GLYCOPEGYLATED GRANULOCYTE COLONY STI MULATI NG FACTOR CROSS- REFERENCES
TO RELATED APPLI CATI ONS [ 0001] The present application clains
priority twd2o8smse¥s@vi si onal Patent Application 5 No. 69(PR82060611004
filed on Decenber 3, 2003; U. S. Provisional Patent Application No.

60/ 555, 813, filed March 23, 2004; U. S. Provisional Patent Application
No. 60/570,282, filed May 11, 2004; U.S. Provisional Patent

Patent - Appl i cai i on NG1RBORECHEATEBIGRANY IR GEE,CofaRy™ o
Provi si onal Patent Applicati O”SW%@ﬂfNaﬁA@@g, Sept enber 29, 10

2004; and U.S. Provisional Patent Ication 623,387, filed
Cct ober 29, 2004 each of which is incorporated herein by reference in

their entirety for al 0002
eir entirety for a tR@%mﬁmREﬁ%@%ﬁé@ﬁ?EF;ﬂigpbP@‘ﬁ%[ ]

G anul ocyte colony stinulating factor (G ¢ gl ycoprotei n which
stimul at es t h08Ur Therseseniapplitation glaimvpriatity fodd SnPioxtsianal Ratent Applitatiom
of neutrophil C ggrﬂ! r J . neut r.ophi Ls.
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in patients with severe chronic neutropenia. Further,
recently beerraghefihich isiacapernted hpiniyaeltrraee mdheinensirety dor adlfuegoseshe
onset of myocardial infarction. 25 [0004] The human form of G CSF was

cl oned by groups from ‘]apa%ﬂﬁﬁgﬂ@ﬁlﬁﬂ%ﬁ’rﬁﬁEﬁeﬁﬁﬁlﬁgﬁeye' g., Nagata

et al. Nature 319: 415-418, 1986 e natural hunman coprotein

exists in tV‘qﬂg%%nﬂ@éd@éol%ti%tﬁlﬁ?ac%r!ag[(%ﬁgf) rln %gl%' L DRindgiids. The

nor e abundant nore dctive"1/5 am Ao ac een used in
t he devel opnestimubdtesghasurvic el piotifdratipnodiffetestidtipn aad Gmbtiovant neDiNAphil

t echnol ogy. T onhi. nant _h n._ G CSE.synt hesi sed in.an E.
col i oxpr s B eyt LR R b TR R AR D65 ot
filgrasti m diluiensG-6€8F ghtlinicdl usenaré patematimuhisif eapphil gtanulopbiesiOadder
form of reconbi nant hunan CSE is called, lenograstimand, is

synt hesi sed @Viﬁ%@?&w %ﬁﬁcw B PV nmEEEC oM FRMPEGHOBRY! SABECSF i s a

MONONET i C Pr Glegirbpehftastaté TREy @8 e LbR t@a&%ﬁrdt@ﬁﬁﬂh?ﬁil Réoty ki on of a
2:2 conplex of 2 G CSF nol ecules and 2 receptors (Horan et al.

Bi ocheni st ry, MYSISEBITessgdwaEentsi 0906) ) . The fol | owi ng hG CSF resi dues

T S RO GRS 7
incidence of febrile neutropenia, the morbidity of high-dose chemotherapy supported
by marrow transplantation, and the incidence and duration of infection in patients
with severe chronic neutropenia. Further, G-CSF has recently been shown to have
therapeutic when administered after the onset of myocardial infarction.

25  |0004) The human form of G-CSF was cloned by groups from Japan and the U.S.A.
in 1986 (see e.g., Nagata et al. Nature 319: 415-418, 1986). The natural human
glycoprotein exists in two forms, one of 175 and the other of 178 amino acids. The
more abundant and more active 175 amino acid form has been used in the

development of pharmaceutical products by recombinant DNA technology.



[ 0007] The commercially available fornms of rhG CSF have a short-term
phar macol ogi cal effect and nust often be adm ni stered nore once a day

for the dukaj200508d46t he | eukopenic state. A nol ecul e W bhraishRDEHH04
circulation half-life would 15decrease the nunber of adm ni strati ons

necessary to ﬂh@%ll te th _Ieul{<openi % and gr event cgnseguent . .
i nfections. r

i nf ect A The Fenmbinend 1arRa - COREVY avsf 1) & ol CemessiTosemds
i's the occurrean&l MbrAgseTHERRPARN MOARIR Biffers @Fﬁﬁﬁﬁ&mﬁe R | S

experienced by patients as a significant side effect of treatnent
with rG CSF, iglycppietein.tdie@thst fosm|of recombingni naa G-CSEIFcabled dregrastmand

does not cause, bane. el Bl Elmi ARRRARIALA Product that

i nherently does "not have this e Is effective in a
suf fici ent by si¢f06]h€ieC€8F istratommekio pevtgiaitirat dsnarizesthel G-THE szceftuetsye i S

clearly a need for. I nproved reconhi G, CSF mo| ecul es. [.0008

Br ot 61 - angi na o AP 2 EEmplEREd KERSF malles AR 25F R (HOPRS ot
No. 5,581, 476 ,Biddhomishy 341 5)38B8619631996)13 6lheFblowibk BG-ESI0R4idD&EhaEBeen
Ri edhaar - d son et,ta?}le 25Bi ochenj st rgiFSS: .9034-9041, 1996). Lo

Mbdi fi cation dfenHietRrXaay cystrlograplic spuise phibuing Barkef thereeptpidtindies at
| east one addijiib@pal: GAPEOAY E7288 IBNRIM RS, §PTPAS adid @19,*%20]%@08’,‘?)109,
pol ypeptide has al so been reported (U.S.” Pat. No. 5,218,002). InR
addi tion, 1fol yHde, Tddi T16afdl bhE 132, HBi and Tnl@4 Cse e. g wuitomi eigel., (1999)
attachnment of have been reported and studied (see e.g.,
Sat ake- | shi kambgaﬁgfggﬁﬁﬁ(w%) Cell Structure and 30 Function 17:
157; Bowen et #007] TBOmismpmily reailable folersaif oh@@3SFhave 4 Rwort-ters.  Pat .

No. 5,824,778, U.S 5.824.784 WO 96/11953. . WO 95/21629, and

047 20069) | [ OBBRTHREER EES) das PO FE RGBT Rt B ARG Moot | de
b?ckbone in aﬁtﬁl&ﬁb@ﬁ%@ Ieﬁlk@)pmfc&v&e.t@ﬁnc@éﬁ&ferﬁﬂiﬁﬂi(l;gﬂgéricﬁcﬂft@ﬁﬂ{aﬂﬂ-lfﬁ wduld
gl ycoproteLn therapeutics 1s. known 1n the art. An exenplary pol ymer
that has Eé'en decseAst gﬁwﬁbofﬁéﬁﬁqlﬂé’élop%mﬁasw& A étethe Stukepsnya and
("PEG'). The &eeﬁfcoﬁs%@é@ixg&ﬁbﬂ@tm@?m&?w&ﬂeﬁﬁaﬂytawﬁﬁbm-égﬁn
denonstrated to reduce 'the inmunogeni Ci of the peptrdes. For

exanmpl e, U.S. prgucts jsghe gccuzencg 37 dpseedependsnt beine paig Suice bews pain is

Coupl 6010 por i AR YERRRARAR, SULI AR TR AN AER A AR R o
addi ti on to r éedesedble torpoeige airG+ASE prothe:t Hakdoea moecatisentont painj eithat bt | on
i | d due tq the,i d_si f the PE i.ugat e. of t.h
bol Ypept 1 tbs e i eerpel kG ARG eSS M ey Eal T S M GEhYRE of
PEG and its steficivady 3088l dds@thaeid bahe ainds cavsed)-BeGhére 6 denlian@ed for

through a peptide am no acid residue (see e.g., U S. Patent No.
104, 088, 538 UMProysgigeAmiNgant §-uYgmelsgiles) s Patent No. 4, 414, 147,

U.S. Patent Nmood) Profifamindid validnty6F 87IC880R00 beehPQidRE (1TRABAOK,.
attachi ng PEG tgbg_ggtldes is through the non-specifi'c oxidation of

gl ycosyl resi&a S g.3lddgepdiSde 363,83, &). 54,9040 89 and BEghyar-Olson et al.

25  Biochemistry 35: 9034-9041, 1996). Modification of hG-CSF and other polypeptides
so as to introduce at least one additional carbohydrate chain as compared to the native
polypeptide has also been reported (U.S. Pat. No. 5,218,092). In addition, polymer
modifications of native hG-CSF, including attachment of PEG groups, have been
reported and studied (see e.g., Satake-Ishikawa et al., (1992) Cell Structure and

30 Function 17: 157, Bowen et al. (1999) Experimental Hematology 27: 425; U.S. Pat.
No. 5,824,778, 1.8, 5,824,784, WO 96/11953, WO 95/21629, and WO 94/20069).
[0009] The attachment of synthetic polymers to the peptide backbone in an attempt to
improve the pharmacokinetic properties of glycoprotein therapeutics is known in the

art. An exemplary polymer that has been conjugated to peptides is poly(ethylene
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100111 In these non-specific nethods, poly(ethyleneglycol) is added
in a random 15 non-specific manner to reactive residues on a peptide
backbone. o #gslesses random additi on of PEG nol ecul es hggyikSiosos1004
dr awbacks, |nclud|ng a |lack of honogeneity of the final product, and

t he pOSS|b|I|t Leduction i i ol ogi cal,.,or enzyma activity
of the pepti dgg’cqlﬁgrp Eﬁ 5] Theysp OPREB 8 etifsopertide @“ﬁ‘@?ﬁ%’é E’?Séee“
peptides, a deghyistrhddtd ﬁﬂu&ttﬁ@irﬁﬂmogé}ﬁélt STShE peptillés. %ﬁeﬁaﬁfﬁl@w orpaef
a speci f| cal I% | abel ed, readily characterizable, 20 essenti al

8

homogeneous pRedhit?%:3Y @apiser & disslosss thmomﬁwﬁu‘éﬁé\?éﬂbﬁed
0012] Specifp t S can be
Lrodu!:edpl n VI t Heé’%ﬂda%g ggh%&gg%%gﬁﬁgiﬂ%e&?&nﬁ&e@%%%@%%ﬂe?typ| cal
non-speci f¥c p@y;broﬂyieﬂmlytaﬂthmddm@nap sywted emimmnpgenicitgs tho cleatiertithaine
to a peptide, e- bas synt es_have, t.he a

Fogi oel ect | LR rorapaeSiil AT TR TrepBe i MR P RO et g
25enzymnes f or palggeptidestinquasyioh.hesi s of Iabel ed peptides are

gl ycosyl trans S al Itransfe ses, .. L L.

ol i gosacchar yI@F& ﬁ?eeﬂ(‘"%g’él mﬂé h&eﬁ}ﬁ%é%ﬁ’ el its derinativess log)eptidgsds a
gl ycosi dases. n&%&@ife@aﬂdm@ths&@hla%e&&@%ﬁ:@d a&&‘?esﬁﬁ@&‘eék@ 4 PGRAERD.

of sugars which can be subsequently fied to conprisé a

t her apeut 1& nbP&L$38 WSt B?tﬁ%ttNQ/éJ“‘?G 6@? }b%ﬁﬂffetﬂﬁhlﬁs"r #Hakds Ush datepdNe.i ed

Depti de. backb s {oeaERCT Wsy/RBhig nhaE FhaciaRA AL QAR Ral: °
Appl i cat i on Fihhigh #tei renssp2HHSGIAD8 bf g@momaemin DI PtpiPtsiee e.g.,
20040126838, W 4778%@9%42856, each of which are incorporated by
reference herei n? ods conbi ning both chem cal and enzymatic
synt hetic el ejgentjSnaliese ﬁd)15QJekiﬁ'ﬁﬂﬂbt](cﬁl@,@aoﬁy(gzhylef(@mﬁﬁl)hpacﬂbda‘iarandom
Car bohydr,_Res. 30%; 415-422 1998 nd U.S. nt Application
Publ 1 Cat | B S0t e SR R e Hor apaﬂlﬁgﬁgﬁbﬁn%ﬁ%ﬁl&eeﬁe m
[0013] In resji®a dreEGhRoleaRs Ha@fts Bﬁﬂbﬁ&k@%&lhﬁﬁ%@%k lbehémbheity Sahe
present invention provides a gly gggyl at ed that is

t her apeut i calfinel prodpeteandribe W‘?Flbﬂlth rElypizamiadeidiplegicel o5 snzyimatie petivatyd
properties t r@@e@txbm I%Yﬁgg[ rfélrﬁfe 90113‘55’ théjrﬁﬁktu'ngﬁéqg 9{ a%ﬂ%ﬁ&éﬁophe

anal ogous, ptide s nol ycope
i nvention pr cmnatd:gs thae tevadles if dhre fpnnmlmo nﬁg sms&caw fabeled \reidyly ahataderizahle,

i ndustri scal e..the, i roved G ept.i d h nt|
SUMMARY B0 TSR RIS g RfpRio e Rimafiofs bl SR & etonse  ne
?(c);ngs ol) | ed qudom cam:ﬁaaltyflatialalphkt]m@geha)u@ «pbptw tisdraptutiatdan g? ]Pﬁ@ltlwd in
F) wt Qne _.or po et yco noi eties._a
novel G CSF dé&f? UE?W&?&BW‘{‘) aﬁfa}%ﬁ 6%”6?1‘3%%6 fp@s segf:lf%@t%ag%for
i mproved rel afiiaMng QS;tdmeeue %ryﬁﬁpwhagaaeaw avI?epéamepgmeL@afs@diaynf%e%F

(FIG 3). Mreover, the pharmacol ogi cal activit

gl ycopegy! at d@vesheatvaniagaspf regiosedgcay iy Westegmaeleatswt%ﬂh@ principal classes of

comrer Ci I I n
an exenpir y Bt fTRIR PRt Al AR st 2.
i nvention ar alqbyltrehwﬁarakelsxy)lrghacmawmsfcmnsai\batef)dglumsammymranﬁerases), and

conj ugat e betyeen .a ated or, non /C0S t| d
and an enzynsﬁ\f%(?gf]ﬁ?g ?Lg ¥%Zry3"ﬁf 8ar%b<fcli§ﬁ%ﬁ\f¥ %{Céfl %%'el? whajch
pol y( et hyl eneag by si¥s¢quznileinydified t ddnigrise § tHetpbiticandibg. Alternatlvely,

glycosyltransferases and modified glycosidases can be used to directly transfer

30  modified sugars to a peptide backbone (see e.g., U.S. Patent 6,399,336, and U.S.
Patent Application Publications 20030040037, 20040132640, 20040137557,
20040126838, and 20040142856, each of which are incorporated by reference
herein). Methods combining both chemical and enzymatic synthetic elements are also

known (see e.g., Yamamoto et al. Carbohydr. Res. 305: 415-422 (1998) and U.S.
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20PEG noi ety is attached to the saccharyl noiety directly (i.e.,
through a single group forned by the reaction of two reactive groups)

or throughwo tonnkssssnoi ety, e.g., substituted or unsubsbb’m]ggm,@.hml ,
substituted or unsubstituted heteroal kyl, etc An exenpl ary

Thus. i n one BESRZPERIONF BB AT Sk e reschpciate
bet ween a PEGeZ&BiﬁlﬂeEty e.g., PEG and a peptlde that has an in vivo

activity simlar_or otherw se anal ogous to art-recognized GCSF. In
the conj ugat el(@i1 ]t{’i'é'eﬁﬂ‘?%}%’rff"ﬂﬁr\“ee frs ipprevefpihesapeytie %&5&# dppregend invaatisg

to the pepti dgrovidas @Qlyb&ﬁe@?lﬁtegl{j}légﬁwat IsitRrhati IO RtV RN Bas' N act
gl ycosyl |inking groups include sialic acid noiefies t at are

derivatized wphanmpgkine§opgamyirrsiand prapeizethot are ympropedtielativeto anlégeml

[ nvent [ On pr 0?{ %%Sﬁ)ﬁa[ngfogﬁf oF mﬁe&ﬁb%@léte 18 'ﬁ@! gceo%squ% ﬁ&XEnci_r‘h%e The

synbol G reprmsemtos prwdlﬂsrrneﬂ(ﬁ(dG))(ﬁbd@ﬁ-)@:lokwffecﬁ&er Sndaom ifflustrial scale
conprising a strai ched y(et hyl ene gl ycol)

resi due; and [u'gprgv?q ﬁ@}nl?ﬁ? ﬂ ed Yﬁ?ﬁﬁ%r sel ected from a 5bond,
substituted or unsubstituted aIkyI and substituted or unsubstituted
het er oal kyl . SUMMARY OF THE INVENTION

10 [0014] It has now been discovered that the controlled modification of Granulocyte
colony stimulating factor (G-CSF) with one or more poly(ethylene glycol) moieties
affords a novel G-CSF derivative with pharmacokinetic properties that are improved
relative to the corresponding native (un-pegylated) G-CSF (FIG. 3). Moreover, the
pharmacological activity of the glycopegylated G-CSF is approximately the same as

15 the commercially.available mono-pegylated filgrastim (FIG. 4).

[0015] In an exemplary embodiment, “glycopeglyated” G-CSF molecules of the
invention are produced by the enzyme mediated formation of a conjugate between a
glycosylated or non-glycosylated G-CSF peptide and an enzymatically transferable
saccharyl moiety that includes a poly(ethylene glycol) moiety within its structure The

20  PEG moiety is attached to the saccharyl moiety directly (i.e., through a single group
formed by the reaction of two reactive groups) or through a linker moiety, e.g.,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, etc. An
exemplary transferable PEG-saccharyl! structure is set forth in FIG. 5.

[0016] Thus, in one aspect, the present invention provides a conjugate between a PEG

25 moiety, e.g., PEG and a peptide that has an in vive activity similar or otherwise
analogous to art-recognized G-CSF. In the conjugate of the invention, the PEG
moiety is covalently attached to the peptide via an intact glycosyl linking group.
Exemplary intact glycosyl linking groups include sialic acid moieties that are
derivatized with PEG.

30  [0017] In one exemplary aspect, the present invention provides a G-CSF peptide that

includes the moiety:



Generally, when Dis OH Gis ALL-, and when Gis -C(0) (G -Co)al kyl,
Dis 111-L-NH. In the nodified sialic acid structures set forth
herei n, CORd Ab§esssgpresents COO- and/ or a salt thereof pct/R9%3d /041604
anot her aspect, the invention provides a nethod of nmaking a

PEG yl ated 0- 10 CSF conprising the moigiy above. The nethod of the
invention includes (a) contacti strate G CSF peptide with a
PEG sialic acid donor and an enzyne that trangdg®ys the PEG sialic
acid onto an amino acid or glycos 8 t he GCSF, under
conditions appropriate for the transfer{f An |exgnpgary PEG sialic acid

donor noi ety has the fornul a: [ 002 ne enrbodi nent the host
is mamualian cell. In other enbodiméWts tife host cell is an insect
cell, plant cell, a bacteria or a fungi. 9021] The pharnacoki netic
properties of the conmpounds of the inventlon are readily varied by
altering the ctu nunrber or. ,po [ of the gl ycosyl ation
site(s) of th étfoﬁéulatﬂhwée’ E wﬁt FriN hEhesymbpEG reresepa R '-L-

present appllgla.bg cle 1.0R®€;s Qh 5 silgd Odiral hdﬁ'%%ﬁéch%&' 0- or
N-1inked gl ycosyl a%ll E)ne);%lg(?e |n1tsomdm§ Or%?: ge tla th a{

2005/ 055946 PQmlyfethyteas glysold zesidug; and . ipa agmwmw i§ nele\mhedsetle,ntﬁd from a

Ant i bodi es t %&J&eﬁﬁa fitdfea} ﬁnﬁﬂg t&t&%lk 1%&?8?%@& utqtl{b?!lm{éﬁ%%&%ﬁcyﬁnd
internedi ates areé a SO Wt 'h % resen I nvention
[0022] | n anoGteralyspbert D is OF, GnvE.l"rLr,cmdpdtedeesC@)(EQSBakkphDugat e

bauna’t hepoP oret g Th e odReEii RISt iR e faithun hrs, COGR dif. ¥

conj ugat e of fehrsén/€OON atl/orasakHeradk.l y each nmenber of the popul ation
is bound via the glycosyl linking group to a glycosyl residue of the
peptide, and pged) 18la4GASHspdc TheibertidR pid¥fies a%t%hrdfﬁtaurn%aﬂé@;éled'@
exenpl ary enbodi nent, the present |nvent|on provi des a

conj ugat el havEHigcemprising the moietnaboreGlmnethgd ﬁﬁhetnvestloren@udes BBG,
covalently bo E}ﬁﬁ{q p.
In the conj uga gac{“%? egtlrgntgke}h{: ﬁa’t‘ggg"gﬁh %M&&ﬁtghmln%%d H-?eng%%'
popul ation i sthhxatmdfetsohahE@maho aadmdtoraaanﬂmeaanct omgigcqsﬁm:s:die ofédGeach

oftheamno reld s to whi.ch.t

ot runture M2 8k onh S fions i tBRe s e R ansRemplan Rl Sgic Soid 2™

gl ycosyl resmﬂmermaietyl}ﬁaﬁetabﬁma 70% 80% 90% 95% 97% 99% 99.2%
99.4% 99.6% or nore preferably 99.8% 150f the peptides in the

popul ation will have the saneOIQI ycosyl residue coval ently bound
D
o COOH .
HO | HO
0"*5——0 oH
G—HN o O

on o . N/LN
A

15 NHz

[0020] In one embodiment the host is mammalian cell. In other embodiments the

host cell is an insect cell, plant cell, a bacteria or a fungi.

[0021] The pharmacokinetic properties of the compounds of the invention are readily
varied by altering the structure, number or position of the glycosylation site(s) of the
20  peptide. Thus, it is within the purview of the present application to add one or more

mutation that inserts an O- or N-linked glycosylation site into the G-CSF peptide that



to the same Thr residue. The di scussion above is equally relevant for
both 0- glycosylation and N-glycosylation sites. [0024] Al so provided

i s a phar mageihs/emdvssconposi tion. The conposition incl udegraysz004/041004
pharmaceutically acceptable carrier and a coval ent conjugate between

a non- nat ur al syhot BRs&E Gihe wild, tyREGBbEEY o Ae MuBinysCaddYhet 89c Ry lated
non- gl ycosyl ahgﬂ G CSF peptide.. [0025] O her objects and advant ages

of the’ i nvent HBH Ripquctsiged apgrBICEites ts dnodiinthe skaneiof the mesentipyentipnm
the detailed ﬂmgpmnbﬁlers aly, th@iﬂv@ﬂ%nwlaﬂ@c%ju HERIRRAN NGS
f GCS sho

[0026) FIG 1l'is the structure of ¢ , W ng the presence” and
| ocati on of ap@Byrsoat PEG mbiply avyiéties, e, REG, Tavald8® Yonhd thesto thiough an

met hi oni neci s: . I i s¢henme show n

exenpl ary Senbbng%cﬁglﬁptg%% hlﬁjﬁgfzgrlﬁl\lrgnﬁ%gncqnﬁj eiogﬂmgg %eggg%ﬁﬁ%}’ ﬁ%hey eragléi due

on a G CSF pepkemder ifshe mymbhebe t Hnynﬁﬂzy}tmglj@aj:lllmmgcghm ta ﬁ@a,}cwy:

noi ety to the glycosyl resjd at r 133 .(Thr 134 is nethionine is

priase%t) pri o’Feg‘fi eﬁ%%‘? H@’tﬁllesag@c?ﬁ%t’réyc irést‘éf‘eg'@ﬂ 2015 Sk eh PEG

30100281 FI G [nglslna:xahprar}cgﬂmﬂmaﬁ, thd'Sredet Mkr&ﬁi_oh@ﬁﬂ@@%ﬁtibsir%hjﬂ?ﬁa
afe

of ungl ycosyl ated G CSF,, Neul astaTM and enzymatically gl ycopegyl
G CSF. WD 20ayingsspepsatvn obPb6 ety owipties 920 PHS, covalently bauryd ereto

conparin h VIR N i J: : 0 :
ST oy hevrioieh bh NS gBcol M BnSRE RIS, AIALEidhale choremybrid fesditihy
li nki ngt grou ]Loeaph @tc_mbsom; t_(wrp@huﬂeitl@g ishayad I)o af anpigo aeid p:sc;blarofg? ptepéaié,s and
conj ugates o vent i on . 0

am Jnogaci d se%atﬁgﬁgglg 'a%gé 9 e%@?q?é]hfcﬁé%lpfgy%%l %%%fngq{;gheé%’f’? Struclt:ure.
wher ei n t he fForskampliend oaepabtids inokides mmeinnwglymmemueaaumsemﬁnﬁ
residue at Th 0 o2 d 4 an id varian ich has
t he same sequ@%’gglba(%?%g%eb%’g& ﬁ’i4?3/‘"23112%‘”\?g'rglié;ﬁ?%%QE’ﬁ‘Pretm%{”%egg's/°

| eadi ng net hi gfthdeptidedn$Bd Fiipulatibni fill Mem&e%@cg%g g&ﬁé}éﬁabﬂ%éﬁtl?%und

there is a Threonine residue at position 10133. ]
i | lustrates s@rtke BT sesidugodhs fiserssioyabovaircsaually whyaniderbth On t he

ractice of t | | _ : Fl 8 illustrates further
P Cds?l\éﬁ‘(m érRﬂ’FI] &(E:)?g%ﬁtl Esﬁ%s.

exenpl ary no I ed sugar es useful in the practice of the
i nvention. 1500244 ls¢p@vided drempinghacatiasl grmabsitionohe fompostivhbiinduntes a

GCSF in bact ef, g, Heqifin Qe dtBlabR 43P SiPh ANDehITESe Wetlteh B hGh-naturally-
20  occurring, PEG moiety and a glycosylated or non-glycosylated G-CSF peptide.
[0025] Other objects and advantages of the invention will be apparent to those of skill

in the art from the detailed description that follows.

DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is the structure of G-CSF, showing the presence and location of a
25  potential glycosylation at Thr 133 (Thr 134 if a methionine is present).

[0027] FIG. 2 is a scheme showing an exemplary embodiment of the invention in
which a carbohydrate residue on a G-CSF peptide is remodeled by enzymatically
adding a GalNAc moiety to the glycosyl residue at Thr 133 (Thr 134 is methionine is
present) prior to adding a saccharyl moiety derivatized with PEG.

30 [0028] FIG. 3 is a plot comparing the in vivo residence lifetimes of unglycosylated
G-CSF, Neulasta™ and enzymatically glycopegylated G-CSF.



[0035] FIG 10 provides Western blot analysis of refol ded GCSF after
SP- sephar ose chr omat ogr aphy. [0036] FIG 11 is a table of sialyl
t ransf er ase¢g ioogbssauge of use for transferring to an 20agefRiSo4b41604
nodi fied sialic acid species set forth herein and unnodified sialic

i d. DETAILE Prl; i i i '
i, A Lcpempm UM U dastrimg,

pol y(propyl engghisyfPid. s ra%&rf.ﬁgcgcﬂaﬁé’foi Foliteing 2 Eﬁéﬁ{ﬁgr":ﬁdglgcosyl

fucosyl; Gal, galactosyl; N-acetyl gal act osa

gl ucosyl ; G Ghipking Broap eteghrgbuioosisfirdrsygar) oftus in preparingthe covgigatss of the
mannosam nyl ﬁ&?ﬁtﬁfn?; Xyl, xylosyl; and NeuAc, sialyl

(N-acetyl neuramnyl’); MP, marnose-6- phosphate; Sia, sialic acid,

ety neur S Byt YabiS , R3H il S e Slg o e

ot herw se, al 173 anihridcedriaanevhseireih fifst amineragil iv sethidigmecind tigearaal | y

have the sane  neani ng.as ¢ |y erst.ood one of _ ordinar, kil l
o the art t oHHFGIE e 4 ADBREt ST DL R s badirgaciq atant Whith s the
nonencl at ure ggectkehfnet Bs AR U7 5hMMolacBVRALR EYecB! BECHY [88ink theBfbdine is
cul ture, nol ecul ar Tgenetl cs, organic chemstry and nuclerc acid .
cheni st ry andmiSpingi @nyHeisemengedeging séthyeand these isrit BEeonieaRssiAng at position
enpl oyed ¢ the art. Standard techniques are used for nucleic acid
and peptide synthesis. The techni ques and procedures are generally

perfornmed acc } : i - I
general refer E@ggﬁ%'gelﬁggﬁgégtg?@g%eﬁ %2%@(‘)%@ sg?,ﬁg?, ElE?\ﬁ_%E&%ﬂéﬁ’Hﬁ
CLONI NG A LABGRAEORheNMoAbn. 2d ed. (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N. Y., which is incorporated

her ei n by ref B033CENG. Sillishatea father excngdaty ruddied sogrr nitiestiddo osefid i the
The nonencl ature. us g] herei.n and the | aboratory procedures in

anal yti cal ch%rﬁ?téclaros, NG 8P Yani ¢ synthetic described bel ow are those

or ool 11 Bat | ST FRr QR oR B Ebitet dfefibipent GRERGS bR ST

chemi cal anal ¥§R%s media and induced with IPTG.

[0035] FIG. 10 provides Western blot analysis of refolded GCSF after SP-sepharose
chromatography.

[0036] FIG. 11 is a table of sialyl transferases that are of use for transferring to an

20  acceptor the modified sialic acid species set forth herein and unmodified sialic acid.

DETAILED DESCRIPTION OF THE INVENTION AND
THE PREFERRED EMBODIMENTS
Abbreviations
[0037] PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); Ara, arabinosyl; Fru,
25  fructosyl; Fuc, fucosyl; Gal, galactosyl; GalNAc, N-acetylgalactosaminyl; Gle,
glucosyl; GleNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, mannosaminyl
acetate; Xyl, xylosyl; and NeuAc, sialyl (N-acetylneuraminyl); M6P, mannose-6-
phosphate; Sia, sialic acid, N-acetylneuraminyl, and derivatives and analogues
thereof.
30



[0039] Al oligosaccharides described herein are described with the
name or abbreviation for the non-reducing saccharide (i.e., @Gl),
fol | owed by«jﬂmyagmkiguration of the glycosidic bond (apet/utzindiba
ring bond (1 or 2), the ring position of the 20 reduci ng sacchari de
i nvol ved in tm&fhﬁnds(Z 3, 4, 6 or 8), and then the name or

o br of or abl y 10938] PaleS Sinad pBERRES Fh e bpod o e rmomE A g |
nomencl at ur e geRralES0OHeahfe ﬁi‘eaﬁugsé)&anah&ﬂyuﬂéﬁﬁféod%y (ﬁl'e oegl%lma?ﬁﬂﬂl in

Press (1999). [004 a.i gosaccharl es are consi dered have
reduci ng end H¥ArEoydvchtBigieyentonbriongs. (eartlbs ﬂ@rﬂoﬁ@tw]@m#ee @a@bﬁamladé

at the redycigg l%qatbﬁr ﬂr?\:eﬁ@r%& eil%ggfﬂsi r}goléé{gﬁ &enétﬁsda%ga?lécldcﬁﬁvﬁﬁsttw aﬁﬂﬁe

accept ed nomencl at ure, osacchar| are cte
non-r educi ng en@elgnmdhhmleﬁry arhlgybridizatiedare those weltikmywit dvel compivinly

[0041] Theterm S| a to any nepber .of a . famly. . of
ni ne- car bon c&f Blo%y lzlalttgd rg %ﬁ?‘{sa é%ﬁ%‘"ﬂfﬁgFTE%S%ﬁnﬁ%%é?ldcﬁF‘%?%‘dgi alic
?g [ E famly i Syd’tshegﬁeﬂ‘jﬂé fec&ﬂqmlahamﬂﬁbdhr@(hlrdgenfrally perforrr}ed according to

- ket o- 5-acet ani do ycer o- Dgal act ononu) opyr anos- 1
Lontc acid- (oFeBRN R Bo At Heark B AL e AE TR 2eneddipond

menber of 14 hesimprobl ed . MoBEAERRYLORRIEF AN AHoRA PG YIMLNEND G AT (1D834CE1d
in which the N-acetyl gera(l))up of NeuAc is hydroxylated. A ‘third sidlic
or

acid fami |y feugddarp REafQsy Bregadso)d ﬁ@mﬂ Hﬁbﬂm N Yacwhich morpm@dno

t al. (1986 t .
gi o?. Cglem )2 %elﬁfgéﬁfiggﬁig%?%ggé% %ﬁ@e&lﬁ W gllpgl% substl tuted
sialic acids m@cmrausaadﬂle@mﬁﬁithcgabemmwdum 119anamyticabcthjaimsl’@u5ﬂc

or 9-0-acetyl - and 9-az

Steoxy - NeusAcoRRYs SRR or RO A ORIl e R g B8l opploed n
Var ki, d yxobihe laﬂgStaﬂdarH Bechifiq(dsd 9PhodiBtaioh s thékbf] aie UsB& forshényical

Met abol i sm and Funct | R. .Schauer, Ed. (Springer-Verlag, New York
(1992)). The SRS &n Clé‘?’il&cﬂééaﬁ?esa alic acid conmpounds in a

sialyl ation p{WSﬂdAlll 611%0%51@1:'11&1%&%@@1‘1%3&1 hehdif BRI QHRA wARRAd Sild @ WO
92/ 16640, published Cctober 1, 1992. 10 [0042] The term "G anul octye

Col ony Sti rml dhbreyiption derghe n@rred@@mc@wgle(r@o wavyfogpm bmhercgnﬁau@tmn
epti de" " f an e or
Irorulto at ed pept| dt(‘;h %ﬁgcos ?F\Oecaﬁr‘ligé %%‘%HE bgngr an mé@r?fl o éﬁ

t hat has 2 anetluamg sactHhaatle involyed irhiat boad e 4t Elaf spﬁnmmtm ihe neaShbor The

term al so ge en Ses no tid netics n
SRR PR el P o R R B S AR Y SR Y A
shown i n SEQ 4 $3ri¥Qsé.. Fdrn r@h@ﬁrof%ﬂdﬁ?d[l\lgfyotﬁﬂbg}dhd}ﬁé%ﬁtﬁe §2eCBe RNt bfle

has a sequence selected from [0043] The term

"Granul oct ye @orefigiostYarki %ftqlrf‘és KadlloPreactl Pt y" refers to any
activity incl i
Bt vat on - PALRKkachfirdel BelcBfkiqdied o35 Rlaucth ¥ Nonrpducing
physi ol og25c al endewhatheyor nbtethe swclmndnat thy re@0cing £mtis éxdfabl/a teldacmmugan Iof

e T e Ut

G anul octye GmlneﬂcyucStgldmloathmlgﬂﬁa@t}mrremmgledeon&fzrtgaf| ned above.
[ 0044] Pept| fers to r in which t oners are am no
acids and ard ﬁ’i)]l] By Stafs Pgﬁ ?%%@FP %w%ﬁg%fanaﬂ@m&rany
referred to agriRxpaicdReRHd, dFhe @&M@lhhb@ﬂﬁhqlbyp of SRAAIY Rkd BN s RGCHS)-

for exanple 0- al ani ne, " phenyl gl yci ne_and
neuraminic acid (2-keto-5-acetamido-3,5- -dideoxy-D-glycero-D-

galactononulopyranos-1-onic acid (often abbreviated as Neu5Ac, NeuAc, or NANA).
A second member of the family is N-glycolyl-neuraminic acid (Neu5Gc or NeuGe),

in which the N-acetyl group of NeuAc is hydroxylated. A third sialic acid family



honoar gi ni ne are al so i ncluded. Ami no acids that are not gene-encoded
may al so be used in the present invention. Furthernore, am no acids

that have bheemossbdsi €d to include reactive groups, gl yeesNkaol/SA004
sites, polymers, therapeutic noieties, bionolecules and the Iike may

o 50,0 s LhgkheAOLLER Aol S DR oS 0 gh L

is general ly phehere1ed]ssod 1asiyikanafor efdley. BIGDUhQ:QMGSB_EiSJ&-ﬁB]?Q alosg).
refers to

useful in the present .inventiaqn. used herein, "peptide" }

bot h gl ycosy) ARBIRaFAT SREsOd e 360t rirbs A R G  erUduysae e 5
petides that argedyNRONASLY-a8tyCOsslARL @i -RASHSIERS AL RAL 9-azido-9-

expresses the peptide. For a general review "see, Spatola, A F., in

CHEM STRY ANDIEoMeinsTioY reyevar Rosialt ol farEhTrdenss ANBrkRREIe) gz B
Wi nstein, edse, e, , I . ) ]
The torm *popt ;48 esn id e, Gt o g PN, B, Sl 420
whi ch a 5pept (Speinge-CohigLeav &rin{10B2)a Thdsyhikess subase ofisiaBeicid eonifounds
herein. [0046] The term "am no.acid" .refers.to najur.al i ng
ond syt her  ciuanAlgbE Bocid 1§ g fiofs ih b Risor Pt o8 Y QG 16Htho
aci d m meti cspiblished Q4teler @n1gdon, a manner similar to the naturally
occurri ngwam E]% acids. Naturally aqccurring am no acids are those

encoded bl t 04l Ehs term odenuleetys Splony Stipwkaiag Sagtero oacOraulonlye Calany

| ater 10 modi i8latif Bactor PESHRMR BLEQE: o LS BN AL ARE

0- phosphoseri ne. Krhﬁgno c;giri%dﬂanq’?/ogs ref eorrs to cger%lounds t{?gdtnyﬁg@ety}t)ehe
sane basi ¢ chermetaled peptidet igeambinang, asaativeadt anydagment of 3-E8F it hes al,
i.e., an ac i , | p, an
arm o group, - ey AR ok TapBGRs b S UKl BBSR: Tie SRLARSEendIBE: e
sul f oxi de, ne¢titbmpasses noatpeplidesGi@SEnhinreticSunnarahplgy dndbodinmmds G-E8F R
15gr oups . 0., .-Ror | euci ne) or, nodi fied pept kbone but retain
the sane basi eerfiEhisaf HBp ath P e BOWBTLA0 Y Radurt Ty SHrRBTY
acid. Am no aghishditherié & GSCSEpeptide h ORGREInEALelLITRIMIEQLIDATONAVE. a
structure tha{?pis] ifferent from éhe ggner al, chem cal, structure of an
ami no acid, biP43nke ttrhcerapporie Golennvmuksting Fagtoragtivilhaslardp py
occurring am gy A¢ikudAg Bee RS 1181R18) recepdt BRAdAEaHd actWBESD) Shitifiod Sr 1 N
a linker or a 20 conponent of a peptide sequence refers to both the
D- and L-i sonSeepir binsdingapt #y bieghamies! auathysiglogihlreastion thet istriesmalnt wo

i soners. 04 F 0 | ified. ] fers to
nat ur al G- okl oy TRCecl B B g e oAb S e Faclc?

enzynat i cal | yOmddectyoQblnpStismiatog Aadtal aotivity qhyadesirém tiesictior ofdnya
peptide in a process af. the.inyvention. The nodified sugar is

25sel ect ed frcg’ﬁf“éOﬁtﬁﬁggpngsuglﬁﬁﬂ%b%‘iﬁ%ﬁewéqeegs ‘#%"I(?F‘gﬁt?or‘l' © but not
limted 'éo S UjgB44) NBeptRiat i-eldﬁ's t((zniﬁ:ﬂjgn?( igiwhichétll‘ﬂéjmbﬁér?@h@ﬁﬁlhﬁﬁ@&;ds ang are
activated sugars,(e.g., . glycosyl halides, glycosyl mesylates). an
sugars that dP@e%&gfﬁam%@haﬁtd@dmmﬁ, aligrateireleted s ~mobweptided
sugar" i ovahenddavy f j ' ' 1B AL YN ef ul
nodi fyi nazsgr oupés%{pclsdrfli cY’u%ﬁg?th aﬁ%ﬂg{?gﬁﬂg};ﬂ){ %}ﬁlﬁitp lee(r’jrB'EJi E%HWSE%’G%{%&?}ngg Hé

t her apeut i ¢ romsaigisne are also included. Amino acids that are not gene-encoded may also be

used in the present invention. Furthermore, amino acids that have been modified to
include reactive groups, glycosylation sites, polymers, therapeutic moieties,
biomolecules and the like may also be used in the invention. All of the amino acids
30  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 system



30 diagnostic noieties, bionolecules and the |ike. The nodifying
group is preferably not a naturally occurring, or an unnodified

car bohydr at 2088)6ssbsecus of functionalization wth the npgiisioagodiRuUP
is selected such that it does not prevent the "nodified sugar” from

bei ng added emzy;

2005) 0e50 40P i g{%@gﬁd@fgggg}[ﬁ? LroB sec, Spatcla, &/ F. fn CuevisRy.
to noieties t4¥0 BlogWeMBSORROHAMENS A0IDE, REepeRAS PROEMNS] Bi Weinsrinjadsy .
Met hods to d i f solubility are well known in
the art. Exenp arvﬁ%%g mﬁ%ﬁ? ksp ?ﬁ?’f@g@ pepti des, sacchari des,

pol y( et her s) , [0p48]yIIRtEmEDeptideonjug e b exfitlsite s@@ied&fﬂiaﬂﬁ/eﬁﬁtﬁl Ihw’fﬁﬁh a
Pept i des c n hav&ey5m xed sequences, of be corrpggtd of a single am no

acid, e.g. pd?eﬂ‘ S cRyyeates) with & mogified suger ay s EuthdsFfibe of ni xed
sequence or CRI¥)SER & ‘anﬁwail&’ réﬁFsCtB%‘éﬂuEia?l %Hahtﬂh% andesyﬂthef#@asﬁﬁla'amds,
anyl ose, chitosan, and po ialic acid). Ah exe ary pol y(ether)
pol y(et hyl eneasgfey@émylanlcf}(r@bsw&@mﬁﬁwémmgm ribas fenetibaina manner

pol yani ne, I ) r ti rhoxylic
Bl o "100040] TR ¥ R khfylocBil i R RARRIG'ILREHirE AR R
refers to a qhgs&@sgddedbjstt&@n&tmm&e (ak\vvalt aaglesﬁmmeo acids ﬂBE@rﬁhteety,

t her apeut,.c noi Iecul ova nt | ln t

ot ot ot MOt - BREC R s 3 St R ath B B Plisstfire dinino
coval ently atat:ﬁiCdﬂn@ldgi ffds @l crepsyidided have tHe gdm&&swcaérﬂidalrsﬁﬂ&mms a

t her eby | i nki n r ent to an, am no acid and/or cosyl resi due on

the peptide. \P'Ing PIHIC A5l 46 Yy Geasbon tgatd"e]’fé’r“&lt??/ hydegsred from
a "nodified Sc'dﬂﬁf(yl é?(yupt Beaki}é 'éhdaént]f@ 1B g q{orﬂdaé‘nneﬁyéilembﬁé

sugar to an am no aci d and/or ycosgy resi due of the peptide.” An
"intact gl ycdassphionipgkylfpyidgs @efﬁmnm@fr@t lﬁ@lfallmmnﬁuqhgangloemlpﬁvpmdlﬁesiR
derived fjzom S i v
e i
e.g., by sodlchcrnneltmpemrecndatmturallyrucamhng hpoesgld. 20nind aéid mgmgmsup&rs tof

the invention be deri r.om natu l.] y..occurri .
ol i gosacchari E%m%fl/l C&B’@PW%EM(S}‘&VQ(’IV &Qre atilf é‘gégrcgtjﬁ?’@gg?/%ﬁne@‘} chepdcal
mor e gl ycosylstriitive off b0 BnmopaIdShit ta Galoash thes bdnde diniiler to[.0RRRINyThe
term"targeting noiet) s, used herein, refers tq species that wll

sel ectivel y [P6CEI&EM ng a‘é\’%p%? bsed e, t'amainp acigy” W]@Ehebﬁ i afligkensdy .

The | ocabpz a'fcbﬁﬂozieﬁt gﬁiﬁfﬂh@é REudibe 365 td bsin IRTNIBH LLRE & or FR a%HJ) &id
determ nants, nolecul ar size of the targeting agent or conjugate,

i oni ¢ i nt er a@é Mehss mixraesphibesedwp ifomerset i ons and the |ike. O her
mechani sns of tc %l on are
known to tho 0646)\[ QSES%eﬁnt%eﬁm ‘9"@?8%‘1@3%%?{5? ge%ga%aﬁ) |or |9I<l)as

i ncl ude anti hadradly; ocatntlnboaibolfyﬂmwls pn?tyrrmnsaﬂbraldﬂed ort{Sargayinopeidtoean,

coagul ation f cto ) tel ns rotein CSF, .

G CSr - o oRR e b BHigR & { Biesty o b o o Siger s

" phar macest i @ﬂédt@d ﬁ@lﬁepmﬁibhﬁof@ﬁﬁymﬁu'bsttm itéleding iyt AR ladiiealo sudat ch
when conbi ned fgiﬁ e cosry‘]‘rb e retains the caonjugates' activit and
i s non-react MYECHAEHIR ? l*@%ﬁ%a@%teéﬁggar%emiwsx 1 halt

but are not gly%styeﬂ;emme@m aigaﬁshﬁat%@deﬁﬁé&cﬁbﬁém%uae&%s Rl | ers

such as a phosphat e buffered saline
“modified sugar” is covalently functionalized with a “modifying group.” Useful

modifying groups include, but are not limited to, PEG moieties, therapeutic moieties,

30  diagnostic moieties, biomolecules and the like. The modifying group is preferably not
a naturally occurring, or an unmodified carbohydrate. The locus of functionalization
with the modifying group is selected such that it does not prevent the “modified

sugar” from being added enzymatically to a peptide.

10



solution, water, enulsions such as oil/water emul sion, and vari ous
types of wetting agents. O her carriers may al so include sterile

sol uti ons, “x(ﬁibbgﬁsgwsncl udi ng coat ed tablets and capsul e/ RS 1bo4
such carriers contain excipients such as starch, m |k, sugar, certain

types of cl ay[0038] Thé RrmShaai-ssusiet ﬁfewto&ﬁélet&s&ﬂf&h@wmma@ﬁeﬁble@h@ée
5cal ci um st ear&ogqlgt al.c, vegetable fats or oils, guns ycols, or

ot her known ef liydn watsg; Metheds ﬁoé]FEeCWO&th'ifhE’Pfﬁﬂ@?‘FhﬂaW@Fe well

col or additi veggwk 0 such
carriers are fo? rrumgctnlée]gIrt bE%pﬁ%&E’%ﬁnﬂo%@éﬂE@%ﬁ{u?éﬁEﬁd& gz‘EJ(E)HéIl?H&fQ0052] As

used herein, Ppelatathersspaly !ylﬂeshﬁdm@altbﬂwhca!dNlﬁ}ﬁnsltthfahkeo Peptides can have
adm ni st ra&' Ofhidkd s%&?en&é%?% 051815(%@6 ﬁognég% am tact ﬁf\élnePLgSlﬁIIIMIY,

i nt raperi t onea arruscu ona
subcut aneous satnhanides caat beard miged stehu&nce“r@i c@ntpaiedoﬂ a@fngh: satchatidedubasie c.g,

device e.g., mn G t.he subj ect nsi t QN is
byviany rogt e aﬂ‘é’iaﬂiﬁ osﬁa‘r‘lﬁ'ﬁgaégg‘fd p"iﬁa‘alt“'r%i‘h Jrr@é’cfé‘ﬁ’lnp 0 @lyé@l’f“alls
nasal , vagi napelyfe@iiehk glyRbl)! P@l@&@@‘ldﬂ%ﬁﬂnnef@raﬁ@kéiﬁﬁlhry%[?aﬂilﬁé hd 1 On

i ncl udes, e. g.,. Infravenous, intramuscular, 15intra‘arteriole,

i ntrader mal E@M@B‘tyélﬁbﬂfﬂfkls alr?ﬂf?sép*éPYﬂtRﬂMaﬁb(’#W @gient ri cul ar, and
I ntracr ani@l . }e‘?l’{eet%m ‘;“? oSsyl Hhﬁﬁ%ﬁﬁﬁp)’ 2s ifd fhEl%ﬂf reﬁeﬁé tﬂm o?ylg%ﬁdue

i nduce apopto adm ni'strati'on ma rect tot
into tissues wlmdumdagn:gt felze I’[Elﬁmpletyahe:apemtwdn@em bidmbolegdr)is corcllantly,

but are not t os mal . formyl ations,.,

| nt r avenous | n ﬁé‘%ﬁr{nﬂ%rans%&l ﬁa}fe‘ gh ycos’gglfglé"gtgéq'% becomes
"amel i orati ngéo vetenﬂymﬁchaimta%lydoeflamoxtmg@wsyldtéﬁ pdpﬁdafthe&w;dﬁﬁcﬁlgme

the treatnment of a patholo or C ion, includin y .0bj ectiye or

subj ecti ve pa?géﬂjétf’«?g ARG g‘ia'ﬂﬁitg&?@ﬁ'ﬁ restdygon ed??PB‘? IH‘F Hi gy

Synptons D5 agrolyfik QURIEIR dekiedfrfia i aidkiffed RAy:st sﬁ{he@ﬁzﬁmﬁ%@hachmem of

wel | -being. Anelioration of synptons can be on o {bgct ive or

subj ective paanepdifisd spga] fadnﬁgmtq?@ldr@é{ﬂrtgbw@m epsp"lwy@f peptide. An
exam nation 2qapd/ g@yco@y]ﬁﬁ‘ﬂ(ﬁ% g?&uﬁa” CefEN A yﬁﬁklﬁ@%ﬁp[}pg%ﬂs dlRGed £,

"therapy" refers to'treatin t reat ment | Sease ofr
condition i ncglmmsmlgnm@memfmhghct indivitius bmsehatde monatierithat linkothe con_]Ugate

occurring in be U pose o a

does not yet %xf)é&:c gﬁg% rzﬁyegr?gsﬁpc{ds%mggp?m Eﬁ'sg"a{%"g SER
(prophyl ant i clmi«h;@grnlqm of tlieﬁﬂiuebtldin mgy bdderived &fam? J(eﬁllrﬂl\g]? nguling
arresting its 30devel opnent)... provi di relie rom.t he tonms or
o e ef foct s WROMRENE Gy andiiohof desony Tphf PEmoLL oit HoTo oaRe
relieving theufl BRA%Palchfdastbdé 8aLRSS1 on of the disease).

[0050] The term “targeting moiety,” as used herein, refers to species that will

selectively localize in a particular tissue or region of the body. The localization is

25  mediated by specific recognition of molecular determinants, molecular size of the
targeting agent or conjugate, ionic interactions, hydrophobic interactions and the like.
Other mechanisms of targeting an agent to a particular tissue or region are known to
those of skill in the art. Exemplary targeting moieties include antibodies, antibody
fragments, transferrin, HS-glycoprotein, coagulation factors, serum proteins, p-

30  glycoprotein, G-CSF, GM-CSF, M-CSF, EPO and the like.
[0051) As used herein, "pharmacentically acceptable carrier" includes any material,
which when combined with the conjugate retains the conjugates’ activity and is non-
reactive with the subject's imnmune systems. Examples include, but are not limited to,

any of the standard pharmaceutical carriers such as a phosphate buffered saline
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[0054] The term "effective anmobunt” or "an amount effective to"or a
"therapeutically effective amount” or any granmatically equival ent

t erm meanswdmosesasygt t hat, when adm ni stered to an ani gat/ukf04/041004
treating a disease, is sufficient to effect treatnment for that

di sease. 5[ 0055].... "isol ated’ . s to. a material, that is.
Substanti af Iy SioBBSuE: ShplR: 56 olReBt iR RRHRH b ¥ ekfing,
produce the nuaigedts.aDtheFcarrige piay Ao Gahyde getitssobftioh) @ablety rioluding codtbd
term"isolated" refers t erigl that is substantially or )
cosent ally 1 HEUE AOH SaESleb nom-elly SR ISt HA SRR o ch, milk,
material in theedh edrdintyps @M claf, dlBR M it RBdRE BAllsdRerésINinkERE8m or

"l sol ated" _and "pure" are used mterchan_Peany. 10Typi calTy, isol ated
pepti de corj ugalcesn geararealcnvegpiable fath anilsagyres; glycels, g5 @iher kngyregxsinigtsy
expressed as LRB The 4 0 &r}% of f i t he
pepti de conj ugsélt esz%l'ei.grsabg’tjats(a 0/3 a c\)’utm?g:%ogrq&g %é&torgg%% g’%ﬁ:ﬁ{éhtg upper
end of the rarfiympobitiony ¢amprismgabdutarid9gre fpoudat8Doy welblnawro®iy artionalr e
t han about 9001/-‘r)1e %956] When the peptide conjugates are nore than
about 90% pure, Hei r purities are 15al so preferably expressed as a
range. The | o052 a3 vedd Henein, "adghistdring|mdays bial adndidistrHSY adubiaistratbd4s
about 94%1 about 96% or about 98% The upper end of .the range of
purity i s Bood BERsorHBRCa AR BTAY 9By HBERIP BRI UENER  100%
purity. [ 0057 [intFiksidndl, irtraf@bPéruB@thneYusdinimstaib8 CR IR ZRtntRb o2 Qbw-
anal ysis (e.g., band intensity on a silver stained gel,

pol yacryl ani déelgase devieks g op Fdpeosmetic pionis to Bie subieds iAdimingitrationnshy any
[0058] " Essental i ha Al aifirah t 53N ns drpiar 6f N,
descri bes a character ?fsé{biac of &' po%u{]gﬁ%gag?%?’ peﬁpfﬁg%g%iﬁjﬁbggtt%ég} of

t he i nventi on tiansdamaih Rerentdrelcdednigmtion iichyles, efg. tikteavenalisf ingamssgglar,s
added to pept.id r d iple,. identical. acceptor sites on
the pepti di - Mteciefbl AGATmhe b T iptdt BionetipfEoRR 304 S 10
t he "honogeneiidtatraofal.t Meredvérewhan idjdeiop ébiteet oamor @ad dakddce apoptosis,
nodi fi ed sugardand refers go .co%u?g&jées of e,inyention, which are
at | east aboufdBBYrARPRLMaY Bpivectly i thg fymopgmder 5@/3‘???'}‘65 FHPRNGREIE Fupgry,
at | east abouioukHdACNBTRNOS ind QIR arcRIREEBE1, Yhe usé 6f 1BJcSorhal t he
structural consistency across a popul ation of acceptor noieties to
whi ch t he modfarmelptisny divenoss ddpsion Sersdermphpatchaspfte pepti de 30

conj ugat €597 _trie i VERLAGRiEN oPlrflfoRAB e @R bhPAIRNIF Bl nd ©
conjugated to an acceptor site having the sane 'structure as the
accept or sit etregmght afla pethetogy or henditimogintludgany abjettiveco sphjeptive paramter
pepti de conju el ald to. a . 100% hommgeneous.. Honogeneity
PPt yptcal 1y bR eBuRl Rt B g b SRS St BT REGp
honogenei ty f piticntiephyeiptli dtensnicib walidtmg. Amekdrativn GQYmpahtitan BOBased on
about 80% and {.he. upper,.end of the range of purity _is about 70%,
about 80%  ab8YFCEE) SOIHUVE PHARACIS B D6 TEOUEOF REIFH RETBRASER de

conj ugat ess ar endiBr £psiyEanrie bvAsdph. t 0 about 90% 5 honogeneous, their
honogeneity is also preferably expressed as a range. The | ower end of

t he range of ?ﬂeﬂ «f 0 7 0929 49 .
96% or about g@g/?p eeﬁ%p{é@ra@ﬁd}é gefr sg@h%ca?g%&é %fg a{%lﬁﬁtlbt% gafﬁgeaaé 8%?0%5%%‘
about 94% abowiuddgyrevaebtug the 8eoae ontmxditioh (it benooenie at ynimThibatoniayi ey
of the peptide conjugates.s typically determ ned by.aone or nor

met hods. knownPEGPHERE BF disfaes 1S 40 7 xpetiense or gyt sympipms of the
chr omat ogr aphyliséme Grefetdctio fedtiynt), likhibhg therlisehse (A6 irpl@drrtAme fits

desorption mass tinme of fl.ight s? ctrometry (MALDI TOF), capillary
el ect rophé(t] esﬂgv,elogmmgﬁgowpwg_rehe om the symptoms or side-effécts of the disease

(including palliative treatment), and relieving the disease (causing regression of the

disease).

12



[0061] "Substantially unifonn glycoform or a "substantially uniform
gl ycosyl ation pattern,” when referring to a gl ycopepti de species,

refers to Wiepgésent age of acceptor 15nvieties that argcglyksRsyiigled
by the glycosyltransferase of interest (e.g., fucosyltransferase).

For exanpl e, case.of a al,2 fucqsyltransferase, .
subst ant | al | yh@ﬁ‘t'l? ﬁlﬂ%e?%cejgfﬁlaﬁ ?%?P“bg‘if?ég A SfTeCHp b &bgteﬁepevwly
al | (as defi nggkchol andurf oﬁdﬁ? g%ﬁd?&al‘ﬂy@uﬁdalehﬁ@nﬁnﬁ% thé Qiln}éﬁxﬁtﬂ%l when

anal ogues thereof are fucosylated in epti de conjugate of

i nvention. | tadipinjsterd tg ﬁaemmaéﬁa gt iggmses ji sufficiqmt foredfest treatmﬁmfor
20t he starti nP‘ pa%fggé al may contain glycosylated acceptor noieties
(e.g., fucosylated Gal p1, 4-GlSc-R noi eties). Thus, the cal cul at ed
percent glyco WIJ‘ | u ccept or let S ar

o yeosyl arba BYSSlERlat oausBF e RIUEREH AP isSubinliEor fsdusly fee
accept or noi efrogomboAty wiilclarsytatBstodite tHeanabredlt Fél@dﬁ&@didnﬂgates of
[0062] The term "subst in the above definitions

tially"
"subst anti al | {€ WFW%%’J%%@ drrlpted ] rpfersd matesial thatis ﬁu%%aﬁllﬁe%sseaflally

| east about 7026 féh c&ﬁﬁ&{enﬁbﬁﬁfch%Qrﬁall?racwﬁ{;ﬁn?fh%fn%ﬁﬁllihlﬁE nhﬁﬁt%tused to
about 90% and still nore preferably at |east” about 95% of

acceptor noi efrepase thepeptidsanonjugsteal Isgllﬂiyé o#nd “preeh gmeﬁactmtmlwngeably

Comvonti ol DaRE, ARG BeRl SR or HeHRte Fo BBt b P R " 1

equal | y enconpefSsbiyhaxpodssedi as alringei déeatdveabndéthdsnge ofepurisy fon,tﬁeqiaptide

would result fromwitin he structure fr ri to |eft

N Chp0- e i neiomaEAtE 5 BPS 0Pk abok 1t Fuod st o singer Ear e of
by itself or mgitpRabo@f708s)abdif BO%Y Msdut 9098 B mbRARA abedl @6, Ot her wi se
stated, a stral ht. or t%ranched chain, or cyclicg héizlrocarbt%gl radi cal,
or  conbi nati wﬂ ¢l Wherothe PeRiide somEgatesears mpwhfgla@cbep Q% purspiheir pyities are

pol yunsat yy at g2 Gofdr6RNexpReiddds aqlangealme IBW&T’ eﬁbeéf%ﬁé rah @bGRI®y isRABItNY

t he nunber of carbon atons desi gnated means one to ten

carbons). Exaifh.abow92%mabaunét, st 86 pb@hout %ﬁ%cﬁh@llwmc mdj@thfbmlg%@fe
t limted tgq,.
not trmte ;;ﬁ/in;tygfs% 93?6? o oAt Q%é:lut 9@%,%hﬂt 930 roa%XLti dﬁwX@{

S5butyl, t-but I'sobut sec-buty cyclo exy th |,
cycl opr opyl mel00§/7] ,Puhignis ldegsniaediby &mmzecmg‘ruzeﬂmet}mdaufphzéysm@pm,rﬁaydl
n- hexyl, nhept

is one havi nd® %H%ty?ﬂnoaf%]&y S&%ﬂ%’l% (4o} 8@@“‘&? uns Qﬂ%‘tagcglsggg% cgrgog]}?

unsat ur atxd afikilar da@sdps i ncl ude, but are not I|mted to, vinyl,
2- propenyl, crotyl, 2-isgpentenyl, but adi enyl ), 2, 4-

pent adi enyl , Qi Esprae ﬁ YifasthRemb eé?"ﬁé‘ﬁ?PP“ aflonéﬁauscdmfmrﬂwmbesa
3-butynyl, a"t@af&@l@nﬁic@?@poﬁﬂﬂ@ér?&ﬁaeﬁ% doﬁﬁ’x@ﬁéssof tﬂ@ﬁw&rﬁfo‘ﬁ‘m ahlehla,

unl ess ot hervvl se noted, is also neant to 1 nclude those derivatives of
al kyl defi necﬁeleﬁteﬂmrecrameanfnhmodﬁwd sgets addedth a peptisislakg/added it myltiple,

groups that &t:cél%%@%r%ﬁe%%@ﬁﬁf ”“I%{s&iglgﬁ% ﬁnﬁeﬁﬁl&@?gm@%ﬁ%ﬁl’ -

15[ 0065] The erm™a ene ano
substituedt rpeaks tathd i“hcah@melty” of the sites on the peptide conjugated to a modified

sugar and refers to conjugates of the invention, which are at least about 80%,
preferably at least about 90% and more preferably at least about 95% homogenous.
[0059] “Homogeneity,” refers to the structural consistency across a population of
acceptor moieties to which the modified sugars are conjugated. Thus, in a peptide
30  conjugate of the invention in which each modified sugar moiety is conjugated to an
acceptor site having the same structure as the acceptor site to which every other
modified sugar is conjugated, the peptide conjugate is said to be about 100%

homogeneous. Homogeneity is typically expressed as a range. The lower end of the
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radi cal derived froman al kane, as exenplified, but not limted, by
- CH2CH2CH2CH2- , and further includes those groups described bel ow as

"het er oal kyletvosiissdypi cal |y, an al kyl (or al kyl ene) gr ogprhsshdes/Have
from1l to 24 carbon atons, wth those groups having 10 or f ewer

carbon atons bein referr sen |nven

Car bon 20, Bek0Gr RELELELTEl e JSURLERFB IR 40 AL Bl Lo
group, gener aBo% ah@-ﬂieﬂ@pﬁ‘l el bf Gie rirgeef perity Bodboad 7095, abb it 866, aEFch@ 0%Id¥s
"al koxy," "al kyl a %}%‘agl "al kyl thi o" (or thioalkoxy) are used in
their convent PO EEE0%nd refer to those al kyl gr oups attached to
the remai nder [gakojl WaeATHeSEH c@c\éhﬁgﬁé& AEWIEHHE SBquilio @B 90Gr Oup, Or
a sulfur ato respecti vel 25[0067] The term' heteroal kyl," by
itself or in meﬂen@aus()thel Qmog@n@tmuﬂlw@rerfqrabiﬁaﬁyessem%%r@ngﬂ hehedbwer
stated, a sta oh, C r

r adi cal or c%l ?\%%L?g S g%;%ﬂ? Ekg%soﬁ?tﬁ)r} ab9|1[t9? %éhlgofbt? %’ %&ﬁ%@éﬁﬁg%
carbon at ons amit 28%] EhsupmannMMagmﬁmetﬁGHMt 92%nal:tohe94§%,mbput
consi sting of N Slooand S wherein t n t.ro

ooy Jopt MkAtPy: 2F S B ertelit (e ui S8 BaRBRec oo i
optionally betygisalledéterefined byonbef baahehidds)knOwn b @bsk oF skilidn Bie 4R, ghhe
pl aced at_any_.interior posjtion of the heteroal kyl . group _or at t he

posi tion Ht wifudchramageiRphy-gagspestomety AERdS) giairireasriskaiatercdesaptiome
nol ecul e. Exagpds@ind dtal; Cﬁlﬁ%pecﬁki&e@fr %QDIT%E?Z 11dr ?1&%%0%, SidhB.

- CH2- CH2- NH- CH3, - CH2-
- CH2- CH2, S(d)kems - CH2- CH2- 5(0)2 013, -OH-CH O CGH3, - Si(CHB) 3,

consecut i ve, DS aunSRF i oot Rl el B By Rl

Simlarly, t hmmm;’hwhdlmérm@tkylggmepephﬁe i;p&efeb frefers taﬁlegmrdentage aff et dpaor

substitue rrean ival.ent ra eriv f.rom | kyl , as
oxenpl | 1150, BOEasapelel R VR B oY e divconyrneits G oo £ang

- CH2- S- CH2- Clﬁcd\d!phﬁhaeraséiopomﬁwa kié B4R 0B Q!’Q%co'@ﬂhﬁﬁs‘i’&h&”& can
al so occupy either or both of the chain termni (e.g., alky | eneox

al kyl enedi oxysubsianialls yaiferai fveosylatiny Patiesedsts Heubsiantalinall (as réetjnedsbtef:xw)
f ur ther, . for O@tﬁ%ﬁﬁ? 4%119prgt1€e§n%% Lt%ﬁ'?nél%éﬁgé ﬁ’l?]ﬁgf %E 9L§c’oP)ﬂQted ina

orlentatlon ‘nking group i s rrection i'n which

the formul a cﬁepﬁdtnecdngugkterogﬂgnmqnums l\t\llwﬂﬂ beﬂndel-'sn’xfodlﬂ ofE af iR in thBart, that
formul a ts bot h 0),2-

terms " y’ﬁ ﬁ“kwrtm& t"”ﬁ Tay seap 8&%@%‘@ Wﬂ‘?fé’ﬁ%‘% ST 834 oFJCP?Y atld e

conbi nati on védip1, @IG]QKIAE %rrﬁﬁetléfs? PTRRSME calUﬁlE@& Perelf %T}Wb%tﬁh HiBhclude
cyclic versions of "alkyl " and “heteroal kyl ", respectively

Addi tional ly, accmorhm@tre@@mm@mmatad hjethenrmhqumfzﬁan lmnm:y ag well as
posi L1 on at WhiENeLe NEISLOBNOLS ol BaBIAARNGH L8uhlBaRRLETR! nder of

t he nol ecul e M Fa not limted to,
cycl opentyl, [09621] dﬂnexgdn “sﬂbstaymhlqwen mwbpvédecﬁyuﬂoah\ efcanydtantmuya bmhﬁmt’yl

and the | ke es of het in

inited tjé Igemzralrgmgarg at Jteésttta ijlia%out id f.t(ﬁﬁaﬂ 8%%, or more
2- pi peri di nylprefgmalymrdastlaaudt,s:o% aﬂmﬁhnhbrespkefexably@prewiabémb% of the
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl,

20t et r ahydr ot2ReePHY Jajgties for ajjagiculey gw@sylt@nﬁﬁew arsighigpsylaiedl the | i ke.
[0069] The t E[bﬁ@é Wﬁér@sub%tucrﬁ%t&%@ Bre s &Xﬁécf@?ﬁ&% eﬁﬁreﬂfofn? chgﬁlﬁéal of

anot her substituent, nean Ot hBrwi se st at uori ne,
chl ori ne, br daimmudae, @rlttbmﬂ'bmée&tocmght they equally encompass the chemically identical

30  substituents, which would result from writing the structure from right to left, e.g.,
-CH,0- is intended to also recite -QCH;-.
[0064] The term “alkyl,” by itseif or as part of another substituent means, unless

otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or
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Additionally, terns such as "hal oal kyl ," are neant to include
nonohal oal kyl and pol yhal oal kyl . For exanple, the term

“hal o( Cl - Cl)cdolssiessedsS nmean to include, but not 25be | i npEegisiods 041004
trifluoronethyl, 2,2,2- trlfluoroethyl 4- chlorobutyl 3- br onopr opyl

and the liKke. 7 unl ess oth rw se stated,
a pol yunsat ur a({nq%mfglap %“a‘f Wﬁ?g ylb? &gﬁt ﬁ*ﬁ"’é?cp%’ﬂo'b‘gpﬁ y%‘fl??&fr@tettl??t By
mul tiple ringimclude Gf—eﬁdibiu]ﬁlvﬁl’eﬁtfmdlci@ havihig Iﬂ@b&}mnbéhbﬂ?darb%hatcfmglgnated
t oget her or I&nk d _covalently. The terrBd(ﬂheteroaryl refers to aryl

30 groups (or (€ Sy RELE ORGIReR Hryan Bbies Of SR hdrpsmrbppgadicals
sel ected fromndlude) bubi€ nss IMARIS] Rodfi&ui ztsrrﬁ’&ﬁﬁ and, &Pllohy{ fs@fn%ﬁﬁ Are

optional |y oxidized, and the nitrogen atom's) are opt

quat em zed® Abwik Ebesak sobwylo sas-tedl, weloherddhyaichesylimeshylenai nder of

th I I t d
e oot € G Ra! REAR ATy NRHAT b BRI S il o
1-pyrrolyl, 2hept)tbw-ow1v1y knd tBe Pl rm yhsatuBated/alkyl@rgtp, is Bad lmvid@zok vt more
4-imd II inyl,, .2- Lyl , 4- vyl )
2 pheny! - 4 oxSTBIHondEornsaG RO, Bxamalss aDuRgiurales aliyd gaepg ipelude, but are
g :c sox?zolz yIt hnatmtlldadaz@tmyl , 2~ ;ﬂo;sdnyezwtw 2 1s5pédmn91z QL(Mﬁtadlgn)fl)JQ}llL

ury ien

yl,
> pyr it o BEnhyh 304 PR ERPAL KB |1 50 SR, Sy, and the
Sbenzi m dazo'l}iéherﬁoinﬂﬂ)% ¥d 1sdme'rkSPﬁ’éJﬂeH19l‘Mi( @n!e%?&ﬂbﬂ@%e\ﬂoted is also
2- qui noxal i nyl ; 5- qui noxal i nyl - qui no tetrazol
benzo[ b] f ur ar¢ant apelyfothessi cl@nyatlveszoealksd|d%§mdobm¢><ﬂe1aﬂql}erﬂ¢wd: &yl ,
benzo[ 1, 3] di a » f t he
above not ed aihg ra}%% %gtr%a&w %ﬁ{f 1@%@@2{%&&5@%&@% % %%?%}egﬁrﬁdt he
group of accefpmbblsyBubstituents descri bed bel ow. 10[0071] For

brevity, the "ar I"“ n_used in _conbi t her te

(oro., ark o BT R st S L}y 4 e SRSl W e

het er oar yl r Irﬂ@ﬁal@l&ndﬁfﬁd’mdn alkMepas elbiplifitd) ‘buttxﬁ)‘t Minit8d, Yy 20Hs CH, CH,CH,-
meant to incl udg t hose d| cals in V\/mch an aryl ‘Wg{e?gﬂﬁ)kls attached to

an al kyl grougg & ‘3““5 ssythose grouips dpspribed Relovy o yhng"t hwigallye)

i ncl udi ng th%eat@t gc)ﬁall@!éﬂ oﬁﬂ”‘wﬂﬂha% ﬁ%npﬁ{obzarta?&oﬁmoﬁe Gith 1idse grou

met hyl ene group) 15 has been replaced by, for exanple, an oxyg%rn tom
(e.qg., phenoxyraghor fewer pgrbordgtpmbmg psgferred i the pagsent igveniign. ph Sloyer
and the ldnke) Q0 f

"het er oal jkok alkyl a(%y F‘;‘l’%{ﬁg&t&ﬁ% Igta@ﬁor‘?%%ﬁn Ldﬁ( ﬁg’l&elgﬁ%ﬁ%ugéeﬁ e{)a(])ly h aving
substi t ut ed aerrghtun&ubscarbume@insf ornms of the |nd| cated radical .

20 0073]  SubdPMSBARE L ra R el 8 ePSLEs for Pk ard el n

(i ncludi ng t hgecakaitpsalatieandetRr foaBode@llgs sdh dt@&ibd t@tHeadMhinder of
heteroalkylene heteroalkenyl al kynyl ,  cycl oal het er ocyc| oal kyl ,

cycl oal kenyl , the;maleple ¥1agn PxYF5R QAN RIHRQETG UM OF Fé‘&ﬁF;ﬁt%F%?PF‘ewetYO as
“al kyl grgup (8063% trht 4ot SeteroaiRgl,* Bfﬁfse%i‘ npé'on%}ﬁati%ﬁ vaPlraﬁo@iEr @y, %éaﬁg y

of groups sel ect ed from but not Iimted

-NR R', - SR unlespgiheraiissgiaed, a Spipe grgight or@@(nd)elct chams(r@yﬂm h}ﬁd@@zﬂon

i ﬁg_\'g( EF\" R'R %c@a&'gr 'gombﬂg% &?Q%Q%)co ’g 0 I?e)o%t\%ﬁm_ngafg%%@nza%ms and
-S(0) 2NR R', at NRSGE&hetero@dinzaldctedBmi the gronp vheisting oDy, Strand’SZﬁ'rcb to
B T R e T

hydr ogen 30s Uthﬁei‘datHneﬂlaSD E)ptilﬁt%ﬂl)bsé quatdriitled) eTRMMRRYdaYdm (s PO DS ahd BBl SPhay
unsubstituted aryl yl substituted with 1-3 hal ogens,

substituted GF PliedBeny ieda? pasifign of the hessgalkyl arwmmk@wogn@wgfvhl@t
aryl al kyl gr epspsi l@hﬁﬁ} 1@&&%9% rglfnaitnﬁ& JrYERG Q. E%&Héb t{l?cf Chihan

one R group, for ‘exa e, each of the Rgroups 1s In
are not limite tO ~CH,-CH,-0-CHj3, -CH,-CH;-NH-CH3, -CH,- CHz-N(CH3) -CHj, -

CHy-8-CH;-CHj, -CH;-CHp,-8(0)-CHj, -CH,-CHy-S(0);-CH;, -CH=CH-O-CH, -
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present. When R and R' are attached to the sanme nitrogen atom they
can be conbined with the nitrogen atomto forma 5-, 6-, or

7- menber ed W0 H@S0BeH6 exanple, -NR R' is neant to incl udectistoonotiodae
limted to, 1- pyrrol i di nyl and 4-norpholinyl. Fromthe above

di scussion of sz fGI—'f:N-@iﬁig%mﬁJ@Hicpém Ehg)-aft.. trﬁl'}é rée&

that 5 the term IS neant” to include groups’i I ng car
at oms bound t@agbaewemtmrsucm@nfqnymenc M‘bQCPth&—@Hz-Iﬁthﬁ@Hk)yl

(%8 o o S Py MR 2. L i g

descri bed f or dm/hlentaladklyal deddkiddadm heterosik il asaammphﬁéd ﬂ:bﬂloahmhtedibﬂ -CH;-

het er oar yl e ner,i ar
substituents. st Urent o B Ao v A ) BT € it
i 3, CHRS G CRBCRP e Lobi e PP it Forgieloayfiese’
hal ogen, -OR heter@atomNE%n alsdNide el&&%mboﬂhﬁ'tﬁcﬂ@lﬁm te§luﬁi ﬁ g\’ alk &%Br) R,
-C(0O)R - A ; CONR R O)HI>IR1' R', -NR' Cé g
- gI(RO)C(Z %) OR s<g§%§%w %H(Ngmﬁmma yIRpedmNRe. Ry thertike). Stit} fyt r for
dhefte ﬁ%‘g hgh@%ﬁﬂ%, &N@éelftat%n of" th\%g%rg& Lg\%] 5 g

quoro(O C4) al and fluoro Inan
fromzero to méleql ¥ e dirgetingrin lﬁdipbfnfovralllewéé's linkinglgeoupripweittee Farng

stieoted T oraes e Simud 0@tk Serl b bT SERPRN AP PRI Y
substituted 0[100681sﬁ‘bsenﬁsd‘bﬁdodﬁe_,ﬂ’émﬂaﬂlkwchyabﬁmﬁll’ thyttRemgelves or in

unsubstituted a .and.su st tuted or unsubstitufed hetergaryl. Wen
a conpound of® ﬂ%nalnﬁ(}(% eﬁfef (RRRESCRly e%Sﬁgﬁr‘gﬁgstQ@S;syﬁpq)wsmas&f

exanpl e, eac h‘aﬂd‘yl’ta{ha“Betgxro@nth’ feSpek LD ERNEEHS Yy SBE BGtBEy R3] & each
R, R, R and R' groups when nore than qne of t hese groups’is

present. |n tIFErAPm FR50oqcHRY the ppyiten atvpichsheheseroxydeis atashiad to thr' as
descri bed 5abq¥BainiGFHe ¥R, EhgpRIRE chtlé’a@gsﬁl é%‘?{&hhﬁﬁt@d"ﬁ) of
repl ace

the aryl or heteroaryl ring nay optional
substituent ocbclopentfloeyelphaxyll- o(o@he((@aRB)qychh¢xezﬂ voboheptyl, Enditid lide ar e

i ndependent | , I a
i nt eger of f ?Eom les Ofgamxﬁcer na? }n\%ié'lldg b§'¥ 5\1/% n‘8¥ R’Pﬁgd o E_@qzt %Jént S on
adj acent ato rturah&dmpmdyﬂ)j Il -piperidaly e Qqa;reyﬂdmyl Bgpip@idinpt4-mofphblines-

;ﬁgl gcg? eW: f,]gléa lélp{t :t%p% éﬁgﬁlran-ﬁbl tetraﬁgrg‘furag'—%—)gl t l)el)xdrothlg{l-@))g ein A

- S(0) 2NR20 Ol’tet&hsjdlﬂﬂilfﬁl il?nd,—p@@ﬁzfnyl S- pﬁ‘ﬁkrdzﬁﬁ)ﬂ?%ﬂ tiflierom 1 to 4. One
of the 30 si n%oée bonds of the new ri n‘qm( f ormed may optionally be
dhgm

repl aced wi t HO%0%% 6 FeEmp obrdo” o halpeeay sefvRs OB Raeol gnefberi subwitent,
on adj acent i BufMss bmervageydtatw al ﬂﬁ@e@x{mé P%H?y g’g%? |y be

repl aced with a substituent of ormJ ")d-,
where s and d\dért@nﬁﬂﬁdé?i@ﬁdmﬂs halmlbjdé’rase mfzan‘t toimcdde mofohakmatkyKands

-0-, -NR° 0 Th bst
R, R and P o@haloal?%l )F re?)a ye) |%hr? eper%’ég §I\ﬂ§p’gé§ glganfs ﬁ%dﬁ‘ill ‘iFdE‘g
or subst 26ut &d hnntecms tdfhtardradtiyl, 2, T2-tf)abétliy], 4-chiotbbatyl,Asbrmesrobal g[cn

the term "hete er, atont is nmeant to include oxygen (0), nitrogen (N),
sul fur (S a °l i con (Si). 5lntroduction 100771 The present

i nvention en¢aUTORTEEferd “H51Achn, anle%@@théﬂ%efs'ta@ﬁ h ?Blyﬁlflsaﬁlﬂﬁecﬂ Laffic,

structure on GCSF. G CSFis well known in the art as a cyt oki ne
produced by sebstitigpichatean bt ¢ singlgwiag epmaliple rll@ﬂ(ﬂb"@f@éﬂhhafm@éltpé ringg)el

stromal fibr Qpl@stSms&a tggfmﬁro'r KRkdd! c%vﬁ&{t%()%etté}fﬁ BORG, dlre?u? thaé'}rl

i ncrease the production I nfl ammat ory | eukocytes,
f unct i ong0 as grupe(ed oogs) et hortam dwmt areito faur heteroatmmsrselptteah freinerQ, aad S,

neutrophil's GROSHTRE nANeLishd e ATTEL Q8 ¥pd AL LS d GTHle B aln

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-
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has clinical applications in bone marrow repl acenent follow ng

chenot herapy. [0078] The present invention provides a conjugate of
granul ocyt V@ 10883594t i mul ati ng factor (G CSF). The i nvemrCirms:zgqaoubges
conj ugat es of ¢l ycosyl ated and 15ungl ycosyl ated peptides having

granui ocyte colet giy%lﬁ a2 A irkMazok184- ﬁ&'&%ib%ﬁéﬁaz’% PS&azolyl, 4-

addi tional | y nodi er ‘conjugati‘on wt rse-speci &L
such as ther aSéQAOIYé meél’ll—%gxazdlyaémxgml}tl posoxniaty, 4-isaxayehyil,Teisomizelyl, @s

and he | ke, ohoRgl- g1 G560l 1Y) BLHTS Bt ks 5,05y o
treat ment of pymdy ahgyrdiyisé@emm)bm pﬁﬁnﬂ@lssaieﬁzbtmbﬂﬂﬁ, purfngl, ol i ni cal
£0080] 1 n “oxe RETAP BRI ot ABIH-o -Sofuiaofite Fate Foleh Slumegaimbent | on may
be admi ni st er geinb:QliRAL BL0INBIYE, trdzbI9), Bbﬁdaﬂﬁﬁﬁiax?ﬂ BRARYBIHidyY 2l 91f ecti on
in cancer pati 0ing certain_t ‘radi ati on 't h&r apy,

d
chenot her apy, ‘gﬁé‘gb‘?l;}%%ﬁ fhPISWGZﬂt ?%ﬁ%@ﬁi‘ﬁ?’&ﬂﬁoﬁ@m feiuinohil] Butstituents for
progeni tor celdeh of e 6N REdd a‘? a'n h&@fo&n?ﬁ' Lys@n%oaqe Rié %gﬁotxr?{he%?oup

transpl antations, for treat rren seve ronlc orre
| eukopeni a, |*Pff?é9‘?mﬁdﬂﬂﬁiwé5tdﬁer¢mp§@1beélbdlom support treat ment of

patients yjth t [ kaepi g Addition 0 i de

conj ugat emor @ﬁ%‘o%rw %ﬁlt?oﬂ t e fuﬁ’v oR® IVOB% é%wfqﬁloﬁﬁ" %&F%

of AIDS or otzh'g!ioxy rany] thoahey a@laﬂmmndumasmwﬁanmbt‘ema@é ﬁﬁ%ﬁ@fdeﬁhéﬂ
enced. In an

i nf ections. 1]..G CSF . has, | oned and s . 1) ]
;xerrpl :'il’ y enb v ?rLF Cé &fﬂsﬁg zﬁg)ﬂg{s%eaamo%c ‘é‘f‘ﬁ osediflieateis vaidwgITHg
to SEQ I D NO grbup fEraaaaisa kd @ﬁhl@ntgwﬁag %Mobénzyr BRethy 1, RPRA Exbﬁ?ﬁaéhhﬁé

the present inventionis not limte sequences epl c

herein, as vaifeaHchdgr thpseatkyl groups ig whicheraronetom fg.ca methglsgegrompus,
the present iNeRid @PabadithDRh eﬁmgmﬁw%n%&?@ . Bl Al ReuR? e

known in the art. As an exanpl e mtlng
to the pr eserﬂyr@vlﬁvm@ﬂlﬂﬁ (h-HEPIElSd’FDW@rodemlldalse Idedn described in U.S.

Pat ent No. 6, wRE LS ng t.he na ”
conpl enent of ﬁ?&#ﬁ??%@?%gﬁgﬁl ‘f%rt (r?’ I ?‘nﬁfé’a@‘% ﬂ Bﬂné%roaryl
pol yet hyl ene ighgamlto imoluge bbthsuﬁmudﬁisahﬂnhadnsmﬁcbdlfbmw&ﬂﬂia’ ndihkt&d rafRbENt
Nos. 6,004, 5 823,. apd 5, 676, escribe a G CSF
variant in \Aﬁﬁéfﬁ %‘ﬁ?%é %?@TS?C tHRS ‘gﬁi‘{]ﬁlﬁ’éﬂr‘é"s‘ Wt position 17,
36, 42, &4, E[UOUST%uBS’tRuenisQ“of 8P hﬂ«g%d%te%aﬁ{yl PRIQIs F(ﬁ‘fchﬁmﬁqﬁés\é%l'dﬁps

serine. U S. Patent No. 5,4 descri bes a nmol eCul e i'n ch

the cysteine offen grterred tg as ilﬂ’le’@%élkﬁélﬂahqf?f@alb)d?@, BetergalkemyiltkyRyl, and
the serines %wesaﬁw haa%cﬁﬁoaﬁmi 2 ﬁf(ély?:éﬁ&E%%Efgoﬂ&ggﬁﬁrédﬂgr’icallyl

serine, proline, prol’ ne, ctiv
known in the Tafﬁtwd @rﬂ@ “dkel B!@m&ubﬂéumm, aﬂddhe}eoaarbploag olinGe oPatvexidty bb.

5,399, 345, Stdls CHLEOERont Al A1EniRAYS: B A0 ALl or”, .NR'R”, SR’, -
25  halogen, -SiR’'R"R"”, -OC(O)R’, -C(O)R’, -CO;R’, -CONR’R”, -OC(O)NR’R?, -
NR”C(O)R’, -NR’-C(O)NR"R"”, -NR”C(0O):R’, -NR-C(NR’R”R’*)=NR’"",
-NR-C{NR’R”y=NR’”, -§(O)R’, -S(O)R’, -S(0):NR’R”, -NRSO,R’, -CN and -NO,
in a number ranging from zero to (2m’+1), where m’ is the total number of carbon
atoms in such radical. R’, R”, R™ and R”” each preferably independently refer to
30 hydrogen, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
e.g., aryl substituted with 1-3 halogens, substituted or unsubstituted alkyl, alkoxy or
thioalkoxy groups, or arylalkyl groups. When a compound of the invention includes
more than one R group, for example, each of the R groups is independently selected

as are each R’, R”, R’ and R groups when more than one of these groups is
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15sel ected from SEQ I D Nos: 3-11. [0083] The expression and activity
of a nodified G CSF nol ecul e of the present invention can be assayed

using nmethods well known in the art, and as described in, for
exanpl e, UVE 200%Q58H6 No. 4, 810, 643. As an exanpl e, acti PFTASHEHpY4
measur ed usi ng radi o-1abel ed thym di ne uptake assays. Briefly, human

bone marrow f prnieMHehR’ 2R areaitthched whthe edngcnitrogen adenthéycage W t h
Fi col | - Hypaque (1.077 Phar maci Pi t away, and | ow
density cells® ‘Hé"é‘“%‘é’}égﬂﬁé@rqgﬁn F@Bb’i?g" ﬁéd%uﬁfz@‘ﬁ%‘c‘iﬁg’%gp}’ gxamphg,
cont ai ni ng 10%fket-gl nﬁ%'t@&cﬁﬁé%n&'b@%ﬁiﬁeﬂ%‘o qf}ﬁrn%ﬁ&h?l é?ﬁd'&%orpﬁ@% 2
X 104 hunman bone nmarrow cells are incubated with either contral

medi um or t heFenObE abeverdigsugsiansd substitwgatar angof skill Isthgartwitl juaderssand bat
pl ates at aboyf 0 t

are then p%l se% %Z.‘r %u?éf%alrl@l%ﬂgﬁ&g E"%élfilﬁ%\%gﬁoao&%aoﬁﬁn c#gr’l%%
(New Engl and bdihed thar hydBogsh@nuph/sssh Js hatvalkybfeak e CFs amiee(SH(IY) and acyl
described in, for | e (19 od 61:781). An

i ncrease in 3%%???@% Xﬁg’ou@({q)gh éh{{ gﬁﬁrﬁﬁgne marrow cel |l s as
conpared to bmog4nSikdiRYMoRE hbslitheas deibedTorth€ BRI @dic£0SMORLAEh for &2

i ndi cati on of a active and viable G CSF 30 conpound.. [0084

As
di scussed abodrél andistegessyl Lsg%&péérecﬂen%rrfélmf@mdﬁgﬁs‘éﬂrﬂ&r@f styenishe

enzymati Cy@t t el iBRiruGits fre SO ﬁ?&nsf%lﬂé}{an{p% hitBed! YRS HOALRE AIN-OR’, -
ungl ycosyl ated GCSF peptide. The nmodi fI ed sugar, when’inferposed

between t he GVREE, p¥iy’s thadogamdSIRAR RE0SI 6584 SREIRNSEOBR, 69 the
nodi fyi ng gro, k (of wBY Ny to herein
o e SRRy a3

e.g., as an i hki ng group. exquisite

sel ectivity OE(NRRVRES-NRI, mﬁs:(glwﬁb)sm 7 aSI(ﬁ)Rf aS@)R*t BIORNRSRAL

met hod provid ti t.h bear ro one or r
specific Iocamﬁg& ?ES\E ﬁ%z g? (ﬁl‘t gﬁf@ "g’é‘é@‘tp Ciam ﬁro?cl"
nodi fi ed Fsugepalkgl, a;tatmﬁ&dmﬁgrng@&ryzewtoahwtmmeeﬂ TeHén PdlerdcBEor3hESF
pepti de chain or, alternative the nodified sugar is appended onto

a car bohydr at ¥ORBiicHRE Tystery gmywafse& iRle R PawiR dase wrﬁfewfbihtwd?ﬁsaﬁim‘déd
sugars are b%é[b@teﬁ%oﬁ?ﬁﬁr%ﬂ'éﬁ%&ﬁ@t@& b\dﬁ'lsglgs'hg.g&ﬁzgﬁ)ﬁt ﬁbéﬁ‘}ﬁhegbf ectly to

an anmi no acid residue of pept i one are also within

t he scope of unsebstirusercheterpaliydnqubsiiiuted of @BEBTituted arprand aubstitwedkerown
cnem cal and SRR PrebERl 0oy RLAPLALETOAN B RIS ERL BRHEH"

the inventio oss 0) as
gl ycopepti(desR gtab, havmlambﬂtdmha mgfqaphmnm@pa&hu&y shdyctodak areadatloR’,

pattern; the enzypes, used in the invention enerally sel.egtive
P et e IR RS RS G0t b il P b o e REMBG R mateRt 18 Bley
resi dues of tstaﬁen%s%l% SRR, ltl@kes,ymeex rEERHIS “RP 85 @ds&@bd@ra@s&d cal for
| arge- 15scal e ﬁgoductlon of di fied peptides and glycopeptldes

Thus, the metl@8H) Toyo effhe f%@ﬁﬁmw pharenpdomns ofthe aryb e hetrroaqyl ringrmay
| arge-scal e py Bﬂél@tueq&lgéed%aﬁca%sahb&?§f1ﬂ@¥dra91ap-1&ésﬁ>ﬁ@1@9)Ltﬁ" form

derivatization patterns. The nethods are particularly ‘well suifed for
nodi f i catddon \@Mer@héra@pémrﬁ@nq@emdmbvm—n ucﬁflﬁlg -lpn e single Hondiiandd is an

gl ycopepti desﬂ%g qu?‘ro% 6 e %te%aqiv)élgg% e S%LSHU sr c'mn %?8%%%#[ gfr{hei n

cell culture nsect
cells, fungalargeir hstﬁro;is,,asmg arly logtioraily pe ﬁdp&fc;!d)tvvith aGelbsltis.Benmf the fonagleni c

plants or ani X'-’%Eﬁg)r-la-, wherein A and B are independently -CRR’-, -O-, -NR-, -8-, -§(0)-,
-5(0);-, -S(0);NR’- or a single bond, and r is an integer of from 1 to 4. One of the
30  single bonds of the new ring so formed may optionally be replaced with a double
bond. Alternatively, two of the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a substituent of the formula —
(CRR’);-X-(CR”R’*)4-, where s and d are independently integers of from 0 to 3, and
X is —0-, -NR’-, -S-, -§(0)-, -S(0)z-, or =S(0),NR’-. The substituents R, R’, R” and
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[ 0086] The present invention also provides conjugates of glycosyl ated
and ungl ycosyl ated G CSF peptides with increased therapeutic

hal f-1ife woe0bmossd@r exanpl e, reduced cl earance rate, periesugsedoos
rate of uptake by the imune or 25 reticul oendothelial system (RES).

Mor eover, t heR“Ee}rQ g%: erQl;IK Hgg%étn{a%xggfs'egﬁtag 'E'r?}éi ?f%ﬁ%?ﬂl%ﬁ&tg{ed gFS ki ng

antigenic determn SO or elimnating a
host i mune r essobstdeted @i-Goalktlhe pepti de. Sel ective attachnent of

targeting age n al,s0 be ,used t.0, tarqget.a pepti.d 0 _a particular
tissue or cel [Hﬂiﬁfg%%edﬁ’g?érbpﬁie%elFtef%at‘gBeEinP ag tPcB’?"?‘E"ﬁ‘?éJXﬁ%q%ta(péul ar
targeting agepitroggONhhaulfap(y)ugdéiRson®H87] In a first aspect, the
present invention provides a conjugate between a sel ected nodifying

group andbg G CSF. peptide. WD 2005/ 055946PCT/ TJS2004/ 041004 [0088]
The |ink bet wHHFedusHO®. CSF pepti de and the sel ected noiety includes
i nt erposed between the peptide and

an intact gly |_linking grou )

the sel ect ed @ﬁﬁﬁtl}he_ PeseB latardigh noREwa ShS @ MRErod d9rdt madiffertionyt the
essentially apycsReab@fk dh@ICSFaG-DSF & WarRefn 9 1R AREEEIIER Hiduced
resulting in a "nodified sugar” that is recognized by an appropriate

5 transf er asebetrtiypaed Tviells inasppbegss, enethelisdicgllsezndsirgme! Bhroblasth CESESF

peptide. The I f L }(M@g‘

i nt er posed bem%ﬂ9taktg%&-ﬁ%@8€§g{r?‘géo %E%ag&géepfeog cetg’ﬂ%glﬁne ay, [t]oe ones
an "int act0 gl eolomytes,| and furtigr fmotins'as Fihendgkrimdsyiohé tokinitigte glieoup i s
formed from any, nbno- or. oli gps;sacchar, de th after difi o]
wih e ser oot BHeRBREey S piagBRIS SRR $fpe iffamsBit e, C-UsF 3o
transferase. Hd3[cORSAapphetionyth berd sl rdphRein Bl dvifg Whdnlothieydpycal | y
correspond to_the general strycture; in which the fyrrbol s a b, ¢, d
and s represeli078 Treseridnveaninn praviges s epugate of ggpnpldextegplopy stimulafing,

posi tive int egeh: (USF). 2B hventiSn boRIE@Ldnfuieddt B c&latabhg moi ety,
e.g., a 15 PEG noiety. The |inker can be any of a"w de array of

| i nki ng groupsglycasylaied peptidestaving grapulocite cpionk simwlaijngxrstisitsi Figl e bond
or a "zero or j ; . LR .
A A LR LR
wat er - sol ubl esuplhy/tirermpésicomictieetidgnosictradbtd, trpetihemGEtes ndphd lide. vi a

a glycosyl 1inki roup,,.which Ls,caval entl tfached to an .am no 20
ol T ooy due BFPSIgR s Rt b B GrhERa ReOd BF ithgt tagiho
invention al sQodifydvd GESSIC AROSPAE £8alhdbleMoblii tRaBnaMt Sonuakkéhsdessisdslduaad
a glycosyl residue are npdified with a glycosyl linking group. [0091]
An exenpi 2ty SiEebrbovsitsshipicsiisiey hasdepphimrsr paitaelgiirlppeor e g. |

met hoxypol y( giamh&BRindkicscol ) . The pol y(ethylene glycol) used in the
present invention is not 25restricted to any particular form or

mol ecul ar wei [§8%0]rIasyemplfyrembadimgnishad-CSF peptide of the invention may be
administered to patients for the purposed of preventing infection in cancer patients

undergoing certain types of radiation therapy, chemotherapy, and bone marrow

25  transplantations, to mobilize progenitor cells for collection in peripheral blood
progenitor cell transplantations, for treatment of severe chronic or relative leukopenia,
irrespective of cause, and to support treatment of patients with acute myeloid
leukaemia. Additionally, the polypeptide conjugate or composition of the invention
may be used for treatment of AIDS or other immunodeficiency diseases as well as

30  bacterial infections.
[0081) G-CSF has been cloned and sequenced. In an exemplary embodiment, G-CSF
has an the amino acid sequence according to SEQ ID NO:1. The skilled artisan will
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pol y(et hyl ene gl ycol) nol ecul es the nol ecul ar weight is preferably
bet ween 500 and 100, 000. A nol ecul ar wei ght of 2,000-60,000 is

pr ef er abl ywosmds/essgisnor e preferably of from about 5, 000ptpusiosb41004
30, 000. [0092] In another enbodi nent the poly(ethylene glycol) is a

or anched PEGs Al SaRcREeg: bR BRea udionEhotihy T G ey AR B

5, 342, 940; U. Bereifass. vaNants 5f 6435 H iﬁdis&hlsﬁd hesinaboWD

2005 SS9 B 004 5o e e 5P

Chemi stry 5: Eﬁﬁm?ﬁ&hé é@gAﬂmmﬂlp)@BﬁSﬂkb wal aleant tOOE lihitidg t@'the peiem
52: 2125-2127, 1998. Ot her useful branched PEG structures

di scl osed her ElVRItiat; nGoSTF vaianhhasbespseasriped b Ratsnt Nord, Wé; 1§éupéwhwh
o o tater “TrACEREL OB gy her RO Rt
60, 000 dal t ongne or[twgM]yethml@n@ebwlmeoafesumsgrb@demddmnvdm Udh Patant ude
B ovi di ng.con 056 RE SR ST S8 b Seteont Bl OB lignsin
added gl ycosyivhichoké ogmgreafthe dykteinp resiimnd atiposidor i’qmémmm,dms 74 are

Ui ng ¢ ho et REHEER ML rUSRERBIEY sepof sUso LR 50 1t oo AP e

conj ugat es i NCBRnlecaRSe Mhichlthy/cydtelneat ﬂésﬁtﬂmmadtht«,laqs&Watmla&ﬂ%
across a popul ation of conjugates of the invention are attached to

mul ti pl e copi & the sexings atpopitipny 4yand §6 are substitetad with sering. ssring nyeligyand

Loresi due. Thigind, ResPoiREAN RS REGns &b el RHARS Indfe B Ak 4RScfrfbER Y, de
conj ugat e having a popul afi on of water-sol ubl e pol yner noieties,

whi ch are covér example,3b8mMptend Noha3 288 (Seitfiudlesr vniantgieve an Amirg@cid
gl ycosyl nkj I ( rred conjugate of the invention,
essenti al }'}’y e%aec ted %?EQPD%(% %oﬁm ation is bound via the gl ycosyl
| i nki ng gr oup[0083]altg expression are!smtiwar affa rhdsrhﬂﬁ@Sl—SFpep]bcndeof tha;lreeemh

PiNking ar oup € 2p e5h Fedrnad “6e mETRG: UFl bt s togaf a9deitbed n,for

provided i s acxamipld, Ues. qiaﬁhﬂmat@slf@émﬁ»ﬂﬂsan mwlé,tab@ﬂt)ﬂﬁan\bahﬁﬁs@éﬂ wshige
pol yner noieties covaltg lt%‘i bound t her eto t hrough a gl yco f¥ | i nki ng
group. In a pierdpbeds eriptake agsagse Firiedly) Jureapdiope s fresm healay

popul ati oy Ofddﬂéﬁs‘% sv.ﬂﬁ’éc%' t@ aB@ﬁsYtET%ﬁt W ﬁEblﬁHybéqLQQP '?'7 13hafilAcRe

acid residue of the eptideé via a 25gl ycosyl I g grou and

each anmi no ac]?lélcafaé‘@WdNB andhmgerﬁrtagpglb@musmqndm mdscwgweémm&@ 0,La
h h ; N
thereto has tpg. S a]qu%%/efetqugﬁ% %ﬂ@tgﬁl SRR add WARb! 1% Edr?ﬁf%]

provi des conj uga’t es ha i bed above I'n
G CSF pept i dell’ sumenmpoagah@tbw cell atehecubped with eitheratotroldhatium st ihe G-CSF

noi ety, target noi to noi, et r ik oaNn intact, .
gl cho)s/yl | i 2k‘?f'ﬁg°95fﬁ5"'€f§‘“¥%‘6‘°ﬁ)§"&ﬁﬁ'wllﬁﬁéb@ﬁﬁ\ﬁga%!%ﬁg ﬁoﬁ Iﬁg’sél@alﬁ e
a |STTB| |y ectat %ouﬂ@ﬂhbfsa|ctﬂl€i}e¥€ﬁrth&ﬁnﬂked fRAbLYRAHIEONitIPD. S?M‘Méﬂfof@H-
pol yner.

thymidine (New England Nuclear, Boston, Mass.) and uptake is measured as
described in, for example, Ventua, et al.(1983, Blood 61:781). An increase in H-
thymidine incorporation into human bone marrow cells as compared to bone marrow
cells treated with a control compound is an indication of a active and viable G-CSF
30 compound.
[0084] As discussed above, the conjugates of the invention are formed by the
enzymatic attachment of a modified sugar to the glycosylated or unglycosylated G-
CSF peptide. The modified sugar, when interposed between the G-CSF peptide and
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[ 0097] Essentially any G anul ocyte Colony Stinulating Factor peptide
or agent, having any sequence, is of use as the peptide conponent of
t he conj ugsteemopéssedse present invention. G anul ocyte CpLomg2004/041004
Stinmul ating Factor has been cl oned and sequenced. In an exenpl ary

ﬁlg)?:di vﬁ'glt_ A ﬁ@@%@% Mﬁx&ﬁfﬁa@gmy%e rgt%prléc? % He?ems eE S asan

CATYKL CHPEELVleGHSgl BEERAEAL Qsifig the exquisite selectivity of enzymes, such as
GCLSQLHSCGLFLY SPEL TL DT
VADFATTI V\(QVE&EL TP RS %%QMWWR%@@&\?E%W%%WA@P at

(SEQ ID NO  1gne dk%c{r@@j%iﬁd]ﬂcaﬁﬂﬁﬁ MRMus %mh%wthegmgumhmoﬁ Rénddiffed

pepti de has the sequence presented in SE

TPL GPASSL PQSFUSRIOS eitaphedticestining @Aowmewﬂsﬁmp@&haa @,
WAPLSSCP S QA SOLHS

15DFATTI V\QQNEELGNAQFJ:%(Lt Rk Pﬁéﬁ%ﬁ@k@%&% &f—ﬁAQD
(SEQ | D NO 2glycopeptidef (ep@ies imwbich srodidied spdaay are bopuldd irethtasglydopeptide CSF
pepti de has a u e pre ted 20.in 4D : 3- bel, ow.
MI'PLGPASSL P qﬁ%ﬁ@@%@&ﬂfr@éﬁﬂéﬁ hRTRid R gt s 2 ne e kbt s
CP S QAL QLAGHKE Sich WRhid the %Qpk biAk bfekéniPilveRidnDTL

éig_qg\éﬁDF TTL[ EE%MWPAL %W@g@@n@ Ejlmagy peptide elaboration strategies,
MAGPAT QSPVKL Mk (letHo WSV IRt Dk it BBhsible to assemble peptides and glycopeptides

ASSLPQSFLLKCLEQVRI Cl QGDGAAL QEKL CATYKL
CHPEEL VL L GHSLitwifapgop stshsteniiplydonmeemops derivatization pattern; the enzymes used in the

e e T et T GheOORRT perticyler sming akid seside of cpmbinqtign o

NO 4) MAGPATGBHMKhdvAreSiduby/#iSht ICEJIEpSPREEGPThe methods are also practical for large-
15  scale production of modified peptides and glycopeptides. Thus, the methods of the

Zﬂ)

invention provide a practical means for large-scale preparation of glycopeptides
having preselected uniform derivatization patterns. The methods are particularly well
suited for modification of therapeutic peptides, including but not limited to,
glycopeptides that are incompletely glycosylated during production in cell culture

20  cells (e.g., mammalian cells, insect cells, plant cells, fungal cells, yeast cells, or
prokaryotic cells) or transgenic plants or animals.
[0086] The present invention also provides conjugates of glycosylated and
unglycosylated G-CSF peptides with increased therapeutic half-life due to, for
example, reduced clearance rate, or reduced rate of uptake by the immune or

25 reticuloendothelial system (RES). Moreover, the methods of the invention provide a
means for masking antigenic determinants on peptides, thus reducing or eliminating a
host immune response against the peptide. Selective attachment of targeting agents
can also be used to target a peptide to a particular tissue or cell surface receptor that is

specific for the particular targeting agent,

30  The Conjugates

[0087] In a first aspect, the present invention provides a conjugate between a selected

modifying group and a G-CSF peptide.
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5 ASSLPQSFLLKCLEQVRKI QGDGAAL QEI CLVSECAT

YKLCHPEELVLLGHSLAE PWAPL SSCPSQAL QLAGCL

SQLHSGLFL Y@@ 100%4:55936 SPEL GPTLDTLQLDVAD PCT/US2004/041004
FATTI WQQVEEL GVAPAL QPTQGAMPAFASAFQRR AGGVLVASHLQSFLEVSYRVLRHLAQP ( SEQ
| D 10NQ 5)

L CATYKL CHPEMLL@TL A PV\APJE%% GPSBAL AL ISH?&% MR selected moiety includes an intact
AGCL SQLHSGL FL ¥ @&y SPmb BRTLIE Qetween the peptide and the selected moiety. As

15DVADFATTI E PAL QPT AFASA. . .
FORRAGGVLVAS 5 _%Wg&&% 55 eﬁﬁngjﬂly any species that can be attached to

MT PL GPASSL PQSE kdckkariaeMiit Gbm@ﬂh%ﬂlﬁeﬂ Gugar” that is recognized by an appropriate
CATYKLCHPEELVLLGHTLA PWAPLS SQA\L

GCL SQLHSGLEL YR ST [ Y E§1e meodified sugar onto the G-CSF peptide. The
VADFATTI WOQVEEe (RN H@E@%m%ﬁﬁéﬁﬁed sugar, when mterposed between the G-CSF
QRRAGGVLVASHLQSFLEVSYRVLRHLAQP(SEQ I D NG 7); 25

MVTPL GPASSL POt and=rvtactedmpsigty eemes an “intact glycosyl linking group.” The

LCATYI CLCHPE ) )
AGCLSQLHS &F%@@?ﬁ{ %@%@%%any mono- or oligo-saccharide that, after

DVADFATTI WQQVEBLiGk4tiaal vaRTQRMvRARADAY, is a substrate for an appropriate transferase.

ﬁ%II:_P;L GPA V WEVSYRVL%&&E% n w111 typ'icsall-y correspond to the general

LCATYKLCHPEELéﬂchGréSLGI PWAPL SSCPSQAL QL
AGCLSQLHSG.FLYQG. LOALEG SPELGPTLDTL QL
5 DVADFATTI WOQVEEL GVAPALGPTEGAVPAFA
FORRAGGVL VASHL QSFLEV Q ‘
MTPL GPASSL PQSFLLKCLEOVRKY O
CATYKL CHPEEL VL LGHSLG PWAPL

GCLSQ_HSGLFLY. L EGI PELGPTLDTLQLD
VADFEATTI "MQA% s represent a positive, non-zero integer; and t is

Q?RAGGVLVASHL@E,L@M&Y LRl AGRT OBAM Rentt NG s bty
NH'PLGDASSLPQSFLLKCJ_EdF\/angI stm%%A L QEKL a%“m FRGita NGV AR sohlelmoiety, e.g., a

CATYKL CHPEEL PR eomsiaty - piPinkeceadeany af epidsarmaof linking groups, infia.
GLFLYQGL L QAL EXGhepRfelvify | 1 Tinfdr th A AT Y S b AN bk PIEGEEAWPAFASAF

{0090] 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 G-
CSF peptide via a glycosyl linking group, which is covalently attached to an amino
20 acid residue or a glycosyl residue of the G-CSF peptide. The invention also provides
conjugates in which an amino acid residue and a glycosyl residue are modified with a
glycosyl linking group.
[0091] An exemplary water-soluble polymer is poly(ethylene glycol), e.g., methoxy-
poly(ethylene glycol). The poly(ethylene glycol) used in the present invention is not
25  restricted to any particular form or molecular weight range. For unbranched
poly(ethylene glycol) molecules the molecular weight is preferably between 500 and
100,000. A molecular weight of 2,000-60,000 is preferably used and more preferably
of from about 5,000 to about 30,000.
[0092] In another embodiment the poly(ethylene glycol) is a branched PEG having
30  more than one PEG moiety attached. Examples of branched PEGs are described in
U.S. Pat, No. 5,932,462; U.8. Pat. No. 5,342,940; U.S. Pat. No. 5,643,575; U.S. Pat.
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20QRRAGGVLVASHLQSFLEVS YRVI RHLAQP(SEQ I D NO 11) [0100] The present
invention is in no way limted to the sequence set forth herein.

[0101] In b RyeeRdary enbodi ment, the G CSF peptides obchR82004/041004
i nvention include at 25l east one 0-linked glycosylation site, V\/?n c(h

i s glycosyl at gg 3\"92?]495;@.3(%&31&0. 63?%,20@}6%?%2\%&&3%?,86@ Wé%zmg@y-

The PEG is covalentl’y attached to t e"vrda an |
gl ycosyl | i nkKiedergroufiocoffugatyl Greasstty 5:128%-268) (196 pnd Yarnasaki eat.) Agric.

o Lached 0 UL A PR A0 B SR TR ASalEST P

attached t o odiclosedheretn.gl ycosyl units of a 30gl ycopeptide. The
I nvention al so provides conjugates in which the glycosyl |inking

group is agta IanRERPRA ABcAn&F '
residue. [0102] ‘The PEG pIREY HBoal ﬁ‘??‘é%‘?ﬁd“ﬁ%gﬁé“?ﬂf??{‘“@?@ e

| i nker di r ect Bhycolbef the hraached REIG/is egual td ¢rrgeater thangbout 099t 5,000,48,060,

unsubsti tuted | bstituted heteroal kyl .
[0103] In a p}%?@?ggﬁ@@@ﬁ?%%O&{%%@@’CSF pepti de conprises a

ooty a0 B STl LI ol FOLTA, LG R, @
Ri-L- and - C(@yétdshtafiba sitek h addRlior & paoumh%mj@gm tha$ hidFondiRARAEN an
sel ected a 10 noi ety conprising a straight-chain or branched
pol y( et hyl &necrgyipetea)ly pddgdhecosyd hakingiesoup, the present iveetion Bowdefenber
Substi £ ut ed_or b e Ao IR SR s En fpiths Winegy
Rl -L-, and whaethals of thaGnegntion. iCs)pabsile fo forth perRide codjiatesl in whih essentially
T I o —
R -L has the dreamathed to multiple copies of a structurally identical amino acid or glycosyl
15  residue. Thus, in a second aspect, the invention provides a peptide conjugate having a
population of water-soluble polymer moieties, which are covalently bound to the G-
CSF peptide through an intact glycosyl linking group. In a preferred conjugate of the
invention, essentially each member of the population is bound via the glycosyl linking
group to a glycosyl residue of the G-CSF peptide, and each glycosyl residue of the G-
20  CSF peptide to which the glycosyl linking group is attached has the same structure.
[0095] Also provided is a peptide conjugate having a population of water-soluble
polymer moieties covalently bound thereto through a glycosyl linking group. Ina
preferred embodiment, essentially every member of the population of water soluble
polymer moieties is bound to an amino acid residue of the G-CSF peptide via a
25  glycosyl linking group, and each amino acid residue having a glycosyl linking group
atfached thereto has the same structure.
[0096] The present invention also provides conjugates analogous to those described
above in which the G-CSF peptide is conjugated to a therapeutic moiety, diagnostic
moiety, targeting moiety, toxin moiety or the like via an intact glycosyl linking group.
30  Each of the above-recited moieties can be a small molecule, natural polymer (e.g.,
polypeptide) or synthetic polymer.
{0097) Essentially any Granulocyte Colony Stimulating Factor peptide or agent,

having any sequence, is of use as the peptide component of the conjugates of the
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wherein a is an integer fromO to 20. [0105] In an exenpl ary
enbodi nent, Rl has a structure that is a nenber selected from WO

2005/ 05594 GRIFHh445264/ 041004 00 S- (CH2C-120), CH3 PCT/US2004/041004
NHC( 0) CH2CH2( OCH2CHR) , 001- 1, NHC( 0) 0CH2CH2( OCH2CH2) , OCH3

0- ( CH20H20) 0CHS3: do- CH20) . ) .
NG bs orp Lo Pt Gor Brnhy 6 Chlsmrspmelasng Fssodaskesn densd 474 ang
fare i nt eger ssdqnelepéden txemmal embedinfen) e 1G-OSF 2optile han theGequenan

i nteger froml toe‘%Q. #6 w.r_enbodi ments Rl has a structure that is
a nember sel eRFE¥FEAR 1 dj oCH2CH2( OCH2CH2) f OCH3 wherein e, f and

|' are integers indegendentl selected froml to (%500; and q and '
are integers indepen lr(iP LEQESLKEAQVRBIGD AALQ%G] In still

anot her enpodi ment, heryMEIPERIVEL OMSHEP WAPRSSOPSARERI de 5
conjugate wherein Rl has a structure that is a nmenber selected from

NHC( 0) 0CH2CH2 ( OCH2 CHEfS GQLEIS MO QS5 DicRia LEOKBRIG IS TLQLD
noi c( o) chzent OcM2e Mgl TaetBriy GOMEEL ENTAPREBP TR A KR ASAF

QRRAGGVLVASHLQSFLEVSYRVLRHLAQP (SEQ
ID NO: 1),
10 [0098] In another exemplary embodiment, the G-CSF peptide has the sequence
presented in SEQ ID NO:2:

TPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKLCA
TYKLCHPEELVLLGHSLGIPWAPLSSCPSQALQLAGC
LSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLDVA

15 DFATTIWQQMEELGMAPALQPTQGAMPAFASAFQR
RAGGVLVASHLQSFLEVSYRVLRHLAQP (SEQ ID
NO: 2).

[0099] In other exemplary embodiments, the G-CSF peptide has a sequence presented
20  in SEQ ID Nos:3-11, below.

MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKL
VSECATYKLCHPEELVLLGHSLGIPWAPLSSCPSQAL
QLAGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTL

25 QLDVADFATTIWQQMEELGMAPALQPTQGAMPAFA
SAFQRRAGGVLVASHLQSFLEVSYRVLRHLAQP
(SEQ ID NO:3)

MAGPATQSPMKLMALQLLLWHSALWTVQEATPLGP
30 ASSLPQSFLLKCLEQVRKIQGDGAALQEKLCATYKL

CHPEELVLLGHSLGIPWAPLSSCPSQALQLAGCLSQL

HSGLFLYQGLLQALEGISPELGPTLDTLQLDVADFAT
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wherein e, f and? are integers independently selected fromlIto 2500;
and g, g and g"are integers independently selected from1l to 20.

[0107] In Qidwimses@di ments, R has a structure that isparRseShi1004
selected from -C(0)CH2CH2( OCH2CH2) eOCH3 ; and

5- C(0) OCH2CH2( OCH2CH erei fare integers independently
selected froml to ZMéMﬁﬁléﬁ&%ﬁ&G%ﬁE@f&MGWnt, t he
i nvention provides a PEPAISER GHRIBVSYRVIFHIROP! 6 I@R@:Kﬁe f or mul a:
G HN OH 10The Gal can be attached to an amino acid or to a glycosyl
residue that is directly or indirectly (e.g., through a glycosyl

residue) attached to an am no aci d. 0109)]c I n other enbodi nents, the
nmoi ety has the for mulMAGPAFQSPMELEANQILIeWHSHE VTYQRERGELGE an ami no

Through & 81 yoosy) 1 e g TR B AT LSRR 2 8
still firther exenpl aY§LERPESLNELGHSLEIPBARLGS CPSOANLIHesGEAL noi ety
SQLHSGLFLYQGLLQALEGISPELGPTLDTLQLDVAD
FATTIWQQMEELGMAPALQPTQGAMPAFASAFQRR
AGGVLVASHLQSFLEVSYRVLRHLAQP (SEQ ID
10 NO:5)

MVTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEK
LCATYKLCHPEELVLLGHTLGIPWAPLSSCPSQALQL
AGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQL

15 DVADFATTIWQOMEELGMAPALQPTQGAMPAFASA
FQRRAGGVLVASHLQSFLEVSYRVLRHLAQP(SEQ
ID NO:6);

MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKL

20 CATYKLCHPEELVLLGHTLGIPWAPLSSCPSQALQLA
GCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLD
VADFATTIWQQMEELGMAPALQPTQGAMPAFASAF
QRRAGGVLVASHLQSFLEVSYRVLRHLAQP(SEQ ID
NO:7);

25

MVTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEK
LCATYKLCHPEELVLLGSSLGIPWAPLSSCPSQALQL
AGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQL
DVADFATTIWQQMEELGMAPALQPTQGAMPAFASA

30 FQRRAGGVLVASHLQSFLEVSYRVLRHLAQP(SEQ
ID NO:8);
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5according to the fornul a OH wherein AAis an am no acid residue
of said peptide and, in each of the above structures, D and G are as

descri bed h&jmmssﬁﬁlll] An exenplary am no acid resi duep@i/ugm#ﬁ-lgﬁF
pepti de at which one or 10nore of the above species can be conjugated
i nclude serine and threonine, e.g., threonine 133 of SEQ ID. NO: 1.
[0112] I n anot her exenpl ary enbodi ment, the invention provides a G CSF

(R 116 enac (€ @Eﬁ%%%(ﬁ?ﬁ%SéI%w&aW%Dﬁ@%ﬁ“( S ak -
E%J S |1G| eNAc- G cNAC{ AT YKE ABPEEL VBDGHSL GIeMAPISSaPEdlqisSi ), -
AGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQL
5 DVADFATTIWQQMEELGMAPALQPTQGAMPAFASA
FQRRAGGVLVASHLQSFLEVSYRVLRHLAQP(SEQ
ID NO:9);

MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKL

10 CATYKLCHPEELVLLGHSLGIPWAPLSSCPSQALQLA
GCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLD
VADFATTIWQQMEELGMAPALQPTQGAMPAFASAF
QRRAGGVLVASHLQSFLEVSYRVLRHLAQPTQGAM
P; (SEQ ID NO:10) and

is5
MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKL
CATYKLCHPEELVLLGSSLGIPWAPLSSCPSQALQLA
GCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLD
VADFATTIWQQMEELGMAPTTTPTQTAMPAFASAF

20 QRRAGGVLVASHLQSFLEVSYRVLRHLAQP(SEQ ID

NO:11)

[0100] The present invention is in no way limited to the sequence set forth herein.
[0101] In an exemplary embodiment, the G-CSF peptides of the invention include at
25  least one O-linked glycosylation site, which is glycosylated with a glycosy! residue
that includes a PEG moiety. The PEG is covalently attached to the G-CSF peptide via
an intact glycosyl linking group. The glycosyl linking group is covalently attached to
either an amino acid residue or a glycosyl residue of the G-CSF peptide.
Alternatively, the glycosy! linking group is attached to one or more glycosyl units of a
30 glycopeptide. The invention also provides conjugates in which the glycosyl linking

group is attached to both an amino acid residue and a glycosyl residue.
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N ([01cNAc- (Gl )d]lh- (Sia).- (R 49g 15wherein a, b, ¢, d, i, r, s, t,
and u are integers independently selected fromO and |I. The index ¢

is 1. The Wiheoessess T, 9, and h are independently sele e
integers fromO to 6. The indices j, k, 1, and mare inggﬁ}gﬁ%}gﬁﬁlgﬁ

S B 01 BA5TRi04 BT a0 st o or i
and y is 1. T@?c%mer,%.,rsﬁgd’ti%&&i\éiﬁlﬁﬁbsﬁfﬁitéa%ﬁ@,i stbdiRsbdlbuRhibstifed

G CSF peptide. 5[0113] The synbol Sia-(R) represents a group that has
the fornul a: Erp@mEYlein D is selected from-OH and R -L-HN-. The

synbol Gisr t 24 s . ¢ ! :

moi oty that | PO mered tmlaimpd int BLOSPAGIR tombleet ERICERE Rivindine
gl ycol ) resi divpemula of §omandla hker which is a nenber selected froma
bond, 10substituted or unsubstituted al kyl and substituted or
unsubstitutcd heter Ilkyl. In general, when Dis OH Gis R -L-, and
when Gis -C(O)W-%al kyl, Dis RI-L-NH. [0114] In another

exenpl ary enbodi nent, the PEG nodified sialic acid noiety in the

conj ugate of the invention has the for OH5 in which the index
"s" represents an integer fromO to 20; andfn is an integer fromlto
2500. In a preferred enbodi nent, s is equal 0. and,Ccoe m PEG

noi ety has a nol ecul ar wei ght of about 2% 17 In still
further exenplary enbodi nent, the PEG nodified|sialjcae+l in has the
formula: HOH2C 10HCOCH HI

OH

in which D is a member selected from -OH and R'-L-HN-; G is a member selected
from R'-L- and -C(0)(C-Ce)alkyl; R' is a moiety comprising a member selected a

10 moiety comprising a straight-chain or branched poly(ethylene glycol) residue; and L
is a linker which is 2 member selected from a bond, substituted or unsubstituted alkyl
and substituted or unsubstituted heteroalkyl,such that when D is OH, G is R'-L-, and
when G is -C(Q)(Cy-Cg)alkyl, D is R'-L-NH-. In the modified sialic acid structures
set forth herein, COOH also represents COO" and/or a salt thereof.

15  [0104] In one embodiment, a R'-L has the formula:

R‘—HN’Ha\[( é

o

wherein a is an integer from 0 to 20.

[0105] In an exemplary embodiment, R' has a structure that is 2 member selected

from:
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Li \ HOO n in which L is a substituted or unsubstituted al kyl or
substituted or unsubstituted heteroal kyl |inker noiety joining the
sialic aci ggmbhHssgoand the PEG noiety. [01161 In a pref gprRf2004/041004
enbodi ment, at least two, nore preferably three, nore 5 prererra P
four of the aboye-naned asparagi ne residues is functionalized with
the N-|linked gI can chain shown above. [01171 The conjugates of the
i nvention in ct glycosyl 1inking g at are nono- or

mul ti -val ent . %ﬂﬂ&%%”h@%ﬁhtunes) nFug&ﬂG@ioicmhe

i nvention include )Ca CF%OﬁQ'Ch a selec *noj eag s attached
to a peptide via a hoﬁ en ycosyl I|nk|W§x8F5ﬁﬁ3 (RGH&HA0CH,
mul tival ent |inking group. Al so |ncluded within the invention are
conj ugates in ch nore than one selected noiety |s attached to a
peptide via a tivalent |inking group. Mdified pugars [01181 The
present invendi i des nodified sugars, nndéfi

nucl eoti des | Qoat@hECiaP).Cie npdankli ed s .
sugar conpounds of the invention, the sugar noi ety i r ef er abl
saccharide, a deox)HSREhEHAFECHIPRri no- sacchari deN Hgﬁngﬂﬁﬁﬁ CH%OCH&
saccharide. The term "saccharide" and its equival ents, "saccharyl,
"sugar, " and whetejie 6ol T aredniggers indapanderslyselegiedrion | ©1259%mad g ing

D e s o D EA o L0 1h Sk AfuddiGhd ROBL! AR Ml ds BELEY N0
group. The 2 P ying group I's conjuga ed sugar

typically, tthUQhﬁmmnjugatlon wi th an am ne, sulfhydryl or hydroxyl,
e.g., primary hydroxyl, noiety on the sugar. In an exenplary

enbodi ment, the nodifying group is attached through an am ne noi ety
on the sugar, e.g., through an am de, a urethane or a urea that is
formed through the reaction of the amne with a reactive derivative
of the nodifying group. 25 [01191 Any sugar can be utilized as the
sugar core of the conjugates of the invention. Exenplary sugar cores
that are useful in form ng the conpositions of the invention include,
but are not limted to, glucose, gal actose, mannose, fucose, and
sialic acid. Other useful sugars include am no sugars such as

gl ucosam ne, gal act osami ne, mannosam ne, the 5-am ne anal ogue of
sialic acid and the like. The sugar core can be a structure found in
nature or it can be nodified to provide a site for conjugating the
nodi fyi ng group. For exanple, in one enbodi nent, the invention

provi des a peptide conjugate conprising a sialic acid derivative in
which the 9-hydroxy noiety is 5replaced with an am ne. The amne is
readily derivatized with an activated anal ogue of a sel ected

nodi fyi ng group.

HEH,EH, O),,CH;,
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[0120] In the discussion that follows the invention is illustrated by
reference to the use of selected derivatives of sialic acid. Those of
skill in t{e Mbinsdbdsl recognize that the focus of the dpgpmssboiuibe
for clarity of illustration and that the structures and 10
conpositions set forth arg generally applicable across the genus of
saccharide groups, nodisfi dd sacchari de groups, activated nodified
sacchari de groups and cg ' X @ECHELEREETHECTYr oups.
[0121] In an exenpl ary &nbodj t, the invention provides a peptide

conjugate conprising a rmdi;; ed ¥fkgar anine that has the formula: 15
NH-L-R1L in which Gis a glyc ' ; I FodRUGod,ciyddunker and
Rl is the nodifying group. Exeppl ary, bonds are those that "‘are forned

bet ween an NH2on the gl ycosyl %wvi et yq and a group of conplenentary
reactivity on the nodi fying group. Thus, exenplary bonds include, but
are not limted to NHRI, OR, $SRI and the |like. For 20 exanple, when
Rl includes a carboxylic acid [ thi s Nd@EY,camenRe,)aeh] vat ed
and coupled with an NH2 noi gty tn gl ycosyl rezsizdueglgf)?oradi ng a
bond having the structure NAC(O)RI. §hymlarly, the OH and SH groups

can be converted to the corresp i t hi oet her derivatives,
respectively. [0122] Exenplary |inKers!incllde atH&RICEHHATE{CEDBE kY|
noi eties. The linkers include 25ligking groups, for exanple

acyl - based linking groups, e.g., -C(O)NH, -0C(O)NH, and the I|ike.
The Iinking groups are bonds f@rnmed between conponents of the species
of the invention, e.g., betwe gl ycosyl nDietM and the |inker
(L), or between the |inker Ty BHCd?)S'L'Fﬁ ’(%H)C.Hz’ﬁcﬁér
l'inking groups are ethers, thioefher’s and am nes. For exanple, in.ong
enbodi nent, the linker is an am po a%g(opzd,ﬁﬁgégé;gwcﬁych as a glycine

e

a

resi due. The carboxylic acid m)'l_mty ft glycine is converted to
the correspondi ng am de by reacti e, BERHERGSYL,
resi due, and the ami ne of the glycine \ g, converted to the

correspondi ng am de or urethane bf réaction with an activat ed
carboxylic acid or carbonate of the nodifying group. [0123] Another
exenplary linker is a PEG noigety or a PEG noiety that is

functionalized with an am noflacid residue. The PEGis to the glycosyl
group through g NHC{O)OCH,CH,(OCH,CH,);OCH;

)]

q

NHC{0)OCH,CH,{OCH,CHa)OCH;

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

0 <

wherein ¢, f and f* are integers independently selected from 1 to 2500; and q and q°

are integers independently selected from 1 to 20.

[0106] In still another embodiment, the invention provides a Facto IX peptide

5  conjugate wherein R' has a structure that is a member selected from:
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5 the amino acid residue at one PEG term nus and bound to Rl through
the other PEGterm nus.. Alternatively, the amno acid residue is
bound to R 5 PEG term nus not bound to the am no iyl nd
to the gl y?(g{/blgw&ggrg%lﬁp [0124] An exenplary species for éf)ug%goﬁ%ﬁ@di
the formula: 4" TH C(0) (CHZ) aNH} s{ C(0) (C112) b( OCH2CH2) 00( CH2) dNH} t RI,
in which the 10i ndices s dt are independently O or 1. The |nd|ces
a, b and d are indepen HEMOgHL R(C2B:CHAREH:c | s an
integer from1l to 2500.5 Ot hgr'simlar linkers are based on species in

which the -NH noiety is repllaced byl fqr ex 0P| enncromocH B8, det; 12
10123] More particularly, thg in ti p a peptide conjugate

conprising 15 conmpounds in NH L2 s:
NHC( 0) ( CH2) aNHC( 0) ( CH2) b( OCH2H2) G(O)OCH,CHA{OCH,CH,)OCH;
NHC( 0) ( CH2) b( OCH2CH2) , O( CH2) dMHRI ¢ and

NHC( 0) 0( CH2) b( OCH2CH2) cO( CH2) dNI - I RI

NH( CH2) aNHC( 0) ( CH2) b( OCH2(H2) c X CF12)dNHRI NHC( 0) (CH2) aNHRI, 20

NH( CH2) aNHRI, and NHRI. Injthese fornulae, the indices a, b and d are
i ndependently sel ected ICoEAHIoEHaCHICHPr ef er abl y
from1l to 5. The index IS lanteger from1l to 2500. [0125] In an
illustrative enbodinment, Gi

i i i , ip siali and sel un of
the invention have the formf ae: NHM@MN%‘%DEQC zi'g%'ﬁ

HOOCCH( OH) CH( OH) OH20H HO OH CH( OO OFOCH2 OH HO
NHC(0) (CH2) . 11 HRI OH HC(O)CH,CHR{OCH,CH,)OCH,
0 3

q

wherein e, f and £ are integers independently selected from 1 to 2500; and q, q* and

q”are integers independently selected from 1 to 20,
[0107) In other embodiments, R' has a structure that is a member selected from:

g—C(O)CHZCHz(OCHchz)eOCH3 ; and

%—C(O)OCHZCHz(OCHchz)fOCH3

wherein ¢ and f are integers independently selected from 1 to 2500.

[0108] In another exemplary embodiment, the invention provides a peptide

comprising a moiety having the formula:

OH

HO

G—HN
OH

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

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

[0109] In other embodiments, the moiety has the formula:

30



C,..T..... " ... HOOOCH( OH) CH( OH) CH20H HO
NHC( 0) ( CH2) NHC( 0) 0( CH2) b( OCH2CHR) . O( CH2) NHRL OH OH( OH) CH( OH) CH2OH HO
NH( CHNI' HC( Q)PAobigashds CCH2CHAQ( OH2) NHRI  OH CH( OFOCH( OH) CFp@ub304/041004
NHC( 0) 0( CHOb( OCHZCHZ) , O( CH2) dNHRL  OH OCH( OH) CH( OE) CH2CH
NHC( 0) ( 042) ( OCH2CH2) , O( CH2) el OH( OH) GH( Ok ,CH2CH

b

o COOH
HO
O—Gal'——GaINAc—g
G—HN

CH

The GaINAc can be attached to an amino acid or to a glycosyl residue that is directly

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

[0110] In a still further exemplary embodiment the peptide comprises a moiety

5 according to the formula
OH

o COOH e

HO
O~—Gal—GalNAc—AA

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

structures, D and G are as described herein.

[0111] An exemplary amino acid residue of the G-CSF peptide at which one or
10  more of the above species can be conjugated include serine and threonine, e.g.,
threonine 133 of SEQ. ID. NO.: 1.

[0112] In another exemplary embodiment, the invention provides a G-CSF

conjugate that includes a glycosyl residue having the formula:

(Fuc), /Man, ([GleNAc-(Gal),- (Sia);- (R), )
| \([GleNAc-(Gal),],- (i), - (R),, ).
)
),

vunn,

£}

é“ I GlcNAc-G]cNAc-Man
| ([G1eNAc-(Gal),],- (Sia),- (R),

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

~
an i
~

15  whereina, b, ¢, d, i, 1, s,t, and u are integers independently selected from 0 and 1.

The index q is 1. The indices e, f, g, and h are independently selected from the
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NHC( 0) O( CH2MOO F12 H2)1 0 (CH OH OH and HOOC Ho CH( OH) CH( OH) CH20H
NHRI OH [0126] As those of skill in the art will appreciate, the

sialic aci ygmbHéspedsn t he exenpl ary conpounds above canpggysfpl/aced
wi th any ot her am no- saccharl de 5incl udi ng, but not limted to,

gl ucosam ne, act san t.heir rivatives,
Ihd che 11 ke, TsESHFORD B, RRRRARS e bR ol ileaRiity sdeiiod i e
hydr oxyl noi etigtegdrs frbm (Bai@ali00] Thé inaiks enal x,zad y\ard idépeaddnigisélydtedfrom

group. For nple e 9-hydrgoxyl of sialic¢ acid can be converted to
the corresporﬁl aﬁ‘? 2 ISt e oraid piad- 1 °ﬁ¥1899(id’éAéFP1‘t§e%Wb%ﬁa

according to taﬁﬁrhﬂg@’gflﬁglg F;Bél—la accord| ng to this enbodi nent
i ncl ude:  CH( OH) CH( OH) CH2NHC( 0) ( ) - NHC( 0) (CH2) , (OCH2CH2) , O CHOINHRI

NFI C(0) CH3 S [0113j The symbol Sia-(R) represents a group that has the formula:

HO

OH
s—o
NH-G
OH
wherein D is selected from -OH and R'-L-HN-. The symbol G is represents R'-L- or
-C(O)(C)-Cgalkyl, R!represents a moiety that includes a straight-chain or branched
poly(ethylene glycol) residue. L is a linker which is 2 member selected from a bond,
10 substituted or unsubstituted alkyl and substituted or unsubstituted heteroalkyl. In
general, when D is OH, G is R'-L-, and when G is —C(O)}(C,-Cg)alkyl, D is R'-L-NH-.

[0114] In another exemplary embodiment, the PEG-modified sialic acid moiety in the

conjugate of the invention has the formula:

15  in which the index “s” represents an integer from 0 to 20, and n is an integer from 1 to
2500. In a preferred embodiment, s is equal to 1; and the m-PEG moiety has a
molecular weight of about 20 kD.

[0115] In a still further exemplary embodiment, the PEG-modified sialic acid in has

the formula:
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CH( OH) CH( OH) CH2NHC( 0) ( CH2) 3NHC( 0) 0( CH2) b( OCH3CH240( CH2) , NHR NHC( 0) CH3
OH HOOCO CH( OH) CH( OH) CH2NH( CHANHC( 0) O( CH A( OCH2CH2) , O CH2) dNHRI' HO
101281 I n @ d dbdidxedassexenpl ary enbodi ment, the inventi onppiR¥ieEasi16hs
peptide conjugate conprising nodified sugars in which the 6-hydroxyl
position is converted to the corregpondi ng am ne noi ety, which bears
a linker-nodifying group cassette/o such as those set forth above.
Exenpl ary saccharyl groups t hat ¢ be used{as the core of these

nodi fied sugars include Gal, @Gl NAc Fuc, Xyl, Man, and
the Iike. A representative modi fi 6 ccording to this

enbodi nent has the fornmula: 10 in -10 and R7 are nenbers

I ndependently selected fromH, OH, oNH, fand NH C(0)CH3 R6 is
OR, NHRI or NH-L-RI, which is as describe MO
2005/055946PCT/1182004/041004 [0129] Selected c q]ugates of the

I nvention are based on mannose, gal actose or glucose, or on species
having the Steraeae Slibied BRANABRiGFIRA'L SR Bl dicaSmsithe

general fornulae of these conjugates are: 30] I'n anot her
exenpl ary enblesiraaky! linkprempintygainingrihgyidic aaélstn@lmypmdﬁwl%@:n@aty

[0116] In a preferred embodiment, at least two, more preferably three, more

HEeh

5  preferrably four of the above-named asparagine residues is functionalized with the N-
linked glycan chain shown above.
[0117] The conjugates of the invention include intact glycosy! linking groups that are
mono- or multi-valent (e.g., antennary structures). Thus, conjugates of the invention
include both species in which a selected moiety is attached to a peptide via a
10 monovalent glycosyl linking group and a multivalent linking group. Also included
within the invention are conjugates in which more than one selected moiety is

attached to a peptide via a multivalent linking group.

Modified Sugars

[0118] The present invention provides modified sugars, modified sugar nucleotides

15  and conjugates of the modified sugars. In modified sugar compounds of the
invention, the sugar motety 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

20  modifying group is conjugated to the sugar moiety, typically, through conjugation
with an amine, sulfhydryl or hydroxyl, e.g., primary hydroxyl, moiety on the sugar.
In an exemplary embodiment, the modifying group is attached through an amine
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.

25  [0119] 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 sugars include amino sugars such as glucosamine, galactosamine,
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forth above that are activated as the correspondi ng nucl eotide
sugars. Exenplary sugar nucleotides that are used in the present

i nvention o j009bsse4g0di fied forminclude nucl eotide mMnecy™bsa®ii004
tri phosphates or anal ogs thereof. In a preferred enbodi nent, the

nodi fi ed sugar, nucl eot i i s.sel e ted m a, UDP C
CVP- gl ycosi deT?B°F 16 aa%‘%f’d’é ga° O%\’f’g H?eéﬁ@ ib? §U9e%F Fige samybs
nucl eoti de pog éth@fure fountien ke bi &da&b@ﬁbdﬂﬁé@ tebiidea bite PELOGEAAS fRM

UDP- gal act ose, - gal act gsam ne, UDP- gl ucose, UDP- gl ucosani ne,
GDP- mannose, mfﬁ ing group. Eayrexample; in one ﬁ@bowe@whﬂmmeon PRVides a peptide

exenpl ary enb&ﬂjdgafetcomtphan WelafhOhdi rgﬁema@tpmﬁ &e@trgxamg%&lgg%] 1.

[0131] Thus, in an illustr tlvee odi nment I ch l'yc
moi ety is 5i aleplecercwith an §ninpe Thwareine isomadlycleiivezep siithiad ectbangdiagalbgs:

that are for having the fornul ae: HOOC 0 X %\
m(aﬂ)m(mwiggﬁ"%%@g‘iﬁ‘ OHOHO inwhich L-RLis as

di scussed abOMQZO]dndhd_dlsdﬁ'ssmsreuhaHSHMﬁha1ﬂ\ﬁeﬂﬂm3f is Hﬁwﬂdedbyfdfﬁeﬁﬁédé fh¢i ng
group. As with

group 5 SRSk DSt SRR SCcOr 1 Lo L Lnel U,
nucl eotide  the focus of the discussion is for cIanty of illustration and that the structures and
10 compositions set forth are generally applicable across the genus of saccharide groups,
modified saccharide groups, activated modified saccharide groups and conjugates of
modified saccharide groups.
[0121] In an exemplary embodiment, the invention provides a peptide conjugate

comprising a modified sugar amine that has the formula:

Cl

15 NH—L—R!

in which G is a glycosyl moiety, L is a bond or a linker and R is the modifying
group. Exemplary bonds are those that are formed between an NH; on the glycosy!
moiety and a group of complementary reactivity on the modifying group. Thus,
exemplary bonds include, but are not limited to NHR!, OR', SR' and the like. For
20  example, when R! includes a carboxylic acid moiety, this moiety may be activated
and coupled with an NH; moiety on the glycosyl residue affording a bond having the
structure NHC(O)R'. Similarly, the OH and SH groups can be converted to the
corresponding ether or thioether derivatives, respectively.
[0122] Exemplary linkers include alkyl and heteroalkyl moieties. The linkers include
25  linking groups, for example acyl-based linking groups, e.g., ~-C(O)NH-, -OC(O)NH-,
and the like. The linking groups are bonds formed between components of the
species of the invention, e.g., between the glycosyl moiety and the linker (L), or
between the linker and the modifying group (R"). Other linking groups are ethers,
thioethers and amines. For example, in one embodiment, the linker is an amino acid
30 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 corresponding amide or
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conpounds according to these enbodi nents are set forth in FIG 1 and
FIG 2. [0132] In another exenplary enbodi nent, the invention

provi des awgPrhdiasg formed between a nodified sugar Ofréﬁﬁsioﬂi’ﬁ%dﬂn
and a substrate, e.g., a peptide, lipid, aglycone, etc

particularly between a npdified sugar and a gl ycosyl reS| due of a

gl ycopept i de WEthangby eastion;vgth anpctiyated cagbyylirsid or qarhonatg ghthe mppdifingof
the nodified gar becones a glycosyl |inking group interposed

bet ween the sUbstrate and the nodi fying group. An exenplary glycosyl

li nki ng gr oupl0133Jafnothergxemplanydivyn is aﬂ’%ﬁ mejegr e PEG mpietatthahs t he

gl ycosyl noie e I

degraded by c eﬁllg)d(’:naa{%(j %lih%amé&ﬁgre%@peﬁﬁ%dﬂ? %%r geﬂio‘?%% ﬁ? through
processes Je. @e amino adakediducSe bec PEG tﬁmmusgad esurdfto Rﬁﬂuoughehé other PEG

includearmdl u is.atta tothea of. an
ani no- sacchar mug "g]rte ‘ﬁ’é’ﬁ&o 5 AP ac rﬁ%‘ eisbpand t‘cjg: @giﬁcﬁtﬁmm“
sialic acid eﬁcﬁboﬁmawm@mnmmsmﬂgdwmugtybcswagrbuﬁom ycosyl linking
group cassette accordlng to this noti based on a sialic acid -

structure suldh2dAR ﬁﬁnﬂlﬁ%ﬁﬁ?@leﬁﬁgmlls@é the forpyle; t he for mul ae
above, LI m%@fi. mni{@@ggcmﬁméﬁm)@k@ﬁ% rm} | $4 Whichdhe

further exerrpl ar e cohjugate’is f bet ween a
15subst r atle alndlccShealld tmsuﬁﬁmduﬂlyao @dcc’lﬂwamydlcmm otayd d heetindapendvint i

A
accordi ng t o Wakedsorespoael insvitichhhy eNHheoibiyrisnepeed Ky, EcbrlcxﬁﬁleSRS Oand -
CH..
[0123] More particularly, the invention provides a peptide conjugate comprising
15 compounds in which NH-L-R' is:
NHC(O)(CH2),NHC(O)(CHp)p(OCH,CHa):O(CHz)sNHR',
NHC(O)(CH,)s(OCH2CH;):O(CHz)iNHR',
NHC(O)O(CH;)y(OCH,CH,).O(CH,)dNHR ',
NH(CH,)NHC(0)(CH,),(OCH;CHy):O(CHz)sNHR'', NHC(O)(CH,);NHR ',
20 NH(CHz)nNHR', and NHR'. In these formulae, the indices a,band d are
independently selected from the integers from 0 to 20, preferably from 1 to 5. The

index c 1s an integer from 1 to 2500.

[0125] In an illustrative embodiment, G is sialic acid and selected compounds of the

invention have the formulae:
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n4n4 in which the radicals are as di scussed above. Those of skill
w ||l appreciate that the 20nodified saccharyl noieties set forth
above can @lemidessemn) ugated to a substrate at the 2, 3pcofusoaPiio04
carbon atons. [0134] Illustrative conpounds according to this
enbodi ment i nclude conpounds having the fornulae: WD

2005/ 055946PCT/ US2004/ 041004 CH2NRC( 0)(CI-|ANHCPALn2NDCI—|2C:I—|A CHANHRI

CHZ NHC( 0) ( CV\HC( 0) 0( CL‘A&) 2 MQH)&XQQHZ) NHRI HOOC, CH{OH}CHIOH)CHOH
Cl | 2NE- 1( CH2) . NHC( 0) O¢ 2CH2) . O( CH2) dI MR1 ”°>QI

OCH21, 11-1C(0) (CH2) 1IN i N,;cgg,(cmhcgjnm&gc&(g,r gm.ps and Jt he™ i HePes
are as descri bed above. [§135) The i1 nvention also provi®es sugar

nucl eotides nodified with L-R at the 6- carbon position. Exenplary

speci es according to.this e”@&%‘ﬂ}ﬁﬂ;‘o i ncl ude: NFI - @ AR ceR he
R groups, and L, repres { et es as di scussed abow he i ndex "y!

is 0, 1 or 2. NH(CHZ)NHR'

NHG{O)CH1NHC[0)O{CH, ) (OCH,CH,) . QCH, JaNHR! SH

CH{OH)CH{OH)CH,0H

HOOC CH{CH)CHOH)CH,OH
QNH (CHy) WHE(DIO{CH), (OCHLCH,) O(CH,) NHR? QNHC(0)(CH2)::(0CHzCHz)cU(CHz)ur
HOOC CH{OH)CH(OH)CH,0H
HOOC CH{OH)CH(OH)CH, OH
. NHC(DYO{CH;),(OCHCH,), O(CH
NHC(O}O(CHa), (OCH,CH,) O(CH, ) NHR! '

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

[0126] As those of skill in the art will appreciate, the sialic acid moiety in the
exemplary compounds above can be replaced with any other amino-saccharide
5 inciuding, but not limited to, glucosamine, galactosamine, mannosamine, their N-

acetyl derivatives, and the like.
[0127] 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

10 compound according to the invention. Formulae according to this embodiment

include:
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[0136] A further exenplary nucl eotide sugar of the invention, based
on a species having the stereochem stry of GDP mannose. An exenpl ary

speci es acq@y thod)essé4e thi s 10enbodi ment has the structur@erys2ohPdddds
In a still further exenplary enbodi nent, the invention provides a

conj ugate, based onbde ste rcﬁ@lﬁmmlzﬁgzguxuzyQﬁcm%o&%'a,)%ﬁ;,ﬁﬁae An
exenpl ary conpound a rd| g 5to this enbodi ment has the structure:

0 0 Raio,ji ihateat. % | n anot her exenpl ary enbodi nent,
t he nucl eoti de sugar i's )ase oﬁ the stereochem stry of gl ucose.
Exenpl ary speci es accordihg to this enbodi nent have 10the fornul ae: a

R3/14' 0 R': 110, 4 |"PEPN-3L 5 PHOMOHER HOUEINICORMOCKIOCH KR
2005/ 055946PCT/ uszoow4

NHG{D)CH,
OH

HOOC 0. GCHIOH)CH{OH)CHNH(CHZ),NHC(O)O(CH 1, {OCH,GH,) O{CH,) NHR?

HO'
NHC(OICH,

CHICH)CH{OH)GH,NHC{O)CH,) NHR HOOC 0 CH{OH)CH{OH)CHNH(CH ) NHR?

HOOC
HO
NHC{O)CH, : NHC(OICH,

OH

CH{OH)CH{OH)CHNHE{OYHCH)OCH,CH,) O(CH ) NHR

HOOG. H
>QINHC(O)CH, HOOC 0 CH{OH)}CH{OH]JCH,NHR!
HOOC CHIOHICH(OH)CH,NHCIOIOCH,)1{OCH,CH,3,0(CH,) NHR? NHG{O)CH,
; CH
NHC{O}GH,

[0128] In a further exemplary embodiment, the invention provides a peptide
conjugate comprising modified sugars in which the 6-hydroxyl position is converted
to the corresponding amine moiety, which bears a linker-modifying group cassette

5  such as those set forth above. Exemplary saccharyl groups that can be used as the
core of these modified sugars include Gal, GalNAc, Glc, GleNAc, Fue, Xyl, Man, and
the like. A representative modified sugar according to this embodiment has the
formula:

RB

R3

R* R’
R5

10 in which R*-R’ and R’ are members independently selected from H, OH, C(O)CHs,
NH, and NH C(O)CH3. R®is OR!, NHR! or NH-L-R!, which is as described above.
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HOry [0139] The nodifying group, R, is any of a nunber of species
i ncluding, but not limted to, water-soluble polyners,

wat er - i nsolsngodoes/gedigner s, therapeutic agents, diagnosti ecageniosoaoed
the like. The nature of exenplary nodifying groups is 5discussed in

greater detail | nbel.ow.. Modi fyi ng G.oups ,Wat er - Sol ubl e Pal yners
107307 weny vl S SERE b b ot B W mmengre BT ¢ e
art and are usgifiddse,iof of spseics hhvigg thaQePioeheibtry SfMAAnoSd) galddtesetor glicose.
wat er - sol ubl e _Jpol ymerlséOe con%gsses speci es such as sacchari des
(e.g., dextranlhegePsraslormplaepliiessspugatesirepol y(sialic acid),

hepar ans, hepari ns, etc. ); poly (amno_acids), e.g., poly(@spartic
acid) and poly(glutamc acid); nucleicfacids; synthetic pqlyners
(e.qg., poly(acrylic , poly(ethers e.g., poly(ethyle eogl ycol);
peptides, proteins, the like. The pre en{#ﬁ invention_jg¥ b
practiced with any"i it the sole Fi i on

15t hat the pol ymer styvincl ude a pointf at: which the remajfidez, of the
conjugate can be at ffachéd. {01411 Met Hods For ‘activafin 8f p8I yners

can also b fgﬁpﬁ' in 94/ 17039, § Pat. No. 5,324,844, WD
94/ 18247, ) 15 gnothgrsxemplary egghodignent, ghesigyention grovisles compounds as set
5,122,614, WO fg4h 44 that breSctiviAdd ashi co%e@&%dﬁ%&ucl@&ﬂie@éﬁs.V@em(flary

93/ 15189, and 20 for conjugation between activated pol yners and .
pepti des, e. g.sugBayeeatides thatareussd iythe prespys igugntige stheir modtfigd dermnincings

94/09027) , OXY@eR G Iﬁé(ﬁdl,gdéﬂﬁji @%s@gaé&o?anﬁﬁégth&l@oﬂ 4n })ieg%i?é%)lsembo iment,

ri bonucl ease and super oxi _ (Veronése at at, . Brochem
Bi ot ech. 11: 1ueimadificd 983y hucleotilossplectrd Ebmra QP wghtcoside, dINBiglycoside, or a

pol yners are t i nwhigh S i al . pr rii 25 . of e .
poi yrer - maPecor 20 BB i Ty BERaN, e B SRclen 8 il o b mogited
same nol ecul arsugeingbitotideus kelqaaddyframt STD@FgaldchaadDBpelsesdmihé) LR -glibese,

present inventi is furth | | ustr by r ence to a
pol y(et hyl ene&aﬁ L{omavieinit ?&J‘-@%@@@i@ﬂ@% g&?‘é&ﬁ’é‘ ‘i‘fb‘ﬁ&@?&%@e%c-
the functi Ona!Ihéﬁlﬁiéﬁ{blﬁ?@nﬁ@ﬂﬂﬂéﬁ@iﬂe%cl@étid@'%ﬁo%ihﬁteﬂy@&dcﬁ@i 8.C-bee, for

exanmpl e, Harris, Macronot Chem  Phys. C25: 325-373 (1985); Scouten,
Met hods i n End$4381 d§ys. iman iliggragize embetiment\ip wipichitheglycaspbmaastyns sipligacid,

TechnolL 14: 866::874. i : t N Vi J :
Ther apeut 12 Drig Care) B s Pamae on Baey ey T RS v IRy having
Bi oconj ugat e @meform@ae:150- 165 (1995); and Bhadra, et al., Pharnmazie,
57:5-29 (2002). Routes for 5 preparing wseachi vexdkaonarhecul es and
form ng conjugates using the reactivepb s are known in the art.
For exanple, U.S. PatentsNo. &) Nﬁﬁzﬂgis ma wat er sedkubl e and
i sol atabl e conjugate of ankagti gster of aspolyner acid sel ected
fromlinear or branched pol y(ial Myl etie oxi des), pol y(oxyet hyl at ed

pol yol s), poly(ol efinic alcohols), and poly(acryl onorpholine).

OH
OH

HOOC Q. CHIOHICHIOHICH N H-—L-—R!
o
— \\P/ c
0y
H;N-—<“\ ﬁ‘\o/ \, NHG(DICHs
N_<

¢ Ho
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
20  bond, alkyl or heteroalkyl moieties. Exemplary modified sugar nucleotide

compounds according to these embodiments are set forth in FIG. 1 and FIG. 2.

[0132] 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,
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10[ 0144] U.S. Patent No. 6,376,604 sets forth a method for preparing
a water-sol ubl e 1-benzotriazolyl carbonate ester of a water-soluble
and non- pepto fogopsymer by reacting a term nal hydroxyIpC@fUSQd@@mmM
polymer with di(1-benzotriazoyl)car bonate in an organi c so vent. The
active ester | usedtoformc es Wi t ablo |1y act.ive
agent such as giyclgp%tegq I PHEEYR 1{%9 BAAS 1ﬁ9@1§§7 %‘é%lch?lﬁ‘éesOfé‘

conj ugat e cong@ydopepriticdrRighlcoBpigald thisaetbodiencAE S sugitn GibtydF thewAddifled
wat er sol ubl e polymer conprising, a polyner backbone having at |east

one termi nus JUBHKREAOMES 4 8l¥C95Y! X SerdpsRosedbebvean the stbalrteand Hirage,
wherein at | I i

proxi mal r ea??;é‘%/lf %[Eg% an? Eﬁeggﬂ {Fg g%yﬁgaérﬁ‘éﬁgﬁpﬁ’gb %@?@@%#&% lBﬁmfghe
bi ol ogi calil y srewn,vewhigathe glxcosylmkaiety o maietig0fosamg thnkinkifig gaep greart nal

e e 9 g BT B B BB BTl
formed w th axidaat)c SekiclefEConjmdass wif ehetiahtiomitnklnde 8 nrodifymgghag thatisn nus
that includes reactiyve functional ups. -ll_g free reactive groups
are avai | abI eaﬁf@ﬁ ﬁ?a\'iﬂl?arfnﬁleﬁl |ag HET §26ehap s ¢ JPERPRING 1 ch as a
protein or doSfnink cgarauwalﬁ@al sw@ta@ia cRE AR 1%%6&@9% ¥ioRbmtk@ne

gl ycol) and the biologically active species.

5, 446 09d0degéyqoa:éslm&lnﬁlgrmﬁsﬁ%@ccm@gltpﬁnémoaﬁt; baged cwesmlw atigr i ng
conjugates h he PEG linker termni.

[0146] Conj uasgljtuggre J&EI%IE H%Fh%?a g?&g?)gg%%e PEG | i nkages are descri bed
in WO 99/ 34833 and V\D|99/ 14259, as well as in U S. PatfenioxNo.

6, 348, 558. Suchn 2dabl e | i nkages are apptteante”in the present
i nvention. [0147] Th ar&-re@@gnl zed net hods of pol ymer at £eeH
set forth above ag the context of the present 'Oﬁgn
the formation of thebanc e@ ynmers set forth herein a fo

t he conj ugat iggp—pgf—f ranched polanters to ot héHs@pd#i esy e. g.,
sugars, sugar nucleotideg and the |ike. WD
2005/ 055946PCT/ US2004/ 041004 [0148] Exenplary poly(ethylene gI ycol)

nol ecul es of t40on i3 not limted to,
t hose havi ng #ﬁﬁ t?grr“}r%u séﬁ:oo%ﬁﬂ-tf-élgl‘l(\ll CI%ILZ e%)e( %HQEZ:CIQ-’E%) e(CH2)d-Al-R8 in

which R8 is )133H]In NHIZ@ ﬁlstdlbsetmmptaadembodamsuhhc conjugatt ialfdeyled between a

substituted or d ar bst i
oo oar b SipZHRARte Giociiotd sreelitSRnhisbiRE i Wl O ROM S Broup
substituted o9 atthiokedaiicughib (Bdkehat e Gadatph positioh of tAe eicaharylGhiiety. Thus,

illustrative conjugates according to this embodiment have the formulae:

HN
R ) |
N—L—R - N—L—R!
H

in which the radicais are as discussed above. Those of skill will appreciate that the
20 modified saccharyl moieties set forth above can also be conjugated to a substrate at

the 2, 3, 4, or 5 carbon atoms.

[0134] Illustrative compounds according to this embodiment include compounds

having the formulae:
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H2N- (CH2) e-, HS-(CH2)e, or -(CH2)eC(Y)Z1l. The index "e" represents an
integer from1l to 2500. The indices b, d, and g i ndependently
represent i ReGEsSedgrom 0 to 20. The synbol s Z and Z1 | pgppsndpitibos
represent OH, NHZ2, IeaV| ng groups, e.g., 10im dazole, p-nitrophenyl,
HOBT, tetrazol e, hal i =“%%ﬁ9¥ﬂ“&ﬁﬁﬁﬁ”%%?%*ﬁn of activated
esters; -(CH2)pC(Y1l)V, Cl-12) pyU(CH2) sC(Y1),. The synbol Y
represents H(2), =0, 5, EN-RL. The synbols X, Y, Y1, Al, and U

i ndependently represent tHe noieties 0, S, NNR'. The synbol V
represents OH NH2, hat cBcRIcE NHgoperagPrEBRr gl nponent  of
activated esters, the am ng conponent of activated am des, sugar-
15nucl eoti des, and proterys.»*The indices p, q, s and v are nenbers

i ndependently selected fremthe integers fromO to 20. The synbol s

R9, R'and R12 independent]y uted or unsubstituted
al kyl, substituted ordRu $ E@H&T?@g%m Hﬁé{gclgﬁwﬁt substituted or

unsubstltut ed aryl, sy t.ed or unsubstituted heterocycloal kyl and
substituted or unsubstltu ed het eroaryl. 20[0149] In other exenplary
enbodi nents, the poly(et hyI ene glycol) pol gculc,gwéw%(cﬁ@gzl ected fromthe

fol | owi ng: Me- (OCHZCl R NEFOTFHNER (O Ye-ON'Az 0 Me- (OCHZCHZ)e
-0z Me- (OCH2CH2) e- S-Z OCH2CH2) e- Oy, - (OCH2CH2) e- N--", , Thr
y4 R® R? H . B

R* A Rl 0O CHNHR!

e
R3

R _O CHNHCIONCHa), {OCH,CHe O(CHy ) NHR? RHR’
P and
RS

R‘

® 0 CHNHC[0)O(CH),[OCHCH,) (G NHR!
R

in which the R groups and the indices are as described above.

[0135) The invention also provides sugar nucleotides modified with L-R! at the 6-

carbon position. Exemplary species according to this embodiment include:

NH-L-R?
R3
8]
0 O
g4 o l_l‘ |L| o Base
R® | o7 o
o O
5 Y HO OH

££ 7%

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

0,1or2

{0136] A further exemplary nucleotide sugar of the invention, based on a species
having the stereochemistry of GDP mannose. An exemplary species according to this

10  embodiment has the structure:
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ir 0 00 Me-(0OCH2CH2), N O Ej Me-(0OCH2CH2)e HN O [0150] The

pol y(et hyl ene glycol) useful in formng the conjugate of the
invention infp fbéeeissl | Nnear or branched. Branched pol y( ebpyhR04/041004
gl ycol) nol ecules suitable for use in the invention include, but are
not limted to, those described by the follow ng formula: R8-A
(OCH2CH2) e- X1 rn(chl 2)q Ft&V—AZ.W@@;EHZCHZ)r in which R8 and R8' are
menbers i ndependently sel ecte rom°t he groups defined for R8, above.
Al and A2 are nenbers indepg) tly selectedyfr t he groups defined
for Al, above. The indices e . 0, apd q are hiAgescribed above. Z
and Y are as described abowg. iwm.dage menhr SN ndependent | y
selected fromS, SC(0)NH, 10 H\lqoz.‘s,’g;s 0, 0, NH, NHC(0), (0)CNH
and NHC(0) 0, OC(0)NH. [0151] In other exgsplgry enbodjnents, the
branched PEG is based upon a cysteine, serine or di-fysine core.

Thus, further exenplary branchegus®#®EGs include: N HC(0)0OC H2C H2 (0 C
H2C H2)0 C P13 ?

n
(o

R, N
o, o] )\
R KON NSNS,
\P P O,
RS | 07 ™o
o o

& ."4
HOO %y

[0137] In a still further exemplary embodiment, the invention provides a conjugate,
based on the stereochemistry of UDP galactose. An exemplary compound according

5  to this embodiment has the structure:
Q

,“H,R’
HN .

ray o] o]
R* Y ff,vo\ g il 0 N
R oo
- o \
& %
HO'  %u ;and
NHR! o
R3
o HNJK/"
tay, 0 O )\
R* Y ’/Ifo\ Il:l li ) o N
HO'  %on.

[0138] In another exemplary embodiment, the nucleotide sugar is based on the
stereochemistry of glucose. Exemplary species according to this embodiment have

10  the formulae:
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HOD - (CH2C H20) " C H3; HOD- (C H2C H20).0 H3 HC (0)C H 2C H 2(0C H2C
H2) 10C H3 0 HO- (C H2C H 20 ),, C H3 NHC (0) C H2CH20CH3 N NC (0) 0C H2C

H 2(0C H 2Gdindeseds3 HOS - (C H2C H20) C H3 NHC (0) Ofctfsioo#@80040
H (CH2C H20)"C H3 NHC (0)C H3

3
RY,

H %,

[0139] The modifying group, R', is any of a number of species including, but not
limited to, water-soluble polymers, water-insoluble polymers, therapeutic agents,
diagnostic agents and the like. The nature of exemplary modifying groups is

5  discussed in greater detail hereinbelow,

Modifying Groups
Water-Soluble Polymers

[0140] Many water-soluble polymers are known to those of skill in the art and are
useful in practicing the present invention. The term water-soluble polymer
10  encompasses species such as saccharides (e.g., dextran, amylose, hyalouronic acid,
poly(sialic acid), heparans, heparins, etc.); poly (amino acids), e.g., poly(aspartic acid)
and poly(glutamic acid); nucleic acids; synthetic polymers (e.g., poly(acrylic acid),
poly(ethers), e.g., poly(ethylene glycol); peptides, proteins, and the like. The present
invention may be practiced with any water-soluble polymer with the sole limitation
15  that the polymer must include a point at which the remainder of the conjugate can be
attached,
[0141] Methods for activation of polymers can also be found in WO 94/17039, U.S.
Pat. No. 5,324,844, WO 94/18247, WO 94/04193, U.S. Pat, No. 5,219,564, U.S. Pat,
No. 5,122,614, WO 90/13540, U.S. Pat. No. 5,281,698, and more WO 93/15189, and
20  for conjugation between activated polymers and peptides, e.g. Coagulation Factor
VI (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)).
[0142] Preferred water-soluble polymers are those in which a substantial proportion
25  of the polymer molecules in a sample of the polymer are of approximately the same
molecular weight; such polymers are “homodisperse.”
[0143] The present invention is further illustrated by reference to a poly(ethylene
glycol) conjugate. Several reviews and monographs on the functionalization and

conjugation of PEG are available. See, for example, Harris, Macronol. Chem. Phys.
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[0152] In yet another enbodi nent, the branched PEG noiety is based
upon a trilysine peptide. The tri-lysine can be nono-, di-, tri-, or

t et r a- PEG wWadosgesséagenpl ary species according to this epppgkieibafave
the formulae: NHC(0) CH2CH2( OCH2CH2) 000H3

Nf a i fc( 0) cH2c Smspsgzcﬁz)(imlmcscbme@,mmﬁdm E?Jﬁa@rd%);{msn%bé%s' n 98‘22& Wong er
ndent S cited . in ers fr 0 . .and g, Q'

2nd " “are | ndbgaREAgoSdRELELdY Hed T gt o, Cringu R

exenpl ary enbegi.ppatie le EhRid-BYQMkLd RN4013D8 (1968, iZa1i PG Esoborydddte @fkm.

lcD, 5 or 20kD). "An exengl ar%ﬁbranched PEG species 1s a serlne- or
cyst ei ne- (m PEQS2-16a (WAS¢Hend iRbadreprdl. | Bhagmadie, 853 PRE02). [Roue4 forAs

w |l be appar ' f..use in
the i nventjl)o nﬁ:{éh%rfn% %ﬂ\gg‘?})g{}inzﬁéséu!)eﬁ a{n?ﬁor@ﬁ%@%@a&?ﬂ%ﬁtﬁ 5%8t\llvee. For
exanpl e t he dmoleyglen@PE®wni theat.cFatraampladdSePaemt N 6|602,662 Biseloses a
ol ymeric subunits he t.hi.rd bonded to. 10 the a-am ne shown a
Cinmod 11 od | nvERESoLyels PR eg SR Sisis ion AP v osfoe OFE BOTpmoLactd serepiine
functional i zeflomilinbarlod be@ckd pobiilk fAehe/d¥edds); pslyHixREth§laicd pmgbta'y,n the
scope of the invention. Speci fic enbodi ments according to the

015
i nventi on i nchlyelefinic ai‘S’[ho@ﬂa!}d &ﬂﬁ(aCTQW%ﬁT%‘B%t es and active esters
of these fpecjpegs) ©4Chaaa N2bG25604 %ﬂ%ﬁhQ?ﬁég\sﬁﬂtf?f'ﬁepé?fngla%\férnsgluble

groups, appr opgénaztogi for activating near PEGs o o
- azolylcarbonate ester of a water-soluble and non-peptidic polymer by
reacting a terminal hydroxyl of the polymer with di(1-benzotriazoyl)carbonate in an
organic solvent. The active ester is used to form conjugates with a biologically active
agent such as a protein or peptide.

15 [0145] WO 99/45964 describes a conjugate comprising a biologically active agent
and an activated water soluble polymer comprising a polymer backbone having at
least one terminus linked to the polymer backbone through a stable linkage, wherein
at least one terminus comprises a branching moiety having proximal reactive groups
linked to the branching moiety, in which the biologically active agent is linked to at

20 least one of the proximal reactive groups. Other branched poly(ethylene glycols) are
described in WO 96/21469, U.S. Patent No. 5,932,462 describes a conjugate formed
with a branched PEG molecule that includes a branched terminus that includes
reactive functional groups. The free reactive groups are available to react with a
biologically active species, such as a protein or peptide, forming conjugates between

25  the poly(ethylene glycol) and the biclogically 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.

[0146] Conjugates that include degradable PEG linkages are described in WO
99/34833; and WO 99/14259, as well as in U.S. Patent No. 6,348,558. Such

30  degradable linkages are applicable in the present invention.

[0147] The art-recognized methods of polymer activation set forth above are of use in
the context of the present invention in the formation of the branched polymers set
forth herein and also for the conjugation of these branched polymers to other species,

e.g., sugars, sugar nucleotides and the like.
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use in preparing the conpounds set forth herein include, but are not
limted to the species: 101571 PEG nol ecul es that are

activated wddoddweeg and ot her species and nethods of 1@8cimkicagediia
activated PEGs are set forth in WO 04/083259. [0158] Those of skill

in the art wi [0148pBxedgplay @olylahylaeg]bl) mvlecults of e mﬁﬁﬁéa:cn]pﬁumfud&,he
branched poly can be repl aced h PEG roiety with a different

t er mi nus, %m#%élﬁgﬁéﬁgﬁ%g%gﬂ'gai%mpn g., OH COOH, NH2,
C2-Ci o-al kyl, etc. Mreover, the structures above are readily

nodi fied by inserting alkyl I{inkers (or renoving carbon atons)

Thus, - "ho" aaS?{ vati ves dha n G HEERORRASC e T oas | over
nomiogues a1 & MUK ShtyiooRe oL coree L blaRson SEER o e 1T
herein ares re@&ub%t@é@a@r SebstiputdiRy RAASstRueH hasrohRAisubfut Dt dhshiRtiflla
scheme bel ow heterocycloa{(k]j'l gugs\tllltuléec{ c(n)r u?asubstlmgadl?llljteroalkyl e.g., acetal, OHC-,
HyN-(CHa)q-, HS-(CHz)g, or -(CHg)qC(Y)Z . The index “e” represents an integer
from 1 t0 2500. The indices b, d, and q independently represent integers from 0 to
20. The symbols Z and Z' independently represent OH, NHs, leaving groups, .g.,
10  imidazole, p-nitropheﬁyl, HOBT, tetrazole, halide, S-R®, the alcohol portion of
activated esters; -(CH,),C(Y")V, or -(CH2),U(CH2)C(Y"),. The symbo} Y represents
H(2), =0, =8, =N-R'®. The symbols X, Y, Y, A", andU independently represent the
moieties O, 8§, N-R'’. The symbol V represents OH, NH,, halogen, S-R'?, the alcohol
component of activated esters, the amine component of activated amides, sugar-
15 nucleotides, and proteins. The indices 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.

20 [0149] In other exemplary embodiments, the poly(ethylene glycol) molecule is

selected from the following:

Me—(OCHZCHg)e*O\/\n/Z Me-(OCHZCHz)e_O\"/Z
0 0
0
Me—(OCHchg)e-—o\)k z Me-(OCHZCHz)e—"ﬁ\H/\O/\n/Z
0 0

0
Me"(OCHZCHZ)e_'O\/\/[‘LZ H .0

Me—-{QCH,CH N
{ 2 Z)ET 7
O
Me—=(OCH,CHp)e—S8—2
Me—(OCHonz)e HN
3

H
Me—(OCH,CHz)e—N—2Z
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CH2C12/ TEA inwhichr is Oor Sand r is an integer fromlto
5. The indices e and fare 10i ndependently selected integers from1l to

2500. [016%jo 2bhgissosgccording to this scheme, a natural eETARIRL /Y14
amino acid is contacted with an activated m PEG derivative, in this

case the tosyhgofTht 951?;@&@1 tg‘gcai) Koy 1At ih RS difiehe b&ﬁu@iﬂ@bﬂh@%%tféﬁt@ m

Xa. The nmono-functionalrl zed G amino acidis submtted

N-acyl ati on ¢ohefiline@res brancheda Brensbed pddy(eihplee dbeoly mojogules Elh‘@bbﬁyr use
15assembl i ng .?fh%’?%ﬁﬁomnﬁ’ﬁﬁ%%utéélnf?ﬂﬁgl?éd t? Kthbde dé@érib?&‘gfﬂa%%ﬁ&u%n the
tosyl ate | eaving grou hrany sul I"eav

group, e.g., foalubgen, nesylate, trlflate etc. Simlarly, the
reactive carbonate utilized tg ac ne can be replaced with
an active ester, e.g., N-hyd g géﬁ@ﬁﬁ?éﬁqge%{n\etc or the acid can be
activated in situ usi ng a dehydratfng agent sd toas

di cycl ohexyl car bodi i m de, 20cay bonyl di i m dazg] etg£. [0161] In an
exenpl ary enbodi nent, the no P %9 {% Bzi s)?a P %mi ety, however,
any nodi fying group, e.g., water-9¢l uble polynery water-insoluble

pol ymer, therapeutic noiety, etc., can be incor porat ed in a glycosyl
noi ety t hr oughwaith 3 prORF iagd ehbdtk a@ependhiglyvoditbd 8dmstiggioupsddinedae

by enzymatic ns, chem cal ans or a co tion_ thereof
t hereby pr odé‘c@fﬁa\’% %deffgﬁe&tae@& s mwme%@ae%@mg;m&m@r%ﬁﬁeﬁmﬁe

sugars are suhsili tagvedTié fnkicad e?f;b'éfﬁqad?éﬁhede@én&ﬂ)ébo@%éddoﬁaﬂe%t
allows for the aftachnent of the nodif ying noiety, yet still allows

t he Isugar L odesgribed ahevesXhangd %' areanemiesy independeniliselecteshfipm S@ﬁlc(O)NH
crbbai matd | HERIO)S RO@YO, 1, 107, FOICHRe ?ﬁe%ﬁ?uéb?b O e
oL ety 1S 2 ISR i OB R BN SR 190 hibenaspyseae:

nodi fi ed nuckebiioddi-ksiparcospdbue further stemplary henched MEGsondtde: i s
nodified with a water-sol uble polynmer are of use in the present
invention. An exenplary nodified sugar nucl eotide bears a sugar group
that is nodified through an am ne noiety on the sugar. Modified sugar
nucl eoti des, e.g., saccharyl-am ne 10derivatives of a sugar

nucl eoti de, are also of use in the nethods of the invention. For
exanpl e, a saccharyl am ne (w thout the nodifying group) can be
enzymatically conjugated to a peptide (or other species) and the free
saccharyl am ne noi ety subsequently conjugated to a desired nodifying
group. Alternatively, the nodified sugar nucleotide can function as a
substrate for an enzyne that transfers the nodified



15sugar to a saccharyl acceptor on a substrate, e.g., a peptide,

gl ycopeptide, lipid, aglycone, glycolipid, etc. [0163] In one

enbodi ment wighowsseyst he saccharide core is gal actose or pgtaSaSEe4160
is NHC(0)Y. [0164] | n an exenpl ary enbodi nent, the nodified sugar

i s based upon a 6- anlno N20 acetyl - gl ycosyl nnlety As shown bel ow
for N-acetyl gal act osani e 8 apiHtepugakochpigry, | s readily
prepared by standard"fret h ds.  a. gal actose oxidase ;. N -140Ac,

NaBH3CN ; b. C 0 3 n U [01¥%] In the schene above, the index n
repr esents an int eger fron t edcdcab! derichsorn, 10 to 1500, and
nore preferably from 10 to 4200. The synbol "A" represents an
activating group, e.g.,qa halo, a conponent of an activated ester

(e.g., ab N-hydroxysuc i ni m de estec%]) .8, component ‘of a carbonate
(e.g., p-nitrophenyl .gdr i “‘QCH’ ose of skill in the
art will appreciate that thegH PEG am de nucl eoti de sugars are
readily prepared by this#sagd 0 net hods 0166] In other
exenpl ary enbodi nment s, thW%@?‘*éﬁP& %8By a group such
as a urethane or a urea. 10p0167] In still further enbodinents, Rl is
a branched PEG for gxanple, one of those species set forth above.

Il lustrative conpounds according to this entodi nent include: WO

2005/ 055946PCT/ U [CHCHOLEH  ;  HO S——{(CH,CH;0),CHy
NHC(Q)CH,CHA(OCH,CHR),0CH, NHC(0)OCHyCHR(OCH,CHoMOCH,
o o]
HO Q==~(CH;CH,0),CH; ; HO O——(CH;CH;0),CH;
NHC(O)CH,CHA{CCH,CHOCH, NHC{Q)OTHCHA(QCH,CH,IOCH,
0 0
HO O——(CHCHz0).CHy HO' §——(CH,CH (), CH,y
NHC(O)CHyCH30CH; ) NHCO)OCH;
0
HO §——(CH,CHL0),CH;
NHC(0)CH,

[0152] 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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OH OHO OH YNNHC(0)CH3 OH in which X4 is a bond or 0. (0168]
Mor eover, as di scussed above, the present invention provides peptide
WO 2005/055946 PCT/US2004/041004

NHC(O)OCH,CH{OCH,CH,),OCH,
HO
9 o]
NHC(OJOCHZCH.g(OCHzCHz);OCHs

\“/\k)r\/\wHC(O)OCHZCH2(OCHZCH2),-OCH3
i and

NHC(O)}CH,CH,({OCH,CH,),0CH,

NHC(OJCHchz(OCHchz)fOCH;,

Hc:(0)c1-tzcHz(ou-lzcnz),ocHa

%) .
q

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

[0133] In exemplary embodiments of the invention, the PEG is m-PEG (5 kD, 10 kD,
5 or20kD). Anexemplary branched PEG species is a serine- or cysteine-(m-PEG); in
which the m-PEG is a 20 kD m-PEG.
[0154] As will be apparent to those of skill, the branched polymers of use in the
invention include variations on the themes set forth above, For example the di-lysine-
PEG conjugate shown above can include three polymeric subunits, the third bonded to
10 the a-amine shown as 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.

f0155] Specific embodiments according to the invention include:

¢ OH

OH

15 0o and
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5 conjugates that are forned using nucl eotide sugars that are
nodified with a water-sol uble polyner, which is either straight-chain

or branchegq fn9$oR%3P! e, conmpounds having the formula $peNR0080Q%04

are within the scope of the present invention: in which X4 is 0 or a
bond. [0169] Simlarly, the inventio rQvi des peptide conjugates
that are formed using nucl eaier8 those nodified sugar

I Soipodi fied: HOOH in
re conj ugat es of

ids that include the
|nvent|on 10 provides

species in which the carbon at the 6- 5positio

which X4 is a bond or O. [0170] Al so provi
pepti des and gl ycopepti des, Ilmm¢i ;ﬁig
conposi tions of the invention. S exa th
conj ugat es having the foll ow ng for nmul ae

0CH( OH) CH d NHC (0)C H2C

El 2284) mz(cqu) gi%_& %a;%;’&égkﬁ]@%ﬁ %tiﬁg%—’l&%gpﬁ%giﬁgéﬁ o )CHZHI(—I( %ZHZ) NHC
(0)0(C H2) 2( OCH2C H2) cO(C H2) g C §20) . 0

NHC( 0) CH, CH2( OCH, CH2) OCH, NME™ (‘37‘5’\

{\,y\ ;o
e o) > lrr ﬁj

5  [0156] Other activating, or leaving groups, appropriate for activating linear PEGs of

e\

use in preparing the compounds set forth herein include, but are not limited to the

species:

(Tjigwijmg : <i:?‘“j\“%
Ao G

[0157] PEG molecules that are activated with these and other species and methods of
10  making the activated PEGs are set forth in WO 04/083259.
[0158] Those of skill in the art will appreciate that one or more of the m-PEG arms of

the branched polymer can be replaced by a PEG moiety with a different terminus,
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OH Wat er-insol ubl e polynmers 101711 I n anot her enbodi nent, anal ogous
to those discussed above, the nodified sugars include a

wat er - i nsokygplosseBbyner, rather than a water-sol ubl e popyiRsi0dioos
5conjugates of the invention may al so i nclude one or nore

wat er - i nsol ub i
illustrated 6§§tﬁgi§ggﬁg;n£ g;ggﬂ?ﬁgéggwggﬂgv§gﬁwspg m‘tﬁ&hﬁﬁmrMMHy
del i ver a themedified byinpating dkylilinkers Gomemoving darbematems) Rovaemehe @ catbory

delivery systens . a

tes. P yWer T el e A et b B B %E%?s’ A@%‘%ﬁ%@&%@?‘ﬁ%
Vol . 10 469, Iﬁﬁ’fﬁﬂcﬁgﬁ&‘] aihelras Rivehah 6lbyues Waskitithy thecopd. o cork® Bk brahblasie
of skill int art M4|L %FreC|ate that substantially any known drug
del i very syst %?fQ§bBF TSP IYeRR8- conj ugat es of the present
invention. [Qara ﬁ%%@@ﬁafcm k&i%ci‘é@&é?%rtm%@élh'Qﬂe@e&ﬂ?)ﬁ?&fa&d'bﬁ%éﬂﬁiﬁm
but are not limted to, hosphazi nes, poly(vinyl alcoho

pol yami des, ﬂ@ﬂyédﬁﬁéﬂébébul@6P9@Fﬁ@?bﬁ@s 15pol yacr yl ani des,

pol yal kyl ene glygﬂls pol yal kyl ene oxi des, ponaIkerne

t er epht hal at er I V|nybuemﬁers

hal i des, poI3§| yrrdyldéﬁh\/agfigpécol|des Dol v '%ég Tﬁ*gr
polyurethanes poly(nethyl nmet hacryl ate), poly(ethyl neth cryl

pol y(butyl methacrylate), poly(isobutyl nethacrylate), poly(hexyl
nmet hacryl ate), poly(isodecyl nethacrylate), poly(lauryl

met hacryl ate), poly(phenyl nethacpylate), poly(nethyl acrylate),

pol y(i sopropyl acryl at ﬁLy@ but acryl ate o] tadecyl
acryl ate) polyethylen@%%agr proBi% zy(Lﬁéﬁ%éDgfﬁx

pol y(et hyl ene oxi de), pety—ethyene—-Stereph h@éﬁ&\ k%i%LBNl
acetate), polyvinyl chloride, “B5Ytyrene, |nfﬁ:by? | f[done,
pl uroni cs and pol yvi nyl phenol and copolyners t her eof . 10@73?

Synthetically nodified natural polynmers of use in conjugates of the
i nvention include yt ar limted to, alkyl cellulose

hydr oxyal kyl TR Bl L0 O S isGeaneERdioR | ot | Thegeuopst 814! g
nitrocel ligl osgg mﬁﬁﬁﬂ*&m%&ﬁhﬂwﬁﬁﬁﬁ&hﬁﬁgzgaﬁberS of the 10broad

cl asses of synt etlc |y modi fired natural polyners include, but are

not limted Y@oMahiny lac&)‘f"dlh%"{OQﬁﬁ ’sclﬁ}rﬂ?’i néiial wmaurdﬁmlfmmr@@&ﬂtacted

cel | ul ose, hydroxypropy ose, droxybuty
cel l ul ose, cefithansstvaiedmdihG d@émlm, ssthissassghe esylate, foaning Idwealladatingt e

butyrate, cel; ﬂe”élfesﬁgﬁlcﬁétﬁeﬁ?rﬂ%h%?h%{ae SOHQ&%Q@& .{M*E(?g n%' o3s

cellul ose triace ose su Fumsa yners of
acrylic and submitted to N-acylation conditions with a reactive m-PEG dcrlvative thereby

15  assembling branched m-PEG 2. As one of skill will appreciate, the tosylate leaving
group can be replaced with any suitable leaving group, e.g., halogen, mesylate,
triflate, etc. Similarly, the reactive carbonate utilized to acylate the amine can be
replaced with an active ester, e.g., N-hydroxysuccinimide, etc., or the acid can be
activated in situ using a dehydrating agent such as dicyclohexylcarbodiimide,

20  carbonyldiimidazole, etc.

[0161] 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

25  means or a combination thereof, thereby producing a modified sugar. Inan

exemplary embodiment, the sugars are substituted with an active amine at any
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15net hacrylic esters and alginic acid. [0174] These and the ot her
pol ymers di scussed herein can be readily obtained from commerci al

sour ces suglp Ass/dEisg@a Chem cal Co. (St. Louis, MD), PobysgkeieeSons
(Warrenton, PA.), Aldrich (MI|waukee, W.), Fl uka (Ronkonkons,

and Bi oRad (R chpon r, els nt hesi zed. f rom,nmononer bt aj ned
fromthese suB‘Eﬁlﬁ“@’rtg ‘?ﬁ%ﬂ% F%&%%ﬁa&%ﬁ P‘g‘ ’é‘gm‘)‘?tﬁi%fm? allows the
Represent at i veudii RAasdtRAADh SuldGhid T8 5 AbyriS aphble bh&)uﬁ‘nﬁﬂg HE MR subdre
invention include, but are not limted to, polylactid

pol ygl ycol i det thn§-€2hpenider I anpxewplery W%ﬂ(m%wwalaetomh Hthe e)
pol y(butyric :

pol y(l acti de- g’gﬁg‘g‘éﬁ g@é&%ﬁh% %I%F(%%%q (tao t(1318 czérbon atlomda {he 6-position.
pol yanhydri des, 25pol yort hoest ers, blends and copol yners t hereof Of
particul ard usé"ﬂaﬁmot}tblﬂpﬂdymﬂd%dm-ﬂpefc{mm gel s, such as those

i ncludi ng coll agen, pluronics and the |ike. [0176] The pol ynmers of
use in the inlfd62] Wmter-nclhhldeol}'m,ebmodiﬁefiouglqﬁids stugwa spacies inierbich the sugar

wat er - i nsol ub Vi n | east RO

et ure. o pPieREs e A A8 Bimbeae boRe ROl e intelfiol.
one t hat incI Elﬂesa@]mhﬁﬁﬁ&&ug&ﬁuﬂbbﬁdmm|a)S[I@’r,gr(W|’pltﬁit ihmsdified through
bioresorbablerelon rophilj¢ reqgion and a.plurality o .
crossl i nkabl e®% 8? fn(S’fFéY Oégﬁﬁg%a M%dlfet?%ﬁ%%af neﬂa?t es [efﬁl=f7T°¥‘F’i¥§'amlnc
purposes nf t&@ivEiRS 0k shddy Sidléide, aré’@&@éfds@%b‘ﬁle&oﬂ%ﬂhb%Hv%nuon For
includes materials that are substantiall y insoluble in water or

wat er - cont ai n$%3gPEen ¥ Pecshariangine without the medifyine gervpasan bheegrondically
segments of té&é@gﬁﬁké/ggépéﬁa%or%%em( BNl ffe e safABA 1 MRLRN AL UD! &,

the pol yner oes ‘not to any tantl a asure
di ssolve in vwbeaquex[tbma]]ugﬂgd tqnﬂqammomfymglgopp eéﬁcrnamwioeﬂtelmdlﬁctdqe

term "bi oresor bhabl e ecule" .includ eqgiaon th .S C | e

bei ng net abolgl’garcfl uc’legﬁé TR ISR AL F%%%F‘B%H C%Zy%eﬁ}'%trtragfﬁﬁl%ﬁea'f%@%ed
t hr ough nidr medugaxo laeacmhyryr Qateer diya dubstrdgdys., aPeptidarglyefieipties $ipidl
break down pr%'?pécts ef erably substantially non-toxic to the
body. [0179] OBY. §MER e regi on may be eit her hydr ophobi ¢ or

hydr ophi l'i c, [3%3|QHgn@&nB$1ﬁrn6ﬂ9@WEﬁrth§éaB&?ﬁﬁﬂé tRBiBRARI0S Budoie, rnftls
rendered wat er-sol ubl e. Thus, the bioresorbable region is sel ected
based on t he P¥HEf@Yence that the polyner, as a whole, 10remains

wat er -i nsol u i : /| i

Cinds of -t unorr AR e ekl Be MU RLAREE'S Bied bpdh « 6 biifhoN:
proporti Gfs cﬂcetwhglymswlr mswt}baqzﬂ showe dpelow, foaNehceﬂyQahytdsmhé,lthecﬁ-amgioen
are sel ected ens useful. biore e conpositions remain
wat er - i nsol ubﬁbga.m[“ﬁg%éi rega@;npﬁia el ?y S&ﬂdﬂ eg'ﬁl Iyrrers i ncl ude, for

exanpl e, synthetically produced
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15 resorbabl e bl ock copol yners of pol y(a-hydroxy-carboxylic

aci d)/ pol y(oxyal kyl ene, (see, Cohn et al., U S. Patent No.

4, 826, 945) wolhesessempol ymers are not crosslinked and ar @crus2004/041004
wat er - sol ubl e so that the body can excrete the degraded bl oc

copol ymer conpositions. See, Younes et alp., J Bionmed. Mater. Res. 21:
1301- 1316 (1987); and foet al., J Biofed. Mater. Res. 22: 993-1009

(1988). 20 [0181] Pres preferred bjforgsorbabl e pol yners i ncl ude
one or nore conponent cted fromp ters), poly(hydroxy

aci ds), pon(Iactones)ﬁ@bokyganﬂdes y(&Ster-am des), poly (anino
aci ds), poly(anhydrides), po;?@ﬁ?i oegteys), poly(carbonates),

pol y(phosphazi nes), pol y(phoSphdéster pol y(thi oesters),

pol ysacchari des and m xtures thereofto Hpreferably still, the

bi or esor babl e 25 poly irrohudes a pol y(hydroxy) acid conmponent. O
t he pol y(hydroxy) aci pehw) actic acid, pol g?#i&?%%j«hoxcm

pol ycaproi ¢ acid, polybutyric acidg polyvaleric acitd and, copol yners

and ni xtures thereof®lare preferriglfa{F01 I@haddition to form ng
o} bior ¢sor bé

fragments that are absorbetf in W it bed"), preferred

pol ymeric coatings for use in the nethods of the invention can also
forman 30 excretable and/or netabolizable fragment., [0183] H gher
order copol yners &a*8F&¥*peH 8=y t*he Eggﬁgdg i tEtn.  For
exanple, Casey et al., §.S Patent No. 4,438,253, hch i ssued on
March 20, 1984, discl i oe®pol yners produced fromthe
transesterification o péf (glygolic acid) and an hydroxyl - ended

pol y(al kyl ene glycol). Such conpositions are disclosed for use as
resor babl e nORe¢s) IAMRNh&HE A0S, thelihfex | fbteBldid in %exstﬁ&l? L
is controlled by the incorporation of an aromatic Orthocarbonate,
such as t et r errpierablyyirorn d 0 o Efl0bandamere preferalily &ooolibioyi289. The syothol ©A”

5[0184] O her | act | d/ar aglycplic acids can also
e ut 11 zed. TReLFEReRATES oo G A halfkieRioaint 8P it B tEe

i ssued on 5ApriV-hydri8xysh8dBimidé sstdrp aesmpomedegftaadedoneate ikt p-nittaphbnyl

copol ymers havi,n equentj.al |y or d bl ocks. of polylactide and/ or
pol ygl ycol i de""{?Pg%fg)cﬂg‘g tg?fﬂﬁ‘ r%l-oﬁep‘gﬁs‘ﬁ n £ At Q’HFWC@}/F tg?t qthe PEGermide
and/ or gl ycolpudiRoiid sugars hikGeadily pdpattdMRthi€ asl HalRbuPmetihgdd, ne resi due
foll owed by chain_10extension with a di-functional conpound, such as,
a di i socyanat/@106§iinethrrenempians embodiments. sacgumidameiety Hreslaced by a group

Bioresorbabl%u&ggggﬁghgkcﬁgq&#ng useful in the present invention can
be designed to be hydrolytically and/Q( enzymatical ly cl eavabl e. For

pur poses 18f tGE67piegdhfurthenasthodoments; Ry tradirgrichedPEG, fof exangiit, @he pitheses
to the susceptibil.i f e I [ speci.al t he .

bi or esor babl gbéﬁéﬁiséﬁﬁnﬁgb#&d} 0 S?/rgnlﬁ?‘;s‘)3 %%%ﬁg?dgrag%)félgg \%ﬁhésre-mbc?gmeé'l‘ ni ng
envi ronnment . ifludet arly, "enzymatically cleavabl e” as used herein
refers to the susceptibility of the copol yner, especially the

bi or esor babl e regi on, to cl eavage by endogenous or exogenous enzynmnes.
[0186] When placed within the body, the hydrophilic region can be
processed into 20 excretabl e and/ or netabolizable fragnents. Thus,
the hydrophilic region can include, for exanple, polyethers,

pol yal kyl ene oxi des, polyols, poly(vinyl pyrrolidine), poly(vinyl

al cohol ), poly(al kyl oxazolines), polysaccharides, carbohydrates,
pepti des, proteins and copol yners and m xtures thereof. Furthernore,
the hydrophilic region can al so be, for exanple, a poly(alkylene)

oxi de. Such pol y(al kyl ene) oxi des can 25i nclude, for exanple,

pol y(et hyl ene) oxi de, poly(propylene) oxide and m xtures and



copolynmers thereof. [0187] Polyners that are conponents of hydrogels
are also useful in the present invention. Hydrogels are polyneric
materi al s {hpdpodiBosapabl e of absorbing relatively | argpcanbibiifn
of water. Exanples of hydrogel form ng conpounds include, but are
30not limted ®ag¢ gheenaebtls, sodi um car Qoxymet hyl cel | ul ose,
pol yvi nyl al cohab vinyl pyrrolidine, gelatijn, carrageenan and
other pol ysacchari SHRNRLOYEOSIRSNAG T Oy eThe(chEMA, as,
wel | as derivatives thereof, and the |1 ke. E&drog}k &an, be produced
that are stable, bicdlegradable and bioresorbabl e. %%réoéeri'hydrogel
conpositions can include subunits that exhibit one or nore of these
properties. [£388] &8I oceoppabihte hydrogel conpositions whose

integrity can bg,epntrjolled through crosslinking are known and are
presently preferred_f use int hods of 5the invention. For
exanpl e, Hubbel | et Jal . W€ Bat e STCHBHAK8, 016, whi ch i ssued on

April 25, 1995 and 3H529, 914, whi chwi@stied,comnesloire 25, 1996, di scl ose
wat er - sol ubl e systens, which are crosslinked bl ock copol yners havi ng
a water-soluble central block segment sandw ched between two

hydrol ytically | abile extensions. Such Jcopgl ymers are further

end- capped w tdhohq byavernpmabheraeryl at'e “$0-dugnotcional i ties. Wien
crosslinked, th sy§t ems beconme hydr ogeh&exchitRodedngsensol ubl e
central bl ock of c %R%%X”Efs can include poly(ethylene glycol);
wher eas, the hydrol ytica Q’Iabile extensi ons can be a pol y(a-hydroxy
acid), such as poly§fycolic acid or polylactic acid. Sge, Sawhney et
al ., Macronol ecul es 26: 581- 587 (1993). 15[0189] In anot her
preferred enbagdb t Reog@lomkSnrans,HebRA QUM N . S——(CH,CH,0)CH, .
Ther mor ever si bl g, g€l s Ji ncl udi ng conponents, such as plur Qi G&,, onocncnyocy,
col I agen, gelatin,\h ouroni c acid, polysaccharides, polyurethane
hydr ogel , pol yur et hane- df%€&"hydr ogel and conbi nati ons thereof are
presently preferred.®®[0190] In yet another exenplary odi nent, the
conjugate of the invention includes 20 a conponent of | iposone.

Li posones cans @dHerresh.aicrg.Niceameh.leoas: Raewmn 't 0 T hoSe@icHPiced
in the art, fomkee€kanpl e, as described in Eppstein et al .pcdkdconBat@nde,
No. 4,522,811, wh L d,on June 11, 1985. For exanple, |iposone
formul ati ons may beFFrepared by di ssolving appropriate lipid(s) (such
as stearoyl phosphatidyl ethanol am ne, stearoyl phosphatidyl choline,

arachadoyl phosphatidyl choline, and 25chol esterol]) in an inorganic
sol vent that jgct heg evcaeme%ﬁdznnclo%uzab@a«zéa&abmHalhgmwcdmcﬁa&.cﬁf' ed

lipid on the surigce™0f the container. An aqueous solution of the
active conpound oOk_i phar maceutical |y acceptabl e ST E PSR

i ntroduced into thel cofd”fer. The container is then swirled by hand
to free lipid nmateresal fromthe sides of the container and to

di sperse |ipid aggregates, thereby formng the |iposonal

in which X* is a bond or O.
[0168] Moreover, as discussed above, the present invention provides peptide
5  conjugates that are formed using nucleotide sugars that are modified with a water-

soluble polymer, which is either straight-chain or branched. For example, compounds

having the formula shown below are within the scope of the present invention:
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30suspensi on. [0191] The above-recited mcroparticles and net hods of
preparing the microparticles are offered by way of exanple and they

are not i nix@nseshdsuedef i ne the scope of mcroparticles 9&TM§£)05/6111561€

present invention. It will be apparent to those of skill in the art
that an array of mcroparticles, babrécatedaby.d fferent nethods, are
of use in the present inventiorg 193] The structural formats

di scussed above Az%ﬁ CQ emoﬁ(t Lek; sal ubl e polynmers, both
strai ght-chain and ched are generglly applicabf®®ith respect to
5the water-insol ubl e Ppl yieMs as wel | . Thus,™PEPUEXETSFe, (He
cysteine, serine, dinsrne, and trilysine branching cores can be
fitnctionalized wth two water-insol uble polynmer noieties. The

nmet hods used to produce these speC| es are ener al | )L|cl el y anal ogous

to those used to produce t he ma;er FEBOTVATer's. TOT93]eHri&™i n
vivo half-life of pe tl\ ﬁig’ ides can al so BEOHFHHEEEEW t h
10 PEG nmi eti es éuc et hylene pl yE6{PEG). For exanpl e,

cheni cal nodificati ondof r gHel ns with PEG (PEGyl ati on) increases
their nol ecul ar size ahd°decreases their surface- and functional

gr oup- accessr |I|t 4 f ich are dependent on the size of the
PEG attached ' }prﬁgf%ﬁagbon%i s results in an inpr overrent of plasma

hal f-1ives a t.ic-stabili d a.decr

15i mrunogen Ehﬂ%@a‘-ﬁlaﬁrr G ipvapp Rio Vel R BE oS eaes &ha e Prvpinggo.
1643- 1651 ( 198R)enti®yaigadk ofthosd mBiSed SpaiipaciedIneMictiat babohanégcol .

29: 113-127 (1980)). PE | ati on of interleukin-2 has been reported to
i ncrease i°ts ROSWIR {5ppdl ftency in vivo (Katre ei at Proc. Natl. Acad.
Sci. USA. 84: 1487-1491 (1987)) and PE®lation of a F(ab')2 derived
from the nonocl onal anti body 4% g% oved its tunor 20

| ocal i zation (Kitanura et ‘Q @i’HH Bi hy§.—-(Ra§H20®@H3run. 28:
1387-1394 (1990)). Thus, ifn another pref eceskebodiomiM,ockhe in vivo
half-life of a peptrd@ﬁ hyatized with a PEG npiety by a nethod of
the invention is increaged felevant to the in vjvo half-life of the
non-derivati zed pepti ge” ptide in vivo
half-1ife is best expresséd asoa r@nge of Rergentl 25increase in this
gquantity. The |ower end o

thellranfe of per¥entN’ noHgase i s about
40% about 60% about 80% aboﬁroi oulf 150% or about 200% The
upper end of o o .

HO®  DH
in which X* is a bond or O.

[0170] Also provided are conjugates of peptides and glycopeptides, lipids and
glycolipids that include the compositions of the invention. For example, the invention

10  provides conjugates having the following formulae:
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the range is about 60% about 80% about 100% about 150% or nore

t han about 250% [0195] In an exenplary enbodi nent, the present
i nvention prexosleses PEGyl ated 30 FSH (FIG 1, FIG 2 apdrigkfsov®heos
The Met hods [0196] In addition to the conjugates di scussed above, the
present inventi.gye _previ desyiphdpds for preparing these and other
conjugates. Thus,-fn a further aspect, the inyention provides a

met hod of form C NLéarp(t )g&{%{H%%EHeCHbgt wee g}&%g )%pi ety and
an G CSF peptider Additi oﬁéﬁ‘y, HECTRISAT PON provi des Wethiods for
targeting conjugates®of the invention to a parti'CtrgrPeEHE or
region of the body. [0197] In exenplary enbodi nents, the conjugate is
formed bet weenugcPEG NMicRbenbrds@hs an enzymatically transferable

gl ycosyl noiety ¢ rjging the PBG noiety), and a glycosylated or
non- gl ycosyl at peptide.  The PEG is.conjugated to the G CSF peptide
via an intact gl?ycosyl PRI 'g grofip, SWRFEHC¥® i nt er posed bet ween,
and covalently linkedl to both the C8kcrpeptiiete. and t he PEG noi ety,
or to a PEG nonglycosyl linker (e.g., substituted or unsubstituted

al kyl, substituted or unsubstituted 108 heteroal kyl) construct. The
met hod i ncl udes cont actiagg t he G CSF i i a mxture

e wth
contai ning a mMFarLi PRI codly | t PansfePase foranhi ch t he
nmodi fi ed sugar i% fa substrate. The reactNGHHCCESHIEEt ed under

conditions suffcie @icbotsm a coval ent bond between the nodified
sugar and the G CSFgpepti de. The sugar noiety of the nodified sugar
is preferably selected from nucl eotide sugars, activated sugars 15and
sugars, which are neither nucl eotides nor activated. §[0198] The
acceptor peptide (glycosylated or non-glycosyl at ed i call

synt hesi zed dé® ° CHP@E%?H’HT*WQ‘F‘I’P\”W’%‘BE’&P&% 2FP"a p okafﬁl‘ﬁ*{“’f'%"cﬁ’ell
(e.g., bacteri aI/O' such as E. coil) or in a eukaryW$FPELEECTCHafth
as a mammal i an, ye , nHngect, fungal or plant cell. The G CSF

pepti de can be eith a full-length protein or a fragment. 20 .
Mor eover, the G CSF peptide can be a wild type or nutated peptide. In
an exenpl ary enbodi nent, the G CSF peptide includes a nutation that
adds one or nBaRrithsotiblOpolydrked gl ycosyl ation sites to the peptide

sequence. [01 I.n an, exenpl.ary enhodi nent, Factor I X is )
o-3| ycosyl gt éﬁ?ﬁidnw%ﬁ?fie Rrimeby aaﬁ?wat %er‘ﬁ%?b‘ﬁ%?é‘“’ﬁoﬁh&ﬁ?ﬂ‘ﬁeﬂ t he
fol | owi ng Mmanggirs intRle RSRkdrABsolbIEhdlHREr, RERE R whdsbabRpoBMdir] Thé e

am no acid glycosylation site or, if glycosylated, the glycosy|
moi ety is 5t ridenp@atet of the inveionaerake iapthdreniedr moreyptepinapiyble polymers.
serine of ! N"AADLREodiReAGT helhARELYSs iMBAR4 RGOS InE LauédRASYAC)

and the NAc-gal actosylated peptide is sialylated wwth a sialic _
aci d- nodi f yi nghigleowith whish ée ddivess thgrapRgiCatMNiisTin 2 canttadled atanperl Polyniesic

NAc- gal act osy| at ed. peptide is | act psyl.ated -Usi e-1-CalJd;1
Noand ™ et or Yt FEMBRRYAEGs aR BOUR T A8 i P s IpeOni o T Hasl
cassette usi MRPLIMBRRITRUGSMNERROP DELWERY B) SIEMSEAES SynmposigmtSeriehVsl,
met hod has. the follagwing |ink

. €S . oy s
Thr - cc- 1-@al RS- Amencay. icph SREie W ashingio - 1994 Theserafghillin e rt
aci d- modi f yi ng;|0pHBiateaR& hbseantially any known drug delivery system is applicable to the

conjugates of the present invention.

[0172] Representative water-insoluble polymers include, but are not limited to,
polyphosphazines, poly(vinyl alcohols), polyamides, polycarbonates, polyalkylenes,
15  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
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[0200] In the nethods of the invention, such as that set forth above,
using multiple enzynmes and saccharyl donors, the individual

gl ycosyl at w@esi/@Bsicmay be performed separately, or conpetygshoodlosdoos
"single pot" reaction. For exanple, in the three enzyne reaction set

forth above thaaahME. SdIFMES) ARehaciGRke, ﬁi‘ﬂis@ﬁ@cﬂ ﬁgﬁ&éarPﬁNkAag p‘ré,ggﬁﬁ@l may

5be conbined in a $ingi'e vessel. Alternatively, ctron
can be per f or methegnybat®, poivpheyhmethecrgdate’ rehdmsihalracaylate), pelyéigppranyi i at e

saccharyl don S| er d f .running the
reacti o%s [ nvg{@lggesl’goggf(%éblggcaﬁﬂgiﬁg’yﬁr%?@ﬁ%&%ﬁ{ %r I?%g?chée?]@d%nor )
sequenti al | y aolgpopyldns:; poly(ethiyieergbaol) miy(ethylené stide)] golp (dthylenat i .
Conbi nati ops of C f e. net hods set.forth.above are of use in
preparing ? he?eﬁ?%ﬁ’&l}ﬁegtﬁ?gngnfaﬁcﬁ@tqirﬂ?g’ﬁ'ﬁﬁ ﬁl?lo’[“%’zﬁﬁlP’StVWn?’li’Qlyc‘,’BWj{ ugat es
of the invent patolidead, plhibiiad dnd pbr}ei:glphemllsagd'bﬂioﬁdné}% herdked gl ycans,

the Sia-nodif ilggl group, cassette can be linked to the Gal in an

a-2,6, or cc- Yikhsgisally modifipd matwrahpalyiners of usee coningsies pbthe rveption
provi des for ik i i - LU0, I i

Frar' aes o B RELA, S OGP Sl B gl
met hod of t heethergaatlilose estehe a® WBFcblolos¢sd davnlably peifermdt raemelrus dfithe

further glyco a rj-vati z i e.g.. a PE i et .
ther apeutts agunf e Osyfibyeshh b Bheliohites BofmorIpllics, Bt fotgipitea
sugar can be tohmethgbietlubst,leety! vadlulode, hydipayprypyi@elbboje k@ piapyl ethyl

acceptor in a full l.ycosyl at pepti de, ~or anot her ar npiety

20u th dest r oo ey Bt G B Perecielsont ke hobi emipaene
nmet hods of t heeliulbee et rateDeel18108é ARtatCpihaltt,| ArbodPRetRERENESS, O
t hey can be nutated peptides, produced by nethods known in the art,

such as sit e- ¢fillnlost BlaceaiearsHRess Silfatgsodinan splitang polymepseqsiapiylis ands

typi cal | yi£i t Refhadblkd Qb8 aifaiclapiged. An exenplary N-linkage is the
attachnment of thae&‘ynodi fi e?j aZ%nsSgar to the side chain of an

aspar agi ne r eMil@dlelheshandithe pidpn poliamere disewssdherspeandyi rersiily obtained fimnd
aspar agi ne- X- | | am i-d,. ex ol.ine, are
the recogniti %)nlﬂ{rgég‘éﬁaf;sﬁgg:‘sé@ ocrﬁ agﬁlfyﬁ‘:a I cmlézgl ? gb@rfeLr?P 130@}, ggir&f)%?ﬁ?ﬁ ate
moi ety to the(VéapatagPAg, Alddeh (Mdivauked TWE), Filla (Rodeakena, MY hitdBioRad

these tripeptjde sequences in a _pol tide creates otential
gl ycosyl at onﬂ%mnaoé‘ﬁﬁﬁﬁé © E}’W@B‘%ﬁﬁ‘?‘f‘é‘ﬁ’@ﬁ‘?@r taﬂ’%F%th’ér‘ g’ﬁse suppliers
att achmengp of upipestmdgdredhficges. \- aceyl gal act osam ne, gal act ose,
mannose, G cNAc | ucose, ,fucose qr, xylose) to a the hydroxy side

chain of a hyldlElyiarresentaibiediodseranaiapnlymers of pes intherqepigarnef the
B
mammal i an sy sthemefanelyethyidne éatemiyhalatdapatefhntyot asidappldbstericacitd),i m back
termnal sial g ek Leolfi8Ronc), Pol 2GS TR hAPartplifhs STICA! 3
25  polyorthoesters, blends and copolymers thereof. Of particular use are compositions
that form gels, such as those including collagen, pluronics and the like,
[0176] The polymers of use in the invention include "hybrid’ polymers that include
water-insoluble materials having within at least a portion of their structure, a
bioresorbable molecule. An example of such a polymer is one that includes a water-
30  insoluble copolymer, which has a bioresorbable region, a hydrophilic region and a
plurality of crosslinkable functional groups per polymer chain.
[0177] For purposes of the present invention, "water-insoluble materials” includes
materials that are substantially insoluble in water or water-containing environments.

Thus, although certain regions or segments of the copolymer may be hydrophilic or

S5



[ 0205] In anot her exenplary enbodi nent, G CSF expressed in mamal i an
cells is 5first treated with sialidase to trimback termnal sialic

aci d resi dugsaoitiusPEGy| at ed using ST3Gal 3 and a donor ppt/uREE eG4l C
acid, and then sialylated using ST3Gal 3 and a sialic acid donor.

[0206] G CSF exhneacEdidble, the PRIVARE idikcsik %&%a@é R ardysGRSaIM D
si al i dase and gal act os}dgasee{ﬁg trim bgcks%st s siall csslgbél déméxg e
gal act ose r esindasuss dissobyg in Ogler.act osyl at ed usi ng a gal actose donor and

a gal actosylt u |ng 3 gdonor
of “PEG si al ol Aepcrortn gt she BB b R dod B S5 suBanl e e hc
G CSF i s not fnbluﬂés atxreg@hehhtw dapats¢ of bed@srﬁetaﬁwtzed@rbjbmaba@ahmeedrbed
using a sialic a eact on with th roup-sialic
aci d cassette®® cﬁd’ aé‘%é‘b %’m?f%féé‘i%e QWE‘B?)E@%] rgq’ﬁgﬁlef plitreer
exenpl ary enbgdil@iin r@d&%%:arb re%ﬂﬂf%ﬁnhdlly‘d@:ﬁfiﬁilc@@ihle%oé’}“d modi fied
in the foll ow ngﬂﬂpr ocedure N-acetyl gl ucosamne is first added to

G CSF usi ng al912YpFhsdriprasasbableesiop sy e sdbarhpdropknhit ordiydraphiicoso lpes &
of GT-1, RIS EVA d I
PEG gal act ose an"’c)lp aqgg\égcﬁ)gﬁ I%!rlszdnvg e'?lasse. gg{lg(gggﬁ%} %‘&%’F—‘ @E‘%duced in
yga?ﬁ t cgn al sblomeorgdtﬂ#@fqg@gyk setlepted Hasad caxtbepeferenG CBFthe :piol'ymeatas larv?.ageed
Wi endog| ycanase [ c Y603 rou al act o e
using a gﬂ1 acrteglglensdvo or ﬂ](?li)a fgcé;f) CI}B%Q }fe rflé#‘é%%rpg ?S’ gﬁd%]eimﬁg8ﬁ
PEGyl at ed wi tfﬂn&iﬁﬁi@éﬁu@ﬂ:ﬂnﬁuﬁ@ bp,randfthel?E@-l@d wbpartians of .thd lﬂ@rb&]rbable

e or other structure

Addi ti on of gI 0 ion sites to a pepti

conveni ent |y %589 E\%‘F}S]I!“? Ijceaphgie rﬁ$‘9’é?reﬁ§e?t tognsure that peeil binresqebeb uch
that it cont %oﬂﬁao@iﬂ@nﬁfém@m»@aﬂl—i}im&){é ation sites. The addition may
al so be nade b#the i ncorporation of one or nore species presenting

an - OH gr oup, [0p¥UtEserplayy sseiballe polymprsdephidsefor exareplesyntfiptidalln praduced
sequence of t The
addi tion 10_; ljtgigorlr%b%ﬁ B&?%]tg%, %& oy 08’6& 'hPJfrﬁgy 9%; em calagltd;)/ﬁl?ﬁ@'x 8@1 "% he
G CSF pept i de(see]'ﬁ:ehrﬁ)et a’leUCSPamﬂi;(Nm deBZé;%ﬁlp "lﬂresed:o@el}'mm:zﬁre hst crossllnked
referably alt ed thro t he DNA | evel rticul b
utati g 3 he SRARCHEBHAIPE HoTHdp P oot Sxsre e epatedRouk SBoliel nat
codons are gepefpatitend. Kk, Wéunks étraanﬁB@Eﬁdlfﬂ&t@r tRag 2des30terh 18{19%9); and
aci ds. The DNA rrutatlon(s are preferably made usi ng net hods known in

the art. WO GUO3/ e5s0%8pedt Musonbay é&ﬁ?énlop%{zlffﬁ) In an exenpl ary
embodi menyy, hPS 19'Pr&Rsyy ﬁgfe%d §1o}c%oﬂb§%jéggl?ﬂlc@in {fc?jaf el Rhore ¢ mponent%e

pol ynucl eot i PoI ynucl eot i des encodi n can pept | de ‘can

modul at ed w tmlemf@mﬂoﬂﬂﬁﬁg’sbpdvﬁﬂdtosy a@M Bﬂi]i(ﬂa‘cmnn@ pcsly(ampie@);ess of
fragment at | oo oReat e Tk e by, BEGLARIBY pOPRI R sterde e of

t he fragnent pohycabpaleg)rpolaghosihazines), qml}t(pfmnpﬂdehtersplpomﬁmtéieﬁ e. g. :
Stemer, Proc

Nt ur e 370 35beehirid A5 miiyer Aercob gl pRb ST BE PSRBT - abs,
5, 830, 72D5angobntkt Inckals a poly(hydroxy) acid component. Of the poly(hydroxy) acids,
polylactic acid, polyglycolic acid, polycaproic acid, polybutyric acid, polyvaleric acid
and copolymers and mixtures thereof are preferred.
[0182] In addition to forming fragments that are absorbed in vivo (“bioresorbed™),
preferred polymeric coatings for use in the methods of the invention can also form an
30 excretable and/or metabolizable fragment.
[0183] Higher order copolymers can also be used in the present invention. For
example, Casey ef 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
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[0212] The present invention also provides nmeans of adding (or
removi ng) one or 10 nore selected glycosyl residues to a peptide,

af ter whi clwoeonmebsédsed sugar is conjugated to at | east eogueioi/fAoos
sel ected gl ycosyl residues of the peptide. The present enbodinent is

useful, for examnple, n it i.s.desired to cqnj te the.nodifi.e
Sugar o a sehaurd R ERueni LR iadlmt el SRR SRbrT MR e
peptide or i sfo@be f3rresvetiuble ordfitkasdint QuRSOTIY flexTHiktS of Pdh@omipBsitions is
coupling a nodified sugar to a pep}ide, the sel ected 15 gl ycosyl
residue is coffriigHedly &58 megporstiene! priomatc erhasHPoRALE: SEchors telfrepridyl

coupling. | n aaRla8bnfResihesolyhdeualycosy! ation pattern of a
gl ycopeptide is altered prior to the concjégqgation of the nodified

sugar by the Hdddv@iberpolymerabiset pu lastie andder glyeslie peifs canalsglbeaitibegst iFve.
See, for exa 2 it . f .

car bohydrat e %ﬁlg }Q?ggﬁ%’f’%'gé%w%%%%ﬁ% Oég 5% o} 8\612%&1?53185 glg%ﬁggég r9rp ’|¥hssﬁlé)ae S
ei t her chemi chiblisgrainble mptirbiock abpolymEh badicgieqoagiblty oslgted thlaeiks 685

preferably broyght. abo by ex ure .of the, pol ypeptide varjant. to
the compound RHTIATHGBAGHEE PRIHERUN 6 RICUcsib FirBroPHDBALY AT Eiion of lacide
conpound. Thi sdid @BlOBdd orfi@8&ithet Sn blioklteic Al BV ALiam@le rofGie BIlowéd by chain
sugars except the linking sugar (N-acetyl glucosam ne or

N acet yl gHl act&dsiondih 2 dirfprcionad ompgunds 8ich @ diisosyanate Wiacylshleride pr
degl ycosyl ati §d2sitaedescri bed by Haki nuddin et at, Arch Bloc/tern.
Bi ophys. 259: 52 (1987) and by Edge et al., Anal. Bloc/tern. 118: 131
(1981) Enzynel0i%5]dbiensabeblofegoas tingstusefrbingbd presenhinpeitiopept bele

varl ant = oo BSRELRESHRG IR Hax Bl Ll Mo e PRl orng o
35? l(3 1987) . [f@ébtlt] inmm,g'agdm@ﬂi:ﬁlmkwﬁblg'l mfe@smltléémitsﬁtpﬁbﬁi]})iaftharri ed
out by any, art-recognize od. .Fnzymat i ition of sugar

ot et eq 155 HEBPSMEDEPREHT Dy b TRy R P FeIppon ToPaehe He Fods
set forth her®hfinigt@sirohtbicNSinliddrlyy gy HARINY clofabR" hlisel Rereieictd Bd
sugars used in the 1nvention. O her nethods of adding sugar noieties

are di scl osedhs srsesptibilibaeishe copelympergesgeanlly thibigregorialie ragionpty alewageang
5,922, 577. L%ﬁ%%eﬁgmle% ndd g 1t points for selected glycosyl

resi due incl t are not limted to: (a) consensus sites for N
and 0- gl ycos\PH86] okhen(ijced evithimthe bedyy twdydrophilie réaian ¢ande pagcessed into

accept or s, f or C r £ X ipQine,. a ragline. an
st di @) ( O RRE ST bEOBSI AL Rl BhEl BelFarars A D hpd e,
as those of Hotystampieepolféthert rpebyatiytinexyldeg polyplk, milphingbpirfudigimenf
serine, threonine, or r ox o] i ne;.. romgti.¢c resjdques such as
Chose of | phodgPRTH AeR Db Rkl SGeotink e mearites, (RO A St
group of glut _'ﬂﬂganféﬁ?ﬂ’gh@l‘s&’anﬂﬁﬁiﬂﬂﬂé tBdredfS FuitRerinbR:, He@SERPhilid Y&idd on
are described in WD 87/05330 published Sep. 11, 1987, and in Aplin

and Wi ston, cerasohe forggmpls) coplpfulkylsns) oxign-3uk pely@éh»le.neigxiwAﬁgzan
present Pivents o o Seiag Rol e B e R R Al
conj ugat es. Nopdpwers ther¢énd. i nvention provi des nethods of preventing,
o the i nventvi ¢ bAel AT ARk Sl B Mgt g 3R
subj ect 15t haiveadsn. t Hgdrogedeas polymeric materials that are capable of absorbing relatively
large quantities of water. Examples of hydrogel forming compounds include, but are
30  not limited to, polyacrylic acids, sodium carboxymethylcellulose, polyvinyl alcohol,
polyvinyl pyrrolidine, gelatin, carrageenan and other polysaccharides,
hydroxyethylenemethacrylic acid (HEMA), as well as derivatives thereof, and the
like. Hydrogels can be produced that are stable, biodegradable and bioresorbable.



[0217] Thus, the invention provides a nethod of form ng a coval ent
conj ugate between a selected noiety and a G CSF peptide. [0218] In

exenpl ary R ssess, the conjugate is formed between ger/us2004/041004
wat er - sol ubl e polynmer, a therapeutic noiety, targeting noiety or a

bi onol ecul e, BfdgkoRed hydOg karhpshitRs 0in MONdOIpGRIShaARRibEaSE: ReRtdrde.
The pol yner, therapeutic noiety or bionolecule is conjugated to the

G CSF pept i dethgseprapegii§fcosyl |inki ng group, which is interposed

bet ween, and @gg@'ﬁ@téoﬁgkgﬂggwégerl;@%g%ﬁms AABLd iﬂégﬁfggaﬁ Be sty ng

group (e.g., r-solu e nethod I n es contacting
the G CSF pepthrahghwiasslinking ax¢ knroovncandtaze presegtlaprefedicd fadise ingthe metiodanf

enzyme, e.g.,.a.qlycosyl transf.er t hat onj. ugat di.f.i ed
SO o i BB R ok LT ERREyL o T S BREAHGR, S310.0F el
[) eagt ibon i's caﬂdp@mgd fwﬂmd ﬂsgsm;mu{j wiiish BRRdop It X5, 1&9)96, distloge watgial ent
on et ween t nodi fi ed sugar a t G CSF, peptjde. [0219] The
acceptor G e TR whie gﬁeeaqs&w&ﬁ%%gwé@l%%hw ,Waﬁef-lolubqe
recombi nant | yeaxRrisk&dghnt dakfake beteen s?ulcﬂl myde@ﬁ%auy RASE ekdemdionze! |

such as E. colt%'or 30°in a eukaryotic cell 'such as” a mammual i an,
yeast, i nsectSuchgppymeis aps frthercaf{capped aviipbriopelpmedeableasretcei t her a
full-1leng i [h g i n be
TR G R B e T e
CSF pepti de isdibedestral berkaifisach dopalymadden owhide polyatleyldde ghycol); wherkasd

| | ati ites t. . id 220] Th hod of th
Pvent) on b o b e EBl A eSEHR Lo efaretany Thtosy | at od
G CSF pept i desoljdidolid béid BE pEIYRESE dcRf: QSER] Shavhhéyer aVBRMcroRoREie N 261t I8Y -

5produced gl ycoproteins are 1nconpletely glycosyl ated, exposing
car bohydr at e $¥&4i¥#s that may have undesirabl e properties, e.g.

I nmmunogenjCi t Lo i sl sugar in
2 et hod 5T L R e B e R B T her
gl ycosyl at ed Hramoreyérsiblei gelsdnadinding caugpnents, suelt ar plowinids] ellpgdny gelatin,

sugar can 1ong ekl B e S et PR bt skt BRI S e
acceptor in éeydtdgelang|cpmbimtiaisablerpeffaie plesendy prfiodeder sugar noi ety

wi th desirabl rqoperties. [022 Ex | ary. net hods of, nodi fyin

ot dos o U IR S her SR ol G bR ey (6F Gy i hihd Rventbn eludes

W04/ 09921, 2 n%h@ﬁ%ﬂ@ﬁgos@ﬁﬂ. TRs618éLd28 b6 Bfepared aRFdifg toBEBbAY known
y e

[0222] In an exenpl ar odi nent, the invention provides a nethod_of

maki ng a 15 PEose shiled ioteogrt, djipypmplents depraibagindinpstein et al., U.S. Patent No.

4,522,811, which issued on June 11, 1985. For example, liposome formulations may
be prepared by dissolving appropriate lipid(s) (such as stearoyl phosphatidyl
ethanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, and
25  cholesterol) in an inorganic solvent that is then evaporated, leaving behind a thin film
of dried lipid on the surface of the container. An aqueous solution of the active
compound or its pharmaceutically acceptable salt is then introduced into the
container. The container is then switled by hand to free lipid material from the sides
of the container and to disperse lipid aggregates, thereby forming the liposomal
30  suspension.
{0191} The above-recited microparticles and methods of preparing the microparticles
are offered by way of example and they are not intended to define the scope of

microparticles of use in the present invention. It will be apparent to those of skill in
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HOOC '"NH- G CH wherein Dis -OH or Rl1-L-HN-. The synbol G represents
R1-L- or -C(0)(Cl- Co)alkyl. RL is a noiety conprising a a

st rai ght - cha moesstsanched pol y(et hyl ene gl ycol ) resi dugerfifosvsinR!
L represents a |linker selected froma bond, substituted or

oL Sy AP S SR R e
-C(0)(C -0Co) atﬂe%eseﬁmﬁmﬁ% L-NH-. The nethod of the invention
i ncludes, (a) contacting a substrate G CSF peptide with a PEG—SI alic

aci d donor anlP182! Thesmetural fermats disspssed ébf’d’P i thy centextof iy waie-soluble
PEG sialic acg ﬁ;g@r‘seﬁdfh Et’i‘é?%]tlcpﬁnQQci‘Qfan&ﬁdtaﬂe%eﬁHQﬂ ﬁab%gfgf g&& kgle.

25[0223] An e lary P I ¢ acid dono s a n | eot |

such as that ﬂuwmﬁg-lnw@wmmgs as welhdTlus, ’@nzmlc,hlmcyshemnsﬁeans t he

PEG sialic ac tg

pepti de, unde‘ti csgl%dl }@mﬁggﬁrﬂ g%b?aé%s n%%?%%luto ?ag%g?%ﬁh? %%ﬁ% %S((’%SE e
enbodi nment thpo!gmbxsmbmnes Gh@SEttmdphsedeo pmdeoqahmsad:wsraraagehaany clekdly 5
prior to the fornmation, of t i nvention. An

0
exenpl ary hosf 3PS foéh%Fer‘?ﬁ @Flwatefﬁc’lBElﬁé’Plyg}?ﬁ%dl ments the

host cell is ﬁ¥l9d]n‘§1€b0fh v%'hbbf-liﬁé @ﬂherﬁﬁﬁuhc gBcHRpti@dsican Ao Be Entalded with
[0225] The netho resented herein is applicable to each of the G CSF

conj ugat el sePEF @?Qlﬁleﬁ uehips PQ’é’E@‘V’Sngl&?fM%EGldfCG #ygIrlG.chgpicplept i des
modi fied by tﬂ@dl@f@&tﬂﬂdﬁﬁ@telﬁwltﬁ PEGQPEQ?Iaﬁ@tg nli’&ea%é’ﬂhgi?ﬁl' fecﬁ’lg %ze and

w | d-type peptides or t can be mutated pti des, pro uce
met hods knownddcreasdsdheir surfacasghd a@cmrtabgndummeesdbnhm eegb wéwhish are

Gl ycosy! at | ony g, REPL 8%zl S hY BRIl Tl ASTels bl nked.

An exenpl ary age'1s sugar to the
side chain Of1rr&ﬂ|0\&3mat’dgjla‘sﬁlal‘heﬁ'ﬂduﬁand'ﬁh@rcﬁdﬁdljﬂﬁ:pd:t&kdlﬁyﬁz&ﬂlﬂ&i&ﬁr@&se in

aspar agi n 15 X-seri.n t hr eoni wher. y
am no aci ex%?“oﬁ?rﬁf'fynaé‘ﬁq‘i %ﬂ? @Bgﬁ"?? £4 ‘gn? 52 u@i‘i‘ffésss i)% 1631
enzynati c attQodzePyataM erdl ®a§. W@Cﬁema@ﬁd Hh@nﬁdwz aspanagy '01398@))0'9
chain. Thus, the presence of either of these tripeptide sequences in

a pol ypept i dePEG¥ationotantgdeukin g has ksei repaiftdioiipgieass fteantgumerpodpcy in

gl ycosyl at i on,; Sf&HS ef & Prb% Rbd ofchdwel 1al, 941948419491 (1988) and PEGylation
N-acetyl gal act osam ne, gal act ose, nannose,

of a F(ab’)2 derived from the monoclonal antlbody A? has improved its tumor

20 localization (Kitamura ef al. Biochem. Biophys. Res. Commun. 28: 1387-1394
(1990)). Thus, in another preferred embodiment, the in vivo half-life of a peptide
derivatized with a PEG moiety by a method of the invention is increased relevant to
the in vivo half-life of the non-derivatized peptide.,
[0194] The increase in peptide in vivo half-life is best expressed as a range of percent

25  increase in this quantity. The lower end of the range of percent increase is about 40%,
about 60%, about 80%, about 100%, about 150% or about 200%. The upper end of
the range is about 60%, about 80%, about 100%, about 150%, or more than about
250%.
[0195] In an exemplary embodiment, the present invention provides a PEGylated

30 FSH (FIG. 1, FIG. 2 and FIG. 5),

The Methods

[0196] In addition to the conjugates discussed above, the present invention provides

methods for preparing these and other conjugates. Thus, in a further aspect, the
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20 gl ucose, fucose or xylose) to the hydroxy side chain of a
hydr oxyam no acid, preferably serine or threonine, although unusual

or non- nat WdooResseye aci ds, e.g., 5- hydroxyproline or perms2004s ,
5- hydroxyl ysine may al so be used. [0227] Addition of gl yc%sy 021%[?%?104

sites 10 a PeRlelfordfro AR mhod6H Mhifink 3 G BOGRIAYbATEATI2RE] DY
altering the am no aci d sequence such at 1t contalns one or nore
25gl ycosyl at i owigy amban G Faudfidd. okdditionally,she ipwentivd g@rdyydes mgthods for
i ncor poration, of .one o r e .speci resepting. an -QOH-aqr
preferably Seﬁr%e ‘DSFO?Jhgaré;%’no?rﬁhe IP‘Zesn:ﬁ rtljiejos% gﬁ?ﬁ%lrglsﬁ%@rs I%eo(rﬁ!lge %qdyt he
peptide (for @UThkeskemplsepaybatimens, she @ajugatéhefoatded batweenraBE® mobsigle
by mutatiop or by full chem ca nthesis af the peptid The, pepti.de
am no aci g s&y@ ﬁE@’W%‘C%\fye?aé‘F%ﬁ% E'EY‘Eoé}déﬂmFtﬁ_rCS{f@ﬁS‘ %E‘Eﬁ@’@? @PleB’Sre"‘nélﬁA
l'evel, parti CE!y@ééylﬁtéW%or{ﬁﬁh?UcH 14téepeptide. e G dohfgRePio HEGALSF

at ‘co

presel ected bases such | ons are generated that wll translate
into the desi pertidaivias inlastedycond dinking srawpathish (sdntegosedhietvesnatiidy nade

usi ng et Nods . kaRfy 1fikdd16 pfite ﬁ{/%%i{i@a@h@?@%@é&(?ﬁg?E@-armn‘-

the glycosylation site Is ad I ng po
Pol ynucl eot i dglycesytimlien(p. &, suhstitiidd teunselptidel dkyl, lubstitutdd batredbshitutéd

DNA shuffljng, protocol s. huff.li.ng,is a process Of.ecursiyv
econb nat) on SR RIE sorsget AR Psredarbiets SnfisHRE AR o SERIR Wi o
pool of rel at mikigerentaininy 4 mvéitedsugheatseiidogylohnstdissefforaghietnths nindified
pol ynerase chain reaction-like 10 process. See, e,q., Stemer, Proc.
Nat|. Acad. S&garisgguestraien 7k repsten S("i@g‘&&‘{d Uggf‘éﬁﬂgiil_,gorﬁépfﬂcgm to form a
370: 389- 391 ( 3§ beMabekveen RIS EedNRSar HIFEGIIF peBii®S3 ik 38gar moicty
5,830, 721 and 5, 811, 238. [QZZ%{EI Exenplary nethods 'of adding or
renmovi ng gl ycokie moddied sugas is preferblycelenigd somy mislotidgsughy casgyated sugars
struct uregs or : j [JNa¥ ail in 15

W04/ 0992351, W@%@%‘%ﬁ%iﬁ %ﬁgéﬁ%rgﬁcgﬁfdg.&g&raa% appl i cations.
[0230] The pr B488} Thernceerttéraeptadedglynosylétedes nopahsonfatedds tygicdldy

removi ng) one_or, nbre,sel ecte lLyc |.residues t,0 t i de,
L ter wh ch ao RS Rt oA S AR R Pt gl
sel ect ed gl yceslybuchas Edewd obin 4 didkagend cdiesuclbuchmbaslaliang yest, asect, fungal

useful, for exanple, en it . 1s desired to caonjugate the nodified

sugar 20to a gré@wj&lbw@rey@ | PPl _ﬁﬂ@%ﬂﬁ%&r gl Oﬁﬁtorﬁgﬁ‘%‘ﬁ?t-on
a G CSF pgpt | HRr@Wer, BreMRUSPpRHERcah Be A wlld $igel nitiimbpeptid) U anRkéRplaty0
coupling a nodified sugar. to a peptide, the sel ected glycosyl _residue

i s conj ugat edembpdimentdheSECHE pentide inglndens pivtetipe thet adds one eraporedingiriChg.
I n anot her enmgagﬁgg?,g}tggSgé&ytgg%eg{i%eggéﬁg%}%ern of a glycopeptide is

altered prior to nj ugati on i ed sugar by the renoval
25 of a car boly#9)adinancasnplory entodintdnt FgttycBpis2-glyeosyss anfl duncéirualizbd
WD 98/ 31826. 31].. EXx ary attach t .points far sel.ecte | vcos
Fesi dus | nci uben ERSITAr B0 SPRPRE AT REn it e BUETH Bl ppiEnd
N-1i nked 28 yceslykabvailable améhosicideglydoaylation dirloedf gllyyssomiedathe @hycodyb)
term nal gl ycos%/:!ty,rml etigs that are acceptors_for a

gl ycosyl t r ansPeielydis friprogd gft do cxnqsed the aming acide FOReKRample, £ gerig.or thisoninte
car boxyl gr ougsg,.] 1310&@%1 fhBB palbobMSEY [GANARLPSHISHENARSalaB08Rat0d peptide is

cysteine; (f) free hydroxyl "groups such as those of serine,

t hr eoni ne, orsitlyldted Wity adidlivaacidcmddifrinmgrpug caseatiedisiog STACANS T hose of

phenyl al ani ne rosin 1r N Lh). 1.h ] o) ey

gl ut am ne. Ex%]rtr%) %t%)%} 1yﬁgl{er£ s%ﬁ%@%@‘rp °p ﬁéee 1rg:) %lgéﬂﬁlﬁ%ﬂv%ﬁﬁcﬁggr%n !

descri bed30 n AN theprob@3 @ sialylated with a sialic acid-modifying group cassette using
ST3GalTl. An exemplary conjugate according to this method has the following
linkages: Thr-ot-1-GalNAc-B-1,3-Gal-a2,3-Sia*, in which Sia* is the sialic

acid-modifying group cassette.
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publ i shed Sep. 11, 1987, and in Aplin and Wiston, CRC CRIT. REV.
Bl OCHEM , pp. 259-306 (1981). [0232] The PEG nodified sugars are

conj ugat ed“t(pzoas,@sgy@osyl ated or nongl ycosyl ated pepti depdsigSfhodhioos
appropriate enzyme to nmedi ate the conjugation. 5Preferably, the

concentration fnhlﬁe R0k @ﬁﬁ@'ﬁﬂ@ﬂtw’ﬁ%@ﬁ k$that LOFYRBLSVe, 8BRS ﬁﬁﬁiﬁ;&t or
peptide(s) ar ect ed such t cosyl ation proceeds “unt |
desired degr eelztﬁnenmtl fecehgrildanws, thmlede( lprosylgtieresiensveay, be pagormed
Cons deral | o Sepdlati 23 EChuBEL e WhelehoPShadBh! Fol dabiBf, AR il Byt
si al yl transf erase, genera

gl ycosyl tr ansfeectﬂsﬁer ﬁathtabmmsthe ﬂ}@lﬂ\mﬁ&hfeﬁas&me‘rand&ﬁemﬁmﬁr dmhotssma}g
glycosyltr er ases heS| esire | i ccharide stru tur
o2 kmown AndvaiangasbR B cafiraaeh: fs AIRREFR o an e rtote
Exenpl ary met figfsardlidiidies Ga!’b@rdi SifDhnd M6 Sppaslﬂlatémac&ﬁha AB80ks added a8h
al., Pure App!. Chem 65: 753 (1993), Pat . Nos 352, 670,
5,374,541, 5, §agestsp, Aaﬁ@%raeﬁﬁﬂﬂrymewber%ct@nsm&tolvemaedmeeebgnm and
and 6, 440, 703 9&&&%11511 QG0 ftmohetc%hguﬁxeac%ﬁm% 1d Q83 bri
The present invention is ticed using a single glycosyl t dnsf er ase
or a combi nat CgmbmﬁtlfglswaWIqfﬁ@nmtbwcasetsforﬂn:eboveﬂmnﬂuee ingmepagiapthese a
conbi nat i . of o%ngs é(fltﬂe 1%ngterase and a gal actosyltransferase. In

t hose enbodi nENLE US] hg hor é YPRan one enzynme, the enzynes and
substrates ar mzpt]emehea;tﬂnyugemabf the thvientica) particulardst the ggmbpagmlaﬁﬂ Nrlinitadr e,
or the enzymes and ge for a second enzypmati c re lOI’l are added
Lo the roant | SHCIEANG SRORCBIITRETPY GESBASYER ITked et LGRS ot g‘p‘l’rete
or nearly corrglzej?nkgy conducting two enzymatic reactions in sequence
in a single vessSe verall yields are inproved over procedures in
whi ch an i nt ej0382}i ’Etteenetbectwfebe inseﬁtmlabsb@mvidﬁf@on@tiﬁcmibeaﬁimpompidtely

di sposal tra vent r CLS .S red 251 0

o of or redertad ReRRe PR s AR pbr R R i el Rt pEcigta kP
glycosyltr ansiermaeatod sfhanetmin, the §-€8F pehtidobarbammultareoeslefiziier i S
an endogl ycosi dase.

addltlo al preferred enbodi nent, r
two enzymes o é"%glé@dtaﬂg a Sehpidavt gﬁﬁ‘Eﬁr@ale& %WPB?%‘?%@%P 'ﬁﬁi&‘p
invention. ThenERgRSied of heSR6HiEQ flghian Be 8RGENHAIE tHE wouldSrbper
the G CSF peptide at any point either before or after 30the ad |t|on

of the nodifi mﬂgatgarto the ag¢eptop i fudly ghconrbaqd paptide or regthes uad meisiy |

t he met hog, r nore exo- or endoglycosidase. The

gl ycosi dase IS tdé@ggﬁb@gﬁwgt ant, which is engineered to form

gl ycosyl bond@ZBﬁtMthandas lmp:tduﬁ@ tytteamethhds ofilbamyergiop cambsgnthetic or

|1
R Y & G BertS b bR ARG Bl BodeFho R in
endogl| Iylcan gs ethe Srt,@;ﬂdl@ad'kltetd’h@ctig gﬁxtagmtse? Cﬁﬁbs):tmm dfpeptides thuggsicaliyl dither
1 | cCa e a 110N u OS] tl o
c)cl)lrorbi nat ?/on tﬁit%&eﬁ or %L% %e%apggy ﬁ@ﬂ%&%% Wl}af@ﬁttat%@le mpdified

serine, alAni fiGar BIRAIRAHER, of QR aﬂJakhtgﬁ{@rék‘i‘due[ Q’gg?r]peEH& éwﬁtﬁr@és Rparidike-
catal yzes the reaction, usually by a synthesis step t

Sanal ogous t oXtshinerandaspasagineastthigpning, vigee iémglaw%wéewmmly@ e
step. |n thesg. enpadh ey ﬁe cEJt%r %zémgﬁé’éna@ &le o@'c%Uhﬁr{th&e% f the

desired oligo- or ho- sdcchar i de etructure) contains a 1eavi group
and the r eactasparagmoméechaxw Thus{ the peetaice phaithef oﬁthezediwwtxdmwhmbseintao

a 4 cNAc reS|d the rotein., For exa n ro a
e a hal ogen Bbihentad el atfitan dos FERTE: o filkeh SR etBrs ot
group is Asatmctﬁﬁhmbf@qe%garqagt m-&egangalettysaxﬂlm gelhctbset flfafse, GlcNAc,

enbodi ment s, the G _cNAc I‘eil due o qu esy or mol ecul e is
modi fied. Forg lasegenfhcose ey @e};ﬂﬂct ydroxyaning acid
oxazol i ne moiGtirably serine or threonine, although S-hydroxyprolme or 5- hydroxylysme may

also be used.
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[0238] In a preferred enbodi nent, each of the enzynes utilized to
produce a conjugate of the invention are present in a catalytic
amount . TheyEaRbadsxssC anount of 15a particul ar enzyme VaEte82004/041004
according to the concentration of that enzyne's substrate as well as
to reaction meF@:r&aﬁnP&bgmete@m@ﬁmhuGecsﬁ {sRprEkd th ¥ahnelialVBaRs
for determ ning the catalytic anpunt for a given enzyne under,

presel ect ed s@abdmegifigd 5FFE@WP‘aﬁtfiS@HQaSSﬁ‘tjtr%g@ﬂ(itﬁﬁl%@éﬁlé]I% pdhEesidpes, we |
known to t hosg,Rfkyed bl IPEGyRbASsiAE $T3GAZIR o 300 LEPPOLRhHLEgat Whi ch
an above process Is Carried out Can range ?romj ust 20 above freezing
to the tenper #20FkIreanothisr exemplieay pmbediments GtCSegnwsetian demanaliag sells is
Preferred te I F e ug .0 C to abou C .an

ot of or abl y° angit T e § Pt Stell e R Ritlreitucs, o BRTREPRES,
one or nore casippRENGA3 afd & bengd bERBGsialie bbidthndrikencsidigluiet @sing 5 T3®Gal3 and
el evat ed terrperaf.ure sing a thernophilic enzynme. 25[0240] The
reaction nixt 6F8"F 808 ai ned for a period of time sufficient for

the acceptor [ROFEGAITOGYIsHIEH a niAGhARY sh A caDalid 6. BR8d At sialidase
conjugate. Sone_of the conjugate can often be detected after a few

hours, with rabgadactasidaseindimiback dygalioaciand galapioss iseidues tpR n 24
hours or Ss f i j ate of
reaction ilm; dg%gﬁ@gg%&ouﬁﬁgaln%}%gbf ¢ gtsno\‘?/‘g{q ggg%ﬁg{}gﬁ%g é.a g&ﬁlgirilzyme
30concent r at i BRGyldtedasing Si6alBrand e dnporad EEFtialicaoidcent r at i on,

t enper at ur e, t_vol une ich are opti,m f.or | ect ed
syobem {0241 FRAER et SuoPe bepliles Bt ME\G-ESE iFfy el S

i ndust ri al - scsihlédape, bdiie iglyeopeglylaaddisinigadiabie ptid dassferAsadiian dvifhakenodifidng
i ndustrial scal e geperall roduces at | eagt g]ﬂs %Eam of finsihed,
purified conj@ggpaialic agifysissqtie, and anenayrae elasIFGP- o1 | ons, the
inventioniss p[2e8PIn of fufterRyerhParyccdiodBdnt, TLCSF id@BGkdsbeRidn $isddticellPridd
noieties to a glycosylated peptide. The exenplary nodified sialic

aci d is | abel Bgdiged Hi thefpllowing praesdyreoN-acrylglenopating i firsivddediodirCSH
the use of P i fd Sdadh | I I i 1S or
clarity of i F%Ig%)@fa{ﬁipgﬁn?ﬁa% ?&s\et@%‘g?o 5?1%?1 g%igggp%g o?%rg{jvgﬁﬁﬁt&ﬁlén’ w,
invention is &ndn¥it@dSFos then PEGy]atefiatsingra dohot dtfd¥65-palectprander s. One of
ski |l under st di scussion is generally applicable to the
addi ti ons of grag%??s&%%}lsgf%%gec')syl noi eties other than sialic acid.

Mor eover , 24 he[0d0%|cG<ESFprodiged kit amplpd beglpt e atetheFortample pGHERF iof

a glycosyl unit with agents other than PEG,in¢cluding other PE .
Tt et o5 t henuhEHH DR Lanas 1 TIOLR IR SBGPOL ERpE SapotasyTaied using
enzynmati ¢ appi gasdiose Abndt@nt & @dlat@sylkhRfesAk 8fl isvBen PEGOEEA RS TOGal3
PEGyl at ed or PPGyl at ed carbohydrates onto a peptide or glycopeptide.
The met hod ut #di2dogonefdiBG-galiceridr s cont ai ni ng PEG PPG, or a masked
reactive funcgy : , i i A i :

gl ycosyl tr ansﬁﬂg?@?ﬁd‘g?&g‘ﬁfé%?%% élgggpﬂg;éeﬁ%g@ge (;e}(?ﬁ}ﬁé t hergI?S'r&)i:}%amently
gl ycosyl t2ansdceompléshedhy alpdring theedagine heid depieneedudathbiohgaitainsoreion kmnge
and

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 G-CSF peptide (for O-linked glycosylation sites). The addition
may be made by mutation or by full chemical synthesis of the G-CSF peptide. The G-
30  CSF peptide amino acid sequence is preferably altered through changes at the DNA
level, particularly by mutating the DNA encoding the peptide at preselected bases
such that codons are generated that will translate into the desired amino acids. The

DNA mutation(s) are preferably made using methods known in the art.
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utilizing the nodified sugar as the donor substrate, the PEG or PPG
can be introduced directly onto the G CSF pepti de backbone, onto

exi sting sygpff@ssgdues of a glycopeptide or onto Sugar pef at
have been added to a peptide. [0244] An acceptor for th ERRSAERi1bd)

si al yl transf eq@ag] ifaé:@§ My aﬂb&me&@gy@ﬁs@uaﬁlﬁ sxkplsQ@d%%mﬂﬂﬁﬁfd

by the nethods of the preSent invention ras a natura
occurring: str geovaeatides rRolysugleetides ignsadingacmandidata peptide cembglrmtlml&taﬁl y

accept or s sush SR RGNS PSR e QR SR Bl Rl
| act o- N- t et r acsembiBation & :R@AidW\perf@mtd B raddom, fragaichthfior56d £NAC of related
O b a7 B o s CSEo R 57 SR e B e S S bt
(1978)). [024pfoctR. gé@e@msmrﬂanpmcana@%@@tsaf Usgrg It hﬁcﬁ 10751 (1994),
sialyltransferase |s present on the de to be nodif gon

T e e S Vet SRS 09b (1) AR é’ﬁ&?é@ﬁ@pﬁﬁ@é&%érﬁ%&

sialyl ated uskReg yheakl fgethgmet hods wi t hout prior nodification of
the gl ycosyl ation Eatter n of the glycopeptide. Alternatively, the
met hods of t hi0232j h@pwseahmqmobelsgsaw:de@ n@am qﬂaddmg éorpapbvxdge) dnlaar

does not cl I 1] rst s,the G CS

pepti de tz)@l n&gﬁfglegﬁhggghﬁl (;%r%ﬁ%@s 2‘tpna (ﬁ (%I-Pa )fﬂﬁglg’gd MEER; 11 | n
the art. In amwmltaatylezfsnbmhfnbmclec&d@@lcbh%d résRineslofthe pepalddelihé)meidﬂe
action of a Gal transf nase, 24 I n an, exenpl ar nbod

t he gal act osy?mg@gﬁﬁt& “sieg“ ;’%E@WB{P@H“@%‘“ 4ig %élﬁ?cﬁ canlﬁé%églsd’é‘éi g%’sﬁ“&ﬂe
to an approprical Rlcaed @plodyl Edsiﬂﬁ@%aﬁ&eﬁth&n@t%nﬂ@@ﬁ bE{ﬁrde%rQ;not fresent in
G cNAc. The nethod_includes incubating the G CSF peptide to be

nodi fied w t h? 4esPedampyi. Ay prer tosaep @amr@ndh&edasusw@ amp@dﬁnﬂmmlemd a
gal act osyl4 r ansi® ﬁ%ﬁdééﬁcemu%a@@d B34h @spﬁ%&@éb‘l ﬁﬁ%} gP' e

gal act osyl donor {e.qg., | act ose react |s al

proceed substewpling. | ip a!l@th@lbmﬁ@tmm the gly@dsybhmpattmi of 2 glyrepemalets on
is term nated n the al.act ose .residue is
added. O her al%}é&p tﬁggéﬁﬁ%ﬁ?gn%mgé dgg:efi 8dc% %351?13 rfpagalé’iéeptor
will be apparmitohydratehesmaﬁom Kiel glydopelitide. 8¢, for BRADRAS TFO I98/3)Y&'26.

anot her enbod t cope e I|nk ol i gosacchari des are first
T e o o R g e R sy oo S Sy S aen prae on esgesprpsice
for the Sl(ﬁ' thﬁ@ﬂﬁﬂlﬁﬁeﬂfeﬂhﬁ* ch&nmllﬁbﬁe&ﬁnmaﬁﬁ OR&MiRAL dEEl&Sosy]anon is
appropriate resjdues can be added to obtain a suitable acCcepto

Enzymes such Hefegpiicyeyght P'é‘ﬂ%P&P’&%"éﬂre@ﬁH’eéﬁb’@@mﬂ@dﬁrlwé‘ég’e@g@ﬁoumor
exanmple U. S tPﬁB@I@FﬂC&EHCSﬁHZ&I@R&&% 2R eQuibA&lt YbmbQindt %r éhhni'sﬁ'lgs ﬁ

trimmng reactions. [O t he di scussion that fol e net
of the |nventfh©ﬁle$\@g95¢’éwp$tlot hléduaays etXhGﬁﬂ@dllﬁfngmghrﬂNwew@mosamawomg

Clarity of 1 1TaEAY R RebARLERCn N AFHE gk gt ERURR Qe o Blion
di scussi @8 i s depaabdcyoyrléeilemadmn enalt, bl@deB%b@@BWﬁ 250; 31087 tahé by
o €0 SUSaL DeRt PO ISR RS Kyt e St
car bohydrate mﬁéﬂle@l& 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).
[0214] Chemical addition of glycosyl moieties is carried out by any art-recognized
30  method. Enzymatic addition of sugar moieties is preferably achieved using a
modification of the methods set forth herein, substituting native glycosyl units for the
modified sugars used in the invention. Other methods of adding sugar moieties are

disclosed in U.S. Patent No. 5,876,980, 6,030,815, 5,728,554, and 5,922,577.
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is "trinmed" prior to the addition of the nodified sugar high nmannose
is trimed back to the first generation biantennary structure. A

modi fi ed sy@RddeRs4sN9 a PEG noi ety is conjugated to ongcp,ﬁjsmggl@_ug{:‘
t he sugar residues exposed by the "trimm ng 25 back." In one exanpl e,

a PEG noiety s _added via a 3 eNAc.noi.et 0 to t

ol Gty The 1R Exe e RAReah el Kot SHE e ey st Al ot are no
term nal maNNBgGed &S (A 'é@ﬁ;seﬁgus TSJ&% fhy Iﬁfﬁrﬁ@%l'y)éosgldh%ﬁt (% Rrminal %ycosyl

Al ternatively, an unnodif can be added to one or

the termini omoisties Betaie ﬁ@d]%{?é@li @dycqswl%@qferlaﬁ:, 0 gediipe, @%@ﬁa@r&rayd
embodi ment, a Pﬁcﬁn éédaﬁoo?glfgg&rp% ge?ﬂge é?ﬁfhg %rB{alps%‘& dﬁ ;geth%s%w nal

mannose reS|dues bl an ructur sugar
havi ng a gal ac:,ststtsm: (@ﬁndhﬂrexﬂgﬁmm sxcb@mﬂmﬁmfesdrm@tlaeﬁxm\wc resi due

added onto thﬁ dtgerm nnos re le Ath]t erna h E%N}f % .
unnodi fi ed GalVCERPH “‘8 6‘0{“8 B! B?S B TR AAF™ e ks
[0251] In yetugptbpHan)@r(hpikaaiplde, gr@pRE@ldiiﬁhmEyEkﬁn}ﬂﬁlﬁ}Qﬁbﬂw&%@fase(ﬁathe
residue using a nodified siali¢ acid é % J] %gt her,_exenpl ary
enbodi ment , apﬁfe@hlwawww deseribed in ¥/'Q 87/083 0@?@8 SkP- ol 98 eaidAnose
from whi ch t hgpph 201 WHIRHYCRE C4GHE. RES, @xro@ﬂﬁﬂae?% 259- 3@9%195315?xarml e, a
PEG noiety is added via @ G cNAc nodified w he pol yner.

Al ternatively, an unnodified G cNAc is added to the nannose, followed
by a Gal W t hThaMsthedshed PEG noiety. In yet another enbodiment,
unnodi fi ed GLcNAc and Gal residues are sequentially added to the

mannose, fol | @448 Ipypdditien &g the copipgaterdissussedahipive. tRIPrgFank inyembion PRRYidasy |
d
10 [0253] In %ﬂth&é ﬂ?greg%ﬁ%ﬁh%ﬁ énf%%ogglgﬁtes highovanme %ﬁrgi_ﬂ?o_ﬂﬁéfmﬂﬁe

back" to the eNAc t i I rst nose Is attac d. Tt
GlcNAc is conpethedsef ptrwcati@bum@sﬂrdmshmeamg mglsasw@emlaémwstermga

Al ternatively fo d
the addition G %a{s% “ emv &9 8“6%0%%“?’48 gaq Jt(hf)%ev\?vgjp mlg(iglA(?E%Fee rsaus\glg\g‘re

yet a furlﬁermevdﬁﬁlﬂ{e&hseh&be term nal GLcNAc is conjugated with Gl and
the 15 d eNAc I?ri subseguent | fuco | at eg a nodified fucose
boar i ng . PEQUREIGHS, b SRsnonrgn gt BR ROl O ab  Gev Pt FeEack t o
the first G eflf\Gechld RRORE ridRet] Bl HSICIH pdphige.pepti de. In one exanpl e,
the G cNAc of:- the G eNAc- (Fue)a reS|due |s conjugated wit ha G cNAc

beari ng a wat @?1@JPGB¢@P]WIW¢H‘WF&@ﬁ@?%égat%wiﬁsﬁleé betwrsn gwatgasolyple
the G cNAc-(

20sol ubl e polgbg%lﬁmr ?ﬁie%lﬁg%qcl 6{?{3 %Qﬁaﬂ?%bl&&%‘%@%@ﬁﬁcé@ﬁﬁ&
modi fi ed 20 t hor@ah;glfcobylaedG-GSF pmufidg’éha melymer, thirapiic mfiety os biafniotscule
acid nodified wit.h

are set fort hlsfﬁnjg%aﬁ%?ﬁﬁl yer@ﬁcpeé‘% %’ lgg ?Syﬁ hﬁl?ﬁgg? WIBn;gﬁl‘%tg P%eﬁs
20 ;)40 132640; %Oebﬁi/ Qﬁﬁi&b&ale?&(}ﬂm& ¥Hwih ;Hd pEptideaine dg: Iﬁ@ﬁf}hﬁ%grblﬁm(el\g),s

10/ 369, 979; 10/410,913; .10/ 36Q, 770; 10/ 410,945 and_?2 us 263
each of whi ch"3t&r-3oleals Palymes ﬁhf‘emsﬂiﬂf} s eminspes hﬁg“zggf bl Wit 2
exanpl es set hixird caRBMRg RNV R s%@ar'alnﬂ W bR eQ8 g Oh gg)e@symﬁeﬂ'era@é thdte
met hods set forth herein. Using the nethods descri bed hérein S

possi bl e 2% "enugrisatR makifipdsugardo ths subtatede By apriide, afgésgaoawlxsphpld)
to the ter mi napeiRl s QS Gnaibiof MRReafp TN of@pana 0
it can be i ntktweedithd mo&hﬁ'edwr aighpGptilipeptide.e and the t er m nus of
the car bOhydr[ﬁaﬁ)] The acceptor G-CSF peptide is typically synthesized de novo, or
recombinantly expressed in a prokaryotic cell (e.g., bacterial cell, such as E. coli) or
30  ina eukaryotic cell such as a mammalian, yeast, insect, fungal or plant cell. The G-
CSF peptide can be either a full-length protein or a fragment. Moreover, the G-CSF

peptide can be a wild type or mutated peptide. In an exemplary embodiment, the G-
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[0257] In an.exenplary enbodi ment, an existing sialic acid is renoved
froma G CSF gl ycopeptide using a sialidase, thereby unmasking all or

most of thwmgﬂ-g%lﬁng gal actosyl residues. Aternati Vei)(YTmﬁoﬁﬂﬂ’iéoqe
or glycopeptide is |abeled with gal actose residues,

ol i gosaccharid esi at termnates in a gala

Fol [ow g ¢ he. SXbBGHIHE 15/udE} « BT Bt oics SpEodap Rt o8 @k@@ﬁ@b@gsy@wn
appropri ate sigeytotth@péphigé fg@encs, used to add a nodified sialic acid.
The approach is summarized in Schene 1. 5 Schene 1

CVP- SA- 5- N1- | G038 Nihe pretiqdmdthe inggption algo previdep {re apndification ahincompletely

Sialyltransfe y
appr oach, rm%f‘%g)élétel@? %%B%EMW%BE&P [é'ga%tﬁﬁ/nea ?{J ﬁ#‘ngﬁeg&%&%ﬂ
present on 5t hepredustbd glyearirateing hre 1mg1@éqjelygbrcoay\1@edg amqsmgsaqbpbjfchaatabl y

10 unaffected b thi?a?ond tlon g% ttach 1 he nm) h,gd Si b
acid to the G' EFY PR vsé‘ia tpf%ae L L Eﬁc?$f8 by

sialic acid tahé RESCERPloyhRM hedified hgammknmodﬁh@a/mdermd thé Berferdeim
peptide is corv{e gﬁlted V\né,hﬁﬂ ent suha PEG. tgaent S
conj ugat ed to FEeRENYRREGUSlY futher gg‘ﬁ%ykft? Fegtized withse g e WetesPluRle h
the unmasked rRfEhdrMBerdpHP afdht,lh e A fThe SugabBidlety ShdMSdified sugar can
10 be the residue that would properly be conjugated to the acceptor in a fully
glycosylated peptide, or another sugar moiety with desirable properties.
[0221] Exemplary methods of modifying peptides of use in the present invention are
set forth in W004/099231, WO 03/031464, and the references set forth therein.
[0222] In an exemplary embodiment, the invention provides a method of making a

15 PEG-ylated G-CSF comprising the moiety:
HO

OH
o
NH-G
OH

wherein D is -OH or R'-L-HN-, The symbol G represents R'-L- or -C(O)(C;-

Cealkyl. R! is a moiety comprising a a straight-chain or branched poly(ethylene

glycol) residue. The symbol L represents a linker selected from a bond, substituted or
20  unsubstituted alkyl and substituted or unsubstituted heteroalkyl. In general, when D is

OH, G is R'-L-, and when G is ~C(0)(C;-Cg)alkyl, D is R!-L-NH-. The method of

the invention includes, (a) contacting a substrate G-CSF peptide with a PEG-sialic

acid donor and an enzyme that is capable of transferring the PEG-sialic acid moiety

from the donor to the substrate G-CSF peptide.

25  [0223) An exemplary PEG-sialic acid donor is a nucleotide sugar such as that having

the formula:
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WD 2005/ 055946 Schenme 2 PCT/ US2004/ 041004 [0259] Any nodified
sugar set forth herein can be used wth its appropriate

5gl ycosyl t y@mboisasg, dependi ng on the term nal sugars gfriB804/041004
ol i gosacchari de side chains of- the glycopeptide (Table 1). As

di scussed above, the term nal sygar of the glycopeptide required for
I ntroduction of the PEGyl &t edystructure can be introduced naturally
during expression or it can preduces post expression using the
appropriate glycosi dase(s) F®gl ygos Or_g_rlsferd?e(s) or m x of

gl ycosi dase(s) and 10gl ycosyl t Lapsfleras@i®). 7T oY

UDP- G ucose-derivatives USP-® ucdsam necder i
may be acetyl) X =0, NH S, CHxH N- (R -2)2.

NH;

and an enzyme that transfers the PEG-sialic acid onto an amino acid or glycosyl

residue of the G-CSF peptide, under conditions appropriate for the transfer.

[0224] In one embodiment the substrate G-CSF peptide is expressed in a host cell

5 prior to the formation of the conjugate of the invention. An exemplary host cell is a
mammalian cell. In other embodiments the host cell is an insect cell, plant cell, a
bacteria or a fungi.
[0225] The method presented herein is applicable to each of the G-CSF conjugates set
forth in the sections above.

10 [0226] G-CSF peptides modified by the methods of the invention can be synthetic or
wild-type peptides or they can be mutated peptides, produced by methods known in
the art, such as site-directed mutagenesis. Glycosylation of peptides is typically either
N-linked or O-linked. An exemplary N-linkage is the attachment of the modified
sugar to the side chain of an asparagine residue. The tripeptide sequences asparagine-

15 X-serine and asparagine-X-threonine, where X is any amino acid except proline, are
the recognition sequences for enzymatic attachment of a carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of these tripeptide sequences in a
polypeptide creates a potential glycosylation site. O-linked glycosylation refers to the
attachment of one sugar (e.g., N-acetylgalactosamine, galactose, mannose, GlcNAc,

20  glucose, fucose or xylose) to the hydroxy side chain of a hydroxyamino acid,
preferably serine or threonine, although unusual or non-natural amino acids, e.g., 5-
hydroxyproline or 5-hydroxylysine may also be used.

[0227] Addition of glycosylation sites to a peptide or other structure is conveniently
accomplished by altering the amino acid sequence such that it contains one or more

25  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
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Q=F12, 0, 5, NHH NR R R -4 = Linker-M M M=PEG e.g., mPEG
[0260] In a further exenplary enbodi ment, UDP-gal actose-PEG is

reacted W {y hovéasm | k 131, 4-gal act osyl transferase, tpergb¥os041004
transferring the m)gl fied galactose to 5 the appropriate term na

N-acetyl gl ucosani ne structure rm i s on the
gl ycopept i de ﬁa}? ss%leﬁ?edaa@éﬂalamﬁ?%& @faﬂgﬁgigwﬁsa'\tﬁhﬂﬁﬁ? AFrartichlagly bgy
expressi on sysffifhgale D’ﬂ[ﬂ"@a’cbcﬁﬁg thb@@]ﬁﬁfe at Pfleéé’l'éctéarbaééé%%}ﬁthatb!éﬁo@é
can be produced by treatlng t he" gl ycopeptide with a sialidase and/or

gl ycosi dase asenesstedythocwidhranslaiednte thesdesiredantiag a¢ide dThe TN 4 2@1K3tian(s) are
anot her exenp . erase, such as GNT1-5,
is utilized t%?e?‘%gtﬁg?g@b gg%fna?le -@H%]{lg&zﬁ erm nal mannose residue
on a gl yco@epﬂlﬂ%} I an exesiplary erhboditent, the(glrypcbatayioeaim)idiachdadtby shuflitge N-
and/ or O- Ilnke st u are enzymat renmoved from

ol yeopept i de. Py EelGRRes, PSR aiesfine Aeapdififls PuioE SoL Ot mp e e
that is subseqqmNy sBefjrsGRbt0eb1NM DNAtshef RN kipestesigadcurshar

15exanpl e, an endogl canase i s use to renove the N-linked structures

of a gl ycopepfscambimaiienansdautatione prfqrmed by udem B smenp el a Rovkelrelatd
on the glycopgges d8iowldyGahssEbtty 3P theFAGMBRR HOR Db BE rase chain reaction-like

gal actosyl transferase is ‘'used to i ntroduce the gal act ose

functional®t ypiseess. Sere e@x StaseraerGPramallorl. (4908 Bri. S Wﬂ'éﬂﬁ’é’itll(\l!%%)
erbou ent . {8 1 s 1885 0 (ARSI R L38O 3065

pepti de backbone using ycosy tran erase known to sugar
residues to tﬁ;SB@),ébtardieS $)Idc2<’5!80ne Thi s exenpl ary enbodl rrent is set

forth in Sche Iar | transferases useful. in .
oracticing ¢ h@ﬁ%e@’éerwp Tt PR A ROR 0L B SossBRoR o aggine o
Gal NAc transf amasasg M&u&&mi&) subSth@hlr&caré deoaberiagesil in WO

2005/ 055946PCT/ U@i0041041004 f ucgsyl transf erases

gl ucosyl t Fans MERUED23 L. W O83/07 1404 and pelatedsU. Snﬁ?ﬁ%@?fﬁ?ﬁh&ﬁ%‘?"éf ases and

the like. Usei@iof theprafRRRf iﬂ@é}ﬁloﬁlaisé’ﬂﬁhiegﬁwgh§ SGldmg dhilrbRBviRf) e dt Fogd
sugars onto pept| des that | ack any carbohydrates or, alternatively,

onto exi st i ngseigojedagteqenylaesidues fp HGtESTopeptide, aftbrovhighi modifiedsugan s
modi fi ed SUQaEc{nﬁ@%éﬁsto %PS&' b sQ:%%{eEl' g?ﬁiy??es Es g’ﬂﬁﬂbé (e bagibone

as defined by subs e speC| I Cl ycosy ANSt eT ase
and not in a ramndgres lamn.rseﬁul dor axampleswhhmt rsgiesmacdltb pmgugmmeinodlﬂed sugar

DL L 2Bl e DRSS KSLA0yBIGT Eale TEk bty A el RS
gl ycosyl t r anspreseasi ssdehizéd aﬁ@nne'pﬁusmxowqmﬁ@g DynhodiTt BEEI kd\Wpdpide, the
appropriate ap no {lycoss osidusis conugared i thh &-LBF DEREE by aarymnatic or
chemical coupling. In another embodiment, the glycosylation pattern of a
glycopeptide is altered prior to the conjugation of the modified sugar by the removal
25  of a carbohydrate residue from the glycopeptide. See, for example WO 98/31826.
[0231] Exemplary attachment points for selected glycosyl residue include, but are not
limited to: (a) consensus sites for N-linked glycosylation, and sites for O-linked
glycosylation; (b) terminal glycosyl moieties that are acceptors for a
glycosyltransferase; (c) arginine, asparagine and histidine; (d) free carboxyl groups;
30 (e) free sulthydryl groups such as those of cysteine; (f) free hydroxyl groups such as
those of serine, threonine, or hydroxyproline; (g) aromatic residues such as those of
phenylalanine, tyrosine, or tryptophan; or (h) the amide group of glutamine.

Exemplary methods of use in the present invention are described in WO 87/05330
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10 Schene 3 HO 011 OProtein or Ayeoprote in o IliiN(;) -OPI
- St NI a- OPI T+Na , NH PEG [ 0263] In each of the exenplary

enbodi nentw(ﬁﬁbsfjsghkh above, one or nore additional Cheﬁb’f’/%’szdaimuom
enzymatic nodification steps can be utilized follow ng t

cmbodiment . aRPtRSg oo EnTiogh lﬁa%ﬂ%%tﬁriiiﬂqdﬁws@av{% ek et S

gl ycosyl wuni tzf(ge;;(gg. ¢i9gycose) onto the term nal nodified sugar
attached to the G CSF eptide. In another exanple, an enzymatic
reaction is uldZpilEeR mdﬁ’w SHgaEsare Gonipgatad 1o REleasHIFERer "oy ar

failed to conj | I i zed

to alter the %IY %gltgﬁap ?le%%{ pﬁg}g\é@n}‘% gl;[xéégé%&% T Fr? cfl tgﬂ(é%n?uééﬁbﬂ

exanpl e, the P:@fﬁrab@aﬁlubonmtrfatlm of @yamdlﬁedr daor sank) enzywelsh and draeptor

stabilize or destabiliz the ti C 0

which the modPrae etk &eddyph BFETot i Bog Br B L T BRRET Bles R

of the nodifigddifdghn of &mhewpmreﬁmbvémLTlmMoEgd¢rhﬁorm@mcugad bmw,twhilehe
i.ate that there

pepti de. One of ski.ll of
enzymat i c anoFe&fPé?]i‘l’Egle“ﬁP@&‘gfp éﬁgylfrﬁé‘fe’%earﬁgml y,qngﬂ%g PWGHS 250f
the inventi or?lﬁosﬂt@ﬁgggsqugﬁbng he nodi fied sugar is conjugated to
the G CSF peptide. Further el aboration of the nodified sugar-peptide

conj ugat elq s W%ﬂlxﬁﬂﬂfﬁbersﬁﬁﬁ@oéﬁ of yring glyconyliransierases jo syathesipggasirgd | n
addition to the, E’dEElYa‘irﬁé ft'é?é%ﬂ SRR 4r0 &{éﬁﬂf} ?I:: ‘ﬁﬁale% #eqhdBR9 the

acyl l'i nked conjugate, yCcosy atlon pa tern e conjugate and
the starting lsmmmnaEegmélaygnqthcp’bpta dbegibetl for mlsfﬁn@aW(bétS/éE@iohaeled,,

Lrimed ack A SEREENA IS 188 Do SIENIRCE e £ 838555,
and commonly owned U.S. Pat. Nos. 6,399,336, and 6,440,703 which are

15  incorporated herein by reference.

[0234] The present invention is practiced using a single glycosyltransferase or a
combination of glycosyltransferases. For example, one can use a combination of a
sialyltransferase and a palactosyltransferase. In those embodiments using more than
one enzyme, the enzymes and substrates are preferably combined in an initial reaction

20  mixture, or the enzymes and reagents for a second enzymatic reaction are added to the
reaction medium once the first enzymatic reaction is complete or nearly complete. By
conducting two enzymatic reactions in sequence in a single vessel, overall yields are
improved over procedures in which an intermediate species is isolated. Moreover,
cleanup and disposal of extra solvents and by-products is reduced.

25  [0235] In a preferred embodiment, each of the first and second enzyme is a
glycosyltransferase. In another preferred embodiment, one enzyme is an
endoglycosidase. In an additional preferred embodiment, more than two enzymes are
used to assemble the modified glycoprotein of the invention. The enzymes are used
to alter a saccharide structure on the G-CSF peptide at any point either before or after

30 the addition of the modified sugar to the peptide.

{0236] In another embodiment, the method makes use of one or more exo- or
endoglycosidase. The glycosidase is typically a mutant, which is engineered to form
glycosyl bonds rather than rupture them. The mutant glycanase typically includes a

substitution of an amino acid residue for an active site acidic amino acid residue. For
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usi ng enzynes that transfer a sugar donor to an acceptor are

di scussed in great detail in DeFrees, WO 03/031464 A2, published
April 17, }QPRosfssbisi ef summary of sel ect ed enzymes of !r*é?fdsihoirﬁﬁom
present nmethod is set forth bel ow Gyeosyltransferases 10[ 0265

G ycosyl transferases ca al gée t he addrtr cl vﬁat ed sygars (donor
NDP- or NVP- sHGEPS W hent w"\ﬂP% igepd ﬁhestu st Hutgd agtiesiee residues will

gl ycopepti de, ¢y bicﬂﬂﬂb@)&sﬁtﬁ?ghbrﬁ)lﬁ) i Etcbotsﬂﬁ@n M9 or LB Rfio8 Mebr g Fhe
growi ng ol igosaccharid | i nked gl ycopepti des are synthesized via a

transferase asming acxdpara-gpmanlbbreglramgloglélwnar,uaépemomﬂragme or glutamine.

he core. In PaD et Rpm O be i et G by kel ThePel s

the core. case core

somewhat di f ferbgbus ooin swrsegadivh ofitlteativgiydanase Aydreiysis| seapg én thasdoer

of glycosyltrans fera are known in th

gl ycosyl t r ansF7% % Hortrﬂ%le‘f}ﬁ%éegma c{eﬁ\féﬁ%l{%n%‘ﬁ?‘l"oﬁw‘é}wd‘as

long as it Cadﬂrublﬁlkd)lcéﬁaihh@lmﬁgfghﬁ% aau@erreaaﬁioﬁ e vEBNBE addRXoHBTiHIRS
of such enzynes inc]ude Leloir | ycosyltransferase, such as

gal act osyl t r difspemalegule fp a GEMAL f;?FlellfU@b & RION-t Fofrsxpaplestbe leaving group
N-acet yl gal acl,Q3aginambid, @u%%@&ﬁ%ﬁde HCaRY E&B@d?ﬁrfeﬁ& Efﬁfleavm% group is a Asn,

sialyltransferase, mannosyltransferase, xylosyltransferas
gl ucur ondry| tman%ﬂlla-‘reasée moidtt Ha yki fkeher[e()@edl}nemrtheﬁi@%c residsacn thar | de

synt heses t h Vlodo\ﬁgrrg l gucf Wlhd L§C{ %ro?g ?l%e SfdRrA ¢ residue may Many

gl ycosyl t ran e can one or i so rom any ‘sour
cl oned 25¢l ymmlkéameoaaMSnmﬁeey known, as are t heir pol ynucl eoti de

sequences. "Th Qui de To oned d | transferases, "
Chtt o1 1w, VB33 S aere PR AT e of o DESTSH V00 PO o

aci d sequencepnjiste 08 the@Blchféh £6 PLBAR P CALOGE KB Y TRSMHAFRNEARLASES
fromwhich the am no acid sequences can be deduced are also found in

various pdbl iddegticalasenzymesvatios erspilingste she qonesnirationofthaimanyme’s substrate as

S s, B SR b AEAL, et g sy o

to, gal actos yjetqrranmigathaga;@ytuﬁ Yooy fqnmmm@under preselected substrate
concentrations and reaction conditions are well known to those of skill in the art.
[0239] The temperature at which an above process is carried out can range from just

20  above freezing to the temperature at which the most sensitive enzyme denatures.
Preferred temperature ranges are about 0 °C to about 55 °C, and more preferably
about 20 ° C to about 37 °C. In another exemplary embodiment, one or more
components of the present method are conducted at an elevated temperature using a
thermophilic enzyme.

25  [0240] The reaction mixture is maintained for a period of time sufficient for the
acceptor to be glycosylated, thereby forming the desired conjugate. Some of the
conjugate can often be detected after a few hours, with recoverable amounts usually
being obtained within 24 hours or less. Those of skill in the art understand that the
rate of reaction is dependent on a number of variable factors (e.g, enzyme

30  concentration, donor concentration, acceptor concentration, temperature, solvent
volume), which are optimized for a selected system.

[0241] The present invention also provides for the industrial-scale production of
modified peptides. As used herein, an industrial scale generally produces at least one

gram of finsihed, purified conjugate,
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WO 2005/ 055946PCT/ US2004/ 041004 gl ucosyl transf er ases,
N acet yl gal act osam nyl t ransferases, Nacetyl gl ucosam nyl transferases,

gl ucur onyl {yedeEages, sialyltransferases, mannosylt rapéf,ggﬂ,ﬁgé;ﬂm_,,
gl ucuronic acid transferases, gal acturonic acid transferases,

ol i gosacchar er ases itapl e cosyl t r ansf er ases nclude
P hooo e b Ao A AR LR e e, e Ralipg S e Sh dhe covsmion
DNA encodi ng &Hnysiged sidlRNidanAsRs t@&glﬁ@sy@.@é@@ﬁa& bmle%b}eﬂpra@l modified

synt hesi s, by screenlﬂg reverse transcripts mRNA from appropriate
B

cells or cel isiglicsidd alﬁégmht?yECscTi@efﬁws@f&erfelmwwng Hiseussion on thregipe of
t
oF A o gaiisodBiod YalE ARRALH BRI JHRRS 1 PFRA iR SN
pr obes gerfer atot thténdedria implygihytcabs inventioms§ bmitsd® tgecmljmqoneqf:thesel?wo bes
may be | abeled with .a d t apl rou ch as a fluoresc ro
"ol oact fve. dby OFe BEIGF bRtk PR it SPn bRl AR R EH R wn
procedur es anddit®adof Modified glpédsonabictissrthad itaatsiafib adid s Mscovkr) thidhe

alternative, chosyltransferases gene seguences y be obtai ned by
use of the pdag ISFHEorLis equplly Applcable| t%ﬁ* m@@caﬂwgﬂ BeRgyle it withageRts PCR

ol i gonucl eot Idﬂﬁerwnm@rcsmeeumg oHe?ﬁEG%:Eﬁé%r@hErﬁﬁelﬁkYrﬁﬁéiéEtdhar‘Sf erases
gene sequence. See, U. to Mullis et aL and U. S.

Pat. No. 1§, 6ggomalgcules. I\/UI I | s 102701 The gI ycosyl transferase may be

synt hesi zed |[g% {/Sgosyﬁq%‘lﬂgn t@ﬁgggm id R YRGERE R IRRSRIRODG DA

encodi ng t he ans aseés enzyie. tors are use

to anplify D%Cigrhnexﬁbxri@ﬁyiﬂecgd:aymwmas@nﬂim&@ﬁé@or@tyoppqatmndlfhe niethod
express DNA

.ch ene des the glyco r ferases  enz
oxbr evsi on varlig FRRGSS Sei safbERECBREE P2 BRTR FRELF nfiomal eroup,
sequence encedd fdcohttened| Wiy b pramt st asR §luanda® drglyepgmalake By nked
to suitabl e control sequences capable of effecting the expression of

the gl ycdsyl tSFléﬁ%EéheglésOSéHW#@aﬁ%‘fha‘ willimalss te degiged carhphydimtelnkags and

such control M%gﬂfe%oaeﬁéds ST R tRERHRE DR PEE oPPBE cafbemtBnRAd
the transformation net hod sen. Generally, ‘control sequences

i ncl ude a tr akrsetty gito thqaﬁ-CﬁFmmct@rbaclshwnamtmtmep@aare@rduc:mfmnce to
bi ndi ng s £ o0 3R aagy Sl SRAERSRUENEATDPu b8 Ea BN 7™
transcri pti orj02444l Amraaas;:ltcatfmahc sidlypitantferzat is@resetehahsGedtShpdptidetpher e
expreSS| 30c n IS need dis the ability to
apl oot 0 » oty (TR ofihs PRt inygndth <G & nphoa B gorutife on

and a sel ect isBiict@eRe oh@plﬁ&elthdré acBmbREaay) bﬁzyﬂﬁu@zﬂlytdraﬂaﬁi@mmar&ﬁtable
[0271] In an exenpla m enbodi nent, the invention utilizes

prokaryotic SAPIES, i » Gr greone, rlapie pegsatory syeh w@alﬁhaﬂ@w
i nvol ved i n ﬂ%lh&?alﬁA%ég%t}!l Rg fa%ﬁ)clt}%tra%?e da“mGlcml C@alﬁf SAra,

produced by ramn ive er|
Galp1,6GlcNAc, Galp1,4Glc (lactose), and other acceptors known to those of skill in

25  the art (see, e.g., Paulson et al., J. Biol. Chem. 253: 5617-5624 (1978)).
[0245] In one embodiment, an acceptor for the sialyltransferase is present on the
glycopeptide to be modified upon in vivo synthesis of the glycopeptide. Such
glycopeptides can be sialylated using the claimed methods without prior modification
of the glycosylation pattern of the glycopeptide. Alternatively, the methods of the

30 invention can be used to sialylate a peptide that does not include a suitable acceptor;
one first modifies the G-CSF peptide to include an acceptor by methods known to
those of skill in the art. In an exemplary embodiment, a GalNAc residue is added by

the action of a GaiNAc transferase.
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(Preston et al., Critical Reviews in M crobiology 23(3): 139-180
(1996)). Such enzynes include, but are not limted to, the proteins

of the rfawgpaeoeso@f species such as E. coli and Sal nogpetiig2004/041004
t yphi muri um which |ncI ude a pl, 6 gal act osyltransferase 5 and a 131, 3

al act osyl tr r se d
%86935 Ey col ?éﬁ % Ei%?’ ONOHENE% éyl olsrrlr%rl%g%%? QBP

g I1U<2: 0s y: tr anSelftﬁemﬁga gautsgzzrafm‘tje té\ag eg:&o%mé\kue;ﬁ&aﬁﬂ@d (cithe Gll—ags?ﬁ pqmde,
pl, 2- glucosyltra a rfad), SS ot

co/i) and Swi%%: PB@%‘E{&% "6}|‘Pd¥ﬁé dcp at(ngﬁ?§ ﬁlﬁiﬁﬁﬂ‘l\ﬁﬁﬂbe ﬁé‘E
131, 2-N- 10 aggh ¥ heaboisos st Wat Ebshsey abeblt hinalntGENBMa A @Sk RO,

U00039 (E co/i). O her glycosyltransferases for which amno acid
sequences Sar delgn@aif 1i3nrizalid A.rod e svitrble galastastldsgeni(etsy, HpRealagos)cRhas
rfaB, which have been, characteri,z n bsiella
bneumont ae. ReRgioR & AR Epb ey 5 nlta S0 ub o 0F Bl B

Y;ar sinia egt aeftioh ustﬂeﬁmnatwmaﬁa:plemlunldl aﬁwuasoﬂﬁt;? gai?btdsslaeesﬁdue Imﬂmn

of 15 Pseudonpnas a g| nos 027 o.syitable for .use i

present i nver?hgmel % Sty 3?&56@317]1{‘5%1 4%@3@%@3?%‘!"" e ‘i"#\}’ﬁla%ﬂe‘?tﬁo D fhose
produci ng st rg4Gk#rgshec@Nt ai ni ng | act o- N-neot et r aose,

D-gal actosy1-13-1, 4-

N-acet yl -1 gl {024 dnivenanother embndimens) slycopentidedinkad ofigosapehasiserare fsgt t he
- gal act osyl - iy eRRAih WEoRSAARE L. cuppee citneranggceptor fr e o o
identified i rs1ztlﬂ&aﬁs%asmforalmmwmmh1bh pm mugmgpmeplsa;erqsalu@cmn(baIaMe
and N. menin di s . 236- 243
(15045 ) ™ The ekt PORMR SR o fo s St EebySidbiemsenabd na
encode the glenaesyddsidass (& Aeoxaphol BeHatemt N6, 16 8sIurdesztid fafthé hese
structures have been jdentified fromN neningitidis imunotypes L3
and Li (Jénniatgehing and trimnypg resefiqps.cr obi ol . 18: 729- 740 (1995)) and
the N. gonor I\[]b?‘ﬁﬂ% At BRUsHE2N At EMSHY {Hehnetidod FRIR: inbiflion memﬁﬁﬁéd' #5190

(1994)). In meningitidis, a |locus consisting of three genes, |gtA

| gtB and | g Ehe esscdawdifiedsugprsbaying a PG stoiety séacked awto. r edprus @f f}@r

ddi t ft f.
oo o el VRGPl o gt i RSl edlpne g o0se
Recently the chsmn;smttls eqtmd:lylrcle‘ta;at tofthdshemlbgdlaeﬁ’@ imptiich gheAngdified preadirats
d trat dj. t d f th
br oposed 2 v G PR s iRl G likar chulc of al . 3. Biol.
Chem 271(45)[0248 21 in Sdenrlak9 IBbddiment d\ﬂthegamlbh Gre@Rich & kaibehyil e Fashiue

addi tional genes, t D which adsl D- Gal to the 3 SltIOI’l f
the term nal 1§atF1§B¥‘%sé’“8¥ totthgadd &E"E‘ f@e m‘Pﬂ%gA‘& ahigh wgp ?lfrtﬁma?‘?

I gt C which aqggy & thefirst Eélflera%oﬁ)bféﬁieﬁﬁégy Etﬂ%tﬂré‘CAQﬁ@dlﬁé@ﬁEEFbeQﬁng?‘a PEG

truncated LOS, thus creating the P d group antigen structure
( Got shl i ch ( mqty is enmizreateyt to ppe aumareaf ﬂvg segag residugs exppseddrydhe Tirimaong pe

carry an gt Cgend® T RS SR EERURYATABR Y AIIAER RRED SRR 8

gl ycosyl tr anshePEGamladehsmomﬁad Gtk Nyonis attanhed & e o bsthraf tedennmindISPN

5,545,553 (Gotschlich r al, 2-fucosyl tr ferase

21.3-T uoosy| ChRSTeFHAEsEF B oiePeanERao STy S baopReg oenac
char act eri zegaf Yahdded t@bnedr,bofbl oFithdeMihi AR bradcik@speb@eb (1997)).

Al so of use in the present invention are the glycosyltransferases of

Canpy! obact elp230hiln agatles exgraplary,eqipgient, a PEG moiety is added to one or both of
10http: f/ %f m?h&ﬂ%ﬁmfﬁ{xﬁarfn'b%e resxﬁ@égro?{%m@ﬁgrﬁl%trmtme)wa a modified sugar

Fucosyl t ransferases I'n some enbodi e a glycosyltransferase
used in the rmavingd gefactobreresidyes mthicdis p@]@afedd@sﬁlwaﬁw@nas@ed onto the

F I f Kk
Fucosy! t  ansrarau P SR, SielfRENT b Shatiarioh e B heueHEOR &Y

both terminal GicNAc residues.
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15from GDP-fucose to a hydroxy position of an acceptor sugar.
Fucosyl transferases that transfer non-nucleotide sugars to an

acceptor aw® Mbsessels use in the present invention. [O027#tr/80808R004
enbodi ments, the acceptor sugar is, for exanple, the GcNAc in a

Gal13(1-0,4 - gr n_an oI acchari o Sui.t abl e
201 ucosy 1 + aneei B’ BB heplece PRGRRTRIM A28, Fl 4 Riaucih
Gall3(1-0, 4) Ghedified kiblic &(d.- 0, 4)fficosyltransferase (FTII1 E C No.

2.4.1.65), whjich was first ck&graoterlzed from human mlk (se
Pal cic, et atl028HrBaRYFExEmRIBE, erylggiment. prhiglymennospiryeayre s Sied |

Bi oL Chem 256, =1{34ﬁ§m%§freﬁa%%&h th@'BQmNHH strﬁ»‘étm%tbrangﬁéa Il ode hem
59: 2086- 2095 (1981)) and the cP- afinosyltransferases

(FTIV, FT\ zaqamvle aRECGahoigtyds @cbisdudlamrﬁ Hﬁam@eﬁqﬁmfﬂm‘vmlymc No.
2.4.1.65), a gj é’twegégn ﬁ@%ﬁ?&%&r\@c d&“&%&@%k’.ﬁaﬂﬁét foglék?{icgﬁﬁféal has

al so been chara feconbi nant or m o
A cNAC13- a( 1wﬁhdx)ittuchm/H’E(E anddter get imtheabmbodiment, virasdifi¢dGicKad and

(see, Dumas, gt at 1: 42 28 (.1

Kokomska. Lt oS oS g seiistia e Hovhe mhinsn Talowestiy =it 3l aupisty

Q her 30exenphadified WaRSWHT abifyer ases i ncl ude, for exanple, al,?2
fixosyltransferase (E. C. No. 2.4.1.69). Enzymatic fucosyl ation can be

carried ot b2 dnpderlsasxeralayiepmbadimeniBignnasnese ig{rigimedggek” to the
Bi ochem 191:GRAckd @H&Q@Qﬂrs%aﬂﬁo& isRah@el. e Gﬁ;l\ﬁﬂc“is @éﬁ’ugate@% b %al

that are used to produce fucosyltransferase will also include an
enzymati c sysegdvd bﬂarlsg/mi’ﬁ@snczletmg Afpmativaly s unggtlified 6% iseddaidp dreases

[0275] | n angsgn OFAURePby %p@‘gg@%{,&gsfassl?l c@%}cﬁ]néféﬁﬁgaftvhﬁﬁ%ie?rs@ﬁglel s a

5gal act osyl transf et as ransterases 1 nclu
a(l1,3) gal actsmgga{ tln gersf fertagesargide,Ghe fdominal @chAbﬁic;oxg@;edevigl Gal and the

Dabk Ki T | ant , P Y

Nature sds: ABNa i TR o R e k% bisdee braBPE S ERC RS )
Bi ol . Chem 26454) 120 Grahdod taly BEE Dk rimfdl bark 16 @%WBWICNQG Atiched & taen
et at, Proc. Nati_ Acad. Set USA 86: 8227-8231 1989ﬁl@fqgf§or0| ne

(GenBank L3614 ofhe pemlide- on oae example irdalebidiecs theGle resigugsisy
Anot her suit ahf, ﬁltggtld %uqal@em%xkgrrn@rasm&%ﬁlmeﬁmqﬁ@ér Whrfofhek Sxdniprglived

in synthesis of B antigen (EC 1. 37, Yamanoto et
at, .1 BiolL cfﬁﬂehhﬁtcz:@ﬂxe C_ﬂmgﬁ (liqcaalres@ci@g@pOQﬁ@da'ﬂyh)GalwhwhbWﬁft Water

exenplar al S 7 igAgbl e
exer 2l SSAENAILATS! PR GRLAERL Lot gl flnd i 6o
gal act osyl t r dbRéweedlsesonjughtiehtoitiecGaldeé A stabic agdt angdifed viEB LPEG inoddy.
(LacNAc synt n 2 4..1.22 (| actose . .s: ntheta % |
(D Agostaro gﬁiﬁ %th:?frexc@p 2R Fbodipenispse s 93? g‘ﬁ wéeﬁm{}?atent
(Masri et at,apBli@gibg mublE’daﬁMygooa;Rmeeto;czmwm%sgﬁﬂ Qoﬁﬁ)ﬁaﬁﬁ? U100 88eent,
muri ne (Nakazawa et at é{ %f))c? as well as
e e S S apRR R Dok RSOV HOra S, | S Eiel e LD ang ™3 145
Stahl et @&t, pbMEYD958263 each of which is incorporated herein by reference.
[0256] 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
30 above, or it can be intermediate between the peptide core and the terminus of the
carbohydrate.
[0257] In an exemplary embodiment, an existing sialic acid is removed from a G-CSF
glycopeptide using a sialidase, thereby unmasking all or most of the underlying

galactosyl residues. Alternatively, a peptide or glycopeptide is labeled with galactose
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20Res. 38: 234-242 (1994)). O her suitable gal actosyltransferases

i nclude, for exanple, al,2 galactosyltransferases (frome.qg.,

Schi zosacclgy ppyesscponbe, Chapell et at, MIl. BiolL Cel bcf’ms%ﬁoﬁ&ﬁ
(1994)). Sialyltransferases [0277] Si al yI transferases are anot

type of glycosyl, transfer?.se t hat seful in the 25reconbi nant cells

and reacti on HPSRUEEE B PlERECTATEHEFGHE Tedpungteip agaBegsgunt. Following
recombi nant siggl é’;lp%&ﬂ@éf@xfa@aﬁﬁn\ﬁtﬂﬂe g]aaéﬁsaqegea&%n%r laie sf:alﬁﬁ'é:gferase
which is a sialic acid donor si a yItransferases

si al yl t ransf eriaused to st a Iap@ﬁsdmlamced e apQ@awIStsmnq@rle@ientSchqmweht i on
i ncl ude ST3Gal Il (e.g., arat or human ST3Gal I11), ST3Gal 1V,
ST3Gal §T3%aLII 1ST6Gal 1, ST3Gal V, ST6Gal 11, ST6GalNAc I,
SOSTGGaI NAG | I~ & STeGal NAC |11 (t he Shal yl 't ransferase nomencl at ure
used herein is as described in Tsuji at d ycohi Fogbj/cog}my Xi v
(1996)). An exenplary WD 2005/ 05%946P kySZGll 004

a(2,3)sialyltransferase referr e (2,3)sia t‘?a/nsferase (EC
2.4.99. 6) transfers si gl % gaci %%‘2'0 non-reduci®y terminal Gal of a

Gall31- 3Glc di speghasi de @; ee, etal ., J.
Biol. Chem 256: 3159 NTP81) " Wei nstein et al gk RiQlse Chgm 257:
13845 (1982) and Wn et at, J. BioL Chem 267: 21011 5(1997). Anot her
exenpl ary a2, 3-si Wﬁf\ﬁ'&’%@%ﬁ%‘eﬂ’(&@(’f&‘im. 99.4) transfers silalic acid
to the non-reduci ng termnal Gal of the disaccharide or glycoside.
see, Rearick et aL, Biol. Chem 254: 4444 (19 ie et
aL, J. Biol. Chem 267: 21004 (1992 Furt her ei%%rp arCﬁﬂllzlggngs

i ncl ude Gal-P-1, 4-GIcNAC a-2, 6 si al YTP¥%SHsf er a ‘éa(See Kurosavva et at

Eur. Biochem 219: 375-381 (1994)) 10[02\1&] ably,
gl ycosyl ation of carbohydrates of gl ycopeptiQ cf?é—?f‘ﬁwqq(ﬁhgﬁepﬁgse
wll be able to transfer sialic acid to the s(éahuence Gal131, 4GLcNAc-

t he nost comon penul timate sequence underly| P r sialic
acid on fully sialylated carbohydrate structures Sgéﬁlﬂggﬂé

[0258] In yet a further approach, summarized in Scheme 2, a masked reactive
functionality is present on the sialic acid. The masked reactive group is preferably
10  unaffected by the conditions used to attach the modified sialic acid to the G-CSF.
After the covalent attachment of the modified sialic acid to the G-CSF peptide, the
mask is removed and the G-CSF 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.
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Table 2: Sialyltransferases which use the Gll 31,43 cNAc sequence as
an l1l5acceptor substrate Sialyltransferase Source Sequence(s) fornmed
Ref . ST6Galyd 20bBesa®dsi an NeuAcaz, 6Gal 131, 4G CNAc- 1 ST3G§bT)UlS§004,041004
Manmal i an NeuAca2, 3Gal pl, 4GLCNAc- NeuAcaz2, 3Gall1l31, 3G CNAc- T3Gal

|V Mammal i an gl&%%%ag 3Gal pl, 4GLCNAc- NeuAcaz?, 3Gl p1, BGla\lAc-

al
Glycoprotein

NH; Gal
2 |SA—S-NHC()CHZS-SEt
Ay Gal
0_,'?',_0 o0 Gal
HO =0 O"*Na HO OH Sialyltransferase Gal—S8A-5-NHCOCH,S-
EtS~g~ M0 o Gal
0
SA-5-NHCOCH,S-SEt
?A-S-NHCOCst—PEG
Glycoprotein
yeop Gal 1. dithiothreitol
\v 2. PEG-halide or PPG halide

Gal—SA-5-NHCOCH,S-PEG
Gal

SA-5-NHCOCH,S-PEG

[0259] Any modified sugar set forth herein can be used with its appropriate

5  glycosyltransferase, depending on the terminal sugars of the oligosaccharide side
chains of the glycopeptide (Table 1). As discussed above, the terminal sugar of the
glycopeptide required for introduction of the PEGylated structure can be introduced
naturally during expression or it can be produced post expression using the
appropriate glycosidase(s), glycosyltransferase(s) or mix of glycosidase(s) and

10  glycosyltransferase(s).

Table 1
q 1
Ra-Y L—~X-R4
Rs-Y || X-R4 3 o
Ry-Z Q Q “ Rp-Z o [LLNH
RoA| 0 | X Re-A | I 7 o
4 I I N0 0—P—g—B-0\ 0
0—P—n—P-0 o b s i
('3 N 1, - O "Na O *Na
a O "Na
HO OH HO OH
N UDP-galactosamine-derivatives
UDP-galactosc-derivatives (when A = NH, Ry may be acctyl)
Q X-Ry
R3-Y o) Q
R.-Z . NH kaH
“T Re-A g o fLJ\x 1 2 I n"So
4 —Pe N0 0——P--.0__..p._o o
0% o—ﬁ’~o o Sna Aos
O *Na O *Na a O *Na
HO OH HO OH
UDP-Glucose-derivatives UDP-Glucosamine-derivatives

(when A = NH, R4 may be acetyl}
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1 ST6Gal |1 Mammal i an NeuAca2, 6Gall31, 4G CNA ST6Gal |1
phot obact eri um NeuAca2, 6Gal p1, 4GLCNAc- 2 ST3Gal V N. neningitides N
gonor r hoea 3Gal131,4GLICNAc- 3 1) Goochee et a

Bi of Technoﬁ%h%ﬁ:égéf§47- 1355 (1991) 2) Yamanoto etal ., Shepussmyanyy
104- 110 (1996) 3) Glbert et al., J. Biol. Chem 271: 28271-2827%
(1996) [0279] An ®x le of a sialyltransferase that is useful Nin t he
clai med nethods is\ A-R, o o . ¢ fj\NH

R;-Y .0 i NTSNE N,

i
N —P
NH o ~—0—P-0 0
- ¥ 1
Ro-Z o o XX e bona
i 2
0'—'P-.._O_.-P._0 (o) R1_x [s] A'R4 HO OH
O""Na O *Na
HO OH R,- Z-Rs GDP-fucose-derivatives

GDP-Mannose-derivatives

Q =Hy, O, 5, NH,N-R.

R, Rj-4 = H, Linker-M, M.

M =PEG, e.g., m-PEG

[0260] In a further exemplary embodiment, UDP-galactose-PEG is reacted with
bovine milk B1,4-galactosyltransferase, thereby transferring the modified galactose to
5  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, insect, plant or fungus, but also can be
produced by treating the glycopeptide with a sialidase and/or glycosidase and/or
glycosyltransferase, as required.

10 [0261] In another exemplary embodiment, a GlcNAc transferase, such as GNT1-5, is
utilized to transfer PEGylated-GlcN to a terminal mannose residue on a glycopeptide.
In a still further exemplary embodiment, an the N- and/or O-linked glycan structures
are enzymatically removed from a glycopeptide to expose an amino acid or a terminal
glycosyl residue that is subsequently conjugated with the modified sugar. For

15 example, an endoglycanase is used to remove the N-linked structures of a
glycopeptide to expose a terminal GleNAc as a GlcNAc-linked-Asn on the
glycopeptide. UDP-Gal-PEG and the appropriate galactosyltransferase is used to
introduce the PEG-galactose functionality onto the exposed GlcNAc.
[0262] In an alternative embodiment, the modified sugar is added directly to the G-

20  CSF peptide backbone using a glycosyltransferase known to transfer sugar residues to
the peptide backbone. This exemplary embodiment is set forth in Scheme 3.
Exemplary glycosyltransferases useful in practicing the present invention include, but

are not limited to, GalNAc transferases (GalNAc T1-14), GlcNAc transferases,
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20ST3Gal 111, which is also referred to as a(2, 3)sialyltransferase
(EC 2.4.99.6). This enzyne catal yzes the transfer of sialic acid to
the Gl of s8CGLCNAc or Gal P1, 4GLcNAc gl ycosi de ( 1aén
et at, B e Lo RE O o1n (1992); Van den Eij naRGFgs oy oerqos
Bi ol . Chem 256: 3159 (1991)) and is responsi bl e for sial Iatl gn of
aspar agi ne- ||ﬁqk@dltmmfg@éeéc&lneesvlérégsfwﬁSSQAwaﬂm grases, ﬁamsx Igpsterases d

is linked to f WO
sacchari des. a%(C)ln |ng (LF&%E&IJ%&]E@%w@rﬁttﬁg&gg}:%ar| des 1Is E \%\/éergﬁmiohe
2- posi ti on of peiwddedcha habk B earBehydsitdsiooaitefnatiedly, ofitol existiag glycmeahdes In

enzynme can be_ i.sol ated f,romr V‘éInStEI et . J. Bl

Chom 257 1 S s g P e i el Byt sl posihya B3 B 1 o1
Chem 268:5 22#£BddeFaéRtone /it Hefddy gheRabittatdspediBiti) oﬂtthl@l:osyIﬂ'aﬁff‘era%&d

1394-1401) and genom c (Kitagawa et alL (1
931-938) DNA "SbHlTEdYM a}aén%ﬁémur%%ﬁns.fli%ﬁ%amb?fl&dweievbwwd? Rackbone

enzyne by recQihl faficalienpdse s Sihy of B &tﬂaﬁfbssﬁtﬁﬂu&rm%lpmahs ot he
cl ai med sialylation nmethods use a fat ST3Gal [I11. [0280] O her

exenpl ary si al)ﬂopcmldﬁ thetledstho Elygew transferpse pbstsasnpentide seaupess tncl ude

and those. 1 or HERGTE B e HIREL Shind Bl BauchQShUNERIERRGSe BB 01

Sialylt ralrbsfegggl%? ot her those I i sted in Table 2, are also useful in
an econonic an 13| cient large-scale process for sialylation of

comercially i "t ant gl ycopeptides. As a sinple test to find out

the utility of se ot her enzynes, VI@J[duQH@Iyo&;IMﬂtS of each enzyme
(1-100 mJ nmg pe ; ) arereact mith a -jal AGP( /

to conpare the,alHity of the s ,akyl tra e of ﬁc%?cﬁ?m@ﬁm
sialylate 20 gl ycop®p |,I?’e§ ?e i ve n‘TGGal |, ST3Gal
'l or both siakyltrans er’a %s AI t eGANAJ THirksfgraseOt her

co es or
gl ycopeptides, dr N-linked ol gosacch?alNAdES) enzymat |%ag'1"1¥ F‘E’E”- NEEFC
fromthe pepti dentpackbone can be used in place of asialo- aI AGP for
this eval uatiREG Sial yltransferases with the ability to sialylate
N-1i nked oli gosaccharl des of gl ycopeptl des nore efficiently than

STol ), 25 )t BeSEL ok A 7L L0E 532l e RERY D
forth in Fl Gchddical 6 eazymbicanefificitiah ytepd araamefuehmle’sllmhag thercenjofaticnef
o LSkt ok 3 acechl o hhe oL L o L lLE, 8010 SRt pre et
N-acet yl gal agh@sagfdanibiass) isdsed asppedl £2198osyBimit (B.gH Fiddbd) ©hiddhé Reminal
present modified sugar attached to the G-CSF peptide. In another example, an enzymatic
reaction is utilized to “cap” sites to which the modified sugar failed to conjugate.
Alternatively, a chemical reaction is utilized to alter the structure of the conjugated
20  modified sugar. For example, the conjugated modified sugar is reacted with agents
that stabilize or destabilize its linkage with the peptide component to which the
modified sugar is attached. In another example, a component of the modified sugar is
* deprotected following its conjugation to the peptide. One of skill will appreciate that
there is an array of enzymatic and chemical procedures that are useful in the methods
25  of the invention at a stage after the modified sugar is conjugated to the G-CSF
peptide. Further elaboration of the modified sugar-peptide conjugate is within the

scope of the invention.
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invention, particularly for binding a Gal NAc noiety to an am no acid
of the O-linked glycosylation site of the peptide. Suitable

N-acetyl ga ynyl transferases include, but are not  )im ,
a(1,3) N aﬁ@ﬁ%ﬁsﬁ%@t osam nyl transferase, 13(1,4) N PH/%}OSHME%J'

acetyl gal act osam nyltransferases (Nagata et at, | Blot Chem 267:
12082- 12089 (H@pmesand Smith et at, | Biol ('hem 269: 15162 (1994))
and pol ypeptide N- acetyl gal act osam nyl transferase (Homa et al .,

J.
Bi ol . Chem 2d8264] hsabliftongo the)enzymesglijcussed gbrieiin hespntgrinf dorasng e aeds
t he enzyne Gl It f ' j ' j
wel 1 “Known. SdRed dighre, b8 BhEbEIn JE077 o L6 cOHFIEA SrRALMRGE iieds
col | ecti on of (agf pegideniipslaigah ds elabdreted; thienzadiback acdtblersisgmenltfeeddfy t he
enzyne is determ ned.pby. N-termnal uenci.n Thi.s. i nf or.mat i 1S
Chen used Po. Fisghaaf b RihEt srRes, THR T o Of rCop iteeRbohan P
bou nfl) ér ansf ﬁ:&i@g enw;]ﬂe@ Iohatd ﬁ]g)rrsfee;mlﬁf@&ﬁbm_tb an hd’beptbﬂa@?is_cl_ﬁb@éd inl giréa &G0
resulted in the_synthesis_of a fully actjve.e : e acceptor
specificity ofin PR CEhZYm 3@@‘{@4&%3@?@%% fegl 1[}@&@-3‘\8%?{?@5&@3}?@[ ?fgti ve
anal ysi s of tRgc4Ed HFyRes HiSuse i the PRALM thelRAWs FhoRYgwAt I On sites in
16 different proteins followed by in vitro glycosylation studies of

synthetic peptides. This work has denonstrated that certain am no
aci d resi dues ®reesers/@gtassent ed in gl ycosyl at ed peptide segnents

and that residues in specific positions surroundi ng gl ycosyl ated
15serine afd d#36SbRilysesyleanstemses saialyaedheadditipn ol 2 ‘far@%éugw deBerd¥DBnor
acceptor ef fi ghgp. tr%jaiﬁ Qis @510, 36 b Jr b Sty i lipid
d ycosyftrans eragbe{%a b2.8a§}cgl N anot _ﬁ%rse%{)odi’ﬁ%{lt ?C?‘ﬁg’ epﬁz%gco T
utilized in thetheephoulueihg emdof agrewingeligasaechaesié.- Ndimked glycopeptides are

| ycosyl transferases, . Al .th h | f S are
Joknonn (see. STUTRER vl RRHIRCRMa Mg MR L6 EREa e B0 o phs

gl ycosyl t r ans NAGSHGMahe ingarearbdddktransfe nfetibwadiey timmitdg bHthmcodee in this case
associated_with cells,. Miny of the nenbrane- nd enzynes studi ed
Chus far d%e U ERIEPLHS oy Ser RS PamaE Bl reen: FREIPeaithey ar e
not released LS. K&@fﬁ%&ubﬁbeﬁ&@l%&}lﬂ&s@dﬁkeﬁ 84 &héwn dehengent s

for solubilization. Surface g fycosyl transferases have been identified
on the surfacdé®686F Theglyesylimpsiames 0B Hosehin isrnaesentdayqniion gy be gnipgsdong

al so been fecggﬂiczmmé@%e rhé;tﬁﬁ@q Hﬁ%esu%z& RAGS HBAER1VBF HRbArymes
catalytlc act|V|ty unaer pyS|00|caI condi t1 ons. wever, tne nore
recogni zed f umehideh.etofr pagivayplrchsideangfeyasosypch asgaddctasgkransiergsef dir

intercel | yjar aéﬁ?ﬁwﬁ)ﬂ@l@%&aﬁ,ﬁ@z&%ﬂéﬁﬁt&gﬁ%?ﬁgﬁigém%& fucosyltransferase,

SUPRACELLULAR
sialyltransferase, mannosyltransferase, xylosyltransferase, glucurononyltransferase

and the like.
[0267] For enzymatic saccharide syntheses that involve glycosyltransferase reactions,
glycosyltransferase can be cloned, or isolated from any source. Many cloned

25  glycosyltransferases are known, as are their polynucleotide sequences. See, e.g., “The
WWW Guide To Cloned Glycosyltransferases,”
(http://www.vel.co.uk/TGN/gt guide.htin). Glycosyltransferase amino acid

sequences and nucleotide sequences encoding glycosyltransferases from which the

amino acid sequences can be deduced are also found in various publicly available
30  databases, including GenBank, Swiss-Prot, EMBL, and others.

[0268] Glycosyltransferases that can be employed in the methods of the invention

include, but are not limited to, galactosyltransferases, fucosyltransferases,
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[ 0286] Met hods have been devel oped to alter the glycosyltransferases
expressed by 30cells. For exanple, Larsen et al., Proc. Natl. Acad.

Sci . USADﬁg;OS,_@Qﬁ%sﬁ% 31 (1989), report a genetic approacggﬁﬁ?gﬁﬁ&%ﬁ

cloned c s that determ ne expression of cell

ol i gosaccharide structures and their cognat em%! ycosyl transferases. A
cDNA |ibrary ghwesylirangferasemiNnarrixlgataglosareigylireayieraseqalNi ne WO

2005/ 055946P '

UDP- gal act os g:I éfegﬁ g@‘gﬁ%ﬁ’?@%ﬁ@ﬂi&sﬂkh aé’@@%f%%ﬁ%égﬁ %Sf gases,

a- 1, 3- gal act osahhosghshstass, glaeironiaadd eatsfotasentgalaCinic aid frssfefdses, and
transfected cel.ls re.then cul tur nd sayed for a 1-3 )
Galact ooyl + anLESIABRSHIARSOreEy: Saig e el iR GRS el e Thode ghaingg from
Acad. Sci .5USM&%}oﬁ]és&wéle?rdnl?x%&iwo@g_scI ose a nethod of anchori ng
P-lactamase to the external surface of Escherichia colt. Atripartite

fusi on consi s1924§1 BNA ¢npoding plypenylteasfemaprsdnayrbepbtainpddy chemiselayathesis,
protein, (ii) SETRY, s SR Sk

protein, and ](Dflsl ) agggenergl et egérrr‘{ab?sure Oyﬁggﬂ?‘ﬁg%ﬂ}s&eﬁﬁlelggggé?@ﬁgrcglgﬂgséd
resul ting in bnseaemingegesomicdibearlss fioth dpproptidle sclism nubecomtiigatigheof these

Honever, the BoBRGIACTERNOEr LRNA Db RBNA O ALOGAIN A G el

systens and as$ recogni ze g authHors, requirés the conplete

tripartit & f usligonuélestiderpoghes génsratdd foorh dg. gl ook floinsfmatesaraequeAd38]
&q

The inventionj,also provjdes, met hads f.qr producin epti des that

el ude. 15601 PRPBUmROP RSN ASF Gep e fohE S dhet g BRSEAPY Boum &

pol ysacchar i dedicatttle atsin BEPHemiluniRiRedn@BroSp f AterdakR Wit deReR pratures
rel at ed conmpounds.  Suitable sul fotransferases include, for exanple,

chondr oi t i n- 63 Hseh Bt GORYRNIgRH SKLHdEALIOR @A RPN theedleriatied shygosviiransisrases
al., J BioL ; - I ﬂﬁé’ﬂa I

D49915), gl y%@ Cse ‘ﬁ’ég‘?siﬁ %ﬁfg‘?gtég |bgé I%%g%stgerﬁe R %:2‘%@?5%32‘2}1 N
20sul phot ?ﬁanspremilgee, Wlti{‘lﬂww eliganuclectideqpmintess kéng prgduced frop1thes) ; UL

N deatet o1 asof REQUR AT R EPt RaBAE% Ko P EPFRE 683 105 ol e al. and
Orellana et au,S.Bat. Bbol,68H20hto BAiflis. 2270- 2276 (1994) and Eriksson .
éteﬁ:iahk‘] Agggg@g@%_g%%%%%%fgés%%% e(s%rslatgészi-ed ri]nulqr(;is?ce(il[s)l;lr'?t\ns gr?rferdlwtfll%d 'n
vectors containing DNA encoding the glycosyltransferases enzyme. Vectors are used
20 either to amplify DNA encoding the glycosyltransferases enzyme and/or to express
DNA which encodes the glycosyltransferases enzyme. An expression vector is a
replicable DNA construct in which a DNA sequence encoding the
glycosyltransferases enzyme is operably linked to suitable control sequences capable
of effecting the expression of the giycosyltransferases enzyme in a suitable host. The
25  need for such control sequences will vary depending upon the host selected and the
transformation method chosen. Generally, control sequences include a transcriptional
promoter, an optional operator sequence to control transcription, a sequence encoding
suitable mRNA ribosomal binding sites, and sequences which control the termination
of transcription and translation. Amplification vectors do not require expression
30 control domains. All that is needed is the ability to replicate in a host, usually
conferred by an origin of replication, and a selection gene to facilitate recognition of
transformants.
{0271] In an exemplary embodiment, the invention utilizes a prokaryotic enzyme,

Such glycosyltransferases include enzymes involved in synthesis of

78



25 d ycosidases [0289] This invention al so enconpasses the use of
wi | d-type and nutant gl ycosi dases. Mutant O0-gal actosi dase enzynes

have been dennns ed to catal yze the formation of dis [ ,
through the COHB%%% of an a- gI ycosyl fI uor| de to a gal g@?’@%ﬂ"%ﬁm

acceptor nolecule, (Wthers Pat . 284, 494; issued Sept. 4,
302001). QO hehp@qigeew%@wlasm@ch P I Bt A bagigia

exanpl e, P- gﬁ@é&ﬂ&%@sCr,Ff§azg@bz@9§ BHRARRop I 951 S72096)) s tiet V!

gl ucosam ni da acetyl gal act osam ni'das€
j 3- xyl osi das esnzyales uebiledus exs not binjted tests prc)t@matrfeth@s’a ogqpmfan@s@§uch

A gal act osi dadok oot N ARG B0 SIES RO ER R g PPl ranes

a-N-acetyls galnﬁpé 23] Qgélﬁl:tﬂéﬂi@éﬁﬁras@(séé"e%s|EMBE$Acc§ssfoﬁQQﬁl MRESH, anand
neur am ni dases/ si al i dases | mobi | i zed En 0290]) The present

nvent i on al SMBSPEVEicalnk BMHLACsHomNo SHEJPbE. DRbtmiae), Amobi | | 20d
on-a sol | anghote ARhubl.E. FUARGEL: adlodt S5 YBYAS o EAROM BEAL. { her e

is provided a rahsferase t I's conjuga G via an
i ntact gl ycosglh:cd:slyhiﬁﬁffeﬁ@«:@fad)(s\glswrdt Mcmbhwas%ﬂzvm aoh\}'ademss Prboe
PEG | i nker-enzyme copj ugate_10i s opti onal a hed to solid
support. The 65??581?“&]]81 ?k?%b%&wﬁwr@ﬁ%ﬁ%% }S met hods of the

| nventl ome! MRlehikifSoshilhy WRhiteidRe gf oK) AMBEACLLRRn Ko USOEIARcol), Other

purification of the reaction prod and al so enabl es the tacrl
recovery of tﬂewmlz-ganﬁerasﬂse?mgwlyebstyinpraald§ﬁfweas@ amiﬁ]omglanféUdesth@ﬂelthatz@d

in the et .hOd leecf Breoﬂep\ﬁggﬁch?% ofs g Qﬁ{ckﬁgﬁﬁ%’ﬁl}cfﬁlﬁ?ﬁerged ?&grégfﬁs?msaﬁ)gh as

supports w || arent uston
Proteins [ 029K]ebk:@llmpﬁmmo&bae,rﬁ) lcakt \Sabmli rpphingy i) Sakmetbibdsiofcat he

invention uti |zefu5|on ot t hat ave rmr h one enzymati c
ORISR (5 PR T e g o PR R L T A e B

conj ugat e1s Thesddsheius pehiygpRRs.1 des can be conposed of, for 20exanpl e,
a catalytically active domain of a glycosyl transferase that is |oined

to a catal yti Wa7?lAke FRitedledgnusedn B PaiTeniditveaton gre @waétranﬁ?@ses that are
accessory enzyligy (ffnjjréﬁdcﬁlgo (s e@rﬂamlfng 'iac%ﬁrmb%tra&%t ]? éﬁé%ﬁ?l §-€8.

in the formation o nuc esugar t I's a donor

gl ycosyl t r ansNexegbD gmco@,amwrze 3aD+ganctosydB-1 Abigivedse] mdahe P blood

gl ycosyl transferase cycle. For exanple, a polynucl eotide that encodes
a 25gl ycosy! t SaHR rispcehRridesqaysEcs. di- g@gptothaf]pté-@galg%osgl RO de

that encogigs @Bich have been identified in the LOS of the mucosal pathogens Neisseria
gonnorhoeae and N. meningitidis (Scholten et al., J. Med. Microbiol. 41: 236-243
(1994)). The genes from N. meningitidis and N. gonorrhoeae that encode the
glycosyliransferases involved in the biosynthesis of these structures have been
identified from N. meningitidis immunotypes L3 and L1 (Jennings ef al., Mol.

25  Microbiol. 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, /gtA, IgtB and Ig E, encodes the glycosyltransferase enzymes required for
addition of the last three of the sugars in the lacto-N-neotetraose chain (Wakarchuk et
al., J. Biol. Chem, 271: 19166-73 (1996)). Recently the enzymatic activity of the /gtB

30 and /gt4 gene product was demonstrated, providing the first direct evidence for their
proposed glycosyltransferase function (Wakarchuk et al,, J. Biol, Chem. 271(45):
28271-276 (1996)). In N. gonorrhoeae, there are two additional genes, lgtD which
adds B-D-GalNAc to the 3 position of the termina! galactose of the lacto-N-
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enzynme involved in nucl eotide sugar synthesis. The resulting fusion
protein can then catalyze not only the synthesis of the nucleotide

sugar, butwﬁ?y&gﬁﬁtransfer of the sugar noiety to thePE“f/%@%f’/ﬂu 04
nol ecul e. The tusion protein can be two or nore cycle enZymes |n&ed

into one expressible nucleotide sequence. In other enbodinents the
30f usi on pr ot a¢aietrageq siensire #nsl /e whigh pddsia) torming! jovia-Gpd fmiha dacestse elament

nore gl ycosyl . a 641, 668. Th Lfied
gl ycopept i desgf) l{fg{egrﬁ“@éﬁ@%%ﬁe\?{ei% tlhg)r[? g@h&’ é)%r) é‘i‘éﬁeflgéﬁe“&"gﬁg%ﬁécﬁd
manuf act ur ed (It99H), zigng.)v Br N ousringinidis, alsbardte imaonqgrym el also dpasseshigy PX

exanpl e, PCT Patent Application PCT/CA98/ 01180, ich S. publ i shed
o5 VD 50/ 312200 EpyRaRaEs 2 56 Yecmsupa B LrTnab I eI Bt s
10292] I n gengrab), sigHe.).s Neidder il Ryl @insfeniad anfisRiclatdd dtk@raré asset t e
and the PEG or 5PEG |inker cassette grouEs are |linked together

t hrough the ugtscubedria ASPN/S 54D 6iotsahlicsh Genes frt lekfucysyliransierase ardi

ahr cacti ve spebPaReos et dam A A B GRR Cp T B s bR e vrin

| Iocat ed a]E anyt d’Ap&iBibDU‘h?ﬁ.lmmmgaflfjm}%'w)ﬁ RRaer is¢en HeQirentdfibntion
cl asses of reactions useful in practicing the present invention are
general |y t ho¥s thaglycosyliragsisrpseg pbGrmpirodagter i fyeentons »ugat e

chem stry;o CUREBMInG, hAVRESH~Fd RHEAT Y4t 40RGHHONS available with
reactive sugar noieties are those, which proceed under relatively

mld conditions. These include, but are not limted to nucleophilic
subst i t ut i onsfyeosytrangfesgses ons of anmi nes and al cohols with acyl

hal i des, active esters), electrophilic substitutions (e.g., enam ne
reactions) an[?%%ldptspwﬁ§mb9dlwn!§oﬂqglzz%ﬂsbk&ﬁnﬁwasedm%whh@p%ﬂ6af &

mul tipl e bondg,£fid jsg ﬁéMﬁ%Eferars&aﬁﬁ ' %ﬁtralg"e‘?%fésiﬁleq 6w§%dti§la$ﬁyg)skiu in

These and ot her use reactions are c'gl scussed I n, Tor ex
Mar ch, ADVANCEDaOREAMZaGHEMsBTRY fer8sed iedide edzpmmes)Whiely trénsBorlsfuchiew

Yor k, 198k r Bl UGATE..T I ES. Acadepi ¢ Pres San
B eon. 1005, ERAUTRes & e M bkt kB S sy ks

Chem stry Serthettransfel nont@&leofide fuigamno e anepiat arSako ef Wse ik\égirerghton,
D.C., 1982. 20102931 Useful reactive functional groups pendent froma
sugar nucl eus™5¥Bdi fyi ng group include, but are not limted to:

(a) carboxyl @e)PSInABe EAbbAMRnEEIhE M@Je%fé?&lg&hﬁri%ﬁéxénﬂﬁé, Wl GIINARYA a
not limted to, N hydroxysuccinimde esters, N ’hydr oxybenztri azol e
esters, acid GB(ldesAeNyAchraraurislaasligesnedasdeglycosislen Suitahheny|
esters, aiOk yl mcc%%(hl%gytlefaseaslgéy tﬂ%lrea%ﬂgn include the Galp(1—3,4)GIcNAcp1-
a(1—3,4)fucosyltransferase (FTIII E.C. No. 2.4.1.65), which was first characterized
from human milk (see, Palcic, et al., Carbohydrate Res. 190: 1-11 (1989); Prieels, et
al., J. Biol. Chem. 256: 10456-10463 (1981); and Nunez, et al., Can. J. Chem. 59;
2086-2095 (1981)) and the GalB(1—>4)GlcNAcB- afucosyltransferases (FTIV, FTV,
25  FTVI) which are found in human serum. FTVII (E.C. No. 2.4.1.65), a sialyl
a(2—>3)Galp((1->3)GleNAcp fucosyltransferase, has also been characterized. A
recombinant form of the GalB(1—3,4) GlcNAcp- a(1—3,4)fucosyliransferase has
also been characterized (see, Dumas, et al,, Bioorg. Med. Letters 1: 425-428 (1991)
and Kukowska-Latallo, ef al., Genes and Development 4: 1288-1303 (1990)). Other
30  exemplary fucosyltransferases include, for example, a1,2 fucosyltransferase (E.C. No.
2.4.1.69). Enzymatic fucosylation can be carried out by the methods described in
Mollicone, et al., Eur. J. Biochem. 191: 169-176 (1990) or U.S. Patent No. 5,374,655.

8o



25aromatic esters; (b) hydroxyl groups, which can be converted to,
e.g., esters, ethers, aldehydes, etc. (c) hal oal kyl groups, wherein

t he haI | de“%aﬂ ter displaced with a nucleophilic g ,
for exanpl €, a%l)(gsﬁ%f"ﬁe a carboxyl ate anion, thiol 30an|%ﬁﬂe§%y‘ﬁ%ﬂi®§n,

or an al koxid ther resul ti n he cQ ent tachment. of a
new group at ‘Sﬂl@ tha} e Y58 g]pr@cf 68 fere ¥H%“Sheé"l’585@ﬁ g dde ap gpzymatic

di enophi | e grQupRs, foy\@ng{&mgfn% cnaRbe. of participati ng in Diels-Alder
reactions such as, for exanple, maleindo groups; (e) aldehyde or

ket one groups such that subsequent derivatization is possible via
f or mati on of Gdﬂﬁéﬁ%“'ﬂ@’ﬁ?ﬁtlves such as, for exanple, inines,
5hydrazones, sem carbazones or_ oxines, or via such mechani sns as

Grignard addi 03 I8engthearoyn oficmbediansnisi B slycowirapsierasnipla hal i de
t f
Tt b oo, SAMRbnEAG, ERM o MG b kRS .p0 TOI T

converted to ghatdsflidesserases (E.E&cNod2.40Widt seaeyd , Debkowds gt al(, Tyaraplane or
sul f hydryl S for yl ated or
oxi di zed" ’? Eﬁéﬂéﬁ%ﬁ?aﬁbﬁnawaé atpgerﬁ%ygﬁ)?@ (18905

cycl oaddi ti OF(S}enBQﬂH Jmmmozmss‘e@al ,a@ebltmm 264: QA2%3d42295((1989§)pﬁh>&hd@S
whi ch can react with, for exanp am nes and h

[0264) “The' r ceenl vk maids: Eavaam 4 louiree i e 55 IS LA RET R Ao
not partigy p%o?cmé‘ (GenBanlNt. 415587 ﬁra‘ﬂhﬁ?tal t bﬁm&rﬁ;@@ﬁé:z@f‘@l NBEASS erws))o

assenbl e the reactlve sugar nucl eus or nodifying group.
Al ternati vel yAnahar esitiblosel,3 galeetogyltednsigraseis tiwd whind ipinyolyed acbyhthesis 020

participatin t he reacti.on ence ti :
Those of sii 11 Piebd Rt B Rttt ARG o SAeR e 8l ol PERL St P2
functional griasp(S9oh(iuah))i YetoRstharixemplagy gaﬂzrceaswtﬁahsfaram@s@a b1 of
reaction conditions. For exanples of useful_ protecting (g;oups see,

for exanple, (83T fdsuguitable forpiserethe mothodired thsiny stior@\BE 48 YNTHESI S,
John Wley & g%&@&rsylh'gﬂgféfﬁ)sreE,’wl'ﬁa%%clude, for example, EC 2.4.1.90 (LacNAc synthetase)

and EC 2.4.1.22 (lactose synthetase) (bovine (D'Agostaro et al., Eur. J. Biochem. 183:
211-217 (1989)), human (Masti et al., Biochem. Biophys. Res. Commun. 157: 657-663
(1988)), murine (Nakazawa ef al., J. Biochem. 104: 165-168 (1988)), as well as E.C.
2.4.1.38 and the ceramide galactosyltransferase (EC 2.4.1.45, Stahl et al., J. Neurosci.

20 Res. 38: 234-242 (1994)). Other suitable galactosyltransferases include, for example,
al,2 galactosyltransferases (from e.g., Schizosaccharomyces pombe, Chapell et al.,
Mol. Biol. Cell 5: 519-528 (1994)).

Sialyltransferases

[0277] Sialyltransferases are another type of glycosyltransferase that is useful in the

25  recombinant cells and reaction mixtures of the invention. Cells that produce
recombinant sialyltransferases will also produce CMP-sialic acid, which is a sialic
acid doner for sialyltransferases. Examples of sialyltransferases that are suitable for
use in the present invention include ST3Gal III (e.g., a rat or human ST3Gal III),
ST3Gal IV, ST3Gal 1, ST3Galll, ST6Gal I, ST3Gal V, ST6Gal 11, ST6GalNAc I,

30 ST6GalNAc II, and ST6GalNAc III (the sialyltransferase nomenclature used herein is
as described in Tsuji et al., Glycobiology 6: v-xiv (1996)). An exemplary

81



25[0295] In the discussion that follows, a nunber of specific

exanpl es of nodified sugars that are useful in practicing the present
I nvention rth. In the exenplary enbodi nents, ly d
deri vativea{ogz0§$6aﬁ§4§ed as the sugar nucleus to which t he f’fgg& 8042@
group is attached. The focus of the discussion on sialic acid
derivatives i e(Zdsiabiltzansfespsorefirredis oy af2 Dsialylitapsienask 60285 Abtrarisers

construed to I, 305co e.of the inventi of , ski II in
Che art wi | Sa isid Bine B eraing! Gaf S8 KB AR Sibrobiidaorcan e
activat ed andgHessidealses &hnidan Eljﬁ@dihrb@w aﬁ@mqgmsn 286:13139 (1381), Wikdiein ef
using sialic acid as an exanmp numer ous net hods are

?val I ab![ e forahefdﬁfﬂ} Gf(fmg&$7adt3%‘§5e(19%3)@ééé7’é3n kb ok Bl daheme 26E 2P He and
ucose to pa
art recog njl]ze f t%% ?&g%% H%Qgh&g(%%&t%g%ﬁﬁ "Eg‘?ha “?“@&%Aﬁd"ﬁ)@é

Chem 6: 93 ( ﬂ)&ﬁ@)lon-mddcxﬁg:haﬁmal @4l ofithe,dishccHaride ox(ﬁ’lﬁmsid&&'ee, RMrick et al.,

roai 11 e by o MEhGRB S hEH RS RaOTERBE g it Pu g e '

produced in nagyR) 'ﬁﬂh&@xklﬁflﬁﬁr &zym%lﬁé’é GR)B-24-GRNAclLABSgeni ¢

ani mal and thus, contains /or 0-1inked oli osaccharlde chai ns,
whi ch are inc# lt@n#bly-ses,ﬁ?amﬁumsewa erl'th’eElm v g’-ijed@lﬂhélﬂ d@5-3RR(1994Df t he

10gl ycopepti d C I

gal act oses cofta( B AERMLE. Bed SRl BAIPSRUALNARBRIR AL | ¢ oy
with a nodi figalykiaadferaseiliche able20 Hansfer sBtibacid telthetsbimenre (‘ﬂaj[}gwmcﬁ,e
1, is treated wth the active ester of a protected am no C'ﬂ gui;
gl ycine) der i PaPOSecommnRanpitingte 178 0ag wderHing dhy teapptlsiafif pejd op dully -
cor r espondi ngsiyRt-aCh@ehaRe raeires @54 dgvledsiuct . The adduct is
treated with 15an al dolase to form acﬁydroxy car boxyl ate 2. Conpound
2 is converted to the corresponding CVP derivative by the action of
CVP- SA synt hef#e2: $-emlf6wéera§ﬁsc‘dtl yaeithe frplilaAfdadiAr seausnee aranCvP
derivativg to produge.cq 5? F&q . The ami ne introduced via formation
of the glycine adduct 1s utilized as a | ocus of PEG attachrrent by

reacting fmﬁﬁﬁﬁ%ﬁﬁﬁﬁu or—PPG—terrvat+ve—e —25
PEG C( 0) NSgulylra@sfocse) O- pr Sourcephenyl ), |fequcxie(s)fapedi es such astf
Or 5, TreyReghLVe Y. Scheney g imalian NeuAco2,6Galp1,4GICNAc- 1
ST3Gal 111 Mammalian NeuAca2,3GalB1,4GICNAc- 1
NeuAca2,3GalB1,3GICNAc-
ST3Gal IV Mammalian NeuAco2,3Galp1,4GICNAc- 1
NeuAco2,3Galf1,3GICNAc-
ST6Gal 11 Mammalian NeuAco2,6Galp1,4GICNA
ST6Gal I photobacterium NevAco2,6Galp1,4GICNAc- 2
ST3Gal vV N. meningitides NeuAco2,3Galp1,4GICNAc- 3
N. gonorrhoeae

1) Goochee ef 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)

[0279] An example of a sialyltransferase that is useful in the claimed methods is
20  ST3Gal III, which is also referred to as c(2,3)sialyltransferase (EC 2.4.99.6). This

enzyme catalyzes the transfer of sialic acid to the Gal of a Galp1,3GlcNAc or

Galp1,4GlcNAc glycoside (see, e.g., Wen ef al., J. Biol, Chem. 267: 21011 (1992);
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OHL. CMP- SA synt hetase, CTP HOH22. NeuAc A lIdo | ase, pyruvateHOO ' Na
HO2. H2/Pd/ C Y' Z-d yci ne-NHSHO HO-0Z. ,N.,,,irNH CH 0 2' INH2 OHH O

NH2Cy 0010 ti-00---P-0 -a-NHSO OH 0-P-0I i0-* HO
OHo OHO Mai%?“k 'Ha Ho OH PEG co...... _NH OH . N TR
if3

Van den Eijnden et ai., 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
5  the 3-position of Gal. This particular enzyme can be isolated from rat liver
(Weinstein ef al., J. Biol. Chem. 257: 13845 (1982)); the human cDNA (Sasaki et al,
(1993) J. Biol. Chem. 268: 22782-22787; Kitagawa & Paulson (1994) J. Biol. Chem.
269: 1394-1401) and genomic (Kitagawa et al. (1996) J. Biol. Chem. 271: 931-938)
DNA sequences are known, facilitating production of this enzyme by recombinant

10 expression. In a preferred embodiment, the claimed sialylation methods use a rat
ST3Gal I11.

[0280] Other exemplary sialyltransferases of use in the present invention include
those isolated from Campylobacter jejuni, including CST-I and CST-II and those
forming « (2,3) linkages. See, e.g, W099/49051.

15  [0281] Siaiyltransferas.es other those listed in Table 2, are also useful in an economic
and efficient large-scale process for sialylation of commercially important
glycopeptides. As a simple test to find out the utility of these other enzymes, various
amounts of each enzyme (1-100 mU/mg protein) are reacted with asialo-o; AGP (at
1-10 mg/ml) to compare the ability of the sialyltransferase of interest to sialylate

20  glycopeptides relative to either bovine ST6Gal 1, ST3Gal III or both
sialyltransferases. Alternatively, other glycopeptides or glycopeptides, or N-linked
oligosaccharides enzymatically released from the peptide backbone can be used in
place of asialo-o; AGP for this evaluation. Sialyltransferases with the ability to
sialylate N-linked oligosaccharides of glycopeptides more efficiently than ST6Gal 1

25  are useful in a practical large-scale process for peptide sialylation.

[0282] These and additional sialyltransferases are set forth in FIG. 11, is a table of
sialyl transferases that are of use for transferring to an acceptor the modified sialic

acid species set forth herein and unmodified sialic acid.

GalNAc transferases

30  [0283] N-acetylgalactosaminyltransferases are of use in practicing the present
invention, particularly for binding a GaINA¢ moiety to an amino acid of the O-linked
glycosylation site of the peptide. Suitable N-acetylgalactosaminyltransferases

include, but are not limited to, at(1,3) N-acetylgalactosaminyltransferase, 8(1,4) N-
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8O e 07 H 0 PEG AC(0) 0- pNPC CMP- SA- 5- NHCOCH2NE12
CVP- SA- 5- NHCOCHZNH— PEG CVP- SA- 5- NHCOCH2NH CMO- PEG [ 0298] Tabl e 3

sets forth ﬁ@ﬁ%atlve exanpl es of sugar rmnophosphai,g?m%;bg_fmﬁ@q
abl' e

derivati zed W|t EG noi ety Certain of the conpounds o

d by th t hod h t
o cootoh by ke T DR RN B U B0 18 4674308 ooy
G ycobi ol ogy ¥1992§ hid §308R&)al., ABloKdVRki 26965842 (19@)&1}&;&%@@&%&0

1049 (2000)). QG her am ne react ive PEG anog PPG ana ues
commerci al |y av&yigalastesanygpylicpnsierass fHesaa ghadpdriigl. Qf?e o HO0P £EAR3 Dy

8?6 :is Z ' HG%' to N{gﬁfﬂﬁf @rd?ifuct'ﬁ!ﬂ dflprdtan§ Qﬁh §§ 1the en:*:-lyim:| @al?ﬂAN’h sk D drie gbHds
5 by genetic engmeenng 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
c¢DNA 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.

10 The acceptor specificity of the enzyme is then determined using a semiquantitative
analysis of the amino acids surrounding known glycosylation sites in 16 different
proteins followed by in vitro glycosylation studies of synthetic peptides. This work
has demonstrated that certain amino acid residues are overrepresented in glycosylated
peptide segments and that residues in specific positions surrounding glycosylated

15  serine and threonine residues may have a more marked influence on acceptor
efficiency than other amino acid moieties.
Cell-Bound Glycosyltransferases
[0285] In another embodiment, the enzymes utilized in the method of the invention
are cell-bound glycosyltransferases. Although many soluble glycosyliransferases are

20  known (see, for example, U.S. Pat. No. 5,032,519), glycosyltransferases are generally
in membrane-bound form when associated with cells. Many of the membrane-bound
enzymes studied thus far are considered to be intrinsic proteins; that is, they are not
released from the membranes by sonication and require detergents for solubilization.
Surface glycosyltransferases have been identified on the surfaces of vertebrate and

25 invertebrate cells, and it has also been recognized that these surface transferases
maintain catalytic activity under physiological conditions. However, the more
recognized function of cell surface glycosyltransferases is for intercetlular recognition
(Roth, MOLECULAR APPROACHES t0 SUPRACELLULAR PHENOMENA, 1990).
[0286] Methods have been developed to alter the glycosyltransferases expressed by

30 cells. For example, Larsen ef al., Proc. Natl. Acad. Sci. USA 86: 8227-8231 (1989),
report a genetic approach to isolate cloned cDNA sequences that determine
expression of cell surface oligosaccharide structures and their cognate

glycosyltransferases. A cDNA library generated from mRNA isolated from a murine
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cell line known to express UDP-galactose:.ﬁ.-D~ga1actosyl-1,4-N-acetyI-D-
glucosaminide o-1,3-galactosyltransferase was transfected into COS-1 cells. The
transfected cells were then cultured and assayed for o 1-3 galactosyltransferase
activity.

5  [0287] Francisco et al., Proc. Natl. Acad. Sci. USA 89: 2713-2717 (1992), disclose a
method of anchoring B-lactamase to the external surface of Escherichia coli. A
tripartite fusion consisting of (i) a signal sequence of an outer membrane protein, (ii) a
membrane-spanning section of an outer membrane protein, and (iii) a complete
mature J-lactamase sequence is produced resulting in an active surface bound 3-

10 lactamase molecule. However, the Francisco method is limited only to procaryotic
cell systems and as recognized by the authors, requires the complete tripartite fusion

for proper functioning.

Sulfotransferases

[0288] The invention also provides methods for producing peptides that include

15  sulfated molecules, including, for example sulfated polysaccharides such as heparin,
heparan sulfate, carragenen, and related compounds. Suitable sulfotransferases
include, for example, chondroitin-6-sulphotransferase (chicken cDNA described by
Fukuta et al., J. Biol. Chem. 270: 18575-18580 (1995); GenBank Accession No.
D49915), glycosaminoglycan N-acetylglucosamine N-deacetylase/N-

20  sulphotransferase 1 (Dixon et al., Genomics 26: 239-241 (1995); UL18918), and
glycosaminoglycan N-acetylglucosamine N-deacetylase/N-sulphotransferase 2
{murine cDNA described in Orellana et al., J. Biol. Chem. 269: 2270-2276 (1994} and
Eriksson ef al., J. Biol. Chem. 269: 10438-10443 (1994); human ¢cDNA described in
GenBank Accession No. U2304),

25  Glycosidases

[0289] This invention also encompasses the use of wild-type and mutant

glycosidases. Mutant B-galactosidase enzymes have been demonstrated to catalyze

the formation of disaccharides through the coupling of an a-glycosy! fluoride to a

galactosyl acceptor molecule. (Withers, U.S. Pat. No. 6,284,494, issued Sept. 4,
30 2001). Other glycosidases of use in this invention include, for example, -

glucosidases, -galactosidases, B-mannosidases, f-acetyl glucosaminidases, B-N-
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acetyl galactosaminidases, B-xylosidases, f-fucosidases, cellulases, xylanases,
galactanases, mannanases, hemicellulases, amylases, glucoamylases, a-glucosidases,
a-galactosidases, a-mannosidases, a-N-acetyl glucosaminidases, a-N-acetyl
galactose-aminidases, a-xylosidases, a-fucosidases, and neuraminidases/sialidases.
Immobilized Enzymes

[0290] 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 of the
invention. Other combinations of enzymes and supports will be apparent to those of

skill in the art.

Fusion Proteins

[0291] In other exemplary embodiments, the methods of the invention utilize fusion
proteins that have more than one enzymatic activity that is involved in synthesis of a
desired glycopeptide conjugate. The fusion polypeptides can be composed of, for
example, a catalytically active domain of a glycosyltransferase that is joined to a
catalytically active domain of an accessory enzyme. The accessory enzyme catalytic
domain can, for example, catalyze a step in the formation of a nucleotide sugar that is
a donor for the glycosyliransferase, or catalyze a reaction involved in a
glycosyltransferase cycle. For example, a polynucleotide that encodes a
glycosyltransferase can be joined, in-frame, to a polynucleotide that encodes an
enzyme involved in nucleotide sugar synthesis. The resulting fusion protein can then
catalyze not only the synthesis of the nucleotide sugar, but also the transfer of the
sugar moiety to the acceptor molecule. The fusion protein can be two or more cycle
enzymes linked into one expressible nucleotide sequence. In other embodiments the
fusion protein includes the catalytically active domains of two or more
glycosyltransferases. See, for example, 5,641,668. The modified glycopeptides of

the present invention can be readily designed and manufactured utilizing various
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10CVP- NeuAc- 4- 0- RC\VP- NeuAc-4-NH-R [ 0299] The nodi fied sugar

phosphat es _Jn practicing the present invention c

substi t ut eﬁ%‘?”@%ﬁ%‘? positions as well as those set for?ﬁrﬁg%?\%qﬂom
Presently preferred substitutions of sialic acid are set forth in the
fornul a bel owsuititde frsion praweinsy(sse, for esampla, FGT BaexitMepphication IRAYA89%70 RE30,

which was published as WO 99/31224 on June 24, 1999.)

Preparation of Modified Sugars

[0292] In general, the sugar moiety or sugar moiety-linker cassette and the PEG or
5  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
10 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.,
15  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.
20 [0293] 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

25 aromatic esters;

(b) hydroxyl groups, which can be converted to, e.g., esters, ethers, aldehydes,

elc.

(c) haloalkyl groups, wherein the halide can be later displaced with a
nucleophilic group such as, for example, an amine, a carboxylate anion, thiol
30 anion, carbanion, or an alkoxide ion, thereby resulting in the covalent

attachment of a new group at the functional group of the halogen atom;
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5in which Xis a linking group, which is preferably selected from
-0-, -N(H-, -S, - CH2-, and N(R)2, in which each Ris a menber

i ndependen ected fromRI-R5. The synbols Y, Z, A h
.represent gd&lg?‘rogi'%:’f%at is selected fromthe group set f%gﬁ&g@@@oﬁor
the identity of X X, Y, Z A and B are each independently sel ected
10 and, therefore, (dhdignephile Brpuphevhichree capade bf parteipatinghie Digisridddes | e,
R2, R3, R4 and R5 reRkes n(t;hA—SL oaeﬂxznG]”Dxﬁ‘ftinﬁ the& aspeuti C noiety,

bi onol ecul e or ot hef Mol efly. Af erna&?’veﬁ?, C{C}%gep synbol s represent a
i nker that is bound to a PEG noiety, therapeutic noiety,. bjonolecyle
or other niety. [@g@%}‘ﬁﬂ"eﬂgf%‘}’&? étSP%l_b%_gttst“g%FﬂBﬂ“fiﬁn%ﬂéat_@&ﬁf H‘&é’gg’s
di scl osed herein i Rl foRRatioRdF cakBHyE d&Rlatilds UL, T0P exdnfie, dRkley at i ves
(e.g., acyl-PEG acyl-alkyl-PEG alkyl -acyl - PEG car banoyl - PEG, )

aryl - PEG) , 5SPPG der hydrezanes; s¢raicarbazones or amp@s, acyjis suchgyachanims ag| Gejgnard

acyl - PPG car banoyl 'Ecﬁﬁ%n &faﬂy'llﬁﬁ)@n addifpapeutic noi eties, diagnostic
noi eti es, marnose- 8 phosphat’e, 'heparl n, heparan, SLex, nmnnose,

mannose- 6- phosphat j al Lewis X. F VEGE, proteins,

Chondror t1 b ker at iy solamshae i Brdps G sHbsemyfogiarSRo VS ine f gample
ol i gosacchari des, pepimdaiforamideshe | i ke. Methods of conjugating the
various nodifying groups to a saccharide noiety are readily

accessible to thos s $ki ol t
CHEM STRY: Bl OTECH )oct}i,&lfrT g}lﬁlﬁb SB‘“%%?‘&RE f%’éé;x%néér%@s d%dlﬁggﬁor reacted

Harris, EdO, Pl enuwitbabyl helidss; , 1992; POLY (ETHYLENE GLYCOL) CHEM CAL
AND BI OLOQ CAL APPLI CATIONS, J. MIton Harris, Ed., ACS 25 Synposi um
Series No. 680, Angt)iarine Ghaithgdrly! Ssoapsetvitich £8OMe, fddekampleeylated, alkylated
Bl CCONJUGATE TECHNI ES, é_caderric Press, San Diego, 1996; and Dunn
etal ., Eds. POLYMERI®! AND DRUG DELI VERY SYSTEMS, ACS Synposi um
Series Vol. 469, American Chem cal Society, Washington, D.C. 1991).

Li nker Groups (Cr o6} alkenssi whicloeaniwsiereo] Hrengmmbe, selpedditms.gieylatien,

nodi fi ed sugar for 1 gk gds of the present invention
i ncl udes attachnenwgﬁea PE% ’rrégzla’tgpy to a sugar residue and

pr ef er abl formng, a_stabl e .adduct, which is a . substrate, for

E ycosyl t Hinst er aot) Snatides: FiBf Eicsp Sains b pRyrf 4Pipes B bl |
e.g., one forned byonigaadd.on of the PEG and sugar noiety with a
cross-linking agent to conjugate the PEG and the sugar. Exenplary

bi functi onal I i j i : |
2 mﬁ@éam 1cHi8hkl Efbluﬂﬁéﬂ t%%os%hfsé&hhﬁfihéﬁ)c{ye%o‘( F%l‘,gmpate

groups to carf drate noieties Include, but are not |im
bi functi onal pobyintrfeye witsgheseadtions ngsessomrip assemblsdhe/eadive sugar nucleus or

Car bonydr at oo BTGP Bl P, (EaTH o) A3ERERERRRRorkPhrols il Bibroreced from

20  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.

25  [0295] 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

30  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
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See, for exanple, Lee et alL, Biochem stry 28: 1856 (1989); Bhatia et
al ., AnaL Biochem 178: 408 (1989); Janda et aL, .I. Am Chem Soc.
112: 8886 9 Bednarski et al., WD 92/ 18135 si on
that follo ,2%?%406%?4 active groups are treated as beni gnﬁgﬁngﬂiﬁnﬁoﬁér
noi ety of the nascent nodified sugar. The focus of the 15di scussion
is for claritysiog sialid aeit asamieamnplthst@xompl@kmumerbus m¢thodsratre anviallable for
appreci ate that .the di,sgussi,on i v u n_the
mo fyi ng.or oG nggrAGSRouEGsk N G AR o ite TR LS, R 00 shete
modi fy the copperssd, svhivh drdadibonddifed B;ugafecugrﬁi&dmm}imS&cfdraiample,

chem cal cross|inks (for reyj of c¢rasslinlcing reagenfs an .
crossl i nki ng Bhﬁgghﬁﬂéscgrée#’femﬂ’?' ?C% (m.a“%ﬁ%@ ggrj ?E@-&ST; 65:
1972; \\eetal | 24 H3oogf. H, and Cooney, D. A, In: ENZYMES AS DRUGS.

( Hol cenberg, and Ro erts eds.) . 395- 442 Wl ey, New York, 1981;
Ji, T. H, Mel039%6Esapesemplery rEotrg theod-6:SFiasptiddshats meifiogby apediod
Rep. 17: 167 f; b

ref erence). P&ﬁ?%%“%g‘g%é‘r‘%gﬁ%%pﬁ%&@%ggg RFQ&SF‘E%@E‘?‘@S‘E%‘%%V%FP ous
zero-l ength, tdlspetinhuraoigeoioahimaaam they, eonsaibé Nual/ordprdinkesk abigssacetieridg
reagents. Zer Len h. 25crossli.nkin nt c

conj ugation o fllﬁlﬁ‘ AT R lﬁaﬁ‘“agﬁlﬂ%}aﬂg@ms&l\%ﬁ) ¥ Chr?glg? ﬂla}no Ec fi on of
extrinsi cigmat guyc@jepudkgeﬂdiﬁg 4 dalic acatamﬂycmaihnfgrmeﬂnonaltgﬁlaato@h msitiuia «ha be
bond bel ong tg (t}hi S C@;Cé oaol1 AEot her ﬁb”l ts t i nduce
condensat i on oFC¥aeds g?t PrPtae rmsf’ﬁﬁﬁifﬁa hik B f‘B‘cf@r‘ an ani de
bond such as HPORI ScHEHE S, theahinb @é‘aﬁprﬁ@éa@ade@msctEﬁa@ent K
(2-ethyl - gghgnyl |Csoxazol i um 3@!}]&“ fonét e), and v

car bonyl d| i mi araieaeé amjgp a&&bﬁetgmgﬂwr@) dorvgtive; RfeRHIS thewgatzne repidue
enzyme L1 ans ol ABL0ABoddahd hei eng RAR!6A Kb d R 1heBSIRE BRRateFlritn

2.3.2.13) may Cros ng reagent.
enzyne catial yzeadddaselto faranshedroxeactdxghae 2at Caonpduod 2is ctmvgrtemp@eof

pr ot ei n- bound | ut m' | r.esidue usua a

group as subs‘f‘?"%ts ngg%g? tdgrd"% thﬁﬁﬂ“?\’e‘%%%ﬁ%ﬁ ﬁﬁ@kﬂr&%i‘ﬂ%ﬁ&ag’ént s
contain two l@h@ﬂ&ﬁ&lﬂ‘dr@enétm o(ﬂmesamp Haﬂivaﬁlvé rodi8 Reepound|3y Theamidie
may be reactive for am no, sulfh éuan ol e,

nonspeci fi c giBagksed glaggmatiop of ihe ﬁlyafne @stlswﬁﬁ?gaétajeaﬁé’f BESi ng
insoluble G %chﬁ@rﬁ%?lrea%ﬁ@/cdn%ﬁﬁ@?; RAA lan RENRIITRESBIES 86 alite ﬁe N

bacteria ' are expressed as insoluble ag ates in bacterial i1nclusion
bodi es. 12l &Egﬂ(@w&sP%@@(ﬁ@@@@rmﬁmgp@%D,m@mgdpqcrsf-stﬁmhr-aSﬂrfé 5,
cytopl asm c gﬁg% {f.’l)pl asm c space of bacteria. (See, e.g., dark,

Cur. Op. 10 12:202- 207 (2001)). Reconbi nant G CSF proteins
are expressedSé¢henieact eri al inclusion bodies, and methods for

refol ding these proteins to produce active GCSF prot ei ns CMYER synthetase, CTP
provi ded herei g

NH 1. Z-Glycine-NHS HO oH 2. Hy/PdiC
HO 2 2. NeuAc Aldoclase, pyruvate HO = o O *Na
.-0 0
HO > Z NH

1 2 1
NH; I‘iH;
N 0 |

1 (:J*o o] O-'g-o o N’go
o—P-0 Q

. L. PEG- H—NHS HO OH 0"Nm
HO QH © ":\w HO XS -+
PEG- ; HO%U‘M Ho on NH " © > e on
C OH
sy~ M= HN Y
H/\g p 8 3

CMP-SA-5-NHCOCH,NH—PEG

|

C(O)O -pNPC  CMP-SA-5-NHCOCH;NH,
CMP-SA-5-NHCOCH,NH—C(O)O-PEG
5
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A. Conditions for refolding active G CSF [0304] To produce active

G CSF proteins frombacterial cells, GCSF proteins are 15expressed
in bacteri on bodies, the bacterl a are harvest d
and the mg‘%ouis()?%éﬁ%gdl es are isolated and washed. In ong&éngiogm&%g
three washes are performed; a first wash in a uf fer at ﬁtween

6.0 and 9.0; H2A%NEAPM BFris @ﬁbfepfﬁe{jtaﬁvesféamﬁ U8R ‘H%“OPHO%PB plare
detergent, e. rBifthds 6 Thble SA€ red b
deoxychol at e; Seriy 3J%Bﬁm§%g%gﬁﬁpwcgﬁﬁ?ﬂﬁg€%eter ent free bgl;b?‘a g
and 20a thir dthmqumfﬂgnbmaqqeoqbpmeewmvmmerwwatng)yuaﬁtcnee@nemdm%h odg
are then solu ol ¢ i

denat urant s, |r ai“’rﬁ‘ﬁ% ﬁe@’ﬁ‘%‘r{ﬁ 08%?%’ lggtlg{grﬁrg@qo ﬁcagrteret at.

det er gent s5 or Gg,aybzalogialmam@(mo@))t Ddseamine rm&vee?ﬁﬁdnthﬁh@ apdlogies 81vl
guanidine HC | or a are used. to s

embodi nent , W‘F%rc’éﬁﬂé‘éaﬂa%{%é ca ?BW%ISTZIE%H ﬁ?gf fegﬁﬂy acfé:esgﬁﬁe Qnts
are removed f 1heee dMRilGhae #r. 0t ein m Xture. Denaturant renoval can be
done by a variety of nethods, including dilution into a refolding
buffet- or buff p{a;,:,exchange met hods. Buffer exchange methods include
dialysis, diafiltration, g.el filtration, and.inmobilization of the
protein onto a solid support. (see, e.g., Cark, Cur. Opm. Biotech.
12:202-207 (2001)). Any of thzw/aﬁove 30 net hods can be |ned to
renove denaturants. [0308] Di sy¥J de bond formati 8n |n e GCSF
proteins is pronoted b§ag n of a refoldi ngob‘f e donpri sing a
redox couple. , RE@ag c oeﬁa 1Imel ude r@g%q}(«g gl ut at hi onc
((-JSF- I/GSSG)R /cysti ne cystea am ne, T/ GSSG, and
DTE/ GSSG. ( See, €. g.o" C1ark Cur . Bi ot ech 12: 202-207 (2001)). In
one enbodi nent icheskedaxr coupl eis GSH/ GSSGumiicus-@Ri 0 of 10: 1.

[ 0307] Refol ding can be perforned |HH2buffers at pH s ranging 'onm
for exanple, 6.0 5to 10.0. Refoldi Nbuffers can incl ude oth r
addi tives to enhance refol _nb,o °L arginine (0. (fl_ph_o )E\G | ow
concentrations of den@t ranf s¢-* ugh? as urea (1;@% ang qguua ni um
chloride (0.5-1.5 offeferg: o'GBAB,oHl aur yl

mal t osi de, Tween 80,R-@nddIrit on X— 100) (03081Ac ref ol di ng, the
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10 or other unwanted buffer conponents. In one enbodinent, dialysis
is performed using a buffer including sodiumacetae, glycerol, and a
non-ioni c ¢gf RLPRREss © 9., Tween-80. After dialysis thepEhgbRiRissn
can be further purified, and/ or concentr at ed by ion excﬁange

chr omat ogr aph | n_one errbodl ment, .an SP-sephargse cation exchange
resinis usedt/ 0299 Brogadifipdigapphogpiares ofypse|in P@EE@W%@W%&"F 1nvepties @inn
has been ref Obéiﬁrﬂstﬁgrea%&ﬂhy &&gﬁiené A}%ﬁk%&@%ﬂf&% fole PR Rl ?Féf de
bi ol ogi cal activity. For a rotein, biological activity

measur ed usi negpbatitutipnsafipiabé afnéamdtsfortl:mtheﬁnmp adelai:ol ogi cal |y actl ve
GCSF proteins are substrates for the 0-linked gl yaggsyl ati on descri bed
in U S Patent Applications 60/535 284, filed Ja y 8, 2004,

60/ 544411, filed February 12, 2004; 20 and QAttor I Docket Number
019957-018820Us, filed February %0 2004p—gao Which is herein

i ncorporated by reference for @ @'Bos S.OBESK _protein activity can
al so be nmeasured using cell pFoBi 3@y o white bl ood cell
(WBC) assays in rats. (Al so desdk% zf;,k . S. Patent Applications

60/ 535284, filed January 8, 2004; 60/ & 411 filed February 12, 2004,
and Attormey Docket Nunmber 019957- 25 018820US filed February 20,
2004; each of which is herein incorporated by reference for all

pur poses.) Thi& Vﬁr’@h Kiies Hulfinggrayup ayhichas areferebl nedederkiEign —OanNod)-ddne

before or aft f t gk n
O her Met hods@];{gr ‘150 ’il%l”ﬁ %XJ&%%S%& %béﬁﬁef’%&]gllgg? %p%ggfg{lﬁ ﬁs >
Al ternati vel yThetdymbp}sddchtAsaIprB)chahe@rtsynttarmmq:tthvtas priatekEes thegnolpeset

used 30w t hou urification. .. v bd S ual | refe d to
fecover t he.peRteve GRS AR Kindud PR ot RIGRRIRY R
gl ycosyl ated sdctbrrfdrelaBeysdasibe 8% shik or iffetchi. CRhel son®ols @1 RITRE Rfraap IRi
col um chr omat ogr Y, exchange chronat Qgraphy, nbrane
filtration carﬁplﬁéenggeal’tf%tmwgtyp SRBTIE NGy e el S ber Y o on,
nore pref er abh YerMtivklyZ e FnibBKGEFEseRENRKeE thAERBE M0 2PEPRBieH, NOre
col uim chromat ogr aphi c t echni c1ues for the recovery as is discussed
her ei naf t er aherapatic moigty thioraglegude e atas medstei n. For i nst ance,
menbrane filtration wherein the nmenbranes have nol ecul ar wei ght

cut of f of abdﬂBO(BOD@nipthrﬁmewslﬂtaﬁm ta dre cosjupaeddisadosce hrerei indude, but

bsrosi 5 ol CRETPIE gy B PaaRERlEs: e RRRRor B PRECT ek diSyEio
sacchari des (cfaﬂﬁmo@l-gEG MQ-PBG Y 9561 derivavhiaofd ¢ L Y- PREHcaNARy| WP, alkyl-
pass nonoval ent salts but

class of reverse o nbr an t ha
retain pol yvac¥hk? éarr Qﬂ‘é’Pﬁaé i%s&a,t ?mrrle%Hrosﬁn@%rhatgﬁewca%ﬂtes,loo

to about 2, Oqgar%gé-@ﬁﬁ@spﬁﬁ@%ﬂéﬁrghbﬁ% 5he, ﬂﬁms@%nH§§:d6—pﬂ_d§P§ate ISThift
typi cal appI i cation, 10sacchari des prepared by the methods o

present i nverivanXwPOF, WEGF arreteinacdhprdreitia, keeaian, derenatand albumina tegaink:ng

salts w lﬂO paa%?en.fr!r}g g%]sacihgﬁc]‘e]s] épild%smgx{ig%qil{ %ﬁietl% %?&F ﬁ@tl BI% .various

produced i ntrace as a |rs |cu
ei t her host oebddifyirgr grbgqsed abacabareletnsgicty arerreadnl\yeadcessﬁlblre t@ﬂmaq)dafeskxlh;a the

centrifugation ar ultrafiltration, o tior_l | | t he protein rra
concent r at ed a\ﬁ(?ﬂ LY, (BTG FNGS EY%HL{IE}{EH@SJ %I'oéeéﬁ?%@é[‘ ﬁNB%S | on
filter, foll mdlchyloﬂepﬁmtwmgaﬁh%d:)cmyrriﬁppweorjﬁr19@1thLqumrmdterE
i mpur i ties by _one or nore ste selected from i mmunoaffinit

chr onat ogr apHyLYGOBhCHREK AR GHD W“‘MA&’EH%H%F .InMiloryHarrig, fd., ACS
di et hyl amsnoey SIGBEs%%)es Rb. 488t Ahﬁﬁéancé}[bhﬁw saaetgarmxmﬂaaydn, or

sul fopropyl gro chromat ogf aphy on Bl ue- Sephar ose
Bl ue- Sephar odﬁpcm@mm TECHNIQUES, Academic Press, San Diego, 1996 and Dunn ef al., Eds.
PoLYMERIC DRUGS AND DRUG DELIVERY SYSTEMS, ACS Symposium Series Vol.

469, American Chemical Society, Washington, D.C. 1991).
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20 MONO-'S, lentil |ectin-Sepharose, WA- Sepharose, Con A- Sepharose,
Et her Toyopearl, Butyl Toyopearl, Phenyl Toyopearl, or protein A
Sephar ose, - chromat ography, silica chromatograp

chr omat of ocusi ng, rgverse phase HPLC (e.g., silica gel p¥¥’HSZOO4"041%P4d
aliphatic groups), gel filtration using, e.g., Sephadex nol ecul ar

si eve or Si zel@ﬂcﬂrdbioansfﬁnomﬂ!bggﬁimyps)chr omat ogr aphy on col umms
that 25sel ectively bind the pol ypeptide, and ethanol or ammonium

sul fate preci ﬂl-’tﬂél P@parap@gquﬁ wedified supanfoy eepia thd metogsral dirmsesent
culture are “%? %lhagé%taﬁgchﬁ%n{&atﬁ@é mde) B g& rfa&&’JE‘ %ﬁ'p!re?erablty
enzynes, etc or nore concentration, Tt iPhg-
aqueous i on- eﬁnhMmstaMe a(hiuze“mchlmmmnatratelfmmgﬂymgsﬁp:imfm;&sep§hus, itis

Addi tional |y, dified rotein,. m rifi affinity

chr omat ogr aph§ SIWTEEFFSFO ‘ﬁﬁ%&l‘%% nEy B%° fé’HB%/do Q‘#B’P Ofﬁ}?ﬁb and sugas

purification sioepswith@2icth- hﬁklag @é@l@ﬁﬁ:ohjhlghtbltﬁeq?EG énddthe sugar. Exemplary

nmet hyl sul fonyl fi uaori de (PMSF) ma)ﬁ be included in any_ of the foregoing
Wh&

steps to inhi bifenchppal sempaunds wihishgan Pw%fhf@,rsaﬂﬁﬁynaa@oqhﬁevw@ap%te

prevent the growtHydfhe AGEN it SuCRORATIARYS, blﬁlhaﬁﬁaéﬂ Wt hin
anot her enbodi nent, supernatants from systenms which produce the

modi fi ed gI y cpplfsthiytrmeglycalepdlyanides, pelyethers.frokyestersond dhetlikat Genereli ng a

i con_or 104 1 AR BREy PRGHELSRGPRRRTI GhbORolkahisShe Pl IR Ryl

concentrati onSst &p exdthpledoreeat, rmmmyyna EOpI(1%69); Bhatiaeisadl, Haddl e

Compri s6 o 11 Bsie do o O, feodo® ol An Cufnaat HhefRisodfite

bound to a SUBécaﬁIrsmatmpwo 92//N;tasr m@tﬂe\a@cysswanhaawmwse@h@h@ag& greGisiare
may be enpl oyed, for exanp a matrix _ar substrgé? havi n pendant
DEAE gr oups. ?)‘ﬁﬁt%%Ibén'rEﬁPP|ﬂ?,f‘e%lgi‘rd”ﬁ?lEfélé> Hemppospi e desus ra e

cel | ul oseys or 4iQtRGHn isyfefe@m@[?mmsﬁatﬁﬁp Ay riskillRA Q{ceawlu G reciate that the
10purification. Alternative a cation-exchange step nma B

enpl oyed. Sui dlamssowwpbnanémmﬁgergmpﬁ@m tllgellqsdafwmﬁoumo’felﬂbl e

o oupear o pel O S SPEARAS AL AR bR R AR
RP- HPLC st epswithiitmyiotagulay clienpibed biossliRRs fﬁh@vm pﬁéroshgkmg saagcrusaargiel

havi ng pendant t hyl t her al.iphati S

to further pu?ff’??“@%%éﬂ%‘ﬁﬂﬁ S&%E\&gﬁr V'gg o 253&33@4\9? ,&n’&},

L he f olr egm%I ntnguﬁa Cbg@tyl DPAS e B zyiBs xsaml]gm (H@B%b@@t armsobeﬁmda) fp
e enpl oyed to provi i ed gl ycopr

The modified ﬁ?%ﬂ@p&ﬁfﬁ@wfw Sgh\)ér'&g’o g ’1’?{99# Pg 0685 1833

| arge-scal e foRLARMAL iR/, t}@pp}‘f ']TS? 485, W%‘Q’[l%@%wﬁfﬁé i‘ﬁ%fg@rafe@ herein
t hose disclosed by Urdal et al 20 J Chronat’og. 6:

Thi's ref er encly wésencehdyefered erosliaking a¢agerRPanede@ fgqn@wm@ gero- length
purification

Al ternativel yﬁgr? %é@n&sﬂ&c mbﬁi’h‘cg()&? CI%S%E%E{ gk‘ﬁght@“%
utilized 2o pcrbssﬂmkmgeeagmds fnckde girgutoqm]ugﬂaomof 2] 1Hnmsnmhmalcmd>ups with
Conposi tions 0317 [.n ot her. as t he, i tian pr.ovide

phar maceut i cal’® & 'i?é'of‘l PR ‘%ﬂ’ﬁnﬁggﬁﬁ hﬁt Yia a@"&ﬁ%ﬂgf 1?‘639? %E‘ﬁﬂﬁ%s a
phar maceut i cabdrd RBGHS N @tedbh etotlRRekamplON aagBiits 4RNIndGaL DndBkMRAN

a non-naturally-occurying, PEG noiety, therapeutic iety or
bi ool ecul e aPfc Ry %@wﬁtr@dy amlw&ﬁol@fg;é%wb&r@eeggwua%as The
pol ymer, carbodiimides, ethylchloroformate, Woodward's reagent K (2-ethyl-5-

30  phenylisoxazolium-3'-sulfonate), and carbonyldiimidazole. In addition to these
chemical reagents, the enzyme transglutaminase (glutamyl-peptide y-
glutamyltransferase; EC 2.3.2.13) may be used as zero-length crosslinking reagent.

This enzyme catalyzes acyl transfer reactions at carboxamide groups of protein-bound
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30 therapeutic noiety or bionolecule is conjugated to the G CSF
peptide via an intact glycosyl linking group interposed between and
coval ently both the G CSF peptide and the pol ,

t her apeuti ‘c“,dn%@%;‘gr bi onol ecul e. [0318] Pharmaceut i ca?‘gﬁ)]ﬁ@gg?“tl?odns
of the invention are suitable for use in a variety of drug delivery
syst ems. Sui t ghitasnifidrrpsidues. ushallyfwith pémany antieo gmels@ﬂubstmte mMefsredr e

Company. i | Jaaf e Beref B EhL bfmySE0 R B 18R] Gt Pl pies,

net hods for draspectetliweliiyh magbe rdaetingefds arfiodenifby A pidniind Hididle 3990) .
[ 0319] The pharnace Ht' cal conpositions may be fornulated for any
appropri at e SHERRE O Ui ni stration, including for exanple,
topical, oral, nasal, intravenous, intracranial, intraperitoneal,
subcut aneosis Bﬁriﬁ%tt@WﬂWCﬁfjﬁkmbﬂration. For parenteral
adm ni stration, such as subcutaneous injection, the carrier
preferably conprises water, saline, alcohol, a fat, a wax or a
buffer. For oRafoldidgimsbhibieGiC8F any of the above carriers or a soI id

carrier, such nitol ,,lacto st a nesi um . 10st ear
Cotl um saconalBRaTRR fembpd bt S S FSTAE Bre AR
carbonat e, maygdasarep mc&(ﬂlal iBtlasieg bedledh I lugionbasied e §Potéid depoasits found in

pol yl act at e pol ygl ycol y al so be enployed as carriers for the
phannaceut i caPot gg}’?ﬁé'glpqu’@ifsa fPefiplagmic ﬁD"é?ﬁtOifB??tCT‘SuGSF%tﬂgea blrtka €4t &bl e

m crosphef®@s glpfochi @Ci(gsﬁﬁ g) Ré&ﬁ’ﬁﬂl@ant GCCQ’ ProteiRlaBNxphlQSed in bacterial
4,897,268 and 5, 075, 109. 1 0] Commonly, the pharnmacéuti cal

conposi ti ons @elsignhpdies eed e@thpdﬁfentf’éfpldmgyheseprgtemsmprodveqmw (3-CSF
Thus, the i nvﬁr@%ﬂ@ﬁ%&%d%ﬁer&?mos' tions for parenteral

adm nistratio he conpound di ssol ved or suspended in
an acceptable car r@md;tzqusﬁfre‘eﬁbﬁqgmﬁva&e@ﬁ%s carrier, wat er,

cont i n_phar a8l TLARRY A B A e e %c%ﬁ%i%?a@%%ém

required 19 agipradxddiiabactginy ﬁicﬁlsmllﬁaies alslicteri@ B, habuestad, afisripted and the
adj usting and buffeé?fgg a en gnl city adjusting agents, wetting

agents, det ergelHeisn Bogjes e isp aReéla“ 0‘@%}?}1 e gmepringas ?Fn‘gaWBe

sterilized bypsRRHEDGIMAasE L] bifitald 9 bboeBb YRS, 005 iSRRGt salt,
sterile fil ter ed. The resulting aqueous solutions may be packaged “for

use as is, oregyghin ehledde; arenipyis drergertedgpl Bparat Pbrinbenindetergatsi ned

T P omt et B SR BoRoORAL i BEAOL 8L 44 By KBS0

from5 t 20 andlirdwesh pﬂéj()e'ifhd)bmte‘inso’mh?n thia dincBrsidn@dARE aﬂcnhemmmblhzed

enbodi nents t ti des he ipventi can. be i hcarpor at ed
into |iposone Q?‘flgi’%‘g rbl?ﬁ %ef%ﬁa HIRE ?:tl‘”@ng b‘HWIﬁF@E?Q% V&bi ety
of nethods ar&trdmad d)fa:tl{ &r eergpnte aaanmn{bhrmsmﬂmseaﬁ; dReaibbiadnt 6F 5-
e.g., Szoka ej. al., Ann._Rev. 30Bi ophys i oen 9: 467 (1980), U.S.
Pat. Nos. 4,234 gaanidingHED oryire aémegtcs@ bei (%feh% ARGes %boéfment

|'i posonmes usimgra A4agd.ety of targeting agents (e.g., the sialyl

gal actosides of the invention) is well known in the art (see, e.g.,
U.S. Pat et NO30S]Afesolnlibizativg, deng@sntigdy removed from the GCSF protein mixture.

Denaturant removal can be done by a variety of methods, including dilution into a

refolding buffet- or buffer exchange methods. Buffer exchange methods include

dialysis, diafiltration, g.el filtration, and immobilization of the protein onto a solid

support. (See, e.g., Clark, Cur. Op. Biotech. 12:202-207 (2001)). Any of the above
30  methods can be combined to remove denaturants.

[0306] Disulfide bond formation in the GCSF proteins is promoted by addition of a

refolding buffer comprising a redox couple. Redox couples include reduced and
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[ 0323] Standard nethods for coupling targeting agents to |iposones
can be used. These nethods generally involve incorporation into

| i posones gjg ng‘}:& onponents, such as phosphati dyl et haF‘gi”ﬁg%O&ﬁo‘”O““

whi ch can vated for attachment of targeting agen

derivatized |ipophi.l i 0 h as.|ipid-derjvatize .

gl ycopept i des Oggfzefiﬁjﬁ?ﬁ\?ﬁ%@#ﬁHiﬁ%ﬁﬁ%&}eﬁqug@ﬁ%&w&ﬁfcg g[emme,
general |y reqWTEGER6! aldTBTR/GSSE! (926, 2B STlktk, Uy, (@96 Bidran el T02-20792001)).
surface of the liposone in such a nanner t/h the target noieties are
avai | abl e for I} pRGFBRAGIBE fierpdaxrouply iyebt wadap & 10al.cel |

surface r eCEpt{@j’(}?, ;ﬁ'@ﬁlﬁﬁﬁ% %‘?{lﬁgﬁﬁi&ﬁ&@B blift&s ?W@Faingiﬂg R, A& eﬁﬁrhgig,h&g

to alipid nolecu 0 posone is formed 1I0Using netho
known to thoséo b.0.Reafoldinghuifere can tnclude gther asiditiventoi eohanse refeldingt ¢.gn Lof
a hydroxyl gr P ese 0 h t i I i I
nal  de or  wit AREREET 0P ot Bur QbPRCR SR dHiehlbal s R 0. Al
| i posone may pearfidishiroetdatider{0 StlchMvg; andyletehgentsde. g0 Chast SIDS CTAB dlauiyb

first incorporated.into t ra the tine of form ng the
menbrane. The ﬂﬂ@%ﬁt&ee‘bgﬁi@g@ﬂmﬂg’?‘l ve a |ipophilic portion, which
is firny 15 ¢iBegpdaser RakdiagCROGESFE bibtdil Cal B dis18Ad to kdmde e REGOcIIpNE

a reactive portion, which is chemcally avail ahle on_the aqueous

surface ofl 0t her pthpfouwyasted Prercorpengnss. boene earporlimesb dialysitis seriermed | ¢
w Il be chem gaj xbﬁﬂéﬂigﬁ!ﬁng Qdhih RetaeS L1306, HREMEAbni ABHroth b.gl he

targeting agent or carb rate, which TS added |later. In some Cases
it is possibl &ween-8.tAftdy dishysisithe GEEF pipein cambe fugtherawnided,andianl ecul e
directly, but j ' i b ersujtabl é [
mol ocul &'t o St sRrab ek B deleie GREBN I e Aol 4 Sp RebilidS
nmol ecul e whi chatich extchahperesiaribnsede Wi th the target agent or

car bohydrate i | s extended, three, di nensiqnally, of the
vest ol & siy ¢ alB0Sl shept il S rsseficepiuparedap e Plee Rome B Re
invention may tile@ldet Pebisin BaddetédtabBBWSIbEIGal QAN For a GOBF PXA¢TR] Hological
| abel ed conmpounds can be used to |ocate areas of 25 inflapmatign

. . ) mat or
tunor met ast ad¥Eity sambpmedsyivd usipg peetiey cbmeliads AT el PianegailyActive
For this use, #M@%@ﬁb%&s gﬁ' th@B8lnkey ﬁ‘l‘y&t}ﬁléag%%des%d iR¥J.S. Patent

tritium [0326] The active ingredient used Th t armaceut i cal
conposi tions Abphidasiony XT84 nirled daruaryi & 2004y 60/petAL afiled Febragy 13n0kt s
derivativ haviy | ' ) | ' I 109
e e 137, hEH R ROURL R0 S8l 852814200 il Pl ohit i b
30conposi t i onwafchtihlkergin@woniordted/sntetenence forad purgosése GESF peatein etivdilyl opn

.g. 1V, IM _SC | P).. Effecti d ted, t .
Cond der abl y. HEGBREEHEITRCEL BRERTHEA e Rg Yhmioe sHe i ¥sus in
of adni ni st r atdt A RY HeRFiBedEis RES IREEnE A pPlecatibng 05 35281y €1l Tanl@w 8, 1004,

(-7U) to 100 é-? 00U) tglkg body weight of the active material.
Pref or abl o doSUEH4a1 GleQ Bettuy 15+ 208eAd A HOBH RIck AN Eer SRR~ 50 ¢ o

about 30095 Unhigghlsgs! fies Letirl: éo,az(?oiﬁf‘é&ch BEGRUER B Heltn REPBRALedUIUER NN

provi des an G CSF wi th an enhance n vivo residence tiie, thé stated
dosages are ofsiiallpatpioges))dibe pediferhiéom assaye apdbihi WG asshys the bedorhbafon or s
adm ni st er ed. . 7 | 1-Qwd provided to
illustrate thEéﬂeéé)ﬁjllglgeét%%{gggﬁl?%r%%orggIcg)gg%&%?&?%!an%'present i nventi on,
but not to limt the clained invention. EXAVPLES EXAVPLE 1
d ycoPEGy! at i othafMaha-fopdadatiedConjughies ofthe nviedtian Pr epar at i on of
Asi al o- G anul ocyte-Col ony Stimul ation Factor (G CSF)

[0310] Alternatively, the products produced by the above processes can be used

30  without purification. However, it is usually preferred to recover the product.
Standard, well-known techniques for recovery of glycosylated saccharides such as
thin or thick layer chromatography, column chromatography, ion exchange

chromatography, or membrane filtration can be used. It is preferred to use membrane
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[0328] G CSF produced in CHO cells is dissolved at 2.5 ng/nmL in 50 MM
Tris 50 n1VITr|s HC1 pH 7.4, 0.15 M NaCl, 5 mM Cad 2 and concentrated
to 500 p. tricon Plus 20 centrifugal filter.

is i ncubate ﬁ?%gﬁgo mJ mL Neuram nidase Il (Vibrio cho eraek #45@216
hours at 32C. To nonitor the reaction a 15smal| aliquot of the
reaction is diiliratierd mere prefombluppizona wrespRmTobic membrane] @ponger more

per f or med The r r :
N ( pam nophenyql rﬁigﬁrﬁbl%gmg} gﬁ&! &egcp}él %ésct:fgﬁﬁhggéa%tg Celer? 8%% d?ﬁ\?ﬁﬁngfgggg iiieé 'S din
vol une) and tthe l1mhedltbxebaiangémih§tanoexIaereblrahe)ﬁltmﬂomwhcrsmahe wheiGbrafise

m xture is centrif t ant

col | ected. THEVHLW F@’e\é ?ﬁgtré%o}i@% OQ‘BP@{@E R\A%f ove
once W th 9. 4yfileinklsich ST oBY b aiTerasd, Nﬁﬁ(ﬁilmﬁdhcﬁr&efﬂe oSthodidiéan thén be
Tris- EDTA buffer and all supernatants ardb‘F{)OOI ed., The super na@ant S

di al yzed at 4used igyemeye sabis apd(prpuridy thagro ceharidesyfadneg, WP B85 N3
and then tw cgafupfier lﬂgﬁbﬁﬁés arda eiMsUflré;ersla@&meﬁ %eﬁhbra&eé\ﬁl Gds méhRaldt

NaN3. The dialyzed solution is then concentrated using a ntricon
Plus 20 cent rsaftuglalretﬁlm}t@wahn@aki adahchargelutes lagermthen shont] Q0 toabotor

the | EF gel C e e n
provi ded by %6&{1?%19%3% G% I]%q?togfﬁe r?l{;fggean &dzglﬁaﬁlﬁtgﬁgﬁq@lfg&odre
di al yzed Hyai gasdhaviaetsemelﬂmdl tanhd mezhdddof théshrBlent Ferividn vbll Be egpainat indlre of
G CSF- (al pha2, 3)-Si al PEG, aly d G CSF was di ssol ved
at 2.5 ng/nL Tﬁ;‘%r@nmﬁ%‘i" ’ﬁ%g‘“géflhfé’“ﬁ/l Pa%s ‘Hé?&& 0. 05% NaN3, pH 7. 2.
The sol ution [g311)]17€tHe KKk élfto%;rof@iﬁ {odiicad inGradtlularl e adfiist s fp;l-thU/ m

of ST3Gal 1 at 32C for 2 days. To nonitor_ the incorporatjon of sialic
aci d- PEG, a swetiqulas qieawe{eleer Ropieretle aelypesragmentsMp ISpRVOR.AOT 38R ¥nt

ligand added;, &)b?@%ahaﬂei uhBEARRGH; %f)@tg)allf?ttﬁeﬁ_ RiPARY b@@onbéneeda%a{ gd

fromthefreef1 'tration on a Toso Haas

anal yti cals C(ﬂommruslilhg\’ﬁﬁme pmmrepor(cmanoaflterrﬁéloweéby é@@é\ﬁﬂg thebel

i ncorporation h

fl uorescent opetjengPtléer\%ﬂw "ggtg&sl %ﬂﬁﬂég ea%ﬁg%i%ié%ﬂﬁ@?%&?&sﬁgﬁ” fied
using a Toso 1hh1&3105ffﬁ&96ﬂ6h%mgephy,a®n mham@emhmusﬁrav@oﬁ%ﬁﬁnbugtm (pH

7.1 d col | gcting. b ab t d
(he reacton qeéﬁ' A m@a (0 sk iR ebaneyol 8 abbBRIhg "t o
the procedur @hwawlueesleplayroa@wmqueesbphﬁamplvmof(z native

and PEGy| at e GCSF are di al nst water and anaJ yzed

MALDI - TOROVB. M@QIQ;Sﬁpetpld?camr%ﬁhepsedh@ts(eabamﬁazcm §ea'|1171>se & I [ 0330]
G CSF pr oduceﬁbybg &Hﬁuﬁﬁbfopemp@@nﬁ%&@eaﬁ &Bbrablawéepﬁaegelsﬂsaﬁ&dw-

| i nked gl ycan, di ssol ved™at 2. 1s-110
NaCl, 0.05% N&N&lat?ﬁﬂaﬂlﬂslllﬁ'mr@mmsrﬂﬁw plsromn@f;ryamegi royerse phasetiPLC

CWP-sialic ac d P

nonitor the i rSlglf)é? S’(’)’ﬁ]%’ip &afiﬁlgch gc?ubgﬁéeli%%g%f ﬁg%[aﬁ}'/’zstfgggdgiﬁ
the reaction zhaecuﬂiveiesAoPﬁﬁ-éﬂcumroethmtatcbgrgﬂlwcmadadgrap]t}eod ahehns that

i ncorporated into ti elss rated fromthe f eIa by gel
{11 r b1 o orreleisbo R T8 rebibenys ARG S Lon it B peBBG Y o
(pH 7.1). Thqoiiz}qmﬁﬁen%ly&@egideg pRALGAiAtLaRe hRteudResoraat biigitiab
quantitated using an in-Tine fluorescent detector Arter 2 days, .the

reaction m xthFFféCth@ f{ﬂ!i'i‘ Fellsepzyraes gica fotloasd Y Que @B’B%@W@Gtrﬂc@p%ﬁéﬁﬂ ve
col um usi ngf[;"?%g E%n—éx?ﬁgmé Jarsaeféxaeéié)@aﬁb,aeoyaaﬁ} 4QRs Ataaﬁeqa%tﬁév

absor ption duct € reaction is ana using S
and TEE anal ysmchﬁabgiwmatgnmﬁytm@mﬁcrbb}d@fﬁeﬂy elrrdma@agehﬁ sFigalbpHPEE by

I nvitrog Sa es e |.ated G CSF are dialyzed
agai nst %’t er %eﬁﬂ?{&ﬁ?&r 1 RS
[0313] A protease inhibitor, e.g., methylsulfonylfluoride (PMSF) may be included in

any of the foregoing steps to inhibit proteolysis and antibiotics may be included to

prevent the growth of adventitious contaminants.
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25 d. Preparation of G CSF-(al pha2,6)-Sialyl-PEG|[03311 G CSF,
containing only O-linked Gal NAc, is dissolved at 2.5 ng/nL in 50 nM
Tris-HCL, 1, 0.05% NaN3, pH 7.2. The solution_Ls,..| d
with 1 mv -%%a"%% aci d-PEG and 0.1 U nlL of ST6Gal NAch@’Pka&?‘E"gzc
for 2 days. To nonitor the incoré)oratlon of sialic acid-PEG a small

1

al i quoL Iof th@&léhwiﬂ%%herevbo imgnigpemaapts fpmessems Whigureduse ded
He! . .
e ) el N Bl bhBe BRRM G Rt SAReAt il L ki,

usi ng PBS buf faearila(abIﬂrﬂtein)con@haaﬁdnddwesfmemamphbm Apaporop dfilliposPellivbo
the peptide is 6PCT UsS2004/ 041004 uantlta ed using,an
et Pre 1 uor SuabitgRaaly ERTio by onasilitn e, eMerhEneinay B APhigd
EUHHG? usi nﬂ;@suTt(gBl@ qdftﬁ&t@&il]@fswwremilﬁe ia\/sgitﬁftﬂé wiffifi ty Safik BS Th
uffer (pH 7.1) and co ting fractions bas on WV absorption, e
product of th&oRRIReE ! lygand ré%ﬂeya@daé@rlﬂ@r ofymelegily P'F_flﬁptaﬁéP

according to LhgoRr Qﬁl%ﬂidﬁ@f?ly,%ﬂ(infoﬁf%g&ﬁhée RSPy REniMoyeAMbE HARDE, a
Sanpl es of nati've and PEGylated G CSF are dialyzed agai nst water and

anal yzed by MmaBix orepbssic Hay@g Pprdand3FABrasenpse duitablegpmriess ingudgas

el usi on on SKAPRR;ebrEbse AR SPRIAR RS Bl Bhgyeiioren,

then with IEIVPpﬁilﬁdQEGI ZAKeiaatw“El)e a r:amn#dxchaygmbpmy be mploycrt | Suiteble TEXidmy

i on exchange anQ?‘ %? ] ar ation. g ana ) ]}/ N enonstr at ed
that the PEG/FH? r%/\‘)ﬁgu W10t wse ce fﬁ?én ri‘sr“égt PFBPl Fation of
gl ycoPEGy| at i &nb@immy@gfdupkeshlgbmyrlgro@%wa&anﬁgcmfbtrwnt GCSE -

Expression, ref oI di nglll and purification 15 Harvest cells

centrifugati o318k palhy O%B%‘Pﬂ‘&tRé)ﬁHPLﬁé?B? Frapigying #‘b@&f’ﬁh% RBrHPoGs
di h
BEW' Z a;g rﬁ?/l C[\’Ig{gdilhne % ﬂﬁéﬁ_e? he_wu:%%!ﬁaﬂﬁ ﬂ'ﬂetfﬁﬂ? b{/ %tlﬁgl éllﬁflaticrg) rd by heS
M crol | ui & zeemployed tofurthes muweiswlmptl@ vayalvt@pmposzmorceﬁ‘wm dragef #eni n,
;‘g g ageﬁ ; ???l'fglg&gdgﬁaﬁuﬁf%%rs%% 3RV aridE SHRBHAThREah Glso b elnpftlya RUT T €
provide a homogeneous modified glycoprotein.

[0316] The modified glycopeptide of the invention resulting from a large-scale
fermentation may be purified by methods analogous to those disclosed by Urdal et al.,

20 J Chromatog. 296: 171 (1984). This reference describes two sequential, RP-HPLC
steps for purification of recombinant human IL-2 on a preparative HPLC column.
Alternatively, techniques such as affinity chromatography may be utilized to purify
the modified glycoprotein.

25 Pharmaceutical Compositions
[0317] In another aspect, the invention provides a pharmaceutical composition. The
pharmaceutical composition includes a pharmaceutically acceptable diluent and a
covalent conjugate between a non-naturally-occurring, PEG moiety, therapeutic
moiety or biomolecule and a glycosylated or non-glycosylated peptide. The polymer,
30 therapeutic moiety or biomolecule is conjugated to the G-CSF peptide via an intact
glycosyl linking group interposed between and covalently linked to both the G-CSF
peptide and the polymer, therapeutic moiety or biomolecule.
[0318] Pharmaceutical compositions of the invention are suitable for use in a variety

of drug delivery systems. Suitable formulations for use in the present invention are
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Wash IB's in 25mM Tris pH3, 100mM NaCl, 19%IX-100, |% NaDOC, 5mM EDTA.
Pel l ets are resuspended by pipetting and vortexing. Centrifuge 15m n

4C 5, O00RPM o fiehsabsst is step once nore (total of two 2 S8 )0s10EsSh
pellets two tilames In 25mMM Tris pl-18, 100mM NaCl, 5nM E k?‘li/%tgo r/erry)@e

detergents, centrifuge as above Resuspend pellets in dH20 to aliquot
and cent ri f ugfuad irReniaglops Pharmacgyticat yoienees, Mace Ppblshing Jompsnyr e

resuspended apy,; h N i<l : U‘g{,ﬁ;} .
100mMM Tri s pkghl?a%%% lu@/%fglf?yg 'plgbt(:ar'ltzl| (G)(;r11 :ef]f%o I om%th%gqﬂrbﬁ%‘rﬁ “Por
2-4h at room feenpsget, Geience 288110271 833e(18%9)ubi | i zed I1B's for 1mn at
room t enper at 14, 000RPM , Save super nat apt . Dilyte
super nat ant 1! g9m%ﬁﬂ8%ﬁekﬁ“°6h?‘+“&°sg‘6ﬁﬁwnﬁk %ﬂ&?‘aﬁﬂéﬂﬁ\ﬂ“gﬂaﬁf’%’“#ﬁm
KC I, 0.3mM | meinek of@dnti@Btrskéon, theRAbPORERIBDIR, toblthl, 6l nathl iMr{isSisas,
0.5M arginine, and refold on rofator overnight at 4C. = . . Transfer
refol d to Pi eltacraghkBdRpHiionEbatopansqus £ thitamysquiar adminisjratian. (igrf er
20m1 NaOAC eI ot on DR AT Wb R8s RickiToh MUEREA: pRirahtge @

total of 3 tines versus at |east a 200 fold excess_at .~ Aftel
di al ysi s passcamfirised witen, balmagicahod a4gpawhx pr ebuffer Efjo dridlragmanistration, any

S5 sopher cec SR ml uthd B e 0BLY SO\ dRD

a salt grHUi entaratg sbdiviMadidb@tine, Prlameicallilyszl glatdsy, susrosd, ahdthagdesium

300- 400mM 15'\'%%0'nate, may be employed. Biodegradable microspheres (e.g., polylactate
polyglycolate) may also be employed as carriers for the pharmaceutical compositions
of this invention. Suitable biodegradable microspheres are disclosed, for example, in
U.S. Patent Nos. 4,897,268 and 5,075,109,

15 [0320] Commonly, the pharmaceutical compositions are administered parenterally,
e.g., intravenously. Thus, the invention provides compositions for parenteral
administration which comprise the compound dissolved or suspended in an acceptable
carrier, preferably an aqueous carrier, e.g., water, buffered water, saline, PBS and the
like, The compositions may contain pharmaceutically acceptable auxiliary substances

20  asrequired to approximate physiological conditions, such as pH adjusting and
buffering agents, tonicity adjusting agents, wetting agents, detergents and the like.
[0321] These compositions may be sterilized by conventional sterilization techniques,
or may be sterile filtered. The resulting aqueous solutions may be packaged for use as
is, or lyophilized, the Iyophilized preparation being combined with a sterile aqueous

25  carrier prior to administration. The pH of the preparations typically will be between 3
and 11, more preferably from 5 to 9 and most preferably from 7 and 8.

[0322] In some embodiments the glycopeptides of the invention can be incorporated
into liposomes formed from standard vesicle-forming lipids. A variety of methods are
available for preparing liposomes, as described in, e.g., Szoka ef al., Ann. Rev.

30  Biophys. Bioeng. 9: 467 (1980), U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028.
The targeting of liposomes using a variety of targeting agents (e.g., the sialy!
galactosides of the invention) is well known in the art (see, e.g., U.S. Patent Nos.

4,957,773 and 4,603,044).
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Check material on SDS-PAGE (see e.g., Figure 10).
EXAMPLE 3 The Two Enzyme Method in Two Pots 20 [0333] The foll ow ng

exanple il Wbszto %_\S\%gt he preparation of G CSF-Gal NAc- SA-B gﬁp %ﬂ?m

sequential steps rein each internedi ate product is pur
it is used in the next step. a.Preparation of G CSF-Gal NAc ( H 6. 2)
from G CSF an{P32BFStamiardmethgds fy comling targeting agqnts39ipossugscarn b6esedr g)

an UF 111 ter (RREO G et han o COREERb e A Mhebh 4 Loy, oS

buffer (pH 6. RichGs PBEYhMalNEIhantBRiGavhith ciibbmagtivaed® for achmEal MAmraeliid
40 AL, 0.04 d, 100 t.h d
'E he resul ti ngL%e('}F a{’]’i %ﬁw@\%?‘yl l‘ﬁE&Bi‘f ‘{(éodnpé’tuh‘ilsoﬁ"}rﬂ\ﬂta%xfxﬁlgrd&fl ?etge 8'?%‘%&?33

After 24 hss, ofMitBlvehtivh, cat ed t he reacti on was conpl ete. The reaction
m xture was di rectly subjected to HPLC purijfication using
(Superdex 75 H3d4] Bupgehgarcchouimugfiesty &ayire Bwt@aft%?tmeé&fﬂt? Eer PRyitioned

PBS (phosphat g, méfs{lﬁic%%f 2! l%ﬁg\gomepfﬂ sftetPa ﬁi@ﬁwptlﬁpﬁe@t&ﬁﬁ%léf& are dV8ilable

col l ected peak of c was concentrated using Centricon 5
KDa MACO fi | tﬁ:rmt@ra@tbmmfltm&@ targqt, fanexampte, acelhmfaa@feagzt@d Tihg chipphyssatey

PBS (ph hat I
prot e n concent Ta b SRR 8 tekaBid ol s RpRioity S AR eltthe 1 HEA
stored ati@ Cusuhg Bethpdmatomno dfos&mmﬁahd\bﬁ(cee% alE&Gtionion geydationfof ed
G CSF- Gal NAc, A- PEG (20K TGGa

[0336] The G EIOAE PGP i COMPRTHIeRG e e P sy dRleE it a

buffer 10 exca&%aad ﬂeEﬁe@u%y)rTMWEﬁtlbélirftﬂé hlﬂd@blnéma be fixfikbYedNmNath andy
CVP- SA- PEG (20K ny, 25 unmpl ) was added. A%’ter di ssql vi n%rm ne
I

MiCl 2 (100 m:'ibat %J@n?ﬁwrwﬁmm i fiyst fSATPQIARRGNIQARS Tembrgne atthe timg of
enzyme) vas agdeflnfithe! Mhe E&RELPPorlbX kGl OLKEDh cqawonawh%% iy

three days. The reaction m xture was concentrated by ultrifiltrati on
( MACO 5K) 15anderbedfied anshesbzoreein the mempmned\it Naoa s e 4 rgictivgpasiien, twhigh

puri 160 usi o LPREa WAL o e sty i g RGPl NE s AR ARG

B: 25 nmM NaOAs -séleﬁﬁﬁ% thawdewilBite qhicindcaBy 2itable@ forata stefieciermienl bbm’dawith

13-18 mins an EC erdex 7 PBS-pH 7. 2 05% Tvveen 80
retention ti ntge .r%et “(‘Q{,%'P%Q’Qra% ﬁhdwdfe&ay aa%'iéi ﬂSé’as*“ble
fractions wer@ agadi tﬁ@ta@@t afeab &oMt tainectof Mokl ﬂireo@l@}ibut in most instances it is

20  more suitable to use a third molecule to act as a chemical bridge, thus linking the

connector molecule which is in the membrane with the target agent or carbohydrate

which is extended, three dimensionally, off of the vesicle surface.

[0325] The compounds prepared by the methods of the invention may also find use as

diagnostic reagents. For example, labeled compounds can be used to locate areas of
25  inflammation or tumor metastasis in a patient suspected of having an inflammation.

1257 ¢, or tritium.

For this use, the compounds can be labeled with
[0326] The active ingredient used in the pharmaceutical compositions of the present
invention is glycopegylated G-CSF and its derivatives having the biological properties
of Follicle Stimulating Hormone to increase e.g., ovulation. Preferably, the G-CSF

30  composition of the present invention is administered parenterally (e.g. IV, IM, SC or
IP). Effective dosages are expected to vary considerably depending on the condition
being treated and the route of administration but are expected to be in the range of
about 0.1 (~7U) to 100 (~7000U) pg/kg body weight of the active material.

Preferable doses for treatment of anemic conditions are about 50 to about 300

98



20stored at 4 C. EXAMPLE 4 One Pot Method to Make G CSF- Gal NAc
-SA-PEG with Sinultaneous Addition of Enzynes [ 0337] The

fol | ow ng W%/&SSMG' ustrates the preparation of G CSF- %@}%8%&%0%5

PEG i n one using sinmultaneous addition of enzynes I.
process using_npuse ST6Gal NAc- | %H 6.0). 103381 G CSF (960 1.1g of
protei n di ssollpig’ke three thmen a weeks fecyise igdreserfinyention prevides 4e@ICSkawith

concentrat ed f i } onstituted
W th 25 mi veD SEREd phb it iel BEECIE) ocedt I o ERERG NG &
about 1 ni or cemp@itpmoifdhenineantior stadatinistaredf 1 ng/ nl. UDP- Gal NAc (6
ng, 9.21 unol 1 12. (80 L, 80 , - SA- PEG (,20KDa) (6

0,3 pnol ) anilﬂs%gﬁigléogo#gv %ﬁ%ﬁiﬂﬂ@ﬁ%ﬂ%ﬁfﬁw &°§Jﬁéatﬁﬁ9f1’e&‘g%@o
pL) were thenasdefrtle prefent Bbitionpbut wWastonmeikde cRimsdivd@ibon48 hrs and
purified using standard chromat ography conditi ons on SP-sepharose. A
total of 0.5 ng of protein (A280) was obtained or about a 50% 5
overal|l yield. The product structure p@sv®?id rnmed by analysis with
both MALDI and SDS-PAGE. 2. One pot process using chicken ST6Gal NAc- |
(pH 6.0). [0339] 14.4 ng of G CSF;, was concentrated to 3 nL fi nal

vol une, buffer exchanged with 25 nM FEAMELES (pH 6.0, 0. 05% NaNg,

0. 004% Tween 80) and the volunme 10 was adjusted to 13 nL. The

UDP- Gal NAc ( 9P E S3intionif &-CSEpraguced in CHGeelly) | CVP- SA- PEG- 201 CDa
(90 my), i cken - 1 | YV rTerdl ) re
t hen addet%l‘{?1 Tﬁe r gﬁﬁ%ﬁrﬂh‘ﬁ %?(gégfk%lgg&ggcﬂjg%% t enper at ﬁ%gm][@bgg?
hrs. The reacliBé8l @GiGFpredusedin 80 cebnis dissolutded 2 s g/nlainlIP niMVIEE JHK)

and centrifugatjen, e fLsi was di sso| ved_] 5 nmv
aoAc. but 1 or PN ECIPHE oS R DA bt Gt A cs SRl i 00 o P
This sanpl e waentfittn FluLLD deatriFagabRee e solatod Rincabaud wil 388 mu/mL SEC
(Superdex 75, .17 mn, flowrate 0.5 nl/mn) and an additional SEC

( Super dex 200Newampiqase Hi(Kihr ’Péﬁ@’em‘%f%lﬁ ROV at 320 Gy T morgtag thegegepigna
overal | vyj=l 7 208 A d).
NP 520 e B A L P A T o
Sequent i al Adefirformed. oFhempgoyine mixtpgdg tien Tedsdfte bievashed Negranpl e

W th sequent | ey pBmEPitd el o5 SR AP KR Tt (e Bjne
washed beads gently rotated for 24 hours at 4 °C. The mixture is centrifuged at
10,000 rpm and the supernatant was collected. The beads are washed 3 times with

20  Tris-EDTA buffer, once with 0.4 mL Tris-EDTA buffer and once with 0.2 mL of the
Tris-EDTA buffer and all supernatants are pooled. The supernatant is dialyzed at 4 °C
against 50 mM Tris —HCI pH 7.4, 1 M NaC}, 0.05% NaN; and then twice more
against 50 mM Tris -HC1 pH 7.4, 1 M NaCl, 0.05% NaN;. The dialyzed solution is
then concentrated using a Centricon Plus 20 centrifugal filter and stored at —20 °C.

25  The conditions for the IEF gel were run according to the procedures and reagents
provided by Invitrogen. Samples of native and desialylated G-CSF are dialyzed
against water and analyzed by MALDI-TOF MS.

b. Preparation of G-CSF-(alpha2,3)-Sialyl-PEG

[0329] Desialylated G-CSF was dissolved at 2.5 mg/mL in 50 mM Tris-HCl, 0.15 M
30 NaCl, 0.05% NaN;, pH 7.2. The solution is incubated with 1 mM CMP-sialic acid-

PEG and 0.1 U/mL of $T3Gall at 32°C for 2 days. To monitor the incorporation of

sialic acid-PEG, a small aliquot of the reaction had CMP-SA-PEG-fluorescent ligand
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25a. Preparation of G CSF-Gal NAc (pH 6.2) from G CSF and UDP- Gal NAc
usi ng Gal NAc-T2. [0341] G CSF (960 ntg) in 3.2 nL of packaged buffer

was concen utrafiltration using an UF filter (
t hen reconstﬁogg gyvvlth 1 nmL of 25 nM MES buffer (pH 6. Wsﬁﬁ%ﬁﬁ&’q
NaN3). UDP-Gal NAc (6 ng, 9.24 nmM, GalNAc- T2 (40 pL, 0.04 U), and

100 M MhC12 Gddedpihe 1a¢bemmOrp@ﬁ@dhhemeqﬁg@ﬁ ig Bpataked ﬁcﬁ&ﬂietﬂe@%b%plbyuﬁélon
was i ncubated at room te erature. . Pr egar ation of

G- CSF- Gal NAc- éaranswpeéow Hﬁasé?r@@ﬁ-s cal cojypnaging SBSffer (pH 7.1).
SA- PEG- 20Kdaf ?H@ﬂu&@&eﬁﬂ%eﬁﬁﬁBﬁv@ﬁh@ﬁ ﬁ'lt@fh%%gﬁ&le@; @faﬂaiateyb‘%%lg arr}dﬁ—hne

UDP- Gal actose (4 ng, 6. nol es), core-|
CVP- SA- PEG- 20flamgsceat d¢gecto® Aﬂpm)d@)s,, thsmmreca@e istpurzﬂemvsmgg TesedH#280

m Wndl 2 0 I ur e of
The @ Corch i NAz0qORE Breahiafivd (ol 8s bRS bl ReGHIR AR Sl Bty
step a, abovebastthen asabsbiprign. rfTh@Iprb@cwaﬁthe reautiad ie dnadjzed A6ing SDSHAGES .
The reaction m re was 10centri ndt e sol ution ]
Corconcrat od T el aceordik fouhe Porbr S Ry eat s pphed Y Invffegen.
redi ssol ved wWsidrhpl2bofAtiNGRIPE @ 8)CLP0ard dial yhdt apidhst WRtePindlanilyzedThe

product was purified using SP-sepharose (retention tine of between
10-15 mn), th&éIaPOFM%t I on were concentrated using a spin filter
(MACO 5K) and the residue purified further using SEC (Superdex 75,

retentioniging of mpgramoﬂ)ofGAtSFf(a%aﬁﬁﬁSﬁWlfP‘EtG on using a spin
filter (MACO SK%OI the protein was |uted to 1 ni using fornulation

buffer with PB3 neiAdHcedin Cﬁomﬁw“@mly@mﬂmtaé alphad. &sBlylate O-
The over al |y e eedh g SORER eEE iy in S0 MR RIGH G VPRlCITboSAM
G- CSF- Gal NAc- @Nh SH-PEGT v sohitish nintubated vathAldaM CHIP-oélicEaeilyPEG and 0.1
Concnt rated BPPtP AT P4 82 Riiod SRy GRA aesReti ¢ sitpgi PBS.
mVl Mes buff era {rpajlﬂalﬁ]uﬂl; of@h@;@&%oN&bBOZMPTM Pﬂiﬁ-ﬂhor&@bmﬂ‘ﬁgaﬁﬁ addeé; tBSlabel
L, 801 SUPooTDRBRAIRD thecptRily s sEarued ot et RbRLbY 80 ﬁbt%)ﬁ ha’”
C'VP‘ SA- PEQ( 201950 (HaatBB000S W analytical column using PBS buffer (pH 7.1). The fluorescent
label incorporation into the peptide is quantitated using an in-line fluorescent detector.
After 2 days, the reaction mixture is purified using a Toso Haas G3000SW
20 preparativé column using PBS buffer (pH 7.1) and collecting fractions based on UV
absorption. The product of the reaction is analyzed using SDS-PAGE and IEF
analysis according to the procedures and reagents supplied by Invitrogen. Samples of
native and PEGylated G-CSF are dialyzed against water and analyzed by MALDI-
TOF MS.

25 d. Preparation of G-CSF-(alpha2,6)-Sialyl-PEG
{0331] G-CSF, containing only O-linked GalNAc, is dissolved at 2.5 mg/mL in 50
mM Tris-HCI, 0.15 M NaCl, 0.05% NaNj3, pH 7.2. The solution is incubated with 1
mM CMP-sialic acid-PEG and 0.1 U/mL of ST6GalNAcI or II at 32°C for 2 days. To
monitor the incorporation of sialic acid-PEG, a small aliquot of the reaction has CMP-

30 SA-PEG-fluorescent ligand added; the label incorporated into the peptide is separated
from the free label by gel filtration on a Toso Haas G3000SW analytical column using
PBS buffer (pH 7.1). The fluorescent label incorporation into the peptide is
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and a 2,3-(0)-sialyltransferase (160 M, 120 MJ), 100 nmM MhCl2 (40
id,) were added. The resulting m xture was incubated at 32C for 48 h.

Purificati rformed as descri bed bel ow using | 4 e
resul ting %ba%@?%eﬁﬁgont ai ning 30 the product were con%@f@?éﬁ%@&gg
ultrafiltration (MACO 5K) and the volune was adjusted to about 1 ni
wi th buffer. Thentitated efing aoindivafluatesesnt detestate Adien? daxs, the rézmetiéh BH@ure is

/m by A280, giVi | of % from G. 3441 |
img unde?/st ood °t g%/d Qslgl"ega:{;’;%\r{r’p aggsbgﬁ%ﬁelvﬁﬁlga?%g‘ﬁ %Ol%%g?fggg%s ﬁﬁ&%ﬁpﬁ*&ﬂé
for illustrat iandcglecigsstiond hasedeh Uliabsorpitdno Uhe postuti df«l:”(thé ?&kﬁioﬁﬁs .
changes in light thereof, w e ested to persons skilled in the
ot and are t e aergany-tAoh Rt HSTERE at ook e pess e geastans
applicati op agehplie@BpIiitrddes. BRRFIBISThabldIIPEN dtePBOESCAL RN ed against
patents, and patent applications cited herein are hereby i ncorporated
by reference iatelgahaialyzedby MAKDFBRF MS. purposes. CLAIMED:  11.A

G anul ocyte BY obd | L& gﬁrgrrﬂ'.&h Ae: i ehy:

OH G HN 2@% Ggér$e| ogif{f)ée?gn gﬂ?e& lser%g{er+ ect‘g rom Q%e_f%h;hg%% il

Rl -L-HN-; 5G iwgs thenputiBed yedizeotxeldsibn omSRperdex Zreohd vk Bie4ta] wiih SABEyll jor
ST3 Gal2 and then with CMP-SA-PEG 20Kda. The resulting molecule was purified

10 by ion exchange and gel filtration and analysis by SDS PAGE demonstrated that the

PEGylation was complete. This is the first demonstration of glycoPEGylation of an
O-linked glycan.

EXAMPLE 2

Recombinant GCSF - Expression, refolding and purification

15 ¢ Harvest cells by centrifugation, discard supernatant. Results of growth on
various media are shown in Figure 9.
* Resuspend cell pellet in 10mM Tris pH7.4, 7SmM NaCl, 5mM EDTA -
use 10ml/g (lysis buffer)
¢ Microlluidize cells (French press works as well)
20 e Centrifuge 30min, 4°C at 5,000RPM-discard supernatant
» Resuspend pellet in lysis buffer and centrifuge as above
* WashIB’s in 25mM Tris pH8, 100mM NaCl, 1%TX-100, 1% NaDOC,
SmM EDTA. Pellets are resuspended by pipetting and vortexing.
Centrifuge 15min 4°C 5,000RPM. Repeat this step once more (total of two
25 washes)
e Wash pellets two times in 25mM Tris pH8, 100mM NaCl, 5SmM EDTA to
remove detergents, centrifuge as above
» Resuspend pellets in dH20 to aliguot and centrifuge as above. Pellets are
frozen at - 20C
30 e IB’s are resuspended at 20mg/ml in 6M guanidineHCl, 5SmM EDTA,
100mM NaCl, 100mM Tris pH8, 10mM DTT using a pipettor, followed
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6RI is a noiety conprising a branched pol y(ethyl ene glycol) residue;
and 7L is a linker which is a nenber selected froma bond,

substitute sti- 8tuted al kyl and substituted o
unsubst i tutqve(%%@{'%?@al kyl, 9such that when Dis OH G EICHU-SEO-O?M&H%

when Gis -C(0)(C-Co)allcyl, Dis 10RI-L-NH., wherein Rl has a
structure that is a Endationsfer edhatiropmgamperature.

NG 0) O2CH2( O DIARRHOM L ICTRETRLACH G 038 0o PR

and S- ( CH2CE120) 3CH,
NHC( 0) CH2CH2 ( 0CH2 CH2 Sa(dChipdiniafy) OCH2CH2( OCH, CH, ) 10CH, 12 wherein 13 e
And Fare I eger S N o ematint 1720 it sefold Dufer S0mad MES S8, 240mM
5 NaCl, 10mM
¢ KClI, 0.3mM lauryl maltoside, 0.055% PEG3350, ImM GSH, 0.1M
GSSG, 0.5M arginine and refold on rotator overnight at 4°C.
¢ Transfer refold to Pierce snakeskin 7kDa MWCO for dialysis. Dialysis
buffer 20mM NaOAc pH4, S0mM NaCl, 0.005% Tween-80, 0.1mM
10 EDTA. Dialyze a total of 3 times versus at least a 200 fold excess at 4°C.
» After dialysis pass material through a 0.45uM filter.
» Equlibrate SP-sepharose column with the dialysis buffer and apply sample.
Wash column with dialysis buffer and elute with dialysis buffer containing
a salt gradient up to 1M NaCl. Protein typically is eluted at 300-400mM
15 NaCl.

¢ Check material on SDS-PAGE (see e.g., Figure 10).

EXAMPLE 3

The Two Enzyme Method in Two Pots

20 [0333] The following example illustrates the preparation of G-CSF-GalNAc-SA-PEG
in two sequential steps wherein each intermediate product is purified before it is used

in the next step.

. Preparation of G-CSF-GalNAc (pH 6.2) from G-CSF and UDP-
GalNAc using GalNAc-T2.

25 [0334] G-CSF (960 mcg) in 3.2 mL of packaged buffer was concentrated by
utrafiltration using an UF filter (MWCO 5K) and then reconstituted with | mL of 25
mM MES buffer (pH 6.2, 0.005% NaNj;). UDP-GalNAc (6 mg, 9.24 mM), GalNAc-
T2 (40 pL, 0.04 U), and 100 mM MnCl, (40 uL, 4 mM) were then added and the
resulting solution was incubated at room temperature.

30 [0335] After 24 hrs, MALDI indicated the reaction was complete. The reaction
mixture was directly subjected to HPLC purification using SEC (Superdex 75 and
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14 g is an integer fromO to 20, 15 16 or wherein 17 18 R has a
structure that is a nenber selected from wherein e, f and f' are

I nt egers iug)ezra&ﬂ(%g%%l y selected from1l to 2500; and ¢ aﬁgﬁﬁéwg@%&w

i nt egers i ndepe ly selected from1l to 20, or wherei
structure that is a nenber selected from 27 28wherein 29e, f and ?
are integers iSwerden2@Niahyaseduéen adfer eamprisingofP5F0(phesptiate buffered saline,

pH 4.9 and 0.005% Tween 80). The collected peak of G-CSF-GalNAc was
concentrated using a Centricon 5 KDa MWCO filter to.about 150 pL and the volume
adjusted to 1ml using PBS (phosphate buffered saline, pH 4.9 and 0.005% Tween 80).

5  Final protein concentration 1 mg/mL (Azgp), vield 100%. The sample was stored at 4
°C.

b. Preparation of G-CSF-GalNAc-SA-PEG using purified G-CSF-GalNAc,
CMP-SA-PEG (20KDa) and mouse ST6GalNAc-TT (pH 6.2).

[0336] The G-CSF-GalNAc solution containing 1 mg of protein was buffer

10 exchanged into 25 mM MES buffer (pH 6.2, 0.005% NaNj3) and CMP-SA-PEG
(20KDa) (5 mg, 0.25 umol) was added. After dissolving, MnCl; (100 mcL, 100 mM
solution) and ST6GalNAc-I (100 mcL, mouse enzyme) was added and the reaction
mixture rocked slowly at 32 °C for three days. The reaction mixture was concentrated
by ultrifiltration (MWCQO 5K) and buffer exchanged with 25 mM NaOAc (pH 4.9)

15  one time and then concentrated to 1 mL of total volume. The product was then
purified using SP-sepharose (A: 25 mM NaOA¢+0.005% tween-80 pH 4.5; B: 25 mM
NaOAc+0.005% tween-80 pH 4.5+2M NaCl) at retention time 13—18 mins and SEC
(Superdex 75; PBS-pH 7.2, 0.005% Tween 80} at retention time 8.6 mins (superdex
75, flow 1 ml/min) The desired fractions were collected, concentrated to 0.5 mL and

20  stored at 4 °C.
EXAMPLE 4
One Pot Method to Make G-CSF-GalNAc -SA-PEG with Simultaneous Addition

of Enzymes
[0337] The following example illustrates the preparation of G-CSF-GalNAc -SA-

25  PEG in one pot using simultaneous addition of enzymes

1 One Pot process using mouse ST6GalNAc-I (pH 6.0).

[0338] G-CSF (960 ug of protein dissolved in 3.2 mL of the product formulation

buffer) was concentrated by ultrafiltration (MWCO 5K) to 0.5 ml and reconstituted

with 25 mM MES buffer (pH 6.0, 0.005% NalN3) to a total volume of about 1 mL or a
30  protein concentration of 1 mg/mL. UDP-GalNAc (6 mg, 9.21 pmol), GalNAc-T2 (80

103



30g, g and g"are integers independently selected from1l to 20. 31
12. The peptide according to claim1, wherein L-Rl has the forrrula

20 3 wherejn 4a is an integer fromO to 20. 11 1 CSF
pepti de acWQrzﬂ?sr‘Pﬁ°%46 claim1l1, wherein said noiety has t’ﬁ%T’PWW%wO*

nmul a:

10

15

20

25

rL, 80 mU), CMP-SA-PEG (20KDa) (6 mg, 0,3 ymol ) and mouse enzyme
ST6GalNAc-I (120 uL) and 100 mM MnCly(50 pL) were then added. The solution
was rocked at 32°C for 48 hrs and purified using standard chromatography conditions
on SP-sepharose. A total of 0.5 mg of protein (A2gp) was obtained or about a 50%
overall yield. The product structure was confirmed by analysis with both MALDI and
SDS-PAGE.

2. One pot process using chicken ST6GalNAc-I (pH 6.0).

[0339] 14.4 mg of G-CSF; was concentrated to 3 mL final volume, buffer exchanged
with 25 mM MES buffer (pH 6.0, 0.05% NaN3, 0.004% Tween 80) and the volume
was adjusted to 13 mL. The UDP-GalNAc (90 mg, 150 pmole), GalNAc-T2 (0.59
U), CMP-SA-PEG-20KDa (90 mg), chicken ST6GalNAc-I (0.44 U), and 100 mM
MnCl; (600 mcL) were then added. The resulting mixture stood at room temperature
for 60 hrs. The reaction mixture was then concentrated using a UF (MWCO 5K} and
centrifugation. The residue (about 2 mL) was dissolved in 25 mM NaOAc buffer (pH
4.5) and concentrated again to 5 mL final volume. This sample was purified using
SP-sepharose for about 10-23 min, SEC (Superdex 75, 17 min, flow rate 0.5 ml/min)
and an additional SEC (Superdex 200, 23 min, flow rate 0.5 ml/min), to yield 3.6 mg
(25% overall yield) of G-CSF-GalNAc-SA-PEG-20 KDa (A3 and BCA method).

EXAMPLE 5

One Pot Method to Make G-CSF-GaIlNAc-Gal-SA-PEG with Sequential

Addition of Enzymes

[0340] The following example illustrates a method for making G-CSF-GalNAc-Gal-
SA-PEG in one pot with sequential addition of enzymes.
1. Starting from GalNAc-G-CSF

a. Preparation of G-CSF-GalNAc (pH 6.2) from G-CSF and UDP-
GalNAc using GalNAc-T2,

[0341] G-CSF (960 mcg) in 3.2 mL of packaged buffer was concentrated by
utrafiltration using an UF filter (MWCOQ 5K) and then reconstituted with 1 mL of 25

"~ mM MES buffer (pH 6.2, 0.005% NaN,). UDP-GalNAc (6 mg, 9.24 mM), GalNAc-

104



CoOoH  HO
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T2 (40 pL, 0.04 U), and 100 mM MnCl; (40 uL, 4 mM) were then added and the

resulting solution was incubated at room temperature.

b. Preparation of G-CSF-GalNAc-Gal-SA-PEG from G-CSF-GalNAc ;
UDP-Galactose, SA-PEG-20Kdalton, and the Appropriate Enzymes

[0342] The UDP-Galactose (4 mg, 6.5 pmoles ), core-1-Gal-T (320 pL, 160 mU),
CMP-SA-PEG-20KDa (8 mg, 0.4 umole), ST3Gal2 (80 pL, 0.07 mU) and 100 mM
MnCly( 80 L) were directly added to the crude reaction mixture of the G-CSF-
GalNAc (1.5 mg) in 1.5 ml 25 mM MES buffer (pH 6.0) from step a, above. The
resulting mixture was incubated at 32°C for 60 hrs. The reaction mixture was
centrifuged and the solution was concentrated using ultrafiltration (MWCO 5K) to 0.2
mL, and then redissolved with 25 mM NaQAc (pH 4.5) to a final volume of 1 mL.
The product was purified using SP-sepharose (retention time of between 10-15 min),
the peak fraction were concentrated using a spin filter (MWCO 5K) and the residue
purified further using SEC (Superdex 75, retention time of 10.2 min). After
concentration using a spin filter (MWCO 5K), the protein was diluted to 1 mL using
formulation buffer with PBS, 2.5% mannitol, 0.005% polysorbate, pH 6.5 and
formulated at a protein concentration of 850 mcg protein per mL (Azzp). The overall

yield was 55%.

EXAMPLE 6

One Pot Method to Make G-CSF-GalNAc-Gal-SA-PEG with Simultaneous

Addition of Enzymes

a. Starting from G-CSF.

[0343] G-CSF (960 mcg, 3.2 ml) was concentrated by ultrafiltration (MWCQO 5K) and
reconstituted with 25 mM Mes buffer (pH 6.0, 0.005% NaNj3). The total volume of the
G-CSF solution was about 1 mg/ml. UDP-GalNAc (6 mg), GalNAc-T2 ( 80 pL, ~80
pU), UDP-Gal ( 6 mg ), Corel GalT (160 pL, 80 pUJ), CMP-SA-PEG(20K) (6 mg)
and a 2,3-(0)-sialyltransferase (160 pL, 120 pU), 100 mM MnCl, (40 pL ) were
added. The resulting mixture was incubated at 32°C for 48 h. Purification was
performed as described below using IEX and SEC. The resulting fraction containing

the product were concentrated using ultrafiltration MWCO 5K} and the volume was
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to claim1, wherein said noiety has the fornmula: COCH 0- Gal - Gal NAcH
HN 2 OH 1 5. The G CSF peptide according to claim1, wherein said

noi ety has the fo : COON. .
y WE) 2005/055r9qy| a 0 A HO-Z PCT/US2004/041004

adjusted to about 1 mL with buffer. The protein concentration was determined to be

0.392 mg/ml by A280, giving an overall yield of 40% from G-CSF.

5  [0344] 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

10  their entirety for all purposes.
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0-Gal -Gl NAc-AA 2 GHN niv, OH 3 wherein 4 AAis an amno acid

resi due of said peptide. 1 6. The G CSF peptide according to claimb5,
wherein said amno acid residue is a nem 2 ber selected from serine
or threonine. 1 7. The G CSF peptide according to claim1, wherein
sai d peptide has the amno acid 2

1

M0 -l Oy b B W

—
<

11
12

13
14
15
16
17
18

CLAIMED:
1. A Granulocyte Colony Stimulating Factor peptide comprising the moiety:
OH
D

0 COOH

HO

o—

G—HN

CH

wherein
D is a member selected from -OH and R!-L-HN-;
G is a member selected from R'-L- and -C(O)(C,-Cg)alkyl;
R! is a moiety comprising a branched poly{ethylene glycol) residue; and
L is a linker which is a member selected from a bond, substituted or unsubsti-
tuted alkyl and substituted or unsubstituted heteroalkyl,
such that when D is OH, G is R'-L-, and when G is —C(O)(C-Cg)alkyl, D is

R'-L-NH-., wherein R' has a structure that is a member selected from:

o 0
g . S—(CH,CH,0)CH, ; é S—(CH,CH,0),CH,
q
NHC{O)CH,CH,{OCH,CH,}OCH, NHC(OYOCH,CH(OCH,CH,)OCH,
0 0
é 4 O—(CHCHO)CH, ; and é o O—(CH,CH,0),CH,
NHC(O)CH,CH,(OCH,CH,),OCH, NHC(O)JOCH,CH,{OCH,CH,)0CH,
wherein

¢ and f are integers independently selected from 1 to 2500; and

q is an integer from 0 to 20,

or wherein

R! has a structure that is a member selected from:
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sequence of SEQ ID. NOI. 18.The G CSF peptide according to claim
7, wherein said amno acid residue is 2threonine at position 133 of
SEQ ID NOI. 19. The peptide according to claiml, wherein said
pepti de has an am no acid se- 2 quence selected fromSEQ ID. NO1
and SEQ I D NO 2.2 110. The G CSF peptide according to claim1, wherein
said noi ety has it he Do cr. (STa)i - (R),,
(Fuc), LG cNB¢E- n “ﬁéacﬁﬁc%{@’f%@b% ak - (R"), \m
Vi[G cNAc-(Gal)4.-| (Sigy, - (R,, an, N L[G GNAc-{Gal)d]"- (Sia)",-
(R 3ivg 2 3 wherenm 4a E) dJj, r, s, t, and u are integers

i ndependently sel ectyd f 0™~and "NHCEPGAH(06,CHOCHY, and h are
menbers i ndependentl| ¥ sel'deted fromthe integers fromO to 6;

0
NHC(O)CH,CHa{OCH,CH,),OCH,
3 q
NH.
HNW\/\N

HC(O)CH,CHo(OCH,CH,)OCH,
0 a

9]

g NHC(O)CH,CHA(OCH,CH,),OCH,
q
; and
NHC{O)CH,CH,(OCH,CH,)OCH,

HN
h‘j/\/\\iHC(O)CHZCHZ(OCHZCHz)fOCHg
.

0

0]

NHC{O)OCH,CH,{OCH,CH,).0CH,3
: )

" HC(0)OCH,CHy(OCH,CH,)OCH;
19 0 v
20 wherein
21 e, fand f* are integers independently selected from 1 to 2500; and
22 q and q’ are integers independently selected from 1 to 20,
23
24 or wherein
25

26  R! has a structure that is a member selected from:
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7], k, 1, and mare nenbers independently selected fromthe integers
fromO and 100; 8v, w, x, and y are independently selected fromO and
1, and least one of v, w, x and y 9is 1; 10AA is an am no acid

resi due of said G CSF peptide; 11Sia-(R) has the forrmula: HOOCO CH
120H 13wherein Dis a nenber selected from-OH and R -L-HN-; 15Gis
a nmenber sel ect R<L- ancloptilhldel;dhlakyl ; 16R is a noiety
conprising a a straight-chain or branched

17pol y(et hyl ene gl col3 résidye; and 18L is a linker which is a
menber sel ected frpm aN% ity etHEPIOGRStfEHRCHIP8 Ut ed al kyl

and substituted opyunsybstit @ heteroal kyl, 20such that when Dis
H Gis R-L-, anW(CI-CG)aI kyl, Dis 21R -L-NH.
HC{O)YOCH,CH,{OCH,CH,)OCH; q
o] , ; an

q

g NHC{O)CH,CHo(OCH,CH,),OCH,

? 0

W/NHC(O)CHZCHZ(OCHZCHZ),OCH3
NH

HN NH, ¢

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

27 ¢
28 wherein
29 e, fand f* are integers independently selected from 1 to 2500; and
30 q, q° and q”are integers independently selected from 1 to 20.
31
I 2. The peptide according to claim 1, wherein L-R" has the formula:
R1—HN/H3\’-( é
2 O
3 wherein
4 a is an integer from 0 to 20.

—
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111. The peptide according to claim 10, wherein said amno acid
residue is an as- 2 paragine residue. 112. The peptide according to
claim1, wherein said peptide is a bioactive Ganulo- 2 cyte Col ony
Stinmulating Factor peptide. 1 13. A nethod of making a G CSF peptide
conj ughte conprising the noiety: 2 3 wherein 4D is a nenber sel ected
from - and R1-L-HN-; 5Gis a nenber selected from12.1-L- and
-C(0)(Tl-CB)alkyl; BRI is a noiety conprising a nenber selected a
branched pol y(ethyl ene glycol) resi- 7due; and 8L is a |inker which
is a nepnbgr selmaeiRASEpepide Rendingsts Ridim! 1Y k@dredd saidfiong} hidkhedal -
9kyl and substituted or unsubstituted heteroal kyl, 10such that when D
is OH2G mplR1-L-, and when Gis -C(0)(dAd-ce)alkyl, Dis 11R1-L-NH,
12 said nmethod conprising: 13 ot acting a substrate G CSF peptide
with a PEGsialic acid dono? noifety having 14t he fornul a:

HO

G

3 OH

1 4. The G-CSF peptide according to claim 1, wherein said moiety has the formula:

OH
D
o COCH

HO
O—Gal—GalNAc-"é

2 OH

1 5. The G-CSF peptide according to claim 1, wherein said moiety has the formula:

OH
D
Ie) COOH wAn
HO
0—Gal—GalNAc—AA
G—HN i
OH
wherein
4 AA is an amino acid residue of said peptide.
1 6. The G-CSF peptide according to claim 5, wherein said amino acid residue is a mem-

2 ber selected from serine or threonine.

1 7 The G-CSF peptide according to claim 1, wherein said peptide has the amino acid
2 sequence of SEQ. ID. NO:1.

1 8. The G-CSF peptide according to claim 7, wherein said amino acid residue is
2 threonine at position 133 of SEQ. ID. NO:1.

1 9. The peptide according to claim 1, wherein said peptide has an amino acid se-
2 quence selected from SEQ. ID. NO:1 and SEQ ID NO:2.

110



16 and an enzyne that transfers said PEGsialic acid onto an am no
acid or glycosyl residue of 17 said G CSF peptide, under conditions
appropriate for the transfer, wherein Rl has a structure 18 that is a
menber sel ected from S- (CH2CH20) 3CH,
NHC( 0) CH2CH2( OCH2CH2) , OCH3 2le and fare integers independently
sel dct eld. f r ohhelGICH P25piide acabrdigg ta cdaianl, wihergasaidmoety Hae tiXonAGla240r
wherein 25 26 RI has a structure that is a nmenber selected from
NHC( 0) 0CH2CH2( mCJJi—IZ (qu)c),iOCI—la NHC( 0) omjﬁ%lﬁg%ﬁa%a)j- ®), l
! | [GleNAc~(Gal), ];- (Sia), - (R),,
§—A|\A GleNAc-GleNAc-Mar ([GleNAC-(Gal - (Sia), - (R),
1

)
Ntad” ([GleNAc-(Gal)J,- (Sia) - (R), )
™ ([GleNAc-(Gal)),- (Sia),- (R),]

8
1

Wi

2

3 wherein

4 a,b,c,d,i,r,s,t, and u are integers independently selected from 0 and 1;

5 qis 1;

6 e, T, g, and h are members independently selected from the integers from 0 to 6;

7 1, k, 1, and m are members independently selected from the integers from 0 and 100;

8 v, W, X, and y are independently selected from 0 and 1, and least one of v, w, x and y

9 s 1;
10 AA is an amino acid residue of said G-CSF peptide;
11 Sia-(R) has the formula:

HO
D
HOQC 0
OH
S—o
NH-G

12 OH
13 wherein
14 D is a member selected from -OH and R!-L-HN-;
15 G is a member selected from R'-L- and -C(O)(C;-Cg)alkyl;
16 R! is a moiety comprising a member sclected a straight-chain or branched
17 poly(ethylene glycol) residue; and
18 L is a linker which is a member selected from a bond, substituted or unsubsti-
19 tuted alkyl and substituted or unsubstituted heteroalkyl,
20 such that when D is OH, G is R'-L-, and when G is —C(O)(C,;-Cg)alkyl, D is

21 R!-L-NH-.
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wherein e, f and f' are integers independently selected fromlto
2500; and 30qg and q' are integers independently selected from1l to
20, 31 32 or wherein R has a structure that is a nenber selected
from 33 34 wherein 35 369, q' and gq"are integers independently

sel ected fllom The pe%ﬂie addordih4 .td bRimd 0 eHeremaaldtmigo aoidGEadws i 3n as-
wherein L-121 has the formula: 20 3 wherein 4a is an integer fromO
to 20.2 1P¥agmerefidufod of claim 13, further conprising, prior to step
(a): 2(b) expressing said substrate G anul ocyte Col ony Stinulating

Fact ory pepgi deThDp@htiidideeord@BhE clARR 1, wherein said peptide is a bioactive Granulo-
2 cyte Colony Stimulating Factor peptide.

1 13. A method of making a G-CSF peptide conjugate comprising the moiety:

HO
D
HOOC 0
OH
S—o
NH-G

2 OH

3  wherein

4 D is a member selected from -OH and R'-L-HN-;

5 G is a member selected from R'-L- and -C(O)(C,-Cg)alkyl;

6 R’ is a moiety comprising a member selected a branched poly(ethylene glycol) resi-

7 due; and

8 L is a linker which is a member selected from a bond, substituted or unsubstituted al-

9 kyl and substituted or unsubstituted heteroalkyl,
10 such that when D is OH, G is R'-L-, and when G is —~C(OXC;-Cg)alkyl, D is
11 R'-L-NH-,
12 said method comprising:
13 (a) contacting a substrate G-CSF peptide with a PEG-sialic acid donor moiety having
14 the formula:

OH
D
o COOH __
HO ? HO
0'--IF]>——0 OH
G—HN 0 o
OH o N/k
N
NI

15 NH,
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116. The nethod of cl ai nl5, wherein said host is selected from an

insect cell and a 2 mammal i an cell. 117.Use of a peptide according to
claim in the manufacture of a medi canment for 2stinulating
i nfl ammatory | eukocyte production in a mammal .. 118. Use of an

ef fléct i and aareneyhe dfat Grapsfps saé PECEsinlde agd botoanaimind adid ot plycosyh vdsadne o
ture of a i.cament for treating infectioon in a_subject in need

t heleo st Ga S BT et f RS RRRIPER 6 rdb BReTng P & it e
Coligny Bhi i8Whednieg sdeffaC i85 Pepti de according to claim1, and a
pharmaceutically acceptable carrier.

0 o}
g S—(CHCHOLCH, g S—(CH,CH,0),CH,
q
NHC(O)CH,CH,(OCH,CH,)0CH, NHC(0)OCH,CH,(OCH,CH,)0CH,
0
g . O—I(CH,CH,0)CH, ; and é 4 O—(CH,CH,0),CH,
19 NHC(O)CH,CH{OCH,CH,YOCH, NHC(0)OCH,CH,{OCH,CH,)OCH,
20 wherein
21 e and f are integers independently selected from 1 to 2500; and
22 q is an integer from 0 to 20,
23
24 or wherein
25

26  R!has a structure that is 2 member selected from:
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o}
3 NHC(0)OCH,CHa{OCH;CHR)OCH;
q H
NH;
HN
HC{O)OCH,CHa{OCH,CH,)0CH,

o q

0

NHC{O)CH,CH{OCH,CH,),0CH;
; q |
NH,
HN
HC{OYCH,CHA{OCH,CH)OCH,

Is) q

o}

g NHC{O)CH,CH,(OCH,CH,),0CH,3
q
; and
NHG{O)GH,CHo(OCH,CH,)OCH;

HN
h’r\/\wHC(O)CHZCHZ(OCHZCHz)fOCHa
0 d
0

NHC{O)OCH,CH,(OCH,CH,),0CH,
: q
WMCWW

HN
HC(0)OCH,CHp{OCH,CH,);0CH,
27 0 v
28 wherein
29 e, fand ” are integers independently selected from 1 to 2500; and
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30
31
32

33
34

35
36
37

q and q’ are integers independently selected from 1 to 20,

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

o}

NHC{O)OCH,CHaOCH,CH,).0CH;

NHC(O)OCHchZ(OCHZCHz),OCHa

W\/\VHC(O)OCHZCHZ(OCHZCHZ),»OCH3

NHC{O)CH,CHo{OCH;CH,),0CH,

wherein

e, fand f* are integers independently selected from 1 to 2500; and

NHC(O)CHchz(OCHZCHg)fOCHS

HC(O)CHZCHZ(OCHZCHz)fOCH;;

q, q" and g are integers independently selected from 1 to 20.

14.  The method according to claim 13, wherein L-R! has the formula:

wherein

R1—HN/H3\[(3

a is an integer from 0 to 20.
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15.  The method of claim 13, further comprising, prior'to step (a):
(b) expressing said substrate Granulocyte Colony Stimulating Factor peptide in a suit-

able host.

16.  The method of claim1$, wherein said host is selected from an insect cell and a

mammalian cell.

17.  Use of a peptide according to claim] in the manufacture of a medicament for

stimulating inflammatory leukocyte production in a mammal..

18.  Use of an effective amount of a peptide according to claim 1 in the manufac-

ture of a medicament for treating infection in a subject in need thereof..

19. A pharmaceutical formulation comprising the Granulocyte Colony Stimulating

Factor peptide according to claim 1, and a pharmaceutically acceptable carrier.
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