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BACKGROUND OF THE | NVENTI ON [ 0002] Vitam n K-dependent proteins
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circulation. Luo et al. Nature 386: 78-81 (1997). [0003] The
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reduced ability to formclots,
(1;nc ude protein&, protein S, prothrombin (Factor IT), Factor X, Factor IX, protein C, Factor

VII, Gas6, and matrix GLA protein. Factors VIL IX, X and II function in procoagulation
processes while protein C, protein S and protein Z serve in anticoagulation roles, Gas6is a

20  growth arrest hormone encoded by growth arrest-specific gene 6 (gas6) and is related to
protein 8. See, Manfioletti et al. Mol. Cell. Biol. 13: 4976-4985 (1993). Matrix GLA protein
normally is found in bone and is critical to prevention of calcification of soft tissues in the
circulation. Luo et al. Nature 386: 78-81 (1997).

[0003] The regulation of blood coagulation is a process that presents a number of leading
25 health problems, including both the failure to form blood clots as well as thrombosis, the
formation of unwanted blood clots. Agents that prevent unwanted clots are used in many

situations and a variety of agents are available. Unfortunately, miost current therapies have



5 Warfarin therapy is conplicated by the conpetitive nature of the
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[0006] A major inhibition to the use of vitamin K-dependent clotting factors is cost.
Biosynthesis of vitamin K-dependent proteins is dependent on an intact glutamic acid
carboxylation system, which is present in a small number of animal cell types.

25 O_verproducﬁon of these proteins is limited by this enzyme system. Furthermore, the
effective dose of these proteins is high, A common dosage is 1000 pg of peptide/kg body
weight. See, Harker et al. 1997, supra.

[0007] Another phenomena that harapers the use of therapeutic peptides is the well known

aspect of of protein glycosylation is the relatively short in vivo half life exhibited by these
30  peptides. Overall, the problem of shot in vivo half life means that therapeutic glycopeptides

must be administered frequently in high dosages, which ultimately translate to higher health
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5 concentration of the peptide in the serumis reduced by half. Wen
Factor Vila is used as a procoagulant to treat certain forns of
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[0010] The principal mode of attachment of PEG, and its derivatives, to peptides is a non-~
specific bonding through a peptide amino acid residue (see e.g., U.S. Patent No. 4,088,538
1.S. Patent No. 4,496,689, 1.S. Patent No. 4,414,147, U.S. Patent No. 4,055,635, and PCT
25 WO 87/00056). Another mode of attaching PEG to peptides is through the non-specific
oxidation of glycosyl residues on a giycopeptide (see e.g., WO 94/05332).

[0011] In these non-specific methods, poly(ethyleneglycol) is added in a random, non-

specific manuer to reactive residues on a peptide backbone. Of course, random addition of

PEG molecules has its drawbacks, including a lack of homogeneity of the final product, and
30  the possibility for reduction in the biological or epzymatic activity of the peptide. Therefore,

for the production of therapeutic peptides, a derivitization strategy that results in the



5 synthetic polymer or other |abel to a peptide, enzyme-based
synt heses have the advantages of regioselectivity and
stereosel ectivity. Two principal classes of enzynmes for use in the
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N- acet yl gl ucosam nyl transferases), and gl ycosi dases. These enzynes
can fhenatRAGT b opeciitalls Rdeicl] Radityt dahwraitzallé, eswgaslly Mihedtnean ph&iuct
subsequently 10 nodified to conprise a therapeutic noiety.
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be used to directly transfer nodified sugars to a peptide backbone
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t he rg@rgn@y)enti on conprise nodi fying groups such as PEG nvieti es,

t herapeuti'c noieties, bionolecules and the like, The present
invention therefore fulfi'lls the need for Factor I X 4 WO
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t hera e effectivepess. and.inproved pharmacoki netics, for the
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di scovered _that the controll ed nodification of_ Factor | X wth one or
product. Thus, there remains a need in the art for longer lasting Factor IX peptides with
improved effectiveness and betier pharmacokinetics. Furthermore, to be effective for the
largest number of individuals, it must be possible 1o producé, on an industrial scale, a Factor
IX peptide with improved therapeutic pharmacokinetics that has a predictable, essentially

25  homogeneous, structure which can be readily reproduced over, and over again.

{0014] Fortunately, Factor IX peptides with improved pharmacokinetics and methods for
making them have now been discovered. In addition to Factor IX peptides with improved
pharmacokinetics, the invention also provides industrially practical and cost effective
methods for the production of these Factor IX peptides. The Factor IX peptides of the

30 invention comprise modifying groups such as PEG moieties, therapeutic moieties,

biomolecules and the like. The present invention therefore fulfills the need for Factor IX
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5 nore poly(ethylene glycol) noieties affords novel Factor |X
derivatives with inproved pharnmacokinetic properties. Furthernore,
cost efwecniswesaset hods for reliable production of thermeshioiiacto
Factor | X peptides of the invention have been di scovered and

devel oped. 0016] | n one aspect, .the present invention provides a
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represents I's a nprising a
strai ght-chain or branched pol y(et hyI ene glycol) residue; and L is
a linker which is a nenber selected froma bond, substituted or

unsubstituted al kyl an§UMMaRY QETHEINMENBEINt ut ed het er oal kyl .
Generally, when Dis OH G 15 is R}-L-, and when Gis

%«0@5} Pohahdey beenlidcdvdred thalNte corﬁ:ﬁ)lbéﬂ blodER 2BHPE R TH Wikh dase
s

ill inthe art, in the sialic acid anal ogues set forth herein,

@amrwly@w@@e abvsolpmoieties afferds apvel Finserd St denp/m‘z Withiimpeoteher
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Fact Byt s SRRl PR ol ClneliB A8 tsbletd RBERE  on
i ncl teesodifigd mmajs:tpbmﬁea o2fhe m&aﬁmaﬁaare et cﬁ:;colvé&eaeﬂa delelodeltlh a

PEG sialic acid donor and an enzyrre that transfers the PEG sialic

acid an am no acid or. esi due t he Factor

pept IS s et RSB B IALS SFGHoF Hepegh SR s the
exenpl.gy: PEG sialic acid donor m)l ety has the formula: 5 WO
2005/ 055950 PCT/ US2004/ 041070 OH D O COON HO HO O P-O OH G HN

OH
D

HO O‘*_g
G—HN
10 OH
In the formula above, D is -OH or R™-L-HN-, The symbol G represents R*-L- or -C(OXC 1=
Cealkyl. R' is a moiety comprising a straight-chain or branched poly(ethylene glycol)
residue; and L is a linker which is a member selected from a bond, substituted or
unsubstituted alkyl and substituted or unsubstituted heteroalkyl. Generally, when D is OH, G
15 is R'-L-, and when G is ~C(O)(C;-Ce)alkyl, D is R*-L-NH-. As will be appreciated by those
of skill in the art, in the sialic acid analogues set forth herein, COOH also represents COO” or

a salt thereof.

[0017] In another aspect, the invention provides a method of making a PEG-ylated Factor IX
comprising the moiety above. The method of the invention includes (a) contacting a

20  substrate Factor IX peptide with a PEG-sialic acid donor and an enzyme that transfers the
PEG-sialic acid onto an amil;o acid or glycosyl residue of the Factor IX peptide, under
conditions appropriate for the transfer. An exemplary PEG-sialic acid donor moiety has the

formula:



OH ON N NH2 [0018] In one enbodinent the host is manmalian cell.

I n other enbodinents the host cell is an insect cell, plant cell, a
bact er g Qps/gssb4ongi . 5 [0019] I n anot her aspect, thep&fyeihi/@ioro
provi des a nethod of treating a condition in a subject in need

t hereof, wherein the condition is characterized by conprom sed
coagul ation in the fect . The nethod conprises the step of

adm nistering to the|subject an anmount of the Factor |X peptide
conj ugate of the inye teve togmeliorate the condition in
the subject. An &Renp easE treatdble by this nethod is
henmophilia. 10 [0020] | utheri S PHvent i on provi des a
phar maceuti cal f @mHNati o act | X peptide of the
i nvention and a pharnaceul,i carrier. [0021] O her

obj ects and advant ages of 'the invention will B8 arent to those of
skill in the art fromthe detailed descriptipn tfat foll ows.
DESCRI PTI ON OF THE DRAW NGS 15 [0022] FIG 1 1 structure of

Factor | X, showi ng the presence and | ocation of pot ¥t al
gl ycosylation sites at Asn 157, Asn 167; Ser 53, Ser 61, Thr 159,
Thr 169, and Thr 172. [0023] FIG 2 is a schene show ng an

exenpl ary enbodj nent o he_.i nventjon in which a ar bo rate . .

¢ es DO Jn oBe FRBeGment ?)E?ﬂt iammal W&Jeﬂ@@ﬂ&ﬁama?@e’aa‘é%d%qsaaﬁﬂ i)
si alg,Ghae Au IRh&LesbRLGia £ by sialidase and the resulting
gal actose residues are glycopegyfated 20 with the sialic acid

derivative of FIG 5; (B) a mannose residue is glycopegylated with
fhe [0819 1z enatbérchspRG; the By ertioni padvidesscmethad pEtgatiog aganditigh casubjest

I t ith th j.al i ' .PEG_ (D Lali i.d. noi et
s SR RE P ol e RoRb efetenr P PRt A R
SDS sbbyetr. deBéintriststhe ini IDheRAGEcORl anefuntatther DC
fromthe g?t;gﬂilon préldsucihngt@gbgwﬁ%%igh[g)). 6 WO (2;1%15/ 0_511%1950 o

PCT/Hagpo b% pepfids conjugae zﬁ]heml‘cangisn pHedive te pmelinTis therpndfioniip thei vo

resi dence A | & “g%ﬁ :xand enzymatically
gl y€§§§§y|‘4a‘lée’%wrfg%§ gﬁgﬁsg(%l[%@gg%t@%g% I ggém{)%ﬁéllﬁg conparing the
activities of the species shown in FIG 3. [0026] FIG 5 is the
18m rj602404 ild asethereaspert,ahe Maetton providds 4 aPvhceblil fEmdation gomptisiag the

presentatjon of the pharmacokinetic properties of various
gl y%@ﬁ@@%&f’ eﬂ(%@dm‘?nﬁoﬁé{l ga @?%&%ﬁﬁ%ﬂccﬁﬁa ¢fEHChegyl at ed
Factor | X

[0021} Other objects and advantages of the invention will be apparent to those of skill in the

art from the detailed description that follows.

DESCRIPTION OF THE DRAWINGS
15 [0022) FIG. 1 is the structure of Factor IX, showing the presence and location of potential
glycosylation sites at Asn 157, Asn 167; Ser 53, Ser 61, Thr 159, Thr 169, and Thr 172.

[0023] FIG. 2 is a scheme showing an exemplary embodiment of the invention in which a
carbohydrate residue on a Factor IX peptide is remodeled and glycopegylated: (A) sialic acid
moieties are removed by sialidase and the resulting galactose residues are glycopegylated

20 with the sialic acid derivative of FIG. 5; (B) a mannose residue is glycopegylated with the
sialic acid PEG; (C) a sialic acid moiety of an N-glycan is glycopegylated with the sialic acid
PEG; (D) a sialic actd moiety is of an O-glycan is glycopegylated with the sialic acid PEG;
(E) SDS PAGE gel of Factor IX from 2(A); (F) SDS PAGE gel of Factor IX from the
reaction producing 2(C) and 2(D).



[0028] FIG 7 is a table of representative nodified sugar species of
use i n whe2qsesesst i nvention. [0029] FIG 8 is a tablangHoosoi1070
representative nodi fied sugar species of use in the present 10

i yl transferases of use to

|nven#0$ 030] FIG 9 is a table of sial

t r ansiV8 410'?’11{‘"3 3;&?1&3}% epBRrIng theya i yersidenca lifetingsiof unglyeasylpeddiactor BX

t hose, g6t §:R4ich1 ied sialic acid noieties.

DETAI LED D{ES%RIQI#%%&%@?I%%E%MI ON AND THE PREFERRED EMBCODI MENTS
15 Abbrevi ations [0031] PEG poly(ethyleneglycol); PPG .

pol y(Eﬂéﬂyﬂé}nég'ﬁ g &dlg comyaaing heabiivitiesdf the-species ﬁhoumimﬂd} 3.Fuc,
fucosyl gal actosyl ; GalNAc, N acetylgalactosam nyl; dc,

L i e

(N-acetyl neuram nyl ); MP, mannose- 6-phosphate; Sia, sialic 20 acid,

N-ac ep9L MG Biiny brapbitrelefitatial s MBS plRintackalcae Fﬁ)‘peﬁi%? f)f’@dcrmus
Def i ni t| ons [0032] Unl ess defined ot herw se, t echni cal and
sci ently§Ipeey @F%Ea%%‘éa( melegylps samaredtp p nRrwesylraéFaciord Xreani ng as

commonl y understood by one of ordinary skill in the art to which

this [op29|Sid. 9%s DeRGSe &a&ag%ﬁxdfgeﬁeuﬁwﬁmswe%mﬂ dgf ein and

t he Iaboratory procedur cular genetl Cs,
or ganingerdioeni stry and nucleic acid chenmistry and hybridization are
those well known and conmonly enployed in the art. Standard

technj for nucleic a d and tide synthesis. The

t ech VAT IG5 B P ey mBfies §es SiBles 6bus D aamin

PGT/ Uge&da041070 perfornmed according to conventional nethods in
the art and various general references (see generally, Sanbrook et
al, MOLECULAR CLONI NG = A LABORATORY MANUAL, 2d ed. (1989) Cold
Spr i nk§03$H 6 2isp Eable rsipldivansferagss|of u@dplwsf%@l%ﬁn aqqentor a pigdidied s

i ncor fcaatcﬁqnm@%%& Dins&ler Bk ﬁém%]vz@mmé,aﬁe@ @4@ g&g &ogén%yghout

this ocurrent e nonencl ature use herern an oratory
procedures in analytical chem stry, and organic synthetic described
bel ow are those wel | knovvn and commonly enployed in the art.

St andard techni ﬁE‘T‘?&I @%ngs}ﬂgf]ggg%ﬁ%w for

chem cal syntheses an m cal anal ys
ol i gosacchari des descri ﬁ?«ldP Bﬁé { ith the nane or
abbreviation for the %ﬂon rﬁgum ng sacc arﬁiige Z|S.Me. , @Gl), foll owed
bpg th Iﬁ%@fa ation of the glycosidic bond 10 (a or 3), the ring
bond Mt he ring position of the reducing saccharide invol ved
i Nt e031] PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); Ara, arabinosyl; Fru,

fructosyl; Fue, fucosyl; Gal, galactosyl; GalNAc, N-acetylgalactosaminyl; Gle, glucosyl;

GleNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, mannosaminyl acetate; Xyl,

xylosyl; and NeuAg, sialyl (N-acetylneuraminyl); M6P, mannose-6-phosphate; Sia, sialic

20 acid, N-acetylneuraminyl, and dertvatives and analogues thereof.

Definitions
[0032] Unless defined otherwise, all technical and scientific terms used herein generally have
the same meaning as commeonly understood by one of ordinary skill in the art to which this
|_ invention belongs. Generally, the nomenclature used herein and the laboratory procedures in
25 cell culture, molecular genetics, organic chemistry and nucleic acid chemistry and
hybridization are those well known and commonly employed in the art. Standard techniques

are used for nucleic acid and peptide synthesis, The techniques and procedures are generally

7



bond (2, 3, 4, 6 or 8), and then the nane or abbreviation of the
reduci ng saccharide (i.e., G cNAc). Each saccharide is preferably a

pyranose. For a reV|em/of standard gl ycobi ol ogy nonencl ature see,
EsserWDapes/05595@ ycobi ol ogy Varki et al. eds. CSHL Bfd852¢04949y0
[0034] digosaccharides are considered to have a reducing end and a
non- r.educi n nd, 15 eth I t i ci ng
OB PR AR B AEaRRERN LRt Bt

NoBBRGLAS, Be@brodk Ieg&zsmb@mm@@mm depisbradrdrardimu, A euh@ 989)
non-reducing end on the left and . the redu0|ng end on the right.

[0@:@51 Sring Hashon Labprgtary Prgsp.dUold SpapgsHabon A Y pavhidy is eﬁcoaaorf%fﬁﬁll y of

T P G ORI A oy SO o PO GO ARl b

5 kEh&-eﬁreﬁdeheallab@iatoﬁy ﬁtodediemqyaﬁhlgﬂlqabehamlmggahdwtmniomwmﬁwdﬁsmsbeﬂ- onic
acid (often abbrevi ated as NeySAc, A, second rrenber
o1 Delad FEPr VL R S AROHB R RIS 5 e P DRBUALCBRORGuCE) 1 1
e Ih{éﬁ%ﬁctéﬁ g tﬁ&%ﬂ/ Bre%%r‘éﬁelﬂ%hﬁﬁnﬂl%em@i ohexilicdl @falysed third S' alic

nber is ket 0- 3- deoxy- nonul osoni ¢ acid (KDN) (Nadano
et al. (19_86) J. Biol. Chem 261: 11550-11557; Kananori et al., J.
Bi 00330 Adimligosschapides deserilgrichersin preglogyibed mibdhe mmmtee@bm@tmn for

o B nrbioh Rihanfe B GAR KGR 18 i uBhuilof Y e M atiersAl L

109 ¢ %&ﬁ aNeUPAC thefHy fo8itios W Bk rédiRingi saddharidCindolvadnid the see,
@%b 97 %&cglﬁﬁgg; Zg}.{Z5“4O (1962) Hﬁg& al |é ACI(()ZIS Che?n stry,

Ivebemrb(z §n4 Sreat Sfand theorihe MmSoebbsviatind of @@pcdu@gersamnd@(l eew  Yor K

h d
ST EROMAe, Shen SRR v RS & pBlandiel iof n B FOERRIRE v dbidtory  on
V\Dn&%éﬁc@&% sed) 3kdnSitig df Gy bRIlogl, VaRIAE al. 8dINOSHIOB/ODE 959),
PCT/ US2004/ 041070 [0036] "Pepti de" ref ers to a polynmer in which the

nmononers are am no acids_and are joined to et her through am de

bof54] Hligesencharides afe pegsideratiofavaaredusng gidbnd apon-1adusing eph) | v,
15 UNOBLHEAL: RIS A%h AT acifd rRNGHP E@m {rorad 9@&9@%@@9 fh q&ae&‘aa{ﬁ%e and

hondar gi nine are al'so inc no aci
gen&thancmhﬂdmmywlaﬁmg ohgosaseiﬂndes dré depicted barbini wittetht lnomredilcmg end
Furt 1 no. aci at. .have been nodified to i nclude reactive

ernpre, -am
gr 88 ,1%3@9%@@9? jogen th lglol yners, therapeutic noieties,
bi onol ecul es and the like may al so be used in the invention. Al of

thepgBs] Mhe A6 08ialis 840 REdrH & RiyaS&Mer bNY SRbilPHE TR cBotldbsiyldte d -
or 1- isoner. The l-isoner is'generally preferred. In addltlon

ot hegarsp Pl ekstboramon mearher of the sialie adid Family shtaentdsentaniingenid @n. As
_ p “efers t
20 B CeRGatider S > Bt b el bl t U EARe Tl RS en,
| nelsbTpvieted by Neh 34 Seh AL ast NANA). & y&b@@iﬂeﬁ@br &R emsiBsis Naglypelpt-i de.
For a general review, _see, Spatola, A in Chem st r)(l and
neurammic acid (NeuSGe or NenGe), in which the N—acetyf group of NeuAc is hydroxylated.
A third sialic acid family member is 2-keto-3-deoxy-nonulosonic acid (KDN) (Nadano et al.
(1986) J. Biol. Chem, 261: 11550-11557; Kanamori et al., J. Biol. Chem. 265: 21811-21819
25 (1990)). Also included are 9-substituted sialic acids such as a 9-0-C1-C6 acyl-Neu5Ac like
9-O-lactyl-NeuSAc or 9-O-acetyl-NeuSAc, 9-deoxy-9-fluoro-NeuSAc and 9-azido-9-deoxy-
NeuS5Ac. For review of the sialic acid family, see, e.g., Varki, Glycobiology 2: 25-40 (1992);
Sialic Acids: Chemistry, Metabolism and Function, R. Schauer, Ed. (Springer-Verlag, New
York (1992)). The synthesis and use of sialic acid compounds in a sialylation procedure is

30  disclosed in international application WO 92/16640, published October 1, 1992.



Bi ochem stry of Am no Acids, Peptides and Proteins, B. Winstein,
eds., Marcel Dekker, New York, p. 267 (1983). [0037] The term
"pept i devwsbmjosioms®, " refers to speci es of the inventi eoTius2ediosivra
peptide is 15 conjugated with a nodified sugar as set forth herein.

[ 0038] . no aci d" ref o naturally occurring, and
synt, hdf f-{%éej Pl ea('ifiq]ﬁé fo %EOIM%‘PII n @Eﬁatﬁilla APTSECH Pigg acidn e deinedi d
m met lt§get]§é}%rof1g!{'£1ﬁid9 Bohd3, #icARANE rSfeftd & ask 01 epndaawdﬁ dnmhose

occurring amno acids. Naturally occurring a acl ds are
enc odedmbbyuétl Iammog@rcb; for exanepde, Paslanied, Iphagdglhmsemwirhonmaagmﬂs atehiddo ar e

~ later . |f droxyproline 20 car boxygl utamate, and
. 0- phodP %f’éfr -fﬂ‘BmO&ﬁrdﬁBm RS @5@4@@%@3@ 150 e AorB (e TRV RRIHRS-
the sanpbash:S, £NeFLGH thﬁﬂa‘s"&BéQh ozl ﬂa%éiﬁfgé e ¥eti9€ %H)'hgé 'Cégyc%g)}v}&t?on

acid, i.e., an a carbon that Is oun to a hydroge
gr oup,sitam palwnﬁms @rempputlcanmeam Rog:m@mpl,es endythe liko mag elsb e used in the

e R L L T T e
pept i dsorhac KidenEsomdrud genetally PrdEieed AfaddRoh CotigRpE@mirtetisd 4 alsHr €

as a natural |y occurring amno acid. Amno acid mmetics refers to
cheni cpful Bp Bresens inverifonh Asaised Bereine freptide rafersite bathfglegosyletefiandn t he

gghper % %9%%[@!% %eiattld&c LY Fz?ltudgt{]are AR 12 L 1n&%pé%tgg§l§tc§%g%t %B ' h a

manner nat ur a OoCcCcu I‘I ng am no aci er €i n,
"am ncsyaemcthat enpetdeethe ipbptice. anr fa gbnelﬂiieéwm s@e,SpARENANT., &f CBepepy hflke

. sequence . refers to both the D and L-{soner of the ami no acid as
(8]

'vveII FHEREEHERE RinoHEds, P%ldr%arr’el’rreteﬂaof%{wﬁaé‘]ﬂ%d%é\éacﬂé?eéqkﬁn t he
term N@Q@yfoﬂg% S440@bg3), refers to a naturally- or non-naturally-
occurring car ohydrate that is enzymaticall y added onto an am no

acid or a gﬁmcosyl residue of a peptide in a process of the
i nvent[P&#] éem‘mepﬂmogurgam,”rrsfeyetb épacisd of thermveentiominewhich a peptide is

2 5/055 USZO (1041070 substrates including, but not
I |q it 6d} a‘?ﬁa"é ﬁd?ﬁugar %fﬁétﬁ%gr&]n and tri- phosphates),
activated sugars (e g., gl ycosyl hal i des, gl ycosyl nesyl ates) and
sugar 0038}t Tirrt&m ‘mm&aﬁd’a@famtrﬁdnﬂgrocw@hg Qhd S@Shetid Aindmaldsf hedell
sugar" is_covalently functionalized with a "nodifying_group

Usef ulas a3dng 35icep aécrg@aw%amwerae@énmmps tpefugelionip ﬁqnwaertsanﬂpﬁ@the

noi et i, ﬁ‘ralér 6&%&%‘3‘%&&&0@' ?\Fa‘trﬁ' %Sd;ﬂhﬁo &seﬁ'ré se QA0 l?)fr':fllees

and t he 1fyrng grou era y ho a nat ur
occur rgengrc axie zan vestiras dicke adlmamhlerﬂ}erﬂmtlxﬁm mhdifibdeus, hyf‘:lroxyprolme, Y-

L R SR o GO S
e nzy m%hé %é Vaslc@hamRENkhb@re dsQ0AQIraheech® P anked £4d,$ @' R bR arof il $s

~ to noieties that have sone detectabl’e degree of 10 'solubility in

“wat er .boned troalbydregedet exchoxyhgibup, aquamng gxpupesnd an Bograt, keigt,yhogroseninst, |

known noﬁeucme, methionine sutfoxide, methionine methyl sulfonium. Such analogs have modified

R groups (e.g., norleucine) or modified peptide backbones, but reiain the same basic chemical

25  structure as a naturally ocewrring amino acid. Amino acid mimetics refers to chemical
compounds that have a structure that is different from the general chemical structure of an
amino acid, but that function in a manner similar to a naturally occurring amino acid. As
used herein, “amino acid,” whether if is in a linker or a component of a peptide sequence

refers to both the D- and L-isomer of the aminoe acid as well as mixtures of these two isomers.

30 [0039] As used herein, the term “modified sugar,” refers to a naturally- or non-naturatly-
occurring carbohydrate that is enzymatically added onto an amino acid or a glycosyl residue

of a peptide in a process of the invention. The modified sugar is selected from a number of
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art. Exenplary water-soluble include e tides, saccharides, of ethers
polymers P p P Y( ), poly(am nes), poly(carboxylic acids) and the
like. tldes can have m xed sequences of be conposed of a si

ani no“éfcg , poly(lysine). An exenplary pol ysaBEF{Qﬁ%‘J&é/O-HQm

pol y(siali c aC| d) An exenpl ary poly(ether) is poly(ethylene

0 ¥Erke o BOLAEEHDNLER I T IE L1 Re A RRSTRL A BO K ATNE:, | and

pol cry a represen 3t Tve pol y(car boxylic acid).

[ 0%&}ph’ﬂ&§) petwirarsubas hongdyafy! hdidem ghrosd mesyletepdndrsagare trat be

| t hyl | [ d t ood
P DAl St s tidsive The Shasihipd SRn i apyten R ionarediil 8" °°

b BB bl ® USBEREARE YD el IdaCol SR F HulRdle rpEcPEa@a{es

ne gl yco to be inclusive and not exclusive

5i n theraeutie spégies, ditgnottermuiPS, bivclolealss 20d fhsilikee iThy meddyigigyaraip isi n

PE b o eR b B EBr B ARG B o B Hen d TBMEL P o PEG or

r e'ﬁ&&ﬁnﬂ%ﬁaﬁm tﬁ@aﬁbﬂlﬁnﬂ% ofp i RIRtWaEH thafie lod o pevberEent to
t he pol% r backbone) Gwth degradable |inkages therein.

( 0GanyifRdeugai’ ﬁmbmmﬁewnbdlmomn@ branched. Branched
poI ynmer backbones are 25 generally known in the art. Typically, a

of ERT R U Bharli B ISIPIAL AREANG AR, I Scleceichrdl S 2 1 (Y

ar po mer chai ns 0 the cent ranc re PEG is
100 onuTbility uuwadr | Methndnio hiettcf adie gusify ceater beluforlﬂsp a:reezdelhmoa\dﬂnttha) n of

hyl d I h
D6 dSERITY BRLeRAHoLls PEDPIRS hotiae petiEa S tarOe: VG an al so be
derﬂo}ﬁ&%ﬁ ynltegghgag woei{h@a[ad; aﬁ?ﬂh@?ﬂcespé‘ﬂhd% cén_wave@mérd@qbér@e@ap&

pol'y ycol) can O represented i n general form as
( -cPE@o©d)afiaisinghhareino Reidepg eBrdmﬂxsmd)e Agorempbirg pglysasdeaidads gl ycer ol

|,_and . Ml d
PEEOSGHE Bis AR ESise ar TP deol el et i B ™
15des@lekB8plahNpdlyapninkahd pb@(ac'éylfei? 4cid6%a rdibi’és@ﬁaﬂn% podgeiBericedid)y

reference herein in its entir can al so be used as the polyner
backbone. [0043] Many ot her pol ners are also_suitable for th

i nJ8oAL Jrhe prPbmgrbackbaskeidhe @/ateﬁﬁﬁluhkéwlm cae pe peltetifiene glycol) (ie.
Us g@tﬂ L‘%'vglh Itvghbltﬂdfb (aﬂzri]&stb%ﬂlg her%ggtetdﬁf ?9{% s al%rﬁ?so%ﬁftablg %rac{s!e y

e |nven es 0 nmers | ncl ude
b utin gegpriddice lof tid @elerition and et the rm@é yf thk karinePIEG ot y@lg(ahylemtgtyco&a)as

ld’a%p‘iﬁ‘i‘éyl e;gggslnécﬁghp%;qc B) cog% %Of e ene gI ycol and

zopolp\é}ﬂétgﬂ«:ﬂé %1% lgr}ﬁiﬂbr)o’flts rbé(%blfﬁlﬁnl%'m)?c&'m}‘%}ﬁmcuonal EG

OXy hacryl am de droxy acid),  poly(vinyl
al amﬂummed;ﬂﬂ@me HEﬁeh@nc}pleﬁ@;@zmdqnnBEG (i.e. PEG or related polymers

o lhxc{tgqjx\ll_g %(r:ler: %l'e PO%LI gror).Lps pen&ent Bthe polymer backbone), or PEG with
degradable linkages therein,

[0042] The polymer backbone can be linear or branched. Branched polymer backbones are
25  generally known in the art. Typically, a branched polymer has a central branch core moiety
and a plurality of linear polymer chains linked 1o the central branch core. PEG is comrmonly
used in branched forms that can be prepared by addition of ethylene oxide to various polyols,
such as glycerol, pentaerythritol and sorbitol. The central branch moiety can also be derived
from several amino acids, such as lysine. The branched poly(ethylene glycol) can be
30 represented in general form as R(-PEG-OH),, in which R represents the core moiety, such as

glycerol or pentaerythritol, and m represents the number of arms. Multi-armed PEG
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10 described in U S. Pat. No. 5,629,384, which is incorporated by
ref er encVR@WEOFISN its entirety, and copol yners, terpolysmog1@od
m xtures thereof. Al though the nolecul ar weight of each chain of

t he pol r._ backbone can vary, it Is typcal in the range of from
about  TUBOHET CEFD SBGUE StoThE B P PetfCanbish trogpomisats
about R@O00 nbiRin ihGR44lirefN8an AR WRAGE the tf)%%‘ﬁ%kggﬁe "AUC', as used

herein in the context of "adm nistering a pti drug to a

patient, is defined as total area under the curve that describes the
concent0043 Manpether pedymers sxplsoriuiiatde fa dheainyemionn Polysepbadkbonesdist are

ot o BT NPERER, bl BN S HE R e el

drup tthednveatiore ixaniptesadd bttt @dyhdre ifciude, ke atd dg dnfiwd 1Rbasra
tient to be reduced by one half.

’ . H f N
Ther o HJole cat Elco bt PRSPy Fes BieBEy BEe: Mrohmaof i

drug d Lag: LAl i j bt i and
of hor PR eIt bl o e R AR R 8 Bt Lol o
hal f - | palg@inipyrdtfomedcbobibyirbhatopylihethadrplhaidehasty (kshydeosoatid),ed with
redistri b&;i on, and the beta phase is assocjiated with clearance.

Howev ePoly(xinyhalgeholle polyBRasgRaZERG PolyPEaZORRE. PRiTENTAsEHOmpholinsf suplees t o

t hen 25 e Af sl . . f.o ||

Fof? 5 odbaRetth LR Tt NS00 304 il R lord 8P b L SBERRE P i D
"~ medi at adl oopalymeseptmisnanr, ard airphadescofonitindgh the lmcddculae elelght dhath
act.osam ne

recogni.ze termnal gal actose, N-acetyl. é

- acer 9o eiihenvme i RiiR sab vaturt R Bl SR e Ay 100 Dato
cl ear agp@t 10000954 LY BomeBaht AOMBE 1 Bbut 40.dopadd.on  for nol ecul es
wth an effective radius < 2 nm (approxi mately 68 kD) and/ or

specific or _non 30 specific uptake and netabolismin tissues.
A ycoPldlathcorosapdedhe ewven @ralAliiyas wed deigin in thasanéexdgbadprinistering a

N acet ] . I r.api asg cl earance
ui B ° K8 BRE T R EL 1505 R R R S S G B BT o

| ar ger conbdigation of draginisysende tinailatioy id the \patI @b A BRRASDOf time from zero to
PCT/ US2Q04/ 041070 decrease the volune of distribution and tissue
upt ake™f¥E&r eby prolonging the |ate beta phase. Thus, the precise

i npact of gl ycoPEGyl ati on on al pha phase and beta phase half-1ives

Wil j094Y) ARASRANMDG MOk the i 11eféiﬁ1§rpthet;oﬁla¥tfo@%mhﬁﬂ§t& ag:r&gﬁae
ot her paraneters, as 1s well known 1n the art. Further explanation
of "hafirhg ka 4 patient isfdeineld sthetimeregawt fogllasBiactecinetiogyf &ird 80¥, DFA

Oy o R b R 0 AT 5 7
7y 1 ef er spdndd BiRg ABgERE| hah i MpRR Waftn€Sme SRR sHE R EioR 2ABEink ed
-~ sugar species to an amno acid or glycosyl residue of a
mechanisms well known in the art. Usually, alpha and beta half-lives are defined such that
the alpha phase is associated with redistribution, and the beta phase is associated with -
clearance. However, with protein drugs that are, for the most part, confined to the
25  bloodstream, there can be at least two clearance half-lives. For some glycosylated peptides,
rapid beta phase clearance may be mediated via receptors on macrophages, or endothelial
cells that recognize terminal galactose, N-acetylgalactosamine, N-acetylglucosamine,
mannose, or fucose, Slower beta phase clearance may occur via renal glomerular filtration
for molecules with an effective radius <2 nm (approximately 68 kD) and/or specific or non-
30  specific uptake and metabolism in tissues. GlycoPEGylation may cap terminal sngars (e.g.,
galaciose or N-acetylgalactosamine) and thereby block rapid alpha phase clearance via

receptors that recognize these sugars. It may also confer & larger effective radius and thereby
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pol ypeptide, e.g., an Factor | X peptide substrate. A subgenus of

"gl ycoconjugation” is 10 "glycol -PEGylation,” in which the nodifying
group of the nodified sugar is poly(ethylene glycol), and al kyl

deri VAP, | m PEG or reactive derivative (e.ng.T;’USJIMOP

HOOC- PEG thereof. [0047] The terns "l arge-scal e" and

"industrial -scal e/ ..ar-e used i r d ction
oy rssish A R BBt a0d Gy FIBBRRASLY g B P RO, O
S0@hng theanekishmpat e RlebEEaRlayionbn biphsphaband béta ghasmbalf-lives will
gl ycoconjugate at_the conpletion of a sjngle reaction. c ﬂcg.%{LOMB]
FhEamdleRendng YAOBSYA 74 AlRleY EyfoEictionagnd B TEATRTIFS i FEL (0

9l yeasyte F&%ﬁ&%ﬁgkﬁathdffﬂf@ﬂam § fothth PhAWCERiE] BidREEABEE Y.

therapeutic noiety, bionolecule) I's covalently attached; the

gl y8SyDFAiGrkinngligraod B Sindelat, lkds. fhbativbyd RgbliphegpAmsterdam, rpnilinder  of
the_20 conjugate. In the nethods of the invention, the "glycosyl

li A )ng group” becones covalently attached to a glycosylated or
ungl ycosyl ated peptide, thereby linking the agent to an amno acid
angiae) Thy &08 YlyeesdniuRien” b¥sel fBfeir] Salerd t6 leynogihtidall kichfhtdr oup”
is generally derived roma "nodified sugar" by the enzymatic

at terjhgation 06 madifiedrygarspeciesiogaraminaacihonghyorsyl geidde efl/ or gl ycosyl

residue .of the. ide. The. y | nki »
saﬁgﬁgﬁ@g» o5 ggle%cgggisqep E@? gjrbé&?%‘a‘!? Slug gg?%%g%gﬂ@?%@ o?smati on of
0 €Ty | LR Gt @it Miadiible the StigiafyingGaegedftibe fiedlfied sogdr dapolpletiybabi f f
base formation-),reduction), or the gl écos%l |, i nk}ilr}g g:ro q31:1y be

i nekyseD), and atkyih derivative (e s PR hRITRFIISF Berprative fos- st PEG h%%? Y group
th@hgé%eg rived froma glycosyl moiety in which the saccharide,
nono that links the nodifying group and to the remainder of the
conjugate is not degraded, e.g., oxidized, e.g., by sodium 30

me {0451 Thel erms "htgetsmale” ghd/Godustrial-seals”mye yred dptstchafgeally andhvaderttban nay

be derived froma, naturall rring.oligosacchari by addition
of "G Syte Bt Rrodyeapth el 251 M aer o aent A 90 B om a
PaLERS pRACHIR S 18t bl O towid of FRcMan Rt /a0 Lok pREbh UPd SdTeQ4dtion
[0049] The term "targeting norety," as used herein, refers to

spexéles that will selectively localize in a particular tissue or
regi on of the body. The | ocalization is nediated by specific.

re i td fe d ' ' ;

¢ ST The R PRGBS RO Bere PR SEMA eSS B,

i nixdfiched inodisyiag groip €e.£ i, REG idibnt thempbuiti rssistypbiohaigele) isgoaseslyagent
to a partjcular tjssue or region are known to those . of skill in the
ar ﬂt.ta%z@ﬁjm glysosyi nlgag groyp ignste swdiipe sendpdhosmegder 3P hody

fr : bithe et “QyRbEY1 linkiR PR AL PAIEntTyS e Um
pr SRS n hEREIBNS blne MR B PyEbRL nkRREORE pEbr G Tkl ont
attached to a glycosylated or unglycosylated peptide, thereby linking the agent to an amino '

acid and/or glycosyl residue on the péptide. A “glycosyl linking group” is generally derived
from a “modified sugar” by the enzymatic attachment of the “modified sugar” to an amino
acid and/or glycosyl residue of the peptide. The glycosyl linking grouﬁ can be a saccharide-
derived structure that is degraded during formation of modifying group-modified sugar
cassette (e.g., oxidation—Schiff base formation—reduction), or the glycosyl linking group
may be intact. An “intact glycosy! linking group” refers to a linking group that is derived
from a glycosyl moiety in which the saccharide monomer that links the modifying group and
to the remainder of the conjugate is not degraded, e.g., oxidized, e.g., by sodium
metaperiodate. “Intact glycosyl linking groups” of the invention may be derived from a
‘naturally occurring oligosaccharide by addition of glycosyl unit(s) or removal of one or more

glycosyl unit from a parent saccharide structure.
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¢
i

proteins (e.g., Factors VII, Vlla, VIII, IX, and X) and the |ike.
[ 0050] As WQEPSHa& n, "t herapeutic noi ety" means any aRERUS208£F070
for therapy including, 10 but not limted to, antibiotics,

anti-in tory agent.s, antistunor,drugs, cytotoxips nd, .

"o 0acoP 3 T “AERE: BT R b s 1 B B wlStsptvely

bi oact i peala@enh partieMBSHSkHSbiSrefibn oMb GBIFOTIR: TobARa@iEs kRaTBRBY dpbeific
noiety is bound'to a carrier, e.g, nultivalent agents. Therapeutic

noi et y Erenifieicoipadscula detsimpanindneendarsizeof therangefingrgenfeorgsoyugitas .

ol ony e RIeRE ARG eifrpOE Qa8 Bl e Bl Aoty

St i mul afgdenptoRagiritvul £ GduShy regioit £¢ kesvanto(tBosg of skilltie tHe@Ftd Bxedplary 3,

_-y), Interleukin (

(e.qg., Interleukin l1), serum proteins {Ye. g., .
Fact or staggefing yrojegies ipclude aptypodiesaptikgdy ﬁw’t@w&f@ﬁp&@ selFetelbi n
{ HCG) | g . i Horar - Py
(L+) arc e pepotorflndh MAoe RO forklichd G206, UIET S1E8r BPOT Mo
Recept oprofefrsNER), Factotdihi VI, W3IIpIK, pnd 38 iand jhe 1&6. [ 0051] As used
herei n, "pharmaceutically acceptable carrier"” includes any materi al,

whi ch conbined.with the conjugate retains the conjugates' .
act i vi.twa_gﬁd/*? aseddiraiea lrav@ﬂwn_eﬂemg ﬁ?éa%&?sﬁyés?mysm’f]@e@ng ing,
Exaygpl el?ut'n'aﬂ'l fl€a to?bﬂtib?tftﬁs,rh%ﬁ-ibﬂiﬂlﬁa%x% %g{l%,@éﬁi}?ﬁ?gbp@mg& apR&dxths, and

pharmaceutical carriers such as a phos red salfne

30l ut i ondicagiieragemnul Bieopsutduphietyd snadides wedewgsefrbiogtton, agamts) coastiugtssn

~types of

~~subcut aneous,
..Nbr eov ethe suitjeste immjuee $yistemsi Extmples awluda, bt areorof limitgd to, bmdefitbe standard

\

tting agents. Ot her .carrjiers may alsa includ 5 sterile
solut i oneith gt BB YRR e traring g E0 ot bt Eh ¥l A BUPEEResBca 1
such carlidrefeutic edicky Also RXRIdEY ®Btetnsu Bodsusth &iag thelulle ploteifid) Ffemplary
certain types of clay, gelatin, stearic acid or salts _thereof,

nmagnesi Bratesrs loelnds, Gul ase eelliniied to.{prenuloeie Lalone Stimubiting Fastp(Gfiis
ool S o : .
21 260: R Maca AR CBOS) Blyfllaing PSS EMEHS Rudfofichd hfteli®

conpri si @, shChtcElBelih &S, Rtcdleliah ] Rtesl phyeinbclg.,kAGI B0, VIIa, VIII, IX,
conventional nethods. [0052] As used herein, "adm nistering," neans

oral admais HuanhoriatiaisnadatepidhiGe. Bollidksoulattseyioropt (D and
tacty_.int At ol 1 i | i | i |,
15" ZuebisB SRR R B AR EE 35 mbithir e b iR

adm ni sRéapiod ((TNFR)Heelomal fasibapiowin)f a sl owrel ease device e.g., a
mni-osnotic punp, to the subject. Adminsitration is by any route

i ncl udi n arenteral, and transnucosal _(e.qg.,_ oral, nasal, - vagjnal,
} odth , gt Aansdderea. ?Phaﬁaavéﬁileq?% acmbiﬁ @%ﬁ‘g’t’ insfices g ol \high,
| nt rave@ﬂ&?coﬂlﬁﬁé&%ﬁg le8iiu detgfe'iﬁﬁsaﬂlta 86:di@dafes’ b fv'it?qgtlil g‘ﬂlon—reactive with

Intraperito intraventricu ar, ntracrani al .

apopt osi.s, adm.ni.stration may be direcitly to the tunor and/ i nt
t Ip sgue Spha’rmaceutlcal carriers such as &y phosphate bl&%eréﬁ saline solution, water, emuBsEons suc

as oil/water emulsion, and vartous types of wetiing agents. Other carriers may also include

25  sterile solutions, tablets including coated tablets and capsules. Typically such carriers contain
excipients such as starch, milk, sugar, certain types of clay, gelatin, stearic acid or salts
thereof, magnesium or calcium stearate, talc, vegetable fats or oils, gums, glycols, or other
known excipients. Such carriers may also include flavor and color additives or other

ingredients. Compositions comprising such carriers are formulated by well known

" 30 conventional methods.

[0052] As used herein, "administering," means oral administration, administration as a

suppository, topical contact, intravenous, intraperitoneal, intramuscular, intralesional,
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15

20

25

30

surrounding the tunor. Qher nodes of delivery include, but are not
limted to, the use of |iposonal formulations, intravenous

i nf uswornpostosssasder mal pat ches, etc. [0053] The ter mc'raoebisaaats ng”
or "aneliorate"” refers to any indicia of success in the 10 treatnent
of a pathol ogy or condition, including any obj ?cti ve or_ subjective
partmAsEor sudytansousasdatriaEaion, ordhe Haplapation ofi asleldelrssg dsvic 8pons

or an LIm . . pati . . el ng.
AT SERHEUEEE b o Bl A S BB E W by el FERRle MR IERY,
pakanmiiessal (eigyadraldinmgl, Viagnal geckl sr oinsdenpda) s | Repdnterbainniaistrationand/ or a
psychiatric_ eval uation. 00541 The term "therapy’ refers

-tdn?lPé%& F-Hg'mt@t"e’_‘qqse‘&frﬁ%]ﬁgc’“ aﬁflr_ﬂéf_i'ﬂﬁt%r %én%qjg%ﬁqgl@?gﬁn%@sai ncl udi ng
PTG Sbal, ML GRS 8 £ARGLIhOHLBROGAEiBGidns At MBI thal
may be predisposed to'the disease but does not “yet experience or

e xiininloite. & yinmitcerapoptbsit, e mdni sterdion maypgrealileyilpat the tm@amden gl tissues

i nhi biti.ng the disgase | owi or.arresting its devel gpnent ).,

or S BE Pt DB iies & AR5 St A et B0 R ks
(1 1pdsodlbnBrRablibRl in@venbhSMEIRM IransdBehd] @hicRyd Bg. the di sease -
(causing regressi on of the disease). 20 [0055] The term "effective

amount”_or "an anmount effective to"or a "therapeutically effective
ant90H3] Thertemn argelmmetied ar 1apedigiae/ apisrttoway indisia AESucRss hdant t hat ,

faor_treaftin i.sea I

ooy KR O B RG8R R o,

" | fatetleat] reinbioh Sr Hitnifishing f ydiptéiabr dsingitbednent irvd patiept's gesientt i al |y
free from conponents, which are used to produce the material. For
peqytmendal il Reieg: dyndioratie of Rxrapiems fan bobased en pBicRive G EPBIFEH ref er s
to ' ' ' . i al | a0 f :
cHBEh Bk Sk e s SR B b BhaBESFR Gy DR VAR, & e
to prepare the peptide conjugate. "lsolated" and "pure" are used

i npes4iliErgembi‘therapyprefaas toyfireating? ot "tatajpept'l dfe diseajaigatoeditioh t he

i nventj on have a_l evel of [it referably express as a range.
S RE Pros At the iscess A6 aPhHiion i SbSrape 118 Bme e Tt ugat oo | s
ggﬂy&i ﬁb@%é tohe gisegs@%lpdoegia@wet ég%ﬁam JrRQuPRRGMpRATL ofFR: @feabdie range

purity 1's about 70% about 80% about 90% or nore than about 90%
14piDhplachy O&Has0L),RATbiUSE R4l @4%0F D Wil asaticsiteits ddvelopepni)de

conj ugat es,. are re than about % pure,..theitr puriti are al so

o b el o B Sy o s st B! it inBiting pehatflss o
PUtdatiferit aRd Ailev IR Yhe BRAN (cahiif re@RRedibn Sl dabaM). 96% or about 98%
The upper end of the range of purity is about 92% about 94% about

96% _about 98% or about 100% purity. 5 [0058] Purity is deternined
bylﬂﬁﬁ’g] Thettens cffpstiyeemensitheid ‘ap pmeyal sfcEve ©7er a "thyapputigtibreffectivon  a

Sy e B s R o B PR RO Bl o\ L B0 SRR B Rinci e

asnimadohieeating 2 deasy; isbafficient to effect treatment for that disease.

[0056] The term “isolated” tefers to a material that is substantially or essentially free from
components, which are used to produce the material. For peptide conjugates of the invention,
the term “isolated” refers to material that is substantially or essentially free from components
which normally accompany the material in the mixture used to prepare the peptide conjugate.
“Isolated” and “pure” are used interchangeably. Typically, isolated peptide conjugates of the
invention have a level of purity preferably expressed as a range. The lower end of the range
of purity for the peptide conjugates is about 60%, about 70% or about 80% and the upper end
of the range of purity is about 70%, about 80%, about 90% or more than about 90%.
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:conj ugate

characteristic of a popul ation of peptide conjugates of the
invention in which a selected percentage of the nodified sugars
added t o ¥WOBePFYEl are added to nultiple, identical ackepUsRoOLdR1070
sites on the peptide. "Essentially each nmenber of the popul ation”

speaks -=00"h enei ty" of the sites, on the, peptide

conj ugi‘i@git ea-wpﬁ?%%“é‘iﬁj HrBOIP 18800 @O/?:]BWFJB%’E ggﬂf&ﬁs apefdso

i nvent ipRiferabiicghteRE®add ran8@STheAbRL &%%ha%ﬁ%eed ¥y Rlablhigagl, ?Qﬁﬁﬂ

90% anlg rmtgvg gﬂi}eferabl%/at | east aebout 95% orr%g}e%yous. [8860

" Hormog 8A%: eliput 94%:+ abogt 9656 phebostt PRYet dharprso prd sfthetange of paiy & about

popul atghHn €, ol5 i &b) es .t beh the nodified sugars are
b? Qd?bq#h%%’ f?)rﬁlﬁg%p/é’patbl eﬁc/gb%j a&agttfé&a(ﬁp ¥HE i nvention in which

each nodi fied sugar noiety is conjugated to an acceptor site having

theS s§@ns8kPuityisideerasnddiey ageeptagnived eictiodwiiacdlysy @/, ahdRftensity on

m)dified,su%ar i,S conjugated, the peptide conjugate is said to be

about RGBYY RGHEY SRk Boyact bFlegrapgonegis; RELG 0T esiiesnsasias a

range. The |ower end of the range of honpgeneity for the peptide

conj uga§es9] AWkst:fialh ukth AOber I Unof AU, ” ARUA h8RH aRdibhe upper end

of the range of purity is about 70% about 80% about 90% or nore

t han alsharect@s of @ pemjlatithed pepislepemugates afdhg myeittzs inmdiaerseletfedn or

equal to _about .90% h enequ heir .hono ity iLs.also..

pref er gﬁllcfllgﬁg?qu %1038‘915‘8)‘9 g’lgagr@g? PR ep‘g%eq,re gﬁéo]e%J? %{”flutélﬂ?"é‘ied@cﬁﬁccepmr
honpgenrgdston thépepaigelt “T2ktiaBP eath rkdber 8POM hoPd Hiorhpetis 46 or about
"98% The upper. end 25 of the range of purity is about 92% about

1

9%  abbUROETEOEY” b insiionon e teonedsd inghibgdifed sygar mkrefers to

(

N

chr omatag prefeyabisdeassfient 9 dbmpednots.M5), matri x assisted | aser
desorption mass tinme of flight spectronetry (MALDITOF), capillary

| ect sis, and the |ike. The di i b qual.ly 30
Fel ovalUop b PRToaRiegy s et M TR SN 6201 PFOMIA0R BLCHeREF v
2005/ 0apaaRs RGHALPARAA R (G ars E&%ﬁjugﬁt\gl&lb%@s?%ﬂ Bpdpfidt Bordj a8 of the

glycoformt or a "substantiall’'y uniformglycosylation patfern,” when
r ef er r invgntian ia vdiighowple prodified spess imsdcty ksefogjugated ta dreaqeeptontite dgeing the

of 1 nt SyERElehER by BesBHF o I S5 o ol SRS LT LHES

a al, 2pepiiesyhihgaoBfsaidas e about 0L Abinbaddeyud) HEBs FonEMERSHiclyon
pattern 5 exists if substantially all (as defined bel ow) of the
Gal ( 31 cxpressed\mc g dlbsi layve sded therapasgu dsmppeneily forghe raplide eguivgacas

e P AFRLAGA, 8 kSRR B by At b e oD R .

~gl ycosybat 80Fs, s0uepisobr morehbesbdqued®s, fucosylated Gal [ 31, 4- GLcNAc- R

~noi eties). Thus, the cal cul ated

[0061) When the peptide conjugates are more than or equal to about 90% homogeneous, their
homogeneity is also preferably expressed as a range. The lower end of the range of
homogeneity is about 90%, about 92%, about 94%, about 96% or about 98%. The upper end

25  of the range of purity is about 92%, about 94%, about 96%, about 98% or about 100%
homogeneity. The homogeneity of the peptide conjugates is typically determined by one or
more methods known to those of skill in the art, e.g., liquid chromatography-mass
spectrometry (LC-MS), matrix assisted laser desorption mass time of flight spectrometry
(MALDITOF), capillary electrophoresis, and the like. The discussion above is equally

30 relevant for other O-glycosylation and N-glycosylation sites.
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percent glycosylation will include acceptor noieties that are

gl ycosyl ated by the nmethods of 10 the invention, as well as those
accepts zmjg/bgggg@s al ready gl ycosyl ated in the start pogruRBlogoi18t0
[0063] The term "substantially” in the above definitions of

“substantially unifornt generally nmeans at |east about 40% at
| ea[@%%]b S&mbsmmxaﬂmmf cemsglyetiferat” @@%ub@?anﬁﬂl@rpfom@mﬁamn padlgEy

222‘3 an AN aZélY‘fo&ﬁlrﬁgée Slggcrﬁl{gsf g%ialé) ;ne}c%ﬁ‘tﬁ 3 ans é tg%%f%{mstt}ﬂgt

cos rase are

gl y&@gkﬁcaéﬁaed FPthe@kaapylGandférak oTaﬁéreﬁ (¢.X, peotyltensferagedlgBde 15
I ncl udes a Ser Ilnkedggl ycosyl residues, at |east about 70% 80%

90%x20He, othgragan ol ﬁ@%ylty@sfﬁ%se@%ezfnw yriwiterm degosylation patierig o,

R S T R e TR SR L e
S“béﬁngH%e&BP&Q?u&Eﬁaﬁﬁ%&hBéﬁﬂe@b{njhé’e&é bf e Eﬂ&@ﬁﬁé@ n@kyilt Bem cal
fornulde, witten fromleft to right, they equally enconpass the

ch emdca;ltdo;zl hydmmof cleill i ns the=ri, ﬂu@ﬂn@: startiggi rdferidl gayonntiin glyedsylatedom

o se8gor Pt ot s Hutar R mafidy: oy TR eldpag) °30
Par ferQint @@f%%ﬁuoﬁ%ﬁgﬁﬁﬁ@”ﬁccéﬁﬁ%meﬁ% Rt recOd iR afed bar&h@iﬂ%ﬂmdﬁof

st rai ght anched chain, or cyclic hydrocarbon radical, or
10c onthé natention, ehwrelef thosetochiomaypidies ltdaily slyaosylaiedein, therstrsing gwaterial.
pol yunsaturated and can include di- and nultival ent 25 radicals,

hav nunmher ) &0 [ one
o (o1 1 Bl o5 s Ry 38 B PSR RS B Gbuirknely Shirhe PRy

I nclhaadﬁ at it 266t 4004, at leﬁtttabdutt’m,/f), gﬂemsbcm govt, aﬁmﬁﬁﬁryferabﬁ?jt ftast

n- pr.opyl |sopropyl n- but |sobutyl sec- but

cycfﬁt?ﬁ o, andstillaneym sefeIR h%tahiﬁpst ab%ﬁéé&fﬁp? PRSERIGT morf‘élﬁbf(%’@s and
ﬁ.\lﬁng%Jo e ura% eaé gyES’ Ma. i egﬁg%g;lﬁﬁlf"g&&tﬂ ﬁﬁd@%%hgaé@nd

group | avi ng one
ISdOUJinbladéKmSks' limked glypbsyl hxsrahiss aEleasypbas 70%, &@%aﬁﬂ%;ﬂféﬂ, 95’%399‘Vgr oups

2 ket 558 Blmarm iy kbl 8 B o lgeh Vi ve

pe%@@ﬁ@g&bmyﬁé@wﬂ%ev&e t@%ﬂm&ﬁﬁ@é’dﬂi’ Ser3ediitlcy nyl and_the_hi gher
honol ogs I'soners 2005/ 055950 PCT/ U82004/ 041070 The term

"al kyl," unl ess otherwi se noted, is also nmeant to include those

der [006d]i Wahsreotibgiithent grogips aneegedifiedyr theid eonvientionsi dwmisdcfhma@,ae

"h I h

ar o PRI gty ity 965 ERRgh Borels PE FhOrRE o iatel 5Saals Fg s
200ar ol renbtteet wsﬂh? et st@iBlurdTBom $ight tdlwmle?t OH%@I— @ﬁhtenﬂediﬁraﬂs‘bed from

an al kane, as exenplified, but not limt by - CH2CH2CH2CH2-, and

f urfepiés — ‘? Het udes t hose groups descri bed bel ow as "het eroal kyl ene. ™
Typically, an alkyl (or alkylene) group will have from1l to 24

car pegsET R Erm WAL T RPRR 1 QY PRt hEMbDB: dbsBiuckiaiins GRIIROBtherwise

stated, a straight or branched chain, or cyelic hydrocarbon radical, or combination thereof,

Lh

which may be fully saturated, mono- or pelyunsaturated and can include di- and multivalent
25  radicals, having the number of carbon atoms designated (i.e. C;-Cyp means one to ten
carbons). Examples of saturated hydrocarbon radicals include, but are not limited to, groups
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl,
(cyclohexylymethyl, cyclopropylmethyl, homologs and isomers of, for example, n-pentyl, n-
hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl group is one having one or more
30 double bonds or triple bonds. Examples of unsaturated alkal groups include, but are not
~ limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-
- pentadienyl), ethynyl, 1- and 3-propynyl, 3-butyny1, and the higher homologs and isomers,
16



atons being preferred in the present invention. A "lower alkyl" or
"l ower aMGR8HESI0s a shorter chain alkyl or al kyl en@cgruseq#/041070
general ly having eight or fewer carbon atons. 10 10067] The terms
"al ko a nd."al kyl t hi o" r, thio OoXy) .are us

hel 1 PHedrFe A Om AT e e Wisseseis oo o 5 I SRR eh o Ao
Lo theehasPintEGE d@ﬂcaﬂtbgl%w”ﬁlcﬁ%%' L‘ﬁetel\ﬂh]ﬁylaﬂ %ﬁﬁﬁ@ﬁﬁf@re HhiRAHHO
group, or a sul fur atom respectively: e term

" het emydidegtbon gips ersd¢rined homoadiontbi. nat| on with another term rreans
unl ess otherw se stated, a stable straight or branched chain,

1 SR o R ORIl SRR

" ni t r ogeHuRsitRgse SFURS Hespribiskhekavans

£

sebectdelvéd homtahellgneup ceandifet ) Mg nof liited\by &H@@Hg(ﬁizﬁm awﬂ €lir@ien
the nitrogen and sul fur, atons matél opt i onal Iy be oxi di zed and the
e

fseoaligiigneer Ryieaily, spalkyl (or alkylene)
net ot R e S0 3 AR lodBHIRNAL IRTH: BRI WERH Ofbon |

posi tion “of t eroal group or at ositTon at
al kyl atprosipeingpraferi@d iveihe pﬁ:sememeenm n@siélou&ﬁ a]rkyl”tdnélormt alkylene” is a

_ExCagPI S_ti‘r{]nﬁ_?ll ud lg%ﬁre ng}% Iinéi_l_t av1 C@Z@%tg@glﬁamms
-CH2-CH2, - §( O - CH3, - CH2- CH2- S(O 2- CH3, - CHECH O CH3, -Si (CH3) 3,
- Go2- hhéY @@é@emﬁﬁdﬂm@"ﬁ%ﬂcﬁl&ﬁﬂ%hﬁ&&lk d‘gor 11@;@&)%@@&@% tHeRy be

consecutlve such as, for exanpl e, -

< Si ( m@psvenSPml [serpseyandirefer fodhose abiel @w@m azfgalcbfrdem tlapyremgxépr ofdhe mslepulet

of an u I derlved from
et or o By VST b 8B RS FrSh RoRR B 65 o

CH2- S- CH2- CHZ- and CHZ S- CH2- CH2- NH- CH2- . For heteroal kyl ene
grou pqoomﬂ“é:lemﬁhn‘ﬂmtemadkyl Albg dtsadaipyombinhgon with bodtherdért, hesand) anless

a1 Kyl BHEERS50 AAE RELEHE bt Py arelc KHASF SRy PR oinc

hgter QalyaBhfs thedebK| bABisghQUPBe st'af?:d%in%@ﬁ éftda%n%:ﬂs*ﬁd' ak [Hdioge 9T oup
is inplied by the direction in which the 30 forrmula of the I1nking

g rou p l'uemrw:wm sdected-romdikagpipconsisang of GuN ;;Sl«':\@(l 6) 2R wharelprtesgtrogenbot h

L L e

conbi- ralaaﬂeﬁﬁzem tiihe h@ﬁemfmﬂ(@)rm ah®PRAS BTthay B@bl@@eﬂ d@hﬁbefrﬁ%rﬁ)? p@ﬁ@éﬂ
cyclic versions of "al kyl™ and "heteroal kyl - spectively.

Addi t itembgterpalkylgropperdat &@w@s@an Riypvhich ﬂW@ﬂI@ﬁl 5B m‘ hascte dpyrempinder

pgal . ? %ole%cﬁx 125?63 ﬁélcyé 4§9+tslgﬁl& nc?’u?ﬁ Bg(%lfelgn Z'ﬁqﬁl t'ed

~to, I c%}pr@Hi-@Hé Pf(%ﬂs{?ﬁE%#Cg-B‘CHMHﬁﬁﬁlﬂHz,&(@mhﬁfﬁFWHrS(O)z- but
-~ CYCI ohe an e | Ke ero I N ugae, u
S A/ 1 el ALY NGRS N ARG RS a b oA s e 0P

2- pi Pefh SeRydatonts RhPEE Ldbbhtive, #actRlsPRPLEAY e, -8, -NH-OCH; and ~CH,-O-

Si(CH3);. Similarly, the term “heteroalkylene™ by itself or as part of another substituent

25  means a divalent radical derived from heteroalkyl, as exemplified, but not limited by, -CH;-
CH;-8-CH,-CHa- and —CH,-8-CH,-CH,-NH-CH;-, For heteroalkylene groups, heteroatoms
can also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy,
alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and heteroalkylene
linking groups, no orientation of the linking group is implied by the direction in which the

30  formula of the linking group is written. For example, the formula —C(O),R’- represents both
~C({O)R’- and R’ C(O)-.
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nmor phol i nyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl,
tetrahydrot hien-2-yl, tetrahydrothien-3-yl, | -piperazinyl,

2- pi pRipaehIMskesoand the Iike. 10 [0070] The terns " halt0iis4/041070
"hal ogen, " by thenselves or as part of another substituent, nean,

unl ess otherwi se stated, a fluorine, chlorine, bromne, or iodine
at [H9691 8kt temm‘énﬂc;oallwérm “heterohydealkal bydhamselvesar én easalrinatian witle| ude

hal oal k d K | ec » ‘ »
e e TearRRt R B St e PRTRs R AR el Besroiyr
t rfefslbdéﬁ{/élﬁlﬁwaﬂitmngu}z f@rhetdrd yhlé»@.ﬂ&?l?fam)ﬂema‘ﬂmﬁ b0 b&Jayl YHe: position at

3-bronopropyl, and the |ike 0071] The term"aryl"™ means, unless.

ot wbmﬂseehwaﬂ@ée lsatttmhegl imtha remainded of Begwalesule. Examples ofisagloalkyht can
5 bem%hlﬁ L8k Brelrl %8 ! 23:18%6%1];1 cﬁ/gﬁ)gg 8f ?jgc‘fll@‘}exexfl).h]%nc{rcﬁ%xgnﬁ' ngs),
" hefictshepiyy, and iief ites Bxampley loflje’témﬁﬁ:lc(dbl{yl lindmg&) bﬁﬂm notdomited 1o, f om one

to f het t | ect f N,. O, t
a5 LGP ARGHEER o Bt R 1 ReR ey, eIt R U8 St on{ )
ar Exo Bhﬁﬂ?la!e’tr)ﬁhﬂﬂ@ﬁ@e[n“l ?P%Uaﬁydg‘gfu%lt?&p tbé!hg&{oﬁﬂ&&%ﬂ‘ be attached to

emal nder of the nof écul € through”a hetéroatom ~ Non-limting

ex&trpﬂlﬁh;otbjena'ﬂr-yll 1 apbetvetgt, Gapipdrazmyd el thatikeide phenyl, |- napht hyl,
2- napht hyl, 4-bi phenyl, 1- pyrronI 2 pyrrolyl, 3- pyrronI

3- m 3 5 ) |
10 5 BBEOE fog i pfr?é%‘;@-‘zﬁa%ﬁ% oy ety g5 prR VR S s iR 7Rt

| S Qe bdrwise siafX aBRbdhe, cHlotild, BzhiMt, or dodihd @téﬁx' YAdd1@0ﬂaﬂ51 azahy/|

2-furyl, 3-furyl, 2- thlenyl 3 25 thlenyl 2-p yl, 3-pyridyl,

4 wh 28l yllzaioaékqdy rarernggn to nchyle manghaloalkylisad p@mhah)amyw Forspmplgl the

Brindol [ | I
2 Bl e = ALY by PR R & GERRIONA. 202
begitbhlettiyl,aryhlorobeiyt, Lirbinbprepyll aanthBhHe hydr obenzo[ 1, 4] di oxi n-6-yl ,
benzo[ 1, 3] di oxol -5-yl and 6- qU| noI yl. Substituents for each of the

ab ve noted aryl and hetero ring.systens are selected fromthe

15 gr B hesfern prtyb] Beanspuilese g %ﬁ%@fe% R sNEA A RAbiP2 1 For
b r ﬁibkﬁﬁientttﬁﬁ cEEBE”a s t ﬁfﬂg%%ﬁﬂﬁﬁ?ﬁfﬂ%%?&l ncpﬁﬂdnﬂ'i t¥‘”3trﬂ1§9)t Dfchl £ TS

g., aryloxy, Xy, aryla des both aryl an
hefmcdﬁagg/menm dg&edtsmdﬁnﬂme ﬂ‘hamnéheﬁﬂmasrl” teffiers 1BaNE@0GH(00 HHSH Ghat

PCT/ US2Q04/ 04 070 t "] t de th
¢ atoaR Sofho Ao, N QT RALS: Rarh ey et 8t
( eslifur afd8RZY o tiﬂ?ﬂﬂ?bﬂ)dlzed wla e B R akor@§ ale M tibh AR quaftehikst. N

t hose al kyl groups whi a carbon atom ( etgx a net hyl ene group)

20 hakettreamy! geopb serbe @;aoh%ﬁo tb&@mw@er @ﬁfhe mlegile throygh pdiegroatom.
gpgn% MR B o AR ous btz BRBRA LR PRAprmy A
" hébishesylk JHpyrroly@ I 2ypyrrodyld3-piesiet, 0auyydzo)yl Bimidazolyl, 4-imidazolyl,

pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, S-oxazolyl, 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, S-thiazolyl, 2~furyl, 3-furyl, 2-thienyl, 3-

25 thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl,
2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, S—isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-"
quinolyl, tetrazolyl, benzo[b]furanyl, benzo{bjthienyl, 2,3-dihydrobenzo{1,4]dioxin-6-yl,
benzo[1,3]dioxol-5-yl and 6-quinolyl. Substifuents for each of the above noted aryl and
heteroaryl ring systems are selected from the group of acceptable substituents described

30 below.

[0072] For brevity, the term “aryl” when used in combination with other terms (e.g., aryloxy,
arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above. Thus, the
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k

meant to include both substituted and unsubstituted forns of the
i ndi cat ed WRI0FBI550Pr ef erred substituents for each tyPETAS200a6i1®20
are provi ded bel ow. [0074] Substituents for the al kyl and

e b e B LR R SRR ) o ghie s &7
cycl oal dpfl.groip (e@eu;eﬁm kb Wyuid§ Mﬁﬂ%'ﬂiﬁ&ﬂ]ﬁ'hk@ﬁﬁ@ludmﬁ those alkyl groups

heterocycl oal kengm]) are generically referred to ‘as gr oup
subst i tigertchac peye.gap Disdhydme serupirbiscbeet I@I@a@l b}&stfyr @cramgteoa:ps

SSr . Rabbihm s, WianyhEhl bl aistoheg g s Clii o pp g &

- OC(E) NReR', -NR'C(OR, -NR-CQ(ONR'R", 15 NR'C(OQ2R,
“NR-C(NR R'R>")=NR -NR-O(NR R')=NR ", -S(OR, -S(O)2R'

S(O 2N -CN f t
o 1 00T dieh o ey aboyaEine e AbHb: o - 200) % pﬁ%fo?nﬁﬁrxg °
radi cal yedds to Reludfpoth dMktiRited HRAAsR:EILEIFHYs of‘tﬁlg Patdm)él tle%f’eriﬁeﬁo

hydr ogen, substituted or unsubstituted heteroal ky stl tu
unsubst substiteehtzfoy achayg of radivdl asudystidedbedalvwi t h 1-3 haI ogens,
substituted or unsubstituted al kyl, 20 al koxy or thioalkoxy groups,

P L LT M Rl

_selget edferred {0 as ABylades aRagh, }E'teroﬁ(yletﬁ' het@a@lk&yl ReyMbaRrylor e

‘than one of these groups i's present. Wen are attached to

“the sanetaipeyclgbul syeaptkenydyand aﬁe@éml@%}hwadqunﬁn@% refeprpdipeas “aliybm

ol e Sytiutspeng st SEPURI G P hprd o RN o Iy ootk PO 0

4k mlolr phinhiterto: -OR ROt HNRAEIN-ORA) -SIIRS -8R, onalsgdnsxsmtmm”s -OCODR’ pf

SKI | rt t m maant to

i ncl ud 8@@3 g i“r{;é%ﬂ 5&3&5@%%& 1@%@@%@ Eﬁ@lﬁ% 31 "t han

hy d. mqj'@@ ] >=a :and

aﬁslﬁo??f’%%@%@ O CH3, - Scl(dsc%ét C( o) mzooR% and %@QR [ 0075]

Siml arS(OszlhB”sM(Dﬂleﬁﬁl‘éardieé@z ibedufnber Jtahgnglﬁio;d zematdx @mal1), where

substituent and 30.hetero rqp S, eneric

ot or v ot B fe 0Bl b fere ka0l Hote im e itel R LR HaR SR prpforab

s¢ IRect eiﬁdéﬂeﬁ&@ntlff@c{fesf%q{éﬁio%en habgae B onﬁﬁﬁcb(suga@ed he?é%alla?h&u%tutedw R
-0 O NHS@SHMWEJ@ oERaryl masmtezzo@m bSgebECRCH RO OrFEed alkyl,

R SR i

- CH( Ph)idcludidsundre (iah one RAgralik doyexampld, ddchiof the ® grSdpsik kndeperidontty seleogteer
~rangi ng from zero to the total nunber of open vaI ences qn the

“.-ar onat | ¥ %S ¢ &yRaly™ %Rmpwswhen@m faan o gt fhese gpypsds Bk pMpen

R’ and R” are attached to the same nitrogen atom, they can be combined wfth the nitrogen
atom to formn a 5-, 6-, or 7-membered ring. For example, -NR’R” is meant to include, but not
25  be limited to, 1-pyrrolidinyl and 4-morpholinyl. From the above discussion of substituents,
" one of skill in the art will understand that the term “alkyl” is meant to include groups
including carbon atoms bound to groups other than hydrogen groups, such as haloalkyl (e.g.,
-CF; and —CH,CF3) and acyl (e.g., -C(O)CH;, -C(O)CF;, -C(O)CH;0OCH;, and the like).

{0075] Similar to the substituents described for the alkyl radical, substituents for the aryl and
30 heteroaryl groups are generically referred to as “aryl grou];i substituents.” The substituents
are selected from, for example: halogen, -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen,
-SIR'R”R™, -OC(O)R’, -C(O)R’, -CO:R’, -CONR’R”, -OC(O)NR'R”, -NR”C(O)R’,
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5 independently selected from hydrogen, substituted or unsubstituted
al kyl, substituted or unsubstituted heteroal kyl, substituted or

unsubstituted aryl and substituted or unsubstituted heteroarﬁl.
Wien ¥EHRORRY of the invention includes nore thanPGHESKOYPULE for
exanpl e, each of the R groups is independently selected as are each

R R g RiR» S_ e »ONGR af RSENGI-OUPS 'S

pre@ntqﬁgw?ﬁe’%e%ggﬁafm?o I:)Pv?\), the synbol 10 r):_-pres’ents "R
as SIO3R, i HELRIbS(0), NUB75INRSMMRAS-Chrends i3, R U elt, sCHiPIg gl jflioen{C:-at ons
of aryl het ergaryl. rin optionally be replaced wi.th a

O e M B o SR AR Y Pl G SRR
I ndaReReedtthy arodBtic rmd systerfRBd-wiRfe 1'@’,H”Dﬂf”ea_lﬁq{fd’,ar@pﬁfﬁaﬂl? an
integer of fromO to 3.” Alternatively, two of the substituents on

Sad]independeatly releged frvm hydyagenrsubditetedon gosubstifgedaloyh substituteshen 1y be
eI R AR flnd 60 o SRR mist”

- S(lﬁie%&!?ﬁh Wherfa &dniygiuad ko indRdor intkidegiotd thegsiie Rigrdupofdr kxdmpid,
One of the single bonds of the newring so forned nay optionally be

r epieele eEthaRt groupsde iderendently, selcied apateioael i, B Wi ofnd R grawesviient s

on j : he.. I i ionally be
e Role e R BSe Gopod S Bty 1Phe S AHN eI REIEEK R Y, 3
10whatgresenar iR s deeribadiepamsdent |y i ntegers of fromO0 to 3, and X is -
0-, -NR -, -S, -S(0)-, -5(0)2-, or-S(O2NR -. The substituents It,
R ,..B d R are. preferably inde dent|ly.sel ected from hydrogen
o TR e BivStBS of Pitirein Pt DY B B G e s o O
herkiBnally R bS6dBd Wit £5RatiReht df theTBAMIla LO-CEHLORR "RV Sek&h T and
nitrogen (N), 25 sulfur (S) and silicon (Si). Introduction [0078

As WerdnddpendcalpvBR-F&kt SRR "Xor &sivgle hbnd,ind hds o tideizer obgem 4tto dn

casgade... The, structure. and seguence of Eactor. 1 X is provided in

P Ry SHURL SRR o8 RAHGRS fofls o B! rbeletePUHEIER, [ pe
150f JpeaRaly delraplededPait) subtieitvE e BimilRLa-WIEHEBE Wikrdis Uadnd\B hdem t ed

to 30 intravenous tranfusion of hunan pl asma E,rot ei n concentrates of

Fadrdspendentlyoh@Rér -On nNRadd s P ER- tH Dire-HP3NR ¢ ot 2 ginglkdeahtangeds of

ti : r i .
000 BBy S BREES tnch o301 iR S bl dne REARE SR ke Sty Moty
Y |h rbal;gﬂslmdt\ﬁitﬂ zs%oﬁ!ﬂihdnﬂe Alienmutingly debiof itl&mlt}é[ stﬁt)miiﬁ OﬂV\h Edl jacent atoms of ]
t hronbo olic diseases top the recjpient., [0079 i.Le Factor | X has
derBhew %ﬁ@&r%rglémg gay alﬁ-lqnﬁﬁm@? Bhlcedwith & SHbtiteshpbils dorayla —
th § foh i , r i -0f
20 Fagtég}keﬁl%ﬁlgﬁ]@r chi%%g r{;l%l@ HSREREeRRA Y Snt Srs bPGoR PRUCLILR i©
O-, -NR’-, -8-, -8(0)-, -S(0),-, or —=S(0)NR’-, The substituents R, R’, R” and R’” are
preferably independently selected from hydrogen or substituted or unsubstituted (C1-
C6)alkyl.

[0077] As used herein, the term “heteroatom™ is meant to include oxygen (O), nitrogen (N),
25  sulfur (S) and silicon (Si).

Introduction
[0078] As deseribed above, Factor IX is vital in the blood coagulation cascade. The structure
and sequence of Factor IX is provided in FIG. 1. A deficiency of Factor IX in the body
characterizes a type of hemophilia (type B). Treatment of this disease is usually limited to

30 intravenous franfusion of human plasma protein concentrates of Factor IX. However, in

addition to the practical disadvantages of time and expense, transfusion of blood concentrates
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5 cells (US Patent No. 4,770,999) results in a product with a
rather short biological half-life and an inaccurate gllycos | ation
pattern tHARWEEHPH potentially lead to i mmunogenicity, Wgéﬂwmlm
function, an increased need for both |arger and nore frequent doses
in ord hj . : f e @ b .
| mpr v Pie B PRE PR AER BB ik i kD sybrome o
t her apthmdmisogmbopodissases th@hd Reipghesent i nventi on provi des conj ugates
of glycosyl ated and ungl ycosyl ated Factor |1 X K peptides with

A R e A A R e P e

di ver S@efpedicppEttiing prestdi AR E&ﬁhﬁ%‘e&ﬁé@&oﬂ*h@t&nﬁ@frbﬁ rBRInffih 28
targeting moieties and the |ike, 100811 The conjugates of the

i nvent ¢Bk (Hrte Priseiiiel 4047 01978) repipriaaipeodact with er ghoth biojopiqeblil f-lifed

R S S R S g R s S et

or cel

gr oupsfunetiéh) an pepiasdimeed f@ bothdyrgegindanse faggattidoses infordexenphiave/the
nodi fying group is a_water-soluble polymer, such as poly(ethylene
gl ycol Jameeifget, apdthsdiks- pol y( et hyl ene giycol ). Modification of the
Factor | X peptides can inprove the stability and retention tine of
the re | T o hehts [ ] /
Feducer B B o B LY et e R el
of 1& hethie pvesentti iovenirek provideposgidates of glyessiartl sdpmgtyicaadatahihcior IX

‘Dt or e b Sne ot PR (PREEC) REGi BRCRAE O Er ARy CorER | Ve

for a pReifidialy oF alihali0cld@hdllifiRHyhdRher CORRIG AR With @lfve@md;sb@ies 86hths
resi dues, or particular glycosyl residues of the peptide. The

met hodBicrpeutis Beicipsadipgnostic meieties, t4ragtipg-newielies apd dwddei on of nodified
pepti des and gl ycopeptides. Thus, the nethods of the invention

provid i€ . . - : |
01 ycop RSP AL ERuTBANS o Phuc RO Rrmplf ol SR AN Bholliontofp o s,
[ OB 3] mbtidicp sege id the giyeodylaal alvaglyposldatetegeptida] Ghebedatoh sites and
gl ycosyl at ed and ungl.ycosy] at ed eptides. with increased therapeutic
hal f - | ¥ ey LisSEes FoYileics rmw@a@ d VO8IEETDS I e @oPiie, .8by
" educegh b alofiualidUakoid ROl TR g if EWaRULABBRAL N Aoyt em
s of €’in for

i
(RES) . reover, the metho ention provi de a nmeans
maski ngplaetliyipenigtycdbs eg. minethoxspalm(etepine géeol). Modiiza2i00 51 85 59&0r IX

PCT/ US2004/ 041070 t hus_ reduci or, el.im nating a.ho i e

r coporb@iguiAdE ootk oY S Bhiof Yatt ARt B Pt T iR

aggnt s?ﬁﬁﬂt-sadi&maﬁsn,%ﬁ%r Feludeahd BitiRnRRP b A8ohBinAntTALlk gl ar tissue
surface receptor that is specific for the particular

~~targeti ng a_?ent : ] i ) ) ) ]
N [0082] The methods of the invention make it possible to assemble peptides and glycopeptides

that have a substantially homogeneous derivatization pattern. The enzymes used in the
invention are generally selective for a particular amino acid residue, combination of amino
acid résidues, or particular glycosyl residues of the peptide. The methods are also practical
25 - for large-scale production of modified peptides and glycopeptides. Thus, the methods of the
invention provide a practical means for large-scale preparation of glycopeptides having

preselected uniform derivatization patterns.

[0083] The present invention also provides conjugates of glycosylated and unglycosylated
peptides with increased therapeutic half-life due to, for example, reduced clearance rate, or
30 reduced rate of uptake by the immune or reticuloendothelial system (RES). Moreover, the

methods of the invention provide a means for masking antigenic determinants on peptides,
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The Conjugates 5°70084] In a first aspect, the present invention
provi des a conj ugate between a selected nodifying group and a
Fact ool ARRshde. [0085] The Iink between the peptg@guaabyddieo
nmodi fying group i ncl udes a gl ycosyl linking group interposed
bet ween the peptide and the selected noiety. As discussed herein,
t hihugs sluciap od climiretivg hhogsmenhe %Sbgnsalagamsielm Eptitlh a$elaan'e be attached
to a saccharide_ unit, result{) g éo in a "nmodjfi ed Sucgﬁar t hat
¢ P PRATEHT §

r ctH§ ﬁ@@fﬁvg@ﬁﬁ%ﬁsﬁéﬁﬁm e §<? *@F%Féé P&H ﬁ%‘eﬁageﬁt he
Ol € o SHERMaP RsBod HE R AR feftEon o Bt o SBECRRH de component of the

gar, I nt er pose he pepti de and a selected
noi ety, becones a glycosyl | i nki ng group, e.g., an "intact
gl ycosyl linking group.”™ The glycosyl linking group i.s formed from
anyhe fooningates ol i go- saccharide that, after nodification with the

bst f t he
5 TORBLABE B! s B vt RS B 0L
[ 0RBBikyik @jpyﬁg%yﬁaciokmbgﬂ@roup can be, or can include, a

sacchari %e noiety that 1S degradatively nodified before or during

the addition of the nodi f&;l gro For exanr}gl t he yﬁll ycosyl
| i [ﬂﬂﬁﬁ]gﬂ@ﬂ ulpbesmrennbe peptideand theanedifing sienp intdndes s mhigesyt Hiaking s

d h
CoPPE St %68%)5?‘99%‘11'%&%?%@‘?@@‘?%?%% S RSl gpsaliinl 01 0
angkl@waaﬁamn‘ts leyseggalednly @gedias thatSaibé httdvhedion dabclanida it Qaa"ultaige E

am ne, which is then reduced to the correspondi ng anm ne. . [ 0087]
10 Ex@rﬁo fnwd;ﬁ@cbmaa Aihaigs aercogrﬁéaﬁ bR A APPEPT s FABS SEIE SR Tion B hifb fepads

i
C ol Aot fed guEBP b BueBede, ritd AR R GBI S mbltehod Sodhe
nonrtfirpdssed betregaithe Impddet andsa se%tmllmdueﬂy, Becomeaa figlycdsyvbnking ggap,” The
ent" is a her eutlc thalblo tive ent, a etectable .
| ab@ an st e S ElycosEiking gt Sferned AMABPG or
t h@ohbX&oli gﬁ%acchﬁﬂg@ﬂlat aRs ﬂ?&hﬁcdﬁ%ﬁ%ﬂﬁthe ﬁloﬁ \%mg%é%%ls ARbERAYor

anti gen, l'i nkér can be any of a 55950
15 PCH tgme4he aldothe modificsl werrty anamiordcider @Vmplsreﬂduﬁ ol peptide.
Alternatlvely, t he I|nker nay be a single bond or a "zero order

89 [ 0 t..th difyin
or [056E Tod 205 bgfl oS TR RS b P B Y oS RoRRL B 9251 b o°
poﬂegﬁmamrﬂy%ﬁb(ﬂﬁﬁﬂbéfb(reﬁ tmﬁge@ie baditie o PR madefyitigareup, Foy lexaasly]
| i nki ng gromgl. The glycosyl Tinking group is, covalently attached to
anthgglcesidd %pm@ﬂn&e rigied, e yisagebaridn aesidre tabis peqstucertby The

' nb’ﬁﬁﬁﬂv%rhegxlaﬁgmﬂ{ &Vdnqﬁ[%clcs%uhuﬂﬁé £%hé &%b&mmg aldehyde, e.g., via the

20  action of metaperiodate, and subsequently converted to a Schiff base with an appropriate

amine, which 1s then reduced to the corresponding amine,

[0087} Exemplary conjugates of the invention correspond to the general structure:

c/d

[0088] in which the symbols a, b, ¢, d and s represent a positive, non-zero integer; and t is

25  eijther O or a positive integer. The “agent” is a therapeutic agent, a bioactive agent, a
detectable label, water-soluble moiety (e.g., PEG, m-PEG, PPG, and m-PPG) or the like. The
“agent” can be a peptide, e.g., enzyme, antibody, antigen, etc. The linker can be any of a
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~an amino acid residue and a glycosyl residue are nodified with a

gl ycosyl linking group. [0090] An exenplary water-sol ubl e polyner

_ i s pol y(et\WQrzerasy9ycol ), e.g., nethoxy- poly(ethyl ene BE/EBI094/04T978

pol y(et hyl ene glycol) used in the present invention is not 10

restricted to any. particul ar .formor nolecul ar weight r e. For
unbr ancf@é ﬁﬂyf{}i @ﬁ%ul)sdﬂg‘ﬁ‘ofb‘@e ﬁl‘geg%ﬁée;ﬁllﬁ(ﬁ]émﬁﬁﬁﬁémngﬁ%%? ght %<0
pr ef er aBlqer Bgtsmveen 500 and 100, 000. A nol ecul ar  wei ght of

2, 000-60,000 daltons is preferably used and nore preferably of from
about 5,000 to about 30,000 daltons. [0091] In another enbodi nent

_the pol WEPh{i anexeginiasembpdiment gselread medifiaggrmyribe @aicrseiubles one

-~

N

pepti

C

55 gt g gl P g
5, 643, 5¢bicodyl BnkiRatgrouo Thé gBitOsyd EblingJproGp is deablentNoattaehddlid o8 @fiind hchi

Pat. No. 5, 183, 660; 02/ 09766; Kodera. Y., Biaoconjugate  _Chem stry
5. 283- ¥5ENEPHBE BECO%}X\gesvﬁwg thejpepiideg| The inggpiion alpg povideseqpjugates in which

2125-21 : | £l G set
For th has e G B oy e D AR RO B SRR, b
wei ght of each poly(ethylene glycol) of the branched PEG is equal
to or gl¥¥0EAntchamphbowatePs@aide psly®enis poly(@hdenelBEyadD ¢.22 edody-

40, 000, 0 and 60,000 ltons. .[0093] .In,addition to provjding
conj uga%@&tﬁﬁ?maa ¢ Orﬁﬂ?é’ Ogﬁ?thﬁali"f’ %%cogn"}"\;l’}(rlrﬁ’tqlg E{GIS‘?}“&H@BHO‘PIQ Yeosyl
1 i NKDNY rakeriddl totahif pRrtiesianforni by @idldcGRr WeHt AAge. AR iudBRh&Rd PoBctiitne
hi ghly honpbgenous’ "25 in their substitution patterns. Usin h

t
“fret hods gbrol) molecies fa malecyler veigigdseretsrably betreems Peamedi 1&@,0@@ nﬁwgé@c@%ar

in whic | ) I.f] Letie S
popul at 1SHELT 08 5% 0 s I HiBRly B wRHAR SIRLELLET B 05 Fpe
copi es abowa38000dhlwonal |y i dentical amino acid or glycosyl residue.

Thus, i.n a second aspect, the invention provides a peptide conjugate

coval onTID G 8 kel SR BrHBUDHES A0S § Weatid EL e hore tan

l'i nikEng og& PEG-mdiE'ty%tt%H%H.eEk%'pl%é)@ﬂ Biahed PEGE BE deB¥BRYE 1S, Pat, No.
essentially each frember of the

popul ation s bound via the glycosyl
| i nki ng3§Bedp2:tldSaPa3NVG, 240BHQ B5D Bat. NCTH, 063,614 MDA IGT.No. gl 846§ U.S.

resi due,of .1 h I nd.e | idye, of .t eptide to
wn on- ¢ RE- Mgy GABERe: L o NG Rctt bl AR B Sodfey Lot
struct umemi@&)%hsﬁh@@g@m{ e Tah8saRi RARLASE BRI CRAE S5NaY2918) 9, 1998.
popul ati on of water-sol uble polynmer noieties covalently bound

t her et o Additvaghsafugbipadedipolymk spryieg ptausst forth harepr.ef erred 5

enbodi ment, essentially every nenber of the popul ation of water

sol yhl e .l j ! i I f it
P8 T B 050 B A e
branched PEG is equal to or greater than about 2,000, 5,000, 10,000, 15,000, 20,000, 40,000,

50,000 and 60,000 daltons.

[0093] In addition to providing conjugates that are formed through an enzymatically added
glycosyl linking group, the present invention provides conjugates that are highly homogenous

25  in their substitution patterns. Using the methods of the invention, it is possible to form
peptide conjugates in which essentially all of the modified sugar moieties across a population
of conjugates of the invention are attached to multiple copies of a structurally identical amino
acid or glycosyl residue. Thus, in a second aspect, the invention provides a peptide conjugate
having a population of water-soluble polymer moieties, which are covalently bound to the

30  peptide through an intact gtycosyl linking group. In a preferred conjugate of the invention,
essentially each member of the population is bound via the glycosyl linking group to a
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acid residue having a glycosyl linking group attached thereto has
the sanme structure. [0095] The present invention al so provides

conj woaewossesal ogous to those descri bed above in RH/ESz00d81Q5@pt | de
is conjugated to a therapeutic noiety, diagnostic noiety, targeting

pCeECRE R S BRI W
q’%f%%gt Plggg%b?@[l%ﬁ&wma&(ﬁ’ Sime Sﬁg&ﬂ&ept i de) or synthetic polyner.

e tnvention include at |east one N-, or O-linked
glycosyl ation site, which is glycosylated with a gl ycosyl resi due
t pR094] Adﬂapje‘éd@d iE’E@epmeeqomung@laﬁEQa ipepdetial effmator-scdthlapblythet o t he

Fact tid t | i nki ., Th I I
| istisg aetRs oLl oinertehy el Rakmegraih Ha TRt o aci o
r @ibEdighet, e@eﬁhamcewﬂy rﬂﬁﬁﬂaé&‘%@tﬂ%f pobfieti&ipeOkater 961&@@%&191%1 moieties

Alternatlvely t he glém;;ym |nk| ng group is attached to one or nore

gliylowegd o angming ack resi mphdevmﬁméyqomdelm&mmram engeanhi aghgno
Wh t t.ached to both
A Rb el e Mol e araut o stS M geB RN exenpl ary

enbodi nent, the Factor | X peptide corrpri ses a m)l ety havi ng the 20

f OOD3| The Fresédtlinvefti A prikides conjifgatdiNafdtbgdud @@ THosd destiibed fboneiim
above, D is a nenber selected from-OH and R -L-HN-; G.is a. nenber
s fhish tBePIRtiga seoniugatsA o @ Berypeetic Bail ngow maiety, aelRg MOiHr i si ng
br anched
o Pl Bblery ShELE il FaaBialy SO B, HoE LB 100 Rofila 012
mentieties sl eecd soalf molerae oobictal lsdri(e. gt pdlypﬂ:ptnﬂn}sumnﬂiet]c pdlyalekyl and

24 \\D 2005/ 5950 PCTI 004/ 041 u unsubs ut ed
e Pesley o B CEERR DRRER SR & el B SO aRTa which
Cg@):&%iat I{tglycogl 'Le?sﬂﬂe"ﬂltett Nﬁ'ludeE DPR0) mbiBtyO e PPN JIBRENA R - L
has formul a: - HN' wherein a is an integer fromO to 20.
attached to the Factor IX peptide via an intact glycosyl linking group. The glycosyl linking
group is covalently attached to either an amino acid residue or a glycosyl residue of the Facot
IX peptide. Alternatively, the glycosyl linking group is attached to one or more glycosyl
units of a glycopeptide. The invention also provides conjugates in which the glycosyl linking

group is attached to both an amino acid residue and a glycosyl residue.

[0096] In an exemplary embodiment, the Factor IX peptide comprises a moiety having the

formula:

OH

HO
o—
G—HN
OH

[0097] In the formula above, D is a member selected from -OH and R-L-HN= Gis a
member selected from R'-L- and -C(O)C-Cgalkyl, Rlisa moiety comprising a member
sclected a moiety comprising a straight-chain or branched poly(ethylene glycol) residue; and

L is a linker which is a member selected from a bond, substituted or unsubstituted alkyl and

24



[01011 In an exenplary enbodiment, R has a structure that is a
menber seWELBHOFIEm O 0 S-(CHCHO eCH, S-(CH2CH, 0) e@HT/USé00a/041070
NHC( O CH2CH2( OCH2CH2) 10CH, NHC( O) OCH2CH2( OCH2CH2) 10CH,

N e B e A BT e M LB R eng bneris>

|ndeper@t@9@dlm6§@k}qcm@m1f.Lm_l to 2500; and g is an integer from1l
to 20. In other enbodinments R has a structure that is a nenber

selected from 1; 25 WO 2005/ 055950 PCT/ US2004/041070 O

. NHC( O (3 #8¢p pescrpbsdimanaB -Lpptheplprpula: - 1o 0) O cHacH2( OC

H2CH2) fOCH3 0 g O NHC(0) CHZCH2( OCH2CH2WCH3  a NHZ  HN YO N

HC( 0) CH2CH2( OCH2CH2) aOCH3 and NH C( ) CH2C $2( OCH2CH2) f OCH3 HN HC

(O CH2CH2(OC H2CH2) €OCH3 0 g QN 1 P ( OCH2CH2) aOCH3

5  wherein a is an integer from 0 to 20,

[0101] In an exemplary embodiment, R' has a structure that is a member selected from:

0 0
\\‘__{ .
S JSOHOHOOH, 5 ¢ S$—(CH,CH,0).CH,
q
NHC({O)CH,CH,{OCH,CH,)OCH, NHC(0)OCH,CH,(OCH,CH,)0CH,
0 0
3 s O—(CH,CHO),CH;, 5 and é 4 0—(CH,CH,0),CH,
I
NHC(O)CH,CH,{OCH,CH,),0CH, NHC(0)OCH,CH,{OCH,CH,),0CH,

wherein ¢ and f are integers independently selected from 1 to 2500; and g is an integer from 1

to 20. In other embodiments R! has a structure that is a member selected from:

25



NH C(O OC H2CH2( OCH2CH2) f OCH3 HN HC( O) OCHZCHZ( OCHZCHZ) rOCH3 0
wherein e, f and f are integers independently selected from1l to
25005y Midsbksaddd 0 are integers independently sel petgebi/fivih tO
20. Fv0102] I'n still another enbodinent, the invention provides a
Factor | X peptide conjugate 5 wherein Rl has a structure that is a
menber selgcted from 26 WD 2005/ 055950 PCT/ US2004/ 041070 O

NHC( 0) OQ PCH, CHR) e Qiddo)o & e donLpmlocH,

NHC( 0) O G OCHS  NH HN NHZ & HO(0) OCH2CH2 ( OCH2CHR) POCH3
0 and 0 NHCO(|O) CFRGH2( OCH2CH2) 00CH3 KS O =

NHNHC( 0) CHZ HN NH2 g A~

HC( O) CH2CH2( QOORELLICHGOFHand f are integers

i ndependent |y ¢ froml to 2500; and q, q and gq"are integers
i ndependently selected from1 to 20. [0103] In other enbodi nents, Rl
has a structure that is a nenber selected from

- C(O) CH2CH2( CH2) eOCH3 ; and 5 - C( O OCH2CH2( @CH2CH2) f OCH3
wherein e anéi ar nt r s-NHagEpigngent.Cy,).set.ected from 1 to 2500.

q
NH,
HN
HC(O)CH,CHo(OCH,CH,)OCHs
0 L

O
9
i and
NHC(O)CH;CH(OCH,CHo)OCHs

HN
\hMVHC(D)CHcha(DGHchg)FOCHa
0 7

0
._NHG(O)OCH,CHa(OCH,CH,).OCH5
o3 : |
NHC({O)YOCH,CHo(OCH,CH,)OCH;
AR
HC(O)YOCH,CHA{OCH,CH,)0CH,
0 g

wherein e, fand {* are integers independently selected from 1 to 2500; and q and g’ are

integers independently selected from 1 to 20.

[0102] In still another embodiment, the invention provides a Factor IX peptide conjugate

whetein R! has a structure that is a member selected from:



[0104] In another exenplary enbodi nent, the invention provides a
pepti de dYMPWOPEINY a noiety having the fornmula: OH DPOXNCREN/04HDD
O Gl GHNSSS OH 10 The Gal can be attached to an am no acid or

to a glycosyl residue that is directly or indirectly (e.g., through

a gl ycosyl resijdue), attached to an amino acid. [0105] In other
enbodi nent s, Y TP ELCHILEMO 2005/ 055950

PCT/ 1JS2004/04107 GH POCOHHOqg O@&l-GINAc-S GHNS H
The Gal can be attached flp a am o aGhelopbr e ngryeasy! residue

~that is directly jor ifdire -, through a gl ycosyl residue)
“attached to an afivng id. NPObe] In an exenpl ary enbodi ment, this
structure i s associ fit edrwi't E,?%é 2l &f Cﬁ an
O gl ycosyl ation site on\Factor IX (FIG 2?5&) 6) In a stankl

‘»further exenpl ary enbodi nent the pepti de corrprl ses a noiety
according to tge formula OH D OCOOHiI HO O Gal-Gl NAc-AA G HN

% NHC(O)CH,CHAOCH,CH,),0CH,

a 0

)\/MNHC(O)CH2CH2(OCHZCH2)1OCH3
NH
.

HN NF,

£ . HC(0)CHRCHA(OCH,CH,)OCH;

Q .
q

wherein e, f and { are integers independently selected from 1 to 2500; and g, g’ and q’ are

integers independently selected from 1 to 20.

[0103] In other embodiments, R! has a structure that is a member selected from:

g—*C(O)CHQCHQ(OCHZCHg)eOCHS ;and

g—C(O)OCHZCHz(OCHQCHZ)fOCH3

wherein e and f are integers independently selected from 1 to 2500.
[0104] In another exemplary émbodiment, the invention provides a peptide comprising a

moiety having the formula:

OH

o. COOH

HO .
O—Gal——é

G—HN
OH

10 The Gal can be attached to an amino acid or to a glycosyl residue that is directly or indirectly

(e.g., through a glycosyl residue) attached to an amino acid.

[0105] In other embodiments, the moiety has the formula:
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10

15

OH wherein AAis an amno acid residue of said peptide and, in each
of the above structures, D 10 and G are as described herein. [0108]
Exenplas Yoodtdsty aci d resi dues of the peptide at whighreeso09bsi6Ry € of
t he above species can be conjugated include serine and threonine,
e.g., serine 53 or 61 or threoni ne, 159, 162 or 172 of SEQ 1D

NG 1. [0109] In another exgrpha enbodi nent, the invention provides
a Factor | X conjugate 15 that |i ncl udesf&)r?l ycosyl residue having

e

the formula: (Fuc)l ~vl [[d cMNasc (C&al) 2 Sia)) - (Rv HA I /
N([ GLcNAc- (Gal ) y]f (Si a) k- d"ﬁ)w—s Yy MAW%\ M
([AcNAc-(Gal)jg (Sia)l- (Rx ~t | [ GLcNAc-(Gab.)d]Il,- (Sia)m
(R)J 28 WD 2005/ 055950 PCTEUS2004/041070 [01101 wherein a, b, c,
d, i, r, s, t, and u are integers ifgdependently selected fromO and
1. The index q is 1. The indices e, f, g, and h are independently
sel’Brt@4l chi eattabked Olaaaeliso didor toQ dlyrobyl rddidue thatiic dsedtly de indireciind m
are independently selected fromthe jntegers fromO and 100. The
i ndP-@edhrgughy glycosyhygsidue)aliagheddp amERCIa s el ected from 0 and 1, and
at least one of v, w, x 5 and y is 1. The synbol AA represents an
am[Ab0Eci bh anesEapkroémbiEmEsic thoy stivuktupeis rsdelated (vai il gl §c THEG dytdood T
Sia-(R),represents a._gro s the formula: HOD HOOC 0 55-0O
S §§§§§1WP£éU@51t@PFaﬁ%U@? h‘l}%th ‘sel ected from-OH and R -L-HN\-.
The synbol Gis represents R-L- or -C(O(C -C6)al kyl. R
r eqUeSHNt B Astilltiufhdt ekBablanehbidtesed (6d }Iﬁefpitiﬂé'lﬁmﬁ jef a @016ty abedgelg 10
poly(ethyl ene glycol) residue. L is a linker ich is a nenber
seltededgr®®ldam a bond, substituted or unsubstituted al kyl and
substituted or unsubstituted heteroal kyl. In general,

OH

D
o COQCH wn

O—Gal—GalNAc—AA
G—HN
OH
wherein AA is an amino acid residue of said peptide and, in each of the above structures, D

and G are as described herein.

[0168] Exemplary amino acid residues of the peptide at which one or more of the above

species can be conjugated include serine and threonine, e.g., serine 53 or 61 or threonine 159,
162 or 172 of SEQ. ID. NO:1.

[0109] In another exemplary embodiment, the invention provides a Factor IX conjugate

that includes a glycosyl residue having the formula:

o, )/Ian/[[GlcNAc-(Gal)a]e- (Sia);- (R), ]

)
§_L~A CleNA-GleNAcMaf  UGINAC-(Gal)yl;- (Sia)- (R), )
| ([GIcNAC-(Gal), - (Sia), - (R), )

ar
([GleNAc-(Gal) ;- (Sia),- (R),)

1

/

v/q
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when Dis OH, Gis R-L-, and when Gis -C(O (Cr-C6)alkyl, Dis
R -L-NH. [0112] In anot her exenpl ary embodi nent, the PEG nodified
sialic WOIZOYASSPy in the conjugate of the inventi oRCHAS2004@41070
formula: OH HOH C COCH HOB‘ N O OHO NHO-O' \~~~0O-0OH3 15 in

whi ¢ i pr e 20 i nt ; i an
'nt lIBF AR 2% o 11D TR A W RIRdGE Aty S0 G Qo B0
PEG The afdpx 9% haliel Md@@slé{\f, d,@ﬂd—ﬁhrd indepshdelntly f;&lédt&lffmlﬁﬁﬁé’fm&a’géﬁé from
enbodi nrent, the PEG nodified sialic acid irn has the fornula: 29 WO

20050 65895 indretisXob andmporipdempdertisselepod fiomahe [ytogers omd) and 188sSS
\ t

substh? e g 0 L I D et b Rad T bt oo T, Bt g bt B
sh al hd pds Id Thei syipobAd refpreseRisGnrmmisd gcud feBitltel pf the Factoelepgitide y

enbodi ment, in which the glycosyl residue has the structure set 5

fort % it | onjugated to one 157 and Asn 167.
[Ollgpﬁggct SW%bﬁégag%E%p@ﬁﬁﬁﬁﬂgﬂﬁﬁﬂ@éﬁﬁi&%@ﬂn ssentially any
Factor | X peptide having any sequence is of use as the Factor |IX
pepti de conponent of the conjugates Bresent invention. In an
exenpl ary enbodi nent, the peptide has the se€quence presented herein

as SEQID NGO 1: 10 HOOC
YNSGKLEEFVQGNL ERECIVEEKCSFgEAREV QYVDGDQCESNPC
—0C

OH

- wherein D is selected from -OH and R'-L-HN-. The symbol G is represents R'-L- or
-C{O)C-Coalkyl. R! represents a moiety that includes a straight-chain or branched
10 poly(ethylene glycol) residue. L is a linker which is a member selected from a bond,
substituted or unsubstituted alkyl and substituted or unsubstituied heteroalkyl. In general,
when D is OH, G is R'-L-, and when G is —C(O)(C1~Ca)alkyl, D is RLL-NH-.

[0112] In anocther exemplary embodiment, the PEG-modified sialic acid moiety in the

conjugate of the invention has the formula:

15
in which the index “s” represents an integer from 0 to 20, and n is an integer from 1 to2500.

In a selected embodiment, s is 1, and the PEG is approximately 20 kD.

[0113] In a still further exemplary embodiment, the PEG-modified sialic acid in has the

formula:



LNGGSCKDDI NSYECWCPFGFEGKNCELDVTCNI KNGRCEQFCKNSADNKVWVCSCT

EGYRLAENQKSCEPAVPFPCCGRVSVSQI SKLTRAEAVFPDVDYVNSTEAETI LDNI TQ -

STQSFNDFTRVVGGEDAKPGCFPVQNVLNGKVDAFCEESIVNEKMVVTAAHCVETG

VKI TVWASEHNFEESTEHTEQKRNVI RI | PHHNYNAAI NKYNHDI AL L EL DEPEGTS%894/94070

TPI CI ADKEYTNI FLKFGSGYVSGANGRVFHKGRSAL VL QYLRVPLVDRATCLRSTKFT

| YNNMFCAGFHEGGRDSCQGDS GGPH oV TEV EGTSFLTA | S W GEECAMKGKYG YTK

VSRYVNW KEKTKLT. [0116}, The/present inyention is in no way |inted

to the sequence set forth hdrein. Factor [|X variants are well known

in the art, as described ins g. L. S. Patent Nos. 20

4,770,999, 5,521,070 in whicH sine is replaced by an al ani ne

inthe first position, U S atcent 6,,037, 452, in which Factor

XI is linked to an al kyl ene ox%de nd U.S. Patent No.

6, 046, 380, in which the DNA encodin 1L%yjis nodified in at

| east one splice site. As denmonstrdted hgr@in, variants of Factor

| X are well known in the art, and the present disclosure

enconpﬁﬁﬂﬁSE&hmbmﬁumdbaunﬁbwﬁumdaﬁwlmumbsﬂuedetummhﬂbMBdhgbnmﬁn@d in

the future. 01171 Met hqds.for g n|n the activity of a
G%WDWBHP¥’§H e siafig po OieHy ut usi ng the nethods

descrlbed in the art, such as a one stage actlvated partial 30 WO

20036PRAH 95/ ﬁ@éﬁ%&@@é&@é&&%ﬁt it WhieH BRI A1 edidiEha8 S5 trudfire set

describéd in, for exanple, Biggs (1972, Human Bl ood Coagul ation
Bae forh akdve, iisd-oniugsaied 6e pae QIEQ*P Ayn 1%5anskAsn Bi7ackwel |, Scientific,
614). Briefly, to assay the biological activity of a Factor IX

g.
v 35%453 0 d?s%cﬁ rIREfhs %g&oél%éﬁganh%?%J%ﬁceéln%sgﬁ{?ﬁllﬁ glpt (erﬁzfegixd%havmg

€ ‘assay can
act igngtsegheparit ofhisetds m@ertﬁawirdmpeptmea@qrmenﬂ%ﬁ‘mmonngaﬁebf ﬂie@mﬁsem asna

i sol.ated froma patjent no usi ng steril e phl ebotony
t ecHRYEHES et oxg bty fh B e sea P BEFSpIEL Mg
stargﬁ%ﬁ)w the sanple. In this assay, one unit of activity is
defined as that anount present in one mlliliter of normal pooled

pl asma. Further, an assay for biological activity based on the
1abi IYNSGKLEEENQQNIEREGMF&K@%FE VBENTE@RIEW%QYNB@B@GE%C

e G kR S R RS oR DY R R S BRI Ao

Pat lRG BRI ARN %@MVPF@@@RVW@MTMEAWPU@WNSrIEA(ETILDNwQe

at | east one | i nked or O i nkedi—}‘?ﬁ cosylation site, at |east one

of Wi NI%FT:%WG@;E%KP@@P@V QU YDAROGHINER T 8AHC VEEG

noi H%ﬁfﬁﬁﬂﬁ% NRERAL t

gl y?b%rylﬁl n% ng gro % The gl ycosy 1@[1{]% ng grogl";E :tg c%llwgw

18t t ANCTADKEFTINIBLK EGSS T VOGWMGRIVFHKIGRSAIWLQ@QYLRVPLVDRATCLRSTKFT
IYNNMFCAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECAMK GKYGIYTK
VSRYVNWIKEKTKLT.

{6116} The present invention is in no way limited to the sequence set forth herein. Factor
IX variants are well known in the art, as described in, for example, U.S. Patent Nos.

20 4,770,999, 5,521,070 in which a tyrosine is replaced by an alanine in the first position, U.S.
Patent No. 6,037,452, in which Factor X1 is linked to an alkylene oxide group, and U.S.
Patent No. 6,046,380, in which the DNA encoding Factor IX is modified in at least one splice
site. As demonstrated herein, variants of Factor IX are well known in the art, and the present

disclosure encompasses those variants known or 1o be developed or discovered in the future,

25  [0117] Methods for determining the activity of a mutant or modified Factor IX can be

carried out using the methods described in the art, such as a one stage activated partial

30



gl ycosyl residue of the peptide. Alternatively, the glycosyl |inking
group iWORNSHEHSH to one or nore glycosyl units of acglugpmopenbiode.
The invention also provides conjugates in which the glycosyl

| i nkj,n roup i.s attached to both an am dueanda

gl ycﬁ%flg?pzasgﬁﬂﬁﬁle asia@figfsﬁ’%ﬁ‘? r Tﬁ%‘ Ig?ﬂ% %DCB ﬁﬁdl nt act
gl ycosyguldiion kREmEtE 8 A Y T8 RbYEiR (I, TR ORI MNaQSH], skie 19%
substituted or unsubstituted al kyl, Substituted of unsu Wt d

het eBogilyy assppdie ficlesisy gawtmfmwome Hpﬂf@sbrﬂevﬂnp@raccmdmgsa she
nodi eﬁl%dg&fg[ e%gln%% d su ar %ﬁlﬁ Otlgﬁ%‘g&%&‘%ﬁ)@%@ ugat es

of t sugars.
i hiveadtivated phdial tﬁitgﬂfoplaaﬁn l‘ﬂageﬂt}’ch‘sm X dbRéiah plasthaSfabfbA paient
deoxy-s ccharl an ani no-saccharide, or.an N acyl saccharl de. The

t er mvitd dewAph} lde “S’é‘ﬁdfql‘lﬂesplééhﬁt%}’ @ﬁhmquesgﬁéldwaw jin the' 'asfugad Horaald

gly R LS e
< LR B Sty B S SR B RS It
mr)]dl fay o popsent i 01 milijitenef I&dmhbpdom pﬁsﬁa(rj Fn?hcfﬂ Mihabga@pfo@ lBiolc)gacal
o ol R T 808 L G e Myl
parbog [ t:hr
oo e ien ?3%?}‘7“%0%%?%‘%%%%’85&%?‘3?% BeBpelifl B Bl Mcht and - VO,

am dBapapod {énéradeClor PathuBea2i2nap6l)s for med through the reaction of
the amne with a reactive derivative of the m)di fying group. 101211

Any n_be. uti zeda t he conjugates of the
velRSH, TPRpdfigrh o e st PEutt et e N S IR g e
conpglgtdsyREsn §ife biflgast Byeot Whith istohjded toda @y‘éos?lr 18si68 thhd kLS o O,

gl ucose, gal act ose mannose, fucose, and sialic acid. Oher useful

s ugaPEGmmtmd SheREGds cavalaily aednd tosthe beirids aifi andntagiglmosydimiinge;
| h
[RNNEREH! T olb D8y PidEld Gouf RopRUSOhalib G bl afiHb delifreliitiCor T

suga ound 1n nature or | 5Eodi%i ed
to pglgmsglh eadm dsfehé paspmlen Aligatatingy,ttheglyodiyt §nkig goopis. attEﬂredaxamal e

in one # eilnve provides a sialic acid derjyvative
o AR oG R e I he B Rb s Py RS G e 1 e
ani N@elg gycf)@@ﬁhugg P‘I@&ttaéﬁéh Wﬂoﬁx A hnR6d hé{@}é%filu@@ﬁél | RENE n@ﬁl rdtidue.

sel ect €éd nodi fyi hg group In an exenplary e
invention utilizes a nDdlfled sugar am ne that has the fornula
NH- LI0R19] 15h¢ REGimeibtyGs ritachedjiojemostatt ghysoetlyinkér dissctly,lwomtd agrona | i nker

S B A T R T R R A

heteroalkyl.

Modified Sugars
[0120] The present invention uses modified sugars and modified sugar nucleotides to form
conjugates of the modified sugars. In modified sugar compounds of the invention, the sugar
25  moiety is preferably a saccharide, a deoxy-saccharide, an amino-saccharide, or an N-acyl
saccharide. The term “saccharide™ and its equivalents, “saccharyl,” “sugar,” and “glycosyl”
refer to monomers, dimers, oligomers and polymers. The sugar moiety is also functionalized
with a modifying group. The modifying group is conjugated to the sugar moiety, typically,
through conjugation with an amine, sulfhydryl or hydroxyl, e.g., primary hydroxyl, moiety on

30 the sugar. In an exemplary embodiment, the modifying group is attached through an amine
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group of conplenentary reactivity on the nodifying group. Thus,
exenpl ary bonds include, but are not limted to NHR, OR, SR and
the like. For exanple, when R includes a carboxylic acid noiety,
this N0 205/058%0 be activated and coupled with an NHRCHHPXWOYOHATR he
20 gl ycosyl re5| due affordi ng a bond having the structure NHC(O) RL.

Simla the a

corrfl@g%'o%{ﬁhﬁ 8“%1{ 1§ n(gmﬁl_hl oe @?a\g}gto ?%g%ég Eﬁragis%pﬂejﬂ?%c{/@ﬁﬁgh ﬂf?)lZS)
EXqafmtﬁhwfkﬂduﬁﬁﬁéwﬁﬁ@Ire&avaﬂ&wauamdfmiehmdcfgmggkoup| eties. The

| i nkers include |I|inking groups, for exanple acyl-based |inking

gro C( O NH and ¢t e like. e.linking groups
ar dﬁﬁmds%rsm G%]E"?/\}éféli‘?egq ﬁ%ﬁ@&%@ow eégpér: IRYROtion,

Dy AR PR S B

5gr Cay areance Imnﬂeé It(S ,ghicbseo gﬂhﬂo&, aadnasag ﬁuasse ﬁxdrswémam}dl &theri usetnhe
enbodi men ,.the linker g am no aci,d resi.due, such. as] g?%/lm ne

r esTUgRRS ISRl ST BiER 16D ATPCORBIEy SUFCRRIYH eRpRIapInG 55 to
t henaRIcHe PN L5 AR HSIIRY TIRAGhQdre MntHR a%u@ﬁﬂd‘@uﬂcﬂﬁﬁ%nﬁ'o&‘ﬁosw
resi due, and the amne of the glycine is converted to the 32 WD

20@@35@5@%@@2@%@4@0@1 uga@ng depoodifying saipl e arexamplehmenchy
t t £ d d. f 1
gt Be b FBLI P AR ERARO B A5 B R ety o

102 R%ﬁa@&u Wi ah Bidiine] Thé HinGleli9falily @ﬁuvaﬁt&dﬂwﬂ@m@ﬁﬂtﬁ@ted@hﬂo&wwwe The
PEG1s to the glycosyl group through the am no acid resi due 5 at

oneselREEAmRGdYREEeHY bound to R through the other PEG terninus.
Alternatively, the amno acid residue is bound to R and the PEG

t j .
9 B Ol 8 b gl o
-NH{lCC@r(LﬂEﬁZ) aNH} S{ C( O) ( CH2) b( OCH2CH2) GO( CH2) dNH} t R, i n whi ch t he

indices s and t 10 are independently O or 1. The indices a, b and d
are independently integers frequ0O to 20, and c is an integer from1l
to 2500. O her simlar Iinkare based on species in which the -NH
noiety is replaced by another group, for exanple, -S, -0 or -CH2.

[0126] I'More particularly, the inwgpti-gqf utilizes conmpounds in which

NH- L- NHC( O) ( CH2 NH O (CH2).b( OCH2 CH)dNHR , 15
ISNH@pgh(i IS)%Q s )a ) ra%mlger and CHZs)tﬁeol(nodli‘j)/mg group.

Db %%%ﬁ%ﬁa e AR NER R g oarbpgieand »

NH(@@ aiNdRiplerasrdarNrERctivily o ﬂﬂsmcﬁfgmggraup Thus, emﬂnptaeﬁ bandstinelnde, d

PRSP B OR R BhRTR S, BB R

carboxyllc acid moiety, this moiety may be actlvated and coupled with an NH, moiety on the
20  glycosyl residue affording a bond having the structure NHC(O)R. Similarly, the OH and SH

groups can be converted to the corresponding ether or thioether derivatives, respectively.

[0123] Exemplary linkers include alkyl and heteroalkyl moieties. The linkers include
linking groups, for example acyl-based linking groups, e.g., -C(O)NH-, -OC(O)NH-, and the
like. The linking groups are bonds formed between components of the species of the

25  invention, e.g., between the glycosyl moiety and the linker (L), or between the linker and the
modifying group (R'). Other linking groups are ethers, thioethers and amines. For example,
in one embodiment, the linker is an amino acid residue, such as a glycine residue, The
carboxylic acid moiety of the glycine is converted to the corresponding amide by reaction

with an amine on the glycosyl residue, and the amine of the glycine is converted to the



from1l to 2500. 20 [0127] In the discussion that follows the

invention is illustrated by reference to the use of selected
deri vatWQa¥Ws@is98) al i ¢ aci d. Those of skill in the arRCTUSNOHEEEGNI ze
that the focus of the discussionis for clarity of i'llustration and

that the structures an 0si Ilon set .f h aLe er

app! |°Eheﬁ?%1d§§ra5@ge PheE® %Iﬁeugj poR T E\ncflgméar%%‘{] boxxlie g?lg Casrg%rl?ﬁearl de
gr oupithe mddifyiatkempiodi fi ed saccharide groups and conj ugat es of

nmodi fi ed sacchar| de groups. 25 [0128] In an illustrative enbodi nent,
Gis_sialic acid and sel ected conpounds of_use még@m |nvent|on

havel®Adl ¢ dmsthepexcmplarygnigyoss BEGosuetperp BESUDALD. fungiteyeliged

v TR e BRSO i« Ml

CH( CHi)cBEPDRS) EhRIEkS andOOGn® tOMCHE R THeC«CARCHeMONHMO AlHE e MRV

NHC( Cﬁ%"%ﬂ ("@@) @%% %% %Rﬂ%g%@g %iﬁ"gsﬁdqg the mmé%d%s

VNH(%Ht Sgggaﬁp(om CHs) . O( CHz) dNHRr HO
NHC( O | CH, ) n O(CH)dNHR‘ OH OH HOOC 0 VCH( OH) CH( OH) CH2OH
HOOC 0 CH( OH) CHon HO HO NHC( 0) O( CH, ) d( OCHzCH, ) . O( CH) dNHR

NHC( [@)l@ﬁb—lA)lgﬁ(xmpﬂaa—mec@g o NHAHR hasithe foprwi@OC O CH( OH) CH( OH) CH2OH
-NH{C(O)(CH,).NH}:{ C(O)(CHZ)b(OCHgCH;)cO(CHg)dNH}tR , in which the indices s and t

10 are independentiy 0 or 1. The indices a, b and d are independently integers from 0 to 20, and
¢ is an integer from 1 to 2500. Other similar linkers are based on species in which the -NH

moiety is replaced by another group, for example, -8, -O or ~CHa.

[0126] 'More particularly, the invention utilizes compounds in which NH-L-R! is:
NEIC(0)(CH,)NHC(O)(CH2)u(OCH,CH,) O(CHy)JNHR ',

15 NHC(O)CH,)p(OCH,CH,)O(CH)eNHR, NHC(0)YO(CHo),(OCH,CH,):O(CH,)NHR ',
NH(CH,).NHC(O)(CH,)p(OCH;CH,):O(CH,)JNHR ', NHC(O)(CH,),NHR
NH(CH,).NHR', and NHR'. In these formulae, the indices a, b and d are independently
selected from the integers from 0 to 20, preferably from 1 to 5. The index c is an integer
from 1 1o 2500.

20 [0127] Inthe discussion that follows the invention is illustrated by reference to the use of
selected derivatives of sialic acid. Those of skill in the art will recognize that the focus of the
discussion is for clarity of illustration and that the structures and compositions set forth are
generally applicable across the genus of saccharide groups, modified saccharide groups,

activated modified saccharide groups and conjugates of modified saccharide groups.

25 [0128] Inanillusirative embodiment, G is sialic acid and selected compounds of use in the

invention have the formulae:
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HOV and NHRd OH [01291 As those of skill in the art wll
appreciate, the sialic acid noiety in the exenplary conpounds above
can be replaced with any other am no-saccharide including, but not

i mt egyo b@sngosicosam ne, gal act osam ne, nmannosani nepctiyetdos/deranet yl

derivatives, and the like. 5 [(01301 In another illustrative

embodi ment, a primary hydroxyl noiety of tgue S

funct jpnal |Ozed:HW)}t§Hta>H)El-ttﬂ nodi fyi ng grochjp ex‘gﬂ%ﬁm(ﬁzo? he 9- hydr oxyl
of sialj€ actd can be converted to th rr spondi ng am ne and
functi onal Lo pr QCO(H)oc;Hc onpound accor i ng"¥YHHMe i nventi on.
For nul ae a cor&h‘ﬁ‘ 0 thi OdtEnt’ i ncl edle; 34 WD 2005/ 055950

PCT/ U82004ff)41070 HOOC 0

CH( OH) CH( OH) CH2VHC( O) (CH2) , NHC( O) ( C|'|2)+ﬁb(cOC|'dHZ @SB dHR  HO
NHC( O} HOOG @cH0H .

CH( OH) NHC( 0) ( CH3) oNHC( 0) O( CH2) y ( JaghEH J NHR - HO
NHCX 0) OH, m Q\!HC(O)O(CHz)b(OCHZCHz),,O(CHZ)dNHR ;

CH( OH) CH( OH),CHNH( CHa) , NHC( O) & CH2Y, ( ocHecHYco( cHz) aNHR  Ho

NHC( O) CH3 HOOC?O?/CJ—l(O—l)CJ—l(G—l)CJ—lZNHC(O)(CJ—lZJ NHR_ HOOC 0 O
CH( OHp* AHEGMRONHR  H-: | HO™B¢° BSERERR NHO( ) CoHB
OH OH <VCH(C]—|)CH(C]—I)CH,NHC(O)*(° OCH, CH3) , O CH, ) dNHR
HO- NHC( 0) CH; )M oErbloCh DG GIDrCH, NHR CIOMPIOEHE . O(CH NHR

CH{ OH) CH( OH),CH, NHC( O) O( CH, ) y( OCH, OH3) a0( CH, \aNHR  NHC( O) CH,

HOOG 0. CH{OH)CH{OH)CHOH

HOOG 0 CHOHICHOHICH,0H o ;
Ho
] NHC(OJO(CHy)y {OCH;CHL)O(GHNHR?
NHC{O)O(CH, (OCH,CH) O(CH)NHR!

OH
OH

HOOC._ @ GHIGHICHOH)GH,OH
HO™”
and NHR!
OH
[0129] - As those of skill in the art will appreciate, the sialic acid moiety in the exemplary
compounds above can be replaced with any other amino-saccharide including, but not limited

to, glucosamine, galactosamine, mannosamine, their N-acetyl derivatives, and the like.

5 [0130] Inanother illustrative embodiment, a primary hydroxyl moiety of the sugar is
functionalized with the modifying group. For example, the 9-hydroxyl of sialic acid can be
converted to the corresponding amine and functionalized to provide a compound according to

the invention. Formulae according to this embodiment include:
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HO OH NHC(O CH, OH [01311 Ina further exenplary enbodi nent, the

i nventi b’g{’] @8)0“ zes nodified sugars in which the 6-hydroxyl position
is convert B4 he correspondi ng ami ne noi ety, whi HHBERAE/EH1070

| i nker-. nodi fying group cassette such as those set forth above.
Exenpl ar ywesac char yhongfoitpscblRaingam,.bo.atsgeras the core of these
nodi fi-ed s rs include Gal, GalNAc, dc, dcNAe, Fuc, Xyl, WMan,
and the like. R $§ent ative nodified sugar accor di ng to this
enbodi ment haslthe ormula: R R3 0 R4 R7 R5 in which R3-R5 and
R7 are nenbers |1 ndependently selected fromH OH C(OCH3, NH, and
10 NH (O 0RO IR N RN PRI b | s as descri bed
above. 35 2005/ 055950 PCT/ US2004/ 041070 [0132] Sel ected

conj ugat es of “ysSewniemetshe i nvention are based on mannose, gal actose
or glucose, o#:on species having the stereochem stry of mannose,
gal actose or glucose. The general fornul ae of these conjugates are:

R6 R6 R6 "€ O“B'I“P”R?”*@#’ NAPOCHAERRCCREY Rd g5 ; and R R5 5
[0133] In €&nqther exenplary enbodi ment, the invention utilizes
conmpounds as gricly above that are activated as the

correspondi ng cleotide, sugars. Exenplary sugar nucleotides that
are used in the present invention injheir, ”ch{oméa%ﬁlc AEMdncl ude

nucl eot i d&° SRR phat es 0gs theréot In a
preferred odi pent, the nodified sugar eotide is selected
from a UDP- gl y¢0sing®icuCVP- gliycosi de, or GDF’“Hﬂ‘F’%om de. Even nore
preferably, 10oi he sugar nucl eotide portl 6t of the nodified sugar
nucl eotide is selected from UDP-gal act ose, UDP-gal act osani ne,

UDP- gl ucosenc. ULP- ghiseosarAegcDirmimnnse, GDP-fucose, CMP- sialic
acid, or CNg c. In an exenpl ary enbodi nent, the nucleotide

phosphate is NHE(C)OH, HOOD

o CH{OH)CH{OH)CHNHR!
OH : HO
Hooc. o) CHIOHICH{CHICHNHC{D)O(GH, ), {QCH,CH,) O{CH) NHR NHG(O)GH,4
Ho i OH
QNHC(D)CHS

OH
[0131] In a further exemplary embodiment, the invention utilizes modified sugars in which
the 6-hydroxyl position is converted to the corresponding amine moiety, which bears a linker-
modifying group cassette such as those set forth above. Exemplary saccharyl groups that can
5  be used as the core of these modified sugars include Gal, GalNAc, Glc, GlcNAce, Fue, Xyl,
Man, and the like. A representative modified sugar according to this embodiment has the

formula:
RG
RS
R* R’
R5
in which R*R® and R’ are members independently selected from H, OH, C(0)CH;, NH, and
10 NHC(O)CH;. R®is OR', NHR! or NH-L-R!, which is as described above.
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attached to C-1. [01341 Thus, in an illustrative enbodi nent in which
the glycosyl noiety is sialic acid, the 15 invention utilizes
conpounds having the fornmulae: HOOC 0 CH OHCH OH)CH OH HzN / ~P O
L-R, wozwosie3ese \ off ~ HD HOOD 0 CH( OH) CH( OH) CH, NrETFUS20R1/041688N : O
.a0 gyp\ /NOIYl a NHC(OCH3 OH OH HDin which L-R) is as
d| scussed above, and L'+Rl represents a |inker bound to the
m)cﬂ)i?ﬁ] ngSelgqt@;Lgpmmtewof Bselip t@(@ﬁ@“&ﬂwq hagrepn %%’i‘,qs@swaia@%r% @fng to

rodioet Cof P o Bl e SR R BalR, Bl oEREM Y he
rrtg@ﬂdzrapfmhﬁmeefmege doafuightei ElreFI G 7 and FIG 8. 36 WD 2005/055950
PCT/ US2004/ 041070 [0135] In another exenplary enbodi ment, the :
invention provides a conjugate fornmed between a nodified sugar of
the inventiaga and a substrate Bhctor | X peptide. IR this
enbodi ment, {the sugar noiety of the nodified sugar\ becones a
gl ycosyl 1in i-ag group interpgseg between the sub te and the

) osgd | i nki ng 5% t@4 an i ntact

gl ycosyl I|n g group, in mhlc the glycosyl noie r noieties
formng thg |iRking group are@nothwdegraded hyd chem cats (e.q.
sodi um net aperi odat e) or enzymatic processes (e.g., OXi dase)
Sel ect ed conjugates of the invention include a nodi fy| ng group that

5i s [813H chboanpther premaplarsiemboilient, dlie lamermmmﬁhg@@@mpu@i@ asgeffort:

e e T L T e R

to thzhla&: ma hrf thaﬁ)?es&ﬁiﬁsfénﬁﬂn th thbia biodifedi forms tcligle wheleotidechoms, dihese
havi.ng the fornul ae:
triphosphates or analogs thereof, In a preferred embodiment, the modified sugar nucleotide is
selected from a UDP-glycoside, CMP-glycoside, or a GDP-glycoside. Even more preferably,
10 the sugar nucleotide portion of the modified sugar nucleotide is selected from UDP-galactose,
UDP-galactosamine, UDP-glucose, UDP-glucosamine, GDP-mannose, GDP-fucose, CMP-
sialic acid, or CMP-NeuAc. In an exemplary embodiment, the nucleotide phosphate is

attached to C-1.

[0134] Thus, in an illustrative embodiment in which the glycosyl moiety is sialic acid, the

15 invention utilizes compounds having the formulae:
ROQG o) CHIOHICH(OR)GH,OH :
0,
— N O
H:N‘{\\ R gl LRI ; and
A Nﬂ oy
N\< oH
C o o
HQOC. Q. CHIOHICHONICHNH—L'—R!
Q
_— w YO
HaN{\N ‘>\‘°J\“ o A NHC{O)CH,
N\< OH
% On
in which L-R' is as discussed above, and L-R" represents a linker bound to the modifying
group. As with L, exemplary linker species according to L! include a bond, alkyl or

heteroalkyl moieties. Exemplary modified sugar nucleotide compounds according to these
20 embodiments are set forth in FIG. 7 and FIG. 8.
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OHOH HOR-Lr-HN O COON 0 COON HO HO 5555 O 7 RI-LI-NH ;and
CH3(0)CNH OH OH [0136] In the fornul ae above, R and L' are as
descri baeb alosess9s0[ 0137] In still a further exenpl ary renedicyaioso t he
conjugate is fornmed between a 15 substrate Factor |X and a saccharyl

noi etﬁ i n which the nodifying grou&els attached through a linker at
t he dVE3M boln ay6tet xsmpbary embodinients ieyiveRtPRPEPVE %ﬁgonwg%@madl ve

con j q%ragﬁﬁl Wé@%@& c}g‘l%%&nﬁﬁ%@%@ﬁﬁm@%&of ﬂgpép%%x?ﬁh t he |

r ad| caltedment, dse mgsnusmecbfab@med1ﬁ$dhmr bicomies b klvandyl linkipg eniuat e t hat

th di f 20 h t forth ab I

coﬁj IRtnet b P i At e Gt gmumng £0en A0y SIS BAAE ¢ he
25 3, gréup 19bn &t&@é@@@sﬁhﬁlﬂﬁg g{o%%ﬁ]wlﬁdﬂ tHe g&%éyvﬁoﬁwmﬂﬂﬁﬁes%rﬂﬁg in

t hi s enbodi nent 1'ncl ude conpounds havi ng f or mul ae:
2005 [thshggne gom us2004¢avaded by chenicy\y.g0 sodlum metapeuodate) or enzymatlc

G o NG PO N b R e S Ao e RBaiglfog g
CHZ NH AR MNRA( O iz ﬁ(o%‘@ﬁﬁe)rﬁﬁé%ha&iﬂd% g., Radoskmird, glucosamine,

galactosamine, sialic acid etc. Exemplary modifying group-intact glycosyl linking group

10 casseties according to this motif are based on a sialic acid siructure, such as those having the

formulae:

OH
HO Rl—pb—HN
0. ,COOH o COOH
HO 5 g
R — T—NH ; and CH3{O)CNH
OH

[0136] In the formulae above, R! and 1! are as described ahove.

[0137] In still a further exemplary embodiment, the conjugate is formed between a
15  substrate Factor IX and a saccharyl moiety in which the modifying group is attached through
a linker at the 6-carbon position of the saccharyl moiety. Thus, illustrative conjugates |

according to this embodiment have the formulae:

9] O
-~ o HN o}
H
5 ; and
R 7 R® ,: RS Rr3
R4 R4

in which the radicals are as discussed above. Those of skill will appreciate that the modified
20 saccharyl moieties set forth above can also be conjugated to a substrate through an oxygen or

nitrogen atom at the 2, 3, 4, or 5 carbon atoms.

[0138] Ilustrative compounds of use in this embodiment include compounds having the

formulae:
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R 0 CHZNHC(O Q(CHZ)jIiR R 0 CNNHC(O(CH ),NHR RSR* R RRRa
R3 OCH-NHR R O CH NHC(O) (CH2) y(OCH3CHz) , Q(CHz) aNHR Rs R3 R3 R3
R and R R CH2NHC(O Q(CH2)a(OCH, CH3).0(CH,), NHR RS R3 Ra in which
t he Rwgroopessesod t he i ndices are as descri bed aboverCysk8@yosTdTe

i nvention al so provides for the use of sugar nucl eotides nodified

wth L-R at he, 6- caf o gmal ary species according to
t hi s enbodi menR: %@e&%l\ﬁ—@g&&%&g&k o 0 (11 fl 0 Base R5 1°01p O
O5 Y HO CH in, ~the R groups, and L, represent noieties as

di scussed above. he i ndex "y* 1s 0, 1 or 2 [0140] A further
exenpl ary nucl eotide sugar of use in the invention is based on a

speci es havi r\’g%;ﬁ[%“f”é CAEEHEMCE YT mannose. Exenpl ary

speci es accordi 0 this 10 enbodi mrent have the structure: 38 WO
2005/ 055950 PCT/ US2084/ 041070 O HN a R~/i,,. O /I/NI NH R4 ""//OO

O 0\ N~NHz
j;ICHzNHwHZ) LNHC(0) O{CH Il OCH,CH,), O(CHa)NHR?

21 CHaMNHCIOIO{CH,) NHRT

£.
GHNHCIOXCH,),NHR?
I‘j\/ RS L3

R4

RL o. CHNHR'
CHNHC(O){CH, ) {OCHCHR) O{CHR ) NHR! RI;:RJ
© o oand

R4

I(IcH.‘,NHC(O)O(CHQ),,(QGHZCHZ) OGHINHR

in which the R groups and the indices are as described above.
[0139] The invention also provides for the use of sugar nucleotides modified with LR!at

the 6-carbon position. Exemplary species according to this embodiment include:

NH-L-R?
R3
(8]
0 0O
R4 0 g “ o Base
RS | o7 | ™o
O o
b HO OH

in which the R groups, and L, represent moieties as discussed above. The index “y”is 0, 1 or
2.

[0140] A further exemplary nucleotide sugar of use in the invention is based on a species
having the stereochemistry of GDP mannose. Exemplary species according to this
embodiment have the structure:
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. enbodi nent’,

O 0 HOOHand HRL RtOell NHRa ""I'lol 1O OrNk NH, R5
N-Pr-o O ]2?;'9/ HOS SOH [0141] In a still further exenplary

OAE Nt i on provides a conjugate in whi cRCYHE2004/041070
nodi fied sugar is based on the stereochem stry of UDP gal act ose. An
exenmplary 5 nucleotide sugar of use in this invention has the
structure: 0 a Rt HN O R3 OHNHKkﬁ/ﬁa 0, N11 Rs P~-O-P~-O HOB H ; and
NHR o REOHN T-0IN O HOS0H. [0142] ¢ n another exenplary .
enmbodi ment, the nucl eotf ugar is base% he stereochem stry of
gl ucose. Exenpl ary speciéds dccording to hils énbodi ment have the 10

0

~formulae: 39 WO 2005105895p BeTY ugzogﬁ%(ﬁ“[ 0: aRl
R i 07 ™o
o O /

;and

( . [0141] In astill further exemplary embodiment, the invention provides a conjugate in
which the modified sugar is based on the stereochemistry of UDP galactose. An exemplary

5  nucleotide sugar of use in this invention has the structure:

0]

A
an” ™M

0
3
iy L)
iy, 0 O
Rr* Y "lfo\“ i o o N
RS [0~ i\oA(j
o S
§ oy
HO  %u ;and
;
NHR o
3
w, O 0 /l\
4 K N
R YT Mo u\ i S
- L
= o ;_\OAQ'
S
HO  %H.

[0142] In another exemplary embodiment, the nucleotide sugar is based on the
stereochemistry of glucose. Exemplary species according to this embodiment have the

10  formulae:
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10

15

20

HNIOx" Rp,. N} 601~, N R.,,."p~11PORS "O,\p HO- 'OH
;and HR R.,. ORQ{ Oo R5 I"p~PN O OHd SOH . [0143] The
nodi fying group, Rl, is any of a nunber of species including, but
not |WRI2&P35956, wat er - sol ubl e pol yners, wat er - i nsAUNLBIPIHTRr S,
t herapeutic agents, diagnostic agents 5 and the like. The nature of
exenpl ary nodi fying groups is discussed in greater detai

her ei nbel ow. Mdi fyi ng C}oupk%rV&ter-Soluble Pol ymers [0144] Many
wat er - sol ubl e pol yners known to thoge of skill in the art and
are useful in 10 pra@tl ing the prese invention. The term

wat er - sol ubl e pol yner é&ncénpasses speE es| such as saccharides
(e.g., dextran, anyl y@Jﬁur@n|CO ind, poly(sialic acid),

hepar ans, heparlns et 1) pphyp acids), e.g., poly(aspartic
acid) and pol y(glutamc aC|d)c n@clel cids; synthetic polyners
(e.g., poly(acrylic acid), poly(ethé?s) me,@ﬁ- ‘pol y(et hyl ene
egcoI); peptides, proteins..and the like. The present invention
may be practiced with any mater 15 sol ubl g polyner with the sole
limtation that the pahy must i ncl udgy oi nt at which the

remai nder of the conjugate jcan be attached. [ 0145] Met hods for
activation of polyner s ahgﬁ be f oun WO 94/17039, U. S. Pat.
No. 5,324,844, WO 94/ 1824%, WO[947754, .S. Pat. No. 5,219, 564,

U S Pat. No. 5,122,614, WD 90713540, M5 Pat. No. 5,281,698, and
nor e MD 93/15189 and for 20 conjugatﬁ%n between acti vat ed pol yners

el aBFE L el Thesmom - T ihens Barvey hepstss Qg BOGO Bgtedn,

to, water-soluble polymers, water-insoluble polymers, therapeutic agents, diagnostic agents

ol

and the Iike. The nature of exemplary modifying groups is discussed in greater detail

hereinbelow.

Modifying Groups

Water-Soluble Polymers

(0144] Many water-soluble polymers are known to those of skill in the art and are useful in
practicing the present invention. The term water-soluble polymer encompasses species such
as saccharides (e.g., dextran, amylose, hyalouronic acid, poly(sialic acid), heparans, heparins,
etc.); poly (amino acids), e.g., poly(aspartic acid) and poly(glutamic acid); nucleic acids;
synthetic polymers (e.g., poly(acrylic acid), poly(ethers), e.g., poly(ethylene glycbl);
peptides, proteins, and the like. The present invention may be practiced with any water-
soluble polymer with the sole limitation that the polymer must include a point at which the

remainder of the conjugate can be attached.

[0145] Methods for activation of polymers can also be found in WO 94/17039, U.S. Pat.
No. 5,324,844, WO 94/18247, WO 94/04193, U.S. Pat. No. 5,219,564, U.S. Pat. No.
5,122,614, WO 90/13540, U.S. Pat. No. 5,281,698, and more WO 93/15189, and for
conjugation between activated polymers and peptides, e.g. Coagulation Factor VIII (WO
94/15625), hemoglobin (WO 94/09027), oxygen carrying molecule (U.S. Pat. No.
4,412,989}, ribonuclease and superoxide dismutase (Veronese af al., App. Biochem. Biotech.
11: 141-45 (1985)).
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4,412,989), ribonucl ease and superoxi de di snutase (Veronese at at,
App. Biochem Biotech. 11: 141-45 (1985)). 40 WD 2005/ 055950

- PCT/ US2004MR3876597%0146] Preferred water-sol ubl e pol yndHS/Gy804HESR
in which a substantial proportion of the polymer nolecules in a

| ' .t he. | | : ~
2 > Ry BRI S CRABLIREL UL BE M Bion o e
i nvent i opolymserfrusiedudss ih blsample af €@ fojynice ber dmpprokimaetp theysak ydl esigar

glycol) 5 .conjugate. Several reviews and nonographs on the
functi on‘ﬁ?lglita%qc ﬂi’og’ﬁﬁﬂ%@ﬁj E‘ifﬁ?qel?ﬁ‘?rssf PEG are available. See, for

exanple, Harris, Macronol. Chem Phys. C25: 325-373 (1985);

Scout en, L?W] hogtge hridsda ZWERARQAY fikiher 1BOrRS kL&A dnce R YoBlciRllenctgIfbTE
M crob. Technol. " 14: 866-874 (1992); Delgado et al., Ciitical
Revi éws donjuphier Speartlitevibvugndcarrdgsphsyes theryngionalPagen el ¢ondgalion of PEG

Zal i psk Bi j Ch . 150- 165 95), t,

7o phar risrutass! S9555 SE08F. Rsticdedtl GhaprpRacreacrris (s

mol ecul j ' 35S 0.8 1 (A _ Rol.

e A i i e S el
a

a wat er HoBobSd H992); Ssicatapl &., Esiicefaviewstn Aherapeitio Drag CerriestSysiems 9:
| j J m |i b, (al |
oot Yo 2R AR AP AR e 6B PRI By

pol yleacr BhmomosipETts-p2j20016 Hddebdbr pefrinPatative NBG 1ol8cfestd faaiisg

forth a nmethod faor Eéepar,l ng wat er - sol ubl‘g16 '
T benzot GNELBEy PEES BIsAzACHYeBPIEFulST arg g i 86 Pib Far areplfo i-HdigtaotiNe:

pol ymer oy~ @@Ccﬁg;c%e@a whSk BiRab afly fg&g‘?&we_cgﬁjug O?f% YHRE Wbt & 2 \Pé)lymer

di (1-benZotriazoyl)carbonate i n an organic sol ve The acti
est er i sacitbeibcted ffom Hneonj brgadhed puly{dikderisi axfideg), palyloxyeibyiated palyeis,

such as a.,protein r. peptide, 2 0149] WO 99/ 45964 describes a
conj ugat@lﬁﬁ({%’%%chsaﬂ‘ﬁ’g@]éfBﬁ%?@ﬁ@&’é’?‘?’éﬁrﬁ]&‘ﬂl\?% agent and an acti vated
wat er sol ubl e pol ynmer conprising a pol yner backbone having at |east

one fer oy Ul Neagnt Ko ldYs76804)68 FollRs e Mide foiirapife @ vakabRible

| i nkage, whérein at | east one term nus conprises a branching noiety

havi ng phbsizataiazelzigetbonate efte e watsselbleqnd mentpeptidin palymenky wagtingan

whi ch t bi.al.0gi Cli [ ' t l. he
proxi i PRaREP S BE n bk TR i, bae kS pbheBbee P AT breBlE e
are descTlichetvd estdAR ol 24469, cobjuBatePaite pbioldiically, 888%; ab6dt slels ay 4 powim
conjugate forned with a branched PEG nol ecul e that includes a

br anchedrPéP%#enus t hat incl udes reactive functional groups. The free
reactive groups are available to react with a biologically active

SEECAEE M, S 5ot LA, SR RIS Mt
~Pat ent activated water soluble polymer comprising a polymer backbone having at least one terminus
- linked to the polymer backbone through a stable linkage, wherein at least one terminus
comprises a branching moiety having proximal reactive groups linked to the branching
moiety, in which the biologically active agent is linked to at least one of the proximal reactive
25  groups. Other branched poly(ethylene glycols) are described in WO 96/21469, U.S. Patent
No. 5,932,462 describes a conjugate formed with a branched PEG molecule that includes a
branched terminus that includes reactive functional groups. The free reactive groups are
available to react with a bioio gically active species, such as a protein or peptide, forming
conjugates between the poly(ethylene glycol) and the biologically active species. U.S. Patent
30 No. 5,446,090 describes a bifunctional PEG linker and its use in forming conjugates having a

peptide at each of the PEG linker termini.
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30 No. 5,446,090 describes a bifunctional PEG linker and its use in
form ng conjugates having a peptide at each of the PEG |inker
termni. 41 WO 2005/ 055950 PCT/ US2004/ 041070 [01501 Conjugates t hat
i ncl U@ 2deISadFabl e PEG | i nkages are descri bed i n WREH48331070 and
V\D 99114259, as well as in U S Patent No. 6, 348 558. Such

TrRPE” mbigics B Hats deT BTl Y baget PR aTrdde WO PH B bve are

Of a0 Bo/AS59_ 2 &apaﬁaatu sfpettélﬁ NY. 6328558, ”Sl?dﬁtdegfhdhﬂe ti:ﬂEagEg pigat i on

of the branched polyners set forth herein and a
compligable onthe foraskigdeveptiamched pol yners to ot her speC| es, e.g.,
sugars sugar nucl eotides and the |ike. [0152] Exenplary

P ST e i b A BB 20l T o PR 0 Wl e P!
5 Z‘“écﬁt@bﬂ@f %@E&Qﬂ@ﬁﬁl@iﬂ@ the feriaiiBn of the WiinghedRSoling eld set@okth Nefdin

substltuted or unsubstituted al kyl, substituted or unsubstituted
ar 9&1 alaqf9s theraqpnBgatinn ofitbess dranchedpplynets fQethf SPegigh $1g.- tSUSHB sygar

rocycl oal kyl, substituted or unsubstituted
erootqdléyign%dthgﬁ%{g acet al , O—|C- H2N- (CH2)y--, HS-(C-12),, or

(CHZ)gC(Y)Zl The i ndex "e” represents an integer froml to 2500.
Thip1is2Hi @mn@larﬁpol&fuﬂmﬂenbfglyam@emmmmdfmw Bphe feetitiominagéds, duf arom 0
to 20, The synbaqls.Z ﬁl gﬂﬂa ndependently represent OH NHZ,
| eB% H’@;‘t tgfhese havips the H%‘o p- ni t rophenyl , HOBT, tetrazole,
hal i de, S-R9, the al cohol portl on of activated esters;

-(CH2), (Y )V, or -(@H2)PY(CH2.)SC(Yr),,, The synbol Y represents

H(2), =0, =S, =N-R10.! The synbol S X, Y, Y', A', and U i ndependently
represent the noiet) \{ represents OH, NHZ,

0, S,
10 hal ogen, S-R12, t e 20 éﬁ'%o% %ﬁﬁzﬂ’?éﬁﬁzbﬂﬂ vated esters, the

arri ne conponent of activated am des, sugar- nucl eotides, and

I GhieB RS Thg, OHdN'fE SsuBstitted Dr ﬁl%qbéﬁtﬁtég a sﬁtdté}gtﬁ'gﬁﬁ‘ﬂ% é%l

elected from the integers fromO to 20. The synb
and‘yl?]sﬁbatm@mmduwwcbwgsm{, substmsted)@tumuhs@wtcﬁ hajwrs%b,‘hailk}d;t ed

ot gt G st %%“%c?%ef'@%@s?f‘#@%&)ﬁéﬁéx@@efo%a?rky|

anchp,emzﬂt qle fide Be’%ﬁw@éhs wﬁ;&dexhﬁéxﬁ rlqaasbe ’rﬁelﬁaibeﬂ B, Dhfeq

exenpl ary ‘enbodi nent s get | ene Z)1 nol ecul e is
15 seindgpandenthyr igpresdns nﬂmem)fmmd} to48. The symbols Z and independently

represent OH, NHy, leaving groups, e.g., imidazole, p-nitrophenyl, HOBT, tetrazole, halide,
S-R’, the alcohol portion of activated esters; -(CHz)pC(YI)V, or -(CHy),U(CH,):C(Y")y. The
symbol Y represents H(2), =0, =S, =N-R'’. The symbols X, Y, Y', A", and U independently
represent the moieties O, S, N-R!%. The symbol V represents OH, NHy, halogen, S-R™ the

20 alcohol component of activated esters, the amine component of activated amides, sugar-
nucleotides, and proteins. The indices p, g, s and v are members independently selected from
the integers from 0 to 20. The symbols R?, R, R™ and R"? independently represent H,
substituted or unsubstituted alkyl, subé_tituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heterocycloalkyl and substituted or

25  unsubstituted heteroaryl.

[0153] In other exemplary embodiments, the poly(ethylene glycol) molecule is selected
from the following:
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WD 2005/ 055950 PCT/ US2004/ 041070 Me- (OCH2CH2) e OZ Me- ( OCH2CH2) e- OUZ
|OT 0 0 Me-(OCH2CH2) e- 0. 1' AZ Me- (OCH2CH2)e-N ~O(Z 0 0 O

Me- ( OCH2 OM@RBI5(53950 Me- (OCH2CH2) e 1(N Z 0 Me- ( OCH2 CHRB@E/BSZB04/1070
Me- (OCH2CH2) 0 N Me- (OCH2CH2) e-N-Z 0 [0154] The pol y(et hyl ene

gl ycol ) ugefisbH,srfiargi ng.t heconj ugate pf ,hvention,is either
| i near or br(anclguedz.)e Bré‘ﬁ%@ﬁ’%ol yet hyl eﬁ% &#?ﬁ%‘ﬁl errg‘:%ﬁg{? es suitable
for use in the invention i@clude, but are not limtedyto, those

descri bed by the follow ng formula: R8-A ~ (OCH2CH2)e X\ Jm (CH2)q
Z50Yin which RB and R§' are nenbers

" ‘and A2 are menbers independeniyy selected fromthe groyps defdned

R8:A2, [) . X f - 1
[ ndependeh?]%%gé?g@f eg onzthe groups d@ﬁ(ﬂ@ﬁz@'ﬂnﬁe‘ﬂsmm

for Al, above. The indices ejfif, o, and q are as descri bed above. Z
and Y ar é"‘%t’s(%b@ﬁt)b'é@\@b@w/“%% and X' are menbers H ndépendent|y

.selected fromS, SC(ONH HNC(OS, SC(OMs~(@CHalz)e ), (O C\H
and NHC(0)0, OC(O NH. [0155] In other exenplary enbgdi nents, the
branched PEG i s based upon a cysteine, serine or di-lysine core.

N

R

Thus, furlidrgOCekerRpL-aby-zbr anched PEGs i ncl ude: 43 WO 2805/ 055950
PCT/ U52004/ 041070 0 NHC(O) OCH2CH2( OCH2CH2) eOCCH3 HO

H Me~(OCH,CHy)e HN
Me—(OCH;CHa)e—N—~2 (OCH, 2)"71
0

[0154] The poly(ethylene glycol) useful in forming the conjugate of the invention is either
linear or branched. Branched poly(ethylene glycol) molecules suitable for use in the

invention include, but are not limited to, those described by the following formula:

RB—AH(OCHchz)e“Xl\
m (CH2)q
RE=AZ/ \_(OCH,CHy) —X1 Z

Q

5 Y :
in which R® and R* are members independently selected from the groups; defined for R®,
above. A’ and A% are members independently selected from the groups defined for A',
above. The indices e, f, 0, and g are as described above, Z and Y are as described above. X!
and X' are members independently selected from S, SC(O)NH, HNC(0)S, SC(0)0, O, NH,
10 NHC(0), (O)CNH and NHC(0)O, OC(O)NH.

[0155] In other exemplary embodiments, the branched PEG is based upon a cysteine,

serine or di-lysine core. Thus, further exemplary branched PEGs include:
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NH2  HN NHC( O) OCH2CH2( OCH2CH2)j OCH3 0 0 NHC(O)CI-lZCJ—lZ(OCJ—lZCJ—lZ),OCJ—B

HO NH2 HN N HC(O) CH2CH2( OCH2CH2) 000H3 O HO Y ° S- ( CH2CHZO) OCH3 HO!
Y 'S (CH2CHR0) . CH3  NHC( O) CH2CH2( OCH2CHR) ((OCH,
NHC( bCH2CH2) ' OCH3  HO O ( CH2CH, O) aCH3  HEC/US2004/041070

'O (CH2CHzO) eCH3 NHC( O) GH2CH2( OCH2CH2) 10CH3 N

HC( 0) OCH2 CH2( ,CH2) ,CCH3 HO Y O (CH2CH20), CH3 HO

©S- (CH2CH20) NHC( Q) CH, %m oc N?Q(CQ ) OCH3 and ~0 HO

S- (CH2CH20 C( ~""h' 1561 I'n yet anot her enbodi nent,
t he branched PEG Inoi emy is based upon a tr| -I'ysine peptide. The

tri-lysine can be ri- PEGyI ated. Exenpl ary
species according Jfo this enboﬁ”cf?éq’ﬁ'zc’ﬁ‘ﬁ%‘:”t"ﬁ >formul ae: 44 WO
2005/ 055950 PCT/ USzD04/ 041070 0O NHC( O OCH2CH2( OCCH2CH2) , OCH3 HO

" NHC( O) OCH2CH2( GCH2CH2) , OCH3  NHO HN NH, q. ,

HC( O) OCHCHZ( (OYCR)CHAOCHACHa)OCH,
HO
NH, :
HN
NHG(OICH.CHAOGH,CH,) OCH,
0
o] 0
HO 8——(GHCH;0).CHy ; HO 8——(CHaCHz0),CHa
MHC({O)CH;CHa(OCHCH2)OCH; NHC(O)OCH,CH,{OCH,CH,OCH;
0 o]
HO O——{CH,CH,0)eCH; ; Ho O—(CHaCH,0).CHy
NHG{OYCH,CHA(OTH,CH)OCH, NHC(O)OCHZCHE(OCHQCHE}iOCHg
Q o)
HO O—{CHzCH20).CH; HO S———(CHaCH0.CH,
NHC(O)CH,CH0CH; ) NHC(O)OCH;
0.
HO' S'—"(CHchgo)ecHg
NHG{O)CH,

[0156] In yet another embodiment, the branched PEG moiety is based upon a tri-lysine
peptide. The tri-lysine can be mono-, di-, tri-, or tetra-PEG-ylated. Exemplary species
according to this embodiment have the formulae:
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Pama
I\__ i

HO N Hc(0) CH2CH2( ocH2CH2) , OCK, a 0 NHC( O CH2CH2( OCHCHZ) , OCH3 NH HN
NHz HC (O?W%—(ZCHZ OCHZCH2) IOCCH3 O in which e, f and f are

i ndependetq ¥t ed integers from| to 2500; and q, P§T/USAP4G41030 e
i ndependently selected integers from1l to 20. [0157] In exenplary
enbodi nentge of the invention, the PEGis mPEG (51cD, 10 kD, 5
151W 20k branched PEG species is a serine-

0 kD). An enpl ar
) P%C‘Oﬁﬁﬁ“ﬁz‘ﬁé“ﬁ’f?%e is a 20 kD mPEG [0158] As

or cystgine

wi |l [ be apparenf tothose of skill, the branched pol yners of use in

the inventio i nc e rj-ati oNs@ecHidngodHrenesiset forth above. For
- exanpl e the,di-1ysineyPEG conjugate shown above can include three

pol ymeric su t e ird bonded to the a-am ne shown as 10

unnodi fied in &he r uct ur NFaEEFRCH: G0y, t he use, of a
tri-lysine functionalized with three or four polyn%'?q C subunits is
‘W thin the scope of the invention. [0159] Additional exenplary
speci es of Quse in the invention include: M~0~0~/S eOH H2ZN O

Me' O~(/ -0k /Qye HR DR o1, BB8cr 4G VO 2005/ 055950
PCT/ US2004/ 0~Hﬂ’o~2 4% oﬁf& EN Me-O ~00- O f
0

q
/IW\/NHC(O)CHZCHZ(OGHZCHZ),OCH;;
NH )

HN NH, ¢

HG{O)GH,CH,(OCH,CHa)e OCH,
0

q

in which e, fand {* are independently selected integers from 1 to 2500; and g, ¢’ and q” are
 independently selected integers from 1 to 20. |

[0157] In exemplary embodiments of the invention, the PEG is m-PEG (5 kD, 10 kD,
5  15kD, 20kD or 30 kD). An exemplary branched PEG species is a serine- or cysteine~(m-
PEG), in which the m-PEG is a 20 kD m-PEG.

[0158] As will be apparent to those of skill, the branched polymers of use in the invention

include variations on the themes set forth above. For example the di-lysine-PEG conjugate

shown above can include three polymeric subunits, the third bonded to the a-amine shown as
10  unmodified in the sﬁuchnc above. Similarly, the use of a tri-lysine functionalized with three

or four polymeric subunits is within the scope of the invention.

[0159] Additional exemplary species of use in the invention include:
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and carbonates and active esters of these species, such as: Me 0+0~
2HNY O Fe OF MeN# Fand Me~O0s Fe HNOI L F I\/e,,OO’\0100F

/I f F 6 QG her activating, or |eaving groups ri for
activavtvar%wlfnl %lé%r PEGs of use€ in preparing the conﬁ&ﬁ" 280[1&#?0}7?9”
her ei n |ncI ude, but are not Ilmted to the species: ¢cC NcN N~-N\N O\I
o /1, 'OoS (NSSOSSG g-N-O-O- \N~\ o0 Qr Op ~O
S FFOHVNN N O ove| and F F (0161] PEG nol ecul es
that are activated with these and es and nmet hods of

maki ng the activated PEGs are set fo WO 04/ 083259. 10 [0162]
Those of skill in the éﬂe’sf\ww P that one or nore of the

m PEG arns of the branche pol yrer can be replaced by a PEG noiety

with a different termnus, e.g.,
and carbonates and active esters of these species, such as:

5 [0160] Other activating, or leaving groups, appropriate for activating linear PEGs of use in

preparing the compounds set forth herein include, but are not limited to the species:

e “”\_oio_g

%’joj\oﬁ; @:(/L-é |

{0161] PEG molecules that are activated with these and other species and methods of
making the activated PEGs are set forth in WO 04/083259.

10 [0162] Those of skill in the art will appreciate that one or more of the m-PEG arms of the
branched polymer can be replaced by a PEG moiety with a different terminus, e.g., OH,
COOH, NH,, C»-Cyp-alkyl, eic. Moreover, the structures above are readily modified by
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COOH, NH2, C2-C o-alkyl, etc. Mreover, the structures above are
readi | y nd) 30eFSHY 46 WO 2005/ 055950 PCT/ US2004/ 04107 PCTVUSRen0i10g0
al kyl linkers (or renoving carbon atons) between the a-carbon atom

and the_ functigna ro of. the side chain of the "am no acjid".
Thus, “HSHEE %f@ﬁ#k?%?f?@grawaﬂw_g‘h@ atowaﬂaﬁ%@&éké OB e _
horol ogugsioahiersgedfithe sidd bt AGhd«mAh6 cifier TR d@ﬁ@ﬁive@&}dggiglﬂ]ér n

the present invention. 5 [01631] The branched PEG_ speci es set
" her ei n hamelogsagiak el pe lsavee Hobglogeas oxtesc Bl Epming acidh aeres &t biapchénl PEGSs

the sc bel ow: NHZ (OH 0, » + KOH, MeOH NHp Xa' ~ | r o e e
CH p%ﬁ%&‘dﬁ%lf’?ﬁ%ﬁgﬁ@@nv XOHO 2 in which Xais O or Sand r is
an integer froml to 5. The indices e and f are independently

- sel éct o163t ePoe Srafiched PEGtsped&at fotB htflb4t rHdils prepara beinighdde shdh &

-scheme, a natural or unnatural amno acid is contacted with an
act i vateal sshipginyibe schemepelow:n this case the tosylate, forming 1 by
al kyl ati ng the side- chain heteroatom V. The nono-functionalized
m PEG amingq acid is submtted to N acylation conditions with a

reactiy,gawlgE(@Hderiv\at e,olt her eby aesewbiii ng branghed m 2. As
one of sKi)| Iwil I+app9'/@§/atg\ce),q€faﬁe fosyl at e Tg\a‘?/hé 0 be
repl aced with any 15 suitable | eaving group, e.g., halog 0
nmesylate, trifilate, etc.. Simlarly, the reactive cdr bonat e

~utilized to acylate the am ne can be replaced with an active ester,

(.r
kN

S

®

‘e.g., N hydroxysuccinimdeg etc., or the acid can be activated in

“situ using a dehydr akl ng. agént ch as djcyclohexyl®arbodiim de,
car bonyl di i m da&w.\‘??ga@@mozan Erx%?rpfé i ment, the

nmodi fyi ng group LS_a_EEG_DDLE.tgL,__h.QWEVEI‘O any ‘20 I'fying group,
e.g., water-sol ubl e pol ymerTEaNat er - i nsot"Ubte i
noiety, etc., can be incorporated in a glycosyl mg| ety through an
appropriate |inkage. The nodified sugar is forned”by enzymatic

neans, iCHBFhCE is (BRSSand iParCiaRREl¥adrh QMo 5heheRidicet Bah®PYre iRlcpsHidehig 2
modi fied sugar. In an exenplary enbodi ment, the sugars are
subst i seleded itegersalipm 4de 2Y®. am ne at any position that. allows for

the attachnent of the nodifying noiety, yet still
10 J0164] Thus, according to this scheme, 2 natural or unnatural amino acid is contacted with

an activated m-PEG derivative, in this case the tosylate, forming 1 by alkylating the side-
chain heteroatom X*. The mono-functionalized m-PEG amino acid is submitted to N-
acylation conditions with a reactive m-PEG derivative, thereby assembling branched m-PEG
2. As one of skill will appreciate, the tosylate leaving group can be replaced with any

15  suitable leaving group, e.g., halogen; mesylate, triflate, etc. Similarly, the reactive carbonate
utilized to acylate the amine can be replaced with an active ester, e.g., N-
hydroxysuccinimide, etc., or the acid can be activated in sifu using a dehydrating agent such

as dicyclohexylcarbodiimide, carbonyldiimidazole, etc.

[0165] In an exemplary embodiment, the modifying group is a PEG moiety, however, any
20  modifying group, e.g., water-soluble polymer, water-insoluble polymer, therapeutic moiety,
etc., can be incorporated in a glycosyl moiety through an appropriate linkage. The modified
sugar is formed by enzymatic means, chemical means or a combination thereof, thereby
producing a modified sugar. In an exemplary embodiment, the sugars are substituted with an

active amine at any position that allows for the attachment of the modifying moiety, yet still
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47 WO 2005/ 055950 PCT/ US2004/ 041070 allows the sugar to function as
a substrate for an enzyne capable of coupling the nodified sugar to

h [ (=S a I mbodi , Wh I ] [
t he pe%b%‘ﬁéﬁlbgbbgn exenpl ary enbodi nent en gal act mﬁé%ﬁ“@?&%&

nodi fied” “sugar, the amne noiety is attached to the ca
the 6-position. Water-soluble Polynmer Modified Species 5 [0166]

Vat efiroRliidba PRl MRRIonR dishbdtc el Paiz A8 c&%lﬂﬁe’ of5RApli\Sthe Modi&h t he
sugar noiety " is nodified with a water-sol uble polyner are of use in
t he qugestertbe paplideat Iromm examplaxe trpbedipentpwlier gdactesagune ks wodifigd bear s

h ' A h ' 410)] h
S uganen i e ek Rierdst Pl S R ARG IS O der vt ves

of a sugar nucl eotide, are also of use in the methods of the

I NVeRutedolubly PelymepMedifedSpecibaryl amne 10 (w thout the nodifying
group) can_be enzymatically conjugated to a peptide (or other
sheci0dsf] andetewldhlepolymeciadified andlendidgspgarppecigsse gdesh thy segsnmeaiely ed
to a | i.fyl r - ' jfi

e SRR A et ARSI 1 bleser o0, ATBHERLS
t he wodifibd ewbas ugdeotide haars acagma wydupahatépmodified tixosgibat saine madeig.on a
peptide, glycopeptide, Jipid, aglycone, glycolipid, etc. 15 [0167]
In JheSbotfadeind ﬁusarwi?ﬁg@qsee-g-a@eﬁm eligh AErivadivese it or

glu B5 [RSE d [

o Ty i ar s Qb tne RS o el S B SR L el
Hhowwithehothe trondifirgceoyd) gal betrayaaiicndly cohj@gsied i apesidgdor othexi ety i s

readily, prepared by standard nethods. RO OHp | NH HO AcNH.0~o0 O

o sratiel g8 Y Foachedtarhoaiotoibioubeanrrly s e AR Modi g

br QBup. Alternatively, the modified sugar nucleotide can function as a substrate for an enzyme
that transfers the modified sugar to a saccharyl acceptor on a substrate, e.g., a peptide,

glycopeptide, lipid, aglycone, glycolipid, etc.

15 [0167] Inone embodiment in which the saccharide core is galactose or glucose, R’ is
NHC(O)Y.

[0168] In an exemplary embodiment, the modified sugar is based upon a 6-amino-N-
acetyl-glycosyl moiety. As shown below for N-acetylgalactosamine, the 6-amino-sugar

moiety is readily prepared by standard methods.

O

on R
0 | NH
HO . /g
0
AGNH O I a N0
I\D/‘?\O/\/
o O

HO o
R=0H

H
(e}
a Q CH:
R=NH, _______E,______» R= HN)I\O%\/ >\/\O/ 3

= CH
e

[ n

0
4. galactose oxidase ; NH4OAc, NaBHsCN ; b. O CHs
A o~
o 5 n
c. /[k O CH
A 0,6\/ 5‘/\0/ 3
20 n
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A

OCy3 R=HNe s n O a. galactose oxidase; NH4QAo, NaBH3CN, b.
.. [ OWEROPYESIS0 0 s ¢. O ~CH3 A Q0 20 48 WD 2005/R§H8E304/041070
PCT/ US2004/ 041070 [0169] In the schene above the index n

B N

act i iadnh D tcgT500Panden Gre preferablly Gronal (}:wrmon emhe Sfmisl “Actmptedeﬁﬂ agst er
(e.g., .a N hydroxysuccinimde ester),. a conponent of a carbonate
(e. gacﬁysallﬁstgr%h%&yﬂhelar%m@fnt&ﬁansctm%e stee(e-grole of skill in

t he re
oad PRt isoRRUECl b iion Gl BFE o Kot N S R Bt
exenphalike. rhoeclofiskill &, the hremlhap;tmeam éntothe Riplaaddechusicoddgsupup astich
as a uy thane 171 still further enbodinments, It’
is al eﬁ%@iﬂ%ﬁ g@’%”é “%m]e@ﬂas of those 10 species set forth
above. IIIustratlve conpounds according to this enbodi nent include:
49 5/ 0

B T I i iR
S—(Gﬂr@hﬁ@)or@lﬂrea OH NHC( O X' CH, CH, (OCH, CH2) 10G4, HOOC 0 V
CH(OH)CH OH)CH2OH HO 0O NHC(O (CH,),NH S-(CH CH O~CH, H

rN Hg Mgﬁ s?i%{ﬂgf{’e)n%%me%l RTis ARG 36 o) R, e BHGGER) - NH

10 species set forth above. IHustrative compounds according to this embodiment include:
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(OCH, CH,),0CH NHC(OCH OH 0 HOOC O

H( CHz) , NHC( O) O( CHz) y( OCHz CHz) , O( CHz) dNH

kosg (1 p~~~~ Y NHC( Q) XCH, CH, ( OCH, CHx) r OChj¢ Tn}%le%z%@'B

0 H( OH) CH( OH) CHzNH( CH, ) aNHC( O) O( CHz) b( OCHz CHZ) . Q( CHz) dNH

CI-l,CI-l,O),CI—l, HOCI-lCI-l(OCI—lCI—l,,OGI—l V NHC(O X' NHC(O) CHa CH 00l
QA ERICBIFHERYNNHC( O) O( CHR2) ' (GSHz CH2) cO( CH2) dNH/ Y

\ S ( CHpeH CH, HO NHC(O X CH, CH, ( CHOrOCH V NHC(O CH3 CH in

' e cRlnod:ObeddnMans as wH-egugsed above, the

present invention provides nucleotide su Ecg)xicil;@,t(om@ﬁﬁ,cmdl fied with

a wat er - solUbl e pol ymer, which is either straight- chal n or branched.

For 5 exanpl e, conpounds having the formula shown bel ow are within

t he sgepe t keoptesenbs 1 Nvention: 50 WD 2005/ 055950

PCT/ US /041070 HOOPO €H( OH) CH(OH) CH2OH HaN 0 0. C~

5- (CH. , OH NHC({ 0| XCH2CH, (OCH, CH,), OCH, and OH 0 HO 0 HOOC
0 CH( OH) CHOOH) CHPRfEt:L:M 1 cpcEHa .
NHC( 0) X' CHaGHr ( OCHCHa) , C{O)X‘CH,CHy(OCH,CH;)OCH,

=

O

5——(CH,CH,0),CH,

HOOC. O CH(OH}CH(OH)GHZNH(CHz)aNH/UY\ :
HO NHG(OJX‘CH,CH,(OGH,CH,),0CH,
NHC(O)CH, .

oK
o
HOCG 0 CH(OH)CH(OH)CHNH{CH), NHC{O)O{CH ), {08 MG H),0{CH) oNH B=—(CH,CH,0),.CH, :
HO NHC(OJX'CH,CH,(OCH,CH,)0CH,
MHC(O)CH,
OH a
HOOG 0 CH(OH)CH(OHICH,NH{GHZ)NHC{O)O(CH)y(OCH, CHZ.O(CH) NH S——(CH,CH,0).CH,
HO NHC{OJX'CH,GH{OCH,CH,)0CH,
NHG{OYCH,
On
o .
HOOC o CH(OH)CH({OH)CHoNHC(O)O(CH ), {OCH,GHL) O (CHz) NH §——(CH,CH,0),CH,
HO NHC{ONCECH,CH,{OCH,CH,),0CH,
NHG{OYCH,

in which X* is a bond or O.
{0172] Moreover, as discussed above, the present invention provides nucleotide sugars that
are modified with a water-soluble polymer, which is either straight-chain or branched. For

5  example, compounds having the formula shown below are within the scope of the present

invention:
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Hi N~\ NHC(O% OH OHO HOin which X4 is 0 or a bond. [0173]
Si mi | ar W 2003455958 vent i on provi des nucl eoti de sugars @®CTRISEBS041070
nodi fied sugar species in which the carbon at the 6-position is

modi fied: o NHC(O) (CH2) aNideY So( CHRGHRGCH3 3
I 1 NHC( O) X4CHZCHZ( OCH2CH2)4,

RA& IrN~{ ~~NH /1 0 NJI[ N"
"NH2 R5 ~Hz o [yﬁy&b X4 |s a bond or O [0174]
Al so provi ded\ar Wg&:gat €5 of peptl es and<gy topeptl des, |ipids
and gl ycol i pi ds\ t wat Sncl ude the conp8¥PEHR *°*81°°“5t he #%hvent i on. For
exanpl e, the i nverfi on provi des -% conjugates having the foll ow ng

formul ae: 51 WO 2005/ 055950 PCT/ US2004/ 041070 o CH( OH) CH( OH) CH20H

HOCC 0 O NHC(O)(CH) NHC( O) (CH, ) p(OCH, CH NL , ).aNH
S- (CH, CH20), OH NHC(OOFI y X C"éfl—l”j’ ﬂ:H AGHOICH;
CH( OH) CH(G-i) ~Q K MK CH, ), NH' L/ \ Sv@pecH@HEH3 OH
| NHC( O) CH, &H; D NHC(O)GHS_
N
0yl OH
in which X* is O or a bond.

[0173] Similarly, the invention provides micleotide sugars of those modified sugar species
in which the carbon at the 6-position is modified:

0

NHC(O){CHa)aNH §—(CH,CHz0)CH;

NHC{O)X*CH,CH,{OCH,,CH,)OCH3

Py
(<.}
o
O

v
/

o
o-—‘ﬁu——o
1 / )

O
82
" b

=
T
N

in which X*is a bond or O.

[0174] Also provided are conjugates of peptides and glycopeptides, lipids and glycolipids
that include the compositions of the invention. For example, the invention provides

conjugates having the following formulae:
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HOOC 0 CH(OH) CH( OH) CH2NH(CH2) ,NH S-(CH, CH, O ,CH, and O

NHC(O) CH, CH, (OCH, CH, ) IOCH, ', 7.z/ NHC(OCH3 OH 0 HOCC 0

CH( OH) @He( 106/@ish3H( CH, ) , NHC( O ( CH, ), (OCH, CH, ) , O CH3) pddAus 2047041070
S-(CH CH 0).CH p~~~ INHC(O CH CH (CCH CH )OCH, ' ~"t(~/ NHC(O-H3
OH Wat er s j.nsol ubl [0175] In another enbodi nent, anal ogous
to thosé A&I i E{OEgjéa\égﬁgfhe nodi fi ed gars include a

wat er - i ns/BI bl el pol yner, rather than a water<sol uble polynmer. The
conj ugat®Bs ofy 5 WHRCEEVERCHERFHIRPCHNES | Nl ude BE6k nor e

wat er - i nsol ubbte pol ynmers. This enbodi nent NFOEHFBORHPHEITHI ON 1 S
illustrated by the use of the conjugate as a vehicle with which to
deliver a therapeutl C f gtl de in a controlled manner. Polymeric
drug def?% TEREAFE"known in the art. See, for exanple, Dunn
et at, Ej? POLYMERI C DR AND DRUG DELI VERY SYSTEMS, ACS

Syrrposi uth Seryes Mabich69; iscanc&Hem cal . Society, Washington,
D.C. 10 1991.44Those of skill Il appreC| ate that
substantially any known drug Hcfgwcn%@% C’scwst emis applicable to the
conj ugates of the present inventjon. [0176] Representative

wat er -i nsol ubl e pol yners includg, but are not limted to,

pol ypho§0g]g|a2|gles,cmglg4”)6g)g,; Al R I—cReLyam des, rgc?l ycar bonat es,
pol yal kyl e pol yacryl am aes @ﬂ;ﬁ%ﬁ)ﬁ&%ﬂ%eﬂ' ycof pol yal kyl ene
oxi des, p%l I | ene terephthal ates NI et hers, pol yvinyl
esters, "Lpol yVvi ny[M§at% des, pol yvi nyl pyrrol i done pol ygl ycol i des,

pol ysi | oxanesy pol yur et hanes, pol y(net hyl methacryl ate), poly(ethyl
nmet hacryl ate), poly(eutyl nethacrylate), poly(isobutyl

t hacryl ate), pol y(hexyl thacryl ate), poly(i sodecyl
nmet hacryl ate), poly(lauryl nethacr Iate t hacryl ate),
52 WO ﬁé (¥%ﬁ¢wﬂéﬁ6MW@%Tﬁ7%mmﬁﬁi9?§§Phyl]acrylémcO(m
pol y(i so acryl ate), poly(isobutyl acryl at e} oy tEEtatecyl
acryl at pohyvetwcogne, pol ypropyl ene, poly(ethylene glycol),
pol y(et hyl engyoxi de), poly (ethylene terephthal ate), poly(vinyl
acetate), polyvinyl chloride, polystyrene, polyvinyl pyrrolidone,
pluﬁﬁnhe&wah@hpﬂﬂJm%ﬁylphenol and copol yners thereof. 5 [0177]

Synineid cal Ly rodih.ed nat ural ROl B S0l e Sbih, SRt UHRLES Lk e

invéd
include a water-insoluble polymer, rather than a water-soluble polymer. The conjugates of

5  the invention may also include one or more water-insoluble polymers. This embodiment of
the invention is illustrated by the use of the conjugate as a vehicle with which to deliver a
therapeutic peptide in a controlled manner. Polymeric drug delivery systems are known in
the art. See, for example, Dunn et al., Eds. POLYMERIC DRUGS AND DRUG DELIVERY
SYsTEMS, ACS Symposinm Series Vol. 469, American Chemical Society, Washington, D.C. -

10 1991 . Those of skill in the art will appreciate that substgntially any known drug delivery

system is applicable to the conjugates of the present invention.

[0176] Representative water-insoluble polymers include, but are not limited to,
polyphosphazines, poly(vinyl alcohols), polyamides, polycarbonates, polyalkylenes,
polyacrylamides, polyalkylene glycols, polyalkylene oxides, polyalkylene terephthalates,
15 - polyvinyl ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides,
polysiloxanes, polyurethanes, poly(methyl methacrylate), poly(ethyl methacrylate),
poly(butyl methacrylate), poly(isobutyl methacrylate), poly(hexyl methacrylate),
poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl methacrylate),
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i
e

i nclude, but are not limted to, alkyl cellul oses, hydroxyal kyl
cel | ul o¥Q 200585398 ose et hers, cellul ose esters, and pCT/US2004/041070
ni trocelluloses. Particularly preferred nenbers of the broad cl asses

i i e BT g8y MiHg) el oy Ay pr g
e S e e S s (o

ose acet l'ul’ose PpPropi ona

acet afeéhyisme jorephihalate), pely6dey] aa@@@ap@lmhﬁwcmd@, palpstivens; elyfiny!
cel l I I I | f di | t d
pol ylr:’é}%&l Pﬁg%h{ﬂ{@gse%gr 'O%ﬁﬁé | C eu rgergﬁ feathI ?nocI ;(r:nl 3a [017g]n

These and t he other pol ymer s dlscussed herein can be readily

okt ai jRaa@7yf ; Gynthf:tmﬁp nwidifledsnuraeslysisedoiase B @ifugahe 6 88 knveation St .
Loui s, . ), Polysgiences (Warrenton, =15 PA. ), Aldrich (M Il waukee,
W) llﬂxgwuz 15 ARbIRESHLO, Ngvyl cellplgses; Wﬁwy@ﬁwm«m esdulosp ethetss e

th t
EIQndieﬁla%ﬁﬁsgﬁ%?%g?“ 9082 Buflblaly HRIAASEoTURRIAE SrollPlles of
of ussyniheticdlly m@:hﬁubmtmsl oflymbe idchylenttut ere nok hiclited &, nietiiy! aglbilozet
limt tid olid nd f
pol v S PER: By et sy ARGt e G ie e
ay d) me9] #{LRES, icolenics a%Qtaﬁaéﬁlﬂlo@@%@ﬁﬁ)hatep&hﬁbb@%eta@@bﬁ?ra&' y&mldsel e)

pol yanhydri des, polyorthoesters ends and copol yners' t her eof
par t i &gfaly philatercartionymeibyt cednlose, Belinlgse thacgtates cellnlesh salfate brsbian salt

! 05l SRR AONES R L4150 The polymers of

insoluble materials having Wlthl n at Ieast a portion of their
st r ucloavs, é"hhn'e(méﬁwdﬁmIpelyﬂ&rm&b@mﬁ&eremmmddy@btaﬁwdIfrom pol yner

t hat | ud vt | ybl | . whi
o or gL S St ChARRAL By BRI ABY pa it red Fontnon,
cIPs SPA')k&IIah@h (NI Rs kWL %Moﬁl@cfnk@&bmﬂ aﬁJi‘BchRad[(ﬁ;c%HonEQEA) or

purposes of the present |nvent|on wat er -i nsol ubl'e material’s
i ncl uelssssynthesieed 20 mdremeny abtautddtoanthiesd Yuppliers nsing btendand tealidquesy |
wat er - cont ai ni ng environnents. Thus, 30 although certain regions or

2005/ P20 REFrEEBEE BB Bt 8P e s opE e bR el
whol emcldﬁﬁ;SauﬂﬁE nbOliah ts)uﬁayla&idealpomg@&uﬁ@sdna S@dlﬁnér@ they@ter .
[0182] For ?oses of .the &uesent i nvention,

b| or@%&e@a & texenhihalates polydutgs acid), PP%‘I’%‘W“@HE‘B n@(@aﬁ%% of being

dia a hr ough
B T et e S e il
pr odusipstyarces thpeef. cGirjcuarivse antcozapwwtzcm@ et ﬁomngda; sudhers Hody .

including collagen, pluronics and the like.

[0180] The polymers of use in the invention include "hybrid' polymers that include water-
insoluble materials having within at least a portion of their structure, a bioresorbable

25 molecule. An example of such a polymer is one that includes a water-insoluble copolymer,
which has a bioresorbable region, a hydrophilic region and a plurality of crosslinkable

functional groups per polymer chain.

[0181] For purposes of the present invention, "water-insoluble materials” includes
materials that are sdbstantially msoluble in water or water-containing environments. Thus,

30  although certain regions or segments of the copolymer may be hydrophilic or even water-
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1

20

2

3

[0183] The bi oresorbabl e regi on maybe either hydrophobic or
hydrophilic, so long as the copolyner conposition as a whole is not
rendered wat er-sol uble. Thus, the bioresorbable region is selected
based & $dogoo&f erence that the polynmer, as a whol ep. /%E%'o.ﬂ/ﬁuﬁ‘ﬁrt er
10 i nsol uble. Accordingly, the relative properties, | nds
of functional groups contained by, and the relative proportions of
t he slizble ptho pbighleemogitdengs awhole ivchyaiiopy $ubstanta ingasarealissslbkact ed
to ensure that useful bioresorbable conmpositions remain

wat &% nsol ubl e, [0184] Exenplary resorbable polymers include, for
exanpl e, synthetically produced resorbable block copol yners of

pol y«imgy drp Mrpeeésb;%yé p;@seﬁf:hmﬁml #he @epaiblorkRRfbld HERculd SicRfaBs £t
ent 826, 945) . These copol yners are not

c r os@wmﬂheﬂs amﬁbbrcef bmrg@neta‘s:éllzerb@@rel@mdwﬂl gl aesoehpy andior eliminstad t he

ded bl d
et Srouapdrge g TG SRS ARG oesiirie (BRAR Bhniegrtioft O
Res prea*&ablggabslﬁﬁauﬁ 288kic foQRS8BIdyPr esent |y preferred bi oresor babl e
pol ymers ‘i ncl ude one or nore conponents 20 selected from

oly(esters ol drox aci ds oly(la Ion I n des
Bol 183 erlh )edrm?re%%r(vga f‘peg@%(nar—rr lrroe)lfére? éphs §M®aﬁr 45! ong aoth
pol Y,%I%L LA oe §1)c1051 ROk %Sﬁrlp 95@:51?&}@%\?\7:98] ééﬁrﬂﬂ'é) S’Pﬁﬂﬁz’t}ﬂa%‘?c)res&)rbable

pol y ters pol y(thioesters ysacchari des and m xt ures
t heraegidn is Mleeteh baské pa lisypreferdnkcs thatibe pokymesms baiiioe, p@hgmewatencl udes a

101 SABle kool GETHRRR Rionstien. b ol ociobal S8 RBRY i

aci gy, Ly iRt Sropotithnd O€HRCRALIOMRIbE 18 Fion M tihe E)‘&hb)ﬂﬁﬁ@ﬁfgmﬁfﬁe
preferred [0186] In addition to form ng fragnents that are

abs e¢lpeer forenyirg shat vl essaybably comppsisions reapipwriztirsolibévat i ngs f or

use in the nethods of the invention can also forman excretable

andj t e can

' sl e B 67 R bR e ers LthALirof uBhile SpRREASRIARES Cf
resbkb‘éble%&fﬁopbl@mefk 04@)81 2ady dway&brbbﬁﬁweihd)@obﬁbﬁﬁﬂﬁ%nel&%l

d| scI oses tri- WO 2005/ 055950 PCT/ US2004/ 041070 copol yners

Profebed 4/roh® tlr?éent Mnib&%@ 843 Thage corolymepeis pefi oyesslinkedaar @ye walgr-an

hyd

a s SK 5o FRERE 1BRL MG IR @EMAR Moo P FRTTORpDUAN, 268

f I eXiolnhes df wl.of Beuet Mompdiist 2101301-33 16980 eldCdhn drlad, J Béoawgalor at i on
nate, such as tetra-p-tolyl orthocarbonate

|nt gﬂif%ﬁ%é@r%ﬁﬁe d@(ﬁﬁacture l[J0188] O her Bol yrrgrs based on

| actic and/or glycolic acids can also be utilized. For exanple,

Spi poa8sY. Prefatle prefd¥nd biord2bablspolhiés MnohsieumE of hoMPEdhpdi@nts1 993,

di scl oses
selected from poly(esters), poly(hydroxy acids), poly(lactones), poly(amides), poly(ester-

amides), poly (amino acids), poly(anhydrides), poly(orthoesters), poly(carbonates),

poly(phosphazines), poly(phosphoesters), poly(thioesters), polysaccharides and mixtures

thereof. More preferably still, the bioresorbable polymer includes a poly(hydroxy) acid

component. Of the poly(hydroxy) acids, polylactic acid, polyglycolic acid, polycaproic acid,
5  polybutyric acid, polyvaleric acid and copolymers and mixtures thereof are preferred.

{0186] In addition to forming fragments that are absorbed in vivo (“bioresorbed™),
preferred polymeric coatings for use in the methods of the invention can also form an

excretable and/or metabolizable fragment.

[0187] Higher order copolymers can also be used in the present invention. For example,
0  Casey etal., U.S. Patent No. 4,438,253, which issued on March 20, 1984, discloses tri-block
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/

bi odegr adabl e nul ti-bl ock copol ymers having sequentially ordered
bl ocks 8P 2505398t i de and/ or-.pol ygl ycol i de pr oducedroyusiongsqapani ng
pol ymeri zation of |actide and/or glycolide 10 onto either an

Tl L e e e
di acyddetiperydeylede di @, Bueb bémngitidnd 8 WscRised fyAEdaplesorbagd ons of

coatings_useful in the present invention can be designed to be

hy dr Bepefilameptsugies dhe digsipbiity posich gorapasiions lisconmeHedbir e deeprpsiraticne
pearry ! . | : .
P oS AR SebeqbolHE LBl ot 1 RO Grand SUEE bR B o

regi sngetdre. hydrol ysis in water or a water-containing environnment.
Simlarly, "enzymatically cleavable" as used herein refers to the

Lpi || th I , j.all.y the bi | I
oo DBE, Qb ephett pRER B ety SeGaligasith et Redl e Rwo) when
pl acggnwiid, Wpthyt tyes. Pagdys N6 0oy s ORkiLh sSudace ARICAN 188, Bsaegssed into

excretabl e and/ or netabolizable fragnents. Thus, the hydrophilic

r elgi bind@:&dabkdnwéoilocfkmop@?}ng;sm ,seqlmng@hflmdgrd bl@bliym bléwdlg)éi Fles,
oxaz S ora sl pcbh i e Ban b uton BB end GRS

t®pobitoeithera Gligbnibid @5l drhaligfine rdstdut flowiiey dhbi dhkdEieR hifhiacdir egi on
can also be, for exanple, a poly(alkylene) oxide. Such

pol y{uarsnabpenpeseigush ann diieeymite, dpsylclleddppicdichlprijanst hyl ene)

oxi de, poly(propyl ene) oxide and m xtures and copol yners thereof. 25

[019 I : l4ni D

the D Behny B b iR, PR S e (Y PeHF R o g Bl

capabt kydodlytitmlorabiliog erayhrati¢ally|cleav @iy eF gparpased @shopresenbiorenticExanpl es

of hydr,oqel f.orm ng, gompounds i ncl ud t are not limted to,

pol y e rtacal Se Rl i SRR AT 5 ctiSontifinartin P Bt A g

84 cobigtesom@bly YédiH, tPN¥drelliislineaterdladbdtér-confeih@ SR eRaMAN GiRtReY,

pol ysacchari desie %droxyet hyl enenet hacrylic acid éHEMA) , as well as
A

30 denEyaticads c ko fas Lgpddiereiierefqrk i, the-guseeniibilisy ohthelsergdymeced t hat

b1 or So8PEy 1 bRREPLANER ey 17 i Ele20RT SAREEI s e LSRR Wl bun 1 s
that exhibit one or nore of these properties. . 101921

Bi o- [idfpjat iWohen diyeid egthin tho bpds tite iydmphttiosegiomtaghd frycessed ilvie
b of GRTUER B GEBhrTHA REBRERS THes: e oY roBh SrECE R grNaiea gl e
Ibbglaln e, ggiye%e%s'égﬂgd;%ﬂ%qmz- po‘f’yo‘f% Qoﬁ%ﬁnyl‘ﬁ?iziﬁﬁdih ggﬁ?(\%ﬂp\pr il

25, 1995 a 4, which I'ssued on June 25, 1 di scl ose
wat etlcahwill bbly(adkpd veanslineshipolysancharides cegiohpduetss peptdescoptsinsrand s

havi t er-sol ubl t bl L. dwi ch b t
nyar Sitg Bt i PR B L R RS Ry RPN R g poay ="
end- &apies] aWolyifalkylene) oxide. Such poly(alkylene) oxides can include, for example,

poly(ethylene) oxide, poly(propylene) oxide and mixtures and copolymers thereof.

25 [0191] Polymers that are components of hydrogels are also useful in the present invention.
Hydrogels are polymeric materials that are capable of absorbing relatively large quantities of
water. Examples of hydrogel forrﬁing compounds include, but are not limited to, polyacrylic
acids, sodium carboxymethylcellulose, polyvinyl alcohol, polyvinyl pyrrolidine, gelatin,
carrageenan and other polysaccharides, hydroxyethylenemethacrylic acid (HEMA), as well as

30  derivatives thereof, and the like. Hydrogels can be produced that are stable, biodegradable
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phot opol yneri zabl e acryl ate functionalities. Wen crosslinked, these
systens becone 10 hydrogels. The water sol uble central block of such
copol yners can include poly(ethylene glycol); whereas, the

hydr ol wid Modqiabi | e extensions can be a poly(a-hyd | such
as po%dg%b?/%c/% ?33 acid or polylactic acid. See, Sav\/nn%@ig/é@og/?}mm

Macr onol ecul es 26: 581-587 (1993). [0193] In another preferred

enbqdi BRAMsorbhbIe. Ufbrebser ShyldheiNBIneMRRBhOLS g6hde dbulReMADSESVIRT Sicdre
gel s including conponents, such as pluronics, collagen, gelatin,

hy alneue efitbeseaairbrtigiol ysacchari des, pol yur et hane hydrogel ,

pol yur et hane-urea hydrogel and conbinations thereof are presently
pr ef d.n:1( : ﬂ&%@ﬁ"ﬁm r; ) fER jjugat e
of t[ﬁfedzinv%%%i% %‘ Fir)lfgll%(/glteogg a o%rlf)lgnentésgf] %ggxﬁ%ggggne&mﬁl%ggg%%wcan
be pregatkéd ackorwh agd fre presthibdseferrodvortuse irhibs met!d@s ek theligebntiont he

3 50r Bt Rohel ol SrfoinaloL 5 DB, Tk Syt on ani 5 G0N

f or redH8t91 ANFHIERsHE B RIPANS 1 JoE, digdi@s%ﬁf&avér%m&ogy@ﬁmsa&ﬁmh laRd d('s)

"
(such "as stearoyl phosphatidyl ethanol am ne, st éar oyl phosphati dyl
cholcraseljnkad biohlk doydlyphssphiagiadyateresbibleraentralidodksms tisrandviched an

i nor.gani ¢. sol . that.is then ev r at | eavi.ng behind a,thin
RS Rt g b Se iRt ShR Bhe st Ritfhel Fhl e b
sol %b@polzﬁleﬁmlmrw@ fofRcTRAERELS O Whech S rddBlaalPaCiibdel s§ateiny baceept abl e
salt is then introduced into the container. The container is then

18wi hiydigsely Famwaten selnible centpl dlockaf sichappalyaaisichre inplufe pobiethylene

cont ai ner_and t i L i R : her el 1. e
1 p ol Bl e ART B Rk R PRI e p bOSIER gl VR0 o0
et hepglyeblivicedar pélglatiieadid.CERPRaWIeY esalaMacrafoletiles B8l 58y-58ay of
exanpl e and they are not intended to define the scope of

mi cK pticles of 56 WD 2005/055950 PCT/ US2004/ 041070 use in the
present invention. It will be apparent to those of skill in the art

t hat[m;yg&arlﬁ%}iot‘ﬁ r prdfefeQRATTOBARS thd &?F&)@%@f@ﬁ)@ﬁh@%@fem met hods,

are of use in the present 1nvention: e structural formats
18i sdhsswdecabible gels itdleding ndmponeofs, tuck analworisglcoldgen, gdétimper s, bot h

strai ght -chain and branched are generally applicable wi.th re ct to
¢ he BidlpipRie gt Bl e BT ot St ot RbSureftfe Snchhylisest i
CYSt8inBRatiGRthdI8of £ biksélil: préRed.r i | ysi ne branching cores can be
functionalized with two water-insol uble polynmer noieties. The

met hods used to produce these species are generally cl osel

analldPdlis Tnyet anosher gyeplpry emphadinens. theeonjirgas ofdbe iyeatignongivdessa

E: 8 ﬁ?;%npﬁ%gt %@‘ﬂé{ﬁ%{a@%, g&%s%ﬂ@? Eéntblétﬂr%e%facg&ain%qg jlﬁé%?c;[cﬁ $n&QH t@@mse

20 skilled in the art, for example, as described in Eppstein et al., U.S. Patent No. 4,522,811,
which issued on June 11, 1985, For example, liposome formulations may be prepared by
dissolving appropriate lipid(s) (such as stearoyl phosphatidyl ethanolamine, stearoyl
phosphatidyl choline, arachadoyl phosphatidyl choline, and cholesterol) in an inorganic
solvent that is then evaporated, leaving behind a thin film of dried lipid on the surface of the

25  container. An aqueous solution of the active compound or its pharmaceutically acceptable
salt is then introduced into the container. The container is then swirled by hand to free lipid
material from the sides of the container and to disperse lipid aggregates, thereby forming the

liposomal suspension.

[0195] The above-recited microparticles and methods of preparing the microparticles are

30  offered by way of cxamplp and they are not intended to define the scope of microparticles of
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10 stoichionetry, nunber of available glycosylation sites, selection
of an enYP@006MEIq s C sel ective for a particul ar sitepceostobhsidike
(FIG 2F). The gl ycoPEGyl ated Factor | X species display enhanced

circulatory half life relati to the unl abel ed Factor I X (FIG 3,
FIG e)cn %é’rﬁ\?ﬁ’?ﬂﬁ}f@’hfﬁlg ﬁﬁ’ﬁ 2EFR t‘bﬂim%eoogtsﬁﬂ Lindhg @'@ﬁ{aﬁ%ﬂ arayafssed

above, midi6paPIRHeRAbribAVER) HPRrdF AUIHAES akr ng these
and ot hedri]@conj ugat lgs I\/g}teovér the 1 ﬁven{{l?%%qg‘?g%?%ég{‘%g&%ﬂods of

preventin curing or_ aneliaor atl ncga a di sease state by adm nistering
a conj 4%l dhe stnictuplfpanats discussedaboubingbe Cfaﬁe}ﬁ|0§ﬂ160ff’at@®whib&m| ng the

;?Liiﬁfﬁoﬂf‘%’%‘o@“ﬁ*ﬁ‘f B 8 B P e AR sy SR setee o e

a el iesdlelle polyeicys aveklla Tastfor e)daiﬁp&eﬂielcijiﬁema Osefifle @@lysiheé) aﬁéf %H?ilﬁé y

. enbodi nen t he conj ggate IS for med bet ween a wat er-sol ub

pol ymehran %W@Feép?@ﬁf’i: pralized with yue Pag-ispble mﬁmfbﬂ@vﬁﬂsefﬂ}ﬁe
and a lﬂleﬂﬂg E@{oﬁé}o@ﬁceQR g sﬁéc}'e%%;f@' e ﬁﬂ{jFl@%lg Enfil%]o%@% ?19% 1%31_5'?%6

pol ymer, I'c noi ety or
pept i d@roducaﬂwwghtyx:m:ég&ﬂe po]:yinersg group, which is inter posed bet ween,

and covalently linked to both the peptide and the nodifying group

L ubl e L2 d | ud th
bept MTE TR Reten R TRl weRg ooBR oo vt <af s Porubt i ehiios e
e.m, @oleihwﬁ@@yllﬁmeﬁmﬁﬁﬁﬂe gﬂ@eé G864 s&%t@fecﬁl&?oﬁﬁﬂéﬁz Qﬂﬁwg;ar to

~ the subst rate "~ (e.g., peptide, ﬂ%/icone cho i he reaction
‘is coniﬂ?@’tﬂéeclfonh@ém%]@hﬂtes phige @bp

f DU 2H cThagyics itttk posic
accopt DR ER =t e R AR PR o) B P AR B O o S

reconbi nantly 30 expressed in a prokaryotl c cell (e.g., bacterial
cell, FwcMetlmdk. coli) or in a eukaryotic cell such 57 VO

2005/ 055950 PCT/ US2004/ 041070 as a manmmalian, yeast, insect, fungal
or pl 198 el In addiionde Hhe qomugalss Biscussadibeve the ppsenbiyeHion G SN or a

pestt qactepNOARing (ke ARRLIHER GRS, BN AR, Ao EH BB methods
nut at i dhnpibhating dusing or areatioratthgondisase stae by hiministéng sndoafhgate of the
glycos | ation sites to ti.de_seguence. 02] | n

oo BB B oL T AP PG 8 SAF PGS PR SRt U P Sal | zed
with a water-soluble polyner in the followi ng manner. The peptide

is ei t[hm]pr PEUC B8R iMddnfloR Proviiléed e hflod RRrRenEE b afny aed HeBllechiat ©
or, if 1%éycosyl ated, the chosyl noiety is trinmed of to exposed
the arfelesteddlotety Fad a BReipy epepdideerine or threonine is a-1 N acetyl

am no gal actosylated (Gal NAc) and the NAc-gal actosyl ated peptide is

SR et gt L O oS8

polymer, a therapeutic mo;ety, targeting moiety or a biomolecule, and a glycosylated or non-
gtycosylated Factor IX peptide. The polymer, therapeutic moiety or biomolecule is
conjugated to the peptide via a glycosyl linking group, which is interposed between, and
covalently linked to both the peptide and the modifying group (e.g., water-solubie polymer).
25  The method includes contacting the peptide with a mixture confainjng a modified sugar and
an enzyme, e.2., a glycosyltransferase, that conjugates the modified sugar to the substrate
(e.g., peptide, aglycone, glycolipid). The reaction is conducted under conditions appropriate

to form a covalent bond between the modified sugar and the Factor IX peptide.

[0201] The acceptor Factor IX peptide is typically synthesized de novo, or recombinantly

30  expressed in a prokaryotic cell (e.g., bacterial cell, such as E. coli) or in a eukaryotic cell such
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peptide is gal actosylated using Core-1-Gl T-1 and the product is
sialylated with a sialic acid- nodifying group cassette using
ST3GalTl exenpl ary conjugate according to this 0lj@%the
fol | WP AYS ﬁ%’kﬁges Thr - a- 1- Gal NAc- ( 3- 1, 3- Gal - a2, 3P§%,%?’n whi ch
Sia* is the sialic acid-nodifying group cassette. 15 [0203] In the

Methodsmpalibd) SedshVigREl, @hgaSstGilardSell. MBHe woptidd aunt e dithey e fullikhad
multiple enzymes and saccharyl donors, the individual chosylatlon

st ppimena fegnmat.f Momsyer, mad@%}ﬂ bedrwidd e ApEutaiehpepy friginearpot

e BrERr B erldls Ol AR RO R B FLR R AT PR REOYE

cogtiNeded glyeosykiiog kiesve siggieptidd dequereti vel y, the Gal NAc reaction can
be perfor rred al one and both the GalT 20 and SiaT and the

te sacc ryl nors dded,as.a.s e,S no de of
"GRG Thén Peam s Tt RaLE o Beaed e Baah R BV ER | at e
d t t"
o Pt BOMBR Bl of iRAC f%%%ﬁq%?*ﬁ?%% B R e e A e D o
usavailablp s deidgly besylatiop siars 1f<g1ycpkuéat¢qh\ibmglbf@q$yl {n@myqs trimmadeoff
con at s of the jnyention, particul the at ed
iojufi?f% S3hamhg Setdot S pesrale iaans i G OYPO BT AL SRR AREN be | 1 nked
| n%/ent | 52%1 ted (GaBOA LY #hdGhe WAC%&I&C&)SMM&H%QL%ICI& if Qgg'pa]ted-r@ﬁh g%ia!ﬁ@@mﬁf t he

al'so provides for nodification of inconpletely
g | modsfyﬂnggwp Basstite uding PEpTaltidsTi hadtematively.dhiiNéd-gadastrnylateint | y.

euie HaplR et arGAT T PR e Pl Tty B R el i e
Wi inbdlf?ng @roup%a%@ﬁ@ﬁmﬁ@SD%ﬂTpOM@ém?]hﬂ&fo@ﬁ%ﬁel Rcadatto tgs the

i ke he sugar 30 noiety of the nodified sugar can be the residue

t hm&mddmawhp disaving linkeges hrgat -6 N bc-Bhe3- %@@éfﬁﬂlﬁ*i in véhiehyBiaf is

o] Iatg tide, or anpther sugar noiety with desirable
%]6 1 gge-m BBRF 88850 PCT/ US2004/ 041070 [0201) Exenpl ary

nethods of nodifying peptides of use in the present invention are

sef0208pr Th tHelin SHEHE I AR23 entIB) Qidh BSthdiedt forhdbbg usBbengtiples set
forth therein. [0202] In an_exenplary_ enbodi nent, the invention
pr ezvaes and seeehvsd dononsatle #glnadwé@lycwé&t@a sieRs 119Y beReEBimsd si ng t he

mée%ﬁ?éielﬁ'@r Eombi#iQ Qﬁ'lglép@ Macfon, For example, in the three enzyme reaction

set forth above the GalNAc tranferase, GalT and SiaT and their donors may be combined in a

single vessel. Alternatively, the GalNAc reaction can be performed alone and both the GalT

~ and SiaT and the appropriate saccharyl donors added as a single step. Another mode of
running the reactions involves adding each enzyme and an appropriate donor sequentially and
conducting the reaction in a “single pot” motif. Combinations of each of the methods set

forth above are of use in preparing the compounds of the invention.

[0204] Inthe conjugates of the invention, particularly the glycopegylated N-linked glycans,
the Sia-modifying group cassette can be linked to the Gal in an a-2,6, or a-2,3 linkage.

[0200] The method of the invention also provides for modification of incompletely
glycosylated Factor IX peptides that are produced recombinanily. Employing a modified
sugar in a method of the invention, the peptide can be simultaneously further glycosylated
and derivatized with, e.g., a water-soluble polymer, therapeutic agent, or the like. The sugar
moiety of the modified sugar can be the residue that would properly be conjugated to the
acceptor in a fully glycosylated peptide, or another sugar moiety with desirable properties.
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5 OH wherein Dis -OH or R-L-EN-. The sy"nbo-l Grepresents R -L- or
-C(O) (CLVBYUPRIPIO R s U a noiety conprising a a StrGI/gevesmasi7n
or branched pol y(ethyl ene egcoI) residue. The synbol L represents

alin el ect fro nd,,.substi.t or. ynsubstituted al kyl
oo " aRal® L Bob e s 20 A R b 5 e i B R onte oD | s
OH, G fosth R WIO04/0993 MVeD 08/(804648 andh@rdbenleB kel thdth theRihS Rl - L- NH-.

The net hod of the invention includes, (a) contacting a substrate

Fact or rieptl de with a PEGsialjic acid donor and an enzyne that
capabl IQ Ul n@?é%%%iﬂm epotIenbtie igyetion peyidss reratihafd cffrmaiqmmPEGﬂor

) tot h?lﬁb'é??&ﬁ&tlﬁd: ’Eﬁgéﬂe% 1981@%’ de [0203] An exenplary PEGsialic

.and an enzyne that transfers the PEG?

aci d donor nuc sug such as t hat having the fornul a:
OH D O COON 0. Ho 1 HO 0-P-0 OH GHNO 11 O OHONA N 15 NH2
id onto an am no acid
or glycosyl residue of the Factor under conditions
appropriate for the transfer.H9§ e enbodi nent the substrate
Factor | X peptide is expressed | prior to the
formati on of the conjugate f tHeli nvehtion. An exenpl ary host cel
is a mnmualian cell. 20 In other odipents the host cell is an
insect cell, plant cell, a bacterialor a fungi. 59 WD 20051055950

PCF/ US2004/ 041070 [0205] The nmet ho®presented herein is appl i cabl e
t 0 eackhddin Die -GRGE @F-1-MNCOThé gahies Bepresdn@y oL &gt 1
above. [02061 Factor |X peptldg%ﬁnndlf?ed by thé&ﬁg¥%ods o%ﬁﬂ@ Ris
i nventd BACHAIPESEE darsEraich-elaing Wanchyppolpshnicae gbwpl)trmfywc dihebe

mut at 5
site- &'recteégéﬁﬁgpéﬁggﬁgaﬂé¥ycosqﬂgiégﬂgo '%QB{ g§&%NB§E&:1§ﬁIy
ei t hersubbtititak ecimubs@uliedikeestoalliyl. &x gﬂmiaa,rwhebl-ﬂ {sridp@ 16 R'-Lhend when G

attacne nodi fi ar_ to i de chain, of an
h 8%0)?61-&6)&11(}?”1 Dis R@% ﬁﬁg The me od ofS he mvention includes, (a) contacting a

substrate Factor IX peptide with a PEG-sialic acid donor and an enzyme that is capable of

transferring the PEG-sialic acid moiety from the donor to the substrate Factor IX peptide.

[0203] An exemplary PEG-sialic acid donor is a nucleotide sugar such as that having the

formula:
CH '
D
o COOH .
HO l HO
0"“';}"—0 OH
G—HN e a

OH o /&
N N
.

15 NH,

and an enzyme that transfers the PEG-sialic acid onto an amino acid or glycosyl residue of

the Factor IX peptide, under conditions appropriate for the transfer.

[0204] In one embodiment the substrate Factor IX peptide is expressed in a host cell prior to
the formation of the conjugate of the invention. An exemplary host cell is a mammalian cell.

20  In other embodiments the host cell is an insect cell, plant cell, a bacteria or a fungi.

!
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aspar agi ne residue. The tri pepti de sequences asparagi ne- X-serine and
aspar agi ne- X- threonine, where X is any am no acid except proline,
are the recognition sequences for enzymatic attachnent of a

car boMRABYEMBi ety to the asparagi ne side chain. THEUS0H041¢70
presence of either of these tripeptide sequences in a polypeptide

creat ot.enti al cosyl atio ite 3] I ,on

;o fEHET e Rt d e Sommdnbe it sheieldo b o e B K ES oo e,
gak@g{&qgesmgo&gve(} cNAc, gl ucose, fucose or xylose) to the
hydroxy side chain of a bydr oxyam no acid, preferabl y serl ne or

t hr eoni ne, althou]gh unusual or non- gtural am no

vﬁ%}%fyg@m paptiges modifigd bXWW@?th@d yheinyenigs ca%g Synﬁ@,et{ccw? d-
Ad t'rp N 09 h%g%%ﬂt@l}n'gﬁa@%% fed 1}0%1196%9# A8 18 REn Hle HE kil S

conp € amno acid sequénce such
t h @ite-ﬁire@&flﬁlaiagale@l € Ghycosyititon of pepﬁ&qslmtypmallﬁ Eithes N-Tihieedad d-tinksd. may

S G T
ad g?@?@ﬁmnf%ld% A gﬂbiﬂﬁ enQsglds %ﬂ@b@&%ﬁﬁiy hidf dsPRraginkS8) . The

t| on o chem cal synthesis of
t hﬂlrpmpﬁé déw.exe‘ﬂlﬁes spspﬂmdeaamenctpaprﬁls,@qm’élm;@ogmﬁpm &@ﬁmfor altered

th t th t the DNA
enr 8‘%% gm% o4 egcfl%\‘gfaégﬁ]loée@f g’gh%a%g‘?aggﬁ%h&j halp ?ﬁi‘ ar6e
ge ?%S&E&%f%ﬂﬁér oftlebe & gﬁdeaste@uénramntafmﬂﬁﬁnameat@m lﬁlﬂerﬁfal ds. The DNA

ation(s) are prefer made usin ods known in the art.

[ 0Zbgosylgicarsitex @nlpﬂ@ﬂﬁl}@ﬁﬁd@iWﬁfm ﬂoﬁhe Yraghsent|od PnOFIET (eeg.i 1§ added

cui e fine BRlaLNE SRR SR O 0 BT e

DNéide lttfih loif B @y d:ex panfihe aaasprefererteﬁ s \oe thresnime hltatiph nnadvd! dsmtoat | on,

performed by random_fragmentation a ooI of rel ed enes,
f OO ATHRP Joitfs S Enbil vdmxyz) e P’f %gﬁf@ﬁﬁx YEipe Bapalsg chai n
reaction-|ike process. See, Stemmer, Proc. Natl Acad. Sci.

d
S AR U R | 1

60 aVONENEEIAEIEOnL U VS0 emﬁ(saqwma such2e9 i caxtemp bag gr mexehods of
ddi d

o poBds iRy Rl A SR B Pl w8 HeoRbrBl Fhrsb{HRE I
WO c@&%&eﬂm M@ﬁ%ﬁiﬁmw@bw Sdrite@l tieShineRSl iR wRkBR) the sdquens.

10210) e present invention also utilizes neans of "addin g (or
r ewb tiengptidem@ordy-linkrdeglgcasplation sdesy| Wﬁmaymad@mm@@@ pr | X

pe i 4‘ e i ast one
B ot ot osd Bitiah g e B B if St i

ar altersé trbyght Mngeemamp IDSYA WMhesh patncu&rlgléglmlﬁﬁhﬁgcth@DNAJ edodirichiBe

m%‘qﬁtﬁf dat lsnl'J ge ectedo ba%es';s s%.lcﬁ %ﬁa% go on% %?esé(ene{a‘?csdl ﬂ%gc(\amltl trgrtlslate into the desired

amino acids. The DNA mutation(s) are preferably made using methods known in the art.

[0208] In an exemplary embédiment, the glycosylation site is added by shuffling
polynucleotides. Polynucleotides encoding a candidate peptide can be modulated with DNA
shuffling protocols. DNA shuffling is a process of recursive recombination and mutation,
performed by random fragmentation of a pool of related genes, followed by reassembly of the
fragments by a polymerase chain reaction-like process. See, ¢.g., Stemmer, Proc. Nail. Acad.
Sci. USA 91:10747-10751 (1994); Stemmer, Nature 370:389-391 (1994); and U.S. Patent
Nos. 5,605,793, 5,837,458, 5,830,721 and 5,811,238.
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is either not present on a Factor | X peptide or is not present in a
desi r ed Ve03UWA09Fhus, prior to coupling a nodified SREHUSHGHEI1070
pepti de, the sel ected glycosyl residue is conjugated to the 10

e, oS RS et of WehHe S regth et witiod SBgs SR S1 (o t he

conj Uggok g g@;cog heu«ﬁadreé bﬁﬂlms@are H&%nbé&ﬁ%eh iRfw@ogagedaahydr at e
residue fromt he cop egtl de. See, for exanple WD 98/31826. " For

exarrpWé)OJéQ%ﬁﬁ‘ba@d‘ﬁ tegrldd panddéil applicetionsed from Factor 1X, forning
asialo-Factor I X, prior to glycoPEGyI at| ng using a PEG nodified

PRI AL Ak L SRR 0 AR RO

cans esum&dglyoesylfrmduﬂs kd mRmﬂorgKmpﬂ&d aﬁemﬂuclamdaoﬂiﬂeéSuge@ s @njuigatedd

gl | at ties that t
Doy %t BeudPh of Bk srlefied, YC‘E%?feé‘Idﬁ?SrﬁfﬁgeD Dol S HrERRES 3 SUsTeh B

N

T
/ 5
N

(d) f&@8 r@merwls Gesep tferﬂeemémhwr%rio HoRIRY ggrasésw Aid RS

of cystgl ne; free ﬁ}ycé)roxy groups su ose erine,
t hr eoniertler not ”plhseait oxy |F Bl Id‘épep(xga 01218 nat weasnt n;a deensecbb.mms U“Elhusamo1

those of n ros or tryp oph t he .anm de
group 0P @ %ﬁé ?lr%tﬂl‘f;og&]sﬁc SEESY ﬁes{ 1%4;@@&]“@ tothe

T 37, d
' fU’e rnfe:pﬁﬂ% ﬁ% @nvz\?lﬁ%tﬁ% Rp@rﬂn quhl MPIQ%{EVM%GP Hﬁbbcﬁﬂ@ﬁk %%lgfc%?latﬁfl o8 l)an
h

[0212r}atf¢ﬁeofraa1¥qmmﬁdeesja1@qu@rm ﬁle@@mpmjm@cﬂ theon@dlgwmg@yb ed or

The. CoNFOBAY PoRoBfBpBPly T b  LRReaRe chie R BBk TSP ™ ©

donor Fcattgazhﬁls) sialRNEINBO8DS oaﬁ@e aaeeRH @roxrpmtdrdﬁ( foymaioesRe)-Bat@dx, such
that glycosyl ation proceeds until_ the acceptor is consuned. The

consi RFérde EypePEGiaissuang G wodiftad sialis e¢idf(B¥¢+2B)n t he context of a
sialyltransfer ase are general l'y appl i cable to. other

glyc O@!}ycl%%ﬁ crhﬁﬁﬁrt. S for %Qleél %k;r];:os?l fwﬂﬁ@ fncRfde gk Qxcéqﬁ)t Bfnited

using g erase to synt esired oligosaccharrde
st r uctbufag somamsuk sndmrfo:a]ﬁ dinked glyeosgladbh,yand jsipdsi fora@ﬂe]ked) gllyhcsylamsn,a(b)

i nvention 2905/ g%SQSO PCT/ US20Q4/ 0 EX rrpl arlé met hods
are d@%‘r“?ﬁf&%ﬁog}{ JPOIPNSHAH LS acGBIY Y AEyCosY 8“ grasg; (c) "Appl .

Che m asgﬁ§gmz 2t hid@de; (d}ﬁe% caﬂﬂ%yl S@‘@ﬁps s ¢ )%%Ng g@ﬂ%drgﬁ g?Ongs afth, as those of

53, and conmonl
6 4400Y$®31@v\ﬁb Gee berc@oxyi cgmp@ sechea those of seripg, th]@ﬁ@nerm @ydr(mmﬂml}nerfé

P onmaly b R P bRGyirulSrafe SuBnR o BoMARRL S GRIRAEHESC,

combi @‘3‘;% egglaﬂ‘an@nes iBlepldrp AfiRaastuse ielthe praahiafteatyh i ASSHBEREEWO N
t hose e ment s _usi na nore than one enzyne, the en iﬁrres and
}

subst $HPB30published Bep.dil| {98 owns in dplinand Wiision, CRC CRECREG BIATHEM r 2.
or thgﬁ%y@gﬁ)and reagents

[0212] The PEG modified sugars are conjugated to a glycosylated or non-glycosylated

25  peptide using an appropriate enzyme to mediate the conjugation. Preferably, the
concentrations of the modified donor sugar(s), enzyme(s) and acceptor peptide(s) are selected
such that glycosylation proceeds until the acceptor is consumed. The considerations
discussed below, while set forth in the context of a sialyltransferase, are generally applicable

to other glycosyltransferase reactions.

30  [0213] A number of methods of using glycosyltransferases to synthesize desired

oligosaccharide structures are known and are generally applicable to the instant invention.
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for a second enzymatic reaction are added to the reaction nmedium
once the first enzymatic reaction is conplete or nearly conplete.
By conducting two enzynmatic reactions in sequence 10 in a single
vesseWO WuPAPI0 yiel ds are inproved over procedur esPGTRUSHMLI1H
internediate species is isolated. Mreover, cleanup and di sposal of

extra solvents and by-prqducts is redgf%d 50215& In a p}'ecferred
- kY meghadh arsrdepgsiber; fok insignes. Y2 SHE28X iR P> Igire Appl. Chem.

e
gly, I AN r JEEHE g is
an %?13%%&30@2 Fﬁ?é? I\Fdr'? ’ 5’??%&38@?’? ?g’n%fgbﬁg?%?r e e%ggmﬁyﬁmr e
t hamt tNes. 6429,ARS aad 6,446403 whichssembbrpotated hepadn by exferghgecopr ot ei n of

the invention. The enzynmes are used to alter a saccharide structure

OB ey ARk b R e BB bR
st heo Bl Od i ARKS Ssel SEorOdkaRPR, Bfie (HRuSe £ ¥OnbiRktictlo fANGNAMETSIaSAGRE 2 The

glycosidase is typically a nutant, which is engineered to form
gl yeabestdsyltipnsiergse. dntierse ehrbadimeptswiag mmarithanioac putyars thylepganesand

e otk el Gy SRS O BB B R S A ™

endegh y&aﬂ@a&gﬁ:ﬁe REOtibh ark Redsiub Sitel rbadtiod nadiiny endl thefifs€ shAluesicwi | |
typically be p at position 130, Gu at position 132 or a
cortBidign iviemmele epnearycomplaio B rasugiing orraranatis reeqhlons BUseguenget h
ser.. ne; al anine I ] A enzyme

ESrhAS el s AIRERLSap e Sh e LRl D30 ED, Skl
anadpegenis idotntdéd Moevedrseleampahd ddpah] tfetrandogity amhisprddycts dd ysi s
step., In these enbodinents, the glycosyl donor nolecule (e.g., a
dedPiEg 0l i go- or nono-saccharide structure) contains a |eaving
group and the reaction proceeds with the addition of the donor 30

Mol [§218]8n b Prée R EAMGodasdsR 0Pt FRstRLO L&A clcinesanpl e, the
| eavi ng group can be a halogen, such as 'fluori'de. In other

enmpyiordiressferasee Ih eastherprefevepenbodimaginonesnzampaéyan @dogigr®ibse. 066950

PCT/ US2004/.041070 ide noi . In yet furth enbodi nents, the
156 CRASPH B SR TRESEIS R B i i et e e o R For

exafiRlified EIPEOPRHEGINAT theiml RN T Yie EXVRIeE 3R Wed toal@X A ZchaiRle STMLRLY -

[0218] In a preferred enbodi mnent, each of the enéﬁmes utilized to

pr epeptide af anyacantsitherhefors o aites the agditionet Heanedified sugar tdthal yti ¢
angj%%de The catal ytic anmpbunt of a particular enzyne varies
accofding to the concentration of that enzyne's substrate as well as
to reaction conditions such as tenperature, tine and pH val ue.

Me d 031 6] dn adetharam bodingeritthe mathab yiakes use of one or more exo- or

20  endoglycosidase. The glycosidase is typically a mutant, which is engineered to form glycosyl

bonds rather than rupture them. The mutant glycanase typically includes a substitution of an
amino acid residue for an active site acidic amino acid residue. For example, when the
endoglycanase is endo-H, the substituted active site residues will typically be Asp at position
130, Glu at position 132 or a combination thereof. The amino acids are generally replaced

25  with serine, alanine, asparagine, or glutamine.

{0217} The mutant enzyme catalyzes the reaction, usually by a synthesis step that is

analogous to the reverse reaction of the endoglycanase hydrolysis step. In these

embodiments, the glycosyl donor molecule (e.g., a desired oligo- or mono-saccharide

structure) contains a leaving group and the reaction proceeds with the addition of the donor
30  molecule to a GlcNAc residue on the protein. For example, the leaving group can be a

halogen, such as fluoride. In other embodiments, the leaving group is a Asn, or a Asn-
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amount for a given enzyme under preselected substrate concentrations
, and react WOROZBAUPt i ons are wel | known to those of skipCi/tsmothao7o
art. 10 [0219] "The tenperature at which an above process is carried

out can.r. .y bove .freezjng,tQ,the tenperature at which
the modePdaEoieh Bl Ribont BE, eturdar sidef G vl doamipes
ar e abandle@léistroodiiall tFob oxdmplé ikt GRNAREAHRS AR YorRBRN Y 1200x:CofiR
about 37 C. In another exenplary enbodi nent, ‘one 'or nofe conponents

of the %‘i’%‘é’ent met hod are conducted at an el evated tenperature
~using a thernmophilic enzyme. 15 [0220] The reaction m xture is

‘mai nt ai f ' ' iclent for the acceptor.to be
o yCoo 2t i PRABES Afbclimant WS b Fhahles bRfesy R AGTR Hoospyprt e
. conjuganentemaniresantie a caelytic bmdwaf The caalyHvaRouiSE 2 phitbuhesoyaabl e
.amounts usual | y. bei g%robt ained within 24 hours or |ess. Those of

ski |l iATPHASCHHE IR S5 ONSHtratiomet thl snpyapess Bbstraiaes welhas te repsiiemdent

on a_ nubhfifionsuckf & AR Ak G d b Ginc MUAE (GORERREA hODaaRDC"
concentration, acceptor concentration, tenperature,” Jofve

vol ume pmowhi foha grven emtyine under [freseleated stilastitedosymtraions 262 2k tidihe
present_invention SO ovi des f.or the industrial-scale production
of nDdiCPIlCEIIOHSﬁé?)YVF@@QWIR@ tII%g@d’?ﬁI%ﬁélII:I‘,e an industrial scale generally
produces at |east 250 ngy, preferably at [|east 500 ng and nore
preder 3119} Tat tdn@RSdne RAEWHICH &h Ghovk ipidceiiald capied bl &M raﬁ@@lfféﬂ?‘ﬁl@li above

(\[ 0222] In the discussion that follows, the invention i's exenplified
byt he fiserpeitpibe nnstatyes ahwhich thsanest sansitive ehzymeoicastuess. Rrofeared

i U preSB R B bR PRt Tl 88 iy BB 10308

PEG nodf fCeth siother exermsling caibddigleyts; 0ay bamet dapbhaesofithe fraent hittiody

of illustration and is not intended to inply fhHat the Invention is
i ni t edrecOnEfied B Ap GlpHRr o rprrae Eng dtheparpliis 1zymee of skil |
understands that the discussion is generally applicable to the
addit i e ot i 4 Cali .

or o B Rl B o i PRl B Blebedinds
of a 68grS0&, (ssdfGoRdi MBI RERe. Jbme ofthe camjiigatecarhofegedrt S

ther t i ncl ydi her P ieties, t tiG L ies,
oo bi dRoTed e ey wiRh MR FEoGhbroutk bEaRbEEhed sibrcH iR
sel ect ¥ Rsd. MTHRSUELGEIOH BE aff BRI RANA the R rafcBh Gal-PONLET G £5uRRErO

a peptide or glycopeptide. The nethod utilizes nodified 5 sugars
cont ai Af vayiaplEdactPREG.gomzameaeicenirationcddnpecdngpidration.dccaptanoncestidtions

ined wth h ' I I f I h :
by ot St erie s RALORL PG AR PO SR i, 1 Gosl Yed

~~carbohydrate |inkage and utilizing the nodified sugar as the donor
\../subst r §022]1] Theplek&t itveRE daprbedéstor i tidedtridl-seatt pryduetito of medified
pepti de backbone, aonto , .
peptides. As used herein, an industrial scale generally produces at least 250 mg, preferably at

least 500 mg and more preferably, at least one gram of finished, purified conjugate.

[0222] In the discussion that follows, the invention is exemplified by the conjugation of

25  modified sialic acid moieties to a glycosylated peptide. The exemplary modified sialic acid is
labeled with PEG. The focus of the following discussion on the use of PEG-modified sialic
acid and glycosylated peptides is for clarity of illustration and is not intended to imply that
the invention is limited to the conjugation of these two partners. One of skill understands that
the discussion is generally applicabie to the additions of modified glycosyl moieties other

30  than sialic acid. Moreaver, the discussion is equally applicable to the modification of a
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exi sting sugar residues of a glycopeptide or onto sugar residues
t hat have been added to a 10 peptide. 10224] An acceptor for the

si al Mr‘z@gﬁtﬁg@se is present on the peptide to be medifsh&doltdoré he

met h tHe present invention either as a naturally occurring
structure or one placed there reconbinantly, enzymatically or

c gﬁﬂo‘gﬁ' do¥e wishadeRRoBre R BHE PEET Sicludifl ddte PHOMmokKe)hesapeutiahmidtias.y |
acceptors such as @Gl (31, 43 cNAc, Gal 131, 40al NAc, Gal (31, 3Gal NAc,
| ant bidhdleculest r aose, Gal (31, 3G cNAc, @Gal (31, 3Ara, Gal (31, 6d cNAc,
Gal (31,4d ¢ (lactose), and other acceptors known to those of skill

i t . Paul I J.o B : ; 17-
0395 8% bk 35 s SRHL R 0Bt BBl GGG

siT i@ babeiRsfed cutds pagide oo glychpeptigt.y Thpmpthiod etitizesendibell f i ed
upon in vivo synthesis of the gl ycopept.ide. Such glycope EI d%s 20

c SHeys cantainyneR e RPL, 95 a masked 15 ’8%%&1‘98%@1%& Pﬂb‘glr* °B?’1BB‘r% Wit

A e ESET s oR RadUEaR upispRnRA, ER Gl IR dyintapILae
sithatyiditreale thesirdé carbaltydchoelnkeage andotilicieg thesuidifies wgaasahe dencrone
first nodjfjles t ide to .Jnpclud t t hods k

t Gbiiee Tt PER or BPORRE he ifobood RERIE SRS RRE s AR AR = cal Nac
r esdigie sih%ar.r%@(ﬁﬁs BYa gll}@o;ﬁ?ﬁéié)&‘ G Sugeptddi¥ied thahe bagraddadtd H226] | n

an ex_eﬁ'p y enbodi nent,” the gal act osyl acceptor is assenbl ed by
atneptiié.ng a gal actose residue to an appropriate acceptor linked to
the peptide, e.g., a GcNAc. The nethod includes incubating the

DA b Sl ol T altaho B SRR g bR RO, et e
gahéBddof thapsant syt thgedsatiasylly octundig et olR-paledclicdse) .

The reaction is all otgfed %o prﬁce d sg)stanti ally to conpletion 30
orrecempiarnib pyaiaticyliyeorchapicrlbl PEtoG IOrRIPE P 1 BRERE: ect ed

a t

rg‘iwc}{tjoesﬂ %ché} g%ﬁ&}gshﬁaﬁskg?ﬁ&gﬁ% ’ %ﬁ%@%&hg@li gg‘?éa’géésltgz\g hari de
acieeMsey G BN A TREY eI ral Galph @EH0A ¢ SBAIBI 40T Wdteosa), bnd bB2R7] I n
yet anot her enbodi ment, glycopeptide-linked oligosaccharides are

f i aceeptons dinae &y thoseofiskil inithe sthbee g, Pavigearet ol Bikdofwen. 83 7an
ac%at?7§3gr the sialyltransferase or a noiety to 5 which one or
nore. 5p%r jri ate residues can be added to obtain a suitable
acceptor. Enzynes such as glycosyltransferases and endogl ycosi dases
( sfeR25]f Iarone xaiptienent, 8n aRepien fortbe siblyliimsBtRs isspreseus@f the for t he

et et S5 b AL b SRR ARALE o
?ﬁ%h‘&{e?%l@é!@% E\x?xln 'C;:E‘fﬂméd RSP With¥uidiiod Gliashidalish 6f @e glliabsyiafns Of
pattern of the glycopeptide. Alternatively, the methods of the invention can be used to
sialylate a peptide that does not include a suitable acceptor; one first modifies the peptide to
include an acceptor by methods known to those of skill in the art. In an exemplary

embodiment, a GalNAc residue is added by the action of a GalNAc transferase.

[0226] In an exemplary embodiment, the galactosyl acceptor is assembled by attaching a
galactose residue to an appropriate acceptor linked to the peptide, e.g., a GlcNAc. The
method includes incubating the peptide to be modified with a reaction mixture that contains a
suitable amount of a galactosyliransferase (e.g., galf1,3 or galf1,4), and a suitable galactosyl
donor (e.g., UDP-galactose). The reaction is allowed to proceed substantially to completion

or, alternatively, the reaction is terminated when a preselected amount of the galactose
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10 clarity of illustration. Those of skill w Il appreciate that the
. discussi otWPVEEFRPy rel evant to those enbodi ments i nPERUSHOHAE0T0
nodi fied sugar bears a therapeutic noiety, bionolecule or the like.

| ary enmbodi nent of the jnvention in which a

[ 0229] Inb@g exer@

car bohy &sig iy aldp¢uathies methods ofassembling grsclested pecchyifieraceptasrwitlhe

nodi fi ed %!_1 f@:ﬁi_n] trimed back to the 15 first

generat | ttﬂg%rhloary 2 ruc 1’ﬁre A nodi fi ed sugar bearing a PEG

noi ety is COI’lj ugated to one or nore of the sugar residues exposed by
the "tr i[0ﬁ2i7h§1 Jxd ekotherlembordien s giiglopeptiic MiRked oligostopharklea dabditsy/itdamaed,”

G cNAc et nj ugated to the PEG noi et The jfied AcNAc. is
at ¢ achetitis WHBSIBRY BERARS it Swhes wilermare i 06 sPRtrsbsesror pawiety o
.bi ansenpaich shk oH flokd @plopﬂafee%ﬂaﬁes\e% ¥e acﬁi@d‘ﬂ@ﬁﬁﬁinfa' SBaliR Gd8Gtof aBnABes

added to one or both the termni of the 20 branched species.
[0230] bwrhay @lmewlmfppasa& gndeanidogliy esittasesd sqRERT wwiraply U.S Batkgelot o one

or both ter manngse residues t he biantennary
structué?fl tng)aat rcfheéﬁtéaa& ﬁr 10 g% {%se residue, which is

conjugated to a G cNAc resi due added onto the term nal nmannose
resi due§0228| Lieth distwssion thad follbWiD the i tisb defithcianehidnasdetplifie@be tHefuse of
both term nal G cNAc 25 residues. [0231] In yet a further exanple, a
PEG noi &oglified sygpaehaving %P%G@acrwtaf@%ta@@é ﬂtﬁ;ﬁtﬂg he fasas ¢4 theidiseysgion és for
aci [
st rgg ¢ u?%l?l?}] of,I 1ﬂus@1@851§'e'gléogéﬁf{?hﬁ‘w11 gﬁﬂ?ﬁgﬁ%g?%ﬁrt reglrlnéa m%fbn?@ﬂﬁ?l? relevant to
\_bi ant en tasy embodimtnis én Whieh deenodified suger eeaanpiherapentiEiviety] Eibmolesule 30
added vi_a aL@GI cNAc nodified with the polyner. Alternatively, an
unnodi f H5d%& cNAC is 65 WO 2005/ 055950 PCT/ US2004/ 041070 added t o
t he mannose, followed by a Gal wwth an attached PEG noiety. In yet
anot her g2 ﬁﬂéﬂ@;@ﬁntp a&'f@iﬁgécﬁ'n@ﬂt daed iﬁ@mﬁ@ﬂ 11@%&116%1%%'&%1%?&@{%%81@3 is
sequentlall added to the mannose, by a sialic acid noiety
rmdl fi edtrxmmtd” rPE® o addifion {)ﬁizasl]odlmdaugan btghemarmm teinymed back to the

Tholf] eeell-ARn TRIRER Gy Fruchifd IEAARRS Cugd Bebills (o ety i GoiiBhiel

resi duetm@wormgalaofﬁE@;gﬁmt@i@es &iﬁoeedwﬂayéﬂrm;mmg bum’oam f)n@ékaﬁi@ﬂe BPEG

added to the, GIeNAc f ol | owed by addition of .a sialic ac

modi f i e@UFY I addidhyiap e mp@ﬁ g%mu‘wtqﬁi Tylélaf! BEG maisfey 'Th&%aﬁﬂqﬁéld GlefdAc
t

Sbacq i eNe b O BALE ol Fos B BRI AE o Bchry s

noi ety. Alﬁn{aﬁieﬂﬁ]anlﬁng:fmdﬂ‘&dr(ﬁsléAmm bd sfdeth & duel onbeth dfaldkietmini bighé i r st

GlcNAc tt réed to the Asti of
20 species.

(\ -:f [0230] In another exemplary embodiment, a PEG moiety is added to one or both of the
terminal mannose residues of the biantennary structure via a modified sugar having a
~ galactose residue, which is conjugated to a GlcNAc residue added onto the terminal mannose
residues. Alternatively, an unmodified Gal can be added to one or both terminal GlceNAc

25  residues.

[0231] In yet a further example, a PEG moiety is added onto a Gal residue using a modified

sialic acid.

[0232] In another exemplary embodiment, a high mannose structure is “trimmed back” to the
mannose from which the biantennary structure branches. In one example, a PEG moiety is

30 added via a GleNAc modified with the polymer. Alternatively, an unmodified GleNAc is

65



10

15

the peptide. In one exanple, the A cNAc of the G cNAc-(Fuc)a residue
Is conjugated wit ha G cNAc bearing a water soluble polyner. In
anot {&y 208y@EMee, the G cNAc of the G cNAc- (Fuc)a rgshHiRelsemdi fied
with Gal, which bears a water soluble polynmer. In a s/tiébﬁ” flurther
enbodi nent, the G cNAc is nodified with Gal, followed by conjugation
t adddveto @ad 1nwinosd,5"0H10\E¢£’aW & Galcwidh moaftaich@HPBﬁ}mtmayPE&fmh@hm [ 0235]

Qh exenpl ar et forth in.co ovvned U S.
59@» R ol TAF AR RS TR 2004

QORMTIRISialld Sic Rolen/ ol no@lraTy sy, 10/ 369, 979, 10/410 913;
10/ 360, 770; 10/ 410, 945 "and PCT/ US02/ 32263 each of which is

|ncor[])orat ed herein by reference. 20 [0236] The exanples set forth

aliB33] pn adirther awmplwmbéztimmt el manneses, anmer dagigtageGishic fort h

d I e trim
a0 il P PO RS I A Ao h e RR R bRyt
d@$G @dicst. r Aldriisterely] B uniddifiee Gabiy @ddedaa nhd@lcAlide thlioked behd er mi ni
of the carbohydrate npi etﬁbgs set forth above, or it can be

i nedifigpaf %ﬁ@l%@l@@@ﬁlﬁe@% Pelerreolalle sugandn Yrt adeither sxample, thee
C LR ‘é'ﬁ&ll ¢ iscon i?% glv?ﬂlﬂ}ﬁ%@g%@'rcﬁ& lseggq%gécjdougg%} fu&éﬂ}leﬁéﬂ ézhh 39

sial'i’c aci |sre rom a e-using a
s maddifikakfacos heardiya PPGasketyg al | or nost of the underlying
gal actosyl residues. Alternatively, a peptide or gI ycopept ide is

PSSt 30 3206 ATl R UAERSEEDRH) S5 S (o

agigkl fekp@Be. O dn@%xﬁﬁbl@cﬂl@ $RONAS bEHUE %1cmc~em:o qeglaaé R cﬁhjﬁ éﬂzd Gv?cf}ﬁf erase
Is used to ad fied 30 sialic acid he approach is

s GHeEAL beativigra \&ihlewblbie PEBIHD Ig@@@hmgmleptbw 6049 8¥1070 Schene

RO by e e ARG o Nl P il Sl sl &
Ciiziiidr BRGodilRE, heSAte SrANHCRCHYwiEEal JoYiewpd B ebijugadon to the Gal of

a sialic acid modified with a PEG moiety.

[0235] Other exemplary embodiments are set forth in commonly owned U.S. Patent
applicatioh Publications: 20040132640; 20040063911; 20040137557; U.S. Patent application
Nos: 10/369,979; 10/410,913; 10/360,770; 10/410,945 and PCT/US02/32263 each of which

is incorporated herein by reference.

[0236] The examples set forth above provide an illustration of the power of the methods set
forth herein. Using the methods described herein, it is possible to “trim back” and build up a
carbohydrate residue of substantially any desired structure. The modified sugar can be added
1o the termini of the carbohydrate moiety as set forth above, or it can be intermediate between

the peptide core and the terminus of the carbohydrate.

[0237] In an exemplary embodiment, an existing sialic acid is removed from a Factor IX
glycopeptide using a sialidase, thereby unmasking all or most of the underlying galactosyl
residues. Alternatively, a peptide or glycopeptide is labeled with galactose residues, or an
oligosaccharide residue that terminates in a galactose unit. Following the exposure of or
addition of the galactose residues, an appropriate sialyltransferase is used to add a modified

sialic acid. The approach is summarized in Scheme 1.
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¢ @l - SA- S- NHCOCH2NH PEG  Gal SA-5- NHCOCH2NH PEG 5 [0238] In yet a
. further apPPSaEN5%SUmari zed in Scheme 2, a nmasked reacPoy&s2004/041679
functionality is present on the sialic acid. The nmasked reactive
group is preferably unaffected by the conditions used to attach the
nodified sialic acid to the Factor I X. After the coval ent
attachrrent of the nodified sialic acid to the peptide, the mask is
r enoved>d4Ha0g he peptide is conjugated with an agent such as PEG
The agent is conjugated to the peptide in a specific 10 manner by
.its reaction with the unmasked reacty¥e group omsd he nodjfied sugar
residue. 67 WD 2005/ 055950 PET/ US 0(21/0 Sche °p?t°’éal
ycoprotein NHZ Gale N SA- 5o-NHGOsH2E Skt ;
-Ho ?H Ho 0 oNa HO OHudiql vl "
EtS-S.,,rNH OH Gdf>~dSA—5NHEOBHR SoSEL NS PS- PEG
A ycopr ot ei FEC@IFS~Gal $ASBHCcOtHSPEG 1. dithiotltreitol 2| PEG halide
or PPG halide Gal*"SA-5- NHOOCHZS- PEG [ 0238Riaayfinsdi fi pd sugar set
forth herein %@s@%ﬁﬁ%@&{iﬁhﬂbééﬁp pproprl ate 5 glycosyltransferase,
depending on the term nal® sugars of " the oligosacchari deysi de chains
of the glycopeptide (Table 1). As discussed above, the term nal
sugar of the glycopeptide required for intraaeiigtCODHOM-REE
PEGyl ated structure can be intrgguggd, naturdlly during

P

(_ @ Gal—SA-5-NHCOCH,NH-PEG
Gal

SA-5-NHCOCH,NH-PEG

5  [0238] In yet a further approach, summarized in Scheme 2, a masked reactive functionality is
present on the sialic acid. The masked reactive group is preferably unaffected by the
conditions used to attach the modified sialic acid to the Factor IX. After the covalent
attachment of the modified sialic acid to the peptide, the mask is removed and the peptide is
conjugated with an agent such as PEG. The agent is conjugated to the peptide in a specific

10 manner by its reaction with the unmasked reactive group on the modified sugar residue.
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expression or it can be produced post expression using the
appropriate glycosidase(s), glycosyltransferase(s) or m x of
gl ycos) shesedsso and gl ycosyltransferase(s). 10 C 68CNBAOOGN0H5950
PCT/ US2004/ 041070 Table I Q R3y QX-RL R3-Y' XX-R1L 00 J~ R2Z
NHR2-Z 00 (NH RA-A o NORA AO-Pp WO OP-O O Na &tNa Na HO
ONchexre @4 UDP- gal act osani ne- deri vatives | MP-gal act ose-deri vati ves
(when A = NH, R4 may be acetyl) QX-RL Q- X-R1L R3-Y o o R3-y 0 jO
R2-Z NHR2-Z 0 C'NH R-A9 Rd-p a!lkﬂ)lgl,pmgmo. -PLOIP-OONIL--0 0
O+Na_.p _0 O 0 O Nay Ka-©{Na HO HO OH
MP- d ucose-deri vati vesﬁ%— d ueowdnine- der i vat BA-ENHCOMRA-SKI= NH, R4
may be acetyl) Q%(—Rl 09&91 A-R®D 0 /j ~! \Ng,; R3-Y o 11 N N-NH2
O—r-0

S eis - g
HD\}\?‘%’O”Na HO OH Sialyltransferase ¥y ~Gal—SA-5-NHCOCH,3-SEt
o}
Gal

o

I
SA-5-NHCOCH,S-SEt
,SA-S-NHCOCH;;_S-PEG '

Glycoprotein (5al 1. dithiothreitol

\v & Gal—SA-5-NHCOCH,S-PEG 2. PEG-halide or PPG halide
Gal

SA-5-NHCOGH,S-PEG

[0239] Any modified sugar set forth herein can be used with its appropriate
slycosyliransferase, depending on the terminal sugars of the oligosaccharide side chains of
the glycopeptide (Table 1). As discussed above, the terminal sugar of the glycopeptide
required for introduction of the PEGylated structure can be introduced naturally during
expression or it can be produced post expression using the appropriate glycosidase(s),

glycosyltransferase(s) or mix of glycosidase(s) and glycosyltransferase(s).
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N R2 a Ola _P_-O -ZOOCNI\LJ, NH O--1 Q +Na o-P'; O Lo -p-I Z
“RlI-X A R4 HOOH 0- Na ONa HO OH R -YZ-Ra GDP-fucose-derivatives
. GDP- Nannosé}"%‘lﬂ f%‘??“\/es 2 X =0, NH S, CH2, N (Rl-5)2. PCYAR20@HX1070
A=X; B=X. j Q=H2, 0, SS N\H NR R R -4 =H Linker-M M M
=PEG egu in PEG 5 10240] In a further exenplary enbodi nent,
UDP-gaIa?ég PEGis reacted with bovine mlk

1, 4-gal actosyl transferase, thereby transferr
gal actose to the appropriate termnal N

ing the nodified
ykg% ucosam ne

structure. TheR§-¥lmXR| G cNAc residues off e g ycopepti de my be
produced during 0essi on, as may occur i_? eh expression gystens
as mammal i an, Rgi& pI ant or RguUS, B | @an Q,e pro d by

treating the gl ycRps tmde V\ﬁ‘th a' qigl i dase 1

and/ or gl ycosyl t ransPer JE?E‘ uired. 69 WO 29@}@1

RCT/ US2004/ 041070 [02 1
transf er ase,

er exenpl ary enbodi rrent o &, @ cNAC
§‘°LRH| lized tODRARRSHEL- RN, dted-G eN

suc 5,
to a terninal ﬂﬂ%@@“‘iﬁe‘%‘i“ﬁﬂ? on a gl ycopepihalé = NHR,aastickd) furt her

exenpl ary enbodi nrent, an the N- and/or Oinke

gl ycan structures

are enzynati caIQ\yXthrmved froma gl ycopepti T expose an am no
acid or a teg a ycosyl 5 resjdue thRj-Y4 gbsequently o

conjugated w tRh_Z dified sugiﬂ yFor eRr an endogl y ,mase
is used to rermveR‘;. 1 i nked sl mctures of I%uﬁg u:ope |de

expose a termnal GPtiAe-ak- NAc- | i nked- Asn® 0 h’é"
<g| ycopepti de. UDP- Gal - PEt® agithat appropriate gal a P‘ sf erase

i’s used to introduce the PEG galoast ose functionality onto “
exposed G cNAc. YPP-flopedyiviires an al ternati ve l@ﬁﬁ@d)ﬁan@nﬂcrwam\h@ rmdl fied

S

ugar

is added directly to the peptide bacKBEHE™ TSRHEY b acet)

gl ycosyl transferase known to transfer sugar residues to the peptide

backbone. Thi

X®qpl ary enbodinent is set forth in Schene BfL

Exenpl ary AR, o 0 o ¢
R3-Y: - N I MHy
Rp-Z ¢ hH T o0
0 0 N//[\NH e bna
2
0= ~0—F~0-"\ 0 Ri-XT 2L AR, HO OH
\ O0"Na  O"*Na R
HO OH R “YZ' 3 GDP-fucose-derivatives
GDP-Mannose-derivatives 2

X=0,NH, §, CHs, N-(Ry-5)2.

Y=X; Z=X; A=X; B=X.
(o Q=H,,0,§, NH,N-R.
AN

R, Ry-4=H, Linker-M, M.

M =PEG, e.g., m-PEG

5  [0240] In a further exemplary embodiment, UDP-galactose-PEG is reacted with bovine milk

10

Bl,4-ga1actbsyltransferase, thereby transferring the modified galactose to the appropriate
terminal N-acetylglucosamine structure. The terminal GlcNAc residues on the glycopeptide
may be produced during expression, as may occur in such expression systems as mammalian,
ingect, plant or fungus, but also can be produced by treatiné the glycopeptide with a sialidase

and/or glycosidase and/or glycosyliransferase, as required.
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gl ycosyl transferases useful in practicing the present invention
include, but are not limted to, GalNAc transferases (Gal NAc

T1- 140 200%/03850 t r ansferases, fucosyltransferases, B81/US2004/04107¢

gl ucosyl transfer ases, xyI osyl transferases, mannosyltransferases and
the |ike. Use of pproach allows t edlre ition of

this
rrdemléa a%%%rregie@alaa’ faalfﬁ Igeat, ¢ Q&M%%‘ls ig5e, BO Izt dguiglized
C pthe

e I s
pefptﬂlﬂexbtaplhnmﬁxmlmldﬁfamdl\bmd/beo Iskbd plyatrestspagefdrei ty of the
ﬁc%% Iansferg e ané not g a random manner,.as occurs during 20

sgellpfrpgve %fﬁPbi‘ ROREPId 10 CROB AT RB AGIA PR LR BHFOSR hods.
Abodfliforaf \RAER:Rily Etudifed Witk 06 YERAN BTk BlfiipiBland! YCOPEP! i des
that lack the g cosy ransferase substrate "peptide sequence by
e regidoglgeanasg is hEd&@ panogrei the W-larkied stranties eﬁqgﬂecmmphdﬁ o exhaseol ypept i de

e A st R AR R oot RED IR ER a i .0 © ©

70 WO
S SuEm e RLME oo AR 250 kb 8 6

erthodipeeeit Glcdldc. f ort h above, one or nore additional chem cal or
enzymati c m)di fi cati on steps can be utilized follow ng the

gﬁ@%%ﬁ ﬁ{‘) Ruehatt Iye emb%egnénlt Gfle Ex#g&i!’ed ts?ga& e AER il %Iy th ﬂle?&gﬁ? enpl ary

ranst 6r ase) 0 append

a tgkMems yiking alglyc(o@lgansfa‘rmmemwfrmsfdieugeenrmmb tmd ipbptid 5 sugar
attached to the peptide. _ In another exanple, an enzymatic reaction

Paghhane z@@steéem@éﬁ" embgdiraent ipseffrdnindrbemedi Exeaplsiigar failed to

|-t
OSSP PSSO R B e it
c@alN@attmdsfeml (Gamfmmgan) |CﬂcNAau'aﬁﬂemsdshfua%’M&Sfehabs,st abilize or

AP i 0GR OB AGBY P GRS AP e oo RS of ' he

approach allows the direct addition of modified sugars onto peptides that lack any

carbohydrates or, alternatively, onto existing glycopeptides. In both cases, the addition of the
modified sugar occurs at specific positions on the peptide backbone as defined by the
substrate specificity of the glycosyltransferase and not in a random manner as occurs during
modification of a protein’s peptide backbone using chemical methods. An array of agents
can be introduced into proteins or glycopeptides that lack the glycosyliransferase substrate
peptide sequence by engineering the appropriate amino acid sequence into the polypeptide

chain.
Scheme 3

Ho OH
0 o) Protein or Glycoprotein

HO fLNH :
Q G - -
NH| § 9O L, OJ alNH-CO(CH,)sNH-PEG

o 0——o—fmg o) -
O*Na G *Na -
GalNAc Transferase

PEG
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> 10 nodified sugar is deprotected following its conjugation to the

peptide. YO 895/05R450| wi || appreciate that there i s anParN&L0eHi1070

i enzymati ¢ and chem cal procedures that are useful in the nethods of

e P, B B Bt o RS S Pk S o od ©
conj uga : : i : -
el o Rk Er oA e n Hp A b R DM
t he acymddifikdedgardotiiepgpiide, It he cxprygdayehdbiiornhan terymek. gt,he

o bl abbraram a0 S BR A LT B ARy e oA hotfied

-l'i pids using enzynes that transfer a

uti | §zi eghar QitABEd REY 'de.ThﬁaJﬁaieP@Qaﬁnz%é, ah @BaedticRekcReR1s #iBSedfRdcap”

} : ‘ _ 2?0 sugar donor to an acceptor
are di séitrsdeavhish the madifigd segar fHiled beFmpesste. \Adteoaytigely4edhepgeal reaction is
publ i shed..Apf.il .17 . Lef. s enzy, of us
"ot he SHIAR b i Stee Spt babu R RIS s R S PR EelenteF
[0245] dodesupdrdnahacasah agataihyzaatihe rdditiiibre ioflinkadd whal €@ peptide
sugars (donor NDP- or NWP- 25 sugars),_in a step-w se fashion, to a

prot ein FOIQPQQE‘QE)@&FW&EIE mqﬂiﬁpd_@ﬂg@‘l% .Ch?ﬂ- dngpother QWPW@%WWW@ the
end, of ﬁl(%(ﬁ}?é\?fl sggag% @ﬁ)goﬁ%g&ﬂlbg&ﬁ dIN:a Jo}nﬁé?t%ﬁ%ﬁeﬁ%%@?é 48% &Rt will

synt hesi ze erase a i'gosacchar i de
donor DapprPRaiyiia? GeeSiVan Srrinofsmzematid aclchemicahgbesdufes hay wedisbisl in the

~trimmng of the core. I1n this case the pature of the "core" .
(_shcchar sghods of & (EAten iertage Se: e 53&@&96%&& Sronheaisd b peptide:

i

\_/

very la ; ; I j re.
R R R S v Lo R A TS S A 1 S

t o be usesniion.t he present invention may be any as long as it can
utilize the nodified sugar as a sugar donor. Exanples of such
enzynmes include Leloir pathway glycosyltransferase, such as

gal ilgt o] Lt”r ansferase, N-acetyl glucosam nyltransferase,
N a ty%épé@t osam nyl transferase, fucosyltransferase,

si al yl t (pad] &1 akktionatradyirhésadisfuesed sbove ib theydonset bf fansihg tieesyl-linked
gl ucurononyl t ransferase . and t heQ;Jéihke._ _@%47] Eés)r e,nzyrgt iC

sacchar FeRUgntheglEcosyIRaen Paiee Uehe PR a0l 4R TIaTiAg S1SRHET {eohs,

gl ycosy Haét?dg flsafutﬁﬁ ganq%rble&%rdfé&? ﬂﬁﬂwe@ badlSR oalepdist HAMMRA 36?7 SRR uriBRY

cl oned yCcos ansterases are known, as are their polynucleotide
sequencether Gegmee. Ghe thdthed M mGlelolg peotides embbpids using enzymes that transfer a

G ycgosyltransferases,” (http:// L vel .. Go. uk/ t i 10
G 3 Boy el londra g seppthims B St e S0l ep b Boad 502l 2
encodi Ngyplished April 17,2003, A brief summary of selected enzymes of use in the present method

is set forth below.

Glycosyltransferases

[0245] Glycosyltransferases catalyze the addition of activated sugars (donor NDP- or NMP-
25  sugars), in a step-wise fashion, to a protein, glycopeptide, lipid or glycolipid or to the non-

reducing end of a growing oligosaccharide. N-linked glycopeptides are synthesized via a

transferase and a lipid-linked oligdsaccharide donor Dol-PP-NAG,GlesMang in an en block

transfer followed by trimming of the core. In this case the nature of the "core” saccharide is

somewhat different from subsequent attachments. A very large number of

30  glycosyltransferases are known in the art.
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gl ycosyl transferases from which the am no acid sequences can be
deduced are also found in various publicly avail abl e dat abases,

i nchuolngoeBeaBank, Swi ss-Prot, EMEL, and ot hers. p{OR48P4/041070

G ycosyl transferases that .can be enpl oyed in the nethods of the

I nvention _ include, but are not limted to, gal act osyl transferases,

flﬁ%@yﬂﬁmblﬁra%sé@m@p be sssgn theuesspbiguentioy may be any as Jong as it
h}‘dl%"éh?gﬁ éﬁars%ﬁ a@rd?ﬁ(fi’s ’Exla\l'ﬁl?fé?o}fls&hl %apag EE& jrer ases,
ucurony rans ses yl't ransterases nosy rans er ases,
giaﬂmaygiyabs@lmaﬂsfemmsﬁohraagelactog,éﬂramfaua{sanNacagIglhcosmmslfaanefemse, and
I gosaccharyl transferas U|t | e osyl transferases i nclude
84116%%3’ I2glgetas WB#P%%& ‘E%“S %Semg?lg’lctf&gg‘% f as€7 0249]
sgﬂﬁﬁ%ﬁ ¢ PYERTh NN ELARE IIRe, De obt al ned by chem cal
synt hesi s 20 screening reverse transcripts of nRNA from

appropriate ceI I's or cell line cultures, by screening genonic
{024 A rEoce snzfyrmﬁﬁcapgﬂl@mei synthegag lthat mvolvetg}y@@yitmmﬁ@rammmns,h ese

proce enom C be carried out
1¥nglfu‘f g?fﬂ%el L"gﬁi&ﬁésgﬁ%%eﬁ% %BD‘FP%%%%W&W t ransf er ases
?lﬁﬂh‘s@’élﬁ@s af¥ Eﬂﬁ@, BPatre BR1 p%bﬁh@léoﬁvﬂé RqienceLt RE! éi§| Iy wapysuc h
as a fluorescent group, a radi oact | ve at om or /a chem [ umi nescent

dﬁwd@Twlmd@lamsmm@fequﬁ A . ) _
capuen iRl DU AL o asaptho Ll Dn oLt sabYe:

%@ﬂfdbﬂﬁﬁaﬁﬁeraéﬁﬁidm aRa thaomitPeRN spimeacswas be W:dd&ed he aR6Round in
ol i gonucl eotide prinmers being, produced from

griiessyybliclyrypdable dafabsefeing enBagk oS wigp Brot F%MBLmld others3, 195 to
Mullis et al. and U.S. Pat. No. 4,683,202 to Mullis. 30 [0250] The
rrred
R e T T b S A S e
ez genot Mmdted i galetosideahsierdshe rﬁmoeyltrﬁﬁsiHEeBDg’lﬁeﬁdkﬁﬁﬁﬁﬁerases N-

SR BRI e s S-SR R s BRI et KOG RGP PBRS or ases

%ﬂﬂ ﬂﬁnsfﬁﬂse%xﬁﬁﬁﬁa%yl%éf&ﬁkﬁr Iﬁéxr@lné eak h%ﬁé?&rﬁsé@%la&&ﬂﬁb et 1 n which
sequence encodi ng the g ycosgtransferases enziige I's operably

Itrank:fémst:ap a@djohgctsa@h@xyhramﬂerawaﬁem s gbapatitransiiases neide tpse he

_Pﬁ%%n of the 5 %ﬁco§§ltr§]ﬁ§ (grases enzyme in a suitable host.
If GPETYLRS: @3 HET 6 “%i 1l vary dependi ng upon the

host sel ected and the transformatlon nmet hod chosen. Generally,

02491 IHNARAUSHES slyb ol ithtlerefisds rARHSE diAiheRY cithabD kRrithest)bpt | onal
oper at or sequence, to control transcri pt I on, a sequence encodi ng

SuicpRinE eevierRArans Gt orfan RN A goarppréale cellspr §@bh@%@é§ww§ ch control
SR TRy Bl BT PRSRIEDS COBhab BT oAb o
rieestathgi of MBI Aadyi glencblmctDNA amyl'rma:amed reuawith stigonucleotide probes

generated from the glycosyltransferases gene sequence. Probes may be labeled with a

detectable group such as a flucrescent group, a radioactive atom or a chemiluminescent group

in accordance with known procedures and used in conventional hybridization assays. In the
alternative, glycosyltransferases gene sequences may be obtained by use of the polymerase

chain reaction (PCR) procedure, with the PCR oligonucleotide primers being produced from

the glycosyltransferases gene sequence. See, U.S. Pat. No. 4,683,195 to Mullis ef al. and U.S.

Pat. No. 4,683,202 to Mullis.

[0250] The glycosyliransferase may be synthesized in host cells transformed with vectors

containing DNA encoding the glycosyltransferases enzyme. Vectors are used either to
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usually conferred by an origin of replication, and a sel ection gene
to facilitWOe0BEsEghi ti on of transformants. [0251] | n BET/ES28044207%
enbodi ment, the invention utilizes a prokaryotic enzyne. Such

P oot absRBINEA e g o SRR e Liver ool Byreasiy gt

negativ ' el ;dRew ' (@l ogy
2503) . TASRELRL E SRk Al eme A e iV RIS 1 RpMBIINR, OF

t 0, t hecoppirotieh mbickfa PNA defiacnopencoding dic gdyesylosndereses aszyie i opérabind
_Sal nonel | hi mur i which includ 11,6 gal act osyl transferase
and o | dako Bl ol sbfudhdps g e it 1 eRBEN ORI | on Nos.

MB0599 aRAodYREA3RrdsEs erPhb In o EYBbIcASGE IRE ABdNOr s&'ﬁ@%ﬁt}ol_(sbéhueﬁ%s will

.typhi muriuny), a glucosyltransferase (Sw ss-Prot Accessi

P25740 (&Ey depéndjng wpon (8:1haat seffctedasy ertmnstbanama njethal)hoSwui. (enPradlty,
Accessi on N(If P27129 é]% ol ic). ?.nd Swi SR Prot .. Accession No. P19817
(S, typRPRRL PSS Mietpd A Traseriptioied SEile R ool RRe T e T RS g copitp!
(r fakK) tehMBliphas Q%@q&ﬂcé\iﬁlco&ﬁ%Qﬁ&bfe%iRNR!rihbsmﬁll}b%ding sites, and sequences

gl ycosyltransferases for which amno acid sequences ar€ known
i ncl ude viibsentdldhe wroinahenefdtnbyiptipe pahganslatihn.admplifiBationtiecthrsa® not

h b h i zed . i . | iella.. i ae,
£ 881 F Sty Ry RO R BT R el R ARE e B R
ent er oc ahiallh eanfeyCOPACEHREH dMehBEiOn R adbidctiditzent RlfaoerOROnition of

~~Pseudononas aerugi nosa. [0252] Also suitable for use in the present
Li" nvent | ANAPIEGISycosyl t ransferases that are involved in producing

r/
L

structures containing |Iacto-N neotetraose, D galactosyl-(3-1,4-N 30

acetyl - @ghgggaﬁgeﬂ%m éﬁlﬁ%ﬁgﬁl&@ﬁmﬁigﬂmﬂ utllBeda froRadbliE QR Sme 28¢dcH Ne

pk bl ood gr sacchari sefjuence,
D- gal acthsydylteeniferrstd igabde tioyples Bollpd inBygihusiosElipastigedacdhariéesqEOF),

andify | NGy Gy S S 0SR e SSoniro 1 LTSRN on
et al |, aroMohdy 2y Lo (1096, 2500 AAnicl 94, b ARRRRA TSN

"meningitidis gonor at “enco
gl ycosy btateimséfehasfe spirnnodfispeciessutings hicos ynd Belpiogeldf typheseium, which

structures hayv een identified fro . .menipgitidis i Mmungotypes L3
and L1l ! B@ﬁﬁiﬁﬁgégai%"m&ﬂ”aﬂ 155 Db ilactos i ppigtaga e, f@%}){ggnd
t he N : Aadoantg @MF AcER; ;
2181- 218‘8%518%%€MI n N%@'ﬁg%%?@g{ag}, a %é\ﬁs cgﬁg\l}ds\'/??%ggéo "three
genes, bghiwuridig), B chrdsilgadsferenBdas-Prdid cotsyioaNd. PLETEIN(Er add, arflyies
required for addition of the last three_ of the sugars in the
| act o- NeheewEianaigsse CHe) @ isndieat aergteian NayP27 529 @ 6p/7) aodiSapgs-rot -
19166- 7 : ) tly. zZ inG ~2Gt.1 Vi ‘ . | y_and
9166 Aol AR P58 A DA SRS ANl kel
(rfal)(EMBL Accession No. U00039 (E. coli). Other glycosyliransferases for which amino
acid sequences are known include those that are encoded by operons such as rfaB, which
25  have been characterized in organisms such as Klebsiella pneumoniae, E. coli, Salmonella
typhimurium, Salmonella enterica, Yersinia enterocolitica, Mycobacterium leprosum, and the

rhl operon of Pseudomonas aeruginosa.

[0252] Also suitable for use in the present invention are glycosyltransferases that are
involved in producing structures containing lacto-N-neotetraose, D-galactosyl-f-1,4-N-

30 acetyl-D-glucosaminyl-p-1,3-D-galactosyl-B-1,4-D-glucose, and the P* blood group
trisaccharide sequence, D-galactosyl-oi-1,4-D-galactosyl-B-1,4-D-glucose, which have been

identified in the LOS of the mucosal pathogens Neisseria gonnorhoeae and N. meningitidis
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denonstrated, providing the first direct evidence for their proposed
gl ycosyl transferase 10 function (Wakarchuk et at, J Biol. Chern.

27 1(#B)r00s48%Ed- 276 (1996)). In N gonorrhoeae, tW”IﬁJS%lﬁmEW?O
addltloné’ﬁégenes, | gt D which adds (3-D-Gal NAc to the 3 position of
the termnal gal actose of the |acto-N neotetraose structure and

| Bhowbt &lal addged Migtobidnall: a3632439419949)3t MBe gt fORENEHeMREIRTand
truncated LOS, thus creating the pk bl ood grou;l)) antigen structure
1

( Bogempiionaq thagayodestip glycpsyliramsiqraspriivolypd he biosyarbpsas oftthese
SRR bSO ENER A D R 008, DUPUPL Pl 200, 1

gMoﬁ sfaﬁl;crcgngl ¥ 6’3947140 Qr%@rmgel(se ég @nﬁ?ﬁo%eahmegn@éﬂe Gaslgich] £ Exp.
escri be n 545, 55 schlic nes
afded. 140; 8&%11 %lr%)r@ ?%43)351@ I eprreTTalis, adois ICPpsifingsy algrée gensa g4,

bt SORRCE ety M ARy R R R RANRL RE fud B b e Bt Bhec
. nfnehn tsugms rthe labie-fnyciosadst rhais {Walksalnilod: 2207 Ginl haba el 9§66} uni
r.exa

hf'% &9/9ﬁ§f Reee 'tﬁé sy mety aglivity of eAgiBand g geppipyoduct was
F P&Héﬁéﬁta{eagﬁgﬁﬁ 9Re fifd? élﬂct Eﬂdé&g?oﬁﬁap gio‘ﬁ%%dsﬂy&)s ltransferase

glycosyltransterdase used in the nethod t he Tnve tlon s a
f Gootiyh (Walrslakaes el Fhadsyhar. SRBABY. 28231 -ATe(10R0)MN In . ghwsdioede, ki | |

 Pstrore P ddt Rt eied e phrt etk D Calitinohs s PeSet A e etk y
agﬁﬁ&&&rofﬁ&%&o-ﬁ H&%ﬁéﬁ‘alotsé nRhEE QI%F%I@ Biich! 4aR08 il D UG ePldede

to an or are also use I n the present |nvent|on

[&Zﬁé& elleﬂleﬁiﬂif& tﬁﬂib&écﬂ Lr@IS‘; fhus tRetimchept bloodlggmp ansigerf @rucexanpl e, the
G cNACc in a --- )3,4)G cNAc(3- group in an oligosaccharide
glGetslichd! 9%)». swam )e In Qe ginerishss & 6TRAkES Tupghotypg k1 aléaewreffm Wa ude

R SR st b sl g (0]

( Wﬂ ) Pailemazw gycoayltaﬁ‘ﬁ”erb@h yidal maclﬁed gede8Qre dlsd descAiBB0in, UIAN eel s, et
em _256; 10451?‘1 10463 1981) 74 WO 005/ 055950
Péﬁﬁﬁjéé%)(ﬁqtmlehy)o Genggifougd ez fucetyltsnsterasg and g1, 3ciepiylEpstensg Fom o5

0 TIV,
A T S T %%%f- RTINS
ﬁzmisl (65973). aABb a‘ﬂ Wde 1ﬁ(tl2epr8éeﬁaﬂnd (/&(n(oih-arés‘mnb Ggw&Ag[lf ﬁaﬂstﬁ?m% bf r an?f er ase,
asas een characterize A reconbi nan orm e ( 3(1-
X§ampyieheaed eiamiseg; 1 rﬁgamykub%%ﬁfﬂ@mwsaé@pPfé@/@}%%/%%ﬁﬁtmls-
characterized (see, Dumas, et at., Bioorg. Med. Letters 1: 425-428
(1991) and Kukowska- Lat al I o, et al ., Genes and Devel opnment 4: 1288-

13930spkHPerasest her exenpl ary fucosyltransferases include, for
exanple, al,2 fucosyltransferase (E.C. No. 2.4.1.69). Enzymatic

f [2esy radohREnfdRiéhtE ATty RSy 1Rk sfdRdke tB&d in the method of the invention is a

fucosyltransferase. Fucosyliransferases are known to those of skill in the art. Exemplary

fucosyliransferases include enzymes, which transfer L-fucose from GDP-fucose to a hydroxy
position of an acceptor sugar. Fucosyltransferases that transfer non-nucleotide sugars to an

acceptor are also of use in the present invention.

[0254] In some embodiments, the acceptor sugar is, for example, the GlcNAc ina
GalB(1—3,4)GIcNAcS- group in an oligosaccharide glycoside. Suitable fucosyltransferases
for this reaction include the GalB(1—3,4)GleNAcS 1-a(1—>3,4)fucosyliransferase (FTIII E.C.
No. 2.4.1.65), which was first characterized from human milk (see, Palcic, ef al.,
Carbohydrate Res. 190: 1-11 (1989); Prieels, et al., J. Biol. Chem. 256: 10456-10463 (1981);
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met hods described in Mllicone, et al., Eur. J. Biochern. 191:
169- 176 (WOSOY5/455950, S. Patent 10 No. 5,374,655. Cel | s poatusaofonsad
to produce a fucosyltransferase will also include an enzymatic

t f t hesi zi - f . Gl act | t f 0255
1 anoEHEN o o bGP S006 ARSI GEDL 904 haABIAG mURCIeAASD-

| act l,.act | .t. f | d
201 ) ek HRIR R AR Ry RETE P MRS S5t R SHGSEL RO o

Dabkowshi 1.63), @bialyl &(295)080t1-5800:N28H AR to et

. al. Nature )345: yzzg- 2?? %Qoﬂmbov?ﬁne (&%%%%Eaﬁeg%ggﬁ%?%i asse et
‘al ., Jch®BhdtrizeGhdngcordigrant fot 2O the GABTI-GIIBBIINACHH | ne ( GenBank
n26§25; f_ars et al., Proc. Nat'l. Acad, Sci. USA 86. 8227-8231

. (1989) M1pdAduresylirasamak hassbdsen dharagteiized (seq Dumasyeh dho §éaves. idded. 41
.101- 10 499, i 3 I syl nsf er ase, |

R S e e S e B A
(EC 2. 433 @990)Ya0ewptxengflargifucosyliramifahses Gotme, R68xamdid 6151  (1990)
(human Yet a further_ exenplary gal actosyltransferase 1s core

Gal - Tl B@@é@@]sf%ﬂ@@& NOa%-HS-%r fg«n@@naﬁﬁ fthr:}éylﬂ’é?mWSbe?ﬁI‘rifﬁ@ut bt i on
3 : " ich ipe. , C
54 1 bl SRRASCORNGRENR) & ARRR s MLEN, 19 4976 Moot Bugn

(bd¥i nBlo( 3AY653. af €llsahat ate, uskdito. prdducBiadahityiianst&se RillallirclGdOBP) ) |

human (Masri, 25 et at, Biochern. Biophys. Res. Commun. 157: 657-663
- (1988) éf}ZYﬁWF LR 1@pg GPP-fycosegi ochem 104: 165- 168 (1988)),
(;J*'as well as E.C. 2.4.1.38 and the ceram de gal actosyltransferase (EC

2.4.1.45, Stahl et at, J. Neurosci. Res. 38: 234-242 (1994)). O her

sui t ablRiRalspenstdseanst erases include, for exanple, al,2
gal actosyltransferases (frome.g., Schizosaccharonyces ponbe,

Chapel f0285] B anolfih grodh 8F emb&ideras, the Itiah S8k is 2721 HIRFGRRI°0
PCT/ US£004]/ 04a111870 gréi.ggl yﬁlr ans?e?’asegry%gm] Sji%al I;Ialtgrraaa\r?{safg%Ir aséf%g%r e
anot heEx¢iypleryodfalagtosglireyditrase sifchrde 6 1 3hgdladtssyltsmffetasea (B QieNo. 2.4.1.151,

recombi nant cells and reaction ni xtures of the invention. I s that
pr otluc&er %S-G)ﬁ)ﬁi’fﬂﬁ’f‘ﬁ%l er_s‘ﬂ-a%@ﬂ”t‘ﬁlﬁ’ﬁrs}%" é?-?éé@z&i(ﬁ%g%‘&{ﬁm%ﬁ@éﬁ a8 i c
aci d, ws.0h9ixs3 ?lﬁ?‘Oﬁlbb?inéﬁG&B%ﬁl@ 4980 ToRiase 2 il.,tJr Bﬂﬁ.f@{eﬁé2§4:t1ﬁ:é9o-

Exanpl es of sialyltransterases that are suitable for use in
pr eseni4297(V88R)), aning (GerdanBTRGALS; \Lakscp et @, Prac. et 'L.otcallufvra i/ Br8Gal

SToCh1 fo 1 SR Al o TS Ao ¢ P e PTG

nomenc|abyy)e Adser Affable 1l SoAtciORahiORGk isAhal $hidh i8invBlved in synthesis of
A ycobrology 6: v-xiv (1996%) An exenplary a(2, 3)sialyltrarisferase

r e2@r r the MlavdasoutB aggeBXEC A4/ 87, mimncis ef (IEC Biok GOMEI6T: ade1 EFls
C“;:.S hal i e @8k intRah)C Vel BAH S o m AP LR8O is core Gal-T1.

-

[0256] Also suitable for use in the methods of the invention are B(1,4) galactosyltransferases,
which include, for example, EC 2.4.1.90 (LacNAc synthetase) and EC 2.4.1.22 (lactose
synthetase) (bovine (D'Agostaro ef al., Eur. J. Biochem. 183: 211-217 (1989)), human (Masri
25 et al., Biochem, Biophys. Res. Commun. 157: 657-663 (1988)), murine (Nakazawa et al., J.
Biochem. 104: 165-168 (1988)), as well as E.C. 2.4.1.38 and the ceramide
galactosyltransferase (EC 2.4.1.45, Stahl ez al,, J Neurosci. Res. 38: 234-242 (1994)). Other
suitable galactosyliransferases include, for example, al,2 galactosyltransferases (from e.g.,

Schizosaccharomyces pombe, Chapell ef al., Mol. Biol. Cell 5: 519-528 (1994)).
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a Gl (3l -+3d c disaccharide or glycoside. See, Van den Eijnden et
al., J. Biol. Chem 256: 3159 (1981), Winstein et al., J. Biol.
Chem wobzdos/ds3845 (1982) and Wen et al., J. Biol. GEnusi6ifii@a0ll
(1992). Another exenplary a2, 3-sialyltransferase (EC 2.4.99. 4)
transfers sialic acid to the non-reducing termnal Gal of the

di Stmdtranifemser gl ycosi de. see, Rearick et 15 al., J. Biol. Chem
254: 4444 (1979) and Gllespie et al., J. Biol. Chem 267: 21004
(1%)7] Siaflradséeras ergrnathyr ‘gquzyﬁg;ycqsmbtau@féra&tha’( Bussal @thNAc a- 2, 6

ST ey e

Caélagﬂrw&@ﬁtfﬁés 1 Gy ﬁfbﬁﬁ&t C@SsidifeqcHl, dnsdhtis asmfierdas dondtithl be abl e
to transfer sialic acid to the sequence Gl (31, 4d cNAe-, the nost

co ﬁmbfﬂtr@ﬁfep@nul Exaveples efsipldtrensfundethiay prggui fosiusg inethe piesdnitc aci d

Sohehhh B E ST G R B ST BRSSPSR R B R e

an Sargggm grrﬁGapDStIB@bEW@réMZpQ‘ﬁé@ﬁﬁm BCAGRISO0H) A BT6G2INAC
Si al yl transferase Source Sequence(s) formed Ref. ST6Gall Manmal i an

NelAbhe siglwiiramicrasgnemasclature wsvad tereimis a9 fassabedan Tsujl ef al,

WA R A S T U e N
ST@g;@j)sial mmfahéegﬂd@még @?nﬁ%& Fdli A £ ABe nSLRGAdihE tRhMPBRESET | UM

31,4G cNAc- 20 ST3Gl V N neningitides
Neall&‘taé(ﬂ,—%ﬁlb(cﬂﬂa,cékﬁnd&m glyeosuﬂd: @e néar dmﬁ?amd@ eodhBip!. élheal 256:

AR adaty 4 et DS il
252100 5101500} A0 5 YL SR EARSCECSly 989 P

Theiakd adiy kd uham:sﬁeemﬁg temnnild}an sethe disatclaridé or gigcdRidey faat Rebrizk al i ¢

NP n{l%ap‘?g% 2%%3‘ Pl T Pond SihSpeiead £ Bk Oy 27: S0l Prfea
3 IR b Pty Bdine; ﬁﬁﬁ@@%e i PR oA YRR St

Il Kurosawa et al. Eur. J. Biochem. 2191 375-381 (1994)).

[0258] Preferably, for glycosylation of carbohydrates of glycopeptides the sialyltransferase
will be able to transfer sialic acid to the sequence Gal1,4GlcNAc-, the most common
penultimate sequence underlying the terminal sialic acid on fully sialylated carbohydrate
structures (see, Table 2).

[0259] Table 2: Sialyltransferases which use the Galf31,4GlcNAc sequence as an acceptor

substrate
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- which is also referred to as a(2,3)sialyltransferase (EC 2.4.99.6).

This enzyn® CHPHP$2s the 10 transfer of sialic acid t®CIAES2@N0L1070
a Gal (31,33 cNAc or @Gal (31, 4GLCNAc gl ycoside (see, e.g., Wen et al.,

J. Bi ol—Chem—26+—23011-(100 0 Van_den Eiinden ot at 1_Biagl

Chem Zﬁalyltﬁalﬁ&rﬁgbggl) &nﬂws respon>sb¢@nfc@(g)§,§ﬁleul ati on of_ Ref.

aspar agime-tinked—ottgosaccharides ycopepttdes—The—-sta-€

acid i 4 3568kl to a Gal viemmeHen f or ma I\T@nAGiZ,@Eralal JAGhidege bett welen

t he twa i des. i n I nkage) | beTween_t he_saccharides T3
bet weer ﬁ?agﬁi)osr ti on T’%‘Tﬁ%ﬁ thc and| NeeAatpdalblakidiAcal .| Thi s

particdl ar enzynme can b isol ated fromrat |iver Wi nstein jet at,
J Biol | Chem 257: 1384% (1982)); the hheudcelidlpEaciAet 4 .

(=

((1993) igl. Chem 22482-2278)._ Kit son (|I994)
J. Biol S‘%@W 269: 139 ﬁ\%?r’%’ffa‘hnd gquTﬁF%C%Bﬁ&Q@ Acxt ({1996)
J. Biolf. Chem 271: 9311938) DNA sequepces are known, faciligtating
productlion of this enzy by reconbi na"lNe%‘?&‘H’l'?e@l%h GhN*‘“d?jr ferred

20 enbgdi t he cl ai ation ST3 |&l

(N $W;HOR’IORRQRI (iri’;% J%EEX)‘J)AI 54131(5?“'&?@%‘5556?9@ plary

si al yl t rgqrmapnases of us q,hrofbbﬁa@mgﬁ esen E{}W 0362
an

i sol at gd—+rem-GCanpyt-ebatt-er—et-toi——netu “ i “'1 *

W09/ 49GHBGa] U263] Si al INrmamfgerc&ses bNhﬁAcdﬁBISe&Bl tr&loed&d n Tabl3e 2,
are al $o useful in an e¢ononic and efficient Iarge scal e pragcess

(Tor Si IyI ati on of comn=erg@hbzyhmaatportant gl ycopeptides. As @ b5

aunts 47 ea@ﬁigﬁ“‘rﬁr RGP B ke M e 1 oacied win
: ?LZP%‘C?L Mg ks E%wsrri ldes relative to
Ao ol PR o et ats 07 VOGBS oo WiTnkcs
SRR 114 03‘1%5%@@% sxases phusgm ke ﬂr‘ﬁrfgowgﬁﬁamoaﬁsﬂ forth in the

Si al I t (ANSEEFRS QS The haly 1R ekt battlyoetrﬁecﬁo%ra)ﬁlsﬁf @PE@%, aréa%@ahc gid moiety
ol i gosaccharides of glycope tides nore efficiently t

ar e usefuim a REGylatedstalic arid| rlglesps@eﬂ @itpanbdiked ghfcrwbrasmiee of a peptlde
sialyla er a
N- acet yltdégtgazccﬁ% 0; tﬁﬂi? arl%se e ?gll%?r @IG ZB ‘actici ng t he

present invention, 15 partrcul arly for binding a Gal NAc noiety to an

am no aqﬂztlptqntdxem@eldflalsﬁdylghusf@&wtm isQizefut inethe OlhirhdiemeBeds i6l8T3Gal 111,
Sui tabl e N-acetyl gal act osani nﬁl transferases include, but are not

i mi t ed vhich is alsa rayired taee oy ghilaldenstorisa i E RS @r ddis copmipg cajlyzes the

QU @é'ﬁ% bR SR PR R9AT or GlugR gidnaCaBuosidlidhe .

((31 t199j? ) vlagnlierwcl{g %‘g{g gﬁ@n Neaceiorh gedoay esarh Byhidipaed ey a8, CRomase!
3159 (1991)) and is responsible for sialylation of asparagine-linked oligosaccharides in
glycopeptides. The sialic acid is linked to a Gal with the formation of an a-linkage between
the two saccharides. Bonding (linkage) between the saccharides is between the 2-position of

15  NeuAc and the 3-position of Gal. This particular enzyme can be isolated from rat liver
(Weinstein ef al., J. Biol. Chem. 257: 13845 (1982)); the human cDNA (Sasaki et al. (1993)
J. Biol. Chem. 268: 22782-22787; Kitagawa & Paulson (1994) J. Biol. Chem. 269: 1394-
1401) and genomic (Kitagawa ef ol. (1996) J. Biol. Chem. 271: 931-938) DNA sequences are
known, facilitating production of this enzyme by recombinant expression. In a preferred

20  embodiment, the claimed sialylation methods use a rat ST3Gal II1.
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er
expfrthe paiidey Suiiahle N-apsiytgsiactosampisy Krangfgrasesrn

20 12609 (1993)). c [02651 Production of proteins such as the
enzyne Gal NAc Tj,xx fromcl oned genes by genetic engineering is well
knowWO g#e/05¥§e , U. S. Pat. No. 4,761,371. One net hedriusvaoss7o

col l ection of sufficient sanples, then the am no acid sequence of
the enzyne is determned by N-term nal sequencing. This information
i sfogadnOtseekenplirs slabticansfaaBrinotise irethe peaseitigyation ifolirde-thessgt h

PP A B E S0 ki Sty Feels SB b 1 Lr 7Y I ve. engyre.
The acceptor specificity of the enzyme is then determ ned using a

s e gsiegilylifnk e s8 GhdrthSse Mstell B TABTE D0ar8 Gls6 Sl Qi RAbENiE ARIN
gl ycosylation sites in 16 different proteins followed by in vitro

gl §f6oient lardecmals pratissSonsialyinginn REedremerelslly dmportap glycopaiidpnsAs a

d h Lbai ' [ ' d
B e e b L T e
POEL1000AY/mgd Brofih 206 a0l K5 4RTald-41S20P 44104 1DHR/mE ts catipate 0

gl ycosyl ated serine and threonine resjdues may have a nore mnarked

i ki ed dheovalylrapdress oldnierest lomialylaty gWCBP%HSSaW e IR FIIHBPERS es.

%Te@ﬁ%ﬁ@rﬁ%ﬁfeng%|¥hé@%gﬂégﬁgﬁﬁggogﬁ%ﬁmgr&aie@%r c Eognt, the

enzynmes utl e I nvention e cell- 5 bound
gl glsagebtidanafiakebolighksidebargies rmaymaticdl yxekaggdyioms et peptidé er ases are

o SR e Pl TR pEASliG: AT o7 R syl Bbiiwnsfiansss Wik
ashe ﬁ%@i&fﬁ My BedeihRed dgﬁg@yaceﬁaﬁd@@of;@mpeﬁme@ AU A IhAT udi ed

thus far" are “considered to be intrinsiC proteins; that is, they are

no8T¢G@d1ld asedbeful ona piacticad Hpgeasrels thhgcesshnbertidesinldaigon. equi re

detergents for solubilization. Surface glycosyltransferases have
been 10 identified on the surfaces of vertebrate and invertebrate
cell caw&imzémpeg;s al so been recognized that these surface
transterases maintain catalytic activity under physiol ogi cal

condi- ki , r. ! s | . . surface
o 26 H SR er LB By e G L EGARP oot e R
5.l cShHRAGERL binAls deHENEMERAinkEE $09cosfIRZM dite
Met hods have been devel oped to al he gl ycgs;gl transferases
dpdgbut arppgplimggd fo, Acad.

Scj , - 82 , 3 o I.5pl ate
e e e T Gl

ol &g s ACRIPRACHER. BT LRI EDIATDhaid Sraly aadl/e JOBE Chyhi26Mss 2ases. A
CDNA library generated from nRNA isolated froma nurine cell |ine
kndRR4Y and RelypeptideDrecshyl galactesaminyliransferass (Hema g4, J. Biol. Chem. 268: -

1, fzd}j??@ -D-glucosam ni de a-1, 3-gal actosyl transferase was
transfected into 20 COS-1 cells. The transfected cells were then

cultured and assayed for a 1-3
[0265] Production of proteins such as the enzyme GalNAc Tyxx from cloned genes by

genetic engineering is well known. See, eg., U.S. Pat. No. 4,761,371, One method involves
collection of sufficient samples, then the amino acid sequence of the enzyme is determined
by N-terminal sequencing. This information is then used to isolate a cDNA clone encoding a
full-length (membrane bound) transferase which upon eXpression in the insect cell line S{9
resulted in the synthesis of a fully activé enzyme. The acceptor specificity of the enzyme is
then determined using a semiquantitative analysis of the amino acids surrounding known
glycosylation sites in 16 different proteins followed by in vitro glycosylation studies of
synthetic peptides. This work has demonstrated that certain amino acid residues are

overrepresented in glycosylated peptide segments and that residues in specific positions
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. galactosyltra e activity. [0268] Francisco et al

- Acad Sci . év %g@’9°§713-2717 (1992), disclose a method. PST’”&?P(?HWP%
(3-1actanase to the external surface of Escherichia coll. A
tripart sdrforndSlsQiycos @RS SdrindAn@hrédninc3e Sl M ayIRUL 8 AeSe Rbri@A iftHeREe on
menbrane protein, (il) a menbrane-spanning 25 section of an outer
rrenbranéﬁcﬁp’@réfﬂ@lenahﬁla(lptheyalam@@ﬁ@néﬂﬁwﬁature (3-1 act amase sequence
is produced resulting in an active surface bound (3-|actanmase
nol ecul e. However, the Francisco nethod is l[imted only to
pr ocar y 6elldayed| Glaspsyltmusfanesesas recogni zed by the authors, requires
the CONU2BGETA droftadk tinbedifndsi, e chBfimddhfilgdd ihURCHE0DE BBthe 719!6)4@)11 are cell-
2005/ 055950 PCT/ UsS2004/ 041070 Sul fotransferases [0269] The
i nveht i bR Slprostidendesseredliseebmery sebblecsl s piiprsitass erdtnormdbasd B
sul fate I | : har i des
such asg)h a%ﬁ?mg epaér) g%d %?Il? gfggj ce&ry(l:tgirﬁ?faggigﬁse%g E%ggge@%%ﬁggg&h&ﬁg
conpouniism St abdogatalivitio tellan dMaay af ¢ nenthramkebound ren@mh&hed&hus far are

cronctoL g, SALRUSLSTEL Phgofl £l ckan oI Sl et By Eulte o

D49915) 5036 aadtaamt Yaadetk fcﬁ%@lhﬂﬂh%ﬂbﬁo %&@%lycosylh ansferases have been
N- deacet yl ase/ N- sul phot r ansf er ase D xon et &no?ni cs 26:

23910411 e(mﬁ%gn thesugore syt veatﬁbratglayé @gfaﬁebr@tgloyﬁa anditderalyo brencewanized

N-deace

COrel | andub g Sl IR AL G A ACUEURT y OB PR TG il lons.
“Eri kss OHowteval the morBraobgnifduefimctidf 9f clDtidRied 4 ylitbDSéasestis frannieioblfular
described in GenBa lﬁ\gAcces& on_No. UZBO%)BA d ycosi dases [0270]
This i n{FEABHEMR Q? AEESTHRAR SERRQATHER tacS W#W%@%@E%E%tl&ﬂ@
gl ycosi dases. Miutant | 3-gal actosi dase enzynes have been

denmonst [@¢ [ McthoRld hadizen a&reldpea RdifePihe %13(00335@15?@55%&1 @)Eﬂr@k%@d BhEEgh

the coupling of an a-glycosyl fluoride to a a act os acceptor

mol &z ul Bor e(?wrmiﬁeﬁgrsemﬁzszl Paftc Nm‘é Aced 2% U8 |8§%ﬁ§a31)§éﬁﬁ9) PO @@eYetic
O her gI coshdas Iy £X | e,

i 3-gl uc arptadc gl 15%%’[6 ¢l Iéecltlit OSI q@%ﬁcek@a ?@e&é&&ﬁe cxi:ressmhg%g%l )]%n‘ep

gl ucos aahgmd@heﬁde a(tﬁmﬂh:amﬂ ylielzg:a]gmé glsrecmyhraﬁ@ﬁmes [chIXNAdﬂjrﬁi@%eﬁmated
[ 3-fucosi dase cel | ul ases, xyl anases, gal actanases, nannanases

heni cel ﬁemangNA 1&%’{6&?@@1 2 giripoeemlinsdeewn fo oxpreps IR Eelaciess: B

| act.gsi.d
o R acob RO GG EBERR aRERa 3 L e linu i ”s‘i@l%?r%os.%%t%étsd ingp,
neup@ni co@aﬁseitssmbwﬁﬁ&%ddens%mﬁesmam b BRb,1-2 Sialli dase

is used to renove sialic acid froman N-glycan of Factor IX (FIG
2A) prl@dlawtosyéthWMGyﬂaMYng The invention also provides a nethod
\that does not

[0268] Francisco et al., Proc. Natl. Acad. Sci. USA 89: 2713-2717 (1992), disclose a method

of anchoring B-lactamase to the external surface of Escherichia coli. A tripartite fusion
consisting of (i) a signal sequence of an outer membrane protein, (il) a membrane-spanning
25  section of an outer membrane protein, and (iii) a complete mature p-lactamase sequence is
produced resulting in an active surface bound B-lactamase molecule. However, the Francisco
method is limited only to procaryotic cell systems and as recognized by the authors, requires

the complete tripartite fusion for proper functioning.
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require the prior renoval of sialic acid. Thus, a nethod that
incorporates a sialic acid 25 exchange reaction using a nodified

si alWe 20051085%®i ety and ST3Gal3 is of use in the pPEIEREC04{0MIENt i on.
| mobi | i zed Enzynmes [0271] The present invention also provides for
t zymes that are immobilized on a solid and/or sol uble
s%%é%f‘%fyﬁ?{rﬂ&gn exenpl ary embodi nent, there is provided a 30

g s ct
SIS PR ARSrb ik AuGRREHIB R SR FE BT AR
PiaGlebnlak énclwdiay, fer ©anjplegsl fetetl polypdacbaralel gudht asdeperth, hepasal su&faﬁo WO
2005/ 055950, PCT/ US2004/ 04 port, The us f SO|I supported ’
s, spmBsmomaaendy Soriebte S ERR st inties a Sfmptnor k- up. o
t a‘faonﬁl%ﬁﬁ{—ii Qﬂlpﬁbt‘féﬂéfe?as@ @&J&z&hlcbmaaaéseﬂb&if byt muﬁ,ﬁ&% | ppin efhst . and

al so enables'th facil'e recovery of the enzyne.

gmbégﬂi 1%6r8§f(é9%5§e6@ﬁqnhg\e;pessm?1‘{q D4i92b® ElgcQsammmim@mle- of the
S PReg M aaf O R o RS T OB I AR R B 2365 1

otlbes); BXe8PI B/ mdegtjaaﬁmag@caﬂmewﬂmgmgamhe Nageakstylg/Non utilize
fusion proteins that_have npre, than one enzymatlc activity that is
Rt ey O dgscabed indreligna dpepiiiole Cosiy %ﬁaazﬁ “The
f n (@?@ps
c%?ﬂgl ng&@a {i’gﬁgg@:ﬁ\%ﬁgdféﬁ 0 @Qy@%gﬁt@%ﬁg ase t | s joined
t deseritwdtiniGenBenkt Kycegsibn We. Udddi n of an accessory enzyrre. The
accessory enzyne catalytic domain can, for exanple, catalyze a step
in the formation of a nucleotide sugar that is a donor for the
gﬁglstransferase or catalyze a reaction involved in a
)}’cosy f"ransferase cycle. For exanple, a polynucleotide that

e f a 15
@?9@‘!8@%58 CHEST s SRR B 8ot B0 wl ok R GE Ge cugar
sttdne&galacﬁbﬁlageeanymw@ve e dumqmmteai o Qsdlydehibnfoembidyafe not only
the s nt esl s of . the nuc e0t| Su , .put also the transfter of the
h h f th | ?:Ja% 3?». épj h f f th
soigace éf}yo‘t‘%l @ﬁém&%’@éﬁf 6‘?“ OTigh {0 F SRIGFYHIGERPH can be two

OholtRAE, ﬁ%z YIB! 6 58L804; ”«.ﬁﬁe t. Q?‘BG Sichh& gﬁ}%%lﬂ%feb g¢

sequence. n &r - enbodi ment s Si On protein-inc t he
cadedh yiis mabxht;pmnclhde folomainple, Pightonsidases, rﬁagﬁatgbsydmﬁy Pimamedidasases. 20

SF S o ORS00 ey PR SRRl

U&dllula%éé1 SylMAdse s Waladtdhisad) |nﬁanhbk$dsé}ﬂ h@hRERLIAEs,(88fase, PlucofK ARIsCa- PCT
Pat ent Appl i cation PCT/ CA98/ 01180, which was publ i shed_as WO
oglugmsidages, ¢rgalpgipsidages, a-gggngsidases, a-N-acetyl glucosaminidases, a—N-acetyl

galactose-aminidases, o-xylosidases, a-fucosidases, and neuraminidases/sialidases. In an

exemplary embodiment, a sialidase is used to remove sialic acid from an N-glycan of Factor
IX (FIG. 2A) prior to glycoPEGylating. The invention also provides a method that does not
require the prior removal of sialic acid. Thus, a method that incorporates a sialic acid _
exchange reaction using a modified sialic acid moiety and ST3Gal3 is of use in the present

invention,

Immobilized Enzymes

[0271] The present invention also provides for the use of enzymes that are immobilized on a
solid and/or soluble support. In an exemplary embodiment, there is provided a
glycosyliransferase that is conjugated to a PEG via an intact glycosyl linker according to the
methods of the invention. The PEG-linker-enzyme conjugate is optionally attached to solid
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Preparation of Mdified Sugars 25 [0273] In general, the sugar

noi ety or SRAPSMS!8ty-1inker cassette and the PEG or PRPGT/US280k®#1070
cassette groups are |linked together through the use of reactive
groups, which cally transfor med by the |inking process into
a new orBERFC ﬁ\ﬁr\‘é? P%ﬁ?&p SEPRIISE SPZYmFs ibthe pioflods pb v daventipr sigypl fes the
reactive,du ﬁﬁEf @R acBb PR e anﬂzﬁgﬁﬁfz@i bitfr @Ak %ﬁoﬁ%‘dﬁ&oz{hd%fl eggbles the
sugar nolety. Reactive groups a asses of Teactions’ use

pract i mﬁtﬁgletrﬂ@vgry@f dreten3@me. n%mglwmyhnaesfgamecrcmjdgytetmuﬂlmetihﬁtheameehods

wel |k t he te ch tly f
o ass o0 Cbber et POl e oo G TSP IS vt t fione

t hosa@, \Maﬂ]cihthe&l-t_m 2005/ 055950 PCT/ US2004/ 041070 proceed under

rTelatively mld conditions. These include, but are not limted to

(‘

nucl eophilic substitutions (e.g., reactions of am nes and al cohols
with acyl haljdes, active esters), electrophilic substitutions
(e.qg., et ofedc t | ons) and additions to carbon-carbon and

car bon- g3 @) aRb @M ekt #t&ng&ﬁﬂém(sethgmeth%sc J: dv@ﬁtft;dlﬁﬂze fiusion proteins

Di el s- Al'der “addi t1 on) ese and ot her use reactions are

di scusséhht haye e tmnaumeezmmmwmmm\mﬂm&m STRYed 3r d
Ed., Joh & Son York,, 19 Her. manson UGATE

CR o ctbebbett ey (DB hellh Sply Bt SR SR Died B Braingie,
MODIj §| CAdialNcsdy acHROAGh MR of B anbfara@lﬁm BhéMedRId c%lyﬁ@h A3,
“Aneri can Chggmﬂgal Soci ety, %@hﬁﬁgton J1982 10 [02741aUsefuI

“feacti vélomamﬂan mesmmﬁ@emmwwmg&ﬁmmdpm an, fepeabyplag

oot o B PG b nE R IR g =

N- hydr omugamisfarﬁe @&hﬁl}&e alkdeyios ﬁwmbemmter gl@mylemﬁﬁhaseséyc&c Py

hal i des, acyl t hi oesters rophen esters aIkyI

al keny!| SXaR ﬁw @9&9& g0 %a@f%ﬁﬁﬁal{s Ay ﬁmm egr Befirame, {he ch

can jbe EJQHr‘ﬂﬁcflécﬁﬁefﬂ%t eﬁcoaes arfsly %mx%ﬁsﬁ@'iﬁnud’l’éo‘?iﬁg &’@%Sp s, ﬁls}%suumg

hal oal kyl "groups, wnerein the halide can be later aced
nucl eop I’n‘ushcorcprotgnmﬁp thancdatadyze nbbenlg dersphtbesiaof theimadsotie cagandy hlat the

i on, b ide.ion, thereb
esul 11 g i TisuSReRD bt Eupete s bl T 80 et by or more
functiog le His BhkddigtoHe RaRsA610 Miclécilie déRBARN I Th StleF HHBSHmYARS ¢

are capabl participating in Diels-Ader reactions such as, for
exanpl e fuam mpimrd@clgdwb@ satglgticatlyetivedlomsinsiod twe er worgircosylrensTerhses.

st b%gq u%ee, fgreerxla%% ' %%Eli 858 "%he"méélﬁ% Elycvﬁpeptldes of the present invention can be

readily designed and manufactured utilizing various suitable fusion proteins (see, for

w, example, PCT Patent Application PCT/CA98/01180, which was published as WO 99/31224

on June 24, 1999.)

Preparation of Modified Sugars

25 [0273) In general, the sugar moiety or sugar moiety-linker cassette and the PEG or PEG-
linker cassetie groups are linked together through the use of reactive groups, which are
typically transformed by the linking process into a new organic functional group or
unreactive species. The sugar reactive functional group(s), is located at any position on the
sugar moiety. Reactive groups and classes of reactions useful in practicing the present

30  invention are generally those that are well known in the art of bioconjugate chemistry.

Currently favored classes of reactions available with reactive sugar moieties are those, which
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formati on of carbonyl derivatives such as, for exanple, im nes,
hydrazones, ?5 sem carbazones or oxines, or via such nmechani sns as
G i qva20d5/6@e0t i on or alkyllithiumaddition; (f} Babiszpkohatd de
groups for subsequent reaction with am nes, for exanple, to form

sul fonam des; (g) thiol groups, which can be, for exanple, converted
trooeged whder sdasivefy mid cowskiivrist heseGnelugd. bHEHE Heklimied ipmuplboshitis 5950

PCT/ 04/041070 am ne, gr .sul ' can be, for
es%{#ﬁé%s g‘“{:%r St (é[%:?,ns élt‘] %(‘wlﬁ %‘bd %?Ohogsx‘lkgl? gzll‘{% %“ﬂﬁe?’b%?ﬁ%%%éf?fm ch can
whaabgdlic hstiRxangles,, cayalimpasstiibh)nad addiydmtio omboMeatbagland addi ti on,

etc; and 5 (j) epoxides, which can react ,\ivith faqr. e anipl e, am nes
SAOR RO SOl Hess (o FoDTishactTrectiaba Dig A 4o AEiHiORAl LRPOREG can -
BEhe tﬁ?&ﬁl[%ac‘c!ﬁ%ﬁs LR schiey ind?or%%rﬁlg I {afdnPABYakPED Okcalifel €7 fere with, :
the reactions necessary t6 assenbl & the reactive sugar nucleus or
rE@xthMigirYg 3rddidoujohn AV ileyré &ohy dey; Yoarky 8285t Hemmdnsng tBlonaliugreoap can be

otected fraom ticj ing jn th react.i t he presence of a
Phe B Bl Prviro B BiceBi Do 7R HekEs o NREPACERE BBt o 20
FRYENE; RIPRARLY i Whehidy et Onall WROAR VAN ChdRkal Socﬂﬁ’%s not
interfere wth a chosen set 'of reaction conditions. For exanples of

Weshingtpy, 2 Ec198%y groups, see, for exanple, Geene et al.,
PROTECTI VE GROUPS | N ORGANI C SYNTHESI S, John Wley & Sons, New YorKk,

S gk ol SRR B fuaf i DM | ©

RhE &) bul s estlingiedase set forth. In the exenplary enbodi ments, a 15
sialic acid derivative is utilized as the sugar nucleus to which the
nodi fying group is attached. The focus_of the discussion on sialic
aci d d®r FFaeEX ggoupgmfdovan@rlaﬁ?wﬂa?s QLI EG Ot 3 PRSFIS houl d ot
be conghfdietlshboihibiid estd?S w.ﬁ?&%}c%enwﬁzd]@yﬁ&al&m halfesacgl skill in
the art “w |1 appreciate that a variety of other sugar npieties can
be actinidarelds, dridesties, ipvistrbpledyl estens, aleyhrtkenyln alkpydued tromdtist  set
forth using sialic acid as an exanple. For exanple, nunerous 20

met hod¥%r e avail able for nodi fying gal act ose, gl ucose,

N-acet(g)lrgal actosam ne and fucose to nane a few sugar substrates,
whi ch ydreudigrqupsouhich ean byconvertaddeoysii ostars.ethans @kdchylss, eft.or

exanpl e, El halabi et al., Curr. Med. Chem 6: 93 (1999); and Schafer
et at (c)Jhal&Xigyl gotneR) whédbin tR4hA1iI0QAY be lafed AibPlactdrwith aaweleppliliy

enmbodi nent, the peptide that is nodifjed net hod of the
group such as, fori‘ eg)(ample, an amine, a carboxylate an?gn, %}ugf anion, carbanion, or

an alkoxide ion, thereby resulting in the covalent attachment of a new group at the

functional group of the halogen atom;

{(d) dienophile groups, which are capable of participating in Diels-Alder reactions

such as, for example, maleimido groups;

(e) aldehyde or ketone groups, such that subsequent derivatization is possible via
formation of carbonyl derivatives such as, for example, imines, hydrazones,
semicarbazones or oximes, or via such mechanisms as Grignard addition or

alkyllithiom addition;

(f) sulfonyl halide groups for subsequent reaction with amines, for example, to form

sulfonamides;

() thiol groups, which can be, for example, converted to disulfides or reacted with
acyl halides;
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25 1 nvent [ on | s L9l | ycopeptide that is produced in mammulian cells
(e.qg., %’9 in a transgenic animal and thus, FETVEE2MH/0ME070
and/ or O- I|nked ol i gosacchari de chains, which are inconpletely

si al yl at ed. Li gosacchari de ch s of t | ycopepi.i

sialic acid @38& (1:%6%{ ar |3%1§T?ué’? alHQF Caé%eagotrggaéx@&schﬁte ﬁi‘ﬁ% é
PEGyl at ed, PR3diaided or otherwise nodified with a nodified sialic
acid. 30 [0278] In Schene 4, the am' no gI ycoside 1, is treated with
t he active eshe | V.Gi .
*derivative, S(gn%/llégr{es %lﬂaﬁ&eﬁg%ﬁ% AM A ?e gﬂé&gacfﬁmmg af\é laggﬁ’\%‘:hael
2005/ 055950 Iaﬁﬂ‘y‘nUS,?@Q%GMlO?O correspondl ng protected amno acid
‘am de adduct. The adduct is treated with an aldolase to form

‘a- hydr oxy Car(ﬁ%@b&ﬁie@ \%ncmé’ééf‘gqtﬁ foPex Yee @bﬁgpﬁ%&?&opﬁl comgounds

corresponding CVMP derivative by the actl

foll owe dro enation,of the tive to

pr oducqugy&g@ﬁ %Ewﬁ'ﬂ%l %?ﬂaﬂgoll?ﬁ‘?%é’ﬁ&g%?e’%} F%C%T'\{E?t&g %Pa’inﬁ’@ate n, or
gl yci ne ihterferle vl Wetrehctiobd hdob#8S 18 8ssBmbRAMSTBENR %@gﬁﬁﬁl@l@ﬁ@@ﬂﬂmcﬁﬁung
reacting corrpound 3 with an activated PEG or PPG derivative (e

PEG C( O¥®, Almmatively) Orgactiverfmeqsioarhdryup qandd pedterfed Sperdisimtion 113@34

2 yel TERRPR O e et e UL OSHEERGRE b BN o
0+Nad0 H@ratectMhpaitulr quﬂnbﬁdﬂ'@rdﬂp @.w?h ﬂhﬂrﬁt does n@ interferdOwitkd $Hosbh 62t @f P- O

¢ NP OPEG-NHS O  +Na_ O ~H O O+tNa HO OH HO O
“Z-Na HO'EqHOEeRfiggs- ﬁoma@piﬂfszmﬁém@%mg oups, sqe,dor eyample, Greene ef

al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons, New York, 1991.

[0276] In the discussion that follows, a number of specific examples of modified sugars that
are useful in practicing the present invention are set forth. In the exemplary embodiments, a

15  sialic acid derivative is utilized as the sugar nucleus to which the modifying group is
attached. The focus of the discussion 61:1 sialic acid derivatives is for clarity of illustration
only and should not be construed to limit the scope of the invention. Those of skill in the art
will appreciate that a variety of other sugar moieties can be activated and derivatized in a
manner analogous to that set forth using sialic acid as an example. For example, numerous

20  methods are available for modifying galactose, glucose, N-acetylgalactosamine and fucose to

(; name a few sugar substrates, which are readily modified by art recognized methods. See, for

example, Elhalabi ef al., Curr. Med. Chem. 6: 93 (1999); and Schafer et al., J. Org. Chem.
65: 24 (2000)).

[0277] 1In an exemplary embodiment, the peptide that is modified by a method of the
25  invention is a glycopeptide that is produced in mammalian cells (e.g., CHO cells) orina
transgenic animal and thus, contains N- and/or O-linked oligosaccharide chains, which are
incompletely sialylated. The oligosaccharide chains of the glycopeptide lacking a sialic acid
. and containing a terminal galactose residue can be PEGylated, PPGylated or otherwise

modified with a modified sialic acid.

30 [0278] In Scheme 4, the amino glycoside 1, is treated with the active ester of a protected

amino acid (e.g., glycine) derivative, converting the sugar amine residue into the
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CVP- SA- S NHCOCH2NH- PEG PEGI C( O) O pNPC CIVP- SA- 5- NHCOCH2NH2

CMP- SA- 5- NHCOCH2NH C(O) O-PEG 5 10 [02791 Table 3 sets forth

r epvegent/aiiosee exanpl es of sugar nonophosphat es t Ratr/tSe@4/041070
derivatized with a PEG noiety. Certain of the conpounds of Table 3
are prepared by the nethod of Schene 4. O her derivatives are
proepspaadingypreietied anbyrickbanide eidus . Tscaddugtds treatgdwihen aldepise &r et

T ek

CRBE G | deade. :
reac?ﬁrn)%3| ct (l:%g%iyc@lli to tsﬁggsyg%%&t&sg’%ﬂlfﬁfﬁnaﬁdgﬂgﬁﬁﬁgﬁ%g%ﬁi %;ée 3 84

VEMPOREH 45536 OraoiDT LSapomd (4 I0EeminHRtrnired @i formaiantoftheglyeine 0 \ A
0P Q.0--0N O HO CH OH .HO 0 O Ho.OH R..00. *Na HO OH *
PP e R PG, DRI Ry s RO RRDT 3 BN e N N O .

iva -08(Q)O-NanitrepHetyty Naod +Ns HO OH
RS o1 0 G R0 Ol O AR o NP N BN R e .

Qyecip] fomh 8s GoRSNIEEPechveyl - N 11 U 0-? 0~0J o

Scheme 4
OH 1. CMP-SA synthetase, CTP
MO \u, 1. Z-Glycine-NHS HO o 2. Hy/PdiC
HO 2 2.NeuAc Aldolase, pyruvate HO =—0 0 *Na
0 )i "
HO — - £ NH Q
OH g'\g OH . l
1 2
NH, . NHgo
f‘\ N ' 0 | \i
i
A, otgm ol O

2 0
0""]:'"'0 0 Vo (!:! L4
O-,Nm PEG-C-NHS HO oH 0Nz
o .. "o on - e HO XET—07 0 *Na 1o OH
| HO~ A0 0""Na HO OH 5

PEG-C\N’\(NH O HZN/\'rNH OH 3

H o 4 ﬂ ©
CMP-SA-S-NHCOCH;NH-—PEG PEG-DC(0)0-ppC CMP-SA-5-NHCOCH,NH,
CMP-SA-5-NHCOCH;NH—C(O)O-PEG
5

[0279] Table 3 sets forth representative examples of sugar monophosphates that are
derivatized with a PEG moiety. Certain of the compounds of Table 3 are prepared by the
method of Scheme 4. Other derivatives are prepared by arf-recognized methods, See, for @
example, Keppler et al., Glycobiology 11: 11R (2001); and Charter et al., Glycobiology 10:
1049 (2000)). Other amine reactive PEG and PPG analogues are commercially available, or

they can be prepared by methods readily accessible to those of skill in the art.

[0280} Table 3
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0Ol NORNHRONa HOPHa Oif HOOH HO off ACNHO OO Na HO OH
« OH AcNH o0 éﬂﬂﬂ"Rﬁa(Ac 8-NH-R CMP- NeuAc- 8-0-R NH2 - NH2 PEI/US2004041000
O' a-P-0 0 NkKO HOORO-,+N, HOO O Na HOOH HO O O +Na HO OH AcNH
OHo ACNH OH 0 CMP- NeuAc- 7-NH R NH2  CMP- NeuAc- 7-O-RNHZ ~\N N o Kk

111103N~00P—00N0£504Na\/H00H|*Na “F HO O ONa

HOYYY---1110H Ho O @ +Na ---fffOH 0 AcNH® AcN QRNHR

CMP- NeuAc- 4. 0- R ChP< R [ 0281] Tl"te-—dfn@ f bfd °sugar
phosphat es Hof guise i v pera icing the m%gent mntnen Lon can be 5
subst i t uf'®e o Pose tkons asR génagetof ort h above.
Present | yR err e substltutlons ofeN ;hlc,oamd are set forth in
thefornuI%bIO\{\\l[ NH2 O r' -P-~pN O Y X-R 0- +
A-5-NH-R CMP NeuAc~9~O-R
NH . NH;
: . fk
1l N’go (1? «Jé
0—F-0""\ 0 0—-P~_O
+ {
HO o 0 *Na O 0N
RO AE—07/ )0 "Na 1o OH -NH &> o *Na MO OH
R-O OH © AcNH
' NH
CMP-KDN-5-0-R - CMP-NeuAc-9-NH-R I N :
W P o
o 0 /&‘ o— "'O
o "~_ N0 o N
~ R-O O—T=0"\ 0 ;9 o Naa
oM 0" Na HO OH
HO = O O *Na HO OH AcNH
C
AeNH—on CMP-NeuAe-$-NH-R
CMP-NeuAc-8-0-R : NH,
NHZ o l \N
o | =N N’&O
| ’J*o o0—P~0 0

CMP-NeuAc-7-NH-R NHg
CMP-NeuA¢-7-0-R N

N
M o |
ﬁ o L4

—P 0
0—~P-o 0 0

o O HO OH o /\Y_?
:5 HO - 0 "Na HO OH
N 0 Na HO OH ACNH 3
{ AcNH © NH-R

CMP-NeuAc-4-O-R CMP-NeuAc-4-NH-R

[0281] The modified sugar phosphates of use in practicing the present-invention can be
5  substituted in other positions as well as those set forth above. Presently preferred

substitutions of sialic acid are set forth in the formula below:
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N'r i R3-BO+Na HOOH Ra_A 0 Z-R5 85 WD 2005/ 055950

PCT/ US2004/ 041070 in which X is a linking group, which is

pr efvep alspsosl ected from-0-, -N(H) -, -S, CH2-, aR@TAUSNORIHLTE n

whi ch each Ris a nenber independently selected fromR -R5. The

synbols Y, Z, A and B each represent a group that is selected from

the group set forth above for the identity 5 of X X Y, Z A and B
- beg,the sane

ke S O i 2 pe

rm(Raﬁ yin whivkreageR tis a:menﬁwem;hpebdmﬁyl seloeibd from R)lt -Rar Thotyathels Y, Z,

t | th t | i t,hat t
5Bt eriet i B et BT Eot BTG e tibEPooa)
F@ﬁ@i\awz W84 BeSe eéchaﬂdt?@lndeﬁﬂ& Bed@Nind gmbRSore ey @@e& tli@ E£hd
i ncl ude, "but are no Hfé imted to, PEG deri vati ves

auyliffeng, TheyymbokR By, BalawgllR aesypseptld 2 RIEG aaig; ﬂJE@pewyl - PEG)

PPG iva y PG °
ChPGE B RstE on 5 it WER R et f e ARt 70
une $€a EEGhﬁ)@i atherapheeanoidty, h@mmﬂle oBbiller maiemOSE,

mannose- 6- phosphate, Sialyl Lewis X FG, VFG, proteins,

BB iy s S P R e R R SRR 1 ng

t t r - \Vi adi |y
AEUEDL PEO SR, 0o SRHPROL M PBSEERe) L e TR foa.

CHEN) BJIFEC), BPG'EE@I&‘MX@ALE AN YBPRUEBIGALkyAPPG) dijiltoEPPE. M | t on

Ha 2 PO_Y . ETHYLENE Y
R artoxi- PR B B b oo R spio THolgS, BAHIRE HNOSERte, acs
'Héﬁér&@@L%? N0 thanAFERrd- Qgﬁ@pﬁw > Bi0ALcRCKEFBF, ¥86F, 20

Her manson, Bl OCONJUGATE TECHNI QUES, Acadenic Pr ess, San D| ego, 1996;
areatemsnvhoatroiin, kerapgsdermetanpEprnpRiseS N Rp DRI o BEpsavERYideY STENS,

AR TBI 53 rtg ME AR DA B R,
[102188] arPrRpAy adcksibleto thbe ofa#lilfinekk st@aLy{(BrawssE Grycbe nmet hods of

the present invention 25 includes attachnent _of PEG rml ety to a
SRS TR OB GRHC AT B RMEPICH AL I TIONS: b ikion Elperins £0- MATEH | <

SP{B)S.UO E1do9s P(ﬁ, ﬁ?ﬁéﬂé‘ i mgbﬁﬁﬁmﬁl‘lﬁﬁ BI&)LC])CGI(?%IEAE%?&C ﬁxﬁ@ nred to

use a ‘17inket, : one reaction o sugar
rMIdeiryHumn fEcb, m@ﬁ)Sympomﬂnnrﬁglm:gan 6&09Amncqn@lﬁnﬁcalt&)cﬁﬁelaﬁﬁ t he

Sﬁgm{anson %@éo%wefﬁfﬁ%%}q%%%l Acad 1c ress g\,h ﬁﬂagg %9%6 udSB\(;mI e%ral
Eds. POLYMERIC DRUGS AND DRUG DELIVERY SYSTEMS, ACS Symposium Series Vol. 469,
American Chemical Society, Washington, D.C. 1991).

Linker Groups {Cross-linking Groups)

[0283] Preparation of the modified sugar for use in the methods of the present invention
includes attachment of a PEG moiety to a sugar residue and preferably, forming a stable
adduct, which is a substrate for a glycosyltransferase. Thus, it is often preferred to use a
linker, e.g., one formed by reaction of the PEG and sugar moiety with a cross-linking agent to
conjugate the PEG and the sugar. Exemplary bifunctional compounds which can be used for
attaching modifying groups to carbohydrate moieties include, but are not limited to,
bifunctional poly(ethyleneglycolsj, polyamides, polyethers, polyesiers and the like. General
approaches for linking carbohydrates to other molecules are known in the literature. See, for
example, Lee ef al., Biochemisn(y 28: 1856 (1989); Bhatia et al., Anal. Biochem. 178: 408
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attaching nodifying groups to carbohydrate noieties include, but are

not limted to 30 bifunctional poly(ethyleneglycols), polyam des,
~ pol yet hers, B&Pgr&?gé?s and the like. General approaches PEFUBI0GkIHNE70

car bohydrat es to other nolecules are known in the literature. See,

ol |, Anal OSEl JERERT o4 7/ G o) Fo b 0 A0 BETIRRYb a7 oA G A5 18135

(1989); Jeind@iBhssdn thatXolldWe, ﬂ@i@d@tw@%%upslzﬂrg ire 8885 hohBAn BB Sugar mOIety of
Bednarski et al., WD 92/ 18135 In t di scussion that follows, th

react i vetlzgrmmt medified sagesd Thasfoseneighe dscussien mfgra@larmfmoal;usbwom ﬁémse of
nascent l[h%d pw}l:ﬁ?e t&ﬁc\tﬁesdlgguts%&?lsq{ﬂﬁgﬂﬁ fo 1%Qcﬂrv§ Foa eSJE le Ity

of illus atlon at the
di scussi mdiﬁmg%&@paa@twduo reactive groups on the 5 m)dl fying group
as well. [0284] A variety of reagents are used to nodify the

components, _of the nodified sugar wth t ranol ecul chem.cal )
crossli ni&z 3} Br Varig) Agagshts ?P§§Ci ooy tﬁ%&%}%ﬁ’ﬂ@“‘éﬁgﬂ’é’ 1‘?41‘-1@8?1‘9‘“’“11

procedur

SR feonléPllomiCal orddpldks (R (BBl oL e ngideons AAd eroltith
Roberts pededureqee: okt £4 AfeANAneymol NSnoYH0K] , 1902;1W8all, H. HTandHZqoney,
Met h. Enzynol. 91: 580-609, 83 Mat t t al., . Bial. )
o o BR B A TgR (it be e e i et e a4t Bjer. NeW/ York:
ref eﬂ@nC@SI b af er rMQhCErQ?ﬁabﬂ okigzg. 609am9tlﬂaﬁ%%tgﬁrﬂ/_fé{ﬁ9zofl M 17: 167-
_various zer o- [ engt h,- hono-bi f uncti onal, and hetero-bifuncti onal

(_crossli nk¥hd99%, yehich EEéF@WP@FP@Q%W@bENfWﬂ% Pretagesd ceosplinkingieagents
o AL 805 0o A S G Sy 0URE M B s
of 15 a ebagentd.i Baohenth bekdinbing eedehits matde@ﬁéc;t coﬁn@aﬂmrofamnm@d S

reagents that induce condensation_ of a,carboxy primary ani no

group t ocheEHR FORRIVHE NoRECHGERD a%extr@w%aaﬁl@y% ﬁs@ts it daatye Brmahon of
et hykehl Jo! g

(2- e!tl ﬁ 9 Lmanyl I so?ﬁggﬁ Ium %ﬁeé&? ?’?‘otr}]lgt e)Sample lcsi reagents that induce
car bo nyI dmndl&nsiazm lba cdrboad dind & primbuy anfins grooh éorioral an meadpeling  sudthas

S o 1 3y e S prs Brg a0V pediaRns RediR Chath S U e
enzyne CeﬁmJn%}%na%xﬁboﬁ 1amfd%£olé Qﬁ‘é&dlﬁ&?to%esﬁ‘éhé}ﬁ%ﬁ%ﬂg%ntsgﬂh@H;&%rnfbf

prot ei n- bound @l utam nyl residues, usually w a primary am no
group as trassghsampaes. (gmwﬁmepudmglutarxa{ﬁmm@mc ,dE(E)?.ﬁQnBﬂ iy ke used as zero-

|r' 2282@% ﬁf'@o t a'le\ﬁr% W%ﬁ%&%l &gjlg(?fl%ri(}%e\,\‘?a{)albgzgﬁ?lw Ha@{ﬁrfsrﬁt ?Pm at carboxamide

guani di N@soupEPhBtein-BéundYNGRARYT tebidGEsOLRE]ly BBh R rinidrﬁ@hhﬁfgr@fp dsactor
| X Conj u%at jgsgf[)%ZBS] The%glr&odﬁigts produced by tlr?e above processes

(tan be ugewtreiet Iﬁ’tﬂf@ﬂ?ﬁmmq -@ad bearo-bifupgiianal reagants conainyq Igierﬁw@f%rtwed
- tor eCOV8f‘551£Jh1%: B! %Qﬁecﬂ%l}a%ﬁéﬂnay‘ﬁé }ca&%% Hf360 'yufﬂﬁﬁ-ylf Bhanidino, indole,

or nonspecific groups.

25  Purification of Factor IX Conjugates
[6285] The products produced by the above processes can be used without purification.
However, it is usually preferred to recover the product. Standard, well-known techniques for
recovery of glycosylated saccharides such as thin or thick layer chromatography, column
i chromatography, ion exchange chromatography, or membrane filtration can be used. Itis
30  preferred to use membrane filtration, more preferably utilizing a reverse osmotic membrane, -
or one or more column chromatographic technigues for the recovery as is discussed

hereinafier and in the literature cited herein. For instance, membrane filtration wherein the
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recovery of glycosyl ated saccharides such as thin or thick |ayer
chromat ogr aphy, columm chromat ography, ion exchange chromat ography,
or weywsessedel | tration can be used. It is 30 preferreshodgouss
menbrane filtration, nore preferably utilizing a reverse osnotic

menbrane, or one or nore colum chromatographic techniques for the
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%mﬂ{mﬁ%yg@tﬁg%aﬂdﬁou g retained in the menbr ane and
contamnating sal'ts wl[l pass through. [0286] If the nodified

| ycoprotein is produced intracellularly, a first step, the
?[&2&6] dihamedified ghedspiateinéd pradyced sutacelbilarly, @$ a lﬁy@ é@pfthagmnulgte i s

PR er S0 LB Rl el B Bl bbb 1
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JEotpiatcarRcentaian iginGaped by §6PéWF18 (?@bﬁ’ﬁh le yasiaoifiematse  col um
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e

ustal Iy Tsol at by initial extraction from cell’s, enzynmes, etc.

fSESIVE - @ay:h@m Grometpgrapl chiematagtahy owpkunngibajtsele%twbbbm i on-

A e e e v

5-:

c

chr omat ography Finally, HPLC may be enployed for final @

H0287] bk fiinglgécgpeptides produced in culture are usually isolated by initial extraction
from cells, enzymes, etc., followed by one or more concentration, salting-out, aqueous ion-

exchange, or size-exclusion chromatography steps. Additionally, the modified glycoprotein
may be purified by affinity chromatography. Finally, HPLC may be employed for final

purification steps.

[0288] A protease inhibitor, e.g., methylsulfonylfluoride (PMSF) may be included in any of .

the foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the

growih of adventitious contaminants. -

[0289] Within another embodiment, supernatants from systems which produce the modified

glycopeptide of the invention are first concentrated using a commercially available protein

1
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[0288] A protease inhibitor, e.g., methylsulfonylfluoride égMSF%) may
be incl udeWQ WOUHYIVf the foregoing steps to inhibit pPETASRYPd0E1070
and antibiotics nmay be included to prevent the growh of

adventit] I tam.nar 0 Whte b . di.oent.

super natdgﬁﬁuﬁﬁ%@ ég;lr’sr}t% {;%r}%sdn}ﬂ%’@%%éggé u é\H ﬁ%@’fﬁg‘g‘.ﬁl P‘lﬁ{e%}%ag rﬁéglggﬂ{'i de

of the iHwiewiigahe eureedtiatish siepthetdncaitgt 1Sy hgapplied B ®idiadlelphrification
avail abl e protein 88 WD_.2005/ 055950 PCT/ US2004/ 041070 _ _
concent rBdYEnl ey gp@ple, 3 gilaple aftnly marx may compyse aigandder Ge peptidecalectin
ultrafilfrat i i i ) o .
concent 1522 apchlc b LR IR ER] ARV O T dibh el ihge rpain
exanpl e may santAdyted, ff bxamly, amadtrik xor sohyiraohgving pendant IYJ2AH sfaups.t Betable

peptide, a.lecti ti bod | ecul dt i tabl t,
A Fer naiaErs e MRt Bk ARahgs dFascu i cpatishipey biompyy ehbfoye
exanpl e, ip rdi&h hlii@kos URREMAGR]Y 3\Chich-HRALAR Lt &réia&méyed.&sh&ﬂglﬁ e

matrices include acryl am de, agarose, dextran, cellul ose,” or ot
types contiohéxchangetsdydude vaniops miseliible muatrices eenprsing sulfoprapat dvel y, a

cation-exchange, st ep _may _he enpl oyed. Suitabl.e ti on exchangers
Cncl oo GEPRatEnT @B, Sult PR B R per R ooyl or
car boxynet hyl groups. Sul fopropyl groups are particularly preferred.

10 [1029Qh290] Fadally, orene nire REIEPTRP st dmBéens hrirphlopio TP Hpdopbdib) 0.,

RP- HPLC nedi a, e silica_ gel having pendant neth or_ ot her

. ., . l :
~~al i phat is@mg,g@ﬂﬁgjn%,p&yd%m@ﬂﬁl Mheftaéiplﬁ SRS 30N lpeyen%l}alow tg&;ﬁl}eir gty

S.xari ant j: § 1 . al i ' i f b ' .
steper (ATORPPUL AR OBoEaR Sofflof ifof el BRRLIA LA Ak bl various
honogeneotbimichg tachlgl hecapleted ta providd2%bjnogreeonpiioflifeed ghiicymopdpt | de
of the invention resulting froma large-scale fernentation 15 may

3 B orhEds Phe Grotie {Pufie S ednyeahan e e BoR Bk i forentition
seqyent izﬁ'Aybr mﬁ%&&gkﬁms biooddds kd theRLdiRbsef by UREDBDIN INEHDWRRSE. 296:

| L-2 on a preparat HPLC columm. Alternative KYQ t echni ques such as
S

af fi ni t yl7a it B4t Tjs sgftrgnovalesaibestva seguentioh REHPEY stehe fargpuiifi¢asign of

gl ycoprotein.. Pharnmaceuti cal oSkt jwaons 20 2 n her
aspect, rf’“f‘?é‘{hl W%%?S@?B@e g‘%ﬁgﬁgy%ccgﬁlfr}nc a{%l%gga%'gbi’ F’l%%ﬁ%?e%fﬁ%h as
phar nmac %ﬂﬁﬁ%ﬁ&mﬁtﬂﬁ Ry boehiliee s purih alemeakiiéd @atdprotaimcept abl e

di luent and 'a coval en conj ugat e between a non-naturally-occurring,
PEG noi ety, therapeutic noiety or bionolecule and a glycosylated or
non- gl yddwymaceticebcempositiondept | de. The pol ymer, therapeutic noiety
or bionolecule is conjugated to the peptide via an intact gl ¥gqc;syl

| i nkOng [9892] i epptheitespesh Sednpeting Srpvides a phyrElaesiticy! qonHIveidoR ol ot h
~Lhe peptide and: LD&RAHTE rcludel § HRRGU GicATR Rbpiie BRIPLREH Sralent
- conjugate between a non-naturally-occurring, PEG moiety, therapeutic moiety or

biomolecule and a glycosylated or non-glycosylated Factor IX peptide. The polymer,
therapeutic moiety or biomolecule is conjugated to the peptide via an intact glycosyl linking
25  group interposed between and covalently linked to both the peptide and the polymer,

therapeutic moiety or biomolecule.

[0293] Pharmaceutical compositions of the invention are suitable for use in a variety of drug

delivery systems. Suitable formulations for use in the present invention are found in

Remington's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, PA, 17th
30  ed. (1985). For a brief review of methods for drug delivery, see, Langer, Science 249:1527-

1533 (1990).
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[ 0293] Pharnmaceutical conpositions of the invention are suitable for

use in a variety of drug delivery systens. Suitable formul ations

f or wigsRodgzsésge present invention are found in  RepamgéB6 1070

Phar maceuti cal Sciences, Mace Publishing Conmpany, Phil adel phia, PA,

17th 30 ed. (1985). For a brief review of nethods for drug delivery,

{294] Tangerma&aiiescemddtidelhay bSR3 abBE0Y: an8RpWOpPBRINOHEOG0

PCT/ US2004/041070 102941 The phar mac utl cal ositions may be

ﬁ@nmt@tl@a incdpding for suppplsy tonical, prthigsa dfm"éa%%ir}gi ﬂg i ncl udi ng
{ap%ﬂ&k Sub aﬁiegﬂgb or iffrAhnscBRS fminiddbfiéy W%en&e@él@ﬂﬁfnﬁ@&aﬁim
nt'raperit’onea cut aneous or I ntranuscular adm nistration. For

pachesstseboatanacins mjesmasrathmmer@mﬁhrahbf csmpusﬁsawé@usalmng alethiob, fat, he

carrier &referably co |ses vvaggﬁ{e sal i ne a 5 wax

iex gt p ey Forgal éﬁi’ﬁ}m Fipyi 2y PE e dROVESRIIGT O %ﬁongq%réerc%’lpp f&rs or a
ﬁf%hhﬂolcﬁ&ﬁ's@ EarchUmRoRRiTREBARR! sodiRE bReBaring HBlchh, cARINRRSHUMse,

tearate, sodiunisaccharine, talcum cellulose, glucose, sucrose,
aumlosmagnhaammmrdadrma’e mﬁmjpe bmp}@typdl oB@deglaiabbbe@rca@mberss (Agr ospher es

bttt B atamt Rebilsd B dmnloftd b it iR e TnOBRERER 30 fan e

bbﬁg@ﬁﬁ@@@bhﬁs Bvekitmb RiiESe BidlesibgmlOnRFosp h@{as &e@mmh@ foi n U.S.
Patent Nos. 4,897,268 and 5, 075, 109. [0295] Conmonl vy, the

Gﬁﬁmﬁad@@1$dﬁﬁﬂﬁb%@@%$ﬂ1%ﬁ&ﬁﬂ%ﬁ£?§d@9n|stered parenterally, e.g.,
i ntravenously. Thus, the invention provides conpositions for
: sol ved or
BRSBTSl ler 3 0 PO TR BB IR AR 8 2501 ved o
Entgwenomltye Thudy ulhd ﬁnvadlo\mqireufldemknpnanoﬁﬁﬁr palelntbﬂab admkleatraﬁhle which

conpQsitions may 5 contain p ceuti cal.l acce auxiliary

COBRR% e oTHRY g ?@Lﬁ%@@% 4CCRitR) %T%B@z ASH, L ons.

ﬁ%fe%uééalﬁé 9 ], Wk el FRRCh -QMES, %511113? BQ%H& the h‘k@ “Tﬁé E&in §i st i
ent I'ng agents, detergen s and the liKke. 96] These

cmoquhammsuum;ly be:eptab}el duikidiaty dpstanaey entequined tosapprqxlmzfat ion

s T L S R e

Leanhy agbﬁgqie&ggdﬁ@gﬁdltgg\hp@l ng conbined wth a sterile aqueous
carrier prior adm ni stration. The pH of the preparations

typically will be between 3 and 11, nore preferably from5 to 9 and
uh%!é?ﬁ] Bhese somppsitionsonayrbesierilized by Zomryentipnal siwlizationde gs, oR gy

B BRIk SR el RSN SRR AT i BREERABL B At By ' [ BO5 O
&fophiived, ltiedlyephilized @repapdtRpeinpcoli g anitsa steble dgaeis ba@het fior@ogd. ,

Szoka et, al Ann. Rev. Bi oph Bi oen 9: 467 U S. Pat.
RGBinisration, BherpH af s prépsertione g welégebq*ﬁ@m%éf’ai?l ABOSf | i posomes

PRIHEIbly from 5 to 9 and most preferably from 7 and 8.

[0297] In some embodiments the glycopeptides of the invention can be incorporated into
liposomes formed from standard vesicle-forming lipids.\ A variety of methods are available
for preparing liposomes, as described in, e.g., Szoka et al., Ann. Rev. Biophys. Bioeng. 9: 467
(1980), U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028. The targeting of liposomes using
a variety of targeting agents (e.g., the sialyl galactosides of the invention) is well known in
the art (see, e.g., U.S. Patent Nos. 4,957,773 and 4,603,044),

[0298] Standard methods for coupling targeting agents to liposomes can be used. These

methods generally involve incorporation into liposomes of lipid components, such as
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a vériety of targeting agents (e.g., the sialyl gal actosides of the
invention) is well known in the art (see, e.g., U S. Patent Nos.
4, QS%OZﬂﬁti@mdhﬁoﬁ@.&eQ&m:h cdn2 A8 va ot Esrdasdimemtdi ngetlﬁ@ﬂgeﬁﬁmldemnzed

gencrierl e o1 fishoF BRPAT ol fabaoRP BB ONEE TS *Ppi o component s

such as 90 phosphati dyl et hanol am ne, which can be activated for

at t aﬂh ntarg@fmgh cggmlﬁsggeag@m},t ;%qu@rthﬂfafelwrgéang@gemsl Hep@Rhbdel ©n the surface of the
suc | i pi d-derivatized gl ycopeptides of the invention.

[ 029@305%‘? @éﬂ?lwnﬂ@elhf FitesRreglaneiptics pip awahlie e iptpragtiquiTathethe geges fg example,

agenj 5ell%rf&@%éebt@ﬂ g8l ORI EaR UG BE Rv&ioh H’l@ bd étﬁ@ﬁe@ M&a liPid SRR before the
manner that the target noieties are avail % for interaction with

t he tigasgae is forged axiaggpptbods kgoweq thesg pf ﬁ‘éé‘ﬂﬁ%ﬁﬁén alkylgdonceiepd#fingode es
Of t nﬁiréﬂ}l’@ﬂﬁﬂ ﬂ@semac)ﬁ tt?@ca@ﬁ&h?&géé‘ YithQ 16hg dnfih %k?ﬂlaﬁ@éjbtew@\eﬁ( ﬁﬁ;@actnb ?espectwely).

posone 1S f'ormed usin knowt to those of he art
( e gAlteraatw?lyaw bppseine gay b%lfaisfawedfm Bch p ey Biald cognestay Pﬁ'i“é% érﬁrst@mtm@ted

car b%}’tﬂé ﬁiteﬁbl\%é Q 12t} 16 }gﬁﬁé\]]@hlgﬁﬁ%:ran@ rhd&nREc M BHIOQ‘ 11'[%@4 taVe @ﬁﬁo%hllic

respectively). Aternativ I posone may 1oned 1'n such
a \Nayortlﬁatwha:im&)fhnéxmbedé@#w enchiprsd firf the memhiay. ﬂion@t d@p hava e eeatting portion,

£ f gﬁqp The connector portion
nust gvgﬂ%mb 3EL bﬂmnﬁor ggmgmﬁﬁc gﬁ%ﬁé%ﬁy enbedded and

anchored in the nenbrane It nust al so have a reactive portion,
(whi ciihé mactive portar i yelavvai soalk & woih bé dhemigliesiitsbls wr fhae e siable bumemal bond with
ec ed so that it

| PO ne. The reaCtlv rth i
T T e o P it SR, I ot oty s Bope ' HBh the target
t ar gegeinﬂng tiegeiecof mortilo Bysttattat inwiisCilstirgediddethrd atible (d Re § AR KASER to

possi bl.e to at h the tar nt 1.0 the conn ctor | ecul e
di Bt Ry CSTE<a) gl king Shes St or wORGH e wligh fs b o6 Treg crog it e
ol eggtheoricrbold@tat@shioh & Re@hded) thide dElgasiodallyS i dfikd Rgicle bﬂfz@@.nnect or
nol ecul e which is in. the nmenbrane with the target agent or
car bohydrate which is extended, three dinensionally, off of the
vesi 81359157&1? Feameounflomagredtydhcpripols afide preppnamy Biro find uspes Hipgrosts repgeats.

' “VGP&H QRnpEMaR degeoﬁlbaﬁhyédﬁ b@ﬁseq't@g,eaéskgs Jfﬁ@ﬁﬁ%ﬁm} ?ﬁ&{loﬁff@%&gﬁ ina

| abel ed conpoun can used | ocate areas of amation or

t uno patigpt sameasqi af Hapjing an plé]@ﬁnélmlors tisphie v@dthefwlhmméﬁgcaa he lah¢ledwiviat 1lore, or
For tMRi.s. use, the conpounds can be |abeled with '725, 14C or
tritium [0301] The active ingredient used in the pharnaceutlcal
conposi tions of the present invention is glycopegylated Factor IX
and [1381[dewiaviatiiveslidnavied gn thi ahdommiemglab@hnppslmpm ot the$n egdnt invention IS

parti at i opd .coagul a n cas

(B spePRRER B P B By BRI BRRY BEGeru IS b PERETR e oo
%6rnu&ghhmmHmmmddﬁﬁahwmgnﬂ@ﬁguhmﬁbbmeﬁmsmfﬂemmomhamﬁhhsammeﬂe@ymhmMan
or defective ul.ation uch as. vari ou
P of 31 5108 SRR S RbiOR ChiTEss R B o Rerb e R ua R Bt fprs of
adm hésdpdiladPpferabit g &hdwyr IKecopositiod, of B pré&nt avehtdR)n. is &l lﬁsﬁete\z{@atenterally (e.g.
dosa ed t var con5| erab d d|n n th
pei oy 10 8Bl B re Rt e PP Ra e B PSP oPeE ehipetPator b
be i fedtbteandd @rgeutObf a’ﬂlﬂ@[uﬁtraﬁoﬂ. blﬁt@rﬁ(l&ﬁecjtddgé k@mblwi’ﬁngevaﬁ bighit 0.0fo 0U0eug/ke body
SICtS O‘ﬁgg (gfgl;eé%gbedmtergg Pa &%leleBIS ai?s%ss fo]:' %gatr%cglg aI’ %g&lat?gn s%;a ll*'lsl alae;[ elib(c))ut 50 to about

3000 pg/kg three times a week. More preferably, about 500 to about
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3000 pg/ kg three tinmes a week. More preferably, about 500 to about
91 2000 g/ kg three times a week. More preferably, about 750 to about
1500.0p@{1¥ke thive @iﬁme& h DR&. MONSRKTeraBRTabofOT58 tAHRGEN58D LY/ kR BRM il QGveBig kD

three tines a week. Because the present invention provides a Factor

| X e ArefrrbBrabard o neks/hies timss p tesle Beeanyedhe prrennEnEen HOYdgadagpelX
opt 1,aNAl Mhdnedel; $6o YRREnR tl%nﬂHQ Sthibdl Qka@k areldpBorally ﬁ:mel“éanwﬂeﬁ a composition of
admini stered, [0302] The follow ng exanpl es are provided

i | | (i gngon admusidiat es, and met hods and of the present

i nvention, but not to Iinit t he cl ai ned invention EXAMPLES Exanpl e

ol o) She Ol e PR o MU S o e B By

NaHZPGmh@mbuumbm1@@Mﬁ6ﬂ@nWQ®wmﬁWD Galactose OX|dase (240 U; 240 L)
and catal ase (13000 U; 1.30 L) were then added, the reaction system
equi pped with a balloon filled mﬁ%ﬁﬂﬁ?ﬁﬂgn and stlrred at room
tenperature for seven days. The m xture was then filtered
(spin cartridge; MACO 5K) and the filtrate (-40 nmL) was stored at 4

C Unfdalmpliefui red. TLC (silica; EtOH water (7/2); Rr= 0.77;
V|sua Tzeéd with anlsaldehyde stain). Exanple 2 Preparation of

L0F kPR PR 656‘) um acetate (16 1. 0 194 ol es) anc
e A |9 00 S8 e T e

| tlemechnzmmgmoa(ﬁa d.0; OZOGﬂL)qulaMbsfehmdmt(MU @ndo TuhEmﬂfo@ﬁlAﬁd(BOOO U; 130 uL)

collect rlate fract S dried tored

£ oste torh edtpLf BReRBh el i Sy o filfSAE onbectapE R 20 « n
ni nhgg;lsarﬂum@gem)daysﬁwmmoﬁmBrt@paraﬁﬂ]b@nlt@éd (spin cartridge; MWCO 5K) and the
gal ASES T DS S B e e By Bl PERE ((/DBEmy.Tsisopzed vit
0. 04%isamBHy@s dtainyyas di ssolved in DVF (6 nL) and pyridine (1.2 ni).

UWVP- nor phol i date (60 ng, 0.15 nmoles) was then added and the
resulting mxture stirred at 70C for 48 h. The solvent was renoved

by Hisamipledy nitrogen through the reaction nixture and the residue

92 WO 2005/ 055950 PCTI US2004/ 041070 purified by reversed phase

chr dhepagtiepbiUDEGhENA¢-b-NH; step gradi ent between 10 to 80%

[0304] Ammonium acetate (15 mg, 0.194 mmoles) and NaBH;CN (1M THF solution; 0.17 mL, 0.17
mmoles) were added to the UDP-GalNAc¢-6'-CHO solution from above (2 mL or ~20 mg) at 0°C and

allowed to warm to room temperature overnight. The reaction was filtered through a G-10 column with

O

water and the product collected. The appropriate fractions were freeze-dried and stored frozen. TLC (silica;

cthanol/water (7/2); Re= 0.72; visualized with ninhydrin reagent).

Example 3

Preparation of UDP-GalNAc-6-NHCO(CH,),-O-PEG-OMe (1 KDa)
{0305] The galactosaminyl-1-phosphate-2-NHCO (CH,);-O-PEG-OMe (1 KDa) (58 mg, 0.045 mmoles)
was dissolved in DMF (6 mL) and pyridine (1.2 mL). UMP-morpholidate (60 mg, 0.15 mmoles) was then

added and the resulting mixture stirred at 70°C for 48 h. The solvent was removed by bubbling nitrogen

through the reaction mixture and the residue
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met hanol /water). The desired fractions were collected and dried at
reduced pressure to yield 50 ng (70% of a white solid. TLC
(silica, pMEpHAYVIPIIP0/ NHAOH, (30/20/2), Rf= 0.54). MB (PRI 04/041070
Qbserved, 1485, 1529 1618, 1706. 5 Exarrpl e 4 Preparation of
CystelnePﬁ% 2 OH\ /O " KOH 00.1” S NHp On nCH O
O O O NEHUHeY By @Vﬁlﬁe phage NW@F*@@WE@ égﬂlwastep/a@d@qt peiveed 14 10 80%,
Synt hesi 0

2t povarey kel Thaa Bk PALRAS R BYRER e T Rl dreprultB3etd
mol ) . i r50a1trﬁn§77@?/©@£a wekith awiol. TIZD(anﬁLf)a popal/Hy QO OFh &30 et g = 0/\&45 MS

ol el 408 OB st B {2 160 70,05 ol ) was added in

several portions over 2 hours. The m xture was stirred at room

t enper atRyagmplo4 S5 days, and concentrated by rotary evaporation. The
15 residue was diluted ‘Wi th water (30 n.), and stirred at room

{ enper attueparpipn of Gyiipine LG m@ktroy any excess 20 kil odal ton nPEG

O tosylate. Th®:sol ution en neutralized with acetic aC|d t he
pH ad] ust H5. 0 an 8t:0—aFetEPe. ph aphy
(C-18 silica) golum. The coluhm was eluted with a gra iﬂent OH

met hanol /water (the product elutes at about 70% nethanoj), prodbct
elution nonitored by evaporative light scattering, and the 20
appropriate fractions collected and diluted with water (500 ni).

.-Thi s solution was chyomatogra d (| on exchange XK 50 Bl G Beads,
¢ 300 mL, hydroxi de\t vvater 2o @;’gl/@et c
aC|d075N) and the _Honthe |'a Q ﬁ@zefrta I'ons”| O to 6.0

R
£

with acetic acid. apt ured, on
phase colum (C-18 silica) &h&/T8| uted vm t h/a cﬁ/\m’g
met hanol / wat er as descri bed above. The product fractl ogbs were 25
pool ed, concentrated, redissolved in water and freeze-dried to
afford 453 ng (44% of a 93 WD 2005/ 055950 PCT/ US2004/ 041970 white
solid (1). Structural data for the conpound were as follows: 'H NWVR

(500 Mz, Synthesis of (1)

r vegaed

10 [0306] Potassium hydroxide (84.2 mg, 1.5 mmol, as a powder) was added to a solution of
L-cysteine (93.7 mg, 0.75 mmol) in anhydrous methanol (20 mL) under argon. The mixture
was stirred at room temperature for 30 min, and then mPEG-O-tosylate of molecular mass 20
kilodalton (Ts; 1.0 g, 0.05 mmol) was added in sevéral portions over 2 hours. The mixture

was stirred at room temperature for 5 days, and concentrated by rotary evaporation. The

. 15 residue was diluted with water (30 mL), and stirred at room temperature for 2 hours to

destroy any excess 20 kilodalton mPEG- O-tosylate. The solution was then neutralized with
acetic acid, the pH adjusted to pH 5.0 and loaded onto a reverse phase chromatography (C-18
silica) column. The column was eluted with a gradient of methanol/water (the product elutes
at about 70% methanol), product elution monitored by evaporative light scattering, and the
20  appropriate fractions collected and diluted with water (500 mL). This solution was

chromatographed (ion exchange, XK 50 Q, BIG Beads, 300 mL, hydrbxidc form; gradient of
water to water/acetic acid-0.75N) and the pH of the appropriate fractions lowered to 6.0 with
acetic acid, This solution was then captured on a reversed phase column (C-18 silica) and
cluted with a gradient of methanol/water as described above. The product fractions were

25  pooled, concentrated, redissolved in water and freeze-dried to afford 453 mg (44%) of a
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10

15

30

D20) S 2.83 (t, 2H OCCH2-S), 3.05 (g, 1H S-CHH-CHN), 3.18 (q,
1H, (g, 1H, S-CHH CHN), 3.38 (s, 3H, CH30), 3.7 (t, OCHCH O, 3.95
(g, WORoogpadp30 The purity of the product was confpeveszioyoShe PAGE.
5 4.2 Synthesis of (2) 103071 Triethylam ne (-0.5 nlL) was added
dropwise to a solution of 1 (440 ng, 22 gnol), dissolved in

avthiiediobd §1)CIRGH R 86ta rftr) the ntmpound eves o hufalle s wasNIES (390 MHgo| ut i on of

R o8 B il e D O SO T A P dar By et Sddeo

ITHIS R veysak, FBGHLD)S3.9¥€ OO 0B D) 1089l OHL EHNGY Theiperity Diéhd €act i on
m xture was stirred at roomtenperature for 24 h. The sol vent was

toreshict wapeadirpyd boBRBYANBpor ation, | the residue was di ssolved in
water (100 nlL), and the pH adjusted to 9.5 with 1.0 N NaOH. The

i e, was stirred at roomtenperature for 2 h and was then
%ﬁ%é&’é@%ﬁgg%}(\?\{'th acetic acid to a pH 7.0. The solution was then

UBSFRC, PRy Bl B ESE0) PRARACE BEOIR-QGH 3o bt £ uabid OBt LT
b S e i A et it A
E PR tPanP i Ariseamyh corpoaie o0 8ot ey o ReBaeiorss e
Q@.@Qﬂ?}?)@%r ;?Ig?l%ﬂm glr-lggllg g.?gllﬁ%?%s 28 d 39 sPerBhGiiBRAGKRr 1308 rodth

hydr oXi de ‘ water to water/acetic acid-0.75N) and
tidrepgriund Theaeacipp mopmuiawves stirgdnl mos feoweratde fas 26 .00 Whietshlvaviewisc

id. Thi | ut i t t d . 20 h I
REECRE TG TR SRR g a ke e
dgpsiei Re d.5abigy B0 NTREOR! Othd Ghsit kalGtiddRas Wifed apRRheRmpeinee e 2k ed,
redi ssolved in water and freeze-dried to afford 575 ng (70 %9 of a

vihil teas gheningutralized sithgeetin aeid Wa pH 7O Thssolbap Biah thengaded g8tofo| | ows:

0 : t - CH - A oC
SR o3 aro Qb B Biofycotgly ool phpeifrelitle gllons O
e A Dy Ty Posnan ©

reparation of . - Cc- 6-, - \ ] .
IR EHEAHRIh§Rattqring, %%@PIQPWQ%@F?D@ME@ With 9@%t t on) (58
s 04b: : i ! 6 Yo 1| 1.2

1500 mb P #his TORLGES o R RAIPHEL (il ling DX 20 QI ERL 3
toile, hyesaxtidel fogmngradientenf staitar e svamt/adkdic atw-0. 48N rend ThepHd off 4ent  was
renoved bubhl i ng.ni trogen through. the reaction m xture and the
eaBoRde Thshrmlanoey % 0 STt S0 thi Sl ot hac e bEg o | oo
sé@ﬁasearéﬁaémlmﬂegms Bilis4) 4n@ B with4 gV¥ict? 6DMEHRM Avater as
PCT/ US2004/ 04107 _ _
described above. The product fractions were pooled, concentrated, redissolved in water and

freeze-dried 1o afford 575 mg (70 %) of a white solid (2). Structural data for the compound

" were as follows: "H-NMR (500 MHz; D;0) 8 2.83 (, 2H, 0-C-CH>-S), 2.95 (t, 2H, O-C-

CHz-S), 3.12 (g, 1H, S-CHH-CHN), 3.39 (s, 3H CH;30), 3.71 (t, OCH,CH20). The purity of
the product was confirmed by SDS PAGE.

Example 5
Preparation of UDP-GalNAc-6-NHCO(CH,),-O-PEG-OMe (1 KDa).

[0308] Galactosaminyl-1-phosphate-2-NHCO(CH,),-O-PEG-OMe (1 kilodalton) (58 mg,
0.045 mmoles) was dissolved in DMF (6 mL ) and pyridine (1.2 mL). UMP-morpholidate
(60 mg, 0.15 mmeoles) was then added and the resulting mixture stirred at 70°C for 48 h. The
solvent was removed by bubbling nitrogen through the reaction mixture and the residue

purified by reversed phase chromatography (C-18 silica, step gradient between 10 to 80%,
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met hanol / wat er% _T_h_e desired fractions were collected and dried at
. reduced pred¥QtWsPFPield 50 ng (70% of a V\/m te solid. PUTIIS2004/041070
(silica, propanol/H20/ NH40H, (30/20/2), Rr = 0.54). M5 (MALD):

Factor | R ETORUABE Tfé%sle@qlr?%%p@%%%ﬁ¢c§ed@£@%ﬁ§ SRR R fpeield
prepar at i smm%tm%‘} @a%&tééhdl XL@g@hbat @r@aﬁwﬂ fNPJti | 530/208YPR, ftSialsh)C MS

aci d- PEG Desi al yl ati on of act or reconbi nant form
of Coagul@ﬂ%ﬁDFQb’éﬁtWedLX‘“(f’r £t} ap14, >k706Nas rrade in CHO 10 cells. 6000
I'U of rFactor I X were dissolved in a total of 12 nL USP H20. This
sol ution lelsr ansferred to a Centricon Plus 20, PL-10 centrifugal
filter w her 6 nL USP H20. The solution was concentrated to
2 mL d@nd EhenPBGyltied ofifhbiot X pro&icedih THQ <8 pH 7.4, 0.15 M Nad ,
5 mM CaCl 2, 0.05% NaN3 and then reconcentrated. The

di | ution/ [ﬂﬁﬁ&}enﬂ"hatekmﬁple\sars fordpiaapegardtidn ofsialaraefol €Chhd/RS yalehao®eith
t he buffe al olune of 3.0 mL.. O this 15 solution, 2.9 nm,
(about 29 '%?lcraﬁ -1X) was transferred to a small plastic tube
and to it was added 530 mJ a2- 3, 6, 8- Neur am ni dase- agar ose
conjugate (Vibrio cholerae, Calbiochem 450 L). The reaction

m xture Wag De@hBlRbn@ERkdcdoA BT 26.5 hours at 32 C. The mxture was
centrifuged 2 mnutes at 10,000 rpm and the supernatant was

col I ect edgside A%&fnﬂﬁﬁarﬁ?@ﬁﬁoi(@%@ﬁl@h&ﬂ P&t&qW(ﬁl‘chHr@ﬁ?:‘%\)as W?a'&l@lﬂ"@ﬁb‘?d
6t|mesvmth0 Tris-H

“The plbl extlinasMiOnys obrfdcion be mise dii?ﬁpbfed\m etosaliof 12 figeaP I-Ta@alTﬂﬂSfSQIutlzn was,

ool ea.  ei0 et BiRciPol BEREE o SRR RO RARRuh R Bt (RiFRQ nbe

sane buf f@ﬂut@ﬁdv@ Qﬂﬁc&ﬁ&ﬁtéd e m(nmm thed diluBediti 16 ALGOREWI T E] pig 720
PL-10 centrifuga The solution was twice djluted with 15 m

of 50 mM &I M ﬁf@ﬁl gp:’{ll‘v,i ('EPCI:@ 005%\Nablgnd thengsogncgipteth dhe 5111ut10n/concentrat10n

reconcent ah ti
was dil ut ‘g%lﬁge %e?l &1%ntgﬁ?ﬁgtgﬁe§%ha?§€%@h%?é§ﬁg vf\}Jﬁ Q]C‘; é r | s uf Qtrhl s
Nat i VES anabluies] 29 yilatabautr2Bang of ifuXosBiyphassransderred mrwd]mﬂqﬂawy tube and to it

| EF-El ectro ric Fo usm CGel s re run
using 1.5% %{ga?cfg’ogﬁlds@n%pgg&wl?@{m SW?‘H‘E‘%& ﬁ’br rq O#ﬁ‘f"f’er and

m xed w t@al&%clﬁbni— 45@ EEE? el"ﬂl@ﬁ@étﬁﬂ szHﬁ'éf ﬁrﬁs rotRb By or! %%S 4188 c@nfpe
fixed using stand procedures. Cels were stalned wt

Col | oi dal mBiture w8t aemurntuge@&nrenmwa)t loﬁﬂavwmgnféﬂxbambmafmtd@s p‘allejztedt dle
Factor | Xagargoge eads ?Oglcacljr?lggg gf(:)urgncl-rrlllciJ ?e %e%é \%{é‘h E% tin:lEcxsa%ivlmﬁlI &s ZnL 50 mM Tris-HC1

20 pH7.12, 1 M NaCl, 0.05% NaNj. The pooled washings and supernatants were centrifuged

(/ again for 2 minutes at 10,000 rpm to remove any residual agarose resin. The pooled,
desialylated protein solution was diluted to 19 mL with the same buffer and concentrated
down to ~ 2 mL in a Ceniricon Plus 20 PL-10 centrifugal filter. The solution was twice
dituted with 15 ml. of 50 mM Tris-HCI pH 7.4, 0.15 M NaCl, 0.05% NaNj3 and

25  reconcentrated to 2 mL. The final desialyated rFactor [X solution was diluted to 3 L final
volume (~10 mg/mL) with the Tris Buffer. Native and desialylated rFactor IX samples were
analyzed by JEF-Electrophoresis. Isoelectric Focusing Gels (pH 3-7) were run using 1.5 pL
(15 pg) samples first diluted with 10 pL Tris buffer and mixed with 12 pL sample loading
buffer. Gels were loaded, run and fixed using standard procedures. Gels were stained with

30  Colloidal Blue Stain (Figure 154), showing a band for desialylated Factor IX.
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Preparation of PEG (1 kDa and 10 kDa)- SA-Factor | X [0311]
Desialylated rFactor-1X (29 ng, 3 n.) was divided into two 1.5 nL
(14 ¥8o ompr/osmanpl es in two 15 nl centrifuge tubes. pEaTR2BPHU0EON Was
diluted with 12.67 nL 50 nM5 Tris-HO pH 7.4, 0.15 M NaC, 0.05%
NaN3 and either CVMP-SA-PEG |k or 10k (7.25 gnol) was added. The

t Koegpledre i nverted gently to mx and 2.9 U ST3@&l 3 (326 RL) was
added (total volume 14.5 nL). The tubes were inverted again and

r PtephediogarftiBG { kD6 anldind 015 A3Pact@ INhe reacti ons were stopped by
freezing at -20 T. 10 gg sanples of the reactions were analyzed by
Jos3 HAGE)sma'ﬂyhltﬁi@ﬁbtat B4 (raped nd) wes divplediifito eeto drf m1. Tosb nihas Bi osep

mﬁw%i’% Fresiiries b aeh Pl bLO vk 1 ?'L?ﬁiﬁﬁvézcu -
anydh e blizeabl eI, @@mtm%w%ﬁm (Bne Rageg a0 10EE 98| agnovex

Tris-Gyciné 4-20% 1 nmgel's were [oaded wth
seapidded. afhembel Wm imeried gently tAmio knGBO WA TIGE3 mq qu)HWaz; aaﬂdec150 vl

Rl LveBret (k5 e 7 Re beh arca e g anir e 8o Be s O e e -

s{cai TIRGeaMiibhs @@klswp%a bPhesimt ﬁuno écFl YOI :€ sABSIbs §ﬂlﬁ¥\frdaGt1c§hshﬁé}§1 for
PEG (1 kDa and 10 k %' SA- Fact or Exanpl e 8 Direct

Sinalyged by §ES§E€§}EaE ho E@wla@dtr@tpms We{ dedpriasTesediegs Biosers forth

RS A58 K1 TSl BB S s

Q7 34 (@;ﬁLKﬁlEﬁ) T[h@ Bdadtiodael purifilcdidn 460 nidﬁ)tored’msm@ SEESPagepr essed
in CHO cells and was fully sialylated, S solved in 5 nL of 20
rAAAHEE welsi Mveﬁsiasﬁwrgn%éﬁé 1 iy, %%Fc‘i"%f@éé’,\a%e 14319 n@) °HA1%

08 18 s PSS T 04 8T S )

Tineffer eatmixdng with 18 qiHaetpte labdieg buffenand ¥ prh 87 h@Dde“ranﬁ&edatodl fa tat 32C.

The reac s anal yz S-.P, cr| | nvi t r,ogen.
TREUSS SR o aE 81TF YRBe Ui COBRBI i ST TR Sel P isE S, 0.
%@PEG’(H kj;’gaﬁgholﬂﬂasjsgoﬂréé@@}ﬂ@th phosphat e buffered saline, pH 7.0
(PBS), .5 mn. 96 WO 2005/ 055950 PCT/ US2004/ 041070
Exanpl e 9 S| aI yI PEGyI at| on of Factor-IX wth CWP-SA- PEG (20 kDa)
[0314] Factor |IX (1100 1U), which was expressed in CHO cells and was
fExamplei8s| y| at ed,

Direct Sialyl-GlycoPEGylation of Facior IX
{0312} This example sets forth the preparation of sialyl-PEGylation of Factor IX without

prior sialidase freatment.

8.1 Sialyl-PEGylation of Factor-LX with CMP-SA-PEG-(10 KDaj

[0313] Factor IX (1100 IU), which was expressed in CHO cells and was fully sialylated,
was dissolved in 5 mL of 20 mM histidine, 520 mM glycine, 2% sucrose, 0.05% NaN3 and
0.01% polysorbate 80, pH 5.0. The CMP-SA-PEG-(10 kDa) (27 mg, 2.5 pmol) was then
dissolved in the solution and 1 U of ST3Gal3 was added. The reaction was complete after
gently mixing for 28 hours at 32°C. The reaction was analyzed by SDS-PAGE as described
by Invitrogen. The product protein was purified on an Amersham Superdex 200 (10 x 300
mm, 13 pm) HPLC column with phosphate buffered saline, pH 7.0 (PBS), 1 mL/min. R, =

9.5 min.
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was dissolyed in 5 nL of 20 nM histidine, 520 nmM gl ycine, 2%
sucrose, 0VO5¥YEREand 5 0.01% pol ysorbate 80, pH 5. OPCHWE2004/041070
CVP- SA- PEG (20 kDa) (50 nmg, 2.3 nol) was then dissolved in the

sol ut| (o] (§T-II was added. The reaction m xture was conpl ete
afte g'e-n%y—mm ng for 42 hours at 32C. The reaction was anal yzed
by SDS- BEH-BEGgation obEactohbX with CMIGSA-PEGI26kDihe product protein
was purified on an Anmersham Superdex 200 (10 x 300 mm 13 10 pm
HPLC coll@did] wi Edatop o $pleaie), wififlewedkxpadsiaddn OptD el apdrivab éully, sidlylated,

Gy copit e vEHBOgH Pﬁﬁf %Bﬁﬁ]stllglﬁﬁs SR M isnes ARG GEe § OSHENAN; and
procgdu 0%1@9?01%0@&&80’" A9 A PR-Yo bY%ﬂﬁg%i %{3@ vigs then,

pept i des act or e exenplary pepti

aci d cadpsoiged\nl then:ioéamoaradd OSIIi—Im ksl addeic ahe raaf:ucﬁﬁﬁbmrre ks SAnﬁE@ a(ftkf)
kDa) [031 ] Purified r-Factor-I|X-PEG (10 @6? ng_l)P

concent ESBENPENGOTAMRNE #2CS- Phezeaction wes. Y@M lP31 213 é(tlif)ﬁspdescrled
Bedf or dy, y ; 8§éﬂtr|fugal filter and the buffer was changed to 50 nM
Tri s- HCK T7r 0.15 M NaC, 0.05% NaN3 to a final volune of 1.85
m.. The proteln solution was diluted with 372 gL of the sanme Tris
buf fer #B15y. 4Tireprédvet Batefl Ranpiriiiedan af Gnadsted Superies ADO €10 T BGO mm, 13

Sl S LS Syl Shbsabet Skt Sl 120 GEER b Ri'g B 6pin

hours at 32 C. [03181 A 10 g sanple of the reaction vvas anal yzed by

“SDS- PAGExabtexo Tris-A ycine 4-12% 1 mmgels were perforned and

stai ned using | | oi dal Bl ue as described by Invitrogen. Briefly,
sanpl esslalﬁAm&tQ pling ofEIFcoPEBYatell FRctb2 1K sanpl e | oading buffer 25
and I M DTT an heat ed for 6 mnutes at 85 C (Figure 156, |ane

RAAY &l BthEBfdcdurt For BRAAE HEE eIt dGiaphiudy 97
V\D 2005;«31 5850 PCT}MS%ZOOM 0410709 &63“{9 rFour eg%%%IJ:’GyI éﬁgéd Fl X

var i ant glycPBEEG9lated pepiities ) Hower BaciardiXdg therexemplaryspeptide.i ' normal mi ce.
The activity of the four conpounds had previously been established
invitro by clot, endogenous thronbin potential (ETP), and

L 93009 A Bl RSy DR B PSR LB (1 K0
(1r 8' "it BY(% 5P Bilrdea %‘F&ét&‘-f)&’-})ﬁb‘edz BRDUPSPRE x‘fvbscco%‘&édtr\é{e‘a% a %%Hﬁf hae ﬂﬁl{"
20 PL-10 (Millipore Corp., Bedford, MA) centrifugal filter and the buffer was changed to 50
mM Tris-HC1 pH 7.2, 0.15 M Na(l, 0.05% NaNj to a final volume of 1.85 mL. The protein
solution was diluted with 372 uL of the same Tris buffer and 7.4 mg CMP-SA (12 pmol) was
20  added as a solid. The solution was inverted gently to mix and 0.1 U ST3Gall and 0.1 U

ST3Gal3 were added. The reaction mixture was rotated gently for 42 hours at 32 °C.

[0318] A 10 pg sample of the reaction was analyzed by SDS-PAGE. Novex Tris-élycine

4-12% 1 mm gels were performed and stained using Colloidal Blue as described by

Invitrogen. Briefly, samples, 10 pL (10 pg), were mixed with 12 ulL sample loading buffer
25  and 1 uL 0.5 M DTT and heated for 6 minutes at 85 °C (Figure 156, lane 4).

Exampie 11
Glycopegylated Factor IX Pharmacokinetic Study
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PEG 9-2K (LS) 27%0.3 0.2 PEG 9-2K (HS) 20%0.2 0.1 PEG 9-10K 11%
0.6 0.3 PEG9-30K 14%0.9 0.4 5 [0320] To assess the prolongation
of aud peosmyseosf the four PEG 9 conpounds in circul attesoodeftizest udy
was designed and performed. Non-henmophilic mce were used, 2 animal
per time point, 3 sanples per animal. Sanpling tinme points were O,
QOS] OFdxﬂ,glﬁoBBvatedIFD(&axi&ts I G-24ariaidg), wer8 tes6d, in ZPK gindy 86 h post

conpaQu m ni.str . Bl ood sanp] es were. centrifuged and , stored

PR Slnat oGty -wwéﬂ%’ﬂs PR Rl o
T BsAPS n

e %lﬁg%?ﬂogﬁg%ﬁm%%%ﬁ%aﬁx Ak U/kg T AL OBt ey (1-2

REGiUestlistat Suomsarjred ip&atlé He nol ecul e) 200 U kg; 2K(hi gh
substitution: "HS" (3-4 PEG substitutions per peptide nol écul e) 200

IIII 4!\!\ [Tl —_—R0l 1NN 1Y Al

—3+OHK- 30K 1V an doses—were 1B Hom—rreasur ed
clo F’rlijamé say %.m@%&h The lts u]t dned’ in Fl. 6 and
Table LI \é_ ZE?JQ?LU E@HS%I@&E&%@ cla C nd

Bsaer Eax AUC cL  $#kg) (U L) (AUl (nLfh/kg) BéfeFI X 250 0. 745
1.34 187 PEGQ-2K (1S) 200 0.953 4.69 42, .7} PEG-9-2K (HS) 200 0. 960

FEE92K LS)PEG- 9- 18316100 |0. 350 2. 86 35.7 PEG 9-30K 960 1.40 8.[83
11.3 103221 The results_ldemponstrate a trend fnmards,nrnlnnnatlon

PEG-A2K EH9 PEG 9 2@hpourids. TheOal ues of | AUC and @fax were not
conpared directly. However, clearance (Cl) conpared and i's

PEwed-108r t he |PEG Bl%onpdunds conpP&red to BeneFl X, ifAdicating a 5
|l onger residence tine injthe mice, The tinelfor the | ast detectlabl e

PEG-986Ki vity jis i M¥heasdd for tA® PEG 9 conpounds Gdnpared to
BeneFl X, even {t hough BendFl X was _adm ni stered at the hi ghest dose.

Exanpl e 12 Preparation of LS and HS d ycoPEGyl ated Factor | X 10
[€52P3B] "IB yssed's’lﬂiﬁﬂbmloﬁgatﬁamtf actnhﬁy ofithérfoar PBG-emnpemds insuloskatibnt i on

a Ptlgstu y was de51gned and performed. Non—hemophlhc mice were used, 2 animal per time
point, 3 samples per animal. Sampling time points were 0, 0.08, 0.17,0.33, 1, 3, 5, §, 16, 24,
30, 48, 64, 72, and 96 h post compound administration. Blood samples were centrifuged and

stored in two aliquots; one for clot analysis and one for ELISA. Due to material restrictions,

. the PEG-9 compounds were dosed in different amounts: BeneFIX 250 U/kg; 2K (low

substitution: “LS” (1-2 PEG substitutions per peptide molecule) 200 U/kg; 2K (high
substitution: “HS” (3-4 PEG substitutions per peptide molecule) 200 U/kg; 10K 100 U/kg;
30K 100 U/kg. All doses were based on measured clotting assay unifs.

[0321) The results are outlined in FIG. 6 and Table II.

98

£ )

£)



prepared fromnative Factor | X by an exchange reaction catal yzed b
ST3Gal - | | | WOrHiS/03588ct i ons were performed in a buffer fPCTG]S%W'”O“O 9
hi sti di ne, 260 nmM gl yci ne, 1% sucrose and 0.02% Tween 80, pH 7. 2.
For PEG#gjdipn with CMPSA-PEG (2 kD and 10 kD), Factor IX (0.5

nmg/ m.) was |ncubated with ST3Gl Il (50 mMJ nL) and CVP- SA-PEG (0 5

mv) for I5—hat-32€ I:byl atton 1%3? h—CVPTS Dl-\- 30kD;t ||c
concent ratl SHESF Fact o % incre gg to 1. 5% and t?
concentjrati on of CMP- SA- ég decre )to 0. Bnder W@Q’ékg)

condi tions, _nore than 90% of fth:m:f or -1 X_ml crul es were

substit/B@aFR th at | eas2>®ne AEG moileldy. [0324] QG ¥3HPEGYI|at ed$7
Factor [ILX with a highl degree of {substitution wilth PFG were 20

pr epar dPE ISt i c| des80 yl atli on 00958t i ve Factord.bX. Thd Faéldr

| X peptlide was huffer! exchanged into 50 mM oE$, pH 6.0, usilng a
PD10 coREGO-2Kd(HS)t ed] t o 80&oncent r at i0$00f 0./66 ngd.Ht and |t r eaRed
with AUS sialidase (5 mJ nL) for| 16 h at 32C. [Desialylation |was

verifi ¢dPH99DR: PAGE, | HPLG&nd NALDI d@l3f0an anal ysi s2.8@si al @ Fagbar
| X was [purified 99 WO 2005/055950 PCT/ US2004/ (041070 on Q Sepharose

FF to riémne-3Re sial | dasg)0 The {Cadl 2 fa@cti on|{was cgReentrdted11.3
using dn U tra 15 concentrator {and buffer exchanged into MES, pH

6.0 using a PD10 colum. [0325] 2kl) and 10 kD PEGyl ation of

asi al o- Has12)r The febulls d¥EoRdatenBBeRiab ivield ﬁﬂ(bnéaﬁon fdi@ﬂblﬁ}PEﬁiLQVMofﬂjbounds.
¢ ST3Gl -111 (50 mJ L) and CND SA- PEG 0.5, at 32C for 16h. For

“PEGy| at |73WWLWOW AOPENEORTE nptfompgrdatiier iy i dawererrderaee (Gl was

i ncreas tt]t)eep n%far

decr eas:cg ip%e% #9% ?g?r B@E@‘? ati @IYchans %ﬂwﬁﬁmg ¢

t er msnal lomt acidese: tive m thammd T\hﬁ tt1h1ea°oa1lhe dastditectible eldtactgitil isnidreased
CVP- SA uin e i ncubat i_on n addition 8 h at, 32C
Under & HacwS BBY rbieds caiereiin gt MnBorent SRR Mrpp Brinifsed a
wer e Sul}ﬁéh%}fésggoégl_ th at |east one PEG noiety. 0 Factor |X produced

by this nmethod has a hi gher apparent nol ecul ar wei ght i n SDS- PAGE.
Exanpl e 13 Preparation of O G ycoPEG/lated Factor |X [0326] O glycan

chai ns weLe, hjpysoduced de novo into native Factor I X (1 ng/nL) by
incubati‘O'na—oq‘L[%e peptide with Gal NACT-11 (25mUnl) and 1 mM

UDP- Gal Nixepaitatian ©f LS anidt B8 AydePEGyilated FactovdX t he PEGyI ati on
reaction was initiated by adding CMPSA- PEG (2Kd or 10Kd at 0.5 niM
or 30 k32¥ OoGhyzoNMylated FamaiGa NﬁhallowzlsgmtJDMﬁsfétntﬂOﬂ wiﬂmBEGiwrge for

Zzbgg :j Lé:%{«ﬂ?p%r@eé@p pgté%ol%@p% Pﬁ%& eéesrtegc %ntcgfle yzeg gy gi‘?ﬂﬁ Iﬁs ﬁlre]:d
reactions were performed in a buffer of 10 mM histidine, 260 mM glycine, 1% sucrose and
\/ 0.02% Tween 80, pH 7.2. For PEGyIdtion with CMPSA-PEG (2 kD and 10 kD), Factor IX
(0.5 mg/mL} was incubated with ST3Gallll (50 mU/mL) and CMP-SA-PEG (0.5 mM) for 16
15 hat32°C. For PEGylation with CMP-SA-PEG 30 kD, the concentration of Factor IX was
increased to 1.0 mg/mL, and the concentration of CMP-SA-PEG was decreased to 0.17 mM.
Under these conditions, more than 90% of the Factor IX molecules were substituted with at

least one PEG moiety.

[0324] GlycoPEGylated Factor IX with a high degree of substitution with PEG were

"+ 20 prepared by enzymatic desialylation of native Factor IX. The Factor IX peptide was buifer
exchanged into 50 mM mES, pH 6.0, using a PD10 column, adjusted to a concentration of
0.66 mg/mL and treated with AUS sialidase (5 mU/mL) for 16 h at 32°C. Desialylation was
verified by SDS-PAGE, HPLC and MALDI glycan analysis. Asialo Factor IX was purified
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illustrative purposes only and that various nodifications or changes
in light thereof will be !'0 suggested to persons skilled in the art
andway mod/esstr® | ncl uded within the spirit and pur vPEWUSZ04/(H1870
application and scope of the appended clainms. Al publications,

tion ne appended cl ai 5. at
Ao IF by B e GBLET (e PR QPO RRURIBERS. 100 WO
9051053500 PETHYBRROAAUE O IS, S COALNER i chndan A Factor 1 X

conprising at |east one noiety having the fornula: OH D O
COON :HOO~ GHN2 OH 3 wherein 4 Dis a menber selected from
10335hn KR aild N PEGglation af seserdpctoeide (t- 2 ngfmbhwie catriedyeid by

i A TSRO R Bl B AP & O BT R o g 8 L
PE® ol kath GRIPSA -PEGA0RBIMAE Cosheaimb Mo BX has therdsdisbittoited or
unsubstituted 9 alkyl and substituted or unsubstituted heteroal kyl,

g/ whend theeqonggnsiation pECHE-S SRES wes decreagertitofhbhmiyl.j 4fter 16 b of

- Lkyh, DS ] b NE s L2 The. ;] ptide
PECS oo M it atearted rnkebbpod viGoig R B Atind TREP 5°
CMNBP-®iaedndi dantimiing thedficubaicager ad dddiidhal ® h2032°C. Binddiht@eskachdifionsX
peptide according taq_cl &i m 1, V\herei,?utglmqﬁ\gt a structure that is a

moge ige P0%0fdhe Baptar I molggiqes were substi least one PEG moiety.
Factor IX produced by this method has a higher apparent molecular weight in SDS-PAGE.

Example 13

Preparation of O-GlycoPEGylated Factor IX

[0326] O-glycan chains were introduced de novo into native Factor IX (I mg/mL) by
incubation of the peptide with GaINAcT-II (25mU/mL) and 1 mM UDP-GalNAc at 32°C.
After 4 h of incubation, the PEGylation reaction was initiated by adding CMPSA-PEG (2Kd
or 10Kd at 0.5 mM or 30 kDd at 0.17 mM) and ST6GaINAc-I (25 mU/mL) and incubating
for an additional 20 h.

[0327] Itis understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference in their entirety for all

purposes.
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WO 2005/ 055950 PCT/ UB2004/041070 S 0 0 S -q S---(CH rHO, CH,

. S(CH, CH20) \@qzooa@g@ath NHC( O) CHz CHz ( OCHz CHz) i OCH PCT/US2004/041070
NHC( O) OCH, CHZ(CIZHZCH) CCH, 0 O5% 10--(CHZCHZO),CHS and
O(CHZCHS& “Hi CH, (OCH, CH, ) , OCH,

NHC( O 4 wherein 5 e and f are integers

|ndep?ndelntl Ieciug mlto 250@ and 6 g,is a |nte er fromoO
to 208 112, AL 5 Popiig “FOPPHFRS ZL ERY APRGOIE RIRETY OHRE ei n RL
has a structure that is a 2 er selected from 102 WO

2005/ 055950 PCT/ US2004/ 0410700 O O) OCH2CH2( OCH2CH2) QOCH3  NH2 HN
HC(0) OCH2C H2(OCH2CH2)fO CH3 0 ¢' |0 NHC(O) (OCH2CH2) 0O0H3 ¢
NH2 HN H C( O CH2CH2( OCH2CH2) f 2 CH2( OCH2CH2) aOCH3
q and NH C(O CH2C H2( O CH2CH2)

o

G—HN
2 OH
3 wherein
4 D is a member selected from -OH and R'-1.-HN-; _
. 5 G is a member selected from R'-L- and -C(O)(C1-Ce)alkyl;
o 6 R} is a moiety comprising a member selected a straight-chain or branched
7 poly(ethylene glycol) residue; and
3 L 1s a linker which 15 a member selected from a bond, substituted or unsubstituted
9 alkyl and substituted or unsubstituted hetercalkyl,
10 . such that when D is OH, G is R'-L-, and when G is —C(O)(C;-Ce)alkyl, D is
11 R'-L-NH-.
1 2. The Factor IX peptide according to claim 1, wherein L-R' has the formula:
R1—-HN/HE\”/ g
2 0
[f_; 3  wherein
4 - a is an integer from 0 to 20,
1 3 The Factor IX peptide according to claim 1, wherein R' has a structure that is a
2 member selected from:
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T O HC (O CH2CH2( OCH2CH2) POCH3 g 0 N HC(0) OCH2C H2( OCH2CH2) 000H3
NHC? 0) OCH2CH2( OCH2CH2) (OCH3 HN H C( O OCH2CH2( OCH2CH2)rOCH3 3 O a 4
wherdp AMSOEISKE and f are integers independently secewssmibiom 1 to
2500; and 6 g and q' are integers independently selected from1l to
20. 103 WO 2005/ 055950 PCT/US2004/041070 1 5. The Factor |X peptide
according to claiml1l, wherein R hgs a structure that is a 2 nenber
sel ectke r 0 NHC( O) OCH2CH2{, :
NHC( OROCH2 Clefs :NH%E N /
O and O NrKGE&k: 66X dd2CH2) 0 2( OCH, CH2) PCH3
NH HN NH2 . . (HC%%ZmZ(Msz) , R e T e, f and f
are integers independently selected from1l to 2500; and

0 0

g , O——(CHCHOLCH,  ; and é . O—(CH,CH,0),CH,

NHC{O)}CH,CH,{OCH,CH,){OCH, NHC(O)YOCH,CH,(OCH,CH,}OCH,

wherein
e and f are integers independently selected from 1 to 2500; and

q is an integer from 0 to 20.

4, The Factor IX peptide according to claim 1, wherein R® has a structure that is a

member selected from:
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6 9, Q andw%"are i nt egers independently selected from1l to 20. 1 6.
. The Factor EHPWE according to claim 1 wherein R1 haBCHUS2004/041070
structure that is a 2 menber selected from
-C(O CH2CH2( OCH2GH2) eOCH3 ; and 3 - C( O OCH2CH2( OCH2CH2) f OCH3 4
wherein 5 e and fllare integers independently selected froml to
2500. 1 7. The sEatto t | AECE@MEHEHRAEPhetai m 1, wherein said
nmoi ety has the dormjla’s 104 Wo 2005/055950 PCT/ US2004/ 041070 OH D
0 COON HO 0-Gal - gmHN AHgH 1 8. The Factor | X peptide according to
claiml1, wherein s t | a: COOH HO
O Gal - Gal NAc- G- HN 2%“%@5@2%é%?%*&’%§gﬁordi ng to
claim1, wherein saidomwiety has the fornmula: OH D COOH HO
O Gl -GINACGAA GHN2 OH

g /MYWNHC(O CH,CH{OCH,CH,)OCH;

0
)
9
NH,
HN ,
HE(O)CH,CH(OCH,CHo3OCH,

o) q

S Q

[
- g NHG(O)CHoCHa(OCH,CH,)eOCHs
q
i and

HN
HG(O)CH,CH,(OCH,CH,):OCH;

o

NHC(O)OCH,CH,(OCH,CH,)sOCH;
: \
NHC(0)OCH,CHa(OCH,CHL)OCH;
HNY%/’/\/\N
HC{D)OCH;CHA{OCH,CH,)0CH;

3 0 i

4 wherein
‘e, fand f are integers independently selected from 1 to 2500; and

6 q and q’ are integers independently selected from 1 to 20.
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3 wherein 4 AAis an amno acid residue of said peptide. 1 10. The
Factor | X peptide according to claim9, wherein said amno acid

r es VB12005/855850 2 nenber sel ected from serine or theeomsi@yodokl. The
Factor | X peptide according to claim1l, wherein said peptide has the
amno acid 2 sequence of SEQ ID. NO 1. 1 12. The Factor | X peptide
& cor ditedator X aepiidthecatimp éo olamail pwhereinR dwk d stregingdkatiisa 2 serine
at position %1 of SEQ ID. NO1. 1 13. The Factor |X peptide
éﬁ%‘gli"?iisﬁlﬁcarf’% Sfaim 1, wherein said noiety has the formula: 105 WO
2005/ 055950 PCT/ US2004/ 041070 (Fuc)i Man [[GLcNAc-(Gal).le (Sia)j -
(R, I I B[[GLcNAc-(Gl)b]f-(Sia)k-(R)js -AA GLcNAc- GLcNAc-Man \ '
[[ G cNAc- (iGal ).y g (S a)wyues G cNAc-(@Gl1)d]lh (Sia)m
(RY] 2 in EC(O%@@&C?&Z%‘?HQF%Q?#LS, t, and u are integers

i ndeperdent |y sélecped fromO and 1; 5 qisl; 6 e f, g, and h are
nmenber s independenywwwmmmzqm@%@izwcﬁf omOto 6; 7,
k, 1, and mare P}%rrberwg2 Fpdependently selected fromthe integers

' %

fromo and W, X, and y are independently selected fromO
and 1, and |l eagt o o) , Hoxoy@mgbHyocigcipod, 10 AA is an am no
acid residue of sabdy Factor | X peptide; 11 Sia-(R‘' ha®% he formul a:
HOD HOOC OCH S0 555 HG

0

é NHC(0)CH,CHo{OCH,CH,)OCH,3

? 0

)\/ﬁ\/\/NHC(O)CHZCHZ(OCHZCHz)fOCH3
NH )

HN NH; %

HC(O)CHCHA(OCH,CHo)OCHs

wherein
e, fand £ are integers independently selected from 1 to 2500; and
g, q’ and q”are integers independently selected from 1 to 20.
6. The Factor IX peptide according to claim 1 wherein R' has a structure that is a

member selected from:

2—0(0)0H20H2(00H20H2)300H3 s and

k

g—C(O)OCHZCH2(OCHZCH2)fOCH3

wherein

e and f are integers independently selected from 1 to 2500.

7. The Factor IX peptide according to claim 1, wherein said moiety has the formula:
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12 OH eft 13 wherein 14 Dis a nenber selected from-CH and

R -L-HN-; 1%0@039585enber sel ected fromR -L- and PCT/US2004/041070
-C(O(Gg-Coalkyl; 16 R is a noiety conprising a nmenber selected a
straight-chain or branched 17 polggethylene glycol) residue; and 13
Lis a linker which is a nember “gel ected froma bond, substituted or
19 unsubstituted al kyl and subst|tut %d orcognsubstltut ed heteroal kyl,
20 such that when Dis OH G = @nd when is

-(O (G -Co)alkyl, Dis 21 R -L-Ni. 1060-F4GaFhe; Factor | X peptide
according to cIaim?, wher ej_n sag osyl residue is attached to a
nmenber selected from Asn n 17 and conbi nations thereof. 15.
A pha& maceutical fornulation corrprl siofg the Factor. | X according to
claiml1l and a pharmaceutically acceptable carrier. 16. A cell-free,
in vitrog,net pg B&Eto@ﬁxog%ﬁu@ aE@b@&lﬁg td claiREDeeif Qeﬁﬂ Hﬂﬁét?h&ocﬁpf‘drﬁlhﬁg
the noiety: HO CH OS y§SyN Wwherein Dis a
menber selected from-CH and R’- -HN- Gis a rrenber selected from
R -L- and -C(O) (Cl-Co)al ; |sarmiety conprising a nenber

sel ected a straight-chain or hranched EQJ%% (ethyl ene glycol)

residue; and L is a |inker f S sel ect ed froma bond,
substituted or unsubstituté&d alklyl a Q,s_g%si_bgmc unsubsti tuted
het er oal kyl , such that when D i when Gis
-C(O(C -Co)al kyl, Dis RGtT=H, sal d met hod conpri sing:

1 9 The Factor IX peptide according to claim 1, wherein said moiety has the formula:
OH
D
o COOH v
HO
O—Gal——GalNAc—AA
G—HN i
2 OH
3  wherein
4 AA is an amino acid residue of said peptide.
o 1 10.  The Factor IX peptide according to claim 9, wherein said amino acid residue is a

2 member selected from serine or threonine,

1 11.  The Factor IX peptide according to claim 1, wherein said peptide has the amino acid
2 sequence of SEQ. ID. NO:1.

1 12.  The Factor IX peptide according to claim 11, wherein said amino acid residue is

- 2 serine at position 61 of SEQ. TD. NO:1.

1 13.  The Factor IX peptide according to claim 1, wherein said moiety has the formula:
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(a) contacting a substrate Factor | X peptide with a PEGsialic acid
donor noiety having the fornula: 107 WO 2005/ 055950
PCT/\Wo2084/5544070 OH D O COON 0 HO HO 0-1 P-0 éﬂm1l 0O N
N I 15 NH2 16 and an enzyne that transfers sai ?E‘I;@ S|§lﬂlogoq;cid
onto an amno acid or 17 glycosyl residue of said Factor |X peptide,

under conditignhs appropriate for er N The net hod
accordi ng.fo Fa)m 16, wher ei /l&%ﬁﬂg‘g ‘(heél?ﬂom 6@0 ]R HN 2 O 3
wher ei % 4dails !g}rl@; nt e er fr%m{[@l@%&mﬁmf ®ig, n@)hhd accor di ng

to cl aiem str 2 sel ected
from 0 0 555505 c, ~ J~ @E&E&Iﬁﬁ%&(%@?% ~. 5y 5|

4 NHC(O) CH2 2(OCHZCHZ) OCH, NHC([@lEEHZQHRIQWQ—iZIR- , 0 5J10 Jq

0- (CH2CH20), CN3 and 5 (/q O (CH2CH20),

wherein
a, B, ¢, d,i,1,s,t, and u are integers independently selected from 0 and 1;
qis 1;
e, f, g, and h are members independently selected from the integers from 0 to 6;
i, k, 1, and m are members independently selected from the integers from 0 and 100;
v, W, X, and y are independently selected from 0 and 1, and least one of v, w, x and y
18 1;
AA is an amino acid residue of said Factor IX peptide;

Sia~(R) has the formula:
HO

OH
s—o

NH-G
OH

wherein

D is a member selected from -OH and RI-L-HN-;

G is a member selected from R*-L- and ~-C(O)(C;-Ce)alkyl;

R! is a moiety comprising a member selected a straight-chain or branched
poly(ethylene glycol) residue; and

L is a linker which is a member selected from a bond, substituted or
unsubstituted alkyl and substituted or unsubstituted heteroalkyl,

such that when D is OH, G is R'-L-, and when G is ~C(O)(C;-Cgalkyl, D is
R-L-NH-.
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I 3 NHC(0) CH2CH2( OCH2CH2) ~OCH, S NHC( O) OCH, CH2( OCH2CH2) , CCH, 4
wherein 5 e and f are integers independently selected from1l to
2500; and 6 g is an integer fromO to 20. 1 1g. The net hod
according to claim 16, wherein R has a structure that is a nmenber
2 selected from 108 WO 2005/ 055950 PCT/ US2004/ 041070 10l

/ NHC( O . OCH2 CH2 CH2) | 0.0
NHO(O) b ( BSARS) B oo i iy o et by CRBC A EPRDL D
0 a O NHE{(CROHOHREOTHEHZYT @EkgnbnatmeiberdiC O) CH2CH2( OCH2CH2) t OCH3  HN
H C(0) CH2CH2( OCH2CH2) cOCH3 0 5 0 NHC( O) OCH2CH2( OCH2CH2) 0OCH3  5{ 9

NHC( O 0C1§-_|2 CHg @%!%Qﬁ'&ﬁ fo%%on c'Smprising the Factor IX according to claim 1 and a

pharmaceutically acceptable carrier.

1e. A cell-free, in vitro method of making a Factor IX peptide conjugate comprising the moiety:
HO
D
HOOC, g
OH
g—o
NH-G
OH
wherein

D is a member selected from -OI and R'-L-1IN-;
G is a member selected from R'-L- and -C(OYC,-Cgalkyl;

R is a moiety comprising a member selected a straight-chain or branched poly (ethylene glycol)

(P\. residue; and

L is a linker which is a member selected from a bond, substituted or unsubstituted alkyl and

substitated or unsubstituted heteroalkyl,
such that when D is OH, G is R'-L-, and when G is -C(O)}C-Cgalkyl, D is R:-L-NH-,
said method comprising:

(a) contacting a substrate Factor IX peptide with a PEG-sialic acid donor moisty having the

formula:
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HC( 0) OCH2CH2( OOH2CH2) ,0CH3 3 0 4 4 wherein 5 e, f and f are

i nt eger swodegesetent | y sel ected from1l to 2500; and BCT/UAINd4/Q¥107ar €
‘integers independently selected froml to 20. C 109 WD 2005/ 055950
PCT/ US2004/ 041070 1 20. Hpe met hod according to claim 16, wherein
R has a structure whatyis a menber 2 selected from O

NHC( O) OCHzZCHZ( OCH2CH2) 0G0Hs SK@;ONHC(O)OCHZCHZ(OCI—QCHZ)ACHS NH Q
HN ~ NHz a9 0 uc(O CHz),rOCHS d

NHC( O) CH2CH2( OCH2CH2) a SS| 90 OcC ZCH?deI—I C Hz) ACH, NN
HN NHz  ~~ NC( O CH2¢(H2 erein 5e f and f
are i ntegers i ndependently s Iect ed"fromI\to 2500 and 6 g, ' and
g"are integers independent!yotsel ected from9a™t .1 21. The net hod
according to claim 16 wherein Rf has a structurwis a nenber 2

selected from -C(O CH2CH2( OCH2CH2) eOCH3 ; and

~1& O OCH2CH2( OCH2CH2) f OCH3 4 wherein NH,
16 and an enzyme that transfers said PEG-sialic acid onto an amino acid or
17 glycosyl residue of said Factor IX peptide, under conditions appropriate for
18 the transfer.

C/ 1 17. The methdd according to claim 16, wherein L-R! has the formula:

R1__HN/H3\I(§

2 0
3  wherein
4 a is an integer from 0 to 20.

1 18,  The method according to claim 16, wherein R has a structure that is a member

2 selected from:

0
\n

( ) é q ST CHCHOLCH, g S§—(CH,CH,0),CH,
Pt 4

NHC(O)GH,CH,(OCH,CH,)0CH, NHC{OYOCH,CH,{OCH,CH,)OCH,

0 o}
é s O—(CHOHO)LCH,  ; and é 5 O—(CH,CH,0),CH;
NHG(0)CH,CH,(QCTH,CH,),0CH, NHC(O)OCH,CH,(OCH,CH)0CH,

wherein
e and f are integers independently selected from 1 to 2500; and
q is an integer from 0 to 20,
4.  The method according to claim 16, wherein R' has a structure that is a member

b = o e WD

selected from:
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5 e and f are integers independently selected froml to 2500. 1 22.
The net hd¥0 3WEBIEING to cl ai m 16, wherein sai d Fact or pcXusemiibdsro
conjugate 2 conprises a noiety having the formula: 110 WO

2005/ 055950 PCT/ USQ004/041070 OH D O COON HOO-Gal G--HN3 OH 1

23, The nethod accgrding to cl%i rQCng, \Mger%i n said Factor | X peptide
conjugate 2 conpfi ety AV HE e or mul a: OH D 0 7COOH
HO O Gal - Gal NAc- G H S“rmff_ 1 24. The method:according to claim 16,

wherein said factor HW onprises a noiety
having the forml a: C COON~ HO %@ggﬁﬁ&@ GHN3 OH 4
wherein 5 AA is an amitho acid residue of said Factor |X peptide. 1

25. The met hod accordifyng to claim 2% wherein said am no acid

residue i s a nenber selected from serine or threonine.
% NHC(C)CH,CHa(OCH,CHo), O CH,

1
HN
HG{OICHCRA{OCH CH)OCH,
) ¢ '

[}
' % NHEO)CH,CHAOGHGHo),0CH,
q
,. , i and
Q NHG{O)CHzCHo{OCH,CHo)OCH,

HN
\N\/\NHC(O)CHZCH;(OCHzCHz),-OCHg
e ¥

ol )
NHC(O)OCH,CHy(OCH,CH,),0CH,
; q
NHO{OJOCH,CHa{OCHCHROCH,

HN
WANHC(O)OCH;CHZ(OGHZCHz)rOCHa
o 4

3
4  wherein

e, fand {* are integers independently selected from 1 to 2500; and i
6 q and q’ are integers independently selected from 1 to 20.
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1 26. The method according to claim16, wherein said factor |X

subst r at V@2PWEPFESthas the 2 am no acid sequence of SEQI/USBHo4MGNI. 1
2,7. The Factor | X peptide according to claim 26, wherein said am no
aC| is . 2.,serine at 05|t|on61fSE. D. NO 1. 29. The

odficcgﬁb‘i Hefredacep tféla @?‘@heﬁe‘giﬁ 3‘“%%@8&?”? BbaEHﬁ] ]tf

cormrlmte@fr&gl ycosyl residue having the fornula: 111 WO
2005/ 055950 PCT/ US2004/ 041070 " v, % f(Fuc); /an-

{[GlcNAc-(@al),]o(Sia)] - (R" I t 1[GlcNAc-(Gal)b]f- (
- AA GLcNAc- GLCcNAg- Ma
([ GLcNAc- (Gal)
s, t, and u ar n
isl 7e f, g a

ia)k-
\'M ([ d cNAc- ( (Sia)t- (R\ tvl "’
5*9%@0%0%00&2%&3@ n5a, b, c, d, i, r,
bndependently selected fromO and 1;, 6 g
ers._i noepeoaienjdop.cembamct ed fromt he
integers fromO t %, an m are menbers independently
sel ected fromthe i g 0 and 100; 9 v, w, x, and y are
i ndependently sel ectéd f an HPSO)DﬁwGHz@FHzP@ﬁUs one of v, w X,
and 10y is 1; 11 i am no acid residue of said Fa@Por I X
peptide; 12 Sia-(R) has the formula: D HOOC 5-0 TNH-G 5555 13 off
14 wherein 15 D i a nenber selected from-OH and R-L-HN-; 16 Gis

a nmenber sel ecte L- @Rcnsh bty deR) al kyl; 17 R is a
noi ety conpris er~selected a strai ght - chain or branched 18

19
pol y(ethyl ene glycol) resifdue; ,and 19 | js nker which is a
“menber selected froma @ﬁ'ﬁldﬁ/@rbgf\&u{Né*a(o)c?F’E%Hz(OCHZCHZ"OCH“

HN NH, ¥
HG(O)CH,CHa(OGH,CH)OCH,

3 © ¥
4  wherein
5 e, fand f are integers independently selected from 1 to 2500; and
6 4, o’ and g”are integers independently selected from 1 to 20.
1 2%  The method according to claim 16 wherein R' has a structure that is 2 member
2 selected from:

é-—-—C(O)CHZCHZ(OCHZCHZ)EOCHS : and

Oy 3—-C(O)OCHZCHZ(OCchHz);OCHS

4  wherein

e and f are integers independently selected from 1 to 2500.

1 22 The method according to claim 16, wherein said Factor IX peptide conjugate

2 comprises a moiety having the formula:
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20 unsubstituted al kyl and substituted or unsubstituted heteroal kyl,
21 such tWQR2ENSD is OR Gis R -L-, and when Gis  PCI/US2004/041070
-C(O(CG-Co)alkyl, Dis 22 RI-L-NH. 112 WO 2005/ 055950

PCT/ US2004/ 041070 1 29. The~nretjapd according to claim 28, wherein
said glycosyl residue is d@taclied to a 2 nenber selected from Asn
157, Asn 167 and conbi nati ons . cobn30. The nethod of claim
16, further conprising, prise” to a): 2 ( expressing said
substrate Factor | X peptide in alsuitabPefdst—¢ell. 1 31. The

met hod of cl ai m 30, wher ai-n—saj I's selected froman insect
celé and a 2 mammualian cell. 113

OH

1 23 The method according to claim 16, wherein said Factor IX peptide conjugate
2 comprises a moiety having the formula:
OH

0 COOH

HO
O—Gal— GalNAc—é
G—HN
3 OH

2%, The method according to claim 16, wherein said factor IX peptide conjugate

2  comprises a moiety having the formula;

COOH v

O—Gal—GalNAc—AA

G——HN
3 OH
4 wherein
5 AA is an amino acid residue of said Factor IX peptide.

1 28, The method according to claim 24, wherein said amino acid residue is a member -

2  selected from serine or threonine.

1 26,  The method according to claim 18, wherein said factor IX substrate peptide has the
2 amino acid sequence of SEQ. ID. NO:1.

27.  The Factor IX peptide according to claim 26, wherein said amino acid residue is
2 serine at position 61 of SEQ. ID. NO:1.

1 98  The method according to claim 16, wherein said Factor IX conjugate comprises a

2 glycosyl residue having the formula:
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WO 2005/055950 PCT/US2004/041070

) e (IG1eNAC-(Gal),],- (Sia) - (R), ]
g““}\A élcNAc-GlcNAc—Man)VI {[GleNAc~(Gal), - (Sia)c- (R),,
|

)
([GlcNAc-(Gal), ], (Sia) - (R), ]
([GleNAc-(Gal)yly- (Sia),- (R),)

an 1

/N

Yq

wherein

a,b,c,d,i,z,s,t, and v are integers independently selected from 0 and 1;

qis1;

e, f, g, and h are members independently selected from the integers from 0 to 6,

Jj» k, 1, and m are members independently selected from the integers from 0 and 100;

v, W, X, and y are independently selected from 0 and 1, and at least one of v, w, x, and
yis 1;

AA is an amino acid residue of said Factor IX peptide;

Sia~(R) has the formula:
HO

OH '

wherein

D is a member selected from -OH and R!-L-HN-;

G is a member selected from R'-L- and -C{O)(C1-Ce)alkyl;

R! is a moiety comprising a member selected a straight-chain or branched
poly(ethylene glycol) residue; and

L is a linker which is # member selected from a bond, substituted or
unsubstituted alkyl and substituted or unsubstituted heteroalkyl,

such that when D is OH, G is R'-L-, and when G is —C(O)(C;-Cg)alkyl, D is
R'-L-NH-.
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29.  The method according to claim 28, wherein said glycosyl residue is attached to a

member selected from Asn 157, Asn 167 and combinations thereof.
30, The method of claim 18, further comprising, prior to step (a):

(b) expressing said substrate Factor IX peptide in a suitable host cell.
31.  The method of claim 30, wherein said host is selected from an insect cell and a

mammalian cell,
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