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GLYCOPEGYLATEDERYTHROPO ETI N CROSS- REFERENCES TO

RELATED APPLI CATI ONS [ 0001] The present application
w@b@snosispriority to U.S. Provisional Patent AppdT/081000089712

No. 60/524,989, filed Novenber 24, 2003; U. S

Provi sional Patent Application No. 60/555,504, filed

March 22, 2004; U. S. Provisional Patent Application

No. 60/590,573, filed July 23, 2004; U.S. Provisional

Pat ent App ,

2004: U, 5 G QPENIV IR ERY ERETAROLOLETIR®

60/ 614, 518, f| | ed Septenber 29, 2004; and U. S

Provi si onal Pat ent Application No. 60/623, 387 each of

whi ch is ' e j '
entiret y or al'l pur po§§§et@ﬁy"‘& N ?ﬁﬁ*rt—lgﬁﬁﬂg\m ON
[00([1@ Q@B]prdiémtdpbﬁmﬂoﬁtcldﬁné ph6ityits Uas CBtbﬂkﬂoﬁﬁ Rateadl A@pﬂcdﬂhﬁn No.
liver which acts henmat opQi eti C

60/5861%% félsd Vﬁmb%rt?é‘ 2P M%&uefﬁwﬁaloﬁat%a\psll%@né@ |69/555 504,

ﬁledTIOﬁ Cg‘i’xfﬂt SH. %}(S SII v Bn&l%té‘n?A licAf38 1#@'66399 5%’?%1@&%19 23,
epti dé, lﬁ ot her am no

2004;61(1)81 HE)VISTd’Iml Rﬁénta@pMatum No. pﬁé)pﬁ‘iQZdthﬁRdth' 29aﬂﬁ)4 U.S.

sequence as the 16 tide e thay t
Proviggnal beinal Aepirapep RcabV ALy S HuGESinl iber 35r Blog: ma vig©
ProxtlBSndT%fenpAbﬁl'id'ﬁ'uBﬁ‘INODQ@/BQ?) 987 cabA®f WA i§ 1&@ﬁjo?éﬂacpﬁerem by

acid peptide is a 34kD glycoprotein conprising three
refendngg indbeiy entireyrfosall perppsisn- 24, Asn-38, and Asn-83),

and 1 O glycosylation site (Ser-126), and sone

variants are "hyperglycosyl ated" conprising 5 N-1inked

gl ycosyl ati on BACGKGRQ@UONP| OFEHEANYENTIONsynt hesi s

is induced by conditions that effectively create
[0002] $ytardpyieoixi(BPO3 Lsczhcymsklhe)pﬁduam@ byfth¢ kieney el livalr which acts on

tensj qQn or increasi

hem&o,gglgtlc gﬁa]eq.e §4&q,sfym 6tﬁdi qprgﬁgc% Bﬁt‘f;e}g %geﬁ[as tlqule protein exists in
two f { 96 bdin n%ﬁ‘ f64 Qﬁm‘g% fiad, A tl%f otﬂ&qu h 88 Lo hcid peptide.

bl ood are I ntain ant wth eryth ropol esi's
The d 6Gaméndoadicdperitidg hasthe panﬂamnncecmshfr &% aomoefidggetide edept that

the fRdfind B pepYa T af PAAEEey hu P (R Pl Sy PTpedlion. he
matiyei16h ahﬁn@m&f)eﬁrdg iXa B4Kr® glybbﬁ@’én?&iﬂu%wMth&Q@—‘Qﬁﬁéosylatlon sites

each da However, in situations that effectively

(Aswaﬁ,eﬂ?sm tanééaé%ﬁm@shl@ gyeosylatiomsito@er-62®), ad some variants are

ok O t@ hi I [on of EPO may
hyp S é:l ?‘u(fsg A& ery F‘%‘% teSSI\ItI g‘ ﬂ%%i glgpocf yla?g more over nor mal
[0003g B2 thropb@fid 4} ntBesialsseducBdb g tondili isaBatiefdctilcdpéteste tissue

production, it is_an effective therapy for many
hypeiacadieas laharing ARieEAal Ao<BRsioR GneiFAYng Bagereen affinity of the

bloolae rcrj’gp {1§utal C(#ait;dng Eg%grh@dsﬁlsﬁf hern?ﬁ!)ﬁﬁ%ﬁﬁ et J&%E@m%nwﬁ BP

reconbl nant human to restore t mat ocrit
hempglobmnih dlwidtdre arathta habensantawitli anylthmpmams eodnterrlsalancmg the

pemréa(e}legqr e%%i‘gg)gn;'gf aéed %/e?i%li dac%ﬁs E))g’ r6neacreopgages n Qone marrovs:%pleen and

liver. Quantitatively, about | % of the red cell mass, which is about 2-3 x 10"! red blood
cells, is renewed each day. However, in situations that effectively generate tissue hypoxia,
such as blood loss or location to high altitudes, the induction of EPO may stimulate
erythropoesis 10-fold or more over normal levels.

[0004] Because EPO stimulates red blood cell production, it is an effective therapy for many

diseases and conditions associated with reduced hematocrit. Initial trials of replacement
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Lancet, 2, 175-1178, and Eschbach, J.W; et al. (1987)
N. Engl. J. Med., 316, 73-78). This work provided an

wo eenss2f or further studies into the pat hophyBtDUSIIO4/039712
and phar macol ogy of EPO (see e.g., Jel kmann, W and

I
e 5 0§ 00 4P eSO 0L end s
renal ffluchi were firgaeprivied ahoutt20yearsERO(feae. god¥meads . G et al. (1986)

Lane b 475 Yod Puctay VT CRBPIN el Blge. 316.73-78). This

work pRRded ah i1PetQ$ for FEAER sRARS ikty MR paakiphl Qology ahe ?harmacolo gy of

atients can |ower the severlté and duratron o )

EPO (3655¢. Bp i EmAN Wararh GrossT e (L8 Kisiioneieth Saringer, Berlin
Helde!l}?gombvr\?&khurmn EPO has al so proven to be effective
apy orpatients suffering fromseveral non-renal

[0005p SR8 seRe etlicitudiss, eédonibitant himaBROIAE bediRlsed Badressfilhcto treat
Al DS, wherein a relative |ack of endogengus EPO
numerayh pathplggisal qonditions.qEiaxampisn thegthammaseiogiqal applisation of

econl Py Oy Ra iy on (B B0 moBurgionr

postojReative ah8mia SEheSd®)inistraticnlre] rremmﬂnnant himagn BBOrhas a}so lptcmén to be

e e SR8 ol R Sl B
1nﬂanﬁﬁatﬁ1|n m@ﬁ&%ky Eﬁ@)f\ﬁl[%?%ﬂ&ém]a‘}gﬁﬁvell@% éf &ﬁﬂé&[dug PO Mntrlbutes

y roc . Acad .
to the ﬁ@ﬁﬂ@m@ﬁ@i)menm@@@]e grdeanseR 1. pad Krantal SoB(@892\lned $0,

1639-R¢7red dstmaty o G T e E AR ERGE, 3557359 Euthegwore, it

has bd¥h k€Sorte@ ST PR tissie Prote RO iR dchantk, triilﬁnahﬁ:sfox%?iddl ng

drug in the world. |ndeed, estimat ed sal es anou

inflamypaterytiniamics (s8¢ b.2i BTngsMiottizh (20048 PNASS S Al 6110174]902)4H912 and
Brme%/rIW e égg?ﬁé’(};}t }I%E MR %’Qd & 098597 | G526 g338F Hanst er

€, sed extehsively
[0006] Tae as&wthess an&leffealmmtf EPa for fhearbatecny bymmnaaaoind other
simlar struct i nese

Hanst Ov ((.CHO
condijgntersioes TOUh 4P (améy Varighy Of GRS Eﬁﬁvgéﬂﬁlmw
perha%%'{ﬁé(bgsg %énlﬂ% aru%hﬁ R wh2d." Bdedi0 %émﬁﬁéd §alés0armd%fr@ﬂﬁ%fe%an 5

glycoprotel m therapeutics. "As'I's known i1n the art
billioerSpbilalglpynwyl ation is a critically inportant fact or

10007} thalK SREFAEB byt e Epuii st it Fhibe® Homuarovars SPHP) cel
line, lghéeq%wngﬁv@lgi a@hQﬁ&hﬁbﬁué‘f Sinc€ fReMAE] Prodhbregll et of Sitnilar
being "ol d" and thus, are nore quickly elimnated from

structungeChieke mmerz@\earp (@H@a,l Bty m«m faecy @) and Human

Embr%onoco %dng?f g?t( g{ tﬂg ref { negl’s tf(ﬂ'n %gcﬁlglrlré)g gwaoprotem

therapefiti¢¥. A0 ah@m geme Iaft}’pro‘pféWgﬂyco@Yl@ﬁoﬁ fs@ q@itleﬁl@y ingsbria@sfactor
cells for production of human therapeutic

influegtipg Bisris piprthe halthfeand Bpounegesicity af yhesarsytie ecpsidse tdged,
poorl)‘; Ql%és&ﬁa'té@pr@tefrﬁng@recognized by the liver as being “old” and thus, are more
quickly eliminated from the body than are properly glycosylated proteins.

[0008] Unfortunately, one frustrating, and well known aspect of of protein glycosylation is
the phenomenon of microheterogeneity. Thus, even the preferred host cells for production of
human therapeutic glycoproteins such as EPO, typically produce peptides comprising a range
of variations in the precise structure of the glycan. The extent of this heterogeneity can vary

considerably from glycosylation site to glycosylation site, from protein to protein, and from
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of variations in the precise structure of the glycan.
The extent of this heterogeneity can vary consi derably
wo e@sogidgrosyl ation site to glycosyl ation sitepPCT/USIM04/039712
protein to protein, and frontell type to cell type.
11 ty b RER e, MHBREMH UM KGR Y RormRAERN U WHH R Rk ivel
c t%-ékfectiv@ley agﬁ{fs?’lrﬁ Gnl%lég%ul%r ’speciQ)es, typiccgslc‘{fy veya
distineinstecular speyiesi typivall exissin anyegimepglypeprateingmepdration |
prohl em.of. m crohet erogeneity thus pos NYer ous
10003] sfRerleate ipBhF GGEn G sty mbeeip e B Baue b e ree
industrit? s e plodGetBnYoT AR AetiD glychbproRdst 18 phdiculad isie€ e8@dlycoform

ycof orm can represent a distinct nolecul ar species,
can rgpressat adisnres meflecquine spaséast prepyrijens e thesineytiprglycopyeteins must be

a0 AR Bt ST, 5 PR R P e

that dilffértsrpeoduckibn Batchdsanapadrg bt regpecmaltle pérédntdge i et desived
t he percentage_ of the desired glycoformcaqonprising the
glycofiereepnenrising the batsh ef glyepreptepetherapeuticn Jds, largganot ghyays

_ . i .

predi B RS 0L A P ool s ety PR e MERRAAES P Ry the

final yeild of aodesaediglytoforn ghybofosv. O vaall,ibe problenOviammkdhetardgeneity

r.obl.em of .m crohet.erogenei means .t hat therapeutic.

mean R0 SR b BRI PIOeF AP a3 L g e igher

producBOH cb&s, LG iRaRIHEAdsRe ©OF bfor NéAIE A réIbdsts BAEinYght be
translate to higher” health care costs than nm ght Dbe .

necessayafs moye ¢fficgnimetbod forinaking longeHasingomoreefeative glyeenrotein
[astin re effective glycoprotein therapeutics was

thera%e{yglﬁ; 3’%$ %&%@510] One solution to the probl em of

[001(]" O RGO HHe bl I\ PRoBHINE 0P REfe ety et dpdopPstitlel tEérapeasics has
been to provide peptides with longer in vivo half

been q prexide peptides avith lenges i wise bpif lives. thes exgraplei glxcameptide

o ' . ol f )
oY T OB 25, R8, B5
synthed¢e b&l@mersdtéxmheep@ﬁ'ﬂ{: Backbprd. yAR® Exd:nli}ﬁﬁryhﬁi&yd&fl&hat Ihats been conjugated
t t t t ) .

to pepiktBEds Jols i caB ghsPDRREG o it 561 BE0 o it ed peptide

| r- e »
B3 By o SN B SUETE i o
examplte, U4S. PA8 N38 A, 172337 £Davis ahyl. ) distdsosmm-imumunaganic pgbipeptides

ol ypepti des such as enz s, and i de.ho S
such BEeER 15 Bur e rngTeae LD ROLRA I 0y R8s ATene
polypbpsiie glyddl affiddditfsh th RediRed ERAUATERHIRAY SR Blehdincd fi@e in
clearance tinme in circulation is prolonged due to the = |
circulation ssayel9nged-duegp theniacpmed sivsjof ghet BEGicompgate of the polypeptides in
{ ol ypeptides in question. [0011] The principal node of
qQuesti¥ achnent  of PEG and its derivatives, to peptides is

[001H mg)rﬁi@ 1 inbée bPatthichig et PEG) aAd e férivaeivesytoyseplidedis a non-
residue {see e.g., US, Patent No, 4,088,538 U. S,
specifig pardingghroughsarpiidoamigogicidrgsidhe (skp e g4 S APatent Noy4 888,538

5 ERRE o0 S BEna K LT 1E, L OEBELy ADRS o
WO 800056 cAhother mode of attaching PEG to peptides is through the non-specific
oxidation of glycosyl residues on a glycopeptide (see e.g., WO 94/05332).

[0012] 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,
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oxi dation of glycosyl residues on a glycopeptide {see
e.g., WO 94/05332). [0012] In these non-specific

woredososis?7 pol y( et hyl enegl ycol ) is added in a reemug004/039712
non specific manner to reactive residues on a peptide

for tREEHRAARN JPFhGMHUBE peptRREUARTHIZali oD stfte YRR ITRLAS Hh B3
h wbacks ack of h

as its dra i ncl udi ng a [

, . onbgenei ty of
formtatien bf a specifrcatly tabeledutadibiechavstsrizable s gssdntinlly Bomogéneous product
. in.the bjolqggical ar enz ti,c activity of the
5 SRR ?é‘.c W@T%él? g?_%e, s ﬁf%eg&fﬁ%duct ion of therapeutic
[001?!: Bb?diﬁ@allyf’:la&%d Ybhbgdleb@ peptifettRepehiticicah 88 tdducddin vitro

e

ormafion of a specifically Iabel ed, readily )
throughethe eetiqn of gprmese ddnlikeithg lyylcngmgm@&qsn%hmd@t atfaghing a

S I .
GRSl P BRSNS RESRLHBAS, 0Bk BRRARL s or
regissalecthatyparaiditereskelentivityt. rhwd printipdl clddsesatenpmesffor use in the
Unl i ke the typical non-specific methods for

syn@%ﬁ%ﬁ?ﬁ%@d BEPSRY HEGINCOPOITgsGHass (OF hurllemeterses. o
olighq8hka arﬁ%yﬁg'w-ﬁﬁegglgﬁ%%aﬂﬁﬁﬁ%aﬁ@é’rﬁse%ﬁ%zll_gg}%&iaz%@?‘. 'Flgese

regi oselectivity a tereosel ectivity: princi pa
enzyoieasa®be nfeddnrihaspecific attasbmem dflsegay whivhsias befubsatpleady

modeg P PR b PaBEegh S ALaR Dt Eep e gsterases and modified
glychbiddss danBeuses aydirsety tanstenasiBied sugbfhod pepas Bak88ne (see e.g.,
These enzynes can be used for the specific attachnent

U.S. flatenti 6308, 33 a0 s SrPasent ArplissioarRublicatisals 203P040037,

' t j o€l ive .
200401 BT B0 Guch 3P0 40T BRI b 2D IR G S
incotiedled By tbféreade herdifjadéthodsmaibiniag bethdhemidaDail @LPiiate
backbone (see e.g., U S. Patent 6,399,336, and U. S.
syntiegiciRmontire alsoikBawpliseiecat Y ammoto g8 alo gguiwhydr. Res. 305: 415-422

RS i RN PRy SPIBRIERE s ot i

referendedr ence herein). Methods conbi ning both chem cal and
tic. s tic elenents | so known (see e.qg,,
oor§hFRroRSieRt BhPO g SKYeIRe ywé@w%g@.am@-mz < ¥aidopch
comAREtidtyvaftas€ rmARP EPEAIE A QM&yQﬁkéé’ﬁb@%@%g #69MAn maximally
whi ch h b f e). [0014]

/ i s incorporated herein by referen _
effedivg dhe HstireinchidirgRaicrohsteapgenrity efbe glycaprobdie product which

. _therapeut.ic tide.. Although co rciall vailable .

inerqpiS O ipbeIE goprphiOarei Ry o HBE sy faeliid e SCortaiin

produétasr HEothbiBatioh FEfthesdd. VEnE Uherfed6th BinS ainB&d ah& 8t for long lasting
m cr ohet er ogeneity of the gl ycoprotein product which

EPOipeptidessiish immiaved dftnstivensesandhster panpeskbietipet Furthegnore, to be

. | a . .
er 8 B A iRl I SO NG R LAV, i n s
scald, fh? EROt peptide thrgbgﬁfbd ﬁ@r@ﬁ@i@ﬂﬁtﬁﬁﬂd&tkhtHaﬂMsW]ﬁédictable,
e ectl veness an etter pamac,lnetlcs. .
esserﬁmﬂe/ﬁ)@%%qouwtwu@fw@eh cebg sadilyeeprodugedsever, Ag Qv erpgain.

0018 4 ] WBRPRSERPUE 0 AL4E e e metis
for mdkenghemthiave ponabrarcdikéaveteadc $ndekdy the avestiq prdvideaBP@ peptides

with improved pharmacokinetics. The invention also provides industrially practical and cost

effective methods for the production of modified EPO peptides. The EPO 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 EPO peptides
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essential ly honbgeneous, structure which can be
readi ly reproduced over, and over again. [0015]
wo-enososseel y, EPO peptides with inproved the PCT/US2004/039712
t herapeutic effectiveness and nmethods for making them
w1thhﬁ’1 ?ovﬁ@%e& gitﬁcé @ﬁ\eéﬁe Iaﬁg?ﬁgrovg@ Ehérﬂl\é%ﬁi &its for the treatment
VI es ept| s Wi th I mpr ar macokl neti cs.
of co‘ﬂdelqna‘aed]dlsms ahseipEBOipiedddsredffestivd thetapy.pr acti cal and
cost effective nmethods for the production of nodified

EPO tides. T [ ' ti

comor be wodi 1y TuEaRROR e ERTIONE T 'eS”
0015 BHE8 oY e ehiiscayeraihaiBs ePrglled Modlicalon ke Feppomtia (EPO)
withRRlok SRR UTRR\BR ) Roib R ARAN o PEPO GeliVARES Hith

and i nproved pharmacoki'netics for the treatnent of
improveripharmacokaretic gropestess. \Ehah@'mmrﬁlé@tpf@vmmetbodﬁ@t religble

prodh i hne BoMHe e pebiide? QAP P ER i TrSE bt Ay nd

deveﬂ;péuhr opoietin (EPO wth one or nor e pol y(et hyl ene
9 col) noieties affords novel EPO derivatives with
[001] hi;v@mp%at herpreswt tentonpropises pr srythropipiitt pantide cemprising the
fective nmethods for reliable production of the
di fi ed EPO peptides of the invention have been
di scovered and devel d. PH017] In one aspect, the
present invention Brovides an erythropoietin peptide
conprising the noiety: erecool® i s a nmenber
selected from-OH a S menber sel ect ed
fromR -Land -C(O) ( CB)aIkyI gs—s noi ety
conprising a nenber sel ect ety Tonprising a
straight-chain or b (ethyl ene gl ycol)
residue; and linker which is menber selected froma
bond, substituted or unsubsti®dted al kyl and
substituted or unsubstituted heteroal kyl, such that
when Dis OH Gis R-L-, and when Gis -C(Cb(C C
wheieal Ryi$ a mPniber Rledted\irbm -OHl andeR 'elodbBNH; Gein , m@nier stleéted from R'-L-

and (YOG TGRIR e B i TBRED RorfpaisTog CppbP el b pomprising a
stral%ﬂf@hﬁfn &@rﬁféh@dj %{S@fﬁ&r{e%@g rgldﬁHa&% { Gra th)(é?)wlﬁﬂl is a member
seleqt rQ)]nl ad;(gﬂ}i substityted ONansqbsutu(e@}qll(y]l{axggj subsstituted or unsubstituted

heteroalkyl, such that when D is OH, G is R'-L-, and when G is —C(0)(Ci-Cg)alkyl, D is
R'-L-NH-. In one embodiment, a R'-L has the formula:

R1—HN/e\)a\”/§

0]
wherein a is an integer from 0 to 20. In another embodiment, R' has a structure that is a

mme‘?

member selected from:



NHC(O) CH CH(OCH CH ) OCH NHC( O OCH CH( OCH CHO) CH
wherein e and f are integers independently sel ected
wo e@sndizep 2500; and q is an integer from 1l t oPQODUS1004/039712
- Qi her enbodi nents Rlhas a structure that is a nenber
selected from o ,NHC(O OCH CH(OCH CH ) OCH NH, HN
o HC(O OCH CH(OCH CHO CH NHC(©) CH CH (OCH CH ) O©CH
HC( O CH CH(OCH CHO) CH NHC(QJICH CH (OCH CH ) OCH and

LIRS O

NHBLO) CH CH( OCH_ CHO) CH H CH (OCH_CH ) OCH
: Qe CH ) OgHGC)HHN

".‘_’!ﬁ(&% ﬁ?ﬁ%ﬁgﬁ {41 ) CCHwher e cﬁoﬁcﬁ%ﬂ(cfw%@){ocm

egefsHz efntly selected from i to 25007 and q
and g are integers independently selected from1 to
20. [0018] In still another enbodbrrent, the invention
provi des a peptide wherein Rl hasjja structure that is
a nber selected from o ,N OCH CH ) CCH
§ r )-SGEH, CH(ONCH, COHICHN * J HC( TEH-OH.GHA0kEH,
iEAER A O o CI_IC(,I-(ECH CH ) OCH "RHC H%?O)gé&%ogﬁ?&%m

NHC(O)CH,CH,(OCH,CH,),0
wherein e and f are integers independently selected from 1 to 2500; and q is an integer from

0

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

0
NHC(0)OCH,CH,(OCH,CH,),0CH3
3 q |
NH,
HN
HC(O)OCH,CHo(OCH,CH,)OCH;
«

0]

0
NHC(O)CH,CH,(OCH,CH,);OCH,
S q
NH,
HN
Y\(\/)/\/\NHC(O)CHchz(OCHZCHz)fOCHa
¢

o

0
NHC(O)CH,CH,(OCH,CH2);OCH3
é ) ; and
NHC(O)CH,CH,(OCH,CH2)OCH;3
HN
\H)\(\’)/\/\NHC(O)CHZCHZ(OCHchZ)fOCHg
0
NHC(O)OCH,CH,(OCH,CH,)s0CH3
3 )
NHC(O)OCH,CH,(OCH,CH)OCH;

HN
. \H)\t’)/\/\f“HC(O)OCH2CH2(OCHZCHz)fOCHg,
.

o)
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X NH vIHC(OCH CH (OCCH CH )OCH wherein e, f and f are
i ntegers independently selected from1 to 2500; and q,
wa@ 20080837 ar e i nt egers i ndependently sel ect ed PCDDSA04/@39712
20. In other enbodi ments, Rl has a structure that is a
whefST0 G and ¢ @r@tnﬁg%é‘ﬁ ﬁlm: endenthecte\d‘TFJn? i R 85@N1Ynd araﬁd are
I nt égers i ndependent [y sel écted from1 to 2500. %9
intedens mdqtehldcntb/sqgtmted ftdmelltmi’z@nu on provides a peptl de

ri.sing a i et ving the fornula: -.Gals OH

100185555 Pyt cEPogimsah v e st b e WhRgn R has a
strudt@e bt 3 a faekdter Selectd frda! NAC - O H [0021] In anot her

exenpl ary egbodi ment the peptide conprises a noiety

according tp the formula COOH LLL H - Gal GalNAc - A -

O H wherei . caricd.oHgedHICH).@fH; sai d

pepti de. ? ns gnbodinents the am no acid residue is

a nmenber seledqted frojn serine, thr j ine.

In a preferre mﬁmmgﬂg{?’bgH% Eg?%éergﬁgﬂﬁ

serine at posati opl126 ®H; SEQ ID NO 1. [0022] In

anot her exenpl a e i nvention provides

an erythropoeitign pepjide wher Cﬁ’)cfcﬁ'éc"'ﬁfgﬂfz?'& OCH;8 . and

conprises at | east oné noiety that has the fornula:

0
é NHC(O)CH,CHy(OCH,CH,),OCH;

a 0

)\/MNHC(O)CH2CH2(OCH20H2)fOCH3
NH >

HN NH, ¢

HC(O)CH,CH,(OCH,CH,)OCH;
0

«
wherein e, f and f* are integers independently selected from 1 to 2500; and q, q” and q”’are
integers independently selected from 1 to 20. In other embodiments, R! has a structure that is
a member selected from:

g—C(O)CHZCHZ(OCHZCHz)eOCH3 ;and

g—C(O)OCHZCHZ(OCHZCHz)fOCH3

wherein e and f are integers independently selected from 1 to 2500.
[0019] In another aspect, the invention provides a peptide comprising a moiety having the
formula:

OH

o. COOH

O—Gal—%

HO

G—HN
OH

[0020] In other embodiments, the moiety has the formula:



O HHO --G&-1 GINAc - Man G- HN - | - GcNAc - A
OH Man or Man 1 .COCOH Man - G cNAc - G cNAc - A -@&l

WO 268805807 Man O H wherein t is an integer fronmPenusioot/as97i2
or . Thus, in this enbodinent, the nodified sialic
aci d noi ety @ticur on either branch of the
bi ant enna stffucture.[0023] In another related

enbodi nent , it t | @PHor ovi des an erythropoeitin
pepti de wheW®i n 8t i de conpri s at | east one
moi ety that has t br ROT &' —JF2INA - Gal -

A cNAC- Man.g\-Hk » Man-G cNAc-A@ cNAc- A/ /1 1 Q
COCH Gal- G cNAc Man R - L-HN VO H [0024] In another
enbodi ment, the i nRhtion provides an erythropoeitin

[002PPRY drid theV\BRIEH Ayl difbodiment the peptide comprises a moiety according to the

formula
OH

0 COOH wwan

HO
O—Gal—GalNAc—AA

G—HN
OH

wherein AA is an amino acid residue of said peptide. In some embodiments the amino acid
residue is a member selected from serine, threonine and tyrosine. In a preferred embodiment

the amino acid residue is a serine at position 126 of SEQ. ID. NO:1.

[0022] In another exemplary embodiment, the invention provides an erythropoeitin peptide

wherein the peptide comprises at least one moiety that has the formula:

OH
D
0. ,COOH
HO Fuc
O—Gal— GalNAc—Man ( )t wan
G—HN Man— GIcNACc=—GIcNAc—AA
OH
Man v, Or
OH Man (Fuc) wnr
, D
1o} COOH Man—GIcNAc——GIcNAc—AA
HO
O—Gal—GalNAc—— Man SN
G—HN

OH
wherein t is an integer from equal to 0 or 1. Thus, in this embodiment, the modified sialic

acid moiety may occur on either branch of the biantennary structure.



pepti de conprises at |east one noiety that has a

formula according to: OHHH T o Gal-AcNAc CH P O
w@d0s@cMAc- H T (Fuc), LLL OH Man- G cNAc- QG cNADUSA04/039712
G.cNAc.Man HC COHor 1 .COOH Gal- G cNAc- Man HC &
- r (Fuc), OH Man-G cNAc-G cNAc AA, OH T Gal- d cNAc-
[0023] Inwgld)}_llaér rega mﬂodﬁ’?alnf tfd ﬁluéﬁlogﬂré‘wﬁ&'aﬁl @yRRsHobRiAtpeptidee

sralic acid noiety nay occur on any one or
wherein the rpep@de ddn@rbeaﬂdbmgomn‘ mDiQE’ that has tthef fbrfml]@f t he
triantennary structure. [0025] In still another

%Il ment, the invention provides an erythropoeitin

T e

o ofher ei n t he pepti de conprises at |east one
i gty etrafatre@cNtddreMPrnul a: , OH P Gal. G cNAc OH
G-HN v
OH
Man— GIcNAc—GleNAc—AA
HO or
o. ,COOH bbb
HO 0———Gal—GlcNAc—Man
R'-t—HN

OH

5 [0024] In another embodiment, the invention provides an erythropoeitin peptide wherein the

peptide comprises at least one moiety that has a formula according to:

OH
D

o COOH
HO 0——Gal—GIcNAc
G-HN
OH
OH
HO
o. ,COOH
HO _
0——Gal— GlcNAc—Man
HJC—ﬁ“HN (Fluc)t e
Man—GIcNAc—GIcNAc—AA
HO OH
o. ,COOH s

HO 0——Gal—GIcNAc—Man

H3C-C——HN
Gﬁ OH , Or

OH
HO
o. ,COOH
HO
O0——Gal—GIcNAc—Man
H;C—C—NH (Fuc), v
OH |
Man—GIcNAc—GIcNAc—AA
HO OH
o) COOH AN
HO
H;C—C—N
OH
OH
D
0. ,COOH
Ho Gal—GIcNAC
G—NH
OH

10



10

15

500 Gal A cNAc HC C OH Man-G cNAc-Ad cNAc- A 1 COOH

G cNAc Man HC CHO i COOH 1 Gal-@cNAc" HCG C H In
wo bios/ossbodi nent, the nodified sialic acid noi BCURREY4/039712

occur on any one or nore of the branches of the tetra
In tlﬁ'@érﬁﬁ'&ﬁﬁﬂfn@ fhrelfﬁ%diﬁgd si&lgpe?&imbfbt}aﬂﬁg RELur %5%395 ¢ Blemore of the

I nvent1on provides an erythropoetin peptide that I's a
branbhesadtthevgther fdrirafled Eiantenpapisirdgurel n one enbodi nent

0025 B G0 RS B b e BBl o wheren
the RepRHE 86 piSses a6IBR: bAd h]\bidfﬂﬁﬂﬁ’f NdshthORRmatd: cal |y active.
I n anot her enbodi nent, the erythropoietin peptide is

tissue _protective. [0027] In another aspect, the
i nPenty’i on

grogivi des a nethod of naking a PEG yl ated
9" cog&risi ng the noiety: , COOH
_H TR ein RL is a noiety conprising
strai ghtj.chain or branched poly(ethyl ene glycol)
residue; and L is a linker which is a nenber sel ected
stituted or unsipstituted al kyl and
begoor unsubstithted heteroal kyl. The net hod
agHanyaa—alst rat e eryt hropoi etin
ttHe yonprising the glygosyl noiety: Gakwith a
PEG si al P't aci d donor noi ety hayj ng t he for|rrul a:
oH an=—=GlcNAT—GIcNAc—AA
o. ,COOH NV
O0——Gal—GlcNAc—Man
H;C—/ —HN
_@ OH
OH
o. ,CO0H
O——Gal—GIcNAC

ch—@— HN
OH

In this embodiment, the modified sialic acid moiety may occur on any one or more of the

HO

HO

HO

HO

branches of the tetra antennary structure.

[0026] In another aspect the invention provides an erythropoetin peptide that is a bioactive
erythropoietin peptide. In one embodiment, the erythropoietin peptide is erythropoietically
active. In another embodiment, the erythropoietin peptide is essentially non-
erythropoietically active. In another embodiment, the erythropoietin peptide is tissue
protective.

[0027] In another aspect, the invention provides a method of making a PEG-ylated

erythropoietin comprising the moiety:

OH
D
o COOH wnn
HO
O—Gal—GaIlNAc—AA
G—HN Vv, Vol
OH

10
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25

NH and an enzyne that transfers said PEGsialic acid

onto the Gal of said glycosyl noiety, under conditions
wappsopeate to for the transfer. In one enbodP@ENE2004/039712

t he erythropoietin peptide is expressed in a suitable
wheﬂ%ﬁxsl'il islan GBS Rl g‘%ﬁrﬁl hh@nali‘x?&brhﬁ'c}féﬁ | étﬁﬂeﬁ@él&eol) residue;

i n anot her enbodi nent the host cel i'S an i nsect
and b m :] lml{em Odggh is a nzamoen e¢lectedBrom, substisuted wennsUbstltpted\alkdé and

tin di t| n, in sub
subs iy g3 s sl en iRy ORE Bt BE P A
erytlﬁ@;b'@ét beptide EafpidiAOtheGYdosamasiegt i on in the subject.
The od conprises the step of adnministering to the
subj ect an anount of the gy opoi etin peptide of the
invention effective to aneliorate the condition in the
subject. [0029] In another aspect, the invention
provi des a nethod of enhancing red bl ood cell
withprifiersialio acid doaonment haviigghertrmoth: conpr i ses
adm ni stering to {heodimanmmal an anmount of the
eryt hropoi eti n"depfli de of the invention effective to
enhance red bl oog o ‘Ef’au?:tl ONei N the mamal .
[0030] In another aspect|~ot-he-d nvepti @ provi des a
met hod of treati-Agn ssuelﬁ nj\uuzﬁc aosubject in
need thereof, said injdry charactey+zediby danmage
resultingfromischerria, trauma, infl ion or
contact with toxic substances, said d conpri sing
the step of admnistering to the subject attanount of
and eﬁ{‘erﬁzﬁe hhARQAL &L R REHEG-I81i0hcil Rt AY &l b%l@élfy&%&l ¥Biety, under
iorate said tissue injury in the subject
conditifiB Bppriopriata ¢ fmrtheamps&r It oee ¢mibvosiimenthe remxh@eglean peptide is

har maceut | fqormul ation co si.ng the .. .
cxpr B8 RS b s, 5 Bk B bSR3 Sy et and i ot
emb&d1AHABGE UbitGall iyardiaseptabl e carrier.[0032] In the
o-1inked erythropoietin con‘{k@gat es of the invention,

[0028; kresnother Bspesh dlie inFentins PaavidRs adusthod efireatiag accendifipe H a subject
in neeg ?hé?%fy&ﬁére 6’?{2? 86%?&(812@ Icfrll%ﬁctgr?{és%a@é!e k‘l{ﬁr%ﬁed Ea(a]rblood Cﬁll

prodﬁ@t&hﬁn&he Qibjdcealie mb&hud cariipiseS 36 st&O84 ad&ﬁﬂisteﬂﬂg’ao @9 %1bj ect an
99.2% 99.4% .99.6%, or_nore preferahly % of the
amopynf ﬂareegynhrpnovf‘émmsemiea@ﬁ th# lwmpoqfaffﬁ@t%@ 3¢ W&@Wltlon in
the s S%Etdue covalently bound to the sanme Ser resi due
P 3] O her objects and advantages of the invention
[0026] It arto¢heapgpect the invertion peovidesskintthod of ¢rthencing rddridood dedl
detail ed desc i on t at follo DESCRI PTI ON OF, THE
prodiighichy Radn ek Tirestngd Cqmeriies SO E1s b e el an smount of
the &%ﬁ@bé’h}i PPk dreRe &U&ﬁfon@fféh@@ fo@BRarkts 8€diblobd cdlNfroduction in
N rac l|ce of " the invention.
the mamma

[0030] In another aspect, the invention provides a method of treating a tissue injury in a
subject in need thereof, said injury characterized by damage resulting from ischemia, trauma,
inflammation or contact with toxic substances, said method comprising the step of
administering to the subject an amount of an erythropoietin peptide of the invention effective
to ameliorate said tissue injury in the subject.

[0031] In another aspect, the invention provides a pharmaceutical formulation comprising the

erythropoietin peptide of the invention and a pharmaceutically acceptable carrier.
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[0035] FIG 2. Figure 2 illustrates further exenplary
nodi fi ed sugar nucl eoti des useful in the practice of
wo bmsiosmsent i on. [0036] FIG 3. Figure 3 ill ustPeL/@s2004/039712
exenpl ary nodfied sialic acid nucl eotides useful in
[0032]6n tBE %%m&%ﬁ}éfmﬁbﬁeﬁ& U&ﬁ%ga%-ofﬁie iRy EfohUesSertfall¢ Qach of the
ki | odal t on -Sialic acid>PEG B: Structure of 30
amirjoj dcisbigbitives tOVFhi thk ipolyawt i B hpOhe FameEkiBicture. Eogenample, if

4 presents aJ.schematic representation of eugrd, akNo o o
one U TR RaE SaF BB i ot Pt v s AT e g%, 95% 97%
99%13918%€99. V2 DY .69€ ok frordprefiiatdP OP RS of tHY péitidesiat e Bopulation will

A i nked pegyl ated glycoform B: One of several 3

haveithe snuma glyeosil 1epidie doyatapily bowed i the srmar Bey. restdee. nodi f i ed
[0033] BHcF oBEL AR &IAeGOUBE h IR Il ST ARBRAH oI skl in the
occur om any one oOr -nore of any o e ‘branches of the
art fiddml thaldetdiled yesosiption thati fdllews.Furt her nore t he
illustration is exenplary in that any glycosyl ated EPO
nol ecul e may conpri se any m xture of nono-, bi- tri-,
or tetra-antenggsc liﬁr(ﬁeql)lg#m IAWeSGgues and any
one or nore ofﬁtﬂ%e %kranc es nay fuMer conprise a
[0034bEIGi edFighm! )i idlustcites sopiestxygmplary medifiedesngaromclep@de38keful in the
EFl Gf € Fial%ure 5 illustrates an exenplary CHO derived
prac%ﬁ@ FepiY &9 its nongl ycopegyl ated form As
[00391 FEGSE Fgiirb 2ti s tdafd Sitéhel exdrhlbyanddifis® )t niid)éotides useful in the
ilTlustratiton is exenplary in that any glycosyl ated EPO
praciiesl afdlg wveationconpri se any mixture of mono-, bitri-, or
-ant.ennary N-|inke l; k&asi 9 .
(003§ RGP FIE3 s oles R E A8 SR Al Tt hsetut i e
pracG@afahd ingerithm. ph8travtaRkifAokilodalh CMP-S3R ated-PEEd B: Structure of
non- gl y%&gegyj ated EPO fornms, and two different
30 kitpqaltgn MRS 1) ic\asshBY at ed EPO forns. [0040] FIG 7.

0BG i ACENER o Rce et RS g

EPOR@funes iSolated font BainessHamsten®vay pelld. venAs eanpipar4iglodaton O-

T RTINS Wet VT

glycSRhnd! YRORBENeatRc gg@rﬁd?étg‘cofﬁiﬁiﬁn% BRI PEG HJII&RRO Bl ¥Gcur on
gl ycopegyl ated forns. [0042] FIG 9. Figure 9 shows
any ¢rreeormedraof ery eftthe bianeckesof thods-linkediglyodsy! residue. Furthermore the

R o N RN I Y —————

moné, bRdal, e fbtﬁéadniteihﬂhxg }iinké D@ty €5y Predidaéyhnd)angdde 8r more of the
hyper gl ycosyl ated EPO variant 1 n stinulating

brangies maydpghersemprisep@adificdsialicapanointy ofithe ipytion; n f
005561 kA0S TR ol oMU DRISEETRARNL L

glycegvighRrdddofP OAs disepssed irbe Veapend tsFigarecie@boa) ileenisiugfationds

ngn- peqyl at ed EPO
exemp aryri)n %t any glycosylated EPO molecule may comprise any mixture of mono-, bi-

tri-, or tetra-antennary N-linked glycosyl residues.

[0039] FIG. 6. Figure 6 shows the results of experiments comparing the pharmacokinetics of
two CHO-derived non-glycopegylated EPO forms, and two different CHO-derived
glycopegylated EPO forms.

[0040] FIG. 7. Figure 7 illustrates an insect-derived glycopegylated EPO peptide according

to the invention.
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variants (A and B) and two gl ycoPEGyl ated vari ants
(the 30 kilodalto and 40 kil odal ton variants of
wo e@anes27t A and B). DETAI LED DESCRI PTI ON OF TET/US2004/039712
| NVENTI ON AND THE PREFERRED EMBODI MENTS Abbr evi ati ons
[004[[]99116] 8. %ﬁ‘ire @%hé‘\@? Eﬂé)fleﬁﬂ‘t@ gt ¥)€&¥ﬁnen€s’P@mparmg the pharmacokinetics of

pol y(propyl enegl ycol ); Ara, arabinosyl
a CHQidcmw;ﬁlon-giM@pegﬂ@@é WPO foam, argmls@w@sydd no@eglpwpegylated EPO

al act | ucosyl; G cNAc,
foml\l-witgﬁ{l%/lf ‘8‘?”“'88% %/lpgoq@ﬁﬁa& uSylSy ManAc,
[0042PFIGSANFiRMte PERIRLES relitive a¥tiviRs vf tw@f&rnb'@ﬂﬁ‘@n g@b@;bagblated

(N-acet yl neuram nyl nmannose- zhos phat

EPOméf ang B) vsmsyis [twezb]cogiﬁﬁélgse'dd@fmmé (the Bh kilodalte, and|4|0 kilodalton
SR A SR e ISR SATEALY

prolltﬁafraho’lﬂrﬁEmrdcbptbnbédrmgélml detls whéutturd. hi s i nvent | on
r.al t he .nomencl at ur e, used _herei.n and
l004?h§ﬁ|9a§% Fge ﬁﬁ%\i’%&@ﬂ@%"f? upfing eﬁ&smpe Jﬁ?éﬂde‘%ﬂ@ fpa
recoﬁ%ﬁﬁhﬂ htme?d Eﬁ@'r@ceg 'Eysvtaf&fusa&)gcé}ﬁx%'n@hscoﬁ ﬁ‘%g}'ﬁ{eﬁkPO
re co y

and hybridi zation hose wel nown an
variaaty(AcaneldB) andttive ghydoPESY tatatbwadiate (thai3qkélsdaltceandsickifodalton
C aC| pepti de synthesis. The techni ques and

. nucl
Varlﬁ{#so wirsst Pgdééneral |y perfornmed according to
conventional nmethods in the art and vari ous general

oo NaTETALEERIBRS R KIONTDE 13K 18 N A’ e

Har bor Labor at of NERFREPERRED EMBODIMIENPST . N. Y.,
whi ch is incorporated herein by reference), which are

Abbpeviatiensd throughout this docunent. The nomancl ature

(004F B G RSt Mo RERebERY PR PR EGE A habdng b £

fructbgllowoaﬁﬁomossl hétoésmcmmmchmyawgﬂlacmmh@ye@k flucosyl;
the art. Standard techni ques, or fications

GleNAfe ﬁ%wetylamomw f Mianghasosys MapAchaarrosam iyé AeatatesaXyl,
0 C rein

oG A EP ﬂ?da%%tﬂfge‘%’%%%%é? MG PR GRS RRPRRA o

non-r educi ng saccharide (i.e., Gal), followed by the

configuration of the glycosidic bond ( or b), the ring
29—1155-9.-3-(1 or 2), the ring position of the reducing
[0045&9?11?:@5!’ ddtfhel BURIWRE dllqeélﬂl?cap%msc(%hlﬁg terfhs uBePherSihrgeAflly have

he nane or abbreviation of e reduci ng
the sgime oteaning@s commonlymndmm)od bigank of excldeay Sldd in she art to which this
eably a revj.ew.of

1nve1€ﬁc§10b6: qngs. ogﬁn%ﬂz lgfi Ié({l{lﬁ,l‘g aélér us Lein a $ gaag?baorrgtory procedures in
cell SaltnfeQ BioMcamY gMadtich, dRbandd cheﬁﬂﬁry dndhucRicescid EHRRSYY and

471 di gosaccharides are consi dered to have a

hybrgde@u@n Aty thos veribknovivandrcomueeniy eapleyedvinethp axt. Standend techniques
are uEQﬁfo? ﬂﬁ@l@l@ rakﬁ%nﬁﬁ)ﬁﬁgagec%ﬁgig%é.ggh§ {éghﬂlauésrlmﬁ %?(;CC&JICS are generally

I'Ng Su
performed according to conventional methods in the art and various general references (see

generally, Sambrook ef al. MOLECULAR CLONING: A LABORATORY MANUAL, 2d ed. (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y ., which is incorporated
herein by reference), which are provided throughout this document. The nomenclature used
herein and the laboratory procedures in analytical chemistry, and organic synthetic described
below are those well known and commonly employed in the art. Standard techniques, or

modifications thereof, are used for chemical syntheses and chemical analyses.
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wi th accepted nonencl ature, oligosaccharides are

depicted herein with the non-reducing end on the |eft
W(amilsmhlezT educing end on the right. [0048] ThePdtBUM004/039712

"sialic acid" refers to any nenber of a famly of

[004@]I Af o?x@%ﬁ@fl}]agﬁgfﬂa@é%g@%%%réi% g cﬁscr?ﬂ?:ﬁ wiSthe A&AEBP abbreviation for

l'y
the nnn-a@cbtcng saecharde Giec Gad), dol(ogved by the conﬁguratlon of the glycosidic bond

(oo 5 e FEip (P 5, Mo O i eheges’ ReonEe TRAR i the

bond%_?, W)or 8%\ afi8 MQhéTﬁiffP@Br MordviiohdMileVreliing saccharlde (1 e,
olylneuram nic acid (NeuSGc or NeuCc), in whi

GICN/’ﬂ‘-é Haeh: sacyharigle aupreteratille a pyrangsen yidr exsitiew of stamdardl g]'ydobxology

sialic aci,d fanl er' .
nomEcfater 58 sl ol reBad N ¢ bt GElHaRirss 1980
[004?]1©ﬁéasadchaﬁu@§ are C@derebrth hald B Ledlidng énd Kad@AABH-red®b Rk end,
. Chem 265: 21811-21819 (1990)). Al so included
whetb?feorgwsGlg§@¢ebatlé@at§h%ﬂed@ma& prrbisgu fast &sedaw@gyuganemméordance

with gt Ol it R oaKcrRliads &5 BESLEN SEHAIN the nomgreducing end
on thEOéft mai/uge\nedmgldgimd@nahe figlacid famly, sele e.g. »
Ki | ycobi gl ogy 2: 25-40 (11992) i al.ic Aci
l004ﬁih£bﬁ @fm Sialpadd oresiiosy mfembftrmé @ f amﬁy SEwaEr@arbOEaarboxylated
S -
sugaﬁsS grh'g c}fﬁféxbg%feg{\ﬁgvﬂg t‘glE Egslé ?ﬁa{aﬂrylg kaN %X&ghﬁéirﬁnﬁﬁ@amd @)
keto-ﬁranetadudcw;Ssdldlccs@%ggdzermDrgmiaetmnulopﬁbn@pbbnmamda(pftm

D S SR AN b 560k PR e

neur@finttSa A AN@5Ecl R IN @ Gic), 39 ¥hit@rthd N%&H@h gRIlh G NRAAE $s hydroxylated.
alternatively referred to as a pol ypepti de

A thipdisinlic aid fanyily mambenis 2rkesard soxseherslososic asidi@dIN) (Nadano et al.
oo B e R LG 3T TR U OE RS sy 1-rss

(199@))s alfeinpiaee ars StdubstRnrs siatic heidenich@p a 9FOHC bEJ 4091-BleuSAc like
am no acids that have been nodified to include

9-O-lagtydNopdAg pba&acmlylz!@éﬁc@&dsﬁxsgf?tfb@ro-blsv%%%d 9-azido-9-deoxy-
Neué.tpce %%gf‘e%év& dﬁ'ﬂb g]%lL@%Cld *?Ari? s?& Y gsvﬁpfj ﬁﬂ%b dl@ 719%¥.40 (1992);

e use e |nven aci ds
Sialivdeids| Ghdnerp rMa&bﬂlzsmWﬁumnomﬂy Sokawer,tHik (S;IrhgeDV edag, New
Lj r.. The L S gene al | referred. .In .
Yorig 398 o e atmléeﬁlsaggﬂlﬁedgﬁﬁlﬂmc o S R A arion rogpae i
dxsc19§e%~°1§ E‘I{teﬂnﬂﬁf@rﬁi h¥licatish W%/ﬁ‘@é@‘ Bubth@cPDbﬁi)%er 1,8bess to
'ycosyl ated and ungl ycosyl ated peptid Al so
[0049h’d?eptjdd' rafegs (et padgsert ih athiclr the monometsetre buyuno ac1ds and are joined

togetg8¥ tﬁg)uéh cgq l?%éi‘sl,saiSt % éi}} ?‘%ﬁg%cg{o:a%sé%sol)h)%}em?% pz&('i(ﬂ? oOnally,
unna%MnﬁF[BXcﬁN@oﬂ:@QﬂEé%&TﬁY@: pﬁéﬂ &é BRI hdthbatkiatae aéé\ﬁso
El NBS,. Wi nst ei n, Marcel Dekker, New York

1nclu|ded ZAmquLQSdS) that[e@ejﬁa] geilieremtcmiuedmay@ﬂﬂou hstelscebm theg ateeﬁ:n"t invention.
1 on

refers to s
Furtegngisn Becin PR Ak Ha PGt Gaar NG iR by Eiytation
sites Y1 @hérs, th&dpddtic Thelefidd! Blomdlciles akd the Hk@fnﬁfySalidbe used in the
nat ur al | occurring and synthetic am no acids, as well
invention. All of the amino acids used in the present invention may be either the D - or L -
isomer. The L -isomer is generally preferred. In addition, other peptidomimetics are also
useful in the present invention. As used herein, “peptide” refers to both glycosylated and

unglycosylated peptides. Also included are petides that are incompletely glycosylated by a
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as am no acid anal ogs and am no acid mnetics that
function in a manner simlar to the naturally
W@emansi3ey am no acids. Naturally occurring anP@DUSZNEE39712
are those encoded by the genetic code, as well as
systénh BRBeiTtRes BE lpeiﬁndeh For agsnératr@\sleaofyef S;?a%la €A F.; in CHEMISTRY
hydr oxyprol i ne, g- carboxygl utamate, and
AND BIQPHRMI$IRYEPH z‘hl‘GINQﬁIMZI@S, I%E?ITUDEaﬁHDd’Q@TEIHS,dBSWbmstCm eds., Marcel

co t he sane basic chem cal structure
Deklégm %joﬁlfaﬂ ?E7E@§§}rl ng amno acid, i.e., an a carbon
[0050)@he t@m%ﬂﬁtﬂietcﬁnﬁlgbl& Frrefeto spediéy ckaPfeV invertndn wiich a peptide is

am no group, _and an R grou ., honoseri ne,
COﬂJFﬁﬁthde‘Ug'il ﬁ@lodﬁféqdﬁua@r aséefsﬁs? Ré\ﬂ% net hi oni ne net hyl

c

100s3p TR Bl EARH005 ARURM RIS I AR afipBoids, as wel
as arhine asiramalogs aed arhizwiacal miietics that funatiomin e kimilar to the

ocurrln am no a no aci.,d mnetics refers to
% opeuTitig &ﬁs t AnII)éwuaﬂ%& FIRRP GFIS pFs: °§e§ncoded by the
gene@Ibfcf)&’é' ﬁmvefl régfﬁots@ gﬁ%[cﬁ'theﬁ'ﬂ%&ﬂnoameﬂcé gr rﬁr?,(l‘l}t)xﬁﬂ()hne v-
am no acid function in a manner
carbmatgunamaty mxddﬁmhosp@omnno Aawino acifl @0&l2gs rafers Knecwmmuednhat have
erm"no efers.to a.natlJér

ar
the Sﬁ%‘ﬁ bﬁ%If ﬁ]PeéI“Fao*&‘Bﬁﬁ“F %WB OUIEERS 3WAP aF
bourfIN8 ¥HHiozeh, aycaﬂsiﬁ;gﬂgl@ub Qanddifad igftfpa&dchnOR gfoul ¥ 8O B¥hoserine,
residue of a peptide in a process of the rnventton.
norlepigimenmeihionie aIde; wehingne raethyrspfoaiumu nish apaloghbayganodified

R gr(?#})bl teré,? hL&s elllc?r:fn)) or h%ggieauptegp% l%ackggrﬁgdo c(télg)g& same basic chemical

struct@t by ahetlrlydRESring afhino gid.CAgNho zhfkﬂ hﬂmstlcsg*kﬁeﬁm)dhemlcal
nmesyl ates) and sugars that are neither activated

no
compRea et b stiveturqrbiat isidéderenidam theseperphshomira) structure of an
iR b SN 2 g PN 00, BEOUR el Tl
[005ﬂpAemSmsher¢1h,etha ezt Inmodlrﬁ)ecbiwgexs” rezﬂaragrmnattuxallmratqnam,turally-

bi I I d the
ocouig Gt Batis SAORAIAYY SkEd OpIa i 2o SR agiqopd gesidue
of a PAFRETHY HpRicEss oFie IEHRNOThE WAL A3 L1 4 ffnber of

fying group is selected such that it does not
enzypreembmatetShecludan; it adt lsmied to SIug@rmumph@f:Sa(umgl di-, and tri-

phosPTr iRt Fuse®s By ock gt ey B DN o SlaflesLapsmesrs thatre

neitideh@biatldlr dedéaRrleOf TRO*HEdifiEd Yuda® @b RdlentiVefuh@ibhalifed with a
detect and/or quantify water solubility are well known

“modlifyipgeroapt”. Usstahppdifyinggroanps gislugds) kut gesi savdimgted de Rife moieties,
I

therag:g‘?ﬁd( xggrﬁ ess‘% I(‘gg@s;t‘fé:q-lgc?i&:u {&%ﬁﬁﬁaﬁfeé)and El% 1%((%32%1@ %g))r(]hfﬁm\g Sroup is
preferabie @Iosaaﬁw&mug scairribg ot anposedified cabshyd;hte e tezusof d,
g A 5 s By B BECE NG rven e
(13 |

mol L SR o b ed cn o M Pt 15 o
[00SBEPherent a\tateyfsohlblqi (rcfarsktonwwtms @hat tyve JodBsit}ectbde degree of
soloBBlxiRatatgh SRRy S g iy Sty SRR BB progfill i wm im the
art. BRerpIABI witeRshlidlaboghieey intleH@p&Hides) |sXePRRSdeR] FolHletRrs),

suitabl'e for use
poly(amines), poly(carboxylic acids) and the like. Peptides can have mixed sequences of be

gln o carbon that is

composed of a single amino acid, e.g., poly(lysine). An exemplary polysaccharide is
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in the practice of this invention and that the use of
the term PEG or pol y(ethylene glycol) is intended to
wheosnsi3esi ve and not excl usive in this respeckCT/Ubm04/039712
term PEG i ncl udes poly(ethylene glycol) in any of its
oly{sedli¥eacid) N AnUste MBI tH2E s peiy{dtRakh
P yFrul tiar r)red PEG, gfag* E&Z&PE?S gr g&cﬁgé %%201?5? l}e’(r?thygélélmme) .
an exqmplarypetyagring, end pely (asoilichracid lmxnprﬁgemtevemolyfsaréoxyhc acid).

00525 R SERUES A0S 0GRS DB B .

PEGI) OHMWEVerbﬂ@KM@ Be aaderibod thaeatheraelatdadtiiests aBragocsugable for use
| ymer backbones are generally known in the art

in thWEﬁCE%ﬁ phhisinysngiae radithgbihy mss ofhe tesmcRE (g prpoltesidene glycol) is
interfiRl %o E@Dfngﬁlx?{@ B4 ﬂot@ﬁdﬁ@iv’et@(hh‘?g rebpedf aggoeahx BRG ﬁb@a&s
ranc core.

Inked to the centra I's commonly
poly(ﬂl@denergljzxrodxhohteyi of Us fm'mshatludmg abexp PEGH defdndiional PEG,

mu et PEP: skt S RRpehenr Ehaed b PRSI CI Bl pcTimers
haviRg 8RECE rﬂ”&‘e%ﬂ(cti%ﬂﬂ AbHR /AR 1e of §a<\b%ﬁé5l oPPEGWith
aci ds, such as |lysine. The branc y(et hyl ene

degrgda}o&olm)kagmhg@m epresented in general form as

10055 ThE FIghbr babORthalRe  FRE Hirthed| TG A TR b taRtHEes are
genefdlIfigiowadfin Alidt. ’Mfﬂlédlz@i Hﬁdclféﬂ@o'[@ﬁhﬁ(hldk @ Sentfdl randB core moiety
t hose described in U Pat . . 5,932,462, which is

and 3 pslisy pEkingar BYlymer ehadpsdinkid methﬁ cpirgl prangh cpieePEG igggmmonly
usedQ{a %&n@ﬁecﬂ%ﬁgs fhat &H)eneﬁﬁ%é/ e l?}b% (?f et %GCJXIJ\%X’BIIOUS polyols,

her “pol yners are e Inventl
suchRelglyreerol, hﬁﬁtﬁb@lﬁlﬁﬁol draltsogiw].NDhe mn’al biaﬁc}ﬂ'ﬁdlety can also be derived
wat er-sol uble, with from2 to about OOterm are
fromyseverakamine agidsuely ps (yﬁmﬁh dhe Ev‘@ﬁhqd y(ethylens & °8lf) can be

repre%h‘fﬁt@&‘m n@%l ene(nﬂF kmtw}ﬂé %reée f?tﬁ@gortz oiety, such as

er poly suc y propy ene
glycgbqute)xta(ei‘mb) ang upmbgeﬁarts tlmﬁluelbhybfemrmsg MdmanacrﬂPEG

mol%Bf)es,osluj; %p%}g%qscérﬁa‘t?eﬁl in § cﬂcﬁﬁ S]Tlcj %%3&(4%@/ 1c 1sa fn%(ojrporated by

referlé‘ﬁ’éeyl{eYélii‘Yﬂ Ry édtRéty A& so be used as the polymer backbone.

roxypr opyl et hacryl ami de), po hydr ox
[005§l: l\%}pyy r p%llg'nwgqyarg alse ﬁ@qt%{ﬂe fg)@ﬂ;ﬁ?jmﬁgppgg Bﬁb'¥r1er bag/kbones that are

non-ﬁ%&fﬁ% %élg\kll grqigl@a%,y a{tY{ ﬁﬁéﬂ tgy ég%r@g%ljnﬁmﬁ 4 ?jﬁ' R%gtt}:uﬁl?ly useful in
the mmmb@ OEriraplebyf suithble oBendieineiude, but hfesnod ntnuree&of, otla@nd
ynmers, ter ynmers, and m xtures thereo

poly(cqllfmwga%yqq#ﬁ %ﬁé&B@Iaéprwlwglxﬁol)e(alémc)hsﬁn?lmerﬁ REethylene

o PAMTRSAGEHORE 8 1l MR EOLLY, BB s oo,

poly(wimpﬁ’ﬁﬂiﬂonﬁ), ﬁ&@(l@drdx@pﬁi@@hﬁetﬁ&rﬂ&&d@ﬁ poﬂﬂ&ﬂ@hro'ﬁdyemd)

area under the curve" UC', as.  used herein_ in the

poly@dmyl alcohely, @énmheﬁ@taé?neneolaowehmd eolyNgerdodmemboling); such as
descgﬁedjﬁf[é Qep,aR0 { ER) 384, %léﬁqgﬁ{cg{ﬂ&a@ by §esf%rgx?nctecherem in its entirety,

escribes thecoricerdtration o
and aipobyuteas, iterpolymetd) enmiixteret thesecd Mﬂ.’louglmhe afol¢dubae wWeigitnof each
chain of t%e tpglylmrl:fr acktbone can vary, it is typically in the range of from about 100 Da to
about 100,000 Da, often from about 6,000 Da to about 80,000 Da.
[0057] The “area under the curve” or “AUC”, as used herein in the context of administering a

peptide drug to a patient, is defined as total area under the curve that describes the
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[0058] The term"half-life" or "t' ", as used herein
in the context of adm nistering a peptide drug to a
w@adosest327 i s defined as the tinme required for PCEERR04/039712
concentration of a drug in a patient to be reduced by
I I
con e ST e TRE SPRGE il hE paR ah Bt 61 e fiomy zero 0
infingtyear ance mechani sns, redistributi on and ot her

ani s int art
(005D THE R PRaEL of P Macliecit i thr 2ome ot s s ppeptide
drug't§ a%ﬁﬁé}ﬁ ' 1§H@ﬁhe)ﬁ1 ds I%héf ﬁ’x@lb $écfuir@él1 fdr‘iﬂ‘asn@%n&é?ﬁraﬁ@ﬁ ef Mﬁg% a
is associated with cl earance. vvever pr oteln
patiegt togw redused by one half. There muytbepaore, thanmmﬁuhalafdlfc essppigted with the

I d b { It
peprifs AR d<pERIheby FLiE oo medafisphy oG BRP LR ey
meclphaat W ERIGACE theyrt.0Usualg| sibkdland Betd BALRY @ e Béfined such that
macr ophages, or endotheljal cells that recognize

the o{RhARP AR S guPeiatcd suith rdistribugippand dheckesnplise is “associated with
clealjé‘ﬁ@ec %%ﬁl(éllelr‘ 3 {é% dl%gm‘a?ﬁ-e f3F tﬁeqﬁ@ﬁ? gan %Joﬁﬁﬁéd B&hé

ase earan ur via renal
bloodstfebmathemahdje anmlasstctwb&heamnbh halfilieéd. eRdrlsmae ghdbsidated geptides,

r oxj mat el kD) and/.or specific or nonspec
raplﬁp%%ﬁ sS HlsamateaY be el Qe frsehion PIBHERRAEES: aﬁew;@gshehal
cellsGRR rE®ghizB HrmItPBARcOS, N-aceBAALUAARIR, N-acetylglucosamine,

N-acet yl gal act osam ne) and thereby bl ock rapi d al pha _
manpises@ futasar Slovesr beta phassaybeananse nirytoceescoy reina lotmesléar filtration

for et arl g e BB b ana o8 T bF KB AR i or non-

specificafptike URE atetabolifia ik BYsups. OGEIBGPE'Gthﬁ@n hmay @a;b@hﬁlrﬁhﬁ%ﬁrs (e.g.,
Thus, the precise inmpact of gl ycoPEGyl ation on al pha

galagipsecns I\&n@tﬂg@lactgmyée)mﬂfthqrq:hye@ovh rapidadphp phapre¢lenragee via
receﬁ{&%Qh&t?gcr ?hﬁg ’the%é gﬁ\éﬁoﬁk %%QBY:&?%E 2 gh;r%eqrégfe&ﬁ\%elradlus and thereby

decr&xp kt&ﬁ@lulﬁl@obdlstnbﬁﬂuﬁn zindf tiSud wpthley thdrdoy prilanging eietlatedleta phase.
Bi ot echnaol ogy (1997 A Crommel in and R Si ndel ar

Thuse ghe preqifer iRPaEL qflquogﬁgy@tlopﬁgtag}ha é)}ﬁlse@g gt phamf -lives will
vary [dgpeglr%gngt-r\.g)%nttﬁé Tye, Ha¥C c{o%’ﬁ@ﬁégp And ofher #ﬁ%ﬂet}éf‘sr 841 ’well known

he enZymati ted conjugation of
in theredi F uﬂhb@uglanatm&d“ “h&lf-ﬂuﬁe” am faumd no Bhamiaaeutlgil jamcoisghnolo gy

1995 BTSSR o8 BT ERE Sl £ 101

120). 9l ycoconj ugation” is "glycol -PEGyl ation,” in which
t he rmd|fy| ng group of the nodified sugar is ]
[005bTThg wtrhylyaecagiuaatipy., aanstddictejn, refisrsito dhd enaymatieplly mediated

m PEG) E%noﬁﬁge L6 s?,g%%%ﬁ%ta?@@ 5 adld or g%g%sg?%égue ofa

coniigai4an
polypéptidesd #.| @& Estlabpoietad ﬁepﬂﬁe of thetpe¢sehing@miohy Acdubgétisf

to a reactl on cycle t ,roduces at | east about 250
“gly¢RgonjYERIQEY db)| glyqﬁl PEGidatioandnpwhdoih grodifyngrggewp of the modified

sugaf L? %%&%P?gwkgﬁ%dﬁﬁﬁw Pe&va@%@?@. %;mglbﬁlépg‘rq@&éfﬂ/@tdgrl%we (e.g.,

a si e reacti
H2N-PEG, HOOC-PEG) thereof.

[0060] The terms "large-scale" and "industrial-scale" are used interchangeably and refer to a

reaction cycle that produces at least about 250 mg, preferably at least about 500 mg, and
more preferably at least about 1 gram of glycoconjugate at the completion of a single reaction

cycle.
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cycle.[0061] The term "glycosyl linking group," as
used herein refers to a glycosyl residue to which a
woreashyiseyg group (e.g., PEG noiety, therapeuti BCOS®OY039712
bi onol ecul e) is covalently attached; the glycosyl
[0061]'THEIt816h, S RYBs I AhKivg LRSupMAidsyd ReBITORE ha él?h%s 1 residue to
remai ndér ~of the conRjugate. I'n the nmethods o t¥1e
which awmedifying, groupe(e gy RELo mypliety i therapaytig mmigty, tiewmoleesle) is covalently

caval ent | ttached to.a.glyc ] ated qr )
attached! e éfvcoryltinkihie Brounyoins e ngHiYing giiundo fiedemginder ofghe
conju%é]te.alllﬁ e méthélsaTMeinvettionomk glyesdylligkiag gt Jup” PedmddQovalently
"glycosyl linking group” is generally derived froma

attachedel piglycasdeigd or ungtyqosplated popiide, thepaby dinkingrihe agent fpean amino

i §d tot 1 N0« AGI L Of C .
acid arlH s Sy HRNe ut Be BlbT, 2° SOk Bl 8 Bl dorived
from b¢madERdchgar de der énvemlatd stachmest dfid “rhedifled swdetio an amino

.. during formation of nodifying group-nodified sugar i
acid aéléé(g@?xcesxléSngdl}e Skpeseaniige Ehe sl_vcwﬁ linkip gzaip sfn be a saccharide-
derived REUELEL i Rradb® AE P (HSh OO p oo syear
cassette (kg.noxidatoomp> S d¢haff base fdematiome feduction), @ir yleod ydospbliredinyg group

in_which the saccharide nmonongr that links the .
may bgyjatact i 4f “Eastiglysesy] Hisking grougnstrgde 2 pking groupdhaigaderived

om RS HEHETAE e N op e ks SO oo
to thel rememideoof thayorjegatieisinoe degradedy agnaxidizatl) o/g.oby sndiumg

ol i gosaggchari de by..addition ,of . gl ycosyl uni . or
metapegiofiie; ot S0 com! HOKEE §rOHBSCy] B HETTorL TG o Araffe from a
naturSIREERAFribeol bl dtchaH R byl 8R1dh of BB/cbS Mhit{sRH R oRE] of one or more

moi ety," "as used herein, refers to species that wll
glycogyl unitt frare lapatest scrhaside structpegr t i cul ar ti ssue or region

fnthe body. .The lLocal | zation.is iate spacLfie
1006 st arectre oteBEe rh Rt ot R Shieb ety
locali@é it dpartiduilgefidstgor@eivh of theCvdly U TaE tocalifiliofi is mediated by specific

I nteractions, $1‘re%dr_ophobi c.interactions and the |ike.,
recoggjtiparof graleradr sigternantsy Helerwar size efghetargeding agentor sopiggate,
ot r i . e~nf i . ] .
fonic HEAUEY HIGRRBAREHRONCulnl 108 20 er REbehiohl Jgeting an
agentaotaipacitylal tiaguewn tgion arakaden to thosdis-skily mape att.eEremplary

goagul ation factors, serymproteins, b-glyc otein, .
targefgpietieq INekyec Anj kodfes. BOL g REntr HaBS D BBy EKECRTEISi:
coaglh@t‘i(ﬁi fActors BELAREHEINS, FRiyebprotelfE TESRNAMIBS I MUESEF UEPO and the

tor therapy including, but not limted to,
like. anti biotics, anti-inflammtory agents, anti-tunor

rugs, totQxins, .and radi oacti ve agents. . .
10063 A B Py el R, PO GRBE s raherepy inluding,
but nSARRTEH toC AR dtes antilinflimatbryRgentd, B nenér dridey, ayasiokins, and

noiety is bound to a carrier, g, multival ent agents.

radioguive apents.i CTheripsvc mpiety” in@uwgigowgft efi bigacgig agents, constructs in
wicRF HHE G HIRbe ISR BORLR] A% clPARTPL SNl St

Therdpettidimaictnglsd-actudes profeTis) and constructs that include proteins. Exemplary

proteins include, but are not limited to, Granulocyte Colony Stimulating Factor (GCSF),

Granulocyte Macrophage Colony Stimulating Factor (GMCSF), Interferon (e.g., Interferon-
o, -B, -y), Interleukin (e.g., Interleukin II), serum proteins (e.g., Factors VII, VlIa, VIII, IX,
and X), Human Chorionic Gonadotropin (HCG), Follicle Stimulating Hormone (FSH) and
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Granul ocyte Macrophage Col ony Stinmul ating Factor
(GMCSF), Interferon (e.g., Interferon- a, -b, -g0),
wo pdosossekin (e.g., Interleukin I1), serum proPEI/IS2004/039712
(e.g., Factors VIl, Vila, VIlI, IX, and X), Human
Lutef28gd I‘?&'n?on@?ﬁﬁ? Qhd 891b6d§ st rgf%ids'(g %eTéﬁblnNé&B:hPEactor
Hor mone (F andLut eni zi ng rnmone (LH) ant | body
Recml(fiﬁ\ﬂﬁﬁlﬁffedomal(léu&yon fmates).Necr osi s Fact or Recept or
NFR Fc_.domain fUSI.O
(006t SRS Rekoit TR i Qe REEb b apradrc el o i i
wheﬁﬁMnBiﬁE&ﬁvhtﬂhhe Mhli?éﬁte\/&ﬁﬁt[hsqmm@gitw hdtivityang ¥hdHgRh&ive with
retains the conjugates' activity and is non-reactive

the sypjeef stimanungisy gems.sExamplpeinglpde.di are@@ahml@é tq, 188y qfithe standard
pharpnﬁaelﬁ’l 9 Afferd | J&tagq p'h8 u?iferetdrégll nﬁa ! éwgtﬁf,feglruel%ons such

arnaceuti ca carrirerd suc
as oﬂ:‘/a}laten emabBlion, amhyarivat epes efrwbsmg IagerﬁsJ C(Dthaﬁcmléllswadyeﬂso include

£ sion, and, v |oustypes of wetting agents.
Ste“’@éPlr‘-ﬁ“@P%t sis inchilintriopisdaales and eansulen Imsallﬁ S;ysh é%rglers contain

excipiBits Yo 608t Bk a&ga?tc%nﬁﬂqyﬁe%% eia9 elz;EMxE gteﬁ!u{ {m&&cﬁus

carriers cont al n eXCI o] ents such arc
theres)ﬁgmgnes;emtcmcalcthp stearofe, tallcayczgegaﬁlzafautsrpr abeams gB/KCDh*. arother
salts .t nesi u r .C | Um steqara
knojeReTniple. Piieaiern ey g ety Bbrad o e of
ingréféiit)| CathSositidHs RoMprising EkchRiricdd &@ fhalimde bl WA KhodAd
col or additives or other ingredients. Conpositions

conventigital Bielgdsuch carriers are fornul at ed by wel | known

[0065@ %Qet e?gh %ﬁlrl]rﬁ&gn%é '091%?11 alﬂmegls{r]% 1on Ddministration as a

ora mn's

suppadtﬁryl,l tsplbﬂtdoﬁﬁc’@&ltﬁv&ump Agiraeiiyoneb mmiuseﬂﬁht atttalesional,
i ntravenous, intraperitoneal, .intranmuscul ar,
intrapgsal on suBewRRgOUS Administatan. op thedmplantationdh ¢ slow-release device e.g., a

mlmgﬁfﬂoﬁh %hfngt ioocHe SLﬁil:[]ectt " bR RfoR Bfa&f ﬁgﬁteﬁh@%@g lp&R%ifral, and

-osnoti c punp e subje
transfrrebsad (d.g. abnab rmasad; Vaginal) yeqtajucbxeransdﬂrmdl)n @amateeaitadnmhstratlon

. nd transnmucosa al, nasal, v in rectal

inclu P, 1o SEEYRANS, IS ST s YR B eus,

intraferftoneal, ThirARRRYRr, dnBlifFHTrRG| Moredval,vhedE [rfdctiBh & to treat a
I ntradermal, subcutaneous, intraperitoneal,

tumqrm g.aindnee amtcam, aChnmmmtwramaa be directlvnp ehn/t@mor whd/peinto tissues

surrgQHE AR Dk ks B Bl infiyde ut BEHEFUAREP i Be'tse of

liposofaPforinG keSS, sﬂtfavehmﬂhﬂmrbﬁetratnw@mm plterek, dipdes of
delivery include, but are not limted to, the use of

[0066] ‘Bl isrl"amehiorating i a5 rhameliorate & vaders te amhindisiaef success in the

treat{nr thff%g{ H:F)l?é'aér%laﬁ&’ltloﬁ tlﬁClL’lé ?g 99;} Q]gchgeﬁ% %‘tﬂ ectlve d:xarameter such as

abatediiens,ueméssidnion dtrhmﬂxhgadf@mpto@fs @ anambﬁdveglysnmn a patient's physical
or mEA a6 b e BRSBTS Gl SdPere Ot Ut s prgive
e 0 ) Y QUL S Sy i
[006BlaShaiteon “tispapyt’ rafas@m"tsaimgécnrl"tratmanﬁméadmasmcmccbnditlmg
1nclu}9§%&r{$\§e{%|p¥1§ thgpé%aget k%/rd:ﬁngitlog )fr%% gc%tu{'r?n% ia rgl(rjx/ammaq that may be
predisposed to the disease but does not yet experience or exhibit symptoms of the disease
(prophylactic treatment), inhibiting the disease (slowing or arresting its development),
providing relief from the symptoms or side-effects of the disease (including palliative

treatment), and relieving the disease (causing regression of the disease).
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[0067] The term "therapy" refers to"treating" or
"treatnment” of a disease or condition including
w@e@gesiseng t he di sease or condition from occuPCT/I§N41039712
an ani mal that may be predi sposed to the di sease but
(00680 AR YR G BLRP 6F B afosle Dkt RXTDIR B el apk iy cffective
i sease (prophylactic treatnent), 1 nhi
amouwlit'seasy grahatwallyg equivalemtdsitim nnganstthe dmvmhtahntewhen administered to an
. _providin | ief fr the s tons or .side-effects of
anim B QY rauBihoudinent i R etip FIIA PRt A0 A oeasing
[006%]ei“he9t’éhﬁ 9tidshe EBt@&ﬁé’ere(f&Mﬂhe QefeRSH ms@ae anlﬁshﬁle effects of
i sease) 0065 The term "effective anount
celluhimﬂam@geethateqrc ty\pecailm aggocted widh thp@mmr@aw by etls@@tqr vgan of

1scheg},1r%/§moxtleh értaum%ht%ﬁlc &r%ng{a S{n¥llamglatt18na§gfl 'c}%%%‘gy leacie to

apoptdsBantl/og nécrédis @S @oxit Selb ddalth)C ITHNS, at‘msﬁfef;ﬁﬁﬁectﬁﬁee affeetaurds a
for that disease. [0069] The term "tissue protectjve"
tissug EpEEXPERLICHE ta@fi%sf%omoatw%@/@r i Gedkdenthenagmplby psgociated
I
with ?ﬁé&g ;%gb?g%ggﬁﬁgﬁg&?fg%ﬁé 8ro frsé(lge'rnﬁ@ lll{]XIfyfa%P Skﬁﬁﬁg, PG Reduces
the ateacif nfuel hfygraxiddle derebwlartedymcclumby imadident model (Siren AlL.etal

00 Matchei i 5 4. Botra B BB wyder iticongidons EPO

pr0v1dteé 2 Sﬁ@upf)ﬁ)tt&:ﬁ%’vﬁfec?gf' @ff&ctﬂf@grrg&c@ngt 1he & odi§ ¥M/or apotosis
experiencli ng the degree of ptosi s and/ or toxic cell

nommaaaksomatedamﬂythambcma:tlephry\(etg1 1ac113mxe strakepufiBissue protective” also

tor toxic or Y. For

reforifoshf SR is S kgt 1 RPERS o sl i w8 Bniage
deatlﬁ&stsé‘d”lé‘te@ %ﬂhl&gél{érdtﬂe Aide st Bﬁch@d@tlinoﬁaah'ye& nefirddegéferative

(2001). Proc. Natl. Acad. Sci. U 98,
d1sea4@44 4049). Thus, under such condi t| pns EPO provides a
o0 ARE W B B B Rl M SR BB, o
compdiehteWhich ﬁjeursyd (cﬁplgducel tﬁchﬁﬂm@l SHdrqblepﬁde conjupatee of the invention,

al so fers tot edeLynse of [

the te%lallff&@te@ eefiat fppterigthatds pupta n%rgfésegﬂal?x hes grﬁglmowonems
whlcﬁ%%hnﬁﬁia&c%oxﬁ M@hﬁ%riﬁl Jhthg RECRR el Yc?%l‘égirg %%F%egégf Bonjugate.

as reti'nop at or neurodegenerative di
“Isoldted” aret rpufe”sané aseeldhtercdaﬁmgwblyo Typivatlprisalated peptidesonjugates of the

T A IR R TE .

of p\ﬁﬁ?fd%gﬁé ﬁ‘ei)tlﬁé L dtéh"l@ ﬁﬁétﬁ’ 8094, BBout 90 or'a%@lltf’JIIO‘%i and the upper end
refers to rmterla% i's substantlaly or

of the sangp of puiity if akwat Ve%mbp(unﬁ;%eahoslt Q@0 on myae thah labout 90%.
[007?}2@%%@3?9’1%?%{15%%}%&%% aré. ﬁrﬁgiﬁ ging]%h gb@%l'ins ?éj é].lxel afuéﬁi% % also

preferdbl £ ELiadsed adh ¥angd Y Ph€ Riwley end Sfthatfge DEFM“?QS about 90%, about
conj ugat es of the invention have a | eve urity

92% b4l apouk e 5 alpus §8%. (T yppermnd of an&fmf nslrltx lfeabout

2% AREPOL, A 10%s, ot A0 BEMA S0FR I G o the
[0072]aPgréty O deperfiihed bysargtaotitecdgifigedabethidd BMﬁalyatsc(ulg ®aAa8 mtensity on

nor e, t han, about 90% 071] \Wen.t ep
a silvep Hpinga eels PalyaeriBmide oL B ORI S0 Er%eoreﬁl@v}ar means).

[007DUFEbdeRBal B dcRIthber of the population,” as used herein, describes a

characteristic of a population of peptide conjugates of the invention in which a selected

percentage of the modified sugars added to a peptide are added to multiple, identical acceptor

sites on the peptide. “Essentially each member of the population” speaks to the
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preferably expressed as a range. The | ower end of the
range of purity is about 90% about 92% about 94%
W@bwmansB6% or about 98% The upper end of the Penys2004/039712
purity is about 92% about 94% about 96% about 98%
“horfibgeneRYt oftRO Hfrdd Wi they pep{tﬁgz fjué’étéd {foYa ﬁl@dl‘f‘i@& @ﬁéﬂr ﬁﬁ(‘fjr&%s to
0

any art -recognl zed netho anal SI S
conjpgatesefi thy inyantipns whvéxrargatdﬁasédbcg@m%pm @lvly Iaahaslebgﬁl%% and

mor&é%%r&l??laf 8t 'aBo t'épl?ﬁ% et oSI mlar means). [0073]

&adh The popul ati on," as used
[0074pr @Idmogéﬁat}r,’l’ Reéss ® hbaraainl tdisistendy aéo p’&ldtl@ﬁ oPhcceptor

tldg ﬁ &ugates of the invention in whic
mo@@ﬁ teh sl madifisd sugsrs as soniygited. o bhusy inea Bepé‘ééi eenjugatg of the

inveRGH fnqghlé‘ﬁ ﬁ cﬁqg&ﬂﬁ%ﬁ)sdgﬂgnop:lt is c'oﬁ@@&t%& E(J anrggr%%gﬁggéltet}ﬁgmg the

sites on the pepti I al eac
sampgtpwhat aptic asgepaksite 0 Wwhish keenygetee infodifieal suplels soiijagated) the

BB B 8, r r FeHS prSrE
expréf3dibs SfiHpe PTRE RAvePkNd 8f tht 8a%E 08 AGHbe NG %}thﬁﬁp%de conjugates

preferably at |east about 95% honpbgenhous.
is aboporfg.eabeirt 707 or alfout §0%@ndhle;e wnpeniendofghe rogs opwity ys about 70%,

abou%%ggsgb 31t@8‘% or%org a&flil?f) ;ﬁpggr _rrrﬁlugtl es to whi .Ch the

sgugars ar in a peptide

[0076D Whegaheequndé B6njlugatesre &dré thaidt 6duallLdboPs% hefhogeneous, their
sugar noiety is _conjugated to an acceptor site havi n?
y

hom?%f‘élegéw 1 praterablecxpessebasiraapt of haslower end afihe range e
hom8 é?l%ft)é g%)ég)'olfﬂs ﬁg/gﬁ 213)3?{ jb gﬂd W/a%%g}l §éaﬁ of %glﬁ Q@A) The upper end

nj u onngeneous

of thblmmmexﬁ putity it sbduy P2 ¥akbout 0% elsse d6%S alsout 88%eor abbigt 100%
ower e{[1€ of th rang of hormgenelty far theggeptide
home%ﬁﬂeﬁﬁa & PYrity 9h b g copgates Foupisally Aefermiged by Are or more

metHoh? KHRRETo B6E RHskillng thedlge. gth Vol &ﬁr m'at%ggagawnf g%%@se]ctrometry

about 80% about 90% or nore t an about
(LC-MiDnmatrix eipted desecdasppgian emsatime m flight kpavtrometry @IALRITOF),

about 90% hono 0 their honogeneity is al so
Capl‘%’rf%F%Fté%? reesffpg%(g@gi&gs a range. The | ower end of the
0076Rr*8absintiANyRGEAR blycoformDors “ABHanteilg WinifdaNos12BSHtion pattern,”
[ 9}2% about gggbor g%’out 98% The u%per e}I %}% Hation pattern,

when gpfeyeing fo pelyreneptide spssiss, rofevs toab@mrccm%e ceftag@qptcgen@enes that

e 8P e A OTRRRIE . ] 3
examphé, én (RLAAGAST KODMMudodytriRgerasy, a%ﬁbdtdntllany Lhi€oral guco@ﬁleﬁlon pattern

I'i qui d chr omat ogr aphy-mass spectronetry (LC M5
emstﬁtat“taubs&ara@élmtlé@s qd d belewp opthicdralprp4<$1eNAe-Rodnd shalglated

|l | ect roph
anal GG IR EROF ol Yl R s R ey i s hed: Jowibhen
unde8stocdl byseHesdfakill iglthd/art) rﬂMt BBt ﬁﬁi@rﬁl map c&ﬁﬁi‘h%lﬁbosy]ated

when referri to a gl ycopeptide species, refers
accemtnempmtlc%m&g%cmylaa@b@plﬁéﬂ -(ioNgtcr R sndidtiess). aFleis, the calculated

perc%l!ééé’ Q’y#a[a}t ed ﬂ%’lp%h.@ef %\%Qg‘js Xlk#gé?snt ate z{rg Sgﬁlcosylatcr:]ci gy ﬁxe methods of
the invention, as well as those acceptor moieties already glycosylated in the starting material.
[0077] The term “substantially” in the above definitions of “substantially uniform” generally
means at least about 40%, at least about 70%, at least about 80%, or more preferably at least
about 90%, and still more preferably at least about 95% of the acceptor moieties for a

particular glycosyltransferase are glycosylated.
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exanpl e, in the case of a al,2 fucosyltransferase, a
substantially uniformfucosylation pattern exists if
waeemsosisei al |y all (as defined bel ow) of the Gatbus2004/039712
,4-3 cNAc- R and si al yl ated anal ogues thereof are
[007§¥W\91_%Yé fbSictubh gPopRRkd éi')%c&i@&‘b&' %&E&oﬂ(reﬂtﬁ%al‘ dR¥RINal Rﬁmulae
It wll be understood by one of he art, that
Writttzlh éromt lafttto rightathes ﬁq‘aﬂllymyommss ahenchgmy@diyydmtle@l substituents, which

wouliSEERt Bl WRel B yehEndte ol SELAD B S cChiO n Ay BAiR B

reciw\A_{)szncl ude acceptor noieties that are gl ycosyl at ed

by the met hods of the invention, as well as those
(0073, Ebopteam ALY b:egseéf«preaa@yn@rfmbgn sabeun’ meaes, snless otheywise
3 ko DARIES U, SR PUSLARL) AL o o Eadifeon
whichtmdyetsesfullg batutatedi) foned orl ma)ﬂmsabmtdd and%an aicllde &i$t andlaultivalent
.80% or nore refer bly at | east bout 90% and still
radiclsy BB MO of o B AT UHETES A0, Gitlgo MeaBp P 10 fen

carb&ﬁ%b eEkzﬁﬁplEé’éf s?td?ﬁé(? h\%ﬁbé’a{rb&{ ﬁéﬁf&ﬁwlﬁcﬂé‘&s b 8 RoAlhited to, groups

gl ycosyl at ed. ere substituent Qroups are
suchsip ewtﬁyl,eﬂﬂl)ﬂyn-pfwwf isopropyh ok utgl, t-buthiisohityl, seerbilitel cyclohexyl,

f i t || th
(evelhen Ry Palsprtrsre byl Bomeloah ind ARt Bt P AE gy peniyl o
t t
hexy ORI 00 GNE URIE WA rshtuRIRd AIBIerb fsBht hatingone or more

doublebgnds gr kiplle bonsly. Eﬁg@pks of unsgtusaied allsyl gﬁmsrmlude but are not

i BB o SE R, R, e

pentaﬁdfﬁyil)’l athiyoyl, Ii‘kti'xﬂ@@}ﬁropyyi‘yl mbﬁr@yylbaﬁ thé highﬁﬂlﬁclm(ﬂbgﬁand isomers.
or pol yunsaturated and can include di- an
The Wml P\}(éﬂ,ehlﬂle?saf&h%&’ll% nowv}sw&wﬂ%anﬁtmﬂélaldwhot%ﬁi%afﬁtlves of alkyl

deﬁ@%o?&éétgp%lw édchg s “TeEFBARSL ODG1{] r@g{g R’ %Q'iu}g)é?d to

anples of satutrate roca on ra s in
hydrbedrbar gronst aré tamnt:édhctmoalb)rlﬁups such as et hyI et hyl ,

[008@};@{1&8%i“afk?@g%’oﬁglﬁ’ﬂltn orbut %xrt 8k Mﬁ rﬁg!esﬁwlent mean a divalent radical

derived HoRP AP R¥AhTE Ebéﬂemﬂﬁml tﬁﬁ%otalﬂﬁlté@ ‘Bmz@f{qu{%Hz , and further
exanpl e, n-pentyl hexyl, n-heptyl; octyl, "and the

1ncludc$<éloseﬂgroums@scmbméa@kav k%/rhe@rraﬂldpylcw rTefpwa g atkyéd (eralkylene)

grouffREf pEF o 1383 Radon R, RuIAGR et TRURE 48 or fewer srbon

atomls %eln‘glp?éﬁnredzmﬂh@ gﬁ@éﬂt invehB&y/ | A “Bovied @ﬂ@'ﬂt @n%wer alkylene” is a
2- (but adi eny pent adi e 4- pent adi enyl),

shorigg efwmlkyllor aéifydierg 250D peRarall mgaymgmglnt or FGWETICRIDOR jaffies:
[008Tfﬂpé R8%s azn )lgﬁ’o‘rﬁ?léﬁ 1];'33 ahE* g'h& n{g)r thc]i ft((ﬁélz are used in their

erw se n O S O nean |
convéﬁuidrmhtdnve: andtefad tsthosd afkiyh gbuphattaehed ahatrdmdiwdedwf the molecule

such as "heteroal kyl." Al k‘ﬁé“ roups that are limted
via aP&XM%»%@arW@P&m@ aras fFﬁ@ﬁﬁb‘iebﬁrl . [0080]

[OOSEE?hé ﬁﬁﬁ’“h&&&\ﬁkﬁ[‘eby B¥elf E)lslﬁlct)m%{naﬁ%n R%tangﬂ‘heﬁﬁ% h@Eans, unless
substituent nea dival ent radical derived from an
othewikeastated,asstabtestyi gt ioe Uranbhed ahein, bi epictie HydriogarborCrad@hll, GH
comlgl:rli'atidns ?le’legegf,u éotnts]i%{ing of the stated number of carbon atoms and at least one
heteroatom selected from the group consisting of O, N, Si and S, and wherein the nitrogen
and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally be
quaternized. The heteroatom(s) O, N and S and Si may be placed at any interior position of

the heteroalkyl group or at the position at which the alkyl group is attached to the remainder
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i ncl udes those groups descri bed bel ow as
"het eroal kyl ene." Typically, an al kyl (or alkyl ene)
w@emapsset | have from 1l to 24 carbon atons, w pPCT/URNS€039712
groups having or fewer carbon at ons bei ng preferred in
of thé F@lﬁ%ﬁs%‘pﬁ\é lucfénbut'%ﬁ lté%i YyICH,0 H CRVRY,, -CH,-CH,-NH-
a ene" 1s a shortér c arn al kyl or a ene group,
CHs,g€ﬁhr(Hﬂd -N(GE)FCIG;3, eCHEHS-GH Céh/erc}ba@HaFS(@t)fﬁﬁs, -CHHEH,-S(0):-

Chs SRR E e Gl SHEN O Hh A Gt el g e o

two He@dr8itoin® rﬁd?%%%oﬁ&déﬁﬂweg EQMAS, Rt baaNSE, -CM,INE-0CARARHECH,-O-

of the nol écule via an oxygen atomy an am no group, or
Si(CHs)s.uBfmitarky; theterme’ slvéec@allmelm” byotelflor Fhpart eff another substituent

e PRt oo AT uRGOAD ST BAS R gy it
CH,-StCH)-gitl,- aid J:Iersr(Hcﬂz CHaINH-C,-.CFéx heterbamyleﬁxagxbaps, heteroatoms
radi cal, .or conbjnations thereof, cgnsisting of the

can alSorcauPYRISEPT BTth GAMS GRaIBIEFRINIAAE. HKyTeRgRY, gHglenedioy,
alkylgll‘?éagr%g&gﬁwﬁqghﬁgﬁﬁdg |afr§&t elhérg 8 ggg%thgﬁgéﬂ a?l%)flgl% %fd hetebbalkylene
linkimgagroapd, no lmailehl\jltlbleoﬁioe tinkiag geowup is hnplmdthyage diréeioarin sthahn the

y opt.i naII uat erni zed. Th ete . N
formfg,9f dicking enby \gnrsrna & examplfyt e {RTBRI é@gﬁ Fepresgpts both
(G 84 Q?(U‘j' group or at the p03|t|on at which the

()P@ P group |% attached to the remai nderof the

[00831]DT1m:tatres “d&xbmﬁﬂyé’sandﬁ‘bbt@myclbalkyla’r by rhcmwhvm qrén combination with

other taqls g_pﬁgentdgpl’ess cg%srwagl staggg_l Y"&jﬁ versueﬂﬁ of &ﬂ&cgfgjich‘etaqalkyl”
respectlvé(l::zrﬁﬂdfﬂo% C§-I forﬂ&&b&}kloalkyﬁﬂ hefdred¥odan oc@\fﬁ the position at

to two heteroatons

whlcb élwslee&r@rxrée is gt}@crheééo the gemaindgraf éhe molac ulmw%eeppl&ﬁ af cycloalkyl

ot 5P b B ALy, LREIRERT 0 OB 50l

cyclotiepigl,@nd thediliec Axanpids W€ Hetbrooyelbalk grinelifte; lbut @8 not hmlted to, 1 —
exenplified, but not |im

(1,2, 3fdetrahgdropyridyl).depipryigdiay), 2 le%‘FhWét3eP18‘éﬂ%:9Yleﬁ én@lalaﬁlwé/l 3-
{

morpiEhYIORRRIGRRRLIR AERURLAE 351, PFafaldineh oLile

tetral@tdkgth&ne’a’ayﬂr, r‘neplpatalzyiyéﬂepipammyi, ahthetike. | i ke). Still

het er oal k

roos iy bh hs, e B RG BY RS Prgn Hraf e apte hssitpeng, mean,

unleRYtheiRisel 'sfaf"é‘%lt h Aok, WhlofiRe, b ne! s-ubdin® htokd) eAHdllﬁKﬂldlE’ terms
group is vvrltten For exarrple the fornula - C(O

such ae thadeadkitls’ ay@mqa@(to)ncltude whaloﬂkﬂ:@d polyhabpdal]. Ehreexample the

term Lﬁéﬁ@é[%@(@ e%n r%nclgillj e%ﬁ{ no‘%% L?{o thﬂﬁ%romethyl 2,2,2-

trlﬂubﬁi@ﬂ%elnéhloﬂéﬁh@ﬁs &bﬁl@f)i«&p?l? afid ﬁie&ﬂke cyclic versions of
" and "heteroal kyl", respectively. Additionally,
[008$loThfhf@rné @fdi/ c’P%@ilSkWICSSQﬂWé‘F@? statedn? Eelbru@ﬁ@emﬁy tafmatic,

substﬂgéﬁttthag %al‘ﬂ) X\@fﬁlgﬁ: rirfkeoc %&lﬁﬁl&g%ﬁ‘p ﬁ)rkszi%ga;ﬁ}t #6104 k%lﬁégﬁ which are

remain cyc
fused tngéthdeqr lhllktd aas\ealermdy II'rhertdrmd‘hbteroamle refprnd yiy,l groups (or rings) that
contan¥ %r ohoenxey[l) four he}ercl)a%]meé( segfé/cted 1%0 Oheé %nXVH'rerem the nitrogen and

sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. A
heteroaryl group can be attached to the remainder of the molecule through a heteroatom.
Non-limiting examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl,
4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
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cycl oheptyl, and the |ike. Exanples of
het erocycl oal kyl include, but are not limted to, 1-

W@ 1002/051387 t et r ahydr opyri dyl ), 1-piperidinyl, PCT/US2004/039712
2-pi peridinyl, 3-piperidinyl, 4-norpholinyl, 3-

pyral®iy R 2adxapy ?'l 4&53&2@1915{ prhﬁh'ilai]ogazﬁiyl 5-oxazolyl, 3-isoxazolyl, 4-
t et rahydr of ur an- , tetrah drothlen2yl

lsoxewlammqlwlezrﬂaagqul ithlmofhsér%rzhm@dlyl mpérmglmhlenyl 3-
thlel?n . n‘éﬁfcyl g¥r1clﬁ oﬁé%rtlcigh %-gﬁ ngl quagg?lgy g-ﬁ{enz 13?1(?1yl, %urmyl,

2- bennhﬁdsa&otyﬂ heindolg ISisadjlﬁdolylE;‘l Stikogairongd, 2-ghinekalisi, 5- %uinoxalinyl 3-
nmne, or i octé atom Additionally, terns suc

q“m@{%{gltﬁéﬁzﬁzb’l bengglh thiaan begoltiensh 2o dibpdrobanze) ] 4 liexin-6-yl,

ben@&?’]?fﬁ@ﬁ"ﬂ&l’ bnd & Qﬁlm%gﬁl ncﬁmnlelﬂf‘s fhPLdh oF 2 szGve poted flra/l and

IS nmean t but not be
heteronivl ring systemhgre selzeted Front the fzranprofatdeptabledsubbtitoembdésgtibed
belo 3- bromopropyl, and the Iike. [0085] The term"aryl"
ans, unless otherw se stated, a pol yunsaturated,

0088] BoEbreGity, DSk taloM whdpal & AediEbifa
| rrLI ti rI e yrl ngs éﬁ:rﬁZf evrvabl ;efrom 1 1t gﬁjgn?i:ﬂﬁ%tgbm{/\rﬁ(g > aryloxy,

aryltbxoéy;fassleucyi)ag@u rbodly atly] ariddtaroarsl rimgs|ag defiixal dboven Thus, the

e AR en L b BB H AR Ll Bheaga oo

alkyl gratsl(e., bdneylephenetts ], pytidplgfthydaad thellfikey indfudif B6R alkyl groups
opt i onal I y oxi di zed, and the nitrogen at orr%s) are

in W}é‘ﬁ]ﬂ A GRIRPN atog ta: &r hmgilenp gy hasdiopn replased byafer prample, an

R e R T

like)het er oar yl groups i ncl ude phenyl, 1- napht hyI

(008 BB a4 dboye SrRiage py falkyl i %g%ahw 7 RU S Reteroaryt”) is
mearf’t'td) [Hcﬂﬁilé%}ﬂ suBYitafel v un%‘b@t’ftﬁ?eglf&lms &f tHé(ﬁ'El?J ?’eld'rac_hcal. Preferred

nyl - 4- oxazol yl, 5-oxazolyl, 3-1soxazo
subsﬁltyglxtafcm@pthtmepgmdmbmylproxﬁdqdbmm yl, 4- th| azol yl ,

[008%] %&F?ﬁwﬁys fgr téylaﬂcé@/?ﬂd Iﬂst%gélkwlag' ic Qf}?]])(lmngibose group)é often

referfedRy s BkGMhe, abkdA9T) BolefaBEMnk| hetdtbhlkEW, alkynyl, cycloalkyl,
2-benzi m dazol yl; '5-indol’yl, 1-isoquinol yl,

hetergcycdeadicil neyicigalkenyly gmd]]@gggppyp}@alk@ya@rmmnpﬁw refegred to as “alkyl

o 0] n r
srou Bl B b gRE DB RLOCH AR oo slegied from, butnot
limitbetoz oDR, 3=]01|=<1va =N-OR’, aNR 16” ,GSR M) ohaubgen&mmk’tme ntx:(bom’
each of ‘the above noted aryl and heteroaryl ring
C(O&sm al-ONRRee t%‘él(Q)Wt shémg CEQPR ot NBCEEGINIR]
NR” it phbRg»he Lnor bt {he
?§$§$ma359é&ﬁ§§ﬁﬁ’ e@ﬁin é@ﬁgpﬁg??i'Nﬁ fﬁggﬁﬁ g(%?ﬁ
S(OMNRR”, -NMRFOKY ; CNra;atlt—Nl()gxya nam}bbxaiahgahg fnomiand&s(zmkh) where

o B S A R LR
mde;ié’ﬂd@rﬂly@@feﬁ[d’l'xycﬁé%ﬂpsdb?:tnﬁetd% Qﬁ&lb&ﬁ’m% fﬁ'téf&hkﬁr Qil‘)@tltute)d or

g benz net hyl , pyridyl nethyl and 1t
unsulpaﬁlét!t@djmb etgmmel substitited mthlpls3 hmlogmscwbatlmmdenmbamuted alkyl,

alkoxé/ drqmioalﬁmgérh $E %{i glﬁﬁ (géoué)s o‘ie?%{l @P? Mle 1nvent10n

1nc1u&espyd5ﬂed15(zirmnermgf®)ab, fodexdmplaatiyt mw) £oapik indpehdehBy selected
as are each R’, R”, R’ and R”” groups when more than one of these groups is present. When
R’ and R” are attached to the same nitrogen atom, they can be combined with the nitrogen

atom to form a 5-, 6-, or 7-membered ring. For example, -NR’R” is meant to include, but not
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like). [0087] Each of the above terns (e.g., "alkyl,k"
"heteroal kyl," "aryl" and "heteroaryl") is neant to

wo piwsosis2bot h substituted and unsubstituted foPeEUST004/039712
the indicated radical. Preferred substituents for each

be lil#PE 21 -gyadlig gl aea-RloptolR . BebRhe L%Qf@%lscussaon ofI substituents,

Subst it uénts r the al'kyl and heteroal kyl radicals
one ¢fiskd] mdhagrt Wnldugadegstmqotfhatthe tenmraikylt’ heahetaot msndu&q/gmnm
e oaI | ene

inclu; l klecgﬁqwtget g ha QUBgPE%Tt an §8ﬁ¥ rk%rﬂyps )élé(.ﬁxods haloalkyl (e.g.,
-cpﬁaa ecqsﬁa:p haad la@ﬂxb X, acm)@@nerc(cﬁ)tw -CEHH,OCH Qa@bthe like).

Kyl group st tuents, they can be one or
(008 i Loine byt g Sordar alsy b icpbaybstienisdor the aryl and

heteljoh{ﬂ %1%‘3# z?re éﬂ%ﬁ%‘aw{ ?efe%a)a&“%yi) 5‘&36) Q;ESU%% ’SFlzhe substituents

are sel&%lR"grEh fer@%@l‘dRheR’ogen— NBRCHD RNR’NRN- (GRQ)NR"IR’ \-SR’ -halogen,
NR" R - NR- NR R'R"!
SiRNERS Rbcwgz« S CIOR L CarRy, KONR R (AR RN SHOR’,
(R > 99y ”Blli}m
NRll\g(% tot gmﬂ Cﬁggg O?Jﬁ of}l@g In sucﬁzragl C)ENRBFQ-

S(O)R’ R'S(O]ER -S(Q)RRR”, eNRBOpRef@NainHyNO}ddb’eﬁﬁlﬁFﬂJHQ’h)gfthoro(Cl-

C4)a]i§8 ny, d{i glggla)(g F&bﬁbﬂﬂjg{l S?]H{néarurgﬁgisg rlé:%g%e?g g{? \?xtf: %tgla Illulglle’r of open
valere9s tHerGatid ﬁrﬁ%(s]yst%nh ah@9RBR RS ROSE P tant 0 Qe preferably

unsubstituted al alkoxy or thloalkoxy gr oups,

indepangentlyisplected dinss hydlshgfrn aubﬁbnmimdm@lﬂbstlhéed i sub@htuted or

e n ach of.
unsu %%ut&&i ﬁ?tgrd)sfkyl suﬁ%ﬁ@g@g&mﬁpﬁ%@%‘tgﬁ %rél]! stét;uge% of élﬁSU&Stltuted
heterBaryl. Ré‘hen aRemBoundisfabi® fvaiesh iATlngesthiede tlileﬁﬁor@fR gRRpEfor example,
groups is present. Wien R and R' are attached to the

each@é&@ Ry groupgyisrindapsngentl ssleetadapdre caR n&d> Ri'tandihe groups when
moreghln{ O e& t sg 'Er%& Efﬁlj&e%t PQ §che9{es ?u o g{ltﬁ% %/H}gl X

0 I nc n
reprelserm; Tlé’daidescriquwbboé I di nyI and 4- rmr pholinyl. Fromthe

i,scussj on of spbstituent skill 1n the
1009§Jr WWO?IhC&H SHIGNLS o ddiagent Fems ef' ﬂﬁe ?@Letef%rsﬂﬁ@mmayo

optlo'nQW Héjfeﬁ%é’&'%h'a@ﬁbé{ﬁuéﬁg offhe Q&ﬂnﬁ& Qf‘ﬁl(@?—‘{@ﬁl{t’}) [gr %Ql%m T and
her t hydr ogen groups, such as hal oal kyl

U are mﬁemdentlyGl-MGF -0)-, a8 R&cyrla sfrglebond, @idy GH-an 1nte@(:(:o)fdk?om 0to 3.
- CL Oy CH the 1ike). 089 t he .
Atergghe i UiegBu ot SEentAankyr T dor b o ring may

optionbids bé fe'pﬁi@é& witﬁ fa shBﬁlt@dnY bf he qoﬂﬁﬁnaema(cﬂz),gx-owaéreﬁm and B are
gener| CalBl{ referred to as roug substituents.
a

lndepﬁﬁée@h’bﬁ eft-s-Nite- Sse’rsé@D'eoS(é')nmS(@ NRex amngpsiagle bond, and r is

an m&% f%%g%m 1 4R,O§% Qf t}{\ﬂn&l:e(‘ %x&f\y s of tl&%“gmg so%nﬂf.d may optionally

be repﬁ&ﬂwiﬂ) a doﬁKIé @bNR themaﬂiﬂlﬁ(t@b B'f the- sN%trtﬁE(r@ d)‘llfédﬁcerllt atoms of

NR' R')=NR"\ -
the ag/(l & ]@teroagé g}lg piay o_pg()@llym rgalachNpqg}@ pgu m@ﬂf %‘e{ae forgala -
2RIy ) f .
(CRR &3? (R # e Qh&:%’*a and d a'rré‘aﬁg%egdgé 8?n éﬁé of%ﬁhée 4! 9@?( is —O-
, -NRiynbe r-S(@) GSGQD:- or —S(O)ZNR’ The substituents R R’, R” and R’” are
preferably independently selected from hydrogen or substituted or unsubstituted (C;-Ce)alkyl.
[0091] As used herein, the term “heteroatom™ is meant to include oxygen (O), nitrogen (N),

sulfur (S) and silicon (Si).
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val ences on the aromatic ring system and where R,

R', R" and R'" are preferably independently sel ected
W(DBQ])HAOBII)BQIT ogen, substituted or unsubstituted aP&yiI$2004/039712

substituted or unsubstituted heteroal kyl, substituted
Intrﬁfl bstituted aryl and substituted or unsubstituted

e?eroaryl. When a conpound of the invention includes

[00921}) Emyﬂﬂt@meuneéEmg rsmglycdpmtemxﬂnﬂh servesas theoprirclyal R:gulator of red
endent |, | ect.e s.are each R
blo Futhsis. & Bwsgftl proftsed it He iy % aftﬁégéh@ﬂlmag
prechfsopsagthe e kdder %&&%ﬁgg tﬁéﬁ% diedd %%\a dﬁffb?erﬁ%f?‘lﬁ{o ature red
0090] Two of the

represents "R' as described above.
bloodigols.i ER@miay axist asip eitleania 146 ond 6@ aminveacak g/lb'ccmrotein The 166 amino

T AT TR ML R ——

argidin@ Rididde af teiq ebeRaRgent dtthe Pltein-0-, -CRR - or a
si ngl e bond, andw&ls an integer of fromto 3.

[0093] B@?mbm@q@PO hasobesh available fios samq/dme gs @meﬁ@th dprapeutic agent

in th%ttf%PEne%ft of Da?}]o rs¥"(]) s ¢ tf Pﬁ%@%ﬁfﬁr %l r{g‘eﬂ?or i8as %%_ ﬁ%{]\g_fl Xlu%ﬁlc renal

fallu)e Bidov‘i'kzl‘iﬁaelr eeanedﬁHHn thfected patieﬂde@ﬁi’@ﬁmrlpﬁtlem chem(ﬁherapy The
S(Q (O .NR - or a sing
glyceaw&em aﬁﬂﬂln}masgereérparw% , cigherap @gwrewsnws (aé)eorosflbflﬁ@eous (5€)
mjeitioﬂgl e bonds of the newring so forned nay optionally
e replaced with a double bond. Alternatively, two of
[0094h 4" osnipsct\aetthleeﬂf@tmmeasi pﬁn:eaimblahmfﬂ'y‘dnfogohen asegd footherapeutic

P (euRRE! Y RHG Pronfa anctienst 51 Gfbia g ungheosylaed
eryﬂﬁ‘@%l@tlﬁ’ pé’}f’tﬂieg ?ﬁ@cdd’\%&@@ﬁ’@mé ditlong ﬁl%dﬁfedfb&%ﬂ(l&)cgnjugatlon

-, or -
w1thNR5erse smgles, Masﬁl@ﬁgmegtlﬂmomtles R?iagnqan:mbleap% targeting moieties and
the | referably independently sel ected from hydrogen or
stituted or unsubstituted (C -C6)al kyl. [0091] As

[00955 €the ia,sxﬂ a;;znes éfhBe Inveffion ¥t &rarl cbmthe énzyBant aﬁt&hhiéﬁ{ oxe
nltro?en (N), sulfur (S), and silico

modqud? SUEpft tpcshmglww @crgzljngbzﬁww@bmpélﬁp nGémoalatil@ gites provide

kSR Qo 5 20340, PELBE RO

exemple@lmedifymg ghmp ks ﬂmyer-ad)ﬂdbhqiobynmt sichlmbally(dulgylene glycol), e.g.,

precur sor one caus)] n the
methqxy RPéY(éWd caf ng@PﬁnW%efg %tlﬁ’t’ St thg f@?‘r%p?ﬁé@egF%ame@rq the stability
and Fe?éﬁti%ﬁ%m?é%ﬁhe Pe%oﬁ\bﬁiahth@lﬁo o 4 BRicd's LBQUABNG: RALE the

gl ycopr ot ei n. amno acid variant 15
antlghnamyr@mc@hén!nmEHOt he 165 amino acid vari ant by t he

10053] TEE eals shthe ks e B Ge A ble Gl o gbesopeptices

that R zbﬁfbﬁtaﬁﬁaﬁlyl R Seh&dus AefPatizhiith Fitteal) "F«l{d‘ &@&Yy¥Sused in the
therapeutic agent 1n the treatnment of various forms of

inveghethitg generellyishlerdive ferrd pastiadasaning acid wisiduecenmabingtion of amino
acid rg{l@ueﬁ{& ﬂapt laré rﬂ8¥§l%sn(ﬁleg Pk ﬁ%gﬂle rmpf[. rﬁ&fl&% aﬁ]%lso practical

pa 1 €Ents 0 er apy.
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.
[0097] 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
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gl ycoprotein is adm nistered parenterally, either as
an intravenous (IV) or subcutaneous (SC) injection.
WO 09431370 | nprove the effectiveness of reconbPCEIE2004/039712
Eryt hropoetin used for therapeutic pur poses, the
methIEHRE i BHECH LTIGR Moo Tor SRR AR  QAERTHS B Beprides,
thus cdoging at elsmimating e hagddinthivan aésbynsmagalhsteﬂe paptidar Sblective
onj.ugation with divers ci es suc the
staci Pt Sre e sisnis PR g B bRegdo TRa garephde foch L erdrsoe or cel
surfaE@?ecE;btKretha{ @Qgéﬂﬁér 1 15O Rdr 85 o Ofind 4}Rn. nvent ion are
formed by the enzymatic attachnent of a nodified sugar
to the glycosylated or ungl ycosyl ated pepti de.
The Gopjngaydsat i on sites provide loci for conjugating
nodi fyi ng groups to the peptide, e.g., by

[0098] Incofishaspgett the presémt ipvembph aroyidesdi cbyjuggte deoupn iaselacted
ter-sol ubl e r,, such as poly(ethylene glycol),

mOd‘EYIaBg gror‘r'Btaﬁg Egﬁ @f&pnﬁf*ﬁw ene glycol ). MNbdification of

[0099)"EREIRR M&érﬁtﬁ@ P@}ﬁﬁié BRIV RoIARNS Eﬁﬁb'u’léltyde@ '&%lycosyl linking

retention tinme o he reconbi nant Olnapatlen

groug interppsedibghyeenithe paptide andhthe selettgd mioidty yA@fdlspwedvbt:mmnthe
selecgégsgétlal%&gg?;sentlﬁlgnrﬁ?l Bgﬁesqfl%ttcgg be ntfac{ﬁ%d Oy Q’%cﬁ rldte uI;r]ut resulting

es an V' Opept

in a ‘heodified sigastthmtis wcbgmbwﬁmm@rﬁwtrmfdrzsatehmne which appends
pattern. The enzymes used in the invention are

the ng@mdatugv e Bhetrepde: ofhecsageharifle corapongp ofdhe odified sugar, when
Lk
interGRS4 Hefyecl HEURRAC Y £ 11T, Pedoi il Beof inking group.”
eg, aret‘lhndeglaccsyhhsldn@ gmpj”c’ﬁhe glycoslyhligjeng grolup ipfoouied fromnany
of di fi e and copeptides.,. Thus, the
mOn DR SRR S B O AR Tt Py i i 2 purate for
an erlz9f@ Qha?t QI LB MR SuphY 18%an AnYEPREPI ?l?éos?ﬁfébifd‘ae of a peptide.
pfesel ected uniformderivatization patfterns. [0097]
[0100]nEhglzemsnt linkivg atoup wambe or paminchids, acn¢hagide ewiay that is

dearfipti R et SRR e o PO oRiiRn B b il dupF examote,

the g[}%éé{ﬂ Sk g Qa6 ¢ bedefvedPfrom Qbde@dril @fe8idat thapisakedi¥d by
he 1 mmune or_ reticul oendot helial system (RES).

omdamyleei@gr@dathrmfmmt@etsca@fllatlﬁetq the eorrespending eldelydg, agaia the
actioh %guc %%h&‘&t@%& &%F@eﬂﬁgﬁw @&‘%ggﬁﬁg@&&oﬁgg an ‘agﬁsg?ate
ammbh@hlbﬁﬁﬁﬂhdIEredSEédetOtthe/@)r&‘S}bcﬁElhfgaﬂﬁmef targeting agents
an al sp be used to target a%Tptide to. a @grticul ar
1010t1. g congeates of the jpyeptian mall iGly cagespoad &y ke gengrak dructure:
t he partlcular targeti/ng agent, The Cbnjugate NO098]
es a

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 wide array of
linking groups, infra. Alternatively, the linker may be a single bond or a “zero order linker.”
[0102] In an exemplary embodiment, the selected modifying group is a water-soluble

polymer, e.g., m-PEG. The water-soluble polymer is covalently attached to the peptide via a
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[0099] The link between the peptide and the nodifying
group includes a glycosyl linking group interposed
whedodeers21 he peptide and the sel ected noiety. PSI/US2004/039712
di scussed herein, the selected noiety is essentially
t .
glyc&glé’lbﬁ?%gll%ﬁﬁ i fy@ﬁgﬁh% gﬁﬂlﬁqs ata?ﬁn??%&%%ﬁ?@gﬁ‘%{/no acid
reSIdamomglwoqmyl mszeiue Dﬁﬂsfpepm ‘Brzyvantionklso praypdesrvdsjugites in which

on o AR BT S B0 FENTH A ELRpDd daking eroup.

[0103]9AMV€%111 166 \Pﬁ@ﬁ-é(ﬂﬁ)l@ﬂé’lyﬁleﬁ glp%W(@tﬂyréﬁé gr y¥ol) REE OMBEhoRY-
cos I"i nki ng group q act glycosyl
polyﬂet%w nﬁ@ X§obughe pquy tlgﬂym@y@ ) uswdurm glegqr@ﬂgpt ingertionnepot
h e
restrlﬁ%g;?% ?j% ?ﬁ[mgﬁﬁ% t?hn %F] h%?ecgﬁ? ;&}{3%& gr %p?&; %n%r ncB P(glg(teghylene
glycdlpmoRoules themolediddr welgls i§ preferskly bew@es 0@ tnd IX)(I?(DO(HYA fivlecular
[ resi due of a tide. [0100

d I yl
weiggqcclgf8<9§{)16%;q\6§ E#S Prgfegatdy psedand @éefp raglyCo,f rfrqnh abay 008 to about 30,000.
' %Q& I
[010@21?18&?2&3?@13%1@3%& tﬁng 9%1&/£F?I%ﬂ§%r tljhlg @ bYaéﬁﬁgcl’l f;}%@glra\émg more than
one HH{G mexaypiteched hExghpleosfibrandhad PE(s greodesciitasal ihéJ. 8l evat \viéel

5.9 LTS W NG G5 U Paf, Nk o SRS P 01955 U,

Pat. K8/, mm&dm rat. q\@&mm ,6809W0 V2/891d82 KBREaON, Boconjugate
met aper i odate, and subsequently convérted to a ﬁ %

Chentistee SWA83288n(1994); ot Y amesakétrad, Agtic. diok §heme521blc2§e2da7 1998.

In a Rt oBROHERALIME Ol Heigh oF o iiaByshd BB 5 olhng

brancﬁlteﬂ PEQs @qudl to Br Yk thhiebsiy 7000 d@ltod@ c, d and S
resent a pOSItlve non-zero Intgg and t is

[010$J| Igwédlt@né@ pEpVishing eqnijegatesithas are forn thei@@htan gngyrgatically added

glycqt gﬁl‘i@@ﬁ%ﬂoﬁp G\gg P{?Befrg 1%?@?1@ br}ﬂgldgg g%g%?esﬁ}ﬁ%%g ﬁlg&% homogenous

in theinsibstitdBt) patterhdielding the nidikodsad &r& ihvemionie isspagsipleitd dorm

pept1§% c%%eangsylge whi nésggnr%gijy aﬁ hlﬁ qufe %ff wggr%oie:qg%( gcrroscsaa population

of coﬁju%?%@ gfr“ {h¥ ‘?ﬁ%ntl ﬁ@re a'ttF&féH t?TﬁMltHﬁe Xc‘éS'ﬁT%' agsrn?@fﬁgalﬁlrldéltlcal amino

acid emgiy)cbsybmtsldut h"éh@eirm:steednd'ﬂ}:qjecftyuhn invgnoborpprosidas a peptide conjugate
m PEG , The wate

haviigh BARRFto8 QS SPAT S VB EteES BHED bt aln]y hound to the

peptiB@ ¥ &RHYdn ihiabkd1PEsr king ddGp. ghﬁ’é)ﬂ%%rreh'cﬁ d]'ll@ﬂe @F BiéAnvehtion,
covalently attached to an am no acid residue or a

essengially eanhl membéref gheqfopulagiop éphduae viathe glysossi linking arep to a

n e .ch . an 1N cid.resid nd
glyco%yioxies@ 5e of {A0 Jg%';i%%t égnadr eéicﬁ\rr%i %P?yz aes\;ﬁﬁ}teﬁ? 5}1% géeygg% I§ | \Qiich Y
glycdsyhllmm Qplli’s at{a@ﬂ&ﬁiasm @mmhame vvat er-sol ubl e

nmer |s y(ethyl ene gl ycol), e. net hoxypol
[010§t‘?ﬂif/f’ @ffé/l@qdye énnyptldm@nw@my having |aéweulgtl%@f ‘jvatﬁgé‘dublﬁ polymer
f

mmeﬂ&ecq@ﬁﬁ:ﬁﬁ? B?%r{rzl\rlrt]ﬁ%prefoﬁg{du h %‘riyc\(xg)fl éﬁ%{ﬁl?%%%ﬁé? Iag%’preferred
embaalmheranesbﬂdlaﬂy Ieyf(rymlrfmhm ef theypopulhtiombEwattesoltbie polymer moieties

is bo%%%&%%(\{\e WIB éﬁuzpr%td%fpeegtalge Xla%eg )Y\&E}Ul 15 9ngagroup, and each amino

acid residue having a glycosyl linking group attached thereto has the same structure.
[0107] The present invention also provides conjugates analogous to those described above in

which the peptide is conjugated to a therapeutic moiety, diagnostic moiety, targeting moiety,
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wei ght of 2000-60,000 is preferably used and
preferably of from about 5,000 to about 30, 000. [0104]
wo moanssker enbodi nent the pol y(et hyl ene gl ycoPQT/1S2084/039712
branched PEG having nore than one PEG npiety attached.
R r
tox1rEfﬁ@l?§? &gg@&lég{/ﬁ%ﬁhﬁtgct %E@% '\g lﬁxkqg%&%@ e@ac’h%f lt‘flesaboeé“rccned
moicBie§da berbsmall Bolepale, natiaral polgmer (@55, polypSptlcRator symhetxc polymer

13,9 U. S. . Pat 3, 660: W02/09766; Kod
10108) £S5l it LB SHD Sepieaiaving Sy SEAUPRERA PT Uiy 2 component
of thé( ﬁg’ehés SHtth@presé irventid. On- an@ﬂ&ﬂﬁlarﬁ&nb&ﬁx%@ntzﬁ%%eﬁude has the
In a preferred enbodi nent e nol ecul ar wei ght
“ﬂuﬁweeach pol y(et hyl ene glycol) of the branched PEG is
equal to or greater than about 40,000 daltons. [0105]
HzNJAPEﬂ@IéDﬁ] VIO IR IO %mmg%{ sly%iq»ﬁﬁe VENTIRAIFYA
through an enzymatically add gl ycosy I nki ng group,
WKRYEEGREASERYWOALARL | SBAPERGOAE SLENP QAL B sLOhiaY DIgkeéS

) h : . . . ;
cur gL PR YR pBEREGREATs PobRESEARE R bHADY £ EREEIR
GKLkgwcmpt:Rﬁ@Dceﬁwgaém%ImNm xh essentially all of
the nodified sugar ieties across a popul ati on of
conjugates of the invention are attached to nmultiple
[0108b}n ansthst exeraplanysmhodirgnt ihpepeptidahasahe saguended or
gl ycosyl residue. Thus, in a secpnd aspect, the
H,N 'Wﬁiﬂi&ﬁb@r\&‘ﬁﬁ%ﬁﬁﬁﬁ IJE%@T”QIE%EKVNFYA
popul at1 on of water-sol e pol ymer nnletles ich
WKRME GOON aVEVITQGLADLNSEAGLRGA b eV NEI$Q PWHE B UGDIL BVIDKANY S1ct

crnd EF LRl eBiERLE R Pa bln B Dh L AR B D QPSR

GKLRQ?WBE‘A'@@TG§Rb@@@ﬁ’ visEd eNg:ycosyl linking group to

a glycosyl residue of the peptide, and each gl ycosyl

o1l ST Bl DSORGB 1

anotlwr @VCQM%S Tae pgsnémel eesiives arg 3hewh abdviedn Bolddpilicat i on of
ter-sol ubl e pol yner npietjes covalently bound

[0111h%tie&rably,me&baﬁeramgpw@§wat}zrfﬁk. ng group. In a
[Ollﬁ’f ?ﬁe[eg e SRR VR Mion i E%Fgﬁﬂ lgz}slt ¥nENQinkeFBI PR d gljlgsylatlon

#i'on of water S50 ynmer noieties Is
site, whlc:hns glycorylaed eith agﬂyﬂ:ueylmésmu@ehmemlu@hs aREG anogdty.c Dby PEG is

ool PR e o 0 A B e Mot min

group i¥ Wohh@y attRAET To chiber B SRR0BLcidEMd &'h gg&gyp{eg&iwsﬁtm
conj ugat es anal ogous to those descri bed abovée in wh

peptidhe Aftemativly.i the glyapaydlinkidg gmua ls mhpﬂatwt dng ommiage glycosyl units of

o gyERER AT Gr Ve OGRS Qo e fichRish dp B EEst Bing eroup
is aﬁh&l@d@@@&tﬁaﬁ@ﬁnﬁ@@hms&tubaﬁd a@fhych 1@e§d’(ié| | nol ecul e,
nat ural pol ymer pol ypept i or synthetic

[0113TheREG maatyds a b@htol aew lmyctaa%ycqu irkengisrcdlyi or yiepmparglycosyl
s AR 5 S50 SRR .
[0114nncopraterded ehibedm&mt ithkeerltsofoleringrgtidéncamprises the moiety shown in

Formula I
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H N- APPRLI CDSR VLERYLLEAK EAENI TTGCA EHCSLNENI T
VPDTKVNFYA WKRVEVGQQA VEVWQGLALL SEAVLRGQAL LVNSSQPWEP
wah osEKAVS GLRSLTTLLR ALGAQKEAI S PPDAASAAPL RACTTEEZDRHH39712
LFRVYSNFLR GKLKLYTGEA CRTGD- H (SEQ DNG 1). [0109] In

notget exenpl ary enbodi nent the peptide has the

e: H N - APPRLI CDSR VLERYLLEAK EAENI TTGCA

EHCSLNENI T VPDTKVNFYA WKRVEVGQQA VEVWOGLALL SEAVLRGQAL
LVNSSQPVEP L OHGLRSLTTLLR ALGAQKEAI S PPDAASAAPL
RTI TADTFRK LFRVYSNFLR GKLKLYTGEA CRTGDR - COOH

(SEQ DNG 2). [0110 bhe seowences set forth above,
there are two IQJ&S s, one at C7-Cl61 and
anot her at C29 3. inecresi dues are shown
above in bold italic Preferably, neither
termnus is deg+NTzethy[ 0112] The peptides of the
invention include at | east one N-linked or O1inked

gl ycosylation site, whi®H is glycosylated with a

%Islycosyl resi due that includes a PEG npi et The PEG
[011 nchwap § Dyis ameathies seleced frempOpt andeR vi.dMm G Mtaguember

| 1%6: i 0 1
selec%gva L aH# @?g% ?@alkﬂ] e?é % ﬁl%aér& cc!)rhgtki fgggert g%l r §eg?cted a
moiety cginyprmmg a sttmisghﬂ-lchamfor bracipeipiolglethykht glyoal) memdm, aﬁdﬁle isa
p is attached to one or

linkeg %‘L‘g‘g% “{?:‘ﬂ gsegtc%éfioéwécbﬁ@&% situted or PRbRATESA alliyd and
substRURY lod ﬁﬁs&%ﬁéﬂéﬁ%ﬁ)&l@&@ﬁ@lﬂh&t\pﬁen@ YSCGSIYG ib Rm i nzgtd when Gis -

group i s attach an am no aci d resi due’ and
C(OX( yCoslkyl, TeisiRIdeNH-0113] The PEG npiety is attached to

an intact glycosyl linker directly, or via a
cosyl linker, e.g., substituted or
Theﬁﬂ?@%?¥°?ﬁted aIkyI substituted or unsubstituted
eroal k n.a preferre odlnent
011} 15 tsuﬁa Hitoie. éﬁbtrtva%tlfeuﬁﬁ et eI t’f‘@wg Simsing group,
actlvft% Hh‘zh@gdeggf b Bspecies ch{ ﬁ%ate's ForidBeheeh: sp&1é§su@h as peptides

nber Selected from -CH R -L-HN-; Gis a nenb
and lmdmﬂ@dnodlﬁml fRccharidgrod theGaodntion- C6) al kyl ; Rl is a
noi ety conprising a nenber selected a noiety
conprising a straight-chain or branched pol y(ethyl ene
Modified Saigyrsr esi due; and L is a linker which is a nmenber
selected froma bond, substituted or unsubstituted
[011A! KyThaptksanthisdentio pd)vnfes weglifieslt supars adodified sugar nucleotides and

conjt{jg%t@g E)%%lekyldlégdgj t hat(I;n ;&g% slugytri?ghm%yqlt_ s@he 1nvgrr1]uon 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, sulfthydryl or hydroxyl, e.g., primary hydroxyl, moiety on
the sugar. In an exemplary embodiment, the modifying group is attached through an amine
moiety on the sugar, e.g., through an amide, a urethane or a urea that is formed through the

reaction of the amine with a reactive derivative of the modifying group.

[0118] Any sugar can be utilized as the sugar core of the conjugates of the invention.
Exemplary sugar cores that are useful in forming the compositions of the invention include,

but are not limited to, glucose, galactose, mannose, fucose, and sialic acid. Other useful
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The Conpositions [0116] As di scussed above, the

i nvention provi des sacchari des bearing a nodifying
w@emaps13act i vat ed anal ogues of these speci es apPdr/uS2004/039712

conj ugates forned between species such as peptides and

suga#\s/ibhg(},lg(?e go %ugg}g %L&T%%gﬁ%ﬁ&lﬁﬂ %%glagols%@@ﬁ't llﬂérﬁr{btsjcrugvﬂleathe 5-amine

analapne iof sielic scu@ andtheriikdi Thesugrgae canlbé ectridas famdi in nature or it

can l}gdﬂéfgg;fggsmgnfl%gespﬁ :quﬁjggatlsrtgﬂgé g@slg?mg%?cé{;{, eF%g %)lilan?}gle in one

embdAiBERT ﬁ’n@llﬂveﬁtléﬁgmﬁ’d’ek Q%lahé agﬁ%}iv;ﬁ%cﬂ? éﬁcﬁleth thtydroxy moiety is
am no-saccharid or an N-acyl sacchari

replatghwithan aoérte. ahg antise sqaadtlalknvmzed sdthcimaactivatéd analogue of a

"sugar..” and "glycosyl" refer to nononers, diners,
Selec&%irg%‘{’r@ﬂ%g%rﬁﬁppol ymers. The sugar noiety is also

unct i i zed with no fy group. The nmo
IOII%}r ouén ﬁ»sade%ﬁf%whé&jﬁﬂaw t@%@ Biyated hipte g“é?'i‘%‘? t0 the use of
selec%éardéﬁgﬁwcé@'af S9A QR PhiR o"it @klﬁrfh 'ﬂfe arBWIf J&Xg%rﬂie tBAt the focus of the

hydroxyl, e.g., prinmary hydroxyl, noiety the sugar
discussiomis fexelaptymfyllmtntaodm amchthat thi etrunmhes ynchepnypositipns set forth are

hr ou an am on the
senefily 3RRFaRle Aerieg e BenG ot efTien i Yao i O PR hoFigF stapes.
activhtod aidditiddnacdhanaé ppoind dhjaates 8f WollTied sh@Rafidd Broups.
derivative of the nodifying group. [0118] Any sugar
[0126’]""n B adibtdniASRY eﬂ%oﬁﬂﬁ‘erﬁ 4B&nveRidn ﬁt)vﬂ'd&ea &%Hiﬁéﬁ%ﬁgﬁ% aftfine that
t'he i nvention. "Exenpl ary sugar cores that are use
has thenfofmuplai ng t he conpositions of the invention include,
but are not limted to, glucose, gal actose, nannose,
fucose, and sialic acid. Ohgr “wseful sugars incl ude
am no sugars such as gl ucosd ¢, gal actosani ne,
mannosam ne, the 5-am ne analegte_of sjalic acid and
the |like. The sugar core can be a 'strRcture found in

in W@@hﬁdw st Ao FOA oS LB K5 RO i grue.

Hofi®4re tRAIE thal HRTbiRSH RANYINdLRadive RbuforPthk %lycosg'l moiety,
erivative in which the 9-hydroxy noiety is rg&l ace

e.g., Wb hSHErordpilmand amgreumed mplgmeré@rmrwtwy on &he medifying Broup.

I f
s B AR oA B SERIA L 0 SRR, o
examipld, wdien &' éstlides bebdogyiteadidmblty, tlsie nfiets elagteadtivated and

derivatives of sialic acid. Those of skill in the art
coupligwith and¥Hn mpdety pa the glecosplagaides afferdingiadand dpwing the stieture

Ii t I [ r
N SR, AL OH B 1T 206 e e R T KPR Aing cther or
thioetheedgentisespfespentivhbyr i de groups, nodified sacchari de
groups, activated nodified saccharide groups and
[012on] EgampRrfinkeedlintuge atkgLatdeictatealBylatipisties] Qlﬁ@ﬂnkér@ ilude
exenpl ary enbodi nent, the .invention provides
linkinggfoppse Sorseefelapleaawh%%% Hpking grauRs & &y TriPRH-, -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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L RLin which Gis a glycosyl noiety, bond or a |inker
and R1L is the nodifying group. Exenplary bonds are

wo bmsestbat are formed between a reactive groupCDOS100€039712
gl ycosyl noiety, e.g., SH, or ()—I and a group of

cons GO EBAR b B P AR B e

of theGRadifysil giong. t he |ike. For exanple, when Rl includes a
carboxylic acid noiety, this noiety nay be activated

[0129nd gastBkeskewipldty BAkONRa PRGEhYieR orld BEG lrrY(ﬁ%?Yﬁat ieRhMalized

affording a bond having the structure
with & gning @P*ﬁ reslme GPhedthfG 8Ho glnmglp@sybgrobp throwghethe enbiriocacid residue

thi erivati
ot ong PECIEH GRSl REbuRlahal SForHiy Sty AfHiagyp. me
amin@add mtcmeoabwid tORi' @hd 6 PECR @rinintk @6Sbdunate 8 ik hald is
é;r for exanpl e acyl -based |inking groups, e.g.,
boun SHQOSY &) N+, and the like. The linking groups

are bonds forned betmeen components of the species of
An exenwlaryiveavidsdor L&' das thefowmda: t he gl ycosyl noi ety and

NH (RS O RE By Rlnie i e s s and

t are ihépeaddgly) Gd BiE ices KA arkIXBarp iklepbiiiei)( iRERAOIrSR M to 20,
the |inker is an _am no acjd resjdue, such as a glycine

and c i) igtsger fro 1taras8Qy Other sismiler hikess gredrasedien ylegies Hewhish the -
NHnﬁ)@ay%rge cédob}l l}i@r ﬁg(g ggspganglaggu@@ de by reaction with

an am ne on t'RA syl ’resi *and the anine of the

I tedvdQiohh d
o123f, LA ?tyl&?%!i{ SR PR BRP B i o
NHO@)(CH A0 CH: L {CCHITHOOQILNIR, [0122] Anot her

exe i nker is a PEG no }/ G noi et%/g&hat |
NHC B O HUCHe BN, MR QU W OCTHOED Al PREIR',

NH(de%“%L%@ R e R S

NH(CEhaNbiRle andPRBR' e ImihesesforAb e rthaindeeds yu, bahdd ard mdepiﬁdéhtly
LS boupd to the PEG term_nus not_ bo
Select?iﬁmetﬁ%mt?ﬁ?r% P Qte%omﬁger%%y fram Lyio o5RA indexogis. anAnteger
from p{@moary species for L-Rl has the fornula:
C(O)(CH2)aNH} {C(O (CH2) b(OCH CH2)c(XCH2)dNH} R1,

[0124]|_he gggﬂﬁtlbg%ﬁ (gmgntgr@}gis :Slr?gge gcéllri]g ??qgcqgcpéé%% qm% of the

invenﬁoﬁhm@@heﬁ]mﬂulael s an integer from1l to 2500. O her
simlar linkers are based on species in which the - NH
noi ety is replaced by, for exanple, -S, - and - H.
[0123] More particularly, the invention provides
conmpounds in which L-RL is: NHC(O (CH )aNHC( O (CH
2)b(OCH CH ) Q(CH ) dNHR 1,
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NHC( O) (CH OCH CH )Q(CH )dNHR 1, NHC(O Q(CH ) (CCH
CHI_IC§CX)g:H ))NI(—IR 1, NH(CH2) aNHC(O) (CH ) b( OCH CH2) O( CH

WO aidsiesseiC( O (CH ) NHR 1, and NHRL. In these fpernubme4/039712
the indeces a, b and d are independently selected from
t he |nt§gers from 0 to 20, preferably fwooem 1ot 0 _&womdh@icH.on
index c 18 FEIRI"PEBm 1 to 2500. [0% I an
i |l ustrat odiment, Gis sialic acid a WG dre
compounds of theNHF(%(V'e)nft'qmnw»btwawzw(mwnor mul ae:l XX

0 NElR OH OH HOOC! CH( OH) CH( OH) CH OH°HO0CM 0.
cN:HH%rgmomm 0 HH NH(CH ).NHRL ANHC( O) ( CH

A CERPRHHCH,OH
O b 0) CHlolbdlkCdd NN HR 1 OH OH CF)
&HAC( CH( OFCHCTE) & OH’jHo NH(CH) NHC( ()
(aoHoH ) O s Tic M sn el o
OH A CH( OH) CHJOH) “t‘iﬁ"@ilif @)%ﬁ(*@ﬁ) (OCH )
.0(CH) NHRL O Q(CH (OCHCH ) Q(CH) NHR OH H and OH
As t hosoaf | LénohbdBgonar t Wi |1 appr eebat e, ot N&xomcHomcH,on
sialic agid nolety in the exenplary conpqguads
NH(CH_);NHC(0)O(CH,),(OCH,CH,). O(CH,)(NHR! NHC(O)(CH_),(OCH,CH,): O(CH,),NHR!
OH OH

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

0.
CH(OH)CH(OH)CH,OH '
(OH)CH(OH)CH, HO
. NHC(O)O(CH,),(OCH,CH,) O(CH,),NHR'
NHC(0)O(CH,),(OCH,CH,) O(CH,)yNHR! ' O
HOOC CH(OH)CH(OH)CH,OH

As those of skill in the art will appreciate, the sialic acid moiety in the exemplary compounds

HOOC.

above can be replaced with any other amino-saccharide including, but not limited to,

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

[0125] 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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above can be replaced with any other am no-sacchari de
i ncluding, but not limted to, glucosam ne,
w@20080513%am ne, nmannosam ne, their N-acetyl PCT/US2004/039712
derivatives, and the like. [0125] In another
i |1 ust r abty € .oe MharERRtHNHE0) [, iNFERIcY,), Bydh. e aRDI et y of
t he sugakeils flinctionalized with the nodifying group.
For exanpl €; wookydroxyl of sialic acid can be
converted tolt he correspondi ng am ne and
functionalized to provide a conpound according to the

i nvent i BR° fHRELOE BT U PN L T rE S e nt
i ncl ude: ( OH) CH( OH) CH NHC(O) (CH ) NHC(O) ( CH
) (OCH2CH ) Ml HO NHC(O) CH OH HOOC. H NHE( O) CH

OH HOOC . CH( CH(OH) CH NH(CH ) NHC(O Q(CH ) (COCH CH
)O(CH )NHR HO NHC(O) CH OH HOOC , CH( OH) CH( OH) CH
NHC( O) (RF),RNR-CHERHER I OM I L TR IR HO

NHC( O) CH*N CH OH OH NHC(OQ) CH "CH( OH) CH(OH) CH NHR 1
HOCH( OH) CH(®H) TiHedHC( O) OQ(CH ) (OCH CH ) OQ( CH ) NHR
NHC( O) CH NHCEe®) CH [ 0126] In a further exenplary

enbodi nent, the invention $r ovi des pRdi fied Mbg)ﬁ,r(oa)c,i.z,@“w_ww
e

whi ch t & SRYFPEETETER™™S conyePredyfo t
correspofitlijnpg am ne noi ety, which bears\a
NHC(O)CH, ; NHC(O)CH;
OH OH
HOOC 0 CH(OH)CH(OH)CH,NHC(O)(CH,),(OCH,CH,) O(CH,)¢NHR?

HO
NHC(O)CH;, HOOC o} CH(OH)CH(OH)CH,NHR'
HOOC 0 CH(OH)CH(OH)CH,NHC(0)O(CH,),(OCH,CH,) O(CH,)NHR! NHC(O)CH;
HO ; OH
NHC(O)CH,

OH

[0126] In a further exemplary embodiment, the invention provides 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

5  that can be used as the core of these modified sugars include Gal, GalNAc, Glc, GlcNAc,
Fuc, Xyl, Man, and the like. A representative modified sugar according to this embodiment

has the formula:
RG
R3
R* R?
RS

in which R*>-R® and R” are members independently selected from H, OH, C(O)CHj3, NH, and
10 NH C(O)CH;. RS is ORI, NHR! or L-Rl, which is as described above.
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| i nker-nodi fying group cassette such as those set

forth above. Exenpl ary saccharyl groups that can be
waised/oss2t he core of these nodified sugars i ncPamesz8ad/939712

Gal NAc, dc, GcNAc, Fuc, Xyl, Man, and the like. A

epr tive nDdlfled S ccordin o this
10127 10 SARERE Coniede iy ion a Faved iy Bifnngher idgipe gy elucose,
or ond &1@%&% hd fERBEHRAREEY of HARSE, %dlaﬁtro%rbx%lugée The general

O CH3, NH, and NH C(OCH R6 is ORI, NH L- R1,

3hﬂnWWﬁ@mh§Wa@nE@§@$mﬁed above. [ 0127] Sel ected conj ugates

of the invention are based on mannose, gal actose or

gl ucosg, or on species ha&wing the stereochemrstry of
gal act ose or gl ycose. The genera
ogjugates ar e: RS, and [0128] In an

r Hg)odl ment ,
as set\forth above that /activated as the

ng nucleotldquudﬁgs._Exenpl [y
nucleotides t’hat are used in the’ presen |nvent|on |n

hel ified formingl ud ucl eoti de no-
[01283 fi p T &Xe largr?g}bé)g nﬁ, tE% Hyvention %{og@a (‘équ%odmds Is set forth
abovEROME H&Natedta@ ehd'Rfttckp@dirpidrIeofide bigQty. dBkehtpla¢ et dcleotides

froma UDP-gl ycosi de, CMP-glycoside, or a
that aggpped iy the Piresent iFvenkiond @egmc@ﬁ%foym ip¢ladesigdgotide mono-, di- or
trlphoggﬁeltg Ol (jlqglog? {%B%@gg{ ]éljtggegfgﬁ %ﬁ&gﬁﬁ’n%‘t‘ Qﬁé m%Hﬁieﬁ%Béaq%ublﬁotlde is
selectelDfrog] aIUDPeglytsirtey CMIngyﬁbs‘iﬁe OGDIGDR%QI}@Sﬁde @Rnfmmmferably,
CWPsi alic acid, or 8@ Ac. I n _an, exe

the sugatypRAlsatide POF}%‘ otk fé%ihfl Sygap Bprleatideiigs r%c&%d\éﬁﬁ@a ULP-galactose,
{ J [ e -

UDP %ﬁflagtﬁ)g ﬁﬁé& t?gy«io'sgm Llﬁglt) 4cg§£sx:ilg I%’ﬁl;?ﬁ%ﬂgé P-fldose, CMP

sialicianide ot CMP-NBMcD dhlsanmﬁmplanyjsmh@dlmngt, tHcalubbondﬁ plesphate is
A&E‘é CH(OH)CH OH ; and OH H(OH) CH(OH)CH NH L' - 1

attachq OH in which L-Rl is as discussed above, and R

0128 t L%ﬁfs”éiﬁﬁw'w' Ry ePe g i WaichaiscH NG el salic aci, the

inventiBf pHSde? cBRABGandR/HsVing He formulae:

HOOC. Q. CH(OH)CH(OH)CH,OH

\\/°
wj\“\\ /\ L—R' ;and

HOOC O. CH(OH)CH(OH)CH,NH—L'—R?
Q
— \\P/ o
(] N
H,N~<\\N SO~ N NHG(O)CHy

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. 1 and FIG. 2.

[0130] In another exemplary embodiment, the invention provides a conjugate formed

between a modified sugar of the invention and a substrate, e.g., a peptide, lipid, aglycone,

35



10

15

20

het er oal kyl noieties. Exenplary nodified sugar

nucl eoti de conpounds according to these enbodi nents
wae@spet2forth in FIG 1 and FIG 2. [0130] | nPemnusives/039712

exenplary enbodi nent, the invention provides a

con rmed bet n nDdl |ed S
etc., rpﬂr\; belﬁ ]&ﬁgt\geegm%ﬁ EF% sugar @n ag yﬁgs% fea ue p%ﬁlgg/copeptlde ora

glycoB@idy 4R "tlﬁs @Fnﬁodlnﬁﬁf %e&%@&t‘ rﬁé‘k@" dﬁh@ﬁb&ﬁ'ﬁﬂ sﬁ%m@égﬂl&% glycosyl
sugar and ghecos resi du ycopeptide or a

linking gr@@ inpirposed hetwees tf@rﬁbbsrramamd tht: n@dsfuglgrgrm eAry exgfmplary

elyeop R pieaihis At R ST e SR pihibE Bt roiety or

molewsqbﬁmnguﬂleemﬂm ?:buﬁ Bte)o0 dydradddrbyi dhgmikal (g, | Sodaiin
i ntact_ gl ycosyl ing group, in which the glycosyl

metapagiodety) ofrEngpmaliq BroCessS e By owf{@w)l wRlcagd gpaypates of th@tnventlon
e, , ,i g
e e
mannommjliug,@mmﬁmbh@lédmsamﬁﬂeoslahcna:dldlée Exemplafy modifging @poup-
intac ! a(%?é{/]ggggl{égrgg]g cetlsget%haecc%g]mg&g g}‘# ¥1f %Ifl@gqgs%&ﬁ ﬂéllc acid
structdd, a&%%%ﬁﬁtﬁ%mgkﬁ fofm@gé.d etc. Exe”p| ary nodi fying

gr oupi nt act osyl 1 nking group cassette according
to this rmtlf i s based on a sialic acjd structure,
such as @vi ng the forml'aey 2] H,COOH O - CH
(OCNH O H R[- -, NcogaOOH . COOH and ohe P mul ae

above, Rl,Hq_l 2 are as described| ab
still a.furth
f or med |%etween substrate and the -po htion of a

saccharyl noiety"that in which the nodifying group is
attached through a linker at the 6-carbon position of
t he sacchar ety. Thus, il kustrait-
accor di ng o tlhi s ergg di ment have the f
which the r as di scussed abBove]

tNE_é

skill will apprgci hat talg]g modi &l &@

R'—L'—NH

OH

OH

In the formulae above, R', L! and L? are as described above.

[0131] In still a further exemplary embodiment, the conjugate is formed between a
substrate and the 1-position of a saccharyl moiety that in which the modifying group is
attached through a linker at the 6-carbon position of the saccharyl moiety. Thus, illustrative

conjugates according to this embodiment have the formulae:

O (0]
g/ L1_ R1 é/HN °© L1__R1
RS R3 , and RS R3
R* R*

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 at the 2, 3, 4, or 5

carbon atoms.

[0132] Illustrative compounds according to this embodiment include compounds having

the formulae:
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saccharyl noieties set forth above can al so be
conjugated to a substrate at the 2, 3, 4, or 5 carbon

w@t@s®s13p0132] |l lustrative conmpounds accor di nBCT/0S1004/639712
enbodi nment i ncl ude conmpounds having the fornulae:R R4
.0 .CH crMEQERNEOCH bty O(CH ) NHR R . CL
. CH NHC( O YNHR R4 "CH NHC(O) (CH ),, (OCH CH ) CH
)NHR and ». CH NHC(0)(CH ) (OCH CH )0O(CH ) NHR

in which the R groups and the indeces are as descri bed

above. [913% IhﬁquM%Qkhgﬂm &ﬁgwphgyldes sugar
nucl eoti dée dified -Rl at the 6-carbon

posi tion, |ary speC|es according to this

enbodi ment ilnclude: , LR Base HO in which the R groups,
and L, represent moi eties as di scussed above. The

i ndex "yX* chicapmHeoch @t3dfocharir t her exenpl ary

nucl eoti de| sugar of the invention, based on a species
havi ng th erreocheni stry of GDP mannose. An
exenplary s C|es accordlng to this enbodlnent has t he
structure: R4 "* R nidbbch Ak T N

HCHzNHC(O)(CH
3
CH,NHR!
R o CH,NHC(O)(CHy){OCH,CH3)e0(CH,)gNHR! ;/HI s
R R
' and
RS

R‘

R‘

R o CH,NHC(O)O(CHZ)u{OCH,CHp) O(CH,)4NHR'
st;Im

R4
in which the R groups and the indeces are as described above.

[0133] The invention also provides sugar nucleotides modified with L-R! at the 6-carbon

position. Exemplary species according to this embodiment include:

LR®

Base

y HO OH

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

2.

[0134] A further exemplary nucleotide sugar of the invention, based on a species having
the stereochemistry of GDP mannose. An exemplary species according to this embodiment

has the structure:
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H OH[0135] In a still further exenplary enbodi nent,
the invention provides a conjugate, based on the
waet@sesckem stry of UDP gal act ose. An exenpl arpCT/US2004/039712
compound according to this enbodi ment has the
structure: o R " "'3""""n. 90 CR5 0 O ; and , NHR
[0136] In another | ary enbodi nent, the
nucl eoti de sugar '8 based on the sbereochenistry of

gl ucose. Exeng) speci es accoydi to this
enbodi ment haveg tfe fornul ae: U¢RY| o ; and R5 o- H
[0137] The ' yb@ gf oup, & amy of a number

of species incl udi ng, ot mted to,

wat er - sol ubl e polyner% %ate(-'nsoluble D %yners,
therapeutic agents, diagnostic Sgents and™¢he |ike.
The nature of exe ry nmodi fying groups is discussed
in greater detai er ei nbel ow. Mdi fyPng G oups

Vat er - Sol ubl &3f rer s [0138] Man r sol ubl e
pol yners are krffown{to those of s<ll |n the art and
are useful inRe “wGihg §he pres {ion. The

term wat er - sol ubpe po P8 sses spe(:| es such as
saccharides (e.g., de raé a se, hyal ouronic acid,
poly(sialic acid), heparans, o' “OH

[0135] In a still further exemplary embodiment, the invention provides a conjugate, based

on the stereochemistry of UDP galactose. An exemplary compound according to this

5  embodiment has the structure:

1y, 0
R4 Y ///O\ ” I o
= P~ ~~P
R® | 07 >0
o O -/

[0136] 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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heparins, etc.); poly (amno acids), e.g.,

pol y(aspartic acid) and poly(glutam c acid); nucleic
wa@eiod®s13gynt heti ¢ polynmers (e.g., poly(acryli cremius)ops/039712

poly(ethers), e.g., poly(ethylene glycol); peptides,

proteins, and the Ilkeo'The present invention may be

practiced with any waf Rubl e polymer with the sole

limtation that thg pol yner nust Lmjl ude a point at

whi ch the renuirgel of the conjug can be attached.
[0139] Methods fof a tlvatlon of llymers can al so be
found in WD 94/ &Y039,4)§S. fPat .o , 324,844, WO

94/ 18247, WO 94/ 04%93, ST\RA’*{_@E. 5 219,564, U.S.
Pat. No. 5,122,614, WD 80/ £3540 S. Pat. No.
5,281,698, and nore WD 93/1518@ ant ;@8¢ conj ugati on
bet ween acti vated pol Ner s and peptides, e.qg.

Coagul ati on Factor iR (WO 94/ 15625 hem)gl obin (WO
94/ 09027), oxygesy, carrying nol ecul . S. Pat. No.

4,412,989), ribonufle se and supergxi de di snut ase
(Veronese at al, hefh Bi efi. 11: 141-45

(1985)).[0140] Pref qsred Thq)t/%l:éxoggrje pol ynmers are
those in which a substanteal oprop on of the polyner
nol ecules in a sanple of the pohyhercmre of

approxi mately the sanme nol ecul ar wei ght; such polyners

[0137?r e THeansdlfsResmap, R, &lhdlof ThambeestyptcibiiveRidingNbhtsot limited
urther illustrated by reference to a poly(ethylene

to, waggirypekyible R%ﬂp@rgaw@er-@éqlébla|po}ymrwherwtlﬁaa@§% aipﬂggoséw agents
and thtghlge{ gggh&ﬁ%aéf*e@ﬁxpﬁgx 9@8&%@5 o %fésregr'flo?g?er %ﬁdetall

hereinBblpsw. C25: 325-373 (1985) Scout en, Methods in
EnzynDIogy 135: 30-65 (1987); Wwong et al, Enzyne
& b. Technol. 14: 866-874 (1992); Delgado et al,
Moditying (>r9¥PRevi ews in Therapeutic Drug Carrier Systerrs

Wr,,ag,gﬂg,agﬁ”&gggz) Zal i psky, Bi oconjugate Chem 6:
HeTTE0-165 ('1995); and Bhadra, et al, Pharmazie, 57:5-29

[0138&20(}§me HoUE-ESubR o é)apgrgeﬂ)@{lﬂc 'Rgo&rﬁ @&fﬂo‘s’@ I lr‘rHSt:hg GM laﬁé are useful

ormng conju usin e reactive ecul
in pra&[@né(the\mesemt 1hifrmtlant Thd:mrmewamadomblﬂ:)(ﬂymﬁaém;nmpmgs species
2 discl oses a wat

6 | ubl L
such &3 SHCHARESS (bt SR 5 mbé%?ﬂ%?l%ﬁ@%& Sl PSR, Reparans,
hepart%?le%:f ?)@l d’aﬁmld é ? ;gch&@@ﬁali‘@éj d?@i éﬁ@eﬂ Mkﬁﬂﬁmc amd) nucleic

pol y( ox ol s)
acids; aymhmn molymensde.go pyl(s'éaﬁrxliccmtﬁ)muw(leﬁ@ys e[ @;miy(ethykne glycol);
sets, forth a

peptidgS, pReibine g R s BeteR nSbihindlErs el B RS e

solublé@bBires Hithathe sa18 timfi@floP et ihdipslyRed: YiRE inklude @oirt A8which the
term nal hydroxyl of the polymer with

remaigflef of hereoniugria £ay by attacheshat e in an organic sol vent.

The active ester is used to formconjugates with a
[0139Di ol Mgfhodd foy aetistatior ofp@ymersiweh akss ba foundtiniWiOd/17039, U.S. Pat.

No. 5BFRE44I8V0 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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[0143] W99/45964 descri bes a conjugate conprising a
bi ol ogically active agent and an activated water
wa@edoaloss2pol ynmer conpri sing a pol yner backboneP¢Euszng4/039712
at least one termnus linked to the poI ymer backbone
hro bI e |nk wherei n. at ast
o140 oy o PibeaSialrt S EPRY Rt i RkEintb R S ebaropegtion of
the p(:SAZﬂl@f mYRcaled PSsdmpIK efitht Polyfiter BfeddTaPpRogim@Egtte sanie molecular
_ ich the biologically active agent is linked to at
weightesich pghyaness aren gowpéﬁm@ﬂ reactive groups. O her
branched pol y(ethylene glycols) are described in WO
[01419 6/ 2Thepresant Sivepaereistfumber bysgaed by zeigence fepoly(cthylene glycol)
th a

confi) 068 R EndlolefaP R PR RrchiTat8 48 fofflpaion o pEG

are available] gbalfordxanipte, HEhﬁ; Mc@eoﬁoea@ﬁaw PhYs. CUFS 325-873 (1985)
avai l able to react wit | ogi cally active specie

ScoutepcHetkgduningdyrsyeplagnl 3y é@tQSdé 98?)ow\mrxggft eorfinayae ddcrob. Téchnol,

14: 8@0e %%21@952 Dl ldx %ﬁ@hy c%l ?l K%\% 251 12%8@%88 ?gﬂ% @Q}r‘;e@'lslgytems 9:

activ ribes
249- Wf(MM)j Mqﬂskyp%danjugere Glmh i6t $50+365 (1996 mnd Bhadra, et al.,

Phar%%?z%n SR AR BofleboF sesrini erfcte O olpealraant iope

conju ht@gﬁgﬁ%tlﬁrrgacgﬁé el G s aft MBwRIh BAS; F(ﬁfrEQaM@e U.S. Patent No.
§9/ 1425

, as wel as in US. Patent No
5,672rdishdapenal alates sdlubleage ssodatablaperjugahdian astive estp‘er@emllymer

g 014
acid RGP it 3t Pie o PP IR RR BvEee, BTy N i hicd el
poly(6RAhRdcobblsh faﬁdpb@%@momamahh@n in the formation of
t he branched polynmers set forth herein and al so for

[omghe eonipagat Nene, 876 bheses ﬂ%ﬁraqﬂaﬂocpfarxp%raﬁng ) \A%Jﬂ-%lbluble

ecies, e.g., sugars, sugar nucl eotides and the
1- bex{z@tm_ﬁq)lylﬁnﬁwpata estepat W@tthydlebie agdl perepyptivnd miumesb)olfeactmg a

termi?lf:lggl D?%tbg ¥ﬁ t | on Qig Ltynkot% A3 ng%ta_rll :jn orginlc gbl&nt

The dcﬂvé"@dté‘r"ls ReldSo Tbnrg'én j A RS bobithikd lﬁ@lo@[call? asthetdgbntts@eh as a protein
al kyl, substituted or unsubstituted aryl, substituted

or peptideunsubst i t ut ed heteroaryl, substituted or
unsubsti t ut ed heterocycloalkyl, substituted or
[0143}ns uNéd 99465861 testrbasal dopjugate. cgmpriaingtadiiologiedly active agent and an

sctivaify PRI PBTET ETBEIBE & PR aciging Fagh BERE DS terminus

hnkedi &d&x@ %Bgﬂ{ktr b}ckbeRE 86uph d ARERAKagk! WHRrBinta® 16d6t onéR@minus
nbol' s and Z1 independently represent OH NH2,

comnrréem b@n@ﬁwmlet)@h@/mg prioxieal stastive gioupy biedrig the bamhing

etra .
mmega/c m V}g%i‘l §1e bi Fl%glly ?céﬁg)ag%?ys %&8'28 at | %})&1@ Efi %Elpfox&@ reactive
groupsy Otﬁ'élﬂ)rawri’e@bolﬂdtl@mfrﬁ?geyﬁofﬁs) kte2descritbd ir SV O 2R469, UBePatent

a/ ols X .Y, Y1, Al, andU independent IEy
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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represent the noieties , S, NRl1l. The synbol V

represents OH, NH2, hal ogen, S-R12, the al cohol
waeewposset of activated esters, the am ne conpPCENE2004/039712

activated am des, sugarnucl eotides, and proteins. The

[0144] nde@?@g&teﬂhaﬁnﬁﬁ&’e e eﬁé&bi@@*ﬁ@ hﬁkdg@g’ %g%f&g&ﬁmeh% WO 99/34833;

Sel ec romthe 1ntegers fro
and WXO 991059, Rs avetl aR12 Ui Sld’(atmhﬂerﬂ B% 5iﬁor81$hmlbg1}ddable linkages are
uted or unsubstituted al kyl, substituted or

apli G R e B E gl Lyl Subst Lt Ut od or

nsuhstituted ar bstituted or unsubstituted
[0145)0; e’F F%S&k‘%‘y @ﬁ@og%%fdﬂ Iymereagtivation st dgethjabyere of use in the

conteJZ'tle% é@nt u{vgljrl‘[fgrl in t&i’e ﬁ)ﬁﬂlﬁgﬁo SEHP Bﬁﬁﬁ%@%% Qétsfﬁrtfi R&rein

poly(e yenegyco els se rom-t
and alsolférahe crgljﬂl@rtl()ﬁﬁﬂtlﬁbt branch’dd-p@@ﬁﬁrﬁd gther speciesye-g(, O@E4Ts sugar

- N Me-(QOCH CH) - LJ Me-(OCH CH
nucle%tlcwga{l%ﬁ(l@) - s- ZH I\/Ie((OCH CH)) Me- (OCH(CH_) - ?\L

Z HN 11 [0148 The pol y(ethyl ene gl ycol) useful in
[0146{ o E¥fgnRIpRY RO 1%(?%@1&{1%% toly Riolscyles AE Pesrinithe wvenion include, but

arendt'hﬁ&éﬁt@ﬁh@e%@{%g%e . B fBranghed pol y(ethyl ene glycol)

cul es suit use in the invention include,
but are not linyted to, those described by the
following formufa: - AV>(OCH CH )e- X1 Wm(CH) R"' -
A ">(OCH CH ) whi ch R8 and R8 are nenbers
i ndependent | ¥~ sel &€Hae—FXEHhEHO)dCapsAtefR®ned for RS,
above. Al and A2 are nenbers independently sel ected
in whichd®his e Odt, oNihs swistitutestorfumsubititutedadipyd, substutadde easubstituted

aryl, sybe el B uduBo R PRGN R G B Bl sTeriietqptont
substif@best @ubstidute Shet&eaiyNelg ,Idh%pb‘ilcsﬁ%@) (OH,),-, WS -(CHy),, or
and NHC( O O 0149] 1n ot her

(CH@QM arI(,h el ieﬁémrgsentsm lmegm 1 FIE@(?Os Bresadecgpbie, and q
1ndep31cf:e¥1§$' ?erpli‘]éesgnt 1g{eﬁ9rg ﬁ%gbg ko > 20, lst}ge s(% %ﬂ? Fﬁﬂﬁ%ﬂ'&gﬂym
represent OH, NH,, leaving groups, e.g., imidazole, p-nitrophenyl, HOBT, tetrazole, halide,
S-R®, the alcohol portion of activated esters; -(CH,),C(Y")V, or -(CH,),U(CH,);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, NHj;, halogen, S-R'2 the
alcohol component of activated esters, the amine component of activated amides, sugar-
nucleotides, and proteins. The indeces p, q, 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.

[0147] In other exemplary embodiments, the poly(ethylene glycol) molecule is selected

from the following:
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HC( O) OCH CH( OCH CH ) ( OCH NHC(O) CH (OCH CHJeOCH HO
HC(O) CH CH (OCH CH ) OCH HO S ( CHO CHHOS (CH CH
W@00S5182C( O) CH CH( OCH CHOC) HC(O)OCH CH( OCPCTZIBHGH39712

HOOCHCHO)CHH(CHCH)CH HC( O) CH CH( OCH

M BTG G ok crioci %*HS%Q’ (O o

O CH NHC(O CH [ 01x0] In yet another enbodi meat, the
branched PEG noi ety i's based upon a tri-lysine
petlde Thetrlll ysi ne can be nono-, di-, fri-,

Meg enpl ary spe&m-EéQCH@@Idf)dTN z
errbodl rrent have th%x or mul ae: NHC( O) OCH CH ( Ci—ishl\?(
OCH3 H , NHC(O)OCH OCH CHOC) H NH HN. LNH O)OCH
M@HQ@QQI—@HﬁO }4\1 HC(O) CH CH (OCH CH )H

NHC( O) CH CH( OCH CHOQ) HC( O cMecKP%

which e, f and f are independently selected in ege‘%s

from1lto 2500; and g, q' and " are independeptly
vee|(ssh gt ptegers from1l to 20. [0151] In exenplary
enbodi ments of the invention, the PEGis mPEF (5 kD,

10 kD, or 2@kD). An exenpl ary NedQCHeQHDEGINpecies is
Mg - (s hiafeste)egN T¢steine-(mPEGQ 2 in which the mPEG is
a 20 kD m PEG [0152] As will be apparent QO t hose of

skill, the branched Folyners of use in the invention
[0148] The poly(ethylene glycol) useful in forming the conjugate of the invention is

either linear or branched. Branched poly(ethylene glycol) molecules suitable for use in the
invention include, but are not limited to, those described by the following formula:
R8-A1 (OCH2CH2)e—X1\
m (CHa)q
RS’-AZJﬁWCHZCHz» —X!

° Y
in which R® and R® are members independently selected from the groups defined for RS,
above. A' and A? are members independently selected from the groups defined for Al
above. The indeces e, f, 0, and q are as described above. Z and Y are as described above. X!
and X' are members independently selected from S, SC(O)NH, HNC(0O)S, SC(0)0, O, NH,
NHC(0), (O)CNH and NHC(0O)O, OC(O)NH.

[0149] 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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i nclude variations on the thenes set forth above. For
exanpl e the di-Iysine-PEG conjugate shown above can

WO ps08is21 hr ee pol yrmeric subunits, the third beemes200039712
t he a-am ne shown as unnodified in the structure
above. Sigilarly, the use of a tri -I ysi ne
functionalli zed with three or four ymeri c subunits

is withi NAERE" CH’\?@'FTW’C%H“ [0153] Spe(:| fic

H YM; and
these speci es CRIvEH-ELMHBaBH] Ot her
activating, op |eavi ng groups, appropriate for
activating linear and branched PEGs of use in
preparinglthe co Oun%céﬁkwﬁ(&hfch&)&ﬂr ei n include, but
e speci es: =J X Al I H
and PEG nol ecul es that are activated
wi th these Hind and met hods of making the
activated PEGY are set for W%‘ofCHzc'?/‘ﬁCFb%f)ﬁ%ZSQ [ 0155]
Those of skillb in the art will appreciate that one or
more of the m PEG arns of the pranched pol yner can be
repl agded by a PEG noiety with different term nus,

€. Ono S——(CH,CH;0),CH3 ; HO S=——(CH;CH,0),CH,
NHC(Q)CH,CH,{OCH,CH)OCH; NHC(0)OCH,CH,(OCH,CH,)0CH;
0 o}
HO O—(CH,CH,0),CH, ; HO O—(CH,CH,0),CH,
NHC(O)CH,CHy(OCH,CHZ)OCH; NHC(0)OCH,CH,{OCH,CH,)OCH,
o} 0
HO O——(CH,CH,0),CH,3 HO S——(CH,CH,0),CH3
NHC(O)CH,CH,0CH, ) NHC(O)OCH;
0
HO $——(CH,CH,0),CH;
NHC(O)CH,

[0150] 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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COOH, NH2, C2-Co-al kyl, etc. Mreover, the structures
above are readily nodified by inserting alkyl |inkers
W@ 200508130V Ng car bon at ons) between the a-car bPCT/ESI03/039712
and the functional group of the side chain. Thus,
‘"hono" derivatives and hi gher honol ogues, as well as
weryhomml o u,ﬁﬁo)@{H@Hywd@Hgomse scope of cores for
of use In the present invention. [0156]
d PEG speC|es set forth herein are readily

par ag, S'H QPP Fr th in the
S O

me elovazNHHH reV. olf NH' in which X
is onf S rl‘[{ cﬁ% rocf rComol to 5. The indeces e
and foar e \i hdependen 5}) ’é et ?ﬂ“egers frpgm 1 to

2500 [0157] Thus, accord| ng to this schenme, a natural
unnatural amno acid is contacted with an acti vated
PEG derivative, in this case the tosylate, formng 1
ingnNutrecere®celad.ocHiet eroat om X . The
monp-fu4nct onalize mPEG anmino acid is subnmtted to

Nacyl at i onjcongy ti gns t PEG

der | vat NMWMH% C?r?é?%%adﬁ\éﬁ%@mPEG 2. As
oneNqf i |1 M%i I'l appreciate, the tosylate |eaving

gr oupjj cansee £o &) odndh et abl e | eaving group,
e.g.,%halogen, nesyl ate, £rifl ate, etc. Simlarly, the
reactive carbonate utilized to acylate the anmi ne can

in whRigh e EPArRCe Bre\thddpeAdendlG sél¥&te® fit&ers Boifl 1:to 2500; and q, q” and q” are
Nhydr oxysucci ni m de, etc., or the acid can be

indepgsdenitit sedectad lgtegcrslﬁwnhgtcaﬂljehydr ating agent such as
di cycl ohexyl car bodi i m de, carbonyl dii m dazol e, etc.
[0151p15dh ekﬂnplaryeemimnlliracrys ofithe di'mmtion, th PEGusimEBEG @5 Do U(DkD or

20035 By R B i B D hH et B

mp]t;d}qg@g@ublrﬁpmety, etc., can be incorporated in a
gl ycosyl noi ety through an appropriate |inkage. The

di f e
1S AN ORISR RO TR v
include arhfiatiehs oo g thehes sen fatteatplar Foreaxhamgientha ti-lysine-PH@ edrgugate

are substjtut ecLI . . . .
shown above can include three polymeric subunits, the third bonded to the ai-amine shown as

HO

HO

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.

[0153] Specific embodiments according to the invention include:

o S
Me” \(/\0)’\/
€ OH
HaN
o

(o) 0.
Me” \(/\o)’\/
€ OH
H,N
(o]
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with an active amne at any position that allows for

the attachnment of the nodifying noiety, yet stil
wa@bdosmwsizhe sugar to function as a substrate fPCT/ES2004/039712

enzyme capabl e of coupling the nodified sugar to the

peptide. In an exenpl ary enbodi nent, when
gal actosamne is thﬁ/ﬁidrfg§&wn? r, the am ne noiety
is attached to the carbon atem at It heyg- position.
[0159] The present invention alid pyovi des nucl eoti de
sugars in which te égpk@t i sonodi fied. An
exenpl ary nmodified Sugar dycl dti e bears a sugar
group that is nodified through an am ne’ noiety on the

. Mbdi f.i ed | eotid . g.,
andcé%%ﬁ%@ﬁ?WE%W%E8“%§%$9§$$§§§%8#u§§§5Sa? nucl eoti de, are

al so of use in the,nethods of the invention. For

exanpl e, a sa Pwj t hout ghe nodi fyi ng

group) can be enzymaticaly ghaiggat‘d to a peptide
d

(or other species) and theHNfegrsagthay am ne noi ety
subsequent | ymgonjugabgd o/jh§ i rgld podifying group.
Al ternatively, ¥Re nnﬁf??@ﬁ s@garf nufl eoti de can
function as a substrate for an enzynk thatandransfers
the nodified sugar to a saccharyl acceptor on a

substrate, e.g. joggp{i copeptide, lipid,

agl ycone, egconpi , eP In gne enbodi nent in

whi ch the saccharide core e Fgl ucose, R5
is NHC(OY. [0161], I n_gn exenpl ally e i ment, the
modi fi ed sugarre{DasSap 06- a acet yl -
gl ycosyl noiety. As shofn bel ow for
N-acet yl gal act osanmi ne, the 6-amni no-sugar noiety is
readily prepared by standard nethods. a gal actose

5 [0154)xi d&sleer actiNtdti@cor NeeBihgotaps) Al Ppriate fdrackwtimgdinairond branched

the ind . 1 int . f. 1.to 2500,. .
PEGEPi3isa Byt Sopoinacy fouh Jorioy BRNG PP 4R Bjeg to the
specidd) to 1200. The synbol "A" represents an activating

group, e.g., a halo, a conponent of an activated ester
(e.g., a Nnhydroxysuccinimde ester), a,conmponent of a

carbonate (e.d., f-nitrophenyl carhonale), and the
i ke. Those fffgﬁgTT%in t he agggngrﬂégﬁréciate t hat

€.
|

ot her PEG agh nucl eoti de su e readily prepared

by this and 5Iogous nmet hods. [016§] I n ot her

exenpl ary enbodineEi?, the anm de~nphety is replaced by
a group such As\a_ g%gane or ai%@@qf“[0164] In stil
further en‘d gnt s, is a branthed PEG for
exanpl e, one~of Y hose speci es set fortlh above.
Illustrative compounds according to this enbodi ment

MN_O A . QN—O)ko_g
F—gijg_yj\&% - <:5:12‘“J\“f

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

NHC(O) (CH ) NHC(O (CH ) (OCH CH )Q(CH ) N S (CH CH O
CH, OH NHC(O) X CH CH(OCH CHO) CH HOOC CH( OH) CH( OH) CH OH

WORNSIGEBY{CH ) NH S (CH CH O CH OH NHC(O) X CHCHUS$DEH39712
CH ), OCH CH(OH) CH(OH)CH NH(CH ) NH S (CH CH O CH

[015%%?%%@%11@%%@%%%%%%%% 8’?'135 of the

branckd ﬁ?biﬁ/ﬁﬁl‘-bﬂbeﬁ@blab&ﬂ@ PEGintoiedyiwith Xdiffesent tdipielisOg.g., OH,

d ab h
COOH LR Pk ph b1 Hoo MHTEN EbL Mrictigss ot hate TER@DeHifFely
insertigl 1k A [MREB 0 SRIRI S o‘aﬂio}ﬂgﬁfmsg%fv@gn't & 'cEIJBSﬁ atom and the

straight-chain or branche exanpl e,
functieagl grgun efthe sidenghains Kbwy “th@’\’/\inrvatlwstdmdmlgHee hsmomgum: as well

as lovﬁj&o& fgsent | v@p BSI)S mé%%&r@%@&ﬁ%)@sme present

inventibl( O) X Cl—UCI—U(OCH CHJ) OCHJ H N OH HO OH in which X
is or a bond. [0166] Simlarly, the invention provides

[0156W u C| ’PEE bﬁﬁclﬁﬁ%@sﬁéﬁleﬁ 9&3&1@&&2@ a‘?@reﬁﬁﬂggfe??%g i_b?Zné.tﬁbds such

the carbon at the 6-position Is

as that m@l@) {nChe yehRime tBla®H CH O) CH

NH
HXWOH N \O’e\/oé\c/\ors KOH MeOH (o N a\ﬁ)N:r Ny
€
0

ro

1

\o&%mio_@mz W P
CH,CI,/TEA o(\/\oﬁ/\/ HJ\H/

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

selected integers from 1 to 2500.

[0157] 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-functionalize 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 sifu using a dehydrating agent such

as dicyclohexylcarbodiimide, carbonyldiimidazole, etc.

[0158] 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,
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NHC(O) XCH CH2 (OCHCH ) OCH 3 NNH < T II Il NHO OHin
which X is a bond or . [0167] Also provided are
waeonsossees of peptides and gl ycopepti des, | i ppcpusaed4/039712
gl ycolipids that include the conpositions of the
h . : e : ,ae :
t eréggm?%dgﬁxgsa g‘\ﬁ/ﬂﬁ% ?%E%&e %noz{ %{&l’ﬂﬁga??%frnﬁg?lg{eeg , gars are substituted

with.a@lC1BH) ﬁg@g)ab égHyl %ﬁtignhhﬁa@@ﬁﬂrﬁ%mcﬁ@gé%mmbﬂi%g moiety,
yet Sﬁ&@&(@%yéﬁc@fwﬂo)@ﬁﬁ Nﬂ%?mA %n, wﬂm(e @mbgﬁ%og%iﬁg the
mod R R e R T B s e

mod M@ QaEHhOBIMHROBIS Y iSkatt@Hedfo (il chiiGh @YoDHaGhE GXpesiEism) CH
< NHC(O) CH OH WATER- | NSOLUBLE POLYMERS [ 0168] I n

[0158ot [ihe peesbadinn@nion atsogrogdesnuclzotidosgar ia alsdetle sugar moiety is
ve, the di fied sugars jnclude a water-insol uble._.

modﬁ’@ﬁ_y Asrexemplagg Wﬁd&@l Sag%awele@%q bAsren psay arowp thak i modified

throAHnUSAhE moRity B{ﬂ ?ng: sggﬁg ltMS’JlﬁQ@yu%} ﬁ&blé&ﬁi’eé{%@g.,%@clﬁfyﬁ-amine

_nmore water-insolu pol ynmers. I's enbodi'nent of the
derivativeswifiagrugarsnucleotide, raag asb bfjuse e thegueetbddstdfehaciomgniipat &or

as a vehicle w th .whi to deliver t her apeuti.c )
exanh G Gt oM Ee S Bt sl B Spigucaly conjugated
to aﬁ@tiidb! ot SHENE) ah®thk FRMRadcRa h@mﬁfetmoigﬁr% bde@biently conjugated

exa l@é, Dunfr)l (let )al , Eds. POLYMERI CDRUGS AﬁDegRUGy e

to a dEirpd/mRYI B PEND. AEsnaivieho Sieunedied sugar/picleotigg can function as a
subs@‘g'{g rf&rca%nen%l%g]ﬂ%a% Itra.r%%r's e mo&ﬁ%& 's@g%‘i‘ W sa@'chairyl acceptor on a

substrate, e.g., a peptide, glycopeptide, lipid, aglycone, glycolipid, etc.

[0160] In one embodiment in which the saccharide core is galactose or glucose, R’ is
NHC(O)Y.

[0161] 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
HO /l\
0 (0]
AcNH N o N° 70
I\O/T\O/\/
o o
HO OH

R=0H

o]
a O CH
R =NH, c—_> R= HN/u\o’é\/ >\/\o/ 3

n
- CHs
R= HN)L(\K \/5\0/
s n

0
a. galactose oxidase ; NH4OAc, NaBH;CN ; b. /‘k(\?/(o\/é\ _CH;
A (0]
o} s n
C. )I\ 0. CH3
A Of\/ >\/\O/
n
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Those of skill in the art will appreciate that
substantially any known drug delivery systemis
wappsisabl e to the conjugates of the present |iPUBNE10041039712
[0169] Representative water-insoluble polyners

include, but are not limted to, polyphosp i ne
[0162)0| y1pithg scheme 3Ry fhe ipdex mHRPERSSOLs BB frifeser f 2500, preferably
y REs» \
rom S10 Y i, LK BAIE 208U Y Ao
activqi:icng)gvoupyb gehﬂnekos a cpmpgnﬂnnyf aremleatsd eqﬁeﬂ (y\g' saiN- hal i des,

d ilo
by 1aF BT KR RS0, BETYRAREERYA SRR R PR IOy GeRgiete) and
the lxlEEEt’f}ﬁ)@é ¥f :ﬂ(til?)n the @l't)(ﬁhldbyﬂecﬁﬁtthﬁqtﬂérm amRIé'rM@leéﬁ&&@u\ghrs are
met hacryl ate), pol y(hexyl nethacrylate), poly(isodecyl

readilyrépacadyiyzthis)and poalpgousumsthodset hacr yl at e), pol y( phenyl
nmet hacryl ate), pol y(nmet hyl acrylate), poly(isopropyl
[0163dcCr yInadthdr, expmbga()'r sobediymkentachy hmic@)moiptyl iy fapdacad by plgroup such as

Iate pol yet hyl ene, pol ypropyl ene, poly(ethyl ene
a“fetgwy a)ur Dol y(et hyl ene oxi de) poly (ethyl ene

[0164&%r g&ht ha#u%%&ipg}k&%?l}g%e\é{tsnéop t at}?e?gflﬁ(&fgw nélple one of those
specx%%o ot R dIllB&L‘a)ﬁ‘(/b '&Mllng&%ﬂﬁ lac@2Ging 9P Bliy SRb i fnBRT iRQ Lde:

Syn etically nodified natural polynmers of use
Hoocl_n _oQnj cigacesHofolt he i nvention include, but are not
mtéd to, al kyl cellul oses, h roxyal kyl cell ul oses,

call se ethersd cel |l ul ose (CH.CH.OLCH
ni t  oceMCNPedd )(ﬁ%i)r(?ﬁ”t?ﬂi)‘%f?*l”y pr eferred FETDETS of ' t he
broad cl asses of synthetically nodPPEeHGHRCHFRICH:
pol ymers include, but are not limted to, nethyl
ceIIquse(j et h cel | ul ose, hydroxypropyl cellul ose,
*F&byPW%gR“ cel l ul ose, hydroxybutyl nethyl

Hotel | ul ose, celluljpse acetate, cellul ose propionate,
ce &ewﬁﬁ@ma%emﬁ§¥y¢at@ cHq,f;ﬂﬁjulose acetate
al ate, carboxyneth cel'ul ose, tellul ose
triacetate, cellul SEOSHPIECLSHum salt, and
pol ymers of acrylic and nethacrylic esters and al ginic
acid. [0171] These and §he other polyners discussed
herein can be readily ed fromcomercial sources
HGHIGHRHIPERTB Col (St ClBUPs?: Mo ),

| ysti ences (Warrenton, WPaokcHakerHicePcE:M | waukee,

> #@H(Ronkonkowa NY), and Bi oRad (Ri chnond,
CA)| or else synthesized from mononmers obtained from
t he¥e suppliers using standard techniques. [0172]
Representative biodegradable polyners qf use in the

conj ugates of the invention include, b are not

limte d'gtkﬁlid‘s— CH,CH,0),CH,
Hooe rg %ﬁ'gf)@c'{tﬁig%% Nha(ﬁé(fm)? (%' %égh%&tg‘ér epht hal at e ( )
HO"p I y butyric acid), poly(valeric acid), "fcOXc Ho(OCH,CHOCH,
t@de- cocapr ol act one),
(lacti de-co-glycolide), polyanhydrides,

pol yort hoesters, blends and copol yners thereof. O
in whier X! gl tmndws©.are conpositions that formgels, such
as those including collagen, pluronics and the |ike.

[0165] Moreover, as discussed above, the present invention provides nucleotide sugars

HOOC

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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[0173] The polynmers of use in the invention include
"hybrid" polyners that include waterinsol uble
woredosssbs having within at | east a portion of P€Es2004/039712
structure, a bioresorbable nolecule. An exanpl e of
such a polyner is oke tbat tHetidessa water-insol ubl e
copol ymer whi ch Rkas o2 res rbabl e region, a
8 of crossllnkable

hyq,r i C & \and

functhp F“?izgps p&r pomyner harn(ﬁ% For

pur poses of T h®upresent i nvent "6 ™" WéWD *nsoldibl e
material S"" ncl udes materials that are substantially

i nsoluble in water or water-containing gnvironnments.
Thus, although certain regions or segmefts of the
copol ymer may be hy@ophthi-€ G BT Wat o sot-ublesct he
pol ynme Ie&ul hs”h whgl e, does not t OHGEAPEH.CHAOCHCHOCH,

subgt4nt | Astreydi sSpl VecPrts wat er . [ 0175]  For
purpos%e&of present ¢mvention, the term
bi or eso | e ol ecul e” includes a region that is

capabl e of being netabolized or broken down and
in whidhsXt is€dlommbigrak el i mi nat ed t hrough nornal excretory
routes by the body. Such netabolites or break down
[0166)r odBithitarky thepmeheom ptoyides hatlestideatubyrs 0O thosomiodified stigwe
.body. [0 7 The bi gresorbabl e reqi on nay be either
SpmnﬁV8W@Bhb%¢ Bengy édﬁﬁﬁ#@*sgﬁdﬁgﬂg as the copol yner
conposition as a whole is pot rendered water-sol ubl e.
Thus, the bioresorbable region is selected based on

t he preference NiHoad)dHIEN remai ns
t he rz(f é?lg\lg

wat er i nsol ublggé. Accordingly, p?opertles
i.e., theg kifds of functronaﬂmﬁ@ﬁd%%mb6ﬁﬁé¥Wé@Hby, and
the rel atf” pooportions of the bioresorbable region,

usef ul bROr e€g0ribabl e conpositi |re in
wat er - i nsol us ez 0176] Exenpl r babl e pol yners

i nclude, for er Isyntheto IIW pr8duced
resor babl e bl ock ¢opor Uérgiég?a
pol y(a- hydr oxy- caPbox$l i c agt+el/ pol y(oxyal kyl ene,

(see, Cohn et al., US. PHOent . 4, 826, 945). These

copolyners are not crosslinked and are watersol uble so
in whi¢theX" ishebopd@y Ocan excrete the degraded bl ock copol yner

conpositions. See, Younes et al., JBioned. Mater. Res.
[01641: A¥MdIpraddéd 4re @8mjupatedet geptidesaind alycopemidesl.liphdstand glycolipids

.Res, 22: 993-1009 (,1988 0178 sent| referr.ed
that 15569‘%@6 FRRBPLUORSIOf %rﬁler* e %}ﬁl@rﬁ? thipinke I@&%ﬂr@ﬁ%
conjugﬁde%&\ﬁﬂl fﬂemlmhg(f&%m&e%) pol y(hydroxy acids),

ones 'y(am des), polyesteram des), poly

(am no aci ds), poly(anhydrldes), pol y(orthoesters),

pol y(carbonat es), pol y(phosphazi nes),

pol y(phosphoesters), poly(thioesters), polysaccharides

and m xtures thereof. Mdre preferably still, the

bi osr esor babl e pol yner includes a pol y(hydroxy) acid

and the hydrophilic region areéfel cted to ensure that
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conmponent. O the poly(hydroxy) acids, polylactic

acid, polyglycolic acid, polycaproic acid, polybutyric
wa@edod/pspoet yval eric acid and copol yners and m xXPCr/ES2004/039712

thereof are preferred. [0179] In addition to form ng

tsRgMERL S _dnhatn@iceomabsorbed in vivo ("bioresorbed"),

poI ymeric coatings for se in the nmet hods of
[ ion can also forman e HCHO/Cor
bo izdﬁﬁ@“ﬁpgawgﬁﬁmm°G¥§ﬁ?“¢hgh r ord% pol yrrer s

can al ¢ be used in the present |nv@ﬁPF%ﬁW”FS¢W”ﬁ
exanple, Casey et al., U S. Patent No. 4,438, 253,

why.ch bSSL@'gH)%HNQE,Qh 20, 1984, discloses tri-block
cop S producedofron1the transesterification of

olic aC|d) and an hydroxyl ended pol y(al kyl ene
gl"ycol BRCBYp0oS ons—@@otthscl osed for use as
resor babl e nonofi | ame g(o)g%wceé,.)‘oc'ﬁhe flexibility of

such conpositions is control | ed by the incorporationof
an aromatic orthocarbonatg, such as tetra-p-tolyl
ort hocarbonate into the c polyner structure. [0181]
Ldober neh&whasednom-1T a saﬂdkamcglycol %dacids
be utilized. For @g@k@wcz DAH% U. $"Pat ent

g?ﬁ 413, which issued on April 13, 993,

scl opes i ¥degr adabl e nul ti-bl ock copol ymers havi ng
sequentti al | y ordered bl ocks of polylactide and/or
pol ygl ycol i de produced by ring-opening polymerization

of lactide and/or glycolide onto either AN ol i goneric

8ol A 2o AIbNGLES) NQ&&(&%(JCQ%G(CPVNHW%V&&I-@@H%LgeH,
unct ona |1socya Hdw

dyggiggﬁiorlde or dlchlor05|lane [0182] BI'8PesHriaBrE™

gi onS ofHests | ngs useful in the present invention
can bendesigned to be hydrolytically and/or
enzynatically cl eavabl e. For purposes of the present
i nvention, hydNmAyERqNQQLEBEBPGEHQAERsfers to t he
susceptlblllt% of the copol yner, especi al
@oe

[0168); or isawothsnFEbedigicsh amtl@gcw;a? Baoyesiecqssmeh%?, tB? mgdified sugars
1nclu<xga<{ fhtef ?‘Bgﬂlllb[é )}ﬂﬁ’)(rﬁ&vf 'ﬁ?agga w§ c{j ol mey. The con]u%%ltes of

enzynat | eava ere N refers
the insergtivaphaybalke ingludé ohdrer momk@tmemsoleblp @ol)aldrgl Tlhie embodiment of

e g o e e S B SR iper

| | kn
oo BB RO A FCBSASER 0 e o

the amyﬁsreoﬁjnlekamplﬁe@umnetadn Eilf POLUWERICPR USSP DRUG DELIVERY

svste VY SRy Nom SRy Y5 Tl AiheRem il seffty! Wishiizon, D.C.

1991.0%R3R|of BRE)in thROdry WAL &pRediAe that SiibsRAMMIT BlyaGowneRtg debery
protei ns and copol yners and m xtures thereof.

systerpiy appbicalle &0 the senjugeteopfithe preserd divsatiomn al so be, for
exanpl e, a poly(alkylene) oxide. Such poly(alkyl ene)
[0169%xi dRepresentative watke- lns‘ochrblfemdmpbe ingladey bet ag nehler)nt@d(ﬁoci e,

polypﬁﬂ%%é%]{l&p }éoly?veu)wl a¥co?1(6)15? polyam1 elérpeaycarr]bona{) (}f}mﬁ;ﬁenes,

polyacrylamides, polyalkylene glycols, polyalkylene oxides, polyalkylene terephthalates,

polyvinyl ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglycolides,
polysiloxanes, polyurethanes, poly(methyl methacrylate), poly(ethyl methacrylate),
poly(butyl methacrylate), poly(isobutyl methacrylate), poly(hexyl methacrylate),
poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl methacrylate),
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[0184] Pol yners that are conponents of hydrogels are

al so useful in the present invention. Hydrogels are
w@elognoeeT nmaterials that are capabl e of absorbtTygs2004/039712

relatively large quantities of water. Exanples of

poly ér{inﬁ)? ggxlylertéﬁr g&l?gz@?@}? g&gﬁﬁtéagﬁdlg@%,’bﬂﬁ? 5cr§fa?e),n;9(}ly(octadecyl

acrylea) palystinglehs; | pobipropybae, pmmemyﬂdmﬁ|glsaiot)ob@i!v(etménﬁ\dxm®, poly

TSI Fe Y T .
pyrrcﬁﬂabgé\/]ﬁ)uroﬁ‘iﬁs éﬁﬁiﬁol?ﬁnﬂﬁﬁén‘b@ﬁﬁd’&ﬁ;oﬁﬁﬂr?ﬁfereo@nd the |ike.

rogel s can be produced that are stable,
d
[017@I 0 %gﬁ@?g%él‘? cglgér;kﬁpncfeftlg\"ﬁpé&gﬁhﬁog D ﬁloc\é Lui% %l{ dF ﬁ’lg e?111vent10n
mcludmrbelt a!fe rioh hmeted) takkyt ceBilosg€) h&&ﬂoxﬁalbylmeﬂpbmsbbeilulose ethers

cellul, el 9@5!90”86’219%%%&#%&% & s dbesbrgad classes of

syntHRtEARhbHifiRd REtGF ﬁglyfn‘éfs 1H§lﬁdé 'Bu% he n@?ﬁﬁiﬁg@ td)‘hleﬂﬁ)? cellulose,
i nvention. For exa et al

ethylngHuloge, iydrog@ 1@ op e rrﬁhlose; bm@@xmopﬁmﬁhﬁ&ellu_]@% hydroxybutyl

mett{LDuREE, Caﬁfh@S%vsfaé%&?%ﬁe@ﬁomﬁ%fsﬁglpfwgtft%?%xrﬁ% Celulose

aceta€Oflthal e by ndthyd calall&k; &fluldst Gideetate] adlluddse Gifate sodium salt,
segnent sandw che bet ween two hydr ol yt| cally labile

and pokfree(s pHaEylicmdmebpasynesters apdalginig #ed- end- capped
wi th phot opol yneri zabl e acrylate functionalities. Wen
[017Yr os Jbesekand the mbslep@yscre mcmgd)hgehmancbg e¢aslily Dhainedtfeom
e centr f S 0 i ncl u
comB PR aher 5 e B Lo EAs STRAN A0 o iy Warrenton,
PA. )I@mlbﬁe (Mﬂmﬁlséeom )camkbgz@lmgkoiﬁ@ Nyy aﬂwuﬂmdotmcm&a CA), or
%gﬁycollc acid or E ylactic acid. See, Sawhn
else se/pth&ﬁze emgnenases elfaiped frogythes supnloeggysing gaghrd teﬁhmques
anot her preferred enbodi nent, the gel is a
[0172]her Repeventativelbaodpgtadatilh @olyoress/efuse b thegohiigatas b{iHE myention

: I L | at i

inetuip TREREGHT imte b PRl nP eI eprdfyiine hereot

poly(Bihieg @érepmﬁalafta} 9btyaﬂﬁyrw ﬁ@d)hy&&@gﬁ]rlcéaﬂR SOAlaRa8d-00S
t her eof argwgresent Y. greferred 0187] In yet another

caprolacons) drtFerahicoli qagn%mhm es, prlyerthocstasseblendsand

o PR R PR
1nc1udmgtcha@htplufdmlicsem&ml’£dlﬂqe as described in Eppstel n et
ah, U S. Patent No. 4,522,81 , which i ssued on June ,

[0173)985 ThEPblytread 3t 1Be in the dsRRABoA Richide 2hYIRRE poHiheRahat include water-
prepared by dISSO|VIn? appropriate |Ip|d? (such as
€

1nsolgblg sagsFial e nehwithia gt leagt [qgmmcgmfﬁbelr gitushire,d bioresorbable

oleglﬂg.s gﬁ%&é@?ie O(E'Ig?éﬂl %&%‘l EAGRALAV: i RSP H ) e]gi){%som(f% %dg)%iymer

erol I'norgani ¢ sol vent

whlclehaqwbxateedrbable avgiog ah@zhmjxml& region ahd b pludilitgl oif edsslinkable
{he surface of the container. An aqueous sol ution
ﬁmCttﬁm FQUBTRST PAYEWHSBURD or its phar maceutical |y

accept abl e
[0174] or 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-
soluble, the polymer molecule, as a whole, does not to any substantial measure dissolve in

water.
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salt is then introduced into the container. The

container is then swirled by hand to free lipid
woredosossk7 f rom t he sides of the contai ner and POI/US2004/039712

di sperse |ipid aggregates, thereby fornming the

[017#}] C(r) ggglltrpéq%gg)? &ﬁh}?%ﬁ{l géeg'x fthEe abq%e recléatb?e molecule" includes

a reglnGhARPEdPable¥F balhg nide{tRIieeH Sdbrlh dafwxfaiﬂrméo%e%%dydi %Mmmated
are not intended define the scope of mcroparticles

through nguealiexcretpsy Fﬂué@é}ytth¢ ho®ntSush matabolitds|or beeal dpeneneducts are
prefe¥a% C}; gh%%ﬁ{l&él}ysrgon-f]f)a{) Qo ‘iﬁl:% gr t that an array of

ropar rircate yby di fferent nethods, are

01761, 35 e BT o5 kBB i, s tog s

copowa{ee EomPbdHd EasROWNAIE isSnot bﬁidereatwaaélgd@uum@ aTKusafhd bioresorbable
branched are general |y aptg icable with respect to the
e

regiopgg selectaddwsedorethy praferenes that thepelymen s 2 Whele, sqmasips water-
nsl}1E, B4 08, 988000 o 15, A8y Y85 wrovms comines
by, amathe relatigeOpropbréiopod ithe biofsbHabRegidhandvhdpdioplikéiregion are
t Qpr oduce thes&ézpem esbflre generally ¢l osely
selected 49 sRgtsthatuseHy Soresornbleroginsaitions feﬁ@lwa@f-srefpmee
ﬁol ymers. The Methods [0189] In addition to the
[017don;j Byemplsryieserhabie polymsveinclude fpr exsmple, syntheticaliy produced

resorBiifY BEER o JPEIRES of By RERb KT SrbP RN R0 L hratiylspe Gee,

Cohnoé(t ab! B\ PhicHONo 483 6)3 591 THéE’@'cb?cSl? i RGrénét $6BRRkedtadt Are water-
adm ni sterlng a conj ugate 0 he invention to a

solubémssa thatithabody e exerethethe degrndrg hlock efipobanes compesitens; See.
Youneg1 8ol h ‘fﬁzzérﬂgd ?‘/ﬁc?’t%a ?(?s TZ[IO?‘%]-I 3 1%%2987{)9 nntd @c\flﬁlnt Ia? N Biomed.

provi des a e ormng a val conj ugate
MatebGIeWeHj 983960%(198d).noi ety and a peptide, a glycolipid
or an aglycone (e.g., ceramde or sphingosine). For

[0178]' ar pregerty prefetied barés@fbable 113 MdlRIR ons ok hlorSEdmpRnts
th reference to a conjugate forned between a peptide

selec@ddrmmeolw@dtefs)ewhg(ﬂlyér@sy peidd)i pely(lestones), Retyiamides), poly(ester-

f
anie L £ B30 b PN RO ottt
poly(ﬁHchlpﬁﬂzSnd%B ;fogr(phdsghmfers)g&tlﬁ(ﬁu@ést@b)yp@lwaaclﬁbmdeamﬂ mixtures
ycones Wi th an activated ed sugar of t

thefe?frgn\}\élﬂl‘tel Rogferaply g therbl%%t%ﬁ%‘?aéhpoéﬂﬂ?fdpﬂé S pqu{éygroxy) acid
comp%ﬁéﬂtugﬁttﬁ‘e bﬁ&l?fh%}%% z%?:g&rs‘é‘g?[?lﬁl@tu‘!‘@&&r o?ygrlw%lh@ ab %{(qgﬁpéﬁc acid,

erapeutic noi et

polytmtydicaactd, polysylert ecid and nopudyyers ayd tm}etdrqs elmreafare fieterred.
pol ynmer, therapeutic noiety or bionolecule is

[0179qonj ngmde@brtto fomnging €fagindsts ad ak @kmﬁe@w vibo (Ylodgsorbed™),
which is interposed betwee and coval ently

prefefted RalmeRC KeRtings Yse i the eHhds of élemﬁnﬁlyn 80 859 Emm an
excre(a%i@and/&@ﬁ&ﬁ%o?ﬁgﬂp lfﬁéﬂghty ner). The nethod includes

contacting t eptl e WMth a mxture containing a

[0186]D di f—lllgql%r 8%950&)%&9 cSi'41¥8"6e 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
copolymers produced from the transesterification of poly(glycolic acid) and an hydroxyl-
ended poly(alkylene glycol). Such compositions are disclosed for use as resorbable

monofilament sutures. The flexibility of such compositions is controlled by the incorporation
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e.g., a glycosyltransferase, that conjugates the
nodi fied sugar to the substrate (e.g., peptide,
wagdogosse] gl ycolipid). The reaction i s conducreriusavd€039712
conditions appropriate to forma coval ent bond between
the nodified sugar and the peptide (or other
hetFlRh-831Y1 Gfhot®onmelidtd 6@ cdopelamer S
Ofanam%lﬁ?erag ybosn-egtbzgl?(}e%gfrggr)nﬁnu%:ll eoti de sugars. [Og9g] The
structureaccept or peptide is typically synthesized de novo or
reconbi nantly expressed in a prokaryotic cell g
[0181] baotieF pelymesd Hasecbmclacmsalﬁ/orcgijIC)oho racids can ek b y@lﬂe For

[ h t
examplepRaine. et Pomiiue penidia. Wik aeued omapani EPRlschise
blodegraaﬁl?lg ‘?rhf‘tl ‘Bﬁocﬁ c&%@lgﬁ%ﬁthavﬁ@r@%ﬁalli SdeRAMOAS of polylactide

tated peptide. In an exenplary
and/or pehygmomrpdudaé bp eipgiapening pplyaeesization efdagtis apﬁ/a*f glygelide

one o e i nked, gl .
onto et g Pbasout ol 8 » Gt FEE AL SLI A SRl fib 1
functlon§1I &%ﬂéﬁﬁ& ifePad, @ rdu@&ﬁ'hﬁdt@ alidcgIehivride oe divhloedsilaye.
gl ycosyl ated peptides that afe produced reconbinantly.

[0182] Naﬁ:‘{oréﬁ%ﬁ?ﬁ? 1'38 fhs ¥f &{aﬁﬁg&%‘éﬂh Yt R pRdsehtifvénitien can be designed

' ycosyl at éd, exposi ng carbohydrate
to be hydmhrtntahaﬁ andert enzpip atically cleasiahie.r By rrpasepel the peesent. ugventlon

“hydrolyaRy P el TS S euetso ph A el PR el ok

bloresorBQcﬂE kedorts &ﬂh}bﬁol‘zklm Wﬁt&f—‘@nu@Wtef%bﬁthﬁ[nggdnyﬁom;lbmt Sindartyy,
derivati zed a wat er-sol y

"enzymattealip pleaable" g aprd hesgin refarsiip ks Suﬁ‘l?@“@‘d@é&o'% F%R%}YIBW
especmlb' tglﬁgoqflg;fo%ba%le ddh. nggeabggetlﬂg endd ér%ﬂ? of B@Jgeﬂ&iéleﬁzymes

e conypugat ac eptor 1n-a ful

orss CLAFBEN B S5BEFSSe UB ARP

excretatfi® Qﬁcﬁ&' Iﬁéﬁb&l‘z%letffhgmemse Mhu§Ahehyirbshilie fgidnaad incdidey for

substantially any peptide or glycopeptide froma
example pobyethersErolipkalepe pedes. a8l ol DHYGHPL RYT ARG B Y]

alcoholl, Rglylfaglf rog(%%l 1n§§eﬁc§1§ at arldgé' tcEEb'o g/e Gﬁrote%qmd

eér ei n Pepti des
copolyni@§ihihd @ektlis tHéﬁEolﬁEFh@Idﬁ”mOfe tlh:elmdmpdaﬂtq regiou&an hlso be, for

examplp ooy IepPRSe ) PR HBHER SRS Fi R T SRS

m | d
oo SOLTF GRS BFIE i p laere snyongt st

[0184] , h oixra%e &l‘lﬁgarerk% %%B&Q?Wdr&%ls‘d?@aﬁ&%éﬂlﬁﬁ {BdSkREent O

FPRN-asparagihe T esi due

inventidt, i DRRbgclears paliatteiesnass thei are cipablr ofrebserhing relatwely large
aspar agl ne- Xthreonlne ere Xis a

quanitex DO priorarTeles SR el OBE g APPPORE L LA pot timited
to, polyg&éME@&M: 53&111 é@i?m@f@ﬁ:eﬁﬁl‘b@@ Ry Hivalye altbhdl] polidnylhe

ar agi ne SI he presence of elther of
pyrrolldlh@ %elatlfu @ﬂpgm&n amthmhmysamlarlécﬂ, hpdrpxyatlylencarathagryic acid
nti al COSsy | nke |
HEMAleporell %det%ﬁé“&%stth ?Fg (e T OHlé! (ke ¢f (‘9‘1’ 5 B%L@éd tha are
stable, IBG&HYd B ARARGREBrBble. Moreover, hydrogel composmons can include

subunits that exhibit one or more of these properties.

[0185] Bio-compatible hydrogel compositions whose integrity can be controlled through
crosslinking are known and are presently preferred for use in the methods of the invention.
For example, Hubbell et al., U.S. Patent Nos. 5,410,016, which issued on April 25, 1995 and
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gal act ose, mannose, G cNAc, glucose, fucose or xyl ose)
to the hydroxy side chain of a hydroxyam no aci d,
w@e@sesabl y serine or threonine, although unuseel/USI004/039712
nonnatural am no acids, e.g., 5-hydroxyproline or
r OX: [ 0 u , 6 reover, ihn
5,520,840 ik BoR IFHnE 23 T itlpest RS o iBE FRLE, phio are
crossliiked blook cepdlytaershadiag iacederdolubl©édidrial block Seginfeat sandwiched
structuresy&g.?., ﬁgycollpids, l'ipids, sphingﬁids, .
betwegn hie BredrolylipdilNelabils densigng. Sheh saprlymesnerefHhes gngrcapped with
. t _ ] o o
phoaifhEKiRle A3y lefBhciondinke] VI odiinlg, BelC ARl cPline
hydragelonih¢ whtedsdlyblalcemtral bipck o€ swhi copolgmiets aduedundepdyethylene

that it cgntains one or nore glycosylation sites. The
glycghavvherens. thgyhydralygioglly ekiEnsIpRs Gands AR Her hydresy asih, such as
. n n -
polyQlyclRE i B PRoRl G5 20den Sty o it AR BmoRlFle BN 557
(1998he peptide (for Olinked glycosylation sites). The
addition may be nmade by nutation or by full chem cal
[0186Y Nt NASihsthef prefegref@pibodinent ke g 4 thermoe & sidld k1.
sequence is preferably altered thrqugh changes at the
Thenmpaaeyeasiale gelsdnelpding spmponsptsyprchtas Rjuionics [QNagHe elatiny
byalb BRI BorR oo R AR o o AR AREL pLAR GRLRRE Mifogel and
combinitiens thdreofMApres¢malyi ppefesyd.ar e pref erably nmade using
met hods known in the art. [0198] In an exenplary
[018g[rbodiyeninothidh@xghplasssthiidimentstht €onjagael dethe byvention includes a
shuffling pol ynucl eoti des. Pol ynucl eotj des encodin

compentat efer BPqsepe &@%aw%@amm&r%awmajw@hwm%wg to those
skillBd B 6 At Sror AR s doldiBed tn BoRIRE AR, O 5. 1R MoV 8,522,811,

econbl nat1 on and mutati on, by ra
whidhriaged oh dtmeohl ,dP85 Paradxampler Bpabad fgemdstionsmdydwegtepmyed by

. _reassenbly of, t f ment s a pol ase chain
dissqluipgapBieP lﬁtp?éw%&&@*f‘}’asg@@wﬁif’)b@?%t%ﬂ%ﬁl}ﬁﬁm& stegpy L.
0 R T e A L R
solvent8R isihen ceareBd7 Xavingbebind Bithizdim ¢foitieg]lipikemthiearsface of the

eptides with Lch e present invention can be
contBABE | A Baptol sl o Ao SO bob G Rt S Rub iy apsptable
salt Bith@Sintrodied b Ak QhtaiRTOM Wbntines dSthkn SWirléd tyHad & free lipid
substructures are described in detai|l in WO03/031464
matesiadi from the sidetpf3he gerdaiperranddp disperse bipid agprzaey. theyeby forming the

li osrz)gneﬁg&&%e'&/nenti on al so provi des neans of adding (or
POSOZIO gl;l orie or nore selected glycosyl residues to a

P B LT AR

offere@ Bl vt of EREMPle@nE eyt AstiifRAded t6 dUfifd the scdpRrof microparticles of
exanple, when it is desired to conjugate the nodified

use igifapresant inveptiets t 1o wily by appaent tediosR el skihin the adthay ap array of
. . oDt | i i . .
i BPEES A . JB0A e Bhad S PLARE Rl hogon

The gtg%ftl{gag@ aa{sz g?%chgsgd alt)orl/% in leec%tn{aeg(t gtl the ér-sgﬁ%iedp%‘fynilgrs, both

straight-chain and branched are generally applicable with respect to the water-insoluble

polymers as well. Thus, for example, the cysteine, serine, dilysine, and trilysine branching

cores can be functionalized with two water-insoluble polymer moieties. The methods used to
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pepti de by enzymatic or chem cal coupling. In another
enbodi nent, the glycosylation pattern of a

w@bosopeptide is altered prior to the conjugatPOnusfo04/039712
the nodified sugar by the renoval of a carbohydrate

resi due fromthe e. See, for exanpl
PrOd‘%ﬂ‘ﬁ% eI 6?0&_“]“6%5;% fqu& aagloggm é‘POSBPS“éﬁS?rH%"‘F“CC ¢ water-
solubfeaﬁ&ﬁhé’@r ate noieties present on the glycopeptide is
acconpl i shed either chemcally or enzymatically.
The MBHas@l degl ycosyl ation is preferably brought about
by exposure of the polypept|de variant to the conpound
r|f u esyl [
[0184{‘! e?J %@@‘m‘t (?olﬁéq%%%s %1s?ﬁe§8su<]’1 ?ngeaﬁ]lteﬁ) %{ glé\?/%lttlon 8¥ov1des
methdiﬂI;Sfbr pl‘epahdg thegaing oehee e@’qugdt& |M0ﬂebﬂg‘, the @tarentlon provides methods
(N-acetyl gl ucosa cet al actosamne), while
of PIEYRAInESLUIRE Op éﬁﬁ{n%ré“%'t‘ disgase eﬁy%&%yc%qmla@a%wp%ws of the

1nven't1§n @(ﬁ§ %BJ%E gt H%(Zd'f?d%g%@gﬂg ﬁhdéat%;&%ze %reﬁilﬁﬁkgt ﬁ’la@ﬁeﬁeﬂﬁ disease.

op
i oC ) e
R T e T ——
selectad Ifncﬁwtg dndy pepiidelia glyobligid vaan eglycade (egdoeraaiidk or sphingosine).

exo0- gl ycosi dases  as descrlbed by .JThotakura et a

For c}@glty]o ﬁﬁgg;mgp,t ggen@@gls(l WB@ [vg CIeNeE (9 egpnjugate formed
; | f th

bt e B R R el o TR Pl P S of the
invention.eThes dfskiblr il leapplrciatathhi the érd'enmmgltallymnhdmpaases arethods of

of the thods set, forth herein,. substi t|n tive
formis G e o 1R R Bhds, i SRVRER e B Ay ol eI fighFof e
inveptigyent i on. G her nethods of addi ng sugar nnletles are

disclosed in U S. Patent No. 5,876,980, 6,030, 815,

72 7 the cbRRIAL iERRRPA BEeaS b FaRARORub]

[019130| n?lsé%%lrplse?g%?e%%n ycgscy J%ge5|1due I ncl uge but are ©
polymm a therapeetuic moiety, aa)rgctmgsamstysorsw liuamolfegmle Nenidi argijmbsylated or non-

d for Ol jnked gl t

siveof BRI g w%; bGPt b S BOEIE A Sk o e

peptide ﬁh)é;@@bk;lflﬁik 8 wHidh is %ﬁt&'p@bé&eoenﬂéa%aﬁlﬁgédﬁleﬂﬂﬁ linked to
hi stidine;” (d) ee carboxyl groups; (e)

bt elpepydry e vodSaedcan SoReTGPhbSByED). Ty miethed
1ncluﬁ% Oclpgfé}%r { pt1 th § ?nl)t( hpesceon%lm L 'rﬂb%iﬁ%dyuggpdﬁﬁ an engyme,

arorra I C resi es suc

e.g., PPlgBydyhtasichse, tha/tr C0fjuastes the nﬁdcﬁﬁéd)sﬂigaﬂto thé sutRjrateieg., peptlde
am de group of glutam ne. Exenplary nethods of  use |n
aglycope ghycokipid). The eactioms sprdugted dnfereionditiopprrproprizaty form a

o Sl ud B A0S 5500 o

moiegrdfakk medified stigar inpreferabdy sqhecvad flen nacleetidoaighe
linking two or nore peptides through a Ilnklng gr oup.

[0193]he Thékédeftod pepiideiistypicalp yyritiedizel o bl o komibthafilly expressed
be selected from stral ght- and branched-chain

in a psekagyatireed (e. gy bpcderip ool suelrds & <o puid agiukaryetie pelkgich as a
mam}ﬁghﬁp k(‘ t, &nge@{: I?lﬁ%af & QP! 9he {:}ﬂﬁlﬁ: %?fﬁe el dighi %g‘[h protein
sugar P cosy

sce Intact ¢
or a fragment. Moreover the peptlde can be a wild type or mutated peptide. In an exemplary

embodiment, the peptide includes a mutation that adds one or more N- or O-linked

glycosylation sites to the peptide sequence.

[0193] The method of the invention also provides for modification of incompletely

glycosylated peptides that are produced recombinantly. Many recombinantly produced
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l'i nki ng group). [0205] In an exenplary nethod of the
i nvention, two peptides are |linked together via a
wo povg®s13eDi ety that includes a polyneric (e.g.PCRESR004/039712
i nker). The construct conforns to the general
ructure set f n.the cart.oon .. As. descr| bed
elyeopisieifin e s nlsiEl el Sy e PO PO it BT 8 have
undediAbRGroHrii&s0 é' ithmkbgtehi iy OreR %Iﬁtlor?by the R'E§ Employi@ a modified
focus on a l'i nker that includes two glycosyl

sugargp gutpﬁéhqchot?tb@ lrwgmtpmsB@ Rptidd eanibeysimplirng prasly ﬁmhet glyyeosylated
d
and dﬁlgxtéa?fl'z% %‘iﬁs gh% -so{ﬁ% Jb?%&égi’eﬁlve Llltgcnagetxggggﬂea}qsgs T?le sugar

moiet§ JPe MOdifity sugar Eamlsd the Residuzelatatoudd piopeily betatjigased to the
with a first glycosyl unit and at a second term nus

accem@rtlﬁ aélﬂbéglmﬁy@tgddwwe (PhARothenfugan maiety with desiighlg properties.
ycosyl units are preferably substrates for different

[01943r an$hese 8 skill veill|appicaigtedhatibe Biyanticn eaadigpeastices using

substHJaﬁ%SSf g np‘ct{%% PG g gegge&){nlgg Zrlo}n nlt}rk% g aCﬁ(g@Bﬂ{)ﬁge%?ﬂgs with which

the inghtionaau by practiCed 4t yadoith )n wOo 03719&r4645am-bﬂ1é aeftretcasistiforth
the first peptide and a first transferase for which

therelt“he first gl ycosyl unit is a substrate, ther eby

rmng (peptide)' -(glycosyl) -PEG (glycosyl)
[0195Tr anBe¢midas modiieddy thamethedeel the prvieaieon @anth«féﬁ@téaﬁl@ﬁrawﬂgirtype
peptléﬁg}?\{hegr ﬁm tu?agﬁcg f%?lggg ﬁuéédiﬂ}?ﬁle-gﬁgs Elgcgvgrg tH? Qltt s‘agﬁl as site-
dlrect@ﬂ lrﬁutag&‘nemﬁ L@Efbb@ﬂaﬂloﬁr&' paﬁﬂﬁéi ist topichiéy élﬂfeDN-l(ﬂlﬂc)ed or O- 11nked An

{Icosyl ). - PEG ( yc |) 2 conjugate, form
exemp NP gty B i SRR SHP 1o hegblsehigyoan
eO Ll -

osparfiing RRthe TR Rlpebf FONGREY wph BRI RS Bl iffragine X
threomine, \Mhdrdz Xaip pn;emnatoeactdm;tceptipeolmet wredhoretdgnitioh wiqoerees for

e B S LR ST S5 RIS T, .
presel%ea(ﬁcé'ﬁﬁgr cﬁ%se Wlﬁ@%que%k Y 2PbIyPeifde ‘é}eates a é)otentlal

ol ysaccharide or 't he ke. Preparation of
glycoadgmrssqeomhpkedwglg@sekaabn reférs t@u@aﬁam@n of one sigage.g.. N-
assette a G ar

acety alaElof oy Bls SO Bodnf QN AT PR, bt g Y e hpcrony

side dh@mCdflavfy desxgtisno abhd, pheferablyts¥hed thicohina dlfhougiednidval or non-
the |inking process into a new organic funct| onal

naturgfragtipo a¢idusrésarhydrexwppelinesy S-hoeoxlpine manelse heused
functional group(s), is located at any position on the
[0196 ugaManesvet,yn adiition fosptides.the nagthodsiof gheeressht insewsioneas be

practifSE it ctpe Bieied RS G SRR PR g Beficgyceramices,

whol®tABOMdUbaliRe Qbﬁﬁlrﬁﬁg Ngly&b”yla@i@hbite)f avored cl asses of
reacti ons available with reactive sugar noieties are

[019-)5}h Osgddﬁ\r@h o g%@%gnl&ﬁ&e{o ar;%lpaae &eamerrytﬂuelm&o@ @bﬁ\»e@r&tly
ese I nclude,” but are not I'imted to nucl eopl

accomplished by altermg the amino acid sequence such that it contains one or more
glycosylation sites. The addition may also be made by the incorporation of one or more
species presenting an —OH group, preferably serine or threonine residues, within the sequence
of the peptide (for O-linked glycosylation sites). The addition may be made by mutation or
by full chemical synthesis of the peptide. The peptide amino acid sequence is preferably

altered through changes at the DNA level, particularly by mutating the DNA encoding the
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substitutions {e.g., reactions of am nes and al cohol s
with acyl halides, active esters), electrophilic

waeamshstset i ons (e.g., enam ne reactions) and apdi/USTINE039712
to carbon-carbon and carbon-heteroatom nul ti pl e bonds

peptideattpreseMcddabessaelt thabdbdobd e Tendthid that Wiil'l Erhﬁ’égate intd BRSesired
and ot her useful reactions are di scussed

aming acids)| ‘the W&mutanmmmy@mmr@mh@dmm in the art.
John Wley & Sons, New York, 1985; Hernanson,
(0198} cobnaUBATRI T ESHkPdORS!, thn:gldmvkatlé’n eitesis abded by S@éfling

poly 5808 P FENEHIED st Thandale popb cotermedifated with DN
shufflieprioebls SON & shuf IS8 iapad@8s ofelursivd 96%8mb[1{3a9§1md mutation,

Useful reactive functional groups pendent from a sugar
Perfom Buandem figmeyiatign gf dpeeliof e¢latde gettess folowediby reassembly of the

fragdgéﬁ%&lﬁne&% ch%ﬂ'l;lkg:g&(t}’qnl e rplfgcegﬁpgeﬁ\é? %:, Sfﬁnpg(ar {’6oc Natl. Acad.

Ves ereo I NC
ci. USASdt G4 sI0a6] (I 994Y Stasiner, SN,atzNe By 0iBB-BbE (BIou); 248 TES. Patent

i m_dazol es, thioesters,
Nos. gg{ﬁ{@%ﬁ% 4I5|§ é’f;gq 221 d@?“ @&enyl al kynyl and
romati c esters; droxyl groups, which can be
[0199] nv%#t%laltywep@df‘g Wlﬂewﬁ@h §he Rresest inventictetag de Practiced, frsthods of
; e I can, be l.ate
wdding 3L A Ite 0 PP R oRRFEC I SR Gov Blhetues o
substrext@mngslaeg desoribed ineletail in ZW <DO3</QB B464 aadirélited 1S GindPU P4pplications.
car bani on, or an al koxide ion, thereby resulting in

[0200] he ’Clmqﬁb@ﬁt 1n&§ﬁtﬁﬁﬂfl§ﬂ§ro@fﬁeﬁm6ﬁw dTaQdiR gér rEﬁl%vmg?]one or more
functi onal up of the hal ogen atom % di enop
select@q gllyﬁgsy 51 s '@raepqugg@ft@r yyhlcb@rmcpcbﬁgbsugagmcnnjugated to at least

I
one opﬂhg Sélgé%é? ggycf)@ﬁf{%laglgss %ftﬂg g?}%ﬁdg tI%S gg%gn eggnlg?d{%e(ﬁ is useﬁll for
examlslelhshmue istdeslieed toabhjuighte ot medifies sidak & ¥ badedt@d FREsONreSilue that
derivatives such as, . for exanple, imnes,

is el‘hﬁﬁﬂa‘?té)z %*son LRERLIAS PHiS AR BRSS! i fesitsd agrougs. J igrior to

|
couplfﬁggr}ﬁﬁéﬁgﬁsﬁ e u21 %ﬁﬁ? tﬁgfjél%fté?gglgéosgf l#é%l)l?{]és Lsggg@g%tﬁ to the
peptidedacnzymativ Qﬂthamaabequpllng Bxamoiee embodifrehthe glycosylation
t.hi ol groups, which can

patterg ¢ REOBERRG i bercohiron e EBbgstin of e o evesabyihe
removaBbf H&FboHydrat@Fdsiiife BomSthbk fgmég{)éﬂtldgr Q& for e\mllgﬁl'é Weog)$1826.

for exanple, acylated, alKylated or oxidiz
[0201] Addition or removal of any carbohydrate moieties present on the glycopeptide is

accomplished either chemically or enzymatically. Chemical deglycosylation is preferably
brought about by exposure of the polypeptide variant to the compound
trifluoromethanesulfonic acid, or an equivalent compound. This treatment results in the
cleavage of most or all sugars except the linking sugar (N-acetylglucosamine or N-
acetylgalactosamine), while leaving the peptide intact. Chemical deglycosylation is
described by Hakimuddin et al., Arch. Biochem. Biophys. 259: 52 (1987) and by Edge et al.,
Anal. Biochem. 118: 131 (1981). Enzymatic cleavage of carbohydrate moieties on
polypeptide variants can be achieved by the use of a variety of endo- and exo-glycosidases as
described by Thotakura et al., Meth. Enzymol. 138: 350 (1987).
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(i) al kenes, which can undergo, for exanple,
cycl oadditions, acylation, Mchael addition, etc; and
wa@oosparsedes, which can react with, for exanpl BCT/ERI0N€639712
and hydroxyl conmpounds. [0209] The reactive functional
(020" 0URRerhifdAl LRitFATHYRUAMSOR if Bited!But iRl ar AL I AR
in, or interfere withh, the reactions necessary to
metheds senrymatic hdditiemof suger moigptes ispeéfetablyachivwed fising)g modification of

e AR B R P S S L o S e

the inREREAN CRh&TmAhSAsBrAAInB Jughr Mtietict AASGsQbsedkh U.s.il%atén'i‘ﬁo.
art understand how to protect a particular functiona

3,8766188u603Q:8 hS, 58,556, 92177 nterfere with a chosen
set of reaction conditions. For exanples of useful
[0203)r ot Exemplarycattacipsent peimts fooselectahglyensylFesidneiretuda) but are not

... PROTECT| VEGROUPSI N N SYNTHESI S, . Joh [ .
it () (G0t RS 90T IkB oM PReah Sy i nbiay
glycobyahtisniveb) t&nﬁﬁﬂ’%ﬁco@%"l nl‘icﬁi@t‘r?]ésfthéft aBXAIPhtBS Bf a Qﬁgb%t%sferase; (©)

. sugars that are usefu practicing the prese
argining, asparpgine andhiseding;dd) fiee ¢atbaxiyb geonpstit)efirse subfbpdiyhemoups such as

iall G ' Lvative is utlized as the sugar
those B YRS (AR RAEL B 350 M brgp B sePle bR The
hydrokpmrolingf(g) dremdiis rigkiaeosuchas tHosd beptraydladiel Wadsinee Sr irfptophan;
for clarity of illustration onl%/ and shoul d not be i
or (h) dharpidg gEoupet gl irminen £xgwplsey mrthodeof wgdn theanesemhiyention are
' . . _ . i ot
sy NG 105 Binct S, RRSEE Lo TS 4R MR Rl o
REV. BrocHEN®R ppe25%860 098l to that set forth using sialic
acid as an exanple. For exanple, numerous nethods are
[02044v ai Inabk @mbodintend ithey inventibal pr6¥i86La methde sdinking two or more
(Q acet%{ gal act osam ne and fucose tonane a few sugar
peptides Hupygh eLnking groupad Be Hakigg gyoupdspf anyciseipl srgcture and may be

e GRS Bl B Erg Dyl

linkerOwhich@hattach&bto 22pkp(id€Gfghides [aG2ddified sugan(iex @amaba@hyintact glycosyl

linki enbodi ment, the peptide that is nodified by a method

INKINgLIQYRE i nvention is a gl ycopeptide that is produced in
mammalian cells (e.g., CHOcells) or in a transgenic

[0205} dﬁ|an§ﬁ%fnpmsr}le@eg phthednygntigndwepepsides grelinked together via a

. . D s |

nke A RREATSAES A 150 RO Yoo o

generg] Istroctipeepset fibethlindia cagoan sbavei @A salebatibad tetzir) tied ddnBigucd of the

. term nal gval .act os1e relsi. ue can be PEGy| ated, PPGyl at ed

invention igeindes MMOdNREH1Y sasul WHRE SOHBYALFH 8 ST B {Thedegus on a PEG

linker [t lluded tw§ is90 i . h d

inker A el udeD o BTyt oS 10t PtpH ek D2 Gl aha shiulynpEbec!

interprgtadaasdimiting thevideritise of ey ems ofgise frethsugyarodimemtef the invention.
residue into the correspondi ng protected anm no acid .

(0206 hmi déhus,cdRIEG moitty isfiniotiénalized atediretdtetminbs with alfitst ghgodsyl unit

and at%gﬁg(g{dg‘gﬁii{q d{vﬁﬁ% ég%;g%h%}l%ﬁbwgg E?s? %Qc? se2coin§ glycosyl units are
preferably substrates for different transferases, allowing orthogonal attachment of the first
and second peptides to the first and second glycosylunits, respectively. In practice, the
(glycosyl)I—PEG-(glycosyl)2 linker is contacted with the first peptide and a first transferase
for which the first glycosyl unit is a substrate, thereby forming

(peptide)l-(glycosyl)I-PEG-(glycosyl)z. Transferase and/or unreacted peptide is then
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derivative by the action of CMP-SA synt het ase,

foll owed by catal ytic hydrogenation of the CWw
wa@lerswstseve to produce conpound 3. The ani ne i PCT/O8200€089712

via formation of the glycine adduct is utilized as a

. . r ' und.3 with a
oo 5l ) AR T8EL 0 SRR
for wRiESt G gycusyt mphie myshibstrapy a6l addedgo sieci ets] such a?:T Iéz‘r)
or .15, jvely. Schenmg 1 1, CMP-SA synt het ase,
@eptﬁgmgiyrﬁggﬁ?ﬁ)ﬁd{?%%&Sylgiiqcﬁ’n@gﬁ\teefqﬂ@!% e, H)(/) pyruvate HO
. 1 2, _ ] .
B L e
eithemliregl DpOnBiESty Qdinked. Thdsk ef skillén thefant will appreciate that the method
. ' . . h h h
T T R
for ex@RHPRY) ditdsse OF a DelcRe PG SdeRtARRE, §El Y0¥ ind ?cigg,tﬂ'&)%a&fharide or the

. Schene 1. O her derivatives are prepare
like. art-recogni zed net hods. See, for exanple, Keppler et
al., dycobiology 11: 1 R (2001); and Charter et al.,
d ycobi ol ogy 10: 1049 (2000)). O her am ne reactive PEG
Prepantiopp&MetdifiedSugarsr e commercial |y avail able, or they
can be prepared by nethods readily accessible to those
[0207¢fIn gknerd], tha stfee naviety of aldae mbid¥libkkr 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
proceed under relatively mild conditions. These include, but are not limited to nucleophilic
substitutions (e.g., reactions of amines and alcohols with acyl halides, active esters),
electrophilic substitutions (e.g., enamine reactions) and additions to carbon-carbon and
carbon-heteroatom multiple bonds (e.g., Michael reaction, Diels-Alder addition). These and
other useful reactions are discussed in, for example, March, ADVANCED ORGANIC
CHEMISTRY, 3rd Ed., John Wiley & Sons, New York, 1985; Hermanson, BIOCONJUGATE
TECHNIQUES, Academic Press, San Diego, 1996; and Feeney et al., MODIFICATION OF
PROTEINS; Advances in Chemistry Series, Vol. 198, American Chemical Society,
Washington, D.C., 1982.
[0208] Useful reactive functional groups pendent from a sugar nucleus or modifying group
include, but are not limited to:
(a) carboxyl groups and various derivatives thereof including, but not limited to,
N-hydroxysuccinimide esters, N-hydroxybenztriazole esters, acid halides, acyl
imidazoles, thioesters, p-nitrophenyl esters, alkyl, alkenyl, alkynyl and aromatic
esters;

(b) hydroxyl groups, which can be converted to, e.g., esters, ethers, aldehydes, efc.
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I 0o- 0- VSO0 HOI OH" Na N H1 HOOHROQ HO
OH R-NH OH AcNH OH CGWP- SA- 5- NH- R CMP- NeuAc-9-O- R NH
WORD05/05327 V A 0- OH Na OH 1 " Na HO OH R-NH NeCTOBSHR04£039712
CMP- KDN- 5- 0- R CWMP- NeuAc-9-NH-R H H ( R—NHCNaWR—O

W@?ﬂ%kxﬁgrwﬁgw%l% ﬁghc?ﬁ/ NH R c%«'\a/rp 8tl}% f%'l_?leoplljnllllc
Cigrougesidh ad,-foiFexEmiplo P aieneAe tﬂrb@(ﬁaﬂé“dnmn, thiol anion, carbanion, or

an alkoxide ion, thereby resulting in the covalent attachment of a new group at the

functional group of the halogen atom;

(d) dienophile groups, which are capable of participating in Diels-Alder reactions

such as, for example, maleimido groups;

(e) aldehyde or ketone groups, such that subsequent derivatization is possible via

formation of carbonyl derivatives such as, for example, imines, hydrazones,

semicarbazones or oximes, or via such mechanisms as Grignard addition or

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;

(h) amine or sulfthydryl groups, which can be, for example, acylated, alkylated or

oxidized;

(1) alkenes, which can undergo, for example, cycloadditions, acylation, Michael

addition, efc; and

() epoxides, which can react with, for example, amines and hydroxyl compounds.
[0209] The reactive functional groups can be chosen such that they do not participate in, or
interfere with, the reactions necessary to assemble the reactive sugar nucleus or modifying
group. Alternatively, a reactive functional group can be protected from participating in the
reaction by the presence of a protecting group. Those of skill in the art understand how to
protect a particular functional group such that it does not interfere with a chosen set of
reaction conditions. For examples of useful protecting groups, see, for example, Greene et
al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons, New York, 1991.
[0210] 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 on 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
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HOCNa HOC Na\_J- ' NaHOOH- Na HO OO I H AcNH
AcNH  0-R NH R CWP- NeuAc- 4- O R CWP- NeuAc- 4- NH- R

wO 03i4313The nodi fi ed sugar phosphates of use iPCT/US2004/039712
practicing the present invention can be substituted in

ot her positions as. Il as,thos. t forth ab )
name By @G HPiTFbi S Bigh SnseRRbURPORE BY ot feoRal2a Fthgde See, for
examél%} Efh@lablleridh, EQF W, Chent. & 98 B990). il SthafererBL, J Ofg. Mem.
OHZ-R51{) inwhich Xis alinking group, which is
65: 24(2808Pabl y sel ected from-0-, -N(H)-, -S, CH2-, and -

KR which h [ nmber.. J dent | | ect
0211) To AT R85 by dTE Beprics B RERREE U b o Bt Elts
invenfiod [s@l%lyédiﬁﬁtide_sthﬁﬁb pridackd ihaianiMeligr @UP (€] CHOY ddils) or in a
above tor the identity of X. X, Y, Z A and B are each
transgepigeApine and |t19usS%<rné@me%J - ador Qtlmked gligosagaharjdeghainsewhich are

oA S TR0 B 0 P A e i
and conteifivgectaineinal gabdchese revduetcyn bAPEGytedd, PRGy)atddastherwise

. o]s represent a.]inker that is bound to a PEG
mOdlm{t{}?WQﬁﬁéﬁ%{lf"ia&d@i ety, bionolecule or other
[021279h St¥emd D3RSAmBOYRRIAY 1MRItRbicaSvid haahRd &sRr B?@protected

_ Conj ugates disclosed herein include, but are no
aming acidl (egl, glygcinPREdBrivetivey aonveeting the gugar amyre-reEde into the

corres}r%é%li:ngggﬂe&%lwglra]ié%;ige{n?lgé Igc_l 59 gﬁ%r %@gf?%:%g 6 with an aldolase to
form a%dr@g@}bﬁﬁﬁte Al &¥thpéimd 2 BRenFeMed M| colfEponding CMP

aryl - PPG, therapeutic noieties, diagnostic noieties,
derivativerbyshe &ctiphad SIMP-SA syaphwtase, folewed bincataytc hydreganotien of the
CMP Behvative _tg pl%lzli?lg po?rtlpedung |3?|T¥1|e arLr&r\{\é I?ltr%(duc'ég\:/ia f\c{IEm(%:tion of the glycine
adduct is utilized as a locus of PEG attachment by reacting compound 3 with an activated
PEG or PPG derivative (e.g., PEG-C(O)NHS, PEG-OC(O)O-p-nitrophenyl), producing

species such as 4 or §, respectively.

Scheme 1
OH 1. CMP-SA synthetase, CTP
HO NH 1. Z-Glycine-NHS HO oH 2. Hy/Pd/C
HO 2 2.NeuAc Aldolase, pyruvate HO =r—0 O *Na
HO - Z NH
OH :’\‘or OH
1 2 l
NH, NH;
N o | N
0 L 0 I NNo
o—P-0\ 0] ° 0—F 0\
Lov PEG—ﬂ-NHS HQ 0 *Na
HO o Na/\w OH .
0 OH HO 5
PEG I HOWO"'Na HO OH - o O z O "Na HO OH
-C o}
SN~y N on Hzn’\g OH 3

H 0O 4 /

(o]
CMP-SA-5-NHCOCH,;NH—
5-NHCOCH,NH—PEG PEG-gC(O)O-pNPC CMP-SA-5-NHCOCH,NH,
CMP-SA-5-NHCOCH,NH—C(0)0-PEG

5
[0213] Table 1 sets forth representative examples of sugar monophosphates that are

derivatized with a PEG moiety. Certain of the compounds of Table 1 are prepared by the
method of Scheme 1. Other derivatives are prepared by art-recognized methods. See, for

example, Keppler et al., Glycobiology 11: 11R (2001); and Charter et al., Glycobiology 10:

61



proteins, chondroitin, keratan, dermatan, album n,
i ntegrins, antennary oligosacchari des, peptides and

wo bmslosiser Met hods of conjugating the vari ous PoOOUS20041039712
groups to a saccharide nDiety are readily accessible

o0 IS T el b S B s B e, r
they eaﬁ,be%ré 288 BamEthsds feddil Rc@ﬁiﬂfé MoseQﬁTsﬁﬂl, mQQe?art
ETHYLENE GLYCOL) CHEM CAL AND Bl OLOd CAl

Tabl&PPLI CATIONJ. S, M Iton Harris, Ed., ACS Syn'p03| um
eries No. 680, Anerican Chem cal Society, 1997;
Her manson, Bl OCONJUGAT \:EECHNI QUES, Acadenic Pres$t: San
Di ego, 1996; and,Dunnfet) al, Eds. POLYMER “AND
DRUG DELI VERY SYKTENBoNA®S Synposi um Ser | ec,'ng N%Q,
Aneri cap, Chemijcad- NSO%I E:ty Washi ngt an, D. & 991
Li nkeo\,@izﬁgf(\ﬁ;o&sml ki ng &0
Preparalf-o#d0f @ he nodified suganahoryse in the
met hods of the present invention incl Udes attachment
of a PEGPEBIEIRtO a sugar residueCilRtlepeeOR ably,
formng a stabl e adduct™ which is a substrate for\*
gl ycosyl transf erase. hﬂs it is often preberred] t%‘E
G

use a linker, (e.fde Pormed by reacti gn_"og‘, he

and sugar F;'ml t 1o wh t cross-|ink agentd-*na

t ocorg PHGH t he sBeMH Oy*Na HO OH

bi f uncr H cBnpounds whi ch can AkeH d Por attaching

nodi fyi ng groups to carbohydrate noieties includg, but
are not cli-Rbi-ed-r 0, bi functional CMP-NeuAc-9-NH-R (\

pol y( et hyl enegl ycol s) oI yam des, pol yet h@rs Ao
pol yesters and tohe I| Gener aIR RRPr oache$-4

i nki carbob o other

the |i r@n ur See or exanp ,
Bi oc V856 0(1989) ; Brﬁ&{“ﬁa o al, Anal .
Bi ochiiH 208 (1989); Janda etylyeaksdym Chem

Soc 88 990) and Bednarskl et al, W92/ 18435.
thejcgll sNgusgloc(J% t hatnvg ol | ows, the reactlve gro i
are treated as Qenign t he sugar noi ety a the N
nascent nodifi eg sug% NSThe focush%me@ dlosx%us pn is
for C|@5Id“ of TRl uxt Mat i on. Thp@% Wl BTe, art
W | hoa Ot héa]g he di scussjgpy i evant t 0
reactAcM,e 10 on the nmodi fying group”as well. [0217]
An exenpl ary strat egy invol ves incor orat| on of a
protected sul f hydryl ogfo the suga™ NH2
het er&ﬁ'ffﬂf%cfl%% crpesgl i nker SPDP [N
(n-succi n| m dyl 03 ( 2- pyhkbdyl di t hi o) propi n.ét arg:N'lf\%en

deprotﬁ g Ph’é’ 8] dryl for fpommtio eff;\g_?

di sul & bO 1’] ot her SU|wa4dTea HO OH

modi .i%ﬁ P f‘@ﬁ‘i@]" | f SPDP mifH ntally affects
T TyoRf the R

t he nodi fied sugar to as a
gl ycosyl transferase substrate, onec@f.naRc.afify Of
ot her cFYBNPPAREMRs such as 2-iminot hi ol ane or
N-succi nim dyl S-acetylthioacetate (SATA) is used to
[0214] okhe, modified, sugagBhqsghaies gf-use in practicing the present invention can be

substituted in other positions as well as those set forth above. Presently preferred

substitutions of sialic acid are set forth in Formula II:
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i m not hi ol ane reacts with primary am nes, instantly

i ncorporating an unprotected sul fhydryl onto the
wa@eios®sisont ai ni ng nol ecul e. SATA al so reacts We€TUS2004/039712

primary am nes, but incorporates a protected

sul f ryl, which is |ater deacetayl ated using
FW’GV'}&@

| am ne to produce a free sulfhydryl. In each
case, the incorporated sulfhydryl is finee to react
with other sulfhydryls or protected gulN hydryl, |ike
SPDP, forming the required di spl fide hd\f@j. [0219] The
above- descri bed strateqy s 0exET and not
limiting, of Iinkefs- %V'Bse | P the ention. C her
crosslinkers ar & 2Bai™N P ¥aHOI® used in
di fferent strategi R*4 oSs1 i nking the modi fying
group to the peptide. Fof"exanpl e, oy

TPCH( S- (2-thiopyridyl)-Lcysteine hydrazide and TPMPH
in whighSX (2 liking grougywhichis prafsrablpsegsitashiotm ¢OazN(E)-, rB4dH,-, and -

w.th,carb drate i eties ,that hay ee evi ousl|
NRB BRERERPK fiemtt FiafhobnBiehBid AR ke gl v, 2,
A and'B Gh@ZRPRsENAG OGS heEs séib@edftomaié §RupQEtfbAR abdvel faLthe identity
crosslinker _and the periodate generated al dehyde

des.
of X. TRCH 4rft amPRppe pachrivdpperdeatly selogtedignd, Hicsefarep F%V @2@ Bejthe same

. h P 0 i .
or b DY PR 0k KB ARy, denc
moietypbipthgidculeror oghee hodey f Alteinatvely,ghédskisgmbblonetsedaat akinlter that is
qion'ponént s. [0220] [f di suL]‘i de bondi n]g‘ﬂi s .found
bound, a3 PEG ioiety oiespeisnaigtys Plomlode s Tt MQief¥r s, ot her
[ozlsgmgﬁllptﬁf RlotetiTB Yt RBicd B Mle wﬁbga{t&caw@;eatl@reﬁmfn%m&,a&h Sre not
onds " be The h f I

ween conponents. et er obi functi ona

limitegrtosREG dkevaive@3., acyl-PEG, acyl-alkyl-PEG, alkyl-acyl-PEG carbamoyl-

N- - i m.dobut yryl ox cinim ndS
PEG.EEYIda A B Gy SR M e PO T8 e TGRS g DL S B St
carbaoyNPPG! 4B1-PPENI tR@8peutid %’ﬁoiétfé%,rcﬁé*%ﬂb's_ Imicties, @hdhing&-6-phosphate,
group onto the conponent. The nal ei m de group can
hepargn, hspagers ley masaese, wianhosscfi-phasphate.Sidnl kews ot &F, VEGF,
conpanent ' ' d . by, ' .
proteiQTRRRRRlym, PORER, 528505 RbEAC B R acchrde,
peptiddiiage tHrelikeb Oethbd oRehjupitthohepaieBRnsodifyingsgrétpstto a saccharide
. hindrance between conponents interferes with either
moielygigresadihy acsespelle (g thpsent skbindhg art {ROLYF(ETHEL B Y G4
CHEMIS'HR': gIBEI:a&JFNI@& )?1\11913)6}\&?1& fﬂﬂiﬁ@ar , §.%?{anllzﬁris, Ed., Plenum
crosslinkers can be use I ch introduce [ong spacer
Pub. Gormps 11962 vis1Y (EorpanaGisy cond CHexiaadesNbdBiovaGicae APBEICATIONS, J.

.. S .0f_ the previously nentioned crosslinkers (i.e., .
Miliog s B SCS SHEPE S S5Tiehor tin AdMeB a8 GREBIsRbSocicy. 1997;
Herm@h{dS BloveRTSe A 1M E NS sURB{dehnic BRSY) Seh DIYSS 19963 and Dunn er al,,

sel ected depending on the effects it has on optinmal

Eds. PeiptMEReC Dahs daDDRUEDEDYERY 83 STIMSa A GS Byfupasium Series Vol. 469,
.02 A vari.et f. reagent used to nodify the
Ame‘ﬁ%ﬂ'ﬁi‘?gﬂ?&(§8?16Ey¥gpaﬁ%1&5%%e§'c;dggﬁ wi th intramol ecul ar
chem cal crosslinks (for reviews of crosslinking

Linkéi€@gaipsqCrog-loiking Grokps)g procedures see: Wld, F.,
Met h. Enzynol . 25: 623-651, 1972; Wetall, H H., and

[ozlgwwaﬁo@-of&m mbdifieENEAMESRASe PRESMetdd lo€ BlRBRE@Nt iADhtion
oberts, eds.g) pp. 395-442, WIley, New York, )

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
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1981; Ji, T. H, Meth. Enzynol. 91: 580-609, 1983;
Mattson et al, Mol. Biol. Rep. 17: 167- 183, 1993, all
w@boostosisk? are i ncor porated herein by referencepCT/US2004/039712

Preferred crosslinking reagents are derived from

. vari.o t h,~.homp- bj f.unct
conjul R o A0 e e PRy bbb datme B suhigh pas b ped for
attaclﬁﬁ@ﬁq%tlifﬁhg iaebup® &Q@Vﬂb@hykimé e tids meRide CRd akat liddite@fto,

two intrinsic chenmical groups with no i ntroduction of

bifunetianal P@V@tm‘éﬁnéglwaqﬂ@ Aglaﬁmsdeﬁmyeé%ﬁr&|p91zY@stﬁ£§raﬁﬁttheolﬂ(eofGeneral
appro%ckge'sqr ?r?gr ?&kr{%ﬂg o{h%r 'le?:uf%@l AR @fature See, for
exarnp e I'S % eag en

hat uce con ensa ion o
exampR( be:exgtlal aBtbcberm‘Mryfﬂs | 8561(h989g;13iwiateoatf ofnul. amodmrd @78: 408

(19830 B Pl oA et 1907 213t KA QO RaHg IHedBRBR Y Pl 92/18135.
In theSds 8184 fhht fo@l@q'sctﬁé hoRM i ﬂoﬁbsdﬁé tefed hebafigh &d B4R shar moiety of
faaeid ok

ese em cal reagents, The enzyne transgfutam nase
the nz(sgd:nlinmdyﬂ' edosigan. dléhegfoglsmf alwdhsmnelﬁ orfas elarle‘icof;ill@t@tlms) Those of
r ossl, nki n(g rea

st ke Lo e T R o R Tl b Woups Oh e

modifPesaphsifedr oups of protein-bound gl utam nyI
resi dues usually with a primary am no group

[0213 s exeaplary Brate gy invalves insorparrdionef 8 mmtmtmwéﬂwéwé pnto the sugar

using tﬁ? gegeroﬁggxgcg%ﬁél CécfsV\Pnﬁ d%ﬁLjPﬁ(g-su cém?n\ég ldj-gzs-by?ﬁdﬁélthl??groplonate

and tisdnl delppodécying tiguaithgdrydfor Idekﬁh’Htlen of4 disalfkie®ohd withgmothessulthydryl
i. Preferred Specific Sites in Crosslinking Reagents
on thg mod{ying greiet i ve Groups [0222] In one preferred

[02183@§§D13%Q&1m&@aﬁ ﬁffe@& tﬂ{gtg?féll df rtﬁésﬁ biriRl §l'igga‘i'1 kFact a

m no-reactive dgroups non-Timtin exan‘pf es of
glycoayl'tramsferastcswbmmtg ronel p§ an achyuofeother crosslinkers such as 2-iminothiolane or

N SRS N St MBS G 2

imindBbBIS rea@ls ARV SieRaryAns&Uls@any 1&Bfﬁ6§‘dtﬂ1§5an unprrictkedNdhydryl

esters react prefefentially with th e primary
onto (hlerauilnnalcmlyalamg mectl¢asije. 254 HA a@oagw with grimet}l 4misgs, éaug ar

onent of, histidin
incorRiraien AeB et SRR AR IR eafriaiRl bR B o e o
proddc@@ ﬂ‘e@%ﬁt ?!H});lp MAGKEH Giséllte 1#16 ahltel satflydgbidiftes to react with other
drol yze he reaction invalves the nucl eophl | i

sulfh ry ksor pestecaed siihidrybrike 58 DY; forming thexgquirsd disyl rdxfté?ond
OZIﬁﬁ]h% bhe- Ii@srcm)gcpst ggé‘gl(?ﬁ_ﬁ)ge%ﬁ?rﬁ e r{ol??mltln of linkers <f'>f use in the

roxysucm nim Ive ¢harge o
inven@ibh g Oftedr caodblivtkegradel pvdilableakdt cafh Béﬁsb}i ih ﬂlfﬁmﬂts’eatsglas for

crosslipan@ e TR GURLOBE 1@ W PRI el CEURRIP SO RoPVHEN-L-
cysteglre ?1:2&?&%\9@?1@ T?I\@@ (%Z-th%?f?@yﬁ | flefta @ar?}ﬁ?lgg{)ﬁe&g\“dzﬁ&) react with

am nes nes’ atta
carbonhyd:ﬂampbmetwsahhtl have beqmrmduouslﬁnxudmbé bumdlcbueeiotiatattreatment thus

formigé %ﬁg'a;aggp% braqrgnw%lnqge l?ydramge pé)rrl ion of the cros&e&er ancld t%e periodate
generated aldehydes. TPCH and TPMPH introduce a 2-pyridylthione protected sulthydryl
group onto the sugar, which can be deprotected with DTT and then subsequently used for
conjugation, such as forming disulfide bonds between components.

[0220] If disulfide bonding is found unsuitable for producing stable modified sugars, other
crosslinkers may be used that incorporate more stable bonds between components. The

heterobifunctional crosslinkers GMBS (N-gama-malimidobutyryloxy)succinimide) and
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i mdate can react with another primary am ne, thus
crosslinking two am no groups, a case of a putatively
worenwehsnset i onal i mdate reacting bifunctional | CT/Tkm®04/039712
princi pal product of reaction with primary amnes is
t s st r gnger se than the original.
smeg TR K8 minGisfa R BRSGa i iy ghtings. tus
introdugingheh gtdide gRluploRRthe E&ﬂﬁ&ien{ ST/ ahlkingige EAUY can subsequently
i sot hj oc anates) react with the primary amnes of the
react wigfhispirgls gart %@hﬁfd‘rﬁ’é}ﬁ%emowh’@h ﬁﬂl@b@mtr@db@dday Praviegsly
t r
mentloﬁgd:érbgﬁ%ég's rtgv]lsslté l}fgsa %Ar]bsl eﬁ?eé?é uc‘fafg;.é r{%&%@iﬁlponents. If
stenc/M:r)draK:Ie dbeew@n eombsmenmatérﬁﬁesamhmﬂrepemh;ﬁdnem‘m@eny sr the ability

| eophi | of th ff ty t )
of thedf‘?‘ggRg ;.Sgag?ocaclé 8$ %Sgﬁ‘i’sy Fa@@&gasg Eﬂéﬁrag %ré’ﬁst 1n§n§|cglgp? Heed which
1ntrocfi19@ Bikels P&%r afinObetREErEompohfidd 4ad ALHIaP ﬁkﬂl&iﬁ§/e§%n§§0f the

-dirffuoro-2,4-dinitrobenzene react preferentiall
prev1wslmme1hteoramcmsslgﬂcots|c(s e.aBBDP Y r Blwisntherehie aw kbundgnaeuydsudble

s, ARhSHO B RS e Sy LAY s

optimAPPéptide 0enjdife hRPrvlified 86l prafustiéd. so usef ul
am no-reactive groups. Although t he reagent

[02214 p%tafiqt)c pf sagentyye usaskto mdify t %lcoweetsaaﬁthﬁdngqhée@) gugar with
L e

proce&tﬂl@ﬁﬁee WdlBClUgMeﬂﬂEh@bloe e b23-65 b,élQG.'B Weetafl M i@ d anpGooney, D.
reaction of the am no groups with the Idelﬁ\/des of the

A., Iny FygryiBe4S DPGS- éHslce@lr%eanﬂ&@sﬁw%) B9- 3% yWralgyﬂﬂ%w York,

1981; "J‘?df fH et Eyr)/MltJl] %k@%b@ 1“9%921%&% et af\tMBHB@?ISReﬁ k8. 167-
yplca Crossl 1 nkKing con t1ons, he cycC

183, mﬂ3yaﬂabﬁwhmﬂ areggacapomteddestin by retfereﬁm)n?rdfem@bsshakmgj reagents

oSN pELYIELSC S et Tovetel a5 Sl
reageg@t %ﬁﬁfeh%ﬂﬂf&(ﬁssf?ﬂ&ﬂg E&%gé}{tﬁmbﬁﬁé alrgét%ﬁﬁjﬁgﬁldﬁ’(ﬁ'ft%){ﬁthﬁsw

t he Sc i nk age. Furthernore, amnes at hig
chemicabgoupowitk no inttddoetomefrextrinsicokatetial. Agpnts that @atdmﬁafOématlon of

rma_stahle Mc¢hael addition_ prod 30

a disul i e B 5t Ceniers BECTL IR BRed-0 Fhge ™
conde?isﬁtﬁﬁl ¢¥fa daitx§Patid }&dn&vgmn@ SroRp ﬂ?@ﬁirﬁl anliidé Bad $ueh as
th the am no groups is the nost ortant, resulting

carbodnmgdeg,t @bylghlgmfcprgquwam@g@ge@ 2-ethyl-5-phenylisoxazolium-3'-
sulforghy! S abbonSRAGNAI ST y@dﬁu&f@%ﬁ%fe FleARAt dkerky aie%rn&ﬁqe

are su -reacti rou S.

transgla@mithase (glotatnyirpeptitg yegdwlﬁﬁiyﬁsansferefsa;l E® )’Zcﬁr@’l:")rma)cbe uﬂed as zero-

roups . incl ude |.ei m des, al i
lengtf? cross%nkmg reagent. rr:ﬁ‘ns enzyme cata?yzeg/ acyl trans er reactlons at carboxamide

groups of protein-bound glutaminyl residues, usually with a primary amino group as
substrate. Preferred homo- and hetero-bifunctional reagents contain two identical or two
dissimilar sites, respectively, which may be reactive for amino, sulthydryl, guanidino, indole,

or nonspecific groups.

i. Preferred Specific Sites in Crosslinking Reagents

1. Amino-Reactive Groups

[0222] In one preferred embodiment, the sites on the cross-linker are amino-reactive groups.

Useful non-limiting examples of amino-reactive groups include N-hydroxysuccinimide
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pyridyl disulfides, and thiophthalimdes. [0232]
Mal ei m des react preferentially with the sul fhydryl
w@emapset7 t he nodi fied sugar conponents to forreBUSIINE039712
t hi oet her bonds. They al so react at a much slower rate
i t.h pri.nary anmino oups.,and the imdazole gro of
e el REStenf T gt R AR Acs, A 1aer i Burdp s Bl
aldehbéescafisiutfeh@cthiorideb.f hydryl - speci fic group, since at
this pHthe reaction rate of sinple thiols is )
[0223] O¥HdS ewerg repcepreéarentially vithethe primare(inchudiag propatinhamino groups of
; . i_des . f :
a modfldigar ipnctl Ml 1AL URSOGRTE MlhihcS e LRV pompete with
primafe aihirek fdraesdtiog )t yheadekaionpeodukcks di@usstable ardl deydily hydrolyzed.
hal.ides react primarily with sulfhydryl groups to form
The reactipp énvohyes diergiclagphidis attagk %iaaﬁg}mepﬂ Xwéﬁ&qa&ﬁm ¢ftpn NHS
r ol C . a I . f
e A e ket Y B b oharge of he
origingl areinwigreup dilewl fi des. As a result, pyridyl disulfides
re.the nost specific.sul fhydryl-reagtive .groups .
102247 SBidep o RS WeGisS AealRlne o st SR Ry s amine
groupd 0P MRS AfEP SuBaf b SibipdrcHRS At 3 pHBERO&Y T aite 86, lilYdesters react only
. Residue [0236] In another enbodinent, carbodiim des
with grighagtylamings. Fotraryaméres aterkomidaiescnusisophiticallystogrednsd ans
. Cay. ctive r tsy. it
imerrf 0 ) BIeER AT BRAER o oM APEF IR Gk oM. Fhe new
imidatd € réaut it dnothay priilaly! #niaeithesscrydstihking gwe Bmas goups, a case of
| i nkage teach how to nodify a carboxyl group with
a putatiyelygapnafectionalifiidatereagting iifunshenallyt e poncipggwodussof
reactléé gél)g rﬁrg{ia[rg 3@@%& |1§§11a flagc‘#gﬁéttl% & tsﬁﬂéﬁg%g téés'g ftﬁnocﬁec‘ bhiBh hine.
The pokitiee siege 6f the beigimul arpinogrelpi ie therdftee rptagednt i nventi on

nt enpl at es t he use of non-specific reactive _.grou
(0225] dSqcy ptet{@nd g hioey BnalFs FRS IV Fiscpr R 8Y B pees 96 fhe mbdified sugar

compb¥&IPIoAbYn RABEHIREL. f TifeiClefGRnb With&UEhYd¥§], UHRIazole, and t){gosyl
phot oacti vat abl e groups, conpletely ineft in the dark,

groupsigieireatively onstable prbduotsr eact i ve speci es upon

bsorptjon of a photon.of appropriate ene . ln.one .
10226 AspldRdes s setRa AL S ROPSHCE FRE R NBr B pelegptifit Smines of
the affigltebRPorien® Atk A6HIcSQISoX9T groupd @RS sIGERIailtitle bitions, e.g.

heati ng or photol ysis of azides. Electron-deficient

pH8.Aitrenes are extremely reactive and can react with a

T R
amin@gioupsignd tyedsinegmhpnstiygroepserfphmiyfeel sugaydomrpotiests asue also with

presently preferred. The reactivity of arylazi des upon
sulfhydiyh andygidazple gsiiiser with N-H and O-H than C- H bonds.

[Ozzsﬂg’eﬁhﬁ%ﬁé el mdRbY &iﬁﬁﬂ&%k%@id@ la¥e J18 @R ARENS-Ractive

rm ydr oazepi nes, Ich ternd to react wth

groupsu @llthopgti the scageat dpecifitingis noovery Gigh, mard ¢-aminggrodpscdppear to
The reactivity of arylazides can be increased by the

react B\OgBAKY - of el ect r onwi t hdr awi ng

[0229] Aldehydes such as glutaraldehyde react with primary amines of modified sugar.
Although unstable Schiff bases are formed upon reaction of the amino groups with the
aldehydes of the aldehydes, glutaraldehyde is capable of modifying the modified sugar with
stable crosslinks. At pH 6-8, the pH of typical crosslinking conditions, the cyclic polymers

undergo a dehydration to form o-P unsaturated aldehyde polymers. Schiff bases, however,
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substituents such as nitro or hydroxyl groups in the
ring. Such substituents push the absorption maxi num of

wa@eybsazisees to | onger wavel ength. Unsubstit ut eBICT/US2004/039712
aryl azi des have an absorpti on maxi num i n the range of

are stélfqg,;” Se% cn ug}md a‘g%lg%%}{%‘ﬁg ﬂc?nl h%%:e% f i ges g)?l‘z)ggyoth double

bond vdiit§ mmlyhaafdﬁ&mfehmgé Rirgteheb) @mawaengmmyal
| ow t o enpl | ess har nf ul phot ol ysis conditions for

concepﬁétl%rﬁfcm ?tt@ckctg wienic dombls bopd imoringa stabde Mighaghaddition
pro dJCEZSQ] I n anot her preferred enbodi nent,

phot oacti vat abl e groups are sel ected from fl uori nat ed
[02304rAtbmaticl aﬂfon'yhehlpﬂndﬁsabw wsthpradegto sités ¢fl thomoddieddugar

aryl azi des are nitrenes, all of which under 0 t he
compeﬁ%v%\i%ﬁeﬁgtqncW&%@%% gR9PP Hitle PPYURPOTHRY 5ol ﬁ@g .3 ptable
sulfoRomide i tion, with high efficiency (Keana et al, J.

O g. Che 55: 3640-3647, 1990). [0240] In anot her

enbodi nent, photoactivatable groups are selected from

benzophe resi.dues. Benzophenone reagents generally
gi ve hi g%@iﬂ%&-ﬁ%’ SEAHERTUPY | ds than aryl azi de
[0231] Qﬁiﬁﬁ’&h& préféRdd EmbadiaRat, RS sieredu ryl- reactlve groups. Useful,
hot oact i vat abl e groups are selected fromdiazo

non-luwitipg exaeplesel sulhy gy hieastiv gseupsdncluds maleanides atlyé halides,
pyrldflp&m}lﬂﬁ‘e%t QAdytﬁ} E’Bth—gng&& car benes undergo a variety of

i nsert| on into C-H bonds, addition

[02321] (Malem’ﬁlies reax @&féneﬁﬁdll}dwmmlﬁrsorfhydrszl grysp efthy mdaiy@krdcaggar
ractjon and coordi nation to nucI eophi | |C§ enters t%

comp@n%s o staplsithioethgpbonds, hhey 4l reAFicH AaRY rRRA ML
prlmaﬁr~I ARC rbl\( L0t HiaxREe n%x%ﬁ‘pss&' HSidatks! HRWever, pt pH 7 the

azop ates. For exa the p-nitrophenyl ‘ester
malelnﬁdepgmhp cmpbmmdsiddfe&imjfhmdmt—spepé‘mcgrsuwsmhe al thipiad the reaction

St d t t d
rte ofppeds rifls £ 1actabder e wRRe nSghraet ity aime: °°
[02339 th?l' HATiAek x‘éh&%m’i&fﬁ?&@d Ei%‘iiﬁ Isﬁ@‘ldeé fitnRtiab¥le QAR RS groups.
react |ike formal déhyde |'ut’ar al deh /de formng

At neutrmlsg ISIIEMW dlkaHoepb, hawevdrodkyl th na@ pmmar y with Sulfhydryl

srourk iy Rt 1035 FO L RBEF ACHES of AT iRl el govorea

[0234ngy%ﬂymisﬁlﬁa€st re¥ @ withOfde dulfﬁw?'ﬁ vad &s@lﬁﬁﬁéi@haﬁgé % give mixed
escribed in the literature revi ews of

disulfidess #ysiarfriullg iyl dipuHides awdh¢ Bwglespesific seldhydsugyctivgrgups.

[023%%%&?&%11%%&%%%%@1' f?eéh %lfﬂ%drP/P %gg%seto%ﬁghﬁﬁwd@ npany,

Mo.; Mol ecul ar Pr obes Inc., Eugene, OR ). [0244]

Pr ef erred, non-limtin exanpl es of honobi functi onal

NHS est%r%&-‘lﬁéé—‘éﬁ—iﬁdﬂﬁl 2 imdyl glutarate (DSG),
023431 TR Y6GhE éﬂ@dﬁm%b&&%cﬁirﬂxﬁ?%%blub@ B HasH&Ed StigBhie¥blVent, are

erate (BS), disuccinimdyl tartarate (DST),

used afi caobcxybuaactive wwaghpls. t Bresaecmpoudsitehct- wigiTiree pirboxyl groups
forming a pseudourea that can then couple to available amines yielding an amide linkage
teach how to modify a carboxyl group with carbodiimde (Yamada et al., Biochemistry 20:

4836-4842, 1981).

ii. Preferred Nonspecific Sites in Crosslinking Reagents
[0237] In addition to the use of site-specific reactive moieties, the present invention

contemplates the use of non-specific reactive groups to link the sugar to the modifying group.
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2- (succi ni m dooxycar bonyl oxy) et hyl sul f one (BSOCCES),
bi s- 2- (sul fosucci ni m dooxycar bonyl oxy) et hyl sul fone

W@ susHaBBSOCOES), et hyl ene PCT/US2004/039712
egcoIbls(su00|nlnldylsu00|nate) (EGS), ethylene

[02383'1%(%{118 r%%érbu %}Eﬁ% cﬁ;ﬁ‘a{%lrlﬁkg 'Sﬁgﬁéep?ofbgg’igg’tgﬁg %fo%%?)dompletely

inert i th\dAR] WhisH lafeQSonGErddl tmréewhw SRR’ @ﬁ@h assetpition B8R)photon of
Preferred, nonlimting exanpl es of honobifunctional

appropriplg seergsr &n precpraiered ﬁﬁ@@menh@b@ﬁ@awvamb@ gronmg) are selected from

precu%k%é , a?n?reg %ﬁljﬁ?ﬁtgz:l ﬁé{#nﬁhrﬁ(agg{? gp Qﬂﬂ?ﬁg gly lrlrzé%%y rﬁlégtl%ﬁt(i%ﬁ01ent

nitren@sl blerdxtfbﬂialy&ez(dﬁl\/S)md chmhdftwqtlﬁa GarteOx yfkhemigal bondsi ideltiding N-H,
di.me

O-H, s I(In%l%d&r%n tth‘k% t&reﬁr%mﬁsm prfdesEE(afabpmd asyhdariyptivesy may
be em&?o{;&?{qﬁ?fa@ﬁﬂh%% ?)ﬁ%g%{té}gﬂggfe?ﬁﬂo%g}&@ﬁﬁt}( S hzides upon photolysis

, t hyl enedi oxy) -
is bettd:lr p«nlthpN -bhand @& tha(l Iﬁ?FHFQo,nda nidlecliroreddfidiens arylnitrenes rapidly ring-

expanrﬁi&ﬂ f?%g%yﬁgo ﬁ%lr W, 1c fterﬁig DTBF::% Wﬁ%%%gﬁéﬁ’hﬁ) egfrg{her t(iiwn form C-H

insertichQrBHRES/ al‘}ﬁ:t@&ti'vﬁy lof 6181azR10 @5t bEMBFHabeti Wy the PedetRE Rf electron-
(DI'TC), and 4, 4'-diisothiocyano-2,2'-disulfonic acid

withdgawing @\d@u(@mss)lch @mtre]or hydsbeylresenips i Fhelring: tSugh substituents push

the al%;an.ﬁg glsqx?xfgtélglg)gg{y aznﬁ1 glttél),l gﬁglerzw%v%géﬁg{hgggréslgg?ctut%g %rylamdes have

an ab$dpti@NRaIm B0 VR dnge 4f 126031280 gy whié Rydr3xy and nitroarylazides
nmet hoxydi phenyl net hane- 4, 4' - di i socyanat e

absorb signifigaptlight kgyond 205 él{tbaﬁémrh hygggvaﬂqlgtnétroa&ﬂamdes are most
prefeﬁgféas?fﬁ:te iyl ﬂo%ﬂﬁﬂ%nl%% @L@Apﬁ tolysi c%ﬁuFlﬁi%ns or tﬂmc agﬁmty

mti'ng exanmple uncti onal ary
compbnent tithd vhsibstitlitdd arplaeides. 4- d| ni trobenzene (DFDNB), and

0235518 paitherpFelsnd ko diniyh SRS EBR SrOMOGTY M e

ﬂuor1ﬂ5tb@ d75deR] %Q}SH&O g@@%%ﬂu&s'o@ FhubHBated %93l des are arylnitrenes, all
mal ondi al dehyde, glut aral dehyde. [0249] Preferred,

of whncdmﬂdnrgotthm ghaearmrpsltle seasfiomscofihis growpt inshvling£GH1 beridrigsertion,

v SRS LR S Ry

[0240) qnahd)thmwanaém aﬁmtlﬁa’cwb gﬂmsé aiehikREicd &ni béizopl@none

phenol - 2, 4-di sul fonyl chloride
residygsn gsmqpbpnozlezxquema|gpmr9hly gine brgha@cmfsmsmg yrlds thpn agylazide
reageﬁgn [imting exanpl es of additional am no-reactive
oimobi functi onal reagents include

(02418 Ty bﬁ@théﬁﬂnbjcﬁlﬁlﬂérbcmﬁtcﬁacmtsﬂ‘le ERARE SreWblebtedlﬁﬂoﬁﬁ&aid)compounds
gi.ve blscarbangtes ) anDblfunctlon ?fsllnkers

whiclpoman slecoptichrica’ oatftenh YBPs Phatelytips F@Q@ gLgoQ variety
of reag{l&ﬂﬁfl%lhgﬁig iR G-81 bAHS, AitRUGE Ab§R9 S?ﬁd% (Hcfading aromatic

escr | e l'iterature (for reviews o
systems)o hgdlroglén atgaqhmcaad go@dinatian tceagmmphl,hc seatembo gee.caftfonyons.

02425 0 wesi Bk By PRt B elgpipf poim
diazopH8VAtER! For example, the p-nitrophenyl ester of p-nitrophenyl diazopyruvate reacts
with aliphatic amines to give diazopyruvic acid amides that undergo ultraviolet photolysis to
form aldehydes. The photolyzed diazopyruvate-modified affinity component will react like
formaldehyde or glutaraldehyde forming crosslinks.
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Conmpany, St. Louis, M.; Ml ecular Probes, Inc.,

Eugene, OR). [0253] Preferred, non-limting exanples
wo@bkookossbi f uncti onal nmal ei m des incl ude PCT/US2004/039712

bi smal ei m dohexane (BVH), N, N - (I, 3-phenyl ene)

bismgl ei m.de, .N N~ (1, 2- phenyl ene) bi smal ei m de,

aZbp ﬁ’iﬂryf"ﬁﬁ?@?‘m"&&’é”iﬁd. bi s(N-nl ei ni domet hyl ) et her .

[ 0254] Pr BbmbbighnctidRBE drosinkEVs rédcdive With ppfmary amines
onobi functi onal ga/rl dyl disulfides 1nclude 1,4-

h

[0243]; Sythesis; propertiery ped emnlisyiens it emane-tragineaness(DiersRye
. . -] .

comrbEERY 1L BL e AR TR A roccdures and rsgens

see ablveqr Many rebgénts diei avdidebde(eagy) Riewz Ghemieah €ompany, Rockford, I11.;

Sigmi Fremitsrf Sbns) SEGa MR GRS pbes, 1L BB OR )

[02443'; fehieé,(&htl&?ﬁﬁg%Q&’:h%l@@&?ﬁ/dn?dﬁiﬁﬁcti&&al\hﬂs esters include
i (bronoacetyl ) phenylthydrazine, and

disucgiirolidybglotaatie DYEG), dmuncinBrighleupenpred P8 bigsulfosuccinimidyl)

suberglt TP eiatE Ryt gt T S SuchERie oGl (B BsT), bis-
2-(sub @ RAAB6 Sk yBarBofka &6y e ulifehet (BSOCGOES abidre(shffducéifimhigvsxy-
f crosslinkin rocedures and reagents, see above).

carbogm%ymhwmfon@ AtBSQE QEE b wthwiasie gllyoplbassuccmiinisly [sacejnate)
Pi i V.. , 1am 2 i . e .
0, DBy LR RIRS g R MMByisucciimics-

propibidte (DERIY ek dithibhis(stifedudédiniiigflpropishate(@ilfd-DSPY.i P@ferred, non-
. . exanpl es of hompbi functional photoactivatable . .
limiting gxamplak ef hamehifwyetionak imidoesters include dimethyl malonimidate (DMM),

dime D (T R By R AL AR pimcljmidate
(DMP Dilitadthylanberiinidate dDIMS )pbinsylind13y3' @z y dipropionimidate (DODP),

. HeteropBifunctional . Reagents 1. 1. N0- React |
dlmem@_{'gﬁggv?tm&?‘?dé%bd@é’agoé’m@% Qﬁ_ﬂ?pbﬁ‘f‘ﬁ@ﬂ"éﬁ;ul fide
(dimdYRy 1880618 3dBlopRAthideR BDDI_‘)OQi%e&hﬁ%J'Qﬁﬁaﬁ@%‘gle‘é@dib%s

of " such reagents are descri’bed in the literafure (for
dipropinimeidsted DT saidi duie thyl-pB odiddobispropiedintidatg €A BP).see

ve). Many. of. the reagepts arge conmercjall . )

(024} Rl St ink b SRS Ychp B RombBTEE o Resbaass getuce: -
henHédedii &hﬁi&‘garﬁtbe(!ﬂ 1Tal, dnaapedyisotfbcydnotd, F.dididonic acid stilbene
P en§I]\1l/bl eclzlal ar Probes, | ?10. , Eugene, Oy?) . [0259] Preferred,
(DIDdn- i niting exanpl es of hetero-bifunctional reagents
YddnAYhi i e | -
[024%&?@%&:@,&@%’:&1&@%%Kéxéglgg P{}iﬁ’dﬁ&@ﬁfy@gﬁ@&ﬁ@&&& ﬁﬁﬁfde\ﬁ?lene
diiso@hadytotlich&2 0l diisopyama! ®I(eBPRH)ocyanatedrisethidy}anate, 3-
methg)éﬂgaﬁéébg%r;e:t,lgam&gl;ﬁf'-rgilii(s)gcg;r?aeé,02?26'1-rcrl1ic%(r)g]o?()}(lgcg%tzgph(e%}cf:l_dﬁgoDcF;%lr’late, and
CER j i t hi o) propi onam dohexanoate (sul fo-

hexal‘é&%&%ﬁgcﬁ%%}g&%i ni m dyl oxycar bonyl - - maet hyl -
[0247](Refearpgd, hpHldhiting exaroples oehonBNiinctiematiarylhalides include 1,5-

diftucy oy R e ek PE DNt et Qusroa -dintppheny koot

[0248] Preferred, non-limiting examples of homobifunctional aliphatic aldehyde reagents

include glyoxal, malondialdehyde, and glutaraldehyde.
[0249] Preferred, non-limiting examples of homobifunctional acylating reagents include

nitrophenyl esters of dicarboxylic acids.
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2. Am no-Reactive HeteroBifunctional Reasents with a

Mal ei m de Mbiety [0260] Synthesis, properties, and
wa@ppsiosaei ons of such reagents are described iPCT/l182004/039712

literature. Preferred, non-limting exanples of

[OZS(QSI;Jgfe%eB r;oqlnl?&lit&g%ka&s%%? gﬂlhﬂlc{" {hp ar%ma 1% sH@ygt ?{lorides

er |nc udeé "su

mcluarableanm QMLcﬂﬁﬁfoaltyBct(I&mShnd éliﬁphtﬁbm dwisulfonyl chloride.
- mal ei m dyl propi onat e BNP%?tﬁ
[0255 Rrafestedi npwplimifingleaypige of addiianel mt@rreQM$pmb@mctlonal

reageg%ﬁl’@%%@?ﬁ%l&%éﬁﬁ&?ﬁ% &ﬁlcglilgacck 5 s 1116% %(%llv%g{sgarbamates

(EMCS), succinimdyl 3- mal ei m dyl benzoat e (SMB),

mal ei m dobenz N- hydr oxysucm n| m de est er
m nal eivi LLORAL 10 R hifipee Sulflandryl Groups

[0251] nftlﬁeﬂyBée pelxﬁgg % lg:%{ éor% éf&{ﬂeg%ﬁsg%ggéﬁlyp%l 1&1 tPe literature
(for rdvxéNs nﬁd:lessimﬁmgmrcmcﬂblmy ehdiregans sedlalwae ) Ayhyabdfthe reagents are
com erﬁlﬁ lﬁﬁY%ﬁﬁ%{S %;p% gb%é]{cglt QOI{‘@WBB{OCgﬂ@’ I1l.; Sigma Chemical
Compaty! 96 U6 Gis M1 quéleaﬂéma@ésew @agle butyrate

3(1 Ui fo-SVPB). ‘3. Ami no- Reacti ve HeteroBifuncti onal
[0253bdyelsrred, mntlnnamgAKkryplemf hm@om@metu@a[ oaBihidsy inchwlsi s,

i RIS R LE R RISN 42

phenﬁkﬂd}'@ﬂsm&leﬂﬁldb edzepRemyldimalirhide %nd@s’(ﬁl&ﬁhl%nﬂ!dbﬂheﬁ@l)é‘thkﬂ |
alide noiety and an am no-reactive NHS ester include

[025%-}?9%8?% r}ﬁndynmpg_ef(ggp,lgs;@ﬁ Ramebifunetienal pyidy] displies include 1,4-
di-3- P b AR BT ASharhidobRARAESIDE )2 M nobenzoat e

[0255] (Rreferrdi iyt lirbitip edaaples yfhcmmmmheumabakgl KaBidésdnelude 2,2'-

dicar ql%%'ﬁ ?'Iﬁg] ﬁ%%ﬁ?%éfﬁg}é}%hé%gﬁegg%l (lgqig:\wlenesulfomc acid, a, o'-dibromo-
éﬁh%ﬁff | r@&‘ﬂ%ﬁl

P xyl yé%‘mg% Igﬁf(bggr(]gbléd car bo%%%%ﬂﬁggg%noat e (Sl ACX),

dl(brcancacstyd;)(phmywmjgrrlazmé,(anddo’hdxéblytnpacetyl)ammo 3-phenylpropane.
am no) net hyl cycl ohexane- -carboxylate (SIAC). [0262] A
preferred exanple of a hetero-bifunctional reagent

with arg, mmabﬁmhwppﬁ\&lﬁz&s&ﬁuemsmka}skyI di hal i de
moi ety i s N-hydroxysuccr ni m dyl 3-d1 br onmopr opi onat e

[0256] Stypfesis gmpperiies, p maﬁlmswémheré@gems age desstiberkin theliterature
(for réxng\w?f)lt dr s‘il}ﬁkﬁlggg@c%gl{ﬁ: Ql¥d lt%g%.l ELQ éJb% «!z)t %0‘3{9 he reagents are

e re romopropl onyl noi efy

comnﬁcﬁwaliyd Svaiirabl’ﬁ(é Y., @ﬁﬂréﬁﬁCE&’rﬁUﬂildrﬁpdh@ﬂRéﬂdfbﬁdIlbyS@hh@ Chemical
Protein Chem 7:

M K
Compsat, HoBois Uy ol ek FFowesces EBeenenBR | it | ng
[0257ﬁ é‘fgh@@ rdh- lﬁﬁ'ﬁﬁ% Qxet}h];lyg]&tHo%fufl@c?&ﬁp%lﬁ)twchbatgﬂr Ads¥inker
al | I tropheny

e nol et y an an ‘am no-reacti ve
includeshiep- (#mzaiqsalwyﬁnude)eﬂrymmﬂﬁdﬂﬁ(@wsﬂbpdDNG(et-xﬁtre-%d‘dﬁtlo%henyl)-

cystamine-S,S-dioxide (DNCO), and 4,4'-dithiobisphenylazide.
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[0264] Ot her cross-linking agents are known to those

of skill in the art. See, for exanple, Pomato et at,
wah@soRgeent No. 5,965,106. It is within the abi1/U81086039712
of one of skill in the art to choose an appropriate

QSEQEYQ#QEQ&%QSE?“%QL“a particul ar application. v.

a’eavs S [0265] In yet a further

enbodi mendmlﬁaheeddmé(gbteggmdtﬁnamwgéﬁtj with & Porigyl Disulfide
that can be cleaved to rel ease the nodifying group
fromthe éﬁ@ﬁi resi due. Many cl eaveabl e groups are

[ozsdéfsg)ﬁﬂqeh@ ﬁéBg rﬁést anosgfphcgtg&fs%Tg?%lrg%geﬁ%fhg%gé&g‘gg%m the literature

(for retiewsd of cBDﬂ;Ilmkﬁg epmcedﬁ{és arid!h&a@nls;l 5a5abp180 ManyZofi thgreagents are
comn%tf{:iaﬂ}:r] axllagrg]g?(l@ﬁ] ]3 :c-)e 8%%1110 1}%21823 oc o iﬁL{ &tg{n%tcvhemical
Com;%nsﬂ St. Qbﬁm M86 Molé@PardObds 11%86Eu &reom ng et at, J.

| mhunol . 143: '1859- 1867 (1989). reover a broad rang
[025%) fPreferrad;atondimifbing Qmmplgmﬁ he@dﬁ@tbkfuh@mal rgagents with a pyridyl

bi f Y |
s U A1 e T
pyrldﬁﬂﬁﬂﬁblﬁbyloﬁiitembj Eud&iﬁhﬁﬁdyﬂiﬁ x@nﬂ}bﬁlyﬁ?dlmpﬂ)pltﬁiaﬁ@dohexanoate

heat or reagents such as i ol s, hydrox Ian1ne

o

(LC- sulfespecdpatidyl dnt (3-Rerigylwighio)pmnionagyd OIE%FI@%‘F%(SU 0-
Lcs#iﬁl?)hg étgcgrg%{}?ﬁ&égg{b%ngll SHE 1'J‘gvﬂ>g’r?qylcﬂ @?&%%ﬁsﬂ@m and

sulfoﬁ{cc1nﬁhith@-mmBﬂhgpaxzz-pyi?eﬁdnﬁ@mamuﬂe@@xmb%Qsmﬁ%@)QMPT)

Preferred cl eaveabl e groups conprise a cl eaveabl e
noi ety mhlch is a nenber selected fromthe group
conS|st
nitrob A
[ozﬁ(qumeﬂ‘sl Iﬁapéi:u@a Eiﬁd a%;liaeﬂixtns MSuthEﬁgehtsTdi?e d&Efaoml tﬁ¢ Btdrature.
ars are conju%g to a ycos | at ed or
P

Prefeﬁ@ -ngnyliwidipe skaapleepk hlea%mﬂpé gfional wpgrnbpvith a analeimyqdgemoiety
I

and aéggfgigcgteal:ﬁ olﬂgsogfét ﬁxgﬁfd' 89&% g&g)g ﬁélé&(&’l&?ta}e (AMAS),
succmﬁﬁﬁmﬂ( ﬁl)aleaﬁfdlyﬁﬁqﬁmae (BMgS) (Na(ys?xalarrﬁldsblhtyqﬂ@d'swnhmlde ester

t hat syl atio eeas .unti C r1rs. .
(GM%%}%\LYQ eimidRbuE RO H ey %%ﬁ%é@&?%é%ﬁ S nignidy! 6-
a8y Sl ) SR RigDl s il A98S a7 ©
maleingdattenord-N-h@@e8} suacinimide estexf (MBS Y oumalgimidobenyoyl-N-

v R e S TR Lo ey P R B Qb s it
cycloﬁéb@anacth'r&)ﬂy%té @cwk&%mm&m’ag gNZE%ﬁ&Bh@érMetHﬂl)dWﬂﬁlexane-

are describ I NSt ance 491, I1to et al
1-carmiainpiTo-SER), SminTdy|mmyleindaphopabbunes (SMPB), and

sulfofoBRpfPs il phogybiteae L EERTIET ] ore””

i ncorporated herein by reference. [0269] The present

i nvention is practlced using a single
gl ycosyii iminorReactive HeteroBifiznctional Reagents with an Alkyl Halide

Moiety
[0261] Synthesis, properties, and applications of such reagents are described in the literature

Preferred, non-limiting examples of hetero-bifunctional reagents with an alkyl halide moiety
and an amino-reactive NHS ester include N-succinimidyl-(4-iodoacetyl)aminobenzoate

(SIAB), sulfosuccinimidyl-(4-iodoacetyl)aminobenzoate (sulfo-SIAB), succinimidyl-6-
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of glycosyltransferases. For exanple, one can use a
conbi nation of a sialyltransferase and a
w@200805188Y| t ransf erase. I n those enbodi ments uBCTIYSI004/€39712
than one enzynme, the enzynmes and substrates are
: [ [ m xture, or
Godo e EAMAARER QPO Tl e (RASIRBN-nL
ammcr)hmhoyimnaroehexddmie (SjAIXIXs) siailimidyl- m{(:(m(mdomlj-bﬂnno)

|rs ti action is conpl or, nearly.
methyl 5t ngﬁ cEBAB A et%oaé%@1@5caqdesaewméylrﬂ(lodoacetyl)-
aminodfé lo'h@xzﬁiesi' &%cg(szﬁé@ﬁAC)over all yields are

i"'mpr oveéd over procedures whi ch an internediate
[02623 p‘eprie&redsxamplleaxf edeteMpbdanctionalabegnuwith anl adispreactivedfHS

T I RN T N

SDBFEMEBiEces SntAntl afs ¥dsEIHkS ;e R % 8finily e Rt BA by o%fr%ﬁﬁﬁgjlts
enbodi nent, one enzyne is an endoegCOS|dase I'n

aminggraips. obhe regativits of the dibromoprapiany! metesy tormmds }vmn@mmgroups
| fie I t
is conﬁ"’oﬁedjﬁfge & %gﬁ?errrgé/e?mapslrll McRenziee ?otg a{?/r ?ep n %é[l 5?2
(1988§)tructure on the peptide at any point elther before or
ter the addition of the nodified sugar to

[0263b8mffna@ npiyimifing exagipiesRithetsrerbifinasiona r@frﬁ@nwérlﬁb@p alkyl halide
T

i S50 3 Ren N BN P10 SRR AR IRER b

(NPIA)o form glycosyl bonds rather than rupture them The

nt gl nase typically includes.a.substitution of
to264] 0 Ecticrhs AoRinErentd e Wowhan Wit Pl in Beges dre fahpgple,
Pomaﬁ)cét‘jzl res. @Hﬁ‘ent KOY5,96510%. Gt isWhiein HebARRL OF Mﬁ@&%@(ﬁl {rSthe art to
endo-H, the substituted active site residues Wl
choospynpnaplabplyatberqe\sbnhmgpg@lttfmmpamoﬂar@pphoatxopos| ti on 132
or a conbination thereof. The am no acids are
generally replaced with serine, alanine, asparagine,

on;, Tiéiivable TankP Lrdlipsshe mut ant enzynme catal yzes the
action, usually by a synthesis step that is

[0265b ﬁlayerglcfu@hrr@mh@élm@vethg tinkes 2EQUPof PETVIded evihhy o@luy dhatgaebe
cleavegiytg Y3 tRe %%ﬁi?y(mé gr&dﬁ%ﬁo ﬁ{gbs%géﬂ:ﬁﬂaée Mgr?y ALYRI6N Igroups are

nor nol ec esire
knownixnihe 28C Sba rfockexagiple) Gung &@)al. g:BraicbmmsBzaphw aNeradericapl 62 (1983);
and t he ?2@@“ on_proceeds with the additjon of the

Joshi gt Bigl-£te 263 145 -5 (1820)ader1ing et We Jpfrorwrdd. 124, 913-920
(1980f>ﬁ’dﬂ?ia?et &l{‘ﬁﬁ%ﬁﬁ?;&% nﬁogﬁﬁlﬁﬁm"i’?w%ﬁaﬁsgtfbl AT hem. 261:

nts eavl n roup
205-228 (1986); Broasingeptl. Ak Immuerely143:1 8§ 867(1(’1193@)’ Moreover a broad

range REPERDE PRUHITF o Hegto- aad i@ bifytis el A alebiis

comnﬁ&ﬂalﬁ%ﬂﬁﬂhlﬂ@ﬁ@nﬂsu% Re83&dh Apidrpe.ety. [0273] In a
referred enbodlnent each of the enzynes utilized to

[0266B Esemplaryaclediepblg mq;etms cambe cleaved using light, heat or reagents such as

thiols, hydroxylamine, bases, periodate and the like. Moreover, certain preferred groups are
cleaved in vivo in response to being endocytized (e.g., cis-aconityl; see, Shen et al., Biochem.
Biophys. Res. Commun. 102: 1048 (1991)). Preferred cleaveable groups comprise a
cleaveable moiety which is a member selected from the group consisting of disulfide, ester,

imide, carbonate, nitrobenzyl, phenacyl and benzoin groups.
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Invention are present in a catalytic anmount. The

catal ytic anount of a particular enzyne varies
w@ewsnsizey to the concentration of that enzynmeP&T/US2004/039712

substrate as well as to reacti on conditions such as

and al ue. Means for determ ning
Conib AL Mo firch SHBaR faBPaliey Vo ensyme under

[0267) rleﬁeleE hmediffedBagdrahe conjuganl (i g@essyameh mﬁfhtglwbsylated
conditions are well known to those of skill in the

Pepticg ysing AAPPTOPTIRES CENPE fametiatedhe mmesatlaﬁ Erdcrablys heess

I
concénﬁ'gﬁ?ﬁes rgpfgfgea@g{hg%gtﬁoéﬁ%garﬁ% %ﬁf;ﬁ}’ct%le@&e%ﬁglgge § &e selected
such thenglycosghtioRpaiceedsanttit ﬂnpecve@tmnecmmged; Ahecaisaletationg o

discu%te)g %%logvg &{hﬂgggef'm ﬁ%’ &F;E%’gtg{lﬁ rﬁqli}?lt e gﬁ%%tag,{, gﬁ%tf):ggrtall}?; gpphcable
to ot}ﬁPEBr@dS‘s‘%IMa‘hsféfrasE?@acﬁ&%sem met hod are conducted at an
el evated tenperature using a thernophilic enzyne.
[0268] OdQﬁ@pba’rmf metladsiof msing gt}isross'ltrr@mfmsqs toi syothesige desigedr i od
ufficie t for the acce
oligofiee e st eichnab s GEER Al o dusipgatiavention
Exe nf¥thddd @reCdvirititd! for Ganoé, WO 6232491 e echiafPued Appl. Chem.
ew hours, with recoverabl e anounts usuall bei n

65: 751993 & S Rati Nos22.3A507Q 6174384 55,54hosD aptl C@Ivamorl%i ¢vned U.S.
Pat. I\tidcﬂe6 3bb 3?@ (yf‘lﬁ %%%6%5 %tl?ht A}S 1r{c§ %raﬁ%d ﬁ%@ﬁtﬂy%fe'r&ce

‘ona’ vari a ors-(e.g, enzyne

[0269] Onegnésent moesntlod@mpxmﬁmdmemg raaingdmgymhmn@ferase or a combination
concentration, tenperature, solvent volu rhlch are

of glysgeyl Frnsirasesr Far ample, gBe Gysise meopoinpgpn gﬁ% sighydieanferase and a

galac{dgylgﬂhﬁ@ﬂs@l I?Qh&’g ?ﬁb@g&gn@gusﬁﬂéernbﬁqliﬁ Sednz$Ga! the enzymes and

production o pepti d As used herein, an
substrates$iase pneﬁdrabi;z adrebiged r @l injtiapreadiremixture) erbe ewryeegandreagents

f h fied t 027
for a dheg ETBIE RSP R GHESH PHE R Psemeohk B qrggmati
reactlmi 1§ SnploRiod E@érly%nﬂﬂetgoﬂzfcb%cﬁh? bWé edfhtioRéRtib@Sints@quence

| ycosyl ated peptide e exenplary nodified sialic
ina smg aivesseld mallesdelm ate iMpQGVed heerpreesduss in whichanlipigmepliate

spemaﬁ xg &Sé)ieﬁ?d; 8re8¥%rf Flgée OJndfd Sog? g? t?a SO ?ve%# ag‘lg?)& aéjrom% is

reduoaad is not intended to inply that the i nvention is
to the conjugation of these two partners. One

[027(Hf1n@m?¢fﬁrra¢1@@b@4®ﬁafs caghanf thfclligt and seeonseriz¥mg énr al | y
glyco%@@ahﬁ@t%ee Ih%}l&dtﬂﬁ aﬁggé?‘xtefigﬂl%ogﬁnﬁ% ﬁ%'ngé M%ﬁ%}{&oglycomdase. In

et es ot alic aci
an addit®aslgaeferred smbodialeht nayp@than akd enzymdshaee wedité assemblerthe

ot Bue RGO b e S S e A P B ehagide srucur
on thﬁgggﬁe QPR EsthESthed BEdRlor AtedAE Ya®EibE oARB MRAIM L ACRBatS the

for t'he selective introduction of PEGyl ated or
peptidPGy| at ed car bohydrates onto a peptide or

10278 Y BRP AP Fien SR g ok B8 o B s S8R e
endo@ly€3sRlas@NThd SyedidabdRdypibdlly a mutant, which is engineered to form glycosyl
bonds rather than rupture them. The mutant glycanase typically includes a substitution of an
amino acid residue for an active site acidic amino acid residue. For example, when the
endoglycanase is endo-H, the substituted active site residues will typically be Asp at position
130, Glu at position 132 or a combination thereof. The amino acids are generally replaced

with serine, alanine, asparagine, or glutamine.
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the appropriate glycosyltransferase or glycosynthase.
By selecting the glycosyltransferase that will nake

wo besdesetr ed carbohydrate |inkage and utili zi nBCT/l182004/039712
nodi fi ed sugar as the donor substrate, the PEG or PPG

10272 e MG ITHE BBl 0L SRE kRO BoliG pRERLL g, baek BAF:

Nnto existi sugar resi onto
analoF(olg&b theinﬁvﬁsl@fbatﬁtﬂi thﬁﬁlﬁldbgﬁjﬂalﬂ’dld ?g%rg@fs'grsgb@g tTh tiese
S S 'S

acce r for the a ; .
emboﬂ’ﬁ’é“é’é?]n heo%iy‘t%%lp‘iﬁ@ﬁf mgéectls ( 63' msf\éwfqdéﬂlgsymt MENQrEaaspRyide
structﬁi gwﬁalﬂ& 8360 n t%?élgﬂ‘ﬁd(ﬂﬂe ?éaﬁz{q %rgé s Bat4hehddtion of t e donor

urring stru or one pla ere reconbi nan
molecmhfzgormtﬁlcbhﬁld 1gsidne amdwipreteiny FoSexanaile.chaleaeipg @raip can be a

halogé%b&iaﬁf@c&h&g)ﬁ? @Fbémﬁéﬁ%ﬁft&gs% a\?ﬁl‘é%ﬁ@é%@ grsa Asn-
peptldeaxﬁbi‘étyNtIﬁty'éﬁﬁl?tﬁer &i@ﬂ)é&éeﬁgtﬁé\efoN@fesidugﬁﬁ #he ¢F¢d3yl donor

Ac (lact ose), and other acceptors

molewh@wchbﬁccho&e eaampkn the GleNAp gesidue mayeeompsisg 2, 1,2 exaAzglne
moie! ah, J. Biol. Chem 253: 5617- 5624 (1978)). [0280]
%h one embodi nent, an acceptor for the

[02733 1A h%iréfé@ét‘ﬁérﬁbc&ﬁﬁeh@ eqthes &t en@fimedeti el ¢ piducecdnjudace of the
nodi fied upon in vivo synthesis of the gl ycopept]de.
invengge AreqirgseBpa i jatrbuticamouse  Sheranlxicamadnts a pR@icElap FRRYEme

Variegfc)tggfgg% liok tfléqgéﬂce dtﬁ'h 't e"s%bﬁiaté %ewell as to reaction

ation pa ern % e "gl ycopepti
condifibiisuchtis tmigeratmbetlmhinbﬂﬁ vafuet Meang ferdeteomini@gthb eatalytic

d to sialyl ate a peptide that does not include .a
amougi for Of A18F¥eNLEZEPE BR erBFFéelF?tFi?“h?ﬁﬂﬁefcf’%%enfrﬁ%o’ﬁeﬁ&fiF?:Pén%

condi:tlgﬁét %’g%veﬂﬁm%%qmlﬁfse QVsk‘i‘ﬂM@%rtknovm to those of skill

e art. In an exenplary enbodi nent, a Gal NAc
[0274] élﬂiedemperstuwdai@dndyart zldmvaptocoss ls:f:araed;autNm range from just above

frecaigh o e gepperatoprnen B el BB bl GenltRg: Breteied

temp&RIuACTaASE dr&abdlid e °Cqo aPo1ABB °OPdridarh 6re 3RERALEY abloLXEUC tdabout
the peptide, e.g., a G cNAc. The nethod includes

30 °Ci Ao ahet: ¢wem@me@bp@@eﬂb opeorBarerqoatPoRprth ofthe Presentgpethod

T
[0275) T2 rSzLd:ltlbﬁ lﬂhﬁtu&ais aﬂzh@tambd ﬁﬁm(;ferlbé oftime Wfrofmt ﬁ&ttbsa)ceptor to

The reaction is allowed to proceed substantially
be glycomypisti hereby form%wﬁaiﬁwéwymughté SBEEOF dhf Goglughte can often be

detec{eﬁ AR PRSP NIE Wwith 1%5 bg@ Inﬁg% Hﬁh ‘BEmE RBtained w1th|1n 2% hours

['act oser esi due | ods of assenb
or lesa Fhoeeaif ekhllsactlmermt umtterslmrdetbatahe mtd d)f react@ppadependent on a number

kill th t t
of vagghls i ¢ STSMBH P RER opr RBH Soregiionn AePpgGecgegntration.

tempérhﬁl% solVEﬁt'VEﬁqme) whichare (')Iﬂin@&i ﬁr @Gelbfteddstom.t O €xpose
hér an acceptor for the sialyltransferase or a

[0276165 hetpyesent imhéntionatse poovidesrfer the pncyisiriabsenle produetion of, mpdlﬁed
peif 3580 R PEAE R BB O AEBRTTR B e
purified asmligats). S. Patent No.

[0277] 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
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5,716, 812) are useful for the attaching and trinmm ng

reactions. [0283] In the discussion that follows, the
woredososizef the invention is exenplified by therPeEsSmD4/039712

rmdifi ed sugars having a PEG noi ety attached thereto.

focus of ,the .discussion.is fo rity of _
the digqliaf SEndrally PoniisaBigS HedrluioRnt o it elhed maetien gther
than stH1R QERIS IMBrebFerSie Alscissichl @E@RﬂIytaﬁ lidaBRA0 RDREH TR Gh M
which the nodified sugar bears a{) herapeutic noiety,
glycosyl gnis wath Agents othen ghan 111[01)121811;] othey PR mwéatigh.dhsrapeutic moieties,
nt of the invention in which a carbohydrate
andbloclensol(f ugei s "trimred" prior to the addition of the

[0278]ﬂ?di dnizgdlaticIgiprodth@an B 0sASOr 1h8 sélectimesirb@rkon of PP@ylated or
first generatlon blantennary structure. A nodifi

ed
PPGylatgdegarbpbyerates ontoepsniide of glyrapeptiag-ughe wathed UHeesqnodified
sugargg({:nzalﬁfngtl’% PPeALr & ﬂk@g@g@g eRARM g&%d iswgqed with

n one exanpl e nmoi ety |

the apBtapiiate g‘lpcoeylyransf!mjasgatt gycdspnthime. PyGelvoting the gTj’uasyltransferase
it g 5L LD e L2 9E 2 DO Ls Lt donen
substrﬁfer B PP or PPG 858 inYr%HlYoed@'i'reé’th ftlieeﬂ: FHE DK bR oR®

added to one or both of the term ni Fhe branched
exwtl@@tgaemmdpm glyeppapladeharrontxsugpt lasrylutmﬂb@tmawe heen aldpE® a
et.(gniety is added to one or both of the term nal nannose
PEPUGCasi dues of the biantennary structure via a nodified

[0279% Wikdcc v fog the sgaY1Baihsieasd iS predertt onwhé eptids t€ B ind@iice by the
to a A cNAc resi due added onto the term nal mannose

methqds §f theepsesen) insenipnioithenas aatuiHBORRCHITEY SEALIUERPF a5 placed there

reconﬁ%ﬂ%ﬁﬂ?f e%z?rgg 1‘%ﬁl‘y%?'izﬁerﬁ%£l'f9. %E@ecac ttcgrgsihglﬂ 'f%x[ &%?1%1%‘

exa 1s a

galactosy] a&@‘{oltdisl SudhSds R, m@IéNAoe Galp 1@4@&1NA@J Galpll 3ZAMIAL,Nacto-N-
anot her exenpl arélerrbom nment, a high nannose structure

tetraoses CalF i, Bkedl Asa SkIB 1t At Heal A FdENAS, %MGMIQCH@C) and other
R DT 1 A o TG 55 s

5624 PO73))! Al'ternatively, an unnodified G cNAc is added
to t e mannose followed by a Gal with an attached PEG
[02804dn erg/embagdisent, amagchptor riianisheliransiorse inreseat @ BRAC

glyco nqu%(le bg ?’%Fﬁ%@é’&gﬁ?” Vi %q esﬁlolf¥h(fa§gceo%t Pdel gﬁ\ph Jcopeptldes

I C acCl
can bé/\élhllyla@ed:IEﬁgmb eIaYmé(DI&Sﬁhbdd without peibhaiodificatigp af the glycosylation

embodi nent gh mannose is "tri back". to the
patter@oé m&cglmpmd@h Aliggnatively; t hﬁé@ﬁﬁ}é%dgg?gwdw%lﬁé&an Q‘ﬁésed to
smlyl% %E’?@t}d%&%ﬁ:y A3t ifdulica SuifBle o g@tfsdt n@fﬁ%f madifRs laﬁ:ci:)ep’ude to

ternatively, an unno I s added
includetsn aGtapitdyy thethbdsiam wito tlvese atiskitl |1mtheotﬁ. dnsn akﬂbmplalyl d

embodi dif g(gal ﬁ}ghresé}dl\ﬁﬁts %(ridesdqbyutgé gctlsolrjl 'Ga{lﬁA%%}ans eIalélé.t her

[0281] 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 GIcNAc. The
method includes incubating the peptide to be modified with a reaction mixture that contains a
suitable amount of a galactosyltransferase (e.g., galBf1,3 or galf31,4), 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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termnal G cNAc is conjugated with Gal and the G cNAc

i s subsequently fucosylated with a nodified fucose
whemsiosig2a PEG noi ety. [0289] Hi gh mannose mayPel/s88200€039712

trimed back to the first G cNAc attached to the Asn

. of. 1 p 1 de... | ne e the 4 of the .
resay s e KbG: estodh o8 W TR ngulekl® e PR aloqad i be
apparb@tabitmeafman@ithwhubl e polyner. In another exanple,
G cNAc of the d cl\lAc-(Fuc)1 residue is nodified ,
[0282\th wet@pthemmb@dls@a% slysopgptide-ligked @ligosarsharides arq firsy‘trimmed,’

i3y, TR BP9 ey

whic}acriled)rnﬁ@k fabpldpmhtb lﬂesi?thEG‘am’m zﬁidysd td OBKi]a sUithisle acceptor. Enzymes
enbodi in connDnI owned

ex et
such g3, cqsa @Hi RE5S| %T@ 5<b%¥m§151@feééfqe exappia b 3 Fpunt No.
5,7162094 HAGRS1 for 2OAALRAR 3Ad trhlnémg;’ 785 &#dhs.appl i cation Nos:
10/°369, 979; 10/ 410, 91 10/ 360,°770; 10/ 410, 945 and
[0283p @i ﬁhﬂSﬁM@G&aEﬁ)&hwefthmﬁnedt@dlosf thqutmnaft extnipdified iy blye use of

modifi] et Rying A0 motets TSRTes BB The et SR SisBisSiopS for

clarit 8f Blubtratids "I!}ho§é"'@f SRR WAHSppaasaE tHaetheligycBésion ik equally relevant to
possible to "trimback"™ and build up a carbohy grate

those eadiodimentt ingylieh tiamagifisd suggr brars afféaraswt@dnw@, bipmelecule or
the hl&odl fied sugar can be added to the term ni of the
carbohydrate noiety as set forth above, or it can be

[0284] nh an aﬁdn;ﬂhnej dagioderaent offi ehefifvdntidp 1mwh¢hamdrttoh9dmarmlﬂusls
... of the carbohydrate. [029’11J I n an, exenp

trlm@ﬁéoaqlwéﬂtthe itiow; of ttheggodifigd %gaaélr&!ll m@qo%o%@nmddwlaw the

Si

first g%bé’lﬁg&?ﬂlta#ng-[%e§ Eﬁ%cé?@ley r&ﬁigbg g sugan y ﬁ%s&'lgl ﬁ@uei&hg@ i@ dnjugated
to ondott roreaifithesdugar @sideq dxpescdrbyghy toipeping deck.S Ihabekeainple, a PEG

Wi.t h | act esi dues .or an oI | acchar S|
moietpis, 0t HGIRNAS RO i PEG BiR BTG oited CloNAc
is attRREPRUR o bo ofdtHeth Al ﬂarﬂdg@r&ﬁiue@ma@ bfaﬁ@nﬂm%tm&ure

appropriate sialyltransferase is used to ad

Alternmmem eajushedified S¢MNACc Tancbeagslded tocdmnei ar bs>t]mfeth¢ m1m nf the
b emaZSchemaZNHNGal A ycoprotein Ga-1 o-P - o
ranchiy SRESieS:

[0285] In another exemplary embodiment, a PEG moiety is added to one or both of the

terminal mannose residues of the biantennary structure via a modified sugar having a
galactose residue, which is conjugated to a GlcNAc residue added onto the terminal mannose
residues. Alternatively, an unmodified Gal can be added to one or both terminal GlcNAc
residues.

[0286] In yet a further example, a PEG moiety is added onto a Gal residue using a modified
sialic acid.

[0287] 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 GIcNAc modified with the polymer. Alternatively, an unmodified GlcNAc is
added to the mannose, followed by a Gal with an attached PEG moiety. In yet another
embodiment, unmodified GIcNAc and Gal residues are sequentially added to the mannose,

followed by a sialic acid moiety modified with a PEG moiety.
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Na HO OH PEG or PPG H 0 Sialyltransferase
CMP- SA- 5- NHCOCH N - PEG PPG) SA- 5- NHCOCH2NH- PEG
w@kosopot ein Gal | al SA-S-NHCOCH NH PEG Gal  PCT/US2004/039712
SA- 5- NHCOCH NH- PEG [0293] In yet a further approach,
r t £ 3]
0258) TRFG o RE e TR it b o e Gl

to whigstke dirst @fumhbaeds attavlipd. ThGeNA @B Icynjupabd ecd el xbyldtl@searmg a
conditions used to attach the npdified sialic acid

PEG meéetyer Migmaivseandmmedifzgd Galds addedite the @PNéehf?é‘ﬁweéby the
addltfolﬂ%f g@g)'ht: 60 rﬁécﬁhéd:wﬁg laQydt Q- sronﬁ)lep b O, yeLQ FurfRE Exdntple, the
an the pepti n agent

renove e 1's conjug ed Wit
terrmsaldﬁllcbkﬁcF?Eﬁ)njﬁ'gwech\ghhl Gal andcthe ﬁil@dmetk subseghentlyefatosytatedwith a

? Cig{CCIf C rranrf%# its reaction with the unmasked
modifigd, Bicp3ebe3ripg A {nﬁg Yodi fi ed sugar residue. Schene 3
[OZSﬂiggrﬂdfﬁM&h@)‘ Rsdbk %%e@b%‘t& 1§’§€ G@NAcCﬁiacl'fQ 8he Asn of

s yl transferase Gl -
the peptids- Nrm@p%ﬁh@cmmm—ﬁmmmmle pomwted wit ha

Gle N%I&th:el ot hr e| eés?.;éeec%gﬁ hal gde % PPG géélhd%lgﬁAc of the

GlcNAc-(Fuc), residue is modified with Gal, which bears a water soluble polymer. In a still

further embodiment, the GIcNAc is modified with Gal, followed by conjugation to the Gal of
a sialic acid modified with a PEG moiety.

[0290] Other exemplary embodiments are set forth in commonly owned U.S. Patent
application 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.

[0291] 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.

[0292] In an exemplary embodiment, an existing sialic acid is removed from a 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 2.
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[0294] Any nodified sugar can be used with its
appropriate glycosyltransferase, depending on the
WO e0osiosisk7 sugars of the ol i gosacchari de side chel/ns2004/039712
the gl ycopeptide (Table 2). As discussed above, the
Schehfe2m nal sugar of the glycopeptide required for
I ntroduction of thePEGyl atgg structure_can be

i ntroduced naturally duri expr essi Galr Glybopodh be
produced post expre§sion a9 Gc’ﬂe—@ropr' ate

gl ycosi dase(s), gPyEURY ansf er ase or m x of
gl ycosi dpsey s lﬁ'{co |transfera8@d(s). Table 2 Q
.(%Gg);,-Ro I NF °A N———0— Na HO

VOB g&lact ose- deri vat i VaSs,

Itransf
UDP- gal act 9sam ne- deri vati ves (whe t,rbxanS:erzll\slf'—l, be
aceCyPPAQNKCECHINR—YPBGIPPG) || - - - - Na Na " [Na U HO

OH HO OH UDP- d ucose-derivatives

UDP- d ucosam ne-derivatives (when = R4 be

acetyl) NH - l@A-s-lJl\-IELOCHZNﬂ%G
Glycoprotein Gal

o

Gal—SA-5-NHCOCH,NH-PEG
Gal

SA-5-NHCOCH,;NH-PEG

[0293] In yet a further approach, summarized in Scheme 3, 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 erythropoietin. 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

manner by its reaction with the unmasked reactive group on the modified sugar residue.

Scheme 3
Gal Glycoprotein
Gal
NH
ﬁ: g — SA-5-NHCOCH,S-SEt
7 A Gal
HO oOH O'*Nm > (
HO = —0 0 *Na HO OH Sialyltransferase Gal—SA-5-NHCOCH,S-SEt
EtS\S/\[OrNH an ° C|3al
SA-5-NHCOCH,S-SEt
SA-5-NHCOCH,S-PEG
Glycoprotein (I;a|

1. dithiothreitol

\v Gal—SA-5-NHCOCH,S-PEG 2. PEG-halide or PPG halide

Cl-sal
SA-5-NHCOCH,S-PEG

[0294] Any modified sugar can be used with its appropriate glycosyltransferase, depending
on the terminal sugars of the oligosaccharide side chains of the glycopeptide (Table 2). As

discussed above, the terminal sugar of the glycopeptide required for introduction of the
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NH J Na O- - - R-XTNLL ARNa Na HO OH R -JY

GDP- f ucose-deri vati ves GDP- Mannose-derivatives X = 0 ,
WORHosB513Y , N-(R -5) . Y =X Z =X A =X B BCHUSIQ4039712

H, SNH NR Rl-4 = H Linker-M M M=PEG e.g.,

PEGﬂEgE +ac 5<,]an lb chﬁf:éd1§artltlr§g$ 1% %x ?Qg%ﬂ' ';[Ftrcl:a% be produced post

ose- I S reac VI ne

exprcsémg alslag tmsaﬂptcr;ﬁfasé glyasilasd(Seplobysyltrasietae(s) ogmixnes
fied galactose to the appropriate term nal
glycwdﬁé"éﬁ)ﬁ“&@h‘f@§ﬂﬁ“ﬂﬁer§ﬁ(ﬂct ure. The terninal G cNAc
resi dues on the gl ycopeptide may be produced duri ng
Tabl§%Pr €ssion, as may occur in such expression systens as
nmammal i an, i nsect, plant or fungus,qbut also can be
pr oduceg by treatl ng the gl ycoq@g{ |dgpyi th a sialidase
andReilf |gl XeRasi dase and/ or gl ycosy|] {ransferase, as
r equi [0296] In anot her exgnp enbodi nment ,
a sferase suehnas “RLA il soutildzed |o)\\
transf &- | at §d- G ¢ f#@atermrfalo#ﬂmboséé shiu@
on a gl ycd’pecpt,fd'é’ Oﬂﬂﬁ still further erempl&ny
embodi nent, an tfRe™N\\dnd/ or O Iinked gl ycan HO OH
str uct[)l&,ega tose%en%{luz nH? Plal |y r enmoumsRsahdtosming derivatives
gl ycopepti de to expose an ani no a®he AGNHaRamsy biassad
gl ycosyl resi due that is subseque IX_RconJ ugated with
the nBdi¥Red sugar. For exanple, ak/endoglycanase is
uagoh( renove the N-ligked stRy of a Q
gl YR, e to exposeAyfer ni nBI-ZSTNAC jas a fLNH
G cNACR,im eﬁl Asig on t ,@L\PI ycopept i e | U @P Gaﬁ-PEG ard
the approfT a‘t@—g’ab transferase |sou§gedl
i ntroduce th® h11"3E®@ tose functionality onto'{)
exposed G cNAc. [0297P %n an alternative enbodi merit
t he n&apfq"é‘ﬁe"?ﬁ‘@ ¥ is added directiV P‘C}'\“ﬁ‘ﬁg}‘g@ ?‘({’? de
acet, )
bone using a gl ycosyltransferése known *{
X-Rsi dues to the peptide backbone. This exenptafty
NH

enbodiament is set forthgin Schenme 4. Exoen'pl ary ¢

RgHY’ yltransferases u fuI in practlcmg t fe pr eskn 2
I d oo
R nlnclude /knotllmt gq‘hON
a
O *Na 0 *Na
HO OH Rz-YZ-Rs GDP-fucose-Qerivatives

GDP-Mannose-derivatives

» S, CHp, N-(R}-5)3.
=X; A=X; B=X.

Q=H,, 0, S, NH,N-R.

R, Ry~ = H, Linker-M, M.

M =PEG, ¢.g., m-PEG

[0295] In a further exemplary embodiment, UDP-galactose-PEG is reacted with bovine milk
B1,4-galactosyltransferase, thereby transferring the modified galactose to the appropriate
terminal N-acetylglucosamine structure. The terminal GlcNAc residues on the glycopeptide

may be produced during expression, as may occur in such expression systems as mammalian,

79



Gal NAc transferases (Gl NAc T -14), G cNAc
transferases, fucosyltransferases,

w@bamsosybt r ansf er ases, xyl osyl transferases, PCT/US2004/039712
mannosyl transferases and the |ike. Use of this
approach allows the direct addition of nodified sugars

insect, pgl:?lt &, ﬁgg S 11? > lstogcfa?%l ge é)xéfds %Q&l b %} Q %ég% ?lglg%pseg{liie wbth a sialidase

and/or g@@&ﬁ&ase tah@onggtésylfaneferdsbeas rmﬂmfede d sugar occurs at

cific positions_on the peptide backbo aé giiie
[0296] Tpynether exgpplars PRDHEENF ACHIE AGfrapsgrase, such as ONT1-5, 15 lized
r [

o s G MESUIGES' S5 335 o od SPEQRIPANE, s
further e&&@bhﬁbﬂanb@dmgntc he theda andiir I(D)tinkedigiy@n rseryctofes agge nt s

can be |ntroduce((*l into, proteins or ppept.i des t | rfat 1
enzymatjicgly remevedi e a g PRiIOBI St s ppie s gaminal glfcosy
residue l%fftqg SENSEqNI§ 28h UEzﬁEd Rth kiRemBaiRee @ﬁga@t Poxaéﬁaﬂ%leaﬁh d

uence Into t hje pol ypepti de chai n. Schene

endogly@%tml;&élls mseﬂto@mowﬁloﬂ\bllnkﬁd skruci@eds Nifa @Y copg ptideHPEdpose Na

oo NS RBAT  AENHl SR

approprﬁi@%@dcf@?ﬁﬁnﬁ@xtasé RNiséd RAAKEduce i PEGpalactosdl tlintiiomdity onto
hem cal “or enzymatic nodification steps can be

the equacd Gla¥Ae.f ol | owi ng t he conj ugatl on of the nodified

to.the pe €l
0297 339 b SRS A e P PRI Al SRR B et
backbor@Mﬁ?fayglywﬁyltraﬁﬁe@se klfdvﬁotsetbanswﬁet mgahfestdaesmorthd: peptxde
sugar attached to not her

t
backbongy A xemplark FRPARimeat is é%tcff’r‘g i @%me. i FZ’@EP YY" cap
glycosy% Ex?f@rats& d\’/ﬁlgfu? th }SrQ@chcni%jt'h £ ipRdeyBRntibRidcRgie! Bht%?@lhdigﬂl%d to,

ernat’i reaction is utilized
GalNAoakatrxsferatshse((iale:ﬂUr- h4)oGldN1°3: transfenapas, efdcqsmkﬂnamsfemscsm gar.

e oSS e SR B . R
approacWaIleE iR debtdddfion VTRV JugarstdntdpdptiBes st lfutl@zdlys ugar

tached. I n another exanple, a conponent of the
carbohydnﬂhsformltesrw@acly; @ntd eplrsbmge@lwe@epbd%oxm hethjcases, the addition of the

{ t
o LS 8 BB e P o ey
substrattG BSu¥ificily dPHIRCEGEsPBrahtfatas@uirR] niséd o Eaﬂdﬁmtlhmn&ehshm:arsaﬁmng

he invention at a stage after the nodjfjed Sur? fl
modificatdgtj efgepretgin’ s;pqm@e,bé@qhog@usmg chemical methods. An arfay of agents

can be introduced into proteins or glycopeptides that lack the glycosyltransferase substrate

peptide sequence by engineering the appropriate amino acid sequence into the polypeptide

chain.

Scheme 4

Ho O
o} o Protein or Glycoprotein
HO
NH| § © fki” o L/ GalNH-CO(CHz)4NH-PEG

o) 0,,?\0—_5,_0 oN
0 *Na o N:\§__7
GalNAc Transferase

HO OH (GalNAc T3) GalNH-CO(CHy)4NH-PEG

PEG
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Furt her el aboration of the nodified sugar-peptide
conjugate is within the scope of the invention. .
waewgoes2Bue r Transfer [0299] In addition to PEEUS2004/039712
enzynmes discussed above in the context of formng the
[02981q¥|easlsl{ SfRe ek odihiéntPle ‘f’cﬁ'ﬁ% Ak Hhe Q)?Ho% Radtfional
he conj ugat e the starting substrate
chemmpm clegmatic modd)catlam sthps @Jndnlecnntlatﬁﬂfollbmn’grthel ctrgagation of the

.ot her wi se, nodi ods lizing other enzymss
moaifid Sigt REWE Poridec ipabFr TP e %@é TEYHE (481 ng
fucosgNizaiERFast ahsédrta Fﬁéﬂd aaglfétﬁw urﬁl ees W@)ﬁo §%%Hﬁmaﬁﬁodiﬁed

di scusse grea det al i h De 031464 A2
sugarigthesiie dneﬁmptlﬂe 1n, an@G@Bexamrﬂe,uaefensmaxrya@fonseu@meddo “cap”

sites gﬂﬁpﬁnﬁ ﬁaovc&cﬁg gﬁl Suea Ea?lg& gcgéogl?lﬁg%gw?ematwef ,a cLemlcal reaction is

utilizéd ycARy lliers&ﬂStﬁfH SRS cofligakadzfodified agdt.t F@ex@mple, the conjugated
activated sugars (donor NDP-sugars), in a step-mns

modifigd eghis r@@teéi \&t]@,ggqnﬁs tha s}%lp@mr,dggablllz@tsjh@@ge with the peptide
compg}niélrft géé g\'@g% atfrfﬁlg to&fk@ %u%a& I, tgﬁgg%io B[gps&(g‘ep éxaﬁlg% %Vglom%onent of the
modiﬁydwtdgas1sszrovecaedafotlmngﬁeroaﬁﬁlgaﬁrd1 ta the paptide. Okeadf skill will

' charide donor in an en block transfer foll owed

ol i gosa
appfesg?tetg‘?lﬁ dS t et crEnatiGandighemicab propeuiresdhatrage pieful in the
methéd&f tEPImPentRRAGE R 3t @fngg Sfdrns &%Hiﬁ%@fsu%lr fid & nlggl.\‘;%atécdrtg e peptide.

subsequent attachnénts. A very large nu
Furthg slalyggtian ofribé modified saga-pepidacaniugateds svithin the 36dge of e
inve gl %;cosyl transferase to be used in the present
"MR¥ent i on may be any as long as it can utilize the
nodi fi ed sugar as a sugar donor. Exanples of such
enzymesmesncl ude Lel oi rpat hway gl ycosyl transferase,
such as gal act osyl transf erase,

Su aNTﬂﬁi% o gl ucosam nyl t ransf er ase,
yl gal act osam nyl transferase, fucosyltransferase,

(0299 |Iala9<lht1@1ahstﬂle epgyaesdseness g kboveris fleer costext of forming the acyl-linked

o f.eras curonon | t r,ansfer.ase .and. t
conjufie SR el s AR R B e AR A S L AR RuBRE S e
peptldda\/l%ldg cgh ve eﬁbbﬂafednﬁrfnﬁh@cﬁﬁack%@&lieﬁﬁfse modlﬁed g methods utilizing
cosyltransferase can be cloned, or isolated from

gl
other 3 SWnsf‘éur The metaads of rasprdsling pensips andilipifevsingenzaymes that transfer a

sugarlﬁrd%\ﬂt) @%C%W%g& cﬂ%!d%&légéﬁg gétéﬂfn ﬁglgrlég] %8:03 f0 ﬁgzé@ A2,

cosyltrans

publls(l"hti tAg)Iﬂ NR2003e A eref i@ty of seimtdde:nbj?ms of use in the present method
. clé%‘%/ltransferase am no aci d sequences and
1s set Wde sequences encoding gl ycosyl transferases

Gll!CJSP %hﬁbs the am no acid sequences can be deduced are

in various publicly avail abl e dat abases,
[0300] (dy ey mgnenBardataly@eitissadditiin ofavBiatedngact(Hens NDP- -sugars), in
a step-wise fashion, to a protein, glycopeptide, lipid or glycolipid or to the non-reducing end
of a growing oligosaccharide. N-linked glycopeptides are synthesized via a transferase and a
lipid-linked oligosaccharide donor Dol-PP-NAG,Glc;Mang 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.
[0301] The glycosyltransferase to be used in the present invention may be any as long as it

can utilize the modified sugar as a sugar donor. Examples of such enzymes include Leloir
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[0303] dycosyltransferases that can be enployed in
the nmet hods of the invention include, but are not
wo povsHEI321 0, gal act osyl transferases, PCT/US2004/039712
fucosyl transferases, glucosyltransferases,
pathvk@f:a%g%’dﬁglg{agﬁglggﬁl@]y %sﬁ%%ﬁ%ﬁé@é@?mse, N-acetylglucosaminyltransferase,
N-acgfyigalactosanhing lrassferaas dscosgltrahyfetasqg nmydtrasézase, mannosyltransferase,

nnosyl transferases, gl ucurpnic. acid transferases,
wylosyHragietht racusaony frasiEress sndhibe ke g
[0302]) F 9 RAARRARI MEHANS §RIIRSESthatIH 8180 kK cosyltransferase reactions,
gl ycosyl transferases include those oObtained from

glycosylkransferassscanzis olgsied, erdsdlatedrfiomodarsporces Mdny3aried DNA

encodi | ycosyl transfer.ases he obtained by .
slyeo PR sl T, 28 B P EaTnTTRonBE sRRLAE Reb gy The www
Guid®To ORI G190 RRMORFsed, e (1@ Ivewave L&) hik/ITGNEgC thitie h§S).

by screening genomic libraries fromappropriate cells,
Glycesyltpapsiernsp pmang asid segpenase aed miclroside sediencss eaeadlingy of

o TR SO EMR At o v e o '
variogd pubdielyl dvaialsié databass, dalisg GorBadk, SRissiast, BMBIDand others.

abeled with a detectable groyp such as a fl uorescent
10304@] r@wsygr%graé%@wn stanived l%ﬁml?tﬁ?ﬁsrpefélef‘ewergwaaﬁclude,

but a}e%o@ﬁﬁl‘?ﬂég@&fgﬁla\@fogﬂ kPSR! ﬁ€g§£ﬁ§{eg&f§9s}i gﬁ%@lsyil{ﬂansfe_rases, N-

! tr
conventional” hybridization as t [t'ernati ve,

acetyggaya\;mmhtrryamrmraassﬁ-g@ﬁﬂgbmmﬁ@égamﬁs}a@& ghitvaomydiganisferases,

sialy faefiptes. PRy GBNTer CoR OO B A EmS BTG B BOEdi doid

transfef4363, bh& o BEIsaEhY ﬁzﬁﬁfefr%%@Sﬁﬁtaﬁ@?y&ﬁ;ﬂl@@ﬁﬁ@raséﬂﬁelu&é those
Pat. No. 4,683,195 to Mullis et al. and U S. Pat. No.

obtainedefgan zokaryetewias Well as flosoppkarietedl ycosyl t r ansf er ase

030 RSN AR EBLnAF R Y SO b

scree@ing cORYdet tfameGipts aSARNANfryEpppeiarrcellfoecalistd caltiles by
to anplify. DNA encodi ng the g:11I ycasyl transferases
screepifg BRROMIFAUERTISS STOB PRRERNAARETIRHOTCYY comtipptions pkthese procedures.

I r i '
s AN RAR TN PO RRpIEE e o
generateddchinm thet dipcogy yrandgatas st sgaces. Enahesmaydedgeiabivigh a
i nked to suitaghble control sequences capabl

I of .
detectable gropm, E}“?‘H‘é adUoreset SFPUBr a ¢ éoagv‘ﬁ%}evﬁrraaﬁgmé%§°em group

in acENEMITE with Ko PrédliBreb 88d usedRE cORRALSMN hybiidiz4RALEQYs. In the
sequences W | I vary dependi ng upon the host sel ected

alternative, tghesosyltransfernses igenmsequeritesimef be obtaind by rua¢ bfjthe polymerase

enain GRS R pARIHENCRS, 6L B & LrANSSLLOL! 20RL BERUBSheed from

the gyt @ yBednkRidsedgen? sEQHEE) Goe, AN OPHtMFo 468 1) SeoWRNAS ef al. and U.S.
ri bosomal binding sites, and sequences whi ch control

Pat. Ny &.688¢202iaMwhs.of transcription and translation.

o30S R AL B PO QR LEBAG P AURRESRARY o
contairgpd DN endoding tﬁ@gltycosyﬁmhifeyasmﬁzgmee ¥ ebyrsare asddydithento
nd a sel ection gene to facilitat

replication,
ampllrfié%(%‘}] PRocdiiedhe ehanstsrmstiases

encodes the glycosyltransferases enzyme. An expression vector is a replicable DNA

nzyme and/or to express ?)NA which

construct in which a DNA sequence encoding the glycosyltransferases enzyme is operably
linked to suitable control sequences capable of effecting the expression of the

glycosyltransferases enzyme in a suitable host. The need for such control sequences will
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[0306] In an exenplary enbodi nent, the invention

utilizes a prokaryotic enzyne. Such
w@bkopsosibt r ansf er ases i ncl ude enzynes i nvol vedP@TUS2004/039712

synt hesi s of |ipooligosaccharides (LOS), which are

vy B Bt ESEH SHSMAT KB RPELGFL B ARD B

contréﬂ&&ﬁe)n)ces iHolulde @ mzysRiptibial pusieotesy uh optiehah Operhionbdq@endeo control

the proteins of the rfa operons of species such as E.
transergfionesePAUEIHSHERI B wﬁhlermRNénﬁlbqwnehbmﬁ@g §Hes, andseguences
whlc}? gtlérgqu whﬁﬁlﬁ%ﬂe&&%&g‘g%ﬁﬂ [ngéé tr%'lsgﬁ 9 i %gg%g&éﬁé Qo not
requlmﬁmp)qssﬁn/BQntAd cleswimsn Allthat35 ﬁ%ltd @Qhe idiky toureplivaye) in achost,
usualBréon§%¥4dtbryaa§$grﬁgqxggf ﬁ%ﬁ%@% zﬂi%ﬁ%ﬁé@ gen(%gp I?e'ﬁ:'ilitgt%Srch})%nition of
transfbhh S SS- Prot Accessi on No. P27129 (E. coli) and

Swi ss-Prot Accession No. 198 7 (S. typhinurium), and
[0306d{n |gn ezemplapcenybaglimensshaimientiempalizes apeokaryotienEvse. Such
glycoﬁ(;l‘t:rgﬁs%rg S I;l?]csl &é?%rx%in%e% wa\kgh %Syggnﬁegg of llP%Ol 5‘ggsaccharldes (LOS),

whlclaﬁxe ;ifd;tmwd bga ﬁiauszl grdnln ﬂsgauw BicteriA(Pedseaca d/. barza@ﬁrmsews in
been characterized in

erreirl@{a&r %$K§) sléé?nl 8941%?@13 sSt@meazmuﬁﬁHﬁiea@ut gre ngplimited to, the
I J
poe 8 THRSH Syt VU8 EU o SRS B i
includpep 0,6 gafactdsgludnsferasesanaer figs gasaosy[lt@zaﬁYdrasel(sea &gi, EMBE
for use_ in the present invention

Accegpigneley M%’?ﬁ&fae@ NRO93$ Klatcol); éiMﬁbo‘}%wquarS?&aél 6y
ljzphz%%tizyr?@t% gﬁlcf;%ﬁ’{sﬁz&%éé\%fsg ?’ré\{'lé]c%?és%nrﬁg S1925740 (E. coli), an B1,2-

ucos

glucobylkraﬁsf&a@b?drﬁﬂ J(8849s=Prbt Acc@ssﬁbrgN OCRISHE 29 &R d:onbl endPSWlsePeot
group trisaccharide s

AccemgaNa& 1c9§§/7 (%Wpfmm@wgg))amd@@;ﬂl 2-pl- ¢cewlgiugqsa@wétransferase
(ﬂa%hﬁ%bg g%leol%:lg . gb Ignocro i), {he? iéf%y‘? Peragse% oais\’@lich amino

acid defadietd £8 kﬁbwﬁﬁhcluhe thd. thaMaerr eﬂ@b@éd byldperédGueds rfaB, which
51994) ). The genes from N neningitidis and N
have begnhaagiesized mearsanivoBich e Kiahyiela prewnaiace Fasels Salmonella

typhz}gw/zi»n\@ moge%lw&t%rcgr?n)"%snﬁc?bi’?ter%fcoﬁrﬂ'ﬂ%sﬁlﬁggdé?etr%ﬁ pi@%ﬁ and the

een identified nmeni ngi ti mrunot ypes L
rh]o@ﬂdn@ﬂe‘rsludtgmrmaaiugmvm M crobiol. 18: 729 740

[0307& 191%5( 1ta%&ofor E%hl tl@%}grgger?riglggﬁgggﬁ; g yc§>sry? tsgp {hat are

1nv010§ﬂ'n"iﬂ(') cﬂigss'tru éﬁe%ccB ta laétto' I@Qle@tfetr%&'éelg eggenzy?jrelggtm-

enco cosyltransteras
acetyI-qulandmir@rl Baplmmgwlactoéyltﬂae,4l[auglucbher aedthetMi ®l@dgass
in the |l acto-iV-neotetraose chain (Wakarchuk etal ., J.
trisacghagjde seamsnee, Drgalaqtggder-1 ﬁg)(ggbg‘@);yl B-Recleralnspse, mghlch have been
of t

idendff LIS 5 Ind ol phiSecndNEi30T pihig RERE o8 o Ehineiviais

(Schdlteh et fgix A@Homfr@&og I4:tcmsy243r @08 aeegdnieR EomOM. meningitidis and
(V\akarchuk e al, J. Biol. Chem 271(45): 28271-276

N. goparghepap that greodgshoglyprsyieansierisesinyplied ingthe Bipsyntaesig of these
stmc@ﬁe@ GEve ﬁ&h@?%’f@ﬁ RIS, He%&ﬂhwn}uﬂowgs B3 RESLI '(J%Hnﬂ%s etal,
Mol. Mlcroblol 18: 729-740 (1995)) and the N. gonorrhoeae mutant F62 (Gotshlich, J. Exp.
Med. 180: 2181-2190 (1994)). In N. meningitidis, a locus consisting of three genes, /gt4,
IgtB and lg E, encodes the glycosyltransferase enzymes required for addition of the last three
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gal actose of the |acto-N neotetraose structure and

| gt C which adds a termnal a-D-Gal to the | actose
web@sests2nf a truncated LCOS, thus creating theP@®r/bbmodo3sri2

group antigen structure (thshlich (1994) supra.).

WIS e ara pe
of the aara SR b Br s BaSEPRA Tk Y 1 ool 7o 66-
73 (1996)%: aRéc)énﬂil tHe%@rﬁﬁ[@cﬁs}Ry] Bf fh@Sgt@tandUgtA(ngQ Boduct was
supra. ). Neisseria glycosyltransferases and associ ated
demoggf?é@d mqylcgpg thedus qegéqyl ance fpiher pregossg glycosyltransferase

n f a a
fonet Y AR b or, TR Clend Y THA LRSI TR0 PREN Worrhoece,
there ateovolkd@itioahlageaed, & Dasidc Midstp-D-@4AINA ¢, to Jhe BpeditiordRihe terminal

272: 21349- 21356 (1997)). Al'so of use in the present
galaciose efthe dﬁvt@Nethorﬁéragmﬁé@gt)dm sa/gteWvhishddy a terminal a-D-Gal to the

e see, for,exa
tactoss ef0R3en? 8F K sSheab 1 1198, i3S Geatlr@in ERERBAE propp apfiggn structure
(GotsHREES {994 2 Bsras ? I &8 NSmERIBLAYIs| Hseparite RAROHIFRIT Bals@expresses the
ycosyl transferase used in the nethod of_ the

|
P* blngéxgaﬁwn yigen and haschseyy phavaniorcary 8 /81 8e08 (lenniags ¢letl.a §995),
s P R IRRRRlc d ekl Db REFRLANH p UsP

5 545LSSBL(G©&€hIﬁdH)rTG@iR fbﬂabsefut@yﬁrdnyﬁfarwyncbas Btﬂlmsyllfanaﬁ@rase from
acceptor sugar. Fucosyltransferases that t r ansf

HelwﬁWﬁlﬂi’l’%’bh@S@ésosb?@ﬁ eharagieriged AMagin ¢l ad Bigl Q&emf 21?9, &1349-
2135(% ﬂl 69522)0 fos&ﬂ}se PRI 'ﬂ)‘i‘ésgx;ﬁ inb X088 ]afeI tHe gﬁfc‘@ g%c AROLE

or sugar i's or exa In a
CampgddHacter jegiuntIXﬁepfdﬁexetmplg,rlmpp’/afmb&nrsahrsgb’spextrb/ﬂAZﬂé/ gtf 42.html).
gl ycoside. Suitable fucosyltransferases for this
reaction include the Galb( 1>3,4)dcNAc bl - (I*
F"coévlﬂffﬂg'&é?]transferase (FTIIl E.C. No. 2.4.1.65),

[03084"flh %&n%ﬁnbﬁ&hﬁhts‘: h gfy@S a@ﬁdrﬁﬁgast: ru@éﬂ BQH@!%C’(HOH |6f {&QEventlon isa
alcic, et al ohydrate Res 90: 1-1 989

fucospitiapskmse. oF uc@Byltranszasﬂs a@Hemwnzts@hosm ofisigll 11®ths3m( Fogmplary

fucos§ifsmkES i ney i onpieh AT egl PR TP AaaPt d hycroxy

posm@E-Bf ¥n ad_c-EMor E.TQ&) Fitdds plirafsferaded il tiahisfoiamAnetdotide sugars to an
FTVI1 (E 2.4.1.65), a sialyl a(2-"3)Gl b((l -

accept@)acs @lmef Weﬂnﬁwpaenhmy@mse has aI so been

0308 RSO EGR g, 05O P30 1 Sl BRI,

Galpliesn4ytaNaepegioag th {bsligosdashmide @ycoaid,e Bunable ﬁlcNEydtransferases
Letters 1: 425-428 511991) and Kukowska-Latall o, et
for thgawadtioariuclmisibr Giohh ﬁ344)C‘rl<2\$8<:l3113@3->§ f@fgggsyltra@sﬁmse FmE.c.

f uc | tran es Jincl ud for,
No. 25 PP, Sl VIR R ERTRER sty iy caG P RIETRAE |
Carb&h}%&t}é |Ra%.i 1190: £an (t%%} ArideRferid] JBiot. h}heﬁéezsmdM% 10463 (1981);
described in Ml licone, et al ., Eur. J. Biochem 191:

and Nuggz, 7 6/.,(Ago d) Cham. 59520862845t (1881)) gldsfhﬂ Codf¥(1—eHGlaNACp-

afucsy Bt Th Ehy bl Do EE TR BN SR i VI B.C. No.

2.4.1.@f’afsm%ﬁ2—>3)GalB((l—>3)GlcNAcB fucosyltransferase, has also been
characterized. A recombinant form of the Galp(1—3,4) GlcNAcp-
a(1->3,4)fucosyltransferase has also been characterized (see, Dumas, et al., Bioorg. Med.
Letters 1: 425-428 (1991) and Kukowska-Latallo, et al., Genes and Development 4: 1288-
1303 (1990)). Other exemplary fucosyltransferases include, for example, a1,2
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Gal act osyl transferases [0310] In another group of
enbodi nents, the glycosyltransferase is a

wa@alaososyl t ransf erase. Exenpl ary PCT/US2004/039712
gal act osyl transferases include (I,

mco@t ovvsp%ix hf‘ettg}%f %E‘gﬁ ] antﬁ&rtggfuc gfaﬁléﬁ }I';%tiegg%?ed SJ ufby the

methddsdesutiledan Molliddakeperenl 38br. J2BDcASR 1919983 170d9PMeor U.S. Patent
04989, Jo |ass et al, J. Biol. em .264;
No. Sy5uen. TH . ssaed o mansee DessilimmRiersayShap Qi on

enzyﬁﬁn@é stelll R sy ﬁ\tlﬁ&m @@)P-ﬁ‘ébse. USA 86: 8227-8231
9% porC| ne (&GnBank L36152; Strahan et al,

ImTunogenetl cs 41: 101-105 (1995)). Another suitable
Galaglosydtrgsferosessy| t r ansferase i s that vvh| ch is invol ved

[031@%23%1”@?6&'9131%?%{1%0 bl g dthg gPyngﬁr é ggfi%%syiti%nfferase.
Exedﬂ&?%laﬁﬁb‘ﬂ&ﬁﬂ&feras\é@Encﬂucer(i(tlI‘B[?rgaﬁ&@_ﬂryl{r&{syerases (E.C. No. 2.4.1.151,

gal actosyltransferase is core Gl 0311] Also
see, esg1i Pablosvskipg? alis EransplanieP nost 22 1dil 993)@nd mm ekpleNature

345: %é %g% Q%Eg%é ARy éﬁ%g&iﬁ}?%ﬁ%‘% e{} gl ef'ég C@%:P%M 14290-

14292(msb))z&uflhaw@ﬁn&mmléggsaISeeAen(Zdlagwl qgggﬂbﬁgﬁs&cam €154 86:
em u
822745984 (1989)), percingi(GenBank @@é%y%trah%gf alod%rgwﬁogersf?cs 41: 101-105

ool A8l R b TR RARER R Py g BUOET R Types of

the blbeﬂ @muﬂﬁa gadgat(Bey 4.1 aM,SYﬁ’ﬁﬂﬁSto(eE@l 21 @:dz @Ghem. 6801 1481151
Neur osci . Res. : 234-242 (19 . O her

(199@dbwam)é L %@%@gw&eﬂm@v @alagtegvltrmsﬁm% i £e Gakdip) e,
[031@I Al%o 91% 4ok ﬁt’]{%?, yid ﬁﬁffé&%ﬁ%ﬁ?éfcég flg)g}'l&orgarf: B(W gaéact?sy&a'nﬁferases

Zosacc

whichk 1ncﬁikﬁ ﬁ>28x2(nl]9194ﬁ()1 2. 43 o ]{/deN@Itf s@hﬂhﬁﬁSe)[aﬁBEZ] 2.4.1.22 (lactose
Si al yl transferases are anot

syntl@raye)c(bwm@ HAdeestaroe! phakun 4 lifg'ékem i85 %lﬂélﬂe(é%ffﬁi? rpyan (Masri
o g B R B 9 07 DR SRR b .

Biocl};cnamdmaelﬁs:\.’%&m&?s)o aovadl, asvach4jls38]zcaarﬂ|tm ¢eraragied donor
salack Rl St TaBite | DI E! 40t Fe Bt ety ST arep Ghov). Ottes
suitabl8 %é%?t% )@E;xg?éé%gk lincﬁlﬁieg?_f()éa?mﬁﬁlte,s_r gégﬁﬁomsygt;ﬂra%ek !(i)rom eg.,

Schizﬁiﬁﬁﬁb&vﬂdﬁ@cds pozibeahdped e bl Mold BBT6CH] $/Ad 91328 ((9940).
sialyl transferase nonencl ature used herein is as
escribed in Tsuji et al, dycobiology 6: vxiv

S’”lyz}i%&’fsesm exenpl ary a(2 3)sialyltransferase referred

[0312]05@@1%3&%)5& ab Xh&th&ﬁ%@épgﬂ?co@ﬁ@agsféragegthﬁt) Blishsd hﬁélﬁlsﬁﬁhé

sialic acid to the non-reduci ng term nal
recombig@itcelds ansloeariion deizturesl ofdhsinyentioBe & elly gt amﬁlu@t {en@mhmant

sialylgﬁtangjﬁfase‘é'%iﬁi a?sleﬂa %‘u%%‘él}\%?%@%?@iéé%l sdlvﬁ%am on(?r
sialyHrandiefabes. (E%ﬁﬂipleg of ma@]i@ahsfei&Qs?t)hat a‘itﬁ@tub&ﬂe ﬁxaﬁﬂmlnaha/present

a2, 3-sialyltransferase (EC 2 transfers siali
invergion dnqlede; (}péﬁﬂ,(@gru@p'ﬂ@r human ST3Ga 1), ST3Gal IV, ST3GaII ST6Gal

I, ST3Gal V, ST6Gal II, ST6GalNAc I, ST6GalNAc II, and ST6GalNAc III (the
sialyltransferase nomenclature used herein is as described in Tsuji et al., Glycobiology 6: v-
xiv (1996)). An exemplary a(2,3)sialyltransferase referred to as a(2,3)sialyltransferase (EC

2.4.99.6) transfers sialic acid to the non-reducing terminal Gal of a GalB1—3Glc disaccharide
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term nal Gal of the disaccharide or glycoside, see,
Rearick etal, J. Biol. Chem 254: 4444 (1979) and

wa@Rdosespee et al, J. Biol. Chem 267: 21004 (1BORYS2004/039712
Furt her exenplary enzynmes include Gl -Db-| 4 G cNAc

oreiodeP, SV FASRORRS P oA ety omy Fiplinr .
J. Bigj| Qfm;las%ﬂﬁat Mgizgc(ﬂ 9&2522 wgi;;gtaréy dioly E\}cm?mﬂt Qdi@]lsl (1982). O,lqnother
Yy ra e W e ster sltallc Qqcl,
exemplgry fré: ﬁ%& peotsr (G AR Sont Rl SHUSECld b on-redicing
termiBEHI ok Lcﬁfa% SRR ghRdsd x%agaygh& SR TRl £54: 4444

aci t'ed car rate structures (see,
(1979 aint é}xnéspieTaiblll el BIOZSC&WI 26722390 A 982). \Hurther exempldrg enzymes

inclugs Gelyf] Aﬁy”?*@i%@éeé o oSt e RJros ¥ heks oy I eghem

219: R/ZI%W ~NeuAc D 2, 6Galb ,4d CNAc- 1 ST3Gal |11
nmal Ian uAc D 2,3Galb ,43 CNAc- 1 NeuAc D 2,3Gl b
[0313) Reefehity, f&T@&dsyla\ion/hﬁmbcb}@draﬂswﬁcgl)moﬁelﬁ@t L‘ne sialyltransferase

will lhgéﬁlﬁ%%qs%é ’E\&gﬁ %lg t%@pfguea@s%ﬁm éfcﬁlg}?qu-b the most common
penuﬁ%@%ﬁ&ﬁ:‘é Ilﬁiﬁéljgﬁ{féﬁlel?e%léaﬁlalﬁﬁ aé g\IA 1 %sﬁlyﬁﬂg’g@ﬂrbc}ﬁylalrate

meni n
strucglmdserehiﬁeblem) Goochee et al, Bio/Technol ogy 9:
1347 1355 (1991) 2) Yamanoto et al, J. Biochem 120:

Table2 231111}%@%17% gfgg@jc .[ulégﬁyg]GaZﬁl gb%cés%ggérge as zem accze;l)tlor substrate

dot LTlal TS USET Ul 11T UIe Cr dal ITed

IR AR ECUEIR |
Slal)’llﬁl}@llﬁé@@ws STR8aurde| |, whi ch| Sequenee(s) tormeded t o as| Ref

STOQAF Al ypcn { ol MRS of i NFAGHPCeB L AT |, 1

snd%?'m 3G cNAC DR {FahalifhG CNAC € feny
al, J. Biol. Cnem 267: 2f iﬁg% g;f ‘PGI /gc

E| J nden et all J Biol Chemn B( f)l and is

ST3G#A$PONsi bl e folmhahnat i on 3f\1e§§9[§ﬁ@@'a 4(51@[\% 1
ol i gosaccharides in gl ycopep ugCDi—b% éd |s
linked to a Gal with the forhRtion 4

STehgImeen L he t\wvigangiar i des. ﬁ@ﬂﬁib@i6@alﬂl‘§@l@?\i\1@et wpen
he—saceharid —s—betweet re—2—post+t+oer—oef—NetAe—ard

ST6Ga ¢l - p03| ti on photﬁh:icxeriﬂm s paNb@lAuﬂja,BGamzlym_M-be 2

rsofated fromrrat tTver{Wernsterm etat, _J. Bl ot . CIem
ST3Ga ¥ 13845 (1082ympeningifidenunan NemAr12.888H)di4@ONAct993) 3

N. gonorrhoeae

1) Goochee et al., Bio/Technology 9: 1347-1355 (1991)
2) Yamamoto et al., J. Biochem. 120: 104-110 (1996)
3) Gilbert et al., J. Biol. Chem. 271: 28271-28276 (1996)

[0314] An example of a sialyltransferase that is useful in the claimed methods is ST3Gal III,
which is also referred to as a(2,3)sialyltransferase (EC 2.4.99.6). This enzyme catalyzes the
transfer of sialic acid to the Gal of a Galp1,3GIcNAc or GalB1,4GIcNAc glycoside (see, e.g.,
Wen et al., J. Biol. Chem. 267: 21011 (1992); Van den Eijnden et al., J. Biol. Chem. 256:
3159 (1991)) and is responsible for sialylation of asparagine-linked oligosaccharides in
glycopeptides. The sialic acid is linked to a Gal with the formation of an a-linkage between
the two saccharides. Bonding (linkage) between the saccharides is between the 2-position of

NeuAc and the 3-position of Gal. This particular enzyme can be isolated from rat liver
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J. Biol. Chem 268: 22782-22787; Kitagawa & Paul son
(1994) J. Biol. Chem 269: 1394- 1401) and genom c
w@ Kosagsen et al. (1996) J. Biol. Chem 271: 98QF8SRB)4/039712
DNA sequences are known, facilitating production of
74Y; Y i eSSl r
(el ARG ISR 8BS (XPDENE il DAk RUEDECT 88 199)
J. BioR e, 258122789322%7 tht@aweﬁehmilmm(l%muymdl aVeine 269613 94-

1401 {inghicoam IaRver 4 180 i Gl Tl 5955 SR adehces are
knowﬁI ﬁcﬂl%%/pﬁ?&égion E)pt’ﬁils@nz%@by Irécro?ffbffﬁa?ﬁ egfsssRinn R aﬁ)m&?ed

sted I1n Table 2, are o useful In an econom c and
embodinfignt, thmlairmtbﬁealsbablenpﬂwdegg drat ST3GaMIIat i on of
commercial l'y inportant glycopeptides. As a sinple test

[0315@ Q%t;‘l% neg(er%ﬁoa&th ?@y Fangfer esy %fzi}sg iy ?T(%)ti%sgﬁtnﬁ)r)grx%%sim‘tlude t}iose
isolatdd Gohe@&hSHobctd Jé}ﬁlhain@md{h@':l’hé at2, 3y e g, WD9va9onsi.

conpare the ability of the sial yItransferase of

interest to sialylate glycopeptides relative to either
[0316) Sialpkransfemsgs qtherdrpedistef in Taple Boarg also useful in an economic and

g Ui SRRSO RIS BB s

s1mp1e I‘ﬂe'sy tefindaltltye utdliteas thdsd 6then dnagmps; phitiole dodnkbafeactagnzyme
used in_ place of asialo-a AG for t61| S e§aI uati on.

(- 10@.@?@& mai%rf)éirf‘ageé%tew@ih apiglo-gA Pt L0 mehn) g pempare the
S LA SSRGSty

ST6Qahi, - 3§iah[lé opbcﬁh emiyltfrmsfqnms [ Ahemhai/qu atthey iglycGpéptides or

elycopFgP. OB R etaeChTget FRAVGRGtIR I YD e popode

backBdRE "chl?Hé @t{eld}{ OEE&G: Bf 1494169, A dPedoblfis BRIIGHMHn! SialfltrAREfetRses with
acid of i nked glycogélation site of the

the alyligyttp d@lylagiN linked dligasnstharigas atglyeensphidastmern sfiinientlyghan
t
o Eb5r B A5 ot Pl ol e gosaion

N-acetyl gal act osam nyl transferases (Nagata et al, J.
Gal]\ﬂic(}}‘ans_mm 267: 12082-12089 (1992) and Snmith et al,
J. Biol Chem 269: 15162 (1994)) and pol ypepti de
N-acetyl gal act os transferase (Hona et
031 pcc g osumin g eFagoEgengh USS R BFERCIpg b RsseBfinggtion.

partloﬁ[a‘?fzefoﬂﬁmﬁfﬁ R GANAREL&BEMH BN gl%'iﬂ%blcir J)f e J- ﬁﬂg@d“él%@;&iatlon site

genés by genetic engineéring is well known eg.
of the peptid@aBuitakite Nacat@rgammsarmmerltrmsﬂqm@ea invlotledwit are not imited to,
n the .a

(1,33 Bhprepte e e L ante P oD OF A Ud A o B A Rfroses (Nagata
et al.,i%&ﬂ?hé}ﬂ 26%!@8%1‘2@86@1999?&&5&11& Br M5 §9BI? Chem! Bd9L 18162

one encodi ng a engt h (menbrane bound)
(1994)y mihpcéymedmrachtydgadmtcsmprryé@mferasn (Hhmaienglech Bivd| Chem. 268:

i f9 resulted in the synthesis of a fully active
1260%5@@%5 The acceptor specificity of the enzyne isthen

determ ned using a sem quantitative analysis of the
[0318) 'Fro@uctioh 46 pdihidtiol as thelefigytfie GalNAc Ti.xx from cloned genes by

genetic engineering is well known. See, eg., U.S. Pat. No. 4,761,371. One method involves
collection of sufficient samples, then the amino acid sequence of the enzyme is determined
by N-terminal sequencing. This information is then used to isolate a cDNA clone encoding a
full-length (membrane bound) transferase which upon expression in the insect cell line Sf9

resulted in the synthesis of a fully active enzyme. The acceptor specificity of the enzyme is
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gl ycosylation sites in 16 different proteins followed
by in vitro glycosyl ation studies of synthetic
w@epsiosiss? This work has denonstrated that cerP@Ei/nsS2004/039712
ami no acid residues are overrepresented in
then Hé%ﬁﬁi X @lifegla Qéﬁlﬁhgﬁlta%% fySis 3P fhe ta‘ﬁﬂﬁ? h&3 dHRRinbide known
speci |c posi tiors surroun i'ng glycosyl ated serine~and
glycdsmaeom sites in 86 idifferentpryteina ¥ellcawedtiyen vitrdglgicasplative sindies of

acce icie han ot her, am no acid et.i.e
syntEGF PORsG e ACGE it S Op Brad Bt pesoini aaieHhes ar
oven%Bf‘é@éHté’H?iﬂt lyéogﬁaféﬂﬁﬁﬁﬁe s‘é%ﬂnl‘:h@ QR4 tHat febRuEBLRE E’cﬁ?é dions
i nvention are cel |l bound glycosyl transferases R ugh
surronading gbicgb{lﬁe@seym@yd tltracvmmerea:dess raa:ehamm/mox(esmfked mfluence on
xaggl e U S @gt. 519)
ac"elgf’& §$7P?yr%lﬁgf) 5?8?059{9&88’??8 Foal 1 y in nmenbrane-bound
form % ssoc ated with cells. Many of the
Ce”'#@ffﬁii {rpes Q‘ﬂi‘ifnes studi ed thus far are considered
to be intrinsic proteins; that is, they are not
elnesagidr ¢mbedimiant, rmzmessut \ze omthe anet meentionere cell-
[0319]el thar ¢mbedi tbe Hized onihe aatlend ofiibe 11
ts for ization.
bouné g;" °8%5 RGeSy i 8“%%%50&%“? Efé(ﬁ?ﬁyftf%‘afegﬁei g known (see, for
examplly, B Eat. Mo, \5603263193 Loy @B trhibfehiee RfeAtce bl i medibaretbound
has al so been recogni zed that these surface
formiwhengswcipseswivhpellsa Menyatahs membeebpnrd enzymes studied thus far are
cons@@éﬁ't@ k@ gitx?@lc ﬁ?)ﬂ%%st AR, t Wt eléeﬂ@ fBMShE ﬁfeﬂ'ﬂ)?éfe@%y
unction o suf ace’ cosy rans erases Is
sonidatlbxe aekreluiradetergenty Ifcbrtsbhlbﬂ(zﬁﬂdbm, SwEICEGlcAéYItransferases have been

identj CHES v %,g\fertggvéqquéga\?qﬂg%&lﬁst %)21919 as a[lsosbeen recognized

that tﬁ&éé%ﬁ&%&é&ﬁﬁ?e@fs@é‘ﬁﬁﬁuﬁﬁ E’é edctit fﬂdhﬁahg’s:f?ﬂ %A B &tions.
Larsen et al Pr oc. ad SEL 27 8231

How¢vied 383 mm@mogmwdgfen@iqnoofapkb swdah gll)@osﬁtlhmf@asels aﬁnﬁ)d intercellular
cDNA sequences that, determ ne_expression f cel

recogiihan, BOH MGG LR AT R Rl de SRR O B iigiad 00
gl ycosyl transferases. A cDNA |ibrary gener at ed from

[032 Hod®haletsdeh HOrElDets hm tl@diélb/cdsynﬁnkf@ﬁ‘ééh dxPre3¥dil 185 lls.
DP- gal act ose:. b.-Dgal ac

For examp h@r@eryagt_qb, §rase gé{miqqddgcz US4 86: 8227 8231 (1989), report a genetic
C

oo BB IEO R SR ERSE RS BEADRLSRE S| B ST

ohgo@mhadﬁté stractugesnd tigdd cughats gl}tcb@ﬂﬁﬁlfsfeissm aAtdDINA Yibrary generated

0321]. Francisco et al, Pro Acad. Sci. USA 89
from mlﬁAzsq!etezl frogpy muging eqﬂb%ee lspom tﬁ@dp@ﬁs HP@I’%‘#%‘@C B.-D-

galac? Oﬁyﬁf 4%33 &Egrﬁt échos?ﬂssﬁ%eﬂglcl O%gglgxtqgsﬁrlt%ngf Jl;g Wals I?llaﬁsfe(fted into

COSSIEGHSNThe RhnFELtQLdeBE WERSHAER BRIREPAR] d?;sa}feti ifdr @1-3
menbr ane- spanni ng section of an outer nmenbrane

galagtosyiteinpferagedct{vityi ) a conpl ete mature b-|act anase
sequence i s produced resulting in an active surface

[OSZQOIHr | gco ea}cz apai eNa lcha § 1. ﬁ?ﬁ? e2r7,1 LB, 1992%, dischse a method

conet’ho ocar otl

of anSH&IrtyIﬁla@fh%a@éi td tﬁ@ @ﬂ@hﬁﬁﬂarﬂﬁte bhEsa’hUizbm& ®olil AQtbarete fufien
conplete tripartite fusion for proper functioning.
consisting of (i) 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 B-lactamase molecule. However, the Francisco
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ul fotransj erases [0322] The invention al so provides
nmet hods for produci ng peptides that include sulfated
wordososizes, including, for exanple sulfated  PCT/US2004/039712
pol ysacchari des such as heparin, heparan sulfate,
carragenen, and rel ated conpounds. Suitable
meth&d/sflpitednsll efogsecarydifel detigystéas agk@tdgnized by the authors, requires
chondr Qi ti n- 6-sul photransferase (chi cken cDNA
the cmléﬁeutawuﬁfumk fQrpreper fgnctigning; o| . Chem 270:
18575- 18580 (1995); GenBank Accession No. D49915),
nogl ycan Nacetyl gl ucosam ne
Sulfoﬂ{aﬁ? g@tgi/l ase/ N-sul photransferase 1 (Q xon et ai,
Genom cs 26: 239-241 (1995); U 18918), and
[0322; | lghgdsminm glsy @mi@sa&hqu@bmoé@iﬁmpeptides that include sulfated

deac ase/ Nsul ansf ras
moleil s FeRe RN aip g hEa B35k Rarfash Toda by hepmsapsuifate,
carragehéf, dnd 394ded 2B 85{1&&&5 Sanialté s@lfotraﬁsfeﬁ's@d inclGBE Tor afhple,
0438- 10443 (1994 human_cDNA descri bed i n GenBank

chondx@é@s@s@nhmnsﬁgme@hlcl@y@b&ﬁ dessabed p3bukutarefiad., J. Biol. Chem.
270: | £30Ms80 o3P RTAR AR ESiohit%, 190 £, By A3f N-

acetylhwdshmion NidemaylaseNeshipiotaaifedaye & (Dixen oalyakdromiaf26: 239-241

di sacchari des through the coupl J&rl]g of an_a- gI yci)syl
(1995 %H‘%ﬂé),taadagb@gﬁ%me% pandilageiy el ucesanaing NsdeaciytaneNs

sulphg rahsfdr @9.\ r? oA A ribb S FHER IR P al 4, B?IQIO @lemQ@e R270-

yCosSI use in this Invention include, for
2276 €X¥dp hmd Ehks;;bm eodi, daBied ,CHery26%di0438-d 84435(1994); human cDNA

descrtT a1 CRRAAGERSBE: Np: U100 dases, b1 ucosi dasee,

cel l ul ases, xyl anases, gal act anases, mannanases,

Glycoygtisée! | ul ases, anyl ases, glucoanyl ases, a-
qu003|dases a- galact03|dases a- nannosidases

etyl glucosam ni dases, a-N-acety
[0323d a la%tn@@@loalrﬁlw cdsempasses thy Péﬁs?fo%&ts*/peanﬁ y&l&@t ghysasdases.

Mutafi AR ARG 1hlv8 bhAARARISIAEDR Cad At (O fokfRaflon of
dlsacol’ialrrdeitghmhtﬂmto@hﬂg bfm’odn-lgllyclbgd ﬂmnrlnge ®0d gadacoryl acceptor

r
moleilyt WEETS Gy RisslP: S aH61 IR RSaq SERE. 4 00 b bRt opasgs of
use 1rP Ei% 1‘6’véhtféﬁ 1hﬂﬁ&cforwx¥ﬁi§)f§}’f3 chLﬂﬁ&se@(B:%fe 18:68dds6s, BRannosidases,

hods of the invention. he PEG r-enzy e
B- aceqd rgjlu.q:gswmmcbsttspﬂ%a@ltyl)gahttomwaﬁﬁ, §w1qslcbsqspﬁﬂfwc.osrdh@s,

1 use oﬁ solid s%gﬁorted eqﬁ%neﬁ Qq j of, the I
celluld3S Ry Bl PR HanBRs e iulfed 9 hjucodfylases, o
glucofidsed! @ galagtosibises, i Cbhiiidabest HeN- ﬁ&b@ﬂtgh sdamdda@és,, oNdcetyl

al so enables the facile recovery of the enzyne. The

galactgiscrepunifasea it dpsidases onjugeradases, gncﬂnlwrmmdqsﬁﬁ/%lhl@ases

of tLhe invention. Qther conbinations of enzynes
Imm‘%eéze??ibégmfs will be apparent to those of skill in the
[0324r t 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
support. The use of solid supported enzymes in the methods of the invention simplifies the
work up of the reaction mixture and purification of the reaction product, and also enables the

facile recovery of the enzyme. The glycosyltransferase conjugate is utilized in the methods
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Fusion Proteins [0325] In other exenplary enbodi nents,
the nmethods of the invention utilize fusion proteins
WO bas/ok3ee nore than one enzymatic activity thetT/S2004/039712
i nvolved in synthesis of a desired gl ycopeptide
t ' Q
of thef %?E%{%glhg?tg@c?r%bg@%ﬁﬂ% ?géal?ﬁ?x%g !n??s?hgﬁglg ngfﬁlnﬁeg {Bf)grc‘e%gto timse of
skill ijl tieasyl transferase that is joined to a catalytically
active domain of an accessory enzyne. The accessory
enzyme. catal ytic domain can, for exanple, catalyze a
Fu”%ﬂ IS  he fornatlon of a nucl eoti de sugar that is a
onor, for the glycosyltransferase, or catalyze, a

[032$le1a<951veé ﬁxq:rnplam%bqqafn@t@ﬁ%%gllpé? aftbe errvsgﬁorty%ll?@ fustep proteins
that I’E?@ Y& haﬁ oR& FH i %ﬁ\qgf hhat i rﬁgﬁ@g?ﬁ‘ ?ﬁlthesm of a desired
cosy transferase can be joined, In-frane, to a
glycq@ebtydundnﬁrghted dhefatiore palgpgsidescaarteyoomposadodfy fodl ekample, a
nucl.eot i de, sugar t he The resulting f
catal G|l e e MATAL %é@awﬁt@nﬁ%fass i foed It Fieeagy active
domdif'6f M&Jc@ﬁbbﬂ&z?hﬁgarfhe Qé@ess%lrys&ztyﬁl% Jafa?ﬁﬁ:fcﬁﬁna‘?ﬁ cd)€or example,

sugar noiety to the acceptor” nolecul The fusion
catal yreqt st¢mindhe fdymatiowoior nupbgoside yegae thah zswd;mor farkesd into
ressi bl.e nucl eo ot her
glycogyﬁrgaﬁ?@ﬁ? ore ?]tglygﬁglre&ﬁa?ﬂ wtvgf %&J a gl&r ltfawéfeerase cycle. For
exam@lﬂ alpylynGakbtydeaBit evi€odde ﬁ%ﬂ}‘b‘ésﬂfraﬁs\f&a@rcamé gomed in-frame, to a
osyl transferases. See, for exanple, 41, 668. The

POIY%éﬁOﬂ%ﬁlaQ?f}ﬁ@é@é’é‘t qgEme §Tvolved i ﬂé@l@q{tde.snwﬁvn@ﬁm& ahhgesulting

|
oo PR T SAAEAT M5 L TRITADHR o e
transfp pf ilﬁ&hga?ﬂnﬁéﬁj/t@ﬁib&ic@épl&&nol\etﬁle hThafusjpulprotsihadnds tWor more

99/ 31224 on June 24, 19 Purl fication of
cyclegngymeplbrliedintq Oe‘éﬁi‘mﬁ%ﬂé% nedisle segnenss- ol nther epibgdimasts the

fusioR %)rc;t R IRIQYS R @a@zﬁgtzc‘r%ﬁy %@tﬁ‘veb(ﬁ)ngazxgsﬁ% R Wore gc?sgltransferases.

rification. IS u y prefterr
See, foe cpameplet 5,64 bﬁ@iﬁ LiBtte. m&ifindi glydopeptiti¢s-dfrilpapresent mvieotiscan be

for rec | at ed sacc s such.as thi
readl[y AR R e R e e S
examip®) P@Wﬁ expﬁ)heamtmr/@mmowso rm{mma@pdmﬂshédaasl WO 99/31224
can used is preferred to use nenbrane

OnJlmﬁI2t4r13&§9dn more preferably utilizing a reverse
osnoti c nmenbrane, or one or nore col um

hr.o %qggﬁﬂg for the recovery as is
Punﬁmggﬂg% er??ﬁ% ter a ?n the literature cited

S C nmbrane filtration he
0324} A mroloeditacty Sovaergnecek bt v WiBGHEb Sigisfon.
Howéwer 3PRUksudlf; f1eRkried o Reovts @itk froductMBiaad4rd owell Riiowhl edh@igues for
ycosyl transferases. Nanofiltration or reverse

recovsenplsglicasslatadfeschgrdessueh anthineorghick dayier shramatagranhyy ¢olymn

chrorkgg%xglpﬁf Y& e)?‘c%gﬁ%n h'l‘éjrﬁgtoélgis@f é)? gn% brii fﬁ%&cﬁ?&}l)be used Itis

es are reverse osnosi

preferredios @deeﬁemhahe fihmsionunor¢ prefbiablaltilzingta ree¢ra¢ osmotic membrane,

pol yval ent salts and chaﬁﬁged sol utes | arger,. than
Or ONg |9 FOTe GIumy C ogra techriques for the recovery as is discussed
hereinafter and in the literature cited herein. For instance, membrane filtration wherein the
membranes have molecular weight cutoff of about 3000 to about 10,000 can be used to
remove proteins such as glycosyl transferases. Nanofiltration or reverse osmosis can then be
used to remove salts and/or purify the product saccharides (see, e.g., WO 98/15581).

Nanofilter membranes are a class of reverse osmosis membranes that pass monovalent salts
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Dal t ons, dependi ng upon the nenbrane used. Thus, in a
typi cal application, saccharides prepared by the
woredohosis2nf the present invention will be retaPeEUSI004/039712
t he nenbrane and contam nating salts will pass
through. 5 [0327] If the nodified glycoprotein IS
nr
but retalg X?m ﬁg %agtts e rﬁ{léshﬁ{ggfits lufks lﬁ £ tﬁ%‘f :ill?ug?@ yse 8ut2000
Daltonsf depgmding spon the nembrac, uséahr Thnsanpi ‘e'plclayapphnatrqnﬁ sagaharmhs

' ltrafi]tration; tional | e. pr,ot
prepare oy e s s esent Birkbi vlh by i s TugFBirafiand
contamlﬁﬂﬂ{gesrdttﬁ 4l pissrbh gt . fol lowed by separating the

|'ypeptide variant fromother inpurities by one or

po
[0327] Ifitheamedifipd glyeprrotedlisiprasucedrintraed fufarly, asa first step, the particulate

debris, e(ltglerghos% %fs é’[) E{sﬁg} Ifrgg,lmﬁog{}%;c%n?v%%% E%&E %y degﬂﬂ'{léa(?fg)n or

ultrafilt:@A6H;Dptibidlys tHelp@atyiahdybe wncsrufaft@pwapy bommuﬁa)y, available
chr omat ogr aphy. on Bl ue- Sephar gse, . CM Bl ue-, Sephar gse,
protein egorentrgtioydiier. $ollgvesk by sepgg{m&ﬂg@giyypg%@ variant from other’
ﬁﬁéﬁ Rﬁiﬁln t
impurit i éoprg%r;}ﬂ{lg% R}%’Q oyopear 1 , or pro &in A %éﬂhg gt &Change
column §RGidMAGn ¢y p@r&ﬁi@gﬂymﬂﬁyoeth}ill(DEAE:) for aratriceg cahining
chrormt of cusi v hase HP
carboxy et HRIGBEAL B R AT PREGPBY PR P Tug stpaftst, G e
Sepharogé INIONCR Q@ MOﬁ@pé‘ aday lé’E‘ﬁhBS‘eEh@rBses VEGA - Strpharose Con A-
ze-exclUsi on chromat ogr a chromat ogr aphy on
Sepharosc;lEJhwrsT dybptark Butyd I py@eﬂﬂb?lmlyt Feyqpeanymeproteia A Sepharose,

sos.o 4530 SIS P RLS e e R o c

(e.g, sﬂhc%cgeabvﬁﬁ aPidedd@dl hligHati€gtdups), belrtiltra@on esihd, ©.g. ESéphzm%S molecular
y one or nore concentrati on,

sieve ogglemxnlgxswmchrcamjgm@y, eliromatpgeanhpy @ﬁ@@lunms that selectively bind
er exc Addi tionally, the
the polyl%é[ q;e c1Cl é{ﬁéné%ggf%@gl?ﬁww}g Heyp ré&? if%lo by affinity

[0328] ModiTedtdgiopptides piodatddyin cbl?thx@ amarysubby sofateyydinitiat extraction
final purification steps. [032 2Prote se i nhibitor,
from cells, gnzymes; pigl» §<anorwﬁﬁ‘>hqua&r F‘H’ée ‘?1%98?‘) t ANg- ot 3AeRUS iRn-
i
o A AT 785 RS Pt i
may be pdnifed by affingy chnmhmlngn&phys Fifadl3 3FPL G4y e employest for final
enbodi ment, supernatants from systenms which sproduce
pur‘ﬁcaflﬂ’éStﬁB%il fied gl ycopeptide of the invention are first
[0329] AQR6RMN"AkiBHOY S| gn ShethyIQIMARY Bty (FAMSF) kY Be RicRided th any of
concentration friter,” for exanple, an Am con or
the forelbinisteps t iRbibitiprataolysis ard antibietics arayiheiinclugag tp oVvegt thae
entration ste the concentrate may be applied to

growth 8{3%(5’69%%‘?‘5 CBHVF‘I’?ZE%SN on i matrix. For exanple, a

[0330] UiHiRBhRhafehibdbinyenfBUpérKatamy fioaNF sichn whith gﬂﬁ@hcfe alie mbdified
peptide, a lectin or antibody nplecul e bound to

glycopetifle fthe invepper are fagticenseairmigd uging gfoRy s %‘f?élﬁblé protein

concentra%onrhlter, for example, an Amicon or Millipore Pellicon ultrafiltration unit.

Following the concentration step, the concentrate may be applied to a suitable purification
matrix. For example, a suitable affinity matrix may comprise a ligand for the peptide, a lectin
or antibody molecule bound to a suitable support. Alternatively, an anion-exchange resin
may be employed, for example, a matrix or substrate having pendant DEAE groups. Suitable
matrices include acrylamide, agarose, dextran, cellulose, or other types commonly employed

in protein purification. Alternatively, a cation-exchange step may be employed. Suitable
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may be enpl oyed, for exanple, a matrix or substrate

havi ng pendant DEAE groups. Suitable matrices include
wa@eoglosisetde, agarose, dextran, cellul ose, or OPCIEUS2004/039712

types conmonly enployed in protein purification.

catloﬂlekﬁ{aﬁgérk YiRlude vari6ad inSNubi¥ pRARGSE sk ngggul?(ﬁ) @;‘ﬁg S Fy ed.

Sui tabl'ecati on exchangers incl ude v ri
carboxymethyd grcnmsrpSulﬁpmgp)d @rdupp ammairtiolartygprefexgdet hy|

035 40, P SRR USRS R 5k o

silicaped heahg® Pérdaliin iR CorBtRbralipRat- growds! mERbe @ﬂnpf@)@’k‘d RPfurther purify
be

pendant nethyl or other aliphatic groups, nay
a polypgptigy arians compesiéon. p‘inﬂilq‘ or adl qfdhqﬁé?ﬁmmpunﬁcaam steps, in various
[ e foregoin ri f.ication
comRARAS, b Ao ESHPI sy b siaoni B BB el Gesyehn.
[0332]0Tl’ﬂ=.|’ mvdiied glyoopapgaa edths imeiibn fdulgihy GopT @Iaegdlsca[quﬁﬂéntation
ified egcoPeptlde of the invention resulti

may P? Bﬁlﬁlnfgedi byrgethedsanelagapsiorthese; disclasaq by &rdalref ek ek q&pomatog 296:
171 @?Qﬁh?‘oﬁhﬂt@%&ﬂgggsch?%% R\?ﬁ%g%rﬁﬁlrﬁfﬁPEF st g?éér pﬁfrlﬁ%gnon of
recomigantihvemn e cseiqpltepanaqu HREC Hﬁhﬁlmtﬁkn&nzﬁto.rely, techniques such as
ur|f|ct|o rec ant

offin iy et AP e i oY Mo EBEaReies

such as affinity chrorratography may be utilized to

purify the nodified glycoprotein. Pharnmaceutical
Phargmepwti¢al Compdsidas] | n anot her aspect, the invention

10333} 150 PRt G O P HRRR ltrtie iisAlEmaosiion: 3 y
pharseeitabblpetitisieintiuderh phaaMYedutibillyCROLHAE Qi WEEH cvalent
non-nat ural |l y-occurring, PEG noiety, therapeutic

conjugatedieivesh agiopristwally-ecaring PEG meisl, shesapeyiic moiety or

I d
blomﬁf&&éltg )zll}{& Qﬁéjﬁ%ﬁ?«ggg Itldn- cc;I;R e[@{eégg{ OTIH}EJI%ESPEH&?@WUC
mme’qzmdribmmlhagé ;scmﬁj,dgaﬂed Mtlﬁg)egﬂri]dw\ga b irado gl%edsyg éhhldﬁag group
an val ent i nked to e peptide an
mter&s)é?%/ een ﬁé%’a@lﬁml Hﬂlfﬁdét)g’ @r&lbp@?}@?@e@ fhe. poﬂmm]herapeutw
mme@"@%‘i@*q&%dl@a' conposi tions of the invention are

suitable for use in a variety of drug delivery
[0334 y&haen@eu&al tcarbp@sm(msmﬁ Itlm inverdiohare wstablefort Use ipe gsrety of drug

i nventi on,a sPhrrraceuticI )
detivi GRS S Hhls AR 7 stic 2 Sl B e ousd in
Remi tbﬁls Wariﬁc?e@ﬁﬁaal SEI@ﬁce@ m&:eelbuﬁlﬁﬁlhg\@oﬁf aH?tI‘]ﬁ’l‘agel B’iﬁ PA, 17th

delivery, see, Langer Sci ence 249:1527-

ed. (1(9§@)9 djor a[bmlsésawem@f Bhthe drugedgliveryngeesh-angen §cwm;e 249:1527-
1533 g;wl ated for any appropriate manner of
5 inistration, including for exanple, topical, oral,

[0335) dﬂﬁlphamiﬁcémh OdtAposititing atdyduRi fatmulated If@rra@ylapp;r@pﬂhte manner of
subcut aneOchls i ntranuscul ar adm n| stration. For
admipjgiraiipnefngiu heXample itenicalserel ngsal. dutravaReHsediygcranial,

1ntraﬂeﬁkcﬁ‘1%51' Qﬁycultaﬁ@riug 2 [r#tx%?mﬁ&ﬁfnec{dﬁhh%trgtﬂﬂp "Fot $&re iRt administration,

sal I ne,
such as subcutaneous injection, the carrier preferably comprises water, saline, alcohol, a fat, a

wax or a buffer. For oral administration, any of the above carriers or a solid carrier, such as
mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose,
sucrose, and magnesium carbonate, may be employed. Biodegradable microspheres (e.g.,

polylactate polyglycolate) may also be employed as carriers for the pharmaceutical
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wax or a buffer. For oral admnistration, any of the
above carriers or a solid carrier, such as mannitol,
WO 20505827 st ar ch, nagnesi um st earate, sodi um PCT/US2004/039712
saccharine, talcum cellul ose, gI ucose sucr ose, and
t ?e [
compgﬁggﬁsséfﬁtg}rsgme 891? §L’ut€$?&y Q& ? e po ygqsg’ﬂ %9 osed for

examp]eSﬁn IbS Eﬂehﬂ?@j 4397 Q68 andaﬁ 9;‘75 (])?]9 t he o
rmaceut | ca conp05| tjons of  this inventign. Suitable
103353 prlyiatbe ehspmacedisAksampositionsipats adpdnistered pareasespthl 6.2
1ntra\)(ejooﬁ§1 T}Plﬁt ﬁl@tm\lg‘ﬁﬁon oV ks g@ﬁg@s‘i'@oxﬁ A0 parerfidral bR ration which
har maceut 1 c ositions are
compaideﬂlnicsmpoaamﬂ qhsaoémielr abdpgndeel.ig an acwptaﬂ»\]ﬁsemnuml prefetahly an

the invention ovi des co si ' sf r .parenteral
aqueQ FRTHEE ey W RHITERS G DB D ShiBblike HhecunRpsiions may
contafif pianaRRNHed]y! &cé}ﬂa@@ Qﬁﬁﬁ&? Is@bs%rceg &reqif A6 %9&1036111%
adqueous carrier, e.g., water, buffered water, saline,

physiplagicahepndifions,iskeh asTpid adivstiresindi bufifering geants tatiicity adjusting agents,
ti ca tabl e auxiliary substances as
wettu?ge%?n ege%?rgeapp%{%%eﬁrg(?e physi ol ogi cal conditions, such

[0337@31“ hest @spositiong map Ge Biekiliesd Bigcagertichal texliAtiby techniques, or may
justing_agents, wetting agent s, detergents and the
be Stquulwélter[f@s’él?q resWEsg agUERPHEY lutionganayee neekaged fon yss @gispyr
yophPRUAL AR ficpliarBh bl | AEHREAURR e Rl Ffachls camicrprior o
admnhetrapmnk dhe pHF afrthuplepaatlom; tymr:allwwmibd berwekn 3 el 11, more
ilized preparati.o ined with a sterile

prefer&éﬁpetg e85 9t Prsfers Y GO RS Bat s on. - The pH of the
[0338}'1f Q@rﬁ@%fnﬁ@&irﬂe}iﬁ' tﬁ@éllﬂoﬁ@b{lhes*%ﬁ tREMVERTon T2 BE 1ncoHR)'ire§ed into

preferably fromb5 and nost preferably from7 and
lipos@nes] f0B6&] from smdadeamgk&rfnﬁnmg lipkds. g\ yaoepepf mdtdasdsmre abailable

for prp PPN 20 SesP T  ReH fr SEPHAEp e ARG R /s fioens. 9: 467
(1980YEU I30Hst. Mo§ 42035 §7abl 801,928 MEP 857,028, | TROGRRBEg of¥posomes using
descri bed in, e.g., Szoka et al., Ann. Rev. B oph

a varigfycdigrgetong a%ms (ag8the, mwlgalqusldemgthe ANVERHO®7Y ) weﬁ known in

fol
v 8% 420 P L B0y g hasone of T posores

[0339) Staciarishethsdoior thling tapétingragents tovlipdsokizovsn bewdele These
art (see,.e.g., US Patent Nos. 4,957,773 and
methQﬂS@esereumnvo%@3@?@@%&@%9‘%&@ lfpid compenentsysuch as

phospth%%%th&%lﬁﬂﬁlgt Y?hltcﬂ chrh POSARERd P tB3ELHSRf ta E(f{ﬁlg agents, or

ds generally invo ve incorporation into
derivatized ihpopinh@cmnpmmds, sushuaslipd-dpirasizbd glydypeptiiesnd] therinwention.
activated for atﬁgg{ nment .of tarsgetl n

10340} FaFeenE BBy e B TPt ERr1iB8 BRI By g tipged on the

surfadel dTithl BiSJsbvatih R4 aghéﬁﬁfépﬁﬁf ihd Q@rg&fmélgﬁw an @ﬂﬁla@l& for interaction
0340 argeti ng nechani snms generally require th t he

with the tageati foy cxayepies ¢l sprfete ieeaptel. Jrlnetchlémbmram ef the m\rv;@tlon may

ve kRS el o RPE by R PGSR S s
of skitiXR (Rl 2t (e, Giktylationr drac@ati @C e Bfdroxhi gr&@r&@aw&xﬁm@s of

carbo}l}bderatle %?hné 1'0?12 cha1¥1 alkyl halide or with a fatty acid, respectively). Alternatively,
the liposome may be fashioned in such a way that a connector portion is first incorporated
into the membrane at the time of forming the membrane. The connector portion must have a
lipophilic portion, which is firmly embedded and anchored in the membrane. It must also

have a reactive portion, which is chemically available on the aqueous surface of the liposome.
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be attached to a lipid nolecule before the |iposone is
formed using nmet hods known to those of skill in the
wa@edosO&13g7 , al kyl ation or acylation of a hydr orgl/USI00UMEI712
present on the carbohydrate with a long chain alkyl
The r«%@{&éjﬁor%n W su%céﬁ 56 HaY it De c‘h@rﬁg:gﬁ# EM Ib¥e)to é’orm a stab]ﬁ chemical
trvel e |'l posonme nma one I'n such a
bond witl thetatgeting ageme ot mrbqhydtatc{; IWhld‘l ik |add;dd latec.ohmmtcmsbs 1t is

-intOtEﬁ menbr ane at flhet i me of n% e nmenbra

possibl o HBRAEdRECTEERT Orf ey Bolerl %ﬁ ¥, Pt et ghtances it

is mox\é‘%hﬁiblé o ﬁée faﬂhﬁfd RIVRRARGH 2B aREMNaLBrid EH?:% hﬂﬁfﬁ’g tRd Eonnector
nmust al so have a reactive portlon IC

moleculeenhlclais in the/memnbtane v the targed ageny or sa;bcﬁlmdeatgwhtdhes extended,

oSOt actiyv ortion is selected so that it
three ePSIBIéa !:yhgﬁuoéglfel ng:fﬁ {)5{6% to forma stable chem cal
[0341PTRE cohpburlds Prépared @y thidmeaRas oPthe Weh@&yﬂ%?b}%o filiusdas
I's added later. In sone cases it is possible to attach
diagnestie reageqist Fag@wmn% lqm@d@@m@endircaﬁbp@m te legateareasyof
1nﬂan{'}ﬁétloé; %tgﬁg ﬁ'lts IBattwhtSsuHEe{%?ega 'h%@lpng %ntn&ﬁfirﬁﬁat?on For this
use, thd mmgndmnayanmmmltmﬁhe&m erwdtiueh is in the

nmbrane with the et agent or_ carbohydrate which
l03421 dhe p¢tisdreredient ysed i) %ﬁﬁé@%ﬁwa mp%ﬁmpﬁ@% @é@#@fﬂ&

e 35 BB T ST SESIRLS ol UL e

of causmggxem marbprcedx amnlceasel bduotidn oﬁrqnmuhmd}stes:ard fed bL(E)dd:ells The
|.ocate ar.eas of nf Irﬁrmatl on .or tunor ast

hposo&‘aﬂag‘csl’%rﬁ’t"n@ﬁ eli??sé"B B CTHIAR 1T BSCAH o AMPERLE 8‘5““11%69“ in'tréating

blood ldiofdedSEhardiiz6@ BP MBS déTadtiveeed BlosH el ?ﬁoﬂhctﬂo%@uch &5 various
or tritium [0342] The actiyve |ngred| ent used in the

formssi aneraieeincludtilg anomirs sissocisites! with eltrenig rend failure gisevidane treated
Q 0 t
HIV 1H{%cgdégtt1£n?9 éln&l {Egnq:exg %%f egl{s ggler ?1%10&6%390 !Elituréall}ﬂﬁgiﬂﬁ;ee a}ésﬁcatlon in
the tréBhém\of & @hticty 00 disBase SRES, discrders ahdBrart of Eémﬁulo@tb)dhegularity
and red bl ood cells. The Ilposonal di spersion of the
such ggrsieddaeellj diseasn, beta-thajasseraia, Fyshis flprosis, gregaangy and menstrual
r g
cisordgft, BH ARl bEpERSREAT Sl Al RID” HRES ARAEAAE Bt
aging\aad 'thellfkef Pteferably, &rediﬁ(hcompmhtwiﬂ ofghapresina invastsacis atmchistered
i ure, zidovidine treated

pareniEFg Bl L€ IPho o St dESAgaT P RBec 10 vary Consideraby

depenﬁhlgrﬁ?lttﬂg E@H?lYtiod ﬁeu@t\fezfi‘écﬁ&dhﬁé’?ou@é’@ ddafhis@Ridn buk Qﬁ: expected to
treatnent of a variety of disease states, disorders

be in tha darge aif ebows 0. lh(eﬁ‘ﬁk) &0 &) €706 ug/keg body weight ofsheaative enaterial.
a t hal ass br osi .
Prefergfls doSH a5 SmARI S Peralc Sandip o e ¥Bais 3oy 2R pRo ypitsrke tree
times AVRRR! Betdu¥e thepréidht i6Oéfioh Pravides ahRke@Rropbietih twithahitinBanced in
bl ood | oss, aging and the l'ike. Preferably, the EPO
vivo residenss timeothesfatechdospges semeptionelbnlawsred whertmeampasitioaf the
inven@g}{ﬁ%%rr%te%d(e g. IV, IM SCor IP). Effective
es are expected to vary considerably dependi ng on
[0343] The mnﬂmg exunpsésge provideddo dhdtrateehe cnfigpaas, and methods and of
adm nistratjon but are e>ipect ed tg be in the range of
the pressatanvention bituot joglimy the claimsd yveriPkg body wei ght of
the active material.
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Preferabl e doses for treatnent of anem c conditions
are about 50 to about 300 Units/kg three tines a week.
w@ewanses21 he present invention provides an PCT/US2004/039712
erythropoietin with an enhanced in vivo residence
time, the stated dosage {onally | owered when a
conposition of the i nveﬁt)légﬁl@;ﬁsadm ni stered. [0343]
Examiple 1f ol | owi ng exanpl es are provided to illustrate the
conj ugat es, and net hods and of the present invention,
Prepitiltion@f UDPIGaINA cteh&CHOai med i nventi on. EXAMPLES
Exanpl e 1 Preparati on of UDP-Gal NAc-6' - CHO [ 0344]
[034 DﬁjﬁPld}&}NAQ:Z{Q@O 0@0%Qnmglv@a%)dlé&@ﬁe&ihﬁ&@hﬂM@dS@@oﬁﬂmn (20
CuSO sol ution Oacep and ‘a 25 nM NaH PO sol uti on
mL) aneH 2 oM NeHpR Q4 SOdEsn He0;3Rindlak eGlaatoselgxidase (G0 U@ nl)

and cgt%fa‘?% éﬁOé )%/Jg?g& %\J%%&lé%ﬂ‘gddpﬁ e %&?{] Sr?gf gr} ?cLuap tvhith a balloon

ﬁlledwﬂg@rygam tndétirfeded réim tdﬂgiﬂdtﬁmﬁ@f awrr eayfso The easetionl Ay:&ure was
reaction m xture

then ’féléﬁr?d {spiesartiies) MWC%E) @%theuﬁltr@tat(&q mﬁ@wywwt 4° C until

reqm%i)-(}g?é (a!lca Eg)%éth {-7%2 g 7T%%§%F%m aﬁg%ﬂ% Caithy

le 2 Preparation of UDP Gal NAc-6'-NH ): [0345]
—xﬂﬁﬁﬂ%gﬁl um acetate (15 ng, 0.194 mmol es) and NaBH CN (I M

THE. sol 7 0.17 nmol es) were added to the
Prep?ﬂﬁ’“&é’lfw&al@éﬁ Eﬂﬂﬂ’t}r on fromabove (2 nL or ~ 20
at OC and al | owed t? warmto r

10345dvef%w.nwum Ferdate b edh [ Yb@moles) ap HaBltdp G WM sedution; 0.17
mL, (?W Hlmblé’yg%ré’\@cfd%& tMAE U Cﬁﬁ@ﬁé‘ &t-ceth Lﬁﬁﬁ@r{jfrofﬁ%ove (2 mL or ~

ropriate fractions were freeze-dried and stored
20 mg)rab ﬁ)&@l andral®vwesl thiveam terdram tdmlwaattene oveynzght. Rhe realtigiPwas filtered

througlil a gg:l (zlf(?ldwn &lwnté}dhh %&%@%ﬂe? @%r%te( @Eactions were

freezé{ﬁﬁéd anldOs?dred fr-BEéh gﬂt@ m&aaeihaﬂéwatmmph@we 2o NHEEAM i€k with
O PEG Owe 58 ng, 0.045

nmhydrlss@ﬂg@@fd |n DI\/F (6 m. ) and pyridine (1. 2 rrL)
UMP- nor phol i date (60 ng, 0.15 mmol es) was then added
Exangple3t he resulting mxture stirred at 70C for48 h. The
sol vent was renoved by bubbling nitrogen through the

Prepieaivhi f UDP-GAINA caNHC@(CEH-O+PERIOM ¢ @0KDy).r ever sed
phase chromatography (C 8 silica, step gradient

[034d}et’l7\&eghlztc@osgﬂ%yl Hoaptltd-DaNIECD(CH)S OIRBGIOMef(I KTId) @F8mg,
were col |l ected dried at reduced pressure to yield
0.045 mmoles) was dlssolved 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%,
methanol/water). The desired fractions were collected and dried at reduced pressure to yield
50 mg (70%) of a white solid. TLC (silica, propanol/H,O/NH4OH, (30/20/2), R¢= 0.54). MS

(MALDI): Observed, 1485, 1529, 1618, 1706.
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50 ng (70% of a white solid. TLC (silica, propanol/H
O NH OH, (30/20/2), R =0.54). M5 (MALDI): Cbserved,
wa4@5/518%29, 1618, 1706. Exanpl e 4 Preparati on BET/US2004/039712
Cysteine-PEG ( 2 ) n 1 CH CZTEA 4.1 Synthesis
ofCon'pund 1 [0347] Potassium hydroxide (84.2 ng, .5
E qu‘m as a powder) was added to a solution of
=Xamp¢ 2cystei ne (93.7nmy, 0.75 mmol) in anhydrous methanol
20L nder 0 The m xture was stirred at room
Prepamg‘@ ifg\’ t§ms- ]?%& ga)m n, and then nPEG O tosyl ate of
rml ecul ar NIBSS 20 kil odalton (Ts; S(fogl M%ﬁOS mmol ) was
adde eV el p(H‘\H&U,SOQ)LeK ha e i o
was g‘tlrre at room enperatlurg?sfor 5 days, W@MSWO
concent r at ey by rotary evaporation. The residue was 1 °
diluted with water (30 nL), and stirred at room

tenperature for 2 hours to destroy any excess 20
kil odalton mPEG O-tosylateg The solution was then

neutralized Wltjﬁ%:)/ cagl/lq t he pHad'utede H
5.0 and | oaded ® ever se 3@, chr
(Csilica) colum. The "col u

ted
gradi ent of net hanol/vvatce{cnz(rMe product /Vq‘{ﬂ/}o/\ﬁ/v \/H‘/
about 70% net hanol ), product el ution nonitored by
evaporative light scattering, and the appropriate
fractions collected and diluted with water (500 rrL).
This sol ution was chromat ographed (i on exchange, XK 50
zQISﬁhth‘eMd%mpﬁ@ﬂlm , hydroxide form gradient of

[ d-0, 75
(0347] Aot Ay GoRIda 8t ot fvamah o5 b PePReER Bdkatb &' Bfttign of
L- cyste1£g I(§3 ﬂﬁ% CL? 79&;&@%&%&&6@&&1%&%1 @POI8) undvetrgad Phemixture was

1 silica) and eluted wth agradlent of 0
stirred am”eddmatem;iemme fora3) niizs end ﬁl@d mifs-©-tosplate it grpleqular mass 2

kllOdalt%?&; % V$ 583’!(‘1%%8‘1? in s etrgl? gtgcg‘ns o%gr‘ fﬁ ¥.e‘ﬂhé hixture

was stld’@a' att ?ocﬁﬁ’ ke‘nﬂ)efalﬁre &t § d@}tsydirﬁl cdﬁaérarafemlrbyttbmryc e;vqpommdnwé“ he
follows: H NVR (500 NHz; D)

residue M@} dil@ted Bvithgvaten{30 gllgmctglm)ed agroPgl tealpe alee %%f 2 ﬁ(i_lfrs 0
destroy @ay e)fciqssw dgﬁ rg HPEGIO- ]yQ)cehe@hg sdlfitiorQvhd thh RutraBz&bwith

epurltyo product was confirned
acetic abM, BOPH ARstedlo PHEY.Otahé siadeddbniCarrpoused phase chromatography (C-

(Q/stel ne- PEG ) [ 0348 i et hyl am ne
18 silicalcrobumuir bisygedwnt vag CL‘&C{W A g 6%%8‘2‘8“‘?&%%%%&“’%‘&“
&dﬁ%ﬁ[&%o%@ By &@Qoritive Uplitiscattdiimg, and
elutes ag%‘iﬁc%}% ng@%ﬁmgéy@gék)c A sol ution of y 639
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
white solid (1). Structural data for the compound were as follows: 'H-NMR (500 MHz;
D,0) & 2.83 (t, 2H, O-C-CH>-S), 3.05 (g, 1H, S-CHH-CHN), 3.18 (g, 1H, (q, 1H, S-CHH-
CHN), 3.38 (s, 3H, CH30), 3.7 (t, OCH,CH0), 3.95 (q, 1H, CHN). The purity of the
product was confirmed by SDS PAGE.

4.2 Synthesis of Compound 2 (Cysteine-PEG))

96



10

15

20

25

30

20 ki | odal ton nPEG O p-ni trophenyl carbonate (660 ng,
33 mmol ) and Nhydroxysuccinimde (3.6 ng, 30.8 mmol)
WO 008hRG22 (20 nL) was added in several porti OPCT/OS®N4/139712
hour at roomtenperature. The reaction m'xture was
i s 4
103451 THRENAmIE0D.S Y Far Al SOt IR igniCIRoBRGHAN (440 me
22 nmad) diissbod wreahhydrom(&{quz](GO mil))untibthe sblutiopMaadipsist Adsolution of

20 kit B P R TRRB R DO T4 el oh BN o
hydr@;%’éﬁ&ﬁﬁhﬁ@éjﬁvd 3, 988 Lol AR P @Orﬂlﬁ, wik adliBg 1I§§?:lvé'1ral tions

then | oaded onto a reverse hase chr omat ogr aphy
Over(l@oueatgpbmda)lp@eﬂumnTheﬁh@ctmInuimrwas stiradend roun Itf:na)erature for

r ad nt of . et hanal / wat ct elute
24 nf R ns TS IR Rty oblaBY e AP e Kiskefips dissolved in
wateLURP Y, hvtheiphhidjested ©oer.3 With 12018 NATH aPRE Badid l@ion was stirred
fractions collected and diluted with water (500 niL

at roqugjtempesntytq fon 2 haursapd svas thsgmsphidized ivath asgihagd o a Rzi 74y The

solut%nt QPQ?I%Q éﬁ‘gg g?%vgr%%{?gg%' g%{éﬁé%plg{]@jﬁﬁgﬁlf c]g])lumn The

colump GES pruteat wlth b geddieant of methanavdter (heCproduich elmesstat abaut 70%
ution was fhen. captured ?n a reversed &gase

methemli 4 t qlulion mogiforgd by grarogiivislight scaliering, and thgappropriate
fractmﬁg BanRlddal filuRa vlaswatkbedo oy ths-@)ﬁltﬁﬁlqgéé%romato graphed (ion

fractions were pool ed, concentrated, redissolved in
exchmeeXKaﬁUQf BHe Beadh; 36@imio h;adrbmdd f&HE graglign? Of v@teoto water/acetic

oG RN i S B P B RARSE T
solutlo%) waszth&f’ce(ﬂture@bh aPeverdettl h@e,coﬁ}rﬂ@(d 18 sillich) ad Chitedwlith a

9 (s, BHCH O, 3.71 (t, CCHCH O. The purity of
gradlehteofpn@hm/wm ag describerbebayg. Slysprdagt frackianpverepooled,

concgga%?eéd’, ?%iés%gﬁv% Ugs egglléd\n%%e);? _d'\i_ o 21 Se% W white solid

Q). Sdtn@ttﬁ’fﬂ(&adﬁ\@r (k doinlpodad W@ﬂ:)as(f&l%vlm Hmmsnmﬂs)m@ss 2.83 (¢,
| SSO|l ve I n

d 1,
2H, L Hor P Ph al é)a@r%z )05 T )5 GR-CRRN. $a0 60 SHhE0)
7 P R LA SR,
ﬁ c§| on m xture and the residue purified by reversed
chromat ography (C-1 silica, step gradient

Premgpbn ol VO GANARS ARRCH R FOEOMEL Kit 001 66"
10343 \{Thtstosqbisy A sphated SIS CHs- OGOV B Escham) (58 me.

0. 04§’ﬂ§1§)1¢% W8 vdls%&%@d 111]139@“ b&d ﬁyrﬁ’iﬂg ( laf‘fiilLSSaUMP morpholidate

reacti 6n i1 n one eaction 1n
(60 mg, 0.15 mmoles) was then added and the resulting mlxture stu*red at 70°C for 48 h. The

Exam

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%,
methanol/water). The desired fractions were collected and dried at reduced pressure to yield
50 mg (70%) of a white solid. TLC (silica, propanol/H,O/NH4OH, (30/20/2), R¢= 0.54). MS
(MALDI): Observed, 1485, 1529, 1618, 1706.
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[0350] The one pot G cNAc transferase- and gal act ose
transferase- reaction was carried out by incubating
WEROsQ53y7 L) in 100 M Tris HO pH 7.5 or NMES p&I/6SH04/039712

containing 150 mMM NaCl, 5 mM UDP-d cNAc, 5 nM UDP- Gal,

Exampld¥! M, 0. 02% sodi um azide, 30 mW L of purified
c transferase- and 200 mJ nlL of purified

GnThahdGadFE reactionfironepat 32C for 16 h. 6.2 Purification

of EPO on Superdex75 [0351] A Superdex 75 colum was

eqLi | Racmdrem Ome BAHOMM MES buffer pH 6.5 cont ai ni ng
150mMM NaCl at a flowrate of 5 nL/mn. The EPQO product

[0350]" OTheSéRIPod GlcNAD B¥ENerdesS] hiRPSBsLIQR tfafsfeliBe-¢ ?b4efBn 326 carried
eluted with the equilibration buffer. The el uate was

out byrineubatingdERQ f 1 rag/sdy) ia oG mM TrsSIGHpERRAE ot dHERpHI6 ¢antaining 150
Al t o
mM I?r acs i ﬁsﬁﬁgn gﬁg‘g ?ﬁ@?@grb ng SW ﬁgf ?ﬁ Rpim azide, 30

mU/relX pE purifesdt GlcNA.cAranReaak-11ant 200 adl/infInof plthizl g‘£hx€tose transferase-1
ST3Gl | P reaction was carried out by incubating 1

at 32%gforl6mPO- Gal (from step 6.2, above) in 100mM Tris HJ
pH 7.5 or MES pH 6.5 contai ning 150mMM NaCl, 0.5 nmM

dz{'f%‘nﬁfg%’y r P éﬁ%%‘ﬁ%{f’enzﬁofoﬁh'r??f‘éé°&§§§-f’pgf%sz
16 h S P )
03515, R, BB NE 5.1, B AR Spifiortedin 190 D IABS pRREE R eataining

150 miN4 lefﬂth ﬂbQSratd’kﬁlﬂlﬁLRﬂanmB ERO, prolindt fin §85 BATabove) was

transferase- , 200 mJ nL of Gal actose transferase- and
loaded op tertherpolymn mxbeutedwith theequilibriation byficst The §hx§was monitored

kR T T

peak friaetiong sohthins ot BP O and hstdtlhﬁlrthmcspee:meemzyrre r ermdel i ng
reacti ons, three bands of PEGyl ated EPO are seen in

three enzyne preparations. Exanple 8
%ﬁgﬁfﬁhﬁwag{%t ennary PEG EPO 8.1 Addition of
NAc to rEP( 0354] Reconpi nant EPO, expressed In
[0352dacmeo$/T}%HI @aﬁ@qus GarFigs! ouyby inaubating hmeduk EPO-igh (from step

o2, 4% 87 R RSV ot USR5
CMPB@-anM&hnpﬁmNAcachd—ﬁ@iafodahsePEGl 0 ﬁﬁ%&fbdfﬁn‘f anid€ 4ndh 200 BLU/mL of

8.2 Addjtion of Igtose
purified ST3Gal-III at 32° C for 16 hours.

Example 7
GnT1, GalT1 and ST3Gal-III (using CMP-NAN-20KPEG) reaction in one pot

[0353] EPO (1 mg/mL) was incubated with 30 mU/mL of GlcNAc transferase-1, 200
mU/mL of Galactose transferase-1 and 500 mU/mL of ST3GalllI with sugar nucleotides and
CMP-N-acetyl-neuraminic acid-20Kd PEG in 100 mM MES buffer pH 6.5 and analyzed
using SDS-PAGE. Similar to the results obtained in the two-step enzyme remodeling

reactions, three bands of PEGylated EPO are seen in the one-pot, three enzyme preparations.

Example 8
Production of Biantennary PEG-EPO

8.1 Addition of GlcNAc to rEPO
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[0355] To the d cNAc-I1 abel ed peptide of step 8.
(above) was added 3 mM UDP-Gal and 0.2 U ng Gal actose
wo eassfsease- . The mi xture was incubated for BSI/Osn$§039712

at 32 C The(ﬁ% al act osyl ated product was isol ated by
[0354 Rﬁmmbla@nt Cbhxpmmedgm bajoviros 6 SgReL 0. 751 TaL WiTs M

al j.ne. The rified product was
NaCfcgr?gI{éﬂn Pa fs iy azige st&%a'%wwn@#baadmﬂﬁ rVIAJSP-

GleNg¥e, SO alli/en lcNA%Eﬁnkf}%a%@h ahh duet 250
. Q‘f\liiom step 8 gﬁGZ (above) (1 ny/ %{)gﬁbﬁ%@wgé&%&%%ewﬁ at32°C
Or 2q@¥rsat pH 7.2 was incubated at 32 C for 24 hours with
200 My ng ST3Gal Il and 0.5 mM CWP-sialic acid or
%/%E sialic acid-PEG (where the PEG has a nol ecul ar
4 4gditignigf Galiwstasens, ki | odal tons or 20 kil odal tons).

d 30{( PE by CST-|] [0357] EPO
103535 TP el BRI Fo0E e Bt Wos il e UDP-Gal and

0.2 U@zg@a}acmé kﬁn{f&aﬁ@l Ohd Bxt0F RV as lﬁcdﬁa%ed?%é?%f}gésrz%e Uhe

| dl exchanged with tris buffer
ga a°E5>531 a rﬂé uct yagpigalagdba@el filtation sShiomargraphy oa o Supetdex 75

h
ot S ol 8 S S0 g
structure of 30Kdalton CMP-sialic acid-PEG, 0.25 OnM

M%’@Acgdlgén P}% .gczgop&alil %ctégﬁ | Si( a|1y|4t rU/aﬁf e(r)agem

from Ca jejuni
[0356() . ﬂhd)galanmsgla&dqﬁ@ﬂucﬂ' fremr 2 (dbave (it /ﬁ,LWOrlq\qqug 0.1M
8hour s, &035 At the ‘concl usion of

a C for
NaCl F‘L%Pg ?7'r20\¥a5 infbatrdat 42 eC diprs2hnveeith 20@ mlﬂsng ST3GalIII and 0.5 mM

d
CMPig lalit 'gfr:ﬂdteo)rr( %@?I e \E/l\nélfl LPE;CE% Mh an wélg{,]mgﬁ %fBH

k110d36100§ 110d<112d8t0ms or 20 Sdpduttonge | EX chromat ography was
performed using 25 mM NaQAc+ 2M Nad +0. 005% Tween- 80

(pH 6.0) as eluent. Peak 2 was collected and
Exampigdentrated to 15n1 by ultrifiltration, then

imPURER R SisRPERRZ00, UL saton (oot urm: d
[0357?E§®%l%%@%§@x@%ss@& 1I§$H@1P§hu{%§@ﬁaﬁs%6v§gb 8?‘31 e nas

and concentr at ed IS res I ng
;s mg;sQ &66 pmok, 5imlp wasg camdﬁmtndjhmt Budfdr @exéhahj¢tbvith ahmﬂffeet 50 mM

ey M D
sialic 4dB-REGEBO Kilbddions D5 mEXEER! ;ﬁnéloséeq:qglﬁa 3BGr %&g]lcltlﬂg'o? g%dalton

exanple illustrates a nethod for paring

CMP-gialiceead-PER) LS mLARe enNEROCls 028 lﬂT 3ehé Blifunctiondl sialyltransferase
from C%@y%b\ézm; }e%}ﬂ, CST-II (1.4 U/mL, 0.5 ml, 0.7 U), were added. The resulting

mixture was rocked at 32°C for 48hours.

[0358] At the conclusion of the reaction, the mixture was concentrated by ultrifitration to 1
mL final volume, and was then buffer exchanged with 25 mM NaOAc+0.005% Tween-80
(pH 6.0) to 2.5 ml. Q-Sepharose IEX chromatography was performed using 25 mM NaOA ¢+
2M NaCl+0.005% Tween-80 (pH 6.0) as eluent. Peak 2 was collected and concentrated to
1.5 ml by ultrifiltration, then subjected to superdex-200 purification (column: Superdex 200,
16/60 GL, Amersham) using 1XPBS (pH 5.5+0.005% Tween80) as eluent. Peak 2 was

collected and concentrated to 1.5 ml. This resulting material was sterile filtered and
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[0360] In this step EPO grown in Chinese Hanster Ovary
cells (CHO cells), was desialylated. The A cNAc- Gal
wo pvRAagB2Ber ves as an acceptor for transfer of P€ES2004/039712
nodi fied sialic acid PEGin step 10.2, below [0361]
forrmg)%@?z(gé egbl%ll;rge 5t %ﬁ%ﬂé {Sﬂgn ch)ns ﬁl;‘i/é :N%Ac) OQﬂSV/Cﬂ?w %&-FQSf‘ibroteln
concdnutfaﬁem 26X pianipgEd wg prioteir was bhthihed (ECB@letm’niﬂansn) 50 nvi
NaCl, 5 MM Cal , 0.02% NaN, pH 7.2) to give a final

voll UE of 10 mM. Then 750 nlJ 2, 3, 6, 8- neur am dase,
Example 10, -

t hrobacter Ureafaci ens, was added to the

[0353ométfbn@mnyé@aﬁlﬁ&ulmstfa&sm ﬁi&tﬁé&fd&@ieﬁaﬁﬁg efdlifted3R Kddekon PEG
ours ﬁr oduct of this step was used directly

linked EPOHsingeXt3Galdb of the protocol (see bel ow).
O linked 40K PEG]I ation [0362] In this step
o I ase is used to transfer a nodified
sHijllaéyégItgl G noiety to the desialylated EPO from

t 1 ; lic a
036 QiReS Peg BPRgRy i EAke (g5 B B fGReh iy wes,e
desiaBlldted: (The G1ONASGH lihRalel sk aRs &Mt &beftbFor transfer of the modified sialic
O si al yItransferase ( .4Um, 300 nmJ, and 0.25 nL of
acid Higfg i ptim &9 2nkalewadded to half of the above mixture.

[0361;5 i) 4561#1&{ fo M8 dﬁg k(ﬁ% ?ltn fglg%(fs%fa)t(e?lﬁarsgg%gsed% tto (Chinese

our perro
Hamster@eany y @lledvdsybutifer excdhiahgeadatittotiri§ MEED (RR)mMOT12s, 80 M NaCl, 5

mM &QSa 0 N oth T 27 5 el ol (RNERGE o ™3 Ahen FHumE] Hafss-

neuraﬂﬁ@%@ CﬁoM%tﬂr%hc?é?%Hﬂz@zeﬂH rdlflfs a@&lecptB tl%gsc(létlcm-)TEHsr}Eﬁﬁ'Ung

times (three injections, 1m ch). PEGyI at ed
mixtyreeak r&kedats3 280 Iforeth uhiradthe (pmﬁuemfrthts stépbyas used directly in the
a.final volunme of 2 m for SEC

ltrifiltrat
ne"t%m?ﬁ%ﬁmqt%cr?ﬁ&ﬁﬁ&%weat| on on superdex 200 provi ded
resolution of the desired protein: EPO G cN

ACHIRIO-BAIHBK( AR afien the final step of the

reaction. 10.3 Conplete term nal sialylation

[osszqh%@s RRPOCHANAEM R se 36\ T W drO3PAbdilRd Lhlis aaaqmcpfnmety to

process sialic acid was added to the term ni
the diﬂl%l)z‘l@'@sllEPﬁ fromtstapeld). h@bovseari ng a nodified sialic aC| d

0368 U PR PRI B P TR  FBIFR Bre

structufGRIKI RidetorbYMP-$ ALFHG), OadialohrahdW¥asd AKIUANI3000AT), and 0.25
buf fer exchanged with tris buffer (0.05MTris, 0.15 M
mL ofAQ§ mM) Myl weredded tochabioafubaghevy ntlzstua@ f Thig mixtgre es regked at

32°C %%,1’,%‘?0}%%% a5 InsriBE {hE Raftich, Akt G Ealteoucd £7
ultriffationgM WQO 5K Mod.8 mﬂ,rtherabhfﬁaﬂ exdHaagedewith 25 AgMNaQAk16.001%
en concentr at ed Eo I'm

s rocked at_ 3 for
T weeﬁ?%p%m finghy e i T@ﬁg‘mali Rredyqt yvas i) xchangepyrified on
SP (5 mL) three times (three injections, 1 ml each). PEGylated EPO (Peak 2) was collected
and concentrated by ultrifiltration to a final volume of 2 ml for SEC purification. Purification
on superdex 200 provided resolution of the desired protein: EPO-GlcNAc-Gal-SA-PEG

(40K) for the final step of the reaction.

10.3 Complete terminal sialylation of CHO-EPO-GalNAc-Gal-SA-PEG(40K)
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Superdex 200 purification using | XPBS (pH 5. 5+0. 005%
Tween 80) as eluent. Peak 1 was collected and dil uted

WO 200840513PT ot ei n concentration 52.8 ug/ nm ( BCA) PCRUSDIDA39712
of 528 ng protein was obtained. A schematic
represent ation of the final peptide product is shown

[0364] I]bﬂ%& éng;lé §{| ey o|‘ cild]wgssa%ﬁ% td t'ﬂettahﬁ?l@fggﬁ&@yltsf}ﬁcuues

es of I ntravenous m nii st er ed
not bearlﬁgl@iﬁédlﬁétﬁSIERQ(ﬁ@reSIdhenatl c representation is shown in
Figure 5) and gl ycopegyl ated variants of the

03651 e R SRS & HE 0% R Sl b

was con%% Sy UtriFHAHIR MRS ORI AN AREH WifTeR exéhadéd Witk setutter
ved Er thro oietin % Igure 4B)_ produced by
(0.05M Timg, I@chstﬂaGlh@OOh%ﬁaCbh 0.08 % o) pEafinak dume of 2 mL. Then

v R S COTESVARAT) SR, PSS M,
ul, 0.08RUT AP @LRSE 100/0d MACT,avmeé @dtﬁ:dd @The résnitingrmitxgure Was focked at

Prepari ng the ELI SA pI ate. [0368] A capture.an
32°C forsfel, han donpentratedco e ’@P]s‘ﬁ%%%dr His Qg wasliegins pitadered to

SuperdeX 20@'5 dﬁ@étlt%h%sﬁgtle Sea flf‘S BF3.0 CK }Twegﬂgopisaélﬁen%Peak 1 was

tape and incubated f hour s

collected@ind3diluted Bhie® Iﬁhmrutem anicertiotipn 58S uwnb(BQlA)‘ r@ mtalmcf 528 ug

pl ate by washing 2 tines WIth rlfs reds |
protein Wes LB IRGh oA SOBARHRGENE Bt BT e SRR RoPige PRERE! g ip
F1gure4%A) m | k bl ocki ng solution (TBST plus 3% m | k) was

added to the plate, the plate was covered with plate

seal tape and incubated overnight at 4 C. [0369] In
Exampleld norni ng the bl ocking sol ution was renoved by

h T
(03661 16738 a5t Bran o By A Y e AR B fpa SRO-
derived Eh’@ﬁﬂﬁ‘%cl@éﬂﬁéﬂic&@ﬁ@%@hﬂbﬁﬁ@sl‘bm inEiduse AY antiQflycupeyydhted vaiiants

| ate was covered with plate seal tape and incubated
of the Cbi(bdem‘cﬁthm wgreconfaserosing s BldRe 38#i ng st andar d

[0367] ’Flém &) ns e?icéjg tqhtr%fnglﬁgﬁ;lé{g%bgtcﬁémg -detiPERErythropoietin,

prot el ns whose
a 30K Pﬁhﬁﬂldt?dlgklloﬂeéri\%dﬂ?frmﬁfpbleem (Rizuee 4R)gireduced by meeln@h of the

o LR pCohee Est RSB SRt
ol ST, I OB e Bl SR o

imoratg,est san‘pl es. [0371] Each test sanple was diluted and
the diluted sanples were dispensed into an ELI SA

11.1 Preparing the ELISA plate.

[0368] A capture antibody against human EPO was dispensed into all wells of a 96-well plate
at a 100 pL per well. The plate was covered with plate seal tape and incubated for 2 hours at
37°C. The Capture antibody was removed from the plate by washing 2 times with Tris-
buffered saline containing 0.2% Tween-20 (TBST). After a third wash, a 3% milk blocking
solution (TBST plus 3% milk) was added to the plate, the plate was covered with plate seal
tape and incubated overnight at 4°C.

[0369] In the morning the blocking solution was removed by washing 3 times with TBST.

The rat plasma samples and standard proteins were appropriately diluted with rat plasma and
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plate at 100 nL/well. The plate was then covered with

pl ate seal tape and i ncubated overnight at 4 C 11.3
wok@s05i3ey t he Europi um counts. [0372] | n the POI/NE0QG4/039712

the rat serum sanples were renoved and the plates were

B VER S i S0, O A e

incubatgdapviettigtanad4airi fi ed through a gel filtration colum,
ied to the ELISA plates. The plates are

|
103741 _ifhg g?@dn%ingéami@ré (PRREIRE Weee wss ta gensiate an@adard dioearpm
regregﬂiblﬁl\g;sr Iﬁ%‘f%ﬁ?g# a{’}@‘ging NHoSd g%m?w%?brﬁzﬁgs%g ?egted.

tine ancenent
A revetdeiptha enHRAE andlyeid of thetstemdpldgiretsina twad @Ompletadednkd thend

the plates were,incubated at roomte ratuyre for 20 .
concmtwa%sswerﬂﬁi@termuﬁﬁ@ge&%@t%ghe %ﬁdu\ﬂﬁn? egeikéf?h cogrepponding to

the pfR@HQEtebieiNg @ Europi um counting program 11.4 Results
11.4a Cenerating the Standard Linear Regression [0374]

The Europium counts fromthe standard proteins from

eabl? Preposingené addisg thedeemaplgs.e a standard |inear

regressi on curve and equation. The Equati on was used
[037%]cEacbriest samplhavakdiloied and theuhluteadrsamplel aveeg)dispealsechintERCELISA

u [ or_each sanple well, 11.4b Pharmacokjnetic
plate 3 1} lt‘]tsx’[ 3 7A3F bl wae Do £6veipdk vl e ?%?vﬂpa G ingabai,
overﬂi%l‘i{iakﬁlf. detection is approximately 0.4ng/nL for

non- PEGyl ated EPO, and approxi mately 0.8ng/niL for both

30 kil odalton and 40 kil odalton PEGyl ated EPO. [ 0376]

Thil. Bdleksuragathe Snrdpti@y benrnésd CHO- deri ved EPO, and 40

ki | odal ton PEGyl at ed CHOderived EPO, clearly display
[037Z)aln tbeimerning thematrsawsn sanspled wereaemevqucandrted plates mekatvashed 3

. to, thei n- PEGyl at e ount erparts. an be seen in
times yyith E%&&r fhedkiector el s e rumhnanErL ViR oS Rpviously
labeléd Wt EutPuR BRI balifd fHdHrdeY AfraEbPcolusid, Wal S5l @the
PEGyl at ed CHO- derived EPO >" non- PEGy| at ed
ELISAcpinateer Phe pistes Brcainpibatedat f@dy ®mperatutaifer Eheurpindernt 06 rpm
.. pharmacoki netic profil es of
agltaﬁ%‘bcut aneous| y- admi ni st ered CHO derived Erythropoietin

[0373]ERES detcttibi REtiEHAY GRS ¥EmbRA ByORashingChe pls & tahlesSREh TBBT.
insect cell grown glycopegylated EPO, and a CHO cell

Enhagegmens dolytign wpeedded te the mikees#s 280 gbt welhinsebie platesgvess incubated

at roo% lte?ﬁb‘pe?gtﬁray for 20 minutes. The fluorescence was read with a Wallac plate reader

using a Europium counting program.
11.4 Results

11.4a Generating the Standard Linear Regression

[0374] The Europium counts from the standard proteins from each plate were used to
generate a standard linear regression curve and equation. The Equation was used to convert

the Europium count into the equivalent EPO quantity for each sample well.

11.4b Pharmacokinetic results

[0375] The Results are shown in Figure 6. The limit of detection is approximately 0.4ng/mL
for non-PEGylated EPO, and approximately 0.8ng/mL for both 30 kilodalton and 40
kilodalton PEGylated EPO.
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[ 0378] Pharnmacoki netics of a non- gl ycopegyl at ed
CHO- derived EPO, a non-PEGyl ated hypergl ycosyl ated CHO
walerswed2EPO, a gl ycoPEGyl at ed i nsect cel |l derperuSHRM)39712

e e e @ 1OK N-linked PEGyl ated insect cell-derived

Erythropoietin (a schematic representation is shown in

Ly E}ilj:;b ' i iaak ad kiE@MtoatFEGylated CHO-
[0376] T@@é‘@?@‘é’é’ r :} %?%F)lc}){itgta %:Itrl}@gs@’éiﬂgur e 4A) were .y e )
derived EROpa¢ely displdl fabtupzfiveintrantrounelearanse parametsisiglobvaig/thgr

b d . [L0379]. ) S .
o PG S SR L R LS rorms ver

ranked 40%ABEATA FEGY el SHBRGEr WdKP @ -apiledaleonP Ebylaed @HO-derived
counts were ‘al so deterni ned as descri bed above. 12.1

EPO >>PnepREGyiptedhebuatiaparty- t he rat sanples. [0380] Fol | owi ng
t he subcutaneous (S.C.) injections the anount of EPO

E li the circulation was reduced as conpared to that
—Lg-i%xam n in equivalent LV. injections. Plasma

oo B LBl BB T 0 AR e

CHO-degfvEclﬂtEr)jﬂﬁ}i%oBG&t'i@ (EPOR, a Ay Rhglyossytitededn-glyc gl tated HRIBSA]
eu S O

t hese experinents are sho in Figur
insect cetl grawa gsvcgmgzs&at@mEIe@v@ﬂaagGH&)w&ﬁtqeflyg&lymg?'ﬁteﬁgpﬁ’rﬂwefe

.and the deviations in the rat serum sanpl es
determug{a u&”ﬁfaélféél’ﬁsg?alrs%g' points after injection =o hour each

[0378] FEREnNGdKirRtits off onun- gieepdgdytuited OHOddrived EBE, agion-PEGylated

imately 0.3 ng/mi f - PEGy| EP
hyperglyiRiyad Eat e sretOh ittt HESerbiE TRt oy

Netinke SRR (OB AL ARt cllionrpapionss
shown if Figghua?), and é@kilodpltan Q-ﬁnl@diﬁi%ﬁmd Q%éwwﬁ Enpjthseposgbin

_varjiants remain_to bsorbed well beyon ak
(see Figurer4fh WG £PBPRY i’y EFS%@@?‘G WETREHFT 4i°Et ?%Bgs%ﬂggi ant
L insect cells attains C a tinme range of 24-36
Sumumﬂ%ﬁl\rﬁ@b%ﬂer i njection. Wiereas the 40 kil odalton

[0379] PRGFLIseplaGsi@cEP@epared amt blackedia deseribad ingoxasenle 40pStgpdard
. injection. In addition, appreciahle f
protinp el i a8 BB SHIE N AR gl abore.
injection with the current injected dose. [0384] The

$21 PRI YRk Shékat kahbloys: 40 kil odal ton
PEGyl at ed "CHO- EPO >10K PEGyl ated EPO variant grown in

5 Z965¥étRInS theGtduRPEY PRO-ip a@iktiatdon
(0380} %E%WE%E%%&%% %ggg] tThe rel ative act i-lVi te; of .
was redtivel ascompengyitathatseeprd oauivalentd. V. Anigefieng) Plasme cenfepapiaans

of the S}é& 1%@& ﬁﬁ%@é@%ﬁ\%&? g)f)ggaill? %tet%c&g %eMeleR @elrﬁifiﬁ‘te?fbd%“i%urs

after injection.

12.2 Pharmacokinetic results.

[0381] Reults of these experiments are shown in Figure 8. Figure 8 shows the average
quantity of EPO in ng/mL and the standard deviations in the rat serum samples at different
time points after injection time = 0 hour for each EPO variant group. The limit of detection is
approximately 0.3 ng/mL for non-PEGylated EPO and PEGylated EPO.

[0382] In the case of the 10K PEGylated EPO grown in insect cells and the 40 kilodalton
PEGylated CHO-EPO, the absorption appears to be gradual, creating a situation where much

of these EPO variants remain to be absorbed well beyond the peak serum levels (C max)-
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hyper gl ycosyl ated PEG in stinulating proliferation of
EPO receptor-bearing TFl cells in culture. The

waedswstsees of the gl ycopegyl at ed EPO pepti desPCTIUSI0€039712
w -A583y are simlar to the hyperglycosylated EPO
variant. Exanple 14 [0386] Inhibition of binding of

[0383] I‘h%%?.t g%h%@ﬁﬁ&?g@%@ﬁ QusRERang at%‘ﬂlsf@%xca fERSrange of

y various concentrations of | at ed EPO
24-36 hdufs @fmﬂ nmctmnd WheresREOH) kiledhltan PEGydated €§ RQ@ vagant attains

C max at Eé(!? kﬁgg{lrts %gftegh%ﬁt\écg{, | Ig{;tggltlgged%iﬁet Paiahealfe%e%@é% %Eé/éﬁ%&d Frfants
were pre\ééig a@ﬁ%ﬁourg QR&Ahjettior withl basuslepOidjecrdidobdie exanpl es

odi nents descri bed herein are for illustrati

[0384] TﬂwrSpwesanbmr@eerlSﬂhﬁtllovar4%\9%04%5911 PEGalateskSHRAERO >16k
o EPREH A IEG B8 A YRS R g

CHO-EB®. rit and purview of this application and scope of
t he appendled claims. Al publications, patents, and
patent applications cited herein are hereby

.Lmlﬂeﬂ.éorporated by reference in their entlrety for all

poses. WHAT IS CLAIMED IS: 1. An erythr ietin
[0385] Bmeladee acsivites of iy Ramepegislatad EPQyvasiant {0». hWese cgmgared to

two glyg)g’l?-sggl eg%f l erf:nta sg}f) Eﬁg%a%tgil @QSOFE&TOH&%}& F’E@) Iaﬁ(li?i&) ?Enger

hypergliﬂé»lsﬁbtéd Q’@@fnl s‘ﬁhﬁ@tﬁ:gr]ﬁmﬁfefatlse béEP@de@ptm'rlEalyng TF1 cells in

nmprising a straight d eth
culture. ng’&ﬂ&(jFl)/lt]p@@f %eglycggqu atqéﬁ%(g |pfeﬂ nc 1%, s:ii W\)Q‘?S é? the
hyperglgﬁ%kglﬁ{e éfdsg{jﬂag bond, substituted or unsubsti t ut ed

tituted or unsubstituted heteroal kyl ,
such that when Dis OH Gis R*-L-, and when Gis

ExampleQ4O) (C Cal kyl, Dis R-L-NH. 2. The peptide
according to cl alml wherein L-R1 has the formula: R
[0386] MhWigsEdfibiading oﬁmotopt-d?zg:efedfﬁfl’(@nd)a tegorabinant chimeric EPO receptor

by various concentrations of unpegylated EPO (A and B) and glycoPEGylated 30 kilodalton
and 40 kilodalton PEG variants. Receptor affinities (Ki) are similar for unpegylated EPO and
the glycoPEGylated variants.

[0387] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference in their entirety for all

purposes.
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3. The peptide according to claim11, wherein Rl has a
structure that is a nenber selected from o S (CH CH

W@R00SHE13271 CHCH O) CH NHC(O) CH CH (OCH CH ) OCHPCT/US2004/039712

NHC(O) OCH CH (OCH CH ) OCH (CHCH O) CH and (CHCH O CH

) OCH NHC(O)OCH CH (OCH CH ) OCH
PIEeiAl '@es-'ci'_'nt egers i ndependently selected from

11 t o Ab&fthrapudetin peptide compregeg themmwiet9: t o 20. 4. The
peptide according to claim1, whgrein Rl has a
structure that is a nmeng cted from o , NHC(O OCH
CH(OCH CH ) OCH NH HN HC( O CH( OCH JOCH NHC( O) CH

CH (OCH CH ) OCH NH, HN HC( CHO CH NHC( O) CH
CH (OCH CH ) OCH and NHC(HY)CH ) CH, HN HC( O) CH
CH( OCH CH) COCH NHC( O) OCH CH ( O) OCH

CH( OCH CHOC) H sl HC(O) OCH_CH
f and f are integers inde%?
2500; and

OCH wherein e,
ntly[selected from1l to

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'isa 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 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-.
2. The peptide according to claim 1, wherein L-R! has the formula:
— é
R HNW
o
wherein
a is an integer from 0 to 20.
3. The peptide according to claim 1, wherein R' has a structure that is a member
selected from:
o o
S JS—EHOHOGH, ¢ S §—(CH.CH,0).CH
q
NHC(O)CH,CH,(OCH,CH,)OCH, NHC(0)OCH,CH,(OCH,CH,)OCH,
0 0
g JO—(CHCH,0)CH,  : and % o O—(CH,CH,0),CH,
NHC(O)CH,CH,(OCH,CH,)OCH, NHC(O)OCH,CH,(OCH,CH,)OCH,

wherein
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AN W bW

g and q' are integers independently selected from1 to
20.5. The peptide according to claim1l, wherein Rl has

wa@2®bosicsbure that is a nmenber selected from OPCT/US2004/039712

,NHC(O)OCH CH (OCH CH ) OCH NHC(O) OCH CH( OCH CH)PCH
OXd NePEOh

o %\IHC( o) i S%h%ﬁﬂ)@éﬁ@ﬁ%lem N, ﬁ%%%&

CH) mrdnmltegemfmneptcﬁ 24nd f are int egers | ndependently

se ecied from1l 5 egers

47 e San B peccafiBe farinim Snvactia RiaRg syl shalif Gtefnber
sAEGT fbmg to claim 1l wherein RL has a structure that

is a nenber selected from - ; and - wherein e and

fare int egeos i ndependent|y selected from1 to 2500.

ac©ojcaHpHipcmbey.ecm sai d

noi ety ha a: 8. The peptide accordi ng to

claim1, V\,herensaquI noi ety has the fornul a: O—|D'
, COOH - Gal - Gat T epti de accordi n%;
claim1, wherein sai moi 8ty h EC@??QHf%'F(%TZSH O

V 0 g

)]W/<§\/\/NHc(0)(:HZCHZ(OCHZCW)Q,OCH3

HC(O)CH,CHy(OCH,CH,)0CH;

NHC(O)CH,CH,(OCH,CH,),OCH;

and
NHC(O)CH,CH,(OCH,CH,)OCH;

\n)\(\’)/\/\NHC(O)CHZCHZ (OCH,CH,);OCH,

NHC(O)OCH,CH,(OCH,CH,),OCHs

NHC(O)OCH,CHo(OCH,CH,)OCH,

WNHC(O)OCHZCH2(OCH20H2)fOCH3

e, f and f* 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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H- a GdlNAc - A - VvLLL OH wherein AAis an am no acid
resi due of said peptide. 10. The peptide according to

webk@sns327 wherein said am no acid resi due i s aPCEDRING039712

selected fromserine or threonine. 11. The peptide
ccord, , r LU '

T no e ap KB B, SRR R RS R s inember

sakccteddﬁiong to claim1l, V\,her ein said am no acid residue
is a serine gt position 126 of SEQ ID. NO 1. 13. The
pepti de accoflding to claim1l, wherein said peptide

conpri ses N QPG HelP§HE88FHI ng to a
formul a sel ectdd ‘f'eom 4, COOH - Gal - Gal NAc- Man

Man- G cNAc- G cNAc- ad W
YOCH,CH(OCH,CH,)OCH
c- m/g}t%mﬁ\w Vi v& wherein AA

Man- G cNAc- G ¢

is an am no amwgi/g\gbf peptide and t is an
i nteger equal to J claim
13, wherein said @ninp/acid resi gg)zocqp&p(%g%s 2a{r§4d| ne : and

resi due. 15. The pepti de accordi ng to cl ai m 14,
wherein said peptide has the am no acid sequence of
SEQ ID NO , fand V\,hereln said amno acid residue is an

aspar agi ne_r h i sH@orBREhgscHEl )gshed from
N24, N38, mbiYfati ons thereof. 16 The

pepti de accordi hg t0 cl%im 1 wher ein said ptide
conprises at |egst VH%{@GBQCHZI(CP@'zq"@fOPF‘Pe
formula: J f J 50 @ Man. (F c)
HC(0)CH,CH,(OCH,CH,):0CH;
o .

q

wherein
e, f and f* are integers independently selected from 1 to 2500; and
g, ¢’ and q”are integers independently selected from 1 to 20.
6. The peptide according to claim 1 wherein R' has a structure that is a member
selected from:

g—C(O)CHchz(OCH2CH2)eOCH3 ; and

E—C(O)OCHZCHZ(OCHZCHz)fOCH;;

wherein
e and f are integers independently selected from 1 to 2500.

7. The peptide according to claim 1, wherein said moiety has the formula:

OH
D

0 COOH

HO
o—Gal—g

G

HN
OH

107



(9]

OH\ " | Man- A cNAc- GcNAc- A/ 1 ,COH/ @&l -
d cNAc Man OH wherein AA is an anino acid residue of

wa200d/0pept i de, and t is an integer equal to orpdr/us2004/039712

The peptide according to claim116, wherein said am no

@ci d TRShhuge | h&o?daanogamw WiRsdif eﬁd nicﬁetf,gmeh %?ﬁ#;ﬁ&

according to claim wher'ei n sai d pept

am no acid sequence NO , and wherein said
ami no acid residue Ps an aspar agi n%oresn due which is a
menber sel ected from N24. o nd conbi nati ons

t hereof . 19. The pepti 68 of
pepti de conprises at |east
according to a fornulea—s®¥“ect
OHP O Gl- GcNAc - Man, iLLO n - GcNAc - G cNAC :
A A COOH LLL Gal - A cNAc Ma L n XOOH Gal --G cNAc

9 C -Tie ﬂede@a@@fdmgioCdﬂﬁm 1, whetdih/eaid nfdidtly Magithe féanGlMAC
- GcNAc - A HOO OH

o——"&’,“ RLEL §@'-

f Said noie
from | J OGaI-GIcNAc

D

o. COOH nn

HO
O—Gal—GalNAc—AA

G—HN
OH

wherein AA is an amino acid residue of said peptide.

10.  The peptide according to claim 9, wherein said amino acid residue is a

member selected from serine or threonine.

11.  The peptide according to claim 10, wherein said peptide has the amino acid
sequence of SEQ. ID. NO:1.

12.  The peptide according to claim 11, wherein said amino acid residue is a serine

at position 126 of SEQ. ID. NO:1.

13.  The peptide according to claim 1, wherein said peptide comprises at least one

of said moiety according to a formula selected from:

OH
D
0. ,COOH
HO
0— Gal—GalNAc—Man (Fue) wann
G—HN Man—GIcNAc— GIcNAC—AA
OH |
Man m’ and
OH Man (Fuc) wvnr
D
fo) COOH Man—GIcNAc—GIcNAc—AA
HO
O—Gal—GalNAc—— Man SN
G—HN
OH

wherein AA is an amino acid residue of said peptide and t is an integer equal to 0

or 1.
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| OOH- a R- GOH1 .COOHT Gl--AcNAc H- - OHT

- - - (FUC), OHMN - GcNAc - AcNAc - AJ L 000OHH
w2@Sa51327 - GO cNAC - Ma H O OHT Gal - G cNACP®ETIS2004/039712

(Fuc), OH Man- G cNAc - G cNAc- A JL o .COOH d cNAc

Man OH 1 .COOH Gal- G cNAc H- JL J Gal- G cNAc Man. H

fa.C ’i"}llzeufe)p'tidé lacc%i):g PR (Hi-limqé:, WiGreit S0BGind held &8FE is an

asparagine residue.

15.  The peptide according to claim 14, wherein said peptide has the amino acid
sequence of SEQ ID NO:1, and wherein said amino acid residue is an asparagine

residue which is a member selected from N24, N38, N83, and combinations thereof.

16.  The peptide according to claim 1 wherein said peptide comprises at least one

of said moiety according to the formula:

b OH
o. ,COOH
HO
O0——Gal—GIcNAc——Man
G-HN (Frc): e
OH
Man—GIcNAc— GIcNAc—AA
OH
D
o. ,COOH s
HO O—Gal~—GIcNAc—Man
G-HN

OH

wherein AA is an amino acid residue of said peptide, and t is an integef equal to 0 or

1.

17.  The peptide according to claim 16, wherein said amino acid residue is an

arginine residue.

18.  The peptide according to claim 17, wherein said peptide has the amino acid
sequence of SEQ ID NO:1, and wherein said amino acid residue is an asparagine

residue which is a member selected from N24, N38, N83, and combinations thereof.
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Gal- GcNAc Man OHJ L ,COCH Gal- AcNAc HG Nr OH

and (tm 1 .COOH Gal- G cNAc - Man. H - - (Fucl OH
wokmws/083eNAC - G cNAc AA HMv Gal- d cNAc ManP@t/0s2004/039712

Nlf Y OHI Gal- A cNAc OHwherein AAis an am no acid

residue of said peptide, and t is an integer equal to

20.. The. neptid di_ng. L, ai m 1.wherei id .
U1y TR PE BT Ui T RG S Bobaf sl S0kl oB b Ligia
2 mbietypadcorditld ® SRhatlagdlctte@omt COOH G cNAc OH OH 1 COCH

Gal - A cNAc- Man. - (FUQ),

5 OH
COOH
HO °
O0——Gal—GIcNAc
G-HN
OH
Ho OH
o. ,COOH
HO
O0——Gal—GIcNAc—Man
H3C_ﬁ\HN (Fuc), vvwv
OH |
Man—GIcNAc—GIcNAc—AA
OH
HO
o. ,COOH e
H
° 0—— Gal—GlcNAc—Man
Hgo-g—-—-HN
3 OH
HO OH
COOH
HO 0
0 Gal—GlcNAC
HyC— Cg—HN
OH

H
HO 0
o. ,CO0H
HO
O——Gal—GIcNAc—Man
HSC_ﬁQHN (FUC)t A
OH I |

Man—GlcNAc—GIcNAc—AA

OH [
D
o. ,CO0oH b
HO O——— Gal—GlcNAc—Man
R'-G~—=—=HN

4 OH ,
HO OH
COOH
HO °
o— Gal—GIcNAc
H,C—C—N
OH
H
D (o)
o. ,CO0H
HO
0 Gal—GIcNAc—Man.
G—NH (Fuc), v
OH |
Man—GIicNAc— GIctNAc—AA
OH
HO
o. ,COOH s
HO

0—Gal—GlecNAc—Man

HJCTHN
5 OH
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OO HH Man- G cNAc-G cNAc- A HO .OH "COOH HO | HN' 1 )

Gal- AcNAc Man VOH - OHHO/ H1 ~"COOH / Gal G cNAc
wo@sas2Y OHH HO Gal G cNAc H - - N OH OH | . BoEs1004/039712
Gal G cNAc Man. G (Fuc), OH Man-G@ cNAc-G cNAc A AH T

- -GlcD cib - 1o

o. ,COOH
HO Gal— GIcNAc—Man
G—NH (Fuc), v
OH |
Y Man—GIcNAc——GIcNAc—-—AA
HO °
o. ,COOH T
HO

o—GaI—GIcNAc—Man

H3C"Ti-—-HN
OH
H
HO °
o. ,COOH
HO
0
N

Gal—GIcNAc
H3C —C_
b
Ho OH
o. ,COOH
HO
O0———Gal-—GIlcNAc—Man
H;C—C—NH (Fuc), v
OH
0 Man—-GIcNAc—GIcNAc—AA
o OH
o. ,COOH e
HO

Gal-—GIcNAc—Man

G—NH
OH
H
HO °
COOH
HO °

O0—Gal—GlcNAc

H,C—C—N
, and
Ho OH
o. ,COOH
HO
O0——Gal—GIcNAc—Man
H;C—C—NH (Fuc), vwvw»
OH
0 oH Man——GIcNAc—GIcNAc—AA
HO
o. ,COOH wwnn
HO
H3C—\C\:—
0 OH
o OH
o. ,COOH
HO (o] Gal—GlIcNAc
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(€ o1 \V/AYoRN® = O T R € = | IR € o] \V/AYe:
HJ L .COOH-GcNAc M HO (FUCQ, LLL Man- 4 cNAc-

WOR@BWEE32A , COOH v/IVW -Gal d cNAc Ma OH COOH | P@R1US2004/039712
A cNAc HCC 0 OH and -Gl -A cNAc H HO Gal d cNAc- Man,

o5 Rl SRR N oo OB

10 OerhBn amino acid residue of said peptide, and t is an
integer equal to 0 8 o .

1 20.  The peptide according to claim 1 wherein said peptide comprises at least one

2 said moiety according to a formula selected from:

H
D Ol
COOH
HO °
O——Gal—GIcNAc
G-HN
OH
HO OH
o. ,COoH
O——Gal—GlcNAc—Man
HJC_ﬁ\HN (Fuc), wvw
OH |
oH Man—GIcNAC—GlcNAc—AA
HO
o. ,COOH bAdd
HO
O=——Gal—GIcNAc—Man
Hsc_ﬁ\HN
HO OH
COOH
HO °

O——Gal—GIcNAc

H]CTHzN
3 OH

HO OH
COOH
HO 0
00— Gal—GlIcNAc
H;C— C —HN
5 &

D OH
o. ,COOH
Ho (0] Gal—GIlcNAc—Man
G—NH \ (Fuc), vvv
OH I
Man—-G|cNAc—GIcNAc—AA

Ho OH I
COQH VoV, Vo
o-——GaI—GIcNAo—Man
Hac_;“i?
COOH
O0——Gal—GIcNAc
H3C HZN
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1 21. The peptide according to claim20, wherein said

am no acid residue is an 2 asparagi ne residue. 22. The
\N@ﬁ@ﬁhﬂszaccording to claim21l, wherein said peQL/US®04/039712
'fhr“ Lhe. qnlgq aci d sequence of SEQ ID NO , and

¥&i i Sai'd amino acid residue is an aspar agi ne
res& Hwhich is a nenber selected from N24, N38, N33,
and’ ¢ oy netok ons t hereof . 23. The peptide according to

cl aifh
HE

peptide is a bioactive
24. The peptide according to

cl @ m 23q4 wherei n sai d\peptide is erythropoietically
actjme.on25. The peptide\according to claim24, wherein
sald LeeHi s essentia |y nonerythropoietically
actiVe,

o—ThRe—pepdeMaccor ding t gla 25, wherein
HE 'ﬂep Jjde is tissue profective. %? |met hod of

maki ng a PEGryIated erythrupe+eﬂmn—0©ﬁprﬁ5|ng t he
moi etoy™8H wherein Rl is a/noiety conpriging
strai ' ar bqughg pol y(et hyl ene gl ycol)

resi due: T 8 a i which is a nmenber sel ected
fron?ﬁﬁbshhtuted or unsupstituted al kyl and
substituted or unsubstijyuted heteroal kyl, said nethod

C ONPHot % contac ing a substrate erythrop0|et|n
pepti ? gl ycosyl noiety: - with a

PEG. si al. d%ld“ﬁ—ﬁ8P°nD|ety havi ng the formul a: and an
enZyfie thal, transfers said PEGsialic acid,emdo the

Gal of said glycosyl noiety, under conditions
appropriate to for said transfer. 28. The nethod of
claim 27, further conprising, prior to step (a): (b)
expy omg said substrate erythropoietin peptide in a
sui t able # 29. The nmethod of claim 28, wherein

sai d"hodt —sebactesfcf rom an i nsect cell and a
mﬁng&ﬁﬁan cell. 30. Th& method of claim?29, wherein
sai 8 inseast cell is a SNodoptera frugiperda cell Iine.
HO OH
o. ,COOH
HO o—Gal GIcNAc—Man
Hac—r HN (Fuc), vvv
on Man——GlcNAc—GIcNAc—AA
OH
HO NN
o. ,COOH
HO 0—Gal —— GIcNAo—Man
H HN
OH
COOH
HO Gal——GIcNAC

wherein AA is an amino acid residue of said peptide, and t is an integer equal to 0

or 1.

21.  The peptide according to claim 20, wherein said amino acid residue is an

asparagine residue.
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31. A nethod of treating a condition in a subject in
need thereof, said condition characterized by

waeeowpossesed red bl ood cell production in sai dPGIDF®04/039712

said method conprising the step of adm nistering to
t he subj ect an anDunt of a peptide according to claim

effectiv I|o ate said condjt {n said
R o PeBd o iyt heseriocerrie b BEpmino acid
s@ RABE ST SEQ'ID T@O‘Taﬂﬁﬂilvheléﬁh' ﬁldﬁi‘ﬁlﬂ@ dcigegdieSt BY asparaglne
adm ni stering to sai d mamal an ge pti de according t

rediduenwhich 3531 mpmher delegtedifram &8 Ng8,aN83, sudieornbipations |tlmera>f
subject in need thereof, said injury characterized by

N e

eephfopbitin@eptide. st ep of administering to the subject an
anount of an erythropoietin peptide according to claim

, ef t I t t he d h
Zt]élheet }ggiﬁlgt\l/ qﬂcm)rgl?rfgﬁlog: ?lg}eZQUB' cér@tanng e%i 8 ?sl ea dopvglettlcally
Rhed maceutical formul ation conprising the

erythropoi etin peptide according to claim1, and a
25har nideeepiidead ceomlongetotcidning2 g wheiear said peptide is essentially non-

erythropoietically active.
26.  The peptide according to claim 25, wherein said peptide is tissue protective.

27. A method of making a PEG-ylated erythropoietin comprising the moiety:

OH
D

o. COOH

HO
O—Gal—g

G—HN
OH
wherein
R! is a moiety comprising straight-chain or branched poly(ethylene glycol)
residue; and
L is a linker which is a member selected from substituted or unsubstituted
alkyl and substituted or unsubstituted heteroalkyl,
said method comprising:

(a) contacting a substrate erythropoietin peptide comprising the

ot

with a PEG-sialic acid donor moiety having the formula:

glycosyl moiety:
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OH
D
o COOH o
HO , HO
O‘H—o OH
G——HN o) 0]

OH 0 /Zk
N

and an enzyme that transfers said PEG-sialic acid onto the Gal of said glycosyl

moiety, under conditions appropriate to for said transfer.

28.  The method of claim 27, further comprising, prior to step (a):

(b) expressing said substrate erythropoietin peptide in a suitable host.
29. The method of claim 28, wherein said host is selected from an insect cell and a
mammalian cell.
30.  The method of claim 29, wherein said insect cell is a Spodoptera frugiperda

cell line.

31. A method of treating a condition in a subject in need thereof, said condition
characterized by compromised red blood cell production in said subject, said method
comprising the step of administering to the subject an amount of a peptide according

to claim 1, effective to ameliorate said condition in said subject.

32. A method of enhancing red blood cell production in a mammal, said method

comprising administering to said mammal an peptide according to claim 1.

33. A method of treating a tissue injury in a subject in need thereof, said injury
characterized by damage resulting from ischemia, trauma, inflammation or contact
with toxic substances, said method comprising the step of administering to the subject
an amount of an erythropoietin peptide according to claim 1, effective to ameliorate

the damage associated with the tissue injury in said subject.

34. A pharmaceutical formulation comprising the erythropoietin peptide according

to claim 1, and a pharmaceutically acceptable carrier.

115



