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GLYCOPEGYLATEDFACTOR | X CROSS- REFERENCES TO RELATED
APPLI CATI ONS [ 0001] The present application clains
w@riosnsidgot o U. S. Provi sional Patent Appli cati BOT/NS2004/041070
60/ 527,089, filed on Decenber 3, 2003, which is
i ncorporated herein by reference in their entirety for
all purposes, U S. Provisional Patent Application No.
60/ 539, 387, filed January 26, 2004; U.S. Provisiona
Pat ent Application No. 60/592,744, filed July 29,
2004; U.S. Provisional Patent Application No.
60/ 614,518, filed Septenber 29, 2004; and U. S
Provi si onal E¥GIO YdATED NA CHOREX387, fil ed
Oct ober 29, 2004 each of which is incorporated herein
by reference in their entirety for aII pur poses.

EerCt(el ns : e. g @W% con al n mcg&ﬁ(gﬁgendent
[0001]am rg%np %&X@%&i{% ms: %iogl‘q; FO_SI_[H @Ué's Vgs%rﬁl phidnd X&lfoa’uon No.

ues a residues
60/52 7089 GiteeicbndYe e b iE, 2008, Whieh lid mesrpblasdd hetrdih by eeferenegrinntheir

entirty G ABPIS D) 8t RN SIFBLLH S rPP IR oI UL Sp e il January
26, 200495 8! P‘I%stfo%fﬂ }%8{%&% fcBich 1 '@2#59??44%%%1%@ 2004 115,

processe e nost described’i's
ProvisionalgRdterttiAppli¢ateoni Moved/6 1¢, N8| ﬁbdt&@pwmb‘v‘r 28R200#Homh U.88:

. 355- (2000 t d | ude .
Provisi3agl s APPUP BB NS0 o SO 1e8Cy cao0f et SEudh is
1ncorp8$ate'ﬁ%§éiﬁ by fefeRRh&d i%'tﬁelpenti:r@@tf@f alVphrpobds6, and matrix

A protein. Factors VII X, Xand Il function in

procoagulatlon processes mhlle proteln C, protein S
and protein Z serve in anticoagulation roles. Gas6 is

a growth arr %ACKGHOWH\IBWQHE PNVENTION
rrest-specific gene 6 (gas6) and is related to

[0002]merem~Kseps@ent nveisas &¢-at Facter Dy) confgin 9 tobd pampiap)|
carbox%igl*uteﬁ'x%z %c §5dt§e% ch;r?aé in lc\l@ﬁrr afnzﬁ Qté%m@ﬂa?h? lr{kl iditc .g? 1&1: &“ﬂd esidues

one an Ccri to preven

are prcﬁiab@i by eddyineg irothe $io € thhd Iﬁﬁiie S’ltla.lli’llﬁ Keo carboxylateithasidd cimins of
al . Nature 386: 78-81 (1997). grgoos The r.eg ulat|?
glutaméq ag3l 5SS HGRIP kel BISCHEOTS: YGRS pdgyf pLaigipsarg nvolved in a

numbe? Y ﬁ)‘i eg%al QésE @rgallé}{‘top hPLRRE §ER deécﬁﬁédjﬁ'm&)db&)tagulﬁ{‘ﬁe

ts as well as thronbosi
(rev1evﬁr«zdr nmﬁﬁelmhmﬁ Itfrrmaarﬁ@vh 58 03155 -3 26 00)g ¥itemin Kadeppndene proteins

unwant ed cl ot ar g us dijin m I tuations d .
includ BTGt ¢ B0V Srb5 aP@ oM EPPEDIE FACAS o FOTIRT BrPro g Fector
VIL, G&éér bR malheGaRl ﬁ&eﬁﬁF@&BﬁeﬂIrE@b@a&i M@u&fuﬁﬁ &t ﬁroc&fg%ﬂldtﬁbn

adm ni st er ed anti coagul ants such as Warfarin act

procesgashliglet pratyit Gepratein dandprojéin drdervekniantiedagulatioeroles. yGas6 isa
growth ar%s?ggrn&)rn%\éﬁggdea %y oro heatrrees sﬁ‘{eg cygle%é B?gasgf 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. Nature 386: 78-81 (1997).

[0003] The regulation of blood coagulation is a process that presents a number of leading
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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glutamc acid residues in the vitam n K-dependent

proteins, resulting in a | owered concentration of
W@etsMes9pr ot ei ns in the circul atory system andP€EUSINEH041070

ability to formclots. Warfarin therapy is conplicated

by the cgnpetitive nature of .the dru ith_jts . target.
undesR e FONS QR PERG e SR HORe oy et i DY
inhibitf} ag% ?&ﬁﬁ SHvidRHeK i AR, tﬂﬁégﬁﬁfeﬂentﬁét%ﬁtﬁ’été 2ot ylation of

at1on activi ty are an un eS|_rab e _out.coms 0]
glutantihacd rdsehepin the 008aIn Knjeperident pratesnsareseking i i lavered

concerBE P o AR KRl B o DEPRDD o R

WarfafiR ReYAS camplisdk lg,%e '%:ngé/tﬁ[\fé(iﬁlﬁlréi BEtheEshg Wah its target.
carefully nonitored. [0005] A newer category of o

Fluctuatinns of digiarsvitemimB | canl essuli dn avevesidose aperider-dasoaft Wastarin.

|.n dependent. cl ot.t.ing factor f . a and
Fuctupiprd RS HohPliiige 2 h - BeR P et lis i ace

i nhi bitors such as chl oronet hyl ket one derivatives of
[0004)alij st datibstancel sedhasthepaf, irtthrling loev motdcular weight heparin, also are

site-npdified proteins retain the ability to form
commenlyypeasicapganthef gain dips compauRdsrase FEHEC! iQyerdpsg and must be
carefull P Aohity@q, t her eby producing no enzyme activity and

preventing conpl exi ng of the cofactor with the

respective active enzynmes. In short, these proteins
[000Sjap mewer tategoiry of antiveagydangs inckides aciiveistio apdlifzed \Gamin K-

her a i t hout the.adv e _si fects of other .
dependgaf PR e cha S 6Y S G IR e o s Sy tigked by serne
protea@iQhHeHrsRASE bdidoditetisdagi caldtivhtives bif em@idoadads drisBort peptides.

cofactor protein is factor Va. Active site nodified

The acize pijermed!{fpdamreleins cotpinpln ability talfemn sorppenes with therirggective

i.nhihito C L0n; .
cofse i IR Bty 35 L FONGR, g Rlscpos complening
of the eafdéthi tth ARG ebpattse haive @ntyatiesVdn ahett,phee @ritsing apjear toXaTer the

fraom bi ndi ng. %§006],A maj or inhihitign to tﬂe use of
benefitjjof amlwagu@g% iy vehopt the gdretes Hrs eifecty gigther anficoagulants.

Activegujétg Zﬂncgfiﬁ&?fa%togf)(a% E@dﬂﬂ.tl& é){&ﬁﬁ@ %ﬁg%&gﬁggitrng%{% ?f‘?-ﬁ’. Its cofactor

ent on an intac utam ¢ aci on
proteirsigfhaon Vahidctivé siteqpnedified adtivatedgmeieln @ (ABE) may abnifomi an

.cell .types. Overproduction of these protei i
effectifs Y B cTRI B o eSS SRt i SIRbIHHS oL 1 Ha 563-11868
(1997)efA &Rk isME nfdasRdoh Pt BERIS tPFRiR 'Vbsan'dg)r@deﬁﬂ- fadlo£ REMR binding.
dosage is 1000 ng of peptide/ kg body wei ght. See,

Harker et al. 1997, supra. [0007] Another phenonena
[0006] Aanajeraimbibitéon tedheigss adfvitamiay Kplenendenpdpttingdactrs it epst.

: | own .aspect of of protein 0s i LS.
mios Bl ORI ERETp R Bl RPr BTN By 00
carboxPBfioh @pstem Owllchlit prebdie irPd Ghhlemuabersdtahimal cell vipebal f

I'i fe nmeans that therapeutic glycopeptides
Overproduction of these proteins is limited by this énzyme system. Furthermore, the
effective dose of these proteins is high. A common dosage is 1000 pg of peptide/kg body

weight. See, Harker et al. 1997, supra.

[0007] Another phenomena that hampers the use of therapeutic peptides is the well known
aspect of of protein glycosylation is the relatively short in vivo half life exhibited by these
peptides. Overall, the problem of shot in vivo half life means that therapeutic glycopeptides

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



10

15

20

25

30

must be admi nistered frequently in high dosages, which
ultimately translate to higher healthcare costs than
wWOoR@hn54980 necessary if a nore efficient nethodP€DUS2004/041070
maki ng | onger lasting, nore effective glycoprotein
t herapeutics was avajl able. [0008] Factor Vila, for .
care costshas) wight be pesessarg & A WP eéﬁ%mtéwh@g@tr Sraking logge lagting, more

: ' i lof =t of about 2-4 hours in the
eﬂ&cﬁﬂﬁ%%gﬁh@%ﬁbﬂ%%@@ﬁ#?ﬁ%ﬁ%&@%@ﬁgurS’ t he concentrati on of
the peptide in the serumis reduced by half. \Wen
[0008]Fzeston VA, fer axempbe dlusgatas thisoproblgal. dractar VI pediVledirvai n
) .or f he hi I t he st andar d..pr.ot ocal. i.S, {0
circulefifh B Sper T aben-£ et gy bt AR B e 2 hiemans
concend@tiofuf ﬂfe'ﬁﬁ'\g@&@ﬂl the k@it )is re@8&d 2Ir'Wakn Bhotor VIla is used as a
Tr ansf us. d. Rev. 7. 78-83 (1993)). Thus, use of

procoaghlagidofiest edrissn fosmp b beaephilimthe sandart protrsglisamingeqt Vidla every

e . of - § Vi r OO : 1 e
o T o A Al ARUER R, SPE RGPl
Med. RigsAgEss83 [1B009)] Thue, 186 bhthepro@ishs ppocapeamieihr anticoagulants
i provi ding cost effective glycopeptjde, therapeutics has
(in the gé@,pftf@ctgrr Xvﬁ)j@qb’é‘fﬁ thatdhe poiging injsgered atdragyent intervals and

ol d For exanpl e | ycopeptide ther ti wi th
h do¥&oes. npl e, glycopep € erapeuti cs
athlglldr?pr%ed phar macoki netic properties have been produced

by attaching synthetic polyners to the peptide
[0009]vankinduiinn tArtherebisimofprpudingeostditectivaglybereptide therapeutics has

been (€ SR O RE R SR BB S AV S MR
therapduRs ARAUpESv el PhaRERRLHBHPRDbEAEERAeDES gf&l@céuch%r attstg?ing

I mmunogenicity "of the peptides. For exanple, U. .
synthefijp polymemoio 3BT pgdale ibgcldong | Ap ey¢mplensedymehthahlaseefeeningugated

o enRBPRIN ISR RIE BB RS (OB FRSIRL TR

therapd@lti¢€ Bhs bdefl degidnttied foGediRd HgLithrhivgBRIRRN bE tHe)peptidd. For
clearance tine in circulation is prol onged due to the

exampjen 25k dNG 47/ %13 7t (Ravisetploghclrgas Bonsiminggogenic polypeptides

e
such AR oot HHRShdsRup S Rl e B EQIRPLGTBES
polyprogylenerngincd p & ddditiobtonddurgd irhmongdenicitye fitei oddknrant timeaai d .
) r.esidue (see e.q. . S. Pat ent , 088, 538 U. S. cy
circulagigh é@rﬁro}q%gecﬁsi%%,tb%gmw@ Sl@aﬁféﬁétop?sé?coﬂ%ﬂ?, Olffl?? plyRgptides in
questidp@t ent No. 4, 055,635, and PCT WO 87/00056) . Anot her
node of attaching PEG to peptides is through the

non-specific oxidation of glycosyl residues on a
[0010]gTheqopre el ted¢ oéattashment of R /a08 38 Aprivdtdes, 1p peptiden éssenon-

.~NoN-speci fi ¢ met hods. .pol y(et hyl eneql lo) pl.S ded.d
speciff B0 BE frowe Brpd PR aclh o 8l (B4 U Pudpfiterussas
U.S. PaeREVS.1 400 080K s\ ePatda Noo#l 4147, andopatestdNd. 4q35@35, and PCT
WO 87/00056). Another mode of attaching PEG to peptides is through the non-specific
oxidation of glycosyl residues on a glycopeptide (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
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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PEG nol ecul es has its drawbacks, including a | ack of
honogeneity of the final product, and the possibility

wo erosssdsct i on i n the biological or enzymati c BCT/US1004041070
of the peptide. Therefore, for the production of

frmo S PRI By SR A0L 0 AP SIS procuc

is supéiﬁ)‘f‘dSﬁc}il ﬁ@tﬁB@scﬂaQ/'é'b%é’tph@veho%ééem iall'y hormogeneous

duct 1's superior. Such nethods have been devel oped.
[0012] Specifically | abel ed, honpbgeneous pepti de
[0012]t Syzcipelly ilabsledahprb%epﬂwlmpﬂdﬂ therapeitiss chr baigtpduped in vitro

enzynes ke the t on- S
eoudh 4 SR B e Sy R A3 PSR e
syntheti® Blynie ofothePlabélgo a%ﬁﬁdﬁi‘ ebz’!}&%ib&ydil byirsass haweahd hévantages of

advant ages of regioselectivity and stereosel ecti vi t¥h
5]

regxosaimﬁxvptmané.swos@p@ts\g@s Toro princjpas §lassss of sezymesiipypuse in
n fer
B e S L ey
oli gos&&cﬁ@@ltwngfetk&@ﬁ Mhmjflgruaﬁﬁtﬁﬁﬁﬁﬁaﬁ;feram)j agdi ghossidasesThese
These enzgrres can be used for the Sg’ﬁﬁ fic, attachnent

enzymgs caLgratssd W th SResHIATAS RS R 8hgarsy WHSHi T 88 SpRyequently
modifféﬁ@%tﬁﬁns% Jtﬂ%a?&ﬁfétﬂl&e './ﬁ%eYnatﬁ'lefye F%@éﬂt@éﬂéferases and modified
gl'ycosyltransferases an t1ed glycosi dases can be

glycosidmes dan bdiusettol directlgnehisfer Irrml;iﬁﬁtﬂ suasuigar ptide hagkbprg @ee e.g.,

U.S. PRGoEnednanh rodl Srp et el GRe Diges dguoitos .
20040%9%@@6’@1@@375%@0%@?5@%8 2QDARUIEBRB 6, @ ofwhlch are
20040142856, each of which are incor porated
n@#@zamaaﬁd

incorpoettet snisfertrmediersin). NWethodsscosdhitingbath demicat

nzymatic s tetlcelerre s a

SR O LA B SRR o -
Q 998?5}{11 WsSpatBat £plicAReh Pelstidafen FV0A0N 8235705higld @48d@PoETRd herein by

ch is incorporated herein by reference). [0013]
refeleF@ét or I Xis an extrenely valuable therapeutic

peptide. Al though comrercially avail able fornms of
[OOISfﬁ%ctrth{/ Iéd d?égﬁ Qtr(éjﬂfl:ffégﬁag%?i%rﬁg E)h nce'ﬁl%u%ﬁQoﬁ%lermally
availab{&&'bmm:@?ﬂﬂanm [Esiroin ush eodagstﬂmbsa pegudesaiaafoe dmproved by
. cop n product. . di .

oo B e ranhaiel S STl el Biphien
pr odu{;:tnﬁrhﬁy &fere frérﬁﬁhé X‘ﬁ@@dsi% 18O RRUSRSer RRBAZREQK] DEpdrtides with

er nor e, be effective for the largest nunber of
1mprowcdef\facuuaiass amd bemsvs phetrelapfaigsfrti@BeFtlﬁh@mms debe effecgiye for the
ndu tri.al

s OSSR o ndBIER opc

IX pePERAmH ﬁﬁﬁrﬁv&@ﬂﬂ@&@&ﬁ%aﬂﬁﬁd&ﬁkﬁéﬁhﬂhe@ﬁ pi*@dicﬂﬁble essentially
readi |y reproduced over, and over again. [0014],

homogenepus atredtyre ieh ean horepdipt ieaodugadiaver.mpd Gyeipdain.
phar macoki neti cs and net hods for

[0014] Fortunately, Factor IX peptides with improved pharmacokinetics and methods for
making them have now been discovered. In addition to Factor IX peptides with improved
pharmacokinetics, the invention also provides industrially practical and cost effective
methods for the production of these Factor IX peptides. The Factor IX peptides of the
invention comprise modifying groups such as PEG moieties, therapeutic moieties,

biomolecules and the like. The present invention therefore fulfills the need for Factor [X



10

15

20

maki ng t hem have now been di scovered. In addition to
Factor | X peptides with inproved pharmacoki netics, the
WO pwss3960n al so provides industrially practi caPCENS2004/041070
cost effective nethods for the production of these
tides. The Factor |X peptides of th
peptidgseyyin %WHHV@U%E) fespenBariatgnes supummrare ahampegkinctics for the
[
et o A VR Eifcie M
need for Factor |Xpeptides with inproved the
t herapeutic effectiveness and i nproved
phar macoki net i SYMMARYOF TdHE INVENFIQN®ndi t i ons and
di seases wherein Factor | X provides effective therapy.

[0015] SUMARNY Ben Hitic ol MYEMRL (Y doBRdIRdd hbdifiestidhoy Hae®R IX with one or
di scovered that the controlled nodification of Factor

more poky(gihylene glycely meistiss pEPis aowsl tagior X yledvativep wathi improved
pharm o@ﬁfefﬁ E}% Rles. Fﬁﬁﬁl%rmlbé 985& eﬁ@ ti%qﬁet%&sq”ok FQ?laBl\é%goductlon of
ar mac netic propertres. Furthernore, cost
the modfﬁedcﬂalcwe IXrptpuiits of tre inwdntiah hevgbaeddidcovsredfind Seveloped.
nodi fied Factor |X pepti des of the invention have been

i scover ed and develo aspect, .t he
100161 S8 RFPeEh g SAL B 1w AP ERston DX pSBAE il the
moietyt NCl udes the noi ety: COOH HO OG HN CH In the
formul a above, Dis _OH or R’-HN-. The synmbol G
represents R'L- or -CXC»( - Co)alkyl. RL is a noiety
conprising a strapght or branched poly(ethylene
glycol) residue; and L|is a Ilnker which is a nenber
sel ected froma bond, ¢ ? unsubsti tuted
al kyl and subst i t uth 5 |tut d heteroal kyl .
Generally, when Dis OH ©7=¢and when Gis
-C(O(Ci -C6 )al ky.p RM-NH. As will be
appreci ated by those of skiljl in the art, in the
sialic acid anal ogues set foHth herein, COOH al so

represents _COO or a salt thereof]%£0017 I n a ot her
In the fggrpa@tabo‘(%@xan&ﬁnPenL vi Hesya Qwép,reaﬁmm% Lngr £(0)(Ci-

Coun IERIL PS5 SO i Dy TR RN D

residues abd Lriab dnkaotloch isX mﬁpberd;eleWetl Hiro@n E’Eﬁiacs isabsticuted o
unsubst1tuté)J alf(l}rf]l 3 sul?sr‘gl%%gﬁ ort IIJ}laS‘l:letltute(? Lgtgrsoa ky?. Generally, when D is OH, G
is R'-L-, and when G is ~C(0)(C;-Cg)alkyl, D is R'-L-NH-. As will be appreciated by those
of skill in the art, in the sialic acid analogues set forth herein, COOH also represents COO" or

a salt thereof.

[0017] In another aspect, the invention provides a method of making a PEG-ylated Factor IX
comprising the moiety above. The method of the invention includes (a) contacting a
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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PEG sialic acid onto an am no acid or glycosyl residue

of the Factor | X peptide, under conditions appropriate
wo eoostobsa ransfer. An exenpl ary PEG sialic aci BCTHORZIN4/041070

noi ety has the fornul a:[0018] In one enbodi nent the

host is mammalign cell. In other enbodi ments the host

cell is pffi ct cell, plant cell, a bacteria or a

fungi. [0019]( I n anot %BHaspect the invention ‘

provi des O reafing a gendition in a subject

i n need thereof i ’

characteri zed C rom ged \coa

subj ect. §he™ret hgd conprPses

adm nistering to the subject an a

p of
;mm%ﬁe Fact or
| X peptide conjugate of the inventiongi;;zﬁkive to
e

aneliorate the condition in the subje exenpl ary
di sease treatable by this nmethod is h Nﬁ [ 0020]
I n anot her aspect, the invention provides a
pharmaceutical fornulation conprising the Factor X
peptide of the invention and a pharnaceutically

[0018]3@ OIie € ﬂmoﬁm? eq{ost 1%919%&111 1 ﬁ)bﬁﬁf SmBments t e host cell is

ages o hvention W be "apparent to
anum&ﬁcekqﬂmnbﬂlbhamaniofﬁﬁﬁgthe detalled descrlptlon that
foll ows. DESCRI PTI ON OF THE DRAWNGS[OOZZ] FIG 1 is

o051 A o s T S B SR o0 e
in neec?%f%rel)@7 hepbin tl@eg@on@ﬁfonqg- cha-lr_gUteriéa ’by-%ﬁlpicﬁﬁtse@%gﬁﬁhon in the

[0023] is a schene showi ng an exenpl ary
subjecte nbisdnatad campn*e@ tlilemi@wﬁ asiminigteyiing éch the suhiepicimagrameof the

Factor égjpcegﬁgeg gﬁné%.feagea Cft tﬁs inye t?(?rfg ttlgec‘ta’lgle qpo‘%zgte gl?eec%rngmon an the

subjecRYAS eRdrhplasedigsatk fréeable by ki ﬂl@tl@a|1§iﬁérﬂ§1ﬂnlﬁeeSI dues are
gI ycopegyl ated with the sialic acid derivative of FI G

(B manngse residue is gI copegyl at ed mnth
[0020]31p16ﬂnp hep @s,p@ctpg@;m‘(e@}lo% PEqVIEs @ maac,%tlgl §>rg¥u aéwn compnsmg the

Factor %%%ﬁg?g{ the %%ﬁ &?&ﬁ’d %&?g%%%uﬁcﬁlﬂﬁa&b@%ﬁ céﬁieg PEG

I'C acl
gl ycopegyl at ed mnth the sialic acid PEG (E) SDS PAGE
[0021]g@thenbbjbets tnd advdnfagenefzhAinvedtion Sl eaparegeto thbseRkdekidk in the

| X, fromt reacti oducing 2(C) and 2(D).[0024]

artfrmpf%@ d%ta’ilgcp‘iesﬁlil © g%pfgﬁ?‘ﬁﬁ the in vivo residence
lifetimes ofunglycosylated Factor | X and enzymatically
gl ycopegy! at ety HCRIPTION (I0PRF DRAWINGSs a table

conparing the activities of the species shown in FIG
[0022]3FIC.00Balhe Frugiurg of Bactdrd Xa ﬁlncrmnacﬂt@rgmgem@blogatloma&tp@tentlal

glycosBﬁgpﬁﬁgggt & ?‘376 'Sleéf'zfg Dist: B e38058 121 68 artfir 172

[0023] FIG. 2 is a scheme showing an exemplary embodiment of the invention in which a
carbohydrate residue on a Factor IX peptide is remodeled and glycopegylated: (A) sialic acid
moieties are removed by sialidase and the resulting galactose residues are glycopegylated
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 I X [0028] FIG 7 is a table of
WO e@sesSHnE ati ve nodi fied sugar speci es of use PET/UR®04/041070
present invention. [0029] FIG 8 is a table of
esent tive nodified sugar, specgies of use in the
[0024lpfﬁ§e%ks 3 QHOMRIRNE [dt?dgd}VOFrP%de@ igfetan‘f |unghicosylaipd Factor IX
d entz{:@ ARIpPEyIMNEE LA ransfer onto an acceptor a
a engd?? g S|a |%ya0|d n%%etly, such as those set forth
herein and unnodified sialic acid noieties. DETAI LED
[0025]DEKER PRI table CPmPaiing NYENIVIDN ofNiDe JpeEicPRERERRENG. 3.
EMBCDI MENTS Abbrevi ati ons [ 0031] PEG
( l.yc P %§propyleneglycol); Ara,
[0026]gﬁ a% 5‘318'3%% gnqgg ot q{f) eﬁu n"‘?& F&I?—J) fucosyl; @Gl,
gal act osyl ; GaINAc N-acetylgalactosan1ny|; dc,
[00270F1G.a638lz; gr@}ﬁmelﬁhtm&tfthbhmms&uﬁmwc ,prcbﬁialﬂtlesl’lﬁwaﬁsgd
mann an1ny| acetate; Xyl, Iosy and NeuAc,
glywl@g&f i F@&Loa oyt laaigsemRpTer o fmph- SONEE t54d280pksphat e;
Sia, sialic acid, N-acetyl neuram nyl, and derivatives
[0028]aF‘Iti ARl QMBS f H}’)%S%ﬁtfaﬁvé:ﬁﬁﬂﬂﬁ'ea 'sﬁ’élﬁ’ sﬁ&(?@s?df usBiBH8 present
defined otherw se, all technical and scientific terns
inventimed her ei n generally have the sane neani ng as
comonl y understood by one of ordinary skill in the

(0029l 5o A1efT8 o Btk VY BT GRS TS e it

invention. cel | culture, nol ecul ar genetics, organic chem stry
and nucI eic acid chem stry and hybridization are those
own and commonly enpl oyed in %he art. Standard
(S

(0030} & EHFm? a@etgblsp S50 Hapstrasi Of BhlodEng hRBLOFECPeEior a modified
sialic &Y@ﬁl'&?e%]'yssucyég RREBRIGHE ge@ﬂldanﬁr\ﬁ’iﬁﬁﬂﬁﬁe%smﬁfceamd moietjes.
neral Fyperformed according to conventi onal hods
in the art and various general references (see
general ly, Sanmbrook et al. MOLECULAR CLONI NG A

L ABORATRY !M@@

Laboratory Pr eﬂﬂ%gcﬁpgg(?f&ﬁgrgg?%qNWmeﬁl chis

i ncor por at ed hﬁ[l@ lfREFERﬁ]ﬁLEMEbDI biffsare provided
ocument

t hroughout thi's e nonencl ature used herein
Abbr&Mlidie | aboratory procedures in analytical chenmistry,

) . ! .
rlwdul organi ¢ synthetic descri bed bel ow are those well

[oosl]mwlpcap@t}@wﬂzgwl)@m Q))b?}f{plfopﬁleh@gl%dl)' AShanaEnekyl; Fru,

techni ques, or nodifications thereof, are used for

fructosyihdirice cogslnﬁ}h]eg@lgctgm @ﬁm%gﬁ-acgpyéga}}gcégsammyl Gle, glucosyl;

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

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

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

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
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[0033] Al oligosaccharides described herein are
described with the nanme or abbreviation for the

woomsHesdsci ng saccharide (i.e., Gl), foll owedr@lyUusive4/041070
confi gurati on of the gl ycosidic bond (a or b), the

1or rin oSi ti nofther
Perfor@ﬁ@ g‘PFé?F 5e q WF f‘ﬁ‘eihﬁés %&ﬁ?j axg 2“ zanops g&“%}”i“le @;Jefe%f%%l (see

gener dl@?%rﬁ%ol@éf@ RloL2BB AVEAdHRE: RfLAtBléﬁAﬁ‘@lg\HMﬁﬁngL 2d ed. (1989)
saccharide (i.e., GcNAc). Each saccharide is

Cold Smrlag éiadtdriqahoqapqrm RPosse, CHASpeng Elartew N1 whighidincorporated

herem%yég 8&6[118?)8% c@%?eg?&)é/ glrthe}os ‘ut %%{Ent L g ﬁquclature used

herein [aﬁ@ artl la@ra@?jlﬁﬁﬁétﬂﬁésqa%nﬁ&ﬁcaﬁ @Hﬁhl@ﬁff Qﬁlldtdi’% Sndhetic described
er

red u0|ng en a non-reduci ng end, whet or not
below argethewcrelbknaya %nd qomemenlyl geipkyeé iitheart Stangerd tgchniques, or

modlﬁcﬁﬁjolﬁg 'tlﬂag cﬁugf@rus R)r %ﬁ&rﬁ{j glag}gﬁleé@s 04 gﬁ&ﬁﬁ%ﬂe%a ses. .

u?e gosaccharrades are depic eérein
W|th t he non- redu0| ng end on the left and the reducing
[0033]eAl obpodabeharidghdescfiiItekeid e deemhedsmtﬂ the name @t ableteintgon for
bon, carboxyl at e

the noé-g%@p qqrfﬁg?rali%é{l eeéﬁ%lii‘ol of n| ?cq guggtion; of thes Iacosuld 1c bond

[ |
(o or (s e Rt (TR e Eﬁ%@%‘% G ke pegridemialveg g e
bond (Py3,a@n6 %1 B), and theachandmdé bleabbadazhm&wﬁﬁmreamlhg sewlliaride (i.e.,

GlcNA'\sr's ; 5 bﬁ%fr?l??élgA aiﬁnﬁ\f za § Q%Y{%w%? r@@?gﬁé\tﬁgwé )Stanﬁfﬁdmcehlology
nomentcnl D@L ﬁ%%lntlglg 3 @lﬁo ngﬁ&g%‘:\/ hrki A0 Y SHTE bresh (19905

si a I C acl er’is
2- ket 0- 3- deoxy- nonul osoni ¢ acid (KDN) (Nadano et al.
[0034](@986)10Q11ar1®scﬂr¢ capseteredohavd 4 580cing 553 ankanamseducg end,

whethd grngtine Sachanidd iThe ARG bR §if B R iRt i cordance

with a&eRe€hof@ndsiite, VEESAGCHArKEs e Qepidet hereewitA€hdfion-reducing end
9- O acetyl - Neu5Ac, 9-deoxy-9-fl uoro-Neu5Ac and

on the defhandhe oedyeingyend NB @BAGEtFor revi ew of the sialic acid
famly, see, e.g., Varki, dycobiology 2: 25-40

[0035](%%1)11'1 “§51§! AGaARES 1o @(}%ﬂ% eﬁ%’f a%@g BF hﬁ@cﬁﬂ&n&grrbﬁxylated

Funct chauer pringer ag,
sugars( 198 ﬁ)o)st cohlnaos yehttres b&thanilio aeddimidy & chagl—deurammlc acid (2-

oS BB 5 e BB 5P SR ch
abbrev%é@MeL%Aclﬁl%aAE QQ3ICANARERLEGBY' mefn%e% Bﬂﬁa f8mAg |1syNPgr1ycoly1-

which th e nmononers aré am no acids and are 0|ne
neurarmwgeatchb(ﬁ\l euh©owyNeaficy én bbietishe Niacetyh gtaup eif eluéfc &y hygltoxylated.

A thircggfllgczac?c} %?Aé&ﬁﬁ%iagr 15 g%gcg§~d%§}?}lf lB éjﬁ%g}acipg:rcﬁé(m 8@ adano et al.
(1986)TOBRAT Chdhh. DB 11 BS AL BIG 57 NKAMEARS: etA 1Bk CHEm! De¥: 228 E1-21819
not gene-encoded may al so be used in the present

(1990)). nA&ﬁﬁtanihdedFazw Preubsitinied siahp ﬁ@d&@lcws 2Ha0-Glaté ageleNeuSAc like
Oq | Ct V.

9—O—1a§t? Fié]éu? po{Dry %e¢§ée¥’ﬂﬁg?u§%\e d 0 Léf{%l%fo 91'6%?%%1{1%%—& Ho 9-deoxy-

Neu5Aandot RReiek d@hasiliah&o fhﬁllﬁ&@ﬂ elg), Y4B, 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

disclosed in international application WO 92/16640, published October 1, 1992.
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i nvention. AUof the am no acids used in the present
invention may be either the d - or 1- isonmer. The 1
WO 2@6/083950 s general ly preferred. In addition, BCTE82004/041070
pepti dom netics are also useful in the present
ipvention, As used herein, "peptide" refers to both . .
100361, RFBRLY rfeado s gy BaG P BLPTBETs e aming asgis and are joined
togethéitatHIR Aot Ia#EmatiPaY réfEfed REATINRRIYMde. Additionally,
08¢ al ycogyl ated by ’51 sys?tle trhateexpr é@ge%&?hee pept ilgréa.1 y
unnatuFgraneng ecids, dbr axemiplys-gasne, hetsdlacindand-homeoarginine are also

oo TR b S 8 0 B i
FurtheMR5, arﬁino%@izirsQ §ave b&gmdiﬁgmfih&%& reRGRle F6ups, %lycosylation

conj ugate,” refers to species of the invention i
sites, pefinedrs.aherepeuitid endistiaspbipugpéecelts wind thedikewehyf dlerobesusgdin te

. set for herein.,[0038]..The term "am no acid, refers

invent: PG e AGIRiA s RRY b P oL A D% ethg e S or1 -

isomeMelte [agsomRt RYeAGh Ny BRERUS BlidainNetheChdptiabiiahtis are also
that function in a manner simlar to the naturall

useful g thermresat ianemionadisdised hereids Aepyde Tty forkpla glyaesvietediand

et B RO S i R ARt Byt

systen et @pydrs&l thifeptide. Ear Hoenegll ubdem] ®¢, Sptbla, A. F., in Chemistry and
. . O phosphoserine. Amino acjid anal ggs refers to
Biochepigsp eg Aaninp Acids Reptidpreandiratemiss Be Werstatbds-s Matiel tiekker,
y occurring amno acid, i.e., an a carbon
Newﬁ%,?p.?gyggﬁ% to a hydrogen, a carboxyl group, an
am no group, and an R group, e.g., honoserine,
[0037]nbhd eumi“peptidaebiiugate.iiecfousl th opéaies, of et iniventionen wétidhyd peptide is

. sul.fonium h anal ogs, e nmodified R groups (e.qg.,

conjusife ik Mopith gt s B EEre. backbones. but t ot o

the sane basic chem cal structure as a naturally
[0038]OFlEd fefrh FHEm 1 43R a6feth toNATRA 6 cdrrfignmitlisoathe®d hfota@ids, as well

chem cal conpounds that have a structure that |s
as amigp f¢id eaplogs enshAntine agid meingtics Hehfumationsinra r@aes sigtilagfo the

. A ih g ' et i |

LA S NELL OBy TR ST Al v
geneti@cods, 4s whlehdhosd dmins atids shdt arekleter aodifiedperpg hedroxpdrolne, y-

ti de sequence Lefe_rs to both.the D and L-isone

pe r. of
carbOX_tya@ltaamtﬁ&n &-Bhosphoieripe-o S1HPS Aol gRalges iefras bo qapepounds that have
the sarh® BA8E g?hen{i?eﬁ 3Rt a@%@ﬁtﬁﬁpfb&mﬁﬂﬁrﬁfﬁl@) eid"Pi {d &8arbon that is
sugar," refers to a naturally- or
bound no A hpditoges lal cptbosyl grong, anzantioh gouat andtdnal giawip, .g., homoserine,

norten e Rl B iR AR AR, Sy LSRN moviti
R groupB€e B0HbAdiRfhe§ HORBdIfRI Eﬁfﬁ% kb IRN it PitaTh e RERIFEN IR hemical

substrates including, . not limted to sugar _
structupiad @oatiddly o¢ensring amgio-acidingiming agihudmpligsasiers to chemical

compfjl YA B SR Qv s B TR RS E ey Bt of o

amino Avidl B@tthateenctibien 2 p@hEl SElilStIGA natirsll € 6dcakedH dfino acid. As
functionalized with a, . .
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.

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

of a peptide in a process of the invention. The modified sugar is selected from a number of
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"modi fying group.” Useful nodifying groups include,
but are not limted to, PEG noieties, therapeutic
wOoi0sHsWS) di agnostic noi eties, bionol ecul es apdI/UR®04/041070
|i ke. The nodifying group is preferably not a
natural Iy occurring, or an unnndlfled C rbohygrat
enzymq pigbsfraies gicdding, Rut s diaitesde sesT RHEIROTdeS (MERGT (irrfd tri-
dds @&s [‘ﬁ’k AEWQIH shdfs that
phos R BT s H b Ralils ERE T L oG AR s that are
neitherpefivatednor rﬁmns@hda’sh el Heehmdi fiwsdt segars o$ ma@nﬂyéﬁmt@nalaed with a
leties,t have_ sone det.ect abl.e degr of . -
“ModiF RPN { y TR AR LD VB RGUE G o Rerion TS et mejptics.
therapé’ﬁ@it: ‘?ﬁoéﬁésug’ﬂagﬁ&sﬁc RS 310111'18}%%6& gnd ’Jﬁ@ 11§é t ThERERVREeroup is
wat er - sol ubl & pol ynmers incl ude £e ptid sacchari des,

plefera;bbl g&(tetmmrsljy oputnrgant aresjmodifie (:arh@lmlxaye i Ehfahqcus,@f and

ﬁmctlogaﬁﬁggg aVl‘qu t‘ﬁg n&%ﬁ% n%agg?ﬁhii\é %8 gctgc? s%cshetﬂe%lt p&ﬁ)e% (‘Ig g@@e%t the

“modifsl KRBT Ve il SRR Mb Al lyTo aq;leptﬁ@d al ic acid). An
exenplary pol y ether) IS poly(ethylene gl ycol).

thyl |
100401 et e YReEgolublF rater 3o mdistiss U VeV DTS Re Rl Ryeif
solubilft 'ug Yatel 0 od} R d@cQ&%HE/ror ge pgfu)? te? olhﬂl‘ﬁty ate well known in the

t'er-sol uble po ymer can yl'eng gl ycol)
art. Ex{eimpary RE®r- soll-thbepcﬁymerstm«ﬂhdm}bdlbtlﬁes GMhalﬂ;detsgmblyGaElIBrs)

B O LR ——
compob&d J H&5218 Elm% IiE ter@’ | R8I, 014}1 ekEmpREepsIeshctiriae is

I ncl usi ve and not exclusive in hi s respect The term .
poly(sirEGad¢i | Avd eserpplhyy (el y(giheras mly@m»lenerglmw) Joly(gthylene imine) is

l ud di f I L
an exciBieY b iseed Frdgitsbet irsdist B roliRne e
(i.e. PEG or related polyners having one or nore

[0041]fﬂfé0ﬁdlﬁﬁﬁ4 ba@kbatieof Heeast-sdlable pelypk yakbe pelgieiniek, glpol) (i.e.
G w th degradable |inkages therein. [0042] The

PEG). ;ﬁéwwr, theholkisbbreundsrriond thatpihgr relpted @a}yénféﬂareeﬂsgﬁélﬁ@%le for use
o RIS BESDGE S BAPSAAC B 9Bk ahe
1ntendézb1ro€berm¢1&§1ye amdingt e&blumad: it tjmsa‘éspelcn €Hre tpah PREErinclhdésns

[ i th | R G.i
poly(cihylfic el opDd Ame it ol CRAPIes ALY EE@pQI@&CtW%é
multia®fid PEQN R I HYY | IBRR X PE@ béhdéat P]@G% @@B@bﬁnela‘@é&pﬂblﬁ%ers

glycerol, pentaerythritol and sorbitol. The centra
havmgmmm mare ifetcyionad rgraips petdentiter the dlyfren hackbore)abr BIFE wGth
as |ysine. The branched pol y(ethyl ene
degfadg'}g‘ﬁj@iﬁgeégﬂefslél represented in general form as
R(-PEGOH) min which R represents the core noiety,

0042 SPKchQ &l BeRb&e ah bediRbaer bidnchéd| Braasttdrpolyepsréacitiches are
[ ! %ger of arns. Multi-arnmed PEGrol ecul es, such as

gener a%lm dfgewael@,ﬂweu a5ie Al vipically St bipaghedmglynzerdgs a aertral rangh cote moiety
and a plul%.?{}p(?fr it gldp(ﬂymer 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 lysine. The branched poly(ethylene glycol) can be
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
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reference herein inits entirety, can also be used as

t he pol yner backbone. [0043] Many ot her polyners are
W@b®s/05395¢ abl e for the invention. Polyner backbones2004/041070

that are non-peptidic and water-soluble, with from2

to about 300 termni, _ar ticul arl ful in th
molecrlgy GHeH BrNOALABIEY 1Bk Al & PoriprerEieh it ngeBorat by
refererﬂ:‘é%efé?{i li'tsr@nttﬁéjc 1@n a%h)%rus&%%ﬁ%}gw Baklib¥go! s) . such
as po ygbropy ehe glycol) ("PPG'), "copol yners of

et hyl ene gl ycol and propyl ene glycol and the |ike,
[0043]pilayry otbgepdlymatsede plsp yeilaple foothe(inyantioni Eokyimesbatkpones that are

l.yvi nyl l,i.d - : .
non o IR RO e AP ko0 BT 5 gl woetl n
the inv@&ti6h. . ERShMEY bsbitable R@B@de}s inPRkdy, e arhaz @itted to, other
ol yoxazol'i ne, pol y( such as

) . acryl oyl mor phol j ne),
poly(atierideighesals)rpuch & pestpropwenesgpd) @%HG Inpdrofymers of ethylene
glycollcag% g{o@a&‘[ae;%‘é ’%%Ecg%/ %r%cf {1/1% ﬁlﬁ@,%%gggﬁfﬁlﬂ;}g%tg% E&l?fﬂ@?}éd&?@ie)ﬁmca{lgohol),

nmers,

poly(vﬁullmi:wﬂaoh@eg@@t@@w@prmlmm@ﬁamam pogbrhydkortyheid),
po

pol yer backbone “can vary, it_is tg,pl cally in the
poly(virgh glsobsl).frobynhabrhaze e polpexazeling oty (W eerdadmpaphodipe)e fich as
£ rom t 0, (o] X .
s $4PTEREND RSSO v}y iR B ATt v
and copOlin®xd, tabolgaitrs)bsd Biiktgs theped! ddodghithetnoolecybatwedglit,of each
_I1s defined as total area under fhe curve tF t
chain fethe pplyesr backbepn eBhYa Bl AYRIFLE I GhS 190E%/S Eomabout 100 Da to
| i i {d ' of time from
about gd()edﬁgwt %5,i Nt n%%gg?bggﬂdgjg rﬁTah@S%bglrnin " all?{-dl ife" or
"tVz",as used herein in the context of adm nistering a
[0044 &l Faten whrdeg theccuaveFat iARIC”, psusdd hiereddingbe cordextiofadministering a
.required f.or plasm,concentration, of a dr in.a
peptids Gk relStie B BT E BT Bive e e BB s o
concedtfARdn QR ArpAhisybtbih® AfsRtioAtethe Watibnttahe fRdioh @€ tifelEhm zero to
~_ _depending on nultiple clearance nmechani sns,
infinityedi stri buti on, and ot her mechanisms well known in the
art. Usually, alpha and beta half-lives are defined
4 & -he al phau isS. i i . . . .
0045 26 et el V2 AR 85 el EBE B Seliinisiring p pepide
drug t6 b @atiangce defiasteasahe time réyuied f@i plasttagmctdiationoé a dhwgrin a

th t [
patcnt o4 6 T Lo PSRRI O DRSO W soetied Wit th

peptid% gﬁ%ﬁbgﬁdlgg oR Rl AE S leafaBPd fheBRMANRD ?e?l?st%&f?‘)h?&ﬁﬁotﬁ&y

ated”via receptors on macrophages, o
mechaaistot el kisdwical the atth &fsualbyg elpha 2ed bea hilfidivesyate alefingksuch that

the algla Bhgaegs dssodpisnontih Bl e idhy R Rty oORTRRY fut
clearafé%;.‘ qJongé\féEE\ﬁigﬁ Brotdih kg8 ta® Brel R tHMBS PaftScoMfinBd adlthe

ective radius < 2 nm (approxi mately 68 kD) and/or
bloodsitvew, fliete ean et dgaetcivia edearance 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-
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
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upt ake and netabolismin tissues. dycoPEGyl ati on may
cap termnal sugars (e.g., gal actose or

woOR@smpsighgal act osam ne) and thereby bl ock rapi PICHUSIIE4/041070
phase cl earance via receptors that recogni ze these

a It may .al so caonfer a e ff t

decreasgrfie ¥ ARSLR deScH BHR ST SR isbE oF A TG ey beta phase.
mhus, SR BHEK S pHILELYARGRLRIBMAGR B el pise v
vary dgieadiegapaon thetsazep hta‘ste)ﬂgzhjtcbsylatms alwl dthenpargmeterseadis vegll known

. the size,. ] .~ql. n
inthe 1 Birthee e RLOR o BT g oot 5 raracEiies? Bidremology
(1997,8%A @RGhingln 8hd RBSihddihf eds. 'Harf»\@@ﬂ' PublshBRARRRERE4h CBp 101 —
Bi ot echnol ogy (1997, DFA Cromnelin and RD Sindel ar,
120). eds., Harwood Publ i shers, Ansterdam pp 101 - 120).
[0046] The term "gl ycoconj ugation," as used herein,

[0046] rghaeet][aﬁn L0 Eé‘c% %{5!&?1’ LS Al MR AL AT, § 'n‘igi&]‘ati@dttgﬂ{tecﬁated

ugar e€ci’es” to an aifi no aci

conjughfiéi etemolifedRobarpepditLe, an%ngno adid oFglyt syl i‘e)éldne pfade
substrat e. A subgenus of

polypepijfigy e - meagiosd Rpwptids wbﬁtﬁt%eyco 4&93 % glﬁ@oc@tlbtgﬁtl‘at is
glycoti lf’% foB"’qg whittfthe 'ng)géh;r % lgy SEAE ngel oh ?aﬁﬁ‘ goﬁfl(éﬁﬁrlene

I've ctive derivaflive .
glycolHZhH ElEga dm@@@%@)g t et QS or rﬁaﬂmwa’]der”fmwb ée.g5 HzN-PEG HOOC-
PEG "| arge-scale" and "industrial -scale"” are used

) thete8F changeabl y and refer to a reaction cycle that
produces at |east about 250 ng, preferably at |east

[0047 R 0RMerROVa¥B.scABdadPiBd RG] 8EA! ite Bed iaREdhanfAbly dnd refer to a
gram of gl ycoconj ugate at the conmpletion of a sin

reactionegwycleithat pchbtces atfleasghout R0 may pielerghly @blsgst appiiidO %gng, and

more R%ﬁf E%ly atﬁ%aéf gtgﬂu;c] g A 5}61?'% &5 ggjcgé’o% &ggg%tt %ey c%?@*)ﬁt%i i adéﬁfﬁlé fhaction

cycle.moi ety, bionol ecul e) is covalently attached; the
glycosyl i nking group joins the nodifying group to

d h '
o ok STl e TRl

Wthh%%?d @tﬂﬁs%/%' %g@%h?ﬁ(}t ﬁm@t}%er f %Mﬂl(@ﬁ’l@fé‘[}p ‘btomolecule) is covalently

ept| l'i nkinng the agent to
attachah) tlmglmms&bhﬂtmt goup Jghydxoswdlfym growp trthe nempedariodghe
der iwved froma

iy Rt B A B BobR g i
attached Oél &ﬁ?ﬁ%"ﬂr un%@cé@laﬁéﬂ ﬁéi)u@@'tﬂer@wdhﬁlhn kh&-%@ﬁi to an amino

resi due of the peptide. The cosi/‘ I|nk| ng group can
acid aidonglyersyhasidde de theesptide. rﬁ lyleesytl atcmgercmtg rAggengrally derived

from ag‘gg%cﬁﬁ?c];souzggrm y th18 )en%jyélggtcfa)ﬁaé}%u%lt 8?&0 n%dﬁe@fjsuﬁytg% an amino
acid ah@bN@Y RN fegiadelof ite Peptidy. TH@%l@oyﬁldﬁﬂchng grolp bgh o Dsgecharide-

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” refers to a linking group that is derived
from a glycosyl moiety in which the saccharide monomer that links the modifying group and
to the remainder of the conjugate is not degraded, e.g., oxidized, e.g., by sodium
metaperiodate. “Intact glycosyl linking groups™ of the invention may be derived from a
naturally occurring oligosaccharide by addition of glycosyl unit(s) or removal of one or more

glycosyl unit from a parent saccharide structure.
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may be intact. An "intact glycosyl Iinking group”
refers to a linking group that is derived froma

W@ bkaos053950 noi ety i n which the sacchari de nononeCT/URENN4/041070
I'inks the nodifying group and to the remainder of the
conj ugate is not degraded, oxi di zed,

[0049] skhsi tEY ngteshRE ModYe 251 u?‘?ﬁ‘tfé?é‘%lgang%%@;ﬁpe‘FlP%‘ibﬁh ﬂfg%egqy?sgely
localiz®fin 4 P&rtibMUERMsLOBr f@gﬁ)gs)? éﬂeelg dd¥e AR BatitRl 1%' 'Erféldta\(ed by specific

occurring ol gosac y “addi tion of glycosyl
reco gnit'rdntc(fsn)olmularehminanfs mokecolar sive ef Gk yargetyilg agant orfaoomgate,

ar ent I de. ct ure 0 49] e m."tar etin
fonic figregigns: PGGORAUE Ertins pit BP S0 OLse Gl minth it an
agent t§ %I pﬁ?ﬁdul’a@ hi¥suleQs %%16@aﬂeﬂ<n@wﬁ% tidsd bﬁé’klll i thed %rto [ExteBl L)
Kl ocal i zation is nediat ed é% ggKFIfIC
targetm@mgﬁnes ing d@fanhwb@um@trbosiﬁtf@gmen@nta:nsfemn Prigtscopiogein,

s B FI00D A PACR o RRTASRLR, AR, pF, RO, s

proteirf(B.8l, FRECRANI SVIHa,OV1IL, d3Kg&td Xpardhthagieat to a particul ar
tissue or region are known to those of skill in the

art. Exenplary targetinpg noieties include antibodies,
(00501244 syt ALivEIReRc TPIEHE TEFIS ATY AEETG P@%&lpﬁ%w@r%y including,

e s e

radioadtbetagests VI‘TherAficutic nMIldty” incXidesmprbdides afitioattevel agjcets constructs in

sed herein, therapeutic noi “.means an
which Gy theg G TEvanSHLE HSHES{S HOHER B TG I peas
Theraﬂe‘atlc BMidtP hRb infcFuded Bidteih O hh PETIRLAY tRERRISRle phdtéins.t BR&Hplary
drugs, cytotoxins, and radioactive agents

proteinsTthendg dut arc nn’oluuettgd to, Rednvdesy tePoldny gimotating @a@ﬁor ((CSF),
Granul??gytgﬁ\éaqrg ﬁafo(ng %mg.ﬁ? %a@og?%j@)?lr@er %e rgxtterferon-

o, -B, I ahpeutih . gvhﬁ&ryeu@hﬁn) IsBGhiisle eimy @tgelfraStowII VIla, VIIL, IX,
constructs that include proteins. enpl ary protelns

and X) ﬁhllrrwaié;hobmmca(ﬁ@ad@ﬁropm miﬂé,‘d Ecdhclasanwllajmgt}éor@@mg OSH) and

Luteméélg thgl A g%d%&né%? 5%910@%)%%%8 ?é: % nf\gp?rg[ﬁ%cﬁ’os(@ﬁactor

Recepﬂo@((qm%doﬁxamﬁlsmn%otehﬂ jerleukin (e.g., Interleukin
I), serun1prote|ns (e.g., Factors Vi1, V'Ia VI,

JHunman Chorj oni ¢ Gopadot r opi .
[005111:64; use@h h@reg@,. ﬁhfllf&tapﬂ&lcﬁlé}’ ﬁ%fﬁetabhfgaaﬂeanawﬂ@@w&mﬁ@ﬂah which

t f .
e QGOTRRE e AT, BB L ST, e i
the sutje@k emn%ul)ae sysBéibd | Ean]sseldc]Iuée éhiuh are"noh Amntad ey taing af the standard
acceptable caryier terial
pharmicgf P SarT e ﬁ%aeb?ﬁpfr@tst fpenle § I%WJ!\‘{} GwlfShs such
as oﬂ/@&ttei éﬁhﬁﬁéloﬁnﬁld' \%tf&ﬁ@?@@@@ M!t%n%“ag&ﬁ hg e IrREk n8ay FBMBlude

systens. Exanples i are not limted to, any
sterile @blutibus, satbiﬂ’usjmphudpiganomdé@hlete ahd capsnlesr “§ym€¢dh’ gich garriers contain

6X01p1§{]}% ﬁﬁ;ﬁ%ts %ta:?cllllf LS eéjug%&rjl Icle in }%eléltof gﬂy, éN{fl tln Stestio acul:l O 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

conventional methods.

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

suppository, topical contact, intravenous, intraperitoneal, intramuscular, intralesional,
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as oil/water emulsion, and various types of wetting
agents. Other carriers may also include sterile
w@od0ansnes, tablets including coated tabl ets apdI/us2004/041070
capsul es. Typically such carriers contain excipients
) sych gs starch, mlk,.sugar, .certai.n t s of ., clay, .
intranagg] PR FyhiASE i OB RIS iogy Oiclap FEPREHERPL S HRYREFtRIGIce ¢.g. a
mini-oGRbtF oﬁﬁfﬁﬁ 8 teAluBject A EminVie@BbRARIE dndlrSut@inddiSe p&efRral, and
glycol's,” ‘or other known excipi ents. Such carriéers nmay
transmuedosal (e1gcloudendshlavaginangciabloo irapsfidimaly.eBarontexsd hdministration

. i ngredients. Conpositions, conpri,si.n uch, carriers are

includep e LGS WBPRC i At TBGAU B PoRERdae hotRe e tus)

intrapeAfoneSICHtAER Bular, asMinfstfial. MloreoVBR e idection is to treat a
adm ni stration, adm nistration as a suppository, )

tumor, ¢ gpiiediice @paptasis, administationauay, by diracipse thegwaar and/or into tissues
i@t r ' | esi - anas -

somoul B AR, el ARSI SAAT) s BERL P g vgeof

liposonsd] Q¥nidhie@seindavinoas Bifgsion, arafddeimalsimedhies, epunp, to the
subject. Admnsitration is by any route including

10053) J3 i mslisraine’ by “ERLGHe e © dos e el puceets in the
treatmet BF Qhﬁﬁﬁ)ﬁ)ﬁl‘gggp oGt ?r&lucﬁnggang cglir?écrtiQX 8P Qﬁ?cti\/e parameter such as

I ntranuscu Intra-arteriol e, intrader .

abatemsnity cam iasien us diniinishiag ef synoptesis or amimprogementdu b gatierds ghysical
i ntracranial . .Moreover ere injection i.s to treat

or menial g5 bedhiy A8 ShsHBPBEI e JR RSt AN seUNe kg Hissive

paramerE SaEluNinkhd RSultsWIAPpheRidIkamMabioh hA®HLS pSehia@ithélafition.
the tunor. Ot her nodes of delivery include, but are

not limted to, the use of |iposonal fornulations,
[0054] | Therterwe fberapy hielies B treatingh ob SFealneIya ot b diseass ok coditins]
. . m " i i na.. " L] .e"
etk 56 TSR B R o ATRLLRGR S S Bl oY
predispodtliotth® disedss Gutidbies Gotyet erpdrizaté veexbibissieems vthe disease
par anet er suqh_gs_abat_nent, rem ssion or,dgpiaishin?
(prophylpctis, reatmart).dphigRing ibs deate (HOWIRE o1 BHEtEg s deyHoRTER),

provididl rERA R Jles('gn?ﬁtjn{’sgor SR FRIARdi0LasS ViTDLAIS A0S

on o ve or subjective paraneters;
treatmenie andesalilevmgahe disqulay Gavsihg eogasssivatof the diswbr a
psychiatric evaluation. [0054] The term "therapy"

refers ~treating",or. "treatnent". of ,a di,sease or .
10055] dFicadn GHSCHES BBPRY” B canctiee b cata ¢ Bn o AR RuBally efective
amoun®RGhy loPiinticely 8GEV1EAt AGn Mead tBO BNt ithea! whdyadd@nistered to an

predi sposed to the di sease but does not yet experience

animal dpr tesatingiatdisppsge isonislicenttie effent sisateent frdhitylissase: ¢
treatnment), inhibiting the disease (slow ng or

: e | _ > dinms rel i _
05 3555 945 TR o BB E on
compopétts, ivaitly retuseddorprodyce tiendateehl, dor pgptidescodjuges ef the invention,

the terth P A I OO o b O DB o e Bpimcpomponents
which ndrRIGREL Sy e £ibfeBGl iBe mixture used to prepare the peptide conjugate.

“Isolated” and “pure” are used interchangeably. Typically, isolated peptide conjugates of the

udi ng

invention have a level of purity preferably expressed as a range. The lower end of the range
of purity for the peptide conjugates is about 60%, about 70% or about 80% and the upper end
of the range of purity is about 70%, about 80%, about 90% or more than about 90%.
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anmount” or any gramatically equival ent term neans the
anount that, when admnistered to an ani nal for
WO e@ansirg a di sease, is sufficient to effect tPERURINL/041070
for that disease. [0056] The tern1 i solated” refers to
terial that .is substantlall ssential

(00575 P SissoHER EQ UG Hoee sk abed OB VerHiEeheh glhitids 3 also
prefersz%r @}Eﬂr@gse? B9k ¢ dé?l%gt ifle 15N HBE B réﬁ ehdg?u?gf\’@ Bb&RM0%, ABout

ol ate refers to materi al
92%, zﬂl@bS?%I dbalt §6°6ror ebegr¥8lal The Wppeeerfdraithe smgo apurdy is about

922, uEP PR B TR ERr e DGy ) cof ot e “ana

"pure" are used interchangeably. Typlcally, i sol at ed

[0058 PRt ded & i iHEBbE snyodrt-tdeeghinuEREhed ob aveyss (eq Manbfintensity on
purity preferably expressed as a range. The | ower end

a silvepptained gelanglyaety gmide ¢ desirophrsesie &{Plefé O Brif IO tBANR s
about 60% about 70% or about 80% and t he upper end of

[0059];%%&&9? eBh fn'btﬁy %fotﬁ/a PQQ’% oh0%s ﬁ@cﬁﬂére g@sgﬁBqueI 90%

han a out en t
characteisfivi gAh espulattormf eptibiecongimates of @9 1pwmsxont1m gihich a selected

e G Loy DS R ST 35, BANE TS
sites 0%%?(8 P gyt “l@s‘k(ﬁuﬁ%&%h RRper oﬁﬁ@égglﬁ%/ »§ @aldd Rpele end

range of purity is about about 94% about
“hom@,@%u}a e 98%m0 rthealmmuﬂe mtj%mdﬁowno@lﬁe@ SL}gaPanqi rofers o

conjugagesgof r?leggg%nl%% gﬁg} ! t 3 ie o gaggé}fqug gg‘ye]()rgfeﬁgtgy 62 east%%o&’c 90% and
more RefeyALY ¥ 1848 dso@%%elhcﬁﬁé caplroresis, HPLC, or a simlar
neans) [0059] "Essentially each nenber of the

ation," as used herein, describes a
[00601[:) gﬁoa@eéml@s | refass tothp sisuatare] epnsistenpe pepRa R aligaod gcoeptor

moietir%%’gxl \Pﬁicia MEaRbARRg é%ﬁ@%ﬂ% Iagﬁj Bg p%(l? ggﬁ%f gled: gﬁﬁg@g&ﬁga’c& Bfthe

sugars a
invention ihiviHieh eacﬁemdlﬁ@d sugacepiety issohjgatod td d{reaqaepibr siee having the

same %tf%ztsﬁa%?r%ﬁ é%@%fac%hsltg?on?v r@hgv?rté(g ?‘é)ozlléta 4 on,aldfg %8%51%&8 the
peptld@ Qaﬂmﬁi L ?sdsaid)to%e%@h{ 1%, ﬁMﬁ@éen@&% r}%r%%':entzi‘?y is typically

onj"ugates of the invention, Which are | east “‘about
expre%éﬁ/as praager Tl lovar ehdabthe aatngatof o ganditpbecthe peftstegbhjypgates

is abo%éﬁoléﬁ g% Btm oL ahqui o ?ﬁ‘?oaq%ﬁgﬁ%%qu g?fﬁé',(] tB% .F_!ag]gg %gggriitty)ﬁ Iallbout 70%, .

about BORUARIuk 90:Qr 1866 SRinAboI(8L.l €s to which the nodified
sugars are conjugated. Thus, in a peptide conjugate of

the invention in which each nodified sugar noiety is

[0061} Btjen dla paptide camvareseie grore fhas ok gayahép atat %ﬁaélomogeneous their
homog%laltﬂ? Iisl“% S}%ﬁfetreﬁﬁ% %‘Ec%%%%&g)a 2 fcfttng% L?hmlv&a? Y 6F de 4 of

ar hepti de- conj ug
homo geﬁtlledy ismboat %% Ldboh 096 hatmnpeiiesdbout €Y eb®it 98%4. ST he upper end

PN RN R ST e A T
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

relevant for other O-glycosylation and N-glycosylation sites.
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I's about 60% about 70% or about 80% and the upper end
of the range of purity is about 70% about 80% about
wOMsos598mr e t han about 90% [0061] Wen t he pREL/US®04/041070
conj ugates are nore than or equal to about 90%
nogeneous, their ho geneity is also efe ably . »
l00621e %m@%@allhgnlgo%ﬂg%o Ro0 fybstapplgntiEn rgi}ﬁgé%mon pattern,
AROUecROK 1e2PRUhe SG¥ntARVitacEH6r AR that
when %gé(y}ﬂgfbeéb%%cép% 5#10 I%ée?éo@nde %f tn %&r ar?éé;eﬂ)ofr pur i tSy *
are glyicesyddtediby ﬁﬁo/glycwsyﬂmnanﬁdl%e abntﬂesgﬁ% ﬁlbeﬂyﬂtr@ﬁ%r@ﬂe) abaut
100% honogenei t eneit

examplio i GPRTg§ SHeEaT g riadsh FeHe gy RefigRt e tation pattern
exists ’Fﬁh@&%&laﬁ? %m%st (féffngﬁ PR of {ﬂeld?al]'} f‘4t(ﬂ@NQr t%aﬁ‘d ?al’ylated

ogr aphy- mass spectrdnetry
analoghies mbﬁeoﬁsmlfaécegllakalsﬁ fa pe8dy ma_:]@atemfshe irwamatmf It Wvilly be
"spect ronet r capi ectrophoresis,
undersigng oriane ot I TGS 61 G S R gy SEPGP 18t Sy e
s pglPEl £ AL KSR QK R RGOS AL e e
percent ssyddtidnakillyinelndé aroep@l mohsivh diat ave gb;aiosﬁmd by\m@methods of
referrlngtoaglycopeptldes eci es, [gersto
the inysatiewres 268 a5 thase GEEAPEN PRIFEASI Beadsnalicosy tegh 19&16%%%198 gnaterial.
by the glycosyltransferase of interest (e.qg.
[0063]§ PHORY ML %ﬁﬁl@y%eih thEMove efiRtiBns b@‘sﬁﬁk@a&ﬁﬁ? vffern@lgederally
ucosyltransterase, a substantially uniform
meansfat dmstycibatli 400 e fi¢ast abosk 7@t satilfastativst 80%0) el gregirefefaby at least

o e s A st

partlclﬂﬁ’rngly'&ﬁyﬁraﬁifefag@ aﬂerg\l?d'd)tsyl%d Fbr éﬂakﬂpl@&félﬂéi%rsll)@p@tﬂdy conjugate
one inthe art, that the startin

1nc1udrmgl S@:rdmkad rgb@p?ag eyjdues et leascaiorb FO%m3 0% Yo, (%‘Vg 97‘V<|>, 99%,
0 Ga s
004 Y5 S5 GO b S 0 LG TRl g e

the safi®igBlcb§a résiate O@W@leﬂﬂl}ybaﬁﬂ tatileckabie JeheesitRichods of t he
invention, as well as those acceptor noieties already

0648 o o LA B L i P T 0
Writtelig@}q?ﬂtglt&f% hght! Yneg%ﬁlﬁf ncgl%?gsrs%é heREIS 1@5ntic§?§$bs@tlﬁ@1% which

st "a |'east about % or nore
Wouldm'-:ﬁﬂieﬁr(ah lvgritatg the ststctado drom SE64to daft) et i Cle@e fssintended to also
n?:t[ﬁrably at | east about 95% of the acceptor noieties
remef@ particul ar glycosyltransferase are gl ycosyl at ed.
For exanple, if a Factor | X peptide conjugate includes
[0065@T§@fenhl“a 0> g} VG615 ¥t ad (R (TuastheRdubk@@sit rab@s unl@¥otherwise
0% 95% 97% 99% 99.2% 99.4% 99.6% _or nore
statedper sztfaegfé lor yragghesb/@mfn Ph @yqbé By iigearbpm radical. 5 sambinagian thereof,
h ‘S I : :
whlchtrga}{l% 1%‘1’1 sat gle rc?'}'{gosnlg ad eﬁﬁ%%&@fﬂt%@}dg&é%cgpﬁ %le El?&’ﬂl‘altwalent

radlcafgar ﬁ&tﬁflig ﬂfe&mﬁﬂﬁﬁ bf ¢abbrbatoinb desigiemnvent € eGal mednswine & ten
or nul ae
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)methyl, 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

double bonds or triple bonds. Examples of unsaturated alkyl groups include, but are not

~ limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-

pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers.
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witten fromleft to right, they equally enconpass the
chemcally identical substituents, which would result
WO e@s109%95¢ i ng the structure fromright to | eftPCEU§2004/041070
C%EC) is intended to also recite -OCH 2-. [0065] The

al kyl ," by itself or _as part of ther, . .
The tesgy bglm aessiasbangise aRicds 5 AsoRaraRt Leineindr dise derdyatixpyyphalkyl

“ y i tﬁe?c%&ﬁx'nt &t
definein BORMEUELoAND, dhon 88 CHNERURY LY BIRAT PR (BASHE Pufedlo
hydrodameism-groupsoe ;emmsdit‘hrrmtaéldyland can i ncl ude di - and

mul tival ent radicals, having the nunber of carbon

R R e SRARERS T T R
denvea %hpﬂealksw a@é@rﬂym&iealwﬁth@%ﬁqﬁed %Wﬁ@ﬁ@ﬂz@ﬂz— and further
ropyl i soprop n- bUtﬁyl t-buty

mcludi:%f(hbm grpupssfé@c ;blelovwst fh@tf—‘é%lkyle@c diveise eynr?élfsﬂ;i@r alkylene)
group &Xﬁ h%\f) ri?@rﬁ'l%%?i’yﬁfboﬁ%@rﬁo gﬁth%ﬁgse t%ﬁ?{fﬁ% 21%‘60% k10 R rfewer c}?rbon
atoms beig préferrethinahel pebad idleliibn. gAO‘ltpNerallqﬂféoﬂ’fa(vwmlbﬁm@ns a

nor e doubl e _bonds or tripl e ﬁonds I es og
shorterghagn Ykgk @dlaleag Srofm gpaerribE hayieg elslﬂﬂor ¥ WL T3Oan; 3o g

to, vinyl, 2-propenyl, crotyl, 2-isopentenyl,
[0067]2T)}&|@féhﬁ§j"eﬁﬁé§g 3 “a%(ﬁalﬁﬁ%t’ %ﬁ’a @em(%lthl@ (o'r tlﬂoalﬁ@)@l) %gé ﬁs!%}dllﬁ their

d 3-rropynyl, , and t’he high

conveﬂlmmal pyse, and rifsooehese 'Elk:yl Eeeups a@acﬂaydl td thaméreagder of the molecule

ermnse noted, 1 s i nclude those
vie QRSP B ek B UG A BB | bl ov

such as "heteroal kyl." Al kyl groups that are limted
[0068] Phdneeth OheERAIKyYP BY ﬁ3t§elﬁ6161nto©ﬁfm£htloh viiednoser term, RAEH Iinless
The term "al kyl ene” itself or as part of anot her

othervgseosated, lﬁeimblw&%@t & éranah@ﬁharraar exalic ydiogadpon rasheador

comblﬁ%@gﬁ&e@ﬁﬁﬁﬁﬁhéy t?x Ea?eﬁﬁn@ﬂ% hgé%&?ﬂ%tggﬁ an at least one

heterogt@acdeldeed fbsth dve @sup bkﬁis&tlﬁg bR@, Bin8i 4ndTy,@ind aﬂieyem ﬂm nitrogen
and sufly %%ﬂl(sgﬁqyﬁ%)ﬁy@'-ﬁl?ﬁ Redity arefL%@ RGO fl&wﬂonaﬂy be

quater%ﬂlé{?gag?fm%%yﬁgﬁi(gg)am ghe 'Sra‘ﬁg SR HlaS' e phices ﬁf‘én | iANEIBE H&kion of

I ower al kyl'ene” “is a shorter chain
the hetatdajity! @roupl dryt teeogition pt whishdheailkyl draw ingttethghito ghe remainder

f b t, 067] Th "
of the mlegyls HabI e Tads, by kot T T G bR e Gl NE-
CHs, -leztd‘m-N(@HQV@Hs I-opRlS-CEnSH;, atqu CHZ S(@)och QL AHYE(0),-

oups attached to the remi nder of t he | ecul e via

CHs, @Mﬁﬁ&@ﬁ}ht <SmCPb3r)3,aﬂHm&PéTI&1QCHQ @né—QHFCLH-Né@HBa -CH;. Upto
two heg.?ro egltggﬁagfl }%fl e +006§ lrei > §USh n% S ﬁor exhlgiaﬁr %—I th OC & éaglé —%ll—f -O-

Si(CHOY;nFiwiiaty, shdfeffl “hé@eDb Rl S by abdhor e@;rpai:‘tro?-f ﬁﬁ@tﬁér aubstithent
or cyclic_hydrocarbon radical, or conhinations
meansm@r@em radigisiesvehiomrhetarealkylarserrermibed. i netdimised by, -CHo-

CHZ—S@&%P@— gncﬂCi—Ie-gg’éH?-@?Iz-NH—CHz-. 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 wﬁich the
formula of the linking group is written. For example, the formula ~C(O),R’- represents both
—C(O),R’- and —-R’C(O);,-.
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het er oat om sel ected fromthe group consisting of O N,

Si and S, and wherein the nitrogen and sul fur atons
woreysoptosonal |y be oxi di zed and the nitrogen hRCEUSENOM1070

may opti onaIIy be quater ni zed. The het ercatonm(s) O'N

nd S a aced at interior pgsition of
[0069] afrlpe tﬁé}s Paﬁpﬂw @Pg 5@’[@@%&10%1 &zysﬁh?mw%ﬁorm Fmbinggon with

other té}ng)/llegfég 18ss %H{e%ﬁg ?ta% Q, LG VR de r‘?lﬁ%”:agg “Itle(;teroalkyl”,

nol ec anp es Inc but are not
respectivey2 - ADtHHti aDisi3 for hé}dﬁw@b]@a]ﬂdym hB{ereaBhif -c@irBe NpEHIB) Pdditn at

which té%fersciﬁiz%;ﬁcg%’épég%h w?%_%eg)of Qé'i@ol@&% %g@%ﬁ@cloalkﬂ
include; SO 16kt tocb'&o'f’opeh’?rl tc@cbﬁ@x}}]ei @i&@ﬁé% I%@Shexenyl

COﬂSECUtIVE such or “exanpl e

cyclohap, @g] the dike) Egam&esmf I@nwlycyodwékxlemiudm étlte&’r@abklymmxbtb 1-

025 Qo SRpbl L AR SRR e BT, s JRR iy, 5
morphcﬁit@[méthfhyﬂﬂ)fuﬁﬂﬁ ﬂptetrhhy’drl)ie@hrb%yl &by dftieS2GH 2- CH
and - CH2-S-CH 2-CH 2-NHCH 2-. For heteroal kyl ene

tetrahy@qo&}u%-% Wek ehipaeanEl daipeazdylouiihs ket her or both of
the chain termni (e.g., alkyleneoxy, al kyI enedi oxy,

e ﬂ “« i
orror LB GO0 8 A8 A S, s,
unless guhernvpsc; stmﬁadm ﬂmrtrmt ¢hdorimd, btoneiné |<nrka>dlge ghoou pAcﬂch‘_cidnrqh]in edns
such ash%af?gﬁqygl’\%}eqclillﬁagﬁ ol{ila.s I cn tﬁagoal }rc}.glyn:dgjrom Li)hﬁ@k '059 K n%mple the
term “HaFcRC@S@éf)EH(Prp’% Iﬂlealﬁj(cgll(ﬂ%% “buf RSk be lBﬁ%(Ql)ZtrlﬂLQ%g&thﬁ €2,2-

terns " het'er ocycl oal kyf ",
trifluorp¢tbyfs é’rtherb)ﬂy]i ﬁ bwnbpmpyh and thedikeot her ter ms
represent, unI ess ot hervvi se stated, cyclic versions

L) pe
[0071] if(]i'l di %rll&c; nazg nﬁes?er ocyc ‘i%éy ﬁ élg\ﬁﬁs %ﬁéart%%tagorﬁl %tf'fh
substin@@€ thay cdnise apﬁﬁglb iri@g odnuldyle hngi‘l@rél‘éiaﬁf}o@mm 1&0i3Srings), which are
attached to the remai nder of the nplecul e. Exanples of
fused tqgﬁg}eé &ar kpkeq spvpleady. Bhg tegn ehefsroarylnyaferg te aryl groups (or rings) that
conta1n§f¥ ﬁo E&egdél;g] >}/1|9t¥ %igg el ff@ﬁg m @Eﬁﬁ@fﬁi ﬁzge.zrellgxtge m[tro en ]@nd
sulfur ehm‘he aeptioodlkytidized land éhe Ibtnbgalraﬂaom(:sb atel dp'tibaaﬂ}t qateknized. A

heteroa%yglrgr%la} gadplt kfe?;a[rtt%gl%e%ﬁo & rr:eg%a/llﬂ r ogt% ?%1:1 tﬁmugh@ heteroatom.

Non-lifRBRQh B of b8 hANIEBEM BRy Mhd henyl, 1-naphthyl, 2-naphthyl,
on ATEEALB of WA AN B Mol ponyy L, 2 apin

-b1phetnsrt rlapprarlpl, BipymeoBAdy3-pyrtolyh Bﬂ:efrrazpﬂsdyl ;lmzlamlple Flamlda,zbl,yl
0 Th h b
pyrazin}fy g bl Epedzg il Pl -A SRt SiRarcil, AnRastiR, 4- *

1soxazd¥§1l §550x@LHSL, PitER SV RUSHazAyT, 5UBTaLH ?1 2cfuk-Ar 3 8@y1, 2-thienyl, 3-
brom ne, or iodine atom Additionall t'erns such as

thienyl; %ﬁV@dwlk%pyrldﬁls &piyedyl ZWrmmlu‘&@ymnbﬁ,aﬁ -benizkiliazghd, purinyl,
ol 0

2- benZi%Hd%ZO?\_ér & &goly(lki:?quﬁmg% isE)c(a) gol&ff Sa%lfm%x& 1n¥]lb§-qbuenoxahnyl, 3-

quinolyll} teirdAdylf Benzb[b]fukAigl, MRBEdTF|thieRy] 22,3-dihydrobenzo[ 1,4]dioxin-6-yl,

benzo[1,3]dioxol-5-yl and 6-quinolyl. Substituents for each of the above noted aryl and

heteroaryl ring systems are selected from the group of acceptable substituents described

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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trifluoroethyl, 4-chlorobutyl, 3-bronopropyl, and the
like. [0071] The term "aryl" neans, unless otherw se

wat@bsesios@ pol yunsat urated, aromatic, substit urRel/US1084/041070
can be a single ring or nultiple rings (preferably

. |ch ar her or ked
term ° ﬁré’\%ﬁyé t5 rg;ean’f—%%gé\dﬁ] thqse fashics: 19IW 18%% 1y Sreuaﬂwtacﬂ dtoan
alkyl %Blﬁy@sg (1l PRkt %&rlgﬁﬁreﬂ{yn D ahd ﬁi@lﬂi@?l\lrhfcglrdﬁ%oie alkyl groups

et er oat ons” sel ect
in whigh & p@rgelm a@n(esgi) 4 nmethartemgrcmpbhmheen mqjldtqeddvy; fibir zearinplamh

oxygep EE%g} 5@1%39’?}%}%%@%2%&%@& I o%gg’lltg Tt ﬁ%ﬁfﬁﬁeﬁ)&’é‘?pyéﬁand the

like). the nol ecul e through a heteroatom Non-limting
exanples of aryl and heteroaryl groups include phenyl ,
ht hyl , 2-naphthyl, 4-biphenyl, 1 I yl, .,
[0073]2E$?3‘71rqf<§h%/¢b0"81$¥915r(6€y ‘alkgl.’ WE?ZQﬂlwl erl @@zlrﬂte,rparyl )is
meantg nh'é!hﬁ@ P’Au%st@t)ﬁ e%lza'naéh%u)lggt%tglf%?@% ?fstgie( g‘fzﬂgfa?%dyrjaﬂmal Preferred

substrmsmxﬁamhy}i typb-off salkal adeyrovided Bul@rol yl , 4-t h| azol yl ,
5- thiazonI 2-furyl, 3 furyl, 2- thienyl 3- thienyl

[0074]48@:%}/9]‘, pﬁ%‘@)fp pyggggr& %ﬁq} dr)e/rdlﬁalls q?ﬁc, udmg tYrose groups often

referre% 888 Zl'kmeﬁ@za@lkéﬁgl h@ter(fb‘ﬁ@léﬂe he1te1‘0§l‘R9ﬁ'§l naﬂk%/rlryl cycloalkyl
5-1 soqui nol ul noxal i nyl qul noxXa

heterocpmlcmﬂtgu qyﬁtceikeazb lgyd; h?@ﬁp}é@t{)&él}&fmﬁ)@w generrcally referred to as “alkyl
[ [ ro
sroup ERBR RS P e o8 5100 Rt G SRS Sl roppyut ot

limite®@E LORY, ﬁdl&bﬂtYO*BI-@Rt LEMRaRY|-SRN dhaeg@z{ ORARYR 7R’ QDC(O)R’
ystens are sehected fronLthe rou of acce e
C(O)RSLtSE0RE &I ANR TS c@CE@Bﬂb& oWR OB ] DSNRf K. the

Cé(@rﬁ] ,ﬁé%/yw ar’y| ”:”2@%& aT W,’itg udeég(@gz?hns

S(O)NR;R” ANR SOk & ORI anld INOYgs aasmbef tangdlgahmv gero IO (@n’+1), where
eterm"ary] al kyl is . meant fo include those radicals

m’ is tflet%mélﬁlbsa%qayb%%te% in ichpadicate B 11 - &0 anki™ echupseferably
1ndepe§18%rﬁ}y’ Jef%? %%}dro?gﬁ E@cfsmﬂted ANk Ehat m}ﬁécﬂﬂé&er‘g}glggf Igl‘fbsltl'tlh@a or

i ng those groups In on at om
unsubgtitutgd aryh engef dryl mbetngtedwpi)h hddalvgens, sepitiadedotbynsubsituted alkyl,

t .g., h t
B N N
1nclude§ H60e- thdrPO3R gﬁﬁﬁ)h f&fex&rﬁﬁle ahReM e f Hférl(f%roﬁ,@s & inderhdfly ‘selected

"het er oal kyl " and "heteroar is nmeant to
as are carblRidB”ﬂb’t”ranéle”’tgr@unS etheamebre ﬂmtme ioff theeei gfoupsiis pogsent. When
d.radical. Pre err d substituents f.o0
R andp e te Rt Hros AU e Wit e S en
atom t@ﬁﬁﬁ{ 4 suentcy ﬁ@émb&@d ainky Fop@i@niped, eNRaER K148 méad tciatiude, but not
|nclud|ng t hose ups often referred to as al kyl ene,

be limiigdeion Pyl dian baiddy meriol ek dicorltheAyave dhckgign of substitients,
one of %K‘ﬂl 18%1114(3/& 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)CHj3, -C(O)CF3, -C(O)CH;0CH3, and the like).

[0075] Similar to the substituents described for the alkyl radical, substituents for the aryl and
heteroaryl groups are generically referred to as “aryl group substituents.” The substituents
are selected from, for example: halogen, -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen,
-SiR’R”R”’, -OC(O)R’, -C(O)R’, -CO;R’, -CONR’R”, -OC(O)NR’R”, -NR”’C(O)R’,
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het erocycl oal kyl , cycl oal kenyl, and
het erocycl oal kenyl) are generically referred to as

WO 2008955960 oup substituents,” and they can be OPET/U82004/041070
m)re of a vari ety of groups selected from but not

NG g RN R T R COR R

S(O)R C@@bg s c@%@@ﬁ*@iﬁz ﬁll%R éK\I%B'—JNOI\;]NEﬁ* Q(IRQ)L@'H(I%&) fluoro(C;-

“NR-C{NR' R’
C@alkeﬁ( @&ﬂpomﬂ@ @Mkyl in Smmbmgmg ﬁ:oNR&m R the-tQ}Nl mgber of open

valencpcSy [ ofosP R g o o P AP Aok Hdhie i BRP Y

1ndepeﬁ'dentl? seletted ffﬁ?ﬁjhﬁl 0g @R SthsEhREPsralsHbstiRdeP SIRIE BiBsYituted or
refer to hydrogen, Substituted or unsubstituted

unsubﬁlémtéd b@tbﬁ@?ﬁg’l subsitited peansobstifnied pet pad subgtitnsd or uasepstituted
hetelo d b?itcl%)ﬁlgg%r?q((\é/ﬁ t}le g}lvﬁgtlorh%lgl ?gh 1Mo el‘{ggﬁ Jngeulg %gou%r for example,

or I"oal’koxy
each oﬁﬂ%'l@éi@)ﬂbs Qﬁﬁd@‘éndéﬁﬂ@@el@ct@@ apaeRdcioR’ tﬂﬂi‘ m”nmmv’ogroups when
i ncl udes nore than one R group, for each of

more thifpOIR QfitBeHs SIPUDSilhBRE Y e 3’%0}@@16@ S éolgsw Thesyaroh R |

« Qups when nore than one of these
replreSég%rtSo Igasl @éggrrﬂggear?t% ‘Wen R and R5 are attached to the

sane nitrogen atom they can be conbined with the
[0076nTwo ofjthe sabssitudnts droadjrgenbatpms of theraryl-ardeteesaay ningrgay

optionglfy bt g et Wiy beiHEN Ay e mo ORI M oRfrsia T and

U are ﬁ‘l@@ﬁ/e%d%t{%ﬁml 00-,0tRRUDSI d {ib8BbERd, ARE g as® dtdder bRfrbRAD to 3.
wi [l “understand that the term’ ‘al kKyl" is meant to

Alternatmlx; deogf thepubstituénizipmgdjacenbanma b e a@blmrdlete@oajyldupgm

opt1ona1€l§# e lgzll?ga ed @@éﬁ%ﬁ&};ﬁgﬁu 91 t?rlf*rcflﬁa gi— %X}lfhe&ub%dgél B are

indepen@éADlyCHEOCH3,0-aR 4, b, LS(@) ~SIDO7 H(OPNR L aF a bidgltddnd, and r is
substituents described fof the al kyl radical,

an integgheifremd e &- e affilee Hpglp baw%f Qféh@a%flpg sgfomsd mgyeoptionally
be rep%gée@éritgaldo%fble SHRA." Bftefsi 9&%’ tgrr oE g &;&Emﬁém bh %\@%@&ﬁ atoms of

uents are se ec from for exanp
the arhal hgervaryl Gitg mayQyptiohithy beafdpBRbwith NEhR‘tLtuenSElf the formula —

(CRR _) ngl 2 Q’R”’)d?ixj(Rl'@?Ww d are %@@éeﬁtly 1N)Rger§:()€)§r:%?%;\io\3 apgRX is —

[ J— R‘ 932
( C)) S(O% ¢ g@b‘% & O))gql\:ll{{\Rj? The s%ﬁé&%ﬁg BR CNNa I%mcl R are
preferaﬂl([,ﬁ 1ndeﬁéndenm\j8$elec®« 1%1)121,yd1‘dg DDS(IIbstltﬁZb)dedr kosybstitutet (C1-

C6Yall h'uoro(Cl -C4)alkyl, in a nunber ranging fromzero to
Jalkyle total number of open val ences on the aromatic ring
system and where R, R', R" and R'" are preferably

[0077] AslaRANdesh |the &eﬂne‘th&@ﬁbaﬁdrﬁrms hﬂ@h@@aﬁem&@bﬁigeh Yoy, dnt%gen ™),
unsubst i tuted al kyl, substituted or unsubstituted

sulfur Prasd sHickp S subst it uted or unsubstituted aryl and
substituted or unsubstituted heteroaryl. \Wen a
conmpound of the invention includes nore than one R

Introdllcigh: foOr exanple,

[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
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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each of the R groups is independently selected as are
each R5, R', R" and R'5" groups when nore than one of
WO b@sos539s@oups is present. In the schenes that PCI/USW04/041070

the synbol X represents "R' as descri bed above. [0076]
. Twg of . the substituents on adjacent atons of. the ar
involvgy T ik o GRS e BEEA B LACG N B R A SRy Rykrome or
thromByaclibueBlscdlo HbFecibl a - T-C(O - (ORR ) a-U-, wherein

U are independentiy -NR-, -0-, -CRR - or a

S|ngle bond, and q is an.integer_of fromQo 3.

[0079]aWhele Faetoy BX Jas dwrxsfratteﬂu étsedfipssari imponast and useljuhe@npound for

therapglu’ucI aéog gatltorﬁfe Hﬁ?é U‘Bgtpo%féﬁ IS Cﬁi‘oihaclggg n%?tglpbgﬁ‘ leﬁeé(orrkfiaelnant

cells (G)S PBtent MBSY,BT0PM) adrdtBirdd prodﬁﬁ&ﬁ&ﬂﬁﬁﬂﬁdr%homlcgmal Ealf-life
NR-, -S-, -S(OQ-, -S(O2-, -S(O2NR - or a single

and anjgpegral@lyeosyLatign PRtTR Gt copld ppisatiallplead tcoa@nwg@wexty, loss of

v 8 S0 158, Nt B30 RGP, O I

same dffeet, auddteilikeent s on adj acent atons of the aryI or
het eroaryl ring may optionally be replaced with a

bstit t the fo | a .-
100801553 b Ve cBeat EoF L Sei Ty P CBGFSIgPT P iR dicpurposes,
the pre3entan¥blitib® provittes c01'1\}8'gates ofsglyccfs%@d and uﬁé?:gsylat@ Factor IX
S(O 2NR -. The substituen

peptides wite pelymprs, ade ﬁ’&ﬁb@mﬂ%ﬁ)sBP@&melaPG} 6% Mihgcogimgates may be

add1t1o§1le{ﬂg 5%5196r§£1vg{3rhe q'; ie’i?(‘?h {)y heF Sélpggﬁ.‘uo )w*%%lﬁ?rs% SP?CH% sﬁ%tbas

therap@xi¢gRbiei€s) diaphdstio geyiet{ch) targ,&tih koidti®) aAd thedikel con (Si)
Introduction [0078] As described above, Factor X is
vital in the gxlgeQOd coagul ation cascade. The structure

[0081] e camipteatre of Hie irumign ajodormed by thegaaymatioatiachmentf a
modlﬁg§ £ e ?d‘ﬁ% rg%’co&ﬁ&&@% bﬁ&l&%&ﬁ%ﬁ@%ﬁb{d& r@fg?&%ﬁitioﬁgﬁe?and

type o | sease
glycosylkresigued pryvﬂde tdct &t conjugmingamedifyisg gromp$ tosthe pepxideh ug‘a ﬁ.’oy
tein ?onceqf at es of . Fact or

alycoc BRI E AL St Y SR SO ntiay sl ible Do wihgh B
poly(e@ﬁﬂ%%@ sggaconr@@sfn@ﬁiosay p@fy(@th?@ﬂe %@eag NVt SstioyN oF m%%raua% IX

transm ssi on of viral itis, acquired
peptldersmn m@pmszf: itlesy sémsvtywdewtgmormmc hf thetrecomtiohant Fa¢tonbé isa
t he..reci pj ent act
pationty G DE A of e B R o oo tingrt B .
conmpound for therapeutic applications, present nethods

[0082]f"ﬂfe Ihétho@;’ didhl@inlvemldinfmﬁaﬁi possibke for BEanilsie pefitideanhd g@bbﬁeptldes
Pat ent 70 99921 results in a product with

that hag(ie 1 é@lp%ntlgﬂbh@mggeéqeg@ desivatizgtion pettern. The enzymes used in the
invention 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
for large-scale production of modified peptides and glycopeptides. Thus, the methods of the
invention provide a practical means for large-scale preparation of glycopeptides having

preselected uniform derivatization patterns.

[0083] The present invention also provides conjugates of glycosylated and unglycosylated
peptides with increased therapeutic half-life due to, for example, reduced clearance rate, or

reduced rate of uptake by the immune or reticuloendothelial system (RES). Moreover, the

methods of the invention provide a means for masking antigenic determinants on peptides,
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and an inaccurate glycosylation pattern that could
potentially lead to i nmunogenicity, |oss of function,
waeoosisivemsed need for both |arger and nore frRQUERS1004/041070
doses in order to achieve the sane effect, and the
i ke. [0080] .To jnprove the effectiveness of .
thus reducdng gy slapipatinga W}@@B@%@Smwe e S RaPEdp U Peledis,

J . .
stachnboRf oF LA (LM SR A B S AF BB RS, laroulr fisue or cll
surfacewke¢dptqahatie sigcife. for the PEGE cOtar REG)tingRREN m PPG), et c.
The conjugates may be additionally or alternatively
nodi fied by further conjugation with diverse species
such%%s therapeutic noieties, diagnhostic noieties,

The ngg}lg S

'ng noieties and the like. [0081] The conjugates
[0084] Th alfh§: dspacthé Preséi BrvkeRfi GRS oMl ReoMNMEBEIEen a selected
_attachnment of a nodified sugar to the glycosylated or
modifyinggrpup eyd afadoplppintide. G ycosyl ation sites and
gl ycosyl residues provide |loci for conjugating
iyl . . . _
005 KR S5 QU0 R LSRRI g Sty nclics ot fin
group neigrsed betweke tHeqleptityy andstie kelagepabistet Ay iBogssed eein) the
e.g., nethoxy-poly(ethylene glycol L Modi fication of .
selected Foigty g essentinlly apy pReciSS dhat camppy Atashedhio assageharide yniffgsulting
L L Ot ] . c . '
B L o R T
the modified ugartontratht petcteo The Xacch@f@2donTmmentadfibelsodifieti Begar, when

N T TN LN T T
e.g., and€hth M3y &R}l lﬁﬂcir%aérbﬁ]{i.r' - ThENBy &M 8@6p i fobB8d from any

invention are generally selective for a particular
mono- gnphgo-sasichipridsshatuasier owdiiioation enithghe medifpingireip, is a substrate for

resj,due r pardicul ar gl ycosyl .resi.dues, of. t he .
an enz{gBE b aRos ARE B Gt B S BRIl B b St peptice
| ar ge-scal e production of nodified peptides and
[0086] dihy poyepYliltkng grbuscantteg on®dniadadgfa sabhatioy enidtpthat is

provi de a practical neans for | ar%e-scal e preparation
degradgpvely pedifief s ondiringghe pediion et By mpsifysigrgroup. For example,
the gty ARALHAILE BIABRABL LB e B on L6, ROERE Thy [ DHSAKLABy
oxidatiue dégredemiph aff en ippap sactharidu tbhhd crorespesiing ddelgpleLd g cvia the
action cgt?rlnétéla%gg]&geg gre g@ﬁg Dk Xgoglﬁre}%q{%)ea[d < é)g%re\%{t 21(1: Spprrgltor?éte
amine, WK Rendaihals ale C%M‘§§}%Hﬂﬁl§_%§)ine.wbr eover, the

net hods of the invention provide a neans for masking

antigenic determ nants on peptides, thus reducing or
[0087] Exiemipteay conyugateroasithe mvemieonreosisepnnd ta g general sfeucture:

peptide. Selective attachnent of targeting agents can

al so be used,to target a peptide to a particular
ecific for

[0088] in which the symbols a, b, ¢, d and s represent a positive, non-zero integer; and t is
either 0 or a positive integer. The “agent” is a therapeutic agent, a bioactive agent, a
detectable label, water-soluble moiety (e.g., PEG, m-PEG, PPG, and m-PPG) or the like. The

“agent” can be a peptide, e.g., enzyme, antibody, antigen, etc. The linker can be any of a

22



10

15

20

25

30

The Conjugates [0084] In a first aspect, the present
i nvention provides a conjugate between a sel ected
wonR@sHyiong group and a Factor | X peptide. [008BJT/URE04/041070
i nk between the peptide and the nodifying group
.. Includes a glyco nki ng group, j nterposed between
wide apigy of g pking e lfvﬁ@ @éiee@f%wn@r: imker%v br & siggledynd or a “zero
order I¥cEkn, the selected nmoiety is essentially any species
at can be attached to a saccharide unit, resulting

in a "nmodified sugar” that is recognized by an
[0089]ahnmnmm@taey embndifnent gl @iepyeIdBnOdAfw@g@pp énawateheoluble

volymb s nERERLE e B0 e BB colEaly AltkREL &S peptide viaa
g1ycos5>eﬁmeﬁgl gitdﬁPl qeetglﬁesﬁmﬂmgsg%@ﬁb 0O AIBHIB AtiacRIIGO B Snino acid

| ycosyl nki ng group ., an "intact glycosyl
res1du¢ pm( glrygosgfll m;due of Hee @pyé@ slylne IIHVWNﬁgﬂS@rmngﬁ%CCﬁWgﬁ@@ in which

an ammo %m,fda}néﬁl PN 5 @H (?Sﬁ/i %81d§9§1%r}§5d1ﬂ8d mﬂta, %ls%osgl lgl?r}ga%rgup

|on W yi'ng group,
for an enzyne that adds the nodified sugar to an am no
[0090]aAn dxmnplgfwwmylsolnlele Ipdlyﬁleﬁ)ﬁs polyletiylathe .glfddD86L., flethoxy-

poly(cf} thylenn O?e?{src& % & %Ptﬁxi%w glnyaelg s f%l?fgn’r'ﬁge% 5%3%&1 is not
restrlcféﬁftg by ﬁ‘prltlgﬁialt ﬁ)@mtd??mﬁ%?atr' Yot addae ngghl;r){ﬁ(glgd gf)whygene

exa ) gl ycosyl I'1nking group can
glycol) molﬂcales #eahaletwer weights prdfdfrablylbs’fvmeocﬁl% @dd 590,000. A molecular

weighﬁﬁ}ﬁ@ﬁ%(ﬁ%&ﬁgal %gtésln@o;g@?gbgfagseh%ﬁ? 310{‘1;: grceg%r?!;lg%? grtlo?n gb%ut 5,000 to

about S®bEP&JliAdat e, and subsequently converted to a Schiff
base wi th an appropriate amn ne, mhich is then reduced
t he correspondi ng am ne. [0087 npl ar

[0091]c1<§1rﬁn9@@t e bedimepkthie mob/mthﬂﬁnq:giwéi ﬁmam@ed %@Cgl@mrganore than
one P]ﬁt} H%)%tg aﬁacih[eg O%%m#fés %Er%ﬁcﬁeﬁ%’ﬁ%%? hg‘scﬁbecp n dﬁ S. ?%t?‘ﬂ‘é.

n-zero | nteger,

5,932, %2 NES BhtONo.8 m@zto UES i it age 5,648 5" U@%’c N 5819,455; U.S.
eutic agent, a bioactive @gent a detectable

Pat. Np b s 65 551 o 1 et ' § B2 Plbisters, ediooppiasare
CheerS@@P@S n@@%ﬁ%n%ﬁ(gﬁmsaﬁ@t ald EWC Bzﬁﬁ%eﬁz &)PSPi4. 9@7 1998.

[Yi'nker ca
Add1t1bm1aagfublﬁramhed@oamay;puﬁesl amkat rﬁcg*t}ghermps infra.
AIternatlver, t he Ilnker may be a si ngI e bond or a

[0092];1%% F%’Eﬁ& emtbﬂ %(rlie(rgjlt ga: gsﬁhz& W%}gﬂgo%e%oqy%ﬂglene glycol) of the

blancne@u)ex}isehumlte opgllem?ﬂaanebw 2,000PEG00, Tiveooat £ 006 2owobe40,000,
i's covalently attached to the . peptlde via a

50,00 Ilﬁc@s@ﬂod itar-ng group. The glycosyl linking group is
covalently attached to an am no acid residue or a

[0093]81@%@@?@%@ § gﬁ}vg%ig% gésnj pgﬁ%&ﬁ@tha‘réj BrmE8 Qb DA L9l Rly added
glycosyl linking group, the present invention provides conjugates that are highly homogenous
in their substitution patterns. Using the methods of the invention, it is possible to form
peptide conjugates in which essentially all of the modified sugar moieties across a population
of conjugates of the invention are attached to multiple copies of a structurally identical amino
acid or glycosyl residue. Thus, in a second aspect, the invention provides a peptide conjugate
having a population of water-soluble polymer moieties, which are covalently bound to the
peptide through an intact glycosyl linking group. In a preferred conjugate of the invention,

essentially each member of the population is bound via the glycosy! linking group to a
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an am no acid residue and a glycosyl residue are
nodi fied with a glycosyl |inking group. [0090] An
wez@sphsasy wat er - sol ubl e pol ymer is pol y(et hyl P€EUS2004/041070
glycol), e.g., nethoxypoly( ethylene glycol). The
pol y(ethyl ene g]yco]) used in the present inventjon is
leCOSMbﬁeSIﬁ%%?ﬁltﬂle%ml oa%if;ﬂ% gﬁt%ﬂ rf%ﬁldew&f fhspPentige & Whigh the
tycosYEliHe ERNIS arBlcMIRIRGRRLHROkYL et hyl ene gl ycol )
gyamﬁ%*eéd%%s gﬁglﬁgﬁécu ar me?bht I's preferably between
500 and 100, 000. A nol ecul ar wei ght of 2, 000-60, 000
[0094]0Alse priyides ipa pepsidetsiopjugstedasing amopelapipe bEwatst-yolublefpotyrmer
. .about. 5.000 t.q.ab 30, 000 dal.tons. [0091] In another
moietiy CAfaleRth PO R basliey P gy BT 480 T e AR peG
embodi@¥itNGséMially thah niiebdr Eﬁh'égio@hlﬁtiaﬁ bewhedsoliamlyeser efoieties
branched PEGs are described in U.S. Pat. No.
is boursl 3 agygpe aid s:sidugtof thegpepgdgxia agglpeosy] lgikipgmgroupjpand each amino

.. 5. 64 : a1 . 5 ; .

acid egiof gt eyodsyt Bffimenoursdib oyl Blpgiftotre.
Kodera Y., Bioconjugate Chem stry 5. 283-288 (1994);

[0095]ahiek plaseasmkentizin addo, progidecconfigates aghlepoys tb2hos2 H&eribd@ dhove in

i é998.,Additipnal useful branched pol yner species are .

which g peplifle 1§ cRBiUgHRA 1q BEYBPCC BOojsherASnat i CTRYISH) HERRINEHROt ety

o 2 K Mt o B o 350

moietisy @dbe alsinadiofoledie,0G0yrala®I NOEr, (e 40 pohPeptbde) 00 Oyrdnadic polymer.

60,000, dal tons. .[0093]. I n, addj.tion t. rqvi di . o
The pegBif g Abe e iheiass bt S e -kl Siny Pl ige, which i
glycosReRAvied ¥ EQSYdyl tdsHk Mgkt icDitRs alPE RLREENThd PNENE t®Alently
provi des conjugates that are highly honogenous in o
attachqdHeitlpe E@Bytlﬁmpn@w@amu@mﬁglmqsy gikitgeerapp.h bl glyposyhbnking
soun MR kbl B 051091 B TURCP LR GEEHAR 5P aco
IX peptide.ehitesatiedlpsBe plypoplliaking araip is atdchgdtcesneddr thdie glycosyl
. invention are attached to nultiple copies of a L
units of g glycpperiidey Theyaryentien alsgpieyidgs peryveates ipadush the @dycgsd linking
: [ : [ ' : vides a
Brop B B O e B el ubl o
pol ynmer noieties, which are covalently bound to the
[0096]daphicdenplaroegbodimenty tedtactyl VX psptidd donkirisgs gnwigty hivingthe
R ﬁéeferred conjugate of the invention, essentially each
ormMWenber of the popul ation is bound via the glycosyl
l'i nking group to aglycosyl residue of the peptide, and
each glycosyl residug of ghe peptide to which the
gl ycosyl Iinking pNS attached has the sane
structure. [0094] Also |provided is,@ peptide conjugate
havi ng a popul ati on 8 t ubl'e pol yner noieties
coval ently bound t hEPet o Oa_%lycosyl I i nking
group. In a preferred
G—HN

OH

[0097] In the formula above, D is a member selected from -OH and R'-L-HN-; G is a
member selected from R'-L- and -C(0)(C-Cg)alkyl; R! is a moiety comprising a member
selected 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
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enbodi nent, essentially every nenber of the popul ation
of water sol uble polynmer noieties is bound to an am no
wa@eood/os®so due of the peptide via a glycosyl |iPRI/NG2004/041070
group, and each ami no acid residue having a gl ycosyl
I nki roug@attached thereto has .the same structure.

.1 nking
substltmg@s]mr%é igteddieteroaling shel wat wheDps Bl Geis Redrrj eieghwaen G is —
1t descri bed above in which the
CXOX@W@PQ%@P?%&?%#?Sgited to a therapeutic nvoiety,
di agnostic nnlety, targeting noiety, toxin noiety or
[0100]t Inenk iekdbodtinzensra R Rt Aes thglfgwwdy! | i nki ng group. Each of
t he above-recited noieties can be a small nol ecul e,
natural polynmer (e.g., polypeptide) or synthetic
pol ymer. The peptldes of t nveqtion include at
| east one N-, or O | RikeWN gl wcHsylation site, which is
gl ycosylated with a glycosyl rgsidue that includes a
PEG noi ety. The PEG i s covalenPIy attached to the
whereihads afi integep &oti Gl 30.a an i nt act glycosyl |inking
group. The glycosyl linking group is covalently
[0101]at imamespmmdaryerthedinagnt.df kg agtriueturectbpide e neamber gelyetod fiom:
resi due of the Facot | X peptide. Alternatively, the

gl ycosyl linking group is attached to one or nore
o glycosyl units of a glycopepthde. The invention also
proyides conjugates in which fhe glycosyl Iinking

i S attached to both cid residue and a
syl T8 H8-CH 0096] |3 an axanpl Ty CEfIbALGENt |

y
t e conprises i j t
f R R e “Tormui  ABS0R0CHEH LB i npeR:
selected from-OH and RL-L-HN-; Gis a nenber selected
of romRl-L- and CXC»(C:l-Cb)aIkyI Rl is a noiety
conpr|5|ng a nenber selected a noigty conprising a

str ht - chai n or branched pol y( | en lycol)
% r ) —aed,dH,0)sCH Ilﬁkam.whlcﬁg —seHestedH,
fron1a bond, substituted or unsubstituyted®al kyl

aMS(PSHIGH(PEH.Chi OGHs ubst i t ut ed het er NHEWYPCHAUHOEHER,)OCH,
when Dis OH, Gis R‘L-, and V\,hen GIS - C(O)(CI

| di ment
whe1e1E§6a?na f %}éesm 811813%%%%?66 'fll'ﬁfel}%ﬁ%%%g er e| %CP s 3 nl{lteégrrfrom 1
t0 20. i ottePerhBod@Bents @1 BAJ a bifudive &k iPd ﬁfembeﬂmléiltémﬂﬁém R1
has a structure that is a nenber selected from OS

(CH2CH20) 8CH S (CH2CH20) 8CH3
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NHC( O) CH 2CH2( OCH 2CH2) O CH 3 NHC(O) OCH 2C(HOC2 H
2)PCCHH2 3 O O O (CH2CH20) OCH, and O (CH2CH20) 8CH3
WORIGSAF@5) 2CH( O2 CH 2CHOR2) C( H 3 NHC( O) OCH2 CH2¢ CXZHR10b12041070
), OCH3 wherein e and fare integers independently
selegted from1l to 2500; and q is an integer from1l to
20. Iin ot her enbodi nentsRl has a structure that is a
hC IMCHD)HICF2.LCH2.COEH2 CH2 ) e OCH3
CH2) f OCH3 NHC( O CH2CH2( OCH 2CH2) eOCH
2CH 2COHC2) H( 3 NHC( O) CH2CH2( OCH

SO M) OBt oo

(
2CH2) eOCHo3 NHC{O) OCH 2CH( Q2CH 2COHC2H) ( 3 HN
, HC(O) OCH 2CH( Q2CH 2COHC2) Hl 3 wherein e, f and f are
|nt egers gndependently selected from1 to 2500; and q
gers i ndependentl selected’from1l to
é%?%ﬁ#? Chshe i nvention

provi das a Fa te)r I X peptlde conj ugate wherein Rl has

a structurelthatizs a menber sel ected from NHC(O) OCH
2CH( Q2CH 2 chB& R dn, OC3 H
HC(O)OCHZCHZ(%); gEﬁ;)quH 3“0“%2

NHC( O) CH2CH2 ( @CH2CHZ) eOCH 3

0
é NHC(O)CH,CHo(OCH,CH,)sOCHs
q
and
NHC(O)CH,CHy(OCH,CH,)OCH,4
HN
HC(O)CH,CHy(OCH,CH,){OCH,3
Q q
0

é NHC(O)OCH,CHo(OCH,CH,),OCH;

q

NHG(O)OCH,CH4(OCH,CH,);OCH;

HN
YWNHC(O)OCH;CHZ(OCHZCHz)fOCH3
q‘

0
wherein e, f and > are integers independently selected from 1 to 2500; and q and q’ are

integers independently selected from 1 to 20.

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

wherein R! has a structure that is a member selected from:
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NHC( O) CH2CH2( OCH2CH2) f OCH 3 HC( O) CH2CH2( OCH 2CH2) f OCH

3 Owherein e, f and f are integers independently
waelsos®d from 1 to 2500; and g, g and q"are POL/EFENE041070

i ndependently selected from1l to 20. [0103] In other

enbodj ments, Rl has a structure that is a nenber

sel e rom x-C(O CH2CH2 (OCH2CH2)e OCH3 ; and
POCHR:(fe0id¢He and f are
ependently selected from1l to 2500. [0104]

| n anot her exe Iar enbodl nﬁ,qgw)ot:ngz(&y,e@,_{z)ngﬂ
provi de amtl g a noiety awngste

f or mul an 1 The Gal can be attached to an am no
acid or t Jdectly or
i ndirectl (e g , thr ougﬁ&(g)%gr’)t?lggém{z&' ﬂue) at t agihed

to an anmino acid. [0105] In other errbodl ments t he
noi ety has the fornula:. COOH O @Gl Gl NAc S The Gal
attached to an anmino acid or to a glycosyl

di reetdo aJrz(obn@Hzre@@ﬂaly (e.g., through

yco Si attachéd to an am no aci d [ 0106]
In’an e enpfaryoenb iment, this structure is
associ atlfed wj th)kgl\#égaggw\ay%ﬁ(%w%(o@*zﬁﬁz}@%yl ation
site onlFact®f IXYFI& 2B). [0107] In a still further
exenpl ar di pent e peptide conprises a noiety
accordi ng f or'ul aNHCCBECHOCESH):CGatNAC - AA VIW

4

G> wherei P AA }ésan amino acid residue of said peptide

) each of t.h struc res d ar
whereif ba B2 G BISETS Inepe BT rERE P 2o Uhs Pl Gt P azare
integer@findeBEnRBAY sEBCtB ot £ e or more of the above

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

é——C(O)CHZCHZ(OCHZCHZ)eOCHg, ; and

é-—C(O)OCHZCHz(OCHZCHz)fOCH3

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

moiety having the formula:

OH

o. COOH
HO

O-—Gal——%
G—HN
OH
The Gal can be attached to an amino acid or to a glycosyl residue that is directly or indirectly

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

[0105] In other embodiments, the moiety has the formula:
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15

speci es can be conjugated include serine and

threonine, e.g., serine 53 or 61 or threonine 159, 162
wor003/82596 SEQ I D. NO 1. [0109] In another exer@l/ag3004/041070

enbodi nent, the invention provides a Factor |X

conjugate that includes a ghycosyl residue having the

formula: (FUC1 / | (f c-(Gl)Je6- (Sla)l- (RA\ / a

NN([ G cNAc- (Gal ) b] f - (Sia k OH

c-(Gal)c]g- %SI a)l-

G cNAc- G cNAC- Mari i

(Rx ]t \ [[GA cNAc- (C%?)Jl - (S pr-cd-R) F{iNdt10

wherein a, b, c, d, and u are integers

i ndependent |y sel ect eed—f"F'om and 1. The index q is 1.

The indices e, f, g, and h areyindependently selected

fromthe integers fromQo 6. The indices j , k, 1,
The Galredmba aadhad épamataino| agidsaste @tgés@osylmlctwhatjnﬁ dieqtly qripdirectly

(e.g. tﬁwgrg}%%ﬁgrcmy[[ sédeqegcﬁ 2‘#00#%%1“0%& ,yaﬁtrjeat | east one

w, X _and i s 1. The synbal AA represents
[0106]amhh?ﬁ aiteRplars emhoditeAmity i SHERPES P38Opigfsti ith elyeal Pﬁ?ﬂa’fmn of

S S a group that has t he
anOgHb%nﬂ}(ﬁ@f’%ﬁ%ﬁﬁ &@rlféﬁgi‘iﬁ |s sel ected from-OH and
R1IML-HN-. The synbol Gis represents Rl-L- or -C(O(C
[0107)i L&)l Ryther Renrdmy esehodinent thei epiide permplises kuestyaccording
h traj ght chai n or branched pol y(ethyl ene glycol)
to the Jozou L is a linker which is a nenber selected from
a bond, substituted or unsubstituted al kyl and
substituted or ituted heteroal kyl. In general,
when D is OH, andV\/nen Gis -C(O(Cr Co6
Jalkyl, Dis R -L: Hl n anot H&f" exenpl ary
enbodi nent, the"PEG ssial kgyacig noiety in the
conjugate of the iny has the formul a: HOH 2G
: s" represent i nteger from
O to 20, and n is an imgyeger from1l to2500. In a

sel ected enbodj ment, s.is. 1 nd the PEG,
Wherelw(tg(@%{t@p)gc@gewgye T)M@g@epp e gm{;,tnp £4c qurt]gq.]fg:}ove structures, D

and Gﬁfée??ﬁgg&%eﬁﬁpﬁﬂi.”em the PEG nodified sialic acid in

[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

that includes a glycosyl residue having the formula:

“Ma

t

[GleNAc-(Gal) ],- (Sia),- (R), s

o |Fu0), )Wan/ ([GleNAc-(Gal), - (Sia); - (R), ).
g‘“lAA CleNAcGleNAoMal LOIeNAC(Ga ;- (Sia), - ®),),
! ([GleNAc~(Gal) ]~ (Sia), - (R), )

( ]

/”\
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formul a: HOH2C COCH in which L is a substituted or
unsubstituted al kyl or substituted or unsubstituted

whedosossabkyl |inker noiety joining the sialic BCI/US2004/041070
noi ety and the PEG noiety. [0114] In an exenplary

enbodi nent, in which the glycosyl residue has t
[0110]5¢ pheteit & bs &1 d.fids B By e iptegsrg 11@61%%‘5%&%3?%6%&@% and 1.

The in@% (ﬂ 15315 nT%%Zdi@Qsde ’%5% .aillgﬁ' ard ?x?i%ﬁn&&it%&[eckeﬁ &3] 1REBReers from

and sequerce ssen Factor [X
0 to 6. pEpt indieehia¥j Ingndimyars aglepercientlys sabéctadsiroraghe imeeglesciram Olaxd 100.

The nBELL 47 IPOLEN, oL A1 ConLeates ol | 15 PEESSPLc cv v

and y ik 1€ T38QHRBEEA RIESEHRAINERIAb AcidTesitiie dfthdiclor IX peptide.
YNSGKL EEFVQGNL ERECVEEKCSFEEAREVFENTERT TEFVKQYV SN

cEp et das lERCEEF-CKNSADNKVWVCS
VFPDVDYVNSTEAETI LD

EGYRLAENQKSCEPAVPFPCGRVSVSQTKL T

NI TQ D
STQSFNDFTRVVGGEDAKP%EVQ/%L DAFCGGSI VNEKW VTAAHCVE
TG OH

VKI TWAGEHNI EETE Rl | PHHNYNAAI NKYNHDI ALLELDEPLYV
LNSYV

TPI Cl ADKEYTNI FLKFGSGYVS FHR@F%ALVLQYLRVPLVDRATCLRS
TKFT OH

I YNNMFCAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTG | SV\EEECAI\/KG(Y'G
whereiX TKis\\ORWIMYISELT K ahd R QLHB-. The sPhBSIE® s depresetits RNIE r

in no way limted to the sequence set forth herein,
-C(O)(Faktsitkyl X Ry aenresents agpeictichpt Rpldes 4 Firaighé-chgip or jgnched
] I . f.0F I : 7 9,
posCHSESE LB o, SYTRLLa i o FRASRL ey o 108
substitaled i 0gsubstitiited afliyt aiid posiitutedor vdsibstiRaddlterbiikyl. In general,
6,037,452, ,in which Factor Xl is |jnked tq an_al kyl ene
when 1335 Q8. Grig Bl el 0o © Par i RoCopligl 8 g6, M ch
the DNA encoding Factor I X is nodified in at |east one
[0112]s pln awtlsrteeemplarydentorkmesit te Hii-siodjfiedasidlmrecsl mbiety in the
. Factar IX are. wel.l known in the art, and the present
COm”%aﬁéﬁﬁag&waﬂgﬁJ@ﬁﬂﬁ@gggu hose variants known or to be
devel oped or discovered in the future. [0117] Mt hods
for determining the getivity of a nutant or nodified
Factor | X can be carfiied out %ahng t he net hods
described in tH&°art\ such as |4 one stage activated

partial t hronbopl ast i # described in, for
exanpl e, Biggs (1972 " oo%%%oagul ation
Haenost asi s and T%QZ osit's (Ed. 1), Oxford, Blackwell,

Scientific, pg. 61 sBriefly, to assay the biol ogical
activity of a Factor X nol ecul e devel oped accordi ng

to the % on
) O/\/ID\/\'\O/ 3

in which the index “s” represents an integer from 0 to 20, and n is an integer from 1 t02500.

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

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

formula:
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met hods of the present invention, the assay can be
perfornmed with equal volunes of activated partia
w0 boosoBpd asti n reagent, Factor | X deficient pPEBIH2004/041070
isolated froma patient with henophilia B using
sterile phlebotony tgchniques well known in the art,
and nornmal pool ed plfasna as standard or the sanple.
In this assay,”ﬁﬁe pit of ac |V|ty is defined as that
anount present in onew r ob normal pool ed
pl asma. Furt her, art© bi°0T &gi cal activity
based on the abillty of wdFactor | X to reduce the
clotting time of plas\ﬁ'ﬂ Eactor | X-deficient
patients to normal can be peff as descri bed in,
for exanple, Proctor and Rapaport r. J. din.
Path. 36: 212 (1961). [0118] The pepti des of the
in whldhnl\! ey dudBtitufel d# ¥R sdstihu@sdlic e shbstit&esk @isubtinitek Béteroalkyl
gl ycosyl ation site, at |east one of which is
linker moistyUiganieg thedlaélcglcxﬁcr@@bﬂy gddhe/BBGuneietyi ncl udes a PEG
noi ety. The PEG i s covalently attached to the peptide
Vi
o111} fy FteBleRy <PPOGETAE b P he SRR el B cture st
forth aBé¥en? iacdrugatsi tdwae of bathsydd3yhd eaildie of the
peptide. Alternatively, the glycosyl linking group is
attached o one cosy ts of . .
(01151g1 bEapept heeer RGBT as BB RCEY 1l Ry fpptde having
any se%ﬂénﬁ@is@f ukd'%s @b Yﬁ&%b’ Ix bé C}fﬂﬂ'e '&gmgbﬂéiﬂ’ of theabhRighesl of Be present
an amno acid residue and a gl ycosyl Teésidue.
mventlpﬁl 193n amm emtiodinyerit shapepiich dds the saguanae presented herein as
syl linker directly, or via a nonglycosyl |inker,
SEQI@I%S? substituted or unsubstituted al kyl, substituted
unsubstituted heteroal kyl. Modified Sugars [ 0120]

YNS GMHFIXE(%@NLER[B@VIEEKE SWEES\MFEN’GERSE@&WKQNG/ DGDQCESNPC
nodi fi e

nucl eoti des to form conjugates o %
LNGORGHIPD BYS BHG G GREGBNGRL N oSN R e R mg Fveser
EGYR%%:@@ gEP%%ﬁ&?ﬁVW’sga” K STRAEA BB H VN F§ngzTILDNITQ

€oxy- sacc an am no- sacc
STQSENDEWRM\HRGEMMQFPWV%NGI@VMFWWWE AAHEVETG

R e T IR T o Y

TPICIﬁB@Y@E@H&FG%WWGWFPQ@@R‘SA@WH@YDR&’P‘MMT@QRSTKFT

group Is conjugated to the sugar

IYNcheq@EHEga@mwq:gzgns&caﬁfgmw@amhwlwmwm YGIYTK
hydroxyl, e.g., primry hydroxyl, nniety
VSRYW\E]E(%E@&&TOE In an exenpl ary enbodi nent, the
nodi fying group is attached through an am nenvi ety on

[0116]t h&hs ?%Em i8vdtion i ¥ QKGR aselinAcd Bethe Sequesiei@nrdrhetein. Factor
urea that is formed through the reaction of the am ne

IX varigintsire wel &apwadn herary ag deseribid innr gramplgi He - risuigNos.
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 XI 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.

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

carried out using the methods described in the art, such as a one stage activated partial
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[0121] Any sugar can be utilized as the sugar core of
the conjugates of the invention. Exenplary sugar cores
W0 b@s/053960 useful in form ng the compositions oOPCT/HE2004/041070
i nvention include, but are not limted to, glucose,
¢t gse, nmannose, co and sialic | Q her
thromigplepip IEGGaTY i Aeripe rith e emls Tagsh 2 uran Hiood
CoaguEtltlHﬁ PRAbASsIs SR ALAHRES B, 1@%?@@1&&%@&1&% BE. 614).
“"anal ogue of sialic acid and th . The sugar core
Briefly; tmassay the bialogitalragtivituetk FavtordKumeleotle devealepedmecording to the

metboflitlt Fref BRI i rd® nefiOBhEP B humes o

act1vathd{‘ }@fﬂﬁﬂ tﬁfbnﬁ’é@‘ﬁsﬁﬁ&ea‘geﬁﬂ ghdtér I@@diéiic@&ilt RM@{hh Y 1dtéd MbinCGlpatient
roxy noiety is replaced an am ne. The

with hamm@ha é useagdtqrgle ﬁlelpbcv/camw@dﬁnwu@hwaﬂ kagewp ymthe@rt, and normal
pooleda rf%sjrrf)alga%%ta%da O§1e he %%11%8 eggﬁl IH{;}% Jésﬁ%y %%19 E{h‘t Io% Q&@ i$ Befffid as that
amounﬂpﬁbéﬂt eldoﬁdmﬂhh&ﬂbﬂﬁom’faapoch% plakea f Eﬁnﬂhﬁr,aan asbity fok bidRigical

in which Gis a glycos rmlet 0
activity pgsed on dpgelility;of Tafter }%a@ reglpesdt 5P{§>&ﬁig e ﬁg&éﬁrya gfeﬂ)d‘%actor
r
IX-de 151’[%5'@%1% n{gr}%%mﬁf bg ﬂgé%r ogﬁ&% %ﬁﬁgﬁpﬁﬁgﬂgﬁtbg%a&ﬂ}% Proctor and
Rapapmemme;\/l]tgnzmr?am&ﬂmm(1396&1); group. Thus, exenplary
bonds i ncl ude but are not I'imted to NHRL, ORl, SRl

the |j Far exanp Lnel ud .
[0118]¢ a&@ﬁ??@t S 85@8 RE RIS IHC?‘M%@"" fﬁ??tew Il\rfﬁi)ﬁ%‘gaa@'tl n6d ed
glycos?l&goﬁ Qiltkp |a€IéasW'ohB ofVh¥HAs B8 @daredod at é‘l?c%&@i&ﬁé thaEiicRides a
havi ng the structure

PEG ngmmyl §h¢ ﬁm i eo@lpralrydat@ph@rt@ dlisspeptide wia apgRiaet glxepsyblinking

group. t E@ep% ?Y%‘?S\?Ff@qg% g va?enflg g{t&i Ieﬁ E‘(ge ?lg%? at ?ﬁ%ﬁ’oe;qu?(rﬁmdue or a
glycosgN@siaes ef ha hokytﬁddTQM&Irhz&ﬁ/elyTH& diyovsgrmkinpcgrode id atfak]hemlgo one
groups, for exanple acyl -based |inking groups,

or mom@mp RFunits g @yr@pephéﬁd Thpmventien alwomdﬁwwgugﬂm}a ghich
the gl}%é@l ?lnv eg tg?&{ﬁﬁ@ Qﬁg&tewg(g Potﬁ%ﬂag mo {gefgls&lﬁg Gnd Qg%}c%@ylgémdue
the linker (L), or between the I [ nker and t he

[0119]odht ?Eﬁbmg're@uis agiRied t@ah rtadt ighikibng ligk@lj:ﬁlsecay,@re'[im@n@q—
atycosy DR ey PRt PR bSO Lo st s HE MRS ERFR e

heterok€$l. due. The carboxylic acid nmoiety of the glycine |s
converted to the corresponding am de by reaction with
an am ne on the glycosyl residue, and the am ne of the
fg(gﬂym ne is converted to theV correspondi ng am de or

ModifiedSugarse by reaction with an activated carboxylic acid

[0120]or The E)Pe%gr% intvention uses modified sugars and modified sugar nucleotides to form

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

the sugar. In an exemplary embodiment, the modifying group is attached through an amine
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of the nodifying group. [0124] Another exenplary
linker is a PEG noiety or a PEG noiety that is

wo evvssss@al i zed with an amno acid resi due. ThECPER004041070
to the gl ycosyl group through the am no acid residue

ne PEG term nus and . bound.to Rl th h
moietypspdhe SREATrus LAY raﬁlm@eﬁu}lr}eﬂiﬁ% Shh Hrge ﬁe?a‘f? Cﬁtﬁﬂéoqgé the
reaction Qg érﬁln%lﬁ‘l@reﬁaﬁle%’é@v&tﬁfemf%@mﬁ@ﬁfylﬁg ghshpt 0 the
amino acid is bound to the glycosyl group. [0125] An
. exenplary species for NHL-Rl has the fornula:
[0121])- NH{mrﬁ(segqr@sQ Pamijizgdasdig SR efrockiepnrericH ) R erion.
i~n
el YL okl L G505 B0 BE SR USPRD AL o
but arddhdt Gindfed teuddst, Falvtosaliegeibsd, faudsd, aha safi0@cidO0ther useful
simlar |linkers are based on species |n which the -NH
sugars g eda Ao SRR 3 USABRIMNES, SHAstTAmGy MaRasaméne, ths S-amine
analogug’ofSialic §dR and B178E. "r“Hé k Q;'eih Ela)étru&th% fo YR daBfe or it
u

I zes compounds 1 n

can beNmli O d CHiR ) & NIHECETE) fdﬂdoﬁj)lg(ltﬁ@iha (ﬂdﬂ)fgzﬁg@rb@ didiRxdmple, in one

embo%:%togh&@q)?b %12 ) C CH 5 dig%gﬁ 15} which the 9-hydroxy moiety is

replacm%ﬁ T @}{eqﬁ'ngé G%%ﬁ%%@%ﬁ%@a’éd analogue of a
O (CH2)aNHR 1, NH(CH2)SNHR1, and NHR1. In these

selectefdonmdlf}a@gnohp i ndi ces a, b and d are independently

selected fromthe integers fromO to 20, preferably
m1lto [

[0122][ O%ﬁ%‘j‘ e)f%n@%rg e&'xeooghngesnl)ﬁotﬁe i ﬁp Q ﬁl?z%?% tn% d?fqaﬁl\];se%? %é%g ‘that has

the fornddlaistrated by reference to the use of sel ected
derivatives of sialic acid. Those of skill in the art
wi Il recognize that the focus of the discussion is for
clarity of illustrati and that the structures and
conpositions set fort e generally applicabl e across
the genus of saccharide gregyps, sgadi fied saccharide

groups, activated nodified saccharide groups and

in whlc,llmlﬁq i galywesdmaiedi k |1eajb@at@wa1n1ﬂ<@ealgi Rlisghe moddging igrovm
trap i
ExershSSh e Yo SRR Ao bR TR o Rt bR Bk

group 696 léﬁeﬁ!@ﬁed&ﬁwt‘ﬂ'd&l@ra ﬂdﬁ%@g?@ﬂ HORE exer@lary bonds include,
, CH %E—DIRQHZ ] O% LCHZ a NHR1 |
but are not limited to OR’, SR and e. For example, when R includes a

. carboxylic acid moiety, this moiety may be activated and coupled with an NH;, moiety on the

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

with an amine on the glycosyl residue, and the amine of the glycine is converted to the
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AYN ANHC(O) (CH 2N) aHC(O) (CH 2() Cb CH 2CH2) Oc( CH
2)dNHR ; OH OH HOOCc”™OMCH( OH) CH( OH) CH 20H HOOC. Ox -

WO BHsaFH8H( OH) CH 20 H "NH( CH NH2R) a' ~NHC( O) ( GPCT/US2004/041070
2) NaHC( O) Q(CH 2) b( OCH2CH2) cQ(CH2) d NHR1 OH OH'HOOCx Ox

CH( OH) CH 2O
correspcmgr&@lﬂé O:)m&‘{ba@% by thmt)‘?&%'?%ﬂﬁ%‘%lm carbonate

20) bCH 2CH20) c( CH 2) NdHR 1 CH OH HOOOV
of the IRk (CHz()—UCHj ())-|CI(—|OOC><)JQ. . CH( OH) CH( OH) CH

20H HO ANHC(O) O( CH ( O2C) bH 2C0H( C2) He NH2R)d 1
[0124]NHBnO¥HEF Exh il ay DR Ols2) RE @02y dr 1@picHhRdOMetionalized

iSRG, ST b G LRl 08

at one PRGEEMMInds bAELEHETD RAEH oINS UTHES PEOO¥AN®EE ARernatively, the
repl aced with any ot her am no-sacchari de i ncl udi ng,

amino fpeitd rppidud is ﬂvaechtql%; ang|the BEGrFmEnugRt doved e amino acid is

heir N-acetyl derivatives, and the I|ike.
boundf(b (;??qos{/‘l‘%rg@ illustrative enbodi nent, a primary

hydr oxyl noi ety of the sugar is functionalized wth
[0125]t hesnmx@idp¥arn gpe@iea fpr NHel-Rehasiecforntble: 9- hydr oxyl of

NGRS R SR B O b R b Bl Betndices s and
are indRFGRIHIYO ok ?. The indices a, b and d are independently integers from 0 to 20, and
¢ is an integer from 1 to 2500. Other similar linkers are based on species in which the -NH

moiety is replaced by another group, for example, -S, -O or ~CH,.

[0126] 'More particularly, the invention utilizes compounds in which NH-L-R! is:
NHC(0)(CH,):.NHC(O)(CHy)s(OCH,CH,);0(CH,)sNHR',
NHC(0)(CH,)p(OCH,CH,);O(CH,)dNHR!, NHC(0)O(CH,),(OCH,CH,).O(CH,);NHR,
NH(CH,).NHC(O)(CH,)s(OCH;CH,)O(CH,)¢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.

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

activated modified saccharide groups and conjugates of modified saccharide groups.

[0128] In an illustrative embodiment, G is sialic acid and selected compounds of use in the

invention have the formulae:

33



the invention. Fornulae according to this enbodi nent
i ncl ude: HOOC. ~CH( OH) CH( OH) CH N2HC( 0) (CH N2H) aC(0) (CH
W@ @0R)PFsROC( HC2H) ¢ NHR2)d 1 HO NHC( O GH 3 O-P¢HD082004/041070
(X MCH(OH) CH(OH) CH NH2C(0) (CH NH2C) a(0)0(CH (OCH2) b
Q2(CH2) cNHR 2)d HO  NHC( O) CHy3c OH HOOGu oryc
HOOC. HoRIEdARGhh N2H( CH N2) HaC( Q) 2) CbH
noZJCOH([ 2C) cH NH2R)a 1 HO NHC(O) CH 3

X NPHCL DN2H) aR  JHOOUSECAGR e

OH) gﬂ%%gﬁz ZNH(zcn%fgmNﬂzR;D ao e NHC( O CH3

NHE[ O) CH3 OH OH HOOC™ , O. . CH( OH) CH( OH) CH2

NHC( 0) (CH2) b ( OC2HCH2) , ; 0( C2) #dde-NHD- B AHOMCHIHOE®) CH3

HOOCIJOCYSA ASHEICHOHOOH) CH( OH) CH N2HRw& JOH f[» ANHC(O) CH 3

)CH,OH

HO ANHC(O)CH 3 OH [0131] In a fu ernexOeRl ary
embed i repicH.Ha@okcmyentioautd | F zes nrpdi fied sugars in
whi gh
HOOC o CH(OH)CH(OH)CH,OH HOOG o CH(OH)CH(OH)CH,0H ;
Ho HO
NH(CH,).,NHC(0)O(CH,),(OCH,CH,).0(CH,),NHR! NHC(0)(CHa)p(OCH,CH) O(CHZ)¢NHR!
oH OH
Hooc o GH(OH)CH(OH)CH,0H )
HooG o) CH(OH)CH(OH)CH,0H Ho '
HO
. NHC(0)O(CH,)p(OCH,CH,). O(CH,)4NHR!
NHG(0)O(CH)o(OCH,CH,) O(CH)NHR! o
OH

CH(OH)CH(OH)CH,0H

HOOC. Q
HO™
1
and NHR

OH
[0129] - As those of skill in the art will appreciate, the sialic acid moiety in the exemplary
compounds above can be replaced with any other amino-saccharide including, but not limited

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

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

the invention. Formulae according to this embodiment include:
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t he 6-hydroxyl position is converted to the

correspondi ng am ne noiety, which bears a
wo evkesIveEi fyi ng group cassette such as those BEL/UBO4/0M1070
~above. Exenplary saccharyl groups that can be used as

t Iggc core oL(OII)(%%!%SﬁNH&QO‘;{&HZ) klﬁg)(cﬁzhl(%zrcl§ CnﬁlHHde C-:al C-:al NAC’
d’c Man, and t .
rePt eseptati ve nodi f| ed sugar according to th| S

nt"™H#a&%: the formula: in which R3-R5 and R7 are
menber 8 i ndependently selected fromH, OH C(0)CH 3,
Nioc a H@HBPCEABHc ARG NS oo, ochBiRbciomANH- L- RL, whi ch
i Sy dekcri bed above.[0132] Sel ected conjugates of
use i wdyention are based on mannose,; gal actose
or glu¢ose, or on species having the stereochemistry
of mannose, gal actose or glucose. The general fornul ae
ofood hese cophugatescaneodtdy,t.cR5ci0883] | n anot her
enbodi nent, the invention utilizes conpounds
as s o @bove that are activated as the

corres ondlng nucl eot i de sugars. Exenplary sugar

nucl eot’ des that are used in the present i nvention i

t iveér _mendjdicadichommdaeliide nd¥P C*FPB’%O“’C“ZWC“ZWS’F
triH @

enbodiNger

ates or anal ogs theredf. In a preferred
wehfe nodi fied sugar nucheotirderct:s sel ect ed
from a |UDP-gl ycosi de, CVP-gl ycosider or a
GDP- glyc05|de Even nore preferably, the sugar
%ﬁ&ﬁOtédec(&&h%%ﬂmQLu&mgmﬂPQMﬁh@ﬂ sugar nucl eotide is
ngﬁeo Ie romUDP Iga actose UaP;-Pgal act osam ne, !
UDP-"g e, - gl ucosami ne, nmanm os
CWPsi al Tc &BY¥™ or COVP-NeuAc. In aﬁmm 3 quﬁHgg&%gg
enbodi n#ht, the nucl eoti de phosphate™ s_at ached to
4]cn@HmteHcHinae@eHbdhgstoratNw e enbpdi MEHPCH n
the| gl ycosyl noiety is sialic acidythe
LdddiZzes conpounds having the fornul ae:
(OH) CH(OH) CH 20 H ; and OH HOOC. "~CV
ACH(OH) CH(OH) CH 2NH U - RL NHC( O) CH3 OH . .
[0131] In a further exemplary embodiment, the invention utilizes modified sugars in which

the 6-hydroxyl position is converted to the corresponding amine moiety, which bears a linker-
modifying group cassette such as those set forth above. Exemplary saccharyl groups that can
5  be used as the core of these modified sugars include Gal, GalNAc, Gle, GlcNAc, Fue, Xyl,

Man, and the like. A representative modified sugar according to this embodiment has the

formula:

RS

in which R®-R® and R” are members independently selected from H, OH, C(O)CHs, NH, and
10 NHC(0)CH; R®is OR!, NHR' or NH-L-R', which is as described above.
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in which L-Rl is as discussed above, and LL R1
represents a |inker bound to the nodifying group. As
wowdaok/os39sexenpl ary | i nker speci es accordi ng t oPCI/US2004/041070
i nclude a bond, al kyl or heteroal kyl noieties.
Exe ary modi fi ed sugar nucl.eoti c ounds
[0132]5¢ é‘g@eﬁeﬁ Goriygatpeelaise mhhgiimmtign 5’?339 %‘f n’}p@ﬁui‘f’s?’malliarc@se Pr
glucosg‘,n(g' onls Eémgs ﬁa%?g@ e 5Rr RURLRE gf(@gﬁllcﬁsé Yo 24 ioreiicosd Mehe
r’nvent ovides a conjugate forned etmeen a
gmwnmﬁﬂhmkmdﬁSMQaCQmﬁgmhﬁnenvent|on and a substrate Factor
| X peptide. In this enbodi nent, the sugar nviety of
the nodified sugar becones a glycosyl l'i nki ng, group

An exemplary gly
ycosyl Ilnklng )

l'i nking group i¥§
in which the grry¢osyl
reoH i nki ng gr 8tip

enzymat i & processes (e.g?: ledase) Sehéct & R
conj ugates of the invention include a nmodifying gr oup

is attached to the am ne noiety
[0 133]a mIlp] B A amp ey e]@b@dlmep,%l Hhedaggatiqa utlggquggg}qpﬂ%s as set forth

above %lt Ql%ta%ﬁégfé@ & the cBirkdpo fx‘l I nﬁ&l@oﬁc@‘s%gﬁlsaﬂelﬂg%hf MigAPnucleotides

group- i nt ac g yCOSY I ng group cassett
that araasariditixgpregent hiventimt inftheir moliizd domm imlwiealurleotidd wono-, di- or

N NN T
selecté@lf%&g L0 e0p %@ﬁ\ﬁﬁde [&‘3@@1%1&&1(@ bid GEPf-%lgféd"sﬁfe PXRAMGRE Yreferably,

I ment, t he conjugate 1s f or med etween a
the susuinstleatide Fatomor thxmedlifical wgamvstoptiderisi seleytedrfrqm g -galactose,

t he nodi.f u ttached t h
e 05 R LIS BRHR PP A58 Rl OfoPr e v
sialic 4did, s OMP INERAGO Hﬂ@i@%l@gceﬁﬁ%dﬁﬁeﬁt otht Rsle&itrqshiopgtate is
have the fornui ae: and in which the radicals

attachedh® Gd- di scussed above. Those of skill will appreciate
that the nodified saccharyl noieties set forth above

[0134]ganfh% SR aﬁ?lh?s%ﬁygéhﬁéhlﬁgnﬂnm 1h tg?yc()gyl%{ﬂg‘tgg i)lahc acid, the

n-or rogen atomat the
1nvmn&mnﬁﬂmei&iﬁ@imﬂkhmnﬁgﬂmHERHanpounds of use in this
enbodi nent 1 nclude conpounds having the
HOOC Q. CH(OH)CH(OH)CH,OH

\\/o

CH(OH)CH{OH)CH NH—L'—R!

HOQC 0.
\ /o
\(\\ \>J\\“\ o~ \ NHC(O)CH,

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

embodiments are set forth in FIG. 7 and FIG. 8.
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formul ae: R7\ ~-\ / CH2NHC(0) (CH 2) N HC( OKCH 2) ( bOCH
2CH2) 0O(CH 2)dNHR 1 T

WO BH3MHAGSOXCHI J. NHCI OPI CHIWOCHICHIJ O CHICI . | NMEI/US2004/041070
. C"NHt CH NHCOY QJO‘CHj MOC CH Ot CHJ NHdR 1 R5 Y RY cjsv
ACH NH2C( O) O( CH N2H) aR 1 X"CHN2 CHZI\UOHRl

(013517 y-piqihet eRgrpign ¢ A bp (RIS PH PSS qopgepiefprmed
betwee%)a fikd r oftHel 1% %ﬁ (I?"é'/\t@ Sktpblidiel 1h I@hls
t he gr oups and the | ndices are a s descri bed

embodailxmt,ethe FO5E RSP of ﬁfleTfndsrhﬁead a;ugnx/b@ematatglyooayiﬂmkaigl gD
oot vvj.i dudeesso fosorr,. thhene ee off su rr..

interpofes R PEL e SHOTRARIRS POBITIRE RICPR A g BIRlay WOFoey] Hriking
[ h®

group @Qﬁ lﬁthﬁggrl]}t,@ﬁl%g gr‘élﬁ’f Gh %8@1%4 %Ig’gg@fclj Endgeitgf B ﬁ‘lOleIEII(%S fcarﬂnmg

the hnkmg ghiuplare het degepdedipy f:hfalmdallie -8 Feipasaeeperisidete) esengymatic

proces%sigg,? ﬁgl%ases rgrs t-gﬁl c%rl%g %St (}fﬁhe nvgntg)on 1n%lu8£ a ?nodﬂ{y&xg'g%up

€ Ssudar use I n

' that is htfaeBed io0me lanﬁndlﬁ&ﬁ@ & an aﬁnﬁ@-@&‘dch@nd&a@\v Igh@ndo@samine, glucosamine,

st er eochem str%é o f GDP nmannose. npl ary species
galactospiaiedsinkc eoige h.Egie@ﬁ{aéﬁdméﬁYmBa%wn—w@% gﬁyyewb higkiag group

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

formulae:

OH R1—L'—HN

o. ,COOH o COOH

—L'—NH ; and CH3(O)CNH

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

[0137] In still a further exemplary embodiment, the conjugate is formed between a
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:

—pl
N—-L R e N___L_._R'l
H

in which the radicals are as discussed above. Those of skill will appreciate that the modified
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] TIllustrative compounds of use in this embodiment include compounds having the

formulae:
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RS lo- O \/ HO "OHN Il o- OHOV OH [0141] In a

still further exenplary enbodi nent, the invention
W@e@3i0osso a conjugate in which the nodified sSuBEr/UBE04/041070

based on the stereochenistry of UDP gal actose.  An
exenpl ag; rg,uclgq,];cgo)@ @%%gb(ocg@m g(grngan this invention
has the sYruttu I—f HO** \ w; and

, NHR [0, anot her exerrpl ary errbodl ment, the
nucleotlde §ugar is based on the stereochen1stry of
gl ucose. Exenplar speci es according to this
embodi né BN ﬁ@”ﬂ‘”&"ﬂﬂi‘l*”é%“@” ARD- 0 3 1 HOY 9
and HR1 O o- \ / HON OH . [0143] The nodifying
group, R, Yis fny of a nunber of species including,
but not lirited to, water-soluble polyners,

vat er - i psoloubl & R VORI Sk DEE@RERE I C agents,

di agnostif agents and the I'i Ke. The nature of
exenpl ai;; Lfying groups is d| scussed in greater
detai |l heréjnbel ow

RY CHZNHG(O)O(CH,)NHR!

o]
CHaNHC(O)(CH,),NHR!

R4

RY o} CH:NHR!
CHNHC(0){CH;),{OCH:CH,).0(CH)NHR! RJ;IRS
H R4 ’ and

CHaNHC(O)O(CH2)5{OCH,CH2) O(CH,)eNHR!

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?

Base

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

embodiment have the structure:
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Modi fyi ng Groups Wat er - Sol ubl e Pol yners [0144] Many
wat er - sol ubl e pol yners are known to those of skill in

wo b@sasiosand are useful in practicing the presPer/US2004/041070
i nvention. The term water-sol ubl e pol yner enconpasses
speci es such as sacgharides (e.g., dextran, anyl ose,
hyal our oni ¢ aci d, Psi alic acid), heparans,
heparins, etc.); ﬁ“g *(am no acidsg), e.g.,
pol y(aspartig, ati d) and pol y( glut c acid); nucleic
aci ds; synthetfi c ol yners (e. P pofY (acrylic acid),

pol y( et her s)ge f/qo\ﬁ)ol f(ethyl N ol ); peptides,
proteins, and tge |ike- |%h€~<g§sent i nvention may be
practlced wi th any V\&tePsoId e polyner wi.th the sole
limtation that the pol ymefo mu®¥ incl udé®™ point at

whi ch the remai ndgiriof 't he conjugate can be attached.
[0145] Met hods ffor activation of polynmers can al so be

found in WOR4L1%Q39, U.S. Pat. ~3r4, 844, WO
94/ 18247, WO 94/ 04193, U.S. Pat. < §, 219, 564, U.S.
Pat. No. 5, 400D 9@ 13540 PatH, No.

5,281, 698, and re V\bda{f{i\g , and for conj ugati on

bet ween activated pol ¥mers and 5/ptl des,
Coagul ati on Factor VI11 (WO Bd/ 15625), hem)gl obin (WO

94/ 09027 oxygen carrying nolecule (U S. Pat. Na.
[014114 In st ythey Hkarmiey satodtmen sth‘i)&’fé%tilq{’eprd?”élﬁm gayugate in

e SHENAP P BRI RLEE i i

5  nucleotil®sgai of wdeiin khisirvelisdralntsithd stprecopart i on of the pol yner
nmol ecul es in a sanple of the polyner are of
approxi mately the sameonol ecul ar wei ght; such polyners

are "honodi sperse. " J?%}R‘The present invention is
further illustrate Ey ference to a pol y(ethyl ene
gl ycol) conjugate. ) Several revi e and nonogr aphs on
the functionalizati and conJ ud n of PEG are
avail able. See, ' 7 Macronol . Chem
Phys. C25: 325- 373—(1 8 /PS Met hods in
Enzynol ogy 135: 30: 65 98?5 et al, Enzyne

M croh. Technol . 14: 866 874 (H999 2%n ey gado etal ,
Critical Reviews in TP'%rapeutl c Drug Carrier Systerrs
9: 249-304 (1992); i psky, Bioconjugate Chem 6:
150- 165 (1995) ;:sand Bhadra, et al, Pbarmazie, 57:5-29
(2002). Routes paring reactgzc EG nol ecul es
and form ng conj Jgat es usj ngot he r iwe nol ecul es

are known in tHe arf. tord exdnpl gl Pat ent No.
5,672,662 di scl osex®a wat|eP $bbub d isol atable
conjugate of an active ester ©of a Yy mer

[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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acid selected fromlinear or branched pol y(al kyl ene

oxi des), poly(oxyethyl ated polyols), poly(olefinic
wa@b@shsdds) , and pol y(acryl onor phol i ne). [ 0148]PI/B8S2004/041070

Patent No. 6,376,604 sets forth a nmethod for preparing

a wat er-sol ubl e 1-benzgtri azol yl carbonate ester of a

wat er - sol ubl e and non- fjeptrtdi ¢ pol yner by reacting a

term nal hydroxyl "N he2pol yner with

di (I- benzotrla%oyl carbonate in apl organi c sol vent.

The active ester” soused to for cofnj ugates with a

bi ol ogi cal | y acisw ucho protein or
peptide. [0149] W399 Zel%\%ﬁ Nbes a conj ugate
conprising a biologicaleoy actlv gent and an

activated water soluble pol ymee® copramsi ng a pol ymer
backbone having at le one termnus |inked to the

pol ynmer backbone th ough a stable I| kage, wherein at
| east one term mys nprises a bra ng noi ety havi ng
proxi mal reactive gréhps i nked t branchi ng

nmoi ety, in whiche b'r/cpluogl%al I yo m | ve agent is
l'inked to at | east ;zne ofi ~phies reactive

groups. QO her branched poly(®thyl g glycols) are
descrlbed in WD 96/21469, U. S. PAt enbr No. 5,932, 462

i bes a conj u%itje formed with a brancg ét Eb
[01431mo|Th@ 1061 2P0 URs Ruoci a1 0b? B AT SIS IGUGiRg Ut not limited
f: e
to, watbpgdlﬁ'ﬂgg(r)lfﬁ%? 'vs%égegl1g§6ﬁ)ﬂlggélgmgfsoﬂﬁ§agegp@?éeh€s dfa ?@&sﬁh\égems
and thealﬁ;ltd \/Eleﬁmﬁre ef exesnpddry asodafyinggreups 6 rdigoeged degreafor ddtaid)
?nj ugates between the poly(ethylene glycol) and the
hmf”WﬁQnglcally active species. U S. Patent No. 5,446,090
descri bes a bifunctional PEG Ilinker and its use in:

form ng conjugates having a peptide at each of the PEG
Modifyingi{e5oupsr i ni . [ 0150] Conj ugat es that .i ncl ude

W@wﬁggghwé?ggﬁT PEG | i nkages are described in WD 99/34833;

as well as in U S. Patent No.

[0144]6, R4By Safler- s%lllﬂﬂ‘e fagnadabd Endvicrges @vskillbipphd &@bhdarkemseful in
the present invention. [0151] The art-recogni zed
practicingtthe fEesot ipemniieer Theterm yratgsokile peymET alisgywassrseics such

as sacc?igﬁ‘désr(e h%ie%t?eph gfﬁ%lo% ﬁgg)upcf RS &a4, Se(?i@tl% FQ(?%}, ﬁ e}%zgisnns, heparins,

ranc y ne r
ete.); pal}d(aﬁ:hﬁ@acfldﬁ) ¢. bepaloQisprytt amd) afd pdigghitdmmrachigonucleic acids;
yners o other s eci ars

synthefyg B SEer 6ot (rEh 14D PpIgEs e ol GH5tehe etyeo
peptldé%oé%Qﬁﬁ@ ﬁh& Eh% lﬂégy qak @r&@ﬁt%%’énﬁ%n HayURradiichd %11th any water-

ention inclu t are not limted to, those
solubldyeolimgr with tlﬂmllﬂthIaltatiOn 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 at al., App. Biochem. Biotech.
11: 141-45 (1985)).
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ZMN(CH 2) b- X(CH2CH20O) e (C2H)d-A1l- R8 in which R8 is H,
OH, NH2, substituted or unsubstituted al kyl,

W@ aips598¢ ed or unsubstituted aryl, substitutePCDUS2004/041070
unsubstituted heteroaryl, substituted or unsubstituted

het | oal kyl , bstituted or bsti t ut
[0146]}, :ng%gquiygt?r-églabl,e %g]cyg%elgq etflre %%8 ,rln gqgil_ﬁ(%qlﬁ tgm’lea? proportion of the
1651 i ESERRIGH GpbrBdRislS'
polym{ {iCi4din et ERAOGUYEET e TP AppRdiglS tyd SRIGRERE o
weight; subbpelyhees bie ‘theprodsperse.i’ nt egers from 0 to 20. The
synbols Z and Z1 i ndependently represent OH, NH2,

VT NI SR 1 oM AR R T
conjuge! iS¢adralreQRinRranid mdnobpCEnthe Yund®onalization and conjugation of PEG
- (CH2) PU( CH2) SC(1;1 V. The synbol Y represents HQZ% ,
P,

are avaigble=See, AN gxaM e Abedrenol, Chem s A025:338§t373 (1985);
' | i Qb T
scouch AN LIRS I h0-L0B LS8, Byl ool

14: 866820 31023 avglganRdr ahf CAGEd]\RavRhs &8 TRdrapeiltheDas QY8 rier Systems 9:
ent of activated am des, ar nucl eoti des, and

249-34 (@b alipeis. Binarausiie,Che. & 1A vy (RSB anddaliagi, of al.

- I i t
R e R R S S
conjughtepugng e ddactbehséleculidsede kmovwmsiths titt Foeekaaiidy, .S, Patent No.

bsti.tuted bst.i.t yt het. I |, bstitut
5672 1 A NP L ERRSRRE S b mer
acid sell@t&RI BGH HnA dt¥rarRgh ﬁdl?%!l&y‘léﬁ% RiRE), 5B@v&§fetﬂy!gt&£ipol¥ols),
heteroaryl. [0153] In other exenplary énbodi nents, the

poly(olsbinic(adedhplrandgiojatrylomsirghvline). i s sel ected fromthe
fol |l ow ng: Me- (OCH2CH2) e- O Me-(OCH2CH2)e- O. Z T OO

Ve & : ’ - A\ AMq O
s STEGRES 5 b il ARG b 5 AR5
1-benz€et2d Bicafbondteldstdl of § Qatdr-261uBle)a@d dh-peptidic polymer by reacting a
terminal hydroxyl of the polymer with di(1-benzotriazoyl)carbonate in an organic solvent.
The active ester is used to form conjugates with a biologically active agent such as a protein

or peptide.

[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
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
No. 5,446,090 describes a bifunctional PEG linker and its use in forming conjugates having a
peptide at each of the PEG linker termini.
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Me- (OCH 2CH2)e- N Z O [0154] The pol y(ethyl ene
gl ycol) useful in formng the conjugate of the

WO poosfsioem i s either |inear or branched. Branch@€rUs2004/041070
pol y(ethyl ene glycol) nolecules suitable for use in

(015010 Corivgwes W9t R Br sl P BB TiiRees srCscReip O J013483:;
and W?%ﬂ%?,é%%él 4 lngg GRdnt NB6,348A3¢. SR @b e 1irikadl@ are

are nenbers’ i ndependent |y
applicabld incheprefend mvichomgr oups defined for RS, above Al and
A2 are nmenbers independently selected fromthe groups
for Al

d
10151108 The Erni2an TR o s pebie S Go st bt Bt Tokn e

contexﬂ@ﬂhe?( reséit SnvERABS [rSthe mmeﬂ oftieYbrafthed pelndetd® Hrth herein
H HNC(OS, SC(OO O NH NHC(O, (O CNH and
and alsw-ﬁ@(@y ganjgg;(t@pmﬁthe[sg ggqch@chpcﬁylﬁgqs t@Q speeigs, ¢.g., sugars, sugar
t the branched PEG i s based upon a
nudeoggé)sa& ,nhlgerl ne or di-lysine core. Thus, further
exerrpl ary branched PEGs i ncl ude: NHC( O) OCH2CH2( OCH
[0152]ﬁI CHz¢:Bg)at3p &%Ke@)yﬁﬂd%?@()%ﬁ@&&) ¢fasHiBthe invention include, but are
N OCH2CH2) eOCH 3 NHC( O) CH2CH2( OCH2CH2) e OCH
notlmet% thpssig%ﬂg@v@@% HO S (CH2CH20 8E3H3 NHC(%))CH
2CH(@2CH 2C) (HO2CH 3 NHC(O) OCH 2CH( O2CH 2COHC2) H( 3
HO 0 (CH2CH20y8CH3 HO O (CH2CH20) 8CH3 NHC( O CH
2CH( 2CH 2CH2¢) H( 3 NHC( O) OCH 2CH( O2CH 2COHC2)H( 3 O

CH2CH20) 6CH3 CH20) 8CH3 NHC( O) CH2CH2OCH3
F\IHC( o) OC?—B Z and (CH2)b_X2CH2CH2O)I;|(%g‘|2?d_A —R

in which R® is H, OH, NH,, substituted or unsubstituted alkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted heteroalkyl, e.g., acetal, OHC-, HyN-(CH,)¢-, HS-(CHy)g, or
-(CHz)qC(Y)Zl. The index “e” represents an integer from 1 to 2500. The indices b, d, and q
independently represent integers from 0 to 20. The symbols Z and Z' independently
represent OH, NH,, leaving groups, e.g., imidazole, p-nitrophenyl, HOBT, tetrazole, halide,
S-R’, the alcohol portion of activated esters; -(CHz),C(Y")V, or -(CH,),U(CH2);C(Y"),. The
symbol Y represents H(2), =0, =S, =N-R'°. The symbols X, Y, Y, A', and U independently
represent the moieties O, S, N-R'!. The symbol V represents OH, NH,, halogen, S-R'?, the
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

unsubstituted heteroaryl.

[0153] In other exemplary embodiments, the poly(ethylene glycol) molecule is selected

from the following:

42



10

HO' T S (CH2CH20) 0CH3 NHC(O CH 3 [0156] In yet another
enbodi nent, the branched PEG noiety is based upon a

W0 2005l05395Me peptide. The tri-lysine can be nmonPET/U8E004/041070
tri-, or tetra-PEG ylated. Exenplary species according

kb S, B O IS e
, NHC( O) OCH 2CH2( 2CH2O fCH 3 NH HNs L NH g
HC( O) OCH2CH2( OCH 2CH2) OF CH 3 ; and o /"\ J"~V ~\
ANHC( O, CH 2 CH2) eOCH3 HO o , NHC( O) CH;2CH2( OCH
M?@%%‘@#‘SWA N?\/E ,HC(O)A@W i) ret z

gl in which e, f and,f are independently sel ekte

. _ , . O
integers from1l to 00; and q, g and q" are

Mea-r{@€pleddpert e integers from1l to 2¢4 [@L57]
In exenpl ary enbodi menfs of thMer{RietCrak is
m PEG (5 kD, 10 kD, 15kD, 2CkD or 30 kD). exenpl ary

branched PEG species is a serine- or cysteine/(m

MRESCR,Ch,)WAsety the mMPEG is a 20 kD m PEG [0158] As
wi Il be apparent to those of skill, the branched

polynmers of Huse in the invent Mer(OQidiGH}E NTati ons on
MeH@Ctheps et forth above. For exanple tHe
di -1 ysi ne- PEG conj ugat e shown above can i fcl ude three

pol ri unj t.hi . -.am .
o1 E0OTLERUBIN S FARH A BEPS et Bat P o AR s cter
linear bhigrabidRed OBranched pdly&iingedewtadol onaletwiedsuitable foitisedn dic

four poeloﬁrreri c subunits is wthin th sfgl?ope of th

inventjop B¢l put are not limited to, those described by the wing formula:
R8-A" (OCHZCHz)e-—X1\
m (CHz)q
Z

852 —x1
R A\@;(OCHzCHz)f X I
in which R® and R* are members independently selected from the groupé defined for R®,
above. Al and A? are members independently selected from the groups defined for A',
above. The indices ¢, 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(0O)S, SC(0)0, O, NH,
NHC(O), (O)CNH and NHC(0)O, OC(O)NH.

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

serine or di-lysine core. Thus, further exemplary branched PEGs include:
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[0159] Additional exenplary species of use in the

i nvention include: Ms-y?*0)® s 0 ; QHZN <(tm o ;
wa@pasp5595v OH HN Me. and carbonates and acti vePEBUS2084/041070

of these species, such as: / ,0* . M Il MIN.,:f )

oL o andgo- ONF Me. [0160] Ot her activating, or

| eavi ng @groups, appr Oﬁri ate for activating |inear PEGs

of use, EOLYHPEUHEE 8t forth herein
include, byt arg not limted to the species: U M\ N=N

I ZT "x. W VOX X Hd -L.>-CAH H, and [0161] PEG
nol ecul es th are acti vareaP)rchOEherectand ot her
speci es and t hods of making the activated PEGs are

set fortl in WO 04/083259. [0162] Those of skill in

the art will appreciaigolchat, o8N, ek, more of the m PEG
arms ob”th

NH,

HN
\n/\/\/\NHC(O)CHZCHz(OCH2CH2)eOCH3
o]
0 0
HO §——(CH3CH;0),CH3 ; HO §——(CH,CH;0),CH3
NHC(O)CH,CH,(OCH,CH2)0CH; NHGC(O)YOCH,CHo(OCH,CHR)OCH;
0 o)
HO O—(CH;CH;0),CH; ; HO O—(CH,CH,0)eCH3
NHC(0)CHoCHA(OCH,CH2)OCH; NHC(0)OCH,CH,(OCH,CH,),0CH;
0 0
HO 0—(CHzCH;0),GH, HO S—(CH,CH,0),CH;
NHC(0)CH,CH,0CH, ) NHG(O)OCH;
o.
HO S—(CH,CH,0),CH,
NHC(O)CH;

[0156] In yet another embodiment, the branched PEG moiety is based upon a tri-lysine
peptide. The tri-lysine can be mono-, di-, tri-, or tetra-PEG-ylated. Exemplary species

according to this embodiment have the formulae:
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branched pol ynmer can be replaced by a PEG noiety with

a different termnus, e.g., OH COOH, NH2,
W@2008i085980 kyl , etc. Moyreover, the structures aPOWESEN€041070
readily nodified byinserting alkyl l|inkers (or
rermw ng carbon atons) between the a-carbon atom and
the functl onal group of the side chain of the "am no
NHCIRSIeD:CHAEHICYAP¢¥es and hi gher honol ogues,
gs | ower honol ogues are useful "am no acid"

cores fofl bragnche PE@&(@éoH@gomgbpg)beHspr esent
i hventHonN. e branched PEG species set forth
H&T?W prepared by nethods such as that

set |[for chpoechecadn,) i HX* L O . OOHH ++ \
0 000Ts\KQH MeH > o"O" ca , Y> T ' OH bang _NO2 NH
CH2C12 /TEA / *I>k OH 2 in which Xais Oor Sandr is
oan integer from1l to 5. The indices e and fare

i nd endentlx selected inte ers from1l to 2500. [0164]

NAYOPECHERF S SEE e, a natural or unnatural

HO anmi nosacig is contacted with an activated m PEG
deri vat i iR\ t eoichgrimsycHad®; form ng 1 by
al lkyl afi ng ¢S dec ain heteroatom X\ The
ctiofalized mPEG anino acid is submitted to

Nacyll at i di DNgnscHakbRCctaCH:E®bt | ve m PEG
deri%atiVve, thereby assenbling branched m PEG 2. As

. . i1l wll appreciate, the.tasyl g

in whigh Euftegdnandieppactll iR Bt oA e S RE R ere

indepcidéhtly R&cRUGRegEBIOAL & 20.1i f I ate etc. Simlarly, the
reactlve carbonate utilized to acylate the am ne can

pl aced with an active ester
[0157]Nh ;I@ pésw@lawrﬁbq‘ﬂm@ts atthe m\@rl‘ﬂ@lhéhf‘aBEQ iganPEE (5 kD, 10 kD,

5 15kD,30kbVABBLD) A dddntbtir) B R VEE 3pd Gk 188 SHineS UF Bysteine-(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 structure 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:

/%/\tv)w
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preparidgtthe penpaveily sett

as di cycl ohexyl carbodi i m de, carbonyl diim dazole, etc.
[0165] In an exenplary enbodi nent, the nodifying group

WO 2008/0PB® noi ety, however, any nodi fyi ng gr oupPCEU§2004/041070

wat er - sol ubl e pol ynmer, wat er-insol ubl e pol yner,
therapeutic noiety, etc., can be incorporated in a

gl ycosyl noiety tm%,@@:%g/‘ag riate |inkage. The
nodi fied sugar is forned byeenzy tié nmeans, chem cal
means or a conbi nation thereofyn Hy produci ng a
modi fied sugar. p,n exgnmplar yhe

odi ment, the sugars
are substituted WO i V& a® ne at any position
that allows for the attachnment of the nmodi fyi ng

and ca%ﬁiggt%%/ %}dga%%igé Ll %Ifltl%\é@ s%e@%s;%ﬁgﬁg to function as a

I "an~enzyne ‘capa i coupling the
nodi fi ed sugar t ke tiode. In an exenpl ary
enbodi nent , M%%@igsam e is the modified sugar,
the amine noiety is attach Ahe~garbon atom at the
6- posi tion. Water-sol ubl e Kol ylirer fied Speci es
[0166] Wat eMe e onDdif Ned nucl eoti de sugar

species in which the'sugar noiety ig nodifjjed with a
wat er - sol ubl e polymer are of use in the present

i nvention. An expagl/a:\\éa,@éi ed sugar nucl eoti de
bears a sugar YFoup th ei S di fi ed fhrough an am ne
noi ety on the sugar. Modifi | ot i des, e.g.,

saccharyl -am ne deriv tivesﬁg su ucl eoti de, are
al so of use i”ﬁ\b?é\séi}wﬁso g Re g

YN
wenit i on. For

exanpl e, a sacchatyl arm ne (w thout the nodifying
group) can be enzymatically conjugated to 'a peptide

[0160]( © E)tﬂérr&‘é‘ﬁvaiﬂg%ﬁéaviﬁ%" ij&l?@, abpRPrisRIehetlyhtighlinar FBGe by use in
ed to a

subsequent |y corp ugat ed desired r_mdif)éiéng gr oup.
orsh herginf inelyde (pyhire it [imed oths gpecies:

function as a substrate for an enzyme that transfers

the nodified sugar to a saccharyl accgptor on a

substrate, esg., Ja peptide, glycepeptilde, Iipid,

agl ycone, ¢ y\CPI)lEP‘dé et.c. [O@?ﬁ”ﬁ%ﬁﬁen‘qodi ment in

whi ch the gactharide core is acyose or glucose, R5

IS NHC(O)Y.\ 168] In an exenpl ary enbodi nent, the

nodi fied sugar is based upon a no- Nacet yl -

gl ycosyl noi ¢t} shown bel oW far /™

N-acet yl gl agt o8ahi neé3 the 6-amwo-sygas noiety is

readi |y prepdred by standard nethods. [- Q HO AcNH

KL ST

[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.

[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,-Ci¢-alkyl, etc. Moreover, the structures above are readily modified by
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OO0Il 1C -P-"., 0- OHOOHR=OHOa R=NH -: R = HN

J" l-of - v "> ACT.,CH'3 - rNS n Oa. galactose
wo@zidassosNH4 OANeaBH3 CN; b. J | ArAMN | ACHs SPCT/BS2004/041070

"on - rv "s v y[0169] In the schenme above, the index n

) represents an integer from1l to 2500, preferably from
insertingalkyl WG, (OnrOYEIZecash et pmp) BEtWEEHhe o-caEPopsipin an) the
functicﬁlxérgr%h% ofthe rsﬁﬁrcﬁ?ﬁrb ?hea‘rhnﬂﬁz) h¥ias | iy r‘l%h?o” §erfrativ@ and higher
al o, conponent of "an actrvated ester (e.g., a
homoldfed ey Lusdbwenaheolegies laye usafud Gapooeareid ‘aore fonblhoctetl PEGs
(e.qg., p-nitrophenyl carbonate) and the |ike. Those of
of use g)the prespntIREengPR. wi | | appreciate that ot her PEG ami de
nucl eoti de sugars are readily prepared by this and

[0163]22)0%9 PRSI @ IFecidsQét Rk th Heredh Bh%rrezﬁﬁ@rﬁ?gl%éﬂ by methods such as

odiments, the amde noiety is replaced by a group
that setfeeth ingheschemae helnw: or a urea. [0171] In still further
enbodi nents, Rl is a branched PEG for exanple, one of

h}Hl;lose

a 0 KOH, MeOH NH;
R T

r o L8

1

j o
\O/Q\/o%/\g OONOZ \O%VOQEAO/«NH
CH,CIly/TEA /O\é/\oj/e\/xww
© 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.

[0164] Thus, according to this scheme, a natural or unnatural amino acid is contacted with
an activated m-PEG derivative, in this case the tosylate, forming 1 by alkylating the side-
chain heteroatom X*. The mono-functionalized m-PEG amino acid is submitted to N-
acylation conditions with a reactive m-PEG derivative, thereby assembling branched m-PEG
2. As one of skill will appreciate, the tosylate leaving group can be replaced with any
suitable leaving group, e.g., halogen, mesylate, triflate, etc. Similarly, the reactive carbonate
utilized to acylate the amine can be replaced with an active ester, e.g., N-
hydroxysuccinimide, etc., or the acid can be activated in situ using a dehydrating agent such

as dicyclohexylcarbodiimide, carbonyldiimidazole, etc.

[0165] In an exemplary embodiment, the modifying group is a PEG moiety, however, any
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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species set forth above. Illustrative conmpounds
according to this enbodi nent include: HOOC . CL
WXR{oSIeB@5( OH) CH 20H HO PCT/US2004/041070
NHC( O) ( CH2) aNHC( O) ( CH2) b( OCH2CH2) ci O(CH2)(i NH S
(CH2CH20) OCH3 OH NHC( O) X 4CH2CH( @2 CH ) C1H 3
allows Hieoogar, tofunctiopaer)supites) forpp @;yp@\cgpable @f couphng the modified

sugar tﬁ%&ﬁ%@ x&nﬁg%ﬂgb &1 ; 4 e}g%é@te%?hme is the modified

sugar, theladid) ﬁde@@s@ﬂa&%ﬂ(t&he&)aﬂﬁhi—atcﬁn @CH2 G-bsD)onCH3 NHC( O) X
ACH2CH( C2 CH 2CHQJ) CIH 3 f ANHC(O) CH 3 OH HOOC N AOM

Water%@%ﬁﬂ%w&% ’2&%’%{2 E)chH(Hj(zgg g(cfg E|8 o C|H | NHC( O) X
[0166] %ﬁub&k@nﬁ%ﬁ%ﬁ Bﬁ%&(@ Qﬂ%qlquc)gg) gl(vg:l}l_}ch the su&ar moiety

is modxf@@@ﬁﬂ&lﬁ/)atd(r sblubleollyrfersard GHBEHR DeqEei@ntHBYentlon. An exemplary

B TN R N

) 0
o AL G A AN B0 e

nucleotille, @ovasq ofissedi Qmus@b@dsactfdh@mvcmt@np rtes emmplﬁ,vaewdwﬁyl amine
nucl eot.i de sy

o S5 LSl OB L S e

specie)an® HRNGOEHA ccHa@¥l amine moiety subsequently conjugated to a desued modifying

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

glycopeptide, lipid, aglycone, glycolipid, etc.

[0167] In one 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)

oH R
o) NH
HO
AcNH 0O
\4 O/P\O/\ z

R=0H

R =NH, _____c_____> R= HN)]\ ‘6\/ >\/\ /CH3
l:;» R= M \/3\ _CHa

a, galactose oxidase ; NH4OAc, NaBH;CN ; b. (0] /CH3
A O
O s n
J o -
A Of\/ >\/\O/ 3
n
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exanpl e, conmpounds having the formula shown bel ow are
within the scope of the present invention:Hoo a ,o.
WORI(0SIFQAH OH) CH 20H V H2N / > . >*NgA 0- S- ( CH2ERQs@HA141070
OH NHC( O X' CH2CH: ! (OCH2CH2 ), CCH3 ; and HOO
.CH(OH) CH(OH) CH 2NH-L1' S (CH2CH2Q) 1CHS
[0169]\Hé B xelespectpryeche adex  retpientsag nipeey from INp@be).qpgferably
[ j 4 i 0h0 i, i o ar
From 1610 L ol iR o, PR 00 o ars s B ettty
activatsnggaours pex, adsalo,ra avmipoherthod ao actbatedadster fegSaPpbsi tion i s

nmodi fi.ed: o NHC(O) (CH2) aNH S; ( CH2CH20) 6CH3 . NHC( O) X
by By RSB SAEDP B RETBCRHE 8- OB cefoopgi) and
the 1ik®" Thoke @f 5N in @ drbwihigpheckfle it 8thBPPIIGUMIR nhdddifik sugars are
_Al'so provided are conjugates of peptides and
readilygirgprogehy thiseand dnafsigdys maidiods-ycol i pi ds that include the
conpositions of the invention. For exanple, the

oo YT PSRRI R Wy
urethae) d{aQ¥zkh.2CH2) 00(CH 2) dNH S (CH2CH10O) 1CH3
NHC( O) CH2CH2( OCH2CH2 ) , OCH3

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

species set forth above. Ilustrative compounds according to this embodiment include:
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HOOC . O "CH((}|)CH(G—I)CH 20H 0 < NHC(0)(CH 2)aNH S
(CH2CH20) 1CH3 OH NHC(O) CH 2CH( 2 CH 2CHO2) C( H 3 HOoocr
W0 6¥95/05585 OH) CH( OH) CH 2 H(CH 2)aNH S (CHICH 2QrOrZHS20a41041070
NHC( O) CH2CH2( OCH2CH2 ), OCH3 < ~NHC(O) CH 3 OH HOOC
CH(%)O_D @%@E&% H( CH2) aNHC( O) O( CH2) b( OCH 2CH2) cO( CH
OCH3 NHC(O CH CH(02 CH CH2 J) CCI1H 3
HC( @) CH3 Wat er-i nsol ubl e Poly 0175] In anot her
i EHIRRADIOGDOSHLHD.OtCHD cus%eé?“ét‘}@\?ée t he
Lfied sugars include a wat er-| nsehxchleopalhyomer |
rather than a water-sol uble polynmer. The conjugates of
the invention may al so i ncl ude one or nore
[ -icngiotrdgiceopol yners. This enbodi ment of the
finve tion S iII strated by the use of the conjugate
(oﬁ(o ch to deliver a therapeutic
pepti dei “cont r gl | ed W™ Pol yireri ¢ drug
del%very systens anedumsnobmcibére: art. See, for
exanpl e, Dunn et al, Eds. POLYMERI CDRUGS AND DRUG
DELI VERY SYSTEMS, ACS gynposium Series Vol . 469,
Aneri can Chem cal Soci ty, Washi ngton, D.C. 1991.
Hooc._Th@se adordtiohbr.incHh R Wi lsH—(etppiceei at e t hat
wo-Jubstantial Iy any knovvn hlexsl@hiodREyosystem i s
abl e to the conjugates of the present invention.
NEEPesent at i ve wat er-i nsol ubl e pol ynmers
i nekude, but are not limted to, polyphgsphazines,
pol y(vi nyl al cohols), polyam des, poI yclar bonat es,

Oy 2 0TS RALYACEYRDL AR, BELYA Mﬁ@* Sict

ene terephthal a al :
HOppl yvj nyI et hers, pol yvi nyI est ers, pol yVI"igr C'F'T(é'i"(i”d’é:gz)'oc”
tyu,r ol i done pol ygl ycol i des pol ysi | oxanes,

ur et hanes, poly(nethyl nethacrylatg), poly(et hyI

nmet hacryl ate), poly(butyl rret hacr yI atg‘\rg%l\y(l sobut yI
mst hacr yl at ohy(is0d8
Hooe Q{ it <g§’¢”2“&g}* H} XQ;(JHT)“ acry at e) cpoI %éggc Ppgiow

HO th cryI ate), pol y(net hyI acryl ate), poI

a | atre)ochpol y(i sobutyl acrylate), pol y(oct adecyl
OH
(0]
HOOC o} CH{OH)CH(OH)CH,NHC(Q)O(CHy)y(OCH,CH;),0(CH)gNH §——(CH,CH,0),CH,
HO NHG(O)X*CH,CH,(OCH,CH,)OCH,
NHC(O)CH,

OH

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

invention:
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acryl ate) pol yethyl ene, polypropyl ene, poly(ethylene
gl ycol), poly(ethylene oxide), poly (ethylene
wo evosphob@l at e), pol yvinyl acetate), polyvi nyl PCT/US2004/041070
chloride, polystyrene, polyvinyl pyrrolidone,
pl uroni cs and polymkpylQheQQ&m@ﬁgm&ppolyners t her eof .

[0177] Synthetlca{ly I ed natural polyners of use
'QN gat @{H;Qé | v N cl ude, but are not
lim ted kyf” cel | uloses, RydFosalky cel | ul oses,

cel 1ul® e rs, cellufose esYBpCHoyegyerioon  and
nitrocell i oses. Particularly preferred nembers of the
broad cl asses of synthetically nodified, natura
pol ymers include, but are not linmted tlo, nethyl
cel I ul ose, ethyl c@WP CHERIP IR PT-OpY T CetHaukiose,
hydro ropyl met K yl-ocel | ul ose, hydr oxybwtepkcinmbdiglioc,
cedn Dbﬁs ac resoxeel | ul ose propi onat e,
cellu ate butyr te, cellulose acetate
phthalat@ﬂmcar oxymet hyl cel | ul ose, cellul ose
trlqcetate cellul ose sulfate sodiumsalt, and
in whigly Xy i é“@foaéryllc and nethacrylic esters and al ginic
c
017302 hidd 5 i BEEG AOAGROREE By B e A RHET Bk species
in whishi€te cagoodl «f e ({;ia@im&ﬁ;ls nCealifiddSt . Louis, MO),
Pol ysci ences (Warrenton, PA.), Aldrich (M| waukee,
W), Fluka (Ronkonkoma, N¥, and BioRad (R chnond,
CA), or else synthesized flrom nmononers obtained from

t hese suppl i er sHO®)(BE)SHaAN gac&mggugﬁmh[0179]

Represent atige bi odegradabl in the
the invention NHﬁ %48 b(g?H%?@fo%‘t

conjugamgs
yl acti des, polyglyc Ildes and

limted t6
copol ymer gl t her eof , pol y(ethyl gne erephthalate),
|am

pol y( but’jri ¢ aéld) pol y(val e¢ c
pol y(l acti dezsc&capr ol@ct one),
pol y*acti de- cofb+ co“ de D& anhvdrlwgs

pol yort hoesters, hﬁ%nUSDand oolyners thereof. O
particul ar use are cofiposi t§ong that formgels, such
as those including collad@ﬁ, pHM+on|cs and the like.

thh&%%%?%dggg %Fbyners of use in the invention include

ners that include waterinsol ubl e

[0174]rat&kb @foilldba\ék&@rﬂmgaﬁs fpeptideaahd glyp@pidphdﬂs tipidshed glycolipids
structure, a, bioresorbable nplecul e, exanpl e of

that inglyd the qeerRpsisions of badnertion.i Fen e ey MR IR OB S
joresorbable region, a
Comu%%%?%¥ ﬁP%ﬁﬂ%gl&gﬁgﬁgbg plurality ofcrosslinkable
functional groups per polynmer chain. [0181] For
pur poses of the present invention, "water-insoluble
material s" includes materials that are substantially
i nsoluble in water or water-containing environnents.
Thus,
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al t hough certain regions or segnents of the copol ymer

may be hydrophilic or even watersol uble, the pol yner
woRisosd9s) as a whol e, does not to any subst anPCEIS2004/041070

nmeasure di ssolve in water. [0182] For purposes of the

IB&esegt | pyS&tb9ont he term “bi oresorbabl e nol ecul e”
I'NC €5 a region that is capabl € of being netabolized
oy) okgn down and resorbed and/ iJn nat ed t hrough
For mal]” exX MO @PPHIBHPES BpoChEbody.  SHch ifet'sbol i t es
or break down products are preferaBH§OSFHOEEMEICE | y
non-toxic to the body. [0183] The bi oresorbabl e region
may be eitpgﬁmgxgﬁgphobic or hydrophilic, so long as
PheseSporyier Cdipgsi ti on as a whole is not rendered
mg% r-sqluble. Thug, the bioresorbable region is

8l eCty€d “basach) 0 prefenensent hat. t he pol yner, as
a wholgg, renmains wat L&&@gL@Q&gﬁméccordingly, t he

rel ative properties, 1.e., the ki'nds of functiona
groups contained by, and _the relative proportions of

t he bi oresorbabl e region,| and the hydrophilic region

3L S gl ec E%)CLI(QH)&I%(MZ)SIH Usefith,chd o8 esorb abé €
co S

I ons remain \/\/ater-iN%%w‘p(lD&;CHLOQg@éI] EXnpl ary
rgsdr ball e pol ymers include, for exanple,

Eynth ti cHI%FHpr oduced resorbabl e bl ock copol yners of
pol y(arhydr oxy-carboxylic acid)/pol y(oxyal kyl ene,
{see, Cohn et al, U S. Patent No. 4,826,945). These
copol ynmers are not crosslinked and are tersol uble so
that the body can excrete the degrade opol r
RSN gl D M e oy
2p7|1301- 1316 (1987); and Cohn et al, J BiNGHRH-"RHEEI
S. 1888k, 009 (1988). [0185] Presently preferred
bi or egpr babl e pol yners i nclude one or nore conponents
sel ected from poly(esters), poly(hydroxy acids),
Waterpiobol@bladtadyreers, pol y(am des), pol yesteramn des), poly

[017 Sf)gﬁ%} gg%tﬁg%%%%gg‘l%}l% éq?asln% %)?11% Igogﬁgéq %ig(%s’ge oa{b%lx?g,%ﬁet r%roa?ﬂed sugars
includg%lj\%{tmﬁ§ﬁﬁ%%?}rr§9r’ raBRl ¥ah RiveRSt Rble pHIPhEs aCEhenjdlRses of

m xtures thereof. Mre preferably still, the .
5 the inintioe st1ylsdsl inciude pneer merslwalersingolpele pohyaprs xPhis sebgdiment of

o SRR b PGS SopcRt B e

therapGiidpeptiak Yy alo6iitrSl10d@h shndh P tppefiy dfp slehndy Bystéms @s known in
thereof are preferred. %0186 In addition to f mnlg1
the art. rSegnfon exanplas Danree!aths BiH EQLY HERICRRYOS AP b%’;ﬂ&é%hly “RY
r ef d_pol [ ay i: D.C.
svsr e SRR 070 Pl e 0 it
10 1991.MEkcRBOF Ki@akh ehef drogitbapipreciate 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(vinyl alcohols), polyamides, polycarbonates, polyalkylenes,
polyacrylamides, polyalkylene glycols, polyalkylene oxides, polyalkylene terephthalates,
15  polyviny! ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides,
polysiloxanes, polyurethanes, poly(methyl methacrylate), poly(ethyl methacrylate),
poly(butyl methacrylate), poly(isobutyl methacrylate), poly(hexyl methacrylate),
poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl methacrylate),
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[0187] Hi gher order copolyners can also be used in the
present invention. For exanple, Casey et al., U S

w@ad0sn05598D. 4, 438, 253, which i ssued on March 28CT/LSB44/041070
di scl oses tri-bl ockcopol yners produced fromthe

(i - bl ockcopol yrers produced |
poly il Sty 6ol GEAEFEN Ry GGyt S i oGl

R i S e

(ethyleme mérephthaately potsifeiny haetap)s @ty dnylahlanleapapmstyiepe, polyvinyl
orthocarbonate, such as tetra-p-tol yl. orthocarbonate

pyrrolidgRe, Plyfanies, Wm@ﬁ’ﬁﬁr@ﬁ G?i?offg’&f%@}\’/t ¥er pol yners
based on | actic and/or glycolic acids can al so be

[0177jut isg/hﬁl@ﬁealﬁ%ocﬁﬁé‘@ﬁétﬁral BBl fidrs df-uSe irPeinftiatdlf the invention
_ 5,202,413, which issued on April 13, 1993, discloses
includ by exgroet Hivited feslalliyl pelbBeses.dpyergalks] ¢pakplasgs, cellulose ethers,

sequential l.y o I I I '
cotaSERYER, A ia MR SRR R e RRE AT PRl classes of
synthe@itallya@bdigied anwd holnyeoinchide Wit aregiot hietitedno,ahéthyiretlilose,

diol or a diam ne residue foll owed by chajn extension
ethyl agflelese haﬁwmqopwly@@?sﬁadmyp@mhnséﬂ %?]'aqug Hpuy!
methyijée‘i‘ﬁl}’clsg,héeﬁ{liogg ?c%rtatg,' c%hh@geﬁﬁﬂohi%ﬂﬁte, dHHBRL 2B AE BaRLRERERulose
regi ons’ o ul 7 in the

coati ngs use present invention
acetat€plithdlete desbanyatttiyd chiulbyed callujdse taddetatg dlldpse sulfate sodium salt,

nzymatically clegvable. For puypases. .of the present
andPﬁ%W%ﬁPféﬁ?LOﬁ?ﬁ?@ﬁ?@%’Sﬁﬁﬁmépgﬁ&ﬁﬂFQMdrefers to the
susceptibility of the copolyner, especially the

[0178P1 atregosdaaht 6theepbi9Mers AsdlV@H Bt Sanl Bt 1BAIBI ot4ingd from
mater-contalnlng_enV|ronnent. Simlarl
1

. . Y, .
commezsiad yoruedscabh gs Slzmm/Glisndcal £0. (SteHowiarDr), Pelyapignaes (Waeenton,

e, BUERERLURALHEY E S1BoTROB A5 RE B gponc. . o

else sYRNQRERBO ABnEMBNERE:s obRLRA]rofh eHesdéipdterswisingistantiineg teadmjques.
t he hydrophilic region can be processed into

excret abl e _and/ or t abol i zable fra nts. Thus, the .
[0179hy d%f@bqspmta%ver@gﬂﬁﬂﬁ%& pakEPErd @fu?eo‘fl%g;%ﬁwé’é}es ofthe invention

: .nal ' .pal vl i

Y SHOGE RS s g6 ol sy

poly(ethydarel téreplsthalatel pedwbutyar add} potydvdiatyahidl pely(pajsiciates,
tej d. | yes d i xt. her eof .,

B AEE N EE T AT A—

copol3X@TRefoora OR Phdtcaldf ubEa8 LoRpbHfonsIHA ToRe bk Aukl benBle
oxi des can include, for exanple, poly(ethylene) oxide,

includprg opllpgamp plueerays and e liknd ni xt ures and copol yners
t hereof. [0191] Polynmers that are conponents

f hydr ogel s al | . \ et | |
o] LS 1B 0 PO B O v
insoluBlRSR4tBIiA1ghseh@ivithel t 18t gportivapdf tHelrasruotirajatbésresorbable

Exanpl es of hydrogel form ng conpounds i ncl ude, Put
molecgiee Adbixapiphg eletich @ PopiENsy AT PLA 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 substantially insoluble in water or water-containing environments. Thus,

although certain regions or segments of the copolymer may be hydrophilic or even water-
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aci ds, sodi um car boxynet hyl cel | ul ose, pol yvi nyl
al cohol, polyvinyl pyrrolidine, gelatin, carrageenan
w@ar@s053960 pol ysacchari des, hydroxyet hyl enenmet PerU§100€041070
acid (HEMA), as well as derivatives thereof, and the
l'i ke. Hydrogels can he produced that are.stable, .. :
solublephs ebrara amM e 45 7 SYIEh ABEICE fo B WoSeRtal kg dissolve in
conmpositions can include subunits that exhibit one or
nore of these properties. [0192] Bio-conpatible
hydrogel conpositions whose integrity can be ]
[0182] c OFitrmirpasds bfithe presemrivesitionkthe terar"giderovrablegolgeele” includes a

X resentl ef.erred for use i.n the netho f .
region Pheg rrepate SEBiimbingiap Bred i puitp dafmt M0 o Rpag R timinated
througiNASrma? e £k oBlutedbyahe b&SU eThcRMebiolites 25 breh@ owandoducts are

5,529,914, vihich issued on June 25, 1996, disclose
preferahbyt sbstentially nongpsicderthe badch are crosslinked bl ock

copol ynmers having a water-sol uble central bl ock

se f s | g [ 1].al
10183] & B Biog BT n RE EbD RAL Bl e B NP0 o as the
copolyet BorRpsritRodsyeholz &bha ragkeyddavaertsohdile.oflas, thedgorewrbable

. crosslinked, these systensugecq&p hydr ogel.s. The wat er
region éxelfisfed hagart ruthe prefeiencs that AR PRISBSTAATE LG AT ALE HakT

insolu‘tﬁc%L?&%@&H%%@Q hedbMGoL gfo WHRE 62S thd RAANYHuRENEAT &lohs contained

e ex sions ca e a poly(a-hydroxy acid), such
by, andithepelatigd yropbitionsc tte biorgrokyebiecegionaaniddhe Bedropigaamegion are

et al, crompl ecul es . 581-587 (1993). n
selocteg i P [RLRERY GO BRI SSTRDOSTIRES (R praigh ITsbid
t hernoreversi bl e gel. Thernoreversible gels including

[0184]C OTREABRPresSBEHle ply i R1uaS, fof Btdnadenyniyeticillyrproduced
hyal our oni ¢ aci d, pol ysacchari des, pol yurethane

resorbwhd blogk kopgphyns & phkyhe-hydey wpthospiit aamPdveByHhYFehésee
t f d 019 J
Colin 5T 511 B0 b Sl B ol ot S UL e

solublé SEIHYEEE bBdF SAPRREAS tHRfdeBradéPBROKBopdlyhasrgsitians.bee,
prepared accordi ng to nethods kn o those skille

own t d
Younes m #hel Bipwed.tidateniespile 1385146 dO8 s and fokm gitlei/Piggied.
., Ad R . 4,522,81 1, which issued on June
-MMW”%%?-%§§§?4£@5?§¥§$g|e, | i posore fornul ati ons may be
prepared by dissolving appropriate |lipid(s) (such as
[0185]5:] @@ésﬁﬁﬂly gﬂeiﬁaﬁﬁaili@dsdrbmm poﬂgiéaars: indﬁdes Olﬁea(ur_oybrle complonents
osphat i chol i ne, arachado osphati dyl. . chol | ne
selectahiepRely PPy ly{hy daryiay bé’ﬂry_élag@fl rﬁot‘i[(%é’_ﬂd"isg QOLY_EEW‘
amide%‘éﬁ@%gﬁﬁﬁg’acl&ﬁ%?ﬂ?%rﬁ@miﬁ&)ﬁaotlﬂbﬁhcﬁés{e@@)%olﬂfch%nhﬂem d

surface e“container. An aqueous sol ution

poly(phbsphagine) potg(phosphoesiets) poly(thigsktarsimobise¢cbarifgs and mixtures
cceptabl.e sal f . i hen i.ntroduced.into the ' :

rcolCREEL AR BBl GO RGP i

component. Of the poly(hydroxy) acids, polylactic acid, polyglycolic acid, polycaproic acid,

water.

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,

Casey et al., U.S. Patent No. 4,438,253, which issued on March 20, 1984, discloses tri-block
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material fromthe sides of the container and to
di sperse |lipid aggregates, thereby formng the

wo 2essived suspensi on. [0195] The above-recit eBICT/US2004/041070
m croparticles and nmethods of preparing the

copolyiess ORI EBEE Eooerur rateh ol EsRbBhe RIET BRam B Oe
ended ?élgi ?'net @??Cﬁj eSRAlohPYERbALHe dlsblodéd for Qﬁe AR BAYle t O

inthe art that an array o )
monofithmentpantres | Be, fldilifycdisach dompmlisitions @rﬂonneklmbbsthean@rporauon

of use int rese nvent Th truct.ural
of an oF iR & EcER TR Ah 6% S TFIT-CHA SEBRTERTEL Me o
structuf@t er - sol ubl e pol ymers, both straight-chain and

branched are generally applicable with respect to t he
wat eri nsol ubl e polynmers as well. Thus, for exanp

[0188} h&thsrgrodymers bs@duonéactmarlgi@r glycolinerids sanyadsorke e, For
examp%aﬁn?nqli' a%q%g ?25’? 4 y%ﬁ%ﬁ)ﬂ@ﬂ d_ZIrﬁldAll}ﬁdmrltlﬁ tl% dlS oses

or’ymer Toi'e ods used

blodeg%déﬁl&lﬁultﬂﬂ@l%el( Smtyrﬁéirs aning esv@entidlly cﬁ’ﬂcﬁsda bLochmaﬂ }mjj}ziaalde
to those used to pr oduce the vi/at er.-sol u X({TE s1
and/or[pyxgrycotide PERyE O HHNPERS IR Vrnarlraéwn 1l B! Sy cotide

onto eﬁ]{x’é}J aﬂ%@% ﬁ@ rdlol?g ﬁﬂl}rﬁ f‘e@ﬂu?ff%l cq’ifcun extension with a di-
S a

avai g ycosylatron
functigial e&npaeidecddhcm eocﬁlmnymraydmcylhldbndsos@blaiotqsxlmef or a
particular site, and the like (FIG. 2F) The

0189 FOreRBRGle Reaifr ot Faeids FPTI0LL B PRECT AP 0ur b hascdcgiencd t
be hydra(ly(lgallg‘ arfél/or':eh%mﬁ)c-allgr bRaMMd) Okl puePeR&] ofl the Bebdérttiirention,

conj ugat es di scussed above, the present invention

"hydrqimanlld@éeaneblh'b@ﬁerr torthp sreqsaptrmlgtwqf dheecopalymsr pespecially the
bior 6881?) %tégﬁ%ﬁﬁ ;e g{gfdro uys?s in V&&l@e% or QWIR&I %ﬂta@ﬁlﬁé’ 8%?0%? ogﬁnllaﬂy,

Ing or anmel | I sease state

"enzyR¥tiGUFi MashigeT fnohsad ﬁél’@in&@ﬁrﬁto&he Emep‘rfbﬂ@ytdfdre dopobymer,
subj ect at risk of develo |n% di sease or sug ect
especipytherpieresaibalie segitye lo glearogy yrﬁ SEPPIB 9T T RFROOEH CnZymes.
provi des a nethod of form ng a coval ent conjugate

O1s0P LY - SELA M 9 ISGHO) R

excretﬁkde Mob%%ehz@)lev\ﬁmgmem | Tholsethp dlygrophilicaegipe pap@gkud@, for
t

examplPyRe e i et BaIS o Gr b do BB SR RR Rl i

lcohd? Syt QL ARRYY, bh61yIRIcBArYe8) catb DiBta@E Ubdptidss, proteins and
Aot Prﬁ%{?%at}éd to thg)t Eegtl de rV|ea cg gly Brg%s iuﬂ)i‘pl n |r1$

copobgncm |al;1d whitotesiteereoft dupbeswrbdhabedhopkile rqgwma@rrgso)}oe for

examrtlg agpoqyéﬂgiy&neg(a)fla%l g %&o&ﬁg@ygn%.ﬂ&lﬁ%%dcﬁﬁéﬁﬁr\%icegﬁ glégample
poly(e@l%ﬂé@ tokig, ﬁ&l?(pﬂﬂgfﬂén@)?oﬂfdé Bndmisttites aed capulihers g reof.

nodi fi ed sugar an
[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 forming compounds include, but are not limited to, polyacrylic
acids, sodium carboxymethylcellulose, polyvinyl alcohol, polyvinyl pyrrolidine, gelatin,
carrageenan and other polysaccharides, hydroxyethylenemethacrylic acid (HEMA), as well as

derivatives thereof, and the like. Hydrogels can be produced that are stable, biodegradable
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an enzyne, e.g., a glycosyltransferase, that

conjugates the nodified sugar to the substrate (e.g.,
w@ewsiostdso agl ycone, glycolipid). The reaction PGI/US2004/041070

conduct ed under conditions appropriate to forma

coval ent bond between the nodified s nd. t he
and bidrawronbla. WpEsHPY QY@QQGPPWHBO%%@%SS%’?’PBFS fhgt exhibit one or
yplcally synt hesi zed de novo,
momcf@?%%ﬁ&ﬁgﬁp y expressed in a prokaryotic ceII (e.g.,
bacterial cell, such as E. coif) or in a eukaryotic

[0192]ce Bho-smmpaiﬂolahyrhngﬂIcomppsry@aswhosc megrity chiy hg aonteglled through
pl.ant cell i ther

crosl B IGE et G R B LI ohs et trss el Repeion

For ex%n@@ dﬁﬁﬂ?elp& AU @5ieRERbE. 38110101 62WhRK SFREAEY April 25, 1995 and
ment, theé peptide includes a mutation that adds

5,529,9¥4, mdnavieshed we. Jone %r1Q9NcShSC®SI3 mries o bl osiemst Whish are
crosshgllﬁqgﬁ@fxf@?ﬂpo?gg%? h!?‘%ﬁg(%e é ;[/)%:e[) c%%&gl]bléﬁ( s%gm%ﬁfeﬁﬁh@fc}’led

betwednRotHydPa (i@l 1¥bilchextensidher Swodl d@bbl@nﬁ@d stadirtlion chdreapped with
foll owi ng manner. The peptide is elther produced with

photomﬁwmrmabl@tﬂcvyl@tmfwwtlaealéleg| Yesuyprossinicdstbese ptemsiecome

hydro%ilg}p/ c@lseéwz?% Siuh1D EerdlaY gl%a'@)f MRh %h%?lgrcnefsrda oﬁolﬁ@thylene

am no acl seril ne

glycol} hﬂﬁ%‘s NBe h§ddiykichHpLeily bxtaﬁﬁlm ogabaatpobybidtydebxy acid), such as
and the NAc alactosylated peptlg

polyglsctdicydc ercholylaeticaacad. e cSadinasth, VHFE O 616)% PSSt
(1993 usi ng SToGal NAcTl. Alternatively, the

)NAC gal act osyl ated peptide is gal actosyl ated using

Core- 1-@GlT-1 and the product is sialylated with a
[0193]si ah afothei ptefediell pinbgdigrent phege fed thermeiengsiBR3@Al Tl . An

npl.ary conj ugate accor di n to hi s, nmet hod has1 {.he

Thermpog e gelsi H?ﬂl%\fg‘%% CORERpneyLsy s UTORICP, CoTiagir, seiatn

hyaloﬁgmg agida‘%olgédacl‘{\ﬁi d)%'l}alrethémet}ﬂﬁr it bB/u?&hzdreﬁEQa hytrogel and
rou S .

In the net s of the
combmm/cmstthemmf assmptcsaslytmaﬁerrs@t forth above usi ng
mul tipl e enzymes and saccharyl donors, the individual
| ycos |on St erf -
1948 SR DS e et SRR EP AL Son e

compdrR8t éfhi 1Bfos6mey f[?)ds@ﬂaéﬁ ba@fbeslﬁépefrﬂf ad@oﬁl‘mg/’@ hétho@altidam to those
tranf erase,

d dth b
Sllds ot Mo Bl gioes e @?”pmﬁqlé H?ét» P iBpten plo. GaPRALL
wh1ché§s§%c§ 08 Wutf afy hegp eﬁ&oéxgﬁglseah bffordshRa dy@é Prepdteld by

ghd the ‘appropriate ary nors ad as a
dissol§ing 9%)@0@1‘1@1@ Jiphdi(e) (sech axaekarai phmaphat[dyl bﬁlanculelawtel, stagroyl

i nvol ves, addi ng e r te donor
phospb e ARaIEF) SRR GANE LAY GRLS Ga ROk IO aLT i
solverﬁ% t snfﬂ% EvapoPtd, fak iy enfid HRENAIR of J}%dﬂﬁﬁ@ Bfl theSRitface of the

Th ove are Of us€ in preparing the conpounds of
contamhte Amz@rouosolufi@Pothe amvtermem@onqmgatseﬁlaﬁﬁamécally acceptable
salt 1sd Vegﬁlg(?uced er%gttfxecggn?amé/r {"he co%t fR§ L%\tmr?edl%}J ﬂarﬁﬁ%j 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

offered by way of example and they are not intended to define the scope of microparticles of
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the Sia-nodi fying group cassette can be linked to the

Gl in an a-2,6, or a-2,3 linkage. [0200] The net hod
w@booslossosmvent i on al so provides for nodificatipemr/ok2004/041070

i nconpl etely glycosyl ated Fact or | X peptides that are

roduced, reconblnantly Enpl oy % dlf ed sugar in
use in ghemesspinyentione It wikb arparent Wéh@f@rﬁ s géthat an array of
m1cr0%5’tf%flést %ﬁ%ﬂéh% d&’ffér@ﬁt (?(cféoérl‘, 'o?h?éjmacﬁﬂ §éﬂt\{ﬁ1ehﬁ8ﬁj
a water-sol ubl e pol yner gra eutic

agent, or the l'ike. The sugar noi ety of the nodi fi ed
[0196]s udae sraciuiabfarmetsrdissiugied aboret inwea¢ aitgut op thel watéresoluble

polymﬁré,&%ql’é% atrald‘ht-cgﬁ%}h%élr T ?@88 arﬁ::g%g%g l&}a{)%c%h 3 leglge% to the water-
insoluble §BRider£ss WAL OThu ke rRhiapl, B chaeise Aerifi® dillfy}ﬁh&gand trilysine
peptides of use in the present Invention are set forth

branching eyrexgapdg fanctiopdized/ it revywataninselyblemnsl gneraeistiesetThe

methozlsolﬁstea (ig h%rdgcregt\l}lei Oég%l:s 41 teﬁo%erglﬁ%fgéq%%ﬁ%&ﬁ%e u§ela%o

produdeahé watet-XolablRpolyghdég. t he noiety: OH NH G OH wherein D
is -OH or RL-L-HN-. The synbol G represents RL-L- or
noi. e r| Si

- a - Lkyl. Rl i
[0197]5 f&% éﬁgr-ee %ﬁ’ﬁ%ﬁﬁﬂ%@@&ﬁww@wae g CgRgHlsRbY choice of
stoichi][ofrer%’c x mb®f éﬁ S?%et%%léeog PEESERLS, RldclibKSF ar?’?ﬂz?ﬁfeecgat is

ond, unsubstituted a
selectiseifis ta pavti cabhr site,Land olos kiket (@ﬂ@dZEhtﬂmﬁy@EGﬁlm@ EngpalX species

display Denerd ety baRife falpeva i e pelp ot S G - FIG- 6

i ncludes, (a) contacting a substrate Factor | X peptide
The Mithédsa PEG sialic acid donor and an enzyne that is

capabl e of transferring the PEGsialic acid noiety
[0198]f r dmrrddidomtoribe conjugaies disdystedabeve: dest mleselnxlry@pmrdlerowdes

0203] An_exe Ia PEG-si al i c
methoyEP Bl nd UEger eLdor sutiehst “WAH o RE i proviggs methods
of prea&ﬁu@ncﬁﬁ@’mn{fm@ﬁa‘[h‘g%rtﬁtfe@iessté;tb ey BEGiSitetihEa 86ijOgBObOthe

an amno acid or % ycosyl reS| due of the Factor IX

inventigade pgebjegiii gk ebdryiclaniiesthe diseass or asubipgrthathas the disease.
transfer. [0204] In one enbodi nent the substrate

[0199]rﬁgfthﬁ§ th@ﬂn@&?ddnﬂﬁoklﬁese%& B of fdr{h 1?%9 O5Val &Rt lc!) Héét%%et‘i&%en a

Grmat’i on e conjugate o P nventro
selecteeoiptyaany alastor dElgeptide.a manmmal i an cell. | n other
enbodi nents the host cell is an insect cell, plant

10200} G bR e g T EMiEPE  rmrdbeBY e B rdpble
polymérXa ERRABAE BDHidP 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).
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

expressed in a prokaryotic cell (e.g., bacterial cell, such as E. coli) or in a eukaryotic cell such
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forth in the sections above. [0206] Factor | X peptides
nodi fi ed by the nethods of the invention can be

wa@uslostose or wil dt ype peptides or they can bepomustoedo41070
pepti des, produced by nethods known in the art, such

as sj.te-directed nutagenesis, cosyl ation o
asa mﬂé‘&ajl%ﬂs ge3st, 1psesh dunea) O%Plﬂlllféieﬂi\ﬂg AR ecﬁan%? IeftEWeadf}ﬂlAﬁngth
P R e o b e A b4 n an
exemplary papodichent dpumptids irmbplas agiutioX-tbariddeommthoved one or more N-
Ol.gg‘_g r.agi ng#.Xt hxcegni ne, ere X is any am no acid
or U= dg%?' QB BRSSP dhe PREUAR YRR on sequences for
enzymatic attachnent of a carbohydrate noiety to the
[0202]as Pasagidhepl Sy @t bobmhdht, FEGLS g[Xtiéw@-gllr;@gsrmee_a A fehdtioahliRh with
these tripeptide sequences in a polypeptide creates a
a watepyelable palymygr yi e fpawing nnper. el nemyéé@ls@ﬂ%wydmeﬁdﬁth an

. . . gar. . , . . .
vt ELETS 411 AOESIABRAED) 1l QR0 o £ty s vimmed ot
to exp@et G@SBninb WEdS EoPExaAylOSEerih@ott theeonitdriowyl SRty Bl
of a rr?/dr oxyam no acid, preferably serine or

galactaspilegsdr{GaBNA @) and ey Agrandagtasylsredrnsitide isisialylater vdthersialic acid-
moditfagrout ORI ISR, PG ATk Bl gRuee

peptid@ﬁrgaladlﬁ)_sjblﬁtegtdgﬁlg (lSdré-ll_GGalﬂ“elhzitrﬁl the pw&lﬁlbﬁg tlalylated with a siaﬁic acid-
..acconpl 1 sne y altering the amno aci.d sequengce Suct
modifyipg group CeHRiGHHAS sheCwilT mOYIEPXGIPLASE g a‘_éﬁorf@ggt

methof ASY th 8511d¥AYe RhRQ ACTHIRAE. YN %éhfé@@ﬂp&ié‘lgiém i&&gf&ﬂ%ia* is
of nore specrtes esenting an - group,” preferably

the siaBendidencdifyity goup esétesi dues, within the sequence of
the peptide (for O Ilinked glycosylation sites). The

addi tion made by nutation or. by full chem cal
l0203lsyﬂ‘1 @1@%@4 ol lﬁéﬁ%‘qoaesucfm% bRt Ferd aRVRouSHRS Bultiple
enzym%f&ﬂiles‘a@&llakﬁ dBﬁ&fs,et‘hl@ %c?{viﬁ{éél%ﬁ}%@sﬁ%&y;ﬁ%)e&fiﬂg@ﬁer Cli*mteﬁe

evel ,” particularly by mutating enhcodi ng
separatehe opephbided tta {rirgdebell tedtibasEs euanipld, athe todo aszyareereaction

st rr DSORGBl 1 PR aRSohagE ERinetin
single V&6E10 09 tekit@vBlyl thelENA reactiBr 081 bd PerfimR@d ARk ARY both the GalT
enbodi nent, the gl écosyl ation site is added by
G

and Sighetd the appreptigtasedcaal dendrs @isled aeio lSgtd ders Anetberi medeeof
o B 55 BER SR AP e UM T LB Ll

condudti@g dldicadidndn adBihgapaat motf. Qenb@ai®es dieaclastiBmethods set
fragnentation of a ?ool of rel ated genes, followed by

forth abevesase pbyse i prapaeng ggerpeandsyoltheigvertiotase chain

reaction-|li ke process. See, e.g., Stemmer, Proc. Natl.

0204]°C &flthe e6hj é%?s%i%ﬂl' MR et ont Ydrtitulati9 MY o1y HgeePhied NNEWELS1
R e BAT T g Efdr pértbuleliy W ety Felycans,
the Sia-modifying group cassette can be linked to the Gal in an a-2,6, or a-2,3 linkage.

[0200] The method of the invention also provides for modification of incompletely
glycosylated Factor IX peptides that are produced 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
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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Nos. 5, 605, 793, 5,837,458, 5,830,721 and
5,811, 238.[ 0209] Exenpl ary net hods of addi ng or

WO 200053980 gl ycosyl ation sites, and addi ng or rRODUSIG4/041070
gl ycosyl structures or substructures are described in

det ai | 4/ 09923 W003/ 031464 and rel at
[0201]5p, X@@la%%%g% ?%ﬁg&lfi[lb&ﬂ?}]“d%% Ficds g}ﬁerW\l}gW%}Pn are set
forth 11?{%5(9047‘6@25? e?(i'@@fﬁl A4, AAALD G rbRhces %@@féhﬁgﬁer&ﬂe or

nmore sel’ected glycosyl residues to a Factor

peptide, after which a nodified sugar is con gated to
[0202]dp aneasnplereembodiments Blednyantion pyavideyla metbod g%l@abmg aREG-
l-td?e&tiﬂg Such t chnlqyes are useful, for exanple, when
yiated FRCpIL USR] S dohf Yyat e the nodified sugar to a

sel ected gl ycosyl residue that is either not present

on a Factor |X peptide or isH ent in a desired

anmount. Thus, prior to couplingja nodified sugar to a

peptide, the sel ect H8Og|yc si due is conjugated

to the peptide bycgenzy ché&rical coupling. In

anot her enbodi nent, | ycopyl ation pattern of a

gl ycopeptide is altered p f-& he conjugation of

the nodified sugar by the rlenoval of a carbohydrate

residue fromthe egcopeptKﬁb See, for exanple WO

1 0 ' tou e 1,

e B P e AR B B e ED(PiiConlion. R
a moigy camprisingyd ystmﬂ&l@ydmtn orgprarsihed) pdy@ﬁ@lnmglmcé)jresndab i The

id (FIG 2 hment f
symbod Ergntsatng (e F1SHEL ot TORE THEe g or e hsauigd ey
substlth@d ok @ﬁs&@ﬂ%&ﬂ%&r&lk}ﬂs Th @éddrdll WhGODGS YEREYisR'LONan®RBen G

ites for O |n e ycosyl ati on; (b) term nal

i —C(@)(Slar&)aﬂkyw it RoE Nt The Bcthod ebitarzvanon nclides, (1 conasin
substr;ﬂ? ﬁ?c%(al]y I#elgeap? f i ﬁ%agf’%§ %a&gﬁldn (r)lalb %rﬁls /%1 %&?Jn@%haq néjcapable of

transfe‘iﬁﬂl g - sﬁﬁ@ B8 psdiEh fiden TR ABR0IOD thy ibeirate Faltb) IX pegtide.
ydr oxyl groups such as those of serine, threonine, or

oxyprollne aromatj c, resi dyes such _as th of
[0203]p3<@ s raplary G- Staﬁfw@gad@@now apuglcp %g%%}gar ghehag phat Raving the
.mnnu?nide group of glutam ne. Exenplary nethods of use in
he present invention are described in W 87/ 05330
publ i shed Sep. 11, 1987, and in Aplin and Wiston, CRC

pp. 259-306 (1981). [0212] The
<Su ar(s),
enzyme(s) afd Htcepfor peftide re/zé]ected such
that gl ycosyl ati on @t oceeds unti 7t ceptor is
consuned. The consi derati ons discussii@ﬁﬁ}oma whi | e

or non-glycos
enzyne to ne
concentrations o he’ modilf i

set forth in the context of a sialylt erase, are
general |y applicable 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.

In other embodiments the host cell is an insect cell, plant cell, a bacteria or a fungi.

{
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to other glycosyltransferase reactions. [0213] A
nunber of nethods of using glycosyltransferases to
wausloe®seze desired ol i gosacchari de struct ur eSPEr/@S2004/041070
known and are generally applicable to the instant
i nvention. Exenpl ary nmethods are described, for
[0205]i Fistmaetbed piagros 18220 is applisakle tagach obihed asias X copigptes set

.65 753 (1993), U S. Pat. Nos. 5,352,670, 5,374, 541,
fb“h“%&§i€3§€%ﬁg‘ﬁ% commonly owned U.S. Pat. Nos.

6, 399, 336, and 6, 440, 703 whi ch are incorporated herein
[0206]Bact2TEIpRpEdes rh@Rfid] byl the mstksdsntf thaweertionrean e synthetic or wild-

practiced using a single_glycqsyltransferase or.
type PRSidBs AP bpAIe I@PVEQ&%VPW%%E?@P%/FQ&V. m@BﬁS@%’&gﬁ la?hf‘o% such as
site-dh%@ﬁd%ﬁa% e&&%gf%ég%dhfoﬁe i @dsYd tyhRARY eftiRst eN-BRePor O-linked.
galact osyltranst'erdase. | n'those enbodi nents using nore
An exérhplarydidinkageyinthe dttachmentyoftis modifisd bagar & s sieghain of an

referably conbined in an initial act | ] L Or
aspaa Pl RS SPRF P 0 e ac e s SRR S0 Bt
threon{rfe@&héRK ﬁraﬁEr afeefadi® ckdept proaas, @stharetiognitionseqicnees for
first enzymatic reaction is conplete or nearly

enzymetiepitasheenBy aceathilydiatmpiety ©rikg Amaraginesids Ghghis Thys, the
seqgrence in a .sinal . QV. Vi

prseof BB b P ORLE Y BERELe nAVE] Ao LA 2P o

glycos%&ﬁ@h 8He.i ©-linked alyeskyldvivhaofesy to thi eeaehmentnal otk spges d¢.goN-

extra sol vents and by-products is reduced. 21 In.a
acetylgnlastesamanp, eppeaIERANOEAEIFIGAC. Bhors, ‘EOS%\HH%%%?S?H‘B*C hydroxy

side c@%%ﬁ?kﬁ%cﬁ?gya%iﬂ& Qcﬁéf,i}ﬁéﬁpa%fl}%e?ﬁﬁ o hife&Rd RRAUPhEIHREEA dr non-

one enzyne 1s an endogl ycosi dase.” I n an
naturaBgidinbiaoiia) e.pr Bhedioagpetibedi frhpdroxpiysiae nkvyraltots usady nes
are used to assenble the nodified glycoprotein of the

I nvention. The enzymnes, are ed to alter a.sacc .qde
(o207 BT ORI o SoMiE Bl s Ae,
accomgfiﬁlfe_"d Hyrh‘?teﬁggtﬂe'aﬁﬁn@ﬁciﬂ RequEneld §uchthd Wgdhtai® dnb®r more

eptidé. [0216] In another enbodinent, the nethod
glycosytdtion silese 1k addisiopmayoso esiwadeby diedesprasisoryeicane orprore

. gl ycosi dase A,s typicall ' i '
eSS L 1oL LT s e ol DR e
of the @b@tﬁ[&t(f&b’-ﬁﬁl&@s@y&o&piaﬁah kites).NThelddiition smup bt intade by mwdtion or

an anmino acid residue for an active si tgéaci di c. am

: . 0
by fullehenipad synthesis ¢dhe pspiids) & he RptHleamIne Ag P%&ﬁf‘a’éé’f?fgfably

o ThiAt gy ihg HRIDMA dncoding th
alteref@%&% ﬁhéll?%e 2 %@% ]%I%IM pl)%%llﬁ% gt%c‘ﬁ%g{ ﬁ%ngﬁg?g positio gll cci 3’1 gg ?
peptiderat preseletiédisdseosuch et eodlons Hixegantatel thei Wil taanslate into the desired

amincheic (RS MOREA) H0iE S 90k 5 e o4 §2agh o e art
reaction, usually by a synthesis step that is
[0208] In an exemplary embodiment, the glycosylation site is added by shuffling
polynucleotides. Polynucleotides encoding a candidate peptide can be modulated with DNA
shuffling protocols. DNA shuffling is a process of recursive recombination and mutation,
performed by random fragmentation of a pool of related genes, followed by reassembly of the
fragments by a polymerase chain reaction-like process. See, e.g., Stemmer, Proc. Natl. Acad.
Sci. USA 91:10747-10751 (1994); Stemmer, Nature 370:389-391 (1994); and U.S. Patent
Nos. 5,605,793, 5,837,458, 5,830,721 and 5,811,238.
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anal ogous to the reverse reaction of the endogl ycanase
hydrol ysis step. In these enbodi nents, the gl ycosyl

walews53960 ecul e (e.g., a desired oligo- or PCT/US2004/041070
nono- sacchari de structure) contains a |eaving group

and the reactjo roceeds w.th the dltJOﬂ 0

[0209] cﬁfﬁa}mw%mdé of sldingpriemovingwlicsy o ﬁléesp%c{ %C{d?]“g Por
I ;

romoviERiE shllenk SR SRSIEAHR £ORsAA NRLLOSA WO onB1,

WOO03A8n464bandarefserhle (B anibPGﬁlapply’/catibns.yet further

errbodi nment s, the G cNAc residue on the glycosyl donor
| ecul e, is For e l.e. the Q¢ [ esi
02101 s e 8 e el b e R g s Pogiref ghes S6%

selecteRoBf Rk ¥166si @R Q6 b FREtbr e pedtidef aftdevifezy ﬂi@&lﬂéﬂlshgaﬁeﬂ cdrfjugated
produce a con%gugate of the invention are present in a

to at 1eéﬁt0ap pf the sglesied lyconad resadugs ¢f the nerbdat Sush techpigues aiglugetul, for
exampfen &haE Jt\{?aé ?r%%l?&?o%lg%a?egth% ?n td*ﬂﬁ;d’&gg%t ra ecf?:'a cogﬂ%mdue that
enzyne''s Eact’ion cor tions

is eithes mohpr@serit emaeFraan‘ou ¢ pejftideror anabtipireseat ide. deMb@’mainélﬁﬂ Thus prior
the catalytic¢c anount for a given en

eterm ni.n
to Couﬁ%&mﬁ‘#@als%%ﬁf &ya Bensider the sclegind alycpu rasile ampmugated to the
. ' I
pepticd BRAGHARALE 87 therl BB b anABH hnb Qb ey ation
patternmfcac@scs)pieptidrals eltedd prior toahe cangetibn ofitjeustdifibbwear by the

removal gh g chi Y Gt e e Sp S epias. Sags 1 G Ble v 98/31826.

For ex&rﬁﬂgeﬁalﬁr &1&% {f)s SO R oRRPHEMIACRETX ARG a%1alo Factor IX,
preferably a 20 C to about 37 OC. in another

prior teglyapf BGylaendudngre REC noodified sigbi¢ ecid (hlfeorddt s of t he
present nethod are conduct ed at an el evated
[0211] Egp{a%‘{ %&%ﬁﬁg& uerng%cl)lgit S8 etng)c%H e%]y?os?ﬁ 2 eer: H{c())g“ Olll%ti-le—l?fe: not limited

to: (a) Satfsthguk eités HON-likked atyeepiaior, anbﬁtdyf@ﬁc@élmﬂ(éd gl cosylation; (b)
thereby form ng the desired conjugate. Sone of the
telmm@a%w@élt BOEHPH Rk an 256D I9Et 8 6Ly RPY BRI Gtgigine,

t.ni
asparadfyt find SREUGERE) FelBRUALE SR, (oY HRELIRYBRY BHABE W &l fose of
cysteinehe) frbdﬂhydrakﬁ gbumsesact asathosesofdenne) dendnine oahydmrl&y:prohﬁe (2)
varigble f e concentration, do
aromacesidHes e aﬁt Oa%éﬁwtgeavla@aﬁﬂéemsm ShUTYRIGRIAL; QF v the amide
group %lﬂﬁﬂﬁné’ %}k@ﬁﬁ)larﬁ‘fﬂﬁtﬁéﬂs% %s@ﬁtth%%@&tflﬂenﬁo§ gle€t&bed in WO

system e present invention also provides for
87/0538& @ublmhqétsppalll 428, enghimotiplin ashWotstamp ERG ERITPRPY .iBIOSHEM., pp.
d herein, an industrial scale generally produces
25930§%1§€§st 250 ng, preferably at | east 500 ng and nore
preferably, at |east one gramof finished, purified
[0212] CRH) REY@ ki difi d0Psighrs lafe ddnfugaiedad s plyasyiel of ﬁd)ﬂ-gwéosyﬂeh@d

invention is_exenplified by the conjugation o
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.

[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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nodi fied sialic acid noieties to a glycosyl ated
peptide. The exenplary nodified sialic acid is |abeled
wowak/oPR8 The focus of the foll ow ng di scussi BOT/OR20051@41070
use of PEG nodified sialic acid and gl ycosyl at ed
peptides is for clarity of illustration and is not
Exemplatyenethodst ave degotiped, Hart insthece], W@ A6/3349 T, dtoldf i -t RBugret4ppl. Kehem.

o5 7553 HIT, 0B i 50 0SB SEETS 0 aly bbbty owned 5
Pat. NBOR! d90akeart 06 i 765 hich RSin@drpoREidiicasn o Yeoyite.

noi eties other than sialic acid. Mreover, the
di scussion is equally applicable to the nodjfication _.

[0214bﬂr1]ag1em sydention is adtisehudng 3 siggleely QR girantiesass) 4 ehrplynation
ot her PEG noieli h ' i et i

oG p R S RO B At
galactgégﬂtrdrﬁﬁ:rﬁs%l &6 tHog€ einbbdingdhis tusing nodre RiaBdnateadyoe, the enzymes and

Gyl at ed carbohydrates onto a peptide or
substrfes e PEAIETARS] SOTHENSARRBARHE) TP 08 THREHTF 1 S h Tgpgs and reagents
for a s%g&tdaelnggﬂgtig E@cﬁdﬁﬁeﬁe a@ledo MRSKEHioh eRCH Y DnbdHMe tir@bymatic
group, and is conblned wth the appropriate
reacti@l ¥ comyplets ansfeyasmplete. gBy caslpatingive erBymet¢ eaachieny in Hequence
. _glycosyltranﬁfer se that will make.the.desired. .
in 2 iggle HHy HERFRLIIAAE TERQVER PTY PO IVRE hiHICP AR PGt

specie®s fsg‘lgteqp 'T\@%r_eé&’é?séléa?ﬁlﬁ andl BRpFRGPExtRRGIveaR dae by-products is

I ntroduced irectly onto the peptide backbone, ~onto
reduceki sting sugar residues of a glycopeptide or onto
sugar residues that have been added to a peptide. i

224] An_acceptor f t ' |4t f +d
o219} 8 kiR PR ] B SR AISIRE NS |
glyco$itrdRGeree 3£ Bhotheeefetrod cpbbdiateng Snaemaytmeriakh gndoglycosidase. In
occurring structure or one placed there regonbi naggltelﬂ\{é

an additionatrafensd gmbpdippatainess fhgn ey PRZYBICS A HER LY AECM

.4 ncl r : tiQr i
modii By o AR Rion O QUEERATs £F AR Gilorp) atiside strcture
on thd @ptide bt tyraoseithGadfdre 3GhitétAbe adsititn of Bandifd sygar to the
;63 cNAc, Glbl ,4dc (lactose), and other acceptors
peptidenown to those of skill in the art (see, e.g., Paul son
et al, J. Biol. Chem 253: 5617- 5624 (1978)). [0225]

[02161 fn ?ﬁ@h@rrgﬁ%dﬁﬁéﬁt; the th Ao RAIRE ub®6f ddeor more exo- or
ialyltransferase is present on the glycopeptide to be
endogipuisidased Theaglyéasidebe/is tugiealiyesiytagt, whiei igepeiaprapd rcuérm glycosyl

Such gl ycopept.i des-can ' i '
e S R Bt 00008 SRS,
amin%lﬁc%{&‘ Eb%it{u;@tfblloa[h Q?lﬁb @i’tdﬂadgdig tethﬁr]}cgdtq'td: apiiki Ber example, when the
ernat i i i
eabternatluely, the nethoce of the Toveni ob GARRE. s

130, St & %Qéiﬁm‘?‘f%‘f B £LomBR&idd fhsieof PR drftBo bBRs BRYYehER11) Peplaced

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
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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i ncl ude an acceptor by nethods known to those of skill
inthe art. In an exenplary enbodi nent, a Gal NAc

WO e@sasse s added by the action of a Gal NAC  PCT/US2004/041070
transferase. [0226] In an exenplary enbodi nent, the

) | act I tor i s assenbl ed by attaching
peptldg %ﬁ%vgi%mzfﬁﬁlaﬁémbsl larrf:n Biﬁééthé@éfeeé%@t e Hlyoareloner
molecB3 PRSI et I3 eMGsc AURPBLA UL Vol

moietyri xt ure that contains a sui tabl e anobunt of a
gal act osyltransferase (e.g., galb 1,30r galb 1,4),

0218 A BT Sl SRR e P e o

inventfoRn®t pics@n iRk catalytie bAdihY eﬂlﬁé,cafalfbﬂlcra%ﬁﬁﬁﬁ @f‘a psrticular enzyme
term nated when a presel ected anmount of the

varies geosding de hegoneratipgomeldbert cnayme’s swistiatschs vefll asde eenstiping

condit g glé&g%setglﬁ@%ﬁﬁ]?% [tiitrrﬂe an@?p?—?peflgé Zl%eal?s t%? g%atB a%l%entthé catalytic

amoune nﬁdmdglrmn énzygieylmd&qﬁbsdhbtddl sulsaﬁht@bdn@eﬁta&ma bhdlfactidre
rst i.n whole or in part, to expose

ei the
°°nd1tk—9n§ ﬁ@rw%lhl‘%%‘efi?tt@?sefﬁ ISLIl”h‘é thg atyl transferase or a
noi ety to which one or nore appropriate residues can
e s BT ha gL BHp roBh e above
freezingxtanpd enipeSiturPat which Ko mastmalﬁ\aﬁ?e)nzame dlﬂBEIﬁlt.@B Hreferetie

e ol Rt ST Bl S 1 o s

37 °C.1 5 AEHEP Ekefmlﬁdryt&/nﬂoﬁﬁnéiﬁ eorefor AL Ebﬁﬁor&lﬂgﬁdﬁh@ﬁ‘éh&‘ﬁ nfethod
PEG noi ety attached thereto. The focus of th

are copfjusted<i pp aleivated éymperavtietuyingfa thetmephilist dngyime Th ose of

skill will appreciate that the discussion is equally
[0220]rﬂllee13é§tg&on rﬁlxttﬁg semgl d%péﬁ 1Jti&1 éﬁhtilﬁg 1]&%816: 1%} {He agceptor to
ears er apeutic no ecu t

be glyédsk}atedL ﬂﬁ?él)]y fbfmlag tl&)«&ﬁiﬂé@éc)m@‘ﬂﬁ@ Cﬁ?dmeﬂbf thé cbﬂij&gate can often be
i nvention._ in V\:hlﬁh a carbohydrate resjidue is

detecteg41sF aifem PRErSatIh FToGHeTaPICRIUHBIPFLEE e%%btalﬁ% Iihin 34 hours
or lessTBRBASEF diciil 1 thEWR ﬁn@é&gn& Raf € rhik 0P }eagﬁ&ﬁfggfﬂ)%egt (B)Eabnumber

bi antennary structure. A nodified sugar
of variplple éaloyon's ie gqumgatcenbemnam domorrmn@rmfatwmexceapgcmconcentration,

the "trj " 1n one
tempergfiinsp s ent BRES Aty SPUANAEY RO e SRR B et y
conj ugat ed to the PEG noiety. The nodified G cNAC is

[0221]afReAsiB&Aht ¥ eidh o FOVidePfor teint @A INRhle REUIRESN of modified
resi dues of the biantennary structure. Alternatively,

peptidesn Amisd hereiy agindusisiat spalagengliz draduicen least Bt mgopreferably at

h
least 56(51 @g:ﬁ)}&e #g%fgaﬁgh?{ l@%‘f Eﬁeggl’%%ecgfltfsrﬁ%hsehozgﬁi&dlcon A gtteo?r
bot h of the

[0222] In the discussion that follows, the invention is exemplified by the conjugation of
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

than sialic acid. Moreover, the discussion is equally applicable to the modification of a
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term nal mannose residues of the biantennary structure
via a nodi fied sugar having a gal act ose residue, which

WO so0sofj9sgat ed to a G cNAc resi due added ont o PEEUS2004/041070
term nal mannose residues. Alternatively, an

unnodi fied Gal can be added to one or bqoth term nal o
glycosybuanagth egsntspsker thaoPEAG includjeg other REG maictiss oipageutis moieties,

ety is added onto a Gal residue using a
andblom'%"’gC!1erﬁ)éed sialic acid. [0232] In another exenplary

enbodi ment, a high nmannose structure is "trimed back"
[0223] tAm ¢drgmatio apmeadhraambmismfot te sbleatiWEimtra‘dyct@nroj PEGiydated or

PP Gyl E NIRRT GO APLHEHE ghorpmrae. Ane S aiegs tofisfea
sugars H&{ﬁiﬁirf |t EpeiNAe ah?a%ggﬁéaétﬁfetfﬁﬁctﬁﬁlngﬁ@p an@hd Msin&Ywith

VVI th’an attached PEG noi et I n"yet anot her
the appmmcuue ghyoosyltansiotisé pegly@synihesariy Sitctingshaigleosyiemnsferase

that wiﬁ ?%fﬁegltli | h!%g%g&gydhag% 'h rﬁﬁ flﬁﬁ%lﬂ&%&l ov@g E ¥u%6§§§1]e donor
substratd] I FRG toh PPG%EE@irﬁfo)du@émﬁﬁﬂcﬂ? dhto thé géptme I’bﬁd&fbnb Sonto
"trinred back” to the GcNAc to which the first

existingravgoswidues af 1 slypergptidher ayte npger Fesidsh fhag bt deep agdeddp
pe tldresl due bearing a PEG noiety. Alternatively, an
P nmodi fied Gal is added to the G cNAc, followed by the
addition of a sialic acid nodified with a
[0224] wai sucestol filtiee sémlghnansfbmsey'fstpreseﬁwn memepti@mlbe madhﬁed by the

methods Q! ugeesne A P PGS A BUOTHIY ARG ToR P Fage PLapyaiced ther

1ecomt9§£ﬁl‘yn&1z@'rﬂ: E@d%reché’mlcﬂaﬁ 33]111:&@1@&0 ﬁﬁ:ldﬂ%}’fo@%ﬁﬁnﬁl@
i mred back to the firs cNAc attached to the Asn

galactos*ﬁl ach@tme pteides. GdlAl éﬁ@l\éé(arﬁ:ﬂl[é], AGRIN AR, 6raltl HhalNde, lacto-N-

G cNAc- a residue 1S co it ha G cNAc
tetraos gy GG hCIE Nk, STl s G HOTHER Ac) (i e R other
accept%pgﬂ%wﬁé oftsR L @rtgé\é‘f &ggegg %lﬁ%tingét'%é 1' a;; %}?ﬂtﬁabrﬁdzss 5617-
5624 (BX78)). further errbodl ment, the G cNAc is nodified wth

Gal, followed by conjugation to the Gal of a sialic

cid nodified with a 35]. Ot her
10225) 35 ot PPy el A hesepior S ne s TR i Sheoh 9 Bune
4018 id
sron b oL LSRR 0D s AP Do RORAOL SH gpeni

can be siglydged 99i0g theaizimed oxthods Gviteot miw:madifieaiongd theagiycosylation
UsS02/ 32 ch_.of lch

prem T AR5 SR B oS PRRR AT Y

sialyla@fa pelptids tHatldde@ MoPinclue a@@ibﬂﬂe adceptoe, oretriradsodiBés 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 GaINAc transferase.

[0226] In an exemplary embodiment, the galactosyl acceptor is assembled by attaching a
galactose residue to an appropriate acceptor linked to the peptide, e.g., a GlcNAc. The
method includes incubating the peptide to be modified with a reaction mixture that contains a
suitable amount of a 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

or, alternatively, the reaction is terminated when a preselected amount of the galactose
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forth herein. Using the nethods described herein, it

is possible to "trimback” and build up a carbohydrate
w0 e@sassof substantially any desired struct urBCT/UR®04/041070

nodi fi ed sugar can be added to the term ni of the

car bohydrate noiety as set forth above, or it can be
residu¢ istadred dDthee msdtode ehasstrabliepd jedectesbraechamide aersptaz will s

0237] | |
appareg{]jgotg?%ﬁsgﬁg%%g& ti %g si 1’:1| i 2 ggi gxie;rpr ::n);ved froma

Factor | X gl ycopeptide using a sialidase, thereby

[0227]UIAr¥RS KihdtBeradn bodimEmSd] &j‘peptli& Mmardlfgbﬁ@cmidas hreSirkt “trimmed,”
resjidues, Alternati ve?’ a peptide or ]a%{co peptide is
either ngkgle gr i) past, @%m@@w@q 88 ReRBIOT f‘?frt afiabiltragsteaise 195 A mepdety to

wh1ch é betSrd %%goﬂgﬁﬁeg}regﬁg%s W)e%d?«?cit agﬁ‘lltible E&lz#tgw B¥ymes

expos I'on 0 e ga actose resi dues,
such aa glyamg)ﬂtmmfmws sndéndotlyaosdaeabee,ifor exnarple U.Saddteat No.
ified |aI aci.d. The .approach.is summarized in
5,716 g&gé‘ﬁ“e“% aﬁﬁ%ﬂ%@@%@ﬁ%f@ﬂﬁ%@ P- 0- V hA g
HOHOXS)HV\lN- Na WCTrc -++ NVa- H . . OXTO H,

[0228]&%@11@8155’&sg\on that%i%\;\'/s theOm&thad ¥f the %ﬁ‘&%fnﬁbﬁ%eexem lified by the use of
NHCOCH2RH: PEG( PPG) ~ SA- 5- NHCOCH 2 NbF PEG
modlf@iy bmmma PEGI mdigty- aSacEdNbaeoH mkﬁo@@@f@ﬂ dlscussmn is for

clarity%’%ﬂ?uslt\l E%I_lﬂ%ose of EkGll will appreciate that the discussion is equally relevant to
those embodiments in which the modified sugar bears a therapeutic moiety, biomolecule or
the like.

[0229] In an exemplary embodiment of the invention in which a carbohydrate residue is
“trimmed” prior to the addition of the modified sugar high mannose is trimmed back to the
first generation biantennary structure. A 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 GIcNAc moiety conjugated to the PEG moiety. The modified GlcNAc
is attached to one or both of the terminal mannose residues of the biantennary structure.
Alternatively, an unmodified GlcNAc can be added to one or both of the termini of the

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 GIcNAc residue added onto the terminal mannose

residues. Alternatively, an unmodified Gal can be added to one or both terminal GlcNAc

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

added via a GlcNAc modified with the polymer. Alternatively, an unmodified GleNAc is
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[0238] In yet a further approach, summarized in Schene

2, a masked reactive functionality is present on the
w@r@biossoaci d. The masked reactive group i s prePEr/abiog4/041070

unaf fected by the conditions used to attach the

nodi fied sialjc i d t.ne Factor Af.ter th
added PSRROSSy ?oéf@m@ﬁ’y St M HGA R IS0 GET 008 oA
embodRf6H:! &ﬁnodaﬁ@d Gﬁ&m nd GAMYEGuANEk §egﬁerﬁfamia%ed £ the mannose,
conjugated wth an agent such as PEG Thé agent is

followedby agatiedcitl mditty mabfiediwith s PEGpeosity.i c manner by its
reaction with the unmasked reactive group on the

dified sugar residue. S . Is
102331 R Dk B oo Aty ! s FARUTR o Mo
to whith the @ir$d nRindbyd fsagadfear a%e GRNAc SAobjuEedEha 251 ffsidue bearing a
Et S"s*NH T Gl O SA-5-NHCOCH 2S-

. , , _ SEt  SA: 5- NHCOCH
PEG ngértpES ltemptisply otrerrnodified @al igpddadgp freiicdiAg followed by the

. P i de: [ =05 =
i G W PRy ok i P BB S b o
terminblleGRNAchia Bo1hj&%a,ts@d/iﬂMGd1l ahd thedfpNApis sitbsequently fucosylated with a
. glycosyltransferase, depending on the term nal sugars
mOdlﬁéﬁ%i‘Wée brarige s HHAGEE si de chains of the gl ycopeptide
(Tabl e 1). As discussed above, the term nal sugar of

[0234]t ﬁ%}l%é&ﬁl%&eﬁa& dRo e HinhRE bhe! to the R RENAP a@ichbl ® the Asn of
PEGyl at ed structure can be introduced naturally during

the pepgtider ds shoexampletthe GicNose pf the (dedApdBc)etepides & wpnjugsiedgvit ba
GlcN/%q,hbeeﬁ%Bg é%@%&ré&@@%@%@? gﬁég’t%ér &la}{l%?es,’ ¥k|1et éﬁ:&sﬁfce(!ﬁﬁee (s)
GleNA-JaeR Yéddrns hedama(with Gabhaich Yars a water soluble polymer. In a still
further embodiment, the GlcNAc is modified with Gal, followed by conjugation to the Gal of

a sialic acid modified with a PEG moiety.

[0235] Other exemplary embodiments are set forth in commonly owned U.S. Patent
applicatioh Publications: 20040132640; 20040063911; 20040137557; U.S. Patent application
Nos: 10/369,979; 10/410,913; 10/360,770; 10/410,945 and PCT/US02/32263 each of which

is incorporated herein by reference.

[0236] The examples set forth above provide an illustration of the power of the methods set
forth herein. Using the methods described herein, it is possible to “trim back” and build up a
carbohydrate residue of substantially any desired structure. The modified sugar can be added
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.

[0237] In an exemplary embodiment, an existing sialic acid is removed from a Factor IX
glycopeptide using a sialidase, thereby unmasking all or most of the underlying galactosyl
residues. Alternatively, a peptide or glycopeptide is labeled with galactose residues, or an
oligosaccharide residue that terminates in a galactose unit. Following the exposure of or
addition of the galactose residues, an appropriate sialyltransferase is used to add a modified

sialic acid. The approach is summarized in Scheme 1.
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R .R3-Y JJ"X-R1 g \UX-Ri , _zL i"YAu NHNRL-A O B"
Ol ( HNNL OOtNa 6-+ Na WO+Na O -+Na ¢ HO OH HO
w@RhosD»9g@l act ose-derivatives " PCT/US2004/041070
UDP- gal act osam ne-derivatives (when A = NH, R4 may be
acetyl) Q X-R Q X-Rl R3-Y- vV-0 OR3-Y- 0 0 R2-Z-7S
NH R4-Al | o CR4-Mi L O +Na o +Na O +Na +Na g _f
HO OH HO OH UDP- G ucose-deri vati ves B
Scheml¢DP- A ucosam ne-derivatives (when A = NH, R4 nmay be
acetyl) %*"X-R1 X, ARNH4 OR3 -Y-" NR2 -Z" | NH
O -PNH -—0- P- O V %
0 I
o3 ON#O Gal

HO oH 0-*Na/\§—j Gal
Hov'\bﬁcﬁﬁro*m HO OH
0

PEG or PPG NH
N OH .
H/\g Sialyltransferase

Glycoprotein

CMP-SA-5-NHCOCH,NH—PEG(PPG)

SA-5-NHCOCH,;NH-PEG
Glycoprotein éa|

o

Gal—SA-5-NHCOCH,NH-PEG

Gal
SA-5-NHCOCH,;NH-PEG

5  [0238] In yet a further approach, summarized in Scheme 2, a masked reactive functionality is
present on the sialic acid. The masked reactive group is preferably unaffected by the
conditions used to attach the modified sialic acid to the Factor IX. After the covalent
attachment of the modified sialic acid to the peptide, the mask is removed and the peptide is
conjugated with an agent such as PEG. The agent is conjugated to the peptide in a specific

10  manner by its reaction with the unmasked reactive group on the modified sugar residue.
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O +Na Il MN NH2 0-P*O P-O"Wo0J RL-X-TTO / -A-R4 HO
OH OtNa -+Na y HOOH R [Z-R3 2-Y
WODRs0sR96G e- der i vati ves GDP- Mannose- deri vat i veBCXUS2084/041070
NHL S5 CH25N-(R 1-S)2. Y =X, Z=X, A=X B=X Q=
, O S, \H NR R R 4 =H Linker-M M M =PEG
Schemg m PEG [0240] In a further exenplary enbodinent,
UDP-gaI actose-PEG i s reacted h bovine m |k bl
, 4- gal act osyl t ransf er ase, o8 wiytdparmf erring the
modi fi ed gal act osawt o ®#e—@pgopriate terninal
N-acet yl gl ucosani 2. The term naf-StHOPE.S-SE
resi dues onft he Nyl’ecppeptl d@a'may be produggd during
3 oNn systens as
Pl ants;Qhudn eSS, DW ANSECA-DRHCOCH,S-SE
%g t he gl ycopepti de th a sialidase
or °Yl ycosi dase and/ or gl ycosylt ransaér ase,
required. [ 0241] In another exenplary erémgl.Nm@@jQHzg.SEt
A cNAc trsxsnsf\lecasags-saeh as GNTlI -5, is utilized to
Glycopr&&@nSf er C%}E)G)/I ated-G@ cN to a term nal nnose resi due
eptide. In a still further exenahiadigitol
3 agns})\lgq\l%? nd/gr. O 1inked gl $.¢&G-halide or PPG halide
structtfes are enzynmati cal 'y renoved froma
gl ycop&gti de to expose an ami nd acid of a terninal
gl ycos Adl@ SHﬁ I!;@('LE i s subsequently conjugated with
the no f|e sUga or exanple, an endoglycanase is
used to renove the N-linked structures of a
gl ycopeptide to expose a termnal G cNAc as a

cNAc-lJ nked- As t he UDP- Gal - PEG and
102391 A Rt S8 A nbty S S AR R R b s e biseaer o
glycosyl%ﬁﬁgﬂd% de d b 2GInRE shgdReh 188 611gdsﬁc&1ﬁh@e §i8€ chains of
exposed C 0242] In an alternative enbodi nent,

the glyeopeptidel (Tfibé@jl)s msmwdd@ede, dherlermingl sugat ofhp elycopkptide
requlregﬁér 1P9rlo ggcl{ tl%e %%@O%é 6{r}1c3n S’ef GhR Gi‘ntlr(ord%ced na&ura[l}a} Idtci;n? !

expression or it can be produced post expression using the appropriate glycosidase(s),

pr
EtS\Sa

e

glycosyltransferase(s) or mix of glycosidase(s) and glycosyltransferase(s).
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backbone. This exenplary enbodinent is set forth in
Scherme 3. Exenplary glycosyltransferases useful in
w@e@sssng t he present invention include, butPeEr/esmwot/041070

limted to, Gal NAc transferases (GalNAc Tl -14),
G cNAc transferases, fucosyltransferases,

Table §| ucosyl transf erases, xyl osyl transferases,
mannosyl transferases and the |ike. Use of this
approagch allows the direct additi n&p& nodi fi ed sugars
onRQ.yAERkigles that |ack any caﬁ‘ﬁb at es or,

alte tively, onto exjsting % tides. In both
Casg, e addition ofﬁt e not#" ugar ogcurs f\LtNH
speci R4 pogi tigns onl e pepti deR kl,';one 95 def] e

by the subs't*at—& @ity of the S S*na

gl ycosyl t r afidercase d not in a random manner ou

occurs during nodifiHoati on of a gpRLAlRIRERIHLE

back bbheadagsiengiveen cal net hods. (wii A2INIRY, B bagBnt S

can be introduced into proteins or g%copepti des that

| ackqt hergl ycosyl transf erase subsdyate peptide

by engi neeri ng the appy e amino acido

into the polyetide RhaiwSchene 3 HO ,4

& yc roteln)\\ I 1f S RAK|(L y Gal NHL &

Q%G_ /\@N op- o’yO. 00 PN'aO“'P“

H S( Gasl NAco*rST:%*‘N" " | NH CO( CH2) 4 NH PE® VPH0

In each of the exenploasdy enbodi nents set forth ab%Q‘é

one O/DPAMMcese-geaiditites onal chem cal OUDPeGIRyABIhe-derivatives

modi fication steps can be util i zedhdaINGWRaTey beraeety)

conjugation of the nodified sugar to the peptide. In

afl exerpl ary enbodi nent, an enzyme (e.g., ﬁ
('t

ce
Q

fucogyktransferase) is used to append a glycosyl NH
R3_Qe. O"fucose) ont o th termnal nodiffed sugar N N7 > NH,

Ra¥ d to the pep{, e. NHI n anot her ﬁwpnl—eP 0
2 " (D
enzymafi § reagtion | L,J,zzed to W @Rt i ch
t he nodifies—8 ai l ed to ReXj -RAI terndPiQrel y,
a chem c&l™t eadtei is utilized fgralter the structure
of the conjugatedi®di fied suggy FOr exdptigoscripigtives
con J q']}g‘av@ae@se-derwatwes
X =0,NH, S, CHp, N-(Ry-5)2
Y=X; Z=X; A=X; B=
Q=Hy, 0, S, NH,N-R
R, R4 = H, Linker-M, M.
M =PEG, e.g., m-PEG

[0240] In a further exemplary embodiment, UDP-galactose-PEG is reacted with bovine milk
[31,4-galactbsy1transferase, thereby transferring the modified galactose to the appropriate
terminal N-acetylglucosamine structure. The terminal GIcNAc 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 treatiné the glycopeptide with a sialidase

and/or glycosidase and/or glycosyltransferase, as required.
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nodi fied sugar is reacted with agents that stabilize
or destabilize its |inkage with the peptide conponent

W 0008053980 t he nodi fied sugar is attached. |n apOL/082004/041070
exanpl e, a conponent of the nodified sugar is

protected follow its atipon to the ide. .
[02411%9@118 e%?eiemplwernbgagv élgﬂfﬁéfanﬁ 45 ugﬁ ﬁ%i\f’ﬁlaé 1pptilized
to tran@f@?P’]Ef@?la{éda@Ql\PtBea%ﬁﬂhal%é}ﬁl%gélfe%lué Bah A pé‘ﬁtﬁfeu'In bRl

t he hods of the invention at a stage -af

furtheraxdinplagyl embg@mens an drg Ngatdéer @-dinkerbglyeq §taeturgare her

enaymi R OB Repa B B0 R B ML SO ooy

remdu@ﬂldt s is@bseb@erit e oBUEN R Syifh t§E Hﬁ)&ﬁl&d@b@é&e FloR ek418p]6 Ot ext
formng the acyl-1inked conjugate,

t he
endoglgp@tta@eswua@d wrremave teNdnkedherucBRpsfz @ymptldﬁeto expose a
t te
termmg @Lfal'ﬁg?aes L@?HA% 1'3( g donrtﬁg gwe?;% ’tldla m@gﬂﬁ alc ?‘%G%‘ﬁd the

appropiiate @i tosl lttanzferige o‘.stxtsed teihi . thél'PEG@ﬂm f@fﬁcuonahty onto
r enodel. i ng peptides and |ipids using enzynes that

the expqsgthGI@¥AG sugar donor to an acceptor are discussed in
great detail in DeFrees, WO 03/031464 A2, published
02421 anl altd eti $O8Rbo diniehd, Bfe BOUTRBA Yudaf i %%H@&Hr%’ct g YiEsepafl
[ ]usea |an t,ae1 pres%nt rlret heod IS sel%g%f %)Srth bel ow. EI pEEe
backb@eysgyd glyanglrapsames kpo2d &) trzfﬁlsgec osgal tesahsh oy the @sptide

ek T2 LB SIS RN, o1, acki vat e, susars, (donor NP

glycosgitﬁéﬁﬁ@ﬁﬁés' 1Q€ful ﬁﬂ ﬂa@h&ﬁg ﬂie)b@é?shhiﬂhderf@lbnlh@clﬁ&e but are not limited to,
nonr educi n growi ng ol i gosacchari de. N-Iinked

GalNAg,g tyanefregsts &@NérceT 1391495 eV A tansiferases fueesytieansSeasand a
glucos§t InsdférI 's%nglpgylfclL%?s 58 haﬁlh]?dnols?l?rng 5elj-a)§%st ; I(Ff rtrl_}l\néol%eg I?é'\@qlns

approaeB ﬁBow& thetdirest QA& df&ndit&ﬁw sugarfs @hﬁpeﬁldéﬁthaslaelcb)@r i de
s sonewhat different from subsequent attachnents

CaTbOhI\YéWSI%r ernstinelar e egisiieg gw@n&aﬁéﬁ% rRdet wees, r@mﬁﬁltwﬁ of the
meds IS boh 0P AT The LUGRaK e SERIEARE o e R
substraté specHritl lo€ thmgiycfosghiraﬂm@mse argl @otsmg MnddmmanneEman@:Iu&during

of . such enzynes inclu Lel air ath
modifigand nrs»tsws% RPLE ba%&@ﬂe 4ing shezripdayethods o praeof agents

can bel}ht%‘(ﬁﬁ: c? %é?ﬁ@ W1y EHREM &% {88 lack the glyco Iyltra:nsferase substrate
N-acety tosam nyl transterase, fucosyltransferase,

peptids s@lluym(tertarresrgmealsag themppopyihteaansd ecnés@luence into the polypeptlde
ha xyl osyl transferase, glucurononyltransferase and the
Chall. | f ke. [0247] For enzymatic saccharide syntheses that

i nvol ve gl ycosyl transferase reactions,

Scheme 3

Ho OH
0 (o] Protein or Glycoprotein
HO
NH ™
NH| § © L X ‘j GalNH-CO(CH,)4,NH-PEG
0 P I N"S0 , .
TR e
oM o GalNAc Transf
a C lransierase
HO OH  (GaINAc T3) GalNH-CO(CH,),NH-PEG
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gl ycosyl transferase can be cloned, or isolated from
any source. Many cl oned gl ycosyltransferases are
W(Ixmm559a(s are their pol ynucl eotide sequences.P(SH652004/041070
e.g., "The WWV Qi de To Coned G ycosyltransferases,’
(http://ww. vei.co.uk/ TGV gt qui de. htm
[0243]@nye@dsgf the aﬁ@m@lﬁfa@éﬁ@ﬁlm@ﬁ&é@tg %]é%f?fé/ﬁc‘é%e ogrgore additional
f.8
chermid B S e BN o EBf G A e A SR (B RR A of he

modifiadl S@pak eihd pepridearhay %xﬂhbﬂarwémbcai\melhtam enzyatedba@ses,
i ncl udi ng, GenBank, Sw ss-Pro

Fucosy| OmABTasE! i CORPRFISH bPRSed! EHAL EofioBe) 8%%@%&“ gl modified
sugar %@h%qgéjﬁep? ;Ei?%ﬂ f?g?@ﬂ&%ﬁ%ﬂggﬁaﬂp%cg@@ls Rlized to “cap”
sites td whmhy]hd madnfﬁké sase sfaﬂegl tocogygate. aA¥bmatisady, a chemical reaction is

utlllzew%@é%); aI ﬁ]@%@%ﬁ%%%}ég{#é ggﬁeﬁ sugar. For example, the conjugated

modifigll YGsHr Wh@té@%ﬁ%@éﬁt@ that StaBili¥é bff @ebaIZ83€3inkage with the peptide
mannosyl t ransferases, gl ucuronic acid transferases,

compoglantaotwhqdmhc mxskified SngﬁlSlfS attached. Imarpther example, a componeént of the

har fera
modit SRR sier es RARLTRERT Sops HhEER B psptitey Quosgt ki wil
apprec@atk &ay He@:Sis ad n’ﬂ? bt e@Smiakio ang cldosicypresedufed Ak hreliNaful in the
encodi ng gl ycosyl transferases_nay be obtaine

b .
methodhefithe a1vesijon Hestage ahipr Qf@r”é%ﬁ%s%é’(ﬂérc@@ug?“ég §%ﬁﬁe pegtide.
Furtheg 8 !}M)ﬁ 8d %Jcﬁﬂéd &tgs%pggt &8 cel;'gugak lis Withi® thdiddope 8Fihe

y's enrng geno ries m appropriate cells
inventton. by corrbl natl ons of these procedures. Screening of

MRNA or genomi ¢ DNA nay be carried out with

ol i gonucl eoti de probes generated fromthe

| ycosyl transf erases gene sequence. Probes nmay be
EL’zﬂ’%ﬂbel ed with a detectable group such as a fl uorescent

[0244PIPMRlitich 1o A QRGiey Bisalisad @ova it therdohiert sffeaeimgy thy auyb-linked
I n accordance wth known procedures and us

conjugaish englyensalatipy prttern phthesanpigatsypad thestartips angs&rmaﬁq fe,
peptldg Sﬁ%?cfsy {:%r{ @J‘&%ﬁrﬁ%& S’tmﬂﬁ’xﬁ&ll RYE Bﬁ?ﬁﬁvﬁéﬂbﬁoaﬁiee %%é’[ﬁ@’dsh}ﬁhzmg

ner ase n reaction (PCR) procedure,
other amztyhle‘s hEhPﬁBﬂmHs gbrencideling peptides arek 15pidensige @rzythes duit transfer a

suger gRA0T 1RgH 25EHBS G L O E18: SR DR G0 OBEP 4R 2.
pubhsﬁe@ggrﬂ?@';Z 2093 MAl i ﬁ su uhR2RPds sERBtedl NeRAN dMRE s Bk @)‘E@ent method

e synt esl ze host cells transforned with
is set foe‘xmheicsvcont ai ni ng DNA encodi ng the

gl ycosyl transferases enzyne. Vectors are used either

tganpl i fy DNA encoding the glycosyltransferases enzyne
Gb’coﬁ‘ﬁgfqg‘ff’f‘% %express DNA whi ch encodes the

02sf BfcostispetResscanoe fos sl o ERRIE (B d Db Sotap-
sugar§ nfﬁ%déta;gwis%efamd{p @5y hiotéh,; Sglﬁdo@éﬁtﬁe? Mo glyolipieraab the non-

to suitable control rE{@ences capabl e of
reducmgfeed pf agraviag eligesesdiatide.oN-litked glycopeptldes are synthesized via a

transferase and a lipid-linked oligosaccharide donor Dol-PP-NAG,GlesMany in an en block

transfer followed by trimming of the core. In this case the nature of the "core" saccharide is
somewhat different from subsequent attachments. A very large number of

glycosyltransferases are known in the art.
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gl ycosyl transferases enzyne in a suitable host. The
need for such control sequences wll vary dependi ng

W@ p@/054980 host sel ected and the transformati onP@EURINA4/041070
chosen. GEneraIIy, control sequences include a

transcriptio not e ti qnal er at or
l0246l§aw§m0éy¥ranﬁfasw$ BrDesedh i Bf#p Seit m‘éengeﬁ N DS a8 @S IAng s it
can uugzé {rabh S FENA bt 5&053&1;9} adop dEQ&nﬁbé sﬁsucﬁeﬂzﬁe&qﬁaﬁ&émmr
control the termnation of transcription and
pathwatyr Qymsahﬂaosfﬁraécmhclf ascgidctnsylmosforase, d{ramjylghzeqsamlayltransferase

e essi on ont IS needed IS
N-acetgigRlaFpart 3y B Ao R Ee S o GpRaPgpnsferase
xylosyﬁfhn@fef&b rgl@éuréﬁi‘llyltfa%ﬂe%e aidMhediksel ect on gene to

facilitate recoghition of transformants. [0251] In an

exenpl ary enbodi nent, the invention utilizes a

[0247] pﬁcmeawmu%saémde syrtieses Gt iapelyr ehsaslernsirase iradtiors

N d
sivcos ARG NPLY b SXOURAL, B Lhpac lggesger | s
glycospla@hsfetages(dre Radwm astareatheir folyhucledtideawqenses. fee, e. -8 “The WWW

M cr obi ol ogy 23(3): 139- 180 (1996)) Sc enz
Guide i[q&lorrd Ghygpsyliransiesrset. RRdgVIy. valee '

Glycos{yﬁt?aﬁngé%sg N$hils c':ig E&#u@ﬁ es 3ﬁ@n ?cﬁlde(‘s@hﬁen@&deré@hlﬁgnel la

P am WAl
glycosg]aﬂaasi’emsayd fromavdfielr ths emanmdacad sdquBnaga caic bodgducedarsfabrodeend in

ronk S e e S PR TSm0 0 VAR Fotgers
gl ucosy transferase (Sw ss-Prot Accession No. P25740

[0248](@ c@@lﬂrﬁnsf@@&e@tﬂa’( éan K digsl5Yddtih ARsSiethadeof the invention include,
/y Swi ss-Prot Accession No. P27129 (E. coli) and

but aregwt é@llﬁdd@, mgzsglt@nsfmsespﬁ_tggsﬂt;al(s@raqey,rg{pmy t@ﬁgfyrases N-
N

sialylti@hye RSy, iiaansdydrassasty glushicnlc uid t‘r@nﬁ@raﬁtsﬁ@h&wﬂo&m acid
are known i nclude those that, are enco
transfesasen and obigapcchgry HANAIEs heuiaklf glysew fimf Josphinclude those

[ esi unmoni ae, E. coli,
Obtam‘%{ﬁ&%&lﬁﬁ%’p Sﬁn%ﬁsum gk{k%t?%ﬁ a enterica, Yersinia
enterocolitica, Mcobacteriumleprosum and the rhl
[0249]deronasncoﬂmgmu@sytthera®s ngpyrhestaifignPGheiend syuthesis bg
i nvention a

soreenipaElSt FshurS PLEROUA it SR o Tlsg el ipechibissybY

screenﬁfgrgé%ﬁﬁﬁﬁbrﬁﬁ&t ﬁd)rﬁ 'aﬁ%abﬁé:% QelNt, BEBY BbHB@ESons of these procedures.
D-gal actosyl - b-

ScreenEh@d)ﬁmBé@’rmmgdmbquBLADngﬁl a@m@s} lout with oliggpuglegtide probes

genera%?igfg‘?rgglﬂ Oéﬁ%:osgﬁfan eB_s aéernlgt%g@% &l ﬂ?b%er%_ﬁ'}gpé: Fa’oeled with a

detecta\MDé % fdup avéeh &Lﬁsﬁﬂudré’@@ﬁﬂ drb@s] alrﬁﬁlbﬁtﬁwb %n@f)r ﬁ bllﬁanmmmaedcent group
ogens Nei sseria gonnor hoeae an

in accq#émqqgvlth knoy(memerdusss aa uged mf«onmwnﬂh hyibeigization aspays. In the
alternatig; ﬁf}égosgflla%ﬁﬁe?ases-réeﬁe ggﬂlgﬁcefs W B SRALASEY b 5F RO Fblymerase

chain reaction (PCR) procedure, with the PCR oligonucleotide primers being produced from

the glycosyltransferases gene sequence. See, U.S. Pat. No. 4,683,195 to Mullis ef al. and U.S.
Pat. No. 4,683,202 to Mullis.

[0250] The 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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N. gonorrhoeae that encode the glycosyltransferases
i nvol ved in the biosynthesis of these structures have
whems/osdenti fied from N nmeningitidis i nmunot ypPeEBUERI04/041070

and LI (Jennings et al, MIl. Mcrobiol. 18: 729-740

(1995)) and the N %onorrhoeae mut ant F62 (thshllch
amplify DN gncqgking thf glycospylgansferatys enomg Jnd/erir expgsigNg whis

[

encodd hOENESRARLBLAROA o6, SRR iy ok Bicl bR
constrlaﬂiﬂh tvhizh adeNNE&qhaEb ehdudére thé glybesydtugafezasen ehdyane is operably

act.o-] V-neof etraose chaj n karchuk et al Bi ol .
lmkedé&\@mab ntr@fﬁésen%%pf ;}[fﬁ%}é’@éﬁf Pw?ﬁéﬁnequtﬁ?mt ic
glycosg Ltahéffhlta)iesoécnzﬁqlﬂ@ ih Qtsﬁtzﬁa‘ﬂéjhdsgt 'ﬁlﬁ%‘é&ﬁ o QEH %ntm%e%uences will

enonstrated; providing the first direct evid for
vary depmdmgplpop dﬁmbsg kqlcxm@ymdrthm‘saresfmubm nthaghchOvek doerieetly,

controgg:l%?ri,oﬁ% gxggld%t%éaglécrg?t oga@r,tzai%éza P% 40 %}éa%or sé%lﬁnlcg &)I' control
transcfitichNa 8&fends (chgﬁﬂn@'@ﬁlt&ﬁ’e RN A riBOintal @ﬁldﬁﬁ dife€ and sequences

t'erm nal  gal act ose of the | acto-iV-neotet raose
which somtead the T@nnmtlo@ pfrauscapticacad tenslation. nAmphifipatigl vepigrs do not

it B85 385 1 605 1 CRER R PR

usually bgHferrdd by ai\ori Si8F Replichiling andia se@dioateend tnfasiditat@eecbgnition of
al so expresses the Pk bl ood group antigen and has been

transf§M@WE- t o carry an | gt C gene (Jennings et al., (1995),
supra.). Neisseria glycosyltransferases and associ ated

[0251]91%0%36x ?laﬁ% éﬁ&aﬁ% I?l?é%n%htfé Fl’l’t\fhgesSa‘ﬁ?m otic enzyme. Such

nes for al ucosyl t er ase"and
glycosaltraﬁsihmsmylb]mda ﬂnzf}mmsevdivanlnn bmﬂmsmb@ﬁ:ltrmohgwamharﬂdess(LOS),
. ,al so been. characterized rti.n et al. .~ Bl.ol . Chem
which §ie5og5 65 r%%%faw@g%t}‘%“@ﬂe% st ohy GhicapReden
Mzcrobz’@l’o%EJtZng BIe1$0'@ 99k 8a &dzgRmss BicRRIBSbdfare not limited to, the
acter jejuni " (see, for exanple

proteirst th pshd tfabntrooh pEsneeiss SIFC/Mp & el TRZSGIponelleptyphipuyium, which

inctudg gL 268 ab0aP s ETRB S0P L o ¢ EVBL

Accesélgm%ﬁ INIB049) ehdMBESH (. BB BRVEBISAcEdssiBAN. 8@633616(668 es
are known to those of skill”in the art. Exenpla

ry
typhinbuizody kiglansyleradenss (FovissdRrobAzgassion Neh P2Hi740r @nsélds an $1,2-

R e T R A A D

Accesﬁ«%‘N%up @ﬁtﬂ(gel) ? s Il?%? ﬁ't{‘%lgg?ggﬁ %et? églc%he?t&n?ftrai‘ﬁ@lase

the present nment s
(r faK)(EMBMm&EsQOn Bloglin0039, (& ooli)exCehg @ycdsyllﬁi a@fefdées fonwhich amino

.. @Glb(l -"3,4)G cNAc b- group in an. oli osacc
acid sgugRcss pirekTosin EbE toe e 4 easheed by ol B B, which
have b%@ﬁaﬂg ?&@eriz‘% L eEsah ﬁﬁls%&}pa(smlgbﬁélg oBlae; B(doli, Salmonella
ucosyl transferase
typhimurium, Salmonella enterica, Yeismza em‘erocolztzca 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-f3-1,4-N-
acetyl-D-glucosaminyl-f3-1,3-D-galactosyl-p-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. meningitidis
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No. 2.4. 1.65), which was first characterized from
human m 1k (see, Palcic, et al, Carbohydrate Res. 190:
wa23/063b989) ; Prieels, et al, J. Biol Chem 25BCT/US2004/041070
10456- 10463 (1981); and Nunez, et al, Can. J. Chem 509:
2086- 2095 (1981)) andthe Gal b(1A4)G cNAc b-
(Scholtem e a5d. tWesh Mieioaidst1; BI9-943 EPOH))F TR 2engs fmmélf &engigiglis and

N. goﬂo?rﬁgg%fegl%g{g thE %}9@5 Cs‘l\ﬁangger (s: 6@}9?‘??1 61112 ge'ebrlgsﬁ't}%hﬁé Iof these

structuaéssavb ®esn 1dbt&[f&@lt festh A8 thenvglireitomiahmanypds dr3nandfL It (Tennings et al.,

mol. Migohigrsip Benafit s and ben ediathhopgomtans fonGolbficn, 1 £

Med. 1800912 1'%‘{(1 9%% tﬁlr 12 &enzﬁ’%@dz‘?zﬁloe? isBRdlor three 4genes IgtA,

Kukowska- L nes and Devel opnent

 IgtB arkPREE, eiG0Bs (Im%ﬁ)o)sylt@wfelrasewmmﬂearqqmred for addltlon of the last three

of the fl}ﬁ?gsgélﬂ{lq.g Irngétg cge]:% alﬂgwa%alﬁhl%é( %{;}9 ?Eﬁ réfefnc 271: 19166-
73 (19588 Owéaﬁmﬁb nﬁﬁc aativityest t@éJlngnd %@A g@&é}ﬁaéuct was

desScribed’in licone, et al chem 191:
demorm@teQ.,m@(lﬂlmoble Brst dirg:t epdpmﬂfonﬁlelrwrweds Blycogydirgnsferase

functy QP BaE R0 T ST SR S BT NEIBE T oo hocae,

there d#Rvd AERSShal g@{@c@g Whidhaaas BIIRERINAOZHBE 3l gbsaratdTete terminal
group of enbodi neits, the glycosyltransferase is a

galactc@ﬁaloédtdiagtbw-aﬂﬂéteacas etrudvempil 4g¢¢ which adds a terminal o-D-Gal to the

act yltrans s incl.ud I, 3 .
1a°t08%§r3@8% Wit Arepaier LRSS '(cr:eaégg fis P P18 erpen antigss strgetyre
I R
(Gotsﬂﬂ%ﬁlfpyﬁg's ?ia )a.In I\A]Ia- tr A éz?‘rcg& azsg %t?e,%l@n%gxé%rp@ l%g%?onegdﬂﬁesses the
P* bloQ@meakqlge@mglas beeni showa tetargt an grC Bﬁmﬁ (Jex@n@gﬁ et p6A(1995),

supra. if’ ggser%f gc%sﬁirflpsgf%{)@g%s ang @Fsoc%gi gggeskegg%gg %I%%cf{'becri WOsPN

5,545, 5 §PEDIohliBRY reiRs (SPRNBARKobAdPsteraset dndhal3 SlicodY ltransferase from
nnunogenetlcs 41: 101-105 (1995)). Another sultable

Helicodgrar gabr baoalyd becamsdhmctesized Mattiate? whi £ Bid/sCheng.od Med1349-

213564 TS S ARS o pitipu S e iSSP o AR prages o o

Campﬂ&@&@ér éiiwr@é@ Yor eX@inpe, ﬁlup t//aﬁﬁb awmls & Ypedro/CAZY/gtf_42.html).

gal act osyltransferase is core Gal-Tl. [0256] Al so
suitable for use in the nethods of the invention are
& gal act osyl transferases, which include, for
Fucosé MeéaseEC 2.4.1.90 (LacNAc synthetase) and EC
22 (lactose synthetase) (bovine (DAgostaro . et
[0253h1n sog{@rembpdngq:rg@ r@&hlco_@g@ranggrfsezlispd(lq gggﬁt 10¢, 0} invention is a

t 7:
oS08 8y S, Bt T SRS i
ﬁmosyll@a(hsfei:é:‘s’és efide 2ABENYs, whichwednkfeas-c@@e Bnd GDEBAicaswtotateydroxy

pos1t1o§qec§f%g]ag arléggéro l tg‘sry t%%fs?e%%%g gqégt%qug% 41})51-4 Suéeﬁﬁaeb sug%}s to an

acceptor are also of use in the present invention.

[0254] In some embodiments, the acceptor sugar is, for example, the GIcNAc in a
GalB(1—3,4)GlcNAcp- group in an oligosaccharide glycoside. Suitable fucosyltransferases
for this reaction include the Gal(1—3,4)GlcNAcB1-a(1—3,4)fucosyltransferase (FTIII E.C.
No. 2.4.1.65), which was first characterized from human milk (see, Palcic, ef al.,
Carbohydrate Res. 190: 1-11 (1989); Prieels, et al., J. Biol. Chem. 256: 10456-10463 (1981);
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sui t abl e gal act osyl transferases include, for exanple,
al ,2 gal actosyltransferases (frome.g.,
weehsarsacchar omyces ponbe, Chapell et al, Ml PCBUSL004/041070
Cell 5: 519-528 (1994)).Si alyltransferases [0257]
Si al yl transferases are another

t f
and Niglogicdoy € Hank Chpe®:CRE6-2085 (198 Diau she Gl B o dBieNdb-
afucoR T BREe e Eg Vol M VERAAR Pah LT PR SRy F g C. No.
24,1 BANET S5 SN G B8) NI HlodsFlifin Bl hal 810 bEGTOL o

charactdiizbd aAaessthbiailt €ofoof the &al B 1 4 )pGRdEaf-i nvent i on

include ST3Gal 111 {e.g.,_ a rat or hupan ST3Gal 111),
o(1>S¥Haeesyltiansferachas glso wpg chppcteragidage, Dunspaeiay., §ioors. Med.

rer T O Phea TR ] o TERE o

1303 (‘119§(8§J O8fér bxenl bty fubdsyRtansfelateintiObO,dyr &ampleion ,2
(1996)). An exenplary a(2,3)sialyltransferase referred
fucosyltrarséerase XEE). Nyl 1.6Bn Jhraymatc fieosydatipromndye cepipdoug by the

ialic acid,to the n-+ edycy. erdd, I
methof f So2E B AL AE B0 L 18045810l B, paen
No. 5,574,858 nCélls 1Bt arduseBit® brodebeatucdbtradia®se(idlJo include an
Winstein et al, J. Biol. Chem 257: 13845 (1982) and
enzympgip sitera |for synthepiging €HePnfuepsy: 21011 (1992). Anot her
exenpl ary a2, 3-sialyltransferase (EC 2.4.99. 4)
transfers sialic acid to the non-reducing term nal Gal

ggl"]ﬁ leagcharide or glycoside see, Rearick et al,
Galacﬁfsy iolgﬁ Chem 254: 4444 (1979) and Gl espie et al,
Y

[OZSS]éIn BloPler gﬁgg{f{?g g@?%@@%%&&li&%}ﬂraﬁéﬁ%ﬁ@fs PRI ltdansferase.

nzymes i NAC a-2,
Exemplag) gdlidtenyhfamsfessed iselmde Kl 8 galactedyltadnsfetases (EIC. No. 2.4.1.151,

T
345: z?gaigﬁ e(‘i %932 150%5%5@;}0@5% @%9@@ 182ib e tef BNSS BloISCRInh.268C1 4290-

uenc cNAc-, the rpst common
142970@089)),imuadie (CegBencm26925s Llaysengr eheéroerVatladlcash &¢ii E/54 86:

5227 545 €899). Rosdns| Conlobl 13078 Siphen el T LBkfTarif 05
(1995@8&%&2{? g%i;ta%g ?M}aﬁ%ﬂ)@ﬁ%ﬁs%s@ﬁ 118 GRS involved in synthesis of

al yl['transftferase Source Sequence(s) forned
the bldRef grot BGatigen Bl 1.30h Yenshoota 2t GG Biol, G@rs U6s-11#6-1151

ST3Gal 1 l'ian UAc a2, 3CGal bl 4G cNAc NeuAc
(1990, gy pic e O WATRRIF R NSURGS 3Gl

bl, 43 cNAc- 1
[0256] Also suitable for use in the methods of the invention are $(1,4) galactosyltransferases,,

which include, for example, EC 2.4.1.90 (LacNAc synthetase) and EC 2.4.1.22 (lactose
synthetase) (bovine (D'Agostaro et al., Eur. J. Biochem. 183: 211-217 (1989)), human (Masri
et al., Biochem. Biophys. Res. Commun. 157: 657-663 (1988)), murine (Nakazawa ef 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, a.1,2 galactosyltransferases (from e.g.,

Schizosaccharomyces pombe, Chapell et al., Mol. Biol. Cell 5: 519-528 (1994)).
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NeuAc a2, 3Gl bl, 3d cNAc- SThGal |1 Mammal i an NeuAc
a2,6Gl bl,4d cNAc STGl Il phot obacterium
whewdosRs6Gal bl, 4G cNAc- 2 ST3Gal V N neni ngPCT/U8m04/041070

NeuAc a2, 3Gl bl,4d cNAc- 3 N gonorrhoeae 1) Goochee

et al, Bio/ Technology 9: 1347-1355 (1991) 2) Yamanoto
Sialylteansfdrasey. Bi ochem 120: 104-110 (1996) 3) Gl bert et

al, J. Biol Chem 271: 28271-28276:é1996) [ 0260] . O her
[0257) Sialyltrans ieraseerra seethertyps of glycaskbrapsiemsnthat wyseiful Brihe

i.ncl.ude those set forthin't bl f .
recom g FFfs SheR s R wuddlihy bl G AP R ik Brodtipg [Bmbinane
sialyltrhdfbtaGesaillchl S0prodyce fONM sl iCaEH ahitt is b dlalic acididdnokaioor

) species onto an N-]inked glycosyl residue of a peptide
sialyltremyfesasgsC)Exgmplas obsialyhikangfegspe thaf arespidalie eorape %@F BFespk

. { Fl. al
inveniph et BT o o B STIBAPR ¥ISGRY, STAGH
ST3Galj $T6Ga 1a$E3G 16T, eTioex] TipSAEGaANA ) STAGyINA@Hsdel $HE5alNAc

I v Pt b e SR AR 8T O
- 4 i B
GheolfFgR s el (1388 B3 o Gag O Y tihoBl Bl o

a(2,3)dalyBizakferdsh BT 22690.6)3tbSfets1 98l i) deidtackhe aon-esimoingitaingnal Gal of
for sialylation of asparagine-linked oli gosacchari des

a Galpil > X¥ly dinpeqiaride ot glypesids alfer.cVaedan Figndep gkeld 4 1ok am. 256:
i ti 5l .
3159 (8 EFsledt TR Al PRkt B (B8R REWSRBL R ot

Chem. 2%70210/8 $m99i)e 2910BR8 bk drflaig o e At landfirhe (BONSOY Uphansfers
of Gal. This particular enzyme can be isolated from
sialic acat tol the sen-fadeicingtieriminal iGah pf the digreliaridere glycoside. sag3 Bearick er

198 © Sihe LSasaki, et ;g '
o1 B3 SIS TR B RORY B, Ryt
' 695 indRA4 Gal A01)-ROIA S eNDFiskl kil sAGaNESES,
Fu“hegF%rﬁﬁgigli@) ngFRgS inbide Cal A1 R 938) S i
Kurosaweetki.obiwr, Jf Biochdn. 3A9n Sppddid@P4n of this enzyne by
reconbi nant expression. In a preferred enbodi nent, the

ai si al yl at i | .
e
will bd 4bld RErAHsRS 81lic hbMen tHeQBqhdnet GAE 1L4GISN Alcs, ah@inest dofrman

Canpyl obacter jejuni, including the a(12, 3). See, e.g
penultiNEBO fetpende. urided BB IS tarnyinek dialist asichere Billytsipdylated gagohydrate
Iiséged 'Pl ble 2, are also useful in an econom c and
Structuges (¢4 :ﬁ °“dr ge- scal e process for sialylation of
comercially inportant gl ycopeptides. As a
[0259] Table 2: Sialyltransferases which use the Galp1,4GlcNAc sequence as an acceptor

substrate
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sinple test to find out the utility of these other

enzynes, various anounts of each enzyne (1-100 mJ ny
WEe@so53950 are reacted with asial o-ai AGP (at 1PADUS2004/041070

ng/ M) to conpare the ability of the sialyltransferase

of interest to sialylate glycopeptides relative to

. ovin | 1 ST3Ga ‘
Slalyltf 'téfq? 28 S§§g§aA terna Eé"'é’lcg@ E‘g%bgd' “Feopept desR et
ST6GAT gl ycopept | dganmaliad\V- | i nkeNeahcgnsaaIB MGIdNa c- 1
etrzyrrattcatt ret ca?cu' fromthe peptidebackbonme—Tan
ST3G#éllused i n p| Mamwrban al o- of NeuAGE2,BGRIBHIGICNAC- 1

eval uation. Sialyltransferases with the ability to
sialylate N |inked ol i gosac¢hNeuAde3GhIfdLI(HoNApt | dgs

nmoreeffrcremtty than ST6Gal are_usefur inm a
ST3GgdYct i cal | af ddamwalian pr oces NepdeoapaGelfdeA@rNAgt at ijon. ]
Gal NAc transferases' [0264]
N- acet yl gal agt osani nyl t r ansi &Neades?2,36elfd{3GIsHAicn

practicing tne present invention, partjcularly for
ST6Galilhdi ng a Ga %ﬂ&mﬁ’ﬁh@%y to 1#1\1‘3&1%109&%6@;‘815&4@0}\%@

STOGHLcor vl gal ALtiRRRSRYEanay Aol BORIA AR 374° 2

sT3cqef limted toy ablngdd NeuAco2,3Galp1,4GlcNAc- 3
3 %—acetyl gal agt osamnrﬁggalltegansf eregsg? b(l ,B4)’ eRAe

N- acet yl gal ac j ansfierases (Nagata et al, J.
Ri nl )(/‘hgm )A\B%@ﬂbﬁ%béd;e g_g_,______A_M_________==__=_-_ a

1) JGomihst eterioTedimolaryd 1475355 (13
N-acetyl gal act osam nyl t ransf er asegtél—lorm et al, J.
2)  BYamamQiveanal. 28 Piodznd29:11043h1P (199265] Producti on of
proteins such as the enzyne Gal NAc Ti-cx from cl oned
3) geibgt ngénﬁioi-@@ﬁgﬂﬁb‘eﬁéﬂﬁb‘?gyﬁ/\@P%knom. See, eg.,
U.S. Pat. No. 4,761,371. One nethod involves .
[02601cOtHee siplybirarsferases bf viednthesesshiinventinarinelide Bopnest futhyin the

iuence, of . the enzyne is, deternin b J .
wble GHHEAC THg sioblFa R b OR S A I RE R LBl g oty
from EEY1GIcQRRB AR MG Sheties bntoRAN-NinkdegibepErebiduady a peptide

transferase whi ch upon expression in the insect cell

(FIG. 2 er s 9-lindepd) aleapsylresifee ehfieciosdXSFHe. 2Dk ul |y acti ve

enzyme. The acceptor specificity of the enzynme is then

[0261}235%&5@1@1%3)%%5&? 18 '%Qﬂg LT M ANRInYe HetRbdd RS T3Gal 111,
m NO acl I Ng

S ‘surroun nown glycosylation sites in
whichkaldb tdteranto Qg 8)sislyfahdforasd(BLY2 #HNG)! Mhis enzyme catalyzes the
gl ycosyl ati on studi es of Sénthetic pe ?es. Thi s

ti .wor k

transfirad stbaeidtip theddaliciatGalBl8 I AmerrieAl LA RAS alEasigh ee. ¢.2.

over resent I y | ate p de g )
wen G20 BBCRRL i 20 BLY SR A REBLASIS SpOFII 2 oD s
3159 @byr9and atreshonsibldr il ldiioh @0 aipacagislitlitd Dligayactitadeain

mor e mar ked i nf|l uence on acceptor efficjency than
glycopsptides. Ahiersialiscict] igdinked e Gaayith e deyanation of an o-linkage between
the twgsxgc%gllfcllets.r %%ﬁﬁ{ga(ﬁﬁﬁage) between the saccharides is between the 2-position of
NeuAc and the 3-position of Gal. This particular enzyme can be isolated from rat liver
(Weinstein et al., J. Biol. Chem. 257: 13845 (1982)); the human cDNA (Sasaki ez al. (1993)
J. Biol. Chem. 268: 22782-22787; Kitagawa & Paulson (1994) J. Biol. Chem. 269: 1394-
1401) and genomic (Kitagawa et al. (1996) J. Biol. Chem. 271: 931-938) DNA sequences are

known, facilitating production of this enzyme by recombinant expression. In a preferred

embodiment, the claimed sialylation methods use a rat ST3Gal III.
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[0266] In another enbodi ment, the enzynes utilized in
the nmethod of the invention are cell bound
w@bkyosos3ghd r ansf erases. Al t hough many sol ubl e PCT/US2004/041070
gl ycosyl transferases are known (see, for exanple, U S.
Pat. No. 5,032,519), glycosyltransferases are,
[0262]00ther atdmplany sibytramsierades wfidsd iorthe piseent invsodomineldgithase

. cells. Many_ of the penbrane-bo epzynes j t hus

isolatel drorn amBBIIEIIT QTR T Srotd RO HEP o
they are not released fromthe menmbranes by sonication

[0263]a$ﬁq%ﬁt?£1l§fe&a‘%e9 16f @68 Botd P BBl Diakd A bl iSuh EeG®mic and
gl ycosy

transferases have been identified on the .
efficieatiinfgeesesleiooees foesiabiilaicarnf comvereially weroriat glycopeptides; Asa

. h l.sq b : i zed .t hat_th
il B3P e R B B bRG  BAGRg o cach enyme
(1-100°R Y8 pRALIERhre GOAREH W I Bsial RMAGE (at 1L i) DMl teecrogire te

functron of cell surface glycosyltransferases is for
abilityi oftthe galyltminsicrase obigtarest ghsip &t%glymeg@ﬂﬁ_sg ative to either bovine

PP, t 0 SWPE
svooff SRS AR R, AP bl
glycor@piaes vt Nrlansd eligsaschaxpeeasenativallyetlessed Fom thegreptids
Larsen et al, Proc. Natl. A %d. Sci . . USA 8?;13527-8231 th
backbenem)be useh By Rlacs Gepdia-¢1 féﬁ%r Bt ©/81uaE R b BOFEHEESSs Wit
the ab@%agglgg?m ikl ﬁgg&géﬁ{aﬁﬁ%@%bﬁéﬁﬁd@ﬁ nffre 6lchently than

I gosacc e structures and their cognate
ST6Gdl yze ssdfilrianghatiaslidsrgeAcaDiockssofonpsptige siaddatéqn. f r om
MRNA i solated froma nurine cell Iine known to express
UDP- gal act ose:. b.-Dgal act osyl -
|, 4-N-acet yl - D- gl ucosami ni de
Guﬂwégpﬁgsﬁﬁpﬁ%tosyltransferase was transfected into COS-I

|'s, .The transfected cells .. ' .
oo 5L ARG s B AP Ut enion
partic{llgﬁg $dr H‘fﬁ(ﬁﬁ%h%ﬁﬁ\lﬁb ndiety B5 ©€ amMatdcid Stthel O-Indied dliAsH8tion site
2713-2717 (1992), disclose a nethod of anchorin .
of thetpeptidst SSvitgbletNraedisl galeetopaminy Yiapsigpaesineiudn duf agingt limited to,

o035l G REH P E  P  fogitotes

etal, %B‘?ﬂ.?@ﬁ‘mﬁ ng?iz_fo@zs@gg@ 0990y ardS1aith ef alyoNBlod Ghem. 269: 15162
proteln, an

iii) a conplete mature bh-1acta ] '
(19943 demispepBdeNageiytaslactostminieieriss (Hewa g6t FigicChem. 268:
126&%@?ﬁgab-lactanase nol ecul e. However, the Francisco
"is limted only to procaryotic cell systens and
as recogni zed by the authors, requires the conplete

[0265] Prddictibh 6f frossimysutbas theepeymé GaNAoihingrSuldared geags by
erases [0269] The inventio | so proyi hods .f qr.
genetigreagerig 1 el esmy map: S BB Pr Al B3 ﬁ@%"u{“&@g involves
collectidfilof S fRBient %‘inﬁﬁé%?ﬂﬁh%esézﬂlfn%ta@ﬁ RRAGENRngREe Sldehermined
as heparin, heparan sulfate, carragenen, and rel ated )
by Nl setpienGug { B mfemiation isthel gsedge dsolaie h gBNA glope encoding a
full-lgl)}(gtathr}leerﬁbrane bound) transferase which upon expression in the insect cell line S{9
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

overrepresented in glycosylated peptide segments and that residues in specific positions
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chondroi ti n-6-sul photransferase (chi cken cDNA
descri bed by Fukuta et al, J. Biol. Chem 270:
wa3wEH53p8H80 (1995); CGenBank Accessi onNo. D499REN/US2004/041070
gl ycosam nogl ycan Nacetyl gl ucosam ne
N:-.dea et | ase/ N- sul photransferase 1 (D xon et a
surrou@p[% YEQ yLlfgec? N-gle%ﬂg I}(xigggﬁ res{gll_lFs Bmay z}vexaalﬁare marked influence on
accept&l Mﬁ@&ﬁ@? 188 bireARNRGRIYhelHEOSam ne
N-deacet’yl ase/ Nsul phot ransferase 2 (murine cDNA
described in Orellana et ah, J. BIO| Chem 269: 2270-

Cell-Bgt%Z@G(lﬂc%Aﬁ J ksson et al . Bi ol. Chem 269:
[0266] @Qg’glleg gﬁg%e%gg%%w ggtg %{nleﬁbl;gﬂ (I)fl:llth%lrl/%ntlon are cell-
bound 'gWé%Wlir%f&hs%@ ANAOTRAR SRS sIie gﬁl%ogltrélﬂskéiiastey B 188¢4n (see, for

tant gl ycosi dases.” Mutant b-gal’act’osi dase enzynes
examphiai(JeS ReérNal érﬁi@sil%tgézdsosﬂtr@mfalaseé @rq gemefadlyrin mieprbrafe-bound

formn wef SRR bl Syl T R iR rend e R s for are
considéteS@to PintriNNde pdted@4 tlfé9ﬂz5 the§ %icbeﬁbt %Qzlsed $on?He %ieml:gaﬁb%rby

gl ycosi dases of use in this invention include, for

sonicalen sl iequise gitergerss &ggs@glbﬂg,a‘ggm asyrdase (géjgp@gyltransfm ases have been

1dent1f{%d%%n[[¥g §ﬁrga%§§3 (?jf Ve?te&%gt Qﬁd] 1%&%%%&&&&10 9%1566 i hag3 'l&k @e%ﬁ ré{co gnized
gal act 65am ni dases, Db- Xyl 0Si dases,” bz TucosI

that th@selshﬂh@smeexasbﬁmaﬁﬁan cgalyac taaﬂixa@a&;deﬂplmaﬂ@@eﬁ ,condltlons

hem cel | ul ases, anyl ases, gl ucoanyl ases, a-
Howeygr, J@@g}oa%ge@ggmgp_dgfgpghqndg,ca §wdace mﬁﬂggpscf%@ is for intercellular

reeorrfiM AR Mol bRt A iR B AEly Prmony 1990
and neur am ni dases/ si al i dases. I n an exenpl ary

[0267]avibthdilnbaite, bean déwldpedd sealits thsglicasyltrannfsreseséairéssedley cklls.

For exgh R BReg Ao NE T RS oK o410 ST B a0 i eenetc

approath &l isERRScIANI RN IsEfichbR tR4tideterh 8RR Bles@bn &F @Il Surface
acid. Thus, a nethod that incorporates a sialic acid

oligosasgharideqgieruetaerstand theirstoggata ghsebylirarsfernsesi & NG liksirgtepnerated

f
from i ATTaTF G fobo et Fosbnd Rl Greeisss CERVed e -8rDs
galactddyRY, qu%céﬁf Oé'lﬁcdé%ﬁuﬁ’(ﬁe &NZ4. Eﬁ§ct55§@f‘rarﬁfé?aée%ma'n‘si%@t@d into

oh a solid or sol ubl e Support.” I'n an exenpl ary
COS- lemi@dirhe transfdedne&r @lls svepy then deltirad ghd/asesyddtfoamdt®r ase
is conjugated to a PEG via an intact glycosyl
galathSVlﬁI@@Ffeﬁé%é‘?tB’“ﬁg to the nethods of the invention. The
PEG | nker - enzynme conjugate is optionally attached to

[0268]%%1‘1&’1'&:‘6%9 o1 tpr o??hﬁar*l* S&alf S Ols A4l 86: %9@7@‘7‘ %9%2)} rﬁ?s%léé@ at method
he met hods of the invention sinplifies t e work up

of anchdﬂmgr(bﬁ\(ctanmﬂe to the axternahshirface of Egdieiiohiaablit Betripeditt ﬁmra)n

. prodfu t, .and al so enabl es the
consisting o (C) a signal sequence of an outer membrane protein, (ii) a membrane-spanning
section of an outer membrane protein, and (iii) 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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facile recovery of the enzynme. The gl ycosyltransferase

conjugate is utilized in the nethods of the invention.
w@esis53960mbi nat i ons of enzynmes and supports w PCT/D82004/041070

apparent to those of skill in the art. Fusion Proteins

2 | n other exenplary enbodi ments, the methods of
Sulf"t'[ é/Yr%"\‘i%m. on utilize fusion protel ns that have nor e
is involved,i

R LR T
molemd‘lc'a‘sS RN, Y&e@&lgn?fessu%ﬁd %%lr?&mgﬁ&‘é% s8kh a{ afitt Q‘@L\ﬁn stlifate,

catal ytically active donai gl ycosyl t ansT ase
carragenigat andgefatsidrrothpounds. Saiitably sulfethdngfeaasts mlwile,nﬁar mcamfipla,n

chonc S RER b BB (SRS B SR0E By BRI BTR 2L Lol Chen.
270: 1§57 MEBS80 11 955) AGEHBahE Ao 810 IIR D4d9as), Ig{sycaséﬁﬂHleyé&fN-
the glycosyltransferase, or catalyze areaction

acetylglwam@é N-geageiylasedssulphairnsierase & (E)}Diﬂne?t ai:o@rerewam)lﬁa 239-241
R SAS el e e R eL g

sulphoacides Hin@izyDNA ﬂb!ﬂhi‘bedi irl Orelldad el Jr eBz@;llJ Gﬂfem 269: 2270-
The resul ting fusion protein can

t he
2276 (@néﬁﬁgﬂlﬁwnéml Jt Bl e 8Y: sl(gﬁf?tlﬁé%(ﬂ@&ébﬁnu@@n cDNA
descnb?ﬁ%@enﬁém( ﬁk&g Bﬁ]ﬁotﬁ%ﬁkﬁ{ger of the sugar noiety to

e acceptor ecul fusion protein can be two

or nore cycle enzynes |linked into one expressible

nucl eoti de sequence. |In other enbodinents the fusion
Glycosishagesei n i ncl udes the catal ytically active domai ns of

two or nore glycosy transferases. See, for exanple,
[0270] S héstibyeEBn ameenmmpasseﬁthg Iuya:@ﬁwibdl-itymsmdfmﬁthtﬁ ghycesidaes.

i ntian can be readi nd tured
Mutant (R feG ERraTe B b SeErrdtie B i g Satetio of
dlsacc}ﬁiﬁdé@ﬂhﬁougﬁ@[e EaipBnk oﬁ@fp& fob A FLU3EHE @A@éél@ét&%@ acd’é@’to? h

ubl i'shed asWO 9 4 on June 24,

mOleClﬁ‘? itharp.dhSoPatMydi 3,2%4% dgraned $an 743]200h) @h@TQVCOStCheeS of

l.i.nker selie a
use in S0 orTRh el 5 Bl b G SRR S o sidases,
B- acetyil Bleugimihliesddse-Nohcelye @@ lactogarGin@lipss, BWldsidasdse B-fucosidases,
ypi cal ly transforned by the |inkjng process into a

Cellula%MYé%rwﬁ» galpgiarase HENDaser heypicahnlasest anydasgpegipeogmylases, o-
glucomg%s%s,gy gﬁﬁctﬁﬁﬂé:steg oﬁmfallﬁ{b% da%ﬁa& é‘?-'é@éfg eg})l%osﬁlﬁlﬂlc?d%@st ‘&GN % etyl

itron on the sugar groups
galactosd-amirddasef, oredodidaeg ocu&ecﬁsndlasesn apdi ﬁelirammidasbhﬁa]@dﬁsse th an

exempl@{]y\e/eer%t %pgtgg é}%g&f]‘esrs g:ld.:}sé E‘.&%?ﬁe(g{e rr;;athc %Ll% f\é\(l)erll Ian lI(\I—glycan of Factor
IX (FIG. 2A) prior to glycoPEGylating. The invention also provides a method that does not
require the prior removal of sialic acid. Thus, a method that incorporates a sialic acid
exchange reaction using a modified sialic acid moiety and ST3Gal3 is of use in the present

invention.

Immobilized Enzymes

[0271] The present invention also provides for the use of enzymes that are immobilized on a
solid and/or soluble support. In an exemplary embodiment, there is provided a
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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Currently favored cl asses of reactions available with
reacti ve sugar noieties are those, whichproceed under
wo edansswed y mi | d conditions. These include, buPCHUS2000041070
limted to nucleophilic substitutions (e.g., reactions
of am nes and al cohols with acyl halides, active
suppOmSTbaf 83, of abléd suppoited em:zymbsm fheumstioeds of éhegmverémmphﬁes the

work R Aot RO R D B aso enabis e
facile fe€&k{ OPthe BhBjre AT l‘i’eeglyé’fﬁsiltiahﬁ@ﬂase &?ﬁ@t@ﬁdﬂ@fﬁzb@fn the methods
useful reactions are di scussed exanpl e, March,

of the mmmEL@mommbm}@m sfevgynzs anctalppo% il W FERATEAT G igse of
skﬂlm ork, 1985; Hernmanson, Bl OCONJUGATE TECHNI QUES,
33 mc Press, San Diego, 1996; and Feeney et al,
I\/EDI FI CATI ONOF PROTEINS; Advances in Chem stry Series,
Vol . 198, Anerican Chem cal Society, Washington, D.C.,
Fusiofl ®Bateing0274] Useful reactive functional groups pendent

0272 SRR LSRR, BRI RO FESHR RS e Bt povin

that ha@@ 'iﬂdf@ﬁiaﬁ%ﬁe %Hﬂfn@aﬁfc dcﬂGﬂt}Udllaﬂi@ ambﬂﬂ'ledrlﬁts hthedi 6fh 8&ired
N-hydr oxysucci ni m de esters, roxy%enzt riazol e

glycopeptiés eonjugeied Heel fusien pobfoyptldeﬁwa QErpOsedhph den exagple, a

catalyﬁqa@w?g h(i(g%faép g%% E}SCbﬁ? ééﬁ%%(a?s%ltﬁa% n%igme%l tg 35@5][211 gl ey active

domaifi @P¥ € hdRSkokPenBnth.  THRHcEIsSory ehf;eﬁécatﬂbfde li(yrdam ca&tfor example,
(c) hal oal kyl groups, wherein the halide can_be |ater
catalyzh S§emee frmetian i 2 nedpetideisusy s 8 deppr4er theor
k] n )
e A LR BRI B e o
exampldl@ poduakkotidathhaattodeta gﬁc(ﬂyhmmsfgrasm parate Jtotr@d in-frame, to a
functional group of the h

polynygplestigs th%pqgﬁle%@%e% %ﬁ egﬁeai(q%b g}}nﬁl?e%gh i"ljhg resulting
fusmn?r@ﬂeﬁl d%h Ko cra?aq o rR)@%nf?rL{H@sﬁﬁllesfsfo IR oBide BR8] Btk 8Ro the

ehyde or ket'one groups, such that
transfe it Mugmtt mdxety toa:m aaeplonmoecplys di hig|fasion arqt@)n gait bofvaer more

cycle %ga;&%%g i;lﬂléegie n vat e\é(%%gglgf?gg%épu g&eﬂgél%gp Iln oth mlﬂgtﬁdlmen‘cs the

fusmn??@t'@ﬁﬂh@lﬁ&es&ﬁe @th?fﬂ@zﬂﬁ/ AHdE Hb@RIng bf Bl Kyt xlnbfefglmsyltransferases
tion; onyl halide groups for subsequent
See, forexemplsn sm 466&mTh@ giodifind ehycanpptides phihegiresent invention can be

readily Hemgne an gma’nufactured 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

[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 or
unreactive species. The sugar reactive functional group(s), is located at any position on the
sugar moiety. Reactive groups and classes of reactions useful in practicing the present
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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(g) thiol groups, which can be, for exanple, converted
to disulfides or reacted with acyl halides;(h) am ne
w@eoosobfobydryl groups, which can be, for exanpP@r/US2004/041070
acyl ated, al kyl ated or oxidized; (i) alkenes, which
can undergo, for exanple, cycl oaddl tions, acyl ation,
proceeﬂ/lunﬂla&hla’a@kjy tiillonditions. a’lﬁhles(a jinclafsokitdes! notdkniged toawcleophilic

eact, with, for exa | e, Xyl
SubstitiEAHS 6 R e O TR Fualehol il B G BURE e
electroPﬁlh% ROSSIRRIG he § h@ﬂanhﬁ@ YealorlR bnd@lditicys @@Eﬂbbﬁl—paﬂbbn and
nterfere with,“the reactions necessary to assenb

calbont-hﬁeerpﬁamtmvl@r’ki@ads teug ) Mighagk Teh‘ﬁtﬂ’inf F%A&% gﬁdltlon) These and

t ve eact u I
other (i R Rr s Gt T oL PR MRRE, 2GRN ORo e
CHEMIBTI®S 8REBd 9ot Wiley e&$¢ﬁsgNgw0£k§rk U85 Henharski, IBIOCQNILJ(B&TE
art ‘under stand how to pr ot ect arti t\%{al{{l functi onal

TECHNR i Asadsmie Ress. anddiegoidpos O ORI OF
PROTEB{‘SI {%%tf%nc%gﬁ} Cl‘i’é}mﬁﬁ’? §51t1és? %i 15@ rAﬁﬁéﬁ@&H @ﬁen%al‘&%ﬁé@

G eene et al
Washif?gtoh HE:O. \AB@QJPSI N O?GANI C SYNTHESI S, John W ey&
Sons New York, 1991. [0276] In the discussion that
unber of specific_.examl es of, nodifi .
o274igsiteione Mpegone Gronthi L CEREY gt R Pt e i ing erouy

1ncludé rb\(@g@rg@hﬁlﬁ@d%gt forth. In the exerrpl ary enbodi nment s,
a sialic acid derivative is utlllzed as the sugar

nucl eus to which the nodifying 1S attached g
f @3 wsrhokyk sreues @@u@gp@md@wagm b nEaEE Doy b to,

c@#@'&?ﬁé’éﬁ bnnim ets{é?s%,l &lgxy%%ﬂttr%%e sheu! Q}l@ﬁ&luﬁ@ acyl

o e 0 e rnvention
Ofmigkddlds, thibdstees, grrﬁtwpﬂehyla@mig allal, ellitdngt, a&yna]randtayomzﬁtlc
ot her sugar noieties can be activated and derivati zed
i $fl¥S)manner anal ogous to that set forth using sialic
acid as an exanple. For exanple, numerous nethods are
a9 hyalpby] Ernpsodii€ly eagbgainactiabte, ¢. gl agesesthers, aldehydes, efc.
N-acetyl gal act osam ne and fucose to nane a few sugar

S@Sﬁa‘i@aﬁl{é}g d‘ﬁ{@'s Ghhedéif theRdlideXanBel lz&ér&ﬂsglbﬁéa Kiith a nucleophilic

ogni z hods. See, for exanple al abi et al
Cgroup sivicks, fiemample, gBarmegoyarbedaisaniandhiokenigp, carbanion, or

e aPhaRton. e abtre bt O gt oy Mg TTAR Kroug o

Of:urfc’fiGndIQiJcﬁl@tdfﬂ{bhﬁog%n@'td&ﬁopept| de that is produced. in
rrarrrrallan cells (e.g., CHO cells) or in a transgenic

aFC*)g 1eno h% Igpogl 5, 1%91% Qfe | Cﬁ@f‘ﬁér% rgpﬁl‘iﬁgls -Alder reactions

al ns,

Sblﬁﬂwsaifoeéxarﬂihe, rﬁdtlemﬁdagcdws;i de chai ns of the
gl ycopeptide | acking a sialic acid

(e) aldehyde or ketone groups, such that subsequent derivatization is possible via
formation of carbonyl derivatives such as, for example, imines, hydrazones,
semicarbazones or oximes, or via such mechanisms as Grignard addition or

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

acyl halides;
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and containing a term nal gal actose residue can be
PEGy| at ed, PPGyl ated or otherwise nodified with a
wOoR@sHFWE0 sial ic acid. [0278] In Schenme 4, thePEMUR®04/041070

glycoside 1, is treated with the active ester of a

protected anmino acid {e.q., glycine) derivati

cdnasring Aysuliedryd grpaps, ailecates, SUEXPRPYS acylated alkylated or

%ﬁgg &espondlng protected am no acid am de adduct The
i's treated with an al dol ase to forn1a hydr oxy

car boxyl at ound 2 i s convert

b+ pHkepesn aibi C@Mingeég@ fat $XAEIRLS CYHgR El?fk?naf&y atigppMighael

S €and Ol  oned by catal ytic hydrogenation of the

é%ghgﬁﬁgéatfie to produce conpound 3. The am ne

At roduced

P e o TSV B aYaP SRR ARy ARy hgpmpounds

npound 3 with an activated PEG or PPG derl vati ve
[0275](Eh@reactn@®m(t@p%oumg@l becyenpueh thebibre A9 pyt participate in, or

o) A P Bt o AP Ay T
group. 2A1tbﬁ1hﬁ¢él§3 d‘i@activdfuﬁcﬁohﬁ%@uﬁdﬂﬁﬂeﬁﬁ@tec@& Iﬁtd)vr&pa&“uapxtufg 1D the
Na Hoc y -0 "VoOH 1 NH, NH2 A N 11| Y-

reactiongi G REESHRGO! SR IFHEME eGP Thaspol sl b herr iR ApEHeR o

protec@%&‘ﬁd %Ngkiggpgﬁgp &%W&'ﬁ%@ chosen set of

reacticoMen&itiohs. NFEERh2bds Gf @eMulREGesting groups, see, for example, Greene et
al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons, New York, 1991.

[0276] In the discussion that follows, a number of specific examples of modified sugars that
are useful in practicing the present invention are set forth. In the exemplary embodiments, a
sialic acid derivative is utilized as the sugar nucleus to which the modifying group is
attached. The focus of the discussion 6n sialic acid derivatives is for clarity of illustration
only and should not be construed to limit the scope of the invention. Those of skill in the art
will appreciate that a variety of other sugar moieties can be activated and derivatized in a
manner analogous to that set forth using sialic acid as an example. For example, numerous
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 et al., Curr. Med. Chem. 6: 93 (1999), and Schafer et al., J. Org. Chem.
65: 24 (2000)).

[0277] In an exemplary embodiment, the peptide that is modified by a method of the
invention is a glycopeptide that is produced in mammalian cells (e.g., CHO cells) orin 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.

[0278] In Scheme 4, the amino glycoside 1, is treated with the active ester of a protected

amino acid (e.g., glycine) derivative, converting the sugar amine residue into the
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[0279] Table 3 sets forth representative exanpl es of
sugar nonophosphates that are derivatized with a PEG
woRisnysosCert ai n of the conpounds of Tabl e 3 aP€T/US2004/041070
prepared by the nethod of Schenme 4. O her derivatives
are prepared by art-recogni zed nethods. See, for
correspmdrr;gl eotekieppieno atid almde@dglu@b ThE edguct is:trepfed Witla yldolase to

form oGP L T EE Q?gu% B 2 Pbestahe Bt s atig CMP
derwa&%% gty oﬁeﬁ'ﬁfglc ST Itgffﬁset ﬁﬁ%v‘fé@ 'F)yb:@taﬁftﬁﬂﬁ’ﬂﬁ%eﬁéhon of the

ods r eadi hose of skill
CMP c&rﬂvaﬁ{ﬂﬁ&ﬁc}dﬁﬁabbmp@%@ NHz: arm;ne ntigdgced Wa f@mﬂo@of the ghycine

acductd w530y AL REC oo i and anigeortiel RaiRagel e

PEG ONPP@ derlblatﬁ?e @ &m @(@)N’HSQPE‘G 'O@{D)@ Ibﬂtrdfil‘ie@lj\l@rdd_@lng

HO CH R-O
specwm@hmeémssarqspﬁqavm KDN-5 o RNH N fI 1|\|Ao N O
RNH ? F~ + YS
Scheme 4
OH 1. CMP-SA synthetase, CTP

HO~ i, 1 Z-Glycine-NHS HO oH 2. Hy/Pd/C
HO 2. NeuAc Aldolase, pyruvate HO =0 0 *Na
-0
HO = Ze o~ NH ©
oH g“g OH ‘
1 2 ) NHz

NHp , Sy
SN 0 |
(l? f\/& 0 Il N’go
0—P-0 o N"~0 o—«l;‘ko (o}
d+na PEG—g-NHS HO oH 0'*Nm
o) HO oH . . HO =0 0" *Na HO OH
pEGd " T IO e o o NH
0
~ NH—"34 HaN"Y 3

N 4
%
CMP-SA-5-NHCOCH,NH—PEG

PEG—gC(O)O-pNPC CMP-SA-5-NHCOCH,NH,
CMP-SA-5-NHCOCH,;NH—C(0)O-PEG
5

[0279] Table 3 sets forth representative examples of sugar monophosphates that are
derivatized with a PEG moiety. Certain of the compounds of Table 3 are prepared by the
method of Scheme 4. Other derivatives are prepared by art-recognized methods. See, for
example, Keppler et al., Glycobiology 11: 11R (2001); and Charter et al., Glycobiology 10:
1049 (2000)). Other amine reactive PEG and PPG analogues are commercially available, or
they can be prepared by methods readily accessible to those of skill in the art.

[0280] Table 3
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RO?P-~VWN.OH1 + NaV/ -O/Vg- +Na HOOH .0OH 1
Na W- 07 VO Na HO OOFH AcCNH -"COH OH

WEROsBEIAC - 8- NH- R CMP- NeuAc-8-O-R NH2 NH2 N Pau/NS2004/G31070
HO NH R O Na \ 710 +Na WHOM™ ? -0' - O" + Na H
OOHO" + Na O H AcNH T AcNH CMP- NeuAc- 7- NH- R

"HOOH
NH, CMVP- NeuAc- ¥eO R N2 N O ||

+Na \

o——P~o oN "o

I +
HO OH .
0 Na HO OH

CMP-SA-5-NH-R
NH,

\N

0
I
o—-P~o

! +
HO OH
%jﬁro *Na HO OH

CMP-KDN-5-0O-R

NH,
\N
o—-lf~o
*N
Q
S O +Na HO OH
AcNH
CMP-NeuAc-8-0-R
NHy
\N
o
o——l]’~o
Q O"*Na
S 0 *Na HO OH
AcNH
CMP-NeuAc-7-O-R (N\HZ
0
i Ko
o—F~0
HO QH O *Na
HO £ —0 0 *Na HO OH
AcNH °
O-R

CMP-NeuAc-4-O-R

[0281] The modified sugar phosphates of use in practicing the present-invention can be

N OO - P% O'WO. |

O/ HO \io " +Na WX ? HOOHO- ’1+Na HO CH
HO 0" "Na
R-O%O Na HO OH
AcNH OH 0

CMP-NeuAc-9-O-R

NH;
N
0O
1]
o——ll3~o
+
o Na
g on N
= 0 Na HO OH
AcNH
CMP-NeuAc-9-NH-R “i”z

0 |
Il N’J*O

R-NH 0—F-0"\ 0
OH 0" "Na
HOA~E—07/ )0 "Na O OH

0
AcNH OH

CMP-NeuAc-8-NH-R

NHz
B
Q A,
I}
o—b_0 oo
HO NH-R | &-*Na
HO 10 0 *Na HO OH
AcNH—3y  ©
CMP-NeuAc-7-NH-R NH,
B
Q A
1]
o—P-0\ 0] ©
HO QH 0 *Na
HOAE—07/ -0 *Na HO OH
AcNH 0
NH-R

CMP-NeuAc-4-NH-R

substituted in other positions as well as those set forth above. Presently preferred

substitutions of sialic acid are set forth in the formula below:

0 LA

NH,
~N
0

o—P-0o o)

R2.Y X R 6'+N:\q
R3 -B 0 -
R4-A o

Z-R5

85

0" 'Na HO OH



10

15

20

25

30

- A"7N _ 0 -+Na HO ~ 0 H AcNH AcNH 0-R NH R
CVP- NeuAc- 4- O R CVMP- NeuAc-4-NH R [0281] The nodified

W@ a@anspPhosphat es of use in practicing the preBEnUS2004/041070
i nvention can be substituted in other positions as
wel |l as those set forth above. Presently preferred
substitutions of sialic acid are set forth in the

in whiGP T Aok AN R Rtk DR 015pRd> Y a1 & EEang

N(R)z, |11$ V\dilldhl aakh Rgs gnmuyher Mepmeﬁﬂpseéém@mm Rk’ ecmdsyfnbom Y, Z,

A end BGath FhsbR § G0 CHOSTE1E o8 SoBL BT P PO s th identity

of X. X}"Efb@ & ad Bbre @aﬁrlﬁdc?eﬁ@é}fﬂ ISBRERE B, tRerBfopd) Qhéyrt%h HeShe same
sel ected fromthe forth above for the

or diffgresntlihe pyobolX R YR R , B amd &n@p@sqrtéi eddiC meddpehetepdutie

e RS DL S, AR s
bound tb a BEGEL»i8®)] Aﬁ)eﬁtﬁtﬁ‘lh@ié@}u tb!idincb'[@(h@é ¥5 othérafi®legcul e or

ot her noiety. ternatively, these synbols represent a
| inker that |s bound to a PEG noiety, therapeutl c

l02821 rrOTCBPJATY Blbehse ettahed 69 thecraingiies éltsslose[dd%ezy Eekdep burage not

t
i g 16, L9115, SR gt .
PEG, a@d RJEG) REG deBEB{veacy k- ab{yAPREG) -k KRG eyt yl REG-PPG

carbam%?/f-pﬁg? Xrlyl_-PPG), therapeutic moieties, diagnostic moieties, mannose-6-phosphate,
heparin, heparan, SLey, mannose, mannose-6-phosphate, Sialyl Lewis X, FGF, VFGF,
proteins, chondroitin, keratan, dermatan, albumin, integrins, antennary oligosaccharides,
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;
Hermanson, BIOCONJUGATE TECHNIQUES, Academic Press, San Diego, 1996; and Dunn et al.,
Eds. POLYMERIC DRUGS AND DRUG DELIVERY SYSTEMS, ACS Symposium Series Vol. 469,
American Chemical Society, Washington, D.C. 1991).

Linker Groups (Cross-linking Groups)

[0283] Preparation of the modified sugar for use in the methods of the present invention
includes attachment of a PEG moiety to a sugar residue and preferably, forming a stable
adduct, which is a substrate for a glycosyltransferase. Thus, it is often preferred to use a
linker, e.g., one formed by reaction of the PEG and sugar moiety with a cross-linking agent to
conjugate the PEG and the sugar. Exemplary bifunctional compounds which can be used for
attaching modifying groups to carbohydrate moieties include, but are not limited to,
bifunctional poly(ethyleneglycols), polyamides, polyethers, polyesters and the like. General
approaches for linking carbohydrates to other molecules are known in the literature. See, for
example, Lee et al., Biochemistry 28: 1856 (1989); Bhatia et al., Anal. Biochem. 178: 408
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PEG aryl-PEG, PPG derivatives (e.g., acyl-PPG
acyl -al kyl - PPG al kyl - acyl - PPG car banoyl - PPG

w@aeys/HRPP8) , therapeutic noieties, diagnostic nMRCEUSES4/041070
mannose- 6- phosphat e, heparin heparan SLex nannose
mannose- 6- phosphat e,

(1989)pﬂzutda|ensl T Hon @hemt $av; 1k7er8§866199@éﬁ%55¢mf%ﬂ1 6’0% VO 92/18135.
t ennar

tn the giRiopa i GG LR Fa ik REE AR AR s R e Ay motety of

the na&eRURSJitiRd %g&ac Thafdcdeofmbe dtsxtuﬁtcm i éadildrity af dbssatidne Those of

to those of skill in the art (ETHYLENE GLY
skill 1r0ﬂ45wsmﬂi\&ppwpmﬂe‘@mh ISCUSRION @%BP CRITCIGEIE BEAPP

: M| ton Pl enum Pub. Corp., 1992;
modifgpg gf LARE o GLYCO_) CHEM CAL AND Bl OLOGI CAL

APPLI CATIONSJ,. MIlton Harris, Ed., ACS Synposium
[0284]ngaastyN¢f re£B0is afamesei camodifp mec@mr@mmtepf/thepmﬁed sugar with

SN e s e e
ploce(faA%é&eQEbv’lo‘t@@Y IR ENSmo ACS. S80S 197, @éétﬁis H/Qﬂ arftb@ooney, D

rican Chem cal Society, Washing ton,

A., In: LENﬁ{YMES@rsdmpg}fs( Glasenberdy nnch@o@r@u p@,S)) pngﬁ@@-]dr@ V%f}léy, New York,
w1 L SRk SR P So S Br MES iEnp 17 167

183, 1993, &) IREEGHTEH %Mndo@p@at‘édl Yedeir ‘@Ste&ﬂatencﬂmdefafedrcadiﬁshnkmg reagents
forn1ng a stabl e adduct, which s a substrgte fo

are deyj gt e varigns respdength hﬁ@@-blﬁmtl%n%fatnéﬁleﬁf% gy rosslinking
reagenﬁi dZe1oI lelﬁ]é%ﬁ cros?nﬁnng{ Iﬁggengsqwﬁg T:(qrt %%ﬁhgﬁfbn‘gf tivD entRESG:

sugar Cross I ng "agent
chemi6&lHro@Rtvaith ﬂ@lrﬁﬁﬁmmﬂ df hﬁtrmlsganateﬁadeﬁgd:m that catalyze formation of

blfunctlonal conpounds can used fo t t achi
a dlSUlﬁs’&.howi v Oggc%]%%s A N R R R
condeﬁga]%o%l i F nH% prg}l'lsfr&' Qﬁﬁﬁc%l‘%h to form an amide bond such as
pol'y y ene ycol's pol yani des, pol yet hers,

carbocﬂi_i}hiﬁes,teﬂt}éclﬂm&trhmtel thdw@ﬁ@reagerm Doyl phemylisoxazolium-3'-

st AR R B 6
transgﬁit%ﬂﬁﬁ'é @\Hﬁimg'ﬁ dt 9)tran5¥éﬁisb EE(EQ 3al.13)An&t be used as zero-
Bl och 8
em 178: 9 Janda et at, J. Am Chem_ Soc

1ength1c§msshSBl8lg r@a@gomamnzswwatames aqyl mansfmeg%ms aerbgxgmide

e BB SRR RIS ARy ot

substraRd 'Pfréﬁﬁeé HEAb- antitRtdroGifinetionaheagrBCessdin owo Bieh’ocal or two
clarity of illustration. Those of skijll

dissimi ity peestie . Wish TR SR S gPoAm S, sfPa T ety dino, indole,

roups on the nodi fying group as well. [0284]
Ornmﬁpvaﬁféﬁn% reagents are used to nodify the

conmponents of the nodified sugar with intranolecul ar
chem cal crosslinks (for reviews of crosslinking
Purificatige of Faetod IXrOmghgates ng

[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 filtration can be used. Itis
preferred to use membrane filtration, more preferably utilizing a reverse osmotic membrane,
or one or more column chromatographic techniques for the recovery as is discussed

hereinafter and in the literature cited herein. For instance, membrane filtration wherein the
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procedures see: WIld5 F., Meth. Enzynol. 25: 623-651,
1972; Wetall, H H, and Cooney, D. A, In: ENZYMESAS
WORWEB5596Hol cenber g, and Roberts, eds.) pp. 39BCHUR2004/041070
Wley, New York, 1981; Ji, T. H, Meth. Enzynol. 91:
580- 609, 198 Mat t son et al , | Biol. Rep, 17. 167-
membrapes, hazgg@ ec&far wghmm@ﬁf %fragowr%(%gp &?‘%ﬁ%é@@? Efhbgysed to
f S :
e e B N BRI} S B fosin o hen be
used toaﬁmohetzdtsamﬂlofr pndfyi the @todoctoasdhariden@ed, ezg eWOs98/15581).
er o- | th crosslinking.reagents inclu di rect
Nano iR BRR GG 4w Of F IR 5 BORh BmCaThe] 15t Bass i vl sals
but retélﬁipf)B/%.'l‘éhﬂ Qs ahd ﬁfféﬂa&é’éﬁ's@lu@tlﬁgéﬁhan ARt 60 td@out 2, OOO
al’'yze fornmation of di sul f1i bond belong to this
Daltons,ateegtﬂuyg upgrcthe arerrdx@rwplsed i Ehyse ag@wg:at pplicptinfy geecharides

pepur 0 AR SR B LR B 8 B o
contarrﬁﬁaﬁhﬂg%ﬁlt@ﬁvﬁf H@irBughodward' s reagent K
( et hyI enyl i soxazol ium 3 Tsul fonate), and

yl d| [ m dazole. In addition hese chenmni c%
[0286] rlgggémcgﬁeq g]ém@mgmlstpg%lgaﬂ nigpsl t\li%! as a first step, the particulate

debris %Q&Wéeng%ysgﬁ ﬁg glleﬂtts qw4rﬁ6xféasf EE le gen:c)hf%ﬁa?tg&n or

be use Zero ength crosslin ent
ultraﬁlﬁﬁﬁ(yl’fr@pﬁalhailyy teprateind may bm&fmentreéelb‘tvltb |a$om1merc1ally available

o SRR S5 U, o PLL 20 oo AL SR e

, 1mpur1§gsb%1e 6 &-m bk &e@S S8 EPTBm iaRchidekBG cﬁk&rﬁﬁi@éﬂaﬁlﬁa lion-exchange

nts contain two identical or twd dissimlar
colums fmqmnah@smt owéﬂemylwmn@dﬁhyfd@%)roemﬂtmqﬁ@ chuipingrd no,

carborfel g} RESBRID! Epe) oI CE e PBE o ousyeC Rt Bile-

Sephaﬂ%ﬁ@%‘@t\]@ Mbmds ¥niiheiasyBaBid) RS AESepharbsHaCdisad
wi t hout ur| fication. However, it is usually preferred

Sepharose, Egees iy opensl, Bribsd JovopestlaRieray b T oyepert kpiguptein A Sepharose,

SDS-P?U%:[?Qhrgmta o f1‘2:%rhly ? EQQ/ mgtfogxg\k)ﬁf c%ng&tg acﬁﬁﬁé} g{ér%ﬁﬁxase HPLC

(e.g., siliva@abdOl bppdiMed bidphatix (gktaipg)e géll‘ﬁlttﬁﬁliromﬂg) h:)g Sﬁphadex molecular
menpbrane filtration can be used. I s pref

sieve of §EePEABFIaR @hqumat@%r@phyn chrﬁﬁxa@g&p@f/@eléswnrm ﬁiﬂ' 5§ eﬁfgveéy bind

the polyBYSHE Fadd il ol subudiEciBfailBRl © col umn

onat ogr ap |c °techni ques recovery as is
di scussed hereinafter and in the literature cited _
[0287]hebdified ghappépisieapwelicertenisubivre afd tturly isotrtedhlesr imitial extraction

T X R
excharbdCh - HcHERTYdhrého aﬁﬁ?‘ﬁ@ﬁs Aenedially b lnﬁﬂlli@éd glycoprotein

reverse osnmosis can t be used to renove salts
may bapetifiad yyaffinigy ph@nmqgmiw $inpdlarPhE sngsleeemploged fophnal
" & §581) Nanofilter menbranes are a class of reverse
PUnICUPMIPRS: menbr anes that pass nonoval ent salts

[0288] A protease inhibitor, e.g., methylsulfonylfluoride (PMSF) may be included in any of
the foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the

growth of adventitious contaminants.

[0289] Within another embodiment, supernatants from systems which produce the modified

glycopeptide of the invention are first concentrated using a commercially available protein

\
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but retain polyval ent salts and uncharged sol utes
| arger than about 100 to about 2,000 Daltons,

waoelewsnsiong upon the nenbrane used. Thus, in a PEPUSAN4/041070
application saccharides prepared by the net hods of

concertiiioR BEan e VY- aAArbcoy pi MpLEQE TR GG Gee it

Fouom@thmehéén@aua{ M@;? Rﬁ@&&icenﬁa&‘e RO B fagﬂléd% @%ﬁ&éﬁly hﬁ’ﬁﬁéfatlon
as a first step, he partlcu at e r's ei t her

matrixg dlor examrplé, yseiitable affindht matrik snayerooypsise aﬂ@andgf@mlpd eeptidy, a lectin
ion, or ult aflltr nal |

or ant‘éﬁ%&]’: ré'ol%gl%g&o d o By ]le SPRp t%lﬁergat \%hﬁép &pig %Te&}/(cﬁange resin

may béwaplogdd, €ofuxairid) aGRAHL BE Edsirs hfmh% @&mdafnobm\z@gkohys Suitable
separating the pol ypeptide variant from ot her

matricespelufe peklapiide aeatgpe, dpxteans @@b%O%e@re&h@dypqsmmmonly employed

ni
in prot}bfﬁ!r Pﬁﬁc ?il g%tgitnl 6%1&{5@(5%@%;&%&9 %c‘hf]fxa%nstegﬁgxﬁiﬁg %‘B&%@‘?&m Suitable
cation Hm}ra'nms inchrde aiariomgingd uble xyHedcl ybm@risiap stldgyropyllor
gr oyp chr t ography on Bl ue har gse, CM Bl ue-
Carboxsgﬁﬁaf goups. I\%%I%?PW@NBPS arq r@ﬁteqq? YeRieteRedephar ose,
WGA- Sephar ose, Con ASepharose, Ether Toyopearl, Butyl
[0290]Tlﬁlﬁél§§@ﬁé or RBRYP I@)@E’c@ﬁé’ émpl@&lng '119@1 ngﬂobﬂ‘c ﬁ?’pﬁﬁle%dla e.g,

chr omat ogr aphy, [t ca chiontat ogr aphy,
silica gshhaieg pérolenismeityyl wr&lbmaépkﬂtmgomLmay &e gmplayiet ite furgper purify

« polytpyl PRERREGRn LS MLTabs FHEond PR A5 M various

combifdHoRtRhR @I58 BB ¥mpldiie AR hRSIRM N keIl rﬁﬁkﬁhﬁ&ﬁélyc oprotein.
seI ect ively bind the pol ypeptide, and et hanol

ium sul fate precipitation. [0287 I\/bdlfled
[0291]ng§¢@5@@§@¢ alysopsbide ebtheiipveatipr taslting drogs g dargsrsqasofegnenfation

may bf%ﬁlr?ﬁ@dtﬂdﬂ%etﬁéasr eﬂx%id Bs {0 BB cﬁécl %1%2 @fﬁﬁs t {I? L. (Jhr?matog 296:

y one or re concen
171 (198 el refenaxe dasgides Vo siqaentiak (RRJBIPQ@ @é}fscfaﬂpm‘gioaﬁhxy of

rocom SR} TS WebyraEos BRBC.SG0 Sy A SRy e ph o
afﬁmt}b@hISHQiogYa?ﬂ%Eg@tge' Lﬁﬁize@wl{rﬁg el 199?1 1% gﬁffc?% BeEg3l A

pr ot eas e. hyl'sul fony oride

(PMSF) may be included in any of the foregoing steps
Pharntageutigal Gjompmsisians| ysi s and anti bi otics may be incl uded

to prevent the growmh of adventitious contam nants.
[0292][lo286theMVispéitstha motehton provalts pphérmasegerhetmaprsitidn: drhe

whi ch t dj f f th
o BB R e AN S 9R S8l b e
conjugédetvidth @ r@m{a@hanyaagaﬂﬁﬁgmwm&ét} SHorapcfic MAAGHIe, an
Am con or MI1lipore Pel licon ultrafiltration unit.

biomoleeuls avd aglychwlaedh @émmahp@ﬁyl%qchﬁCtQI H¥ nsptidenThapaymay
therap&t?ic %?(Hétlyeog blo?noé}eculllé 1s c%nju il J {he %tef)t?c{]e via an intact glycosyl linking

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
ed. (1985). For a brief review of methods for drug delivery, see, Langer, Science 249:1527-
1533 (1990).
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matri x. For exanple, a suitable affinity matrix may
conprise a ligand for the peptide, a lectin or
W@raosiossdyo nol ecul e bound to a suitabl e supportPCT/US2004/041070
Al ternatively, an anion-exchange resin nmay be
enpl oyed, for exanple, a matrix or substrate havi ng
[0294] pErddntmBEAtca) conpssiti@ui mapbefomlefeddar anycdnparpriate manner of

. acryl am de,. agarose extran, ,ce . :
sl Bt BRI SRR bt R o i
intrapefitdRAN 8B cvRIn¥oustor Gattdnikc BXE hdnpistiation Feypabsmtaniddmyiediration,

Sui t abl e cation exchangers include various |Qsol

bi
such agrsutbeirigaeous dnipetios g couler opienphly COMPEEFLBRGELHF alcohol, a fat, a
wax o QB3 EOUULPRIRI 060 URP oF I BRTE L3 ¥ sPECERIES duch os

one " or steps enpl oyi ng
mannifdy,di@@depktbich RRadikiGniselirate, @dfum s@icharie, géunhaellwgse, glucose,

sros g e 5 b S p AR R .
polyla@?ﬂé&?ﬂgﬁ%&\%@?@%ﬁal% %ﬁ%%glgpe& hecah98:€ %'tﬂ@gﬂ&#ﬁhéétﬁi@&l‘ on

ons, can al so be enpl oyed
compokitiops of ihikeingertiono Geiigdea biodoghiafditde migrosnbpres ved disclpedofor

he Lfie | yc i de Oft i nvention resulting
eXﬁmP‘Prfi»H}rﬁgsqlpéreﬁglﬂg%é@o’%rﬁé’ﬁéaﬁso %may be purified by
nmet hods anal ogous to those disclosed by Urdal et ah,

[02950CoiHoaRR iRGhaAMeutidhl cdhBS4lions Hi¢ admidisesrediparenterally, e.g.,
descri bes two sequential, RP-HPLC steps for . . )
intravapanslyi Thus. dhe iBFentiondRpYiAeROMHRHions for pagshtcsal administration which

reparat | ' i
com B RPN RSP M B AP P e ch Rl
aqueolddairfist, & e waed] Buffstedwytenpaliiee PBS aRth drentilee (hecampositions may

.Conpositions [0292] In another aspect, the invent.ion
contaip phypeeutivalin assrai@Bls AU HIArY: $1hs3as iaéﬁé.q‘*’rfﬁg to approximate

i il | 44 i har tddfdtihy agents,
physicfIAAREEHEOER suchREPA L Bfhg oS bUEI LA TRRAY dfRlily og
wetting @pems tdeteagdnys acddbe likeng, PEG noi ety, therapeutic

noi ety or bionol ecule and a gl ycosyl ated or

- gl ycosyl.at ed Factor.,.] eptide. T I :
296] B stippaing: ey berontsasbennr eud iR e bmapsreor may
be stePRRilieHR]. VITR rédultiny ffuibod 60@RME nlalye¢ipagkaged dgr use as is, or

i nter posed between and covalently |linked to both the

lyophibiegd, it]@[@lygp]@ﬂim@rpmrmbei]@g]@qi@la@q{ yith ﬁr@’peéllleyaqﬂeous carrier prior to
. bi I | e. 9 P i Ga j t4
iR AL 8105 PR TS5 o SOROSHS g i

prefergll il ¥ 169 shendst Befetaby fofmdf and &tions for use in the
present invention are found in Renmi ngton's

102975 1R RCRA I 0T BB P I P S T DO By Eimto
liposog{fé q’%&%gq’?ong Son@ri Y Gk it¥EhiYg DR, ALARRES of Eth6MCAe available
for preparing liposomes, as described in, e.g., Szoka et al., Ann. Rev. Biophys. Bioeng. 9: 467
(1980), U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028. The targeting of liposomes using
a variety of targeting agents (e.g., the sialyl galactosides of the invention) is well known in

the art (see, e.g., U.S. Patent Nos. 4,957,773 and 4,603,044).

[0298] Standard methods for coupling targeting agents to liposomes can be used. These

methods generally involve incorporation into liposomes of lipid components, such as
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1533 (1990).[0294] The pharnmaceutical conpositions nmay
be fornmul ated for any appropriate manner of
wa@oaivsnss0 ati on, including for exanple, topicaPCT/ORENN4/041070
nasal, intravenous, intracranial, intraperitoneal,
subcut aneous or i ntrarruscul ar_ adni ni st rat

phosphatidgisthapalpmasniichGaa o SAV r a%a%lawem%éﬁf@&ﬂ%g agents, or
derlvaﬁigdqﬁ)tobﬂ C Cbﬂlgf)&lﬂfs u%fl ab [1§fd%e?@laﬂzeﬁ%?€o@§ﬁﬁie%f ﬁ{e'mventlon

sal , a wax or For oral
adm ni stration, any of t he above carriers or a solid
[0299]cCEargétang, meahghisas grmaraliyt whyiré thet the dargsting agents reegosisipned on the

ISCT O NI N —

with tH%r{E’LI o8t €6t exBin® Yéegﬁéldé\ﬁfa@e M ceptos.PIBE €5bEIBd8ates of the invention may
po I actate poI gqyycol ate) may al so be enpl oyed as

be attagladrtp@rlipid orolackle hskere thedinesemalis Lonpdssing BwHiogs ke to those

ot stitf BT e B VA0 PRl AR Tl RBE BRI 39 6

carboh@ﬂ&téwﬁﬁ 2 laa‘i)g?chaﬁrﬂzaﬁﬁ] haﬁ@mwith a fﬁtk}eacﬂ(ﬂlaémc‘t@\tdly)c alternatively,
conpositions are adm ni stered parenteral |y g[
the lippsemieanan besashiongthipssuch pavay i ﬁtqoaae%rdwmls st ihcorporated

into thg méﬁe a?@l’?e tflr% opﬁ)rnglﬂ{&ethggrt ﬁ'ﬁﬂé“él%'r sltshﬁ:zc%gﬁé(}t%o%n must have a

nprise the conpoun n an
hpophflrcqmpﬂi@b tvehi elais Iﬁrmiy erpbeeiiled aind ynchoredqu éwusembrane.eft must also
wat er uf f ered er, . i ne, PBS and t he

have a-rf;‘qé:'tl;ygﬁﬁggointw W 1%‘5{3@@ yavailahle podieaAgiequs spface o t{lel:( f posome.

The reé&%gﬁﬁ%ﬁs Xkt 85 YabH RGN BECRSMRAILY Qftablad fél?n a stable chemical
appr oxi mat e physi ol ogi cal conditions, such H

p
bond veitl) t}nsttmggtlramgebmrfcarhqllgdlagpe which i added latgr. ahiq SQQlel qasps it is

posmee%Q é%]aéhl%t atélgg %gﬁ%ﬁp }f ?fggfgnglegql rFﬁ:t[;ye But01§} fiost instances it

is mor€ Q¥R loafRak 18k &fnlolelcﬁl@ttd) 8ét ak @ CRBMPAEBridR! theYinR@g the connector
sterile filtered. The resulting aqueous sol utions nma

molece viudkisde dlefmemh@ée withitke tagget pgenp AT pqrbehydratpwhich is Xtended,
three dé%\o Sg#l 'ﬂﬁfggﬁf' arati.on.fei ng conbined with a sterile

prl or To adm ni stration. The pH of the
preparations typically will be between 3 and 11, nore
[0300]0Tles @mafdundé preprrsd by t1% mettiodost the imeetiabingy flso find uamak

8. [0297] ILn sone. e iments t ycopepti des of the
diagnostiy EseeeRih EQlrexg@1niG, i%ef?é CoEEguL tcag le 6‘2’015@%0%?%900
1nﬂamHaﬁﬁh g} ﬁl%ﬁﬂet%(ﬁ% ﬁl}n‘% JaBE AR Shdctdi of %avxﬁg vahi®i¥m&ion. For this

net hods are availa for )r eparing I'i posones, as

use, thdesmpbined$ dan be dabgled vB#oKH, €€, at tritirm. Rev. Bi ophyss.
Bi oeng. 9: 467 (1980) U S. Pat. Nos 4,235, 871,

1,7 e t ar
0301y g o4, Fend o Fin AL PR iR S g
1nventgﬁ| 1@%Iy@§pé§§7§at&f Fdch® IXninantsiderlyatives Wevihg KieMiblogRal fiperties of

see g U.S. Patent Nos. 4,957,773 and

part1cmatmg3m@hm§aloo coagulation cascade. The 11posomal 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. IV, 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
body weight of the active material. Preferable doses for treatment of coagulation disorders

are about 50 to about 3000 pg /kg three times a week. More preferrabley, about 500 to about
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[0298] Standard nethods for coupling targeting agents
to |iposones can be used. These nethods generally

WO no0slose56 ncor poration into |iposomes of |ipi dPCT/US2004/041070
conponent s, such asphosphati dyl et hanol am ne, which can

be a |vated for ach nt of tar i ng agents, or
2000 ngdksg ?q%asmse}bmorecp ﬁsaelun%@u 35‘& ut 1500 pg /kg three

times A[ kdaﬁjcﬁﬁlbi’@}%ﬂefe?ﬁ rrgl %%meb'p%@ﬁ hﬁeé DVYRBET Mcause the
299] Targeting ani snms en%ra y require that the
presenit mvg&tomrpgowagm Badber [¥owith awerddnonl whévosiasifleme tinfie, threstated
such a manner t at t.he target .noieties ar
dosages gff GERgRaY Ipversit Ghefet rarpaiton 4Fie b S pgpimisied fare
these cﬁpgggggla% répaftel] surface receptor. The carbohydrates of
|nvent| on may be attached to a |ipid nolecule
fore the |liposone is forned using nmethods known to
[0302]t hgg@fcgkowgug pramples e peavideddo glustraiel eanjegatesy and methods and

ofthe (XL AL o S0 B LRk, ' o or with 2

fatty acid, respectively). Alternatively, the |iposone
may be fashioned in such a way that a connector
portion is first incorporated into the nmenbrane at the
time of formng the nmem@XAMPLES\e connector portion
must have a lipophilic portion, which is firmy
Examglehedded and anchored in the nenbrane. It nust al so

have re ve n, which is chemcally avail abl e
Prepa%“’l“ﬁ’i%ﬁé&ﬂ@%@fé@ of the |iposonme. The reactive
[0303] pOUbPOGaH\SAégo@%gd) ﬁpmhﬁ?és?]%s wsédlvéaeincamem @luislm solution (20
suitable to forma stab em cal tht

mL) andes 2femivh hlaBgBO1 scdutlmépbbwo%mé) Gmacﬂ@w emd@mé%@ Ht &40 pl)

and calgBsg FPRO TR0 b S RETo U 8 rBebBE Py % shBPPR wish batoon

filled Wlﬂﬁ@)@@@ﬁ gnd btirr&d mb@nwhp@ahﬁ foPsdief dayd. hIHedremioﬁ(iﬂﬂkﬁlre was
to act as a chemcal bri t hus |i nking

then filgesph &S@th?aWBéCMVéC%I@WHS dhe treted~AR Wé{)é’r‘?é Swr@% ayh & until
t {
i ROE TGP B DAY L2 Gl SHL BRI 04D
compounds prepared by the nethods of the invention may
Exam@k20 find use as diagnostic reagents. For exanpl e,

ds be used to | ocate areas of
Prepafﬁppmgﬁ&[k%%;@ 2nmetastasis in a patient
[0304]SUA&ﬂﬁ<§rﬁdmC§ceﬁa&V(IlBergﬂ@ li9a fnha6leEY an@ NaBTOCN (1M TeEesoldithe; 0.17
ounds can_be |l abeled with 1251, 14C, or tritium
mL, 0. ‘[bgmﬂlesj-ﬁ\@r%@dqedéo FW@BTWAGS%&HQ sphion from above (2 mL or ~

20 mg)PJSE%"’ c?b.‘l%&?d 1'to 'rBérﬁQ%nng%thﬁeo drﬁgl 3 Tﬂe%ﬁcﬁhh %s ﬁltered

Copegy act or atirve
through laléfr bﬁ) obloginceith pratzpend the prafucpatletied pdhe appropridthe éractlons were

I.opd coaguyl ation The |i po di_sper si
freeze-gif] M@ﬁﬁ fm:f%niffér{ﬂﬁga GEenel Wajsr é%ggkéﬁto aisua e with

nmhydﬁﬁrgﬁgeﬁ‘tz on in treating coagul ati on di sorders
ctérized by | ow or defective coagul ati on such as

various forns of henophilia. Preferably, the Factor
Example 3

Preparation of UDP-GalNAc-6-NHCO(CH,);-O-PEG-OMe (1 KDa)

[0305] The galactosaminyl-1-phosphate-2-NHCO(CH,),-O-PEG-OMe (1 KDa) (58 mg,
0.045 mmoles) was dissolved in DMF (6 mL ) and pyridine (1.2 mL). UMP-morpholidate
(60 mg, 0.15 mmoles) was then added and the resulting mixture stirred at 70°C for 48 h. The

solvent was removed by bubbling nitrogen through the reaction mixture and the residue
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| X conposition of the present invention is
adm ni stered parenterally (e.g. IV, IM SCor IP).
wEbdososiose dosages are expected to vary consi deeEDE3004/041070
depending on the condition being treated and the route"
of administration but are expected to be in the range
purified by atweuted Phasetabr@o@ognpky (degyﬂm. st gradientrhetyean kﬂeto 80%,

metharggf A irglt T%{&eg{rgf{)ﬁg(l‘étfogg gfeges c%féc}eﬁgg(‘?%i % uch&Sessure to yield
50 mg/(m%wae@hffté Qiseh @D@@mlcawopam@fzmmﬁy@omwm R5=@© 54). MS
out 2000 three tinmes a week. More
(MALReObparagd, )},4853(5@9 H48, {®6about 1500 ng / kg three
times a week, and nore preferrably about 1000 ng /kg

Exam lI3r4ee times a week. Because the present invention
-—'—én—cm des a Factor I X with an enhanced in vivo

PreparatindefCysteinedlf EG:H@) st at ed dosages are optionally
| ongr ed when a conposition of the invention is

: H
hs @ at er ech {/ALeO?J)esg dosd98sMnr.opr 02"
MI | owi ng exanples are provided to ill ustmgmo”

conj ugates, and methods and of the present invention, ©
but not to limt the clainmed invention. EXAMPLES

Exanpl e 1 Preparation of UDP- Gal NAc-6' - CHO [ 0303]

UDP- Gal NAc (200 ng, B8.30 mmol es) was dissolved in a

1MV CuSO4..so (gll/o\gygo and a 2 P
sol ut i o@‘—mﬁgact\sgw%%
240 nlL) and cat i 130, ML) were

added, the reactcounsssst em equi pp/eoc(vvﬁ\tckﬁ%ba ogrion

filled with oxygen and stirred at room tenperatupe for
seven days. The reaction m xture was then fi 1% er ed
(spin cartridge; MACO 5K) and the filtrate (- 40 nli)
was stored at 4 Cuntil required. TLC (silica;
EtOH/ water (7/2); Rf = 0.77; visualized with

4.1 Sysifiegapidhyde stain). Exanple 2 Preparati on of

UDP- Gal NAc-6' - NH 2 [ 0304 Ammni um ac tate S%P ng
[0306]. Msﬁtﬁﬁll lé@y%%(fﬂﬂa?sﬂg e pie! BV r} yas adsled#0 golution of

L- cysteléll% lﬁ)l on ?Q%V}g%xggqg ?Iglgy% rﬁath‘i’ nglnﬂ?ﬁn@er a% The mixture

was stﬁrl rddoanesbrh Cenyget atutedfor @@mm e:mrpelnemthEGeﬁ)ems)ﬂlagh of m?lfbeular mass 20
eaction was filtered t uha 1_gcou lﬁ% -
kilodalgam (T#id (b Qeiummed) Wead TrieyeiabpoTBRs QYeE PHEY [ ature
was st %dsatfr eﬂe‘re%tﬁfé RnY d§§r50 Elﬁ&j ccﬁrfc@ﬁt%ﬁed B}@t&r%lelvh ation. The
ano [ 'wat 2; visualized wt
resuiua iwaa doicd withagaet ()30 mL) and stlrred at room temperature for 2 hours to
destroy any excess 20 kilodalton mPEG- O-tosylate. The solution was then neutralized with
acetic acid, the pH adjusted to pH 5.0 and loaded onto a reverse phase chromatography (C-18
silica) column. The column was eluted with a gradient of methanol/water (the product elutes
at about 70% methanol), product elution monitored by evaporative light scattering, and the
appropriate fractions collected and diluted with water (500 mL). This solution was
chromatographed (ion exchange, XK 50 Q, BIG Beads, 300 mL, hydroxide form; gradient of
water to water/acetic acid-0.75N) and the pH of the appropriate fractions lowered to 6.0 with
acetic acid. This solution was then captured on a reversed phase column (C-18 silica) and

eluted with a gradient of methanol/water as described above. The product fractions were

pooled, concentrated, redissolved in water and freeze-dried to afford 453 mg (44%) of a
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Exanpl e 3 Preparation of UDP-Gal NAc- 6- NHCO( CH 2) 2
-OPEG OWw (1 KDa) [0305] The
w@alaossam nyl - 1- phosphat e- 2- NHCO( CH 2) 2- O PEEETWE2004/041070
KDa) (58 ng, 0.045 mmol es) was dissolved in DI\/F (6 mL
) and pyridine (1.2 nL). UWP-norpholidateg (60 0. 15
white gotidl(& ) Strasurtihdate fod trecoambund everesasubllowy  HrNMR £00 MHz;

00 S (TR CHALLARS, ¥ (DY o

CHN) fﬁfs §U§HUCH§®?@ P, OeueCH 560), BB, Hﬁrcom o@hapﬁlyty(o@{HeB

step gradi ent tween 10 to
produmahan@ﬁlﬁwaiﬂe’rSDS PA&Ldesired fracti ons vvere col | ect ed
and dried at reduced pressure to yield 50 ng (70% of

a_whit olid. TLC (silica, propanol/H2Q NHAOH,
4.2 §
LT 6?@ = 0.54). M5 (MALDI): Qbserved, 1485,

oo S P A0 0 e 2 v

dlssoh%drih @ﬁﬁycﬁo@f CH)CIL 0R06]L) aqmaﬁessommmmmme A&éhmlomg)f 20
as a powder added to a

Kilodalior gEGH-Reb B PRORY Cobonae Aol 21 11 MAR) GRS DS HEDRARgimide

2
ook 2y b MR Ty gt ttp hstnh o o

tempefmhrec Tha teardsis m2tutel wasddikied at 0P8y temperagure @orc% i solvent was

then SRR S SVAPPRn S Pt e iralies B F pr 0 gl and the pH
adjust@d"ﬁt g9 %‘ﬁﬂt 6 Nﬁ&bﬁy ThebakY sEMAaRPwWaY §tftfod af ison &Smﬁhnﬁure for2h

| ut ed water (30 nL), and stirred at room
and wasempm nettraliced wuthztcmmcsi o pfédt0r Rheasaltion yws dhepgoaded onto a

1ever5ﬁcla dglcfn‘zon n%%{%ﬂiy%léﬁ% ilg%)ica}un%r}h e{_#)thgﬁﬂ g%@(ggluttéhe\glth a gradient
of metRafolAider daentRite at V@t se%phamemﬂ}; mmmmo@ua@hmomtored by

|
(G 18 sili colum. The colum was el u
evapogptiadilight scoering, h%dwtble/amnomlafetﬂ@éﬁwwﬂ&‘ftei &utaq with water

(500 nglg)a“@}lg% fs ﬁ“’sca RAHEd 6k UAdHaRed SN 5OTEBIBYBeads, 300

I ng, and appropri ate
mL, hi#d&ideddsn Cgihdhe@ttcﬁ Gvadgrdo d»lateuvlaeeim/acidao VAN and t6 @Hhofjthe

IR T e T
revers\é@%ﬁgse c%h)tﬂ?ﬁ & A @9&&?&@%1&@%%) gé@dlgntt(ﬂ endidnef/whike as

ropriate fractio ower ed
described above. The product fractions were pooled, concentrated, redissolved in water and

freeze-dried to afford 575 mg (70 %) of a white solid (2). Structural data for the compound

" were as follows: "H-NMR (500 MHz; D,0) 8 2.83 (t, 2H, O-C-CH,-S), 2.95 (t, 2H, O-C-

CH,-S), 3.12 (g, 1H, S-CHH-CHN), 3.39 (s, 3H CH30), 3.71 (¢, OCH,CH,0). The purity of
the product was confirmed by SDS PAGE.

Example S
Preparation of UDP-GalNAc-6-NHCO(CH),-O-PEG-OMe (1 KDa).

[0308] Galactosaminyl-1-phosphate-2-NHCO(CH,),-O-PEG-OMe (1 kilodalton) (58 mg,
0.045 mmoles) was dissolved in DMF (6 mL ) and pyridine (1.2 mL). UMP-morpholidate
(60 mg, 0.15 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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acetic acid. This solution was then captured on a
reversed phase colum (G 18 silica) and eluted wth a
w@e@diosssso of net hanol / wat er as descri bed abovePCTNg82004/041070
product fractions were pool ed, concentrated,
redi ssolved in water and freeze-dried to afford 453 ng
methax@clez&erblf Theviesited Sobiiahsvicre caltectedtand dried at igdpend nrefsure to yield

o RGBSR SO LS, o UL G 2 5 s

. (MAL%de@eww ,148S; BBICHNR, 18638 (s, 3H CH3O, 3.7 (t,

. 95 (q, IH CHN). The purity of the
product was confi rmed by SDS PAGE. 4.2 Synthesis of
Example)6 [ 0307] Triethylanine (-0.5 nl) was added dropwise

Glycoi’ﬁh éﬁ?&ﬁ&fﬁé&(@r I)é[s)f(fm&e&rﬂl CPO R ) dissolved in

rous O nm.) until the solution was basic.

[0309]A s[%sué){aﬁ{b eg%eégﬂréﬁ't%ééﬂ‘g} ér%fbrf%a%f%cfﬂrtlk%ﬁ@t@léialylatlon with

carbona and N-hydroxysucci ni m de
CMP- £181.1<6a01@-PEB}) 8 rmol) in CH2A 2 (20 nL) was added in

several portions over 1 h at roomtenperature. The

reaction mxture was stirred at roomtenperature for

24 h. .The,.sol ve was then renoved by rotary
6-1Deé<f’§g6’f%?fd§%c¥% resi due vvas di ssolved in water (100

), and._the agj ust d
osto s BB AP BHPe aS Ptp ) DSEhaTig o
cells. %O@o msoﬂrpsdtomy%@ d1§s@ﬂfe&\ﬂiﬂ RtASIQIFI1C nelC IUSPLIR, G Phis Foldtion was,
olution was then | oaded onto a rever

transfer mddnat(@lttraqﬂm;l)l(l@% $1s10 eenirfugdi filen withygof e?é %‘fﬁg H0. The
solutloé}l ‘% e(gon\g?ﬁtg t&i eaﬂh £ by d?ﬁ&e!?iax{}l% Leg(? ﬁ{l\{f gﬁ@ QAU 7.4,

duct e
0.15 MDRIALS a1 bMCBZY ape%aw aNﬁaﬂdl thdt rescmieh‘eateahg Thediduticnésoncentration

was b B oS b Db S A G o2
solutlﬁf(ﬁ g?ab%%\%g &)f 1@5&"0%@%& t3QfeRed t&'é( gl‘hQPI ﬂlgtrl]é ﬁbeﬂand to it

to water/acetic acid

was acﬂﬁdd@BOtrﬂnIé 0dph6 8p¥dumtmini daset agansselconjugeld (f’kbrl@ @Olﬁmda
acetic ac#jd Thi s sol uti on was

Calbigepiy Gaihhalis ieon T cer e R peSeLP b S8 A25C. The
mlxtui%r \9 | &RkiAEe B LIARM 418080 rﬁﬁ ad@ $i5d JupehadBOWes colleeted. The

uct fractions were pooled, concentrated,
agaroieéwa%@bn’ednn@nmamml@ﬁd) Were avehatk¢ eres withiO Hnd HmgMygris-HCl

7S LR e R o g

again €r2 Blhutdd- a@l@ldO@'r&h to ?en%i/e (ahy r&ﬁ‘&lua&@@ﬁe&eﬁ) TBe ﬂlé?oléd]
, 3.39 3H CHSO%? 3.71 2
deSlaIYla@dmmetrysOétﬂthrh\éaSpiihléﬁsﬂdp 1Qasl povithe pavee Bgffes@sd psgntrated

down 't:'XJEme it a Centricon Plus 20 PL-10 centrifugal filter. The solution was twice
diluted with 15 mL of 50 mM Tris-HC1 pH 7.4, 0.15 M NacCl, 0.05% NaNj; and

reconcentrated to 2 mL. The final desialyated rFactor IX solution was diluted to 3 mL final

U

volume (~10 mg/mL) with the Tris Buffer. Native and desialylated rFactor IX samples were
analyzed by IEF-Electrophoresis. Isoelectric Focusing Gels (pH 3-7) were run using 1.5 pL
(15 pg) samples first diluted with 10 pL Tris buffer and mixed with 12 pL sample loading
buffer. Gels were loaded, run and fixed using standard procedures. Gels were stained with

Colloidal Blue Stain (Figure 154), showing a band for desialylated Factor IX.
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Preparati on of UDP-Gal NAc- 6- NHCO(CH 2) 2- O PEG Owve (1
KDa). [0308] (al actosam nyl -1-phosphat e-2- NHCO(CH 2) 2
wo ovRES98Ve (1 kil odalton) (58 ng, 0.045 mmol eBYT/ER04/041070

di ssolved in DM (6 nL ) and pyridine (1.2 ni).

UMP- nor phol i date (60 ng, 0.15 mmol es) was then added
Exampled the resulting mixture stirred at 700C for48 h. The

sol vent was renoved by bubbling nitrogen through the
Preparaint ofREGi(k kivagnaht) kDa)-SAadagta WBurifi ed by reversed

phase chromatography (G 18 silica, step gradient
[0311]beDesielylael tF@cm%ir@f) h@walmlvm@rc)md% antql é§¢ ﬂécmL (14.5 mg)

sl S b4 L S RS B B v
Tris-HRY Hamld 2 WhC Y Otdsod REK28HPithe REMP- SA5FEG 1I1@>r 10k (7 25 umol)
(MALDI'): Cobserved, 1485, 1529, 1618, 1706. Exa

was addpg. thE@ybwmnnmﬂeﬂmﬁy toy g e B F3088G ?c,5eHlII»)swas added

o ERPL TN WS SO ol RO 80y o 2

°C. TRGesttBESwefe stofpraibgl fideding @.ﬂ——Z!T °C. FHb]ILngarﬂpIes[ ﬁ&ﬂlé)}eaétlons were
reconbi nant form of Coagul atii on Fact (lr 0

anlyz5d SR TERGRCINs! Pty Wereqniried on g Tas Hags Biose

G3000%'V§%?lt yedoldh 43 dfﬁ% YD) %ea‘l%nmlesBuMeQ:o J bh&pﬁ%lﬁlﬁﬁﬁad Saline,

ransferre ntricon Plus 20,
pH 7.1c@ibea)f @gﬁ]/min | Tleer rewdticn aad puhﬁcatﬁnmrmnhiﬁ@d u'Ehg SDS Page

and IE\%npgleﬁst | W%%{;C Cent4?¢§:ﬁ n%rgl gﬁls Lyver%?d t%len %:Ol Ltgaﬁwg) of
samplég @e?mh%}&%ﬁ\@'}& S e Be? qﬁww as@ehM Na€l, 0.05% NaN;

uti1 on/ concentrati on was repeate tines to
buffer eﬁcﬂ exxing etith Chialn genplh doadirfgf exter @ndal quﬂaf» M, DTdrenddteatgd dor 6

i S8 P b oy B PRy 5 e

for PECRA 1asioafl 3 ILE A2d0b 18- Neur ami ni dase- agar ose
conjugate (Vibrio chol erae, Cal biochem 450 nL). The
reaction mxture was rotated gently for 26.5 hours at
32 0C. The m xture was centrifuged 2 m nutes at 10, 000

Example8 and t he supernatant was col | ected. The agarose
beads (contai ni ng neuram nj dase) were washed 6 tines

Direct piglyl-§:l5ceREGplagipn pf FactorXpH 7. 12, 1M Nad, 0. 05%
NaN3. The pool ed washi ngs and supernatants

[0312k e rlthig ¢>@g@éﬁ seymfonthithe PrEpapen eksidyl-HBGElGoR %g%or IX without

resi dual agarose resin. The pooled,
pnors&agglo yat%%%t protein solution was diluted to 19 nL

with the same buffer and concentrated down to ~ 2 nL
8.1 Sidip-PEGglatioh o RadbmsEX 201 PUYR-SAcREG (6 &dud) filter. The
solution was tw ce

[0313] Factor IX (1100 IU), which was expressed in CHO cells and was fully sialylated,
was dissolved in 5 mL of 20 mM histidine, 520 mM glycine, 2% sucrose, 0.05% NaN3 and
0.01% polysorbate 80, pH 5.0. The CMP-SA-PEG-(10 kDa) (27 mg, 2.5 pmol) was then

dissolved in the solution and 1 U of ST3Gal3 was added. The reaction was complete after

gently mixing for 28 hours at 32°C. The reaction was analyzed by SDS-PAGE as described
by Invitrogen. The product protein was purified on an Amersham Superdex 200 (10 x 300
mm, 13 pm) HPLC column with phosphate buffered saline, pH 7.0 (PBS), 1 mL/min. R;=

9.5 min.
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diluted with 15 nL of 50 M Tris-HCO pH 7.4, 0.15
MNaCl , 0.05% NaN3 and reconcentrated to 2 nL. The
wo 2ovalossdesi al yat ed rFactor | X solution was di | BEBUS1004/@41070
nmL final volume (~10 nig/nm) with the Tris Buffer.
Nati ve and desialylated rFactor | X sanples were
Exampled yzed by | EF-El ectrophoresis. Isoelectric Focusing

s R A S i, ) S
0314 %&5!3)?91'1@6@2 %g?ééﬁ K&l e epggéséd Hﬁggo' KRadeth wﬁyﬁngg&‘i’alylated,

proceaur es I's"were stain
was d1§blol\}éd(ﬁ®5 Inﬁ:L aed0 BiMl &isGtmie NSAORNLglecihb D% sedrosd, ﬁ@S% NaNdand

for desialylated Factor | X Exanple 7 Preparation
0.01%pEtssprbeeti, G- qOTmMPsﬂAFP&@%IEO RRey GR TS 23 oD Vas then

L.t
dlssolng ?leéo%_%ﬁ &E g@tlogl \)xlsa;s(ra}g d, n]ﬁir? rgaﬂk%ﬁ%@rggf\é% ?I l{é dfter
gently tnﬁﬁﬁ}% folCRougOhtB2° 0N Thia Seadtibritrvasl andlyded 1. SﬂS-ﬁlA(ﬂDasndLéscnbed

Tris-HCO pH 7.4, 0.15 M NaC, 0.05% NaN3 and eit her
by InvivReSA- PEG- | k or 10k (7.25 mml) was added. The tubes
were inverted gently to mx and 2.9 U ST3Gal 3 (326 nlL)

[0315]Wasfh§$go c g}élrg{eﬂ{ é?b%déo@ & zﬂ%r%rsh; g%@ﬁ 208( R x %00 mm, 13

nver n an 5 hours "at
pm) HPCC cbihen aahtphomaw&fesémhaﬂ plBW Ri) r(Exs}mrmg ml./min2B; ©€.6 min.
10 ng sanples of the reactions were anal yzed by
SDS- PAGE. The PEGyl ated proteins were purified on a
Exampledd ppas B osep G3000SW (21.5 x 30 cm 13 um HPLC

colum wth s P Buffered Saline, pH
S'ahc’i‘*cld tappingof Y %%?F?Wa eﬁﬂ%“?%r ion and purification
wer e noni tored ysi ng SDS Page. and.| EF
[0316]ry Thisgspmpifs sats 3odh %ﬁﬂr@@ﬂ%ﬁew alicy 3 B R}a“%aw‘uo %ﬁﬁk (10

Q]m S t | 50 mM
glyoorﬁgrtl)!}éligl{-@, p §7H§{ & 113%%[9}”%@ F\Sh}%geﬂéﬁ%lglﬁ/’o N3 ‘buf fer and

mxing with 12 nmL sanpl e | oading buffer and 1 rrL 0.5 M
DIT and heated for 6 mnutes at 85

10.1 Sistlii aaéstcapping ofdi-linfed aad g)- aék@i@iyﬁa«smf 5@?@%@4 Eﬁ@fvﬁl fgDa)
a band for PEG (1 kDa and 10 kDa)- SA-Factor | X

[0317Fx dmmtﬁed S-F@cuoe&X PﬁCaU;ﬂ K103y 4 Py Was doppensmtadda pdrenfricon” Plus

f f
20 LSS0 o R SR BB Pl o5
mM Thgm .2, 613 MENALY) 0.6BGN2Lit08 fmﬁl Ydahebf IXS\m]L hThe proteln

PEG | O KDa) [0313] Fact or 11 0 | \I\@
soluthna‘efasedabﬁ@is\s’éhl 37 nbiabtheesaps Eriscbukies a#“b fyng CMES4 @dd pmol) was
added as a solid. The solution was inverted gently to mix and 0.1 U ST3Gall and 0.1 U
ST3Gal3 were added. The reaction mixture was rotated gently for 42 hours at 32 °C.

[0318] A 10 pg sample of the reaction was analyzed by SDS-PAGE. Novex Tris-élycine
4-12% 1 mm gels were performed and stained using Colloidal Blue as described by
Invitrogen. Briefly, samples, 10 pL (10 pg), were mixed with 12 pL sample loading buffer
and 1 pL 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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was dissolved in 5 nL of 20 nM histidine, 520 nM

gl yci ne, 2% sucrose, 0.05% NaN3 and 0. 01% pol ysor bate
wW@0005p55950 0. The CMP- SA-PEG (1 O kDa) (27 ng, 2prS&I/IADNN/041070

was then dissolved in the solution and 1U of ST3Gal 3

was added. The reaction was conplete after gentl )
[0319] ni RowelyePELH 4iolFEK wtri@B0CEGH aarautWon taskgd in ﬁiﬁ@sﬂé@w in

T TR e T

clot, endl@QerBik tHr3m|B5[ﬁ drikltlal @O nihd/‘ﬂlﬁdinmmwgﬁdp(h (TE) essgls. The
sal'i ne, pH70(PBa) rrL/mn Rt 9.5 mn. Exanple 9

activitysregly arpp@pmAtizeshin fablfdct or-1X with CWP- SA- PEG ( 20
kDa) [0314] Fact or IX (1100 IU) whi ch was expressed

s celt 0 TOorTy yiated, was di SSOorwE§d
¢ rio Ogﬁ?r)L of %&.ﬁf i §t m(gelé,\]tlvr@,sgglﬁn%t%i%c

n&ﬁlﬁﬁ‘/g $pep1ﬁ,<; activity

Silecer nac

N

[
uluqu, P mTO—O7 U rysurdat ©  ouU,
BeneFihe ovp. SA- PEGS(20 kba) (50 my? 2.3 mo|) vas thé

dissol vedlin fhn solition—and—CcSTH

PEG@r%@@SE m xt &76/" was {conpl et e gut er genl [y m xi n8 or

reac flnn Was ﬂnglu od bv _CSDS. PACE

uu—ny

42 hours at 32C. The]l
PEG-922K ¢fd8k i erd B9% nvitrogen. [0315] The product Vp’gtel n

was purified on an Agersham Superdex 200 (10 x gﬂn mm

PEG-93@Km) HPLC cdilfm wilt h phosphdte buffe ed salin@;3 pH
7.0 (Fisher), 1 m/min. Rx= 8.6 min FExanple 10 Sialic

PEG-940KJd Cappi ng d#%d ychPEGyI at ed9Fact or 1X [0316] P s
exanples sets forth tthe procedure for sialic acid

cappi ng of sialylgl ycoPEGyI ated peptides. Here,
[0320] Fa&bcasselssxthlesmlhmga@m wp hetivtyed phd ider PEG 9lcc8nlmnds grgigpulation,

aPK sﬁggpl n ga} @Eé%?ff%ﬂ&d@ (l)rll g%q}?ﬁ)}%% mulge 8re used, 2 animal per time

3 ARl Ia}hﬁ’ﬁGs@ likPame (pdirfts Wade 0VASE 0NITEMBB AL, 815, 8) 16, 24,
point, 2 Iﬁl?}lt r?%ronzr) Pl ugIZ%an p%(l) ( M Iel i pore Cor 518

30, 48 Eféldﬂa;emd L) pczﬁémmpcﬂmg@rlnﬁmrs&r@ronarﬁiwdn%anmhfif\é@re\faﬁ%tnfuged and

stored ’%ﬁggzﬁbqug% ? ﬂgM clo ﬁlfr%yd% r@ﬂgg fé{EEIﬁ%? %%&ﬁtegaﬂés@lctlons

the PEGO‘P uémp@m&asVeeB dasee th dferenBd@onitts (BerieFE( S80rE)/Hg; 2& (low

substitagpn: 4TS 2 SRS R RS P e alsRP, SO ke K ety 1
SubStIUIEIn{I%T&%”l (3 %WE(? s%sﬁt@@ﬁﬁé@e@ﬁ&@m@&gﬁ@) 26—61@/1{%9 a6k1190 U/kg;

ure was rotate 42 urs at
30K 1008481 AN d6senmvesavgsbeonehhired datingansayamitanal yzed by
SDS- PAGE. Novex Tris-d ycine

[0321] The results are outlined in FIG. 6 and Table II.
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4-12% 1mm gel s were perfornmed and stai ned using
Col | oidal Blue as described by Invitrogen. Briefly,
we200pl0850 10 L (10 ng), were mixed with 12 nlPCEHIPL064/041070
| oading buffer and 1 nL 0.5M DIT and heated for 6
' ' 4). EX le 11
Table]'(i; nutes at 85 OC (Figure 156, |ane 4) anpl e

ycopegyl ated Factor | X Pharnmacoki netic Study[ 0319]
Eour_al \/QnDIIQJI;d edFEl X variants (Dl:(“ 9 \La_r_L_a,nfs\ wer e

Comaoved i n|a PRSEudy |in nof##X nice.| The ABGi vity|of CL
the four qon‘p@Uh%Ds had prdWWmlsly been dbtldbili shel (mL/h/kg)
vitro by ¢lot, endogenous thronbin potential (ETP),

BeneFBOd t hr onboel azilogr aph ( TEQ)744ssays.| The ag#ivity 187
results afe summarized in Table I. (tonpound C ot

PEG-9axK (s} y ETP TH® (% of pl asowp3(rel atji ve spgoific 427
activity (relative specific activity BeneFl X 45% 1.0

PEG-9DI0(REE 9 2K (49 27% 0.3 QR0PEC G12K (FEP520% 07 731
.1 PEG9410K 11% 0.6 0.3 PEG 9-30K|[14% 0.9 0.4 [D320]

PEg-ng@ssess the pyol ongat i ongafspactvijty of ;e T ouf 357
PEG 9 conpounds in cilrculation, a PH\ study was

PEG-90K gned and pgjy or ned. l\lonl-j[v@rmpm I C M g@3WeTr e USEd;] 5
2 animal per time poiint, 3 sanples Her ani mal . '

n

Sampting tTme poirnts were 0, 0:.08, 017, 0-33—1;

[0322]5 TRe resfiits &ﬁnor?ﬁq% e48r nﬁ%ow%ras pf%q&leg%ﬁoﬁ ch tth(g ?E@W&anounds.

adm ni stration es wer centr
The vabtes €A UG and\Bmaki rvwm)ncs; comtpereﬂ@hrecﬂlyot Hawaifey,sctlsaramué (Gnee was

A.. Due_t rial resrlctlos th G9 .
comp%egr?ﬁgﬁwg B el G- <mPPERr© Bengeite midesisg a
longer Wsk@nc e MAIRURRE THE ‘uﬁ’@ fof'thgias( éet'e’ctﬂﬁ@c@t' bé&dity Ut [eRSsed

per peptide nol ecul e) kg; 2K(hi gh substitdtion:
for the PHS-9 camgpomELS couipsteitte BlemﬁXp evengbpughoBened ¢ ol @miggered at
the bi g”%ﬁ% 10K 100 U kg; 3OK 100 UWkg. Al doses were based
¢ MEdH fe¥sured clotti ng assay units. [0321] The results
are outlined in FIG 6 and Table I1.Table Il Conpound
B Cmax AUC CL (U kg) (UnmL) (h-UnL (m/h/kg)
1am FI X 250 0.745 1.34 187

Preparation of LS and HS GlycoPEGylated Factor IX

[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 concentration of CMP-SA-PEG was decreased to 0.17 mM.
Under these conditions, more than 90% of the Factor IX molecules were substituted with at

least one PEG moiety.

[0324] GlycoPEGylated Factor IX with a high degree of substitution with PEG were
prepared by enzymatic desialylation of native Factor IX. The Factor IX peptide was buffer
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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10

15

20

PEG 9- 2K (LS) 200 0.953 4.69 42.7 PEG 9-2K (HS) 200
0.960 9.05 22.1 PEG 9- 10K 100 0.350 2.80 35.7
WERiB505¥8K 100 1.40 8.83 11.3 [0322] The resul PET/US2004/041070
denonstrate a trend towards prolongation for all the
PEG 9 compounds. The valu of AUC and Crax were not,
on Q Sgphapesedd @QiTPBEYS (he siay eff,?le Qaéiwfé%@n(‘f@f)cow@trmd using an
Ultral £ QSR BhEHo P teltel §x<!hgﬁ\€eréi. iBBrMEB?%ﬁ E60 Bshg TS lumn.
conpared to BeneFl X, 1hdicating | onger “resi dence
time in the mce. The tine for the |ast detectable

[0325]c| kD and i10 KD)PEGylnther efesisiv-Farton Be((PEGefmbpwpoeamdsd out by

o GRS ST o L RS PR H5 s or 6. vo

PEGylRiePRtiaCMIFE APBCS3 6D, thiScddcyeeltidf Fhedr Batadinckeised to 1.0
[0323] d ycoPEGyl ated Factor I X with a | ow degree of

meg/mlsangshe eendeniatignd G SAePECpvareceadsid tor. amMeAftercktoh of
Py Y SE A0E SPRL T, SR SRR Ll T

CMP-9A aiid cbni@ning@Re Mivhightipa ifovean siditiomal 5 at 3¢°¢. Undehdsaeenditions,
80, pH 7.2. For PE lation with CWPSA- PEG (2 kD and 10
more thap)90%rgbthg Fapter P meleeylesivere sbstituird il adeqs ppe PEG moiety.
Factor £ pittuecl BRI b Bk AReo bl oy B b DS wlon.
Examii®1sent ration of Factor |IX was increased to 1.0 ng/ni,
*pa-rrrghe concentration of CMP- SA- PEG was decreased to
Preparativd of i0-GInab@PEGyleted RaetudiliX ons, nore than 90% of the

Factor | X nol ecul es were substituted with at | east one
[0326] P_EG gipcamtchaing 022l intrGllyeed ME@QpY @ ireol nkiavat Buctdr XXwil tfg/aL) by

incubaGaioRhiHE PP gSSr GF BHAITGE TR bbb B UE-CRuAC at 32°C.
e dRGRAEURYoRSRL PG 850 RACHST WSXGRABES Ml EUOAPES (rca

.0, using a P , adjusted to
or 10Kd eh@-& mo¥airi 30rkIdd at@®. Bomivi)/antl STiohatlv ded €25 mill/inLARIB! incubating
; S| Iidf?(f(S mJ ) for 16 h at 320C. Desi al yl ati on
oran ggditiqpal 74 heq py SPS- PAGE, HPLC and MALDI gl ycan
anal ysis. Asialo Factor I X was purifiedon Q Sepharose

[0327] FHAt iPudRARYR! thREhS badnflasad el dza&is BEREbDRe ¥R Sre for
concentrated using an Utral5 concentrator and buffer

illustraye prepesd ontitand iz vapepsgnodifisitings & Fpinget il lighh thepapd 2481l be

0 PEGY] at | S - r (.0, 5 .
sugges%g ?o n%}gc\),\rlilasssklggrdrlgg%’c agtzl[n%%gg Io 145 m@lluaecl: %%11% thl: %}311(19 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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i ncubation with ST3Gl -1P (50 mJ nL) and CWVP- SA- PEG
(0.5 m at 320C for 16h. For PEGylation with

wWErPBSASPEG 30kD, the concentrati on of Factor |MXCIES2004/041070

increased to 1.0 ng/nL and the concentration of
CVP- SA- PEG was decreased to 0.17 mM After 16 h of

WHA D I$wycans with terminal gal actose were

1.

capped with sialic acid by adding 1mM CvP- SA and
coritacion DX gepiide ¢omerising ad heasiomeanoigidiavingrthe fgmiulaat
320C. Under these conditigps, nore than 90% of the
Factor | X nol ecul gs we substituted with at | east one
PEG noi ety. Factor | X pfroduced by {?8 s nmethod has a

hi gher apparent nol ec oght /¢ DS- PAGE. Exanpl e
13 Preparation of ® ycoREGyI| afed Fastor | X [ 0326]

O gl ycan chains were intrqduced d@"ﬁ‘%o into native
Factor I X (1 ng/nl) gyem%c ron of the peptide with
Gal NAcT-11 (25mJ rrLS; 1 UDP- Gal NAc at 320C. After
4 h of incubation, the PEGylgfion reaction was
initiated by addi ng CMPSA- PEG (2Kd or 10Kd at 0.5 mM

where@f 30 kDd at 0.17 mM) and ST6Gal NAc-1 (25 mi/ni) and

i ncubating for an additional 20 h. [0327] It is

uRder steadgr sdleated FemekdhmdR -brfiNenbodi ment s descri bed
hegr.ei n ane f ' tafi € y and that
vgrllsgbrhsemr}%ﬁls%g%%{l %rgﬁlsﬁdfr“' %@d%@ﬁ??aﬁk&ht t hereof wil |
bR BUOgGERtyebniRispeS SeRMbekicldcrd a siratdhe-chdit obthnalied t 0
be included within the spirit and purview of this

appl i cBRlyGHyAE Hrgperesduegad appended cl ains. Al

ﬁE % ) GRdkdr eh ﬁaaylﬁéﬁlﬁer s@fégte@ ngﬂgi b%g? Eﬁ&ﬁw‘c@d‘& %gl?s?ltuted

erein are hereby i ncorporat erence in
ent i r etligylfaoud sabdtitptad posessibsiisEd h&e@aMWED 1S: 1. A

AR TR DALLC T PR e TN G B R

sel ectptpfgm -OH and R*L-HN-; G is a nmenber selected
fromR'\L- and -C(O)(C -Ce)alkyl; Ris a noiety

2. cOhpFactomd¥ eptiderbecording exeleicn b whareinghR® barsthe fomula:
branched
R‘——HN/H,A\”/ g
o)
wherein
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

member selected from;
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pol y(ethyl ene glycol) residue; and L is a |inker which

is a menber selected froma bond, substituted or
waie@alosiosd ut ed al kyl and substituted or unsubspCT/usmd4/041070
het er oal kyl, . such that when Dis OH Gis R -L-, and
when Gis -C(O(Ci -C6 )alkyl, Dis R'‘L-NH. 2. The
claiml1, wherein L-Rl
ormul a: R1-HN O wher g n i S an integer from
S-THeH-Faexs | X pepfi d cLOrdiCHEHODCB| ai m 1,

) Gl
erei t ture that leat ed

o RBEARA SR U ¢ o AR SUBA S
(OCH2CH2) (  OCH3 NHC( O OCH 2CH2 (OCH 2CH2)Q(CH 3 O O
(CH2CH20) eCH3 and O (CH2CH20) 8CH3 NHC( O) CH 2CH( 20CH
2 ) ( 3 NHC(O) OCH 2CH( 2CCH 2 ) ( 3 wherein e
a Legalch,o.adependgnt | y EOBHEHA.CH,
2800; pnd°q is an integer from Cho 20} 4} The Factor
| X peptHoRCHERBFEPMP o cl ai m 1, wher MG PELHEQCHCHIOCH,
structure that is a nmenber selected from NHC( O OCH

whereildCH( @2 CH 2CMH2CH 3 HC( O) OCH2CH2 ( OCH2CH2 ), OCH3

> E%% QLB AR Ry eBiedliont Tho Hpo ! 20H(20CH

q is an integer from 0 to 20.

4. The Factor IX peptide according to claim 1, wherein R! has a structure that is a

member selected from:
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NHC( O) CH2CH2 ( OCH2CH2) e OCH3 and NHC(O CH 2CH( 02 CH

2C) HP2CH 3 HN HC( O CH2CH2( OCH2CH2) f OCH3 O
WORIGS Q3 0SH2CH2 ( OCH2CH2) Q OCH3 NHC( O) OCH 2CH( Q2CTZES2004/041070

2C) HP2CH 3 HN HC( O) OCH2CH2( OCH2CH2) f OCH 3 0 wherein e,

f an%f are integers independently selected from1 to

2500;ff and g and ' are integers independently sel ected
. 5o ThawmE@xdamrcH.(Ecpephiods;, according to
rein“Rl has a structure that is a nenber
from, NHC(O OCH2CH2( OCH2CH2) eOCH3 NHC( O) OCH
2CH2( 2 ) 0O OCH 2CH2( QCH 2CH2)f OCH 3 ;
and , NHC( ) CH ( ocH R OSSR O) cH 202
(OCH 2CH2)f ¢3 NH" HN. A NH ' q viHC O CH2CH2
(OCH2CH2)f OCH3 O\ / g , wherein

NHC(O)CH,CHa(OCH,CH,)eOCHS
S q
NH,
HN
HC(O)CH,CHy(OCH,CH,)OCH;
ol d

0

E NHC(O)CH,CHo(OCH,CH,)sOCH3
! ; and

HN
HC(0)CH,CH,(OCH,CH,)OCH;

O

NHC(O)OCH,CHy(OCH,;CH,)OCH;
: q
NHC(O)OCH;CH,(OCH,CH,)0CH;
HNW\/\A
HC(0)OCH;CH,(OCH,CH,):OCH;
q

¢]

wherein
e, fand f* are integers independently selected from 1 to 2500; and

q and q’ are integers independently selected from 1 to 20.
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e, f and f are integers independently selected from1
to 2500; and g, g and g"are integers independently
waetsos®ddo from 1 to 20. 6. The Factor | X pepti B€T/US2004/041070

according to claim1 wherein RL has a structure that
is a nenber selected from \ -C(O CH C2H2( OCH ]

1 5 20nWReeEHXpeptidnacobrdiigoQUHRGHICRdrR2 dpy Peiomtare thatis a
wher ei ﬂ e and fare integers independently sel ected

2 membersglecteddiP®is00. 7. The Factor |X peptide according to
claim1, wherein said noiety has the fornula: 8. The
Fact | X peptide according to claim1l, wherein said

h

the fornubao 8%&0,@4@@a| NAc- 9. The

[ accor |ngtoca|m1 wherei n said

not ety ormul a: . COOH VALP O Gal Gal NAc-AA L
fV wher ¢i Ps_ag~am aciNHCEESHIHEOGRCEACHs
peptidel N _ gctor 11X pepti de according to claim

d amng.acid residue is a nmenber

ri orMNHhoEREaNEOCHLEH,) 4 Fact or

pepti de afcor g to claiml, wherein said peptide 'ﬁ%s
the ami no acid sequence of SEQ ID. NO 1. 12. The
Factor, | X peptide according to claim1l, wherein said
am no aC| d residue is serine at position 61 of SEQ
MIAHQPHL( Q5B R ePE " accor ding to claim

1, ai d Jmiety has the fornula:/ 1)J 6-
(Sla)1- (RJ VLJA L (FuQ. 1, nid&te %@0&4@2@3%
G cNAc- @ CNAfa* Ma CNAC (G al)J, (Sia) - (")
HN Ha
HC(O)CH,CHy(OCH,CH2)OCH;
3 © q
4  wherein
5 e, fand £ are integers independently selected from 1 to 2500; and
6 q, ¢’ and q”are integers independently selected from 1 to 20.
1 . The Factor IX peptide according to claim 1 wherein R! has a structure that is a
2 member selected from:
é—C(O)CHZCHZ(OCHZCHg)eOCH3 ; and

] é—C(O)OCHZCHZ(OCHZCHZ)fOCH3

4 wherein

5 e and f are integers independently selected from 1 to 2500.

1 7. The Factor IX peptide according to claim 1, wherein said moiety has the formula:

104



i \ Ma/ ([GcNAc-(Gl)J6- (Sla)l- (Rx )t m\
([@cNAc-(Gl)d]lh- (Siaym (R)J wherein a, b, ¢, d, i1,
WO 2008/053950 and u are integers independently selBCT/@82004/041070

fromO and 1; qis | ; e, f, g, and h are nenbers
|ndependently sel ected fromthe integers fromO to 6;
j , k, 1, andm are ers independently selected from
the integers fromO and 100; ¥ooW, X, and y are
i ndependent |y sel g ® and 1, and | east one of
vV, w, x and y is 1; AAljis an er-ml-aetd residue of
sai d Factor eptl de; <(R) has t formula: OH
NH G wher ei n D s a'frenbef sel ected from -OH and
Rl-L-HN-; Gis a nenber smiected fromRL-L- and
-(O(Ci -Ce)alkyl; Rl is a noiety conprising a
[ a .
8. 'I‘B] Etoﬁ geﬁtﬁﬂe asgogpﬁq%rtggfagﬁg {Vﬁe n sté:icgﬁgib?ﬁh s the f tmula:
IS a nenber selected froma bond substituted or
unsubstitute Qd substituted or unsubstituted
het er oal kyl , 'such fhat when Dis OH Gis R-L-, and
when Gis -C(O N Dis R"L NH . 14. The
Factor | X pepti i I erein said
gl ycosyl residue is eg tGa‘F aﬁ% sel ected from
Asn 157, Asn l&7—amd c I nations thereof. 15. A
pharmaceuti cal fornul at 'Hon conprising the Factor 1X
according to claim1l and a pharnaceutical“ acceptable

carrier. 16. A method of sti |ngboodc t|o
9. ilhe Xapiekihpepiids afcordgdA CM MEFTRYT afgﬁl%gfﬁ@ qrgula:
said mammal said Factor | X peptide accor d| ng to claim

1. 17. A netho ekeat i ng henophilia in a subject,

sai d met hod céhpriking adm nistering
COOH o

O—Gal—GalNAc—AA

OH

wherein

AA is an amino acid residue of said peptide.

10.  The Factor IX peptide according to claim 9, wherein said amino acid residue is a

member selected from serine or threonine.

11.  The Factor IX peptide according to claim 1, wherein said peptide has the amino acid
sequence of SEQ. ID. NO:1.

12.  The Factor IX peptide according to claim 11, wherein said amino acid residue is
serine at position 61 of SEQ. ID. NO:1.

13.  The Factor IX peptide according to claim 1, wherein said moiety has the formula:
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12

13
14
15
16
17
18
19
20
21

to said subject said Factor |IX peptide according to
claim1. 18. A nethod of neking a Factor | X peptide

W@ eoslosste conprising the noiety: wherein D i SPEI/DBI00€041070

selected from-0OH and RI-L-HN-; Gis a nenber selected
fromRl-L- and -C(O(Ci -C6)alkyl; Rl is a noiet

conpri si a menber selected -
br anehedPEly (et hyl ene gl er%gsA? Q}lal)]gfaﬁia @Ié)
I nkler "f:RIAls eleg légAPr(gﬁﬂ)éf’ggﬁ ( )aj
b t te uns stlmed P(bl%NAcé(mdl)qul(SIablt(lR
y

unsubstltuted het er oal k

R\L-, and when Gis -C(O(C |[:[G@I$Ca(q@)d @14)5 R),J,
RML- NH- ai d nmethod conprising: (a) contacting a
substrate Factor | X peptide with a PEGsialic acid
donor noi ety having the fornul a:and an enzyne t hat
transfers said PEG sialic acid onto an am no acid or
gl ycosyl residue of said Factor |X peptide, under
conditions appropriate for the transfer. 19. The

nmet hod according to claim 18, wherein L-Rl has the
formula: RL-HN O wherein a is an integer fromO0 to 20.

wherebly  The met hod accor di ng to claim 18, wherein R has a

S} et yn hadind i
CHELSI e # o IS g 1ng )
2¢HGZ)C(H 3 NHC(O)OCH 2CH(02 CH 2CH®2)C(H 3 OO0 O

( e, 1, %g)hsa?g?ne%%jers%ldgp%%@eﬁ% from the integers from 0 to 6;

i, k, 1, and m are members independently selected from the integers from 0 and 100;

v, W, X, and y are independently selected from 0 and 1, and least one ofv,w,xandy
is 1;

AA is an amino acid residue of said Factor IX peptide;

Sia-(R) has the formula:
HO

CH
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(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 a member selected from a bond, substituted or
unsubstituted alkyl and substituted or unsubstituted heteroalkyl,

such that when D is OH, G is R!-L-, and when G is ~C(O)(C1-Cg)alkyl, D is
R'-L-NH-.
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10

12
13
14

NHC( O) CH2CH2( OCH2CH2 ), OCH3 NHC( O OCH2CH2( OCH2CH2) (
OCH3 wherein e and fare integers independently
waelsos®d from 1 to 2500; and g is an integer PCDUSINO041070
20. 21. The method according to claim18, wherein Rl
has a structure that is a nmenber selected

14.  f Fonkage (S eptide axechiasiodMen 6)diran paidedyosH rotifjeds attached

2C
to a mipb ettt Nt ) A BB RER S Il
NI—|C(O)CI—I2CH2((I:H2CI—|2) OCH3 HN HC( O) CH2CH2( OCH2CH2) r OCH
15. 3Amﬂ€(r@c@xfdi®cmﬁm«cmmzm@ﬁhg he\FACt D) KCcQ@H(eR olgiin 1 and a
b Ca }-{?I:{ HC( O) OCH2CH2( OCH2CH2) OF CH 3 wherein e,
p armﬁceélﬂaa Y%"%pt? F@@Yé‘r% i ndependently sel ected fronito

2500; and q and ' are integers independently sel ected

V\ﬁ‘%ﬁé‘tﬁ@d 3@3‘[1%%4121‘&—1{2%18@& BOGuRESR T AEmingh] Cdadd Meth8d comprising

erein has a structure that is a menber sel ected
adminfstaring tp BEHCQENODH s20HPacta@@K 2ok @sordine tonhard).OcH
2C(HO2CH 2) C(OHC2H 3 NH HN. A N "H-1 2-

;g%%&%ﬁ%geg&%m%%&)ﬂ %b%ec't, s%ﬂfjmgﬂﬂ% Q))%igigg@&%tering

to said subject said Factor IX peptide according to claim 1.

18. A method of making a Factor IX peptide conjugate comprising the moiety:

HO

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(0)(C;-Ce)alkyl;
R! is a moiety comprising a member selected a straight-chain or branéhed
poly(ethylene glycol) residue; and
L is a linker which is a member selected from a bond, substituted or unsubstituted
alkyl and substituted or unsubstituted heteroalkyl,
such that when D is OH, G is R!-L-, and when G is ~C(0)(C;-Ce)alkyl, D is
R'-L-NH-,
said method comprising:
(a) contacting a substrate Factor IX peptide with a PEG-sialic acid donor moiety

having the formula:
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15

16
17
18

N = & W R W

NHCt QJCH) CHMOCHC HIf OCHa NH HN. L NH, HC(O CH 2CH2( OCCH
2CH2O fCH ; wherein e, f and f are integers

WO paspsident |y sel ected from1l to 2500; and q, Pqi/uszud4/041070

g"are integers independently selected from1l to 20.
23. The nmethod aggording to claim 18 wherein Rl has a
structurepthatyts a nenber selected from -

C( O CH2CH2( 00—%0' and - C( 0O OCH 2C( OHC2H

2) PCCHH2 3 Fafr'e i nt gger s i ndependent|y
sel ected from 1t ~o024.,. The net\hod according to
claim 18, whereij Factjjor i€ conj ugate

conpri ses @ mblVety Jhavi ng fhe | aj 25. The met hod

according to cl ai mgk8, wherein sai tg/q_ﬂ)j pepti de

conj ugate conprises a noiety having theNforwul a: , COOH

O Gal- Gal NAc- 26. The net hod accordi nt\tggﬂgl ai m 18,

wherein said factor | X peptide conjugate rises a

noi ety having the fornula: .COOH O Gal- Gal NMfz AA

VLA/ > wherein AA.is an_.anin id residue of said |,

Fact oramxnﬁgma Q?a%z%l?sferﬁ _éa@?ﬁgﬂa%%% ARG RS &Fichor ,
26, Whay&Ish R8idte IMPFRGAX RPtids Smlisr RnbORIMAS hppropriate for

sel ected fromserine or threonine.” 28. The net hod

accor dheitrandercl ai m 18, wherein said factor |X
substrate peptide has the

19.  The method according to claim 18, wherein L-R! has the formula:
R1—HN/Hﬁ]/ é
0
wherein
a is an integer from 0 to 20.
20.  The method according to claim 18, wherein R has a structure that is a member

selected from:

0
g q S—(CH,CH,0).CH, é §——(CH,CH,0),CH,
q
NHC(O)CH,CH,(OCH,CH,)0CH, NHC(0)OCH,CH,(OCH,CH,)OCH,
0
g o O—(CH,CH,0)CH,  ; and é o O—(CH,CH,0),CH,
NHG(O)CH,CH,(QCH,CH,)OCH, NHC(O)OCH,CH,(OCH,CH,),OCH,

wherein

21.

e and f are integers independently selected from 1 to 2500; and
q is an integer from O to 20.

The method according to claim 18, wherein R has a structure that is a member

selected from:
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am no acid sequence of SEQ ID. NO 1. 29. The Factor

| X peptide according to claim 28, wherein said am no
w@eood/0s®wso due is serine at position 61 of SEQ PECDUS2004/041070

NO 1. 30. The nmethod according to claim 18, wherein

said Factor | X conjugate conprises a glycosyl residue

havingtoef mul a: (FuQ 1 / G cNAc-(Gal)J6- (Sia)r
(Rv \ E%L@‘BMW-CP T?S”z(%‘]L*fCHZ-’GOC(HSi a)k - (Rwg'
- AA- G cNAG- GgNAc-Mari N [[ G cNAc- (Gal ) J5- (Sl a)l-

(Rx ]t x 4N G J h- SIa%ln- R)J wherein a,
b, c, d, i, o s{Jt, and™FOArecRtEy8re i ndependent |y
selected fromOarid 1; gis 1; e, f, g, and h are

menbers i ndependently selected fromthe integers from

Qo 6; j , k9 1, andm are nenbers independently
selected f t [ SOFSRPOCANECHL00; v, w, X,
and y are énde endently selected fromO and 1, and at
| east one of v, ,w, X2 and y.is 1; AAis an anino acid
resi due of sai d\ﬁa}c\t@Mmio@@sz@pracH@mmhas t he
OH NH-Giwherein Dis a nmenber selected from

formul a:
-OH and R*L-HN-; Gis a nmenber selected from R1-L- and

-C(O (G -Ce) Rl is a noiety conprising a nenber
sel ected a.s almcorcHpr.a@nctredctol y( et hyl ene
gl ycol) re§|dU' nd L'is a linker which is a nber

sel ected from & bong,.sihsditiled or unsubstituted
al kyl and subs}gitute or unsubstituted heteroal kyl,
such that when /\b\‘r‘/S]\(g‘(\@/(S\R‘WQHZCWHz\'M}mQHaG i's

-C(O(Ci -C6 )alkyl}’sDis R-L-NH.31. The nethod

according to claim 30, wherein said glycosyl residue
IS attachedgo a

%

NHC(0)OCH,CH,(OCH,CH2),0CH,

q
NHC(O)OCH,CH(OCH,CHa,OCH;

HN
\n/k(\/)/\/\NHC(O)OCH20H2(OCHZCHz)fOCHg
0 d

e, fand £ are integers independently selected from 1 to 2500; and

wherein

q and q’ are integers independently selected from 1 to 20.
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menber selected from Asn 157, Asn 167 and conbi nati ons
thereof. 32. The nethod of claim 18, further
W@ 0up/05®Ng, prior to step (a): (b) expressi ngPCHUN2004/041070
substrate Factor | X peptide in a suitable host cell.
33. The method of claim 32, wherein said host is
22.  SBheoebdd peenidiag tq dlaie 18,cudareinhd has Aarmemiedpatdes member

selected from:

)
g NHC(O)OCH,CHa(OCH,CH,)6OCH;
4 o
M/\/NHC(O)OCHZCHz(OCHZCHz)fOCHa
NH )
HN NH, ¢
HC(O)OCH,CH,(OCH,CH,):OCH;
o] , ;  and
q
o)

NHC(0)CH,CH(OCH,CH,),OCH;

/U\(@\/\/NHC(O)CHgCHz(OCHZCHZ),OCHa
NH >

HN NH; ¢

HC(O)CH,CH(OCH,CH,):OCH,3

wherein
e, fand f* are integers independently selected from 1 to 2500; and
q, q° and g”are integers independently selected from 1 to 20.
23.  The method according to claim 18 wherein R! has a structure that is a member

selected from:
é——C(O)CHZCHZ(OCH2CH2)eOCH3 ; and
§—-C(O)OCHZCHZ(OCHZCHz)fOCH3

wherein

e and f are integers independently selected from 1 to 2500.

 24.  The method according to claim 18, wherein said Factor IX peptide conjugate

comprises a moiety having the formula:
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OH

0 COOH

O-—Gal——g

OH

25.  The method according to claim 18, wherein said Factor IX peptide conjugate

comprises a moiety having the formula:

OH

0 COOH

HO
O—Gal— GalNAc**é

G—HN
OH

26.  The method according to claim 18, wherein said factor IX peptide conjugate

comprises a moiety having the formula:

—Gal—GalNAc—AA

wherein

AA is an amino acid residue of said Factor IX peptide.

27.  The method according to claim 26, wherein said amino acid residue is a member

selected from serine or threonine.

28.  The method according to claim 18, wherein said factor IX substrate peptide has the
amino acid sequence of SEQ. ID. NO:1.

29.  The Factor IX peptide according to claim 28, wherein said amino acid residue is
serine at position 61 of SEQ. ID. NO:1.

30.  The method according to claim 18, wherein said Factor IX conjugate comprises a

glycosyl residue having the formula:
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o |(Fuc); )/Ian/ [[GlcNAc-(Gal)a]e- (Sia); - (R), J

g_/l\A élcNAc—GIcNAc—Man h [[GlcNAC—(GaD"]” - (Sia),- (R)W%
|

)

T

S

1

\Man/[[GlcNAc-(Gal)o]g- (Sia), - (R),

™ ([GlcNAc-(Gal) ;- (Sia),- (R),
Yq

wherein

a, b,c,d,i,r1,s,1t, and u are integers independently selected from 0 and 1;

qis1;

e, f, g, and h are members independently selected from the integers from 0 to 6;

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

OH '

wherein

D is a member selected from -OH and RI-L-HN-;

G is a member selected from R'-L- and -C(O)(C;-Ce)alkyl;

R! is a moiety comprising a member selected a straight-chain or branched
poly(ethylene glycol) residue; and

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

such that when D is OH, G is R'-L-, and when G is —C(O)(C;-Ce)alkyl, D is
R'-L-NH-.
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31.  The method according to claim 30, wherein said glycosyl residue is attached to a

member selected from Asn 157, Asn 167 and combinations thereof.
32.  The method of claim 18, further comprising, prior to step (a):

(b) expressing said substrate Factor IX peptide in a suitable host cell.
33. The method of claim 32, wherein said host is selected from an insect cell and a

mammalian cell.
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