to
said reference | FN-b conposition. 6. The
phar naceut i cal conpositi SXARIEG M ng to Caim,

whemé Exarididlinli&thhtds thld ﬁ@&eﬁaﬁdncof%cﬂebwsbmawe éﬂan’nﬁé&ftlcal

8-fold greater as conpared to said reference .
forradatipngn apwsol form Terialpingrardawinved é'FNrBo‘rﬁ)B@Yqu@ﬁe Of the invention, or

a pr%&&%é{hfagul}s&cg}),]gb@salt\{{gg&@,t n said | FN-b-1b specific

trvit ol d greater as conpared to

sai d ref_éﬁ_édﬁp_l FN-b composition. 8. An i mieudAm.

| FN-b-1 , g, riant

t her eof q?ﬁ%%pﬁ& ec?a\/})({pﬁé‘g | %z'ne\%ﬂ%vﬁer el()(%ﬂg(gl d

i mpr ovedProp@liabt 11pol ypepti de, or fragnment, 9888Feg,

deri vat |dg R4 vari ant thereof, has an | FN b1 .

specific act|V|ty that is greater as conpared ' to a

r efﬁreemmmvinFm-Bemmwdptldm of the |rﬂeet|orm|srcmpedseuFF|Nola~icldmid and the

| ypepti de fr or vari nt t hereof . .
erofiaRiring *eeBoarte Rihen B0ReQ oS ¥ ASORE AT R win o
metaditdg valte, i s at | east 2-fold greater as conpared to a

reference | FN-b conposition. 10. The inproved | FN-b-1b
pol ypepti de, or fragnent, anal og, or variant thereof,
according to Claim8, wherei*nr*said | FN-b-1b specific
activity is at least 4-fold greater as conpared to a
reference | FN-b conposition. . The inproved |FN-b
polwpmomiedneesent invertipneak bean absgibed with asfiesanice ttd Bvecsplecific

em Rl Jbredt Rl G wiiipGod bl Bie Shlediniia Pl ifetyaous

chan@écemayu be rﬂa‘alél-dmdcerquwalentsl roay bd ubsiituted withicaw ddpdriifg trerbhhe true
oo 3R BE i B2 R BRSPS BOER o aceot
pamnar\sltme}tlonsmaterlbeasmpd@hdrodwfdnagreequetEesaspmomadte;ﬁiot steps, to the

er en(t:

objec?ve spiri and scope 09 %néopresent invention. All such modifications are intended to

be within the scope of the claims appended hereto.
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13. A pharnmaceuti cal conposition conprising the
i nproved | FN-b-1b pol ypepti de, or fragnent, anal og, or

wo anosan37t her eof, according to any one of C ai PEI/US2004/021618

8-12.14. A process conprising decreasing the

inhibitory activity in a conposition
Whgﬂpél %édj% n | FN-b-1b pol ypeptide to obtain a

1.

corrp03|t| on that has a greater | FN-b- 1b specific

Ss_conpar ed fer I FN- S
FopraknatoifRalCOmaR Ty hnBros & BBk PuReblis, SLhpgRen. anaioo
jor oarEss thevegl| wlsaemrsantndrmm)sgmn gias aecnéelseld ga;nghssadaﬁl inhibitory activity
conposi t,i o S substa a ree .
SRR TR OB shefifc auxliPaS BERREPHISA fafefe -p gomposition.
Whetaemacauaicdl abeposition agearding 20 Glajangvhesindsaid adrnpoditmnyis
activity is bY sel|.ective oxidation of said | FN-b-1b

8#’?}3’3 thg_eo g%"ﬁ??ﬁ:ess according to daim,
Vihe (phiarmaceiutica ebepbsitich accortind rClaim bywheseih ,sardhENiB;alb specific
mati c_ox ﬁatj on

et S8 PR L 5 e Lo BBl G Al Bysadyoference IFN-
(Bmwhpblsmgnagent sel ected froma group consisting of

dosaob
I DR AE LR eSSt AR RRERE G CaBth ey sgiacP Ry o specifi
hetivimheatdeast dafold graatdi as cgnparedito said safelierice [RN-Bedmipesition.
oo RRRTRCS SRk SRR CH TR Y FABA BRIEN 510 specit
@09 ss At leastibsfolargreatecas eanpardd ngsémb réferenps [IRNBB Somposition.

TB BBy oo eaePrdpd R REE T SuSS R s’ ER-5- 1o specif
@btivalynis atleastd-foldapteateiNadedpared ypegid referentd) FINE B Rompbsition.

TRBPhpghageulieal pomeBR iRt el Eritrcein aRENB-1Y specifc

@onyss Al loast 122’old'ﬂn&terr aLasspRed O shid@férenéd HENIB Zomposition.

- USRS a2 elineblioS B aben, paRd satan ihaEof Bt i

@babme%zoxwitw @ihBrefras4ld Oh;ﬁﬂvétﬁlFl\DB-Hﬁanlyﬂéptld% biyfr&ment, analog,

3Bt e PRSI0 Bt en ok Potbhaa B aCRat pdler s

@bh\@aﬁudttbracrbfe?@ceZHN Blévngsitions s accor di ng to daim

é’ée uﬁﬂ%\/%ﬂ@@@@% X écipngff 8@5%@1 2 é))g? I@E%E%rt Itl'g)eorl'eof according to
LIEov 8] iwr@rdio shil eF m)JBOnEQﬁeCﬂ‘c aativityanat 10hst @H-faldgredter 2¢compared to

26. . A ph ceutic conposi tion conprising an
'arfﬁieé?/gcﬁq{: MRS 8Pypept| de, wherein said inproved

10. rnﬁbhrhpribbe@ u#r\ypelmtpdi@epﬁdd? bﬁﬂdgmdntaﬁﬁawgiIdﬂgalﬁamt&meof according to

11.

12.

13.

%Ié)"%eas wherelr‘?l led ?Il—jﬁ BO‘T b specnflc act2 vuty is at least 4-fold greater as compared to
a reference IFN-3 composition.

The improved IFN-B-1b polypeptide, or fragment, analog, or variant thereof, according to
Claim 8, wherein said IFN-B-1b specific activity is at least 6-fold greater as compared to
a reference IFN-B composition.

The improved IFN-B-1b polypeptide, or fragment, analog, or variant thereof, according to
Claim 8, wherein said IFN-B-1b specific activity is at least 10-fold greater as compared to
a reference IFN-B composition.

A pharmaceutical composition comprising the improved IFN-B-1b polypeptide, or

fragment, analog, or variant thereof, according to any one of Claims 8-12.
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27. The pharmaceutical conposition according to any
one of Clains 1-7, wherein said reference |FN-b

W@ oouposidti on is a reference | FN-b-1b conposi tipar/ug®04/021618
The pharmaceutical conposition according to any one of

1. oS LBk Bedd ! SLEIGREA oG] (EAG7 5 posn
bﬁhpuhsudg)arplﬂl\yﬁdptdom;ephﬂe torcdgaie Btcomprsitioythabhas/a giresater IFN-B-1b
L e i

15. fd' bepoxiets aa:norclﬂﬁ)g tolBiain b wohverelinlsBN- froddsspomppegs fedevingr
SRR AR B PR SR Tl g,

16.@ be‘paz:ie*s$ aa:coirdamgito:]I ?Iﬁmn sg,oehdrEleald]decoemimsjfBbldrg;naﬂaonséde

SRR SR 5 SeRM R o TR B et PIE )

17. Thé prazeseatdoidibg fdoClaimm6 swiierein.sailselettiee pxidatiemds by heat,

cordln to a of Clains 14-19, and 21- 24,
\Rﬁ '8P|n° %rfzéf"\aﬁ%{%g%&@ | FN-b conposition is a
18. Thé prazeseatdoidiing &0 Claimp ¢3, wherain saill dhiegnicat ofidationli® b @n 3Ridizing

b
Al e R et oah & Spse dhpistng: P pel PRI  P RSO PERIGES .
BACE| ahd Bphéhddthrelire.
19. XRE PropeEd SRS B ol Mo o) SPR O aggr S S peodate.
20. BIHENH S FFBDDB AP SANMETS iviiirg i/ FNGE-NBIHSTy Uk R, FKERRT SRR

BB b R RIOGRR 569%RY 19 PR PIACEE @AM §ERgh Claims

K&NBSL 121 130 140 150 160 166 (A) IFN-b -la

21, HGKEYGRLLUYLKAKEYSHCATL VEVELLENEXFLNLTGHLEN (B)

MBO@@RN-[BN b M&%&W&MWQ@M&H&RM@% BbigHéptide has a

igure 2. a Sanple Specific Activity**
FPWfin%Ct'V'M\tha'dS EeAEY pﬁse%’é'&@f ¢htogfeferenges!FiN-f sopgositiony
22.8hb BNScer é@coEdﬂg RXORAS 8¢ dvhdteirtdaidceidctivd oxddatdnds By kedtD

product |abel specific activity of | FN- b-1a/ Betaseron
chemigals of ey MAEC PXINAYASE er ence standard Range of four

23. TRE PRRBIS BECHBh G ITRA RONEhdrBh said chemical oxidation is by an oxidizing
agent selected from a group consisting of sodium periodate, o-iodosobenzoic acid,
CuCl,, and o-phenanthroline.

24. The process according to Claim 23, wherein said oxidizing agent is sodium periodate.

25. An improved IFN-B-1b polypeptide produced according to the process of any one of
Claims 21-24.

26. A pharmaceutical composition comprising an improved IFN-B-1b polypeptide, wherein
said improved IFN-B-1b polypeptide is produced according to the process of any one of
Claims 21-24.

27. The pharmaceutical composition according to any one of Claims 1-7, wherein said
reference IFN-B composition is a reference IFN-B-1b composition.

28. The pharmaceutical composition according to any one of Claims 1-7, wherein said

reference IFN-B composition is a reference IFNB-1a composition.
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Specific MKA CGene IFN-b-1a Ri 7 Sanple Activity

I nduction (I1Wng) Activity* Untreated IFN- b-1a R 7
WQ@2004/0x6310 100 | FN- b-1aSERi 7 wi t h hour i ncubaPdDUS2004/021618

wi t hout PNGase F 2.48 101 IFN- b-1aSERI 7 with 18 hour

ncubatl 0 1..64 x 10 Re du
efﬂ'fwdill??( priwggeﬁldﬁe%hﬁ:agaquéﬂnagaglg@@ﬁ sp\/mg%:eﬁf according to
Wnd of@Q)hiaisi 1, wiHehsin saiBNGe s cE |EN-BEompbRitiB isRe chfieredce IFN-B-
FN- b-1aSERi 7 wi th hour incubation with PNGase F 1. 33
9YBPS %Ry er age of two independent series of

30. Eixepipiprowsat IS NEFob polypéphidg eéTEfragmhmtarﬂlmgao:t variahythereof, according to
relati

5 g S skt n saReRieice S domips ROk reference IFN-

Actsmpsamant ration (m) Serum (m) Serum (nmV 1
o1 TR S R Dy BBt 80 o tronc
IEN3® c@mpbsittonlig abfeMNACBIFR-ANIb EdMposltdn0. 21 2 6.5 GT
s2 S S 4 i P P s
10 IEW-B cdmp&isrie Arefebdrice IWNSA2 ddMpositibn.det ect ed NT, not
tested +Gal Nac4 +Gal actose +Sialic Acid GMGM GM . GD

Sialic Aild
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Gal Nac4 +Gal actose +Sialic Acid GO G G . GI
N-acetyl gal actosam ne4/ 4 Figure 4. (A Mnosacchari de

wo BiNsloteBb1 | ot | FN-b-1b ot B | FN-b-1b | ot A | BEDUN04/021618

lot B6 MHC1 6 MHCI1 2 MTFAL 2 M TFAL Fucose 202

24 196 223 /"-acetyl gal act osam ne 669

[ -acetyl glucosam ne 134 50 5 Gal actose 68 39 48

d ucose 410 5 Mannose 418 9%/433 Total 1901 161 284 276

Results are shown in pnoles where 650 ng (or 32.5

nmol es) of IFN-b-1b was hpigieé yzed and 1/1 th of the

sanpl e was anal yzed. (B) Monosaccharide | FN-b-1b | ot

| FN-b-1b lot A IFN-b-1b ot IFN-b-1b |l ot A RP-HPLCL

NAP G 25 Con A2 Fucose 193 292 /"-acetyl gal act osam ne

235 39 /1 acetyP@I ucosarfi’ne 1060°%276 6184 Iact o§8 74 60
1 2 126008 Manno

ose. se :
I a E: Q AALTIY
%tﬁaF Tﬁi Ffﬁﬁ‘gﬁfﬁ W Fz ﬁ'iﬁ?lﬁumx
- G 3 aN L%S ot beli Dl Rt ggrorassosnr
Results are shown |n pnol es where 3 g (or 150 nnol es)
of | FN-da- 1b wasghydrol yged and g/ 1 th efothe sanpl e 120
was anal.yzed. 53117AWOMLSEQ LI STI.NGS | - 2.t xt SEQUENCE
IEN-$TLNGEMLONTFATFRQDSSSTGWNETIVENLLANVYHQINHLKTVLEEKLEKEDFTRGKLMSSL

IFN-B-1b EMLONIFAIFRQDSSSTGWNETIVENLLANVYHQINHLKTVLEEKLEKEDFTRGKLMSSL

121 130 140 150 160 166

IFN-f-1a HLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN

RN RN RN RN R A NN RN RN R AR A RN R

IFN-B-1b HLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN



<110> Nestaas, Eirik Pungor, Erno <120> I nproved

Reconbi nant Human Interferon-beta-1b Pol ypepti des
WEIB8MIBIIL1L7AWML <160> 2 <170> Patentl n ver si p@I/BSR04/021618

<210> 1 <211> 166 <212> PRT <213> Honp sapi ens <400> 1

Met Ser Tyr Asn Leu Leu Gy Phe Leu G n Arg Ser Ser

Asn Phe G n 10 15 Cys A n Lgs Leu Leu Trp A n Leu Asn

Ady Arg Leu Gu Tyr Cys Leu

M 25 30 Lys Asp Arg Met

Asn Phe Asp lie Pro Gu Gu lie Lys Gn Leu Gn 35 40
lie Tyr Qu

45 G n Phe G n Lys Qu AsfFiddira2Al a Leu Thr

Met Leu G n 50 55 60 Asn lie Phe Ala lie Phe Arg A n
Asp Ser Ser Ser Thr Ay Trp Asn 65 70 75 80 G u Thr
(A) lie Val Qu Asn Leu Leu Ala Asn Val Tyr Hs Gnlie
Asn 85 90 95 His Leu Lys Thr _Val Leu Qu Gu Lys lLeu

G u Lys G u ABN-PheSaimplel00 105 110 Arg G| BpegificLAativity* (IU/mg)

IFN-pMatexpR¥ss&ein G180 cHils Leu Lys Arg Tyr Tyr G|yi.45rtg 3125x 10°

IFN-B A0 L 2RplesEed-RCHD ZellyT Leu Lys Ala Lys d|u.3pr2.5emM0°

*The grbducdt¥ebel$piciticRctivity of fFN- Eiﬁ%/é'e‘t‘é%e'rér@ WaY ugelds YEN ré?eHan@e standard
e R it AP AGT ATG Leu 145 50 165

(B)

Specific MxA Gene
IFN-B-1aser17 Sample Activity? Induction

(IlU/mg) Activity*
Untreated IFN-B-1asgri7 244 x10° | 100
IFN-B-1asgrs7 With 18 hour incubation without PNGase F 2.48 x 10° 101
IFN-B-1asers7 With 18 hour incubation with PNGase F 1.64 x 10° 68
Reduced IFN-B-1aseri7 1.94x10° |82
Reduced IFN-B-1asgrq7 With 18 hour incubation without PNGase F | 1.98 x 108 84
Reduced IFN-B-1asgr1z With 18 hour incubation with PNGase F 1.33 x 10° 57

Average of two independent series of experiments
*Total MxA gene induction activity relative to untreated IFN-B-1aggr17




Thr d
| -2.tX

wWE48m1637MVet  Ser

Ser Se
Leu As

Arg Met Asn Phe

Val

y Tyr Leu
t <210> 2

r Asn Phe
n Gy Arg

dn
Leu
Asp

10 15 Ser
Gu Tyr

Arg Asn 16553117AWOMLSEQ LI STI NGS

<211> 166 <212 PRT <213> Honp sapi ens

Tyr Asn Leu Leu Gy Phe Leu Qreu/BsI04/021618
Gn Lys Leu Leu Trp @n

Cys Leu 20 25 30 Lys Asp

lie Pro Qu Gu e Lys Gn Leu @n
35 40 45 G n Phe Gn Lys G3/dAsp Ala Ala Leu Thr e Tyr
Gu Met Leu G n 50 55 60 Asn e Phe Ala e Phe Arg G n
Asp Ser Ser Ser Thr Gy TFigubs8. 5 70 75 80 G u Thr e

G u Asn Leu Leu Ala Asn Val
90 95 His Leu Lys Thr Val

Tyr Hs Gn e

Asn 85

Leu Gu Gu Lys Leu GQu Lys

G u Asp Phe Thr 100 105 H O Arg Gy Lys Leu Met Ser

Gangliidd_eliGHnglibside liys Ps@lid\cidiyr GCi#\SiM@ALtd 120odétnteation (uM)
Leu H ssdptimlgem)'Lys Pbéruby uMF U TReshitlesHi s Gyfor 0% Inhibition

GM, 1rp Thia2%¥30 135 140 HhegVal Arg Yal Gu e Leu dyrg Asn

GM, Phe TyfoFae H € Asn PggaLeu I45 130 I55 160 Thgo Gy

GM, YT Leungg Asn 1690 [ ND 1 14

GD1, 0.42 0.83 2 7.5

GD; 1.35 2.70 2 12

GD, ND ND 2 NT

GDqp 0.10 0.21 2 6.5

GTw 0.10 0.31 3 9

MG-3 0.42 042 1 NT

MG-4 0.21 = 0.21 1 NT

Total 8.42 10.5

"Table 4 in Senn, H.J. et al. (1989) Eur. J. Biochem. 181:657-662
ND, not detected

3NT, not tested

GM;

i + Sialic Aid

GD;

+GalNac*

—p GM,
+GalNac’®

—> GDz

+Galactose
—>

+Galactose
—>

+Sialic Acid

G M1a ——» G D1a
+Sialic Acid

GD,, —> GTyp

*N-acetylgalactosamine
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Figure 4.

(A)

Monosaccharide IFN-B-1b lot A | IFN-B-1b lot B | IFN-B-1blot A | IFN-B-1blot B

6 M HCI' 6 M HCI' 2MTFA' 2 MTFA'

Fucose 202 24 196 223
N-acetylgalactosamine | 669
N-acetylglucosamine 134 50 5
Galactose 638 39 48
Glucose 410 5
Mannose 418 98 33
Total 1901 161 284 276

'Results are shown in pmoles where 650 ng (or 32.5 nmoles) of IFN-B-1b was hydrolyzed and
1/10™ of the sample was analyzed.

(B)

Monosaccharide IFN-B-1b lot A | IFN-B-1blot A | IFN-B-1blot A | IFN-B-1blot A
RP-HPLC’ NAP 10’ G-25' Con A?
Fucose 193 292
N-acetylgalactosamine | 235 39
N-acetylglucosamine 1060 276 618
Galactose 74 37 201
Glucose 11 22 12 6008
Mannose 98 97 231 422
Total 1671 763 1062 6430

'Results are shown in pmoles where 650 ug (or 32.5 nmoles) of IFN-B-1b was hydrolyzed and
1/10" of the sample was analyzed.
’Results are shown in pmoles where 3 mg (or 150 nmoles) of IFN-B-1b was hydrolyzed and
1/10" of the sample was analyzed.




