WO 2005/ 055950 PCT/ US2004/ 041070 GLYCOPEGYLATED FACTOR | X CROSS- REFERENCES
TO RELATED APPLI CATI ONS [ 0001] The present application clains priority to
U.S. Provisional Patent Application No. 60/527,089, filed on Decenber 3,
2003, whi chwe 2os0smmor at ed herein by reference in their p®ye@hifaiyfor al
pur poses, U.S. Provisional Patent Application No. 60/539,387, filed January
26, 2004; U.S. Provisional Patent Application No. 60/592,744, filed July 29,
2004; U.S. Provisional Patent Application No. 60/614,5 18, filed Septenber
29, 2004; and U. S. Provisional Patent Application No. 60/623,387, filed

Oct ober 29, 2004 each of which is incorporated herein by reference in their
entirety for all purposes. 10 BACKGROUND OF THE | NVENTI ON [ 0002] Vitam n
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glutamic acid residues in protein precursors. Vitamin K-dependent proteins are involved in a

15  number of biological processes, of which the most well described is blood coagulation
(reviewed in Nelsestuen, Vitam. Horm. 58: 355-389 (2000)). Vitamin K-dependent proteins
include protein Z, protein S, prothrombin (Factor II), Factor X, Factor IX, protein C, Factor
VI, 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. Gas6isa

20 growih arrest hormone encoded by growth arresi-specific gene 6 (gas6) and is related to
protein S. 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. Narure 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, most current therapies have
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5 Warfarin therapy is conplicated by the conpetitive nature of the drug with

its target. Fluctuations of dietary vitamn K can result in an over-dose or-
under -dose of Warfarin. Fluctuations in coagulation activity are an

undesi rabl e outcone of this therapy. [0004] Injected substances such as
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ant i coagul ant s, - gai n, these conpounds are subject to overdose and nust be
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of coagul ation. See, Sorensen et al. J. Biol. Chein. 272: 11863-11868
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Active site modified factor Xa is another possible anticoagulant in this group. Its cofactor
protein is factor Va. Active site modified activated protein C (APC) may also form an
20  effective inhibitor of coagulation. See, Sorensen et al. J. Biol. Chem. 272: 11863-11868

(1997). Active site modified APC binds to factor Va and prevents factor Xa from binding.

O

[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  Overproduction of these proteins is [imited 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.

4

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

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

must be administered frequently in high dosages, which ultimately translate to higher health

2



5 concentration of the peptide in the serumis reduced by half. Wen Factor
Vila is used as a procoagulant to treat certain forns of henophilia, the
standard protocol is to inject Vila every two hours and at hi gh dosages (45
to 90. nu. g/ kgoraehnseeoght ). See, Hedner et al., Transfus. pcWRd200B8Y¥10707:
78-83 (1993)). Thus, use of these proteins as procoagul ants or
anticoagulants (in the case of factor Vlla) requires that the proteins be
admi ni st ercerd casts thee qighitbeingcessarsilifs mond effiderd metiogHodnskige fangfi08g8k, Goe

solution tg the problem gf providing ¢ effective gl ycopeptide
t her apeut ieﬁgc"%@?yc%f&ﬁﬂ? ﬁle S’K}tiwaé”aﬁgﬁatlﬁg%s with longer in vivo half lives.
For exanple, glycopeptide therapeutics with inproved pharnacokinetic
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non- I MMUN@geBhdldnety/eptétes forfld Ohhasohizy R Staansd peRbid & HekERnas: eupl ed
to pol yet hyl ene gl&;i:ol (PEG or polypropylene glycol. In addition to
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due to thg,in i he P j {e e po eptides i.n
quest  on. Y086 TS ShFhaT R T AT SR ahbrob BRI R g ant
derivati vei,thd @spePltidey iaf reguiteithatahegibleis batalinigeled hofigued: inRPlARAaM No
acid residue (see e.g., U S Patent No. 4,088,538 U. S Patent No.

4,496 1889 at iglsdosaggsent No. 4, 414,147, U.S. Patent No. 4,055,635, and PCT 25
WO 87/ 00056). Anot her node of attaching PEG to peptides is through the

non- speci fi4 I I: i Nt i ., WO
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ackbone. course, random ition o PEG nol ecul es has_jts drawbacks, -
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for reduct ' Dj j - YRR [IYE N YA I
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of a specifically |apel ed, readi chargcterizabl e,. essentially honbgeneous
pr oduct it@l'@ﬁb@%g ihﬁ?age@@gﬂmﬁé‘%%?flj’é T "eﬁ"ﬁé’élﬁlu&@%félll%g g p5p%99s- $98cifically
| abel ed, @%ﬁ?@@@@%m@t' iNROAPE YL 416 RistR%s oA f%lh‘l% hid hdofiQes t hrough
the action of €nzynes. Un%’?%é ﬁe t yp]lF cgl PRon- s pgc{n Ic gretl%%bclgb%r “at t achi ng
a such as enzymes and peptide hormones coupled to polyethylene glycol (PEG) or
polypropylene glycol. In addition to reduced immunogenicity, the clearance time in
20 circulaiion is prolonged due to the increased size of the PEG-conjugate of the polypeptides in

question.

[00101 The principal mode of attachment of PEG, and its derivatives, to peptides is a non-
specific bondiilg through a peptide amino acid residue (see e.g., U.S. Patent No. 4,088,538
U.S. Patent No. 4,496,689, U.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 glycopepti.dc (see e.g., WO 94/05332).

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

specific manner 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 enzymatic activity of the peptide. Therefore,

for the production of therapeutic peptides, a derivitization strategy that results in the
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5 synthetic polynmer or other |abel to a peptide, enzyme-based synt heses have
t he advantages of regioselectivity and stereoselectivity. Two princi pal
cl asses of enzynmes for use in the synthesis of |abeled peptides are
gl ycosyl transferases (e.g., sialyltransferases, oligosaccharyltransferases,
N-acety] gl ucosam nyl transferases), and gl ycosi dases. These enzymes can be .
used fd#gyﬁgﬁg eCific attachnment of sugars whi ch canlfﬁﬁgﬁﬂggﬂﬂéﬁtly 10
nodified to conprise a therapeutic noiety. Alternatively,
gl yCOs¥libR B3RP NI RBIELdiR dhGhHEeRRIbIAS AN R desRDub Brodhéect |y
tran§%§%1nng?%ﬁ%3 sud@rseto a gggtide backbone (sge efg., Li U S. Patent

6, 39% @P6riorafdciunSthoPahartbedppdiickptd.on Publ i cati ons 20030040037,
20040132640, 20040137557, 20040126838, and 20040142856, each of which are

i ncor.por.ated, reference herein). Methods conbinin ot h.chem cal and
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2004 57 which is’incorporate erein reference). [0013] Factor IXis
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forns of Factor I.X are jn.use.today,.these peptides gan be |nproved by 20,
nodi FPEAES e&%‘ t%Steé?‘ﬂ‘?ﬁfﬁﬁté“fyhjmg%ﬁgg?ﬁ?zﬁmﬁ ﬁ% WO i ng i sol at ed
gl ycggﬁtﬁ&ﬁg dﬂaﬂé{e@qjégﬁdgsmgmés Rf8s(6R581 (0%, Siall@@thsfdlaselle art for | onger

| astihg Factor | X peptides Wt i nproved effectiveness and better
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reproduced over, and over again. [0014] Fortunately, Factor |X peptides vvi(ﬁ)
\-w_-

i mpr glsdsigeses eradwsiisedta ditcclin drandetroeiifiehyugarsi p peptidecdmelione (sv6% Been

di sc red, Lt Factor..| X I ' j ved

phar %go%?%hfggggg é’ﬁ@gﬁiégﬁaﬁn@ﬁ‘pépcs%m%?(E){%liwg‘génsﬂn@gg%@g?ﬂ y practical and
cost 26H4@abEe200W1 BRTEY, D040 DeB38! AARODLON2856, ehanef Wideh ae | X peptides. The
Factor | X peptides of the 30 invention conpri se nodi fying groups such as PEG

noi etiieesporttb@barsdarens herdink iMethodsisiombitieg btk shemigaliand cpzweaticThe pr esent

[ tion.t f fills th d_f I /,055950

beT; B SO siniue ek - tact R R An e ©Epr sdet veness and
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wherein Factor | X provides effective therapy. SUMVARY THE | NVENTI ON

[ 0013%ferencdlas now been di scovered that the controlled nodification of Factor
| X with one or

-

[0013] Factor IX is an extremely valuable therapeutic peptide. Although commercially
available forms of Factor IX are in use today, these peptides can be improved by
20 modifications that enhance the pharmacokinetics of the resulting isolated glycoprotein
product. Thus, there remains a need in the art for longer lasting Factor IX peptides with O
improved effectiveness and better pharmacokinetics. Furthermore, to be effective for the
largest number of individuals, it must be possible to produce, 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 pepﬁdes 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



5 nore poly(ethylene glycol) noieties affords novel Factor |X derivatives
with i nproved pharmacokinetic properties. Furthernore, cost effective

nmet hods for reliable production of the nodified Factor | X peptides of the
invention haygRRMAsesd scovered and devel oped. [0016] | n pdpyespeRiornt he
present invention provides a Factor |X peptide that includes the noiety:
DO COON HOO~ GHN10 OH In the fornmula above, Dis -OH or R -L-HN.

The synbopepGdesepitieembteedRhe ﬂlelapcutrc@ﬁ@ﬁﬁ\@ness @6J ahdeyled pRarmacckingitefoy the
conpri sin chain or ched, pol y(ethy] ene gl ycol) residue; and
Lis ali @@@P%ﬁ&%ﬁ%@rﬁ aﬁ%%@se'&s GERSECIPF @V}S‘Sﬁﬁf%“g BHTEt ed or
unsubstituted al kyl and substituted or unsubstituted heteroal kyl. Generally,
when Dis OH G 15is R-L-, and when Gis -C(O (C-C)allcyl, Dis
R-L-NH. As will be apprecsgmm b'FOPﬁEINfV]E?Wﬂd nin the art, in the

al's

sialic acid anal ogues set forth herein 0 represents COO or a salt
t hereof | ano her spe the inv pr.ovi of maki ng
o PEG.y1 olOBLHS bV, SetniTBRaral e P eotsmen podisBuen racielR sutoreohe

i nventy Onmbz‘“ccﬂo(ll]‘f{@tﬁyl@:ﬁé 219641y ﬁ‘éie't1ék9af?or§§nc§ﬂép15atc&ﬁtlﬁ deRGHRks g%hl%ﬂidvg& with a

PEG sialic acid donor and an enzyne that transfers the alic acid onto
an am no peiackingliy popyities. dirthemna®, meefféatvmetmmpfeptdldblp poovthetion of

condi tion ate f,or the ansf er c,acid donor
ooty nate EREERTARF Ik B o bE NS e E b e S Bl eh o Sl o Con O
HOHO O-P-0 H G HN D

[0016] In one aspect, the present invention provides a Factor IX peptide that includes the

moiety:

OH

HO O‘-—-—é
G—HN
10 CH
In the formula above, D is -OH or R'-L-HN-. The symbol G represents R'-L- or -C(OX(C-
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)(C1-Coalkyl, D is RI.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 amiﬁo 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:
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OHONN ~NH2 [0018] In one enbodinent the host is manmalian cell. In
ot her enbodi nents the host cell is an insect cell, plant cell, a bacteria .
or a fungi. 1 5 [0019] In another aspect, the invention provides a nethod
of treating a condition in a subject in need thereof, wherein the condition
is characterized by conprom sed coagul ation in the | LIhe met hod -
compri s&@ PROSTEp of administering to the subject aﬁ&gwﬁﬁ%?m%pﬁ?he Fact or
| X peptide conjugate of the invention effective to aneliorate the condition
in the subject. Ap~ex | ary di sease treatable by this nethod is
hemophilia. 10 [ I n anot her aspect, the invention provides a
phar maceutical fornul ation, co Hsi.ng the Factor 1X peptide of the

i nvention and a phas gecept afe carrier. [0021] Other objects
and advant ages of the invent|oA-wHobe appareol to those of skill in the
art from the detajle ipti on lt hat_f QESCRI PTI ON OF THE DRAW NGS

15 [0022] FIG1 is thg strlucture 8 Fact , Skljowi ng the presence and *
| ocation of potential ¢lydbsylation site§ at 157, Asn 167; Ser 53, Ser

61, Thr 159, Thr 169, and Thr 172. [0023] FI 2[“5 a scheme showi ng an
exenpl ary enbodi rent of the invention in whichya ICarbohydrate residue on.a

Factor 1X peptide is renodel ed and gl ycopegyl at €d: ,@)2 sialic acid nopieties
are renoved by sialidase and the resulting gal actose residues are

gl ycopegylated 20 with the sialic acid derivative of FIG 5; (B) a nannose
residue is glycopegylated wwth the sialic acid PEG (C) a sialic acid

ol eF[UOfBﬁ.ngBné\'élﬂbcycﬁﬁl@nti e BosY SARGANhBHEEIVTA BillePEnBddihbits 86l Hbst G (D) a
c aci fty i's o

siali nol e an O-glycan is glycopegylated with the sialic acid
PEG an(ifiSeciSPB, fadEeled baferieactdundiX from 2(A); (F) SDS PAGE gel of Factor IX
fromthe reaction producing 2(C) and 2(D). 6 WO 2005/ 055950 . N

PCT/ / 041070 241 FIG 3 . Lot . comparin in viyo. residence
| | fe&&@i%@%ﬁﬁl%ﬁ%@ ealpggm'ggéatr%vﬁ S% ’B%tﬁ%d 8%%31%% F%glﬁcpﬁmigﬁlyac%%gﬁgl at ed

Fact g nted th:002 ShefolGhe fodditich & 3bhracte@agaaly ddehpidigis@Cédapikiiesiohe t he speci es
shown in FIG 3. [0026] FIG 5 is the amno and sequence of Factor IX 5

[ 002 Abje¢tGThe meshasl apmaphiesche step ehadministerive te the sphiaetracsiurked tie properties of
vart Qiior Ix peptide conjugate of the invention effective to ameliorate the condition in the

subject. An exemplary disease treatable by this method is hemophilia.

10 [0020] In another aspect, the invention provides a pharmaceutical formulation comprising the

Factor IX peptide of the invention and a pharmaceutically acceptable carrier.

[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
carbohydraie 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 acid 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).



gl ycopegyl ated Factor | X nol ecul es conpared to a non-pegyl ated Factor | X

[0028] FIG 7 is a table of representative nodified sugar species of use in
the present invention. [00291 FIG 8 is a table of representative nodified
sugar species of use in the present 10 invention. [00301 FIG 9 is a table

of sialyl transteseses of use to transfer onto an accept orpcd @6l B9
sialic acid noietiy, such as those set forth herein and unnodifi ec? sialic
acid noieties. DETAILED DESCRI PTI ON OF THE | NVENTI ON AND THE PREFERRED

EI\/:BO(:)I I\/EI\I'I'@OZ‘!JSTIA% Blri@e Pl comparfr@oBdin @Eﬁ;éSidﬂiop?ﬁ&thyésmﬁiagglgc@[yh]’fed%&olr X cal
o] ro ne ol). Ara ihosyle, Fru, ructosyl; Fuc, fucosyl; ,
gal ;cfoss%’%n%&j?m%fca% %@8‘?@%@%@5@8@% inyl; dc, gl u%:/osyl ; GlcNAc?/

N-acetyl .l ucosamiyl; Man, mannosyl; ManAc, nannosam nyl acetate; Xyl,

xyl osyl ; ajee2eRIAL A isk edb¥d coiipaaiag thel eutiandmie dpeciVB oW FeGes 6- phosphat e;
Sia, sialic 20 acid, N-acetyl nheuram nyl, and derivatives and anal ogues

t her eof . [%5“ nitiaons [0032] Unless defined otherw se, all technical and
sci enti fi clO{eflntdGySaythsapintacid prapence pf Kagier D¢ he same neani ng as conmonl y
understood by one of ordinary skill in the art to which this invention

bel” : | ; [ d the | t
p?ogggu%r eseﬁpﬁﬂadé[lggé% F%@%?%Fﬂhﬁng%uﬁegﬁmge%cgoltk%ggp@ﬂj Iﬁf;g %r@mo;%/ry and

nucl ei ¢ acglgeapbgytated FactaiX hyltilel coatpatid 18k Soh-pesgatvelicieTown and commonl y
enployed in the art. Standard techniques are used for nucleic acid and

pepti de synthesi The techni ques and procedures are generally 7 WO
200510- 559@@2ﬁé’ﬂﬁu@é%@bkﬁﬂﬂ@ﬁ%@ﬁ?@ﬁé@%é@ spastys pgumﬂ@mma@nw met hods

in the artj,ang yarious general references (see generally, Sanbrook et al.
MOLECULAR CLONING A LABORATORY MANUAL, 2d ed. (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N Y., which is incorporated herein by
r'ef.er ence) (0024 K. &riea mblvifdegedchntivghodified bigr decitaetse iTHe piaerncl at ur e
used 5 herein and the | aboratory procedures in analytical chem stry, and
organi ¥ syRYHEPRC described bel ow are those well known and commonly
enployed in the art. Standard techniques, or nodifications thereof, are

used for oM aaG. 9YN4 BERET BN neheIh &R 0r aRak é%ﬁ:\;jfﬁ nQ(?%glcrc]; r%!)ar a rrnodiﬁed

ol i gosaccharides described herein are describ .
abbr evi at i stlicfagid maitiey, mariasdlivseiseifoslabahiarand enfibdidied sighd Jcid froidtiewed by t he
configuration of the glycosidic bond

DETAILED DESCRIPTION OF THE INVENTION AND
THE PREFERRED EMBODIMENTS

15  Abbreviations
[0031] PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); Ara, arabinosyl; Fru,
fructosyl; Fuc, fucosyl; Gal, galactosyl; GalNAc, N-acetylgalactosaminyl; Gle, glucosyl;
GicNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, manmosaminyl acetate; Xyl,
xylosyl; and NeuAc, sialyl (N-acetylneuraminyl); M6P, mannose-6-phosphate; Sia, sialic

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

Definitions
[0032] Unless defined otherwise, all technical and scientific terms used herein generally have
the same meaning as commonly 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



10 (a or (3), the ring bond (1 or 2), the ring position of the reducing
saccharide involved in the bond (2, 3, 4, 6 or 8), and then the nane or .
abbrevi ati on of the reducing saccharide (i.e., GIcNAc). Each saccharide is
preferably a pyranose. For a review of standard gl ycobi ol ogy nonenclature

see, Essentials of G ycobiology Varki et al. eds. _ 9). [0034] -
Qi gosXOAMUFSY ar e considered to have a reduci ng eﬁh Eﬁg‘ﬁﬁmé}éﬁ@redum ng

end, 15 whether or not the saccharide at the reducing end is in fact a

red Ugér@&m%%l g@cfordlha t@&ﬁ?ﬁﬁﬁﬂﬁpmet%&shn @&%@&ﬂ%ﬁ@ﬁ@g&b@! G en @k | (agsace hari des

are tepicted herefn with the non-reducing end on the left and the reducing
end gmetdﬂéf Sarghftook @MSHDLEMMWNIM&&LQB@MWRYMM& £d edny 988nber of a

L R 2B BRI ot A5, 0 pR SRR e f the
Ket Op S @m&ee)3w'ﬁmﬁ'a&e@w1d% %a@wﬂ%s%bjﬁﬁérﬁnqrﬁyh&ﬁyﬁm -Jse@nic acid -

(of ten abbrevi at ed as second nenber of the fantly
3 l\hqumﬂvhelahmﬂo&nmcezduaaa inl agNgicglhenistive a@@r,gamn sythatle deseritedacet yl

gr oup of Ac [ droxylated. . Athir allc fa menber is -
0 e POy R WONG A Sty ReRPYRadhn st s A8 | gtss S 51 o1 ° chem
261; LEEROY weome@mfor Bhendibal systhesBt Rhd cHeRREA s@fifies.21811- 21819 25
(1990)). Al'so included are 9-substituted sialic acids such as a 9-O O -C6

acyl - NeuSAc like 9-O1 actyl -Neu5Ac or 9-O acetyl - NeuSAc,
9- de {1033 AfllaligpsacelenBprdeaeibeg hevdiniare gestaibgy mthéﬁ/ﬂame Eabbrewiptioni@r t he

[ i d,f I . 2 99 Si al
ac dte Ehur el aiit s er s iR by el ﬂﬁﬂé&%ﬁﬁe EREOREE PR s - Ver | ag,
New oYBfB eﬂe%ﬁ%)t)and The: z%yﬂfef}ﬁz%lp%sﬁegoptﬁe1é&ucﬁﬂg%h¢cﬁaﬁ@e HvaoEpaURgs in a

sialylation procedure i€ i'sclosed in intérnational application WO ()
921156402, pubbics ﬁmndm@nmlw naih;ze dr%BrevﬁﬁWﬂth@i@Bﬁ@S@ccﬁﬁﬁdd@EQOM 041070 -~

003 " j de" f t I whi ch. t i i d
tind GHVASE et steih i el PRRRore, BORA Vo SRR S OISR S 1 e Lo as a
pol YH&BEﬁéiﬁure@E’éj'E%&e%ﬂﬂE by GlycdBRY AThD A CiER, p@IAsIaID! e, (3-al ani ne,

phenyl gl yci ne and honoarginine aré also included. Am no acids that are not
gene-encoded may al so be used in the present invention. 5 Furthermore, amno
aci dﬁlﬂﬁﬂhohawedtaaé% ampebrisideedito hiveod iedecingenst inde pmeragisingyndcosyl at i on

tes ra |et| bi onol ecul es an t he ke may al so be
ed""r'hff’l‘%le i cggrﬁ tﬂi‘ H’oila&thlﬁ VLR H 1 ﬁcgobc!agg%m i nventi on
ey Qehekddpes rfohﬁnaanu@ bhgosacélﬁﬁa@rale ddpectéd hér&i@RBL the nSieRRuBk¥ndr ef erred.
I n addition, other peptl dom netics are also wuseful in the present

|nveﬂltlﬂ@rieftﬂmiflhse%ﬂuh@g@ndlon'thwelwhtde refers to both glycosyl ated and 10
ungl ycosyl ated peptides. Also included are petides that are inconpletely

glye ﬂﬁ%gfﬁ"ﬁg telbrx “Salic acid” refers to any member of a family of nine-carbon carboxylated
sugars. The most common member of the sialic acid family is N-acetyl-neuraminic acid (2-

20 keto-5-acetamido-3,5-dideoxy-D-glycero-D-galactononulopyranos-1-onic acid (often
abbreviated as Neu5Ac, NeuAc, or NANA). A second member of the family is N-glycolyl- e
neuraminic acid (Neu5Ge or NeuGc), in which the N-acetyl 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; 2181 1-21819

25 (1990)). Also included are 9-substituted sialic acids such as a 9-0-C1-C6 acyl-NeuSAc like
9-O-lactyl-Neu5Ac or 9-O-acetyl-Neu5Ac, 9-deoxy-9-fluoro-NeuSAc and 9-azido-9-deoxy-
NeuSAc. 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.



systemthat expresses the peptide. For a general review, see, Spatola, A

F., in Chenmistry and Biochenistry of Amino Acids, Peptides and Proteins, B.
Weinstein, eds., Marcel Dekker, New York, p. 267 (1983). [0037] The term
"pepti de conwogabasivsnefers to species of the invention i powissdayaupgpt i de
is 15 conj ugated with a nodified sugar as set forth herein. [0038] The term
"amno acid' refers to naturally occurring and synthetic am no acids, as

vel | as #3606 Bentde aivirolgs nohaneirin MbichdhTmanerees et aieq adidaandiasnjoireda.
manner si gaséeﬁfel e ﬁﬂiﬁeamlgﬁoglg agcgm?ﬁ&e% Ldell 301,09 (Zl%egﬁlde %ﬁ&%@k%lﬁooccur ring

am no aci are those enco enetic ¢coO se am no
aci ds t hatnmateral ah@b a6idelifhd e@;@mp& g- alanﬁnédplﬁb)ﬁylglﬁﬁﬂemﬁd h¥md gﬁﬁlﬁ@:ﬁéﬁﬁbm amat e,
and O- phosphoserine. Am no acid anal ogs refers to conpounds that have the
same basi &ckKisH dming pidctheirase ay ganmencoded gy else by asedgn theipresenididentione. | an
a carben r0 r ho r roup, and
2" R of oup therore, AR e IXEBAE roafici R, BN 08V Eero Bl BRROS IR O e

met hyl submppuymeﬁpmhlapmllc@;gﬁeﬂbavmomtébmbmci the QkeotpsalfEbgusedi@flecuci ne) or
nmodi fi ed peptide backbones, but retain the same basic chenmical 25 structure
as a nat ufePoRy Al pf the gmigie acisls descin e pist IR ENtianHEAY heither Be d 051 cheni cal

compounds iRt MRYP.idudt [HEhHhy bifkli> BLAKRLE Madt hAMdAEGRAGE AL Fhem cal

structure o am no aci on’in a nnr Sim
nat ural | yusnfulljnrthenlgeam mmemt@ndAsAsed hes@n, ‘peptaien reftran bugh gl;ﬂcdsylatmmaidﬂer | t is

in a nker or a co f .a ptide seq ence, ref to bo the D and
L-i sohrb; BrelyfRsYlind %&f cdgge ptide %ﬂ%f@ﬁ@@éﬁx ey iﬁr‘iﬂ‘%}’ a 30

[ 0039] As t M gr - or
non- nat ur aﬁﬁgtﬂ(}gg}ﬂjﬁ%ﬁs&ﬂ%a |a dr at eefn%a ﬂre%#gag%zs ti c%ﬁ%lebdt%ﬁéw nto an

am no aci Biwhemisglyyd dayiho Aesis,cﬂwudesfané Ppeping,db Weingeipy ads. ek«ku@ﬂ Deekiger,

i nvention di gar is selected froma nunber of 9 WO 2005/ 055950
PCT/ USZOO%FWE@%P ngggqr‘ﬁéysubst rates including, but not limted to sugar

nucl eotides (nono-, di-, and tri- phosphates), activated sugars (e.g.,

gl ycosyl [@37{ise teghy st comapHat R5rs aNheSUgaT the Ivahtidlie whildi 4 igiidasd | vat ed
nor nucl eotides. The "nodified sugar" is covalently functionalized with a

" modi 1Yi nEonjREies] withug rodifiesugar s #r fptoligseni ncl ude, but are not linited to,

PEG noi eties, 5 therapeutic noieties, diagnostic noieties, bionolecules and

L ke ) TR TR0 PERLEDTOLA Rl o8 SRUM AL Mo QERUIE R

nodi fyi Ngagaroinp ackl a&&]bg&’:irﬁdmﬁﬂ@ﬁbuﬁ hdmectids thioésndtioh irpd et sinfitr td'#edi fi ed
sugar" from bei ng added enzymat cally to a peptide, {0040] The, t
"wat er - so}lwaﬁy FerEpSanEo fpidet @%qu%{awﬂa%a@%@@é@@é@%@@cw@&ﬁ)@h%f

genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, v-

20 carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have
the same basic chemical structure as a naturally ocourring amino acid, i.e., an « carbon that is
bound to a hydrogen, a carboxy] group, an amino group, and an R group, e.g., homoserine,
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified
R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic chemical

25  structure as a naturally ocowrring 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 it is in a linker or a component of a peptide sequence

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

30 [0039] As used herein, the term “modified sugar,” refers to a naturally- or non-naturally-
occwrring 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

9



|
10 solubility in water. Methods to detect and/or quantify water solubility
are well known in the art. Exenplary water-sol uble polyners include -
pepti des, saccharides, poly(ethers), poly(am nes), poly(carboxylic acids)
and the |ike. Peptides can have m xed sequences of be conposed of a single

am no I poly(lysine). An exenplary pol ysacc};ﬁ' J oly(sialic -
acid). aﬁ’r?d’é’ﬁ@?%‘g?%ry poly(ether) is poly(ethylene glyco /iggﬁ%'{/@!(l%@hyl ene

imne) is 15 an exenplary polyam ne, and poly(acrylic) acid is a

r epr esARteAubMetRAhM (Eas XM 16niael 18 bugar nOAddded @oms] Jinmind bdckbone of the
wat er - sol ubl e pol yner can be pol yé}gt hyl ene gl ycol PEG) . However, it

, ) (i.e.
s houPhpdpbates) destiveied qugahle-catdheosyl h@eédglﬁfﬁq’sy’hﬁlﬁ%ﬂ@?é agﬁ separythae®te for use

in the practi of this..inventdon. t. + he: PEG or
. pol yf‘%@ﬁ?}?@ﬁ’&gegl%%gv%ieq%g egiﬁqeer%oerh&ﬁ‘ {Hgsugglallsn%%\gﬂs#?g féa&%ggﬂ%tzggxc Usive in this
r espegbdifig gfRbm BRsul MedivaesrdlpPatinietbhy kenst nytedld, PEG moietied, its forms,
i ncludi ng al koxy PEG, difunctional PEG.  nu|tiarmed PEG  forked PEG ’
Fﬁ ? ? Ga
b$ andifewepEGNOEAY dingneticiqictss, pemolseulebang B8 ke %h%?‘é’ iHDE §EPUBHe or nore

funct.i gna r dent . ) wi th degradabl e-
i nkébeg afglﬁgﬁpg%ﬁétu%ggggﬁurq#é Oégflﬁﬁn%%aégg% %gﬁlg&gfgﬁ E}éé){ofﬁsgogr or branched. -
Br angiirdopdiziti@ whiatlehentsiar gouph sglected ahdhythitridees inot priveenatite.  Typi cal ly, a
branched pal ymer has a central branch core npiety and a plurality of |inear
pol ym@edifisdishear frarpdywmenddetenzamaneallyip ameRtidore. PEG is commonly  used in
branched forns that can be prepared by addition of ethylene oxide to various

pol y%tﬁmgfﬁb‘ A%y MERILRY reBRNL ARNHCH tal aéyeasaaﬁm%efeeiabmdeﬁﬂéa%fcen_t ral branch
noi ety can also be derived fromseveral am no acids, such as |ysine. The

v an sbletiligoinyaseth Wethedsgh yiciottjandian qhenti€p wetsp selybiliteate wellqaawnan thcorm as
R( - PE i n whi ch ts th i et | | (
bent 28 P HEPER VR THE PR RESahTud Ko Rt sarn B des, MCHERY %) red PEG 10 WO
200543@N§r§§1§19e %Ulﬂ%&@@ﬁﬂﬁ%ﬁﬁ%ndﬁﬁé 8R! Bt ded Gl [Rge itesieegiencsd dfad in U S

Pat . . 5,932,462, which is incorporated by reference hereininits
ent i cemposed afia gingls deineisdd, e, nAilysineymin esemRlsoheolysEOdWE]e Many ot her

| , i le f ' i on. K ;
Pon” BERy G- Ehe e Bbrelert s OV O Py Rt BaSERP R 05 ©
Part a6 ekafipliryliftfaMing, And PoliyRerylioy & istireplexéigtive pobf(cabiddytibheidpol yner s

i nclude, but are not limted to, other poly(al kylene glycols), such as
| ene, gl ycol P caopal yners of et ene and

B?%W@igﬁp 9elameah@k¥>w§qfi§fé%va%ww&ﬁyelmw SFEbe %{f@%}}y}e}lg :g§1%§l>a}-%f i nic

al co , [ ' Liedr . I ARy Lde), :
. . t .

pol y? g-bhy & g@gé&%ls%ﬂ,}@%ﬁ%ﬁ%a aqqgég)r%ol , P g%ﬁ%ﬁg atzsgﬁne, %og%%x azol i ne,
pol y ii\the peackioy bimbisihedntioe jind thecthe ase ditthelesmrAR{ed: paly(ethglenPgtycollas 5, 629, 384,
T O ien 1S B ok e and Yol e o St egnett. The o BBY'hhdes
20 poly(ethylene glycol) in any of its forms, including alkoxy PEG, difunctional PEG,

multiarmed PEG, forked PEG, branched PEG, pendent PEG (i.e. PEG or related polymers IS

having one or more functional groups pendent to the 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 to the central branch core. PEG is commonly
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 Iysine. The branched poly(ethylene giycol) can be
30 represented in general form as R(-PEG-OH)y, in which R represents the core moiety, such as

glycerol or pentaerythritol, and m represents the number of arms. Multi-armed PEG

10




and copol yners, terpolyrners, and m xtures thereof. Although the nol ecul ar
wei ght of each chain of the polyner backbone can vary, it is typically in
t he range of from about 100 Da to about 100,000 Da, often from about 6, 000
Da to about 80,000 Da. 100441 The "area under the curve" or "AUC', as used
herein in thevoamts@xi9s@f administering a 15 peptide drug f?@r/ﬂsi%@%ﬁc%
défined as total area under the curve that describes the concentration of
drug in systemic circulation in the patient as a function of time fromzero
to infini ttg@lecmbmsqh fibosealesoribhdirf ULSi P Nor5,932/802, waghisadorperagidbyi n t he

cont ext of i tid rug .to.a ient, 4s defined as the
time requi Feg%feli‘c&he] @r’r& B@B%gp HER gjts‘i) g‘chu%fi aéﬂ’&rﬂgfmeﬁ b&"@?n?)atl ent to be
reduced by one half There nmay be nore than one half-life associated with

the pepti g@48y Mangemensilngeardatd sukhile %1%@9%10@?@2&6? B&okbones 1 at are
redistribution, and other  nechanisnms well known in thé art. Usual al pha

and beta hB9T-Dentidiesing meniatespiubled wath dtent P abotrh#etbphial, phamﬁmuktﬂasxsdm at ed

h |
Howevers wl ERSiOL AR IR DB RIARES Ry RETRE o Bl S1RR0 T ot he 25
bl obdst r eamly@n@n@e@gmola)a sadh dsq;@w(pﬂoﬁﬁgﬁé ?\é@m?maj Eoﬂdm@&s ofétﬁylé

gl ycosyl at ed pepti de rapi d beta earance may be nedi ate
receptors 8hcotagd 6&@5@@% glyg@l agf dlest M@L pay(oxyahylgicd ha@ok)ammnleﬁelctmohuhal

doner bet BRI RS e g e Bt s B oG AR ek | on Tt
nol ecul es MI?@I@W&E@E&P???@h&EHé%ﬁe %ok%lngé?@ief a@l@)}lﬁﬁoxg)%ofﬁ@), KORLor

speci fic or hon 30 spec t ake nmet a in-ti'ssu
d ycoPEGyI é@smmbﬁdrmﬁ © dat. Ny, (36893 8-$,ugiacfsls (reognoratedby zaféresce berein in its entirety,

N-acet yl gal act osanm ne) and the bl ock rapid.al pha phase cl earance via
receptors ?Iﬁ]a @%§n¥e£@1¥lﬂ@§ @éépges fﬁ*‘t‘mﬁﬁﬂ@f)&@l @gmoéq,cuglr Wgreheet @ebkect i ve
radi us andeiihesehy pdin B R0 559 SARARA0AL ol une
of distri bf,ltal on and l,|nssue up l?ake é? %H pfrg)gl ongi ﬁ%@?fh%%g]tﬁj’eﬁg%qggé ase.
Thus, the mtl@kOQOrﬂaoﬁemfrogla}vowﬁEﬁgﬂllaatombowrﬂ()a]q&@a phase and beta phase
hal f-l1ives wll vary dependi ng upon the size, state of gl ycosyl ation, and

th . i “ t t,
Phart -1t o o A5l Rodihg PO AL BASH B histo i s o MBS GriB e |
and RD $Si ngtptiaé drugdSa patldat, WoadinBy bl 10t 8fe und¥FRELEF A hatsdifbbs thel20) . [ 0046]

The term "gl'ycoconj ugation,” as used herein, refers to the enzymatically
medi at ed @WRGLIGHOR odiog insSyiiganid tiechlationan the peldens os & Bunstiomef thne Bonderr to

gl ycosyl §§ gfe of a polypeptlde e.g., an Factor | X peptide substrate. A
subgenus o ycoconj ugation” is

[0045] The term "half-life" or "t%:", as used herein in the context of administering a peptide
drug to a patient, is defined as the time required for plasma concentration of a drugina

20 patient to be reduced by one half. There may be more than one half-life associated with the
peptide drug depending on multiple clearance mechanisms, redistribution, and other
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 sugars (e.g.,
galactose or N-acetylgalactosamine) and thereby block rapid alpha phase clearance via

receptors that recognize these sugars. It may also confer a larger effective radius and thereby

11



|
10 "glycol -PEGyl ation,”™ in which the nodifying group of the nodified sugar
is poly(ethylene glycol), and alkyl derivative (e.g., in-PEG or reactive
derivative (e.g., H2N-PEG HOOC- PEG) PEG thereof. [0047] The terns
"l arge-scal e" and "industrial-scale" are used interchangeably and refer to a
reaction cycl e that produces at |east about 250 ng, [l))ref erably at | east -
about éﬁﬁzb/qi’@”ga‘hd 15 more preferably at |east about Pf %5W’¥0
gl ycoconjugate at the conpletion of a single reaction cycle. [0048] The
ter " yl residue
o Nirrany B Pl (A 8844 shR JIRE AR FoldieBling B ELpERS)
bi onDh@g the@yeciss impaalog glycyPE@YkAahadalphdghagt yrdsyd plasakilfijvegrwillp j oi ns t he
nmodi fying group to the renai Eder of the ]éo conjugate. In ”1? met hods of the
i nv ey RPEDARE Upgh hecip stpic ok BRYGOTHAB N AP ISL @3S Yol Ki%t hed to a
9l ycosyl g efu a1 Qﬂﬂb?'a?%ﬁ%kaﬁa‘?phﬁe@fo% inl Pﬁitﬁlﬁ&’etﬁl'cﬂlﬁﬁ&cﬁb% ent to an
am no acid ancflt ycosyl residue on the peptid gl ycodyl 1inking
@ ou@ o sDpe I(ﬂ%rainlehn ded RDeSindeﬂarpeﬁsa Hamwobd FI%SmIgMStﬁylaMh epdfzymatic
attachment of the "nodified sugar” to an amno acid and/or glycosyl residue 5
of th&peptide. The glycosyl linking group can be a saccharide 25 deri ved ’
structure that is degraded during formation of nodifying group-nodified ‘

ol ye 0041?161? £l <6 gc&ongu%éﬁ&lﬁt AOed RGB! foERGRAE hATRLARANyhedbel ) o), or the

Ing-group’” “may be Intact. "I ntact "gl ycosy I nki ng group”
r ef ec&;ﬁgman bf mknodgiegrsogm spéuids tosndmmomnﬂ orfglywsd rgm@ammf;al nmoi ety in which
t he saccharide no hat i nks the roup.and to the renai nder
of tﬂ‘élYE‘iﬂtﬂjd'E@a%eani d’@@?‘;fo%’gsmée gAnq?ﬁ?F%q é}gé 08‘3(813“”&59“ sBdi um 30 ;
oy BV yink MRS HOHPS e @F JaP% SRyipn may be
QEI‘I%%&)?I‘ om aaﬁohat]%rg‘ya t}lﬂgccur X %H“?u gosaccha1r6| e ﬁ% ?on of gl ycosyl~ j

uni t glsoliprand a}’ml/&rmaﬁv&)@% an- Bﬁﬁ)e)r reficirendsyivative e g‘,rHuN HEGaH@tQC—s acchari de*
stru§ (l:lr g@ 1§ WO 20051055950 PCT/ US2004/ 041070 [0049] The term "targeting

noi e 1% "%®6ed herein, refers to species that will selectively localize in

a parti cular tissue or region of the body. The localization is nediated by i
SPEC|go4?| TEECRBM AL RAL" AT Gtk -Q%Iee'étf@dké@hﬁercﬁﬁ%ﬂg@ﬂﬂif Md RFF% /f the |
targeting agent or conj ugate, ionic interactions, Rydrophobic interactions

and tehetidni dyele thitipesdurecdiderssateubl S0 g geeferablya lcfas%@@nt 5Q0oma, @drt i cul ar

{7 GBI g SR hariane] Hgaas veR e B P FARREN SoRIF FRRCPYr i n

HS-ng_})@é)protein coagul ation factors, serum proteins, 0-glycoprotein,
Gw CSF, M CSF, EPO, serum proteins (e.g., Factors VII, \ﬁla, Vi,

I X, and X) and the |iKke.
[0048] The term, “glycosyl linking group,” as used herein refers to a glycosyl residue to

which a modifying group (e.g., PEG moiety, therapeutic moiety, biomolecule) is covalently
attached; the glycosyl linking group joins the modifying group to the remainder of the
20  conjugate. Inthe methods of the invention, the “glycosyl linking group™ becomes covalently

D

-
.

attached to a glycosylated or unglycosylated peptide, thereby linking the agent to an amino ' —
acid and/or glycosy! 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 group can be a saccharide-

25 - 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 glycosyl linking group” refersto 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

30  metaperiodate. “Intact glycosyl linking groups” of the invention may be derived from a
naturally oceurring oligosaccharide by addition of glycosyl unit(s) or removal of one or more

glycosyl unit from a parent saccharide structure.
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[ 0050] As used herein, "therapeutic noiety" neans any agent useful for

t herapy including, 10 but not linmted to, antibiotics, anti-inflanmmtory
agents, anti-tunor drugs, cytotoxins, and radioactive agents. "Therapeutic
moi et y" i ncl Ud@SIEHGENgs of bi oactive agents, constructs par/ustedgduiomr e

t han one therapeutic noiety is bound to a carrier, e.g, nultival ent agents.

Ther apeut i i al so includes proteins and constructs th i ncl ude
proteins. %?gﬁipfé\%lg?mp eHPR DI | fiesed hgiery Folers b sHepics ﬁ’éHWﬁf)%eieeP&ﬁw ocyte
Col ony Sti rpshigdeling phARLRE tidsE S bgion D BeAoHY. OTNE BeABSHAPHIURIAQ B Whecific
Stinmulating Factor éGIVCSF), Interferon (e.g., Interferon- (x, -(3, -yl),

| nt er | euki ¥ecpgnigon ofj meleeulas determingyts, meleaupimstaditstageting ageFawtoonmgite) , VI | a,

VI, IX . Human okt onic nadaqt in CQ), ,Fallicle Stimulating
Hor none ( %rfkqélnaﬂ leé;ﬁ{rg}#r%]i’ noé” #eﬁat? 8115(@&)’:15%1%. Q{F?rgﬁ@gl}amﬁg% ASCHRS s
(e.g. Tunosgehery Dgdirscif@ciaie or REE@Pe kndvd WHRddeRF sRAmmiR A eRpREPt €in)) . 20
[ 0051] As used herein, "pharmaceutically acceptable carrier"” includes any

material , WSS RS Eside aadbodios rantihadie Begmeyss, EanderainnsSgheoporiingat es’
activity and i.6+008: ' | . jegt/ iéﬂg% / Exanpl es

i ncl ude, b%g%%g&g%Ec{oﬁggné%?ryg%ﬁapnglgg?ﬁ?‘%iél’ ?t Ca%%ar phgf)r{}rg’g;%gﬁﬁ)t%@%
carriers spolei@s(ca., [Faoepialeviia il B4 aadX)aad gellikej on, water, enul sions such
as oil/water enulsion, and various types of wetting agents. Qther carriers

may al so ipcl dg 25 sterile solutions, tablets incl ud'Q oated tahl ets and
capsul es., R@Sﬁc Wdiﬁa%c FAPEHLS ree}ﬁ&yam#anse%iag?r&ﬁﬁ%ﬁl ﬁe CEDY SICIERE. i | k.,
sugar, jFer b@indt MRES 1o hnifth s, A8 a\rﬁ&nat%lgf%ﬁé, ggﬂttgmgg m@g%,sﬁot&,&%r sgcf

magnesi um or cal cium stearate, talc, veg ; guns, ycol s,
or ot her tadpasiibeagens.elitherapBuiddhmoeigty’iierisderprodaissef bivettide géttaconstant inol or

additives of.other . ingredients. Conpositi.Qns conprising.such carriers are
For mul at ed BT TERGth TS ORURVRIEDRar Tt RETSEE 0 Bo I ALTLEEAEher oi n
"adm ni st eThétgpeutitBRMGy AkdincRAR Roidsahl QOnstratid it Slchalk ipRAciA$ Bxemplary
suppository, topical contact, intravenous, intraperitoneal, intranuscular,

i ntral esi apigieins induge bpowsradsysd tpdhrudeata Colenp pomulatng Hae(GETE),

subcut aneo Wl Al ong i t@' e el e- devi ce
e.g., gsn mé?ﬁn-ﬁ%s thlgg(l:&%%%?c?@ﬁ)f ﬁﬁﬁgigﬂ}?@?&&/& m n@f)f ?rg?sr%e%ﬁ ‘{e&ﬁ%%éfﬁvnr‘ oute
i ncl udi ng gapent dhttlevian k. .,tFn@elﬂ%ﬂklﬁ@ﬁ,aden(r@pﬂ)teinﬁ(fe?,,Faﬂi.@ﬁsaﬂl, vagivial, 1xr ectal ,
or transdernal). Parenteral adm nistration includes, ,e&g). , intravenous,

Tm

i nt r anus c urX), Huea-Ghorieni glosadatieping @ imal ollisls Stinrdaiing gne (FSH) and

i ntraperitoneal. iptraye i cyl ar d.intracrani Leover ere

i njection ?@e@%mtgr}gogtn%%e &tt}gr%?a&ébo&?%mﬁéﬁp 18%%15’ g‘ﬁt ‘jsl{l%r, E 'Snfiragt/g?ati on may
be direct | Redeptok (@NRRYI: dJandinohsibRptdihgsues  surroundi ng the tunor. O her
nodes of delivery include, but are not limted to, the use of

20 [0051] As used herein, "pharmaceutically acceptable carrier" includes any material, which
when combined with the conjugate retains the conjugates’ activity and is non-reactive with
the subj ect‘sl immune systems. Examples include, but are not limited to, any of the standard
pharmaceutical carriers such as a phosphate buffered saline solution, water, emulsions such
as oil/water emulsion, and various types of wetting 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 adminisiration, administration as a

suppository, topical contact, intravenous, intraperitoneal, inframuscular, intralesioual,
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| i posonmal fornul ations, intravenous infusion, transdermal patches, etc.
[0053] The term "aneliorating”" or "aneliorate" refers to any indicia of .
success in the 10 treatnent of a pathology or condition, including any

obj ective or subjective paraneter such as abatenent, rem ssion or

di m ni slworgosaisssynpt ons or an i nprovenent in a patiemctaupbpsimad C) or -
mental well-being. Anelioration of synptons can be based on objective or
subj ective paraneters; including the results of a physical exam nation

and/ istranasplay SHpoaneeusARRIRiStioR, or t{lwai?mw Uy PRWEHBISE IGVice BRefs
to"treatings "t eat ¥ A0l Sea i 1. includi ng

pr eviiErh s up I IERH, MipRlhGanzty Shy (ORI AL oy be
pr edisposedial @.4 healdiaeb segitlf rectak s madsdyreial e Xaesnteralceindniseatiinbi t  synpt ons

of the ai sease prophyl actic. treat msntc%l, . nhibiting the di sease (sl ow ng or
ar r 8¢ AR F s @%ﬁﬂ’é‘ﬁﬁl}l}ls‘mbﬁdwwﬂﬁﬁl %Im‘g‘é&fdefm%nﬁ"%ﬁ@a%t oms or o
t%hg%;}ﬁaﬁe%ﬁ&&?f;ma%nﬁba&?éﬁ ﬁm-a&hlggﬂ. rmoxgabérg %11%1\4%%&{08%% Wa and relieving

I Sease (causing regression of the disease e term
" ef fiaoior,eez. Amdunetapoptosis,adransation efdfydetdineetly t'the ttandrtandioa peotissmas | y

effective,. a nt" or.an ranmgtical | ivalent . .te ns the anount -
E har ek er cPREr HioSiiot ReIniely blaPot iredunt tirgted i ape i o
suf fligdsembl fon@hfiet iduhfaoiPRtust trhitdbmeli $RRA&, e0056] The term "isol at ed"

refers to a material that is subsfantially or eSsentially free from

conponents, which are used to produce the material . For peptide conjugates
of t[R@SFInTherteims emelpzatinge or wmpliofaie|refiesdo apg iniga pHsUsBRSe B that i s

bst i.al i ad rea. fr - WA C I cconpany
S APLALP R SPLB, ELER S0 SRSt SR o7

" | s odbatesttnt, aadisSipt be dindhichiug eflsyniitene beagiegbyemehy pi £adtleyi's pigeicslt ed pept | @
conjugates of the inventjon have a level of purjty.preferably expressed as
a rafgecntatyell-brigg Adneliomtionod syapiges ot by based gn pBieCH VRO SEREFEE conj ugates i s
abo 9 : % : range of

pur T B B0 L S G P e kB ™12 Vo
2005/ 055950 PCT/ US2004/ 041070 [0057] Wen the peptide conjugates are nore
t hanf0af4juthegass fthewpyt tefirs tofitieating ber "dreatnadng oof aptisher abdopdiéwpr essed as a

range.. The | ower end .of the range of purity is about. 90% about 92% about
o0 mIBHE PO GRE BEG0ES 856 B POGHENG I BRGS0 Buri ty | o about
92% pradi9ptscPbhe 8RO4E bREIKes aBONE B8R HeRe cﬁ‘léﬁlﬁ%it%%}?{foﬂﬁrdfttﬂe digeabP058] Purity
is determned by any art-recognized nethod of anhalysi's (e.g., band intensity
on (araphylaetic Eeaiinari iglibiling dieydisonyd (sloivdieg gedrestiegity dpbopesny, HPLC, or a
f];neérﬁ\rridar%ggl?%fg%ogg gxggs]ymp o%r'lsseorr]tsid%-lelf%ct(sa%%&e%s%gseer(in%flucﬁgge peHl?aPml{rleatl on," as used

treatment), and relieving the disease (causing regression of the disease).

20 [0055] The term “effective amount” or “an amount effective to”or a "therapeutically effective
amount" or any gramatically equivalent term means the amount that, when administered to an ()

animal for treating a disease, is sufficient to effect treatment for that disease.

[0056] The term “isolated” refers to a material that is substantially or essentially free from

components, which are used to produce the material. For peptide conjugates of the invention,
25 the term “isolated” refers to material that is substantially or essentially free from components

which normally accorapany 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 $0% and the upper end -
30 of'the range of purity is about 70%, about 80%, about 90% or more than about 90%.
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characteristic of a popul ation of peptide conjugates of the invention in
whi ch a selected percentage of the nodified sugars added to a peptide are
added to multiple, identical acceptor 10 sites on the peptide. "Essentially
each nenber oWoth&/gssqsul ation" speaks to the "honogeneitybcoistdgosbioes on
the peptide conjugated to a nodified sugar and refers to conjugates of the
| east .about 80% prefera at | east .about 90% and

i nventi on, j are, at I ¢ )
more prefe r@@@ IQ"Qﬂenl t@%_g?pt‘gﬁ B‘EHJH@%WéE%@Pﬁ f?ﬂ%@ e WSHdyEHes ZF%/?I'S‘? refers
to the strygtmngl e%ﬁx%%eé%@é!?éﬁg@.‘”fﬂél%y@g éa}gg%ﬁtﬁéTmBe pr@ﬁfgspaﬁgeﬁt 30%5 afRlet i es

to which the nodrified sugars are conju a%, i‘n a peptide conjugate of
the i nvent®2bn about {ftoc hboaa BP0 dbduit 880s Thanppaiced yf ths rogejofigatigds stouan

>ept [ havi t t t ite to which
ot her - od 122 "B &5t AP RGOt LS RaRE Lgace i< said to be

about 100% honobgeneous. Honpbgeneity is typically expressed as a range. The

| over end qhodspeufinngaeeimilaoaneirt-icd@izet RetReRIfi a8y 6o . 4 0ahe $nt&Qith Snabout
60% about 70% or about 80% and the upper end of the range of purity’is
about 709 .2 silggetrinegosd. rabyeemlagids gﬂleﬁw@hpmm HBbb: orgoemilponen). When t he
pepti de conjugates are nore than or equal to about 90% honogeneous, their

honogenei t o) & f a end of the
range of ﬁgﬁ)&eﬁ%?%@ﬁseﬁgl oh%ﬁb%%g%aag%%ag g%gﬁﬂt? T 4%84031%% 96% or about
98% The uphanctendic2 a@bpilhor Epgetidef copjugateyof the atventiordidSFhicdhwitlec®d% about
96% about 98% or ut 100% honpgeneity. The hqnogeneity of the peptide
co n(j) ugat es Hegceolﬂfﬁ%ﬁ %gﬁ? Wé{%{eé%m%@%ﬁ&%%%ge arﬁﬁﬁ@e‘ﬁt@ﬂ% e#éﬁ?ﬁh‘ialtaﬁcéjm‘éfse of
skill ip t@ﬁe@éﬂtlhe Beflde. l‘EélHl&ti%ll?*&E&%&ﬁEér%@ﬁ%é‘é&?ﬁﬁtioﬁ%%@&{s%ﬁ{er y (LC-MB),

matri x assisted | aser desorptioh mass tinme o I ght spectronetry
( MALDI TOF) ,“hompgdnkidy’yofdhesites op Hemesiids coapgateth éo 4 inodificllvegatiastedss on above i s

equally 30 rel evant. for other | yc |.ati d C | at i sites. 15
WD 2005/ os%@@gﬁiﬁﬁf(‘%‘z’é‘ﬁﬁ@ﬁaﬁ%ﬂ a%éd’g %‘éi‘ &E’@g@% Hf?l}%fgw aﬁ%ﬁ&fﬁﬂﬁ@ﬂﬁ%ﬁor '

or a "substyait bRkdrybly et Eak abak yeRIvhRbbpspattern, "  when referring to a

gl ycopepti de species, refers to the percentage of acceptor noieties that are

gl ycosyl at ed b{ the glycosyltransferase of interest (e.g.,
fucosyl t r arl@§69] adtomogepgity, arkmplodhe strctugy censidensy agross a pofulasion pif e9caRISTF er ase,

batant Lal / ) y : o Ul
Cas et Snedtices WhaRh e GRS QR POR e, AhEIPh BepddcRUNBEATLAAL ¥ 21
ar g f ucosgliﬁteﬁﬂoﬂ m x]:dndeﬁc}mtﬁ)dﬁiﬁﬂd] : h- mga‘tmot itex\élr i;‘E m;]ﬂgratedmﬁ h@mcebﬁoi Sitel Halvhg the

er st oo one of ski in e art., a e startin ria
g gnt ai n gl y&BE JufEg as g‘é@%‘ﬁ’ﬁﬂr SHpioaYiisevery gfher W@ﬁ%@ﬁﬁ%&%@ﬁvw@: gﬁeyG cNAc- R

moi eti es). pIhuf cohfigate & G B8 9bout 100% homogeneous. Homogeneity is typically
expressed as a range. The lower end of the range of homogeneity for the peptide conjugates
20 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 20%.

[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 glycosyl ated
by the nethods of 10 the invention, as well as those acceptor noieties

al ready glycosylated in the starting material. [0063] The term
"substantially" in the above definitions of "substantially unifornt

gener alglg/z008m80% at | east about 40% at | east about FEfpusAbydgiat about 80%
or nore preferably at |east about 90% and still nore preferably at |east
about 95% of the acceptor noieties for a particular glycosyltransferase are
gl ydoesa] a?é*etibstaﬁtmﬂye.mafnpngbfcpfom” Pae ‘oibstantiadypmifgen ghispsideiion mBeinicl udes a

Ser |.inke cos e abaout 00/ 8 97% 99%
00, S 68 BpreP G frdPisr ey Doy PoCtbneor R ba ity (he
pOptak@gly@éhymdcﬂ gtﬁé’glycb%ﬁﬂf&aslbfﬁl&%ﬁt (¢ £stdos/lieontd6].| Borbound to the sane
Ser residue. % Where substituent groups are specified by their

a

c o nwesamplsni th@: prRsEOE &l ofusesyieansieess, asabstantioHy Iuéltf@m’e Blcﬁ’ﬂ{jﬁton redey equal |y

S (R RUPSCRPIRL U B AFBARG oD B g o LR Re bR G o™ 0 i so

r ec'&gloglg;"ﬁ%ereof‘ ade fucody9R0PIn I ilieEdRudtdkd the in¥ntidnS q{ $ilPke as part of

anot her/“substi tuent neans, unl éss otherw se stated, a straight or branched
c haiumderstood g lone ofiskdll octhe lunthebe gating matfzmhmamont@m gljmsﬁafed whi ch may be

fully saturated, no and i - and

mul t3oGeRtROeiRs (Fadg'éﬁé’ﬁgla’feﬁziﬁmgf M@mﬁﬁ%‘mfbﬁﬂfaﬁ? @H@ tefesi gnated (i . e.
a bon radicals
ol goT focosgRgol Bl FNEERARBT mg%%?a%%wi?%%@M@*h%a&fn pr opyl

1i0s oﬁhmwbntmm; sl as thesarcgéptod maoibtigsylircadyeglydnsyipted io yied sidrémg material.

(cycl ohexyl ) rret hyl, cycl opropyl net hyl, honol ogs and i soners of, for exarrp)fe

o . Li.ke. d al kyl(
gr oﬁﬁb%ﬁ 13}%3 %hﬁmﬁ}?@yoPy%ﬁgovgggﬁ%ﬁBandﬁn%ﬂ%ga%?ﬁ¥ W‘g?rglasb%h%éﬁt Exaﬁpl gs of
uns &ﬁéhﬁl@hﬁl@as@ ot 49%0 Bif1Sadt Ak de%s, ﬂlléasﬁzﬂ:ﬁruﬂgﬂ%, dri Iﬂante@éef&l@bl Vit ekt

2- prope , crot 2-i sopent eny| utadlenyl , 2,4- pentadlenyl 3-(1, 4-
penta@@u )andéitl ympleﬁeralémtlsasbﬁlw #o of thergegiign moighes fone hi gher homol ogs

and 0 044 " unl ess
ot h rvvl se %}r@ﬁ%ﬁgfeg% en%igg%%%taggrﬁgf%%%&ﬁ%os éorrl-li&}[ %@‘g@c’gﬁj gié ?/ek I

1gef |1ﬂﬁdddsra S‘@hﬁkﬁeglwdsyhekldues stuedst, mutmwmalgoe@u%% A7%y bo%r oups that are
I| mted to hydr ocar bon groups are}er med "honpal kyl". 10066] The term

" al IR 459, IX a1 9r mpre pecipaply 8f8°aﬁ%%1ﬁeﬁpt§5ﬁb§ﬂh? Q@H‘tlatiﬁi’a‘?'i haveli val ent
d d, but t | ted, b
C Mﬂﬂ\ﬁg%@ urtﬂeﬁﬂglbl nc I%ose gr ogps dgscplobedI lronel gw asy

heteroalkylene " Typically, an aIkyI (or al kyl ene)
[0064] Where substituent groups are specified by their conventional chemical formulae,

written from left to right, they equally encompass the chemically identical substituents, which
20 would result from writing the structure from right to left, e.g., -CH,O- is intended to also
recite ~OCIH;-,

S
N

[0065] The term “alkyl,” by itself or as part of another substituent means, unless otherwise
stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination thereof,
which may be fully saturated, mono- or polyunsaturated and can include di- and multivalent
25  radicals, having the number of carbon atoms designated (i.e. C,-Ci¢ 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,
(cyclohexyl)ymethyl, 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 alkyl groups include, but are not
~ limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(buiadienyl), 2,4-pentadienyl, 3-(1,4-
pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers.
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group will have from1l to 24 carbon atons, with those groups having 10 or
fewer carbon atons being preferred in the present invention. A "l ower
al’kyl"™ or "lower alkylene"” is a shorter chain alkyl or alkylene group,
general ly having eight or fewer carbon atons. 10 [0067] The terns "al koxy,"
"al kyl am no" WRPHRRIPt hi 0" (or thioal koxy) are used in tRETUS2006MIEINt i onal
sense, and refer to those alkyl groups attached to the remainder of the

espect | velJE FBoasy eReRber e aegar By Heogho LR P B Arasaliston

W th anot hgefii@an md®aasi baBWEeRSh 1 PHRATVIISRE. =’8Aﬁ<5@gkouﬁs hhekt Bmykd @ ght or
branched chain, or cyclic hydrocarbon radical, 15 conbi nati ons thereof,

consi st nghmroﬁmborsglézﬂbﬁalﬁiﬂmed“hﬂﬂnc@ﬁi’%”on at ons and at |east one heteroatom
selected fromthe group consisting of 0, N, Si and S, and wherein the

et r gat onueT dbe oS pkgRaEeY Bl P IR0 ReRK AbEhEefiat ' gREkROMER
Si may be pervddrat amnlkandbesieamplifiedibit ot linfiteds Hs;e—(tiéi(ﬁﬁz@&{z@ﬁv- gndfipthey  at

ol eoar e, ErsH D6t WoRBSi VRS RS Saor o, Sl Gl ns
- CH2- CH2- N%%u?ﬁll ha@'@omzto Py gﬂ%)m %s §e Qg_é&ﬁ'a'%mo 1@'& gl%(aﬁ)) CH3,

- CH2- CHz- S(0 -SI{ CH3 OCH3,
- CH=CH N( Chi®hzsCieig prlpfetrad mtthmpﬂaﬁnbmemtmms ﬁn‘ﬁywbjea]ksd’l’\ se‘élummkylswff hs as, for

R el kS hatise gy oy L MSORG oD BAnEty ST BlEn L e B rpans a

di val ent radical derived from heteroal kyl, as exenplified, but not limted

by, -CHP- @d7pTEERZm ko0 atléphidniizo Gl %ﬁﬂd‘ @T‘Zhloal'i_{@iy)h@é 2coal fylrene

groups, heteroatons can also occupy either or both of the chain termni

(e.g., al k9q31§4¢é%§tf}ﬁl seiSk e Frdeli te dipse al&vll zowsradiache &0 therkpriades @i fivimalecdnd t he
li k St | i nki
or et att ofadr PHES wop i BUEY WS AN LS SbARAR0Ry o Wbt oh the 30

formula of the linking group is witten. For exarrple the formula -C(0)2R -
repr esent s|[(M@&8h The @@ﬁ) “HR’eroakmj” E§r ﬁ‘{eﬁ)m in mmﬂﬁ%ﬂﬂﬁﬁﬂﬁ@ tefPa] mea%pmﬂemm?o
[0069] The terns "het er.o cloa y .t he ves or
Conbi nat | OAETRE SIEH S‘f%b@ %P&lg?at eppraddit b lc%ﬁw&gc &lwérw@en §‘{$‘tﬂidn cycl B
versi ops 0501}1@1{1151315118 tRBehi QRLiSARAMN stated Eﬁﬁﬁ Qﬁ"céﬁ@bﬂatoﬁ@q{ﬁ V\ﬂ@%'t !)ﬁ(e for
het er ocycl oa het et oat omcan occupy the position at

het er ocycl hetamaumt stdveal fran tHeegrownminsidiéng of0, Mei aod %mldewhemﬁplnemgah

cyol oo kyl o LReL e, b st sunt JASd R valopental, yclatetyly
het er ocycl gadikentzell NThaBReroRin(H 1L N‘Q{d S bl di@ehyi 1 plaeed at any interior position of
the heteroalkyl group or at the position at which the alkyl group is attached to the remainder
20 ofthe molecule. Examples include, but are not limited to, -CH,-CH,~0-CHj, -CH,-CH,-NH-
CHj3, -CH,-CH,-N(CH;)-CHj, ~-CH,-S-CH,-CHj, -CH3-CH;,-S(0)-CHj, ~-CHy-CHa-S(0);-
CH;, -CH=CH-0O-CHj3, -Si(CH3)s, -CHy-CH=N-OCHj3, and —CH=CH-N(CH;)-CH;. Upto
two heteroatoms may be consecutive, such as, for example, -CHp-NH-OCHj; 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, -CHa-
CH,-S-CH,-CHj;- and ~CH,~S-CH;-CH,-NH-CHj-. 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 writien. For example, the formula ~C{(O),R’- represents both
—C(0)R’- and -R*C(O)y-.
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(1, 2,5,6-tetrahydropyridyl), I-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4- nor phol i nyl, 3- norpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl,
t et rahydr ot hi en- 2-yl , tetrahydrothien-S-yI, 1 -piperazinyl, 2- pi perazinyl,
and the like. 10 [0070] The ternms "hal 0" or "hal ogen," by thensel ves or as
part AR R8Espsubst i tuent, nean, unless otherw sep /043070! uori ne, -
chl orlo{r?, Er/%n‘%age or iodine atom Additionally, ter rr"ilt]ﬁészﬁcﬁ“u ! "hal oal kyl
ar e meant to include nonohal oal kyl and pol yhal oal kyl . For exarrpl e, the term

" haf[0069 Théyms Kycloalis!l’ T&ﬂﬁh&t@robﬁdd)a]kb& Hyuhemedlvdder hli. cortigdatiom, with i
trifluoromethyl, 2,2 2- trifluoroethyl, 4-chlqr «3- bronmopropyl, and \
t heClhpidarms, serresgnl Prlpsreotherpine sigeg) ey a%maﬁ eaﬁgsﬁ eRrhgteeallylat ed, a
po'eE;?ﬁ%ﬁ i AL HoteroRTEY T USBlerdabidh c&RBeddBy hedRfllo of | NG OF

¥ %i ng‘? [S’?ef er ab}%er?éklm ri(yto g{eﬁangsc g% aer%e EifDusffled t oget her or
i nWhnbhcthn/hadt@ncj}'o}e 1s‘Etteclieértcmhé m@naanmwtﬂb mdtels Emnaplysl oftpyolopkky[ or ri ngs) -

hat o tain fr e to .four het | ect and S,
%/\/ne?“é i n(oltﬁ 5%8YCIQEHUWLIW %‘S? jd:f ngpfe&ﬁ)gd and the
ni tE}Q:gcﬁiE A1,000 $He lﬁEee E%dﬁ!nﬁafé@%k‘ héter‘ab'ﬁll@dl@l %ﬂudﬁb@ﬁr@ﬁ&ﬁﬁﬂi@é&% group can be
attached to the remai ndef of the nolecdle through a heteroat om

Non(ll Sﬁﬁsﬁttpm@yémpﬂm loplpqunylahglphedwbaﬂwerghmd,p%momimimﬁ ﬁilqelnyl
4 2
3 iR, GRRRb B2 50 b ORI oo 20 Pt Pyl 2 oxazol yi

4 Ot@m@j&bﬂneﬁ-aﬂﬁﬂem%rp@r&mzQLpiﬂ?]eraﬁnﬂXaaﬂQhe'hke 3-isoxazolyl, 4- isoxazolyl,
5- |soxazolyl 2-thiazol yl i azolyl, 5-thiazolyl, 2- furyl 3-furyl,

2th|e 3- 25th”|en¥ Fg’“dl 3-pyridyl, 4-pyridyl, 2pyr|mdyl

; pWP&y Hs terms Peahe oerhialeginy| by Weraselyes or 2s pai X ot %ﬁ%@?ﬂép‘wﬁue@l a8yl |
1 [ [ q )/ qui nol yl',
Cot ?@% 3@4&%&-@ sélté[dg?ﬁ‘dnany ﬁlombéeﬁ‘{z‘lléﬂ[r@i}%‘%ﬂﬂﬂ.%e 2t U R} Yeerme-
2, 3sigthhy dhabghylo] dre Aeitox inthfde ydqnohdiaaikyd[aixd@b%aboaﬂcyﬁ Bor eandlph; thei nol yl .
Substltuents for each of the ahove noted. ary het er oar ring systens

ar etes@| Belpldl-Cr st his nfes dpngiudg.dub peths lan ﬁﬂt Factilebibed 30 bol ow

[00 r Y used in conbination with other
m“{’%%hﬁ ﬁ%%%)@{yh%a};rly{ﬂggmgg Lnda% E? kyl) includes both aryl and

het eroaryl rings as defined above. Thus, the 18 WD 2005/ 055950

li’PCT 1003210 0ke Bvt (ZQ1” means) trdesy othlekwike stited, repolyunseiurates), axenatioose radi cal s in

tt ached.. t |k 0., b | . phenet hyl ,
oyt FoR e R B¢ B sioBle it AreslSrRg eRSEbLRE T b Sflen: MERGAE R A car ban
at offisé®iogetherfor TRIkBY b@ﬂa@engszoqaé teRBShHeRAryI’ ei@faﬁaﬁ Ygrolfy ?iﬁﬁ ltgat an  oxygen

atom (e.g., phenoxynet hyl ridyl oxymeth 1nahh|ox ropyl, and
t hecorftam om cF))ne to fogr hetergatoms se e%ted iy omNyO anri/ S, Wherem the I?ltroggn andy ) propy

’\

sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. A
20 heteroaryl group can be attached to the remainder of the molecule through a heteroatom.
Non-limiting examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, ¢ ) '
4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4~
isoxazolyl, S-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3- i
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, benzofb]thienyl, 2,3-dihydrobenzo[1,4]dioxin-6-yl,
benzo[1,3]dioxol-5-yl and 6-quinolyl. Substituents for cach 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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5 like). [0073] Each of the above terns (e.g., "alkyl," "heteroal kyl,
"aryl" and "heteroaryl") is neant to include both substituted and
unsubstituted fornms of the indicated radical. Preferred substituents for
each type of MaHIeEPS58F0e provi ded bel ow. [0074] Substit uenteETfuseontoeroad Kyl
and heteroal kyl radicals (including those groups often 10 referred to as
het er pal ken al kynyl , cycl oal kyl

al kyl ene, al kep het.er oal k

het er ocycl 3 Yl’a@?’ﬁ lﬁ)ﬁeﬂﬁtr%lmc gl dhase fadicads hl@é‘r?ﬂ’l)"r%?@séﬁfl‘féﬁﬁif%ﬂ y
referred t gﬁzgy gy of a
variety of Odélr oups se éct &hﬁﬁﬁﬁﬂng@ﬁﬂﬁlm teglﬁg%) 1?1@1%@%95%%&1‘&&1&8{1&

=N-OR , - NRn IWthh BRrbon dehdgena meiyRnRERUD) hasdetDaRlaced (@) RampieCAPR |

o e e R e N B s SRR S S G e

-NRSC2R'5, -1¥).and NO2 in a nunber ranging fromzero to (2m +l), where |n'
is the total nunber of carbon atons in such radical. R, R', R' and R'" each

preferably mdgﬂgndentlﬁ refer to hydrogen, substituted or unsubst‘itut ed
het ér oal ky! 100G e pfithe aboye terms(aiss { ki e dcterqalkyls “aryl @dy‘he@i@bsfﬂ Disited with

1- 3 hal ogeqﬁemﬁwf{%}}ﬁgfg@g B@Stlg‘ﬁ%ﬁﬂlh’é&ﬁsﬁqte fgr%‘ds’ qnf%ﬁ’e f?ﬁhfég’ J ra%hcaf ?ﬁ gxy

groups, or aryla a co € |nven I on nor e
t han one Rsgbsiimcnts‘ﬁorez&:h&mnlcﬂ?racﬁeeﬁbleq:tro\hhﬁlﬁkgv,oups i s independently
selected as are each R, R', R'' and R'" groups when nore than one of these
groups is e same nitrogen atom

VWh
they can bgfoﬁi‘ﬁglﬂ]?%”gﬁqf for fl??eaqlfﬁlﬁ?%@%ﬁoﬁg lg%‘it}]g% %IB‘?I 188 gose OO nenber ed
ring. Ry exppehes as AﬁEg}ﬁe hlkeﬁﬁ@%&eréa%ﬁéiﬁ' W&oal?éﬁarl NRkyngD cRBodilyrl ted to,

1-pyrrolidinyl and 4-rorpholin From t he above discusSion of substl tuents,
one of ski |letdrecyclvelkal cyspalkeny dted beteredydiordrenyh @rgt gannmcaélwgzﬂeﬁedw avEaliy! t o

i ncl ude grou I at ons_bound. t o ps_oth t

groups, such uss‘%bntl‘ctgarfqﬁy%mf@mgcanbe RS AR %éﬂfegé') ot A PAS T t?(gfa%}nnxq
-C(O CHB, -1 #3363, 0R’CEQ) %Oe&@oRan@ert’me SRkehalogehOISﬁﬁiR”ﬁr’m@@(oﬁ@ the
substituents described for th % radical , substituents for the aryI and

30 het er oar§®) S\rsoQ@sRar@Ob]Bn%rsl @QK WNEBf e‘NRé’@(@B{ asNRaQW)I\BVBJ’

subst [ t%ent%@(w%aﬁb(ﬁ%egﬁu)wmsgLIg?Q@ﬁ n;f an %)aIRogen,

I-Dg(T/ )U82004/ 04¥(§%RCG§|§S@2R’ v et aﬂmga(zlg)ﬁlg ﬁg&g(m QQ%I%WS
KR 1 e ol B R oF Larpin ot in ik I e K RS cadnpraiHON D,

RS RN U000 S CHR R ST RLRAGH bdiea b 2

zerot e’total nunber o
unsubstltuted aryl, e.g., aryl substituted with 1-3 halogens, substituted or unsubstituted alkyl,

20  alkoxy or thicalkoxy groups, or arylalkyl groups. When a compound of the invention
includes more than one R group, for example, each of the R groups is independently selected
as are each R>, R”, R’ and R™ groups when more than one of these groups is present. When
R’ and R” are attached to the same nitrogen atom, they can be combined with the nitrogen
atom to form a 5-, 6-, or 7-membered ring. For example, -NR'R” is meaﬁt to include, bui not

25  be limited to, 1-pyrrolidiny! 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.,
-CF3 and ~CH,CF3) and acyl (e.g., -C(O)CH;, ~C(O)CF;, -C(O)CH2,0CH;, 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 group substitnents.” 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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val ences on the aromatic ring system and where R, R', R'" and R'" are
preferably 5 i ndependently selected from hydrogen, substltuted or
unsubstituted al kyl, substituted or wunsubstituted heteroal kyl, substltuted
or unsubstituted aryl and substituted or unsubstituted heteroaryl. Wen a

corrpou%g{o,,t)gebd nvention includes nore than one R gp@ﬂ@sz‘]ﬁgﬁu@?@arrpl e, each
of the groups is independently selected as are each , and R""

groups when nore than one of these groups is present. In the schenes t hat
f ol | DIR’-CIRNBFR YO N QD R p R €HNE R pedNRIB's NR HHNREBEIR’[0076] Two of the

opt 1Ry oo GRS by Rt uBior R heror A2 SHORE (or ) - U

wherehgdxyanch ﬂltﬁfl")@?; %ﬁ%nﬁ%\in}bef\ﬁngmg%om 7&BM0 theQbtabnghGlogopgnd, and g

is an |nteger of from . Aternatively, two of the substituents on
adj acaéancesaftrdhs amﬁ’natlhemgrsystemraﬂdetl‘@rﬂ)&’,ﬂ” Ri"rapdniy’ arq sredyseblpnal | y be repl aced

B e il TR Ui L S50 S,

Si n%ﬁummed 1Rt odikyIs subaﬁtutdat&gﬁgubgttmtfea@fsn bnd @utfktm@temqtnstmﬁuﬁémgl e bonds "of
the new ring so formed may optionally be replaced with a double bond. .

Al t dretrapdryle| When pieprapount of Sighintantieipckidehmaty thae fee Bizoonp, &F examplear yl or

het e Wivd-h as Losb the formul a
20 (eéﬁﬁ?o&l g%gﬁ?sﬁglﬁ%gﬁén%mﬂg%leg%gﬁgggae%rag% r%érf){gn en Iyérgrﬁ;&egegrs of fromO
t 0 3moRtAandn® of tlﬁ?se grolbﬁrs,ples&t, In e Q¢hemes B fow,ahe SMMANR -. The
substituents R R and R'' are preferably independently selected from
IRy drisBEReTGY I%lﬁééiﬁﬁctfﬁ’ﬁééb‘ﬁ’re unsubstituted (- 0 GC6)alkyl. [0077] As used
herein, the term"heteroatont is neant to include oxygen (0), nitrogen (N),

25 smbtm&o%fﬁ@gub%htdeﬁ@%n@aa};emttahfs%@ﬁfetarﬂrbrﬂe&%ﬁhlﬁ%lﬁ cribed above, \)

ctor I'Xis vital in the bl'ood coagul ati on cascade. The structure and
seq tmwealbzrbeﬁ'ap]acnd with & substitwentce dha farnmule:-T1C(-(@RR 94-Bhoyheodin Faador 1 X i n

th h f h (it tyrent of thi
o <48 PRI PNt 86 o0 i aahoud oot HhFucthen! BFRRan i asm
pr ot@héinﬁ%@eﬂw ame s@tistiftfis Oh alifeent RORMRIT thd dtyl @dRikb AP iy hile practi cal

di sadvant ages of tine and expense, transfusion of blood concentrates 20 WD

13005705895 0bcremaeg 2001 2 gubsdtpent of ﬂw@v@@arﬁe(GHﬁkBomhwn drendd a8 of viral
e e TR N s
I npamtigperasf drous EfdJ‘l OaepHB dinkRbonds of the new ring so formed may optionally
be replaced with a doubie bond. Alternatively, two of the substituents on adjacent atoms of
the aryl or heteroaryl ring may optionally be replaced with a substituent of the formula —
20 (CRR’)s-X~+CR"R’")d-, where s and d are independently integers of from 0 to 3, and X is —
O-, -NR’-, -§-, -S(0O)~, -S(O)-, or —=S(O),NR’-. The substituents R, R’, R” and R’” are
preferably independently selected from hydrogen or substituted or unsubstituted (C1- O
C6)alkyl.

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

Introduction
[0078] As described 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 tranfusion 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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t herapeutic applications, present nethods for the production of Factor IX
fromreconbinant 5 cells (U S. Patent No. 4,770,999) results in a product
With a rather short biological half-life and an inaccurate glycosyl ation
pattern that could potentially |ead to i nmunogenicity, loss of finttion, an
i ncreased newo 2b@osis0 h | arger and nore frequent doses i npoT@8z00t/0i18mNi eve
the sanme effect, and the |ike. [0080] To inprove the effectiveness of

r ecombi nant Fact or Séx used for therapeutic purpqgses, 10 the present

i nvent i on IptobKes dissiskod pragarissongrt vgna;/&@gwwaﬁ%mg duENge Jelsdgncasrihame por 1 X
pepti des r PEG, PPG (mPPG, etc. The conjugates
may be a%%&?gﬁglﬁﬁ C%Srea%ngetPﬁgét%ﬁ\}éeﬁ; nodi fi ed by Awt her conjugation with
di verse speci es such as therapeutic noieties, diagnostic noieties,

t ar get i ng [0 Wlek Fthr XX aad dehm)nst@ﬁétBﬂs}elfﬁlsandmptj)rtEglahmﬁsu%fulthﬁp(blm‘defﬂiti on are
formed by the enz tlc attachnmen

gl ycosyl atlsgensit I‘EJ GO PRESERE %@{5 S(af@r ﬂ‘@%ﬁ%%qﬁ%ﬁtoé F;?@?marﬁﬁom@ll%osyl
resi dues provide paesk NLOL 7m9plge’§ﬁhm ATROLY Wit aGEibRRok GidIfScAERL iﬁ@ €. g
by gl ycoconjugation. An exenplary nodifying group is a water-solub

pol'ymer, suotin meccupat gbrtdwlaﬂnn pgteye tiaj covdd potentiniy andyte pnﬂny(l@ehycitg,rlessgjfycol ).

Modi ficati.on .of the Fac epti des, can rove the stabilit

ret ent i on TFHCHELG HEEASPER ﬂgér@ﬁqpﬁéf‘%qmp? I%‘TFP SEate E\#ﬂ'? ?\;‘é €at i on,
and/ or redugecfhe Ankiaeai city of reconbinant Factor IX. [0082] The net hods
of the invention make it possible to assenble peptides and gl ycopepti des
that have a substantial |y honpgeneous derivatization pattern. The enzymes

used in t {80] Apampiayn herebfegiersaesalol yecswbment Nastdr 6K uaect)%)r thecapkutic mmpases.aci d

d nbij f d |
;222 dzgs %erﬁsgn{; Onl}tﬁgp?orpﬁ Sﬁ%qjﬁ%?gﬁs 3-5 cﬁfei%w%%ﬁ I C%Q of g?‘x‘?lgﬁ%e scal e
product i O@eﬁfdemfpo%e@@etgl q!@s} (%DPE%MCP@GHIP'P@%& Tmeonydgategﬁia{a%s of the

i nvention provid Practlca nmeans | ar ge- scal e preparation 0

gl ycopept adltb@omﬁélvmg terpativs bl reedibier bmﬁfrthpmcctmat;tm wihdiverse ysaftcmrsn@l as[ 0083]

The prese invention al.so I‘OVI des ates..of al | at ed and

ungl ycosyﬂgf"’é}&w%@&mageglaﬁ% ﬁ%gg’s %ﬁ“g‘ﬁgﬁﬁﬁng tﬁeaﬁféll ife due to, for
exanpl e, reduced cl earance rate, or 30 reduced rate of uptake by the i mune

or reti cull@osnjahb ebrjadates s HRMRES) areNbime@MS the tdemaEE bRdameht dfe i nvention
provide a neans for masking antigenic determ nants on peptides, 21 WO

2005/ @%595@dp“@ﬂ/wdgmemmmd A glsesditeg rartids) Glycesayiptiop stchanst i nmune

response t g.agents can

al so be u %b%}"?sa&rﬁgse gld% gop Og %@ﬁ&tﬂ% m@%ﬂ@g@sﬁ&% lj% ééHé b2ur face

recept or phaebcdnfuganedi An exdnglary hedpfinsl geoupaik atvatgebluble pdanér, such as
poly(ethylene glycol), e.g., methoxy-poly(ethylene glycol). Modification of the Factor IX

peptides can improve the stability and retention time of the recombinant Factor [X in a

20  patient's circulation, and/or reduce the antigenicity of recombinant Factor IX.

[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
inveniion are generally selective for a particular amino acid residue, combination of amino
acid residues, 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 io, for example, reduced clearance rate, or
30  reduced rate of uptake by the immune or reiiculoendothelial system (RES). Moreover, the

methods of the invention provide a means for masking antigenic determinants on peptides,
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The Conjugates 5 [0084] In a first aspect, the present invention provides a
conj ugate between a selected nodifying group and a Factor | X peptide.
[ 0085] The |ink bet'ween the peptide and the nodi fying group includes a

gl ycosyl linking group interposed between the peptide and the sel ected
noi ety. . sclssed herein, the selected noiety is 1) any speci es-
t hat cawéﬁgggﬁt\%@hed to a saccharide unit, resulting 10'Ii nb‘%‘%wg%i fied

sugar" that is recognized by an appropriate transferase enzynme, which

appepdsredhéite ePEhhiREnS N Y8 iBRuRe tRforRE REAIAE theTBtiGACSdMtivele conponent  of
the nodified sugar, when interposed between the peptide and a sel ected
noi eatiachibegefdagetingraputs sen alke bkised iaytargsp 2 'peplidego a panicalaptissye ogtslbosy|

i nki n roup.” . The gl ycosyl, |inki roup is fornmed fromany nono- or

ol 1 gt SalieReprAl s sPelie R me s R PR SR AR The o Ty ng” gr oup. i< a
substrate for 15 an enzyne that adds the nodified sugar to an amno acid or
gl ycosyl residue of a peptide. [0086] The glycosyl |inking group can be, or
can TRedffugatessaccharide noiety that is degradatively nodified before or
during the addition of the nodifying group. For exanple, the glycosyl

15 nki08§4lginaufirstzspetiethd grasemtdnvention proviles h aeijugate betivaerea sdieeted s produced by

oxi dat i.we_degr adat.i of @n _intact saccharide to the correspondi ng al dehyde,
e.g.?loel&ngﬁg’uf@ng@&i%g r{#pﬁ%{ggperi odat e, and subsequently converted to a

Schiff base with an appropriate amne, which is then reduced to the

corr ﬁ)ﬂsthmmxlamtwe@n o 88tldeaxe melmsdifytangrdgaieuded a fReodydUskihi on correspond
to the general structure: Peptide Su%ar Li nker Sugar Agent t a b ¢ d [0088]

i n weioehiserposedrhisbyesnahe peptide and the gelectempietio nds dlspisagdhiopan, thon- zer o

integer: .and f . 25 €ei Sit.l j_nt r...Jhe. " nt" is a

t her%ge&ﬁdi%mgé'elﬁg?se é%ﬁ@égt%\g?ges%% ?I?Q%Ma&}é?de@?‘la%%zmpg%gﬁ’ r%%ﬁglrg- sol ubl e (/j
T®i efnys “(eodified fp@m™ datRELacofiffed BNG ppRPEhtearantBst bde®me Which ag@@idt " can bea
peptide, e.g., enzyne, antibody, antigen, etc. The Iinker can be any of a 22

WO 2o srulsEssusreriuteauRidy d0rcacahpids eompeperffol thampdifed pugapavhennt r a.

Al ternafi | i i ngl nd_ o " 7€ ,order, |inker."
Looaeerd huebl e o Bl s setfieR 9 BB Ey B By DR o 56" <

wat es.g.s o titagt glpodsyirinking g@up.” MTREDycobidinkidegroB9isfbingedof®dy @By i S covalently
attached to_the peptide via a 5_glycosyl Iinking group. The gl ycosyl

Li nkiaBo-gi Gligoisacchiavds bak ﬁ@eramdaiéw@en poihhe mefddpng grayp, is a substiate for

15 anenzyme that adds the modified sugar to an amino acid or glycosyl residue of a peptide.

[0086] The glycosyl linking group can be, or can include, a saccharide moiety that is
degradatively modified before or during the addition of the modifying group. For example,
the glycosyl linking group can be derived from a saccharide residue that is produced by
oxidative degradation of an intact saccharide to the corresponding aldehyde, e.g., via the
20 action of metaperiodate, and subsequently converted to a Schiff base with an appropriate L)

amine, which is then reduced to the corresponding amine,

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

|

a'p/fc /d

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

25 either 0 or a positive integer. The “agent™ is a therapeutic agent, a bioactive agent, a
detectable label, water-soluble moiety (¢.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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residue or a glycosyl residue of the peptide. The invention al so provides
conjugates in which an amno acid residue and a glycosyl residue are
nodified with a glycosyl linking group. [0090] An exenplary water-sol uble

pol ymer is palybosihydene gl ycol), e.g., nmethoxy- poly(et hyﬁ@rgﬁsz%ﬂ(ﬁﬁﬂ The
pol y(ethyl ene glycol) used in the present invention is not 10 restricted to

any particular formor nolecular wei ght range. For unbranched pol y(ethyl ene

gl ycol) notvé;tewnes of hiekinp keamk,anfravel Bhhaihslyptheflliakalhyy bed viege bbR0o@dteero
100, 000. A e ul ar weight of 2,000-60,000 daltons is preferably used and
nmore pref ePR6T Y¥%6F from about 5, 000 to about 30,000 daltons. [0091] In
anot her enbodl nment the poly(ethylene glycol) is a branched PEG having nore

than 15 opes 1a2 ERBREE tEma@aé&éa %d 8 scribed in
Us pat. Ne e o 932, %éﬁu S Pat’ ] Igﬁﬁ@% glspﬁﬁte)’a’%ﬁguﬂg 643, 575:

U. S. Pat. Ndymsl 929, MJEEG s, wat@raaolub&eqiolﬁnejrlsc@@&mlwa@chmo the\pepnﬁg: 183, 660
WD 02/ 0

Yanasaki glyg Syij I&g’?g@ OUR; gﬁgg@%ﬁ nﬂ%lgghgrg?ié%r%‘i%?nt%’l%@ém% t é}ggﬁ%ﬁﬁﬁdus ef ul

branched pekyiEbs S PEEhBredide §f?‘l§1e1fp@15tid|é I8¢ BiveniichChldd088Aled d&n@g%ﬁn%m@i@
enbodi ment the nol ecul ar wei ght of each pol yéﬁt hyl ene gl ycol

branched PBGURoagdarsidus and agglecesdrredidigriramodified wibe, glB:oepdinking, g0e®, 15, 000,
20, 000, 40,000, 50,000 and 60,000 daltons. [0093] In addltlon to prOV|d|ng

conj ugat es 53}:9 h Yo | i nki ng
group, t he[dgrbg]tsent Eelfﬁ@ b go%él] conig(ﬁggh@nteﬁaﬁ%g %Iogfhormgenous
25 i n thei polgletisddnt wlycoh. ﬂ&b@eﬂy(ﬁhyléﬂfelgﬂljg:ol)h@edmmiﬂ)ﬂﬁsﬂf mtvhxﬂldnﬂyﬁ(fttl on, it is

possible to forg pepti de co[}%}u gates,in which essentlally all of the modified
sugar Hoi efssEgteddy é@ép%ftlﬂé%‘ H8 phmolegulacusiphigangss For uingnchad aoly(cEleaee

attached t@g&'&(rji fn'oRJ% Sgﬂf&'n?cﬁe&hﬁarawe?%ﬁ &é?%%f%ﬁb e'h%‘eﬂts‘oﬁ%d%‘@ 0. Jigﬁ{of’ecﬁfal

gl ycosyl in a secon e 1nvention provides a peptide
conj ugat e whighi ofif?,E00paRUNadalions piprafatidy vsal amﬂlrmrp)pfefereluly wbiretniabsyt di0ah ar e

covalently bogg@ (ﬁﬂo@ghe 30 peptide through an intact glycosyl |inking group.
In a prefef 838 P& of the invention, essentially each menber of the
popul ation is bound via the glycosyl I|nk| ng group to a 23 WO 2005/ 055950

PCT/ US2004 {09910 ﬂxley@xﬁﬁdd eRghel thylehe i Add eacHh,
resi due of(the]oclgepgl eto vl\lﬁl ch %ﬁy@ P[ gog%&?lsﬁrﬁ rg%glaging??}zéc,ﬂlgg has

the sahe seradiQpwicty atghpd. AEJsa@nré@smﬂbw@dhdd H}wpdm@b@bmj ata Mavi ng a
popul ati on > o]
Phrough o wy2gs 5 kit o P ol s BB R e S U s e ro AR e o 1
every nenbp4. ]b. 8,18, WEpUl P20 N0, 198660; WOl02Ioes6 ® AR BiRbA88te
Chemistry 5. 283-288 (1994); and Yamasakd et al., Agric. Biol. Chem., 52: 2125-2127, 1998,
Additional useful branched polymer species are set forth herein.

20 {0092] In a preferred embodiment the molecular weight of each poly(ethylene glycol) of the
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 egsentially all of the modified sugar moieties across a population
of conjugates of the invention are attached to multiple copies of a structurally 1dentical 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 glycosyl Iinking 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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group, and each amno acid residue having a glycosyl linking group attached
thereto has the same structure, [0095] The present invention also provides
conj ugat es anal ogous to those descri bed above in which the peptide is
conjugated to_a_therapeutic noiety, diagnostic noiet ] noi ety, 10,
toxin MY &% %P he 1ike via an intact glycosyl Iink%ﬁﬂ%g#%%ﬁhgﬁéch of the
above-recited n noieties can be a snmall nol ecule, natural polynmer (e.g.,
pol yRgRSL AR b e%aﬁ*@ e -mm@g %_Rﬂ(d th@hlcAYgOt i on i nclude at
Ieaﬁgﬁgﬁgﬂﬁéé&%g%%gﬁﬁﬁkeﬁﬂbIyco §?§?ioﬁ site, eicﬁ 'S c)glycosylated with a
gl ycgigedsyrlaginueotphatatthciet hdethe gaREGurbiret y. The PEG is covalently attached
to the Factor | X peptide via an intact glycosyl |inking group. The gl ycosyl
l'i nkij 1 roup, i, coval.entl.y atfached to.either an ino acid residue or a
ol y bl Ridpiibiegss {REHaE ot iRt motisfen SF nall ol E Rl g veosyl -
| i nkil, D@t @YRlehily Bind GRS6to tio8REa BycdT &mﬂﬁgﬁaﬁl In ¥plcbdre@lfl @ gl ycopepti de.
The invention al'so provides cogéugates in rch the glycosyl linking group
i5% atnlacireents essdptiely evernmembenel tHe peiadion odmatea sghleohimerendietitss. [ 0096] |n

an ex | ary enbodi nent.. the Factor | X ti conprises a npiety having the
20 f‘ﬁ?’ﬁgﬁ“&g ag TEe 15t feéétﬁ’qogﬁl}épﬁ‘ﬁk‘{e & ?—ﬁﬁ%—?ﬂ?%@%(ﬁuﬁ’ e r‘n%) a above, D
IS aydierbidhe BAHGLE @l@c&sﬁzplﬂld@*%@ﬂﬁ afthchéd HHdketo ksl the SamdRARAIe.S€l ected from

R -L- and -C(O (G -C6)alkyl; RL 1s a noiety conprising a nmenber selected a
noi Eté conprising a straight-chain or branched POl y(et hyl ene gl ycol)

r esi W0E3) Bisgressuiinyeptign plsapeevidasiconuggesanglogney lodhpssdeataibed 6by& Bond,

USRS e i Ay 28, MO RORDIRR S350, Pl 000! 041070

R - Lioxinanciewtoe theGilies/ia arGn@)cf flve §3§) dldyd grotp.i BadR oflthd\ibove f&IRA] 1 n one G

enbodi nent , R -L._hag the fornul a: - HN . .
mownges can be a small molecule, naturariﬂﬁol%/mer 5.1 g., polypeptide) or synthetic polymer.

The peptides of the invention include at least one N-, or O-linked glycosylation site, which is
glycosylated with a glycosyl residue that includes a PEG moiety. The PEG is covalently
attached to the Factor IX peptide via an intact glycosyl linking group. The glycosyl linking
15  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 mvention also provides conjugates in which the glycosyl linking

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

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

20 formula:

OH

HO
0
G—HN
OH

[0097] In the formula above, D is a member selected from -OH and R}-1-HN-; Gisa
member selected from R'-L- and -C(O)(C,-Cgalkyl; R! is a moiety comprising a member
selected a moiety comprising a straight-chain or branched poly(ethylene glycol) residue; and

25 L isalinker which is 2 member selected from a bond, substituted or unsubstituted alkyl and
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O 5 wherein ais an integer fromO to 20. [0101] In an exenplary

enbodi nent, R has a structure that is a nenber selected from Or, c p S
, S (CH2CH20),CH3 S-' (CHZCH20),CH, | g NHC(O CH2CH2( OCH2CH2) , OCH,

NHO{ O) CCHZCHWORRGEBIAOCH, O SS O ~0- (CHZCHZO) , CH, and feiusanngontont

O (CHZCH20) OCH3 NHC( O) CH2CH2( OCH2CH2) , OCH, NHC( O) OCH2CH2( OCH2CH2) 1OCH,
wherein e and f are integers independently selected from1l to 2500; and q is
an i nt egersubstgniet or tsudGitntbdheseloelkylemblo thahwhersD R ORa & ial%-’rlr-;mtdumlmnt@\ést— is a

nember sel r 5 / 055950 PCT/ US2004/ 041070 O N HC (O
OCH2M m@?@o@@%@ésﬁﬁ% " HC(O) OCH2CH2( OCH2CH2) ACH3 0 q O
NHC( O) CH2CHZ( OCHZCFW OCH3 g NH2 HN HC(O) CH2CH2(OC H2C H2)fO CH3 0 ¢
NHC( 0) CH2 Qi2¢0)Tn26ER N6 6% Hent, § RANchas N for €D .CH2C H2( OCH2CH2) pCH3 HN H

C(0) CH2CH2( OCH2CHR) f OCH3
R“——HN/HW/g

O
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:

O 0
é . §—(CH,CH,0),CH, ; E $—(CH,CH,0),CH,
q
NHC{O)CH,CH,(OCH,GH,)0CH, NHC(O)YOCH,CH,(OCH,CH,),0CH,
0 0
é 4 O—(CH,CH,0)CH,  ; and g 5 O—(CH,GH,0),CH,
!
NHC(O)CH,CH,(OCH,CH,)OCH, NHC(0)OCH,CH{(OCH,CH,)OCH,

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

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



0 g 0 NHC(O) OCH2CH2( OCH2CH2) eOCH3  NHC( O) OCH2C H2( OCH2CH2) pOCH3 HN
HC( O OCH2CH2( OCH2CHZ) POCH3 O wherein e, f and f are integers independently .
selected from1l to 2500; and q and q' are integers independently sel ected
froml1l to 20. [01021 In still another enbodi ment, the invention provides a
Factor | X peptide conjugate 5 wherein R has a stru IS a nenber -
sel ect X0 PTHPFe o 2005/ 055950 PCT US2004/ 041070 g&lﬁ]gz"t"%h‘ﬁ“

NHC( 0) OCH2CH2( OCHZCHz) eOCH3 SS 9 0 NH C(O O CH 2CH2( OCH2CH2) , OC H3 NH Ni

NHz HC( 0) 2CH2( OCH2CH2) VO CH3 o0 and 9 0 NH C(0) CH2CH2( OCH2C H2) eCC Ha
a O NHC( 0) CHjCH2 H2CH2) I@é ! C(O) CH2CH2( OC H2CH2) 1 OCH3 4
wherein e, e ég rscvzﬁédggﬁ%% ¥ selected from1 to 2500; and
g, g and g"ar ir‘lkgzgers i ndependently selected froml to 20.

HN
\"/\(V)/\/\\nHc(0)0c:i-12c>1-12(oc:~1z(:1-12),0c:H3
0 T

]

NHC(O)CH,CHo(OCH,CH,)OCH;
S :
HN
HC(O)CHaCHA(OCH,CH,)OCH;
.

]

|
(o] Nt

g NHG(O)CH,CHo(OCH,CH,)OCH,
q
v and

HN
HC(Q)CH,CHA{OGH,CH,)0CH;

0

g NHC(O)OCH;CHa(OCH;CH,),0CH;
NHC(O)OCH.CHy(OCH,CH,)OCH,

q
HN
HC{O)OCH,CHy(OCH,CH, 3 OCH,
ql

0

O

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

integers independently selected from 1 to 20.

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

5  wherein R! has a structure that is 2 member selected from:



[0103] In other enbodinents, R has a structure that is a nenber selected
from -C(O CH2CH2( OCH2CH2) eOCH3 ; and 5 -C(O OCH2CH2( OCH2CH2) f OCH3 wherei n
e and f are integers independently selected from1l to 2500. [0104] In

anot her exenploys/@sdzodi ment, the invention provides a pepbirAg2090RHSi Ng a
noi ety having the formula: OH DO COON HO O Gl--S GHN7 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 glycosyl residue) attached to an am no acid.
[ 0105] In ot her emdodi fant t heHopjoet.yltas.ckhecd,or mul a: 27 WO 2005/ 055959
PCT/ US2004/ 0410 HOSS O @&l-GM;-S GHN bbS OH The Gl
can be attached to am am no idor to a glycosyl residue that is directly
or indirectly (e.g., q)%%ﬁHZ(Q?'fzﬁ@mﬂto an am no aci d.
[02X06] In an exenpl @ g this structure is associated with

gl ycoPEGyl ation of 5 ation site on Factor I X (FIG 2B). [0107]
In a still further exe i MERROPHECHSpYLHabNpri ses a CEroi ety
according to the formila +ooan

0
é NHC(O)CH,CHoOCH,CH,)sOCH,

a 0

)\W\/NHC(O)CHchz(OCHZCHz)fOCHa
NH

HN NHy

HC(0}CH,CH{OCH,CH,) OCHSs

G .
g

wherein e, fand £ are integers independently selected from 1 to 2500, and g, g’ and g”are

integers independently selected from 1 to 20.
[0103] In other embodiments, R’ has a structure that is a member selected from;

z-—C(O)CH;;_CHg(OCHgCHg)eOCHg ; and

é—C(O)OCHZCHZ(OCHZCHZ)fOCH3

wherein e and f are integers independently selected from 1 to 2500.
[0104] In ancther exemplary émbodiment, the invention provides a pepiide comprising a
moiety having the formula: '

OH

o. COOH

HO
O"—Gal—%

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 o an amino acid.

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

27



{
0O COON H6 O Gal-G!NAc-AA G HN OH wherein AAis an amno acid residue of
sai d peptide and, in each of the above structures, D 10 and G are as .
descri bed herein. [0108] Exenplary am no acid residues of the peptide at

whi ch one or nore of the above species can be conjugated include serine and

thr eon| serine 53 or 61 or threonine 159, f SEQ ID .
Vg‘%@fﬂ’%ﬁ anot her exenpl ary enbodi nent, the mégﬁp%oﬂ}%ﬁg& des a
Factor | X conjugate 15 that includes a gl ycosyl resi due having the fornul a:
f(Fuc)i an I[GLcNAc-(Gal)a]e ia)9H (R), | "([AcNAc-(G@l)b]f-(Sia)k- (R,)5

- ANGLcNAc- G cNAc-Man \vl Min [[JG cNAc-(Gal)Jg (Sia)l- (R X ]t

Ir[GlcNAc- (Gal )d]h (Sia)m (R)y 2008P@55950 PCTI US2004/ 041070 [0110]
wherein a, b, ¢, d, i, r, s, Ho a e integers ingependently sel ected

fromO0 and 1. The index q is 1. The indi¥esde, CqAcg- gand h are

i ndependent |y sel ected from ghe,jnt rs from O to 6 The indices j, k, 1,
and m are independently selected fromthe integers fromO and 100. The

i ndi ces v, and y are mdependeﬁ’c‘l y selected fromO and 1 and at | east

one r sent CI d residue

of tﬁ%e é@c?f"%Pe ?t?? ﬁ%‘g‘t"u éamm‘f B?Eﬁ LS%Y%O)?QSSTI&% at(1 P@;Y %rslg X group that

has (te@e Jll?gly RsiddOFeabhddlto @htaminoQeRSS NH G V\/nerel n D is selected
an L- AN-. The synbol Gis represents RI -L-

br a%ﬁ&l Cg‘) ’%{%’Hﬁ{/%ﬁg&é y{;gﬁ puic g Jo¥ asgogﬁ%eél'vgﬂ g&g@ﬁg\ﬂ%ﬁ gPt aC Prg'nge?f

sel eqt @dglfcro%tﬁm@@t@ @n Factor IX (FIG. 2B).

[0107] In astill further exemplary embodiment the peptide comprises a moiety according a

10 the formula

OH
o. COOH s
O—Gal-—GalNAc—AA
G-—HN
OH
whetrein AA is an amino acid residue of said peptide and, in each of the above structures, D

10 and G are as described herein.

[0108] 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

15  that includes a glycosyl residue having the formula:

o [(FU2), )/[an/[[GlcNAc-(Gal)a]e- (Sia), - (.R)v

)

E“LA GioNAc-GlNAcMarl  UCINAC-(Galy]~(Sia) - (R), )
! ~([GleNAc-(Gal) ]~ (Sia)- (R), ],

)

([GleNAc-(Gal),),- (Sia),- (R),
u/q

y-
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substituted or unsubstituted al kyl and substituted or unsubstituted
heteroal kyl. In general, when Dis OH Gis Rl-L-, and when Gis
-C(OQ (Cd-C6)alkyl, Dis R-L-N+. [0112] In another exenplary enbodinent,

. the PEG nodi W(?ﬂ)o%s%bdoc acid noiety in the conjugate of t has
the fornmula: OH OCOOH Hzzt 1NOOj oSS H AR, 1

i ndex "s" represents an integer from0O to 20, and n is an i nt eger froml

t 02500. I[&lﬂ)]sewlvbﬂbiadi By doli, 18Nt andsu % 1ﬁeg@mﬂdéﬂmﬁd@E§i seleciapffoaxd amd &l y 20
| cD. [011 still _further exenplary enbodi nent, t PEG. nopdi fied sialic
acid in h etl x Gy L mihgindiags o emé/hogfsmé@ep@ﬂﬂws@@@t&ﬁ GATOHE IR HOMIC COOH

2 H(fNO The i g:lgﬁi ol . td or
unSUbStIthl)'?[g(?S hk ‘f‘dlésj’sgfg’s%l fute gpen&hxé b%ﬁcyggt&gnﬁlet@ﬁee{?g?ﬁl {ll nﬁfeé)r'

noi ety | orﬁhenghtdaez o, &) dnd yade dldajﬁﬂndémlyesﬁlécﬁeﬂlﬁoﬁﬂﬁmbl,eh&at le8xt ddd of vy varx
exenplary e le in ich the glycosyl, resjdue._h the _stru ture set 5
forth gbO\f‘B yilg ! EE%WW&;%P‘%@%@ Bping a¢id 1 fgﬂle?ﬁﬁto P%t cm [0115]
Factor | X has been cl oned and sequenced. Essentially any Factor | X peptide

having anyopequenteshibodtialRs dfestiea Gakb Mar bl BERIhif; Component of - the

conj ugates of "the present
HO

QH
s—o
NH-G
OH
wherein D is selected from -OH and R'-L-HN-. The symbol G is represents R'-L- or
-C(O)(C1-Cg)alkyl. 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 unsubstituted heteroalkyl. In general,
when D is OH, G is R™-L-, and when G is —~C(O)(Ci-Cgalkyl, D is RIL-NH-.

[0112] In another 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:



. . . . |
invention. In an exenplary enbodi nent, the peptide has the sequence

presented herein as SEQ ID NGO 1: 10

YNSGKL EEFVQGNL ERECVEEKCSFEEAREVFENTERT TEFVKQYVDGDQCESNPC

LNGGSCKDDI NSYECWCPFGFEGKNCEL DVTCNI KNGRCEQFCKNSADNKVWCSCT
EGYRLAENQKSCEPAVPFPCGRVSVSQT SKLTRAEAVFPDVDYVNSTEAET! LD TO
STQSFN[Q%WM%EBAKPCQ:PV\Q\NL NGKVDAFCGGS! VNEKW VTAAHCWERAIS QR GEH
NI EETEHTEQKRNVI RI | PH) NYNAAI NKYNHDI ALLELDEPLVLNSYV 15

TPI CI ADKEYTNI FLKFGSGYVSGWGRVEHKGRSAL VL QYL RVPLVDRATCLRSTKFT

| YNNVFCAGFHEGGRDSCQGDSEER
VSRYVNW KEKTKLT, [0116] The

vention is in noway |limted to the

sequence set forth herein. Factg riants are well known in the art, as
described in, for exanple, Uu.As. t Noss 20 4,770,999, 5,521,070 in which
a tyrosine is replaced by an ~a\la¢1i ne.int first position, U S. Patent No.

6, 037,452, in which Factor XI s IN d tojan al kyl ene oxide group, and U.S.
Patent No. 6,046,380, in which the cpdi ngy, Factor I X is nodified in at
| east one. splice site. As denonstrated hef€in, variants of Factor |X are .
wel | known in the art, and the present distlosure enconpasses those

var i anBick Doy sehstitueedos uhestatinpeitlloy] od mstetwerdent vnmubstimtddietarealk#®s5 [ 0117]

Met hods for determ ni nzﬁ the activity O{’E% nmut ant or nodified Factor | X can

be UnkerimaietyiRings ithiFia KacHbRAGHYdic FEHEROEH: the art, such as a one stage
activated partial 30 WO 20051055950 PCT/ U82004/ 041070 thronboplastin tine

assa d ' [WaR i R L&yichBh 6 sduEY Bl-@@tke sé0agul ation

oL RS Rl hor (iR TR pich B b e M e B s e o, 614)
Bf i efdrih atboe, disis aynjtigredioaine gic bath AsmtliSViahg Ash 167.Fact or | X nol ecul e devel oped
according to the mnmethods of the present invention, the assay can be N

per f | th al, vol unes of 5 activated.parti t hy.onb stin reagent“'\;r-)
Fact B{ﬂgf( \&w@?ﬁoﬁf}gﬁ?s ?ﬁe&sc_ 63%4 %ﬁqE‘E}wF‘#'oﬁ‘Fs_ﬁn ﬁia@ﬁ actpy f)ﬁp?‘é’% V% a B usi ng
st er hleddhRB A G hEGR MO BX Yohtlde kBRAYONINR of hE catihgat@eh tROpBInt pool ed

pl asme as standard, or the sanpl'e. In this assay, one unit of activity is

def i moentim. tthan exemplarytengyodsnert, theperide g the ls¢quencagireseoieddieropod ed pl asma.
Furtggbg@a&g gls_say for biological activity based on the ability of Factor IX
tor R "clotting tinme of plasma from Factor 10 | X-deficient patients
to normal can be performed as described in, for exanple, Proctor and

RepapNIGKErE 'Wg(ﬂkﬂ FRECMERROSFEBAR AL N R TEF VRIS YDORQOESNPdes of the

i nvention include at | east one N-linked or OIlinked
INGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCT
EGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAEAVFPDVDYVNSTEAETILDNITQ
STQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETG
VKITVVAGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYV

15  TPICIADKEYTNIFLKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFT
IYNNMFCAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYTK O

VSRYVNWIKEKTKLT.

[0116] The present invention is in no way limited to the sequence set forth herein. Factor
IX variauts 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 XT 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 to 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 att, such as a one stage activated partial
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gl ycosylation site, at |east one of which is conjugated to a glycosyl

resi due that includes a PEG noiety. The PEGis covalently attached to the
peptide via an intact glycosyl |inking 15 group. The glycosyl |inking group
i s coval ent| woedobsushesd to either an amino acid residue or par8hoGasiho

resi due of the peptide. Alternatively, the glycosyl linking group is
attached to one  or nore glycosyl units of a glycopeptide. The invention

al so pr ovilegbeplajingmeassinasgdeséibed i doigixgmpleyBiges (R AgHgnhouBlood attached to
bot h i i i | | i 1T PE ety i
ot t ached oSBT RSAUS (B0 O ) BROM Blacsndlt SeafiBE pegbifloey ' °

l'i nker, e Bgieflystulasday thettedlogicallesiving bf 4 Biced IHInklbculssdiRslobtARErdRip to the

unsubstituted = heteroal kyl. Mbodified Sugars [0120] The present invention
uses nodi FrEPds Bg@ﬁye‘éﬁfﬁ IvGsatPR.dEe uyRa b crderredeyith 6qyad vplumesaf ugat es of

Lhe mogi I Lol RoaR Hnihdinceth AHOPAGITRAURAR Mol DAY Ak PPasichle Sugar
25 noiety Is preferably a sacchari dé, a deoxy-saccharide, an

am no- saccohtrliedephitin Barsilg siailé pBlabathay itabaniqidsewd Ekmowisia dlehat, i ghd" n@and] i t s
equi val ents,, "saccharyl ., !"sugar," and "glycosyl" .refer to nopponers,

d?et ers, Qf)f’lﬁgﬂ'g?lga Ssr%aﬂﬁlﬂfdy Hjéﬁ’f:sal?ﬁg' i‘i‘]ﬁ'ggr%ﬁ% éqwfso Ayt 1§ dekinediaitha ed
with a m@hfoﬁhﬂﬁesgﬁ@ﬂﬁne g0 OF hdn Y pSHIQHRadrSs, GBI 3 sﬁl}ﬁ ﬁoyrﬁtﬁyi?@%agar

nmoi ety, typically, through conjugation with an amne, s
hydr oxyl , aetiyty, bagadi avahy alhiigrafpbtor B ietejumnthadotihg tiswgdiplasina fiam Bactorpl ar y

enbodi. pent.,, t he. nodi.f yi r o i,s attached .t hrough an amine 31 WD

50001 0Be0ss-deESrRStcH) Bihelrgt GauR BT b ShBHPD. B7 SRR B B ani de,
a ur et han®apsipox UhRA Jt 0ab. Pehfyw: ned(lohrough the reaction of the amine with
a reactive derivative of the nodifying group. [01211 Any sugar can be

utilized as the sugar core of the conjugates of the_ invention. Exenplary
sugar cor é4118hatThsmeptides pf) thejipvengppingide pblees ppolilinked er Bflinked i nvent i on

i ncl ude, : i.m : q . ose, and
oi'al e actyooRipBRSE T S uhth bRy SR LREI 0T R IO RIS,
gal act osariEenoien Mhs FFGNe cotdiently-amtird to deakpifiteinin Biat plgcag] dnldamngd t he

| i ke. ,The sugar., core c he a structure found jn pature qQr it . can be
mod 1 18q €5 Gvr Bl cars LR B0tk Ghidltih g HeRe fothn g g SUpIREF Sekanpl e

N one  eghodiyIRAkiue bPGCBMRR! | RrBIOUY IRE ofalRliliSa@eioly 4SilakRid W eni n whi ch
the 9-hydroxy noiety is replaced w an"am'ne. e amne is readily
deri vat i zetimaie glycaylamits vbe gly cepralidey uBheofiventios else proattiesoot figatesgn gubinip.

[01221 1 nyany exerphity cobodiuents B LSRG 00 bl A83 B el L, suoar

[0119] The PEG moiety is attached to an intact glycosyl linker directly, or via a non-
20 glycosyl linker, e.g., substituted or unsubstituted alkyl, substituted or unsubstifuted
' 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 sngar
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, sulthydryl or hydroxyl, e.g., primary hydroxyl, moiety on

30  the sugar. In an exemplary embodiment, the modifying group is attached through an amine



NH-L-R1 15 in which Gis a glycosyl noiety, L is a bond or a linker and Rr

is the nodifying group. Exenplary bonds are those that are fornmed between
an NH2 on the glycosyl noiety and a group of conplenentary reactivity on

t he nodi fying group. Thus, exenplary bonds include, but are not limted to
NHRL, d the Iike. For exanmple, when R in L boxylic .
acid nole ‘Wﬁ% ? noi ety may be activated and coupl eg‘l‘@ﬁ%‘@ﬂ“ﬁﬁﬁ noi ety on
the 20 gl ycosyl residue affording a bond having the structure NHC(O R1.

Si mi |k ontthesidat, aRd 1RbugldsOMpRle CaeBanE ONVael Bt i Forned th@ueRgRONdI Ng et her
or thioether derivatives, respecti veII_y [01231 Exenplary |i nkers include

al ky Ireagtian lgé therasdnacyith astastivedernvitie ¢ th‘l‘(@ﬁélfi’lﬁ%gmﬁ |i nki ng groups, for
exarrpl e acyl -based linking groups, e.g., -CCONH, -OCC(ONH, and the Ilike.
The ng speci es of the
251 UL GAR) BHBE oA, D8R o) B R O Bl R R PhvehIBPDy %o
bet wexenipey buguk esresihdt 4rh @sefoind ifbryiingthg rcomposﬁﬁtbﬁs of mmaveﬂtmnkmlgdegr oups are

ethers, thio thtaé nd am es. For exanpl e, 8 gk(ljl mantiH the |inker
i 3 arPChAReRgt 100 B1UARRE,; SAERFC R aWOgF RGOSR pdl Siefip acid T (her A bxylic acid
nDi Etsii 1&0’[\?13%%&! éﬁ%aﬂs%u&f’é}\@ﬁéo‘g&’tnﬁl& éaﬁ%t&%[&sﬁ%@sﬂauﬁ%@% ipkeaction .

Wi t %amne on the glycosyl resid and the amne of the glycine is
convelnalegutt of ddliz 812 andtiR0IPE dBE@E@rPOTE/d&Sb@@AW&@f@ﬂlmmﬁBEponxﬂl ng am de or

ur et han ction. n activ carboxylic agid or carbonate of the
o £9% 8 S0 pEYihe sk oSt ba FP P Rbeer e 1" el 8% or o pe
noi eteﬁlﬂoﬁﬁﬁeﬂt &hé Hﬂ@ﬁﬂoﬂf}ﬂdmé&cb sict AdidederRfivan 3@ich ﬁl@@llﬂblfb ()_i, fG is to the
gl ycosyl group through'the amno acid residue 5 at one PE term nus and

BOundeplaced Wlﬂhmb@@lhetiﬁhﬂ gnines REGL darivetized With anesctisaipd enajoguersd 2aani no aci d
resid t and the PEG term nus not bound to the am no acid isi
bounc?gl‘[%geﬁﬁﬁneo%éw g&@‘ﬁ group. [0125] An exenplary species for NHL-R has tQ
f or mul a: -NH{C(O)(CI—IZ)aNH}s{C(O)(CHZ)b(OCHZCHZ)cO(CI—IZ)dNH}tR‘ , in which the
i ndi qes22anth 4n extphteermbsitpendtrtihyentowutilizes Tamdifiedisogs amindbtianhhsd are
mdepen?entl y integers fromO to 20, and c is an integer from1l to 2500.
ot herthstomnels | i nkers are based on species in which the -NH noiety is
repl aced by anot her group, for exanple, -S, -0 or -CH2. [0126] ~ More
particularly, the invention utitwzes conpounds in which NHL-R is:
NHC(O) (CH2) aNHC (O (CH2) b ( 2), Q( CH2) dNHR1, 15
NHC( O) (CH2) n( OCH2CH2) , O( CH2) d [GIEC( @) 9( CH2) b( OCH2CH2) , O( CH2) dNHRI

—1—R

15  in which G is a glycosyl moiety, L is a bond or a linker and R is the modifying group.
Exemplary bonds are those that are formed between an NH; on the glycosyl moiety and a
group of complementary reactivity on the modifying group. Thus, exemplar;' bonds include,
but are not limited to NHRI, OR!, SR! and the like, For example, when R' includes a
- carboxylic acid moiety, this moiety may be activated and coupled with an NH, moiety on the 7
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  ivention, 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
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NH( CH2) aNHC( O) ( CH2) b( OCH2CH2) co( CH2) dNHRI, NHC( O) (CH2) aNHRI  NH( CH2) aNHR'
and NHR . In these fornulae, the indices a, b and d are independently
selected fromthe integers fromO to 20, preferably from1l to 5. The index c
is an integer from1l to 2500. 20 [0127] In the discussion that follows the
i nvention i sWQM§05set0ed by reference to the use of sel ediadugdersjovats ves of
sialic acid. Those of skill in the art will recognize that'the focus of the
di scussion is for, clarity of illustration and that the structures and
conposi t i dREcgRpding pppdegranctiansdy spaciion pithiap ag0E AP BEEY itreid eifbapte
sacchari deofgﬂé)ﬂrl@@ifyi g,io "r)]ed saccharide groups, activated nodified

co

sacchari de groups "an j ugat es of nodified saccharide groups. 25 [0128] In

an illustrative enbodinent, Gis sialic acid and sel ected conpounds of use
in the id0Eli oAndihoeexeglarphinfer e PR3 maBte 002 BEG55980 tHRCTY fus2dodind1070

Nl 0 ( S0 SRBEP by BT a5 G PR i PHBA roo sk
CH( OH) GH( Qb EEH! 1erbiGAG a@d%%&%&%‘%ﬁh@@t@téﬂ%ﬂnﬁ%ﬂg)ﬁﬁhﬁ the

NHC( O) ( CH, ) aNHC( O) O( CH, ) d( OCH, CH, dNHR  OH
CH{ G CH G T 0 RAIOE Do -G CHF GHAT D b e oo cid i

NH( CH2) aNRC(. O) O(CH2) t 2CH2) cO( CH2) dNHR' NHC( O) ( CH, ) b( OCHzCH, ) A( CH2) dNHR
C]—I(C]-I )Ho%%&%lﬁgﬁﬁyéi?%&ﬁe& (() H)OOC v 04(8(4))01(4(04301(4,04 HO Lo( )
NHC( O) O( CH2) n( OCH, CH2c( CH, ) dNHR  NHC( O) ( CH, ) d( OCH, CH, ) cQ( CH2) dNHR'

[0125]  An exemplary species for NH-L-R' has the formula:

-NH{C(O0)(CH,),NH} {C(O)(CHz)b(OCHZCHZ)CO(CHg)dNH}tRI, in which the indices s and t
10 are independently 0 or 1. The indices a, b and d are independently integers from 0 to 20, and
¢ 15 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-T-R" is:
NHC(O)(CH;)NHC(O)(CHy)s(OCH,CH,).0(CHp)eNHR

15 NHC(O)CHy)s(OCHCH,):O(CH,)NHR', NHC(0)O(CH:)p(OCH,CH,) O(CH,)¢NHR',
NH(CH,):NHC(0)(CHy)(OCH, CH,):O(CHZ)NHR ', 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 to 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 llustration 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] In anillustrative embodiment, G is sialic acid and selected compounds of use in the

invention have the formulae:
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OH OH NOOC 0 CH(OH)CH(OH)CH, OH  and HOV NHR  OH [0129] As those of skill
inthe art will appreciate, the sialic acid noiety in the exenplary
conpounds above can be replaced with any other am no-saccharide incl uding,
but not limted to, glucosam ne, gal actosam ne, nmannosam ne, their N-acetyl
derivatives, and the like. 5 [0130] In another illustrative enbodi ment, a
pri mary YR &8930 oi ety of the .sugar is functionali zBE" TR o4 fyi ng
group. For exanple, the 9-hydroxyl of sialic acid can be converted to the
correspondi ng am ne and functional i zedw©we pQuictenogemepound according to
t he i nV@ht.i HOPHITIEE " accor di ng t o t hieg’lenbpdi ment i ncl ude: 34 WO

2005/ 058950 PCT/ US2004/ 041070 HOOC 0O NHGOXCHANHR!

CH( OH) CH( INGIGE O (h ) oMHB(@RBR), ) y (OCHLCH, ) . Q(CH, ) , NHR  HO NHC(O) CH,
OR HOOC 0 V4eH(OH) C H(OH) CH, NHC( O) (CH2) , NHC(O) OQ(CH, ) n(OCH, CH, ), O(CH, ) , NHR
HO NHC( O) CH3 O\I HOGG 0

CH( OH) G O %Cquqqu)y(ot‘f%° PECEHYUNR  HO NHO(O CH  CH
HOOC 0 %t}ib (O (CH, ), NHR CH( OH) CH( OH) CH, NH(GH, ) , NHR!
NHC( O).CH8 A HO~-NHC(O CH, HO' 7 OH OH NP HRNHR? .
CH(CH) CH(CHTCH, NW@(%WW’P‘WPW*WWR‘ CH, ) eNHR

HOOC. C. CH(OH)CH{OH)CH,0H

HOOC. 0. CH(OH)CH(OHICH,OH .
Ho Ho
" NH(CH,},NHO{0)O(CHz{OCH,CHy) O(CH)NHR! NHC(O)CH{OCH o) O(CH) NHR'

o OH
HOOC 0 CHOHICHOH)CH,0H

S

OH

HOOC CHCHIOH(OH)CH,OH o : S
. NHC(OIG{CH2), {0 CH,CH ) O(CH) NHR! a
NHC(OI0(CHL) (OCH,CH,0(CH A NHR! :

HOOC CH(OH)CH(OH)CH LOH

NHR?

[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] In another illusirative embodiment, a primary hydroxyl moiety of the sugar is
fumctionalized with the modifying group. For example, the 9-hydroxy! of sialic acid can be

O

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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NO NHC(O) GH, "COG 0 V CH(OH) CH(OH) CH, NHR OR HO HOOD O

CH( OH) CN( OH) CN2NHC( O) O(CN, ) b(OCHH, ) CO(CH, ) aNHR  NHG O CH, Ho OH 7NNC(0) CN,
off [0131] In a further exenplary enbodinent, the invention utilizes

nodi fied sugars in which the 6-hydroxyl position is converted to the
correspondin OLNHE> R ety, which bears a |inker- nodifyi BTSmpo-0amsett e
such as those set forth above. Exenplary saccharyl groups that can 5 be used
as the core of niches bhds@forSk@ad St \ae B INAC, G e, GlcNAc, Fuc,
Xyl, Man, and t, ike. Arepresentative nodified sugar according to this
enbodi nent has the W&&: R RBRO RR/ R5in which R3-R5 and R7 are
menbers i ndependentlly sel'ected fromH OH C(OCH3, NH, and 10 NH C(O) CH3.
R6 is OR, NHRI or NHL-Rl, which is as described above. 35 WD 20051055950
PCT/ US2004/ 0417 prgEh et eRPugateshefcte® i n the i nvention are
based on mannose¢ ctose or glucose, or on species having the
stereochem stry of S®&gH, gal act ose or glucose. The: general formnul ae of

t hese conjugates arg; RS R R5 OO R3rv,.. OHR3 CHR3InmMt OHR4 RS ; R4
,R5 ; and R4 R5 5 [01331 In another exenplary enbodi nent, the invention
utilizes conpot PHENTISChaliovachvetcharce) et | vated as the

correspondi ng nu , sugars. Exenplary sugar nucl eotides that are used
in the present inv cadydd, their nodi fied forminclude nucl eoti de nono-,
di- or triphosphatgs or analogs thereof In a preferred enbodi nent, the
nodi fi ed sugar nucl eotide is

HOOC._ 0. CH(OHICH{OH)CH;NHC(GHCH,)NHR! HOOCS O~ CHOHICH{OH)CHNH(CH ] NHR'
HO HO
NHE{O)CH, : NHCG(O)CH, :

OH OH

HooG. 0 CHOH)CHOHICHNHC{ONGH, (O HaCHzO(CH, )y NHR

HO
>K(\[wc(o)c.s-i, HOCC . CH{OH)CH{OH)CHNHR?
OH HO
HOOG. 0 CHOH)CH{OH)CHNHT(O)O(CGH ) OCH,CHa) OCH; ) NHR? NHGO)GH,

HO : CH
NHC(0)CH,

o
[0131] Iun 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 casseite such as those set forth above. Exemplary saccharyl groups that can
5 e used as the core of these modified sugars include Gal, GalNAc, Glc, GleNAc, Fue, Xyl,
Man, and the like. A representative modified sugar according to this embodiment has the

formula:
Rt‘;
RB
R* R?
RS
in which R*-R® and R” are members independently selected from H, OH, C(O)CHs, NH, and
10 NHC(O)CH;, Rfis OR', NHR' or NH-L-R', which is as described above.
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selected froma UDP-gl ycosi de, CWP-gl ycoside, or a GDP-glycoside. Evéﬁl"’ nore

preferably, 10 the sugar nucl eotide portion of the nodified sugar nucl eotide
is selected from UDP-gal act ose, UDP-gal act osam ne, UDP-gl ucose, )
UDP- gl ucosam ne, GDP-nmannose, CGDP-fucose, CMP- sialic acid, or CVMP-NeuAc. In
an exenpl ary enbodi nent, the nucl eoti de phosphate is attached to C 1.

[ 01341 TWOL005085%% i | | ustrative enbodi ment in which t RETYSIEY107hpi ety i s
sialic acid, the 15 invention utilizes conmpounds having t he fornul ae: HOOC

c %@a‘:ﬁfmw@ G PIOE B ST HIRE Belpsosagr | oy o

VA OyEel B g @Jﬂes!—ha%ng Be SSrcdbIREMHSLEE 1800168, galatiobe orFludoepr Ehent s a | i nker
bound”to the m)emjy group. As with L, exerrpl ary linker species according
rleEse ad1ig

to L' géneed! dokende ygat@rare het er oal kyl noieties. Exenplary nodified
sugar nucl eoti de conpounds according to these 20 enbodi nents are set forth .
in FIG 7 and FIG 8. 36 WO 2005]5055950 PCT/ U820041Q41070 [0135] In

anot her exenpl &y enbodi ment, t heli nvention provi des/a conjugate forned

bet ween a nodi{i ed sugar of the iNaventi on and a substyate Factor | X pepti de.
In this enbodi)xent, the sugar noj ar becones a

gl ycosyl |inki-0g grewp interp®
group. An exenptaty gl ycosyl [|inkj

RS

> 2

and R "

5 [0133] In another exemplary embodiment, the invention utilizes compounds as set forth

above that are activated as the corresponding nucleotide sugars. Exemplary sugar nucleotides =
that are used in the present invention in their modified form include nucleotide mono-, di- or N
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 glycosy] moiety is sialic acid, the

15 invention utilizes compounds having the formulae:

HOQC. 0. CHOHYCH(OHICH,GH

c)\\ 0 (
i 3 R \
HZN‘<jN N s \0 L—R' ; and s
h—( &
'oH
9 no
HOGC, 0 CH{OH)CH{CH)CHNH—LI—R!
]
N 0
——
Ol R
H2N~<\\N SIS \0- NHG(O)CH,
N\< OH
‘o
¢ wo

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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5 group is an intact glycosyl linking group, in which the glycosyl noiety or

noi eties formng the linking group are not degraded by chem cal (e.g.,

sodi um et aperi odate) or enzymatic processes (e.g., oxidase). Selected

conjugates of the invention include a nodifying group that is attached to

t he am ne noWE&X2powIS3WA am no- sacchari de, e.d., nmannosam neCTgisumesanine,

gal actosam ne, sialic acid etc. Exenplary nodifying group-intact glycosyl

| i nki ng gr 1 cas ettes cording to this notif are based on a S|aI|c
el by d

acid stru %6&?{ HSIERBLE Hakedgentnbe TVERHAR RIavides 4 conpyeeis IRamed - HN 1 0
COON 0 CO@Hyy, 136] In the
formul ae abo&gpa E@ﬁ?ﬁ@sﬁ%?{ éﬁég%ggl??@b%%ﬂg%%ﬁéﬂl 7?&1\%“5%4 a] further

exenpl ar y calrbdidiene tte, SUE&len@L@im of fateodiBed mgaﬁebﬁcbmtmglmcayhﬁlﬂsng)gmupt e Factor

I X andascchar I |chthe di fying,grou ttached.t hrough

2 nker HRGPRG6eRRn i HHSI B o1 ROr Sk eRhay of cagneky Syiiel ke

i |l ust at igkRpGoOmM M&@’é 9&0039%1@(1@ %m R%Qn Wﬂcﬁt@@?@ﬂsﬁl&ﬁ&ﬁﬂ%@ﬂ&&%ﬂf&ﬁﬁé ae: 1~0O
;an

O N L-R1L HN H-L-R he radicals are as
di scussed tedinking gmm@e obt dagraded iy chenzipP (@B sadéurn map@h@damidﬂ Fizyehaio

sacchar yl {mces%s gdro%das@ Sgegggvg%ﬁ%{t]esﬂg@%ig§?%8 lxﬁJ g.ldte %‘ﬁ@%}gs%? frate

t hr ough alri) oxydge at

[0138] |1 hnasisadhihed 16 oRpaindGoly mm@-kucshe@mboag MBaindsfe nucgﬁu@b@mmunds
having the formulae; 37 WO 2005/ 055950 PCT/ US2004/ 041070 . R . O

CH3NHC( O) eelpetpsanpixy rEecrE gicodipmplaay epgifanggyurmgactglycosyl linking group

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

formulae:

OH

OH R
HO LT—HN
o. ,COOH o COOH
HO g
. Qe
R1——L1—nNH s and CH4(O)CNH
OH

[0136] Inthe formulae above, R' and L' are as described above.

{0137] Instill 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:

O 0 HN o
~ —p
H
i
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] Iiustrative compounds of use in this embodiment include compounds having the

formulae:
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R O CH NHC(O (CH~, NHC(O) O(CH3) nl OCHH~, O(CHz)eNHR ( R R O
CH, NH( CH2) , NHC( 0) O(CH2) n(OCHi CH, ) . O(CH3)eNHR  Rs® 7 R3 R7 0

CH2ZNHC(O QCH2)aNHR R R R7 O CHNHR 'r R O

CH3NHC( O) (CH, ) e(OCH3CH3) 10(CH3)eNHRL Rs~ R3 I~ and R RR RBR R O
CH3NHC( | CH~) a0O(CH3) eNHR R3VWR in which ! and the
i ndi ces%&%@%&a@i bed above. [0139] The invention lz; {S‘@S%Pg/\@figibz for the
use of sugar nucleotides nodified with L-R at the 6-carbon position.

Exenpl ary speci e&. BIRGCR PR OSSR RNt i ncl ude: NHL-R R3 O R4 0
11 11 ovl Base 0- 0O[ 5 HO I\ _t/\OH in which the R groups, and L, represent
noi eti es as di SC¥Ss pbove. The index "y" is 0, 1 or 2. [0140] A further

exenpl ary nucl eoti de* sugar of use in the invention is based on a species

havi ng the stereacheq stiyoed bR-rmpesenmexenpl ary species according to
this 10 enbodi rreﬁﬁae&t he structure: 38 WO 20051055950 PCT/ US2004/ 041070 -
Q5 P :

0
R4

RY o CHyNH{GH,),NHC{OIO(CH ) OCH,CH) OfCH)INHR?

R* R3

R '
Rl o CHANHG(DIG(CHy).NH
RL . CHzNHC{O)(CH,),NER?
RS R?
RS R? ; ;
R )
L Kl s} CHNHR! \/ >
-
RL_ 0 CHNHC{O)(CH)L{0TH,CH ) O{CH MNHR! st/\’IRS
b and
RS
R4

Rt

Rt

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 L-R!at

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

NH-L-R
R3 O
O
4 o’ Q Base
Y
RS 10T ™o
o o
5 Y 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

10  embodiment have the structure:
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HN Ri.,. O~NI NH R',0ip,0 ON N~-NHa RS PPON O O HOOD 'SOH ; and
HR 00 R~ O/ YNH 110000 N] NHZ R'1 RS POP~-O'J O 0 HO % [0141]
In a still further exenplary enbodi nent, the invention provides a conjugate

in which theygoshshi®sh sugar is based on the stereochem Stﬂé’nﬁzoé‘-ﬂﬁm'f
gal actose. An exenplary 5 nucleotide sugar of use in this invention Has t he

structure: OR HNz O R~O0OO0OON I-P, 0O OHO" ; and NHR O R3 O
HNIE 11 11 0 RS PI -0~ " O O/%)/‘,Q—I.
HN a

;and

[0141] In a still 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:

R o HN)j
| o g

1
NHR o
3
L7 O O )\
R4 v WO\H il O o N
= P /P\
R® | 071 o
o
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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[0142] I n another exenplary enbodi ment, the nucl eotide sugar is b"ased""'on ‘the

stereochem stry of glucose. Exenplary species according to this enbodi nent

have the 10 fornulae: 39 WD 2005/055950 PCTI US20041 041070 O R1 HN 11,7 O

O R
N O

H RR ONI-p-PHO-" SOH; and HR 0O R.,. OHN' Ra,,"O- Il

lol o

"0 [ 0143] The nodifying group, Rl, is any of n _ f species
|P§E‘Fﬁj%2‘g§[ &

0 143 _
i ncl udihg 2B bt Iinmted () to, water-soluble po -insol ubl e

pol ymers, therapeutic agents, diagnostic agents 5 and the |ike. The nature

of exenplary nodifying groups ¢s discussed in greater detail

her ei nbel ow.

Modi fyi ng Groups Water-Sol uh 81 ynmers [0144] Many wat er-sol ubl e pol yners

are known to those of ski
present invention. Ther}e
as saccharides (e.g., dextr
heparans, heparin, ete)y
pol y(gl utanmi ¢ acid); nucl & c adrdsi~o
acid), poly(ethers), e.g., pol Y ethyl epeglyco

l); | peptides, proteins,

In the art anfl are useful in 10 practicing the

wat er - sol ubl,e~pol ynmer enconpasses speci es such

n, anyl ose,%y | ouronic acid, poly(sialic acid),

~ Pobyi ( & no®acids), e.g., poly(aspartic acid) and
s‘?‘r(z h;

tic polyners (e.g., poly(acrylic

and

the like. The present invention may b& pr ZEHI%Ed wi t h any water 15 sol ubl e
polymer with the sole |limtatien that the pqgl ymer nust include a point at-

whi ch the remainder of thef conjugate can bg attached. [0145] Methods for
activation of polymers &a so be found # 94/ 17039, U.S. Pat.
T §§ o@ N

10

15

20

Ignllu

~ O,
b
oo -
He %
[0143] The modifying group, R', is any of a number of species including, but not limited
to, water-soluble polymers, water-insoluble polymers, therapeutic agents, diagnostic agents
and the like. 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,
ete.); 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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No. 5, 324,844, WD 94/18247, WD 94/04193, U.S. Pat. No. 5,219,564, U S. Pat.
No. 5,122,614, WD 90/13540, U.S. Pat. No. 5,281,698, and nore WO 93/15189,
and for 20 conjugation between activated pol yners and peptides, e.g.

Coagul ati on fagi@snsdddl (WO 94/ 15625), henogl obin (WO 94/&%@% _ en
carrying nol ecul e (DU. S. Pat. No. 4,412,989), ribonucl ease an Qsodgg%&%(gi de

di snut ase (Veronese at all, App. Biochein. Biotech. 11: 141-45 (1985)). 40
WD 2005/ 098860 PGTfusa 00 /s0lmbR 70 1ynjdd 46 thdRe &f whickd subttatiababpditien pothy mer s

are those iﬁ,whi ch a substantli a roportion_of the ol yner nolecules in a
sanpl e of PPRESBIRIGREIes 37 & 55Pls tihg?PEfﬂ“tﬂbW'ofﬁBpl%lﬁ‘E‘t fiesamamolstglaght . such
pol yners aﬁ@%ﬁj’s@[@gb@ﬂﬁfﬁe“hoﬁ&liﬂsz,]gmafhe present invention is further
illustrated by reference to a poly(ethylene glycol) 5 conjugate. Several
revi ews and nonographs on the functionalization and conjugation of PEG are

avai | abl e.[0KES, Praseabagventiopag furtber iNBgTeenddly, refoiranse tRhydy(e®tne 3350373
1985) ; ' e 30-65. (1987).; Wng. .
Enzyne M Soon ey, SR Sl b RN, i lp oAt lconl gl el

Revi ews i nrelheilafieuSdes fddeugnilarifies, MysbriTsCRim, %&%3@%98%@ i psky,

Bi oconjugate Chem 6; 150-165 (1995); and Bhadra, et al., ) Pharnazi e,
57: 5-29 ( 260YSL, Mehqdasdn ﬁwwﬂlf@dﬁﬁh@-%@@ﬁ?x@v%rﬁm Feredliand Feshring
conj ugat e 4ugtNer4 eact,i | ec; ) 0L he o FQT pl e,
0S Bat e RO 190 CRECY P T CRMbA BB SO ghlnl Bl Chri R G197
conj ugat e 24-384 (HOR); Alipsive BicobrniagqoChemre: 18¢i145 $E196% aedi Bhadym dr khear or

br anched | y(al kyl ene oxi des), | y(oxyet hyl at ed_pol yol s), oly(olefinic
al cohdls) %ﬁ%&"%l ek @P%ﬁoﬁ?ﬁ@g %%‘Fé’?lm{lﬁg f%iﬁ‘ef] PEE? 8?0¥q5§l€)é Aed %mﬁé 376, 604
sets Tort RofubRENQsh A ALGAARLIBCE MELRSmSR HONE Rl RERAPRIUIPRkyhear Donat e

ester of a non- peptidic polynmer by reacting a term nal
hydr oxyl &f6721662 pisiclpeesra watehsodibld arblesd otble aagydte af bomdveesdier ofia polygeni ¢

I t. T ti t i t ' t i bi ol ogi cal |
2ot ve agdht ficr H8EsRbp T Hees PSP UE: S3eTotIor i J9P4Bu8HE Besor | bes
a conj ugatRlyesIemit 8lcbEbld, MdpREbEdnor@linye agent and an activated water

sol ubl e pol yner conprising a pol yner backbone having at | east one term nus

i nked to the polymer backbone through a stable |inkage, wherein at |east
one tdemi dlkd8] c oy Patent No. 934 AGRT aegjs g%ﬂlét%}etha@fqi@ﬂ?ﬂﬂ@% friviater-gelebleve groups

l'i nked to;t - | ' ' ' L L C actiyve agent is
[ nked t o i RHERTL AR e Wbl biEe BT ol LRI Rlole RPN, o
pol y( et hy liengnal hydrokg)of diecpoiiesearwitiedl( i-ben?@ridtdy2)tddOnaidlinn digdrihdolvent.

The active ester is used to form conjugates with a biologically active agent such as a protein

or peptide.

20 [0149] WO 99/45964 describes a conjugate comprising a biologically active agent and an
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 biologically 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. 5,446,000 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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No. 5,932,462 describes a conjugate formed with a branched PEG nol ec"ul e that
includes a branched-termnus that includes reactive functional groups. The
free reactive groups are available to react with a biologically active
species, such as a protein or peptide, formng conjugates between the

pol y(eth | ene gl ycol) and the biologically active species. U Pat ent 30
No. 5, W 4%2 g’é’scrl bes a bifunctional PEG |inker- an%“g’vﬁ%%@éﬁm form ng
conj ugat es haV| ng a peptide at each of the PEG |inker termni. 41 WO

200 90, QI%'.% JatOadsESHddNAtwh bu,@@s degr adabl e
PEGﬁflgﬁEagg%njgg%i]%scrl (ﬁgi%g%g%ég%?gﬁgég 4 @ég WO 99/ 14 59, as well as in
U. San®PH@D9/1 8059, Gs 348 2508 SSBaibntdég 63d 8155 8. Suaikmwahleénmmplarecabl e in the
present invention. [0151] The art-recogni zed net hods of pol yner activation

set 2pRJicehle AbHIPPTEHERI IBYeN8R i n the 5 context of the present invention in the
formati on of the branched polyners set forth herein and also for the

CO”J[M%? | OfheQfri- fe@@g%ﬁze@&ﬁé?ﬁ&@%f?@iyﬁﬁ?ﬁ&whﬁo@%d@ EriIBARGE 8% of @s@inthéugar s, sugar
nucl eotides and the |ike enpl arymgo y( et hyl enengl ycol ) nol ecul es
2)

of uwﬂexﬂnfﬁﬁe@rﬂm‘emvemmmm&IQfdenati@upfﬂﬁéﬂ ed polipveescset lorthbsse havi ng t he

N Bl i oo LB B BTRpP > bt e Gr oS (uted iyl

subsghébatiRe afd the ikebsti tut ed heteroaryl, substituted or unsubstituted

het er ocycl oal kyl substi tuted or unsubsti tuted heteroal kyl, e.g., acetal,
OHC-, H2N-(CH2)q , (CH2) -(CH2) gC(Y) Z1.. The index "e" represents an
i nt $Y2] f r 14T65 PQB’@@hﬂWﬁeg Wﬂﬂ welscies of usaiythg invsnfiprmslidadit /5 r epr esent
inte ols Z and Z' independently represent OH,

NH2, gﬁlrél%}?c{%n%hggéRa‘@ggethg?o,%ﬁ%ﬁpgazol e, p-nitrophenyl, HOBT, tetrazole,
halide, S-R9, the al cohol portion of activated esters; -(CH2)pC(Y' )V, or,f)
-(CH2) pU(CH2) %C( Y1), . YThe symbol Y represents H(2), =0, =S, N-R10. The -
synmbols X, Y, Y, A, |and U independently represent the noieties 0, S,

N-R11. The syrrbol V. ts. 0gen. p6- R12, the 20 al cohol
ed e ?g?r}%, ;@%C’N"@%gﬁ?%

Qonponent of actlva% nponent of actlvated am des,
sugar- nucl eotides, and proteins. The indices p, q, s and v are nenbers

indapamrnghyme)mmedsdbg@mwtdwnﬁuwagedsﬂ@t aubdittted aﬂunsﬁﬂisﬂ}itlsgmbol s R9, R10,
R' and R12_i ndependently repres nt . H, ubsti f ut ed unsybstituted al kyl,
sub@bilt Swbeiutsd Oh%%ib%t%fiﬂ@@ub%fel‘% B%HWP@P“‘%SH ’cf'iltﬁ‘éu %THTOSYCO ubstitut ed

arykunsttRst bl @Skt MBIk HEedcdial 6HeCHENRatHY! -, ARYCEYRSE tuted or

-(CHz)qC(Y)Zl. The index “e” represents an integer from 1 to 2500. The indices b, d, and q

15  independently represent integers from 0 to 20. The symbols Z and Z' independently
represent OH, NHy, leaving groups, e.g., imidazole, p-nitrophenyl, HOBT, tetrazole, halide,
S-R’, the alcohol portion of activated esters; -(CHg)pC(YI)V, or -(CHg)pU(CHZ)SC(Yl)V. The
symbol Y represents H(2), =0, =S, =N-R!®, The synﬁbols XY, YL AL and U independently
represent the moieties O, S, N-R!. The symbol V represents OH, NH;, halogen, S-R™ the e

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, substituted 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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25 unsubstituted heteroaryl. [0153] In other exenplary enbodinents, the

pol y(et hyl ene glycol) nolecule is selected fromthe follow ng: 42 WO

2005/ 055950 PCT/ US2004/ 041070 Me-(OCH2CH2)e-O N Z Me- (OCH2CH2)e-O Z 10 p O
Me- ( OCH2CH2) s+(0p545893k- (OCH2CH2) e-N- / ~0--yZ O 0 O Me- (poehiRedI ey ~Z H
O Me-(OCH2CH2)e-,( N Z O Me-(OCH2CH2)e-S-Z H Me-(OCH2CH2) e HN

Me- ( OCH2CH2) 0154] The poly(ethylene glycol) useful in formng the
conj ugat e of ﬁ?h%&‘%‘fé_{qk gj dher i neaMeb(%C%hﬁﬁe)la‘e@\nBtzanched
pol y(et hyl ene gl ycol) nDIecuIe suitable for use in the i¥nvention include,

but are not limted to, those described by the foll ow ng Porrrula R8-A" p (O
CH2CH2) e -'Xm(CHZ q YR8-A2.[ (OCH2CH2)f-X1 Z 5 Q Yin Wmch R$ and

R8' are nenb¥es(@FHdSSehd sel ect ed fronmtgh@)cg{zau@)g—d%f"l/ne%
om tlhe

above. A and A2 are nenbers |nde8endently selected fr s defl ned
for A\, above. The indices e, o, and q are as describ &d abon Z and Y
are as descr iMze0@baire), d are menber s mdependegtlyosel ected from
S, SC(ONH, HNC(O'S, SC(OC 0,"NH, < 10 NHOPE)(OOHITBNH 0) O, OC(0) NH.

[ 0155] In other exenplary enbodi nents, the branched PE |s based upon a
cysteine, serine or di-lysine core. Thus, further exerﬂ)l y branched PEGs

include: 43 pe—(OCH,CHy)e—S—2
Me"(OCHQCHz)e HN
E

Me—(OCH,CHa)e—N~

[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 neot limited to, those described by the following formula:

RE-A! <00H20H2)e—x1\
m (CHZ)q

RE-AZ/ } (OCH;CHa)r—X' z
5 ° Y
in which R® and R* are members independenily selected from the group§ defined for R?,
above. A and A? are members independently selected from the groups defined for Al
above, The indices e, f, 0, and q 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), (0)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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|
WD 2005/ 055950 PCT/ US2004/ 041070 0 NH C (O) OC H2CHz( OCH2CH2) eOC H3 HO NHz
HN NHC(O) OC H, CH2( OCH, CHz)i 00H3 0 0 N HC (O CH2CH2( CcH cH2). OCH  HO NH2
HN NHC( 0) CH2CH2( OCHZCH2) 000H3 O HO I1Y °S-(CH, CH, O BCH, HO'
S- (CH2CH20) OCH3 | NHC( O) CH2CHz ( OCH2CHz) | OCH3 NHC( O) OCH2CHz ( OCH CH2) , OCH3 HO

Y \ O (CH2CH20) 9CH3 Nqumzm(%
NHC(O%@%%%Hzmz) 10CH, HOO (CH2CH20) OCH3 HO S 4
NHC( O) CH2CH200H3 NHC(0) OCH3 and ~0 HO Y \ S- (CH2CH20) 9CH3  NHC(0) CH3 [ 0156]
In yet anot her i t he branched PEG noiety is based upon a

tri-lysine peptlde. t riscyptmecaprhenpono-, di-, tri-, or
t et ra- PEG yl ate®d. enpl ary species according to this enbodi nent have the

formul ae: 44 WD 2005/ 086950 PCT/ US20041041070 ' 0 NHC(O) OCH2C Hz( O
(:H’ (:HZ) ! oCH3 HO an NHC{O)YOCHCHH{OCHCH2)OCHs

6]

Q
NHC({D)CHACHa(OCH,CH2).0CH,
HO
NHz
HN
NHG(OICHLCH{OGHACH,O0H
o]
fs] 0
HO 8——{GHaCH.0)e0H; ; HO §——{CHaCH,0),CHa
NHC(O)CHoCHa{OCH,CHa)HOCH; NHC(OYOCHCHAGCHLCHOCH, {\)
0 Q
HO O——(CH,CH0.CH, . HO O—(CH,CH,0)CHs
NHC(QICHaCH,{OCHLCHa){OCH; NHC{OYOCHCHAOCH,CHo)OCH;
9 0
HO O—(CHzCH20),CH; HO §——(CHCH20),CH;
NHC(D)CH,CHa00H, . NHC(O)OCH,
D.
HO §——({CH,CH203,CH, ~
NHC{O)CH; . o

[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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1\\ 7/, NHC(0) OCHZCHz ( OCHZCHz) , OCH3 NH HN ~/ NNHHz
F1C(O) OCH CHZ( OCH2cH2) 1OCH3 0 and 0 HO N HC(0) CH2GH2( OCH2CH2) 000H3 o N H C
(O CH CHz (OCH CH2) ,O0CH3 NHHN.NHz HC (O CH2CH2(OCH2C
H2), OCH3 O WO whs/edso®, f and f are i ndependently sel ect ecbdii®RaRfosiohs om 1
to 2500; and q, g and " are independently selected integers from1l to 20.
| ary enbodi nents of the invention, the PEGis mPEG (5 kD, 10
OkD or 30 kD). An exenplary branched PEG species is a serine-

in_WhH@ecHdhgoomcPEGH: s a 201dW m PEG. 101581 As will be
t he branched pol yners of use in the invention

S SﬁﬁC(J)SUHEd%(@EQI%S@c%m exanpl e the .

te ) ove can'include three polyneric subunits,
t he "=amni ne shown as 10 unnodifi ed in the structure
above. Simlarly, S Heloloth YiSloBgch,aatet 1 onal i zed with three or four
pol yneric subunit® i ithin the scope of the I nventioand 101591 Additi onal
exenpl ary species of use in the invention include: Mr'00 e SOH H2Nr O
JeOH H2N 0 ; gnd 45 WO 2005/ 055950 PCT/ US2004/ 041070

kD, 5 15kD,
or cysteine-
appar ent 't ho
i nclude vari ati

the third bond

NHC{0)CHLCHA{OCHGH,),OCH,
HO
4 0

/”\l/ﬁ\/\/NHc(O)CHZGHz(ocHz(:I-i;,),ocH3
NH

HN MH, ©

HC(0)CH,CH,(OCH,CH,)OCH,
0

q

in which e, fand f* are independently selected integers from 1 to 2500; and q, q° 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 s’éructure 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:

8] S
Me™ \(/\0)’\/
¢ OH
HzN
o ;

O. O
Me/ \{/\0)’\/
e OH
H,N
0 ;and
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|
Me'0O OYe HOH N M, 001 ~"0/I\N0 O f and carbonates and active esters of
t hese species, such as: W1 10r0,J/0F eO HN~F M~-0O0"O0OFI/ |,
F; and MOSF HNO\ FM,00'7"010OF1 / f F 5 [0160] O her
activating, or |leaving groups, appropriate for activating |inear PEGS of use

in pr e conpounds set forth herein include t limted to
t he spg‘@?édé’%-%o NOGdOOH \ /N5 ONWV /\S5 | Kﬁp’ﬂ%ma“ﬁfﬁﬁ 00 00
Oo el-AHHNN, F. FOI'O- FO \ S/ \ NOO 5555 ;and

S A
wwv)T

and carbonates and active esters of these species, such as:

ST
w@%*
A

ww%ﬁ @

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:

. o Q—{_DJL -

¢hA . Qe
F%joio% G{N:E'*—c'io—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, etc. Moreover, the structures above are readily modified by
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O F F [0161] PEG nol ecules that are activated with these and ot her species
ahd net hods of naking the activated PEGs are set forth in WO 04/083259. 10
[0162] Those of skill in the art will appreciate that one or nore of the

m PEG arns ofwo b@s/okmsnched pol ynmer can be replaced by a BEqi®LeiMphth a
different termnus, e.g., OH COOH, NH2, C2-Cto-alkyl, etc. Mreover, the
structures above are readily nodified by 46 WO 2005/ 055950 PCT/ US2004/ 041070
i nserting @pdiing dlkpidaksrs(orremening icmor arobah betvensthe bepteentdrendthe ar bon at om

and the functiopal gr of the sidg chain of the "amno acid". Thus,

" hono" deri?d%ﬁqn\?g%m ﬁﬂpﬁgﬂﬁgf}ﬁ”ﬁﬁ%‘? offies 2 \Iﬁ'ﬁ 1%{%“‘? ASHBIOHERY are
useful " amioholagied] asGRIIRS 14w homBRENeh: PR “UhindSRid ol SoliERAM PEGS
invention. 5 [0163] The branched PEG species set forth herein are readily

pr epar ed b%f%ﬂh%@@ﬁéhﬂv&@ﬁomhat set forth in the schene below. NH2 WOH +
\ 01 ~ KOH MOHO1 N2 11-- 1J 1 0/" O1l. O7~-Xa~~1 r 0Oee™H // o

\OO"'" 0O O~ : ~OX~ ~X. Q 4N jch Xa is 0 or
S and 1 SR e PR el i el eyt G B it

sel ect ed ithitegefosthfin dmsthene @HQMA. 10 [0164] Thus, according to this schene,
a natural or unnatural amno acid is contacted with an activated m PEG
derivative, i nN@t his case the tosylate, formng 1 by alkylating the side-

chai n het er oath¥m X. The no-functi onal j ze PEG aming acid |, submtted to
N acyl at i'5f i @ns\c:?t\h’J e ii—ve@é%—%ﬁg—de‘r\bm%e{\,tah h%bg assenbl i ng
branched m PEG ©2. As one of skill w |l appreciate, theﬂtos%é Y eavi ng
group can be replaced with any 15 suitable |eaving group, e.d. ° hal ogen,

nmesylate, triflate, etc. Simlarly, the reactive carbonate wutilized to
acylate the am ne can be replaced with an active ester, e.g., N

hydr oxysucci ni m de\;mg]&d)\gr\t e acid can be activated 4n situ using a
T

dehydrati ng agent o C MO, \ck\/"\L/\o/(
f NH
CH,CI/TEA /OV\O{:\/XWOH
"0
2

in which X" is O or S and r is an integer from 1 to 5. The indices e and f are independently

selected integers from 1 to 2500,

10 [0164] Thus, according to this scheme, a natural or unmatural 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-{unctionalized 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, ete., or the acid can be activated in situ 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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|
as di cycl ohexyl carbodi i m de, carbonyl diim dazole, etc. [01651 In an
exenpl ary enbodi nent, the nodifying group is a PEG noiety, however, any 20,
nodi fying group, e.g., water-soluble polyner, water-insoluble polyner,
t herapeutic noiety, etc., can be incorporated in a glycosyl noiety through

an appw%(}%mgld nkage. The nodified sugar is for mgﬁ?f?ﬁ%%’éﬁﬁél C neans,

chem c neans or a conbi nation thereof, thereby pro dified
sugar. In an exenplary enbodinent, the sugars are substituted with an

act iyewsfeNBgtlo %ﬂhéti@ﬁ’ﬁé ékl%@trit@%r adle RbleheE calfidghmeRbd@kdt he modi fying
noi ety, yet stll 47 WO 2005/ 055950 P S2004/ 041070 ~ al l ows the sugar to

f unctgano s mp‘@iﬁbslmaategeﬁlpiaryaammm Vﬂ@p@?l@t%m@@ubﬁﬁ mepdified nodi fi ed

sugar to.the.pe n,a when gal actosamine is the
modiSPaRe %’B %els ﬁmchggl%tﬁ%%’% é/tg?ltng@}?eég‘s Pesi%he carbon atom at the
6- posi tion. V\at er-sol ubl e Polynmer Mdified Species 5 [0166] Water-soluble-

pol yweer-salflble PedyrsMedificdiSpsuigar species in which the sugar moiety is
nmodi fied with a water-soluble polynmer are of use in the present invention.

An é&bﬁﬁﬂ)l aPipter yolaiblei w@buwgmdlﬁfed:n@bpndl@sug@amcﬁs gu‘ghxch@hwganmalety S rmdl f| ed
t hrou the di fi e ar n cleoti.des

sac é%&l‘:’ i egﬁﬁ’?ga ‘Hg% ?ef}é‘%ﬁ?l%@ Ty asa? m%gec?rg nge %}%?H&larﬁse in t he

et hedsfiaf sughendceané beds a ar Qﬁéﬁﬂﬂia&s BodiAECMiasugh aﬁfﬁhﬁﬁe mdRtf ¥ t hout the
can be enzymatically conjugated to a peptide (or other

di f
S‘Se' %%J%gra%@@ d prges neHeqtifas. i dasharyingmana desiypid ey @S AtPEAIconj ugat ed to a
desi,red.dRdidV A%,s gL {%HB? nfelo 88 Btk iﬁ%%{t ! Ry @9&1}4}1& e&@ﬁgﬁ%@ﬁﬁé eotide, can

function as a Substr or an enzyne Fat” T ranst ers red sugar to
18 SQW&IH@Itthe mﬁﬁléjﬁhg)glo&p) @nﬂi&&ﬁtﬁrﬁit&allﬁc@mgaﬁedle}atpeﬁ’&de (ogbtheppept i de, i pid,
agl ycone égoﬂ etc.. 15 [[0167] In qgne enbodiment in which the ’j
sac SRSy an @%a@hﬂ%%@é n&ﬁw% P‘éh%%‘@n Rsonjagatdoacjerred @Qééymgn an -

exenplar ya e , dgﬁ% ﬁ%ﬁ&
ace%(% gl Jcosyﬁb%%tméﬁﬁg S %{A%‘E%eﬁow %gtg y aﬁogglgm e t he
6- anha eeassfg@rthe modidiey sagr tm&ﬁcbl;aryirae@tc&abnbwubﬁmumrgi aqeptidels. RO OH p |
NH H? - A%JgH 10 N-O 101 "
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 i
oH R O
] l NH
HO /K
AchNH O\F" N 0
~o P\.. O/\
O O
HO OH
R=0QH

R=NH, . ° /[k{/\/)\/\,cm
C. Mw\

a, galactose oxidase ; NH;OAc, NaBHaCN ; b. 0. _-CHg
0] A ©
g n
C. /u\ 0 CH
A O%\/ >\/\O/ 3
20 n
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PPI ~O~-P~O -~'/O HOOH aF- RROHOR=-NH, ¢ R= HN)G~O nOVCH3 b OR= HN O
40 CH3 S n 1O a. galactose oxidase ; NH4AOAe, NaBH3CN;, b. A0 ~L CH3 Os
vJn c. Oy " ~CH3 AOd O20\ nl 48 WO 2005/055950 PCT/ US2004/ 041070
[0169] In the schene above, the index n represents an integer from1l to
2500, pref er s 30054635e8m 10 t o 1500, and nore preferably fraorhsiaoeldd®. The
symbol "A" represents an activating group, e.g., a halo, a conponent of an
activated ester I(e.g., a N hydroxysuccini m de ester a conmponent of a

car bonat e [0E69%). nﬁhwam@pﬁb@m theandse maeryseaisdngnieges fidnk & to pregfrabdki | | in

I AR g Tl R s e e M

enbodi ment:gtivdting cracmpdegnalhelbya c@npcemtaﬁ‘aﬂ a@tjvatedghRu.g1CN-as a urethane or
a urea. [0171] In still further enbodinments, Rl is a branched PEG for
exanpl e, dHEBYSUCRBERIAS seeRReuAIONSROL f SIPANALY S, P-MitiopBINYAPIrbenat) #pd unds

Fiooe Do B B BT B o 2l i el LR bR S 1070

s- ( CH, CH, Ghadii prep@tedNGhIO0X Gkl Gidug BEMp@H, ) 10CH,  HOOC 0 V' CH( OH) CH( OH) CH2OH

[0170] In other exemplary embodiments, the amide moiety is replaced by a group such as a

urethane or a urea.

[0171] In still further embodiments, R!is a branched PEG, for example, one of those

10 species set forth above. IHustrative compounds according to this embodiment include:

49



HO *S- (CH2CH2O) CHa  NHC(O) ( CHz) aNH NHC(O) X' CH, CH, (OCI t0 i S-(CH, CH2O)! cH3

HOOC 0 CH( OH) CH( OH) CHzNH( CH, ) aNH / 1\ HO NHC( O) XCH, CH, ( OCH, CH, ) PCH,
NHC(OCH, 1 OH 0 HOOC 0

CH( OH) CH( OH) CH2NH( CH3) aNHC( O) O( CHz) b( OCH2CH3) , O( CH, ) dNH S- - ( CH, CH, O) ~CH,
HO-~>~ Y NHC(O) XCHXCH, | OCH, CH, ), OCHa | Y="NHC(O)CH, , OH 0 HOoOC O

CH( OH) CHOQMTB35N( CH, ) aNHC( O) O CH2) b( OCHI CH2) aQ( CHi ) dRER/US2004844028Y, CH20) , CH,

H NHC(O) X CH, CH, (OCHCH, ), CCH, NHC(O CH, O OH 00 HOOC 0

CH( OH) Gk OH) CH, INIFGEQHEGH, ), (OCHaCH, ), C(CH2) dNH Y \ S- (CH2CH, O, CH, HO

NHC(O)X CHY(OCH, CH, ), CCH, n VNHC(O) OH in which X4 is a bond or O.
[0172] "Roreover, as dlscussed above, p ent invention provides

nucl eoti de uga*}HS(O)tCHMHC(OW'éﬂW‘ﬁqu(Cé@WW thla wat EFEYfhbl e: pol yner, whi ch
ei t her stragght-chain or branched. For 5 exanphewoggipeunds having the

is

formul a shown bel ow are within the scope of the present invention: 50 WO

2005/ 055950 PCTI US2004/ 041070 HOOC O CH(OH)CH(CH) CH, OH pO .00\ /P H N O
L/ 5-% . Q) EIHICH(OR)CHZ0H
HO e
NHC(O)(CHy)HH $—(CH,CH,0)CH,
o NHC(0)X'CH,CHA{OCH,CH;}0CH,
0
HOGC. Q CHOHICH{OH)CH,NE(CH;)NH §——{CH,CH,0},CH, .
Hoﬁ NHC(O)X'CH,CH,(OCH,CH,)0CH, ‘
NHG(O)CH, .
OH
o)
HQOC o CH{OH)CH{OH)CHNH{CH,) . NHC{O)O(CH ), (OCHCHz) O{CH)yNH §——(CH,CH,0),CH, _
HO NHC(O)XCH,CHQCH,CH,),OCH, l
NHG(O)CH,
OH a
HOOC CHOHGHIOHICHNH(CHZ)NHC(CYO{CHR),(OCH,CH) O(CH) NH §——(CH,CH,0),CH,
HO NHC{O)JX‘CH,CH,OCH,CH,)}OCH,
NHC(0)CH,

CH{OH)CH{OH)YCH;NHC{OYO{CH),{OCH;CHz) O (CHo) NH §=—{CH,CH,0),CH,

HOGC
HO NHC{OYXCH,CHL{OCH,CH,) 0CH,
NHC{O)CH,

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:

50
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OH NHC(O) X' CH, CH, (OCH, CH, ), CCH, and 0 OH HO 0O HOOC 0 CH(OH) CH( OH) CH, NH-L"
Y 'S (CH CHRO,CH 00 S\ 0 NHC(0))OCH2CH, (OCH,CH,)CCH3 0 .0 ) HzN\ N p
NHC(OCH3 0 N--1 04 \\ OHO0 HOin which X4 is 0 or a bond. [0173]
Simlarly, tHEORMFEMISON provides nucl eotide sugars of thopermmidiieshosugar
species in which the carbon at the 6-position is nmodified: O

NHC( O) (CH2) aNH  S- ( CHZCHZO), CH3 N H .C( Q. %45H,2GH2( OCH 2CH 2)f0 CH 3 0 00

RA NY NH Rs O [i I,OO\N~~~Ioj\I| ' H20I~OOO-HO OH 5 in which X4
is a bond or 0. [0 “\p(o«w\ i de gates of peptides and

gl ycopeptides, |1 pi | ycol ppi dsl [hat | nCT Ut t%e conposi tions of the
i nvention. For exarrpl evi.nventi on pI’OVI HE e HpREgEtes  flvi ng t he

fol | owing formul ae: 5f WD 2005/ 055950 PCTI US2004/ 041070 CH( OH) CH( OH) CH, OH

Hooc CHIOR)CH(CH)CHNH—L™ k(\s—(cn-u,cn,ol CH,
N \ /D NHG(O)X*CH,CH,{OCH,GH,,OCH,
‘(\\ \>j\“ o \ NHCIOICH;

in which X" is O or a bond.

[0173] Similarly, the invention provides nucleotide sugars of those modified sugar species

in which the carbon at the 6-position is modified:

O

NHC(O)(CH,)NH S—(CH,CHR0)sCH3

‘ NHC{OYX*CHyCH(OCH,CHoOCH,
0 0

R5

O\‘.\\\\\l“‘"

o—-cf/—o
/

]
o_\nmo
1 / )

S
53
=
=
jand
»N

H
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

comjugates having the following formulae:
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. R e
HO00 0 O NHC(O) (CH ) aNHC( O) ( CH2) n( OCH, CH2) , 0( CH2) aNH S- (CH, CH20), CH3 OH
NHC( O) CH, CH2( OCH, CH, ), OCH,  HOOC 0 V CH( OH) CH( OH) CHUOH O 0 NHC( 0) ( CH, OH~
\'S-(CH, CHOO), OH, OH NHC(O) CH, CH, (OCH, CH2), OCH, 0 7 5- (CH, CH, 0), CH, and
HOOC O CH( OH) CH( OH) CH, NH( CH2) , NH /\ /O 1NHC(0) CH, CH, (OCH, CH, ), OCH,
NHC( O)\pH. 0 30000 O | _
CH( OH) (8388?4"2 H( CH2) aNHC( O) O CH, ) e( OCH2CH?) , O( CH) POUYSHWOHE N O, cH %
NHC( 0) CH, CH, (OCH, CH, ) OCCH, "h NHC(O OH3 OH Wat er-i nsol ubl e Pol yners [0175]

| n anot teferfhodicHEPRHCHERA™] ogous to thosoe di scussed above, the nodified
sugars ip @ a water-insol uble poly rat her than a water-soluble
pol yrmer v,,{Th OGRS T icraRel.H8.0b0¥ cAkgaed ncl.ude one or nore

wat er -i nsol ubl e polyners. This enbodi rrent nefo C;,ggodH@y)%m| on is illustrated by
the use of the conjugate as a vehicle with wh to deliver a therapeutic
peptide in a controlled manner. Pol yneric drug deI ivery systens are known-in
t he artaooSee,o f qruexanmpteyr Dunn et al ., Eds. POLYMERI C DRUGS AND DRUG
DELI VERY O STEMS, ACS Sy osium Series Vol. 469, Anmerican Chem cal Society,
Washi ng»,% > N&Qo( hgse of skill in the art will appreciate that
subst ant "al 1 y| any" k 0\7\7n dru defi{efP"system i s applicable to the .
conj ugat es of%t he present | mverrHeeprcf076] Representative water-insol uble
pol ymers include, but are not limted to, polyphosphazines, poly(vinyl

al cohol s), pol yam des, pol ycariﬁg:}is, pol yal kyl enes, pol yacryl am des,

pol yal kyl ene glycols, polyalk y oxi des, onaIkerne terephthalates 15

pol yvi rigbe CHEFHOVGHAYEEST er §, pol§VSA™ hal i dasl, pol yvi nyl pyrrol i done,
pol ygl ycodfides,, pol ysil oxanes, pusicpot@idtanasst pol y(methyl methacryl ate),
pol y( et‘layl Gheleat e)
i )
O
HOOC. o CH{GH)CH{OH)GH,NH(CH,),NHC (OO (CRaL O CH,CH,) O (CH ) NH §——(CH,CH,0),GH,
o NHC(O)GH,CHA{(OCH,CH,)0CH,
"H{ NHG{O)CH, :
OH ' ' | .

Water-insoluble Polymers

[0175] In another embodiment, analogous to those discussed above, the modified sugars

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 ef al., Eds. POLYMERIC DRUGS AND DRUG DELIVERY O

SysTEMS, ACS Symposium Series Vol. 469, American Chemical Society, Washington, D.C.

10 1991. Those of skill in the art will appreciate that substantially 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(viny! 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(iscbutyl methacrylate), poly(hexyl methacrylate),
poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl methacrylate),
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pol y(butyl methacrylate), poly(isobutyl nethacrylate), poly(hexyl

net hacryl ate), poly(isodecyl nethacrylate), poly(lauryl nethacrylate),

pol y(phenyl nethacrylate), 52 WO 2005/ 055950 PCT/ US2004/ 041070 pol y(net hyl
acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), poly(octadecyl

acryl ate) polWeuposse) pol ypropyl ene, pol y(ethyl ene gl ycobyr/upmbyisessy! ene
oxide), poly (ethylene terephthalate), poly(vinyl acetate), polyvinyl

chl oride, pol ystyrene onv nyl yrrol i done, pluronics and ponV|nyIphenoI
and copol yRe¥ émct%élraé‘d at&SPTlﬁiSPPIOP%s/)?ﬂrH@F? ealviyobgdiesivite npelytosiadessl yner s of

use in con f @;‘ﬂt al kyl
cel |l ul osesh&gydﬁgg@aﬁh&ﬁﬁ g%fbp(fﬂases ﬂo %t ﬂ]gos%l%(%lﬁégl %é*‘flna){fegéjo sters,
and ni t r oc&thyd¢resesphilPaate), pulyavibyl qoetetfa}gpobdmgbmfb@uck: p(ﬂyﬁti;’nenarp@gdngrﬂ asses of
synt heti cal | di fied natural pol ncI de but are not limted to,
net hyl cel Pi#%l e, PETRYACS E@H%Y‘g%,hqw ?5‘5‘9?5 REFYIul ose, hydr oxypr opyl
nmet hyl cel | ul ose, hydroxybutyl 10 net hyl ceIIquse cel l ul ose acetate,

cel l ul ose prigp ]DO @ﬁﬁe‘n@a@l Ik B %ﬁ%ﬁm@&'i Y@t 8 chifildatis 08 ﬁle 11%"&?1{1@15 e

pht hal at e, car boxynet hyl "cel | ul ose, | ul ose triacetate, ose sulfate
sodi um sal tllclﬂd&riﬂlt p@lryﬂhbmsted)fo alkaqlluloawdhmmﬂqyi/talM@si, eelhﬂmaebt}atsgl nic
acid. [017 hese and .the o P cussed herej an_be rea |Iy
obt ai ned fF%PflnT ’r%’idaﬁltr%cgﬁ? g’ﬁ%lgeiﬁéy SW%@P%?R%%@ gf)g ropdglassey,

MO, ), Pol y§3ﬁ1ﬂ@dﬁ@ﬁ§; thY¥iGE@ RO ﬁlﬂzﬁaeﬁ%dude%ﬂraké?ﬁbt (iMitowas! kethy! Wlinlosel! uka

(Ronkonkons, , and Bi oRad chnond, CA), or el se synthesized from
monomer s ol Grduloss, émdnomg@pﬁ@pwio@f kydueivimeppst madak et llubsthiyduesbutyl] 0179]

vent Fon- el PUBERIEERR Bt PRl e e ARBTG5t S Fes anc

copol yner sadengs pmﬁaiatep@!rbcﬁ@inlambzemuto@é epiniibal tdi@late, ROllvtéR WML GoBeh @i,
pol y(val eric_aci d) g (lactide-co, 20 caprolactone
fgr

pol y(|act|e|@%¥rgw§@ m]éf)andpwil%ﬂgﬁcﬁﬂeese@da&ﬁ;my@wflhoesters bl ends and

copolynmers thereof. O particular use are conpositions that formgels, such

as those  [qekuidiigeGoliadate: ik &Qh&als ql&eliy?ceL | #%padi P tRBnclifpOl YITENS of

use in the invention Inc rrerst I nc e water- insoluble
mat eri al s bamnegiahsdunéas sath dsehgma @hpmrca]l(bn (B Lotiei VOt Polgtcikness @V arrenton,

2 wat ofS i neoPubRESE QHBgse, Wi LR eskerkiiy SYb kRS Egugrmong. CAL O °°°

hydr ophi i Eisd s@Fﬂaz@dlﬂmﬁ bR éﬁfalﬁéd ﬁé:ﬂ%%sé mggﬁél $ usih %ﬁ&a‘?ﬁ‘?e'c}uﬂﬁﬁ’ééps per

polyner chai n 0181] For pur poses of the pres |nve tion,
“water-insoluble materials" includes materials that are substantlally
i nsol ubl e [ 7Nat depeseniziivebiciegtadiie pgymensiof osmiphsconiigaws of the invention

include, but are not limited to, polylactides, polyglycolides and copolymers thereof,

poly(ethylene terephthalate), poly(butyric acid), poly(valeric acid), poly(lactide-co-
20  caprolactone), poly(factide-co-glycolide), polyanhydrides, polyorthoesters, blends and

copolymers thereof. Of particular use are compositions that form gels, such as those

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 sdbstanﬁally insoluble 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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30 al though certain regions or segnents of the copolyner may be hydrobhilic
or even water 53 WD 2005/ 055950 PCT/ U82004/ 041070 sol ubl e, the polyner

nol ecul e, as a whole, does not to any substantial neasure dissolve in -
wat er. [01821 For purposes of the present invention, the term "bioresorbable
nol ecul e" includes a region that is capable of being netabolized or broken
down an¥ORNBEY and/or elininated 5 through nor mal RSOGO 1497BuUt es by t he
body. Such netabolites or break down products are preferably substantially
non-t exi:¢c 4 0 t [ [ TR i t her
hydr%ﬁﬁ%%ﬁ%a%ﬁgﬁ?ﬁgg%ﬂ#%%%%%ggl’2%%Igi&ﬁﬁgQﬁ@%%%%ggggﬂ%%ﬁ%ggffkbn as a whol e
i S n@htef.endered wat er-sol uble. Thus, the bioresorbable region is selected
based on the preference that the polynmer, as a whole, remains water 10

i nsol ubl e. Accordingly, the relative properties, i.e., the kinds of

f unctol8#lal Fgr Bupescs S s pERSER! ipyentigmdhe wED ; BPEEPIPEbIs malers” JRludss & he ‘
bi or l I : : Ll i 0 ensure -
t hat “RREA ekl P pe AP BRI BRRE D A Ao B e e AhEMel 0, 50

Bx e mbpk@rgh noasarehabtoey pokogioyrike byl Gaely metabolexaophresk dywt hetlizctabtey pr oduced.
resor babl e bl ock copol yners af paql y(a-hydroxy-carboxylic

aci dlyfﬁgé@@( S%Wﬁpkﬁg}ﬁfef%:“oi{@é%ﬁlel@gbohn et al., US. Patent No. 4,826,945)."
These copol yners are not crosslinked and are water- soluble so that the body
can t e6oiBh ARk 6@ QAP 8Shifd lic, 36 es et at,
B o R e R i, 38 o e Mt er -
Res. c@@Riyn89 3ommpadtiil 88yholf (s118% tenBered satdrpolpblsf dbnedhbbioresediablebl e pol yner s

i ncl ude ane . or re, conpponent s el ected frompol y(esters), poly(hydroxy
e dERon oSS T Riearn BB PRGRG aut BPORCIREE Ri55 " am no

BEi dkolube! Weanamery, @l@&élaﬁp@wg&ﬁééj P8 st kinds o lrfi6ad] RENRE 8Sutained L
pol y( phosphazi nes),” pol y( phosg_ oesters), poly(thioesters), polysaccharides_
and B, and fhegelativeprepdriioneidhe pieteserpbly regqn, pnd thedydrophidisgegiabie pol yner

ool yizeddo Bt BAEGPH ich oo ERARBIER e b BP0V LTV T i 0

pol yval eric acid and copol yners and m xtures thereof are preferred. (0186]

| n apidsaj OEx&mFIagr b stoalils polyBRisSintl i, fcﬁreﬁalﬁﬁl%myb&ﬁtibﬂlwﬁ)m@uc(eﬂbi oresor bed"),
- preferredhf)o ymeric coati ng; for use in _the nmethods of the invention can
al sorcferbrhlahlosk eenolgbere obpely orhydoabearboxabr ecifly pefirenyalkylong {FeeHi gher or der

pol.yrers .c | so. e j e present invention..For exanple, 30 Casey
B PP O, B NG 450 e BiPiers e b MR b B TR sl oses
tri - @JleIKso that the body can excrete the degraded block copolymer compositions. See,

Younes et al., J Biomed. Mater. Res. 21: 1301-1316 (1987); and Cohn et al., J Biomed.

Mater. Res. 22: 993-1009 (1988).

N

i
o

[0185] Presently preferred bioresorbable polymers include one or more components

20  selected from poly(esters), poly(hydroxy acids), poly(lactones), poly(amides), poly(ester-

('/ T
‘\_/"l

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

compenent. Of the poly(hydroxy) acids, polylactic acid, polyglycolic acid, polycaproic acid,
25 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,
30  Casey et al, U.S. Patent No. 4,438,253, which issued on March 20, 1984, discloses tri-block
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54 WD 2005/ 055950 PCT/ US2004/ 041070 copol yners produced fromthe
transesterification of poly(glycolic acid) and an hydroxyl - ended

pol y(al kyl ene glycol). Such conpositions are disclosed for use as resorbable
monof i | ament wobas@sseseThe flexibility of such conpositi onspéﬁﬂgﬁg}/64947l‘]ed by
the incorporation of an aromatic orthocarbonate, such as tetra-p-t
orthocarbonate into the copolyner 5 structure. [0188] O her polyners based
on lactic enpdlymeugmpdmeﬁéroacthd@mﬁeﬂﬁwmef pmliy([g]wetlc afidy andesodrydtosyl-Spi nu,

U S. Patent 1993, d
bi odeg?aggﬂdl\ﬁ)ﬁﬂlg'ﬁ%k}ﬁé%@iy@méﬂl Ssuoﬁ \9??1?} Jt?é?ffoﬁweyasﬁ?ﬁfﬁ%’ Ozlezc ks of
pol yl act i d@ondehet sRRkesIIThe @llcekﬁﬁmpé&%ﬂ@&gnﬁb\énfdnﬂ%&B&B!I&Hayptﬁé M{E%fgoza%fohon of

| actide and/or glycolide 10 onto €ither an i goneric or a diram ne

resi due fotbﬂa@m@nili}c wHararbeneie vedhan t@MdtthéYIdJrﬂlownbmlatmnwth@mmbm such as,
a dii sogcyan %,1 di acyl chl oride or dichlorosilane. [0189] Bioresorbable

regi ons of *'¢6 ?ngs useful in the present invention can be designed to be

hydrol ytically and/or enzymatically cleavable. For purposes of the present

i nvent i on, [0188ly diahst thbBaldybteayRbicind/@bBIcslid m@.mnmq)e@mmd iy of the
copol yner, especially the 15 bioresorbable region, to drolgms in water or

a wat er - cONEEIDE, SEINEnViS: BAEBINO. SS0RAHL Arwhjich ISS@QWnﬁfﬂdél 13P3ciliselossbl e” as
d h t ly th
b; or eoor baaP A B R o tBEARh LR bk sBhel M SIRA I Bl or SEREENAL ¥ 1N

[0190] V\heandmr@@g@bxmhdm protined bodiyig- opaﬁngwydymeﬂiualnbﬁ of bgtidarciaor gheofdocessed
into exactable and/ gor netabolizable fragme t he hydrophiljc region

can i nd udenio gigher ap oligaipesIcediol s jayaanyas ges%ﬁefql@weé%féh@n@ss’ieaeen wigblayht s,
poly(vi nyl 5,8% Jn% éo‘?ﬁ;g)%%%d dsBQA ¥4 X'dﬁé’o'c rarﬁ[ 8%3%1121%101984 é/r(ﬁédhér)ééﬂaﬂﬁ.azo' i nes) ,
es, proteins and cop

pol ysaccharl car at es, ol'ymers and
m Xt ures thereof Furtherm)re the hydrophilic region can al so be, for

exanpl e, alp8dy( ﬁid@yécﬁb@)e uagiodeof cSaitdys pleéfy](ialﬂkeylbrem) inoxitdesas ba desigledde, f or

Copolymbr s AR SureR LS 5T gy Su ik PR PR Pl St Se0l R iRBge s ar e

al so usef U"hytlfblyt'ti?:@llf%l%%ﬁle” 4@ R 1@ BusceMtilliiQ @8t RbElyRRL MaRCiaty iRt eri al s
that are capable absorbing relatively large quantities of Wwater.

Exanpl s oblowwbai@elegﬂm i h}gir@mmu’mﬂ@ dr pcvatrteonlsiningeny imoment Fimiels, o,

olyacrylig ac net hyl cel ] ul ose | cohol ,
Bol gvi ngl ! 69?3%5:”:}08 15(181‘*1" §P “af? Hseg)f%lgm'rg SeR zﬁﬁu %@ﬁ@]ﬁ X%%‘F é%%ggﬂééﬁl des,
hydr oxyet hyshedsianeihb BfrssbitabRGédon, EdEdvag@by ¥WRlogeishs 30 clRbhMBlehy@iest her eof ,
and the |ike. Hydrogels can be produced that are stable, biodegradable 55

[0190] When placed within the body, the hydrophilic region can be processed into
excretable and/or metabolizable fragments. Thus, the hydrophilic region can include, for
20 example, polyethers, polyalkylene oxides, polyols, poly(vinyl pyrrolidine), poly(vinyl
alcohol), poly(alkyl oxazolines), polysaccharides, carbohydrates, peptides, proteins and
copolymers and mixtures thereof. Furthermore, the hydrophilic region can also be, for
example, a poly(alkylene) 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 forreing compounds include, but are not limited to, polyacrylic
acids, sodium carboxymethylceltulose, 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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WO 2005/ 055950 PCT/ US20041041070 and bi oresor babl e. Moreover, hydrogel
conpositions can include subunits that exhibit one or nore of these .
properties. . [0192] Bio-conpatible hydrogel conpositions whose integrity
can be controlled through crosslinking are known and are presently

pref er keg,fuhss¥se 1 n the nmethods of the invention. SpFeRssmdgblhs Hubbell et.
al., US. Patebnt Nos. 5,410,016, which issued on Aprll gjg /g.ﬁg and

5,529,914, which issued on June 25, 1996, disclose water-soluble systens,

Whi Cld @i @esofdaBES INIBHe Gerbhptiket oprapositiins chaincinde sutwaite thas ethibik encent ral bl ock
segnent sandwi ched between two hydrolytically labile extensions. Such
copdilmfﬂle%ﬁ@-‘opwlﬁﬁer end- capped with photopol ymeri zabl e acryl ate

functl onalities. V\hen crossli nked t hese systens beconme 10 hydrogens. The

| u 24 Ry et hyl ene
oy oA Rl BRI el lbp Sl SR IHIRES, A Be DAV didhgl -
pol y&asshmdﬁg)my kaowd)and ataqi‘remﬂf:))refmld)igi yse Gik the nathatiserf t}mhyd:ramnl c acid. See,

B TGRSR oS DU s Y o el on ST A<l i 8RRor Sler o b e

gel s 5i§3§1‘4d{vﬂﬂhg%@@ﬂﬁﬁ‘ﬁx§e 255 4998, éﬁc@é&%&@ﬂ-ﬁubl@ kRIS Whuﬂ%@t In,

hyal GuUr'dni ¢ aci pol'ysaccharidés, pol yurethane hydr ogel poly urethane urea
hydr@gsmmwlookmpohmﬂmmgmwﬁof-scwtée mt@@bﬁpblyswmwéﬂ’ichi@l%] In yet

h h d
ConpoREAR {57 PAI PR TE FHSRUEs Soaht B PS4 dir A COR BB ot hode

knO t@olaRsan1dq { hiediiomiitiie Whin crb@tinkoamebesysaemsdrsshit bed in Eppstein
Vﬁ}m@o 1P%lten‘tn%’kl\%&o 4, é22 18111 whi ch i ssued on yTune 11, 1985. For

]ékanlpydquels; T ovaterfsohulid ca:ntr@lri‘éom st @Pebwabyﬂclud%sﬂ}’(ﬂhﬁmappr opriate

chol AHE: R4t P SR SRR L B Henaf T ror gant ¢

sol v @di&gslﬁb?& abid d }rﬁaeﬁla%ﬁee%ats@éma éagz bﬁbbi@ﬁ‘vo@ecwék 26f5§3|19387f dried I'ipid

on t ace o e 25 containe n aqueous sol ution of the active
conpddf?). or its pharmaceutically acceptable salt is then introduced into
the container. The container is then swirled by hand to free lipid material

fro des .of t ntai ne dt e | aggregates, thereby
f or mﬂhgﬁt hL,T‘ afofhies Ok éﬁ@?lga@‘e Fﬁi@g@f‘?‘ﬁ%@&%%%’gé %’em ted microparticles
and 'm%&ﬂﬂefé%e@ifb1dogapﬁqemmgtdamp@haﬁ@@adhtascﬂ;la@nw‘secoﬂagenggélaﬁ@d by way of

exanpl e and they are not intended to define the scope of mcroparticles of

56 \iDakoosiosidiohrenhadéaoneguednge hydrogel, polym ethane-urea hydrogel and
combinations thereof are presently preferred.

[0194] In yet another exemplary embodiment, the conjugate of the invention includes a
component of a Hposome. Liposomes can be prepared according to methods known to those
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 C:J
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 example and they are not intended to define the scope of microparticles of
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use in the present invention. It will be apparent to those of skill in the
art that an array of mcroparticles, fabricated by different nethods, are
of use in the present invention. [0196] The structural formats discussed
above in t hewapmbwetsof the water-soluble polyners, both mtmaehtsmha@i n and
branched are generally applicable with respect to the water- 5 insoluble
polymers as well. Thus, for exanple, the cysteine, serine, dilysine, and
trilysine UsendADIGeTE siestionnlt wall be Apnareshtsl thossdf wkillin theoriiheien-dms of ubl e

I e g R e

[0197] The degree of PEG substitution of the conjugates can be control | ed by °
choi ce of [01%]st Shefiiwhetlfyrmaisidibarssafabawainltabdcmtat yLihs yaatrisonbki t es,

Pl (o e B e P BOPSRE e ableed it G ien
circul at orysdhadid %&yﬁﬁsra@lvéh' g, qmt&%l gﬁ' ﬁn@%&ﬁangﬁeﬁn% dh}ééx(eFE& t1§y éG 6).

The Methods [019 I'n addition to the ¢ohjugates di scusse
present i rb.rawlungmoms cui tefmtSomirdtbdih fvor warepaslublg polyese neidicat ’lﬁhaer

conj ugat es eov e i,nvention provi hod of preventing, curing
or ameli or‘ﬁ?t% 05@%‘3{5 © JHest SPOGIPS A AT g](tﬁé?lf)?? %P PRipresedret Re
i nvention ﬁl@d@@%ﬂbﬁ&tso@&blébﬁgﬁmgﬁs devel opi ng the di sease or a subj ect that

has the disease. [0199] Thus, "the invention provides a nethod of formng a
coval ent conjugate between a selected noiety and a Factor | X peptide. 20

[0200] | n [8% |£ha/d@wozﬁ’mwsumﬁ@n elohs eyataatassan be perdroded e elpieg of
wat er -.sol u e r

by omoi el iee FRpa i AELAREH LG IR s RAAT R PR Bl e, e
pol ymer, td@%ﬁ‘@ﬂﬁbth@aﬁﬂiﬁﬂl@i MieQsinchhe ik UG, 2F), srhecglyudyg&iy@dedltactohexgpmesde vi a
a gl ycosyl Ilnklng group, which_ is interpaosed. between, coval ently

|i nked to Heus sohancsd strdatonnlnlf e el tegnipbsled Fe@togDi (EA&% ér a9l e
polymer). 25 The method includes contacting the peptide with a mxture

cont ai ni norg Meflogied sugar and an enzyne, e.g., a glycosyltransferase,

t hat conj ugates the nodi fied sugar to the substrate (e.g., peptide,

agl ycone, [0198}ol Inpiddjtion T eherceajiizhion disqusseanblued, dek presdet incattidh ravides

appr oprl ate form a, coval en ond bet weep t he dified su%a}lrr and .t

e
Fact orl3 X 15@}3@40 sder prep e thepr @nd e amuehisst Mlorqoyet dstipratipa P 15%6&&1@?@993
synt hesi zeg I@\ée?lﬂﬂg cuﬂﬁ%lﬁj ﬁﬁ&i&ﬂﬁ{gd HseaROsiAX By 888 REktdrhed RhRIEAEYPIC cel |

(e.g., bacte as E. colt) or ina eukaryotic cell such 57 WO
2005/ 055950vdnaHn WS2OMecO4 1Dk das:lepingtmrelsean or g ewlyect tham basdhs diseasgal or
plant cell. The peptide can be either a full-length

[0199] Thus, the invention provides a method of forming a covalent conjugate between a

selected moiety and a Factor IX peptide.

20 [0200] Inexemplary embodiments, the conjugate is formed between a water-soluble
polymer, a therapeutic moiety, targeting moiety or a biomolecule, and a glycosylated or non-
glycosylated 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-soluble polymer).

25  The method includes contacting the peptide with a mixture containing a modified sugar and
an enzyme, e.g., 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) orina eukaryotic cell such
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protein or a fragnent. Mreover, the peptide can be a wild type or nutated
peptide. In an exenplary enbodi nent, the peptide includes a nutation that
adds or renoved one or nore NN or O linked glycosylation sites to the
peptide sequence. 5 [0202] In an exenplary enbodiment, Factor IXis

0- gl yc%db@gmekgadwd functionalized with a water-sol ubtfmggioymma n the
foll owi ng manner. The peptide is either produced with an available anino

acid glycosylation site or, if glycosyl ated, the glycosyl noiety is trimed
of f astaomampebay yedsg mﬂwmﬁma] mfplﬁmpelhxﬁwgiemldaacmé}el aier fllbergthi ne is a-|

N 2oy A R0, 0P BEAOEH BT ASIAME L SR DS. N aplaptesi g o0 Pt e

ST6 RN, emﬁé&ﬁ@ﬂmﬂe Nde tRRINACmBRliactasada be tbnRRH e of 1§10936‘N30t osyl at ed

usi ng Core-| - he product is sialylated with a sialic acid- r
mdldg@-rhlgkgiﬁl&msyﬂagg@mteé tadierpgp@k3Eguente. An exenpl ary conjugate according to
this method has the follow ng Iinkages: Thr-a-I-GalNAc-(3-1,3-Gal-az, 3-Sia*,

o naEr i SRl B e ef PR TR Sl iR S fghr l e "
enzymatea@@lusla@mhﬁfey in o felicving henhdrdThe geaide i sittes plodhinwilh @ps may be -

performed separately, or combined in a "single pot" reaction. For exanple,
i n tavallehie emepsid@lyeasrletipn piteser bicosylaierh e %lﬁ@swamw sidmmedefe, Gal T and

d ively,
he ‘eathpsed AlenRB R, MY bR IRbAE b e Rind L R ERESip 26" 0na S K

and gﬂ&t@ﬁ&ﬁ&qaamﬁcma@wxb -geRBREFad ggfidass dalsiabdl Willsh efatic 1@t her node of
r unni ng e reactions invol ves addi nglteach engg/me and an apProprl ate donor

Ié)eq uendifying groun eassetimening $ HefalNacT baditrmatively. dhe NAgmatacksylatedot i f .
» he %ﬂ%ﬁh& %:%laqo ‘Eil%g ulg frlll el e—%a@fg%aﬁﬁel prg o PROMR AR P %mlpﬁfcﬂ n prepar (Ej

npou 1 on € conjugates o e 1 nvention,

par t modifeng grohbeasgétymmrma&m NA ierdres] axgl cymﬁxgstre ac&ﬁdmgeo giia- nodi f yi ng
group cassette can be linked to the Gal in or a-2,3 Ilnkage

[ ozoefthtm Basibe frdlgvang EJH@gP%J@Frﬂrbﬁ*ag‘%%Bﬂra%@ab@% 3de? A HEShSHT Bn of
|nc E%hglfa%ﬁd—nﬂ)@r%ﬁn%r gPe(gdsf tor 1X peptides that are produced

r ecoibi nan a nodified sugar in a nethod of the invention, the
pepti de can be sinultaneously further glycosylated and derivatized wth,
1. g. [0263walethe siedihdals @f fieliyveition tshell aptkattsecfoaf @bdve, asing benliipike. The sugar 30

noi ety of the dlfled su e the residue that uld properly be
conj %ﬁ&lﬁf@wdosa?ﬁ@ly ée%fyt B ey BIYPSF R SE5Y mpbde BERIRE. of anot her

LTSy MR SO A B0 SO g0 04107
| nvewt fogth abowee @etGaINAc 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
20 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] In the conjugates of the invention, particularly the glycopegylated N-linked glycans,
25  the Sia-modifying group cassette can be linked to the Gal in an a-2,6, or a-2,3 linkage.

10200] The method of the invention also provides for modification of incompletely
glycosylated Factor IX peptides that are produced recombinantly. 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
30 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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forth in WO04/09923 1, WD 03/031464, and the references set forth therein.

[ 02021 I n an exenpl ary enbodi nent, the invention provides a nethod of making
a PEG ylated Factor | X conprising the moiety: HOD HOOC 0 55 OH 7-0 NHG
5 CH wherein I280= «r R -L-HN-. The synbol G represents = L !

-C(O (C1-Co) a‘Pﬁfﬁ’.ﬂO%dalps a noiety conprising a a strai ghtl-)ghglhr?ogéﬂ%manched
pol y(et hyl ene glycol) residue. The synbol L represents a |inker selected
from a bon{208ubdxbmphednethodnsubstifying pegtiddsky bscaindhe mohst Iivubieg 0¢ set

unsubstituted .h | ... ln eral , en Dis OH Gjs R -L-, and when G
10 is - o%\‘(f%m%éﬁwIM%Oﬁé?flﬁﬁ%ﬁnﬂ%ngF@pwt wrihtheeipnyent i on

i ncludes, (a) contacting a substrate Factor | X peptide with a PEGsialic
aci d donor j@0gh RIneRéM odifie b f i P jalic
acid noi et;l/ fg]omthe dgﬁ{)y:a?% tlﬁe&’gﬁg?tvrggﬁlpég‘??%%Ilﬁiﬁlgggﬁlg%lb 5?8?031 An
exenpl ary PR@dShkeibi BX ewiptistgibe nicgetyr nucl eoti de sugar such as that having
the formula: OH DOCOONO HOI HO O'P-OOH GNNp OHOU 15 NH2 and
an enzynme that transfers the PEG sialic aghd onto an am no acid or glycosyl
residue of the Factor |X peptide, under condi'ti ons appropriate for the
transfer. [02041 In one enbodi nengnddhe s(tej)bstrate Factor | X peptide is

expressed in a host cell prior to th of the conjugate of the
i nvention. An exenplary host ceéJ——i—s} lian cell. 20 In other
enbodi ments the host cell is an?insect plant cell, a bacteria or a
fungi. 59 NH-G

5 OH

wherein D is -OH or R'-L-HN-. The symbol G represenis R'-L- or -C(OXC-Colalkyl. R'is
a moiety comprising a a straight-chain or branched poly(ethylene glycol) residue. The
symbol L represents a linker selected from a bond, substituted or unsubstituted allyl and
substituted or unsubstituted heteroalkyl. In general, when D is OH, G is RVL-, and when G

10 15 —C(O)C1-Cglalkyl, D is R-L-NH-. The method of the invention 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.

10203) An exemplary PEG-sialic acid donor is a nucleotide sugar such as that having the

formula:

OH

o. ,COOH
HO HO

0“}7—-0 OH
G——HN D Q
L Syt

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 fungl.

|
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WO 2005/ 055950 PCT/ US2004/ 041070 [0205] The nmethod presented herein is
applicable to each of the Factor | X conjugates set forth in the sections
above. [02061 Factor | X peptides nodified by the nethods of the invention
can be synthetic or wild- type peptides or they can be nutated peptides,

pr oducesiohyosweisb®ds known in the art, such as 5 sitecgiusesieghonpt agenesis. +
A ycosyl ation of peptides is typically either N-linked or O-linked. An
exenplary N-linkage is the attachnment of the nodified sugar to the side

chai [9205] e metbphpaeints! reesh duanpliddide tordaple pf the Eaddergleprawegates set

aspa a?i,ngi X-serine and asparagi ne-X- threonine, where Xis any amno acid
exce%l“ CSREIONS AROWEhe recogni tion sequences for enzymatic attachment of a
carbohydrate noiety to the asparagi ne side chain. Thus, the' 10 presence of
ei t hpnoef FARRIR deplidi i ddEiteSI8OME R@ds bf thepoieyp@ptande ssdatiesr wilpot ent i al

gl ycosylation site. 0-linked glycosylation refers to the attachnment of one
sugalyp¢ eemides o theiceanyhegantaied mspitdesarodnera by srehodppaygs 1 theadneh agl ucose,

fucos r | ose) to. t hydroxy . Si i . C N id,

o or dRaBi el el fidnbs o e B o pBiE A i g R R BELARAE T

aci dan eﬁeﬁ?lary@iMig@iyﬂfeQﬁhﬁm@ﬁ oBthB ythidofed snginrte taydeadbam dfanused. 15 [ 0207]
Addition o g|,%é08 lation_sites to a peptide or other strugture is
ConVASRPREAYIE yos1 cgﬁﬁﬁi}@%@? W‘l‘éﬂc_t@%ﬁﬁpﬁ@g’cq‘?{ex'é‘?ﬁlw&néémfr@é%ghce such that it
Contﬂéb%iﬁ%n%hg{i X"Qra aﬁ!i%ca%ﬁéﬁlébtcﬂ?olﬁ{eg Q%thérfégog%ﬂﬂintéegﬁ’en@?syfo?l so be nmade by
the incorpbrati on of” one or nore” “species presenting an -OH group,

pr ef @rzablatic sieachmentarf atchrtebpdmie mesiydods, asparaginnsidhehaseqliescthe of t he pepti de
for Olinked glycosylation sites). , The addifion may be de by nmutation or
l(éb pRresencs oLHg %‘éﬁ‘;’%ﬁﬂﬁi’é’gie §e°6‘Fn%eﬁén %BW%¥dGW@teﬁéﬁPfengam no acid -
sequ [a%i .3 gdn tEQUI e GRANGRS heodNa gl ael )
part?ggﬁglraﬁgﬂ igg %%git(?/dn%@%&ﬁ?%ﬁl% encodi r?g t he E«Zi:ﬁn:edg d[?al)'lt\ééﬁfzgel ect ed bases
suc hadetigalptaiemineagdagensematrexict GlalNAw gluceseasdsavexylnse to He hidgixyed ani no
acids, The mut ati on(s), ar f er.abl y, made using.nethods known in the
art g BenyT 4 WD BRaR B0 R o e ryE BOSERTIOI S F8%T s added by
shuf fdtiiBardiao Reidy RUE] RV 8 TRQ USRSl #ACAd huadcandi date pepti de
can be nodul gt ed v%ilét:h %yNA >e}isi)krlcl;ffl i %@protyo%g%s. DNA shuffling is a process
of recursive reconbination and nutation, perfornmed by random fragnmentation

br  al0384 Additipephbglrepsyletien sitasdp p portiflery ofhsr SEUSHISE 5 CORVEHANLYf r agnents by a

o e e @B IR GARoh, i A B8R SociiBic s eBTHERe 256°%0 1 Tl 004y
and gly&osyRéibe Bites3Thiladdition H2P a%0 De nd8 BY tHEGBcorpor8Eéh ddneanthdre 811, 238. 60

WO 20051055950 PCT/ US2004/ 041070 X ) . L
species presenting an —OH group, preferably serine or threonine residues, within the sequence

of the peptide (for O-linked glycosylation sites). The addition may be made by mutation or
20 by full chemical synthesis of the peptide. The peptide amino acid sequence is preferably

altered thfough changes at the DNA level, particularly by mutating the DNA encoding the

peptide at preselected bases such that codons are generated that will translate into the desired

amino acids. The DNA mutation(s) are preferably made using methods known in the art.

[0208] In an exemplary embodiment, the glycosylation site is added by shuffling

25 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, e.g., Stemmer, Proc. Naitl. Acad.
Sci. US4 91:10747-10751 (1994); Stemmer, Nature 370:389-391 (1994); and U.S. Patent

30 Nos. 5,605,793, 5,837,458, 5,830,721 and 5,811,238.
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[ 0209] Exenpl ary met hods of adding or renoving glycosylation sites, and
addi ng or renoving glycosyl structures or substructures are described in
detail in WO04/09923 1, WO03/031464 and related U.S. and PCT applications.
[0210] The present invention also utilizes nmeans of adding (or renoving) one
or nore 5 seMR¥EHIPPYcosyl residues to a Factor |X pepti dET/EROGHOIWA ch a
nodi fi ed sugar i s conjugated to at | east one of the selected gI ycosyl

resi dues pept.ide. chnl ques .ar e np when it

is desir egb%éﬁ;%o}‘r?mgﬁa% renefht?gs ard F15ed %%Vélrlg %gc‘ﬁsyiag‘f’%?;eédméll f\;@b’@ﬂ resi due

that is eakibeing rggtcosgn e@@ntrepar @bkachREs IrXdReRbddia defhil e Wol4/present in a

desired anount. rior to cogﬁj i n? a nodi fied sugar to a pept| de, the
e

sel ect ed gWWé@?M@e%’ﬁd@ﬂéteﬁy@(ﬂﬁﬂ@ Blophe 10 peptide by enzymatic or

chenical coupling. In another enbodinent, the glycosylation pattern of a

o) LeoPeD fsdjonl SEp 9 ks, SONLUORRD (N EPRidgtysuger oy

exanpl & \\GeR8#3 £826syl 1d§tﬂueetoeaﬁﬂcmr IXipaptide, aﬁtar@v]:gushmpsdtﬁmh siggar fsevonjogaedir om

Factor | X, fo mn t.o ..pri r to ating usi PEG
o 1 ed dpar RO BPnE s BT oy el o g St e ot E o

sel ected ghyppR }:lmt@ﬁ hsddﬁlréd‘félc'éﬁﬁlgat@%ﬁe xﬁécﬁﬁétpéugtf ﬂata s@ﬂu’t@@l gtyc&@h&,tmé%ta%us
sites for N-linked glycosy ation, and sites l'i nked gl'ycosyl ation; (b)

termnal gk yﬁhrsylbt presest oes FttdtfatDé’ape@tl@a:@epnmesremrma dgtsl;ﬁd@stwunt arskgmrase; (c)
ar gi ni ne, hi stidi ne

b
sul f hydr yIlOgSP }rﬂ% L}’E‘gqln %fgs%%@@lﬁpnde ;‘}gﬁ)sstf“’%*&gg Y?;’S 'élu%r OUEWF&@ OO{E’ﬁS such

as thoge QqfepS&s byéhzybii€ONtRMicaPEotpVifls OKYRb Mot aﬁbocﬁﬁénﬁﬁte %r;eamatﬁm resi dues
such as those of phenyl al anine, tyrosine, or trypt ophan (h) the am de

gr oup. gf dgla@tﬂéll | |ar£é3/’00$€§wlp |1a¢1%¢lqdm1mttsthgp0mggahpn of the ngrdefé@ﬁwmrhyéht ion are
87
descr Do . AR VRIS 60 ol 0L Bympea 1o

are conj ugadredathfle asigicyenisgtb@isedn 0e reduved fivaoRila T dordgpsiplo iRt $KNg an
appropriate enzynme to nediate the conj ﬁgatl on. Pr ef erably, the
concent r atFria&e BycaG B EgusEd adtifomoditigd siely acid (BMpredsd) " and accept or

pept i de(s) are selected such that glycosylation proceeds until the acceptor

i's congu 13}5;71 ¢ e intd i’o?%él@@t@t%l?@ésgl"fzesﬁﬂé inehva€thut ﬁ%tnlat liRikde

context of a tran erase. are gener a [1cable to othe
gl ycosyl t rtan@} evaemus atestfoxdﬁéuﬂc@:bgly@ﬁm}io% an@ﬁﬂ:ﬁsrfonﬁ lmktdt@gl@)sylfa‘rlqsl(hh

glycosyltransf s .to.synthesize desir.ed i charjde structures are

oo and GrangahBe PSR s it e A ASesiRTTem (S e o

2005/ 05595QpR6dihHReP0 M diet OdfFree carboxyl groups; (e) free sulfhydryl groups such as those of
cysteine; (f) free hydroxy! groups such as those of serine, threcnine, or hydroxyproline; (g)

20 aromaticresidues such as those of phenylalanine, tyrosine, or tryptophan; or (h) the amide
group of glutamine. Exemplary methods of use in the present invention are described in WO
87/05330 published Sep. 11, 1987, and in Aplin and Wriston, CRC CRIT. REV. BIOCHEM., pp.
259-306 (1981).

[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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Exenpl ary met hods are described, for instance, WO 96/32491, Ito et at., Pure
Appl . Cheep. 65: 753 (1993), U S. Pat. Nos. 5,352,670, 5,374,541, h
5,545,553, and comonly owned U S. Pat. Nos. 6,399, 336, and 6, 440, 703 whi ch
are incorporated herein by reference. [0214] The present invention is

practi gasl2deshfr@sa Ssi ngl e gl ycosyltransferase or a Cﬁﬁ@hﬂ%bw“ 7 of )
gl ycosyl transferases. For exanple, one can use a conbination of a

sialyltransferase and a gal actosyltransferase. In those enbodi nents using

or epf a9 RRHRNE ¥iRdesé MR defs WERScAWIO 95I080T,31008 ohl RuR@hEIGH)Y combi ned in
an initial "reaction mxture, or the enzymes and reagents for _a second
enzydfat’ds (Y993k {U.orPaarNosa 836 46T G 5t374.54 bat 4 Bh el ecnmmoerds ovmed i-¥st enzymatic

 cactione FrS TRt an R e RS B e B B b G Tar b mpr oved

over procedures in which an internmediate species is isolated. Mreover, .-
cl eajpapdjanie: messpomatntioh ieptatiices abivg ashghnglydgylptderatesoriasconfeniiiond. [ 0215]
a preferred enbodinent, each of the figst,and second enzynme js a

I
g‘inyc YoopuHansderaws. Mpnexafipleepe pnaser cobiptioneireitly gndcRie it is an -

d i . i Lo - r i than twoe
2223%%?%?%1 Séf'gln a%%g%bggﬁ%h%g{ﬁr? %ﬁﬁﬁy@gggﬂ%?ﬂ%mgp i&ﬁlventi on. The

enzysubsiraesere peterbidy abmbined irsaciotial jedaicmt mixbireiroe theomzythes pejpeagiaiat any
ei ther before or afte tion of .the nodif.ied sugar to the

poi nﬁ[ (r?ﬂé%gﬁo ddi '
pept 108 & 529059 FRFYIIatic ApAsHRR Are ,ar-:t{qr}énqﬁi-équac- R BT gUayTiico e or rore
ex0-veffich EARBIE IB A2 IO HEARIAAE iRl GBIk AL, uhi ch s

engi neer ed orm gl ;.cos bonds rather than rupture them The nutant
Yl ycianaseslt yasiad adveyall yields eresmarayadstarputdedurenin winich amintmmadiate r esi due for an

active site i dic, am no acid residue or__ex | e en t he. endogl ycanase
o ot S, MofT il b g i BLof BB g MR is “he Rsp at
posi faigded. 130, G u at position 132 or a conbination thereof. The am no acids
are generally replaced 25 with serine, alanine, asparagine, or glutam ne.
[0217}2 The nutant enzyne catal yzes the reaction, usually by a synthesis step
t hat [02%5] Tasarefgoed embodiment saghof thefsiand speops eppimeiidogl ycanase hydrol ysi s
step i y wl.e . desired
R A e e R

reacin mditphelgeefdacicibodibenddid thamtval edzimes aarse B wRintdeithe to a GLcNAC
t he prot .. For _exanple, the |leaving group can be a hal ogen,

resi due _o ein
sucHng ﬁF‘I? glyporygten Qf th WWRntioRn JOP FRATmES g ascfl é?a%reﬁ@ SycBefls Srugtusgn, or a
ASN- o fide }9@1:%9 %Sém%iﬁgﬁéelﬂﬁg AP Q ML fition of the modified sugar to the

peptide.

[0216] In another embodiment, the method makes 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 substifution of an A
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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peptide noiety. In yet further enbodi nents, the GLcNAc residue on the
glycosyl donor nolecule is nodified. For exanple, the G eNAc residue may
conprise a 1,2 oxazoline noiety. [0218] In a preferred enbodi nent, each of
the enzymes WORIBOE%® produce a conjugate of the 5 inveRET/ERIBHE1IHIesent
in a catalytic anount. The catalytic anount of a particular enzynme varies

according to the concentration of that enz ;S substrate as |l as to
feacton ogHeaGRE Hus e enbediifis b BRNAu G pOLE B oRd dhedt or

det er m ni ng,diQg1GR RIS FoPdRbMe, HRIGIANAL YARIR LN TR mpheSs IE.rcﬁéﬁ‘dlﬁl%t ed
substrate concentrations and reaction conditions are well known to those of

skill in thwiglyt. 10 [0219] The tenperature at which an above process is
carried out can range fromjust above freezing to the tenperature at which

t he -nost s ot kve at ures. Rreferr t.e rature r ar.e about
0'C to abodt bt s pERGHIEHESIRAL RS o S S HEREY BT £ GGt e
anat her 5 exefphasryare Foelit e n tatalgBCanbuniDTRe Cotpidansst of a ﬁﬁﬁcﬂﬁﬁﬁﬁﬁme met hod
are conducted at an el evated tenperature using a thernophilic enzyne. 15

[0220] The VAEHACFHAING I thercansestragnt Jaah spryimsrs sybpets asavdkasttp iaclYl f i ci ent

for the ac : t : b I, . desi :0nj ugat e.
Sore of ¢ heoeniyms et RIGRLUGAR iRl phVahE Kicolt B MhliAGiR0, LR R

r ecover abl emanmifit s givsw ahdyynchedagprablcaicd esbswht Rbnceddativoe bed reactidress. Those
of skill in the art ug@gééstand tha% t_@e rate of reaction is dependent on a
number  of SORFHILSMIAS ¥ vgn fodhese o Hdll futhe Sfcent rati on, donor concentrati on,
acceptor concentration, 20 tenperature, solvent volune), which are .
opti ni 7gd E@Iwﬁﬁ@&%ﬁk@ﬁu&%%ﬁﬂ&aﬁ%&h&@% P EES8ANbut Y 8ok BINPhSCLRLOVI des
for the industrial-scale production of nodified peptides.” As used herein,
an i-ndust r ifigbzisg til e fpermsraiine yt whicl theawoshserbiding enBE degatuss Hrefealsily at | east

conj ugat 6. ‘COrpsReTieRa appefi B as Pl Bl dunfih G & hoou

exenpl i fi ed78g. thendtiencugatlirndbdidEentodé bt @oreSoddpoierdCothdBlesdnt afticd a

gl ycosyl ated peptide. The exenplary nodified sialic acid is labeled with
PEG The f @turongictedyd apglovaigs igingrabet s8ne A theameplilieey®e. PEG nodified sialic
acid and gl ycosyl ated peptides is for clarity of illustration and is not

i ntend t @y . L WV, i i£S. | A : . I j t hese
o pant ned 2 Vpiee kpBlon ififut BUBRhLRA Kool BE chP shBIAOR HRAELAM D
appl i cabl e bt glycbeylaetithdarerySonfing e desird oghjpgetsy Boim oéthe esnjopdte carBtidnian

sialic acid. Noreopver he di scussion.is equally applicable.to.the
o 11 cat | GHegR S TEeREOsG0sF %gw%mw%éw{/yﬂ%ﬂ%%oﬁw% FEPI Uy ¢ h
agents ot hef jeharhdREGr e gl RS wRIRindRES D8 4§ Sactibh & Rp&ttehCoPhEhb &S

of variable factors (e.g, enzyme concentration, donor concentration, acceptor concentration,

20  temperature, solvent volume), which are optimized for a selected systen.

[0221] The present invention also provides for the industrial-scale production of modified
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 applicable to the additions of modified glycosyl moieties other

30 than sialic acid. Moreover, the discussion is equally applicable to the modification of 2
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and bi onol ecul es. [0223] An enzymatic approach can be used for the selective

i ntroduction of PEGylated or PPGyl ated carbohydrates onto a peptide or

gl ycopeptide. The nmethod utilizes nodified 5 sugars contai ning PEG PPG or .

a masked reactive functional group, and is conbined with the appropriate

gl ycoswid nanefsemwase or gl ycosynthase. By sel ecting tpergdeomyd#r ansf erase ¢

that will make the desired carbohydrate |inkage and utilizing the nodified

sugar as the donor substrate, the PEG or PPG can be introduced directly

ont gytdsyl wepwitt egdrdckbortksn RIEE dncheding othePlsU gemictice sherapsitioimaietigsy copept | de
ont.o su resi dues that have been added to a 10 peptide. [0224] An

acc@ﬁ%?@%?#ﬁe sialyltransferase is present on the peptide to be nodified

by the nethods of the present invention either as a naturally occurring

St I (0228} An@hz@iNeicRipeech danBefised RE RV mo&mw@f?sakrlayecm chemical | y.
SUI t abl e acceptors, include, for exanple, galact os%Z acceptors such as .-

Gn@eém@oh@aqespntﬂ@@pm or@AYcOBIR e Thinmethodaridizes medified r aose,

| Ar d oth
e I
Bi ofhe aph@ptiaid 2Bicobfittatsfebdid 4r 1180 hthasd, @Q&e}lednﬂg dralerdoddhndEahse an accept or

for the _sitalyltransferase is ?resent on gl ycopeptide to be nodified

upotat WlllllFl@]ée g Aesied carbehydrate ng%E@@ﬁéHFFHB ths reied eisBepthEdenor20 can be

Si t IS i tion of the
iéc%gﬁ%tgﬁlh gﬁEGg)trtPg?n&gi la’tﬂ]‘?ceé)dgF écopeg%gﬁq}i%@gg ﬂg?ffr@gﬁlé ,0 ﬁf&’he met hods of the

i nvenﬁtngrsugmeé:@assﬁd glyoopeptidd yi atte sepapepidudethhizve doasadded to acl ude a

uitabl e acceptor; one first nodifies the peptide to include an acceptor by
t &€ known to those of skill in the art. In an exenpl ary enbodi nent,

Gal NAc residue is added by the action of a Gal NAc transferase. 25 [0226] Ilﬁ

N piespha ra}zce@ﬂﬂ@ gk iRk HahEr- B3¢ RGHESM orAGe PBkRk th B ARIETEAILSdRY attaching a
gal actose residue to an appropriate acceptor Tinked to the peptide, e.g., a

A ciahodsbthe pesens dhvieniedn aidss ammﬂllﬂgcqmng)wméw @wméawédﬁhm ed with a

reactl 0 ture that. con i f ctosyl transferase
(e. 16 g’éﬁ‘%yl 55’6 aua%} Fqre E %ugnéﬁl abtéew tcglf}? nllglg%’tf p onor (e.qg.
UDP a@@dt 1 &8)tors Hueh 4s9@AB1 @Gldl\sA@Ida@memmAw q@@&@@mﬁa apithaly to

rrpl etl on 30 or, alternatively, the reaction is terninated when a

19r etsthasct GelfaeiaAaiGaHed Aral Gelidsi1c8AC\ERB08610BE856), PETHIS20041041070
o iR B R S B B 2 PPl £ B, 855410 o eccepto

5624 (1978)).

[0225] In one embodiment, an acceptor for the sialyltransferase is present on the
glycopeptide to be modified upon in vive synthesis of the glycopeptide. Such glycopeptides

20 can be sialylated using the claimed methods without prior modification of the glycosylation

pattern of the glycopeptide. Alternatively, the methods of the invention can be used to
sialylate a peptide that does not include a svitable 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 GalNA¢ transferase.

25 [0226] In an exemplary embodiment, the galactosyl acceptor is assembled by attaching a
galactose residue to an appropriate aceeptor 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 galactosyltransferase (e.g., galp1,3 or galB1,4), and a suitable galactosyl
donor {(e.g., UDP-galactose). The reaction is allowed to proceed substantially to completion

30  or, alternatively, the reaction is terminated when a preselected amount of the galactose
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[0227] In yet another enbodi ment, glycopeptide-Ilinked oligosaccharides are
first "trimed," either in whole or in part, to expose either an acceptor
for the sialyltransferase or a noiety to 5 which one or nore appropriate
resi dues can we 2e0d@s®@sé 0 obtain a suitabl e acceptor. Enzyne&I/USM0404a670
gtycosyl transferases and endogl ycosi dases (see, for exanple U. S. Patent No.:
5,716,812) are useful for the attaching and trinm ng reactions. 102281 In

t he di scussdstiueihatied oDthenmpthbleofmidndidingfa stleeted nacehtrideracécptoewdlipti fi ed by
t he use of rmdifiqﬁd sugﬁ,rs, 2!:?\” ng a PEG noi ety attached thereto. The focus
of the di se@RREETHH thesedpkdlgndieatty of illustration. Those of skill will
appreciate that the discussion is equally relevant to those enbodinents in

whi ch the 7l Lefkt SRYBE ARBESnR t#]%‘b b it BPbI RArRhRAULE tRhmel e
i ke. [0229] Ijn a)ﬁ3 exerrgl ary e}rbt’ I n'egﬁﬁfgf t he iﬁé\%ﬁ:i on in which ame

car bohydr atharés vdole or s pari, td expest eifher or acceptetior g dialyloansérase ive a muddty ied

sugar hi.gh nose i s _trimed back to the fiLrst generation bi ennary
truct ure. VRN Pr BRrLiRg P AT A depBcedibr &t Y SERE Aredor RN EN:

nor € of th@ucﬁh‘k@@Jcb?&ﬂrﬁﬂ%&s@%ﬂﬁﬁ@ﬁo@&cdshﬂséﬂ(ﬁéeﬂfﬁrl&garblﬂs k1S, PaenONe. exanpl e, a
PEG noiety is-added via a GLcNAc noiety conjugated to the PEG noiety. The
nodi fi ed GPINAS1Z) ase uicfeldpiche pidaching aod tiypmindsradtioast er ni nal mannose resi dues
of the biantermary structure. Alternatively, an unnodified GLeNAc can be

added to o : 1. af I8 i n
anot her _ox Ly T sisek i B o midi t nHRBEREL: SRAREERY s e ol ¢

L erm nal rr&mlnqu&el sk Hm@gg mPES\ihh@oiﬁﬁy@ﬂhﬂmaareyets.t 'Eh@fmnsacaﬂ/thﬁiiacmdhgd fod 3 gggr
avl ng gal act ose resi e, 1.CN I, conjugated to a 3 cNAc resi due adde
onto tAB t ERPYR Iﬁ?ﬁéﬁ%ﬁ%ethsegf %}%%gv.ﬂ?wﬂr@lﬁsﬁ}a\f/&eﬁwcgﬁl@ﬁ%@faﬂwﬁe@i %an be
added to O@E%%Inia&&iﬁae & A ARh t@ﬁ&!ﬁﬁe@%ag]aﬁ@amem%aﬁ%ow 8 ]iogcgﬁlero&her

exanpl e, a nol ety 1s added onto a residue using a sialic
aci d. [023He lilz. anot her exenpl ary enbodi nent, a hi gh mannose structure is
"trimmed back” to the nannose from which the biantennary structure

b hes. | | E ety i 30.ad i NA dified
it the pofLi ey bttt ot it PR o EhuacPoRubGesnas 055050
PCT/ US2004+QAdQdd privd detie haditihieoMBe BRId saddr pY@dnhode SMimMel Baditodhd ached

PEG noi ety. In yet another enbodinent, unnodified G cNAc and Gal residues
are sedde niirg IgeReraipardiprianatystipeitifo se modified sugar bearing a PEG moiety is conjugated

to one or more of the sugar residues exposed by the “trimming back.” In one example, a PEG
moiety is added via a GlcNAc moiety conjugated to the PEG moiety. The modified GlcNAc
is attached o one or both of the terminal mannose residues of the biantennary structure,
Alternatively, an unmodified GleNAc can be added to one or both of the termini of the

20 branched species.

[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 GleNAc residue added onto the ferminal mannose
residues. Alternatively, an unmodified Gal can be added to one or both terminal GleNAc

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 GlcNAc modified with the polymer. Alternatively, an unmodified GlcNAc is
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—_— [

followed by a sialic acid noiety nodified wwth a PEG noiety, [0233] In a
further exenplary enbodi nent, high nmannose is "trinmed back” to the G cNAc .
5 to which the first mannose is attached. The GLcNAc is conjugated to a Gal
residue bearing a PEG noiety. Alternatively, an unnodified Gal is added to-

t he GleidAmosids@bdpowed by the addition of a sialic acl;@hﬁrmb di§freM th a
wat er-sol ubl e sugar. In yet a further exanple, the term naI( %:u(:}NAc i's

conjugated with Gal and the GLcNAc is subsequently fucosylated with a
nod afliesido thecosmobs dellavge dbyREGaImitlearyattatied RE3 ajoi¢dy gln yedamube may al so be

exapeE e oAt O he el ERlE e bt A B e 1 ha |

Gl e Mioviaayi angalid A6RL @bieGahbdified Rah ¥PEG mbittanot her exarmle the GlcNAc of
t he GlcNAc (Fuc)a residue is nodified with Gal, which bears a water sol uble

pol)f In a still further enbodi ment, the GLcNAC is nodified with Gal,
foll Qﬁﬁéh Thg fither exsanlaH emdodimentaehgnanmess i “Fimmpd baki” o hedileNAe with a PEG

5L by e AR RO PRIi 800, B ovned

20028131 bhi. AJte&atRaIygm upedificGhlan addvdso tHk0GREAOTNowEdbg He, 913;
10/ 360, 770; 10/410, 945 and  PCTI U802/9é263 eagqe}{eof which is incorporated
her aiditioy of eiglicaridmodified yithey Watpiesalbifeas t p Srther %?6’6%93 FShQ)VI de an

'rrL' ‘t’eﬁ-%ls 3 RN AR {) of%ﬁ] B&@@Fmﬁﬂf(}al 08 ﬁ%@g@ﬁc fsestub ql%ﬁtgf 183 lated Wit ?9 the

descri 0SSl d up a

car amwa@@seewmgamemyanu ally any desired struct ure. The nodified
sugar can be added to the term ni of the carbohydrate noiety as set forth
above it can be internedi at ept | core and the term nus
1G5 {04 EFomgeas By sko s saRpel R hadrio Qs A1 B Ehe AT e ot ng O
S amegpegﬁaéi Th%nk RN Qﬁlé @mfgﬁhemmc-@umqeﬁ@ie 1§|€oﬂjﬁgd@éﬁ wsﬁaal i dase, -
t her eby unnaski ng al nost of the underl 1y| ngéga act osyl residues.

AI t EleldAc berripg Wqﬁ@]@bhﬂt@ plyigbly do pegihércsahplel b @HAwfﬁlegal act ose residues,

| i acchar.i de resi duetha rm nat act it
ol P Re RS e Bun RGP Grarbich B e shPuR TR T o
apprgiet &hgocﬁmahﬂtﬁer@M%ﬁﬁﬁ@difﬁd WSRAA foRSfe @b OS] %aﬁgn 103 ﬂa@bf c acid. The
approach is sunmarized in Schenme 1. 66 WO 20051055 PCT/ US2004/ 041070

1 B¢ hemialig apiimodified\witar PEGuaeighot ei n

[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.

20 [0236] The examples set forth above provide an illustration of the power of the methods set o f)
forth herein. Using the methods described herein, it is possible to “trim back™ and build up a i
carbohydrate residue of substantially any desired structure. The modified sugar can be added
to 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.

25 [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

30  sialic acid. The approach is summarized in Scheme 1.
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Il N"O@l OP-O01--0 HOOHO+N Gl HOO'Na HO OH PEG or PPG N~NH
©GH OH G Sialyltransferase CMP-SA-5- NHCO CH2NH PEG ( PPG )

SA- 5- NHCOCH2NH- PEG  d ycoprotein Gal GaJ- SA- 5- NHCOCH2NH PEG  Gall

SA- 5- NHCOCH2 ssqxpl 02381 In yet a further approach, rized in Schene
2, a masked m{ﬁ?}ve Functionality is present on the si a?%&%‘?%m Wpe
masked reactive group is preferably unaffected by the <conditions used to
attach the nodified sialic acid to the Factor | X. After the coval ent
attachnment of the nodified sialic acid to the peptide, the mask is renoved
and the pggﬁéﬂ;g conjugated with an agent such as PEG The agent is
conjugated to t e peptide in a specific 10 manner by its reaction with the
unmasked reactive group on the nodifiag,sugar resi f)(;\!l.fue 67 WD 2005/ 055950

PCT/ US2004/ 041070 Schene 2 Gal Qd ycaprotoin Gifesphotetn:
SA- 5- NHCOCH2S- SEt  ~N > o Gal Gil Ho H @00 Ya HO OH
Si alyltransferase Gl - SOA- S- SS CH2S<SEt Et S- S-é, rNH OH Gal O
- _ a al
SA_5 NHCOCH2S- SEt  SAs 8 O%_mzm 3y
PEG or PRG-_ N
i Sialyltransferase

CMP-SA-5-NHCOCH,NH-—PEG(PPG)

SA-5-NHCOCH,NH-PEG
Glycoprotein é‘:a I

- G 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 aitach the modified sialic acid o the Factor IX. Afier 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 ifs reaction with the unmasked reactive group on the modified sugar residue.
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GI ycoprotein Gal 1. dithiothreitol Gal=SA-5-NHCOCH2S- PEG 2. PEG hal i de or
PPG hal ide Gal SA-5-NHCOCHZS-PEG [0239] Any nodified sugar set forth .
herein can be used with its appropriate 5 glycosyltransferase, depending on
the term nal sugars of the oligosaccharide side chains of the glycopeptide
(Tabl ey, ﬁzﬂoﬁﬂgbscussed above, the term nal sugar ofpciliR.6ls%GRBEPL I de v
required for 1ntroduction of the PEGyl ated structure can be introduced
naturally during expression or it can be produced post expression using the
appBdpmia? e gl ycosi dase(s), glycosyltransferase(s) or mx of glycosidase(s)
and gl ycosyl transferase(s). 10 68 WO 2005/ 055950 PCT/ US2004/ 041070 Table 1
Q R3-Y qX-RtR3YIX-RlO-oOjcozotRz"ZNHMAoO R4&-g ol N bO
O-0P-OO0 INOO-P~ +Na T\%O+Na\}]/aHOOOC]—INOC]—I
UDP- gal act ose-derivative /ngP gf@ m ne- derlspagt, NM@@CH£QA@§{I’] A= NH R4

may be acetyl) QXeR Q R3-Yg4' 0 R3-Y 0 O RZRz-ZR-q 0 xk0 z-
R4-A 4 11 NO-B’#PQ O Q]OP—NaNO
HO o p—cy 0" *Na HO OH Sialyltransferase Gal—SA-5-NHCOCH,S-SEi
EtS~ g~ N0 o _ Gal
0 .

|

SA-5-NHCOCH,S-SEt
SA-S-NHCOCH;S-PEG |

Glyeoproet Gal 1. dithiothreitol

s @ S H,S-PEG 2. PEG-halide or PPG halide

Gal

4

N
)

! .
SA-5-NHCOCH;S-PEG

[0239] Any modified sugar set forth herein can be used with its appropriate

5  glycosyliransferase, depending on the terminal sugars of the oligosaccharide side chains of
the glycopeptide (Table 1). As discussed above, the ferminal sugar of the glycopeptide
required for introduction of the PEGylated structwre 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).

10
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O +Na O +Na 0-+Na O +Na HO OH HO OH MP-{ ucose-derivatives

MP- G ucosani ne-derivatives (when A = NH, R4 may be acetyl) 0 "R~ fff q-R4

O <NNHR3-YoNAII N°NNH, 11 NHO O~ Rz-Z O1 CN I N~NHp O +Na Na
.tNa \ _/ 11 1WOIREadsHsD R9- X A-R4 HO OH HO OH | Z"R3 CGDP- tives

GDP Mannose-derivatives R2 X = 0, NH, S, CH2, N (RI1-5)2. i\)(ké‘fﬁﬁ?%%h,g\y@

B=X. Q=H, O S NH NR R RL.4 =H, L|nker-MM M =PEG, e.g., r n- PEG

5 [02401 | Aa8l¢Lrt her exenpl ary enbodi ment, UDP-gal act ose-PEG is r eact ed

with bovine mlk (i 1,4-gal actosyltransferase, thereby transferring the

nodi fi ed gal actose t the appropriate term nal@ N-acetyl gl ucosam ne

structure. The tq:(m alx,g cNAc residues on ta ¥Bopeptide may be produced

during expression, [a gray occur in scych expre systens as mmal i an,

i nsect, plant ong ~but also c be pr by treati ng[z‘lm;

o] ycopeptl de with a@@ aseolo an?n gl ycosiRg#sle O|and/9

gl ycosyl transferase, aSO—r-qug Pe cﬁ‘g QD 2005/ 055950 PCFF /(?41070

[ 0241] In anot her exenpl a@yﬂaerdibﬂdl nt, a G eNAc trahdf eP uch as

GNT1-5, is utilized to transfer R | at ed- G N to a term ndfo@i'hnnose

resi due on a gl ycop@fihig@sc-ddrimatiges St 1 11 furt herwhf ?ﬁﬁ?‘%‘;&"gjﬁ;@%gl ment, an the

N- and/or Olinked glycan structures are enzymatl ca ¥ d froma

gl ycopeptide to eXBSS)@-R n amno acid or a terrmnad-R1gI ycosyl 5 residue that

i s subsequently_conjlgated with the rmdlfl u ar, For exanple, an

endogl ycanase i B o renove the Ilnkegi% ures of a gl Ocopepti de to
expose a termn X Coas @ G cNACY i nke tohe gbycop ptj‘@*de.
UDP- Gal - PEG and the ML 1 1 -~ ‘wto T oot O
&Na ¢ &Na g
HO OH HO OH
UDP-Glucose-derivatives UDP-Glucosamine-derivatives

{when A =NH, Ry may be acetyl)

N NH
¥ o G </N]l\’)‘\//k

il i N™ "NH,
Ay PO

-k
N A O'Ne  O"*Na

S R¢XT7 2L AR, HO OH

HO OH R.-Y GDP-fucose-derivatives
GDP-Mannose-derivatives 2

0, NH,

S, CHy N (Rl-s)z-
X Z=%X;, A =X
H,, 0,8

i

i

X
Y
Q , 8, NH, N-R.
R, Ry-q =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
B1,4—ga1actbsyltransferase, thereby transferring the modified galactose to the appropriate
terminal N-acetylglucosamine structure. The terminal GleNAc residues on the glycopeptide
may be produced during expression, as may occur in such expression systems as mammalian,
insect, plant or fungus, but also can be produced by treating' the glycopeptide with a sialidase

10 and/or glycosidase and/or glycosyltransferase, as required.
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appropriate gal actosyltransferase is used to introduce the PEG gal act ose
functionality onto the exposed GLcNAc. 10 [0242] In an alternative

enbodi ment, the nodified sugar is added directly to the peptide backbone
using a glycosyltransferase known to transfer sugar residues to the peptide "

backbong, ,JiRsReenpl ary enmbodinent is set forth in SehamBudnsforgm! ary .
gl ycosyl transferases useful in practicing the present invention include, but

are not limted to, GalNA¢ transferases (GalNAc Tl-14), G I NAc

t r anfi2dl pEespthieteasyldry @andbéinase s, GlESAgltraosEykd, sactsdseild$ bS$, is utilized

xyl osyl transf eriases mannosyl transfer asgg and the |i kg. Use of this

appr baEmsir PE(R Gl e ertermiprlrmanmnos e 91 28 YSoRsaRde. taogtlglept i des t hat

| acksapy : I I e i AL LS el gl ycopeptides. In
bot h casrees)%ﬁ{tp%gpé%g?%ﬂﬁ%ﬁ]gg? tIt%h% E{n!rzgf;&él:ofl%ﬂé%eds‘”ugar Sgg%tﬁﬁegg%t specific positions
on t kypeptilyachaeddivore agdycdetitiiedo taposhan asinoscrdaire teypsnalfglykosyl of t he

gl ycosy] transferase and not in a random._manner as occurs during 20

oo TSl PRSP SO SO BRI BBO s F e eHEIR B et hods. An

arr a¥ﬁ1d?fgl}%9:ﬁ@é % usEPd BRI QAUGRM dERrd @b IRSp&tidd wg;ggi%@@a' des that |ack

the glycosyltransferase substrate peptide sequence by e neering the
appr epmimt 6l o a@ic Asdinkeddenionttee gliieopeplidep dpPPdel-PEG atdghe. Scheme 3 HO

o R o BRGNS A S B o O
Gal Nit-GRO G IAMNAPEG  NH 25 PEG 70 WO 2005/ 055950 PCT/ US2004/ 041070 [ 0243]

In each of the exenplary enbodi nents set forth above, one or nore additional

chem cal or enzymatic nodification steps can be utilized follow ng the
tonj {1342] brangfltepiative embodiment, the modified sugar is added directly to the peptide

backbone using a glycosyltransferase known to transfer sugar residues to the peptide (_H)
backbone. This exemplary embodiment is set forth in Scheme 3. Exemplary
glycosyltransferases useful in practicing the present invention include, but are not limited to,
GalNAc transferases (GalNAc T1-14), GlcNAc transferases, fucosyltransferases,
15  glucosyliransferases, xylosyltransferases, mannosyltransferases and the like. Use of this
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
20 modification of a protein’s peptide backbone using chemical methods. An array of agents
can be infroduced into proteins or glycopeptides that lack the glycosyliransferase substrate
peptide sequence by éngineering the appropriate amino acid sequence into the polypeptide @

chain.
Scheme 3

Ho CH
0 o Protein or Glycoprotein

HO
NH|] ¢ o ﬁi“ J GalNH-CO(CH,).NH-PEG
0O —P il N0
TR - J
O‘+Na O'+Na : .
HG OH GalNAc Transferase
(GalNAc T3) GalNH-CO(CH,) NH-PEG

25 PEG
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nodi fied sugar to the peptide. In an exenplary enbodi nent, an enzyne (e.g.
fucosyltransferase).is used to append a glycosyl unit (e.g., facose) onto
the termnal nodified 5 sugar attached to the peptide. In another exanple,
an enzymatic reaction is utilized to "cap" sites to which the nodified

sugar failed Y82H5#/W§hte. Alternatively, a chenical react?@HUSE04/L1470i zed
to alter the structure of the conjugated nodified sugar. For exanple, the

conj ugat ed i fied ar is reacted with nts that stabili.ze or

dest abi | i z@zlg?lginl ﬁ?ﬁk%@‘gg %W?%fﬁéﬂéeglﬂe&& Setc@%ﬁ&ﬁ%vﬁe OREPTABATE ﬁd'ihﬂ%l_lal?rpdi fied
sugar is aifeaffdr edAInRARORDEH KRR R caf bE AMRRE Mlovahg HRRoAAe R fringd sugar
is deprotected followng its conjugation to the peptide. One of skill wll

appr eci at empgided shgar €0 the pemiidar Fregn ofemplary rabedingnid aie breyingd¢- Spr ocedur es t hat

are useful .in_the .nethods .of the.inyenti,on. a.S after the nodi.fied
Sugar 1o cBRTaRe TRy kel puffe » BT T 2nBh 8T RaR i tria® R PG
sugar - pept suder SeRhslRLR: deptitd, tTRizAothBESEPRE adEndyhftic davedt it ailizeiTo mes
[0244] In addition to the enzynes di scussed above in the context of formng

h

t he-acyl - | $itgréeiwhichihagedificd suger igilod sspninerisn AYEMEEYSHY of chemicabisagtingds e and

A LT A g il
the startl ”rﬂlz%kil?é£1'Ee?gﬁﬁtlggu%yof%{ﬁgygﬁtﬁinfllclcfni’édds%&aﬁ? 343, %I@I%Lﬁg L%Sﬂﬁ%ateh” e

back or ot el se ho I'Zzing ~other enzy net hods
of renodel nodified piigat ésreand Witpagbatsubatrgbéire yrdasstdbiiad: its liaksfearittath? Qesidgar
donor to an acceptor are discyssed in great detai] in Frees, WD 03/.031464
A2, publ i SHERPDERYP Which thomaditie S‘b%aifé‘ir‘"g?ﬁlﬁﬁ‘i‘ai?r w&dl%éF@BDﬁ&& CRAPREYE %biheuse in
t he prgsen i r . 3 . ]
ﬁlogﬁfg?g\g%ar 'issdeﬁxeottectéﬁ ﬁﬁ%\ﬁg}ggﬁc?@ﬁé’%@ﬁ% te ?ﬁ | 3HRDE skiR2AR

G ycosyl tran s catalyze 't activated sugars (donor NDP-
or NWVP- 25agugasis)hat thareds st apeyvifsezreshi d chewical poadeienthapiny esgelpnitise,

l'ipid or glycolipid or to the non reducing.end of.a grow | i acchari de.
Nl i nked g’i“éﬁ'&ﬂ%g‘ft‘gﬁégfe‘&}%‘ %ﬁﬁﬁﬂﬁ%@%"é ogisd Soenisepamgad Bige BRI o | i nkod
ol i gosaccharile ;BeRAafio o thERoIMEE GlE3 Mep@ic dBnfBaB i P16 khe Lbgsiftgs ol | oned
by tri'mming of the core. In this case the nature of the "core" saccharide is

sonewhat dinfégrant from subsequent attachnents. A very |arge nunber of 30
gl ycosyl transferases are known in the art. 71 WD 2005/ 055950
PCT/ US2004/ 041070 [0246] The glycosyltransferase to be used in the present
i nvention any as long as it can utilize the nodified sugar as a
sugar %noﬁﬂyg)%grrpl es of such enzymes include Leloir pathway _
gl ycosy! t r prddehasiditiondcthe aszygalsalicosyil ebansh deasstext of forming the acyl-linked
\-acetyl gl ggn?&&%, @r}/el gtl{rc%gjig.t%nap%%ém of the conjugate and the starting substrates (e.g.,
peptides, lipids) can be elaborated, trimmed back or otherwise modified by methods utilizing
other enzymes. The methods of remodeling peptides and lipids using enzymes that transfer a
20  sugar donor to an acceptor are discussed in great detail in DeFrees, WO 03/031464 A2,
published 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, fo 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 oligosaccharide donor Dol-PP-NAG:Gle;Man in an en block
transfer followed by ttimming of the core. In this case the nature of the "core” saccharide is
somewhat different from subsequent attachments. A very large number of

30  glycosyliransferases are known in the art.
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: I
N-acetyl gal act osam nyl transferase, fucosyltransferase, sialyltransferase,
mannosyl transferase, 5 xylosyltransferase, glucurononyltransferase and the
| i ke. [0247] For enzymatic sacchari de syntheses that involve

glycosyl transferase reactions, glycosyltransferase can be cloned, or

i sol at f source. Many cloned glycosyl trans nown, as
are thg‘?r 0208 W%‘% eot| de sequences. See, e.g., "The %\%\W&V%%Jﬁiﬁ?rdé d oned
G ycosyl t ransf erases," (http://ww.vei.co. ul ¢/ TGV gt guide.htm. 10

A ycjo2yé]t Tﬁ‘@?maﬁmna"aﬁasmtodaeiudedsmqhmmmt avdniiuch&obé gy sséopgemsdes encodi ng

gl ycosyl,,ra sferases fromwhich the amno a id sequences, can be deduced are
al socap & mrodifed THEARA AR CIOPOR SR QOB ALEEs 1B HEF @iy CenBank,
s%ygﬁ, S0E1 B gala la@féfﬁé?esNLécE { & anRgIttRskran be

errpl oyed i A 1Y 1an§f'ﬁ%é§ g‘%{ 3 ?%%nrtl on i ncl udg{![gq blﬁt glr%e notlr '’mited to

gal alﬁmstylgakaam&emﬁemsfefaa@ (fwlsyltraméeﬁrescaae@ltraglbﬁms,yhamanéﬁmsww, N- 15 .

cet act m nyl trans | gl ucosam nyl tr ansf er ases,
c}%lytlgﬁﬂf ?e@ﬁ%‘%ﬂonﬁ[{ %s ?{"sé;tg‘?g‘%% mannosyl t r ansf er ases, gl ucur oni ¢

aC| d transferases, galacturonic acid transferases and ‘

ol i gmsa ?Cmreﬁﬁlﬁﬁ[ﬁssfa@é}ﬁﬁﬂésynﬁlébés&hét&n\gﬂl‘)’eﬁgl%(ds Ih&ﬁﬁ&ﬁé@ﬁ@&dn@d ude those

obt al ned from eukaryotes, as well as from prokaryotes. [0249] DNA encodi ng
gl yc&ﬁ%ﬂsﬂﬂéﬁgﬁ@ﬁ%%%b%@ﬂe@emdml%tP%ﬁﬂm@}ﬂY@ﬁ@ﬁ? cMankgiopedsis, by 20 screening
[ oVESE L FARSEILR! e Rlo BTN LIA AARLARIAL & fElks Sl £8! LThd Byl (ures. by

SCr genom C rarres from ropri a conbi nati ons Of

theS@uildE Q@Gﬁum&isGly&s)yltraﬁeﬂ’e%éh n(gltt@f//mﬂmem 0.4ENONI e o, _y be carried out
with oli gonucl eoti de probes generated fromthe glycosyltransferases gene

We quelysesylipnstraase sajneyeid spgufnsss fhd Hcleotide seauengss sacgiBgp such as a
f'“‘gg gﬁxtan %Hgsﬁ&n%?dhocﬁé’ﬁﬂl&%aﬁfdgfé% 5&&9%%%&\%8 ;aff‘ grﬁ glpza% in f\

acco e wmt nown pr ocedures an I n convention tion

assawsiout pubbliey aldilebledhizbeses, glchainsy GtaBankf BwiasEsotgeBls e@eﬂheﬁs may be
obt ai ned by use of the polynerase chain reaction (PCR) procedure, with the

endt2atlalices Mt forBen B Gn B8 i gactiel ppreu ST bgia ™y & P
NO Yhit @not %nfeﬁ tMgala'cﬁysylﬁgnsEngs%Q,] ﬁJ,JJ%?It&hyiﬁﬁ%gl éﬁl%@it%ﬁ%&s sRY-be

nthesized in host cells transformed with vectors ~containing DNA encodi ng
he agetytgriaptasprinsisag Beasen A goedyiglvessaniny lizansferasesy gblcumvltltaosfemsesmo

enzy SR e o SRR L iR PR o et e TRES Sl el by acee enzyme,

AN exdHsRsaEes) And 0 E@acdBndtrdneftds60 0818t BNy ooy EhisfGhsek hcMile@hose DNA sequence
encodi ng the gl ycosyl transferases enzyne i s operably
obtainted from eukaryotes, as well as from prokaryotes.

[0249] DNA encoding glycosyltransferases may be obtained by chemical synthesis, by

20 screening reverse transcripts of mRNA from appropriate cells or cell line cultures, by

()
@

screening genomic libraries from appropriate cells, or by combinations of these procedures.
Sereening of mRNA or genomic DNA may be carried out with oligonucleotide probes
generated from the glycosyltransferases gene sequence. Probes may be labeled with a
detectable group such as a fluorescent group, a radioactive atom or a chemiluminescent group

25 inaccordance 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.

30 [0230] The glycosyltransferase may be synthesized in host cells transformed with vectors

containing DNA encoding the glycosyltransferases enzyme. Vectors are used either to
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l i nked to suitable control sequences capable of effecting the expression of
the 5 glycosyltransferases enzyne in a suitable host. The need for such
control sequences will vary dependi ng upon the host selected and the

t ransf or mat i owmonetskesbsehosen. General ly, control sequencepci/g§lobd&ido
transcriptional pronoter, an optional operator sequence to control
transcription, a sequence encodi ng suitable nRNA ribosomal binding sites,
and sequend@BifnipNaeneesing B elisesyiansferased owyoe and/anosxprssd BN Aawidch

transl atio LEd j 0 ROt 10 requife.expressi ontr ol
donai ns, AI@]IHc t ﬁa’ilé ngmtg%léﬁ ?aggst {%125’%%1 1A‘|8te>§prfesc§lqpeﬁlc{oﬁéﬁael%ijﬁ°a§kﬁ§§ usual Iy

conferred bynsanctin ingich 20PNAeRbipas bR0dina e dy®e)lashifanscd @R s Bﬁé}jaihl'brt ate
t he

recognition of transformants. [0251] In_an exenpl ary enbodi nent’
i nvent i on Hikedite suitaklasopieal spavsncessiepghieof dfeeting te paprsssian afitsf er ases i ncl ude

cnay s | MRSl AU 01 o BRALLOSRERRIREL L cbhBh A P o

pr oduced gram negati ve cteria views in

M cr obi ol ogyry28fedinghipn URMoEIRA0IN andihehragTsi@BniniEhdliGiosdUGAL ROt
limted to, th proteins of the jfa operons of species such as E. colt and

Sal monel | aSeyshFsatERSGRinciiE @rransoriprior Pepnioler, @ epiloaskapsiplar sevsher laseniaeld a

\Bo035-(E. ot b ERRFRASEsEaa yfilemi R o S5 YRR, JRE anl PR
gl ucosyl t r ahchepasd tfSatsinafiod tAnseiptioo mdNeansRAST 4Anphficstdhivectogmo(dt, 2-

gl ucosyl transferase (ifaJd)(Sw ss-Prot_ Accessipon No. P27129 (E. coli) and
Swi ss- B ot TeqpEE EEEESIInEIIP fogtpms( gl ﬂﬂ%ﬁ?"ﬁﬂﬂf 18 g bility Aeirepkcate in a host,

[ 31, 2- N-acgtyly Edﬁ&r?&m pos Sokl 1LEMR 0 (E.
col-l. O her uél\gcl%osy tr%é@ggﬁﬁ?g% \?\}f'fiag aa|§émgno ngﬁ\?g)e%glg%%nlgg%gng@%%ﬁom
i ncl ude t hosmsfardmantsar e encoded by operons such as ifaB, which 25 have been
characterized in organisns such as Klebsiella pneunloniae, E coli,

Sal nonel | a_ .t i muriu Sal 1el la, enterica,..Yersinja enterocoltica,
Mycobact er {[Hr'ﬁ)( ]Oﬁpaﬂ’o?ﬁ’inﬁ],ar yaﬂﬂggf)dr?ﬂ&emr i 1y ﬁ%?%ﬁit%e%%ﬁ?kﬁ%%%@z&@?u SP‘H’O sa.
[0252] Al sglysehvliabblrokQrintige &ikyhnbeinRbIRSERsyhtR¥8HbS IRboBEGaccharides (LOS),

glycosyltransferases that are 1nvolved in producing structures containing
| act o- Kﬁ nevhiehazoeduced g meay asayi n¢gtive BackriagPreston er al., Critical Reviews in

acetyl - D- 9'&4@'@%@5?3@%@23@%@'{)[@1 %‘))a%lu%ﬁ Xrlliygn?é's %icflﬁd[e),' S 48088 g tc}, g P blood

group tris
D- gal act osyioteinslof4n 6t bedick-shelflasE. @bl GRS SalnmdhbitdryHiaxeria SRhich

apétk
identified in the L oifJ t he nucosal pathogens Nei sseria gonnorhoeae and N

meni ngi ti dinsludz3 PG 2EEsPEBIFoaRCTLUSHCOH BApiansiBshere erg..¢IMBE, J. Med.
Moo ol e R I BE R
bi osynyhieshsnohrhiES & slucosyliransferase (Swiss-Prot Accession No. P25740 (E. coli), an B1,2-
glucosyltransferase (rfal)(Swiss-Prot Accession No, P27129 (E. coliy and Swiss-Prot
Accession No. P19817 (S. typhimurium)), and an Bl,2~N-acetylglu¢osaminyltransferase
(rfulK)(EMBL Accession No. U00039 (E. coli). Other glycosyltransferases 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 preumoniae, 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-3-1,4-N-

30 acetyl-D-glucosaminyl-B-1,3-D-galactosyl-B-1,4-D-glucose, and the P* blood group
trisaccharide sequence, D-galactosyl-a-1,4-D-galactosyl-B-1,4-D-glucose, which have been

identified in the LOS of the mucosal pathogens Neisseria gonnorhoeae and N, mewingitidis
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|
structures have been identified fromN rneningitidis inmnotypes L3 and LI
(Jennings et at, M. Mcr obiol. 18: 729-740 (1995)) and the N.
gonorrhoeae mutant F62 (Gotshlich, J. Exp. 5 Med. 180: 2181-2190 (1994)). In
N. ineningitidis, a |locus consisting of three genes, IgM |IgtB and Ig E, A

encode%ét)@ }al%cosyl transferase enzynmes required for e%{gi O%'H%O t he Iast ,

t hree he> sUgars in the | acto-N-neotetraose chain arc et at,
Biol. Chem 271. 19166- 73 (1996)). Recently the enzymatic activity of the

| gt g(geﬂ&téfu%éf 9eRRIPLASYEL! Vt@soﬁezﬁ@rmg@} he RNOY I ;ké;ﬁnng(&ﬁ Lndli rect

eV| nce for their proposed glycosyltransferase 10 function (Wakar chuk et
, NJgorBr J@beaeCﬂMrmccﬂmlheﬂgl)fcosaBﬁmfemgﬁ i oB) In.the biodyntpsisafitiveeae, there are

Eﬁ?rﬁat%g orgs 8% pdie g opn Runute i Snstarpadt S PEORURBRAT o ¢ whi on

addsymg; %Ez@bfb@'lsa‘?@? &0 (19951) RBd HRGE @8R0PheiR Mutai P%Zt(]" QIR EGS, thus
creating the pk blood group antigen structure (Gotshlich (1994), supra.).

I5n NMed.nidfi Eﬂg&ltZl&D £1994) s dpat ateemgmdbm@ﬂwe consisiing of ﬁmﬁr gmewdgihe 15 Pk

bl :
ot sy B Kl B AE R rSdB r Pe B e e 6B BREG Gones are
al S OpfdRS SidaRaf thdladdSANeRethbBe S (Walaschkice h),.J. BRIICShR2T71: 19166-

,2-fucosyl transferase and al, 3- fucosyltransferase from Helicobacter
yI of3 (1746))-aReesenie 8¢ evrpmalia asatlivmeaf t@wégrii’uand &td gene grodpitoyas Cheri. 272:

o v SRAPPAL At v 3B Rl R SREM RS RR A,
Tt t ptubétadd (Wakarohsk 87 &., U1 Bropetien) m)gnsmzzmmgs)) e osybihoasf er ases

[0253] In sone enbodi ments, a gl ycosyl transferase used in the nethod of the

i Pveﬁ?ﬁilelcﬂﬁe e adlditfonglogppbs ﬂﬂ:@sﬁ’@ﬁh?@s PR diierta ef pesiien ofrlee teraingl t o \mos E«\
Cr angtisios of I dedb Ml e sl £ T4 %Vﬁ%ﬁﬁxﬂ@é% Bl P i accept or

SUQahetofQORMt bF 8RSheRAPESS AR crbiRRIASP" FI8Bd %éﬁ%u%b‘tﬂ?é S to an

acceptor are also of use in the preSent inven 2541 In sone
enbodiatshlicks (1 99KR sgroodpion. wa@agmds, a sfeq)aramaanpllu@,tyneﬂei ﬁa:bmesim the

| har i qal S bl
B R oo e hemaises uog p R el chisk JR TF GBS LREaTEYEaR) (BosiH! 1201 ©
Gal (3 2 A G Mol 411 SRS J RS LR ARRIGETlly BSBN 30 10

whi ch®™Was first characterized fromhuman nmilk (see, Palcic, et
i:'éﬁa oiBy@rotschblidke s Gen®@Ofbor ¢l 2ifu¢dk9B@jsfemss el &), 3 dhcayltradsfeBrotromCher ry.

256 0456- 104 9 74 WO 20 55950 P 04/ 041 and Nunez, et
OB hassdio b 611%%1263 3@%?)11 A ﬂ%%f@(% 3? Eoenic! o

af UCP[%%BT([@W?)‘C 185 EBusk il ¥ prdséih infehiba ahh& RlydsSittputhskdphuman serum FTVI |

20 3 Campylobacter Jejuni (see, for example, http://afmb.cnrs-mrs. fi/~pedro/CAZY/gtf 42 .himl).

Fucosyltransferases

£
_~

{0253} In some embodiments, a glycosyltransferase used in the method of the invention is a

fucosyltransferase. Fucosyltransferases are known to those of skill in the art. Exemplary

fucosyltransferases include enzymes, which transfer L-fucose from GDP-fucose to a hydroxy
25  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 GlcNAcina
GalP(1—3,4)GIcNAcB- group in an oligosaccharide glycoside. Suitable fucosyliransferases
for this reaction include the GalB(1—3,4)GleNAcB1-0(1—3,4)fucosyltransferase (FTIII E.C.
30 No. 2.4.1.65), which was first characterized from human milk (see, Palcic, ef ol
Carbohydrate Res, 190: 1-11 (1989); Prieels, et al., J. Biol. Chem. 256: 10456-10463 (1981);
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2.4.1.65), a sialyl a(2-*3)Gal (3((!-*3)d cNAc(3 fucosyltransferase, has al so
been characterized. A reconbinant formof the Gl (3(1-*3,4) G cNAc(3 5 all
->3,4)fucosyltransferase has al so been characterized (see, Dumas, et al.,

Bi oorg. Med. woebisessd: 425-428 (1991) and Kukowska- Lat al gy, @}09_964 p7pCENES
and Devel opnent 4: 1288- 1303 (1990)). O her exenplary fucosyptrans?erases

i nclude, for exanple, al,2 fucosyltransferase (E.C, No. 2.4.1.69).

Enzymati c ﬁn&l@&x}dxaﬁtiaﬁn(ﬁaad Gere.a10r RERG-T095 (D98 10 Nend theGRIjdE-dusleNAkpd i n
Mol |'i cone, et al Eur Bi ochem 191: 169-176 (1990) or U.S. Patent 10
No. 5,374, @@5%}@@4&82@@%@ Tav eFD‘éelaTYB Whidhre Eovad i byse teruns FEVAYE Gil¥e. al so

Gal aot osyl Panche S gk SO bSC S HEATRR PR e ebRB e donbeen 1 ne

gl ycosyl tr ansfespse A%e&n%ﬁ??&ﬁ%ﬁﬁ@@ﬁpﬁr—%@ ) Gl lary
gal act osyl transferases i nclude 1,3) galactosyltransferases (E.C. No.

2.4.1.1%1, all5>3 éﬁucc&ygransfaahﬂ(]msmkm bed‘,n ataractefizad Gpt, Antmdsr e, Bloo?d Med 1993)
and Yamanoto et at Nature 345: 229-233 %1990) bovi ne GenBankj 04989,
Joziasse ebetys 1t @5-B8{1991ppndKpkoveka-Latadls o ol.a Goer dpd Suslopmeni i WSS GenBank

n26925; La A 31 (1989
porcine (Ge 53‘3@%%@3 ?EEF 8%{11 Ip R%gﬁlco ﬁ&ﬁgfelr%ﬁénﬁlﬁ%dﬁe’n%??}bas I:%ﬂ%l- 1(()5 )
(1995)). AnpbhigastrdsafEL, o, B4gaﬂ9§ac§m@yﬂm @l&@%ﬂﬁ@@ﬁcdnﬂoetch@ied\dai iBhthe s

i nvol ved in synthesis of 20t group B anti (7 1. 37, Yamanot o
ot al 2. el dengied inadollionace sk ( Yok ARy 76 VB0RoH Uk Resent
exenpl q t e for use
in Fﬁe%nétﬁ PR CARTMERANR B Ry reclimuetan vl A0 kA 10 G
i ncl ude, fenzyewaopystem EE s@nthesizi@OGDPdobike. synt het ase) and EC 2.4.1.22
(lLactose synthetase) (bovine (D Agostaro et at, fur. J. Biochem 183:
211-217 (1989)), human (Mash 25 et al., Biochem Biophys. Res. Comrun. 157:

657-663 (1 Nakazawa et al., J. Biochem 104: 165-168 (1988)),
as wel | asgg?‘)ﬁ)"s}ilgu"ﬂpgg Sand the ceranide gal actosyltransferase (EC

2.4.1.45 N . 38:. 234 242, 4))
Zuiabr e o381 ot ket PRGBS R bite Al P Sy isRRaas tsg Ea?osyﬁraﬂ&emse

al act osyl LT et
at. bt B B gk AR 5281%(6%3’905113(1)%m B e A N 1 G

Si al yl 15 ar z=f eg.aPabkdvadbatal Sl adiypltwidivet.522523$ (H998) anbY heamotpe abNature

0 Xt ur b5, 0% AL LRy 61D o viek T peionk D 4SE daees e Highc . 204t 1458 7

3:)%3/' ]E gan§1ﬁ7§§9@))"‘n{drm§|(§&ﬁpdnﬁ@%92%&&3%&1%} b Bek Narwhigh $8 Bsss@lic acid
8227-8231 (1989)), porcine (GenBank L.36152; Strahan et al., Immunogenetics 41: 101-105
(1995)). Another suitable al,3 galactosyliransferase is that which is involved in synthesis of
20  the blood group B antigen (EC 2.4.1.37, Yamamoto et al., J. Biol. Chem. 265: 1146-1151

(1990) (human)). Yet a further exemplary galactosyltransferase is core Gal-T1.

f0256] Also suitable for use in the methods of the invention are B(L,4) galaétosyltransferases,.
which include, for example, EC 2.4.1.90 (LacNAc synthetase) and EC 2.4.1.22 (lactose
synthetase) (bovine (D'Agostaro et 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 et al., J. Neurosci. Res. 38: 234-242 (1994)). Other
suitable galactosyltransferases include, for example, oul,2 galaciosyltransferases (from e.g.,

Schizosaccharomyces pombe, Chapell ef al., Mol. Biol. Cell 5: 519-528 (1994)).
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5 sialyltransferases. Exanples of sialyltransferases that are suitable for

use in the present invention include ST3Gl IIl (e.g., a rat or human
STt3@Gal 111), sSt3Gal IV, ST3&Gl |, ST3&lll, ST6Gal I, ST3Gal Vv, ST6Gal 11,
ST6GalNAc 1, ST6GalNAc I, and ST6GalNAc 111 (the sialyltransferase

nonmencIvao aeos/os896@ herein is as described in Tsuji et pafruszoo@oyenabi ol ogy 6: =
v-xiv (1996)). An exenplary a(2,3)sialyltransferase referred to as 10
a(2,3)sialyltransferase (EC 2.4.99.6) transfers sialic acid to the
non-SléﬂGmfﬁé?f(t@Fm nal Gal of a Gal(31--*3dc disaccharide or glycoside.

See, Van den Eijnden et at, J. Biol. Chem 256: 3159 (11981) Wei nstein et
at, 19258 Srlyliensferasesite naBu Sy el gad)omndanaarassthads u&@ﬁl Bitt:he Chem 267:

21011 992) . Anot her exe y It sfer 99. 4)

tr an%?oéjﬁll%‘nﬂéc& § PIFERGR rsg‘%% c‘;ﬂher‘%‘@nl(tf?iﬁgb @ atrP&P C(S’fnq]]ﬁ’élt di sacchari de
Or Gl §1a8hHerascx8eill a%girbcﬁi@e@v[ﬁ-%aﬁé acid, wlﬁbloisasﬁmrmm&cﬁﬁaor 44 (1979) and -
Gllespie et al. iol. Chem 267: 21004 (1992). Further exenplary

énz yirleltrangtiaers. Garmples of galglteangleragesth® ase wiibledaiuse dn hsdressale,  Kur osawa et
159qu10# mc%lc%cg]% It:i‘: 3%4? a% ?at %18 ]n9§143)éa1 Iflg%%gbaf f\Ffﬁ% 1 , for

yCcoS i"on of carp ycopeptl &s the sial yltransferase wll

be a:‘b]‘matlﬂ STaRd TeSTHGAM, ST&GHHI tﬂéﬂﬁﬂﬁe@tﬂfﬂ&lmb (BandSIEMANAc t he nost
comuon 20 penul ti mte sequence underlyin the termnal sialic acid on fully

si all |(§%ee%ﬁlﬁla%€ﬁsﬁéﬁ%@1@er§{ﬁmévmdé@ree%@@s P @dstswwem{:ozsg] Tabl e 2:

cun PR U S0P AS A8 Bl B R SRR B s St ce

1$eq NCedi Ayl asHRd 2.4. GaddfeyBRIRbE AR WAL RPRLERInA @G NAC- 1
Qﬁ [ ?il %’/am*ra |a%B§N%uAc9§;@3c;a1?31 43 cNAG- 1 NeuAcﬁggz 3 Gal (31, 3 d

cNAc&GﬂwBeéﬁlw/dNaMuaﬁdamr glm%z&%é{m(léﬁn Bipndanag al.,1/. Mu@lwﬂaZ%S Gal (31, § )

Neu,&éég (%ﬁ%ﬁlnﬁmm 1ol %%%%6%%%3%?@5%4\%& IGPB} lphOt obact eri um

NeuAGR s, 3ea) iﬁﬂu BENAGnoBer NemPIRRPES BASAGIANSITAQCTEE2 8008} 1randBl@/ TeChNOl 0gy
9: 1347-1355 ( 193 })\IA offler NonBRAPES AAEAPIhlSIHAARRS 8099) o (1996)
sialic acid to the non-reducmg terminal Gal of the dlsaccharlde or glycoside. see, Rearick et
15 al, J Biol Chem. 254: 4444 (1979) and Gillespie et al., J. Biol. Chem. 267: 21004 (1992).
Further exemplary enzymes include Gal-B-1,4-GlcNAc o-2,6 sialyltransferase (See,

Kurosawa et al. Eur. J. Biochem. 219: 375-381 (1994)).

[0258] Preferably, for glycosylation of carbohydrates of glycopeptides the sialyltransferase
will be able to transfer sialic acid to the sequence GalPp1,4GlcNAc-, the most common
20  penuitimate sequence underlying the terminal sialic acid on fully sialylated carbchydrate
structures (see, Table 2). N

[0259] Table 2: Sialyltransferases which use the Gal1,4GlcNAc sequence as an acceptor

substrate

76



3) Glbert et al., J. Biol. Chern. 271: 28271-28276 (1996) [0260] C her
sialyltransferases of use in the present invention include those set forth
ih the 5 table of FIG 4. The sialyltransferases can be used to transfer a
PEGy| at ed si aVPetRasPshoi ety froma PEGyl ated sialic aci dpdpo9i.sREFHHES
onto an N-linked glycosyl residue of a peptide (FIG 2C or an OIinked
gl ycosyl residue of Factor IX (EIG_2D), [0261] An exanple of a

sialyltrapn o is u I, in the dl@] ds,is ST3GA1 L], |
ohch | 5 L bEaagbhgh | o agggt%, 3) si-alyd fsfeﬂé@cf@i&%@r 2_4 99/6) Rebi) o
enzynme caf aFg@dd the 10 tr anwimdliaal si al|igeachd soaifiwsiRhcof 8

' O \A

Gal (31, 3@ cNAC or—Gat (31, 4Gicivac—gtycostge—{seer—e—g———Wer—et—at—J-—Biol.
Chen: . 26STXdiH (1992); VAMemiealiagi j nden Mdulat2,3GalfBi4llcNGbem | 256: 3159
(1991)) d is responsible for sialylatiqgn of asparagi ne-1inked
ol i gosaccharides in glycopeptides. The giNdiAze28Gdif13GItNked to a Gal with
t he formaf T o of am a- T nkjage between—the two—sacchart+des—Bof¢i-ng
(1'i nkage)| DERGHAN t he sacchg(hnu@@mns bet WednAchd,3GlfdsidlcNacof 15 NeuAc #nd
the 3-position of Gal. Thifs particular enzyne can be isolated ffomrat |gver
(Weinsteijh et al., J. Biol| Chem 257: 1384mAck282)31,3d1eNAsan| cDNA ( Sagaki
et al. (éng J, Birot eI 2687 22782122787, Krtagawa & Pautson—(1994) J.
Biol. Ch Té@fé:ﬂ 1394- 1401MamHepligenoni ¢ |kutegdhaaldl 45cNAG996) J. Bi ol
Chem 271 - 938) DNA sequences, are knqQwn, faciljtating prodpctjion of
this enzyng?%éal conbi nant ﬁ&‘g? Sl Irq\ée”ﬂ’% épﬁ@daﬁcﬁﬁﬁodi Hrentz, t he
clainmed s t on met hods a rat ST3Gal .l | 05/ 055950

oot UepoduT 53485, [0262] %’Z"'rgmg%%’%%] ar yi%‘lél“ 230abl ARG ooz i 1 the
resent ijnvention include |t i ated from Ca | obacter jejuni,
!O‘nm udi nglthe_a (2 _3) &éﬁgg(%w”{] 1 49051 gn7ﬁgnyijlylrraJr\qJ erases_of her
those |istbd i nOaabteer2], BiodlahsdogsBildd7-1365m980onon ¢ and efficient

| ar ge- scal e process for sialylation of coormercially inportant glycopeptides.
As a 5 siZple Yosamato ef #ind. Sischamd 20t 104119 (68960 hese ot her enzynes, various
anounts of each enzyme (1-100 mJ/ ng protein) are reacted wth asial o-al AGP
(at 1-10 ny) m )Gillercoopal Sieh€herald7Ii 28270282 Te(189@ yl t r ansf erase of interest
to sialylate glycopeptides relative to either bovine ST6Gal I, ST3 Gal |11

or bot h siBRydlt Odhasdidyasederafstof maihitivgirysenDibh@ttiog iwtnfreahide desfol in the ,
gl ycopepti des, N-l1inked oligosaccharides enzymatically rel eased fromthe

pepti d 1otab15@§§iﬁe4-cyw wlylspHeases srmbeuss tounsfes aflE Gudited gpliqasidsmoiety
| uat i [ i : (XAT t Lal.yl: NN d
ol | gosacerayRdaLXsHIBn SR ARER bikcicl B BNk Ayl U bIIEE oo
in a pract{fdél 2Cpoge-Qdiakal glyomsebssifloy offifaptor @€ (BliGaI2hat i on. Gal NAc
t ransf er ases'’

[0261] An example of a sialyliransferase that is useful in the claimed methods is ST3Gal III,'

which is also referred o as a(2,3)sialyltransferase (EC 2.4.99.6). This enzyme catalyzes the
10 transfer of sialic acid to the Gal of a Galf31,3GlcNAc or Galp1,4GleNAc glycoside (see, e.g.,
Wen et al., J. Biol. Chem. 267: 21011 (1992); Van den Eijnden et al., J. Biol. Chem. 256:
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 ef al. (1993)
J. Biol. Chem. 268: 22782-22787; Kitagawa & Paulson (1994) J. Biol. Chem. 269: 1394-
1401) and genomic (Kitagawa ef al. (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 11,
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|
[ 02641 N acetyl gal act osam nyl transferases are of use in practicing the
present invention, 15 particularly for binding a Gal NAc noiety to an am no
acid of the O-linked glycosylation site of the peptide. Suitable
N- acet yl gal act osami nyl transferases include, but are not limted to, a(1,3) -

N acet m nyl transferase, 0(1,4) N acetylga ] transferases.
( Nagat é&@gé@@%@?@l Biol. Chen. 267: 12082-12089 (19%@?@%@?}%@1}6% et al., J.

Bi ol Chem 269: 15162 (1994)) and pol ypepti de

N-acgt, ¥4 sam nyl r o Bh et 268: 20 12609
(199@?3{‘.‘ ]%%@%n&?%%ﬁ){l ‘g%ﬁ%?asgéfgﬁéé?ﬁgﬁg g%:eﬁarésmﬁ?g g‘lénzcyur%{s:}q I(‘_E‘E(Sil}]leNAc Tj _xx from
cl ongela @8 Hw OimpASHRLdr Gej@MYIORAIHgREE &@,3)e(Ske, krgWOIBEL)51eg. , U. S. Pat. No.
4,761, 371. One nethod involves collection of sufficient sanples, then the

am no acid sequence of the enzynme is determned . by N-term nal sequencing.

Thi sl02a3lo¥iaktramaferases ofber thesedisted in Selaleira asppell e ceonampicagd a 25

full; s . whi ch. jon. in the insect
col | SERE e R ORNE S 81 it e B C AR EiaD LERorRR VBN RREL B A 0 10,

dc c egiin@le teqr@c fihd et the afility e Bz yier dngymés)emicdataromied cadi sigyae .
sem quantitative analysis of ,the am no ggl ﬂz surroundi ng knqQwn

gl yc@sii0amnbne proten) arerepgted viithasislroph G &4t 19’64%{15&&0‘531’%1?1 itro

gl yc hon.: i : i I ; N, . nst rat ed
Pt U S ot R Bl i e R D ) e

pept PTEGHdgsEIGA 1A pdbsthatalyleaistuess.i Altspeatciely, otheo glycbpapide¥& WO 2005/ 055950

PCT/ YsS2004/.041070Q .. suyr.oundi . gl ycosyl.ated seri and t hr.eoni ne residues
may HECPEGRSr & M@{Phgf%?ﬁﬁg% S%ﬁ‘?yﬂé}?&%&%&a@fﬁf% g}?&?p{lﬁ%n ot her ami no
AL1 Ao Rb&Hel @8 be G8dd in %Q@fﬁié{&‘&?wéﬁﬁﬁ e @Jaﬁﬁgﬁn.][ 0260 arlsherAROWRAE!

embodi ment, the enzymes utilized in the nethod of the invention are cell- 5
bountlie gbiitiotsidlylatesy-Einksledigogderhavidghofelysopsptided Ineore Eifctrylly tthaansf er ases ar e/

kno , for.. exanple, .U.S. Pat. No..5 032, 51 .gl ycosyl transferases are
gene ééﬁ%iaﬁﬁ%%ﬁg@%%%g?%?%%%ﬁs @%B‘?}%dgtsgg%l%l(gh cells. Many of the
menbr ane- bound enzynmes studied thus far are considered to be intrinsic
proteins; that is, they are not released fromthe nenbranes by sonication

and GRINAJ Samigérasgents for solubilization. Surface glycosyltransferases have
been 10 identified on the surfaces of vertebrate and invertebrate cells, and

it hpeesl SucHORAlLRSANINLERHs fefabdtard HASE ISpratREsy thepRsbariasasionRi ntain
catal ytic activity under physiol ogical conditions. However, the nore

. Yoecoppiiowerly fon biriding affalbiéic mejgiyfta ée aginpasil ofthe Rslinked shwosdatiqursite
intercel lular or it th !WEE%J . %O%g—iE - SUPRACELLULAR
PHEI\@E‘?\B?P %98}“%3?%@67’??8[%&}%’5@% Ve erlggggdé@g dpedaI ? ) glluﬁlg? he
gl ycegyd)iN-aasdigslasesneniresFatkedB (160 N-8cetylgalactosaminyliransferases (Nagata
et al., J. Biol, Chem. 267: 12082-12089 (1992) and Smith et al., J. Biol Chem. 269: 15162
(1994)) and polypeptide N-acetylgalactosaminyltransferase (Homa et al., J. Biol. Chem. 268: |
20 12609 (1993)). S

[0265] Production of proteins such as the enzyme GalNAc Trxx 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 1o isolate a cDNA clone encoding a
25  full-length (membrane bound) transferase which upon expression in the insect cell line Sf9
resulted in the synthesis of a fully active 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

30 overrepresented in glycosylated peptide segments and that residues in specific positions
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15 For exanple, Larsen et al., Proc. Nad. Acad. Sci. USA 86: 8227-8231
(4989), report a genetic approach to isolate cloned cDNA sequences that
determ ne expression of cell surface oligosaccharide structures and their

cognat e gl ycogy fhaesésgr ases. A cDNA |ibrary generated fr e@piRN0H0@AL ed
froma marine cell |ine knowmn to express UDP-gal actose:.[3,-D

gal actosyl -1, 4- N-acetyl - D- gl ucosam ui de a-1, 3-gal actosyl transferase was

t ransf ect eduiroinelii20zlROGylated ebring. and Heeanizarssidetsetaydelve 8 muee erarisdmnitughtaioed
and assayed for -agtl"B %SI aq%%os ltra%f erase activity. [0268] Francisco et
at, Proc. REfoptor gELgeneglhan oA a @y askigBOIshesy (1992) " di scl ose a nethod  of
anchoring (3-lactamase to the external surface of Escherichia coll. A
tripartite sj.on nsisting of (i) a signal sequence of an outer nenbrane
protein, (iqte?l' Wn@g’é?fél}'

BYGHAY 25 section of an outer menbrane protein,
and (iii) 30Adinh etcthersmbodingedt, omayraseaitdizeipnbe methodpil detunenitive sl cellng i n

ti f boynd ( 3-1 act | ., Ho t he Franci

method be. PP EEONForEEoo e OR et T LS By e e DI/ B9 ¢ he

authors, 1 @guhpRSU.S Pe, NeMbet ﬂ%,rgg)ﬂzl%ﬂ{rﬁrﬁfé‘r&b%g%gfeﬁéraﬂf RPREmbASHGRI Ng. 79
u

WD 20051055950° PCT/ US2004/ G41070 fotrinmsferases [0269] The invention
al so provi dews whehardscifited wh selds iMenypd phd messbirhaboimsicdnapiesiidied s far are

nol ecul es, incl udi for .exanpl e .sul fated palysaccharides such as heparin,
nepar an sl B bEaHE TG s, Bhim R IR B pRt Ty

sul f ot r ansfgfiasfh dnfebqiie defien® fansaludilizatish M#et biyBoSmbRhets mRshesase
(chi cken cDNA descri bed by Fukuta et al., J. Biol. em 270: 18575-18580

( 1995) ;10 Gendatikicher Esugacene! vaiphoisand igyeyiebuimicHaging didis plso been recognized

acetyl gl uc ' ] | . ster ' D]

Genonarcs. S0 A Y E AN ot BROUL AR5 VAT ol L Shatbons.

N-acet yl gl Ghosasi, e hbdeaoghiybdialtin ekl hotdcagblcesdismsBrdsotsifacinRNAular
described in Oellana at al., J Biol. Ch-ell?. 269: 2270 10 2276 (1994) and
Eri ksson etecgenition (ot MOBHGHLAR AMEBOACHFS 38 S YRRELLUIGAHENRMERN A,

described in GenBan( Accession No. U2304). dycosidases [0270] This

i nvention i Ld- .dases.
Vit ant o gl A} SRARTRIATE bech MeviBa% ol YRR R MR SO 07 AR
f or mat ilon &br dendils decdeari de ProhNatghcdhgei.cldtip B6:r822682ah (1888), yepostyd gehktitor | de

| Ssted SopErPHEIDROTAIe eloREF B S S BrierHisg XS A BB | Nl ude.
for exanpl ‘%lig& sBo@aHae SiekAR 8Sand(Beif@lgAst QB8R B8 s fet3ed BN DN AIRBSS) generated
from mRNA isolated from a murine cell line known to express UDP-galactose:..-D-
galactosyl-1,4-N-acetyl-D-glucosaminide «-1,3-galactosyltransferase was transfected into
20 COS-1 cells. The transfebted cells were then cultured and assayed for o 1-3

gdlactosyltransferase activity.

[0268] Francisco et al., Proc. Natl. Acad. Sci. US4 8§9: 2713-2717 (1992), disclose a method
of anchoring B-lactamase to the external sutface of Escherichia coli. A tripartite fusion
consisting of (i) a signal sequence of an outer membrane protein, (i1) a membrane-spanning
25  section of an outer membrane protein, and (i) a complete mature B-lactamase sequence is
produced resulting in an active surface bound 3-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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0-acetyl glucosam ni dases, (i- I\Laéetyl gal act osam ni dases, (3-xyl osi dases,

(3-fucosi dases, cellul ases, xylanases, gal actanases, nannanases, .
hem cel | ul ases, anyl ases, gl ucoanyl ases, a 20 gl ucosi dases, .
a- gal act osi dases, a-mannosi dases, a-N-acetyl glucosam ni dases, a-N acetyl

galaqﬁgﬁﬁ-iyndy dases, a-xyl osi dases, a-fucosidases,PéyykzmMKMI70 -
neur a Was¥sPsi al i dases. In an exenpl ary enbodi nent, a sialidase is used

to renove sialic acid froman Nglycan of Factor IX (FIG 2A) prior to
ol gabPksmsfaniaag. The invention also provides a nethod that does not require
the prior renoval of sialic acid. Thus, a nethod that incorporates a sialic
acii262p Thxehamys Aeapbiides Methods @r podidihggegidas fhat weinde sufeldy and ST3Gal3 is
of use in the present invention., Imuobilized Enzymes [0271] The present

i nieHcrish inglading, loy peaple Biiatadepoliseccharidas syeheas hepdiin, eearpmerdiita. i zed on a

sol.] rd .. ) I t. there is provieded
a b@&?@%ﬁ)g@ %?Eg%ﬁs)‘%oer%&sﬁg}?{? h% 1ta!31§ 5@2%%5%@5%%8@@%%‘@%&“% intact glycosyl
511 pk@idrateorsdiphgtrhmsféhe (clieltdaiN A tedckibed By BithitO8y. ol THEBPEGHkmNKer - enzyme
con%u%ate is_optionally attached to solid 80 a WD 2005/ 055950 :
PCF7 0380011 8250071895 )5 gk Acegwsiquden. J149945) alysesspinagdraiymes in the -
nme I I | 168, ] 864 | m xture and
Py el B AP PO ST (h o E QB AGERS A0, X Covery
o; (]{ngé);jéﬁzlﬁafg), ﬂtb%gt\gsamﬁy)glypmwﬁm;g@?@sm g i-dedcstylake/NF zed | _nl It hg net hods
o] e invention. [..conbi pati ons_of enzynes, suppor. Wi e
apﬁﬁp@ﬁnf@;ﬁg@uﬁf %)]%Tl}%i‘{g?"r%;;gh 1‘?1?;; et ‘éugﬁ%ﬂﬁ %?’6"(&1;19%??52% f72] I n ot[]ey
ex ; 969" ] n usi on proteins
10 B I e B 20 LD SO oD hlthi B8 1 ot hesi < o
a desiibeiin @inBacheptéssiendanliigétle. The fusion pol ypeptides can be corrposéd}
of, for exanple, a 10 catalytically active donmain of a glycosyltransferase
that is joined to a catalytically active domain of an accessory enzyne. The

ac?;ﬁl%?)arq\;’_ enzynme catal ytic domain can, for exanple, <catalyze a step in the
fo P55t a nucl eotide sugar that is a donor for the

gl ransferas or catalyze a re ion_i.nvolved in,a

gl @ggijlﬁ?gﬁvﬁﬁwﬁgb EYIRAFERH e ﬁ@'&ypa? aBéWﬁﬂ’\élgg'gﬁl%e?'hat encodes a
9l WEOHW Bt daPRalsRIa8S 8r5ARs REvelRER 8Shmorsta®l 8 Bataly2e the ISmiafbyypRIC! eot i de t hat
encodes an enzyne invol ved in nucl eotide sugar synthesis. The resulting

15 f udisasehpidss dimuglathechuplingad ah yzalyeesy] fneride thegalgdieybetesptor t he nucl eoti de
su %ﬁécugpt(\ﬁﬁtﬁ‘:l%, {Jh:e Pat. No. 6,284,494; issued Sept. 4, 2001). Other glycosidases of
use in this invention include, for example, B-glucosidases, B-galactosidases, f-mannosidases,
B-acetyl glucosaminidases, B-N-acetyl galactoslaminidases, B-xylosidases, B-ﬁicosidases,
cellulases, xylanases, galactanases, mannanases, hemicellulases, amylases, glucoamylases, o-

20 glucosidases, a-galactosidases, o-mannosidases, a-N-acetyl glucosaminidases, o-N-acetyl
galactose-aminidases, u-xylosidases, a-fucosidases, and neuraminidases/sialidases. In an O
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

25  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

30 glycosyltransferase 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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transfer of the sugar noiety to the acceptor nol ecule. The fusion protein
can be two or nore cycle enzynes |inked into one expressible nucleotide
sequence. In other enbodinents the fusion protein includes the

catal yti cal | ynaehba/esekgnai ns of two or nore gl ycosyltransfeg AV L
fdr exanple, 5,641,668. The nodified gl ycopepti des of the preseﬁf i nvention
can be readily designed and nmanufactured utilizing various suitable fusion
proteins ( f a, i KTelal: ich
s pUDI i Sha e D B g e B e s Mg
Sugars 25 [v02¥ 8 of e gewbrmnixitisend pyafication ef the ogactomprodng;] andyeldoi enkides the

cassette and.the PEG ar, PEG |inker. cassett roups ar.e l.inked toget her

Chr ough- nRSATar oS St TE B o peE iy R e QiR RelF Y PA R ARGy ¢ he
|'i nki ng pr og@sSnidation. a0RRVeAhBiatdhs Lo Bl nenald ppsHs Will behppadshlh MR sSBLCI es.
The sugar reactive functional group(s), is |ocated at any position on the

~ sugar mdi etsyill irdgcat- ve groups and cl asses of reactions useful in practicing
the present 30 invention are generally those that are well known in the art
of bioconjugate chem stry. Currently favored classes of reactions avail abl e
wi th reactime:sugar.hoieties are those, which 81 WO 2005/ 053950

PCT/ USZOO4/%§%LO% ef)’r oceed under relatively mld conditions. These include,
but are not[0272in ettiet axenpbire ophodimentssthb seihpdt ¢ighs inventipn utiliea ftsiconsotofns

am nes and _al cohols wth acyl halides, active esters el ectr.ophilic

SUbst tut G TR e e b e BnG) Bl Fove S 50 B8P ar bon and
car bon- het B ubdjlphe DRNESion BoBpeptiibLhiadle chRASIMT, folkBhiidLder
addition). These and "5 other useful ‘reactions are discussed in, for

exanpl 60 MeaighylicAb\uaNTEGoRGAKE cherisiraTiRrse hatisfeined Porgstalyticelly &tSens, New

York, 1985, He Bl OCOONJUGATE . TECHNL QUES, _Acadeni ¢. P San. Di ego,
1996! andKELRE, TR Aaies R BER R AT ARG PROTEIRET DAy TAASE R RIS ry

Series, Volcataly98a sbpd the InnfdioNof ahuddegide bygar thhbishidegboiy the. C., 1982. 10
[ 02741 Useful reactive functional groups pendent from a sugar nucleus or

modi fyi ng @hoapiiransErangeor swBipyzgpaearbon [vaiveddl a gycqsalirapgpmengpiclegfotps and

N hydr oxy s Gebfib AL ERe RS A bRl e b Ele Jdhed, iname o g
acyl i16i dpobhedeotideitios sheydss arpenryinedplodryl lin esdertide sadak yynthesisk hy kgsulinky ny|

AN Ao e o Sher b gy v SRS s SRS PSS SO MRSt
transfer of the sugar moiety to the acceptor molecule. The fuston protein can be two or more
cycle enzymes linked into one expressible nucleotide sequence. In other embodiments the
fusion protein includes the catalytically active domains of two or more glycosyltransferases.

20 See, for example, 5,641,668. The modified glycopeptides of the present invention can be
readily designed and manufactured utilizing various suitable fusion proteins {see, for
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 cassette groups are linked together through the use of reactive groups, which are
typically transformed by the linking process into a new organic functional group ot
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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(c) hal oal kyl groups, wherein the halide can be later displaced with a

nucl eophilic group such as, for exanple, an am ne, a carboxyl ate anion, .
t hi ol anion, carbanion, or an al koxide ion, thereby resulting in the

coval ent attachnent of a new group at the 20 functional group of the

hal ogewcadoosmnss¢sd) di enophil e groups, which are capabh@reéopaiddsel pating in =
Di el s- Al der reactions such as, for exanple, naleimdo groups; (e) al dehyde
or ketone groups, such that subsequent derivatization is possible via

f or prdck@nur@kr @irveR thildiemiditiing v €Bess igdludesbutface netatipdes nucteqdslic hydr azones,

25 sem car bazones or oxines, or_ via such rrecha%gi sns.as Grignard addition or

al kastitiPnmesdriqtions of @ynes ardgigphoksaritpevhhalidps apbye tlYequent reacti on

W t 1 e . Fal thi oups, which can

pe, PERA% b QoA DL eyt SllonR HORBMAEE, cin 2kt o SO0 121 des:

82 VdbaonskELASMURPH tBA6 Q4. OVAdAFIOcadtion, Rizlsrdlder adsditid)y Thyde agdoups, whij eh
an he, far exanple, .acylated, al kylated or, oxidized; (i) al kenes, which
anOg‘ﬁﬂﬁegﬁ,Teﬁcegy%%?%%?‘@,s%cf%SWRIFﬁﬁ?Fﬁ’ Y‘ﬁqu@ﬁ(?R%}&ﬁael addition, etc;

and coe(4 inde heﬁw* &85 RRGLY Wl 1985 BErnR%3IR Beec@ffuAges and hydroxyl

corrpcgﬁﬁl}md%rﬁp}[}g?%?oT eﬂr%gacfg@\l/sé fﬁncti’onal groups can Cbe chosen such t hat

t heyEdBNIQUES, paadénic Patse, $am, Diego, 1096;emfl dieeneyiet #;, MABIFIGAIHN 0hs necessary to

assgnbl e the reacti sugar, nuc r,modi fying. group, Alternatively, a
oS ERPYE derondt CaPBHE SHEp Y obrsteapa e RS PR at i ng 1 t he
reagfi@msy bhe pyggsence ‘of a protecting group. Those of skill in the art
understand how to 10 protect a particular functional group such that it does

not interfere with a chosen set of reaction conditions, For exanples of
1Q1s e f@R74p Hselokienety e duentignal cseups peerdfent fiamp warauekys opmoddying gEROTECTI VE

GROUP NG SYNTHESI S, John Wley & Sons, New York, 1991. [0276] Ih
thelrﬁ;?usd&t{%usia{)n Ci"ﬁ%?teagﬂ ows, a nunber of specific exanples of nodified \>

sugars that are useful in practicing the present invention are set forth.
I n the exdngkiarxyl gatysindematisus deril/atiwds ahdreofandhatling bhuv ast lieitédsioput i 1 | zed as t he

sugar nucleus to whi.ch the npdjfyin roup.is attached. The focus of the
di scussi ONBEOTSRICEmE eategpeﬁ—bgg?}ggg&tgazg eS@‘%PF‘?&“agg‘?ﬁ’ Pfhstration only
and Shoulh e i SeleRS blritRsbreRylleb il alk YL aREMCRYnyt i bidHARAET ON. Those of

skill in
15 esters;

(b) hydroxyl groups, which can be converted to, e.g., esters, ethers, aldehydes, efe.

(¢) haloalkyl groups, wherein the halide can be later displaced with a nucleophilic
group such as, for example, an amine, a carboxylate anion, thiol anion, carbanion, or
an alkoxide ion, thereby resulting in the covalent attachment of a new group at the

20 functional group of the halogen atom;

(d) dienophile groups, which are capable of participating in Diels-Alder reactions

such as, for example, maleimido groups;

(¢) aldehyde or ketone groups, such that subsequent derivatization is possible via
formation of carbonyl derivatives such as, for example, imines, hydrazones,
25 semicarbazones or oximes, or via such mechanisms as Grignard addition or

alkyllithium addition;

(f) sulfonyl halide groups for subsequent reaction with amines, for example, to form

sulfonamides;

(g) thiol groups, which can be, for example, converted to disulfides or reacted with
30 acyl halides;
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will appreciate that a variety of other sugar noieties can be activated and
dérivatized in a manner anal ogous to that set forth using sialic acid as an
exanpl e. For exanple, nunmerous 20 net hods are avail able for nodifying

gal act ose, gl MBS OR9Hcet yl gal act osami ne and fucose to nAAIESHEWIBIYar
substrates, which are readily nodified by art recogni zed nethods. See, for

exanpl e, El hal abj . et  al Med. Chein. 6: .93 (1999); and Schafer et at,
J. Og. Chen?. ﬂf%%fﬁé%ﬁwl ORPRYDIER e K8 FHREPL: st AkwiRtedioRe
peptide that is gmgidded by a method of the 25 invention is a glycopeptide
that is produced in marrmallan cells (e.qg., CHOceIIs) or in a transgenic

ani mal and thus, ..contains and/.or Ilnke i,gosacchari chai ns, which
are inconpl et el(i) g‘?%ﬁ 1%{}[‘ canphdergp; fop %rcy%lg ‘fdﬁtéqrﬁsac g%f”?fg%&g?ﬁéopepti de
| acking a sial i Gdagicd, er@r@dcont aining a termnal gal actose residue can be
PEGy| at ed, PPGyl ated or otherw se nodi f| ed with a nodified sialic acid. 30

102781 In Sche 4 0, is.treated e _active ester
of a prot ect edm@ e%OXK%é’l@[& f‘glgacg gi ﬁ%?}‘aﬁ%}ll? \95??‘3?@“%3%9@ W&O , sugar
am ne residue into the 83 WD 2005/ 055950 PCTI US2004/ 041070 correspondl ng

prot ect ed ARFT Hheiraacking dectienslistoupstisa bgdheren speh thpidheedp WtorItigiPate idodrase to

VP dor vl e R RO s nERRAD rctub R RERUERISPehbulbBfs BORRERARCT C°

hydr ogenat i goumf AldrgativelyPa d@bﬁwaﬁahwtﬁmhbgrpmpmmcife meewuEed fidmdartidyeatidyimthe
i ntroduced via formation of % ycine 5 adduct is. utilized as Iocus of

PEG at t achrfé#{1°B yrt%f‘alalﬁmae wae FineErqit nThose abtkill iy 10y art ppdsrepn _
deri vatjpve @w&a’ a%*%éﬁlé}(f@c%@l éﬁﬁgs%i{ £ Q%AA'HEF/%[PA;ﬁMh}th RLOLHSENG  speci es

such as 4 respectl vel A synt ﬁet ase P HO NH2
1. Z-Qyci neadrsiblﬁ cé]tﬁlﬂonsHT/oPdia@;ﬁ@oiuqdmlr])mteﬁingcgrm sepyfoumﬁr@ltj@rbﬂie d O +
Na HO O -

0 al ZPR([)\ITECTIVE%ROUPS INOOI%GfL\lerl_I% S[X\lel_%HESIS J o%n \Wﬂe:}? g’c é\tlms New Y%rk 1991 P-0-10-

[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 611 sialic acid derivatives is for clarity of illustration
only and should not be construed to IIimit 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 o 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. Sée, for -
example, Elhalabi ez al., Curr. Med. Chem. 6: 93 (1999); and Schafer ez al., J. Org. Chem.
65: 24 (2000)).

[0277) In 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 cellsyorin a
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 ireated with the active ester of a protected

amino acid (e.g., glycine) derivaiive, converting the sugar amine residue into the
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HO O 10- | Na PEG -NHS Ho OH Na +HO OH O O'' Na HO OH HO O Na HO OH

PEG c~N~NH OH O H2NNH CH O 4 O3 H O 1A CMP- SA- 5- NHCOCH, NH PEG -
PEG gC( 0) 0- pNPC CMP- SA- 5- NHCOCH2NH2 ~ CMP- SA- 5- NHCOCHZNH- C(O) O- PEG 5 10
[0279] Table 3 sets forth representative exanpl es of sugar nonophosphates

that §@§20096¢302ti zed Wwith a PEG noiety. Certain of ptigsspimaends of Table &
are prepared by the nethod of Schenme 4. Ot her derivatives are prepared by

art-recogni zed methods. See, for C exanple, Keppler et al., dycobiology
11:cokbBondRQ hrotedtbdl aliay oY ardile aliduct. Ahecaldialiogyatddwith @4 AORGOR) ) . Ot her
am ne reactive PEG and PPG anal ogues are commercially available, or 15 they

carfobe cpineparyenrtinxytatt hofsmpeadi 3 i carveasd fbthe covesphpdvg 6MBKi 1| in the art.
[ 0250] Tahle 3 84 055950 P us2004/ 070 , NHZ NH2 1T 1l NO HO
HO %ﬂ"ﬁtl‘@%l\fﬁe P\ﬁm@\/ﬂ\’? l@g{; 544 %%@45@ c 4@—‘("%&’3’ %?ﬂiﬂ]ﬁw ltﬁqmgéﬁﬁl%ﬁefég‘? NHR
cl “@ﬁ?'\ﬁﬂé&iv%‘t%ﬂ%d‘ﬂkgcﬂﬁgoun@ﬂ e QrlineNntréhReOvid %hnéﬁoﬁ_o@lﬁglﬁ@ﬁlgo HBO ~ OH 0O
N HO OH ~-*N | _ HO~~ p +Na HO OH R-NH ? o OtNa HO OH R- O OH AcNH OH=»
CvRrddectAsuttliziaRa Migas of PEG attachment by reacting compound 3 with an activated

PEG or PPG derivative (e.g., PEG-C(O)NHS, PEG-OC(O)O-p-nitrophenyl), producing

species such as 4 or 5, respectively.

Scheme 4

OH 1. CMP-SA synthetase, CTP

HO~_ wy, 1. Z-Glycine-NHS HO on 2. Ho/Pd/C
Hoﬂ'\lw 2. NenAc Aldolase, pymvate HO =0 0 *Na
-0 0 !
HO > Z NH O
on ﬁ’\g OH <
1 2 . NHz

NH;
N o] [
0 [ i N0
i NSO 9 o—P-0 o)
O_-aP-..O 8] g l_+
H0 o 6-+Nm PEG-C-NHS HO oH 0"*Na
(8] ‘:‘_'- -+,
PEGﬁ HOLXE—07] y-0"*Na 1o OH — i =/ JroTNa Ho OH
C c
\N’YNH GH HZN’\g OoH 3

0
CMP-SA-5-NHCOCE,NH—PEG PEG-DC(0)0-pNEC CMP-SA-5-NHCOCH,NH,
CMP-SA-5-NHCOCHNH~—C(0)O-PEG
5
10 [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 art-recognized methods. See, for <~>
example, Keppler ef al., Glycobiology 11: 11R (2001); and Charter et al., Glycobiology 10:
1049 (2000)). Other amine reactive PEG and PPG analogues are commercially available, or
15  they can be prepared by methods readily accessible to those of skill in the art.

[0280] Table 3
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i (& Ao 0 (Jl
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0 ‘”Na HO OH R-NH. &0 O "Na HO OH
R"O AcNH OH Y
NH.
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Ny Ko
0 N o—*P-o
I NS0
R-O 00\ P .~9 o Na
OH O *Na HO OH
HO = O 0" *Na HO OH AcNH
e}
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9
0—4}’-—0 HO NH-R (5“*Nm
9 O HO & o) 0" *Na HO OH
5 ro ‘”Na HO CH AcNH—Z  ©
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e NG
CMP-NeuAc-7-0-R 2 l Ty
O (ii 0 Q. N/&O
—P— o=
HO o OH (o] P O/w HO :QH 6-+Nm
5 no. X E -
HO Z O *Na HO OH A o z 0""Na HO ©H
AcNH .
OR 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:
& o LA
fi N0
o—P-0 o)
Ry XR' | o
RS-B%U*M HO OH
R%-A 5 o 7
Z-R



AcNHO 0 0 OR NH R CWMP-NeuAc-4-0-R CMP- NeuAc-4-NH R [0281] The nodified
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 fornula bel ow
NH2 P-O0O 0 R2-YL X-RL JI 0 +N' 1-! R343 0" _ R4-A Z-R5 0+
Be WO ESE50 Per/ Us2004/ 041070 i 1 whi o Xi S a”%’ﬁ%“%@@?gup, which is
preferably selected from-0-, -N(H-, -S, CHZ-, and - N(R)2, in which each R
is a menber independently selected fromRI-R5. The synbols Y, Z. A and B

each regre_sen; a group that is selected fromthe group set forth above for
t hén whisht} isy lkiste groups which iz preferably seedediigmcty-i ﬁ&é@enﬂ&ﬁrya@b‘l ected and,
th ore,.: be the. ' r n1 e - R2, R3, R4
angl\jr ? }rr‘nevb’?%fgg%%l Cfﬁg aﬁﬁ&%ﬁ%&@? Iﬁ/d,e%{hﬁg%l%%egﬁé%fi -r%i gt&% rgE?Igllbj(g)lr“‘:‘m ’ézéul e or other
noiAeind B Ahdhaemaieny € kxoup e Sesetog d dtosn the preepent fosth labokefor tedterity bound to a

PEG npiety, therapeutic poiety, biopolecule or_ other noiety. [0282] »

5 Ex 8kt g Yyar%i*“e%ﬂdeﬁa@t%@tﬁéﬁpetnéeﬁtﬁe%{;gﬁﬁﬂ%tt@efﬂ% cy<en bR EKemei ncl ude, but
ar 0 'gjg Dzﬁgﬁgd ypatd.) ; REG, .yl - al kyl - PEG,
al %/P a%%l E!Il:é cabr%gsa%ﬁ;% P G%%Ir{yfe[pé%%t?ﬁglg;%%?%%t | ve%e%l g. g., acyl-PPG
acydoiay khibmbleGile at &tjibr moigty: PHGrmataelyatiese syPPAs reprysenPPGhkertthaiapeut i ¢
noi eties, diagnostic noieties, nnose-6- phosphat e, heparin, heparan, SLex,
e ARBAEE %&@5@&%%@%&?@}%{@%@6 ROt Y. VEGE  pr ot el ns,
chondroitin, keratan, dermatan, album n, integrins, antennary

ol i[%?%&ﬁﬁ%aféﬁﬁ@ieﬂi@s &ﬁ@ﬁédqg%@dbﬂjﬁé%s gfes:l‘lgsed%%'éﬁ?ﬁﬁhﬁlfe, GRRHgRL I ng the

vari ous nodifying groups to a sacchari noiety are readily accessible to

10t hbigutedfto, IBG derivativesde. gr, bey( DY acETHILENG, akytatyl-REdEMIBRRYY]: Bl OTECHNI CAL

005, PR BRI, A e B e R o s P
M kh@ambAPRE, arfiP P GYABSr P iROS bl IR sSBiak @St DeroidiBs) mARRE-6 PRosgham cal  Soci ety,

1997; 20 Hermanson, Bl UGATE TECHNI QUES, Acadeni c Press, San Di ego,
19 beparin BerBainSksx. EEnnose, mannose-6-phosphate, ialyl Lewis X, FGF, VFGF,

proteins, chondroitin, keratan, dermatan, albumin, integrins, antennary oligosaccharides,

15  peptides and the like. Methods of conjugating the various modifying groups to a saccharide
moiety are readily accessible to those of skill in the art (POLY (ETHYLENE GLYCOL
CHEMISTRY : BIOTECHNICAL AND BIOMEDICAL APPLICATIONS, J. Milton Harris, Ed., Plenum
Pub. Corp., 1992; POLY (ETHYLENE GLYCOL) CHEMICAL AND BIOLOGICAL APPLICATIONS, J.'
Milton Harris, Ed., ACS Symposium Series No. 680, American Chemical Society, 1997,

20 Hermanson, BIOCONJUGATE TECHNIQUES, Academic Press, San Diego, 1996; and Dunn ef af.,
Eds. POLYMERIC DRUGS AND DRUG DELIVERY SYSTEMS, ACS Symposium Series Vol. 469,

American Chemical Socisty, Washington, D.C. 1991). O
Linker Groups (Cross-linking Groups)
{0283] Preparation of the modified sugar for use in the methods of the present invention
25  includes attachment of a PEG moiety to a sugar residue and preferably, forming a stable
adduct, which 1s 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, L
30  bifunctional poly(ethyleneglycols), polyamides, polyethers, polyesters and the like. General

approaches for linking carbohydrates to other molecules are known in the literature. See, for

example, Lee ef al., Biochemistry 28: 1856 (1989); Bhatia et al., Anal. Biochem. 178: 408
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Eds. POLYMERI C DRUGS AND DRUG DELI VERY SYSTEMS, ACS Synposium Series Vol .
469, Anerican Chem cal Society, Washington, D.C. 1991). Linker G oups
(Cross-linking Groups) [0283] Preparation of the nodified sugar for use in
the nethods ofWwehelsps®sent invention 25 includes attachnmenpepisaoiaA0i ety
to a sugar residue and preferably, formng a stable adduct, which is a
substrate for a glycosyltransferase. Thus, it is often preferred to use a

linker, e.g(l988hdatdararall byl 64eti s bi2: B8% (2899)and Bedipaski abile tWOWRLIR135.

cross-|inki ent to uga PEG and

o Toneti onal B At G MRS s LR ANt LBt S LB ottt ¢
car bohydr at eefRbdehi @8difi0g ke, Tliwfoc@ef(ﬁ"ﬂli‘w&sdulsﬁbﬁ ed‘mt QaritgOf HlvktiiGinl aMdbe of
pol y(et hyl enegl ycol s pol yam des, pol yet hers, est ers and the |ike.
General ~appfbaciie il ﬂPPWRiaF?gthﬁé]ﬁ%@W%ﬂ’éﬁ”dﬁ‘@% CHarctive lceewF e ther e known
inthe lite exanple, Lee et al., Biochem stry 28: 1856
(1989) ; P%H%@gﬁfaﬁﬁ a,&na . Biocheni. 178: 408 86 WD 2005/ 055950

PCT/ U82004/04107_0 (1989); Janda et at, J. Am Chern. Soc. 112: 8886 (1990)
and "Bednar si284} AaJanatth@r&a%,éﬂiB t3%ised tormddify thié sessiens of ﬁﬁtmcfd’i)ﬁddcmgar wikte

reactive groups are treat.e beni.gn on th noi ety of nascent
modi fi ed guﬂ’é‘rgm gl q%@%“gﬁfctsﬁéﬁ(ﬂﬁg’bﬁé’éei“@ﬁ P@Sﬁ&kﬂer&%@@gﬁ apd GliOF ?%’fnrgat i on.
Those of  skjokdduiry sTeE'eW%Idt FV“MJ ih. %R LRl 82308 1"9?{5, WF%@%%'}P%H%&EE ‘Iﬁ“t

to reactive groups on the yi'ng group as 'we 1A vari et
reagents aré. dsdﬂ\l?tYMBﬁmer&U%h@mmg,mﬂi{obém ads. )rmﬁﬂﬁi-éélz wgar Nmt‘ﬁolk

crosel | M née ol oHar e el s Bbo B Maedy s Wi By Jp o 36703,

Veetal |, H 143, 1990 QLGN arPincooratddherdaNEsY’ P@&eﬁ%& Dbyekedred @iﬂ@,élﬁﬁﬁﬁé%enﬁnd
Roberts, eds. ) pp. 395-442, WIley, New York, 10 1981; Ji,

Enzynol . 91areBgnvablom ve8ass Avka-teagh, I@rmcablfmmwnal @rlélpterqabl@mmvnal o@Bslink8,
1993, all
crossl ?nkl ﬁigeag@ ésc n, r‘:fen Cc?r gs(rl)lglgﬁel refalggnt? lrulg% gfsrgorztgélgﬂga‘%l?gn OE{V% ﬁ{rfn%lc

hono- bi fUﬂCb]ie@rﬁ@dI ,gl@@)@ uhﬁﬁtmrlﬁtr@hi:um@ﬂ exfalsican assdli Agsnrmgthatrceageemmanon of
Zero-length crosslinking reagents include_direct_ conjugation of two

intrinstt @HiErkdgbogd b%ﬁ%o thithiR cpieEariit ABerlier SemplTis EReFIthIREACer | al .
Agent s t hat I; f

catogory. - ARRDIES of SEIBLLAT Y prkitad Bt bich o RS B Mol Sudle

car boxyl anchrbodimiides, ythg%h@ofgnw@ Woodvardis eagarkKde-diohd Iﬂmnjﬂlsaxazohuma'—
car bodi i m des et hyl

f
(2- et hyl - Bngter. ﬁa%rgrrﬁr%d g azeawaﬁgﬁa&l@)to t%%aaﬁ%%@ﬁ%garﬁwe%@ In

addi tion to egﬂemﬁ]g t I .
(gl utanyl - pe%)ﬁt%f’ e vy-g Qﬁi@u@ HFﬁ?’gﬁtﬂ% Eﬁ&y%féﬁz’ﬁ%s% %Cg?§%‘}$§ﬁ{%§gggedaa§ Z?é’r o]

20 length crosslinking reagent. This enzyme catalyzes acy! transfer reactions at carboxamide

groups of protein-bound glutaminyl residues, wsually with a primary amino group as
substrate. Preferred homo- and hetero-bifunctional reagents contain two identical or two
dissimilar sites, respectively, which may be reactive for amino, sulfhydryl, guanidino, indole,

or nonspecific groups.

25  Purification of Factor IX Conjugates
[0285] 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 -
= chromatography, ion exchange chromatography, or membrane filiration can be used. Itis
30  preferred to use membrane filtration, more preferably wtilizing a reverse osmotic membrane,
or one or more column chromatographic techniques for the recovery as is discussed

hercinafter and in the literature cited herein. For instance, membrane filtration wherein the
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20 length crosslinking reagent. This enzyne catal yzes acyl transfer
reactions at carboxam de groups of protein-bound glutam nyl residues, -
usually with a primary am no group as substrate. Preferred hono- and

het er o- bi functional reagents contain two identical or two dissimlar sites,
respeq,g;é Yfak¥ssohi ch may be reactive for am no, sul fBygfkyiees@dgn di no, -
i ndol e, or nonspecific groups. 25 Purification of Factor | X Conjugates

[ 02851 The products produced by the above processes can be used without
purmémigateds bave mblveedeweight cutsff ufateht 3000rte hleout éﬂ 000 carebowsed tb he product .

St andard, well-kno t echni cover cosyl at acchari des
sudﬁmaﬁeﬁlﬁﬁeﬁlséklél?ﬁ KCQSEh gD %fe %ﬁ-rg\rf%“@?ﬁﬁ’fﬁ‘ﬁ 00 1@1" Ofeﬂsr% tﬁa}gephy i on

I It is 30
exXSIRIDSAICIR ARIBP s TBIN ekl pobleon warmbestspd, 18115 30
os riﬁﬁuoﬁltﬁanémbra&es aroa chsecfoevareremosils trrrﬁm‘mdme&ﬁmttpgasammo&albmhs ques for the

Sorn s Aol Al R eh e oo o et 450 Wy BeRerBEsos0 . o
P%%Q%%&ﬂﬁﬂ?@onm&ﬁﬂfaﬁe have TrRd, %QH@EcaWEﬂlﬂﬁﬁtl&P%ﬁcﬁaﬁﬁesabOUt 3000 to

about 10, 000 can be used remove prot €ins such as glycosyl transferases.
Narméparetdr‘:a’tth@meﬂmds ef/be peesoinmentor whl bawstuined in theerembraneamyye salts and/ or
puri f E qg%ﬁl sac%l?e‘ljrgbdes (see, e.g., WD 98/15581). Nanofilter
mantS’P Hjé]%a B¢ &4 S UFO488ver se osnpsis nenmbranes that pass nonoval ent
salts 5 but retain polyvalent salts and uncharged sol utes | arger than about

1000285} apmarmoalmly@@mt@ms pdepedditigelipaty, bhe fit@ripame pusdlateThus, in a
typi cal plication, saccharl des prepared by the nethods of the present

10 nvcbhﬂm bt Gslis pelysschiarments aemayads Kl exanple, ornEHPEiay salts wil | ~
Pasgu il T%&@aoyé&%ﬁglmé; é]?nﬂ?%b b F RRE thgmﬁlaérgi%@}é&\%ﬁﬁg L

intrace the parti culat ebri s, either host ~

celﬂrStemrcohgesleducﬁrr fperefillowed dy @@mmg thef flypextdpvaianbfromentiiari f ugati on or
ultrafiltration; optional the protein. nay, be concentrated with a
coﬁﬁ@?@il%?lhy)ﬁ’nﬁ\iaémoé%ﬁtéps L od @?%W@Wﬁ?ﬂ?&h&@ﬁ?@ﬁp 0y, M- &¥6bePesy separati ng

%Oﬂ%ﬁﬂ%%?%%nl(t@g Qﬁtdlgtﬁ Eﬁ I(UEMrdrgrL £3:¥o : nore steps sel ect ed

rom 1 nmuinoa romat ogr a I on-‘exchange colurh fractionation
15( e. grhoxpmetdlyletrtsylfapropgetrons), (cﬁ)‘ﬁﬁﬁ)ogmphmhrBlu@Se;dmrﬂsaj @M’E@luiis car boxynet hyl

Sepveaass; Mianeste MBeseloRy e alben S nSrbep e et Aophar 0se, Con A

SehahAsR, E@ef'?f)% ¥APS@YI ToyButarl, piﬁw%ﬁyﬂeml Pct}%%‘tk:m-r&g%ﬁ%ée; or protein A

Sephar ose, GE chromatogr aphy, I'1 ¢a chronat ogr aphy
ch rSﬂ&Pé{ﬁcqhgq)mgto graplne sdisa ghrpgwtagriply, chxomatofocusmg, reverse phase HPLC

(e.g., silica gel with appended aliphatic groups), gel filtration using, e.g., Sephadex molecular

20 sieve or size-exclusion chromatography, chromatography on columns that selectively bind

‘the polypeptide, and ethanol or ammonium sulfate precipitation.

O

[0287] Modified glycopeptides 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
25  may be purified by affinity chromatography. Finally, HPLC may be employed for {inal

purification steps.

[0288] A protease inhibitor, e.g., methylsuifonylfluoride (PMSF) may be included in any of .
the foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the

growth of adventitious contaminants. .

30 [0289] Within another embodiment, supemnatants from systems which produce the modified

glycopeptide of the invention are first concentrated using a commercially available protein
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(e.g., silica gel with appended aliphatic groups), gel filtration using,
e.'g., Sephadex nol ecul ar 20 sieve or size-exclusion chromatography,

chromat ography on colums that selectively bind the polypeptide, and

et hanol or amYnRWVISAHf ate precipitation. O [0287] Modi fimti/gdy@apepti des
produced in culture are usually isolated by initial extraction fromcells,

enzynes, etc., followed py one or re concentration, salting-out, agueous
i on- exchan“gf)@,ce%’ra‘ljg]? Qleg%leiﬁ?}gﬁ Birae @&@BH@I@@’@@&@I} WAREtAISAANIty | t he
modi fied gl pORMIY Bk BonckRtr lebid b r

Finally, HPLC may be %nrrpl éyed S?'?’r fichlgqeﬁg%‘g%ﬁla?ii%g@%ﬁ t(g? é‘g@ E%@@?X%

prot ease i ninkibit dpy example, aweitabyd aftihitomytrixl mayrdoderisEVBEInday theeeptidd, bitkdni n

any. of the_ far. ing. s s to inhibit proteplysis and antibiqtics nmay be
i ncl uded t 0016Pé€‘gqgftm§ﬁ%lﬁt’e§?“8%ﬁ%aB?I‘HELE\F@EEQYE- iR Pa ﬁ%ﬂ@?ﬁl@@‘éﬂ[ 15989]
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puri fi cati ofi28tjelis, madufiadegly@psptideartihaiavdntios resgléing filosa laegeeseple dgratkntagion

id h di.fied gl tein. 9 h ified
O yeopdit (RUeRe DRI By eriadh tpdudiiR R oot Biriosed By Lhaal et bbveiiros 236 15
may be purifjiqdohy. Tekhaden@NRLAMMSws SqubARE RILEPLOSeSs Bt fdfidiadticatoral ., J

Chrommat og. 296: 171 (1984). This reference describes two sequential,
RP- HPLC st ejpsonilnan byuinfin Ha? oo s posparative S Criabitmh uivigrnatively, trshaiqpesepelr at i ve

HPLC col u rmeifﬁf?i't% ghrrgnalgtlo\g/r%{)yy m%.)? BQ AV ke Blyrﬁ%r] t1@Snodified glycoprotein.

Pharmaceutical Compositions

20 [0292] In another aspect, the invention provides a pharmaceutical composition. The
pharmaceutical composition includes a pharmaceutically acceptable diluent and a covalent
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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|
affinity chromatography may be utilized to purify the nodified gl ycoprotein.
Phar maceuti cal Conpositions 20 [0292] In another aspect, the invention .
provi des a pharmaceutical conposition. The pharmaceutical conposition
includes a pharmaceutically acceptable diluent and a covalent conjugate

bet ween a non-naturally-occurring, PEG noiety, ther ageutl C noiety or -
bi om0V &&IINRY a gl ycosyl ated or non-glycosylated F E@é?““f’%lﬂ@ptl de. The
pol ymer, therapeutic noi ety or bionol ecule is conjugated to the peptide via

n i C cosyl .| nkln ro |nt r lently |inked
[hgé‘ﬁ "Ebr‘?g’k‘%‘@?ﬁ g‘&é"agﬁ(ﬂn}f EICEB?LWE’ Lﬁaécgcglsogg lib%p%‘ Patt Qﬁgrml ecul e.
[OQa%ﬁllmE@ﬁfoﬂaﬁﬁlﬂﬁh@qbr SQERAS 'téﬁléml%rﬂf natsﬁlemtﬂavmhs Qﬂtrmmslw table for use in
a variety of ug delivery systens. Swtableforrmalonsfor use in the

pr égemeritonealn subgntaafpcms 0 uﬁ@mmcumeﬁmlgﬁ@ﬁl% pdministatighces, Mace

Publ h Phi | P, b f .
oA R RABAT oDy 6 SR Sepeidbuy & Sgéﬁ‘af%@f s Hledho Bl B O 1 5L
5( 19980 or ﬁ&fﬁé@ ﬁ&%él%ﬁﬁﬁ@trﬂ@i/ MﬁQ&Qﬂé Qﬁbif@?ﬁhle][s(ﬂﬁ 94blid bariphandeeseut i cal

conposi tions nmay be fornul at ed for any appropri ate rraﬂner of ,
ad riangiof, daciase, starpls IatinpdLm Stearsia Aediam spesbpiaRg, tal@my cellplgss, glucpst r avenous,

i ntracrani n TSRS dm ni stratron.
Forsuﬁmts%ﬁfﬁfﬂgfgn% ﬁ%%éag?%gdﬁfbe e%wegs% fig]%llg%)[%s I'nj g@cglgga the carrier
pr efodyladihy p@@’@l}fcbﬁ&s magtadso, be&ﬁipldi;&d agbaabalfor the f.)Mrmaaeutiﬁalwax or a buffer.
For oral adm nistration, Eﬁlﬁ 0 above carriers a solid carrier, such
as GPEMIORILIONS of thisiwationt Sy ‘?fﬁé%é’éj? ICTOSRIETES arg ‘Flﬂﬁid charine, tal cum
loceléégh;b 1?'8”?&%&1\10 H%@?%?S a&d‘ﬂoﬁ? 2si um car bonate, -may be enpl oyed.
20 5akb

Bio € m crospheres pol’yl act ate pol ygl ycol ate) may al so be
enpl oyed as carriers for the phar maceutical conpositions of this |nvent|0rD
Sui[ﬂﬁ%]e()duﬁmdﬂg;&dahﬁmammicolsmt@oe@oas Headmil‘ilsm@ediparﬁmerailﬁ egarrpl e, in U S~
Pat.ent Nos 897,268 a 5,07 109 29 t.he ar,maceuti cal
corBBeEPBHS THE. A STR PP O g1 FERgen RpCuRB0UE Thus. ¢ he
| NVRRARE 1HRIBUIpERR &@gm'&ls@gp%naéarm Bﬁﬁ&!&ﬁﬁb@'caﬁﬁmﬁibﬁﬁbﬁf 4PN whi ch
conprise the conpound di ssol ved or suspended in an acceptable carrier,

pr a‘qecta.tslcyrrm e@q‘w@ubuffmedmter salige, PBReendrthe et fRheagmpasisions may i ne, PBS and
th f h t abl

1 b e AR e PP SRR PR A BBl 225 Dbm 1 ons,
S UGhy@i]daidaPetndfiidng) qualﬁ\ﬁls lmfaaﬁgﬂlﬁyanagﬁﬂ*eﬁng ieRisCiohitigdiistihdgeagent s,

vvettl ng agents, detergents and t he
wetting agents, detergents and the like.

[0296] These compositions may be sterilized by conventional sterilization techniques, or may
be sterile filtered. The resulting aqueous solutions may be packaged for use as is, or

20  lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier prior to
administration. The pH of the preparations typically will be between 3 and 11, more -
preferably from 5 to 9 and most preferably from 7 and 8. | -
{0297] In some embodiments the glycopeptides of the invention can be incorporated into
liposores formed from standard vesicle-forming 1ipids.‘ A variety of methods are available

25  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 v
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

30  methods generally involve incorporation into liposomes of lipid components, such as
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[0296] These conpositions nay be sterilized by conventional sterilization
techni’ques, or may be sterile filtered. The resulting aqueous sol utions may
be packaged for use as is, or 20 lyophilized, the |yophilized preparation
bei ng conbined with a steri | e aqueous carrier prior to admnistration. The
pH of tﬂmsﬂ%ﬁw@wgnﬁet»mmh b acbivhikd i%?at?a%ﬁm&efé ﬂ@m ) abdnts, TP UG valilcfT €7 abl y
from5 to nost preferably from 7 and 8. I'n "sone enbodi nents the
gl ycopelﬁloplﬂé%c%fpot“ﬁ’é ﬁ“?ﬂV@HtW‘b@‘PfW&tﬁe{bélqué?ﬂdﬁw éb@’d}v@ﬂﬁp@ | i posones formed
fromstandard vesicle-formng |ipids. A variety of nmethods are available 25

Lo B T8 LSS SRR e e 9810 S oy 0By

4, 837, OpBsonkhie stchrngenigrghad fheltirpo someiss ars ivagablafov ardrattipn Q/ﬁtht}artggatj ﬂogemgahi s
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(see. o G shfetendf B QERTGBior ! UG b A ey ® 4 B e sy B
nmet hodsllpfomneoe)ﬁpmm@utganeglams Ropvagtetitcse diokilliipdsamgsg. cakylienws edlatidhese 30
met hod

et Mods, ENGEAlon L NI AERLRSL 81 20 0, LLASSAIES of 4 S comenents

of tar g«emarmvagehﬁ 1:iposcmie ;d@r bevfathicnedlin shitprogpdyi thite conrpoLiftitton is dishinag porated

| i pi d-de vatl ep .des f the invention. 299] Targetin

rebhan S iRy Y QERT b et ke ity B b Rr doba S b8k BRdon ¢ he

sur f acepodont Weich Isifip@B@Nbeddbd 3tk chor H@.ﬂﬂlﬁméﬂﬂ&hnet hénusedl@eiaydDictttive forsie

avai l abl e for interactjon with the t et or exanple, a cell surface

r ecept of Mk ghegys 8ﬁVH¢ §ﬂ8ﬁ¢ﬁﬁés$ﬁ% PR be attached to a |ipid

nol ecul e before the 1iposone is forned u5|ng nmet hods known to those of

ski Il i hetBRuHAS Jortfcf: |Qseiecéh l§(y 1t it @ﬂl B%rché}ﬁlﬂl@tsh%leptg f&m JWM@@E%WQIWBH@WRE esent

on the carbohydrate with a ong chain al k halide or wwth a fatty acid,

r espectthe@rapiing agapttos eavbeliydigiey whichis « Wﬂﬁiqﬂd@@n@ srag cises it Blarsdtel aftechdlctarget way

t hat a eﬁf 1&@@&1&39&111985 dug u'lesdufebtflys But'nl;'ﬁlggt%'faﬁge%qt 1s h@?e%uftﬁ?e t%gg)z{ tﬂ'p m%f'ec‘%g'ﬁ).
time of Tormng t rane he connector portion nmust have a |1 pophilic

port|onwtmhuﬁhnw@tﬂﬂgmﬂywémbmy@edmmﬂumamdﬁmhedudwsthemﬁmbmaﬂ@mlm§QWESt al so

have a [ e aqueous

sur f accheay o oSl in i ARkl e HREAERNY o RSP TR ARETE, ST W 11 e

chem cally SU|tabIe to forma stable chemical bond with the targeting agent

or car bjobyoj mas exmpstindsiprdpsreadded nlesiiods of thelinsaiien maﬁ #so fild is8 apmsgiob;iceeatgaats

attach the targ ent t ct or lrec n. nost
st anchs € eSSt BB o RO g W R e cal
bri dge, paibuSudpbddd FFQatiRCaCianiReih. FERkeCuk ahdtinduid cinilibd IBigslguBathr dné'onbit h
the target agent or carbohydrate which is extended, three dinensionally,
of f of TH&Mvesicle surface. [0300] The conpounds prepared by the nethods of
the invention may al so find use as diagnostic reagents. For exanpl e,

| abel ed 056’1@995@§/e G dRA HSEH tﬁ@pﬂaﬁl@a@&ﬁmﬂ%@ﬁﬁosﬁfonk E'if th@PRRh 1@Penfbn UMDY

met asta5|s in pat1 ent suspected of having an inflanmation. For this use,
t he Congmg@gfle@@lrr apler IMaddligdenyatipes hadipg the @o agieal properties of participating in the blood

coagulation cascade. The liposomal dispersion of the present invention is useful as a parenteral formulation

in treating coagulation disorders characterized by low or defective coagulation such as various forms of
hemophilia. Preferably, the Factor IX composition of the present invention is administered parenterally (e.g.
V. IM, SC or IP). Effective dosages are expected to vary considerably depending on the condition being
treated and the route of administration but are expected to be in the range of about 0.1 to 000 pg/kg bedy
weight of the active material. Preferable doses for treatment of coagulation disorders are about 50 to about

3000 ug/kg three times a week. More preferably, about 500 to about
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trItIUWlY[0301] The active ingredient used in the pharnmaceuti cal
conpositions of the present invention is glycopegylated Factor I X and its
derivatives having the biological properties of participating in the blood
coagul ati on cascade. The |iposomal dispersion of the present invention is

useful &80 ﬁg/l?@fh?&ttﬁ{e% well. mré‘fn efRhbl Xag‘ooﬁl{ £k AL ﬁ%@ ggﬁglth%}a tm\ Qrder %?d

characterized %g ow or defective c ulation suc rious orns

herophi Pera prefraiesbabl Y00 uglke F‘—'laf@ttmres ﬁ)«eele Iposbe thopresht inkkatipr poeides 4 fmenty on

| s adm QigstehReRAL SRb SRk Gt ar e
expect e\d tOl e C ConSIL es?la{s %lgﬁt eydosa%és aﬁ%pﬂélhadﬂc?v\éehgd v@l‘ln 1ac81%1?051 9§§and
t he rouheinggntigy rriadingtisteed. on but are expected to be in the range of about 0.1
to 000 g/ kg body melght of the active naterial. Preferable doses for

treat ul ation.di sorders ar t 50 to about t hree
{1 nes AR RS s BB B sidise Bo OB BT IR EE | s
a week.inMatien, puteloetodinliythe dbiaist! inkeidno about 1500 g/ kg three tinmes a week,
and nore preferably about 1000 pg/ kg three tinmes a week. Because the
present invention provides a Factor I X wth an enhanced in vivo residence
time, the stated dosages are opti ondt¥4MPESred when a conposition of the
invention is adm nistered. [0302] The follow ng exanples are provided to
illustr conj ugat es, and nethods and of the present invention, but
not to:ﬁéﬁg@gfhe claimed invention. EXAMPLES Exanple | Preparation of

UDP-Ga | NAc (200 ng, 0.30 nmoles) was dissolved in a
%ﬂféﬂ?mgigg‘]’ ?Pﬁﬁﬁ a 25 nmM NaH2PO4 sol ution (pH 6.0; 20 niL).

Galactose oxi dase (240 U, 240 L) and catal ase (13000 U, 130 Lﬁ were t hen

added, W#B] ALY é%?@t‘@srpéamﬂr?ﬂfébww diggolgedyiiall e GuSOr elutigntB0 wkyeer 2and

stirr eclma:twan_gpm soh@acmgmaé bR ,mr G&]@&&@ oséﬁys% (zzﬂih@ 2@@%5 alerkamage@ﬁ@)o\w% 36 en
filtered (spin cartri 5K) was stored at

4 C untWdre thegrddeddhe tweme eistemealwpamlvmaélpm(frllezl)wﬁhmxge@ alzcrstumd@tmpmz ed with
ani sal %Wéi’&m%tf&' s?‘)en d?%saﬁ’é r%ac%og) [n%fflﬂ% %taéa ?\i@n ﬁftel HR%,\F?&:%% H%“WSI&)OA%Q&]B

Anmmoni um acet at e E sol ution .

m., O. 1f?1tra’tﬁfnﬂloe§)) Wee sler eédﬁ%‘)dl“ mﬁll rdqeirddDPL GasiINaRE®H/ @mey (SaD; R @)ﬁilfvrlsmﬁhzmbwe (2
m. or - %’Q%MQf and allowed to warmto roomtenperature overnight. The
reactlon mas # ed through a G 10 colum with water and the product
col l ected. The appropriate fractions were freeze-dried and stored frozen.
TLC (sikda@iple 2 et hanol /water (7/2); R 0.72; visualized wth ninhydrin
reagent) .

Preparation of UDP-GalNAc-6'-NH;

{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
water and the product collected. The appropriate fractions were freeze-dried and stored frozen. TLC (silica;

ethanol/water (7/2); R= 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;),-0-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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Exanpl e 3 Preparati on of UDP- Gal NAe- 6- NHCO( CH2) 2- O- PEG- Ove (1 KDa) [0305]
The gal act osam nyl - | - phosphat e- 2- NHCO (CH2), - O PEG OMe (1 KDa) (58 ng, 0.045
nmol es) was dissolved in DWW (6 nL) and pyridine (1.2 nlL). UMP-norpholidate
(60 ng, 0.15WHBPEEF*Was then added and the resul ting ni RCAVES28M081080 at
70C for 48 h. The solvent was renoved by bubbling nitrogen through the

reaction m xtu and t resi due 92 5/.055950 PCT/ 82004/

buri 1 od ByRirEy By Eatrhens HPUReERaRalny R tR A DERES" 4 iR i

bet ween  1QndtRan@D¥ater arrmh@ 8Dl WRAESIs welh Solkesl hedldfddas Eédﬁ@éd ﬁ\%ﬁs%r&t@lj)lﬁﬁt ed

and dried at reduce ressure to yield 50 é?OO of white solid. TLC
2

(silica, é@amf?@%)rqﬁ@mm@hd (B} elie) propinel/b,GAVHNEB (3Q/mrb|l§f beMied,
1485 152 7 t f t PEG (2) NH2 HS
T QA o PsE P 8 PO 1 Core S I AL MR TR

n Q CHZC) I TBA OH O2 4.1 Synthesis of (1) 10 [03061 Potassi um hydroxi de

(84.2 ﬂg Examplel , as a powder) was added to a solution of L-cysteine
(93.7 0.75 mm[ﬁ} in an%o&? met hanol (20 nlL) under argon. The m xture
was sti rré’deﬁi‘mPBB tenseAdre or 30 min, and then nPEG O-tosyl ate of

nmol ecul ar mass ki | odal t - ) was added in, sever aI
portions ov@\?z{z?tﬁ . +Theo ‘%Bet’ ie/\nm—gﬁ}ﬁ‘—egiakm:n cé)ncp”eﬂrsat I{)
ut ed

days, and concentbated by rotary evaporation. The 15 residde was d

with water (30 nL), and stirred at roomtenperature for 2 hours to destroy
any excess 20 kilodalton nPEG O tosylate. The solution was then neutralized
wth acetic acid, the pH adjusted to pH 5.0 and | oaded onto a reverse phase

chromat ography (C 18 ilica) colffrm. The colum was eluted with a gradient
of met hanol / wat er t\h@épua@ci)uc»t\ te
( n 0‘@’“]02 ™ ,Q\/Og\/\
CH,Cly/TEA *ﬁ/\ ﬁ'\/ \/H/ '

4.1 Synthesis of (1)

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 mmel) 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) cotumn. 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 dihited with water (500 mL). This solution was
chromatographed (ion exchange, XK 50 Q, BIG Beads, 300 mL, hydrbxide form; gradient of
water to water/acetic acid-0.75N) and the pH of the appropriate fractions lowered 1o 6.0 with
acetic acid. This solution was then captured on a reversed phase column (C-18 silica) and
eluted with a gradient of methanol/water as described above. The product fractions were

25 pooled, concenrated, redissolved in water and freeze-dried to afford 453 mg (44%) of a
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at about 70% net hanol ), product elution nonitored by evaporative |ight
scattering, and the 20 appropriate fractions collected and diluted with
water (500 rL). This solution was chronmatographed (ion exchange, XK 50 Q
Bl G Beads, 300 nmL, hydroxide form gradient of water to water/acetic

aci d- OWIBNPS/8538h0t he pH of the appropriate fractions romwes®o/d@76. 0 Wi th
acetic acid. This solution was then captured on a reversed phase colum
(G- 18 silica) and eluted with a gradient of matlhanollvvater as descri bed

abovéntermed ) o §treeturtal dase forike wempound wseotsdgllows nEiVRa588 MHedi ssol ved in

[ 9 055950
ﬁé@gg%%ﬁ% qu % %g 3an| @d%géﬁpﬁﬁfﬁ z]igf(‘]cigtl{é%f()]\rﬁptsﬁgﬂjg‘{)npound wer e
as eSS (s, BH\IM?hCﬁW M@c@@g}oﬁ 3’@5&@ II’EI,,CHN} ThéEtly oSihe 3. 05 (g, 1H,
S-CHH CHN), 3.18 CHN), 3.38 (s, 3H CHO, 3.7 (t,
%P@@U@Wﬂ@@gn{lﬁi n@se‘iﬁ&éh" The purlty of the product was confirmed by
SDS PAGE. 5 4.2 Synthesis of (2) [0307] Triethylanmine ((0.5 inL) was added

r opw 1%et ution of 1 (440 ny, 22 gnol) dissolved in anhydrous CH2C12
?30 Hnt |m?0ﬁ%)e solution was basic. A solution of 20 kil odalton

m??E?rrg 216&% ng%(Tﬁgdﬁ%%%ﬁggé ?%was addlé%ol n sevg%&% 95%?%%?&2? I

hat disseined D dnépirenaClr@l, (Fhml) eatttthosoluion wasdaves fssmlnhmdoﬁzo room

o a GO OB e PadenEn s b ge P ane: 1 it SR ot Sickiinidse. ph
adj sk ech, 6o, S%n‘éolgh{] (EH%GnIQ (29 NePHas Jded ARl EraBRIribAQVe @S aBtdduk €d at room

terrperature . nd was then neutralized with acetic acid to a pH 7.0.
1he teepanatin Thaseachiemmiguigerpsotitied at ropaviemperatuphias é4 hribgaolyerapty (C 18 —,

oA P B S O A B

evapdjustd wes.b vgth 1.8 SETAEH] tme badid sdltonepay tipiet at wofur ampeanse éel2itect ed and

diluted with water (500 .. This solutlon was chr rrao hed (ion
excRathyas ﬂlﬁkns@raéze%w@hee%f@swd@@@p% H8 SR WRY Fﬁl 0@33@5@9@ faf water to
wat t | owered to
6. O?WG%ESE%%F%?%%&?%EZQ#% (gngso%lgﬁ) gﬁiu%ls t gﬁﬁﬁﬁﬁééﬁggﬁ%%z%h@%er sed phase
160l ofime{t@ndldwated (lthﬁz)roéwd eletegtneabomt 7000 anghadi)embdadt elmbhammiﬂzbmitmr as

descri bed. a ct fractians. were trated,

e EiRrsg e Sratamenfal 1 oot %@ﬁl% SPERE R SEIN T o o wni te
sol (sbo(rA)). Hhis H&hﬁ%@%aﬁ@&@n&@%_‘bﬂﬁ 6 95 ,xﬁr% %ssl@hééaéfs:zoo H NVR (500

MHz:~ D20)° 6 2.
mL, hydroxide form; grad1ent of water 1o watcr/aceuc acld-O 75N) and the pH of the

+

appropriate fractions lowered to 6.0 with acetic acid. This solution was then captured on a
20  reversed phase column (C-18 silica) and eluted with a gradient of methanol/water as
described above. The product fractions were pooled, concentrated, redissolved in water and /ﬂ)
freeze-dried o afford 575 mg (70 %) of a white solid (2). Structural data for the compound e
" were as follows: 'H-NMR (500 MHz; D,0) 6 2.83 (t, 2H, O-C-CH,-8), 2.95 (t, 2H, O-C-
CHs-S), 3.12 (q, 1H, S-CHH-CHN), 3.39 (s, 3H CH30), 3.71 (t, OCH,CH,0). The purity of
25  the product was confirmed by SDS PAGE.

Example 5

Preparation of UDP-G2alNAc-6-NHCO(CH,)-O-PEG-OMe (1 KDa).

[0308]  Galactosaminyl-1-phosphate-2-NHCO(CH,),-O-PEG-OMEe (1 kilodalton) (58 mg,

0.045 mmoles) was dissolved in DMF (6 mL ) and pyridine (1.2 mL). UMP-morpholidate .
30 (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

purified by reversed phase chromatography (C-18 silica, step gradient between 10 to 80%,
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CH-S, 3.12 (q, IH S-CHHCHN), 3.39 (s, 3HCH30), 3.71 (t, OCH CH O. The
purity of 25 the product was confirnmed by SDS PAGE. Exanple 5 Preparation
of UDP- GalNAc- 6- NHCO( CH2) 2- O- PEG Ove (1 KDa). [0308]

Gal act osani nyl YP2HRAs3A4t e- 2- NHCO( CH2) 2- O PEG- OV (1 ki | odaP€Dm}20058110m,

0. 045 mmol es) was dissolved in DVF (6 nL) and pyridine (1.2 nl).

UWVP- nor phol i date ,, 3 6 , . 0,15 mmol es s then, added and the resultin
m xture sti W@HHQ{W&?E&E 25?3%6%%"3 s ?8?62@%0‘9\92@41@?3\%@%%%%@?ﬁi@)Yleld )

ni trogen t hseugh70hsof £aGk %lidmﬂ@(sﬁicaﬂﬂoﬁafﬁ@m?@%\g#\%{éW%G/%)gﬂégggﬁﬁ% s\SMe)d
9

phase chromatography (C 18 silica, Step gradien

2005/ 055950@1256%‘3322%@@7%’@@1,1163@ 15%t1iﬁéﬁdl7ﬁg/at er). The desired fractions were
collected and dried at reduced pressure to yield 50 ng (7099 of a white
solid. TLC %Jﬂh%?z pr-opanol / H2Q' NH40H, (30/20/2), Rf = 0.54). M5 (MALD):
bserved, 1 ) 9, 1618, 1706. Exanple 6 5 A ycoPEGyl ati on of Factor |IX
producedS i nGiHOPE&YiatiqnOERt toriXspredaced ia Gl#Oscefiort h t he preparati on of
asi al oFactor I X and its sialylation with CWP-sialic acid-PEG 6.1

Desi al yl ati §1308f rIhéctxamploéefsA3dDiheAremrenivhiofasidloF ataniNfanCaagulyditioaRvifhact or
I X (rFactor &\/ﬁ) nas n%gﬁ in CHO 10 cells. 6000 11U of rFactor I X were

di ssol ved | M HB¥GHCIGPES? M. USP H2O. This solution was, transferred to a
Centricon Plus 20, PL-10 centrifugal filter with another 6 nL USP H2O. The
solution was concentrated to 2 nL and then diluted with 15 nL 50 nM Tri s- HCl
pH 7.4, 0. 15 IN\dNaBiaridn syMF&aGA2; 0.05% NaN3 and then reconcentrated. The
dilution/concentration was repeated 4 tines to effectively change the

buffer to a[tﬁlP&') ARLSIBInght Bri of@?abggaaﬁBﬂ F§ct315I|XS&F é_rtrtcgrqf}"{’) v;asq%ﬂelim cgrbout 29

mg of rFactor was transferred t smal | plastic tube and to it was
added 530 neelk2 680GIE okeiackanilyiviue sisscdicpdrio g éotelonj1d galt FSP LY. i Bictoditnaess,

at a2 c el £ Gab SRR R R Y SRR LAV MG e TR

super nat ant syasorc@ds @at@ttatedhe?2 ndgaidaie digadbwiie 0nhdi 3U Ay TeUHaNHHI Tase)
were washed 6 times with 0.5 ni 50 mM Tris-HCL 20 pH 7.12, 1 M Nad, 0.05%
NaN3. The pBdPedNaabrimisCarla WQhreNah et henvseancenwited. t Thyeilutian/sprsepigmtiop

TS o s AR (T AP0 g B L TR PORIRC,
concent tat esblution, 2.9 ml. (about 29 mg of rFactor IX) was transferred to a small plastic tube and to it
was added 530 mU a2-3,6,8-Neuraminidase— agarose conjugate (Vibrio cholerae,
Calbiochem, 450 pl.). The reaction mixture was rotated gently for 26.5 hours at 32 °C. The
mixture was centrifuged 2 minutes at 10,000 rpm and the supernatant was collected. The
agarose beads (containing neuraminidase) were washed 6 times with 0.5 mL 50 mM Tris-HCI
20 pH 7.12, 1 M NaCl, 0.05% NaN3;. 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 m1. with the same buffer and concentrated
down to ~ 2 mL in a Centricon Plus 20 PL-10 centrifugal filter. The solution was twice
diluted with 15 mL of 50 mM Tris-HCl pH 7.4, 0.15 M NaCl, 0.05% NaN; and
25  reconcentrated to 2 mL. The final desialyated rFactor IX é.olution was diluted to 3 mL final
volume (~10 mg/mL) with the Tris Buffer. Native and desialylated rFactor IX samples were
analyzed by IEF-Electrophoresis. Isoeleciric Focusing Gels (pH 3-7) were run vsing 1.5 L
(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.



down to - 2 nL in a Centricon Plus 20 PL-1 O centrifugal filter. The
solution was twice diluted with 15 nL of 50 MM Tris-HCL pH 7.4, 0.15 M
NaCl, 0.05% NaN3 and 25 reconcentrated to 2 nL. The final desialyated
rFactor | X solution was diluted to 3 nL final volune (-10 ng/nmL.) with the

Tri s Bwid sbsnodvedol ve and desi al yl ated rFactor | X sanp&Esuwessondgal yzed by -
| EF- El ectrophoresis. |Isoelectric Focusing Gels (pH 3-7) were run using 1.5 L

(15 g) sanples first diluted with 10 L Tris buffer and m xed with 12 L

samisanpbadi ng buffer. CGels were | oaded, run and fixed using standard

procedures. Gels were stained with 30 Colloidal Blue Stain (Figure 154),

showirggaratibabPEG (1ddsd sd/1akbd)-FadaetoriIX 95 WO 2005/ 055950

PCT/ US2004/ 041070 Exanple 7 Preparation of PEG (1 kDa and 10 kDa)- SA- Fact or

IX [[0131111] Mlﬁhgeﬂa‘ﬁaﬂomﬁa@@@m&B&E)aﬁasrﬁgvldé’dﬂitc)tmeS dilv{ldedmpnto two 1.5 nlL
Each sol ution was dil uted

| e L cen rifuge
vm t ﬁarfe esmmo %@ﬂ%&}%&%ﬁmw%wncwafsmmegm 120 ombe0md and ei t her

(o} ed gently
FUP154aRE(n o1 L KGEL BTN, eadete Tnmathesy ot e et o
t ubemswddesl. iTieentics dveafgmwm@rgbnﬂptcahamgérﬂ UySTm“am@Zﬁqmm) svaahd®@2 C The

rea ns. we freezin -20 C. 10 It Ies of _the reactipons
ver & aEaG ST ROE b i amsred fesitirdspute ety RO BRITIA on & Toso
HaascBrrﬁé Ehcildhs RRODASWAZY- éee&méfatcmocla s g% oF A aR10hE Qeful becco’ s
Phosphate Buffered Saline, r 1 (G bco m./mn. The reaction and

pur |af1a1&md|’t0'rﬁf\)ﬁ3f’é%n’fhe(ﬁ1ﬁﬁlyla@d g@tm’ﬂa@mﬁmﬁom Elfoglﬂaas Biosegx Tris-d ycine

l.oa 10 L s.after..dilution with
1 2 RobaB @5 LGS, 1B el st el s X SRR SR Shiidg 1 o ng,-
wi t phHI21 mﬁ;a@pbalL/ﬁﬂﬂl T RuétRrand porificatiol werdinBiilorad dsihesD8Paker 6 15 )
mnutes at 85 C. CGels were stained with Colloidal Blue Stain (Figure 155)

s ho@ﬂ@%g%&nﬂovqko?lma@@cm AT A wem gols rroxy Loadedraidl &9 LEXI0 BNl e 8 Direct

Si al [ | t th th

or o pafF KA RRHOE R o RO TAGLE A0 4 (oG R, BB AN (1ol dase

t r edlfferndnd MixdnpgSiicd ¥2 pPEﬁjp]aﬂmardmgdi‘uﬁfzam} LY\ St I@Pﬁﬁphdafﬁﬂoﬂ.e KDa) [0313]
g ?g}n(}?qrnét%%( (81 ]”% de&? were slta%]edvx\gi%h 8 Xl?mc?a? %?ue étam%slfg)ure gSﬁ sl?or‘]wgmé\%%ai];cy 'y

for PEG (1 kDa and 10 kDa)-SA-Factor IX.

Example 8
Direct Sialyl-GlycoPEGylation of Factor IX

[0312] This example sets forth the preparation of sialyl-PEGylation of Factor IX without
20  prior sialidase treatment. : e ')

8.1 Sialyl-PEGylation of Factor-IX with CMP-SA-PEG-(10 KDa})

[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% NaNj; and
0.01% polysorbate 80, pH 5.0. The CMP-SA-PEG-(10 kDa) (27 mg, 2.5 pmol) was then
25  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), I mL/min. R, =

9.5 min.
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was dissolved in 5 nL of 20 nM histidine, 520 nmM gl yci ne, 2% sucrose, 0.05%
NaN3 and 0.01% pol ysorbate 80, pH 5.0. The CWP- SA- PEG (10 kDa) (27 ng, 2.5
nol) was then 25 dissolved in the solution and | U of ST3Gal3 was added. The
reaction was COAMPATRYfter gently nixing for 28 hours atPCIAG200S147@act i on
-was anal yzed by SDS-PACGE as described by Invitrogen. The product protein

was purifi d;R gn Amer sham Superdex 200 (10 x 300 mm 13 m HPLC col um
W th phospﬁaq—eﬁgﬁffered saline, pH7.0 (PBS), 1 nL/mn. RR = 9.5 mn. 96 WO

2005/ 0559 S8iaREPRCS2a dIFROMH0-IXExBIUNP S ASPRIGH20RESY! ation of Factor-1X with
CWVP- SA- PEG (20 kDa) [0314] Factor I X (1100 I1U), which was expressed in CHO

cells and mascqf uFaqusliXa(uym(augdwhmms Skmeaky RACHO o'éumldquasaﬁumgﬂla%d di ne
520 MM gly ﬁse%) sucr Qse, 05% NaN3 and 5 0.01% pol ysor bat e

The CMWP- SAW C(fé@mMhlsﬂdglesrmm%glyelﬁ@r?"/dwwp\&@ﬁ%r?h\IaNz@néol utl on

and CSE- 1| 3 o ete,after |y m xing
for 42 hou} Qﬁie’@%%%‘ﬂ%ﬁb%%%?t T8 A ShE G ai B MBI CAZ S0 wdiBrnted by
| nvi t r ogendissoNdd B thé Befufsoghdal SPLOY A JAdNB STHRUEA LS thilreAasATRIpRIG AR UPer dex
200 (10 x 300 mm_ 13 10 Inn) HPLC colum with hosg?ate bufféred saline, pH

7.0 (Fi shegently mixing ford2 hprsat §2°€. nihe reactivmmpgs an y 8DSPAGEds Gagspibady of

GlycoPEGbeg;l%ng chor | X [0316] This exanples sets forth the procedure for
sialic acid capp ng of sialyl- glycoPEGyl ated peptides. Here, Factor-I1Xis
the exenplary peptide. 15 10.1 Sialic acid capping off-1inked and O-1inked

A ycans of [joFE&]t oTht ProdSApRism (o plalbagd or A3Adkrsiu Bipeeex 206a¢0 Qr30b XaPEG (10
kDa) 1% d‘Fr%i was concentrated in a Centrlcon(c%) Plus 20 PL-10 (Mlllpore
Be

Cor p. AL sytvpaivih phogehats pytfessd sghiee. PR 6 (Fisher), had-‘simaRged @ BI50 v
Tri s- HC pH 7.2, 0.15 M NaC, 0.05% NaN3 to a final volume of 1.85 nlL. The

protein soldshieRoWas di | uted with 372 L of the sane Tris buffer and 7.4 ng
CWP- SA (12 m)I? was 20 added as a solid. The solution was inverted gently to

m x and O.S‘qaﬁé§1}§(@{£l, lgfceJP]H} tca @t B & € added. The reaction mxture
was rotated gently f urs 32 C [0318] A 10 gg sanple of the

reaction na ﬁﬁ:‘h mm gel s were
perfor rredvrg‘:r%d@st Igi}ﬁr%iggan@sdl ng ég N%%ﬁrﬁgéﬂa%ﬂge%@r@@ggéBii&dgd}]v| t rggen
Briefly, sAyplPE§&iyladd dep(dd. dlere, Wecter-IH sebe setriplat peptidanpl e | oadi ng buf fer

15 10.1 Sialic acid capping of N-linked and O-linked Glycans of Factor-IX-SA-PEG (10 kDa)

[0317] Purified r-Factor-IX-PEG (10 kDa) (2.4 mg) was concentrated in a Centricon® Plus
20 P1-10 (Millipore Corp., Bedford, MA) centrifugal filter and the buffer was changed to 50
mM Tris-HC] pH 7.2, 0.15 M NaCl, 0.05% NaNj3 to a final volume of 1.85 mL. The protein
solution was diluted with 372 pL 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 ug 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 pL sample loading buffer
25 and 1 ul, 0.5 M DTT and heated for 6 minutes at 85 °C (Figure 156, lane 4).

Example 11
Glycopegylated Factor IX Pharmacokinetic Study
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25 and |
4) .

ESL 0.5 M DTT and heated for 6 m nutes at 85 C (Figure 156,
| X Pharmacoki netic Study 97 WO -
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(PEG 9 variants) were tested in a PK study in

endogenous thronbin potenti al
The

(ETP),

normal nice.

Compound Cl ot ac

I
| ane

The activity of
t he f ovo 2eenpends had previously been established pornistao®odwre cl ot

and t hronboel ast ograph (TEG assays.
activity results are sunmarized in Table I.

tivity ETP

TEGQZ 28] of FphratymPEGyhikalt 1o asipets (PEG-Sactiants} wergrtediat inad’fspiedy fri e activit y
BeneFl

PEG914
pr n f

C o RS g b T
peractiviterespitd are suBmgrgeglieSajef. ani mal .
0. 17 0.33, 1, 3, 5,

Rt DirE ey of il

per

8, 16,

2K (LS)

SPisbRASpoP Bty e Gopon n adky

or

24,

and 96 h post co

20% 0.2 0.

Q5 the
aﬁﬁ%oﬁg&lgst@%}m dsdhy€l TRI ation,

Non- hemophi lI'ic mce were used, 2 aninal_
Sanpling tine points were 0, 0.08,"
30, 48, 64, 72,

a PK

npound ~

a
on
th

U

|rr|||

e f

e PEG- 9 conpouH
2K(B@#RFBubst i t ut

2K(hi gh

icq:

l. F (J.l._l_alll

ana

on: 45%es"
ubst it utd

@Eﬂ%ﬁﬁf 0

S—wclﬁ] LI'iIUgUL

A ﬁfailxe FEi?elC’L 3&%}%’

and—st d—mrt
(0] mF\ eria ES%I‘JC'[

al i quot s;
ons, 10

(-2 PEG §l’ﬂ)8tltutlﬂ

n. "HS' (3.4 PEG su

(glative gpecifie agtivigy)
NS per pépﬁl de nol e

bsti-tutions per pep

kg; .
cul e) 200
i de

ng
g

| PG

S o

asured clottin

U kg; 28% 100

N assay uni

U kg; 100 U k

g. All d8es were b

lts are outlined. i

ased on
FIG 6 and

A

TAdBRGP12K (B WO

CL

20084%5595
(Ukg) (lynl) (h-U

S [0??11Jhp resit

0 PCT/ US3dDa/ 04107
L (m/hikg) Ben

Tabl e 11 Conpound
Fl X 250 0.745 1.34

Dose Cmax

PEGRIGIKOKLS) 20

D 0.953 4.6

9 42.7 06

03

87
O

PEG-9-30K

14%
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[0320]

To assess the prolongation of activity of the four PEG-9 compounds in circulation,

a PK study was designed and performed. Non-hemophilic fmice 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, 8, 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 units.

[0321]

The results are outlined in FIG. 6 and Table I1.
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PEG 9- 2K (HS) 200 0.960 9.05 22.1 PEG 9-10K 100 0.350 2.80 35.7 PEG 9-30K
100 1.40 8.83 11.3 [0322] The results denonstrate a trend towards

prol ongation for all the PEG9 conpounds. The values of AUC and Crax were
not conpared HQWBIIHIS0However, clearance (CL) was conpar d§TARA0H04500 | ower
for the PEG 9 conpounds conpared to BeneFl X, indicating a 5 | onger residence
time inth '(‘If. The tinme for the | ast detectable clot activity is
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PD 10 col um,

adj usted to a concentration of 6 ng/ni and treated w th AUS Si ali das

mJy i) for (42D afhedRbultsBembAdubtcat ki ivREds YRIddchBsh RY PR TP F co gb& 4&nd
MALDI glycan analysis. Asialo Factor | X was purified 99 WO 2005/0 5950

PCT/ US2004/1ir8 Yaipes olohUE a8 Slisaxoesse mpt comprisaoiitectih dleveler, dbwnc%)@smz
f t t {
exchanged. CHPSRREEN CRIERE kI Seth B 10REs

(5

055 3 BhadiS iBbies

PEGy| at i5on l@fgeﬁﬁeeﬂbmﬁﬁﬂd i@rthd Xice O The ﬁﬂ]/elfb;)thw@& @eﬁédtdb@cl@wchbﬁ{y is mdr&@sb@at I on
with ST3Gl-1]1_(50 mJ nL) and CMP- SA- PEG at 32C for 16h. For 5
PEGyI at i on o theP éﬁﬁ%@lm@m@@pﬁq@éo @@ﬁ%@?& ?‘é?é%tb?ﬂgéquﬂﬁﬁ%Wasl admjipigteradcit eas ed
to 1.0 ”g/tlllg-h@%técﬁg concentration of CMP-SA-PEG was decreased to 0.17 WM
After 16

Example 12
Preparation of LS and HS GlycoPEGylated Factor IX

10 [0323] GlycoPEGylated Factor IX with a low degree of substitution with PEG were
prepared from native Factor IX by an exchange reaction catalyzed by ST3Gal-IIl. The
reactions were performed in a buffer of 10 mM histidine, 260 mM glycine, 1% sucrose and
0.02% Tween 80, pH 7.2. For PEGylation 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
h at 32°C. For PEGylation with CMP-SA-PEG 30 kD, the concentration of Factor IX was

increased to 1.0 mg/mL, and the conceniration of CMP-SA-PEG was decreased to 0.17 mM.

15
Under these conditions, more than 90% of the Factor IX molecules were substituted with at

least one PEG moiety.

[0324]
prepared by enzymatic desialylation of native Factor IX. The Factor IX peptide was buffer

GlycoPEGylated Factor IX with a high degree of substitution with PEG were

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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15

20

—_— |

PEGyl ati on, glycans with term nal gal act ose were capped with sialic acid by
adding 1 mM CMP-SA and continuing the incubation for an additional 8 h at -
32C. Under these conditions, nore than 90% of the Factor | X nol ecul es were
substituted with at | east one PEG noiety. 10 Factor |X produced by this

met h -a=ddhgher apparent nol ecul ar weight in Swym%@rrpl e 13 -
Prepg‘g]gtt@%r@?)‘ O GlycoPEGyl ated Factor TX [03261 0-glycan chains were

i ntroduced de novo into native Factor I X (1 ng/nm.) by incubation of the
pepih Qdtephirobe FR idNAmbvE the(s2fididenilhe Sl lfrarklobis Gadddbrated ud@an 15 After 4 h

i ncubation, the | at.i on r.eactiqgn initi dd| ng CMPSA- PEG
(2H&1ﬂ1ér00110@r€atoatﬂn‘b§‘§%ﬂ8}an%@ TR 10 Hie aﬁhﬁ@fe -1 (25 mU nb)
and |ncubat| ng for an additional 20 h. [03271 It is understood that the

nipadh PROYRitife st dier 18 Sifn%/rﬁ]Q)rwaé dabitst by ve purposes

on and that various rmdlflcatlons or changés i'n ht thereof will be 20
sugge’sa;t@d with PEFGHAE (SR mU/mdl) ped ENE-SAtPE Q. én@ﬂ)@ﬂ@ foxdbbdEdr wi t hin t he

bERyRRE RB CMP¥ANRS AP ABF kirk Sl AR R GREC vt BRI T e bereby <
ﬁl%VrHE%ﬁ@.ﬁ{é B¥cdrBbBsEHEVPIE A-PET waldofebad mrn%M orrneses. 100 WO
/ 055950 PCTI US2004/ 041070 WHAT IS CLAIMED I'S: 1 1. A Factor |X peptide

coHEGWbihﬂlg gycahewith t@mnalrﬁalé@tysehwp agppe avithoriatiel agid bmdmla Iom®OON HO O ~

5 (e ol BRHS o heipd oo T R R R B S Offhecghlef Uiy T2 © €1
COﬂﬂ@fd ﬁlmm 90% ofedRictg ek etdlenhled vedré aibgﬁﬁ;tsahaﬂmaméasbbmvcedm&y pol y(et hyl ene

Iﬁcol resi due; and
actor IX produced Ey thls method has a higher apparent molecular weight in SDS-PAGE.

Example 13 C/’)
Preparation of O-GlycoPEGylated Factor IX

[0326] O-glycan chains were introduced de novo into native Factor IX (1 mg/ml.) by

incubation of the peptide with GaINAcT-IT (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 ST6GalNAc-1 (25 mU/mL) and incubating

for an additional 20 h.

[0327] It is 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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8 Lis a linker which is a menber selected froma bond, substituted or
unsubstituted 9 alkyl and substituted or unsubstituted heteroal kyl, 10 such
that when Dis OH, Gis R -L-, and when Gis -C(O(Cl-C6)alkyl, Dis 11

R -L-NH. 1 2.WFaeseg9tr | X peptide according to claiml, meUSomds1do has
the formula: RL-HN-""" "a’2 1O 3 wherein 4 ais an integer fromO0O to 20. |
3. The Fact%&&&d@ﬁﬁrdl ng to claim1, wherein RI has a structure
that is a :from 101 WO 2005/ 055950 PCT/ US2004/ 041070 qq
Ol 0 s (CHCHOCH S-(CHCHOQH 5511 951

NHC( O) CHb CHI( ocHAdiagtpT BEREPICPOPRSRE eHogsboms eric)it lemiug the Grmgly: | O |

O (CH CH O CH, and O (CH, CH20) 0CH 3 HC( O) CH2CH2( OCH2CH2) 10CH3

NHC( O) OCH2CH2( OCH2CH2) , OCH3 4 i e and f are integers independently
selected from1l to 2500; and 6 q is an mtegerCé@g‘mO to 20. 1 4. The
Factor | X peptide according to clai i has a structure that is a
2 menmber selected from 102 WO 200%) 055 U820§)4/ 041070 O

NHC( O) OCH2CH2( OCH2CH2) , OCH3 SS 9 NH2 0—

G—HN

2 OH

3  wherem

4 D is a member selected from -OF and R-I-HN-;

5 G is a member selected from R'-L- and ~C(O)(Ci-Cy)alkyl;

6 R'is a moiety comprising a member selected a straight-chain or branched

7 poly(ethylene glycol) residue; and

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

9 alkyl and substituted or unsubstituted heteroalkyl,
10 . such that when D is OH, G is R-L~, and when G is —C(O}C-Cg)alkyl, D is
11 R'-L-NH-,

Iz The Factor IX peptide according to claim 1, wherein L-R’ has the formula:

R1—HN/%]/ 3

2 0

3 wherein

4 - a is an integer from 0 to 20.

3. The Factor IX peptide according to claim 1, wherein R' has a structure that is a

sk

2 member selected from:
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S [

HC (O OCH2C H2(OC H2CH2)fO CH3 0 g O NHC( O CH2CH2( OCH2CH2) 0O0H3 KS 9 NH2
HN C( O CH2CH2( OCH2CH2) pCH3 YO, 6-~~~ H 0 NHC( O CH2CH2( OCH2CH2) aOCH3 9 and
N H C(O CH2CH2(O CH2 CH2)f OCH3 HN YOI ~- ~HC(O) CHzCH2(0 CH2CH 2) fOCH3 a 0
NHC( O) OCH2CH2( OCH2CH2) aOCH3 N H C(0) OCH2CH2( O CH2CH 2) f OCH3 HN

HC( O) O3¢50 H2CH2) rOCH3 3 0 4 wherein 5 e, f angcfusdeydsieger s

i ndependently selected from1l to 2500; and 6 g and q' are integers

i ndependently selected from1 to 20. 103 WO 2005/ 055950 PCT/ US2004/ 041070 1
5. The Factjpr | X peptide according t§ claim1l, wherein Rl has a structure

that is me r selected from _ O JjNH OCH2CH2( OCH2CH2) 000H3 O
g o STTEHLRONCH, g $—(CH,CH,0).CH,
q
NHC({O)}CH,CH,(OCH,CH,}0CH, NHC(0)QGH,CH,(OCH,CH,),OCH,
0
g o O——(CHCHOLCH,  ; and é , O—(CH,CH,0),CH,
3 NHC{O)CH,CH,(OCH,CH,),0CH; NHC{O)OCH,CH{OCH,CH,),0CH,
4 wherein
5 e and f are integers independently selected from 1 to 2500, and
6 q is an integer from 0 to 20.
{7
1 4. The Factor IX peptide according to claim 1, wherein R! has a structure that is a e
2 member selected from:
a0
(N
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N HC( O) OCH2CH2( OCHZCHZ) ~OC H3 NH HN NHZ g HC (O OCH2CH2( OCH2CH2) r OCH3 O and
a' o0 NHC(O CH2CH2( OCH2CH2) , OCH3 Q o NHC (O CH2CH2( OCH2CH2) , OCH3 NH HN NHz
HC( O) CH2CH2(OCH, CH2) rOCH3 O 4 wherein 5 e, f and f are integers

i ndependent | y V@RP¥SHER6 rom | to 2500; and 6 ¢, q and (" FEVSHEYRIE0

i ndependently selected from1 to 20. 1 6. The Factor | X peptide according to
claim1 wherein Rl has a structure that is a 2 nenber selected from

-C(O) CH2CH2( OCH2CH2)l)leCCH3 ; and 3 ~-C( O OCH2CH2( OCH2CH2) f OCH3 4 wherein 5
e and f are integers~in nt | yig@begtiexbchogmocht o 2500. 1 7. The Factor
| X peptide accordrng tp ‘cl;aim 1, wherein said noiety has the fornula: 104

WO 2005/ 055950 PCT/ US2D04/ 41070 OH D O :@&1- ~ GHN2 OH 1 S. The Factor
| X -peptide according . clai ; ein said m)ietx has the fornula: OH
HG(O)OCH,CH,(OCH,CHa),0CH;
_ | .

0

NHC(O)CH,CHo(OCH,CHy)eOCH;
: q
NH,
HN
HC(O)CH,CHy(OCH,CHz)0CH,
¢

O

0

g NHG(O)CHCHa(OCH,CH,),0CH,
q
: and

HN
HC{O)CH,CHy(OCH,CH,1OCH,

0

é NHMC(O)OCH;CHa(OCH,CHy)OCHS;
NHC(O)OCH,CH(OCH;CHo)0CH,

q
HN
HC{OYOCH,CH,(OCH,CH,)0CH;

3 . o] N

4 wherein

5 ‘¢, fand * are integers independently selected from 1 to 2500; and
6 q and ¢’ are integers independently selected from 1 to 20,

103



Doo OH :HOO Gal-GatNAC- HN 2 OH 1 9. The Factor | X peptide according
to claiml1, wherein said noiety has the formula: OHd D0 COOH w HO -
O Gal -GJINAC---AA GHN, 2 OH 3 wherein 4 AAis an am no acid residue of
said peptide. 1 10. The Factor | X peptide according to claim9, wherein said
am no woixgpsfoesisgue is a 2 nenber sel ected from seripgg@podi/aipesn ne. 1 11.
The Factor | X peptide according to claiml, wherein said peptide has the
amno acid 2 sequence of SEQ ID. NO 1. 1 12. The Factor |X peptide
accsr di Nghd PacgbrdiXmeblide Masrd@idtoehiig 1amberieR ! thsraesiudmes thstis2 serine at
osition 61 of SDEQ(AQﬁb ID. NO I. 1 13. The Factor | X peptide according to
| atogmber sgkestediffP®ai d noi ety has the fornula: 105 WD 2005/ 055950
PCT/ US2004/ 041070 (Fuc)i an {[G@ cNAc-(Gal)ale (Sia)l- (R" r i
--([A cNAc- (gl ) b] f-(Sia)k-(R)\]s -AA GLcNAc- GLcNAc-Man i ([ G cNAc-(Gal)c]g
(Sta)i- (Rt n ([Gﬁcomc&(c:\ﬁ((?cg]cﬂz)%t?ha)m (RylY 2 3 wherein

NHC(O)OCHZCHZ(OCHQCHZ);OCH3
HN
HC(0)OCH,CHo{OCH,CH,)s0CH;
;. and

NHC{O)CH,CHA(OCH,CH,)eOCH;

S
NHC(O)CHZCHZ(OCHZCHZ)fOCHa
HC(O)CHZCHZ(OCHqGHz)fOCHa

3 © ¢

4  wherein

5 e, Tand ” are integers independently selected from 1 to 2500; and

6 g, q’ and g are integers independently selected from 1 to 20.

1 6. ‘The Factor IX peptide according to claim 1 wherein R! has a structure that is a

2 member selected from:

g—C(O)CHQCHZ(OCHZCHQ)EOCHg ; and —

w;

] é—C(O)OCHchZ(OCHgCHE)fOCHg

4  wherein

5 ¢ and f are integers independently selected from 1 to 2500.

I 7 The Factor IX peptide according to claim 1, wherein said moiety has the formula:
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4 a b, c, d i, r, s, t, and u are integers independently selected fromO
and 1; 59gis 1, 0 6 e, f, g, and h are nenbers independently selected from
the integers fromO to 6; 7 j, k, 1, and mare nenbers independently

sel ected fromwOedisntwgers fromO and 100; 8 v, w, X, and ¥cB{i€o004/041070

i ndependently selected fromO and 1, and |least one of v, w, x andy 9 is 1,
10 AAis an amno acid residue of_saigd,Factor | X peptide; 11 Sia-(R) has
the formula: D HOOC 55 5--O TN S 12 OH 13 wherein 14 D is a nenber
selected from-OH and R -L-HN-; 15 is a nepper selected fromR -L- and
-C(O(d-Co)alkyl; 16 R is a i Si'ng a nenber selected a
straight-chain or branched 17 poly(ethyl gner-glygal)sresidue; and 18 L is a
i nker which is a nmenber selected fr ond, substdtuted or 19
unsubstituted allcyl and subsTut'® or unsubstituted heteroal kyl, 20 such
that wheén Dis OH Gis R-L-, and whenpgis -C(O(Cl-C6)alkyl, Dis 21

R -L-NH. 106 14. The Factor | X peptide according to claim?7, wherein said

gl ycosyl; regsi duepy, . . e, - ted from n,1l5 n 167
and ~conbi ngtsi ongh%' %g?té%?%ﬂ%%d& g\ccghdgﬂl?%@c%%%s%g@ %Ifeol?‘ ?ﬁlﬁ Ié}tofe%pﬁaéélﬁﬁﬁ%%ﬁ%g t he
Factor | X according to claim1l and a pharnaceutically acceptable carrier.

16- Acell-free, in vitro ne Fraki ng a Factor | X peptide conjugate

conprising the noiety: -0 TO_IN(EC‘)_Ici)I—; D G G

O—'Gal—"'—GaINAc——g

B2

QH

o9 The Factor IX peptide according to claim 1, wherein said moiety has the formula:

OH
D
o. COCH e
HO |
O—Gal-—GalNAc—AA
2 OH
3 wherein
4 AA is an amino acid residue of said peptide.

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. ID. NO:1.

1 13.  The Factor IX peptide according to claim 1, wherein said moiety has the formula:
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— . |

wherein Dis a nenber selected from-0OHd and R -L-HN-; Gis a nenber sel ected

fromR -L- and -C(O(Cl-C6)alkyl; R is a noiety conprising a nenber .
sel ected a straight-chain or branched poly (ethylene glycol) residue; and L
is alinker which is a nenber selected froma bond, substituted or

unsubsgbbids ﬁg\ﬁbkyl and substituted or unsubstitut Eﬁ&' Alky! ., such that.

when Dis

Gis R-L-, and when Gis -C(O(C, -C6)a 'S R L- NH,

sai d nmethod conpri sing: (a) cont acti ng a substrate Factor | X peptide with a

PEG si al i ¢ aci d/donor noi ety havi ng 07
PCTI US2004/, 41071&10)04 D 0 COOH i Testhl o) (@)
N 15 NH

am no ac d‘
condi tions appr odrl ate for
claim 16, wher
integer fromoO

005/ 055950
B r pl O CH O /JJIJ\
nd an enz%me th t%?ﬁdﬁ&&(@ﬂ)bﬁ (:SE(};-SGRE; acid onto an

GNpedglpNAced *“ @m@%@ﬁfl&ijl@wﬁgp%t hbduggggr ding to

in L-R hasthefor AeNARYSH Sia erein 4 ais an
-20. 1 18, The me?}g)d acc%rd?gr]tg(topcl(@ 46) wherein Rl-has

a structure that is a nenber 2 selected from 0 O

12

13
14
15
16
17
18
19

21

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 inte gers from 0 to 6;
j, 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
is 1;
AA is an amino acid residue of said Factor IX peptide;

Sia~-(R) has the formula:
HO

OH
G
NH-G
OH _ {7

wherein

D is a member selected from -OH and R!-L-HN-;

G is 2 member selected from R'-L- and -C(O)(C;-Cg)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 2 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)(Cy-Cg)alkyl, D is
R-L-NH-.
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a S-(CH2CH OO0CH, S-(CH CH OeCN, Il 5 a NHC(O CH, CH (OCH, CH, ), OCH,

NHC( O) OCH, CH, (OCH, CH, ), 00H, 0 qgq O5 | 0-(CH2CH OO0CH, and S)O (CH, CH O . CH,
3 NHC(0) CH, CH, (OCH, CH2) , OCH, SS NHC(0)CCH, CH, (OCH, CH, ), OCH, 4 wherein 5 e
and f are integers independently selected from1l to 2500; and 6 q is an
integer fromO to 20. 1 1q. The nethod according to claim 16, wherein R has
a structure that is a nenber 2 selected from 108 WO 2005/ 055950

PCTI US2004/ 041070 0 N HC(O) OCH, CH2( OCH, CH2) , OCH3 NH2 HN HC

(O OCH2CH2( 0cH2CH2) , OCH3 0 0 NHC( O) CH2CH2( OCHzCH2) pOCH,  NH2 HN

HC( C) CH2CH2 (MZW%E’CQ'& eﬁtlcﬁ acc@dl l@)u%l@!‘é%(s%?&ﬁ)em%ﬁic&d to ﬁ%ber
N0 GROR(URCRITAR B LA GRS o€ G T oo

15. A pharmaceutical formulation comprising the Factor IX according to claim i and a

pharmaceutically acceptable carrier.

16. A celt-free, in vitro method of making a Factor IX peptide conjugate comprising the moiety:
HO
D
HOOC 0
OH
s—o
NH-G
OH
wherein

D is a member selected from -OH and R'-L-HN~;
G is a member selected from R'-L- and -C(OWC -Cylalkyl;

R' is a moiety comprising a member selected a straight-chain or branched poly (ethylene glycol)

residue; and

1. is a kinker which is a member selected from a bond, substituted or unsubstituted alkyl and

substituted or unsubstituted heteroaltkyl,
such that when D is OH, G is R'-L-, and when G is -C(OXCy-Cgalkyl, D is RI-L-NH-,
said method comprising:

(a) contacting a substrate Pactor IX peptide with a PEG-sialic acid donor moiety having the

formula:
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0 NHC(0) OCH2CH2( OCH2CH2) OO0H3  S{ 9 NHC(0) 0CH2C H2( OCH2CH2) , 0C H3 HN H

C(0) OCHCHz(OCH2CH2) rOCH3 3 0 4 wherein 5 e, f and f are integers

i ndependently selected from1l to 2500; and 6 q and q' are integers

i ndependently selected from1l to 20. 109 WD 2005/ 055950 PCTI US2004/ 041070 1
20. The net Wwxkoenesessdi ng to claim 16, wherein RL has a steoebisogostidvat is a
menber 2 selected from 0 NHC(O OCH2CHZ( OCHzCH2), OCH3 SS NH

C( 0) OGHz CH2( OCHZCHZ) pCH3,  NH@,HN NH2 0 HC( O OCH2CH2( OCHzCH2) , CCH3 and O
NHC( O) CH, CH, ( OCH, CHZ) . 55 NH C(O CHZCH2( OCH, C HZ) ~OCH, HN NH ~° NH2
9 HC(O) CH20H2( OCHzZCHz) P
i ndependent |y sel ected fxom
i ndependently sel ected from

] >
G—HN o] Q
L L

N N

N
15 NH,
16 and an enzyme that transfers said PEG-sialic acid onio an amino acid or ,
17 glycosyl residue of said Factor IX peptide, under conditions appropriate for

18 the transfer.

1 17. The method according to claim 16, wherein L-R' has the formula:

R‘——HNW g

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
§ S—(CHCHOLCH, g $—(CH,CH,0),CH,
(¢}
NHC{O)CH,CH,{CCH,CH,OCH, NHC(O)OCH,CH,(OCH,CH,),OCH,
0 o}
% S O—I(CHCHO)CH, ; and 3 - O~—(CH,CH,0),CH,
NHC{O)CH,GHAOCHCH,),0CH, NHC(CYOCH,CH,{OCH,CH)0CH,

wherein
e and f are integers independently selected from 1 to 2500; and
q s an integer from 0 to 20.

{§.  The method according to claim 16, wherein R! has a structure that is 2 member

[ S T e R U T N S|

selected from:
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1 21. The nmethod according to claim 16 wherein R has a structure that is a
menber 2 selected from -C(O CH2CH2(OCH2CH2)eOCHs ; and 3 -C(O OC H2CHz(CC
H2 CH2)fOCH3 4 wherein 5 e and f are integers independently selected from1
to 2500. 1 2ARo:2d03@5398d hod according to claim 16, wherein j | X
pepti de conjugate 2 conprises a noiety having the for wl%ﬁlﬂ%f@%%%%

2005/ 055950 PCTI US2004/ 041070 OH 0 COON HO 0-Gl-~ GHN 3 OH 1 23, The
met hod according to cffai m 16, wherein said Factor IX pepti de conjugate 2
conprises a noiety i MRPECEPEHBFHCOON HO O Gal - Gal NAc-- G HN
3 H 1 24. The nethod accogding to claim 16, wherein said factor |X peptide
conjugate 2 conprises W\h}v\i\qg the formula: OH 0 COOH HO

O Ga.l _ Ga.l NAC- AA GHN 3 o f HC (O)OCH,CH{OCHCHL)00H, .

fo) q

0] .
NHC(Q)CH,CHA{OCHGH),0CH;
: ,,
NH,
HN
HG{O)GH,CHo{GCH,CH,),0CH,
oy ’
o]

8]
' é NHC(0)CHoCHa(OGHACH).0CH,
q
i and
NHG{O)GHZCHAQGH;CH2)OCH, _
HN
HC(O)CH;CHo{OCH,CH3 OCH;
0 T

0
NHC(0)OCH,CH,(OCH,CH,)OCH, |
: q
NHG(OYOCH,CHA{OGH,CHo)0CH;

HN
\n/k(‘mHC(O)OCHZCHZ(OCHZCHz)rOCHa
0 i

3

4 wherein

5 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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4 wherein 5 AAis an amno acid residue of said Factor | X peptide. 1 2S. The
nmet hod according to claim2% wherein said amno acid residue is a nenber 2
selected fromserine or threonine. 1 26,. The nmethod according to claim 16,
wher ei n sai Vo aws055950X substrate peptide has the 2 am nedE@idpadance of
SEQ ID. NO1. 1 27. The Factor |X peptide according to claim26, wherein
said amno. acid residue is 2 serine at position 61 of SEQ ID. NO 1. 1 2..
The met hotP-accBicdpetyod eccerdingio tRImMIAcwkireinRa ibds Fstcucone et sonmjengdare conpri ses
a 2 g ycosye gg%iudue having the forrmula: 111 WO 2005/ 055950

PCTI US2004/ 04 n, M (Fuc) an h[GlcNAc-(Gal)a]le (Sia)l-(R~, ) -AA

G cNAc- GIcNAc- Mau N [[ GlcNAc- (Gl )6]f-(Sia)k- (Rw ([ GlLcNAc-(Gal)J.

(Sia),- (R\ ]t ([@cNAO (Gal)d]h (Siaym(R)>Ja v 3 4 wherein 5 a, b, c,

d, i, r, s, t, argg arfell geomteperdend.bys sel ected fromO and 1; 6 g
isl; 7 e f, g, sand «€ ngnbers independently selected fromthe integers
fromO to 6; 8 j, Kk,

, and _fn ane menber guddsiepanstanrt)onsel ected fromthe
integers fromO and 1(0; HMMy are Fbﬁi(jepﬂen%%(n%ly sel ected fromO
and 1, and at |east of = x, and 10y isl; 11 AAis an amno acid

resi due of said Factor : ,’ Rk .BrH.taschhe formula: D HOOC 0 O
TNH GOH 13 OH 14 wherePn Dis a nenber selected fromi- odandnd R - L- HN- ;

NHC(O)CH,CHo(OCH,GH,), OCH,

) W/NHC(O)CHECHE(OCHZCHz)fOCHa
N

HN NH, °

HC(O)CHZCH,{OCH,CH,)OCH;

3 ° s ‘
4 wherein
5 e, fand f° are integers independently selected from 1 to 2500; and
6 q, ¢’ and g”are integers independently selected from 1 to 20.
1 21 The method according to claim 16 wherein R has a structure that is a member
2 selected from:
é——C(O)CH2CH2(OCH2CH2)GOCH3 ; and
3 é-—-C(O)OCHZCHZ(OCH2CH2)fOCH3
4 wherein
5 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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16 0 is a nenber selected fromR -L- and -C(O (G -C6)alkyl; 17 RL is a

noi ety conprising a nenber selected a straight-chain or branched 18

pol y(ethyl ene glycol) residue; and 19 Lisa linker which is a nmenber sel ected
froma bond, substituted or 20 unsubstituted al kyl and substituted or
unsubst i t ut YORMSEFYE kyl , 21 such that when D is OH G imiis2beos@igd When G
is -C(O(Cl-C6)alkyl, Dis 22 R-L-NH. 112 WO 2005/ 055950

PCT/ US2004/ 041070 1 ® The method agcording to claim 28, wherein said

gl ycosyl residue is attached @o ay2 nenber selected from Asn 157, Asn 167
and conbi nations thereof. 1 30. oAf claim 16, further conprising,
prior to step (a): 2 (b) expres substrate: Factor | X peptide in a
suitable host cell. 1 31. The netho '@ 586;—avherein said host is

sel ected froman insect cellgand g mmal i an cetl. 113 .

3 OH

1 23 The method according to claim 16, wherein said Factor IX peptide conjugate

2 comprises a moiety having the formula:

OH

o COOH

O—Gal— GaiNAc*-—é

3 oH

24, The method according to claim 16, wherein said factor IX peptide conjugate

2 comprises a moiety having the formula:

4  wherein

AA is an amino acid residue of said Factor IX peptide,

1 25, The method according to claim 2%, wherein said amino acid residue is a member

2  selected from serine or threcnine.

1 26.  The method according to claim 16, wherein said factor TX 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.

28 The method according to claim 1§, wherein said Factor IX conjugate comprises a

2 glycosyl residue baving the formula:
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oo =1 v Lh

10
11
12

13

14
15
16
17
18
19
20
21
22

WO 2005/055950 PCT/US2004/041070

([GleNAc-(Gal),],- (Sia) - (R), ]

VR (F:.lc)i /Man< -
$—AA—]-GIcNAC-GleNAC-Mar ([GleNAC-(Galy,);- (Sia) - ®),J,
! e ([GleNAc-(Gal) ]~ (Sia)- (R), )
> ([G1eNAc-(Gal)gh- (Sia),,- (R),)

v/q

wherein

a, b, ¢, d,i,r,s,1, and u are integers independently selected from 0 and 1;

qisI;

e, T, g, and h are members independently selected from the integers from 0 to 6;

j, 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

yis1;
AA is an amino acid residue of said Factor IX peptide;
Sia-(R) has the formula:
HO
D
HOOC_ g
OH
&—o
NH-G
OH '

wherein

D is a member selected from -OH and R'-L-HN-;

G is a member selecied from R'-L- and -C(O)(Cy-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, substifitted 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,-Ce)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.
3],  The method of claim 30, wherein said host is selected from an insect cell and a

mammalian cell.
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