GLYCOPEGYLATED GRANULOCYTE COLONY STI MULATI NG FACTOR
CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] The

w@e@sestos@ppl i cation clainms priority to U S, PCT/US2004/041004

Provi sional Patent Application No. 60/526,796, filed
on Decenber 3, 2003; U. S. Provisional Patent
Application No. 60/555,813, filed March 23, 2004; U.S.
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60/ 539, 387, filed J Y12 ; rovi si onal
Pat ent Application my%‘gglﬁﬁﬁé{ﬂ@lgul y 29,

2004; U.S. Provisional Patent Appl i cation No.

orou fond OSCERETRBEAES il P A G TONS,

?Wh%%res@@%pﬁé’dﬂbn%ﬂalmﬁ pﬁbnﬂy&o NS Orrp s dheldP et @ipplication

eference in their entlret for all_ purposes.
B&% ExiteiiEm Pvemimrano PBb65S . e isiamalbkaien dambiegfion No.
Stéo@i}sglbgﬂlteﬁ Wkl o 24 \%%@@FU s rc?lésrg(lg%éﬁ: PREAL RbRliciibERo, -

di60f F080| ﬁled(Mla}ahld 200141@ Bo]?roofsmmehl’atterpmljphgatt&mN@cﬁjbfﬁés9,387,

098 Do 5 P I RBRLie USG5 00 Pt

SHiomMh @SS, qfroﬁ@ﬂéh&l%'ﬂén't A%H&lﬂx'oﬁm %@/6@4 308 {18¥ September 29,
denonstrated efficacy preventing i nfectious

c @RpHi andtl. SnEroafsmsl@hEatcrmAppdlp@mnd\I@téé)l@é 387hﬁged<£mnob9e29 2004

e pBRE R R SRSl AR BY rrbBE% R eck iy farlaurposes

t he nor bi dlty of cancer chenot her apy by reduci ng the

i nci dence of febBACKGROUNDOF THE INVENTION ty of
hi gh- dose chenot herapy supported by marrow

t rgoe) | Gah@béRA colBRstMElaliNE f2dRR ¢6-E81Y i6a BLbRBted which

i nfection in patl ents with severe chroni c neut ropenl a.
Futitrhidates 18 g8Fivah prolderstion, diffentiativownd funchiaw ef neutrophil

ARSI St WASBE BEIT Rk RS e Bdrfils R (AHEtm Pt scqagpbinant

V\/Elﬁrrféh TReSFhy cohioMAse afeqmteha paduiang of heutkdphil Arariulopb®8B and
(see e. ata et al. Nature 319: 415-418, 1986).

Tﬁ@V%éftlmwrawgﬁéf&pagy JepisY Stise anfesiass somplieations of yame
orﬁ%u@épﬁgl?casn pd Tthg§ aﬁ{ Belse %%&czglem H&lt%f)bﬁi %C"HQ@ fg}ﬁé -

abun nor e Ve am no acl orm
usegtlésnppressiceveltopment  of pharmaceutlcal products by

re [ t echnol 0005 conb
g & 28 ESeetss draa okl cande shemafFRBL LY grucing the
SYSdigMAck of ?e%lrlheel%uftﬂoba{léstﬁé ﬁ‘ibrb-uﬁ?y @Hléﬁﬁ@ieech@fnotherapy supported
filgrastimdiffers slightly fromthe natural
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.
[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.



gl ycoprotein. The other form of reconbi nant human

G CSF is called | enograstimand is synthesised in
wEhisps®ahanst er ovary (CHO cells. [0006] hG ESHUBB0O&041004

nononeric protein that dinerizes the G CSF receptor by

r SRS PR RepsPnfid REPR Gttt ng(a g ShpBRieggystem is
( 1996) Yilgrdfitn fTHe' o &Cﬁ@&mﬁﬂf@w el5gHIB VRork @@ atural

identifi ed b ra%mnr ystal ographi c studi es as bei ng
paglycaroteine tsif merlogpinant buhae 6sC Sk cajbed lenggrastim and

S7. , . E19, 0, L108,
DlﬁﬁfﬁBFJT%ﬂ,lﬂﬁ%rT% h%‘?“i é’%@%oﬂﬁ?ﬁz E12??2 and L124
5 ( S ¢80 08] G- C 9 is taaidnodierid|protein tBA A mBlddes tiee GAISF et Stor by

[ 0007] .The connerC|aII avai | abl e forns of rhG CSF
halPEmatiahelra 2:¢ épmpiskaf ee 656 gnesrules andct reamorﬁﬂgsran et al
of t t]

ot R G R IO Pl R 1 O Fore i el been
CI rdeodifadd b;ynXhay ér—ylsuafograpmd sudiescasde e panefbmizeeptaf binding

antsgpeve - B GRTERE 1% Paf BUh T2 B ilf, TPART:Bs, Dos

10 W bmmnn@rrrins aN 20 | Db eE 1 53, GRELPEAQYEL S, IATitbREet al., (1999)
occurrence of dose-dependent bone pain. Since bone

paNﬂlur<s4(blxﬁéB) enced by patl ents as a significant side

f treat rre I abl e
C oloB67, Phe. rttatRll ahilabnd BBt gt C8P Hafl RSAHERKR D
path.nn%dldSl@Eal RYfean 3t oRerPbcstingihistdied mbrehaice ﬁtdlay for the
does not have this effect or that is effective . in

surpigereph thy leskepanicride. Armelerde bale Igass cirgulaigralt-life would
Th
15 LSRR o el WARNSH, LA ER
hGere&int banse g infe@joas.t adothet [Bobleat w1t]h\burré31t]5r&31axdalﬁf; rG CSF
UsS. 5, 214,132, U S. 5, 36 H‘a .S. 4,904,584 and .
m RraAugts ische grFugeneg of dgsesdepenft Ponapain g yisige §ppne pain is
riefdRdiy :ypﬁﬁédt@ﬁ’s eP§1 ﬁl@c%@d@@@fe@ﬂmfeaﬁ%d REeMBL-GAESF, it would

s to i nfroduce at east one additi onal
C abda@dwelblatt@p@haiem 185 C8B ppatuetthaiodaeh soteatie/gone pain, either by
20 poI ept| de

BBy ol Bl ReBREY AhRIRL bR Pial o Mjrrecive i

naidfﬂ@leﬁl@ $avdl] ddseghadfb rbgn@patlammd OfhuRREe@noepsly a need for
have been reported and studied (see e.qg.,

Satmkevadsist dakiaa G- QSqulwé@) Cell Structure and

AR5 H e Yol B S AGEHBGLEY pa e.

5 33@1 Z@% UG, 93{1113295138 WESBZUGS’.QI 90eiB4\ARd Mécﬂﬁ%@)son et al,
25 pe%toic gl-’ll-]@gx %%2%4%23,”?% ﬁ\qtﬁcﬂgtggfonpo%lh%n‘és% ang 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, U.S. 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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I mprove the pharmacoki netic properties of glycoprotein
therapeutics is known in the art. An exenplary pol yner

W0 bavs/ob@s6 been conjugated to peptides is PCT/US2004/041004
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poly(ethyleneglycol) ("PEG'). The use of PEGto

¢ BB oS e a0 ERDRR doh i Ao B TP AEERORR - Bess
emm@harat&l B refae- thMmdnoh@ﬁicﬁﬁZf&@?éptSde@t Fat eXample, U.S. Pat.

di scl oses naon-i mmunogeni ¢ pol ypepti des, such as enzynes

am¥p- depPiddé (Rayisshes désslmp%@prrmpbmqg@ﬂwmomp@qleyékw as

( I ced

| e SR efHaC R AR AR 1o phleAIEhl kDol GECRT
prpolﬂiﬁ@gdenﬂgeydod) Irimidltnmrte askdedinundgehivity, the clearance time in
PEG conj ugate of the polypeptides in

Tigepation [spaplopgskdus o theriBerkased sizg ot &%@eﬁséaﬁanws Jordt
dﬁkgﬁéﬁﬁ&§§“ bQuBgptides is a non-specific bonding

e tlde ami no acid residue (see e.g., U S _
Pdﬂ@lﬁ] Te. perQBBmE%OMtBChIﬁ’aﬁ@ﬁPEﬂo an&;tﬂ@tﬁ;\@agqs 9. [®ptides is a
Pat ent hg?84 414,147 S,. ,Pat ent

PErRER T BOIEE TBHREP U AR out sl e ey § Patent No.

PeRdgstsss .S, PAERUI 41498, 680 NE D @&lehi 1Mo K4 mat47onj S)fPatent No.
gl ycosyl residues on a glycopeptlde (see e.

941/(@5335 ) and BOT I O187/G0Res)e Aqmﬁhegpy&equ@ttmrrgo%%G to peptides is
| .
P ohroLEh PRSI AC P Mok o AR, B AR Y abveomsptids (e e

bawbpmes33gy. course, random addition of PEG rml ecul es

has its drawbacks, .including a | ack of hgnogeneity of
t HAO0k%] Jg these aa%rémemfmetb%s polstinylenaglycpbyis adgd dn p sapdom,

' rho})ré egﬁghﬁgg%qg ré)cl or tlﬁﬁ& én ?ﬁ%}tﬁ% %Xcl@)fon% hge course random

pept | ore, production of therapeutic
pedtitdesf PEGhaoievilts katiisainavghbacks, elgyudlhga lack i Ihbmogcmelty of the

cifinehaurt ) B peBERY it 94 bngf SReioeb ROt Ep e scivity
S Uppeid ﬁptld@u‘?ﬁkr%F@ esisthd ﬁx‘b@u&ﬁﬁ%f@ﬁ‘é&@ﬂéﬁﬁ@ ‘ﬁe%t{&@ JPderivitization

Speci fical I'y | abel éd, hohogeneous peptide therapeutics
c atrategy frad cksoksini the farmegor hﬁa)whlﬁphléy hbclﬁd),rre@ﬁﬂy characterizable,

nl i ke the t i cal non cif] ds
SR g PO e B R e SERE i 8 ietoped.
PEPO1 X Speeificy I besE hombatmdas epiré thrﬁ}&uﬁéé/@ﬁtb@Qﬁde&Ed in
regi oselectivity and stereoselect|V|ty Two pr.i nci pal

c [viee Bsough the aetinacoTepzymese Unhike fae wpisalrosrweeificmgthads for

Y t
T —
thaoetnel adl e Osa 101 raghdsehamﬁejr adewreosalkedtivtyy Chsd gas@pal classes of

These enzynes, can be useg t he eC|f|c aftac ment
ofenéﬂa%ﬁ@rm igpheamtsas of kb Gdé’ﬁw S gty sosyltpagsterases (e.g.,

Wl'trﬁﬁsfé}agége&?g%@é&h&ry @Fe%lsesAN %eﬂ@élhc\fc%labﬁmyltransferases) and

gl'ycosyltransferases and nodifi éd gl ycosi dases can be

usghytosidashisr dbedeyenzymessfamrbe used for the spemﬁc attachment of sugars which
can be subsequently modified to comprise a therapeutic moiety. Alternatively,
glycosyltransferases and modified glycosidases can be used to directly transfer
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.

3



nodi fied sugars to a peptide backbone (see e.g., U S
Pat ent 6, 399,336, and U. S. Patent Application

wonsiosaté ons 20030040037, 20040132640, 200401BFH9%2004/041004
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20040126838, and 20040142856, each of which are

odeRe R AR AP uR TR AER SIS W R P EReRRR NSy

alrsferdao®wn (see e.g., Yamanoto et al. Carbohydr. Res.
305: 415-422 (1998) and U. S. Patent Application , i
PUB013 dp resnonssda B3 forimipety el sherpeyhip 6ra b edhpaeresen invention

ib r&ﬁﬁe%&%lﬁi&rp%%lg{éﬁ ?8’5&@* ?ﬁ‘g&gﬁge&t&aﬁ? GctR%Ad Wifich has

rove resent 1 nvention
prpheintkeskinciid yaaperyd atledoferteSkhdthat immoved relative to an identical,

t her apeuti cal | ctive and whi.ch has pharnmacoki netic
pﬂ&ﬁ’é‘%@ 8a1g4 Sofeipal prakle thiais Bt &1icARTENAE rlglrrﬂﬁ%re, the
t Qn@ibA §Rfvided meRyd ol Bx%%héﬁn%@@s‘t SfU S elyGrdIn NGAYLHSI scale
that is not glycopegylated. Furthernorée, the invention

prtloyinjeevedeGHIF paptidey fdbeimvgntinmst ef f ecti vel y and on
an industrial scale the inproved G CSF peptides of the

been d 22&?8215’“%&%»%%@&?’5‘3?@#&3%2% on of

G .St | i .CSF) Wi

08 dEisTrpphrn stV Bat 7 soRE R ot o e S5 tblifove
GoElhy dmulading Yat oM (ICRRpR IR 6 AKbMNBbIeGoRF (BB Iche 85/ cb Roicties

are inmproved relative to the correspondi ng native
( @ﬁfopb@,ﬁcgpbﬁ)C&E @ix/a(im @ith @ﬁarnmp]eigqtéq prop¢réies that are improved
B4 ok Pl i bR AL R . FEver,

a\phhingdeb® giangetivetg i eeqdydopt@@sd GACSFisappfoximbRB1tht same as
In an exenpl ary enbodi nent, "glycopegl yated" G CSF
nohseamaercisily aiallablg mane-geeyizted élrgé%ﬁﬁ‘&b Iy H-he enzyne

' ' nj I
o B 2 LI e SRR "G moleculgs o he
enizyonEbdn el dryduced by ther anlalme sredalal fptmamnedfia donptgate between a
i ncl udes ol t hyl en ol). moiety wwthin its
stg_fxsceﬁﬁﬁt_sg sheope C ilaéfffGrgéngP#s@ﬁ _@af? e epiypagisuby Eppferable
ML &hMry# HoRGY that {dclles a bEIyRYM e 3Vl BoREPHRhMQWRHcture The
by the'reaction of two reacti've groups) or through a

| iPECemorety stajtackeddo thessabehiaintl maaety direcths(ls thirpughealsingle group
alkyl ,,.substituted.or unsubstituted, heteroal kyl ,. etc.
A R Lt HaT 8 B BR T BBt b G R A PR e

s tibdtiduttdot instbsatuted alk9) d@stifietSor UnSuifictesREEbalkiDetc. An
present inventiaon Er ovi des a conjugate between a PEG

mexemplangtrapsferpipeP Bdsagehsey straetureriasetifagh imFlG: Yi vo
K T
I mveiedy] @8, PEGeanBR@eptide that has an in vivo 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.
[0017] In one exemplary aspect, the present invention provides a G-CSF peptide that

includes the moiety:



noiety is covalently attached to the peptide via an
i ntact glycosyl |inking group. Exenplary intact

w@bkoosos3ghe | | nki ng groups include sialic acid nPCEUBBS4/041004
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that are derivatized with PEG [0017] In one exenplary
aspect, the present inventigpHprovides a G CSF peptide
that includes the noipsty: G HN [0018] In the fornula
above, Dis -CHor R -L-H The sypBgl; G represents
R-Lor -C(O(C |-CB)alhé noi ety conprising a
strai ght-chain or branched poly(e gl ycol)
residue; and L is a |inker ich s a nber sel ect ed
froma bond, substitut@eHt un stituted al kyl and
substituted or unsubstituted heteroal kyl. CGenerally,
when Dis OH Gis RlI-L-, and Wikn Gis-C(O(C
i-C6)alkyl, Dis R -L- NH- In the nodified sialic acid
St[HQkS] Un ¢ foehuthabove, Beis eOH or BODNAHRY-s (T hespmbsktrepréeas R'-L-

and/ (N eof .0019] I.n. ano ect

R E B EeR 8 s RSOk e ERE L prah
Glpoty (6@ yRA¢ §lye<§i) tRRIUEDARLLY isaPad@r whitd i§B hleatbepbelédi@l from a
invention includes (a contactlg’g a substrate G CSF

é}@ndd@bwt@ﬁd ar pesbsftater @llé pasl srbpiéinted pg uasibatipiadeeteroalkyl.

enleraﬁlgn&'flgr e g’ %EIS]%S @l gﬁé g@t@g%ﬂ%n ongfj}cfj S

aﬂ{)‘tI_O-NH-atIﬁ tHeahodiied siaBa S(fl& strudhire e 3@ fpitlahate IRECOO A hise

aci d donor _noi ety ha? the formula: COOH o-P-0 V OH 11

v represenfgOPoedr 4 Rltghdednbodi ment the host is

manmal i an cell. I n other enbodi nents the host cell is
ar[001%] dntanatbér aspgdtahe invehtion probides @ miethodrof snakinggs PEG-ylated G-

O Dot Pt T opache i T b e
Stc%H&Et%g?a sUM4FREIG-OSFRRBidd With @ PENGalid G0 8¥ARah@8n enzyme

site(s) of the peptide. Thus, it is within the purview
ofthath@npfwstmeE@pq@ahcee@td @Ho ap amiftd asifboragly¢asyereprduaef he G-

N R

Argohbp.qb h thhes@unikt ants and their gl ycosyl at ed
final products and internediates are also within the

scope of the present invention. [0022] In another
aspect, the n provides a G CSF conjugate
havi ng a

HO

OH 0 /[A
N

[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
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



popul ati on of PEG noiety noieties, e.g., PEG
coval ently bound thereto through an intact glycosyl

wo bovsios®4@r oup. I n the conjugate of the inventPOTUS2004/041004
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essentially each nmenber of the population is bound via

t Hengl preseayin the wild mgpeg rAaitiboties t hkyeanstyhts bad thdiresl pdosylated

t he peptide, and eaa,h gl ycqsyl _%esi due has the sane .

s tt@ePigducts pebmgrmeniatey atfAlsd Vyiteindhriscrrnp! the peespridawption.
[ [ v, Veric | :

OB IRAnREEHSIRS, B EEToriA0L 4804 8-ESH Uiyl having o

c poahlenon yf PIOGmibietyenaeteest hg.oB56, eovalantlzdbund themsythrough an

li.nki ng gr ..ln the conjugat f.the i tion,.
B A R T N
@b Of & PhpLRBLA ebdRhd Pfa&h@g@%.@ﬂ}linﬁﬁg _gﬁﬁxg)ho @‘:%l}tcla@yl
am no acid residues to which the polyner i's bound 'has
t hresideemad the pentidarand epelt glasesypresidug hagthe spap strepsure.

[ s an Thr linked gl ycosyl r.esj at . | .
B0l G HE R0y BB piias g conugar
9%abfg aGfopuntien pf PE€madikly id8lei®dy k., PRE, pepilldndlgbound thaeeto
popul ation will have the sane glycosyl resjdue . .
cdbigrahen yntass ghigonyd linking gronp- Fh ther ogjugate, of fiygeinvention, essentially

%ﬁ%ﬁ%iﬁ%@t @1bcﬂé/ g%%ﬁ?\tf“’g]% bbh rtglaﬁ\éﬁﬂﬁo 14 régF%\g Sﬁhe &egt&de, and

yCOS at1on ycosyl ati1on sites.
preavh dettie amirmo gEidresdoeutol veddath hempobsadriioboundhas the same structure.

c osition_includes.a ar eut.i cal | ccept abl e

P e A By e G POQ Bt Ltsd sy gesi0uc, t fast abou
oA &Y, BhYe 95%L0796N90% B2 RDIREY,, 6982 0S¥ EOST ¥Rl bBFA99.8%
or non-gl'ycosyl at ed G CSF peptide. [0025] O her

oljfélnt pepéides indbeapemadpsionofillthaee thaseme iglyisosyl ir¢sidve covalently bound
apparent tg those Kill.in.the.art fromthe

9P Bhe Bipece sIBE: hedithbssids opheis kel bR Epots @
DRAWONGES 6 POV -diy Gsyldtidssitehe structure of G CSF,

showi ng the presence and | ocation of a E}gtenti al
gl (082K \Alse pravided ismphargmcqutigpl cpgyopifion. e RPTRPsHEoT igcludes a

DRy BB AR it o S50RPR RIS Ben  on -
cajcbariyig) BE® nicistly dué a @lycasylatedbr papglydesylated @r@RIepeaptide.
enzymatical |l y addi ng [

by a I NAC npj ety to the .
gi 0B Ptheraientpand adTh‘Ptaaeég?G}WPV%@niVé”&’é@ﬁP%ﬁ‘Ftﬁ% thage of skill
pr; [ ; [ noi et

oL BB A B RE RIS TP LT o

conparing the in vivo residence lifetines of

ungl ycosyl at ed GDESCRNETION QK THERRAMWINGS: i cal | y

gl ycopegyl ated G CSF.[0029] FIG 4 is a plot conparing
t HO026]tH 1. tli ie theafruttnes cfi@€lSEs sistvang therprédete $hd 1paBiBA]of a

FIG 5 js a synthetic or. produci ng an

croinaval §yeeadgry e b SBRT e Ge Strdprint S Sgseno.

(rmodi fied sugar) of us in preparing the conjugates of

t r'[@027] 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.

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



invention. [0031] FIG 6 shows exenplary G CSF am no
acid sequences. SEQID NO1 is the 175 amn cid

WO arisanode wherein the first amno acid i s net hPODURE04/041004
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and there is a threonine residue at Thr 134. SEQ ID

NQ&29] FIEG. 47¢ a P16t BEOmP&Hirh e bétditiesdTitkdspaaies tHEvISATMEG. 3.
sequence as the 175 am no acid variant execpt thet the

| §8030) FIREHE Q%) MBeticSscHimS fdProdulihy ANReBBAYEPES-glycosyl
begins with T anhd there is a Threonine residue_at
pdsikiriggrodB preciid@3Rjodified sugan) bf usinrmaermsing deconyigaiss af the
nmodi fi.ed sugar nucl eoti des useful in the practice of

t HBV§™W9Bntion. [0033] FIG 8 illustrates further

ex | nodi fi ed sugar eoti des useful i )
GEE G, @ s EivRR T o O 99p PR TG smonis PGy is the
Priodustih @M wiah€ SRR NRR tirEanfind fil AChEhioRif AWAhdrdis a

various media and induced with I PTG [0035] FIG 10
pribreoniime resédeat Ahbl Bt SHRAID Q24§ 2 4 4 enthodicFoiaaf which has the

SBERIIOR S TR R PGB A b B

t rARShE! thid e kequ@RcasegaRtvith Thed tHeel fiaclhr&dnahd @sidtd & position
species set forth herein and unnodified sialic acid.

DEBAI LED DESCRI PTI ON OF THE | NVENTI ON AND THE

PREFERRED EMBODI MENTS Abbrevi ati ons [0037] PEG, .
pdPY32t G, dndystiates| spmeRRGNPlon Redifion phgm aytlyeiiicy useplan the
ar abi nosvyl.: .Fru,. fructosyl; Fuc, fucosyl; Gal,

gdTAE QY e TXGRR N acet yI gal act osani nyl : G c,

I ; GNAC, tyl gl inyl; Ma .
Ve g R D B e P 5 PO LAY BolA B o n the
Siﬁh&ice@%&qs&&hieﬁ.uram nyl); MBP, mannose- 6-
phosphate; Sia, sialic acid, N acetyl neuram nyl, and

deniyatd e _
O 3 e e O e ogm
t eranbussediahlad ducgbwehdPT§. have t he sanme neani ng as
commonl y understood by one of ordinary skill in the

arfpo3s] FIG.alo prbvides Wesiaini bist dnalysis 9 refEidoé GalSFyaftet BB-sepharose
nonencl ature used herein and the | aboratory procedures

i rehe@natogigphyir e, nol ecul ar genetics, organic chenistry

and
[0036] 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.

DETAILED DESCRIPTION OF THE INVENTION AND
THE PREFERRED EMBODIMENTS

Abbreviations

[0037] PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); Ara, arabinosyl; Fru,
fructosyl; Fuc, fucosyl; Gal, galactosyl; GalNAc, N-acetylgalactosaminyl; Glc,
glucosyl; GlcNAc, 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.



nucl eic acid chem stry and hybridi zati on are those
wel | known and commonly enployed in the art. Standard

wo easnsgues are used for nucleic acid and pept POEUS2004/041004
synthesis. The techni ques and procedures are generally
pelbéﬁmttenb accor ding to conventional nmethods in the art

ﬂﬂ¥§ gﬁs %?lgca,gﬁll_l@%%f@e\r c%qn %ﬁg gs 166:25 ca Itelerrlls used herein
ﬁo WWU%@ glegﬁiin %Q‘; 9&9})110@9' u‘illdéﬁfdoﬂ %y '3‘35 %PBrdmary skill in

ratory Press, ring Harbor, N.Y.
i rthorp oy whish thie mwentmxy bcﬂeﬁgr é}e@el)allyMc ohlnan@atprmedj bctem and
5 %oraﬂ t t hi s ,docunent E ﬁc at ure used fhgre d
Hopy BROEARSS it R mPRe £ BIETES, OTEARIS NSy an
anghcRidaid @heﬁmaﬁrf gid Eytﬂﬂ%ﬁb@@x‘é théde V1R WAS& oWk dnly
known and conmon ed in the art. Standard

t exhiNPYRdaB thegrt. n@gndard;mc jauestarenwdfior pycleigaeid apdpeptide
Aggmh%gg b {elgﬁégﬁesgiﬂg g%l%%&‘%%bre%@ﬂér}{ﬁf Be f(grglgﬁ%lz%ordmg

gosacc arid arerdescri
t h@nhnannalrmethbdLiviitied aro ind viriouh gereedl réfeckncesn@ee generally,
saccharlde he configuratio

10 ofSambs %#@L%cw@@fy% %ngw%@%v AN ZdEdof1989) Cold
2 f
)S ofn%q{cfﬁl d tﬂ?g%&zg’f‘%sgp%l?%f?lﬁgﬁjﬁkm ﬁqpcxgﬁirchqsemc%rgorated

or 8), ahd t
na‘rveem) by adfbreewd)atvhish ace provided tdulorghogt thsaleameate The. e.

G cNAc) . . Each saccharjde refera no
R e S R i R %ﬁ@i@@mlw and
Es(frgzmlé %‘rﬁhe@l@ d%dﬂb@@ 'b@l'oQQMe VREK weBknvn afd@ §omﬁi§hly e C})loyed in
Press (1999). [0040] digosaccharides are considere

15 t gheateStandard deshniguen@r m@dlf@ahmth@d% precpsed Er cdhpraicakr
or  not t he cchar the reducing end is in fact a
reduc e%eﬁ anﬁ%ﬁ‘ iiid ang? or dance wth accepted

nqoesy Al dﬁ@osaﬁﬂhaﬁ@és&lb@hﬂfedd@&u&ﬁxe ddeapibed edthiBe Rire or
with the non-reducing end on the left and the reducing

erﬂﬂ’btﬁ’fialﬁﬁé for thaponresiygipe swa&léerw Sialy fodlosye dpy thf‘eff(@flguraﬂon
b
| AL TERAE 8k 0, LT, I DB GESPOR ARG o

20 f agdlhcyngd @cbhaaﬂeﬁlwom@!dﬁﬁmerbdhdﬁzlﬂ4 6 or 8) and then the name or
(2 ket 0- 5- acet am do- 3, 5- di deoxy 0- Dgal act ononu

GPYRTGSD Of ThyPAuGRS HOFOE N B SACH: EEToNBHIAG, preferably
S, M o g B it
t I“@lybbla@legyNagm eu«p’ ads. NSHA(Pr'es (mw)oxyl ated. Athird
[ ci menber,is et o- 3- deoxy Iosonlc,
dﬁh“@ »@ﬁ@ose 25 cappideqeqda 59%33 FedpiginE ELFC Dporediicing
25 LleaaOwildiRaror n%@ﬂ@@édhaﬁ"&e &lthe r@du dé’lend e Mct 2 Rfucing sugar. In
21811-21819 (1990)). Also included are 9-substituteéd
siabordanreivith sgeptedgomeIPuE, dligoo@chanydesMeudonicted kareig-with the
non-reducing end on the left and the reducing end on the right.
[0041] The term “sialic acid” refers to any member of a family of nine-carbon
carboxylated sugars. The most common member of the sialic acid family is N-acetyl-
30  neuraminic acid (2-keto-5-acetamido-3,5-dideoxy-D-glycero-D-
galactononulopyranos-1-onic acid (often abbreviated as NeuSAc, NeuAc, or NANA).
A second member of the family is N-glycolyl-neuraminic acid (Neu5Gce or NeuGc),

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



0-1 actyl - NeuS5Ac or 9-0O acetyl - Neu5Ac,
9- deoxy-9-fl uoro- NeuSAc and 9-azi do-9- deoxy- Neu5Ac.

waoerosnssouew of the sialic acid family, see, e.BCT/US2004/041004
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Varki, dycobiology 2: 25-40 (1992); Sialic Acids:

{ , ; .
R T SN e
US@hend, 261: a]thﬁOaG:Siﬂ EKanpaori@sal, V. i Gheyd. 265021811-21819 (1990)).
SO TR e R
X 19@&%@\0%9'9%& AHd, 9%UebE 0% uor@NeusAc and 9 azido-9-

"G anul octye Col ony ?Fryr‘ugﬁllatln Fact or peptld ,
" @eCSFNenfAL. Goﬁiﬁﬁlm pf ihdelalic eéldrfsmﬂp, saeye.gv Varki ﬁiycabuology 2:

TS 9T SialiEgel i LRORAR e G Pt nf Prrskiofa cicheeg B

i %ﬁ@&WIanNMMoYE(I@@@ﬁ fﬁB@yﬁtH&sﬁB #dsRe 9EHBL@Adi¥ compounds
enconpasses non- pepti d mmetics. In an

exe ﬁpiaé)rlgztlc&rm@ﬁdlmlﬁ disclgsgsm lp@ptand@al lapBliqaien 399 93/16640,
ac h in SEQID NO 1. In other
e élr%% gl&to er?ﬁ fr)rdeyr%ts a G CSF peptide has a sequence

S qoe4] eldleftétﬂm‘SﬁQulolatyH@ol&yl Stimulb@Bdctokher t‘Gfeﬂmloctye Colony
"G anul octye Col o ‘i% Stinulating Factor activi

r ettgpwating Bagior peptide’t f \GHEPHAPh OBt prpfrde’ li#ftrw qry, wild type
e AkALd B E gle n&c&ﬂglngr?tt b4 r?é&l'vg r ah??ﬂ gllrnteht%f & ESF that has an

receptor ng, or any bi ochem ca physi ol ogl ca

r eativitythat ihat tHas mimioyahdt pf adtivedd@SF.bYhd teen atsbigenerally
wild-type Granul Ion Stinmul ati ng Facto

R dcegiange e T mantiG. Hheh renl A ypmgp a G-CSF
arjepfidd FRMThd i}ﬁln@%ﬂdoo@q&gnc@%/ov@ RANH@ D Y& .ColPBer exemplary
Stl mul ating Factor peptide, as defined above. [0044]

" Reproditecnty @ GeC8F peptideries ¢ nequence sehrcst frdme S Og:3-11.
BT TR @ S PR B GARN T ORE BRlon RN Sy

Addiivitpmeludihg Bt Rat lthadd @Nicoeptachifiding had a@Xafiph,enhibition of
b- al ani ne, phenngIyC|ne and honoarglnlne are al so

i lrrecreupawmdn@ﬂ , @b arebigshanygal os physiRipgigeeacsinn daps és Raxpally
R e RSO SRy SRS Picer

r daahulveerye O@Ums' Stmhyaﬁtﬁgyﬂ aator activityteas aripofrymehsaction of any

t her apeut i | et e bi .onpl ecul es apd the |ike my
a|<éran%l@ctu§ FR§YREdHEIOG REPU) AHTRY aBfHeno aci dis

961443 n‘PEf)}ﬁiep E&%ﬁ b a gné?rﬂ:tr h@@«thﬁXhé)ﬁoﬁé&&% fard eﬁﬁ’in@' ac19§ and are

-1's -1s general Iy preferred.
adduntcﬂ tngpthot ﬂmughamlddbmdsmltematlaclg raﬂesrcd usafw}bolypﬁptlﬂe

resent nventlo As used hereln P fers

R ErplBegmatege sstite High Je gupraieeBlaEIRS RoeTAyage
' %%Q%qmﬁé repa%o' iR dddIah moBactddGATRtELR! ¥ne encoded may also be
gl ycosyl ated by a systenthat expresses t pepti de
Fmsechmqu preatntimventon. BethenSpmt ahmo adids R:hqt have been modified to
CHEIYI (?
include reactive groups, glycosylation sites, polymers, therapeutic moieties,
biomolecules and the like may also be used in the invention. All of the amino acids
used in the present invention may be either the D - or L -isomer. The L -isomer is
generally preferred. In addition, other peptidomimetics are also useful in the present
invention. As used herein, “peptide” refers to both glycosylated and unglycosylated

peptides. Also included are petides that are incompletely glycosylated by a system



AND Bl OCHEM STRYCF AM NO ACI DS, PEPTI DES AND
PROTEI NSB, . Weinstein, eds., Marcel Dekker, New York,

W@200286759¢6983) . [ 0045] The term "pepti de conj upet/e@$2004/041004
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refers to species of the invention in which a peptide

I&a@%ré@@m@ wbrtd% %F@%bﬁérﬁqe@ie@afeea@rpa%&a AOF L CHEMISTRY
her ei n. 004 he term"amno acid"” refers to

naND rBa<D¢WEI\GSW(DH AgINACS R ERELLES AaRiBRO TEINS OB, Wainstesl, leds.,

HiaaE B ReRrrar s 20D St ural 1y L

OWUAIVSL TRE tedsl ‘Peptadel DBjughRl Uefekd 6 speies ofl t(RYind Bt iaGIHIgh a
are those encoded by the genetic code, as well as

t peideansonugatadaxith hmodified sugares spidarthibegin. e, g.
g{(gﬁgg%ﬁé ?ennn%mngo §38 br%}@fg a‘;f]\.gf?lt(l))?()ccﬁ%éand ss/nthetlc amino acids,

oseri A ho act d sre
cagiel adSmtri@aatcldt&MR)gts bed saine daasmnnatce tthat &hnclb UCA tiadner
as, anaturally occurrlng amno aci d, e., an a carbon

t pigtilar £ e makTally oSCRyiRE GgERe 2k %dﬁ%@yv OFFHTIPE AR acids are
a%@@e&{oﬁé@b ?d% Al ok, Rivel Qh@se é%x!i{‘@m are later

norl eucl ne, oni ne SU OXI I onl ne net y|
s uloddiwdueng., Bmd‘.tbxmralmrgs damygﬁudmfaiteedndQngm]jg)s@enqg Amino

nor.l.eu nmodi fie back ones. but

¢ A ShlE R eeuars BRI Taams PR abum ) Grieiiid'as o
OG&MFAlly Do @fih P AmAcd 4bid, Adl, AR a&:ﬁf%nﬁhamfst bsumdt6h @y&roben, a
chem cal conpounds that have a structure that is

dicdrbexyd groups amemine gewisead ae Regtpiale. Ssthomeserine, serleysine,
ng][eﬂ% 1?1}(':16': (sjulfo%l&e mlgﬁnomx%] ﬁlte{hgp dhfg)’&gmrlm §129 an%iogum Ve r%gdlﬁed R

occurtri ere

agtdiips (e\/@ eﬁd}%cﬂn&) dnSmd)diﬁed bépride backboaes; bunengithe @ﬁma ba51c
pepti de sequence refers to both the D and L-jsoner, of
t RleraigalitrugErcRsAnARERILY aecumng URBS agid. HBige apidgnimetics refers to

' ?!HJE%CE‘I co['ng)gﬂlgcls i HA§§ Q S &{t\‘?ﬂerﬂhattlg]@lffe%{rfro Pé gérfegal chemical

nat ur a or nonnatura
oetmuutmnem;@ an amhmmodi @umhafﬂhhcmm e Rzyamer mailllaytoeedlmbeufally

onto an am no acid or a '€0S of .a. pe
R, B8 AR AR aStd Ry SRt A stieThey S babieg or o
S%ﬁﬁ&&qt szi)}?@;ﬁdél Hém@ﬁceqfefe@%m ﬁl‘ébﬁtaﬁl@tLeﬁoﬂn@PJ)Mﬂé Qﬁhno acid

but hot to sugar nucl eotides (nono-, di-, and
ta$wplhasphml@s))fﬂasﬂwnam@delsugars {e. g gI ycosyl

R S GOSN S e e ST B BOS-or o

S Hﬁk@fallyl&cﬁﬁm legfbohydrhie ﬂﬁdth@ﬂ&lyméﬁéfalw dd@edonto@f iafindgkid or a
group.” Useful nodifying groups include, but are not

| glmcp%yél rgsgflue pEE@papfidetin @sﬁroqeﬁss@fatb@ investiof| Hie redified sugar is
9{39 frbr% ar%rr%e:r &P en& er ah?qpalt'e!sq clﬁ@ng e n{)t{ léﬁrted-r{aesugar

I Ng grou n&tur a
omcuécmidal (motio- adh Landm@phbgﬂaea)r; bﬂh’y&tbﬂahgars e, tlgcesyl bdlides,
functional i zatijon
glycosyl mesylates) and sugars that are neither activated nor nucleotides. The
“modified sugar” is covalently functionalized with a “modifying group.” Useful
modifying groups include, but are not limited to, PEG moieties, therapeutic moieties,
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



with the nodi fying group is selected such that it does
not prevent the "nodified sugar” from bei ng added

wepmgnsioucal |y to a peptide.[0048] The term  PCT/US2004/041004
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"wat er-sol uble" refers to noieties that have sone
dq0e48] cliiegete gweter- sﬁlulsle’l’ tetiérb kd moletiesdbeliave vembddscthble degree

det ec nd/or ¢ y water solubility are Il... known
" rptopbdiy n E&%ﬁﬁ}dﬁ piscdelist 8t A RENY ST ST Y dre el
S@&ﬁ%rlh@lﬁ:sart Ptepi 5:2@’“5@ moR@kY fr@md@‘f)éﬁudes saccharides,

pol y(carboxylic acid and the l1ke des can have
mpoéﬂe@equt}ésmofeS)bpolaCmmwc afids) agd ﬂgl likeaReptadea s have

i isal Sealu o B comt 2o Bnek BRSPS AR PG simitanty,
S UhtdHatidesCoad, be%@ﬁlk&f‘seqﬁéﬁd& 98 Bomnpded @ﬁ@@mg@%ﬂccharlde subunit, e.g,
pol y(sialic acid) exen‘&l ary poly(ether

pcﬂey(r@m,l@myécvﬁé @115%'@1, ynd po} (aélshyldénéﬂlemrn r}i Bolﬁ(ﬁther) is

- SR eaP VLB, PO PR ATy oo, e
gjoyyi(@ﬁyhc)l acnkﬂs AGesresaputive psly(t&eﬁ)xlyﬁé etig) refers t o a

écosyl residue to which an agent é . 0., PEG noiety,
t HEP4Pelhe termpoighicsyl hinking |264m €3S Used B e waglycosyl residue

,‘Ff‘ttfw ch{j n %%%n{((:}%g’r%%(g g%fetgfthélﬁgedn@\ﬁ?tﬁf Z%om‘bﬂ:@ule) ﬁ cgvalently

gl'ycosy econes cova attac
t autiaclgidy do shydl rattbodsoot thmgﬂvyxﬁmyt}mt‘ gufcpmaypﬂmldmg grdupi” ebleg,omes

| k th
sor el har B FerB MRS g S g TR RinHge ST tinkdne the
gedg%ﬁﬁb la¥t aH8Hd é/&@i atd/ I%OSMklﬁh@gn #H4gRpiiddYA B cosyl linking
i

enzyrratl c attachnent fied sugar to an
argroep”as geneaaityl darivgd ﬁmsay‘l‘mfo@ﬁﬁ@ @Mﬁaof by the ep@pnat@eattaﬁnnent of

t act cos ). 1 inki.n fer nk|n
ortBt b SEEE L g aftaAiBior ERESHT rdsuf ot ¥ ieRflg, An
t henthétcglydodyaink&agggb@ﬂ @ ferdonaifking fatip khankssdehbed from a
conjugate is not raded, e.g., oxidized,

sayesyhieeiapeinivaueh de mdlwsia@;ltsa@h%@%vamﬁkthﬁglréﬁ Higrenjugate

of; Ve[t ‘

oc DTIcRBET BoaREelE £ 0! FRBReIAY, B avcoy

untirtk{ig) grotps” eifmheahvﬂftlonmmydfe desived fbmcosapliraliybtculringn a
arent sacc str re. [0050] The t

PRk g ety oniad 2hiGaR HERGY . reFia e} o o6 gk dcosy

t Nt thchla p%fén?ﬁ}cbﬂﬁ S{rg&g}el_ ze in a particular tissue

or region The localization is nediated by
S p{@ﬂiﬁ]u Thertemn i geiiog nwﬂetyrﬁ lae oseidhreraimtrefens tasptags that will

I f the t
oRIRETSTt SR GRSy SRRis oo B SR PPERe iyt ation s
I Irh@dla@ B§ kpdPRRdRB EIBorPdf thle Bk d&&:rﬁhﬁha@&eﬂfol&ﬁlaﬁlsme of the
particul ar %I ssue or region are known to those of

s ktangletmmagméoquju@@e mqﬂwrac@pg@tlwﬁ@ph@blémt@gcmm lapd ehe like.
Hgtgl!h?p 1% sﬂﬁt f k?agchtl a%ga@é&tt? {aﬁﬁﬂﬁl& %Egule Ur region are known to
gp 0t 28 rgo?

ern ors, serum
b-those of skill in the art Exemplary targeting moieties include ant1bod1es antlbody

fragments, transferrin, HS-glycoprotein, coagulation factors, serum proteins, f3-
glycoprotein, G-CSF, GM-CSF, M-CSF, EPO and the like.

[0051] As used herein, "pharmaceutically acceptable carrier" includes any material,
which when combined with the conjugate retains the conjugates’ activity and is non-
reactive with the subject's immune systems. Examples include, but are not limited to,

any of the standard pharmaceutical carriers such as a phosphate buffered saline

11



gl ycoprotein, G CSF, GW CSF, M CSF, EPO and the I|ike.
[ 0051] As used herein, "pharmaceutically acceptable
W@ a005i0839%6 | ncl udes any material, which when coPOI/O8E04/041004
with the conjugate retains the conjugates’ activity
and . i s n act i,v.e J :
Ex%Olu on 9\{5%621 J‘%{ulSlOBS ucgl age Qﬁgf‘alt'% egﬁ{lmczn am&%ﬁ){%eﬁgwemng
st aguﬂssr dtheadaiie € taly aiso indudd f¢rile Solatioms mlqmshmsmﬁaige:oated
buff ered sallnesolutlon wat er, enul si ons, such
0| fablhs 14 aRsles: dhypicaHy syl SRS epieia eesﬁlpw&%%%as starch, milk,
RArO (4RI th
o S B e Y e g B DT fonesium or
5c¢ apeduhe&tea‘fgxp,l tala) YogembleHatsar pilgresmsoglyadls oendlepkmmsexcipients.
sugh as starch, m.lk, sugar, certai
o bue Gttt iy i bis e A S e ot s BB e e Pafhliss.
¢ abg Fbﬁélﬁél%acro%;ﬁlsﬂg@u% catfeR tapdfoemiiRted B wal kfowrDéti®entional
or other Known excipients. Such carriers my
algwﬂmdelude flavor and col or additives or other

S, K05 RS GE R LT A GRLS Fegffons

10 As a gi8dsifat etlofil,caf @ﬂmct’l ligttREhA\@, intraP@itondat, ahtramuscular,
adm ni stration, adm nistration_as. a supp03|tor¥, :
t opitiglgsionaln irdianasal ot SUbGEARRGYS adminisiisipR.15 Hesimplantation of a slow-
I
L SIARUASHLES ¢, LA 55 R0, LI 805SS) iy y e
sI comteineidinggevinteraleayd trarsmuicodat (:esgrpcbral; npaalypyaginel, tdveal, or
;g]gtér}e?(glgrpugﬁ)d n?s)dt%rrﬁgmt on@bg%(%/ i(lg uéesr 2%:)311&2&%3@%# 1n9ramuscular
15 VagiRdlrterib RS rftladerflal, tsﬁ@é’iﬁﬁﬁbﬁ@hﬁtr tpgﬁfoﬁéﬁlelhﬁrhvenmcular and
adm ni stration includes, e.g. 5 ravenous
i nint@apnasial| bloreavat, meherer inetion | B, to trmtraatd@nomlg induce apoptosis,
sub utane intra rlcu ar
e megr Sayan TR RREHERbTE yopa R e mor
t UDRHer nfdEs of ddliEEEANARENHASAS notliiited &), fiRtuseBf TBdsohal
directly to the tunor _and/or into tissues surrounding
t héormytabions, MitFRvenersdaRISiON, @@de«a&p@tﬁmslﬁ@ but are
no fo B
20 5L At Qo RSO M 34005 e

t e treatimaned fl agpaslidl oy’ or(lfondlakm,l incdoding' any ebjectivet @ sabjgctive parameter
i ndicia of success in the treatnept of a patholo

co i SRAICTAR 5T FIOTAPR BN IURG GkSYaTPIQn Pt JREOTement in a
pami‘eﬁt ?%}}%é}b%hoﬁﬁexﬁgl%éﬂﬁah%tAxﬁE‘T‘x&%&ﬂot‘k&nﬂ}tc&E@éﬁmeﬁﬁsed on

synpt or an I nprovene In a patient”s physical
or objectival ormlbjleetb&i magmeters] indpding dlre whultsyafptphysica anabimation
based on o ctive or. subjective paraneters; including

25 ¢ phan %%%P%gh%Fwéwﬁhvg?%al exani nation and/or a

psychi atric evaluation. [0053] The term "t herapy"

r e{953] The tarmaithenapy” gefersttp deeatingitor "@?ataleat"sé‘asﬁgseésre or condition

Copn%ludmg preventing the disease or condition from occurring in an animal that may be
predisposed to the disease but does not yet experience or exhibit symptoms of the
disease (prophylactic treatment), inhibiting the disease (slowing or arresting its

30  development), providing relief from the symptoms or side-effects of the disease
(including palliative treatment), and relieving the disease (causing regression of the

disease).
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i ncludi ng preventing the disease or condition from

occurring in an aninmal that nmay be predi sposed to the
wob@sas®4but does not yet experience or exhi bi PCT/US2004/041004

synptons of the di sease (prophylactic treatnent),

i nhibi ting thy i sease (slowing or arresti its .
00 e Oy R e 2R Tt Rapbhethgppeutically
SietBc®fel @edunt' Ar ahh @rahfRATLedui Ve drROmBasIth@ihyent that, when
treatnent), and relieving the disease (causin
r agministeisd tofn anmalifos daang 4 dosust, lsrh@fﬁp@rlhweét%metmwétﬁ for
a alf'?itlslé:as%r "an anount effective to"or a

t

erapeutically effective anount” or any gramatically
egui val ent term nmeans the anount t%hat, when )
5 adM5hl dihe e tiselaiRd arsfrafo 4 Brteriakthnt s gubstaptiaibygpossendially free
S ' ;
b fArRineh, BERSES SFE% PRGher B plotilal EGHRBfAG ponjugetesof
| shesinbertzon thaltéryn Gsolewderdfiratd materiglghitrip sutstmpalieort esentially

ich are used to produce the material. For, peptide
otk st Gt agepisovhirg STl Seefapgny Bt imeleaia RERE nifture used to
I f&afe the Ip@i%&rdoﬂjfugﬁt'éat‘lsio&t&lu bl apireahleYs€d interchangeably.
essentially free Trom conponents,” which normally
10 adopimeHnyisalted peptidei cahjuigates pEthaiinventien baved: level oF epitye
t he peptide conj ugate. "ks ed" " S d .
| ATePERE S BseiR! A0he, 15 I0Rb G AR ral Gp BP9 peptice

CQRBhjugatEs adbut 4006, aby@Mveor ARUES@/ a8 e Wpeiped df\the range of
preferably ex?r essed as a range. The |ower end of the

r IMGE isRbIrT0ss abent 80k apaip0deoTBee aa abeut Y0%hout
6 0 0 0 .
s P AI g 30S  ArE B i o

15 maise préfarabhbexpiesSéiPas o A0S0 ] ThaHewert dnel qielnd fadge of purity is about
conj ugat e e nore than ut 90% e,,their
ooy BBAR IR 3pas vk ABRu T wabpue il Thé ek rpbof thannee of

' Uy &Ro@fortNens@nae: aboRWeb4, ¥ibbiit 9BPPGab3RR008P Bttty
92% -about 94% about 96% or about 98% The upper end

of[0837¢ Puzitygie deferpineid by any ariyeungnigrdimettivoial agalysis &hguband
96% about 98% ar. about 100% put it 005 Pur | i S
daRR e B Litgingy ech neloy BRI p o bschly (LG, Bra
20 ( &irfilar et i ntensity on a silver stained gel,

polgécﬁ:r‘yl am de gel electrophoresis, HPLC, or a simlar

nd 8 ‘Fsoosi]ly caasepmber afyhepemylationn a ustd hasein, describes a

p ]. " i i . . . .

CRa el of ARolRE0 SRR HARpA RN Simention o yitich =
ofselebied ipaneembgeost the mokifedd sagaehddedad apeptiderdragédedfto hhtiple,

modi fi ed sugars added to .a peptide are added t -
i plEcCT IR ER AR e eBffeor: Lepanwaly pechaeTpess i dhs population

25 | SRR LR e e PR ok
c songargat ecfetsdo aomopgités efdhe 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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sugar and refers to conjugates of the invention, which
are at | east about 80% preferably at |east about 90%

W(anfd)smweﬁ preferably at |east about 95% honogePODES2004/041004
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[0059] "Honmopgeneity," refers to the structural

ngriﬁl%ls gﬁlnc gear}% Yor tRe Bg;ﬁf&e%ghj natgg 13%%8&9}00/ B%t%"’/e Sr about

i ed ars -arFe conj ug at ed.

a gpePirdite GHFYr léﬁ@bﬁthefrartglaébf pOMBiE bout WO%NEIbdlh 86%C hbout 90% or
nodi fi ed sugar noiety is conjugated to an acceptor
simare thapiakgutWed-sane” structure as the acceptor site to

YO LUFLITILESE e 8 Fgrisscob
hdwoggoeous thérb]mgmaemylsmisotgrﬂiewl}l gxpeespecbessaednges "Bhe lower

| B B et R R0 D 268 SRBUAPROR iy sbout 96% or

ahgy: 98906 ARy JRLe iR he BiRde ef gﬁrh? lsr zﬁ{éﬂﬁ%%, a%ﬁt 9% Sbout
about 70% about 80% abou 0% of nore than about

90070, [ab@ﬁ@ﬁ%lwmotlhﬁ)oﬁeb@md@nc@m Egeapu_rgy af therpspde ¢rajugates is

or_ e I 0 _abaout 90% honoge e
Lird dstrBRSy e o RRTR R R Raonla Blbo b RIRRENE i 2.
oflighliechr @8 gr@ph N SABOGREr iietts (1ADME), Hafix Abiowl 182%d

ablout 94% %ogt)h%% or abo?Jtt}S(QS% 'Izhe upper end of ssorption

t easp Hpge! diighd spectrpmieyy AMS\LDIGEE), eapslary olegtronheasis, and the
9?%% about 98% or about 100% honobgeneity. The purity
he peptide conjugates is typically determ ned by
oneodl fﬁﬂbaaﬂ@tllyodﬁfohﬁ @yrofarmf’ oo 8 & swdfstankially unifortnhgdycosylation

art, e.g. ui. d chr mat o phy-.mass. spectronetry
( PEiREy” et e ings it ooy dsrspheish Pl Uipdsicepiagg of poceptor

f ln'lcgg'ﬁesst Gt @g@& gbé cf(j%l% Egé%sylt?zﬁﬁfelre{s@roy interest (e. & y

el ect rop ores [ rke. [ 0061] "Substant’
urfudoaytnagdfyasd)o Fot exampde,'is tHestasanofi adil,9 furvis§loransferase, a
chosylatlo tern,” when referri

to
glsyle%%ﬁ{ Y aelr’fl%rﬁb casyatjQurRaftery Gy I s Q%F%@ﬁﬁb@lé(aéfdeﬁned below)
a%?%t@{lpm' @I%N%% 1 Q@r; si ﬁf*‘atﬁgi %%R% j:salth@gopyretf%sylated ina
gl'ycosyltransterase o terest (e.g.,

f qbeptSdH ddnﬂrgafeejfabeelhyeﬂ%mn émﬂweamdiefstdolde)ym@felhllan the art, that
2 fucosylt a supstantially unif

r ansf er ase,
f G Htige P@Fﬁrwimaércﬁmém dycosylated p5eaPIGTRQIFTiSH Qg fipogsylated
ana%l@eg cﬁ&hﬁer o 1ettlg 9,0 dl(‘f Aailgé&%\&r&rﬁg?){cg gﬁktkldn%ﬁﬂnclude

gues t fuco’s I'n a

C @b¢dpgatneoiotiesitha arengllgmslymnad Hyt thevinlethode ofithd énweincionl doywvell as
one of skill in the art, that the starting materi al

nﬁk}os& BrteRIo negigtiss elrPatbvedlycosylafsdn ticasting Bapegial
c Zﬁ% e Sé}measlumtantﬂi 15 6VRE aﬁ)\r@;ﬂeﬁlit{%ﬁl‘ of ‘Qﬁﬁ?tanﬁahl? uniform”

ateda percent g Cosy ation wl I ncl ude acceéept or
mgiewhlda;smtemstat daast QloycH¥y] A et diyout o et idastiaboof 8% egor more

| MSLLON 183, JShloE LORR A0 SDar. Ol RLLSRoR 5588 ne
acceptor moieties for a particular glycosyltransferase are glycosylated.

[0063] Where substituent groups are specified by their conventional chemical
formulae, written from left to right, they equally encompass the chemically identical
substituents, which would result from writing the structure from right to left, e.g.,
-CH,O- is intended to also recite —-OCH,;-.

[0064] The term “alkyl,” by itself or as part of another substituent means, unless

otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or

14



[0062] The term "substantially” in the above
definitions of "substantially uniform generally neans

w@tooses®le about 40% at | east about 70% at | epst/Uusiwoub41004
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80% or nore preferably at |east about 90% and stil
GRSt %
%If)lgltblﬂ{gggﬁ E}%pé&f vglrru{:l!l 1 It be?@lﬁb%aggg 21 ,?%ﬂlé 1%r 28@%géragﬁrated and can
g Ilycﬂﬁ&ydlamﬁﬂmu[tﬂaﬁﬁt] raiieels chavitpsthe hu@bér cficathos a&fnﬁs designated
speC|f|ed by their conventjonal chemcal formula
£ CarCn PSS g oen $arogs)- ’F?é‘%/pl%%q‘tfas?i“&at%@tﬂfﬁ%‘%o“t dicals

h
Cf?@ﬁ%’%ﬁ?ﬂ# AN CRRaRD Bl et Bl IR oL RBhdoyt n

- BB -t-busyl mblanyilesiecrbntm sclotesyl ecycraﬁbk}ﬂ)met[lﬁl064] The
term"al kyl , " itself .aor as ot her
S ShSppnee e 13 and st Pl Rer ot PR g het
Othe Py BAMCALRH, &itRthe nk@rAﬁylﬁkdt@raﬁMm gfle ns 5Ma@ﬂig, one or more

or coibi nat’i on t her eof, which sat ur at ed,

nr@lnuble @DHMWUﬂQ&Dnd%tH@@W Q,falnsatrnr@ted@&yd grougminclude, but are
no flmge(? Ryl nty L &C;zarogeny érot%g 2t1£10€ eH%éHbleﬁ (gut?c%ﬁnytis)l} 4-

atons ‘designa ns o

Cpehadishyl, EXBaWeatdihyly; aettllﬂ)fr@l eld ahy Qrp@@payﬁlppe Hliﬁﬁiiyﬂ; aing the

include, but are not |imted roups such
miighpr horaelegs andyispnessy (The teg@praaw unﬁﬁm@twrwwe rmﬁ@cy fis,also
HE ! mclﬁ&ecthﬁbia\]‘ c}’érlﬁaﬁb’ %'&'a&«gy geﬁr{eHXICf hx%?@?éf&% BRERY duch as
cycl opropyl net hyl, ogs I SOMers o
ek‘hﬂpﬂoalkyh” PRy lydroups-thedayé limithe pt yydrodqastat gtbups&mdtehhed
E gnsaturated al kyl group is one having one or
emgdk¥e bonds or triple bonds. Exanples of

UGSy Tk enet ikl ledP ‘W RSelk BEAUSHEt ofAMbthef fibB@ehtinidahed divalent
to, vinyl, 2-prdpenyl; crotyl, 2-isopentenyl,

chbcatl ddmmiyﬂrqrn af alkang an esemplifidd, b@-not lmutpé rhya—diléz@l{zﬁHzCHz-

ot Bt en RaR SR et bl e st ert O Shicany.

OtaH% I &8 aNSlEad) Fﬂo&r 3HiB PavERoh 1110 2'4'1:@fbéﬂ%tdn|i‘§3$@th those groups
derivati ves of a defined in nore detail below

s ngning d 0'op &gveqr @allblray latomsppeig prg @ésn the @tfesamenvqrﬁﬂptledx “lower
t %ll&f? dcgro‘iN K nlfﬁén%u ’?ag a Hcftef ?l#anﬁeglk grgu d%grger%lly having

erm I'tse art
sunﬁﬁbt&amtcﬂﬁanmomsdlvaIent radlcal derlved from an

al kane, as exe) fied, but not ed, by - ,
CHlBReGh o tsps gﬁ)@ﬁ Filkyiging o by @ thioallrpxy) are used in
dess i , :
T e e
C diconleatle vy anvaxygen itose ag amumnsgrhaw, iong sul(ﬁurcntorﬁ,enwectwely.

i nventio

c t ons preferreg in th resen

ATORER 2P Ry thetegrhLByIS 4B 5ty Pt RS P RLRer iy freans

alygleks StheRtikydtRBE bt MIPstrH8NF Blah¥hddahhJody@NE hPdrocarbon

fewer carbon atorms.
radical, or combinations thereof, consisting of the stated number of carbon atoms and
at least one heteroatom selected from the group consisting of O, N, Si and S, and
wherein the nitrogen and sulfur atoms may optionally be oxidized and the nitrogen
heteroatom may optionally be quaternized. The heteroatom(s) O, N and S and Si may
be placed at any interior position of the heteroalkyl group or at the position at which
the alkyl group is attached to the remainder of the molecule. Examples include, but
are not limited to, -CH,-CH,-O-CHj;, -CH,-CH,-NH-CH3, -CH,-CH,-N(CH3)-CH3, -

CH,-S-CH;-CHj3, -CH,-CH,,-S(0)-CH3, -CH,-CH,-S(0),-CHj, -CH=CH-O-CHj, -

15



[0066] The terns "al koxy," "al kyl am no" and
"al kylthio" (or thioal koxy) are used in their

waeonseridonal sense, and refer to those al kyl BCDUB®04/041004
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attached to the renmai nder of the nolecule via an

r es%e]%t) %@%@W&%@@E@H l fqi‘E\/ a(tJ}? {&btwo }{eter?e}toms

OfmdyrbeCofibdcnaid, @nch/\asl; foramhbler (II-QICIKH—I @GHmand u@H@@&(CHQ;
ot herw se st at ed ﬁf ﬁ? ble strajght or Er anched, chai n,
oSy dharipip o b%t?v@a yleng b)é}tsel%qraé@ﬁﬁ. anqthgfsubstituent means a

t 'El?Ja‘Fé?lft ra é&‘i‘ﬁ L3 ddHbr het ER)%I 1,3k %Qerﬂ;&lfﬁée?r b @ﬂfn‘”i’t‘éﬂ by, -CH,-

atons an east one ete oat om se rom t
grcwesmscm jang —6H,€8-CN,-(Si,-NHECH, - mmmmaﬁqyﬂmrgmups

ni.trogen and | fur at. t.i onal | di
R A R N A YO A T
qtaﬂéy%ealz)s%gi alk1EncARRY, ARy RAESAm o, %@m@ hﬁeﬁ@hlﬁfurﬂﬁ@ﬁ[ for

| aced at any interior 05|t|on of the heteroal kyl
grdB"u’[lﬁDG rang heterpa m@etlinbmgarowms @momwtmn@ﬂth@h@@pg E@up is
i nc (JCF 9y he dtlrgcr?téornﬁlgtavsll ic th{e url]ae otn%ﬁgnl‘éﬂg rl%t%n For
@k&’m@bﬂﬂléﬂfbm C@jZRClrE’pré!(eﬁtd?o)oﬂChC@))zR’ and -R’ C(O)z-

dﬂ-&ﬁ&hﬂ@c g(r@SjsmlBalkyl&pgtpheﬁgr@?/ggoalk i (beythgmselves or in
hg@% %gh%%% e Cohr@EE g%_xkt N{n(l?é_slg uc %sg’ st]@ge (EG}%]IE WFrsmns of

- ChikyNin@CHE Broaligy1” re@b&-tl@e]Sl (A@dltﬁ)rﬁlly Sionhétanobyqloalm :

E‘Bm "het er oal kﬁ Q%F é ggr as art of

& S roan A prsam O ResU Pkt AR aRRG s o Te

h%rﬁ&ﬁ@ér‘%\ﬂthe Iﬂ§lae§1¥1@ ”Eldnflbl@?of @étoaﬂ@tl 1r1c'llmet @lﬁ apé’mot'hg"'?ed to,

hevdpmt}dymﬂ@egvlo llm‘scloh@meylo étcwl@h@@nyla b}gqjol@;ipcbdmnd the like.
in.t

C R b F RS RORAE ek e Bl ufedlss 11256
a |t&b5hgﬁx‘eéggﬂ<?lﬂ Q-pipérstiifyl eQinﬂéﬁ)i}n&'SBLﬂlberfdiﬁ}tl hﬂnorﬁmﬂmyl 3-

al kyl et er oal kyl ene roups

omsphaliyb ﬁet@yﬂw@mnﬁwln@ﬁ@h stnfuras- -y fotety Gy thien2-yi,

d

S ER R ChibIE A PRI RAMIGLO oToup TS

r QW(QS} Gﬂh& Serbﬂt“halﬂ%f))‘ha&@en ajydhemﬁ@(s@ Bs parf 6048 hef bebstituent,
terms "cycl oal kyl " ng ‘het erocycl oal ky| "

by
¢ FREFBCIVES OJiervite egitth hABPTHF. GRIPHNG PRRAIE sorgdine atom.
r »
| SRRl {HeREn 88 h%wzma@ A4t 5 Hehicg rﬂcﬁfoﬁblgﬁlﬁ?/lod‘nd

respectively. Additionally,
fcpplyhelbekkgbylbjr@ahmwe tha tdmt‘&lahnéeofﬁalaﬁm bxsamqay t¢ elude, but not

Z’ Siti. 0 gt&p p"ﬁihyi é&f é tri ﬁélsi&ﬁ 05@3-{% gqrgct)]p%opyl and

|@}géllﬂ§e but are not limted to cycl opentyl,
cycl ohexyl, 1-cycl ohexenyl, 3-cycl ohexenyl,
C)[QQ7(9|]~|él}bpy¢rm ‘@mﬂ”mns;, iuj ss Ehermpsesstated, apolyunsaturated aromatic,

het lgstlgu%& h§9 i a y lg ?lln%y{ gi%lt%rlee rlrg%?st r&fera‘%lyq‘ror@ 1 tc;l' 3 rings),

ZVﬂhﬂﬁz[rb thsey togethep bpﬁﬂikedlcﬂydtlent&f IMHebieh i lliald:roa@}” refers to aryl
groups (or rings) that contain from one to four heteroatoms selected from N, O, and S,
wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen
atom(s) are optionally quaternized. A heteroaryl group can be attached to the
remainder of the molecule through a heteroatom. Non-limiting examples of aryl and

heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-
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nmor phol i nyl, tetrahydrofuran-2-yl,
tetrahydr of uran- 3-yl, tetrahydrothien-2-yl,

W0 edosabspds ot hi en-3-yl, 1- pi perazi nyl ; 2- pi per Bzi/uyg1004/041004

10

15

20

25

30

and the like. [0069] The ternms "hal 0" or "hal ogen,"” by

i BRT o harol €2 8w, > BT ERATH, RN P TSP Boazony, 4

broQHidI'ﬁ, 2@5@%@@2@1@ moxad@lyt Bapadakylyl, Uskerz8lyE I3 -i88xazolyl, 2-
"hal oal ant to include nonohal oal kyl

and
péhlymab/loé1t1k19¥01y1|;érthlé3<<dwﬁs?r_furwl Refordy Pnthipaylo} énenyl D pyridyl, 3-

AT S BoBmeT, 4 PrtEs. e Plar SR L EE, |

3-benzinmduzolyy,| 5- maakgﬂ t1Risoduiitketyl, 50@)710]no]’3h,€2 qeimnxélmyyls-

neans, unl ess ot her Se ate ns I

arsealiny! <hBunpl, é%fmfazwitbee%qibﬁwg lg %&P@Wv F 3 3-
mallﬁydpéb%gﬁd[m g@dl&ﬁh%‘ @I ﬁéﬂzx[lfi amxél §91 §ncr 5{99&1)1y1 WeiisRituents for

are fuse her or ’I'i nked coval ent | t'erm
" leetleoiahe ylbd\/emteeiraylt emdalmegtroagyloumystoms aiegictedifam the group
ontain eroatons selected from N,

CO0 3ﬁc§p§{’fe\/ﬁr‘:‘h?tg\mr{’tst ﬂeégﬁﬁgetdr%% ¥ and sul fur atons are

oRdOTA Fot Yre@ith Ahe 6dm ‘ARG When BiclliN 9eNbRLOSH Sith dERr terms (e.g.,
optionally quaterni zed. A heteroaryl(bgqloup can be

atardexe @rstlﬁmmearwtaﬁl@flhmémdw batharyhandketerearyhriggds defined
he Sved s th'e\l? 1N ‘larrgfl!il:kg i€ él%grptlt? fhe deEEﬁ(%ste ﬁg'cpgals in which an aryl

hé %roar groups I'nc

Zgﬁﬂqhb btstzic.hed fcbaxp&lﬁﬂygrouﬂ.éergy,rbeﬁkydl pheﬁemyr Ip@h&jflmethyl and the
3-pyrrolyl, yrazolyl, 2-jtnidazolyl, 4-imda

p)}ﬁgﬂnﬁl}apmgzh%@@il@l )groupgfm wkp&Q@pﬂbon atom (e.g., a metzhylene group)
2 I I X _

A TSRO gD cra e Olyten il BT et 31

5 pytidgprymethy2 - 3f(mmphthglof<)a)pydpyl and Itheelnige!) ~3-thienyl,

4 [Eé{%] g?l/aalg, pg’ thgp%r | d%frm gz%y‘ hk ,t; Upgﬁ{éﬁklyg; de}/rlyf” and “heteroaryl”)

bzt 48 ZRlvde bol :ingﬁ’thbéHaan& uh§®atitu Rl f¥#ms of the indicated radical.
5-isoqui nolyl, 2-quinoxalinyl, 5- quinoxalinyl,

3 Ryefierred gubstituents dorotagh typo e vasfidal Augrmapnitied below.

b 4] di
odPEEH bRt or i AR GHRIGT e RE aibee wgpes
e dffan edfetrbtodl QUG 1d1et ﬁde@ﬂﬁet@éﬁlkﬁaﬁ@ h@tafqalkehyln llkynyl
systens are selected fromthe g of acceptab

s heloplkyl hetsragualerlkple oy dealsnyl, [ae@h&t]eromjeloeik@wlk %re gensaically
t « b,
( géfg}m@{a&r’ %/SI g}’(@? Qg);désgl'ﬁétl@ue%% aérn%ﬁg }%Hn)vﬂe dhe Ok gﬁ)[r %f“a[ ﬂﬁ'lety of

inclu
argyéu}ﬁrsellehedi ﬁt‘oﬁﬁlbyi natilinggdas: d)@f | PeA=MROVN-ORIUSNR "Riie-SR, -

tmfn%m e R Rgp b PR G bR eaCPa an ARER G RNR -

| ncI ucfoﬁﬁn Z??kse a kRIt’ﬁy,r olﬂlgzéd.déyk nlqg%)@aa\gvagg%zg—;?%ﬁe)

( eNR- C(}ﬂ{’rﬁ’o‘ﬁ)méh eS(@f)BU PP Mald’, BHEN:NRR 2 NERSOR’, fON and -NO,

exag‘pr)llu%bera rr.’:]mgl)r(l $oh getrg to &m 9—1) V\Hlereenr%x}/sqﬁé po¥all ’nurzn_ber of carbon
atoms in such radical. R’, R”, R and R”” each preferably independently refer to
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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pyri dyl oxymet hyl , 3-(I|-napht hyl oxy) propyl, and the
like). [0072] Each of the above terns (e.g., "al kyl,"

w0 b@sesoad kyl ," "aryl" and "heteroaryl”) is MEROL/USI04/041004
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i ncl ude both substitut ed and unsubstituted forns of

t Gedel '\%/%E BPRE Ble athlRHSE HRARUITEAIH G, thY cAnAE
dr? 1% 3 b}% OW. g]

pe o are provi

Slﬂ@ﬁt&ﬁdd&ﬂftlﬁthﬁ ('mlitrdgbﬁ aﬂink;d foand Jed-eo10hhieybereddingal Bor example,
(i ncluding those oups often referred tQ. as al k4y| ene,

al REAR is meand fQ e Pé—ﬂ’é notfst lapised toe hwrrogthaylmd -morpholinyl,
Cyﬁbﬁ%hé( Cl%ove'?]%tcﬁg ?(?15/ sﬁﬁétﬁé(éms SM?:FPﬁllllfﬁﬂr : el&%ﬂ understand that

heterocy are generrcally re
" gh&termdubyp’ is ub:'ahtl tb werhbdz, groepsdntlhéing canboiy atomsdmmd to groups

i Sy efous, SRk Rl e En B and i ClS) and acy
h R key CO2R' |
go%%e%(oﬂ %OECF%? c@?fc@)&@c;m) g@hg N C(0) NR'R""
- NBOH] (ﬁlmﬂﬁt to thmbs(lmmszdgschped@r the alkR-r@élNFk', mb)stﬂNRuts for the
ST e s g B R R s
i STHeh:@thﬁe’ﬁts eﬁaaa@éte@froﬁlafdmﬁaraplenﬁalbgen§L@Ih =ag =bil’; =N-OR’, -
‘..each preferably |ndependentl

r é‘ﬁ%rR b &qudraéfgg@n, SS%IBS&” aPEOB s FrSBst R dCONR'R”, -

b, t t | ,
OGO AR RO R SR RO 00! NRIABKY RS, &
ur@(lm&Il@EI"’FUt)eNRa’l’ KMR: caﬂﬂx’wy—mk”t ZS(OE)RK e&@@)g{oum)zrm’R”
aryl a oups. .a_co t enti on
R RO n e ANy b Riogahis B Arduoro(C-
t
e COTH BDTnher HMGERORARILI I GFA FmBEr Pl 9RondEs on the
grapupatid Sy gsent; an\dareR’, RIOR R 'and R’ ard prefeeably omdependently

t t b
RS S A e R R N

Fqns@%ﬁfﬁ@é@heterwﬂkﬁ subti R dr Lﬁl@uﬁsﬂﬁhé@eﬁ" | dHdtsub@itute@ or
limted to, 1-pyrrolidinyl and -norp ho?lml Fromt he

abmgebstitused ket¢roarybf Wélgbgtcpmn@mdsof tbmmvemtl@kmclud%rm@qqéhan one

wi || undertan t the erm Ik
i et ¥ BB B R aPub ResRe bt dE R g faon
otme Rt blﬁhRﬁygibﬁﬁbeWh@f mun&harsmfasesb gka@h ky/prededt.Oln, the
-CF3 and - gi C( O CF3,
@r@qzhmﬁsllowae ﬁmbcrlu&eepreswe 78y a fﬁmﬂa@d 3h9VE he
e

e e hREE iR Rnkybe M Bl hetoronry sing may
gaepeohalbl kbeyreplaé@rwﬂalda subsamei’]am@the fprowp <SHE$O)- ((Eﬂéht)grU-

:;2\? Séﬁsft r@g(j Qﬁei Nigenlt 38@%;& r%ff\]%p rlgr %)é? bc;nd and q is an
Cﬁqﬂﬁ%&% fron§0 ) R Klt\:ma%lgtgo (c:)(f 1 s@ogﬁtuem@gg E{;JacentRl atoms of the
MR'I@(r(h):tchR’ryl rmgFm}(y optlonally be replaced w1th a substltuent of the formula —
A-(CH,),-B-, wherein A and B are independently —-CRR’-, -O-, -NR-, -S-, -5(0)-,
-S(0);-, -S(0)NR’- or a single bond, and r is an integer of from 1 to 4. One of the
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 =O-, -NR’-, -S-, -S(0)-, -S(0);-, or =S(O),NR’-. The substituents R, R’, R” and
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NR RR ")=NR'", -NR-C(NR R')=NR ", -S(O)R' -S(O 2R,
-S(0) 2NR5R', -NRSCR2R, -CN and - NC2, - N3,

wo eidsebw2e fl uoro(d-C 4 )al koxy, and quoro(C:PCTnmmmMmumM
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15
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Cn)alkyl in a nunber ranging fromzero to the tota
G B R B, ARSERIPS, sk P

[ mﬂaﬂgﬂdﬁmd(,y C%@dlleﬂt ed from hydrogen, subst i tuted or
unsubsti t ut ed subpstituted or unsubstituted

hd0R1e aﬁwrad h%f@ﬁ»s ¥hetteﬁné PO R IRRT R e bids X 48 (O)
Sllllli)ﬁ& Bgﬁg C‘?‘S‘T%h@?ﬁlb(‘idjfs‘?)d heteroaryl. \Wen a

fnvention i'ncludes nore than one R
group, for exanple each of the R groups is
i fdopdnckiort | y sel ected as are each R, R', R" and R'"
groups when nore than one of these groups is present.
| 0071 Thelpesrest ihvaitioh ehdampasidse sgthixbfor ¥herrepdiésatitinsof the

"R' as descri be oV 0075 Two of .t he substi tuent
orglgapé%ﬁtlreﬁloﬁgﬁas% GHRSTas léﬁnOWét“éFhSa?ﬁﬂs 3ok inggroduced
4 p@AtbcyTQ 11§ %?J ?@%Qge@ Erﬁioﬁxeﬁﬂpc%'ilktézh@@hoﬁ%l fih8blasts. G-CSF

. wherein and U are
i pdiepeiiylects by theNf@ne morow tommbase tine Iaoelmq’q@he>f rdladhmatory
g,i§ an int r, o om o 3. Alternativel. iak of
* neiofies ad Bt bircl sl ente Bl HoRtbie Sgyintelfe
hegMEQHiént OF H@t@ﬁll@éﬂds@ﬂﬁ@(ﬂ Hyrifeinflephend fiMctibnd G-CSF also
substituent of the forrmula - A-(CH2)r-B-, wherein A

arhas Blinieal appliragiensisrhong magrR teplacgnént fpliRwing shemotherapy.

aﬁé Thersp(recc)g%gtflnven§%9§3§(;%es nﬁlfgg e'])qlg?ank?ﬁ{agte C%R)gl stli;n%latlng

ege rom Si ng

t if@ct&eq@ CSPY Bige inoértide pffwd@monmgaﬂek yf Plgcosgpitaicad Wit h
a do e bond. Alternatively, two of the substituents
onnghijcasyeaied pnsides bvingheranyl 9?%901[4@( étrra'éﬁsmg FGUNYY 1y b

%Bhﬁu%gge Xl(lg%&a§@ @i%qu' éﬁ}(&hg?b \ALEMg@ésatlgfﬁ aatlg'ledé\r/eése species
i ndepantienpéuticimdiedest diagfostic nmu{ﬁes t3rgeamgimXidtiss a@l the like.
< DT e inpeiopeRiaiol s a e RSkl andior
i W@&%@%S’F 561(9311 84 \fahﬁmeh&féilrlﬁ %Qtn%t SEHRFhdrbuk @6kadds, but as
unsubstitut ed Ce)al kyl . [0076] used herein,

t hstatedeabomt, hstoémccat c:fﬁbaqyshan”bm hampeur@rdcbwmrebwyglerrpoot))

&%?o e &P&d sul fur (S) and silicon (Si).

H%ﬁ@kﬁ Y 0077] The present invention enconpasses
d&s eké@hplhReeniBudithémata GITIH pdptiee of 16 dveitionitiayibe

on GCSF. GCSF is well known in the art_ as a cytokine

pﬁdgu@@tgrquo aatignislos thepugrasgd of m‘éq@@g a@fégtlon in cancer patients
e Db R 252 R

prtﬁﬂsl;ﬁlhmt@ﬂ’bmf tol hd i Bpnprogenitor 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
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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| eukocytes, and further functions as an endocrine
hornone to initiate the repleni shnment of neutrophils
W@ onsos®ds duri ng i nflammatory functions. G CSPr@l/s82008641004
clinical applications in bone marrow repl acenent
f ol | g . : i ' )
orettdaBheE LG R \RE Bken: yRA0n 135 RGBS e WeBhl @ dcptcted
f areteld, ab GaiCHY of GHESH, Ay dRtussed lmreivatles. conj ugat es of
gl ycosyl ated and ungl ycosyl ated pepti des havi ng
grlﬁml gléwéh% BressHy invention é&rﬁ%ﬁ@en&emfw@y -G variants, as well
C ol Ly, iphd, 8066 WBAhEdR e BY1i i t
cgeri}]bﬁgg% ?%naqgvi/% ﬁld?%g{pgéégspeél?é es su%% asg%/wfg?g egtlllecp resen
5 monednties, a GiC8fhostanthasdicen dessribedaindéSi PafemoN@ 6l 166, l&Adin which

gl OB T 1S, Y SRS LIy e e

Goaobr tWa fotfeth$lefe YRLMNARSIBUIQAL dederibe®ah BBRbnAly, U.S. Patent
nuner ous di Seases, but as stated above, its clinica

efNasc004,048 LT I9abp82.828.land S1696,981 desopide ¢ (HESF variant in
phar.macoki neti c 0080] I n.exenpl ary e [ S
R e o o st R The e b A% Bering g
10 Patplecddoyf Dnifid6r AMeFRESE serineP M@ BEePAteMANG. 3496} 96 Rlesdtibes a G-
cancer patients undergoing cerLain72£pes of radiation
1

t Kevtamglecul drptiskrthe gysteirrirt MOpiE ORd 7 + thaspartic acid at position 27,
Egaﬁﬁlpé ARhLa At%’g’itio}lﬁ%ﬂ:@ﬁ %(1 aérg éwsﬂﬂﬁéﬁ With sé:rﬁlelr ?erfng,r proline, and

ection’in-perirp progenitor ce
t rpaolsiel apadtivelys Otharvatinetahreendll kafovaewmaheart randnradeseribed in,

< ool JL8 et - STt S e 3 o oiino acid

15 I%g%g@gm@nlgggqtypagghyj the pol ypeptide conjugate or
conposition of the invention may be used for treatnent

of[0883pT erexptehson amhantivide of & meddieddi-€iSdisesleade wéthe pagsent

bacter.i al infectiagns. [0081] G,GSF has been cl.oned and, .

S antrgeRgt PSSy istar o iR R (B ey 3G ABEY in, or
t R&aAPleND . S Patknd RGUL BER 64X CAS &H HGniple, 26 ityR aNBe reasurd@ using
skilled artisan willreadily appreciate that the

prredierabeled hymidine wrfakecassdyis nBriedly+ ymandoge gipstpeBom healthy

depi ct ed her ei Lar . ' S .
20 nSPuShTEa0E S Dpa BRI AR Wi Cultplane T 08t BRI PRlImaci
f tri§daefvag NSO aRddswslefisi GIelly ateisaspendednin Ivaive's ivdwm (GIBCO, La
but in no way  nmeant

the art. As an exanple to. be

| i1 Gy eantaimias pPGslsi be Vit BngluRminRyd %{3}%@_ frhgut2 x
belg' Egrgﬁﬁ b atrBw geﬁs arf %c%%te&@ith@r’tﬂ%o%gg} mbBuitir¢he G-CSF
a t he [ comp fly

conpri si ng nat ur a enent o SI ne
r esititugssean thventidrhierd6hvelkBat Hocomrsates attahoutdsl® eintyh €6k in air

dbEroRBeyss Ganrsans hshanhey 5 abaiiEipsbio fjicinvell of -

5’tﬁirﬁid%@(’[\%%§ﬁﬁél?@d ﬁu&ea&%oéfa{, il\@:ms.) lhRd uptake is measured as
described in, for example, Ventua, et al.(1983, Blood 61:781). An increase in *H-

25

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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whi ch one or nore of the cysteine residues at position
17, 36, 42, 64, and 74 are replaced by al ani ne or

wa@bdosnsaté vel y serine. U S. Patent No. 5,416, 1B6T/US2004/041004
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describes a GCSF nol ecul e in which the cysteine at

th t d 27
035 hedMuté g anane e Bsrhhed BreRET bt ittty iRt A% s an
S efritie gy B8yl mﬁkm@rged)ume Usﬂ@dh@é;aiulgi@,seree@\agmﬂ evgynies, such as
O her variants are well known in the art, and are

d@b@pﬁbﬂgwslfwaseﬁdhe eseasismeethad movides paptidsithaiheans desirsd group at

I
Pobkochlfd QRG0S (RGEOAD Bne R ahamSila moaite
atstlgatn:t waahecadlmdiyftd) edelGt&Blocondretie |G CSF fepidpeiagent
t RS el BOTHEA P ST dac IR S R SO OBy
N% ycﬁp&;&gﬁl e 6 P3pticds iRAhRN R fed Qghis\ird Yorr@No lBSth@gﬂ?éUp%E’tide

ng o- |l abel ed thym di ne upt ake assays. Brie ,
heazohpdrate amd direetlyf toamalngnad 8dig rasotue of thesG<ifj paptidel backbone

a dens C W th coII- e(l 077 g/m

Pﬁé‘?’ﬂﬁ%}"’ﬁhlngf‘%ﬁcé’lpﬁ t}" dﬁ‘écqﬂ I8% density cells are
SYersy 48 dotrhst @%%Wn&:h@iﬁi@a“éﬁd(e@zﬁ@@lc peptidelklaBoratib strategies,

containing 10%fetal bovine serum glutam ne and

artg bedoisef thsz\my@nuczm, xnat@m nessible to aysemblerneptidesand glygppeptides

B e

abmannaﬂ afe defierally C&IEctive fai o pé‘rﬁ&ulﬁ{muho 201da§/§due@r|cbmb&ﬁtlon of
are then pul sed for about hours with 0.5 nCi/ wel

TR IR0 B G CRH PREI]Coae Patsheds fre NES Bray Gahdor large-
VK Brddde AHFOHh G P pCIFRES Ry beptidts, THAIRAEmethods of the

3l veptioa pM1demma¢mMBm’rs fonlacgekaeala rprdqxamzﬁonwf igbwopaptidss
a npared t [raw

| |
?\%8 |pre§8 EHBI prm g%lvaﬂaqtﬁogtqagﬁrtngf if"& mo\(}% argrp&mcularly well
v 'sﬁ@é@foﬁr@éﬁldﬁﬁ% otidrapb RR8EbLAS, HlcRE n@@l%ﬁed fohe

conj ugates of the invention are forned
ergiygmpcptrdeathaamhnmwmdﬁela ghyodis¥lated dgug&prqdncttcmeln cell culture

R e T e e O e T S ST

PeRdLactRRAI)r Mg deyticliardd Simialst he sugar becomes
what may be referred to herein e.g., as_an "intact

g1[008sd hemmsrznhqugm@g 5o prevides conmeaiesof glyeesylated and
TG Sl ShRATRR: SR AR AR

es pepti
desimpld, gdocHd cddaraiee rae, orvoeducspeatd b antélmd@tthenﬁmuﬁ'dms
i nventi

accordin o.the pre , a dified su
i ge%@%&ﬁ@@el&l rsmm;&ﬁfé) Mageyes Bhg TR Gl the Wucridpagovide a
e for Rk he Untig@il SUBARARL Y plyitRle OB o @tbiR SH il
appeande(i onto a clgéﬁb E glﬁa{te m)rllgtﬂ; 8 - g ¥l ifating 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.

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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gl ycopeptide. Peptides in which nodified sugars are
bound to both a gl ycopepti de carbohydrate and directly

WO 2008058196 N0 aci d resi due of the G CSF pepti depOBTCRKDONSI1004
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are also within the scope of the present i nvention.

AL 10 I KO DT £ SR ABRATI e o

i rg\lﬁfcbkyldﬂtknfgﬁéteup tnteprpomd bktevekn tl&a&etmé sndodptéleasd awitty. As
glé%/copept i des t ha{ [&3\/6 a substantially hono geneog

seuser Agkeirp thepstactse foistyds esisnttatly ap¥ speciss thigan be attached to
I Ry, | e »f
SRR B PR AR ELLNS Al sl A sppoprine
r esamsiﬁeese efizytiee “&Btd'ﬁ&%pgetstthejmodiﬁhé smm lotistha5eCaF peptide. The

prac for |ar cal r,oduct i nodi i ed

P PR CHRPE Y E OLEd SR R E R HD BE V5P fif-CST
| pepidd 818 dNeRétcdanded! B&ohedhn MRS glyE6syl amas;; gf@be’ The
preparation of glycopeptldes havi ng presel ecte
urglfcesyhldétmgvemu}szomﬁ%fmm @nhglontrher ahigotreechagidethat, after
part r ui ted for

i Hré?déﬁ%a&opc lglefbfele(fg cf 8 tcyl’ 5 55 SIT% ?or P%P{)rr%){latg t{ansferase
gl {968 eltei ORRghBALT e eweﬁﬁ@nwnetyptcullg toreaspyhdtoatle general
during production in cell culture cells (e.qg.,

metHelNT%n cells, insect cells, plant cells, funga

cells, yeast cel 8 okaryotic cells) or

ungl ycosyl >

t herapeutic half

cl.earan rat or, re d_rate of uptake b X .
T Re PR P rcORReT TR Sy ungitb Rl p Pligrppend s

t hegth&fEd SiodsostitvetiiRgd VIR aQdht’ Pis @ypickdlya WeBnSolhdble m01ety, eg.,a

maski ng ant i gqenl c determ nants, on peptides, thus

r ddse medetor T tnﬁieﬁatrt bryany Hcovide rranaf Hrkdps seupa dalhst

{ DU BERIVEE e IRRECHbY Be BLHBEMRAL, 8E2486AR Iiigeradent s

can a use arget a peptide to a particular

t i[66203 Infan eeérhplsrcyre‘rﬂmehmeﬂet;he e¢ledtbhinotdying %Omfpl is afvmter soluble

pr% "rt‘%rtéé“%ﬁt,@é?“ﬂ?h@?%rszﬂﬁtapmﬁ%%ﬁ?aw%v 44 the -
e bgt v? aﬁtlﬁg: % TR ¥ d&%l@ﬁt@}“ﬁt@@ﬁé’d 1% an amino

epti The bet ween the "G
pelptdl rdsdanor & giecczsel estded Oftthte él SESFrp@pmbesT lannvennttlantalso provides

0 DRty 1 HER S AoPiar 8o BRlla BEHORE sl iE <P BO4Ed with a

s@lﬁe,gﬁq,rﬂ(mgegryu}ts essentially any species that can be
attached to a saccharide unit, resulting in a

r{ﬁQﬁlﬂ iAstlexetagTy Wqﬁ@tsoll@lm@&ﬂgﬁq is palyfsfheeneglpelp eigatmaethoxy-
¢ BIRCBLRRE P61 The WOV ARRYAADL (3Ea TPAL bl Fion is not

restricted to any particular form or molecular weight range. For unbranched

exarrple r eédiced d

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
more than one PEG moiety attached. Examples of branched PEGs are described in
U.S. Pat. No. 5,932,462; U.S. Pat. No. 5,342,940; U.S. Pat. No. 5,643,575; U.S. Pat.
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sacchari de conponent of the nodified sugar, when
i nter posed between the G CSF peptide and a sel ected

woshysosbecones an "intact glycosyl |inking gproDps2004/041004
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The glycosyl linking group is formed from any nono- or

oIN &G, Bt Ui SIPat. Mt 6,128 D66, ISPt Kt §,988,860; 'We 02/09766;
sel ected no ety, is a substrate for an appropriate

t r@@f@eYaﬁeocorws@]Chmést@bﬁjZ§éa&8§s(1%94)1 aned Yamasaki @al., Agric.
Wi | I Cabl S d r
p ok CHBly 3 Y2E27 B Ol W HREl Rt PEEYELULRS are
I ejdchsedher@inposi ti ve, non-zero integer; and t is
either O or a positive integer. The "agent" is

| . 0 .

QO b xUOEEy ARMERR i Blekula gt f R Bhlene
grgbyqnvsl;) ofithd branchald tPéiChmteiqua Ity pr giivetet thak about@y000e5,800, 10,000,
Si "z linker." [0090] In an
xlgﬂig% ?@B@\‘%@éﬁp@ﬁ&s 8?@gg§°éllsect ed nodifying group is

a water-soluble polymer, e.g., mPEG The
wd @] sldteutspiedas oif ﬂwmresegt mavlaloemmlydfaattlgaéh@dNt or DHenked

i de, Vi b nkl n
oo i 28 P KR g Shla®} BUP o 2Bl fough an
gleygpapicall ¢ addbidesl pdosyNkingCHbupneRd prdeent 'Eiwenmm}aﬁwdem
al so, provi des conjugates in which an amno acid
r é@Pﬂlﬂéte& Hhat aredi g}%gwogeéng«gh@f eubsHption pafteany NUging the
al r
mr%féé[fr?g‘&s’s eﬂfl\/&%og i %ogglg%ﬁé% I%ﬂ(/) %@E&;’f}h%atf% in Wthh essentlally
rrmﬂlhdxlyqombgh(ﬁeékhgdr endetiyh ycoby a ppfudatipal of (cenjhgzitesnd the invention
gl ycol ed in resent inv on is not
7 5 Ridebhourmuialy Gl b P sreta i ds o R 2614 qglyiasy
r E}Qﬁ@ue Fﬂ{us Uiﬂ@s@%ﬂ%@p&@'t)fé ﬁﬁv@/ﬁ&ﬂ%o@i'dé’s%’béptﬂ@ |c§ﬁiuéeﬁ§ having a
t he nol ecul ar wei ght ‘preferably between 500 and
1q@podon Af wmtleesmluup pmbfmg:mmqﬁtle& Woh 6@, @odentdy bound to the G-

LRt (LRI T ——

t Nevaaiby (Qtdnyib By @acﬁ'rﬁ(&@ﬂﬁr off thedpoplREIEH ﬁ,cbo‘aE&Svtaame BYcosy! linking
nore than one PEG noiety attached. Exanples of

breapkihied PEGsykicsidueeithi @S reptids, aphgach ghycosyl residue of the G-

o et jlon g oty e R athod i ime strcture

6,[0095] A8 prdviled Rad pepiide conjhigae ﬁ@ﬂng ‘d‘@oﬁlﬂéﬁlﬂfﬁ@vater-soluble
Kodera Y., Bi OCOQJ tate Chem st 283- 2 %2g1994
potly

5:
arﬂﬁP %"rfd%%ﬂ’(‘ilesétov theaa?t@ﬂ %léi‘nglycg gggo_my Ina
§ﬁe vichy fb% N EN
d| scl osed %(?gll%&yk s@ﬁ T} Erygn e>§<éer Olfk(ﬂ&ﬁp‘gdﬁla%gﬁ|Orfn\eyvra1lter soluble

t hpelymdreceikb@es w\bmghltto <af1 amami‘laqnd)tqs(det ht]tlerG}CSF peptide via a
glycosyl linking group, and each amino acid residue having a glycosyl linking group
attached 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.
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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gl ycol) of the branched PEGis equal to or greater
t han about 2, 000, 5,000, 10,000, 15,000, 20, 000,

wd 08085996 60, 000 dal tons. [0094] The pepti despof/usive4/041004
present invention include at |least on N or Ol inked

gI e%gr’?t){{n?e'hiti?ﬁ.a(?liahﬁoc*tor neog{yﬁ%ﬂﬁhlgtgngoﬁ a%Ydrqil'a.Qgeen clcmed and

nj uga are rou enzy

adetgxéngddy bogy ¢xelripldely RbgdiDiemt, theh@ (m}épcqmde ihEIS/'EhBtsequence
pr ovi de% con¢2 gat es that are highly honbgenous in
tﬂ?éeiSPntg B§$E GPiRA:1 patterns. Using the nmethods of the

i nventi on, ossi ble to form peptide conjugates
1 whi ch MIEAALP OSHL s CLBQVABIRGA AL G
noi eti e e
5 et arC IS QPRI LA RO a st ot
st ruct ur aGCy.SQUSIBGICHL Y @QGLLQ AR GISTELGREdSMLQLBs due.

pept | de cONTGR B WRONIELCHANALARY EACONTEA 88 b ¢

pol ymer n t he
GCSF pe p?legﬁ"\t(ﬁégldgﬁl%@%}?é%?gﬁkyg ?SI-)ICIT /blelp n E?%g group.

In a prefH) NEY Igonj ugat e of the invention, essentially

e nber of the po a

10 GHGSTTF ahethitingmgBLBLor e VR sty bl bpe pongence
Gpgggmg@mggglmg -each glycosyl residue of the GCSF
peptide to which the glycosyl linking group is

attached GtohgsﬁP@FELK@w@Ki@@%Aﬂ@EKmmI ded

is a peptide conjugdte having a popul ation of
wat er - sol TEK& G EREY LhOHSLIGERWARIASEMSQAIQLAGC

et o e SOLBS A GEEY DAL SPELERREBTLA VA, ¢ 1o
15 popul ati ODFQWTW@DDMLWAPA@JQF’MGHMMF@AF@Rb0und
to an am no acid residue of the G CSF S)e ptide via a

gl ycosyl RAGKGYIGY4S58SHE A SERWLBRHALALRC(SEQR AR due

havi ng a gbv syl linking group attached thereto has

the sane strdcture. [0096] The present invention also
provides conjugates anal ogous to those described above

in which the G CSF peptide is conjugated . to a

t e dupther peananlgry embgsﬁwts, Ehen(gi ypepflé? E%% 4 $fguence presented

20 mhgby{/ﬁ]jﬂqu%gllqobgg% or the like via an intact

gl ycos ng group. Each of the above-recited
noi eti es can be a small nol ecul e, natural polyner
(e.g., polypeptide) or synthetic polyner. [0097]
Essenti al Nyrw,&gam@mmlechwqutGmAMQ@(Eact or

pepti de or agent haV|n sequence,
t he pepti Y8E IeﬁHPE Hi %&Yéngﬁ&)ﬁé%iesent
i nvention Cﬁgﬂ Iﬁ@;m 109G has
been cl on(e)&%n s(gﬂgé%%gg I%Agggﬁ%lb | ar FZFT‘%%& ment ,
25 the G CSFthAHEAW&%WQWEE@@MABAI}Q@&QG/@MHAFASEQ ID
NG L SAFQRRAGGVLVASHLQSFLEVSYRVLRHLAQP
(SEQ ID NO:3)

MAGPATQSPMKLMALQLLLWHSALWTVQEATPLGP
30 ASSLPQSFLLKCLEQVRKIQGDGAALQEKLCATYKL

CHPEELVLLGHSLGIPWAPLSSCPSQALQLAGCLSQL

HSGLFLYQGLLQALEGISPELGPTLDTLQLDVADFAT
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MTPLGPASSL PQSFL L KCL EQVRKI QGDGAAL QEKL

CATYKLCHPEELVLLGHSLG PWAPLSSCPSQALQLA
wWOERhSQE3dEG_FLYQG.LQALEQ SPELGPTLDTLQLD PCT/US2004/041004

VADFATTI WQQVEEL GVAPAL QPTQGAMPAFASAF

" anot herl L ERS R AT RO RMRARA OBk AG e has

t he sequendevpSHS €SFed VISYRSECRHDAD ZSEQ ID NO:4)
TPLGPASSL PQSFLLKCLEQVRKI QGDGAAL QEKL CA

TYKLCHPEELVLLGHSLG PWAPLSSCPSQALQLAGC
LSQ.HSG.FLY@Q@I%Q‘ALEG SPELGPTLDTLQ_DVA
DFATTI WQQIMEA 12§ Ry O\ AE WLWTVQEATPLGP

5 othor excl Aty uddr eny PRl tERLL "

sequence EKEEAPERLVLLSERIEGIPNAPBSSCRSQREQIMAGCL

VSECATYKL GPREGL YU URRL GBI GRTLDTLOLDVAD
QL DVACFATT VN ER AT T AR MPAFASAFQRR

SAFQRRAGGW (VA SHVESFHIRYSHMH SMRAQR HISEQP|(SERCIB)
10 NAGPATQSP%%LQLLLV\HSALWVQEATPLGP
ASSLPQSFLLE QVRKI QGDGAAL QEKL CATYKL
CHPEELVLLGHSLG PWAPL SSCPSQALQLAGCLSQL
HSGLFLYQGLLQALEG SPELGPTLDTLQLDVADFATTI VQQVEELG\/APALQP
TQGAMPAFASAFQRRAGG VLVASHL QSFLEVSYRVLRHLAQP( S
NO: 4) MAGMYOBPURASKRLEASENEEAILNQNRKIRCEU A LQ K

¢§féﬁ8§§th%é&%@§éé%&¥éﬁ%%smmL
AGCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQL
15 DVADFATTIWQQMEELGMAPALQPTQGAMPAFASA
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);

25



SQLHSGLFLYQGLLQALEG SPELGPTLDTLQLDVAD
FATTI WQQVEEL GVAPAL QPTQGAMPAFASAFQRR

wASBTISASHL. QSFLEVSYRVLRHLAQP( SEQ | D NG 5) PCT/US2004/041004

10

15

20

25

30

MVTPL GPASSL PQSFL LKCLEQVRKI QGDGAAL QEK
L CATYKLCHPEELVLLGHTLG PWAPLSSCPSQALQL
AGCLSQLHSGLFLYQGLLQALEG SPELGPTLDTLQL

Eéé%&%ﬁ%%@#%ﬁ%ﬁ@%@é@@%@%mw

MIPLGPASSER WPLSSCPSQALQL
CATYKLCHPEELVLLGHTLG! PV\APLSSCPSQALQ_

GCL SQLHSGARCIQQILMPG EFL $REHGRIADEGOIRELGPTLDTLQL

@%@LW@E@”@B@ IREp R Rl nagg parasa

MVTPL GPASBHRRE W EVERAQYRK) IGDNGASW REILRHLAQP(SE
LCATYKLCHPEELVLLGSSLG PWAPL SSCPSQAL QL QPSEQ
AGCLSQLHSH) NO&5L L QALEG SPELGPTLDTLQL

DVADFATTI WQQVEEL GVAPAL QPTQGAMPAFASA
FQRRAGGVLVASHLQSFLEVSYRVLRHLAQP( SEQ | D NQ 8) ;
MQTPL GPASSL PQSFL L KCL EQVRKI QGDGAAL QEK

LCATYKL STIA GEERSRKIQGDGAALQEKL

DVADFATTT %@é%ﬁéh@iéﬁi@%&smmmm

FQRRAGGVL !
IvrrPLGPASSLst RS EovR %é@m@m&mw

CATYKLCHPE@DHA@M@QME@L@BGB@QQI@GAMPAFASAF

Gl SRS R R G VN ASF RS HEV S YRYERIL AQPTQGAM

P; (SEQ ID NO:10) and

MTPLGPASSLPQSFLLKCLEQVRKIQGDGAALQEKL

CATYKLCHPEELVLLGSSLGIPWAPLSSCPSQALQLA
GCLSQLHSGLFLYQGLLQALEGISPELGPTLDTLQLD
VADFATTIWQQMEELGMAPTTTPTQTAMPAFASAF

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
least one O-linked glycosylation site, which is glycosylated with a glycosyl 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 glycosyl linking group is attached to one or more glycosyl units of a
glycopeptide. The invention also provides conjugates in which the glycosyl linking

group is attached to both an amino acid residue and a glycosyl residue.
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VADFATTI WQQVEEL GVAPAL QPTQGAMPAFASAF

QRRAGGVLVASHLQSFLEVSYRVLRHLAQPTQGAM P; (SEQ | D NO. 10)
wapehsNEPUGPASSL POSFLLKCLEQVRKI QGDGAAL QEKL PCT/US2004/041004

CATYKLCHPEELVLLGSSLG PWAPLSSCPSQALQLA

b R B B CETBTE LRy linker directy, or viaa non-

QRRAGEN MRS @SR LEMEX VbRl s AbFtitiealk i, BiDsiifuked &rh@bstituted
The present inventionis in no way limted to the
sdgis 1's,et forth herein. [0101] In an exenpl ary
Pl 488 SR heht]

O L pro i SbgBiP bl SR 5P pep cERe4 PRty having the
5 mﬁfomﬂulasf@d)rymxirsyl ated with a glycosyl residue that

includes a PEG noiety. The PEGis covalently attached

to tEe GC%F peptide via an intact glycosyl |inking

gr oup?" gl ycosyl linking group is covalently

attached to either an am no acid residue or a glycosyl

resi due of the G CSF pepti de. ively, the

gl ycosyl linking group is aPtachef to one or nore

gl ycosyl units of a glycopeptide.] The inventbon al so

provi des conjugates in which S i nki ng

group is attached to both an am no [ cgzlu_egand a

gl ycosyl residue.[0102] The PEG noigty islattached to

an intact glycosyl linker dirgetihy; la a

nongl ycosyl Ilinker, e.g., substituted unsubstituted

al kyl, substituted or unsubstituted heOéroal kyl .

[0103] In a preferred enbodi ment, the G CSF peptide

c amphichds isse membenselestedftpm HeHfaod RUtLaldE; Gds alember selected

F%qm'li{aL {}@Q)@V@Q&Eyl “ Ss gmg eelt %({ 15141}%5 r%gmfb smlec Oﬁd a

10 - @Rty Compbi}iak Ia)stralgalchasnarmm@te& psry(mhylsmmgy@omw@ﬁaé and L
sel ected a nolety conpri Si ngpa strai ght-chai n

br*sa%l Hnlesd Whoehyis auhgmless selgetod Bom & eaidepibstigingl qr wpgubtituted alkyl
g&gﬁbsﬂﬂhé’ or &s&sﬁ%ﬂ%ﬁet&ggﬁg ilgﬁlwa?u)hgn g%'@)H GisR-L- and

Itute unsubstitute and su titdte
urvﬂmbsﬁ 1st-m(@<)|(che16m1m1 Ryis R&-LENHE. hmthmmmfm Salﬂ-d,cuﬁtrustures

Rfemomh%ererw 8|“F1?Cé%f> %%4)986 quyl trﬂﬂl%if%%r es

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

R1—HN/(A>a\”/ é

o)

wherein a is an integer from 0 to 20.

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

from:
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set forth herein, COCH al so represents COO and/ or a

salt thereof. [0104] In one enbodinent, a R -L has the
wo eoosibia6 R1- HN wherein a is an integer from OPCDURDN4/041004

[0105] In an exenplary enbodi ment, Rl has a structure

thatois a nmenber selected from O Sg(CH2CH2O) 6CH3 S

(CH2 0 ,6CH3 NHC(O) CH 2CH2( OCH 2CH2) OCH3 NHC(O)OCH

2CH2( CSEZE]OSHgngH%Z) o
[ ndependeﬁ% s%i e\é},@?r om1 to 2508JF%§¢?§EE%{(6CH CHo)OCH,

integer from1l to 20. In other enbodi nents Rl has a
structure that is a nmenber selected from O NHC( O OCH
2CH( CH 2CHO2) CSH 3 NH, HN HC( O OCH 2Q( 20CH
NHC( O) CH 2CH( 20CH 2CH2QJ
eckerRCy IelQCHg CH; 3 afid NHC(
and NHC(O) CH 2CH(ZOCH 2 ) C(

HC( o) @m@(m@% CH: 0 NHC( O) OCH 2CHNHE(QPLH,CH,(OCH,CH,)OCH,
2CHO2JC6 H 3

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

(CH,CH,0),CH,

integer from 1 to 20. In other embodiments R' has a structure that is a member

selected from:
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NHC( Q) OCH 2CH( 2 CH 2CHX2C) (H 3 HN
HC( O OCH2CH2( OCH2CH2) f OCH3 o0 wherein e, f and f are

WO pis9s3v36 | ndependently selected from 1 to 2508CT/@REb0L041004
and q' are integers independently selected from1 to
20. [0106] In still another enbodi nent, the invention
provi des a Facflo | X peptide conjugate wherein Rl has a
structure tHat 1 ‘ Ql"‘é‘JEio B:CHH@TH=8Y MR’ 0) ocH
2CH2( OCH2CH ?) aNHC( O) OCH 2CH(OC2 H 2) JCOHC2H 3
NH HN NH, HC(O 0,34 P CHAOCH 2CH2) f OCH 3 and NHC( O) CH
2CH2( OCH 2CH2) bX 2 S
HC( O) CH2CH2( OCH 2CHR) fOZH 3 0 Meﬁﬁcﬁgﬁ%gﬁd 2?‘ afe
i ntegers i ndependen®ly sefected from1 to 2500; and q,
g and q"are integers independently selected from1 to
20. [0107] In other®enbodi nents, Rl has a structure .
that is a nenber se] ect
2CH2) eOCHB andE )%@C“a
wherein e and fare infegetg independently selected

from1l to 2500. [010Q) In Aot her exenpl ary
enbodi nent, the inventi p [ a 13)CH§ CH,(OCH,CH,)OCH;
conprising a noi ety haviling g formula: -Gl - \ The

Gal can be attached to & anino acid or to a glycosyl
residue that is dirgctly or indirectly (e.g., through
a glycosyl residue)jattached to an amino acid. [0109]

I n ot her enbodi ngn t t y_iasoythenfaotpeH,pocHeoO0H
O Gl -Gl NAc 5

q
and

NHC(0)CH,CH,(OCH,CH,)OCH;

( )
HN
HC(0)CHyCHa(OCH,CH,)OCH;3

o - 9

(6]
NHC(O)OCH,CH,(OCH,CH,).OCH;
3 q
NHC(0)OCH,CH,(OCH,CH,)OCH;
DRV
HC(O)OCH,CH,(OCH,CH,)OCH;
0 v

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:



The Gal NAc can be attached to an amino acid or to a
gl ycosyl residue that is directly or indirectly (e.qg.,

wo bessogdvs@ gl ycosyl residue) attached to an amPoDuUsmioe041004

10

[0110] In a still further exenplary enbodi nent the
pepti de conprigses a noiety according to the fornula
, . OH , COOH ow 1O GaINAcAAKLLLV\,herelnAAls an
ani no aci d VALK CHF @A of the
above strucbures, and & are as descri bed herein.
[0111] An exenpl gry am nfh acld resi duaeio)dohgeHGo&rEH,ocH,
pepti de at which |one noYe t he~@above speci es can
be conjugated ity eri N& and threonine, e.g. ,
t hreoni ne 133 of SHEQ. HedldetlcH,BeiBRL.b&y:
exenpl ary enbodi nent , |nvent| on provid 2(es a é—Cé . and
conj ugate that incl udes a gl ycosyl residue having the
formula: v/IW (L ) Man/ &3 cNAc -( Gal )Je- (SJa) 3-
[ G cNAc- (Gal)b]f - (Sia)k - (Rwg
NA \ NB1O)Ch ok aiNfse ) (oG] ) J 8-

( c-(Gl)d] h- (Sla)111 -
R)] wherein a, b

v by S, and u are
i ntegers i ndependgnt | y,, NHHR CHCHARfECHOCHs

index q is 1. Theyindilces ey, f™ g, and h are

i ndependent |y sel eCyed t ntegers from Qo 6.

The indices | , k, 1, are i nje @ﬁﬂ?@ﬁt(q’%?b%roé:é't ed
fromthe integers fromO ‘and 100. The indices v, w, X,

and y are independently selected fromO and 1, and at

| sdeteinnel anth] angintegan dldypérﬁlerltly Feteslyfindioll tARS00; and q, q” and

represents an ani,no ac the G CSF pepti de.
[ G1A5 58S g{;l%eadelg kelﬁfedr ;@é%bs a group that has
the fornmul a: HOOC. vvhereln Dis selected from-OH
arfon 03] In othre emtrtwbmsy hag aj sruptaipy thatdp 8 snqmber selggted from:
-C(0)(Ci -Co)alkyl. Rl represents a noiety that

i ncl udes a strai QEI—GKU?\?H&C@! dan-gogg ol ydet hyl ene

gl ycol ) residue. er whi cﬁd:s a menber

sel ected froma bond,

é—-C(O)OCHZCHZ(OCHchz)fOCH;;

(
\
(Sla)1- (R
(

wherein e 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

0 COOH

HO
O—Gal—g

G—HN
OH

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

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

[0109] In other embodiments, the moiety has the formula:
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substituted or unsubstituted al kyl and substituted or

unsubstituted heteroal kyl. In general, when Dis OH, G
WO 2008054946 and when Gis -C(O(C i-C6)al kyl, Dp@BHUS2004/041004

R -L-NH. [0114] In another exenplary enbodlnent t he

PEG nodif ed sialic aci W in the conjugate of

the invention has the f®rmuha: HOH2C- COOH i n whi ch

the index "s" represents an Jinteger ftoom Gto 20, and n

is an integer from1l to 2b00. referred

embodi nent, s is equal to 1; ahd t e<hrPEGrﬁﬁW@Ty€has

a nnlecular wei ght of abgut, ~"[0115] In a stil

further exenplary enbodlnent PEG nodi fied sialic

acid in has the formnul a: HOH2C OCPHin which L is a

substituted or unsubstituted al kyl or substituted or

Unﬂl&ISzilNWﬂcﬁﬂ bbatiedheadlkyn athindkeerd srmb thchbQil mésidhettha is directly

sialic acid noiety and the PEG noi ety 0116] In.a

pr@f’aﬁlfeéay éfhboﬁir‘h‘ﬁl?ta gl&%osvlergélfiu%mac}r?éﬁ@ ap RN aghl-y

three, nore preferrably four of the above-naned

as[péht()a]gi né & edli fuedsr exenfplarg einbodimene thewieptidet dompd senk ebiety

gl chai n sho above. [0117] The conjugates of the
S EW'FEHO m%f ﬁpintact gl ycosyl |inking groups that

are mono- or multi-valent (e.g., antennary

structures). Thusp-T dhtes of the invention include

both species in which|a selecgﬁ% nmoi ety ig, attached to

a peptide via a nopg cosyl I|nk|np group and

a nul tival ent Iinking grjoup. s@al-Achiidedaan t hi n t he

i nvention are conjuggt ich nore than one

selected noiety is Cattachef to a pepti de a a

mul tival ent Iinking group.odvbdi fied Sugars [0118] The

present invention provides nodified sugars, nodified

s ugla?areinlm &0t aheigo anid redyeugatidpepfidd del, modich o€the above

ars. i ed . su onpounds of the invention,
ugwgﬁrgﬁgﬁgiyeaédﬁFgggigﬁFV'a saccharide, a

deoxy sacchari de, an am nosaccharide, or an N-acy

sd0thdr | dén eXh@ptaeﬁr mmr@a@mamdmof thp@-C6E pelafme\pémélmhsone or

h "
10 msjrﬁgr%é) e Q&OH% ?pe%les Ican en%(%ng\ggda)(eéio Xlud%%er%sl’lera:?%%reomne e.g.,

nuhﬁbunms3abssEQunmnﬂ©nallzed mnth a nodi fyi ng group.
The nodifying group is conjugated to the sugar noiety,

t [
3 R G 40 B 55
omohjlgaisu@zarincludes a glycosyl residue having the formula:

o [(Fu0) an/([GlcNAc-(Gal)a]e- (Sia),- (R), )
g_ I G|lcNAc:-GlcNAc-Man)\/I \[[GICNAC_(Gal)"]f- (Sia), - (R)W]
AA . ([GIcNAc-(Gal) ]~ (Sia), - (R), ]
)

™ ([GleNAc-(Gal)y),- (Sia),- (R), u

S

15 whereina, b, ¢, d, 1,1, 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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In an exenpl ary enbodi nent, the nodifying group is
attached through an am ne noiety on the sugar, e.g.,

wo boososy4@n ami de, a urethane or a urea that iBCT/OBIBH041004

10

15

t hrough the reaction of the amine with a reactive

dey | f _th g

CETGH 1 Bl TR, D8, CARHR o] RARhnab 4840 g e

t hintdgewseliidrh Orand Emenwhatrrdlc&sr 04w, gpdreky ﬁﬂaaﬁde@enadetmslgfselhcted from
in forwh%% t he conposrtlons of the |nveﬁé|on i ncl ude

buf aad & H9at Isags ane @i vew, Yyradpeel- Hoa AA TepFesepipan amino

fu&&&?esmﬁ‘t@%fﬁ{ead}'é‘sl:aﬁé fge & her useful sugars include

nrno sugars such as Iucosanrne

O e RS oE s I BPresb 8 GEtP B e fopsvd.

structure found in nature or it can be nodified to

provide a site for conjugating t i ng group.
For exanple, in one enmbodient, the|invention provides
a peptide conjugate co ic acid

i 8y is replaced

derivative in which the 9b
y derivatized with

with an am ne. The antne i's
an activated anal ogue of a seleCtesH4®di fyi ng group.
[0120] In the discussion that follows the invention is
illustrated by reference to t h87use of sel ected

der vat i f SI lic.ac T ski n the a

P iR st e SRR RICERT, ey bl G o fepresfGR L or
Cl QE(U)QCloé(;)&lkﬂfluﬁlr@ﬁﬂe%tsad"ﬁiofeﬁaﬂaa{ 1|ﬂ@lu§fzsf #ﬁ?di‘%}ﬁ%hé‘lﬂdx branched
conmposi tions set are gereral |'y applicabl e across

t heolg@ﬁuéer@fgls@@dhadm el gsrjmlu}j@r wiripdtii$ o aremahee stegtediom a bond,
0 SRR S PR 38 SRRR R SRS RGeS tterppieg),

exgéﬁétaarwmmb@ﬁomemls R, AiveRdn Gk m(@o((dlee@alkpem fis ®8-L-NH-.
conjugate conprising a modi fi ed sugar am ne that has

boﬁ)c} lgl m;;gq% @xé(m ng}Fg%Bo%nﬁ%&' HhE ?ﬁ mgﬁff%a ¥1ahl¥ abid nfbiety in the

Execrmh@reyoﬁxhadﬁ/eﬁm@mhdmﬁ@fotnhata are for med betvveen an
NH2 on the gl ycosyl noiety and a group of

conpl ementary reactivity*on the nodifying group. Thus,
exenpl ary bonds i nekg but are pot limted to NHR 1,
OR1, SR1 and the like. mhen R1 i ncludes a
carboxylic acid noiety ot i y be activated
and coupled with an |e y the gl ycosyl residue
affording a bond haviqg )he Structure NHC(OR 1.
Simlarly, the OH and roups can be converted to

t he correspondi ng et her )r t hi oether d rivatives,
respectively. [0122] |Wryrmde al kyl
and het eroal kyl noieties. The I nkefs {ftlude |inking

groups, for exanple acyl-based |inking groups, e.g.
- G QuNeh the'i%x@sN'fépresents 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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and the like. The linking groups are bonds forned
bet ween conponents of the species of the invention,

wWe2@s5/0539at ween t he gl ycosyl noiety and the | i nker/u§iop4/041004

10

15

20

25

or between the linker and the nodifying group (R1).

O her linking groups aresethers, thioethers and

am nes. For exanplg,. iff one enbodpgent, the linker is
an am no acid reS|due uch as a|glycine residue. The
carboxylic acid noiety, oftt nesis converted to
t he correspondi ng anideLb ion wi*th an ami ne on
the gl ycosyl residue, an the glycine is
converted to the correspo rur et hane by
reaction with an activated car boxyM cidu,or
carbonate of the nodifying group. [01 3] Anot her
exenplary linker is a PEG noiety or a PEG noi ety that
is f t.i gnal d

3 R bS8 et Do A O g4 sl

r thﬁﬁlmmaE@ _]bﬁlﬁﬂg thelSiala dclb ediety and Bk REG elogdy.
the other PEGtermnuys. Alternatively, the amno acid

r 481 b dn p prafererhern bodumentnat IWétVr:fE@qre Praferally tbree.gBersd
[ %{%E? l%g]f(ﬁg ot tilechbloSe- HQrHdeastp?ra?nl% @13%%%5&1{1%’32& with the N-

exenplary speci es
f dimked glycan chain shown above.

0L i i e Sb® Ehi PGSR T BB g egpup ha e

Thﬁodon gf ﬁﬁ&l dalelt (812 affcBf Ry w@&ﬁ%@d emk,ycolnjgfg%@ b thk i F8ntion
, and c is anlnteger froml

s umlu@rbdth pikesies imphichasselEcisd ngpetau%@ttachecb\m ac}bﬂptlldevw aNH

[ SepaleB TGl e KRR Bl Bk 0t 157 Tetuded

ﬂ aﬂtLuud theGAVENHGA LR COANIRGIeS iM@hich MRe I8 ond syBttedmoiety is
- is:

Nrteched G- pamide(MD) ¢ oy wlaothpkipg BEOPCH?) dNHR 1,
NHC( O) ( CH2) b( OCH2CH2) cO( CH2) dNHR1,

N ( OCH2CHR) ¢ O( CH2) dNHRL,
mg ) (CH2) b(OCH2CH2)cO( CH2) dNHR1,
N
@I K%%eMRIl“éenc ';g%a'_g\ V%‘gé éjd M_'Rfls é)gleftr?g %ﬁ?&}r nucleotides

s ah& eb@dgaftémmh@modtﬁeegege&s f Immdlﬁt:«b s1?gar c@ﬁﬁémdabf the
froml to 5. The index c_is an inte er from1l to 2500.
[ onvesfionhe suger meisty mnreferabhicahantde, aslqoxyspeghpgide, ap gmino-

: g?ﬁ%ﬁg e&%@ﬁ%ﬁ%ﬁ%&_&%ﬁ ééﬂib %E(Fd%l%ﬂdé"aa\ﬁﬁ ifsRGuivalents,

“saccharyl,” “sugar,” and “glycosyl” refer to monomers, dimers, oligomers and
polymers. The sugar moiety is also functionalized with a modifying group. The
modifying group is conjugated to the sugar moiety, typically, through conjugation
with an amine, sulfhydryl or hydroxyl, e.g., primary hydroxyl, moiety on the sugar.
In an exemplary embodiment, the modifying group is attached through an amine
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.
[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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HOOC A"CH(OH) CH(OH)CH 20H HO- T HO NHC(O (CH2),NHR Y
NHCf QJt C*JaNHCf OXCHLf OCH CH*O:CHsJN) HR 1 OH O I H
WWOSW(O—D CH(OH) CH 20H HOOC. . CH( OH) CH( OH) sr/262904/041004
| C 3/4 NH(CHJ) 1INHR NHO(OHCH2)a

% % W%@% %ﬂt‘@? 5%' " af ggre can be

Ga@ﬂxﬁbﬂdﬁ( OuaChi lre OCH c2CbR e ek t@ pelvidé a site for conjugating the
NH( CHR) , NHC( O) O( CH2) b ((I:H2CH2)C QCH2)d NHR T QI H
et ke eainels) tronserbiadioenthy apprRiqaRpideptpeptide

s O SRR o

5 @hHEOHThe amine is readily derivatized with an activated analogue
ofa selected modifying group.
[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 the art will recognize that
the focus of the discussion is for clarity 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 glycosyl
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 (Rl). 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

34



Ho-h T and OH [0126] As those of skill in the art wll
appreciate, the sialic acid noiety in the exenplary

W@ oposEds above can be replaced with any ot hepCT/US2004/041004

10

15

20

am' no- saccharide including, but not limted to,
d élﬁ @%ary\}/ actlgald@ﬁ')ha%sal%p Keﬂgd [:%r? %%@dnoer CP{?%S&E OMC er}lgdlfymg

| lgkdigpt rative enbodi ment, a primary hydroxyl noiety of
the sugar is functianalized with the nodify g,grou

Fd9123% aﬁﬁ@ﬂ@r exqreplatyHipdeoie w PEST mojedy pea B@F}dn%l By is
C%]ﬁ/c%rohﬁgﬁea (3\11%1 f dnfthd géig QL 29 ﬁlg]ljﬁg_‘v iggg glre (ﬁl%cos%/l ogr?lﬁp through

function provi de a conpoun
I miveedrhino rac1dl¥esr1dnd aaenaBEGrtelmngus and buiuad eoRO thr«mcglutthe other PEG

DT S Y BRI ooy ) . O e terminus

e

. OM2BHACHO@HpRIFY SdeeSDIANENAHB( GpOherb2)Y4sOCH

AT A AR B n i o

A%‘Jﬁ@ﬂ@ﬂcﬂﬂ@iﬂdbpéﬂdkm 0 b . TR indfdes X, Hlahd DaftHAdependently
lrll_tlgée(r)g f?(;g OOtE)| 20, and c is an integer from 1 to 2500. Other similar linkers are
based on species in which the -NH moiety is replaced by, for example, -S, -O and —
CH..

[0123] More particularly, the invention provides a peptide conjugate comprising
compounds in which NH-L-R' is:
NHC(O)(CH,).NHC(O)(CH2)s(OCH,CH,).O(CH,)sNHR ',
NHC(O)(CH,)s(OCH,CH,).O(CH,)dNHR ',

NHC(0)O(CH,)y(OCH,CH,) O(CH,)sNHR ',
NH(CH,),.NHC(O)(CH,),(OCH,;CH,).O(CH,)sNHR', NHC(O)(CH,).NHR ',
NH(CHz)aNHRl, and NHR!. In these formulae, the indices a, b and d are
independently selected from the integers from 0 to 20, preferably from 1 to 5. The

index c is an integer from 1 to 2500.

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

invention have the formulae:
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HOOC . CH( OH) CH( OH) CH2NHC(0) (CH 2),, (OCH 2CH2) cO( CH
2)aNHR HO NHC(O CH3 HOOC. A , 0 ACH( OH) CH( OH) CH NHR2

w@a 26kl05¥0%6 HOOC O "CH( OH) CH( OH) CH N2 HC( O O CH Py 1/bSX0bl/041004
2CH20) c(CH 2N) [ HR  NHC(O) CH3 HO OH NHC(O) CH3 OH
[0128] In a further exenplary enbodi nent, the
i nvention provides a peptide conjugate conpri SI ng

nodi fi ed s MaieRdhe 6-hydroxyl “po frgerioneruon
correspondi ng ani ne noi éty i ch

bears a |ink g,!cg‘o)yc N SLOUR. SRS ELL € . suchTas 'Hyge™

set forth abovk, )I'ary sacch ary)l" groups that can

be used as the core of these nodified sugars |nclude

Gal, Gl NAc, dc, GcNAc, Fuc, Xyl, Man,to chqrigiorcHon
A repr eselftagd ‘E!I‘iCT‘?”l-ffH"“sugar accor di ngH is
enbodi nent "h e formula: ,R6 in which R3- iR R

are nembers in epe'rf@é‘rnﬁf“ym%#’»‘%ic*@@(C*Fz)r“m’n H, OHx C(0)CH
3, NH, and NH OCH3 R6 is ORL, NHRL or NH L-R1,
whi ch is agcdescridegd.ahome. [0129] Sel ect | Mg@ic@S)cH,0H

of the inveptlionare based on mannose, gakagtose or
gl ucose, or GLE §HC{1§}¥H2%QQ4ZCL %ECHMEQ reoche nefcupuocH,cra.ocHd
mannose, gal actose or eneral fofJjul ae of

t hese conjugates are: RS"" [\ - CH R4 and R4 R5

[0130] I nx

provi des ¢

ot her_cexgnpicasy enbodi nent , tHﬂoé ficgn e
ounfls as set forth above that" Q/\ng
activated as g&oyog§)p&mg42)cag)w,cl eoti de suggrs. "OErROTemOCH
Exenpl ary sugaf, nucl eotides that are used in tHe
present invention in their nodified forminclude
nucl eoti de nggo- 0 di 2, ggH(Og)g,Jophosphat es or anal ogs
thereof. In a fred enbodi nent, the nodified sugar
nucl eotide is s ed froma UDP-gl ycoside,
CwP-gl ycowd de, or| a &P-gl ycosi de. Even nore
preferably, the stigar nucl eotide portion of the
modi fi ed sugar nucleotide is selected from
UDP l

'[(g] kﬁgﬁ fRe OMP@)%%C%&E\QI%%B})@E}C UbPsigh ?f}gmetyl the

ucosam ne mannose TUCOSG Sl'a
ac| dxemplarghPmp@upde above can be replaced with any other amino- saccharlde

5  including, 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-hydroxy! 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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In an exenpl ary enbodi nent, the nucl eoti de phosphate
is attached to C1 . [0131] Thus, in an illustrative

werdisassyant i n which the glycosyl noiety is siPdT/US2004/041004

10

acid, the invention provi des peptide conjugates that
ar e for med._usd NgcedRpeAasoRaw-agcehier.doseuiae: HOOCN
, CH( OH) CH© 20H , and HOOC W OH) CH( OH) CH2NH L1- R1
V- ¢ HN? wHGO CH3 OH in which L-R1l is as

di scussed aque, and L'-R 1 represents a |linker bound
to the nodifying group. As with L, exenplary I|inker
speci es "#E i AGHHEHAHE AR @ICTRENEC A PiRErCHa Rt o r

het er oal kil | noijeti es. Exenplary nodified sugar

nucl eoti de ¢ wedsH,accordi ng to these enbodi nents

are set forthowin FIG 1 and FIG 2. [0132] In another
exenpl ary enbodi nent, the invention provides a

conj ugat'®° CHRECHREEIHNE P T GHe e tiyd i8R t he

i nvent i orroanpd substrate, e g , a peptide,

|'i pi d, agl ycong, Sedcocy, nore particularly between a

nodi fi ed sugasw and a glycosyl resi due of a

gl ycopepti de or a colip In thigs,.embodi

sugar moPs ww%&rzmca@&w@ar b”é?? ¢ qg&§°é‘%@°3ﬁ”‘°”2’°“”“
| i nki ng gtoup ilnt er posed between the su t te and the
modi fyi ng grodp. ~amcexenpl ary gl ycosyl ki A§GPoup

is an intact @l ycosyl |inking group, in mﬁich t he
gl ycosyl noiety or noieties formng the |inking group

are not we d_dyrcheeadcHciger).osasHrum ;
nmet aperi odatle) or enzymatic processes (e.g., oxidase).
Sel ect ed conj ®so@f the invention |nch% 0. _CHOH)CHOH)CH,NHR'

nmodi fying groyp that is attached to the am, noj ety
of an am no-sacchari de, 9 mannosam ne, oIk
gl ucosanifi FOBLRHFRECOUTHPTHE BT Y ¢ enplary’
nodi fyi ng"grloupii ntact gl ycosyl |inking group Eﬁssette
according to i svpoth f i s based on a sialic acid
structure, sueh as that having the fornul ae: , CH
R1-L1-NH ; and In the fornul ae above, Rl1l, L1 and L2
arl8128 IdedurthdsedermplonecmP@tize)t, the irventipn grovigdes Beeptide

e)%%rqﬁlggte COI%%%%g TRdified srﬁ%ar% b Lvﬂ%%ttﬁe 5 %yf r%&y posbuon 1€ Ehverted

to the corresponding amine moiety, which bears a linker-modifying group cassette

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

RG

R3

R4 R’
R5

in which R*>-R’ and R7 are members independently selected from H, OH, C(O)CHs,
NH, and NH C(O)CH;. R®is OR!, NHR' or NH-L-R', which is as described above.
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substrate and the 1l-position of a saccharyl noiety
that in which the nodifying group is attached through

w@2005nk®n6 at t he 6-carbon position of the sacchar/yk2004/041004

5

10

15

20

noi ety. Thus, illustrative conjugates according to

th' odi_ment .have t
D DO OE P BRI SEMH 3Bt et T e kB
sKigldcod, bt or2iRERS hatifg t}feasteréct&emg@kgfdf@chnaa@gz balkotbse or glucose.
nol eties set forth above can al so be conjugated to a
subbe gencsalfprmyec of these conjugptesargar bon at ons. [ 0134]
Il lustrative conpounds accorty ng to this enbodi n@nt
i ncl ude c®npounds havi ng t he' f or mul ae: ~CH 2NHC( Q) (CH
2)aNHC(A§ un 2()Cb CH 2CH20\(CH 2) NdHR ~CH

) j )cOQ(CH5) aNH
NHR 1 R cRx

MHC(O (CH ) 2, NHRR

R7 V O ARCH RHR2; 1 R7 V A, RUAAEH NEIC2( O) (@ (@“C) DIR®
2C0H2(C) cH N2H)aR 1and R5 ' R’ ,, O, CH 2NHC( O O( CH
2) l[ﬂl@ﬁ]—%ﬁkﬂjtbﬂe%plh@%odﬁ’neﬁtnthaﬂﬁﬁnﬁbﬂn proRicg:B oarppowandd as set

th in es are as described abov
gﬂw e that are@cawtai ag%raresaa% la%{wfgl%% dﬁﬁagarr? ebjxemplary
W tsﬁgalr nifdedtdel et Bre 584 RORe ?&%éﬂt'lﬁ%nu@( ﬁf‘ﬂ%l"f‘?ﬁbdﬁ&%%ﬁﬁ include

according to this enbodi nent include:
oL Watledtideon @as edihoHeiphdsphates or analogs thereof. In a preferred embodiment,

the modified sugar nucleotide is selected from a UDP-glycoside, CMP-glycoside, or a
GDP-glycoside. Even more preferably, the sugar nucleotide portion of the modified
sugar nucleotide is selected from UDP-galactose, UDP-galactosamine, UDP-glucose,
UDP-glucosamine, GDP-mannose, GDP-fucose, CMP-sialic acid, or CMP-NeuAc.
In an exemplary embodiment, the nucleotide phosphate is attached to C-1.

[0131] Thus, in an illustrative embodiment in which the glycosyl moiety is sialic acid,
the invention provides peptide conjugates that are formed using compounds having

the formulae:
HOOC. 0. CH{OH)CH(OH)CH,OH

o]
— o °
HzN~(\\N ‘31\\ o” \ —R! : and

OH

O Ho
HOOC 0 CH(OHICH(OH)CH,NH—L'—R'
Q
— N /O
\}
H;N\<\\N .\\‘ N \ NHC{O)CH,
N OH
oH
O 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
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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in which the R groups, and L, represent noieties as
di scussed above. The index "y" is 0, 1 or 2. [0136] A

wo neoshesssexenpl ary nucl eoti de sugar of the i nvPOT/USZN04/041004

5

10

15

20

based on a species havi ng the stereochem stry of CGDP

CABRRT Ref e~ AR PRECUNT BRSET o T slhas Yfyony) resiaue o
"'1' bpdptide¥r & this emisodiriéxt, Gl £thelm&fied
g}‘CFFegu i gwlwwgl‘il %h >HIS’[eCI)Ii37]1 I nt a ss?{lgkfﬂlng?ﬁdryitoherem ©

CREL |ba¢e;n6ér@tﬁsbn%ﬂritnkntwovmmm%d besen dhessugstrate and the

;a dl ﬁ'lt y rmﬁiﬁs&;&% rf%llﬁééri}g g@)gc%g)ggﬁ%ﬁg C%Bﬁly 1s%§1 %@E t%,ﬁ/cosyl linking

eg’tmﬁl iiiamlﬁlclln&& gljft@sﬁltmmetyLUreanMsrforml% Ihe Iirking goap dfeMot
degraclied by chemlcal (e.g., sodium metaperiodate) or enzymatic processes (e.g.,
oxidase). Selected conjugates of the invention include a modifying group that is
attached to the amine moiety of an amino-saccharide, e.g., mannosamine,
glucosamine, galactosamine, sialic acid etc. Exemplary modifying group-intact
glycosyl linking group cassette according to this motif is based on a sialic acid

structure, such as that having the formulae:

OH RI—L1—HN

R1—L'—NH and CHy(O)CNH

In the formulae above, R!, L' and L% are as described above.
[0133] In still a further exemplary embodiment, the conjugate is formed between a
substrate and the 1-position of a saccharyl moiety that in which the modifying group

is attached through a linker at the 6-carbon position of the saccharyl moiety. Thus,

illustrative conjugates according to this embodiment have the formulae:

e —p1
H

in which the radicals are as discussed above. Those of skill will appreciate that the
modified saccharyl moieties set forth above can also be conjugated to a substrate 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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O O HO* \ g; and ,NHRL o HN,s OPN ' HON t)H
[0138] In another exenplary enbodi nent, the nucl eotide

WG D@ansisge based on t he stereochenistry of gl UCPGEUS2004/041004

10

Exenpl ary speC|es according t hi s enpodi nent have
the formul & ﬁ”2NFﬁ?"“”"”““‘“"”"z’”iOCH CHZ)l{’I‘CHZ"’Nﬁ | AP O OHOX
-1(H ; and. iLégIéKAA O HN RA*X, 2 A0- 0- \ / '[0139]
The nndlfylng rofip, Rl, is any of a nunber of species
i ncl uding, but®not limited to, water-soluble polyners,
wat er - i nsolr
di agnosti c agent|s and the |ike. The nature of
exenpl ary NYrrRg groups is discussed in greater
detail hereinb Iom1 Nbdifying C}oups Wat er - Sol ubl e
Pol yners [01404 ny via solu

to those of ¥ m?ﬂﬁmqwﬁmwcﬁo e useful in

practi ci ng esent invention. The term ;

wat er - soluﬁ;ziggz

sacchari des (e¥g., dextran, anylose alourpnlc aci d,

obwapsHsRC@dteEgEpERbtrfeNBgent s,

pol ymers are known

| ¥mer enconpasses speC|es such as

(’:HNH 0)0 H

pol y(si al i Grachd) srhenanans, “EN: poly
(am no aC|d%Xf%§: - poly(asp t| aC|d)

CH,NHR'

R o CHoNHC(O)(CH2)p{OCHCH,) O(CHz)aNHR? R;('IW
© and
R5

R4
R3

R4

R o] CHNHC(0)O(CH,I(OCTH,CH2)O({CHp)NHR!

RHRJ

R4

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
o]
0 0
R4 0 ,Ll ” o Base
RS | 70T | ™o
o 0O
Y HO OH

G‘ 2%

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

embodiment has the structure:
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and poly(glutam c acid); nucleic acids; synthetic
polyners (e.g., poly(acrylic acid), poly(ethers),

we2@s/059aé y( et hyl ene gl ycol ); peptides, protei PET/USTII4/041004

10

the |ike. The present invention nmay be practiced with
any water-soluble polymer with the sole [imtation

that the pol ymer nust, Ride a point at which the

remai nder of the cqnjugat’e can be attached. [0141]

Met hods for act Rvat | so be found

in WD 94/17039, U S.jPat. No. 5,304]844, WD 94/18247,
4°NUMN8: Pat. No.
5,122,614, WO 90/13540,Qyﬁ§0 at. /No. 5,281, 698, and
nore WO 93/15189, and for conjggatjon betwe

activated polyners and peptides, e.g. Coagulation

Factor VII1 (WO 94/ 13QR5), henogl obin (WO 94/09027),
oxygen carrying nolgcule (U S. Pat. No. %, 412,989),

ri bonucl ease angf, eroxi de di smut as gnese at al,
App. Biochem Biofechh. 11: 141-45 ({98f)).| [0142]
Preferred wat er g« 'W@\ﬁolﬁhers ar,en e~y Which a
substantial proportgon of~¢te, nol ecules in a
sanpl e of the pol yner are ofoapproexi/mately the sane

mol ecul ar wei ght; such pol yner sHadr e %»honodi sper se. "
[0143] The present invention is further illustrated by

r 4OEI7BNE @ st @ tRe by R dohitE he ifRRisHYRides a conjugate,
Several reviews and nonographs on the .
f basadi corihe stzapplmmlaﬁﬁmf:‘d}g?jPLag&m@ﬁ B epgrgplgpecompound according

aval,l-a . f .e, Harris, Macronol. Chem
PE@%&I&EO%%S%%{TSWASCouten, Met hods in
Enzynol ogy 135: 30-65 (ﬁgj;;%,VDng et at, Enzyme

M crob. Technol 14: 866+ ! ﬁ992); Del gado et al,
Critical Reviews in Tfierapeutic Drug rrier Systens
9. 249-304 (1992) ;R tpsky, Bi ocongy te Chem 6:
150- 165 (1995); and |Bhddra, et al, Phagmazie, 57:5-29
(2002) . Routes forr"prgpatoifig @e;gﬁ%ifiPEG mol ecul es

Z

and forni ng conj ugat e® usiggfﬁh reactive nol ecul es
are known in the art. For exanple «U>S. Patent No.
5,672,662 di scloses a water sol uble and’i*89l atabl e
conjugate of an active %Eker of a polyner acid

sel ected fromlinear ranched pol y(algyl ene

oxi des), poly(oxyeghyllated pol yol s), s ol efmc

al cohol s), and pol yCEcr I onor phol i ne) [ 0144] U.S.
Patent No. 6,376, 6Qdiset's, farthoa nmef or preparing
a wat er - sol ubl e 1-"benzZot ri%dol yfcarQo ester of a
wat er - sol ubl e and noniﬁeptiq;e @Bﬁ?ﬁ?%ﬁBﬁ reacting a
term nal hydroxyl of the poliymer with %

di (I - benzot ri azoyl ) carbonate in an '&f ganPt- sol vent .

The active ester is used to formconjugates with a
bil1 38 ile anetherpxemplary embodiment, the nucleotide sugar is based on the

stereochemistry of glucose. Exemplary species according to this embodiment have

the formulae:

41



agent such as a protein or peptide. [0145] WD 99/ 45964
descri bes a conjugate conprising a biologically active

wag@shsanel an activated water sol ubl e pol ymer PCT/US2004/041004

10

15

25

conprising a polynmer backbone having at | east one

termnus linked to the ymer backbone gt hrough a

stabl e I'i nkage, whergi pl at | east one nus

conpri ses a branching nDPety havi ng prOX| | reactive

groups linked to thg e ||g Ifoi et whi ch the

bi ol ogically active agqyt I'S i k8d~ggéé | east one of

the proximal reactive groupSO th ched

pol y(ethyl ene glycols) are descri beab"i n A0 96/ 21469,

U. S. Patent No. 5,932,462 describes a conjugate forned

W ¢0ﬁ39] Pranshgfng F@ upPR G dffadHunibes bf’ﬂfé@leéﬁlﬁhﬁlﬂ@ @Qt not
m nus that 1nclfudes reactive functional groups.

f r imited e hiatee-sgiublepo lamers,avaiéttiabileble polyarees, tharameurc agents

ally actjive h a
oS PstE pes i SR B TErysE B BetTri B 12%% s
gl ¥is@ls3edanGrdabe doiallnedikRldwy. active species.
Pat ent No. 5, 446, 090 descri bes a bi functi onal PEG

i Opeap iﬁ&bLBe in form ng conjugates having a
pep tldg each of the PEG linker termni. [0146]
CoPPjat@a‘ioésblelﬁ’atvmeml ude degradabl e PEG | i nkages are
described in WD 99/34833; and WD 99/ 14259, as well as

i N[04 Maay eaterSolubk, B48n &S 8re ko tddyrsadhiiil in theledged are

are licabl.e i.n the resent vention. 71 The

o el Bt b meae Broneny BF i el R b HE ¢
ab&%@m@ﬁ%e% eHﬁ@ sﬂldPl dsREchRMERXE. ﬁoﬁeit% E?I'h?ﬁ)@é‘thyalouromc acid,
invention in the formati on of tHRe branched pol ymers

sepolf(sialih apid), ehenaraml hepagiosfese.); thly (@avprads).ong opoly(asrastic acid)

D AR R854 RGeS SR i ia

D%M&@Eﬁéﬁl)e@g gély@q{y)lermglﬁ@w péptides, yS@teing, dnliehe like. The present

i nvention 1 nclude, but are not Ilimted to, those
haifveRfianieay bg prastiped wzl@qz)vrbat%cseh@@mby@emﬁb )ﬁ%f sofglimitation

Eﬁglagth%\/:ﬂ?@?neﬁﬁl mFl‘udgjgs{}pf%u ) e Qgﬁré %ﬁég@st (:;ft tlde gocfuugate can be

ar ytkach&dibsti tuted or unsubstituted heteroaryl,
substituted or. unsubstituted heteroc

|
S eSS o Bt BP0 o0 030, s
acpliaNo, $58 844200 04HRb 4y, WEDAEH2} Gu L Par, NeHB2H Y3£ U S. Pat.

1. The iHdex "é" represents an integer from1 to 2500
Thioi Hd226Ht, kWOCPO/ 133d0.dJ. SnH@IpEndiaZI%]l §98; epd m@efhwo 93/ 15189, and

20 | pbEBeheioRPePugsh abtin Lo SREB 2o ol 47 GppsuiationFactor

VIII (WO 94/15625), hemoglobin (WO 94/09027), oxygen carrying molecule (U.S.

Pat. No. 4,412,989), ribonuclease and superoxide dismutase (Veronese at al., App.
Biochem. Biotech. 11: 141-45 (1985)).

[0142] Preferred water-soluble polymers are those in which a substantial proportion
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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i m dazol e, p-nitrophenyl, HOBT, tetrazole, halide,
S-R9, the al cohol portion of activated esters;

WO QB3 P@ Y' )V, or -(CH2)pU(CH2)sC(Y') v. The BgmDS100¥041004

10

15

20

25

30

represents H(2), =0, =S, =N-R 10. The synbols X, Y,
YX;25A325-4R8 U S8n 1 ventdeWeModseipriespnelogh €3 53i0ed5 @987); Wong et

Sk BT N8 Mebrido RO o O30k Fplabn et ehdrrice] fgviews in

amwﬁapegmgn@ﬂtamer@%w@bezi;9a304ct¢99 SEARRY q!ezséaﬂﬂ?g%ﬁe Chem.
and proteins.  The indices p, q, s and v are nenbers

i rﬁdéé@ﬁdém%) sioll Bbad, ¢rabnPhirendziet é’@éﬂs? (20@n Routss 20r.

nde
! aBsRbER el e R otleh P Yo e OO RBRET R Ha s reacive
S yhslkdulest e kswiiihsHoaitt Foi @Qnﬂﬁd & .9 abkatt Nos 8189 jsb2tREloses a
or unsubstituted aryl, substituted or unsubst it ut ed

héﬂf%@r@@wlieo@dwwatahls cojbEats ofierertive coirEelipolymeeepid selected
St Bt oy braEtlog R RAE o FUETROA ] FHBAMTHO! Y%hsgt e

f qdolyQu\heﬁgm al&hé%&ﬁbﬁiaefylﬂnbﬁ)hbﬁﬂi ZCH2) e- o. ,

%&)E&E& %ﬁ% No. é&ﬁ6é0ﬂ,@et§ %%_' Q@p@)og ?N prepagng@ water-soluble

( m%gl)aﬁbl Parbéndie B@er( %&g@l&ly%&@o&%d%%}rﬁer by
150f The pol y(ethyl ene glycol) useful

f acfmmg atidraninad hy dupayleofdhe pdlgmenwish tdl(dufbenmteaztdyéparbonate in an

PRl S1 Ry TEORQ™P BrELSASTHOIRE FHULHT o kEfldaicaly acive
blél exﬂfsﬁclﬂé%ta 1')1*0{&1{ &dpetque those descri bed by t he

ovmn% or mul a: Al / UOCH2CH2) e- - XY f/m
Rg{0145] WO 99/45964 describes a conjugate comprising a bio og1cally active agent

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

[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
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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- A27>(OCH2CH2)f - X Y in which R8 and R8 are nenbers
i ndependently selected fromthe groups defined for RS,

webasessodd and A2 are nenbers i ndependently sePer/USENO4/041004

10

15

20

fromthe groups defined for Al, above. The indices e,
f,[0D48] dhxemglaay polaeetlmsdsrmrg'ljmdi) mblevdes & wadn eaneentisn include,

d bed..ab rrb d dent |
Sanbeead Fon § e Bves RS, S0 0 O Nt
NHC(O), (O CNH an¢ NHC(O)O OC(O NH. [0151] In other

exenpl ary enbodi ngnts, the branched PEG is based upon
a cysteine, seri r di-| SI ne core. Thus félrther

exenpl ary branched PECE Il CHpCHRPE(C2 @CFf\b'Cﬁ ORCH
2CHQZJCO|-§ 3 O.OCH @@3&5@ CH quqlgl Q2CH
NECp b asbt, @&)42@#?2 igitedegn3

Hﬁ&%@‘éﬁ@éﬁ@ %ﬁ%ﬂ?&f %u%mﬂ_%%@%%%ﬁ%%ﬂ unsubstituted

2 BeRHEYH 03l kKDsubsit@ed GHREHRONBEHBt @A IRYR Cig2 A SEHBIC-,

P b BAEUHE 1 Firp ooty = iezer

N%Q) (524812 Q3 nMES( 6) £eH3 qn&él'}‘J@ndégtlyYepres%nt integers from 0 to
(CH2CH20) 6CH3 NHC( O [0152] I'n yet anot her

e@odibeeymbols lZearieranndir@dnmmmreaept OH, bdkeldavippgraaps, e.g.,

¢ iR TR HOBT. rardfE s ?sgi%ﬁnﬁg&aceﬁsﬁh&h?&
t Qicﬁ%ltéd @rféa@d(@m%cﬁvdy\e drh@ff({%’}lﬁ(ﬂﬂrﬁﬁcw DINHEKyXBdl Y represents
2CH( O2CH 2COHC2 ) C, OHC2H 3

MHHNR O, R BN OTbesy Dk 8 G VA0S | OB L Indomshdertly tepresent the
moieties O, S, N-R". The symbol V represents OH, NH,, halogen, S-R'2, the alcohol

component of activated esters, the amine component of activated amides, sugar-
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.

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

selected from the following:

Me—(OCHZCHz)e'—O\/\n/Z Me—(OCHZCHz)e—OYZ
O O
O
Me=(0CH,CH)e =0, Me—(OCHZCHz)e—H\n/\O/\n/Z
0 O

O

Me=(OCH,CHy)e \n/N ,
O
Me=(OCH,CH,)e—S—
Me_(OCHQCHz)e HN
T

H
Me—(OCH,CH,)e—N—Z
0
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X*\ JAL / \ ANHC(O) CH2CH2 (OCH2CH2)e OCH 3 HO
, NHC(O) CH 2C(HO2CH 2) C, OHC2H 3 NH HN X NH2 g" HC(O) CH

WQBHERs@ 2CHR2C) Hr 3 in which e, f and f ar ePCT/US2004/041004

10

i ndependently selected integers from1l to 2500; and q,
q[mw]dme pcﬂgﬁétﬂyﬂ’@l@ ReADRisN] HEbARINGAhd & teSoffth@mv&nnon is

to 20. I'n exenpl ary enbodi nents o

i W@nhnm or bw@CfWEGBrénql?ﬂbE@)’(%h)H@e gl!mcqanOEﬁulzww)able/fﬁr use
STl At ARRIE PR RPER R R B o5l v

mUHE@a,[0154] As wi |l be apparent to those of skil
t he branched poly rs of use in the invention i ncl ude
vari ati ons on theR (CGkRC Wﬁetﬁ <above. For exanpl e

the di-lysine- PEG co j/mgat e shown ahQM§ can incl ude

three polyneric subunits, the thlrd ond to the
a-am ne shown as uﬁhﬁﬁt}4@@Hﬂﬂhbh@(str re above.
Simlarly, the use of drilysine funclionalized with

three or four polynerlc subunits is within the scope

olfélc glir;lglll k{m\é 1l hg 2 m[ar%%g ?Lnd%%gﬁjdeﬁ{lg SSEQQ%WQBS‘ &49UPs tgﬁned for

o5 Ke” PRVERti on

| RY abodn dAQrMPAZ 41 afenBersHhtiephdendlyGelect®d fimndithe groups defined
carbqnates and actlve esters of these species, such
afor Aveabope g Y heinggees Yoy f,91, apd g aye agglgscribed above. Z and 'Y are as

described above. X' and X' are members independently selected from S, SC(O)NH,
HNC(0)S, SC(0)0, O, NH, NHC(O), (O)CNH and NHC(0)O, OC(O)NH.

[0151] In other exemplary embodiments, the branched PEG is based upon a cysteine,

serine or di-lysine core. Thus, further exemplary branched PEGs include:
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e )"o\ F [0156] Other activating, or |eaving groups,

appropriate for activating linear PEGs of use in
w@r@pasioag the conpounds set forth herein incl pdEUSIO1/041004

are not limted to the species: X =\ HN OA Ol N=N

I YOOAH|LOHNN\HK X~ AH, and / \ [0157]

PEG nol ecul gtaoratedom.arhottaiese and ot her

speci es affd mef hods of making the activated PEGs are

set forth in VO 04 "®83259. [0158] Those of skill in
the art wll ap chat’e a BE ot chidnen.Rkut he m PEG
arns of the branched pol yner can be replaced by a PEG

noiety with a different terni nus,e.g., OH COOH NH2,
C2-Ci o-al kyl} etc. Mreover, the structures above are
readily mpgt™ i FIAG I rker s (or

removi ng carboh atgns) between the a-carbon atom and

the functionalyygro of_the_side chain. Thus, "honmo"
derivatives and Jn gher hohol escrascHgEbPCHas | ower
honol ogues are thin the scope of cores for branched

PEGs of use in the present invention. [0159] The
br anched {PEG speci es set forth hefein are readily
prepare thods such as that _lset forth in the
schendbel gw.  NAZ CHEHOS"KOH, \ >SS @HQYOLCHHR

HX- fv Ty INHGOCHECH,(OCH,CH)OCH, NHC(O)OCH,CHo(OCH,CH,)0CH,

0 0
HO 0~——(CH,CH,0),CH, : HO O—(CH,CH,0),CH;
NHC(Q)CH,CH,(OCH,CH,)OCH, NHC(Q)OCH,CH(QCH,CH)0CH,
0 0
HO O——(CH,CH20).CH, HO S——(CH,CH,0),CH3
NHC(O)CH,CH,0CH,3 NHC(O)OCH; d
y a
0
HO S——(CH,CH,0),CH,
NHC(O)CH3

[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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Ofs - . 01 -of -NO2 { NHCH2CI 2/ TEA fr0 in which Xa
is Oor Sand r is an integer from1l to 5. The indices

we@e a@sas559a6 € | ndependently sel ected integers frpor/iiSt004/041004

15

2500. [0160] Thus, according to this schene, a natural

or unpatural amno acid is contacted with an activated

mPE derivative, in this case the tosylate, formng 1
I n he Ng¢@ECReaPH-friek®Hpat om Xa. The

mﬂ% fupctionahi zed m PEG amino acid is submtted to

N-acyl ation CW?H@@;@@@W@QC@,&&@
derivatj) ve, Nt'hergby/_aSsenbl i ng branched m PEG 2. As

one of M5 vvill\‘zap reciate, the tosylate |eaving
group can| be p hdidlo@pn,SeH,draldkce, | eavi ng group,
e.g., hal®gen) qrresyl ate, triflate, etc. Simi ariwi' t he

reactive carbonate utilized to acylate the am ne can
be replaced with an active ester, e.g.,

N- hydffoxysuccinimde, etc., or the acid can be

i i VTGO CR Ry P55 ng agent such as

di cycl ohexyd cawbodi i m de, carbonyl dii m dazol e, etc.
[0161] Iin an exXenpfary dimmert.cH.bacHpedif yi ng gr oup

is a P% moif&t y, ver, any nodi fying group, e.g.,
wat er - so palyier, water-insol uble polyner,

t her aDGUWch@mHmwcmmmor ated in a
gl ycosyl ffoi ety«through an appropriate |inkage. The

nodi fied sugar is formed by enzymatic neans, chemni cal
mammdidre, éambﬁ‘mrmmdemmdcmérS@tefctedtlhf@g@bf'mpr btm%i%)ga@d q,q’ and

modi fie di ment, the sugars
arqe a&%llf)lg? ?%tg' Vretcﬁelaéﬂte%n?h\(?gy e at anyposi ti og
t Il ows for the attachpent of t he ILf.yi
b GeEmaian ¢SRS PhEC ugaion &g DEG Y PG (5D, 101D,
SWPIDKDS. €A h ekexﬁlnaleyrwme& PE@%@m@J ls%@ﬁhé R cyﬁane -(m-PEG), in
nmodi fied sugar to'the G CSF peptide. In an exenplary

ervﬁndlihemm PEghisa @&Qw%ﬁm ne is the modi fi ed sugar
o BT Ao inbe B Rubfie SBer ik Bt Beb BB aT dte i 1Fe

[ Qﬂx@%hox\/\&tcﬂrdea@hw@drg oRQh/ fhefeded lfcﬁﬂt}esbdwcrspéxadgﬂ@m Ai-lysine-
species in which the sugar noiety is nodified with a

w&F& cyRans thope aprise cariaclyde thiee palymeric pbuBids the third bonded to

I Y &talm(%ﬂe 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.

[01S5] Specific embodiments according to the invention include:

Me/o\(/\())/\/s
¢ Y Nj\n/OH
2
o o
Me” \</\O)/\/
€ OH
H,N
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An exenmpl ary nodified sugar nucl eotide bears a sugar
group that is nodified through an am ne noiety on the

weoeanssodbdi fi ed sugar nucl eoti des, e.g., PCT/US2004/041004

5

10

saccharyl -am ne derivatives of a sugar nucleotide, are
al so of use in the nethgp of the nvention. For

exanpl e, a saccharyl nfin (Wf h he nodi fyi ng
group) can be enzymatically corj ugat dH a peptide
(or other species) and the free sH ch am ne noi ety
subsequent |y conj uguag¢ nbdlfylng group.

Alternatively, the no | ed ugab nudl eoti.de can
function as a substrate for an enzyme that transfers

rho dng%loflétgéjetﬁja%%(/e 'éﬁex? of ﬁt%gyﬁe&es asﬁ?l'?gsé or on a

Strare copep l'ipid,
agl ycone, glycollpl etc [O 63] I n one enbodi nent in
whi ch t he sacchaM@d a actoseFor gl ucose, R5
is NHC(OY. [0164] In an eﬁenpl ry nt t he
nodi fied sugar is based upon tyI-
gl ycosyl noi et Wwe. for
N—acetylgalactosaﬂt t/he é’antnosﬂgar noiety is

readily prepared by st andard met hods. OF a W#@ (DH a
RROH - RERNH2 1 R H\W "OF / -/ 0 - OR= HN X H3 AT |
LS Ln" O | a gal® ' e , NH40Ac, NaBH3CN ,
b A/JA ~"CH3 OS n L >\ | 3 [065] Injthe schene
above, the index n represents [ lto

2500, Me\o’(\/oa\/\o/go o
f

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

F

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

species:
NZ N—o)]\o—g ; N=N\N—o/”\o—§
O oa
N=N i 7 \ N\NH
O\ {““A"‘? - “\oYé

o
F, F o HN—NH /[j\
)]\ N—0 o—é
S L R
o
F F .

[0157] PEG molecules that are activated with these and other species and methods of
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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preferably from 10 to 1500, and nore preferably from
10 to 1200. The synbol "A" represents an activating

w@r@spssees g., a hal o, a conponent of an activaPeDUsSB€041004

10

15

20

25

(e.g., a N-hydroxysuccinimde ester), a conponent of a

Cér b‘i’ﬁ‘ﬂ@)@ﬂ SiH, @2 G'l(f-ilﬁﬂh@t@y MdasReNRE Stuchites 4BWRe are readily
Those of skill in the art wll appreci ate that

otﬂmérﬁdd@@lamﬂmg ailsnclllmlms(i@r rOgaing cartonragerds) bptweeaihe egarbon
tghg%\@rtge gu H%nag,g%@) orﬁ‘l#l es%aje rﬁh&éno rlr"gnlqylgt ‘;H?Alngot’ Ir}ghlvatwea a%d higher
ah@rh@ld)@ué‘su gwals agloWee hbiabR gds are Withi the Oddpéjof bﬁres fdr|Hranched
further enbodinents, Rl is a branched PEG for
e?Eﬁﬁloéusedﬁéh%Pref%%egtﬂfébl es set forth above.

094 RIS BBt TRt

2y aNHSHB): EHoR) b BELIRGHD®(:CH 2) dNH S ( CH2CH20) 0CH3
OH NHC(O) X 4CH2CH( 2 CH 1CHQJ) C1H 3 HOOC N

LT 0 Ol 200 4O MIOCO) (G i S (O vagﬁlcramz

&CH( OH) CH 2NH( CH 2)aNH S (CH2CH20) - CH3 NHE( O I
4CHSCH(OQCH 2CHQJC) 1H 3 | AMNHC(O) CH 3 OH HOOCVN1
O‘CNNH(O—i)CH(G—DCH NH( CH2 ), NHC(20) O( CHa) , (OCH i
.20C(CHH2)< j )(1NH S (CH2CH20) . CH3 HONHC(O)X4CHj
CH2( OCH2CHR),, % HC( O) CH 3 OH HOOC
CH( OH) CH( CH2
2)dNH S ( CH2CH OMCH 3 (O X 4 CH(OZ CH Ch9

9&
)
OC1H 3 NHC(O) CH3 Odyycrrra Ao T\/ W

OH

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

independently selected integers from 1 to 2500.

[0160] Thus, according to this scheme, a natural or unnatural amino acid is contacted
with an activated m-PEG derivative, in this case the tosylate, forming 1 by alkylating
the side-chain heteroatom X®. The mono-functionalized m-PEG amino acid is
submitted to N-acylation conditions with a reactive m-PEG derivative, thereby
assembling branched m-PEG 2. As one of skill will appreciate, the tosylate leaving
group can be replaced with any suitable leaving group, e.g., halogen, mesylate,
triflate, etc. Similarly, the reactive carbonate utilized to acylate the amine can be
replaced with an active ester, e.g., N-hydroxysuccinimide, etc., or the acid can be
activated in situ using a dehydrating agent such as dicyclohexylcarbodiimide,
carbonyldiimidazole, etc.

[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
means or a combination thereof, thereby producing a modified sugar. In an

exemplary embodiment, the sugars are substituted with an active amine at any
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. CH( OH) CH( OH) CH2NHC( O) O( CH2) b( OCH2CH2) cO( CH2) dN S
( CH2CHj O) 1CH3 NHC( O) X4CH2CH2 ( OCH2CH2 ), OCH3™ NHC( O) CH3

wonooshs®ae X i s a bond or O [0168] Moreover, aBCT/US2004/041004

10\

15

20

di scussed above, the present invention provi des

S % e PSS T R T e Rl BB e G s e

\Msh;gi} tb Furkkibh as a Sibseh@!fbr &f@zpm@ rcaﬁuw@ff&dphﬁg)ﬂle modified sugar

exanpl e, conpounds having the fornmula shown bel ow are

wite e CtGRF repoige by an exemplasy embodimeah t1hsn Zrlaciosamine is the

GRS Ay s SRR Yt ion

.CH(OH) CH(OH)CH 2NH L' ' S (CH2CH20)1 CH, NHC(0) X' CH
2 QHatePSbiuGl Bolym@Mpdif@MSpediesN | P* ' ~Vg ~ \ h
FAMANHOFQICH | N/ YL OH\ O HO/ OHin which X4 is O

OT[O%ﬁ OWdter-561 3618 Jpo Hintdr dvdifyed fudReotiBy suplat Species & iR the sugar
pepti de conjugates that are forned using nucl eotide )
sUBRIeY léfnosirf Vit ateEgolabig polyanis are’f Ysa imHie presepgnvention.

Nw%k(@_ﬁgﬁfﬁﬁgﬁg{ Ql%ﬁoz%ﬁg@a&%ﬂ?%r gfbup that is modified through
NHIG(ath)i el i@} OEHu@CHM odifoédsugathikdedides, N.g. Nech@r'yl-@nine
c{erivatives of a sugar nucleotide, are also of use in the methods of the invention. For
example, a saccharyl amine (without the modifying group) can be enzymatically
conjugated to a peptide (or other species) and the free saccharyl amine moiety
subsequently conjugated to a desired modifying group. Alternatively, the modified
sugar nucleotide can function as a substrate for an enzyme that transfers the modified
sugar to a saccharyl acceptor on a substrate, e.g., a peptide, glycopeptide, lipid,
aglycone, glycolipid, etc.

[0163] In one embodiment in which the saccharide core is galactose or glucose, R’ is
NHC(O)Y.

[0164] In an exemplary embodiment, the modified sugar is based upon a 6-amino-N-
acetyl-glycosyl moiety. As shown below for N-acetylgalactosamine, the 6-amino-

sugar moiety is readily prepared by standard methods.
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HOM " OHin which Xis a bond or O [0170] Also
provi ded are conjugates of peptides and gl ycopepti des,

wo e@isasssaed gl ycol i pids that include the conpoBCT/USTI®4/041004

5

10

of the invention. For exanple, the invention provides

conj ugates havjng the foll ow f or nul ae: HOOC

CH( OH) CH( Odf'cH 20H < NHC( O) ( )SB&KXC»(CH 2) b( OCH
ZC}Q)cCXC}i S (CHlC}QC»

NHC( O OH)CH(OH)CH 20H 0
NHC( 0) (CH 2/)°HNHOS CHIZCHZO) NPIC( O) CH 2CH( C2CH
2CHO2JC1H 3 HOOC 2NH(CH 2)aNH S

( CH2CH20) - CH3 andONHG(O)CH (CRCH 2CHCRJICIH 3 <
NHC(O) CH3 OH HOOC O "CH( Gidf CHOGi) CH N2H( CH

2) NaHC( O 2-ptd CH 2CH20) c(CH 2§dH f S
(CH2CH20O) % INHGLEO CH2GH2(OC OCI—B%HZ Hs
OH Wt er - imsol ubl e pon rs [0171 "n anhbt her

[
enbodi mert|, anal ogous t e dy sc ased above t he
modi fi ed i:Zar§H ncl t ol bl e pol yner,

rat her than a water-sol ubl e polyﬂer The conj ugat es of
the invention may al so i nclude one or nnre

wat er - kngobeislde:: poloprBEECN Thi S pﬁggé
invention iseillustrated by theAus&/of th Gbnjugate

as a vehiclelw wBhch. tochel i ver a therapeutlc
pepti de i nAa c®nt rol |'ed ianner . Pol yneric drug
delivery systens areknown in the art. See, for
exaq& Dunn et al., Eds. POLYMERI CDRUGS AND DRUG
EIhYtIS\SmeN@ShSW&Ql rapnesents a@@nwer frargd, to 2500,

TGRSR U SF1sREMEro g PRMAPHER 1 opdy The symbol <o

s ufistnisiaalabiivainyg dapip gdhat@lolelcbmpbyens ¥sieaotivated ester (e.g., a
2 lh;/c?rgg)lls%célgmtngg ester), a component of a carbonate (e.g., p-nitrophenyl
carbonate) and the like. Those of skill in the art will appreciate that other PEG-amide
nucleotide sugars are readily prepared by this and analogous methods.
[0166] In other exemplary embodiments, the amide moiety is replaced by a group
such as a urethane or a urea. '
[0167] In still further embodiments, R' is a branched PEG, for example, one of those

species set forth above. Ilustrative compounds according to this embodiment

include:
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conj ugates of the present invention. [0172]
Represent ati ve wat er-insol ubl e pol yners include, but

wee®snsio4s i mted to, pol yphosphazi nes, pol y(VviPgi/us2004/041004

5

alcohols) pol yanm des, pol ycarbonates, polyalkyl enes,
poH9R% @@””%%F?QTkylene gl ycol s, pol yal kyl ene
' pollyal kyl ene terephthal ates, polyvinyl ethers,
IECr(Océ(CHz)m&(Wéhan'}:sznﬁ bicHlQs:s S—(CH,CH,0),CH,

ponV|nyIByrroI|done pol ygl ycol i des, LMﬁkHQK&ﬂ%§om+
polyuretﬁanes pol y(met hyl net hacrylate), poly(e 1

nmet hacryl ate), poly(butyl nethacrylate),

pokydcl sobut yemebdhaeeybat €), pol y(hexyl nmethacryl ate),
polxg' odegyl methacrybate), poly(lauryl

met hacrly| ), poly(phenyl nethacrylate), poly(nethyl
acryl ate), pOISFLOPropyt” atsyicatedcr.pol y(i sobut yl
acrylatepa poly(octadecyFm@g@y&g&@FHpQLyethylene

pol ypr opyl ene, poly(ethylene glycol), poly(ethylene
oxi de), poly (ethylene tereppthal ate), polyvinyl
acetate), polyvinyl chloride pol ystyrene, polyvinyl

pywoellds}ne @AH%LQM&f@T%] Sl hetétJ—Rhem&ICH,and

copol ically nodified
O 2(0 2CH OCH
nat (fal mers of use in conjub tes e invention

i ncl ude,Ybut~amogrnot |imted to, alkyl ceIIquses,

hydr oxyabkyl cellul oses, cellul ose ethers, cellul ose

esters, and nitrocellul oses. Particularly préferred

menbers of the broad classes of syntheticall i fied
PECHMEHUHYE D NRROGRECHO TGN ed flo, ST (CHCHOMCH, ,
nmet hyd”"|cel llul ose, ethyl cellul ose, hydroxypr opyHcOXCH,CH,OCH,CH,,0CH,
Y Qxypropyl methyl cellul ose,

hydr oxybutyl methyl cellul ose, cellul ose acetate,

cel 1 ul os€"propi onate, cellul ose acetate butyfate,

cellul ose acetate phthal ate, carboxynet hyl | LH.Ose,

GHROBH RN EBINEPIBER QU AP €I unf sal S, C-CrOH
andxg0 rs of acrylic and nethacrylic ester SWHa@FCHCH(OCHCH,)OCH,
[ we@474] These and the other polymers

di scussed herein can be readily obtained from

comrerci@l sources such as Sigma Chenical Co. (St

Louis, MJD), Polysciences (Warrenton, PA. ), Aldrich

( Mol)t\,NaUk&e C%L)CH(@)MKQC(&)MK&Q QI Baw, N LqRad.o)ch,

(R ., or else syntheS|zed from ner s

obté?n d f onwthese suppl i ers using standgF'Cc‘lo”‘C”’c”’“’c“’c“’mHs
t echni qugs. N"e@?%] Representative bi odegradabl e
pol ynmer sgiof use in the conjugates of the invention

i nclude, but are not limted to, polylactides,

pol ygl ycol i des and copol yners thereof, poly(ethylene
t eiheqhithAl at£ondpelQy(but yric acid), poly(valeric
acid), poly(lactide-co-caprol actone),

POjoY 68)a0TbtcdReis Bs disMieRdd LboYVe, tROp¥ S Uehtii@Bprovides peptide

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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wa@sooslos®es i ncl udi ng col | agen

10

pol yort hoesters, blends and copol yners thereof. O
particul ar use are conpositions that formgels, such

[0176] The polyners of use in the invention include
“hybrid" pol yners thatood Ncbuderamat@emdnsol ubl e
naterlals haV|ng MAﬁh :ﬁi%ﬁﬁf a portion of their
Strugh ¥ F%B@f A nple of
such a N ils one°that04nclud a WHW§%H sol ubl e
copol yner, vvh ch das a bi oresor ba%f‘%xcm”ém“c””owa ’
hydrophlllc reglon and a plurality of crosslinkable

functional groups per polyner chain. [017%] For
pur poses of the present |nvent|on mater||n ol ubl e

materi al s" includes grite RO SHE S UbSY aneTar AP
i nsol ubl n M@te@\oﬁzm% r- ont ai Ni Ng envi HeRFRBAtESH.CHIoCH,
Thusfﬂaﬂfig C %l% r egifons"¥i*segnment s of the
copolynef h drophllPt oreven wat er-sol uble, the
pol ymer nohew l e, as a whol e, does not to any
substantial neasure dissolve in water. [0178] For
purwb§é§(dﬁ(}¢ﬂahﬂﬂésent i nvention, the term

"bi oresor babl e nol ecul e” includes a region that is
c 99 Similarbheitiegnvettiabprovida peptide alngrgatks Wmt aredformed using
resarbed and/or. .elim d t hrough .nor exc 0

" G Set O singe Medlisd subslsBredd SuihnEkbEb Afhe -
PrHesiHeh & mégfigd:ef erably substantially non-toxic to the
body. [0179] The bioresorbable region may be either

hydr ophobi ¢ or hydrophilic, $o Iong as the copol yner
conposition as a wh&bRci.BN g r .sol ubl e.
Thus, the biorggorbabl e reglon i's sel $Hed on
the prefer ﬁpce t hat the pol yneNHC<Q§<4%t*zW%4gCHz&‘?ﬁﬁlsns
wat er -i nso e.~cAccordingly, the rel@ative properties,
[ f functional groups Jcontai ned by, and

proportions of the esoHbabl e regi on,

and the hydropHil Ec or egicon are sel etted to ensure that
useful bioresor a@k% co@positi sy r eréi nNH:
wat er-i nsoluble. [O 8@r|Enéﬁﬁ€i£aresorbable pol ynmer s
include, for exanpl & syhthetikally produced

resor babl e bl ock copolyners*ﬁf OH

pol y( a- hydroxy carboxylic acid)/pol y(oxyal kyl ene,

( seehicBotinis eboad or OU. S. Patent No. 4, 826, 945). These
copolynmers are not crosslinked and are water-sol uble

s Qﬂlmmw&ﬁmbﬂd&’ aadnfigates bepdptidedagr doepeptides Kipids and

mer conpositions. See, Younes et al., J Bio

Ve YQPYPIF@:@M meludg gepicomppgitionsefhe inysatian rﬁprélxaraplen% invention

S cM?ﬁlg{lth og %Lg fol?c%)‘ln% @%ﬁmﬁalag 88). [0181]

Blp

Ppesently pFeferre I or esor pol ymers incl ude one
or nore conponents selected from pol y(esters),

pol y(hydroxy aci ds), poly(lactones), poly(am des),
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pol y(ester-am des), poly (am no acids),
pol y(anhydri des), poly(orthoesters), poly(carbonates),

w@oboppdvas phazi nes), pol y(phosphoesters), PCT/US2004/041004

10

15

pol y(t hi oesters), polysaccharides and m xtures

t hetros&f I exfcebecrgdal y still, the bloresorbable

pol y udes a poly(hydroxy) aciff conmponent . COf
the yg r Ox cid 0 t o] Lygolic
aC|a? poncaNm”¥%w§%mﬁéwﬁB &%Ugg b id ng) eric’

d)Cé!rC%(OXHzCH,),OCH,

aci d and %opol yners and mi xt ures ther@ﬁ?

preferred. [0182] In addition to form ng fragnents

t haty@r e abserdrdohd,oii vo ("bioresorbed”), preferred

pol ymePf'c yoatings for use in the nethods of the

i nventiiQn Ban al so forlm an excretabl e and/ or

met abol i Zabl ¥ gNEnt {0183 cHehgbrer order copol ynmers

can al so%e used in thexpgseibeHcAyent i on. For

exanpl e, Casey et al., U S. Patent No. 4,438, 253,

whi ch i ssued on March 20, 1984, discloses tri-block

copol yners produced fromthg transesterification of

polngéagl | | eamicalymaanetcranfiy droxys—=enetedicipol y(ahky! ene

gl ycq)]. Slich conpositions ar excdicsel@sedotqr use as

respfb gl | ament sutures. The flexibility of

such” conpositions is controlled by the incorporation

of an ar@imtic orthocarbonate, such as tetra-p-tolyl

ort hocarbonate into the copol ynmer structurg. [0184]

O her polynmers based on lactic and/or glycdlic acids

c aon&‘s' so,be éAFoh)EA(oZ&Q N RQRHCRIRARb e ) um/gi/\P@LemH o.cH,
2 3, Wwhi i ssued on April 13, 9 cloproR e a0,

d| }o es |odegradable mul ti-bl ock copol yners havi

sequenti al | YWePBered bl ocks of polylacti de and/ or

pol ygl ycot i de produced by ring-openi ng pol ynerizati on

of lactide and/or glycolide onto either an oligomeric

diol or a diamne residue followed by chain extension

W Winee-irdotitblanpalyraeval  co npo und, such as, a

dij anat di,ac | o de 0 |ch orosi,| ane. [ 018

Bi [hf‘gﬁ ﬁp Bgobtﬁ%r dﬁ'ﬂgnq pna o&gﬁ %’gtgoﬁs ?cblf;sed ﬁ’%‘ﬂf’ t}[e mod,5 lied

P rsﬁ?a?rﬁ' inc'llﬂié%r\bét@ﬁlﬁélﬁblg Sol@sdr aaa@r than Revaditciotlbyd pslginky The
or enzgnatlca y cl eavabl e. For purposes of the

prCQSBlﬁ@te$ al/atnvsation m,am elsp yrdleds ang of Mmog wBice insofbdg Rolymers.
i EnBURGERT drdhd dobdnifth il IRGABRLY BN usc SP ARG Afdstte'a0E
€ ydrolysi

es (0] r regi on, I n wat
Wateﬁfctd)WItl&i whidhgo ﬂBMWdr Qﬁ]ﬁﬁlﬁeuti&ipﬁ@ticﬁnh ¥ cotitesiiedmadrinenl Polymeric

cl eavabl e" as used herein refer the s tibi
ofdr'lf‘&éelt"@}fib?}?%”fs are KRRy Wy t[‘?/ ar, hge% Yregayp a@lugn P lgﬂg

RIS scmﬁ ROBELIOFR LY PURNRIA COMAMIRS; nl 9dR81Vol.
Vﬁ;n p acenggﬁﬁﬂn %’ Rthe hydr ophi I'i ¢ rgblon °
c ab9banpricaeChanicallaiety, Washmgton D C. 1991. Those of skill in the art

will appreciate that substantially any known drug delivery system is applicable to the

conjugates of the present invention.

[0172] Representative water-insoluble polymers include, but are not limited to,
polyphosphazines, poly(viny! alcohols), polyamides, polycarbonates, polyalkylenes,
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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excretabl e and/ or netabolizable fragnents. Thus, the
hydrophilic region can include, for exanple,

w@odogesises s, pol yal kyl ene oxi des, pol yols, polpe1/mgi004/041004

10

15

20

25 C

30

pyrrolidine), polyvinyl alcohol), poly(alkyl
OXA&RAIrPIR), C{;om}qhm%h@efﬂ@é) pSIB{iBafRY rrﬁétﬁ%rylﬁ%ﬁ’tﬂo‘ljﬁfauryl

protel ns an copol'yners and m xtures
Funethearylaieg pdﬂehﬁyﬁmﬁmnyi%e)r E@V@nﬁthﬂmml@@) pely(lsqnmpyl

o BB s RR DS b S e AR AR B e,
pqdowwweeﬁ@w(ewae @Mlm&tywﬂ%ae@mlmmﬂy (@ icne

t her eof . £018 ] Polyners that, are_ conponents of

hyletiepbibplatedrroliing! %Fse@m}i pqlwlflwechéﬁr@emlwtwwmommyl
bl e of
RARAELS: PLFoEL R MERRLRR by cueRne"! © ©

BEXanTs] éayndfehyzdbagedhf 1) hammy pclgrmowfdse imadnjukafesiofthedneention

nat limted to ol yacr i ds odi

c dReJBds; brt #g ekl fﬁ&?%tgea%ﬁt f > hydi 1%?91 cBplpsRssallulose
PYeiHed, icBiliEse Ffrabhd n1t1%@51[lﬁ85%§nﬁﬁ}ﬁ@ﬁ‘lgrl?bﬁ%rred members of the
polysaccharldes hydr oxyet hyl enenet hacrylic acid

( HIEMA) classes w@yhthascaﬂlenn&chﬁed/wunahmlemﬁrs in¢ldde, fat dre ket limited

o Gangreckain os6 i Rh NS bABb e M5 Db Seepusraraporyt methyl

cw&n@mé hoMSxgRityl methyide]15168e! kel 8l ofdktabx bélhﬂ&seqmn@ﬁate
nore of these properties. [0188] Bio- conpatlb

hycgHelgeq acetsipbusiaic fellwiprs sectpismithalats, catexpaethyl cellulose,
cQi IGI%H ﬁcétgt‘rpoéjeglnl % Qlﬁﬁlté %J}g { ean&?ﬁfgg'l oéjf at%hﬁlc and

presen erred or use in

i mmhztdrpln: esFam: amkalgipiceaciddubbel | et al., US. Pat ent
5,410,016, which issued on ril 25 199

5 l@k’é'lngse 904l b ofhsE pelymgs d J%fﬁéseéglefeifg% bece le%béamed from

Llﬁpgo%réi( SL&E &%\‘Hh @he [c%l €6a%s lLo‘ﬂ}‘s g/r(g.c,gﬂfyscwnces

copo ynmers having a water- so e centra
se({\ijfrWtcmaHdvm Ahhfd;hkﬁh’hhmked \Nél hf trkal(Ronlcakbma) 115, aed BioRad
uch cogwké; are further  end-

o R AT 3 i P LG o B hese pplicrs

cngﬁ%ghﬁ@%gteg gﬁ@ssystens becone hydr ogel s. The wat er
sol ubl e central Dbl ock of such copolyners can include

pdﬂWfdtR:gplr@n@tagwbgdqgradnh@rmners héqu itlext gomiwgates pf the

| arkl)\lzeléll 1org|)1(r§/c ncf g Saéec @o lrmlf)e%l )%lactl a%’lpéﬁ( gégc%lhgga Vxﬁi 9olymers
etthélrbof fy@l@(@mé@qwepstha@te) E;ﬁly(bﬁtﬁﬁc éd;ﬂg %)aly({/dlani?&e]md)n
anot her preferred enhodi nent,

t ﬂ@m{%%%mr@la@t@pe) H‘H@ﬂ?ﬁ%déxﬁér%}’%hée)g epkyapnarides, ng

hya ourgﬁﬁ%sggggh%ﬁdgé&gcc arl es}kggﬁﬂgpg?hgiégcompomnons

hythatdged gelpoluyhuaethhsenieeludmg 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-
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
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hydr ogel and conbi nations thereof are presently
preferred. [0190] In yet another exenplary enbodi nent,

wo b@sosnpagat e of the invention includes a conpoOnestooed41004

10

15

20 ¢

25

30

a |liposone. Liposones can be prepared according to

'T%t/g}i)g&ek%l‘dﬁlet e bBRsRr foldciRMad HWhBR, %ets .nof & any substantial
exanpl e, as describéd in Eppst ein et ah, U'S. Patent

Naneadyrg 2ss@ye in welisi.ch i ssued on June 11 1985. For

osone .f or nu I. e "
dﬁ@% E:IOF] Burglgsersmg Ithe aqresepﬁ%v%?ﬁﬁnn’?% po 1@§0é§eﬂ)le %flolecule
phegideataireyibn eab anapsayle ofbeisd ﬁafabylhzeﬂm %ﬂfk@h lddwln and resorbed
chol i ne, arachadoyl phosphatidyl choline,

c ﬁaqi/ers @l@ﬁmased throggh nwafraé sw%togfoqov@ﬁ oy tﬂrfﬁal?oqys sﬁlﬁ]é Aetabolites or
e ? uﬂ%ro&tﬁ:?s %Q?h&&%lgggﬁsﬁ%{ﬁhﬂy Bblll %x% todthb S?cll}{ : (F))Ind

ace O e CO agueous so
of[OIm Tae thiotesoclubporepidnamay Geseithbahydreghobiccal Hydroph_ilic, so long as

acce le salt i.s then troduced into the ner,.
@@ﬁfymépmpgsm%?ﬁ %YX}‘S‘F atngyeis ‘t’?}err?‘&ébq 4, the
”%ﬁc%éo%abﬁé 1%@10'&1”? st A&BLREd M]ﬁle‘b%}%éhé@{haﬁﬂﬂg I’;?Bfgfmer as a whole,

di sperse |1 pi'd aggregates, thereby formng t
| !rpnaosrwlatewspm ohccorcbagy]therlﬁatabqneperrw f.edthe kinds of

t
OB a e SrsSoRPneTPy g IS W irolan dreigrsnige
A€t tand McAesHi IR @efonnee delR RGO RASUPE tHAt GieBildidresdrbble
of use in the present invention. It wll be apparent

t oMoy BoRFreRRIN Watpihipelublet t hat an array of

G P L0 Dbl B Sl OB s

f Qé%ﬂiabl%l&@@&ﬁ;@@n@@@Mﬁpdlﬂ@ﬁﬂr@)@%z&%xﬂiﬁ at{d§/poly(oxyalkylene,
wat er - sol ubl e mers, both straight-chain and

bieedcheltn ¢rdé. agent Yoah$26.94)1 d hegerdepplysisacare net grpgslinked
W%B& Ere' | DRoL s%%beie E’oo hBA{TElg %@gc%{e&cm Hlt%%egxfa%d BN AR oty mer

st erne, ser
bmamphmﬁgnsc cﬁeesY@aras breqlf, Uitidmen Matz;eﬂewmhll(mwlé (1987); and
wat er -i nsol ub mer nnlgtles The net hods used to

pp&&?ﬂééal( He@’ém§f5é\§?%§ Kes L2y 8Ren 499 (198Bbsel y anal ogous
9@??’? sgﬁt?}dp&ﬁrl%ﬁwgﬁ)r&{b% YR REr SRR GheRR YSFE tSmponents

I'n" VI vo f”therapeutic

9|S§/lwp<éﬁbndm:ﬂy(cstnrsalp@@(bﬁirenhmdsémalw(mtd%é@ polyé&iniides),

CIHOH R R BT i b b s e o ocsters),
( BEOERbIRY) IpBRIFIRERazkiRS) HoFRIRGHAREA), 3R1AMbesters)

decreases their surface- and ncti onal

g rpolypacab@@cée@abd mixtpresabgrpofoMekipedferably stidlpthsdégresospable

th g}}fl%%eé?nc ude%g%ﬁgf&c@mtacb ; &r] Srrg ﬁUaf?}% I?OI]?;%%HK&&) acids,

pfp@Iy%Uthabﬂ pél?@lyl:élICYacuﬁli)dly@api@t@raeﬁ@ poliyButyric acid, polyvalerlc acid
i mmunogeni city and hepatic uptake (Chaffee et al. J.

Clané copqﬁy,rggqs ag@ mixigres tllgg;]_f 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
excretable and/or metabolizable fragment.

[0183] Higher order copolymers can also be used in the present invention. For
example, Casey et al., U.S. Patent No. 4,438,253, which issued on March 20, 1984,

discloses tri-block copolymers produced from the transesterification of poly(glycolic
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(1992); Pyatak et al. Res. Commun. Chem Pat hol
Pharmacol . 29: 113-127 (1980)). PEGyl ati on of

WO pdosnbduki n- 2 has been reported to increase iPST/US2004/041004
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antitunor potency in vivo (Katre et al. Proc Nat | .

K5 5y i e AR ST s
hasr usank e346fbableSndrdifitimdrd e@tliics atfh@ ﬂeilﬁilit}’ﬂﬁﬂﬁ&h &bm@bsitions is
Bi ochem Bi ophys. Res. Commun. 28: 1387-1394 (1990)).

Tisastroljed bamb% HiePTPEFatiog of ar aEmabigioRBAgarbanste, pyehas\era-p-tolyl
h%'rﬁuoéarl{;cﬁa %f tﬁﬁg&? ; gesrnl g@]}é zed with a PEG noi ety

entlon IS increased relevant to
t i[&184r]1 Othatgolyahdrs based oafladtio@ndon giyeslio/adidszoed apebeivtitized. For

L%i%lg&ff?éggﬁér Bt Bt S Bightsspsetoragal | 10 giscloses
Wadte biatabld BRI -BRREK ¢ ()}Stsiyﬁérstrﬁelng/()%@%ﬁnﬁﬁllmﬂa%atblocks of

| ncrease 1s about 40 about 60 bout "80% about .
1@odacside and/a5sky gly cadide prodoedby fihg-opppeg paptentatiohef lactide

0 0
orngr e e AR s SO Eq TR B R TR lIowed By chain
erRRALBEMith &t FuitRRSNYonl \Aﬁd‘tsh@rﬂaspﬁ@‘idé Snale, Rk cﬁtome or
FSH (FIG 1, FIG 2 and FIG 5). The ods [01 In

adln Qrgﬁlapg t he conjugates di scussed above t he

A e e e

t kiesipiveinbibe rhymrowicdbys alad/@feddzpﬂa@cfallmlmme aF@qump@zsi of the
conj ugate between a sel ected npiety and an ?g
pEBSEHenveRiany hasﬁrgﬂwallx rlsayablee aefetsio Hheoipserpt bHity Abihe

f %B}t)élgx'h?le%éﬂ%glaﬁg 4 BLeES b Hle trf;k‘? %Wﬁﬁgggﬁgﬁf éﬁg@ er Iorn a water-

parti t1ss or region o
e xentpinaigye nsiro ot e rsumlalﬂy;éemzymaltngaﬂ)eclées/abkﬂi' asauisekiétmm’eerefers to

a PEG no mat | ca tr.ansferabl e.

o sipiitebflhe SNt he e sk HigReav GF01C afkipry t cleavage
glbynggcy Ab&brAxofRugbSaRY! at ed peptide. The PEGis
cohjugated to the G CSF 'peptide via an intact glycosyl

| i[OG6h gV rmopl gcedwhitham tHedodpi the bm@gghlbgtmhcanmd)rocessed into

g%‘é%:;%ﬂ&t%ld o&gne?ag) L{ @%G%rh L h §/G£l§1,§;r tfﬁp%ﬁg olpﬁkllg raglgn an include,
S Ybrsdxiabipleg gol@étheh@slbm?élkyleﬁ@@lxlaésk polyols tmﬁy(lvtrm ﬁszlrr@ltdme)

unsubstituted heteroal kyl) construct. The net

i melylday! detobepol M@“‘% exz;obw ,npéxﬁaa@amﬂ%%rbﬁhx@ms@ peptides,
¢ g)%tg%lg 'aﬁcg%cﬂ) &g ,IFA %HQI%E th%pé%f aF%%e‘f‘ﬁ’l%}’é Eﬂemtﬁhﬁﬁere gion

sugar 1s a su
I eac hliso be,i for mnqﬂmtaqﬂly(ml@lgllene:)mmﬂet iSuak psly(aflkydem)toxtdas can
tvveen the nodifj ar and

I g‘réc ‘G?e@(é#\ég!érgg tedgo y(%ﬂg' f‘glﬁb%ldwogt(gropylerelg oxide and mixtures and

copolymers thereof.

[0187] Polymers that are components of hydrogels are also useful in the present
invention. Hydrogels are polymeric materials that are capable of absorbing relatively
large quantities of water. Examples of hydrogel forming compounds include, but are
not limited to, polyacrylic acids, sodium carboxymethylcellulose, polyvinyl alcohol,
polyvinyl pyrrolidine, gelatin, carrageenan and other polysaccharides,
hydroxyethylenemethacrylic acid (HEMA), as well as derivatives thereof, and the
like. Hydrogels can be produced that are stable, biodegradable and bioresorbable.
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of the nodified sugar is preferably selected from
nucl eoti de sugars, activated sugars and sugars, which

ware@snsisahier nucl eoti des nor activated. [0198]pdies2004/041004
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acceptor peptide (glycosylated or non-glycosylated) is

t Wobreatdryhyslysyehemhgasitiche caroinolude subrusits tait Beibit yne or more of
expressed jn a prokaryotic cell (e.g., bacterial cell,
Slﬁléﬁﬁeaéop@'“eéoll) or in a eukaryotic cel| such as a

MHHTER) BRS- coﬁ‘lgﬁ%le h%e £4tcombY8186Ms \Ql'ios@ liBEritG €hi be I8rolled

CSF pepti de can either a full-length protein or a
f rtlagngntrosmm\aeer knqurear@e@SFrep@ﬁb'l méerraqh fdaelsam/\uhb chethods of

e B Pl el 2 A PR N 00T i e

rT%%ﬂ}Jn 281 19951 S 9I MAOowMicREIsQE &i Juie 25019988 dRelREd Weter-
sequence. [0199] fn an exerrpl ary enbodi nent, Factor |X

i §ok@blg| sy@tg@w viiel argrrgiosslinkadi bierkl dopelymers having a water-soluble

61% raé1 éi)ocg% % R lSXIqERVlgllb [y bgggeetnqwo %&@E? ?arblle -th%nsmns

er pro

a@udh gbpotnayts atd farthed dnd-capped Witlg bmﬁﬁyyméﬁﬁbld ehs@ylate
gl ycosyl moiety is trimed off to exposed éhe am_no
a wtlop@rtleéx%ﬂnérosa imfefl, Wescow stes BEHMoNydogelsy, The water

'\Iﬁgﬁlﬁeyclenﬁgﬂw g{e &ﬁ% fﬁ&gciﬂ%&lwﬁ&%olg%ﬁaﬁ glycol) whereas

c-gal act osy at ed s sialy w'th a si

a@hdﬂhymayﬁyallyga@recnmmms edrt lee 41501p@:-BidrGay MAd)T buch as
Al ternativel e NAc-gal act gsy] at ed Pe tide is
é't

th
gé’lob’(gi)@@W a@é@r e gticard- deeaarrhneyAd @Crm&fe{es 26: 581-
Sisgh %gd wth a sialic acid-nodifying group cassette
usi né ‘%'Gal TI . An exenplary conjugate according to
t H0E8%éh hoathérgsefeired Embbdimieny thei gek sgetbermoreversible gel.

The-a- |- Gal NAc-  b-1,3-Gal- a 2,3-Sia*, jn which Sia* .
! dreRaoreyapble sl e e Comagnis ot oasoRbinleS, Gy eglatin
“Fx?al'@ﬁ?cﬁﬁda%l@ on@@cchEW&@t Ibd?ﬁiret%kiﬂthhﬂﬁo% qaolyﬁﬁéthwﬁdaa

above, using i pl e enzynes and saccharyl” donors,
t Heydiogil andmmbllglltlynsa&lyteaf ar@mr@ﬁetb)spw&yrede per f or med

Fjﬁ ﬁg)i %/t ano{l'ﬁg ?)fr?é)l!l Rlsy m%gﬁ Zr@ ree %1% u a}]e QL] Ctr{v%{?thon includes
akﬁQz‘éﬁlpbh@ltGﬁh INPEsdniea Tt ifdates caibd: p@pﬁieﬁihéﬁl‘}r@ﬁg td ﬁhethbds known
donors may be conbined in _a single ves

Alt‘? thosaiskilled ip the prs. feperample, @aé@ﬁcahewrﬁmteﬁwf%p Kedi Patent No.

sﬂfid g%mssh&? drdﬁgl L anfos3 &b %ﬂ@%@g&agmﬂﬁﬁms may

saC aryl “donors a das’a S|ng e ste
ofbe rpmpardalgbyt dissohéae dppooysriatalipikl(se csualdds ﬂgareyalqihoepimydﬁl

and an appropriate donor enti al | nd

t 1FEhanQIARY R AlCRAQY Lk C§P%ﬂéﬁg@%nearﬁé%qhﬁXOY?:aﬂ%%Pﬁaﬁjyg sbolgie, and

e@ﬁgleg{grotl)hﬁ a%ﬁ&%p c §(ﬁ{/ed¢t ‘?Hatt Iib BOP%Rp @fa@edofea\f'ﬁlg HeHlnd a thin film

prepari ng t he conpounds of the invention

t fd dueah}lpxgamebe efrfach of thewentaingn, Apaqudops lseiuthn o tée actlve

g lc% ggx%/ or 1%5 pqlarmaceu%( ca(?ly acceptable salt is then introduced into the
container. The container is then swirled by hand to free lipid material from the sides
of the container and to disperse lipid aggregates, thereby forming the liposomal
suspension.
[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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gl ycans, the Sia-nodifying group cassette can be
linked to the Gal in an a-2,6, or a-2,3 |linkage.

w@ 0@8aFs9ihe net hod of the invention al so provi PBeEUSN4/041004
nodi fication of inconpletely glycosyl ated pepti des

sl Tl B R G GRTBRRART Gb it oY o B el i e n

Cake p,@sémmuehm}ﬁousl y further gl ycosyl ated and
derivatized with, e'%hdé a PEG noi et t herapeutic
adem] The struetural fermatsrdiscyissgdabas @ttge entexiof thsavateregpluble

4 uga?rbggfﬁ{%]%é ngll{;’g‘ﬂ g%ﬁ?frnled\gﬁ? é?rfe%l&p?g 1¥alﬁ w1tg respect to

5 pepd waer- 1r!:sblubl‘eqid11yihexs lagwellnﬁ hed, fomxbmpthaﬂlerc@zbﬂeme serine,

properties. ] 0203] G CSF ept| des no by the .
né‘t‘llbfﬁé}% anfl thikysing oaélﬁmngﬁo {es Rame 5%&1@1@5 %dd Wi Yategrsoluble
E?’ &Enésh%e?x?e@h&ﬁ ugégt% gdd%@%ésg%cwg%@g@x@ﬁll?)élosely

novvnlnteart h as site-directed
mmdggmsstoshosauy@btsmrtatucomeoﬁatpemlmlﬂesollymetsyp| cally

T vttt Pafitmat fEnPr s RRRRmS Phalse bRERERad Sy

10 OfPENRKIRE S&hnN8 poBeiiae g6l (PHME Fot eeanseUPBERS]
aspar agi ne- X-serine and asparagi ne- X-threoni ne, where

X m@lﬁwloamf peoteins wltb)?ggpﬁP ydationg inczgages their molecular size and
r ed%%%%eé ol S%‘?ﬂ}g' rll%ﬁ ?ch?lﬁneﬂ %&g}a&dcgss CEHZE Nk \&%chaare

rat e noi ble cha

Tmapendeh@mmesae ©EthafPEﬁr hﬂmhedafo thh ﬁﬂﬁelhf irpspt:mte in an
sequences in a pol ypeptide creates a potent

glipeEEment fiplasmadalichiyes apd i goipebdigrsiabilyy, %r@fae‘#%rqaae in
15 thﬁang%g&ﬂa@ﬂ&ndq{ éi?:a(thsﬁeegemz J. Clin. Inyest. 89: 1643-1651

osa act ose mnnose,
gl(U99EP ytaloasé Res. &yrhmwe)c}tem d’athéPhWazmg/ 29i HiS- £274(1A80)).
ser

t ﬁﬁgfgﬂ%/tdr O3 amﬂg ﬁ aélahg 4 ef S agl ¥nggﬂse fts antitumor potency in

S IR Y& PR IAU &R 19@ &mobi Q3QAN 4507198 7pARE PEGylation
in one enbodinent, G CSF is expressed in a manmal i an

syzf rdifati)derygd fnoedthbynqnpelanw@mtlb@fiy AV hrg Wepgevadotsttuingy

ckterm sia ue Ilowe b
20 pleHaRi o Rienif e Epsfeh UG Rer' ConBIE28T g7z 304
aqwa)I OPKB] inl aﬁoﬁﬁppﬂa&rrree&mﬂmem ehb oohivERAIf-life- &fSFpepude
ex ressed in manmalian cells is first treated with

rivifized with & PEGmpiety by armsthed okthainventien tf ingedsgdeedevant to

t S donor of PEG sialic
agﬁ%m dll‘ﬁg% dsfﬁ}lé a%-egggu&dﬁjg}gg%Gal 3 and a sialic
aq01v4jdrherincrg 432 %be;ﬁd@%ﬁz@u halédised bert etxprmmni‘&ds iaaange of percent

system can .al so be ated si al i das o
25 S ATERes RSB0 IR BUEIEr el s TR OLierepnagrease is about 40%,

938Gt @55 b8 98 SibohN®0%, 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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gal act osyl ated using a gal actose donor and a
gal actosyl transferase, and then PEGyl ated using

wEiB&as®4@nd a donor of PEG sialic acid. [0207pC1/0S3004/041004

10

15

20

25

30

anot her exanpl ary enbodi nent, the G CSF is not first
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glg!oé/la%ﬁ%r\{on g’l Eylhed bé}ﬁﬂie PEGY paiced c&%‘u@ﬁe@‘tﬁ%‘ QL.CSF

gal act os a gal'act osyl transferase
Glﬁﬁﬁd@vmﬂoﬂdcﬂ gﬁyweﬂsltnkmrgrams ovhieh iglinterpoesghicaveat, and

t o TR SR Eot E 66 F Bl anding BEC SR TikndS 3T fron-

a AXRGLIRKRr @ggogub@tﬁtdtea o@@h@ibﬁt@t%téﬁtaﬂ@mssﬁlﬁﬁﬁﬁt%d oaa@kubanuted
t hen PEGy| ate with ST3Gal 3 and a donor of PEG sialic

adieterodlpgll opnshuel tThemaeshodyingludestoatacting e @S Hopeptide with a
perg})gtudr cgllgltalgﬁr%a{ mﬁ')ﬁh[fléﬁ tsgéa? ﬁh(§ a né?}gféﬁ‘gﬁ‘ r¥se for which thehmodlﬁed

accomnp erin sequence suc
t heagar ik aGobdtAteN STHeT€addion ﬁﬁ)(f(ﬁldgd:ty@ 0sder abiditiorss suéficient l@form a

addltlon may al so be na by the inc at i f one
e Bl ol e SEAPLRR B Plf g i

tsﬁ(ﬁ*t%&egg pepﬁgd(g é@;?rfefe‘?ac’d é‘ F‘é@ ted"fr&lﬁ'dﬂlcfeaﬁd@ ﬁn&ﬁwgtfed sugars

or gl ycosyl ation Sites)
Thendadgars,i velmchmane riaeheramlelebydersutoaaumatedr by full

c ] nt hesi s h F t'd. The . E

BT et e e Taieg op Rep ebBy A i hRipally

t hyyQUERZEDANBBS, &t rebdiRbiNY &plssedidmatprsikbradticyeelYe.g., bacterial
nmut at | ng the DNA encodi ng the peptide at pr esel ect ed

basstissusheh Bt helt) @ dnla aukaay@icgeHenelt asch mammalipn,lyeast, insect, fungal

t I t d d

RIEHL) PhPGA S PSRl S AT B TS

t eodolved, Q%]G-]CSFl’pe@fideéS:ﬁmﬂ awild eypeadl hﬂmitéd pépile. In an exemplary
gl ycosylation site is added by shufflin

poinybadamenst ihs&CSBmepmm@Jafiﬁ:S&e@u@ﬁemag@ddé Qg 98 Mmeag B- or O-

p huffling protocols.

DR G AR R A Bl declihed . T Coombi nat | on

an[&l)lﬂi]t Iatamcelxemphrj etnm&ﬂmbm, FanodiX fsrxglyeosyddtedmddfunetionalized

poo| rel a nes,. fol Lowed by reassenbly of the

P PR e B el BRAM e BaUE ohLY PRt bEgproduced

Seith §n FvailaBleSIMIRE acifeBTosyMRldn sitbeRAf glFebs lak@“the lycosyl

o115y 3vaj g RIEE sciT B S Sik If givEbayld Rt the glycosy _

( 1196i4)y, is i mgd Sff t@ampme&l@s an5m6 e&sd7 &er e>5m886’, ane or threonine
is a-1 N-acetyl amino galactosylated (GalNAc) and the NAc-galactosylated peptide is
sialylated with a sialic acid-modifying group cassette using ST6GalNAcT]I.
Alternatively, the NAc-galactosylated peptide is galactosylated using Core-1-GalT-1
ahd the product is sialylated with a sialic acid-modifying group cassette using
ST3GalT1. An exemplary conjugate according to this method has the following
linkages: Thr-a-1-GalNAc-B-1,3-Gal-02,3-Sia*, in which Sia* is the sialic

acid-modifying group cassette.
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5,830, 721 and 5, 811, 238. [0212] The present invention
al so provi des neans of adding (or renoving) one or

woresos/os®hect ed gl ycosyl residues to a peptide, Pel/U82004/041004
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whi ch a nodi fied sugar is conjugated to at | east one
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present enbodi nent is useful, for exanple, when it is
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resi due fromthe gl ycopeptide., See, . for exanple. . .
OSSP DB= o0 e AN LR Srelg e Sind por” motit
carIpbstichk f BRhQIFHIRSm BhE&LRE fith dbdee Ble)F ARERY preifaring the
acconpl i shed either chemcally or enzynmatically.

gl«c@mp@andsaéghq/@@@yioat ion is preferably brought about
7 | ! .
A S PR B A O PR

C U~ dhe Jiimodifyead 0P cissetd dad beNinkBEtotthe @adieanad-2,6, or
most or all sugars except the linking sugar
( -33dinkkgd.ucosami ne or N-acetyl gal act osami ne), while

| U Cpietie PR B imEn o PR SRR R F cBhpteety
B' . 7 .
Ay 8 g, St i

ava
cdn bohgtbeidheivertias ths SRR AReRee s heasmaRansopsty fusther

achi eved .use of . rj . - .

ool g D50, Y BAPEY s ELIR Rl s or e e

MVelHe. sufpiyzg iety. of BB odiBied 618 édn bd e kédiduetaarive@lld properly be

addi tion of glycosyl nopieties is carried out gy any .

areeREREE i SR ACeHRpididr 2 Tdh, gheasylatedpeptifl 9t gpotlgrgygar moiety
et j ably achi eved using a nodification

g?b& g&ﬁ%%%gﬁg%gg%'forth herein, substituting native

gl [9263 y&-Cbti fdeptilrmodifedrbylitfeirecthadsgditise insedionreat fbe synthetic or

o bt depien o5 iepsaah; iz P aeS B et Tgdskioun i
5, e &t 32 a@tﬂ@-cﬁre%?ea’n?&Zg%giﬁQ:SGlﬁg?}’m;cﬁirdf p%f)tti&é'g E{@gﬁcglly either

points for selected glycosyl residue include, .
nd¥-linked ore@-linked. (AR esenplerysNdinkpgeds themttaphmeni@f the modified

O gl ycosyl at i gn; t erm.nal c .noj.etjies th .

BB s 34 Bl e GBI vk IEBES gl hgarasine.

aspatat 4 a8pdtadlheXi-thrdtine( heifePE R aBaaBNY heid eRdepsproline, are

(e) free sulfhydryl groups such as those of cysteine;

( fthe racegnifigiipasignces f spaymuidrtashm ey of a sarbelydrale, moiety to the

t h«lrssé}gélﬂg 5id@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-aceylgalactosamine, galactose, mannose, GlcNAc,
glucose, fucose or xylose) to a the hydroxy side chain of a hydroxyamino acid,

preferably serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may

also be used.
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hydr oxyproline; (g) aromatic residues such as those of
phenyl al ani ne, tyrosine, or tryptophan; or (h) the

warodesgaoup of gl utam ne. Exenpl ary nethods oPCTI®ES2004/041004
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the present invention are described in WO 87/05330
puioké4Hed eSapple lih, ont 9Mbodiateet,iGrCAPi5 BxpededNn SihammaGRCsystem
CRIT. Fal%/ Bl OCHEM prf 259- 306 (1981), The Met hods

[ codepodifiedppireatpant e stalidasedar Jtrugéaa%lste&pgehgg%a%w@ues

t %n%@@?pmmﬁﬁaﬁ LaA Bmehg%dq%heﬁéfﬁﬁ SRiiERak! ng

t hese and ot her conjugates. Moreover, the invention
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t. d [ .conj
et PO HEUdRy BB e S a SR G e PEGylated
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Thus, the invention provides a nmethod of formng a

cvstlimmciddmiongat e bet ween a sel ected moiety and a
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S |nterpose et ween covalently
| i{0Red Ihgyebatokhet hxeampﬂptyl mhnboalndextththe ABABF y ys g f‘gstatqated with

(e.q., t er - sol ubl The, net ncl u

coﬁ‘ﬁq’géﬁmﬁb“ﬁﬁ e ST i 1, TRl Gras Ba N the prpcifyine
g?@@b fihBda G4 gRGe ) Qndi&h &4 MEBucPasdS T3 Ghl3.

gl'ycosyl transferasé, that conj u%pées the nodified

sugans]tlo atfhehe"@b@npbr)eer(leocgmemp S, exagfISWon énsect cells and

|
NP A Png Bk Re pS AR GO Sl s tn.GrsF
t heinpogi a‘pp rlawqa@cammcb@x&u@&&m@eﬁa bfor hERIFIGNINE 11, IV,
acceptor peptide is typically synthesized de
noaylé &9 ngdérh@nﬁ%ﬁxlgﬁe@wneeéewrm PEGogadrcdespanda cel |

agactos?ﬁx%% cell, such as E. coli) or in a
aryo I'C ce ‘'such as a mamal i an, yeast, insect,

f yozes] @KDSﬂ p?rndiudeélnh yeatheanG@ESepgypdopdeylatad Ber eedatrip&r GaCSF is

full-len nor afra l\/bre ver,

pepth t&“é‘te%a‘ﬁ‘“g {MCP%PS? ﬁ)\émbg r@n}%’%@]@&“@/ §"t‘%“8% gafaﬁtoa ated using
nuxaeét aﬂ%lt |cg(f’1 ; hﬂaa%t agg?&gaﬁte&gﬁra%lnnr eascp%ﬁél isdferl ?EG&JQ?&I With ST3Gal3
glapd asiphat ofHEG istaéis atid. t he pept i de sequence [ 0220]

T L85! o5 DB R 5 e 5 B s comeninly

Pgiggd#g}?lﬁsgﬁf‘ IB§ aRérehgth® daRhciB&qibice @ﬁéH that iVBébtains one or more
glycosylation sites. The addition may also be made by the incorporation of one or
more species presenting an —OH group, preferably serine or threonine residues, within
the sequence of the 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-
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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produced gl ycoproteins are inconpletely glycosyl ated,
exposi ng carbohydrate residues that may have
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arfierhohadiate repideg fremdhe slyeepeptide. ofeet foe cumsle %@;ﬂ&ﬁgg%
:‘Inﬂfb C&(ﬂ;ﬁﬁ%ﬂ ltn%gﬂe&rs&h %rgoliypd'r%{; @f_ﬂt{es %?esgxét oln[stge g]41:opept1de

exphaadatishdl dthbogtendedlly c@reh@y‘mzttﬂallﬂ'fl ecﬁémifalt deptycodylithm is
conj ug ﬁe of the invention. exenpl ary host cell is
a R?%ﬁ%f?g ) rpugldiabout by expagie %%16 apwﬁ?ntsdema@awd@@hec@mpound

| SriftfolofR Bfahe &ftohic BB arf&|uivaléht REGH&I s RedMBRiresults in

the cleavage of most or all sugars except the linking sugar (N-acetylglucosamine or
N-acetylgalactosamine), while leaving the peptide intact. Chemical deglycosylation
is described by Hakimuddin et al., Arch. Biochem. Biophys. 259: 52 (1987) and by
Edge et al., Anal. Biochem. 118: 131 (1981). Enzymatic cleavage of carbohydrate
moieties on polypeptide variants can be achieved by the use of a variety of endo- and
exo-glycosidases as described by Thotakura et al., Meth. Enzymol. 138: 350 (1987).
[0214] Chemical addition of glycosyl moieties is carried out by any art-recognized
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,

63



[0225] The nethod presented herein is applicable to
each of the G CSF conjugates set forth in the sections

wabasess0226] G CSF peptides nodi fied by the per/bsn®4/041004
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of the invention can be synthetic or wld-type

ﬁj@#&j ?’ﬁ?&{g’vé{? S%ac?%gngﬁi% tsf%::sgpec%% ti)fc%g}a res%l%qgglﬁge %t are not

MUnAGRANB SiaP corfskysud Siydsabit Nnamf Opgdospladon; Kby yephigal glycosyl
either N-linked or Olinked. An exenplary N-Iinkage is

t HeoigtiesAbH FERacopptorsHar %ldws.‘/@aﬁnét@gw, (changhune psparagis and
f
0 AR RATRG BBk UGS (c] e SUIRRRY HfuRSHLEARSc of

X cysteimpy(fpfieenly daoxyd geoupe ptchprschoseef sarire, thnednine, or

recaogni ti on sequences for enz rrat i c att ach nt

ciwemya folife: (GOREMAE EPsidnes e Sison ot BRIy g tyrSsine, or
;reg@éoﬁthgﬁ (e gﬁl&f gr6hp OEIudhidd) %&n{ﬁlér? %{gﬂlldiﬁ of use in the

ces ina polypeptide Creates a potential
glpyesestyinatrition asd descril@d in /KO B 7¢)15330 pyblsshedRep.dfl e 37 and in

AR R RS SR U R BoG e pp 270306 (1980kac,

glucose fucose or xylose) to the hydroxy side chain
ofTHe Mydligasyam no acid, preferably serine or
t hreoni ne, al though unusual or non-natural am no

aqosire] 18 a§d1t1015to {hY Sb Y REOHiEdi8scrabavd) YKY Sréydny Siveftidiptovides
al'so be used. [0227] "Addi tion of glycosylation sites

t anethesisgbr preposimgahessrand pthse eenjugates. ddpreevarethe ligvention provides
??{’g‘i H?cls o%gaﬁe?ven alchrelrrlI glgamé]%raq rllodlgﬁ%%stgt% %g%?ﬁl?mgt#ﬁlgg a

one r nore g COS

addhjuigate offthe ial&ioheo ABEtgeddit tidieofl d@oelbpmgahe diBea0é oonubject
or nore species presenting an - OH group, preferably
sdhathas ge diggatoni ne resi dues, within the sequence of

t ng%ﬁ PEugEiné Ln%qur‘%?idi eﬂn%bﬁgs Qhﬁé%ﬁ)@f %r‘gﬁﬂg g:c%)\%g% It g ﬁgate

i‘'on nmay by nutation or
sW&tW&m&_eEﬁteﬂlmmmxg;ahd d&-CSReepiegst i de arri noaci d

Bﬁﬂffﬁﬁ&e@rﬁﬁlﬁe; b oy e SR TGN ARRAFO GtV Soluble
RERL & B4Rk utf?cr ﬁ%f%lt}e %rgglr%e}ﬁﬁétysdi%rblélh@ltecﬂ@ dRn% A@sylated

eratedth transl ate info the desired am no
acnrahsn gT)rcesmwd fﬁuC&F ipopt{d) Tahe@Obﬂ@‘reﬂlmpwmge%}rrbg)molecule

t hods kn
?%S&Jﬁ%?cptw}h%a ¢€§8‘§R}'Id8t o%gzlghsé/p]@qgggre anaﬂ%h is interposed
s hgetldenNEhddviRHEY BRkdIAE DothRaE pepiideeal nmﬁoﬁm@g RAUpde.g.,

candi dat e peptide can be nodul ated with DNA shuffling

pratgcwluble ppamsHufiibe m@hqumalugepsd@@ygtl@g the3-6;SEi peatide with a
][ ﬁg&ﬁg% ?&it:«ugﬁlgaafrﬁo%%@%ﬁ%F an % %&3 e gy a rg?yl? ran&fegase that

r &J@ﬁﬁl@ﬁf@b yheahodified ﬁrgagnﬁhé suHs;rata (pal, pamrchseglpdtme;glycohpld)
reaction-|li ke proc See ., Stenmer, Proc. Natl
Ackle, reasgion iEporguctsyader f@@fb&oqsl@gmpmte to form a covalent bond

between the modified sugar and the G-CSF peptide.

[0219] 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
in a 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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Stenmer, Nature 370:389-391 (1994); and U. S
Pat ent Nos. 5, 605, 793, 5,837,458, 5,830,721 and

WG 28@105938. [ 0229] Exenpl ary net hods of addi ngPOT/US2004/041004
renmovi ng gl ycosyl ation sites, and adding or renoving

YSI3RS R AEPE MR o

andgitd3Gd tieppiptidasdqaasce. [ 0230] The pr esent i nvention

al so utilizes ns of adding (or.  r Vi one or

rm.l@@b rag fr@&w& C\? élbeswer}l@gla&%égowee t;negg) icapn Pfg@completely

I
o nEBepNER SRt UL bro e EREUABLARLY, Mty &8 fbinanty

5 Su pbdhe&dﬁycppe@ems erwsmlbltptef}oglymsahmdewmbmg cmtboh;sdrate

desired &g conjg_‘%t 1rmdlfled sugar to a.sel ect b
gl VRSHNH 1AL RRY R ‘ﬂ%&‘FSlF CPTOREHH §18- I PELIRBe R, ri%"é@lﬂon y

pepiel KiES OE mpRoyitta Rb&FRALudaR ifa HREIJIRA RV tion T ihe %eptlde can
prior to coupling a nodified sugar to a pe pti de, the

sebe emedtagm@bsfyrthqrr@m@g)élaied aod) j:mgiéltzéhthb ¢ pea WagsFoluble

pﬁ%glg er %{eran 1@%};'1%,0(%%11& F %n past ar nmg?ygof the moaH erc] Sugar can
10 9l e arapdid@ethhswallt @F@@ripibe ebnjugattd® the a¢ddpek irdnfidly

the nodified sugar by the renoval of a .carbohydrate

r eleGa%'I%t?%H@H‘ﬁéa @lay@@s@wﬁﬁ@mg@wh fgvirableartppaticn

98 [ :

ool 2 ERxap e e AT Abdinihe AGUAEELIRIANE fhBfent invention ae

t oset(farth GCOWCHAH199231 1O (3003 11464, ank elck @feye:rusykatfd)mintherein.

an i.tes for Ol |nk d.al ation t erm nal
ﬁ@?&i D HRL ALY ERBPdI<ET ﬁ%ﬁlﬁ?r&i%w ¥ldes & method of making a

159'PE@%ME&H@ﬁ@@?%@&%nmﬁ@h&ﬁhgkﬂine aspar agi ne and

hi st i free carboxyl gdroups; (e) free

sul f hydryl groups such as those ine; (f) free

hydroxyl groups such as those of sefine, threonine, or

hydr oxyprol i ne; (g) ar offg?? such as those of

phenyl al ani ne, tyrosife,

am de group of glutang

the present invention are des eldHian WO

87/ 05330publ i shed Sep. 11, 198 and in Aplin and

Wi st on, CRCCRIT REV Bl CHERH, pp. 259-306 (1981).

0232] . T P ted t
o vy B DS ol S PR iR f
ap @r g! AR Bis&NAY fH oH £stld g@n CARhYS ﬁfdn@ﬁ‘e p é%(gtrhylene

Pr ef bly, the c nce atlons the nodit
S ugbm()ls Ygsiceuaz lire @w)lbdddre@mserps alinpaptieded §1)orraa bond substituted or

20 SRt Y R R eSS h e, wen D

ac e\ R 'The akPREéEFE ALCAMFC AT S 83isHELDMH qurHeenethod of
set forth in the context of a sialyltransferase, are

geteriayanyion gludespecangactng asubstrate G-CSF peptide with a PEG-sialic

acid donor and an enzyme that is capable of transferring the PEG-sialic acid moiety
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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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gl ycosyl transferase reactions. [0233] A nunber of
nmet hods of wusing glycosyltransferases to synthesize

waoleasnse4@l | gosaccharide structures are known POTUSZ084/041004
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general ly applicable to the instant invention.

are described, for instance, WO
96/ 32491, Ito Bt a Pure Appl. Chem 65: 753 (1993),
U S. Pat. Nos. 5, 891874, 541, 5, 545,553, and

commonly owned t¥S. Yps. [ 6, 3983336, and 6, 440, 703
whi ch are |ncorpora d rein b re Ce. [0234] The
present inventi®n™'s pfacticéd u singl e

gl ycosyl transferase orom conbi nati o0

gl ycosyl transferases. For exanple, one ¢an fise a

conbi nation of a sialyltransferase and a

gal actosyl transferase. In those enbodi nents ust ng nore

t han one enzyne, the enzymes and substrates are

pra@fl an abi}yne:thabirmﬂ:ré the ®EG-sinli¢ adid be@@hiaatinoracid or glycaryl

t he . a rea ents for a. second e

- deudie B G oS B E, ter (oS A EB A Ok Ceander

first enzynatlc reactlon is conplete or nearly

C dﬂi)’&é&ﬂe ong8ymbedith¢ot the guhsvmtee(ﬁriiﬁrfmeiptidcr saapiessed in p host cell
era | ds a

n a.single vessel )
FRRE bEfe S0uPdp BELR P RLERS péGh ol Rar el Brghostcellis a
s REeSh@8lidrScellS ¢h 8tHRHem bEUiRRHS fthe s ad Mkl RROSlaht Rfl, a

extra solvents and by-products is reduced. [0235 In a

pﬁ@ﬁ@ﬂ@éﬁaéﬁﬁbdlnent each of the first and second
:ﬁg%{ﬁ T n‘?et% eﬁ%?e\ﬁ ddRPSh & a%g;ﬁ%a ﬁ{‘toae%% gF{heF&}" ?%?g:%ﬁﬁgates set

ment, enzyne 1S an ase
adﬁﬁhummakupmﬁ§EMﬁed enbodi nent, nore than two enzynes

are used to ass mbl e_the nmodified gl ycoprotein of the
" 0238 (G SFegtidsh ’é Gt gpaihads offHedventioncan s Fyghetic or

st
S e e
t hiee qrre;sm}da sifea@6ied lnmtmtshe r Ghobodativamif ,peptl'n:@s maetlypmdlly either

ony BB n€EE 85 el B IR 7] B

t QuiRnoue Y&osuin mﬁc&sparrggda@fesidhanTh@mpéBﬁdé QR nctBsparagine-
mut ant gl ycanase typically includes a substitution o

ar?i-afrﬁmcﬁné@mm@@q thrdopineawhere tX isang jamencaadidipxcephpratine, are

2o Sl P o B RS S ha st B RILHERNRRE dhety o the

IVGS e resi

t )a@pa@@élhey sib€cHism Bhuspﬂﬁlﬁrd:s@ﬂce]éiQith@ of thdse POFIptidOBeqlidaces in a
or a conbination thereof. The am no _acids are

gemb}ipsmF reescRieniial Blysesviation sie-afrlitked ghysasvafinerefers to the

oA A5 TS A SRRl abyRBb ik

anghloogm liscos® ot Xydoged weths dydwag sidorhah of hdyéndpghinoanals e

hy p(rjerfgrla%gll sserlgé glp threlorr]nnte aelshough 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
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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enbodi nents, the glycosyl donor nolecule (e.g., a
desired oligo- or nono-saccharide structure) contains

w@2dosasiong group and the reaction proceeds w tbCT/82004/041004
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addition of the donor nolecule to a G cNAc residue on

haa}%lcp £ %hgﬁc@ 1%5 E’er gﬁérgde tl‘Fr{;'l?rtfv %%M#e@% nE{) gﬁ‘b@Ag?\gzl %ﬁtgcularly by
| efutatiflg GredDPAI e$1c@d1ﬁ§fhe peptide Apresplepted desesvuc thiat dodons are

yet further enmbodi nents,, the. G cNAc re e the .
gI grapriad thaygil trﬁsﬁlé@up‘@ th%d?ﬂfaﬁi FEP, acvi%r dfilﬁéf#ﬁﬁénutﬁtr@l@) are
Go;s}ggéfabﬁmaéysm heRIPKAS f the Zroxazol i ne noi ety.

embodi nent, each of the enzynes
ut [0R28]cla anccxpmptdwbcenbod:mnpmga@ywﬁylaﬂml sitevie ddedrbyssheffling

pr x eqitcl?ﬁflg?s 3%;)9}‘,% th:\ﬁiﬁaSg?glC %; g?eqﬁl&?a{tgé) t : gcgnnge modt?lated

CO\DRI@ PN AL dNingfprooad]s. e DR B uElinE hed p@h@smrmtdweas to
reaction condltlons such as tenpérature, tine and pH

v atemnblmarﬁdnutd@@re prifoimeg hytrendam Alegmpaiaterbeln pCfOé of related
sr1 P If i ed By 1ahs ggrpgg/c ?‘Qﬂ% 5 trgegmtsf’lly)g% é{)lgﬁl%rase H’lalﬂ ﬁ%\%on'hke

tra |on an 1on re we

tQer&EQ§eS@f e gKiStdmmer, Pher. dlatl, A¢HR38] USqu)ltle)npmlevmm%);
at _which an above process is carried out can

T SRSV A 0 SIE (O34 AN Sehperaias S8, 0 37,458,

t [ enzyme denatures. Preferred
hﬁ%ﬁ?ﬁ?aﬁgﬁﬁgﬂd§§ are about 0 OC to about 55 0C, and

rT[{ﬂéZ?]r}éiem;ﬁMyynealn@istof 20diag porealnviig @ycdd@atibm sigaspsriieadding or

exenpl ary embodi nent , or nore conponents, of .the
RN NE ALY 495 SHENES A8 Sl BHeties 4FF BN Bridp detail in

t eWRRIAAIIID §1,UF 008/08 14 41e/nAPRIHITE S CAEVIRET apfiR4@dnsThe
reaction m xture is nmaintained for a peri‘od of tine

s u0R3@]i Biret pressnt inventimodsot wilizeompansgifpddisg I(@xtremlovmg) one or more

t here f ormi,ng .t he .desi conj ugat e...Sonme

o P o e R D ERHESE bR e Sty Byl Bar s
W dopjup@fed (6 helbhs® oACTBLRE SclbgbdbiyYodyiadmiuedsrthe 8 titiet Siubh
24 hours or less. Those of skill in the art understand

t Ha@hmqws e use b, fpreramph When didp dptiedto eenjngaie tsanodified sugar
aasglegte{i%ﬁégcggﬁ réscfd »th&t ¢ ¥itffer ?182@'8&51{ 81% E@CSF{&Q‘%% or is not

Concen accep or concen
s qirgent invodasired amwlmtc Thag, riopta mupkmg i ﬂfodﬁieﬁl&;hgﬂtted peptide, the

sys 241] The present nt al sp. provi des. for

t H€ chéuéx )]éhresgé%q %Cﬁ%&%ﬁi foghe Gr BFl?tidég’Ypfé’ﬁi"?‘G

A%h@&@&l B&k ﬂng I@thleﬁltbwﬂenmé gye&g%%hlpxﬁaﬁ%@uces
l east o ram of finsihed, purffie

c cgiyug)aptede[ 9 2U@kd priott tloeh@lcczmmmpm of theaodif¢d mg by the removal
tion

o PRI O ARY HoRINeEEPLoE e B efupleqvo 0831826
PePR3 feExehiarg % aRn&hY pSRE bt &ected 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;
(e) free sulfhydryl 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

67



sialic acid is labeled with PEG The focus of the
foll ow ng discussion on the use of PEG nodified sialic

wa@eoeod/ossvde gl ycosyl ated peptides is for clarityrof/US2004/041004

10

15

20
S

25

30

illustration and is not intended to inply that the

:O%:‘l nstélfgge Slll ?@'} Eﬁjﬁl [TloAé]ngr St an %ﬂt ?%{Ttlgbe\ééﬁdé& on’

i ssgsoer(mgly appl icable to the add| t| ons of nodified
éz )él‘ noj eties. other than sialic acjd. reover,
tI{ &g

SEG@mofdied sugars Jre sppitgatad fa? glycesylated or non-
n%@c{)%ﬁ?tta% ?ﬁpt o, 1é1 |G %ﬁﬁé@n&'@'ehz&%é E) 8B N ShOL RfigaliBAN

leties erapeutic
mMPrefeiably, tlarudnbammbmﬂtmmo{hﬁzdﬁ]andm;ugmynmzyme(s) and acceptor

roach can be used for, the selectiv of
SRE R aro B eR it Bt ST Gh sk S R s Sho el of
glny&i@ﬂ@@a@ibh@ethealasegmtm@anweul TRE Sontdbiritiond dEUERESbelow, while
cont ai ni ntgh or a nmasked reactive functional

g rsothprth am euognmmf amefdyl\manﬁfenasfe argrgenorstly applicable to other

nsferase or glycosynthase. By selecting the
glg';{fyc,Q Hn} fﬁ%%eerp%ilgnf hat will nake the desired

C 30333 ydh@hBerl of ietgRls @R dsibig plycadyhgansfeease® i syhtdsiseigesired
as t he donor substrate, the PEG or PPG can be

i wlieongeeadesireduey aslngwprad areasneisdy epplicabledr Hhsrigstant
onﬁ\%nﬁéﬁ.sﬁ%ﬁg%ﬁ#ﬁg%thégsidergggs%ngé dgorghéi&%eﬁiog /39&910%% al.,

sugar resi een a to a pepti
[ P24t pinCaeneft: G63 {19193}, RES shtanl lyds 533368025874, %41, 5,545,533,

pre ent on the F_pe e e £ by. 1 he
mmgfﬂytcrvéneg @eB{) ﬁ 3&958’.%2&@62‘#1@0% ﬁl&f) Afeal I y

Oq%?gdrﬁgdﬁEfeH%er?erg{ceone pl aced there reconbi nantly,

enzymatically or chemcally. Suitable acceptors,

i §6234d & heporsertdiavquition igrrheied sying acowht giysossmahsfasase ora

2omerRIOR e el it S A R P s &congon of a
, QAN ferbsl Ad b, gﬁﬁcﬁbsfrl&r@ﬁif@ﬁ&@ Inambe%{b@almmlcgrﬁore than

knovvn to those of skill in the art (see, g., Paul son
etonar:nzysne Biesinzympeand sphgratesgre prséorably fgmsynﬁd iy grpipgjal reaction
a%y %gﬁ%?ée rggxmés zlm%r}egée%gsﬁtgp% %Jct%hd Elg%?’)%aélﬁ ér%atclnaré atieoadgeed to the

meghictibe ehedfudmonde thi¢ ﬂﬁ;t siyAyhrtugis irsactibn tshenglgte opmemrliydemplete By
Such_ gl ycopepti des, can be sialylated ysing the cl ?I
NEPRGFENGIVH Srﬁﬁynﬁ‘t“f’ SFACHHRR lf‘lsﬁfii’cefn%méf SIpgle Vessel OVera ylelds are

%:i%‘lgfb%¥a @(fér%o&ﬂglteg EDwhRich b el CPREBIdcHS is 1solatedb Moreover,

rnati vel e nethods of the I nvention can
uskdntparsi @llsgdsaltcé catrp e ¢rdeandiat-padests moediaed] ude a

Syj Ieac e firs t he G CSF .

oA ARiaS e SRR o ciBienso b o Ty M ERMSEonG o b =

t @g?% I\ﬁﬁa@férhée IR ahbtBe r&ferrEd‘eﬁBo&lﬁﬁﬂp loaé ¥nAfRadafent

c residue is ad 1y

endoglycosidase. In an addltlonal 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
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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the action of a Gal NAc transferase.[0246] In an
exenpl ary enbodi nent, the gal actosyl acceptor is

wasesmbisae by attaching a gal act ose resi due t oP@IVUS2004/041004
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appropriate acceptor linked to the G CSF pepti de,

e Ao T T BB e

ic49HeaA spSat positibh b0 Q?lﬂﬁﬂp&ltlcﬁlf 132 or a combination thereof The
ga actosyl transferase ( galb | ,3 or galb |
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555 2 PEIOR SHF A B o e s B s Beoyp is 2 Asn
ber @@Qﬁ%cb@d@lﬁbféky" R el @nBsdiapite the BNV fesiME Bn the
as glycosyltransferases and_endog |YCOSIdaSES (see, for

exdepbyd dones melgewnis medifisd.7iey, xampleathe GleNglresidye mpyp
atc%r%cpllsené]laﬁ% %Ol;fngrg} D&y, reactions. [0248] In the

di"sctssi on the method of the invention

| qommbpfdfa\ﬂedoemmeee@h offf e d‘nzyﬁdeSmxg&fed tchpx‘odn@ )

PEG noi ety attached thereto., The focus of th

diceBIEHF htiednyetion PESRIESFIGIN 3 qafalidicraniquah Thegasalytig amount of

e by PR EISLE AR B SRR 8 AR v
S wgedlrashbe eqastien d:dnelltme wbéhcasrmempdryturd) tioreoind el eler. Mhans for
ik 024 mbod t

| GG P CHADER 2 ORE 66 hy A BB TS PTES St e

PlcbentrRiddi@naddictib® BorRfitidi rd el kh&eh ®UE84e dHs@iM in the art.
mannose is trinmred back to the first generation

bil @49 ihatgmperatuest atvdiichramabivé pegessugearripdavt orag rengeiem just
o one nore.of the su

r éb?ﬂ%fél €2 0382 %%\?glia Hre at Whl%‘lth gm%sat‘ SEOSHIVE eh ee denatures.

ePadteired tempeﬁ@ue@ar%w ateSab8GAET t6i aboar K3 WNAad Mdreprgferably
conj u&@ted to the PEG noiety. The nodifi ed G cNAC is

aebawRAd G © abast B "G dntingthe erempiaryemhpdifgihoge or more
;§8ug8&§“§$f t[a@ %e #\rﬁc oc ré( c&%&%@%ﬁ{dﬁ &oeﬁ]lgleft&[ %ﬁ]ﬁpe}/a‘ﬁ}rx using a

t higerinephilinienfind. he branched speci es. [0250] In another
embodi nent,. a PEG ty i.s added t&kone or

b S HR0 L BEAicR rEATe i aHRISEeY B popgHad Of DR suiTicent fo he

bi, 2 RRRGEY gBLbHEitl, thefiy RriRgithd &3irsd 88tjugate. 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
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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havi ng a gal actose residue, which is conjugated to a
A cNAC residue added onto the term nal mannose

woeaisds®ge Al ternatively, an unnodified Gal capCh®S2004/041004
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added to one or both termnal G cNAc residues.[0251]

Gi?é/ﬁi el{flstcngsmnet)ﬁg{% C}S"gv %@e Ilelg ¥x%’x§plf{dﬁ%§§f] tgir:] E:gnj ugation

ue usi ng Sla I C acCl

a@ﬁhﬁﬂfﬁeﬁ&&iﬁﬁ |aafdym@16ﬁ)@db I?IEgm)tc,osﬁatbd @bptiden Mg e xsthplast Mbéified
nose from whi ch the

bls’éhﬁ asifds k@bglﬁqi wethlfrféi bT}éf’nn%ﬁ'é%Of the folieaving disgssion gntise of
oF el RE ainand o CeTRAAEER O SRl R dlusigton andis

t aot inendedtodsmly that thewednbign & 1iBEstedwd tie cmjuhtiac bftheeHEGO

oRirtess. Pbe Pl Ml fhR S rsa e erefih appiabk o te

”%Hdﬁ%ﬁs offﬂ%dlﬁw Qly@cy g‘Pm%ie%'eé Sth@FﬂhQn BRii€hdtd ”Miiréd\/%ii the
a PEG noi et further exenplary

edtsouhsmns equallglapnimhlﬁste thes,mbdlrfmmﬁewﬂa@kﬁosyblmmlth agents

el e Blniduhor st ERRE i bL AT hec

MBigghdlecufdst ernati vely, an unnodified Gal is added to
the G cNAc, followed by the addition of a sialic acid
miRR43] A sazymatic sppreachsan he peeddagie selpstikgdntredyction RBr

OR8G5 O B opth e s

mndlifés&ﬁiocﬁﬁﬂbﬁ%aﬁ&:@htaﬂgn@PEGG’Pl@j @taymadke@ bebktivé flnctional group,
mannose y also be trimred, bac totheflrst GIcNAc
aPBASHROm biRedrWigh 1Re APBIOPENE ghicht WH@S farpse gl wepayipase. B

hﬁgeﬁﬁé&% K&Eostbyh?ang'egﬂé@hi GHE hnafe Hfésdegllr'@d éa?b&ﬁfﬁfd%@ﬁﬁl{%‘ée and

earing a water soluble polyner. In
amutih'eg thexaogified sugae aGhe Nogorshbstiue, GlechE@or PPUcpa be introduced

LGS IS e phag PackBose, PieisDE Sahesith 8 pta
Gggweﬁeptﬁe @dhtt)lsaghr%ﬁdme@@{a,t hiw) Beeiadddato &aquégu@@t ion

tothe Gal of a sralic acid nodified with

mb024dy An pognpr for thersiab)deapiferase i8 psoentmathes Gae & pentide to be

plsre e PRt B St b BB 5B rsuine

Ustuctil@tog dhe plapéd thatel roconNifanti0é3ghaliddlly dk@hdmitald 3Suitable
10/ 360, 770; 10/ 410, 945 and PCJ/ US02/ 32263 each of
waEGeRLars inghedss fexpmplchealaitosyhgccepipey ik as GpidgéilcNne,

CRATE R RGe ERL maPIGHE, PR el G BT oBlpa 4
"daﬁmdésré@%%r Ghed 4 %l'a&osé)tadd%tlﬁlé?%ééd%'tcﬁs kﬁbwﬁ fd t#bse of skill in
back” "and buil'd up a carbohydrate residue of

s thiesdrafyed, alg yPaalspn degl, WeBiogtCheot. 363, 56TRS624 (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
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 GalNAc transferase.
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nodi fi ed sugar can be added to the termni of the
carbohydrate noiety as set forth above, or it can be

WO ne0sne®dé at e bet ween the peptide core and t hePCEUS2004/841004
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of the carbohydrate. [0257] In an exenplary

e A

<5l JP LBl IR GRS b ch i
Uﬁffﬁﬁlkﬂgrtggeﬂdidtosarrem,fﬁtotaﬁ apjmeptmd atdeptardinged mathe SyCSF peptide,

d tjvel tid ide is.
| Reladaicbiicn Tgamarchosbetbreegs o 1S GRRHRE i madified
F Sith 3 Radtlm ?Ir@tlﬁ%@rﬁalhpa %1%1%&?{1@ oA gélactgﬁlltlr&%é'fe?&e

t he exposure o addition of the gal act ose rési dues,
ale. gppalp psicaigelpd i4d) anldtarsaitshle galaetosyd duﬁaadetgc; Lﬁblﬂ-galactose) The
nodi f i ed S|aI|c aci d., The approach sunma

SEgReHen @ al sv,vﬁé fReprocegdsubKprsally ¢ 9@8}5‘?6%% a emﬁW& ys @he
OJEF gﬁ en é"@ﬁ/ep%é&@él amoglt oﬁd@h 14kbsPEGifle iPR%ed.
alfyltrans erase PEJH PPGQ)

SOtBerMHTH of Mﬂe%@n@aydepcmmhar@laceﬂptor% 15eNpE@eRt to those
ZNFL F?EG gaﬁ SA- 5- NHCOCH 2NH PEG [0258] In yet a

$HEM 5 HGach, summarized in Scheme 2, a masked
r T@Qﬁ'] Y yéiunethePaabddidehts gt Sseptitie-Oiikdd &ligdbch&riRe b first
The masked reactive group is preferably unaffected by
t Hinnoedl eiteardn whels ardn part.de Bxpadse eitkatianiageppiardpi Beaci d

Af
o g @ ity P SfR et AABRRRL rlant i be added
I eYOMEiEh Adistablo@céeplonF Epgyhéstich as glyogsyyenefdrases dandan
agent such as PEG  The agent is conj ugat ed to

OSSP S fEcior FETHRARGS- Tt RO, P A6 H] Briraitaphipgthe

attaching and trimming reactions.

[0248] In the discussion that follows, the method of the invention is exemplified by
the use of modified sugars having a PEG moiety attached thereto. The focus of the
discussion is for clarity of illustration. Those of skill will appreciate that the
discussion is equally relevant to those embodiments in which the modified sugar bears
a therapeutic moiety, biomolecule or the like.

[0249] In an exemplary embodiment of the invention in which a carbohydrate residue
is “trimmed” prior to the addition of the modified sugar high mannose is trimmed
back to the first generation biantennary structure. A modified sugar bearing a PEG
moiety is conjugated to one or more of the sugar residues exposed by the “trimming
back.” In one example, a PEG moiety is added via a GIcNAc moiety conjugated to
the PEG moiety. The modified GlcNAc is attached to one or both of the terminal
mannose residues of the biantennary structure. Alternatively, an unmodified GIcNAc
can be added to one or both of the termini of the branched species.

[0250] In another exemplary embodiment, a PEG moiety is added to one or both of
the terminal mannose residues of the biantennary structure via a modified sugar
having a galactose residue, which is conjugated to a GlcNAc residue added onto the
terminal mannose residues. Alternatively, an unmodified Gal can be added to one or

both terminal GlcNAc residues.
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unmasked reactive group on the nodified sugar
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H Gal SA-5- NHCOCH2S- SEt SA- 5- NHCOCH2S- PEG d ycopr ot ei n

SR R BB R R B i SR | ST o

mdjdﬁﬁ@rkigmltd.set forth herein can be used with its
appropriate glycosyltransferase, . depending on the_ .

¢ 032hin a%‘&bedfée@f’%ﬂh@nb@ql’%%‘aéb!’gg‘rql%fé“’%‘i BICEg I drigmed
UGS o GRPERIA e P{)Eha\pﬁ@ﬁl fhe bidiReflaFFURAR Gl ﬁ%ﬂyﬁes. T6ne
term nal sugar of the glycopepti de required for

i ekaroplacd PB6 mdietylieadde®yiat 6ttNAc motlified vadrthbgolymer.

iR ot iR B PN Al TR Tap Bt ofo B8 By o Gal

I EOR ARSRINEG HNGPS H $et ansther deRidfherd! urhddifiéd GleNAc and

gl ycosi dase(s) and ycosyl t ransf erase( sS . Table 1

RSGaVrebjduks ®e saq@nfally adled ta theimamaoge, @liaweriy-a dialiy acid moiety

M ifed with I PEG mStety! 0 )
[0253] In a further exemplary embodiment, high mannose is “trimmed back” to the
GlcNAc to which the first mannose is attached. The GIcNAc is conjugated to a Gal
residue bearing a PEG moiety. Alternatively, an unmodified Gal is added to the
GlcNAc, followed by the addition of a sialic acid modified with a water-soluble
sugar. In yet a further example, the terminal GlcNAc is conjugated with Gal and the
GlcNAc is subsequently fucosylated with a modified fucose bearing a PEG moiety.
[0254] High mannose may also be trimmed back to the first GIcNAc attached to the
Asn of the peptide. In one example, the GlcNAc of the GleNAc-(Fuc), residue is
conjugated wit ha GlcNAc bearing a water soluble polymer. In another example, the
GlcNAc of the GleNAc-(Fuc), residue is modified with Gal, which bears a water
soluble polymer. In a still further embodiment, the GIcNAc is modified with Gal,
followed by conjugation to the Gal of a sialic acid modified with a PEG moiety.
[0255] Other exemplary embodiments are set forth in commonly owned U.S. Patent
application Publications: 20040132640; 20040063911; 20040137557; U.S. Patent
application Nos: 10/369,979; 10/410,913; 10/360,770; 10/410,945 and
PCT/US02/32263 each of which is incorporated herein by reference.
[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
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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0O- p- 0- P- o-W) OtNa o +tNa y OtNa O-+Na y j HO CH
HO OH UDP- gal act ose-derivati ves

whDibsgsdoact osam ne-derivatives (when A = NH, RACTEF200€041004
acetyl) Q ,X-Ri QX-R1R3Y-A00R2 Z- -f _ f NH

g {'}Ielgl\?{ll}lﬁs gla[_rli\lgﬁ%glsa cﬁgrlde {fsggﬁlgl bteng%a}/es um)geﬂ:tpﬁ 1&4 Following
UDFPre@pr@‘éﬁS@oﬂiﬁrad&ﬁbh o ﬁlelgal%cﬁsbl ERERBS, A8 -aﬁﬁﬂ’obM@t‘é Ista@dtransferase

(when A = NH R4 _may be acetz )V c- RVVI 1 NN HM
R3isyased 19944 a@lwhﬁed 51a11c acid. The approach is summarlzed in Scheme 1.

5  Schemel
NH, al
| SN Glycoprotein
Q A
il N0
o—P-0 0
-+
HO OH o} +Na
HO =0 0 *Na HO OH
PEG o PG~ ~ NH—="y, 0
H O Sialyltransferase

CMP-SA-5-NHCOCH,NH—PEG(PPG)

|SA—5-N HCOCH,;NH-PEG
Glycoprotein Gal

N~ Gal——SA-S-NHCOCHzNH-PEG
(|?;a|
SA-5-NHCOCH,NH-PEG

[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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W@ 2085/0894¢r GDP- f ucose-deri vati ves PCT/US2004/041004
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GDP- Mannose-derivatives X = C NH5 SICH2IN- (R 1-S5)2. Y
Xhe 7 X, A=X B=X Q=H, O S NH NR R R
E L| nker-M M M=PEG e.g., ¢ggPEG [0260] In a

furt her exenpl ary enbodi menthr al deYPRWIPEG i s
reacted with bovine m | kbl yltrans s?ﬁéﬁﬁCOCst-SEt
t her eby transferrd ng t ,&n‘Ddlfle al actose to jthe

appropriate ter ang Ns®cet yl gl ucosam ne strucQare.

The ter monal et CI}!A;, resl dues—en—the—gtyeepe e may

be pr NBXBIgRSSI 0N SialbramsiyasoCcur SGeh—SA-5-NHCOCH,S-
exgeq?\rrcm Fis ens as manmmal i an, insect, plagg or

fungu$, dbut al so can be produced by treatl nglthe

gl ycopeptide with a sialidase and/or glycosi §&$eNHCOCH,S-SEt
and/ or gl ycosyBtOMGReRSPERs required. [0261] In
argbpicinexenpl ggy embodi ment, a G cNAc transfierase,

such as\GNTk=g, is utilized to transfer PEGy at SHidraRl

to a terni HOSEA- BWCWZQJPE@ gl ycopept i d?ePEq} hallgeorPPG halide
still furthef_exenplary enbodi nment, and/ or

O linked gl ygan structures are enzymati cally renoved

from a gl ycopepinHidpsepgEse an am no acid or a
term naI gl ycosyl residue that is subsequently

r
eﬂg‘i ogl yc ﬂg?é‘éghlgd ML% gﬁq qolfu]} gér}r%@ggﬁ%e uﬁﬂ Yﬁﬁgg%ﬁ oprifte
stgiwotyiresfabscadgdeydippentthadermmaksugasef thet @igosatgharide side

Gcﬁz’i\ilﬁg o? %e agly%lopeptlde (Jl"zﬂ)lig ?) Ag dlscussefgl above, the terminal sugar of the

glycopeptide required for introduction of the PEGylated structure can be introduced
naturally during expression or it can be produced post expression using the
appropriate glycosidase(s), glycosyltransferase(s) or mix of glycosidase(s) and

glycosyltransferase(s).

Table 1
Q
R3-Y | X-R; o
Q 0
NH
Re-Z o o [‘LNH 0 f: A,
ReAl L A NS0 0"'.’\0——P~o o
o— \o——P~o @) O *Na C|)+Na
o & s ‘ HO OH
— HO OH UDP-galactosamine-derivatives
UDP-galactose-derivatives (when A = NH, R, may be acetyl)

]
O"'P\o—-P~o 0)

O *Na (%)*Na

(0]

HO OH

UDP-Glucose-derivatives UDP-Glucosamine-derivatives
(when A =NH, R4 may be acetyl)
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gl ycopepti de. UDP-Gal - PEG and the appropriate
gal actosyltransferase is used to introduce the
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[0262] In an alternative enbodi ment, the nodified
sugar d’s added directly to the GCSF pepti de backbone 0

usi ng Rrcosyl transferase known to transfer sugar NH
resi duesAtRy t he peptide bagkbone. This exeqml apy ¢ ] A
enBei P is set forthyi heme 3. Exeplaryl o NTTNR,
gl yRné nsferases usetlul _ii'n practicing SR gn@é@?
invention Jnéludel but ¢re¥notzl i oo, Gal NAc | [I°L
transferases(')(q@alc';\l/%? P-14), @ A-Rq

transferases, fucosyl t ggnsf erases, Z-R; GDP-fucose-derivatives

gl ucosyldpansienasess Xyl osyl trandtzef ases,

mannosyl transferases and the like. Use of this
approach—allows the-direct addition of nodified sugars
onto_pepti des that |ack any carbohydrates or,

al te(‘(rj%]i“i‘gé(l 2 ofte exi|sting gl ycopeptides. In both
cases, fie ‘addition of |the modified sugar occurs at
specipking, pesmiN-@ns on the pepti de backbone as defined
by the substrate speciflicity of the
gllycBsystHdnderdf-se and not in a random manner as

ogcuts durin di ficatlion of a protein's peptide

b r‘kor}:g&ﬁ%i%g{@hmﬁ call nethods. An array of agents
can be introduced into proteins or glycopeptides that

| 463601 e a Fhy1e0 SYérhplanSdnticdsfe UUDPr @il Rt@3ePEGIB reacted with
sequence b%t engi neering the appropriate amno acid

s dquimaawlk Bt 6-galagtopyirgpréprased therdhyi transfsgingthe modidied@alactose to

Protein or cO tein, NH . Gal N ANH: P

B R e T e e R

( GadidNAs of e EREdNBpEdd ol Bg AlNdud¥d@urdg @R prebsiorgas magfoccur in
t he exenpl ary enbodi nents_set forth above, one or nore
adueh earessioniirsifmans BAMaRFoRdRsest, Rlsaf o gy Autdlian be

c S L ovi At i

SRt A Ol SOl e e
egbadsytemisferase, enzyoieed. e. 9., fucosyltransferase) is

used tqo append a g|ycosyl ,.unit .g., fucose) onto .
t dP#thdr aﬂ%hﬁﬁX@@pLﬂ@@ﬂP@lmeﬁae%ﬁfﬁAe Héntfﬁ‘_&% S‘bfg"pflsictbngl‘i 15
{ gniﬁ@&f {3&FanSHAPRGS e@%ﬁW%%Eﬂnﬁnﬁl@ﬁ&Ho@@rebﬁué‘lBh g'gf}gaGpeptide.

t
"cap"” sites to v?hi ch the nodified sugar faile
cdnpighifetheAkanplatyi enghogimentcanethe daland/enOtlinkedighycan structures

Utalre! énzzggqa%igalle)‘ll rte,r(;"qrowg({1 §or§1targLf)9ctolf)£:§ti efto telggosce: had r‘% gc?d or a terminal

glycosyl residue that is subsequently conjugated with the modified sugar. For
example, an endoglycanase is used to remove the N-linked structures of a
glycopeptide to expose a terminal GlcNAc 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-
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 (GaINAc T1-14), GlcNAc transferases,
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nodi fi ed sugar. For exanple, the conjugated nodified
sugar is reacted with agents that stabilize or
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whi ch the nodified sugar is attached. |In another
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[0264] In addition to the enzynes discussed ahove i
£ AE! lBGHPRdam BRIRGERORGT AW PITRRAE @ g lGHY SheRHE backbone
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met hods. ut I|2|n t her enzynes

CEhp et g PRt SR oe g anss o IRy RiRefi, ghain
transfer a sugar donor to an acceptor are discussed in
goeBeMedt ai | in DeFrees, WD 03/031464 A2, published

Aprid 7, 2003. A brief summary of sel ect ed enzynes of
use |i<n the present method is, set for;h bel ow.

a ransf erases 10265/ & VcosyItTansf er ases
cat al the additio Fﬁ act i ugars JeaH-Q@PH2)sNH-PEG
or - S Q‘I’\%)—-P-b t 8p- wi Y ashi on t pr ot ei n,

gl ycgpept i géNa |G mhd gly

non- peduci ng end ofioaHgr 02%%‘ ﬁ g%rgsﬁccharq;am-l CO(CH,)4sNH-PEG

N-1ikked gl ycopeptides ar syn? é3| zed via a

trandttrase and a i pi d-1inked ol i gosacchari de donor
[="PPNAG 2d ¢ 3Man 9 in an en block transfer foll owed

by trimm ng of the core. In this case the nature of

t D6263¢ Of BachSFGR@ehfhary Smbodmwhatsetifortheibend, ohé onmore additional
subsequent attachnments. A very |arge nunbe

g|cy@m@91 erreanyheticsedifigpéongienusan he vhlézeérfpllo‘yglgém copyiegation of
{
ERPRE A FL ARG RS R ol RLERRNL an e (o

magdds i iednsengse) iai8sed tS ugpend d@hﬂfosyl&mﬂr(algefu«mfse)mmme terminal

s %@ydrlrfgéd %%g%%gagg%ﬁk&g%g?@é]ggg%ld% 1t anc Illetrreggrglf:)l%rg’lsgnzymatlc

l\lqga%h&ll ?gj HALSAH ¢ n‘ID,E §ifd3d VhftB&he modified sugar failed to conjugate.
N-acety act osam nyl transferase, fucosyltransferase,

S |Adteyﬂlztt1vaiysﬁ ehcﬂsleal rnmmosg/lllulrzad@f alteagles, structure of the conjugated

I SRR A T -

| INAM8iI e e Qﬁéﬂlﬁﬁiﬁsﬁﬁﬂcﬁﬁw{tﬁﬂfépe@ﬂée 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
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.

76



gl ycosyl transferase can be cloned, or isolated from
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e.g., "The WWV Qi de To Coned G ycosyltransferases,”
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d transferase am no acid sequences and

nucl d f

Fr BB RrcROTRE S e B tO SO bLe Bue BN RN Suaing the acyl
a' ﬁﬂ(eﬁ%ﬂj@ htB, tl’lé‘gly%s%/l 1Rl otk oi\ﬂ?d do%hlg@te%‘d%’@ﬁ@ﬁmg substrates
i ncl udi ng n Ban rot, L, and ot hers.

[ 0@@]pe@19®ohmds)rcan§wfe @iaé)wéedc tranm@d\ha%eorexﬂpﬂrwé dnqdified by
i %e{f}égs P@’Z”éga‘i’tg%r eéllggl?rll?rnglr"] ge;1 rglﬁtﬂ§ds c%eremggéhn%rp%pp &)es and lipids

f U@sﬁﬁ@’éﬁz&ﬂl@§ fiat as@Fergl sh!l@@sddnbf ﬁ)ﬂ&ﬁhf&bé}ﬁﬁsare discussed in great detail
N- acet yl gal act osam nyl t ransf er as

Naidp gqsum QMO%M%@%g}ughggzésApnl 17,2003. A brief summary of

9! LR QAL A0S RE AR BR prclefi! MO ARIELIAN TR Iow.

nannos era €s, & ucuroni ¢ acid transferases,

gal act ur on| ¢ acid transfer ases, and

ol Gheslredrafarniasanst er ases. Suitabl e

gl ycosyl transferases include those obtained from
eU[(HBSPGQ&OS}&San&ErhseaSatﬁllymmrad&ialby of edtivafed268drs Ridhor NDP- or

encodlng gl ycosyltran rases my.be_ obt ai .h ..
c hEME84gaEs) rin R pswwsffasg&nem wa%@.lw&fcgaemﬁsg‘&a Ppglycolipid or
of RN S ALERR AP T 2 ﬁwﬁﬁ% bﬁ%&ﬁccﬁgﬁae G ngKed %lty% tldes are

by screeni ng génom c from appropriatée ce
or symyhesizabiaat tramserase andh e dipidolinded dligescciBeide dmlcnd)QifPP-

Wb&ﬁg&gpp H@M@ be Cz?chave?i bé’#fl{rﬁlélng of the core. In this case

9l e AEdikd & RS F &I ASRSCINRIAL iSRANNGEdiffeFAb BEmMFABsdd@ent
| abel ed with a detectable gr oup such as a fluorescent

gr gtgshmants adi say targenumbanod glysoylieansfemasenare kaawn i Gigprt.

colfBERE TRERFConfliatale DR T B SEER e 08, HAGoh oy ey s one

gl ¥CiosaH ditll a8 $ﬁe€ﬂha&1ﬁ$d GENE aS £ QUL ﬁ@ﬁorﬁ@y:aﬂngle@ bf Richesizfyes
use of the polynerase chain reaction (PCR) E@gcedure

wi eludp éebleama&rwagyo%lmqsgwn#éra&.sm@ gackyy irstferse N-
LG 988 AR TR Sy s,
4, ﬁBl&lt%ﬁfetaSe,I\rhdtﬂdosyltrﬁma'@ie, Tesydtrycisyde; glansbeomdeansierase

(@S ?§nthesized in host cells transforned with
ve%‘% §"€ont ai ni ng DNA encodi ng t he

gl W?@ﬂyi:&r &N m{ﬁ@ﬁ@%@@ha@ﬂ@éﬁghes\@%mﬁo%%lﬁé%@ﬂtr@ﬂstf&%e reactions,

to a encodi ng t gl ycosyl transf eraases
englywyarmsf@rm carekgpelensl, DNsolatsddtore m)osmlscet Hdany cloned

gI trapsf erases enzyne, An expresst on vector d.s “
PR LSRR RS RO P eR LR R 40 2. T

enW’W" GutdR€To Cloned Glycosyltransferases,
(http://www.vei.co.uk/TGN/gt_guide.htm). 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

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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gl ycosyl transferases enzyne is operably linked to
sui tabl e control sequences capable of effecting the

wezxpsesion of the gl ycosyltransferases enzynePdTiUs2004/041004
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suitabl e host. The need for such control sequences

e A O e s e A

S egew e samilylith@sfarasegaicuiopy inansterapgsosialyltransfefases,
opti onal, operator sequence to control transcription,

( a
s BtERed rargates g2l uarenis peid HrRRMe TS o g8 AR OB i higansferases, and
si s
P R S RO IR FollaR P B incd from
deukatyoteepsiwedl s¥pme psikaryoesnt rol dommins. Al that is

n iS.the abiljt o replicate,in, a. hqgst,  usuall .
o JPE Aty Cading ey ek Bag pp AbRiig b chEnBal pesis.
g ckRnfn@GbierdcAtsErR oSN RNAN {8 atp?ﬁfﬂ)ﬁfaﬁrdgﬁﬁblseell line cultures,

[0271] In an exenplary enbodi ment, the invention
uthiyl scragging gonerkisrlibsaries feom gpreoprSue bells, or by combinations of these

gl.ycosyl transferasesphhcl ude enz i.nvolved.in .
SytwRaties SriFridPr TEDME e orte LN PepY iisiaivd ghpwith
Pradigufededtiie PRdhes géramated Gaii tHe cllasdydkdnaferBeesdrene@ience.

al, Critical Reviews in M crobiol og 23%@): 139- 180

( Tooees)maydedabaed yith g qe%tabmromﬁucé B8 a Alyorescent BEYP: d,

t . i . . i C

cFBERN Al 8 o Y A RER AR BERERER T frogedures
gaind ek abinl conenmsibesldybridiaaticn d3sdys3 In the alternative, glycosyltransferases
gal actosyl transferase {see, e.qg., EMBL Accessi on. No

VES 6 S BFRE R BB 38 QRIS e OFfisipolEhats ddaneec isn dB6R)

( SrodeiBRRl WHhIMPOR ofgShutsRBde gafiﬁ‘i’é?sfkfé'iri?&oé@éﬂ $onfihet
Accession No. P25740°(E. coli), an b I, 2-

gl ghosyliransderg$es ganesegnénd) §@wlsS Prf. dfoAd ©833Pd o Maillis ef al. and

PAIA8(K, R do AN S sS; Prot Accession o, P19g 17

|, (827 CcEie ) aam I hippsiasRed i 118} (dHVBlanst d with
Ac[ce"st}i onﬁo:ﬁioﬁgoow (éEe. c%l iZy}:l O hg§ e nstormed wit

glvgelessdontaimisg BN ercodyg thh Blysosyiransiesaseeiensymge ricestors are used

are%ﬁ@é@ ili%?bm\le%r%c%ﬁiglg éﬁ%@éﬁ&%ﬁra%%?aqgsdenggm? %ﬁ&/gptso express

suc rfa aracteri ze
orlppdAiwslish entobesthe Klyebsilteddsterpoe eiiyricaesn &xpré&dion,vector is a
Sal npnel | a typhi murjum, Sal nonella enterica, Yersinia

erERIGRISITNA Canstiyst boyich A v sepicBeLsAcodng e rhi
?ggyyrc%@yl%n&&gée& 89@@2&?&5 petBhNRRR td gﬁ&@ﬂe HhE8 SHhdRE &pable

use Int nvention ar
glof etfsstintgrthnef pesapasfitiraglyarsgl tianviotasescenzymp irog sitably host. The
structures containing |acto-N neotetraose
D Gt ey fontnt seayeites SOLPY BPg g SRt post slected and the
b-thanSokn SRIAREASY thoseh PGéndA18), d6RER 156?1(‘;91063"1301{:1’& Plr@@driptional
group trisacchari de sequence,” D-gal actosyl -

a-promoter, galoatemsd pperator s¢quande-tgcat)dranscription, a sequence encoding
suitable mRNA ribosomal binding sites, and sequences which control the termination
of transcription and translation. Amplification vectors do not require expression
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
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whi ch have been identified in the LOS of the nucosal
pat hogens Nei sseri a gonnorhoeae and iV.neningitidis

w@ Sososven et al., J. Med. Mcrobiol. 41: 236-PdBUS2004/041004
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(1994)). The genes from N meningitidis and N

. t .
D DRplRGEaRaHH ¢ PR AE HONRORYY AP BHER AV bucteria
be{gfeitiod@gtzl fd‘zeﬁlcdl Re e s mW:mmltholgd E3(3|) rﬂﬁ?mkﬁ())?(gg%;LSSuch
n en ngs et al., . . cr obi ol
?fg@sqlss iBRAE T e ngbh@ﬁ?’ﬁf%&@ IR MO ﬁbezr%( PRATARN ?féﬂems such
as @(poll Q%ijal}'r@Q llazt%ﬁ ;1%91 (N}iﬁt%‘l)léludé 5‘[3 N6 galactosyltransferase
nmeni ngi t T S consi sting of three genes, iIgtA

| GhB ad1eh ¢fadtosyrunefiese (dze, Qb yENSBIL Ab@asslbeﬂ\&s eMeﬁigamsl
_rﬁ\siwred for addition of the last three of the sugars

8O3 51 (G eadDi MR of egession og BaG 30 | (ki Bmikmdk 2al , J.

o A 00 (SN e BBeRR b

\A@sudéey{&aﬁstféraiee(dfamswvs@darmgzxdclamcﬁn NstPZZVIIQQQE @Vi) aenSwiss-Prot
for their_proposed glycosyltransferase function

(v%ﬂ@a$s¢qu0eRl9§|17(Sl lypéi"@wm@)earﬁd apPleAdy: 28271- 276

et R R PR A TS RSO oty Ot

rg@ydo@ylﬁ’aﬂs’féragsﬁﬁaﬁwmﬁ affind 4v8d beqQtek yﬁﬁ@lb@ﬁlhﬂﬂﬁ& those that are
structure and I gtC which adds a termnal a-D-Gal to
t raCo sy PeEIng M 2Sa1ath wirghaye bgen eigracteiized it igenisgygs such as

( 6%7619; Sﬁﬁgmg 2Y pE acw ] %ﬂoﬁél!ﬁ%&?rt@@ggwohgl@z enterica,

meni ngi t a Separ at
[ rm‘wnnk:)emaerbdrolmics d\cljzbopnﬁsrsem lépresudk abfl dwdrhd ropemon of
ai};i n and has. been shown to carry an | gtC gene
éﬁ I AeTULIN0f4.995) | supra.). Neisseria

9' [UEPAYALS %&%Qﬁ?ﬁ& 1ﬁ@l§’e &%@i@%&%lﬁﬁ@?ﬁ/c%ﬁtrﬁis&@ases that are
descrl bed in USPN 5, 545,553 (Gotschlich Génes

alln%lﬁmd:mayd)ducarwtmmw cantalmuhg Befod osyletraasasPegatestosyl-p-1,4-
( IpEsti-Rcetgosaimy B s Depsmton i Lo Db aegst the B blood
e A6 A AP 20 e

exaiph Bave been identified in the LOS of the mucosal pathogens Nezsserza
http://afnb.cnrs-nmrs. fr/~pedro/ CAZY/ gtf 42. htm

F@@gyﬂzpe%@dd}f Aaedngitdy §iehplens ¢ ér%%iwémbéol 41:236-243
g|(¥§ n@yl The e Fr@ﬁﬁ\f %H?’lg Bfd Wegwrl%fe L8t e code the

i nve on 1 ucosyltr erase osy tran er ases
arglydospiangferatdsaseolodd inkhd biosymtiidse cdithese Exlmwn‘eahgzve been
t ransf er

fu transferases jnclude enz
| ieriticd oo iy eoprpbEToR Ry b akg Lpelaingheral: dpl

a%%%ﬁbl $898%. 74'6%@99?%% LHPRS he kst hdedhdnkdrdred G(Gotshhch J.

non- nucl eoti de sugars 'to an acceptor are also of use

i nExiphéledr B30 21 81-A1NGIPBH). In N. meningitidis, a locus consisting of three
genes, [gtA, lgtB and Ig E, encodes the glycosyltransferase enzymes required for
addition of the last three of the sugars in the lacto-N-neotetraose chain (Wakarchuk es
al., J. Biol. Chem. 271: 19166-73 (1996)). Recently the enzymatic activity of the /gtB
and /gtA 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, [gtD which

adds B-D-GalNAc to the 3 position of the terminal galactose of the lacto-N-
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[0274] In sonme enbodi nents, the acceptor sugar is, for
exanple, the GcNAc in a Galb( | - "3,4)d cNAcb- group

WO pooansdké gosacchari de gl ycoside. Suitable PCT/US2004/041004
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fucosyltransferases for this reaction include the

?aﬁlﬁgfe rlaﬁeéghfd{%g CNZ%’{b %’gl)(?ﬁ (d%llﬁ acﬁlslﬂﬁ)g #%?—g:{ o BOcRIsE 8 Bment
c hhagingited et ﬂﬁﬁ‘cf&lﬂﬁ@t}ﬁ‘ﬁk tbldoagRouf @l tigkR smwtux@I(Gotlemch

Car bohydrate Res. 190: 1-11 (1989); Prieels, et al L
Bi(6994) Crierg.)- 26V mmn@mpqrmsmur@me Niredso, expressgs the P

Yy e e nd SR 2oy AR R REAR (Bt .

W'”(il Q%)sz@r& pUNdsSeﬂlafghy‘ﬂbﬁyl&eﬁsﬂﬂBseE'ﬁﬂdi hss()Eaﬁd ghbes ate dlso
a S|alg* %g z lél '3) G cNA
f uﬂ@wgh%i AR HSPRY 23®>,d Oéﬁlcl‘}bc é“wnéSh@r adt%ﬁicewramferase and

LTIt R R b 2Rl i SR ERap g Martin
(%@, PBBISChEh. 22: 28149011856 WD)'—%&@&&@ in ﬁ}%fpré-sggt invention

(1991) and Kukowska- Lat al | o et al, Genes and
D@vfeth@ wheoesylansiaess vEGampriodeyy jemnheee, e”sz@ﬁ@mky
S f nmpl e, al,
¢ JEB b ARSI B D ARGy EIREE) © £ et
fucosyl ation can be carried out by the nethods
delsdospindnsforayky | i cone, et al, Eur. J. Biochem 191
169-176 (1990) or U S. Patent No. 5,374,655.Cells that

ar[eziﬂ g6l sbie PMOOdIGRn®, & UE06Hltkdrdfisdse iiderinwhd hmeflod@f the
i nclude an enzynmatic systemfor éfvnt hesi zi ng
§

Gmwmu@@sSea fueaiyieansiyaser Hneqsslteaeisrapears knowin gibpseeaf skill in
Qx’[ OEX 9 S@g&ggreanggasgg ?’1819183 Lﬁiyﬁi&ﬂ%@ﬁ ?rahs%el‘rt fucose

actosy
g&ﬂr(fm Gmyfucbmfad’r}ﬂsce@ poﬂmlou dé alaéctc,epﬁ%)) sugar Fucosyltransferases
gaJ act os Itransf ses S— C. No. 2.4.1.1 see
DR TSR Ban-aelco 108 SUGAS, IOranmcERptoT e 2@99 9 Blje Bgent
Yagamabe et al. Nature 345: 229-233 (1990) bovi ne
(GenBank J04989, Joziasse et al, J. Biol. Chem 264:
140314 14129?5m(e£98>9)i)mem rchervece(Mgmds,ribﬁmpltahesém\éﬂtc ina

oqaeﬁ’ o1 AR BARE L1348 51 sl aanah gy S SOBENB cs
ﬂraﬁ?féra@éﬁ??ﬂﬁs reARNN 5lu @ﬁlll[ﬁl—b@ lcN c|31-

ga ac osyltransferase 1s t IS 1IN

Syt hﬁ%)fud@ﬁyltrhﬁ’sfhb@ﬁ((ﬁ Tl Q‘L(D I‘E?o &nﬁt 168N V\(hﬁiﬂi \2a94ﬁr1t aﬁracterlzed
Yamanoto et al, Bi ol Chem 265: 1146-

( ffmhymanmé]ﬂ( (aeeg Paleiseer abx EaFfogygrate Res. 190: 1511 ((1989) z’rleels et
93} a9tlf%§zy I ANSS6"188 i(§46§((?1§8d1§’32|qfd%%nez[9%76 ahA‘I.}S@hem 59:
suitab or use

in invention ar

b(ﬂos&)zogatmu ))SaMH&MeaGSIBGIY—aS){ﬂcN)AbBdﬁﬁmﬁgﬂﬂﬂﬂﬁferis@ﬁ (FTIV FTV,
EC 2.4.1.90 (LacNA nt het ase)
2 FZ|F I) zbw(nl e foyed nsbmmem@a) F%NéI/{En@ Npy %@éét%racmérl

alot(ZE%r)Galb((l%%@mq%ﬁlcosyltransferase, has also been characterized. A
recombinant form of the Galp(1—3,4) GlcNAc- a(1—3,4)fucosyltransferase has
also been characterized (see, Dumas, et al., Bioorg. Med. Letters 1: 425-428 (1991)
and Kukowska-Latallo, et al., Genes and Development 4: 1288-1303 (1990)). Other
exemplary fucosyltransferases include, for example, al,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.
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211-217 (1989)), human (Masri et al, Biochem Biophys.
Res. Commun. 157: 657-663 (1988)), nurine (Nakazawa et

W@bkos5@5598 ochem 104: 165-168 (1988)), as wel | PEEUR0EH041004
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2.4.1.38 and the ceram de gal actosyltransferase (EC

%%g%slgﬁg’are b@hto Rbdrk 2 ft]cong héfefabe witeslso #Rludé3fteRAdnatic

O her suitable galactosyltransferases
i mydtenléor s&oﬂlesxmg}ﬁ}lbp -fios@ gal act osyl transf erases
(frome.g., Schizosaccharomyces ponbe, Chapell et al,

5: 519-528 (1994 Sialylt f
P/glf‘faf?osé*t%"ﬁ(?sﬁﬁsfer ases alge anZa% herI ?y)r;e g?ns .erases
Q3T Lol e et oo oo MRS R 0
|to ?ngctegﬁg%?erés%c @Q@m@wy g&h&bé&'lt‘riﬁéfbﬁs% a&ﬁme\ud hyal so

uce CMP-sialic acid is asialic aCId donor
f galastosylirhisfanss € £ 8. 2 E)dalrﬁdL &3, of., Dlabkywiki andf, drasplnt

D LS S Bl PR i

S@Q@ank 049%7535%%|ias£e et 38Bibl Ch&hSLeH. 1112903T432©al(1%9)) murine

, IINAC I, ST6GalNAc I, and SToGa
I(Ggr(ﬂamé rsZ@WJ Laraﬁnsa‘t@f aB@CnNﬁtehdlc@d Fe USelp: ﬁé%ﬂ’#ﬁh d989)),
as escC
“SlSRTCART e S . SRAPLAEPEYAE 10V )

t Q\r@ﬁleﬂﬁlﬁta%)esdc Bb ghlﬁ&@ﬁ}ﬂfrﬁfsfﬂé‘r@se(lEﬁﬁaewﬂlcﬁgs fivolveans§yeitsesis of
sialic acid to the non-reduci ng termnal Gal of a Galb

| threddped gnoga&an@ugmé%? 4gll Y osimhenoteeenl., aBio§ &em. 265: 1146-

SR afbap): 38 L P TR g

Vo 78| Addo sudtablBifeH use(ﬁhﬂf@m&ﬁads of Hblinkerhion 2O 4)
Anot her exenpl ary a2, 3-si al yltransferase (EC 2. 4. 99.

trgalmstbeylga@rfqhse@, wilichl inchndenior axampledie 2rg! - %ﬂmchlgﬂc S@%hetase)
%FQ 722} i%gfd” lgg Synphe 'i@gs;@%‘? Agosta e%;défgu@ ﬁ}achem. 183

J 21 Bi2ol ((I%9m, ha@dn (Mi@DA A1 BRhem. FmbmerR@xe’mmmylm 657-663
nzynes include Gal-b-1,4-d cNAc a-2
s.<hst8;$ Dk PSE Qﬂé@a@a\{v@é@l ke hems, 1047 165-168,¢1988)), as well as E.C.

2%:{1 gnand2 Bcefmde 9(4a)n)s erade (0@ 881 1 15 EEftQﬂ@Pbly ’J Neurosci.
? car O?

glycosylation o oh ydrate ycopeptl
t IRes S!8a23/4-t2423(11§94)r)a93hmshitaﬂfbegzﬂh)dtesyﬂtmﬂsfwssi HlClLSlEaﬂOl” example,

aci d to t he sequence Gal bl , 43 cNAc-, the nbst cqgmmo
p@ma galadeIagienes(finnes §F'ﬂ§,0%@af@meﬁaf)m§ff Lihagell et al

T ‘f*g’% fd,g#a lssfbglzgél 5 car bohydrate structures {see,

It ransferases which use the
Gl bl , 4GI cNAc sequence as an 5 acceptor substrate
SiSMQ/ansyh&fsesase Sour ce Sequence(s) formed Ref.

[0277] Sialyltransferases are another type of glycosyltransferase that is useful in the
recombinant cells and reaction mixtures of the invention. Cells that produce
recombinant sialyltransferases will also produce CMP-sialic acid, which is a sialic
acid donor 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 I, ST3Galll, ST6Gal I, ST3Gal V, ST6Gal II, ST6GalNAc I,
ST6GalNAc II, and ST6GalNAc III (the sialyltransferase nomenclature used herein is
as described in Tsuji et al., Glycobiology 6: v-xiv (1996)). An exemplary

81



STGal | Manmmal i an NeuAc a2, 6Gal bl,4d CNAc- 1 ST3Gl
111 Mammal i an NeuAc a2, 3Gl bl, 4d CNAc- 1 NeuAc

wW@2003@889401 , 3 CNAc- ST3Gal |1V Mammal i an NeuAeCHRSBEH041004

10

15

bl ,4d CNAc- 1 NeuAc a2, 3Gal bl, 3d CNAc- STGal I

bR R0 o B PP 2, gt
MRRMIRGk{d 8% Mﬁuﬁgg ?e@ﬂinapé}ald'(g LHH81 ——;33(?1|c dlsaccharlde or

gonorrhoeae 1) Goochee et al, Bio/ Technol ogy 9
13yookigle5 Sédl Q&h)deﬁ)gljﬁdﬂmmﬂ oJ RioklCherd. 238i: 3¢ b2 (1981 OVeinstein ef

Sdh71 Db dep) 6)1%%}2&_9}&2 da\b[gﬂﬁchaszgl B, 2871011

Si@bot %%@ﬁfe?E?e?l&&@%Z 1. §Wﬂéferés@ (Ebe. @b@hj@ﬁlsfers sialic acid

rreth03|sOS is also referred to as
a(te tl&:) Imnatieswmngmsrhmah@el c(fEhb @isdechridg)ar glyvosidenzy,Rearick ef al.,

i Brol“ S e SPAFlo g i fisonle G o e Cfemcto2ybe

Y d
LR, P ol 00 s O LRGN

r e@yitrsnskfélesa‘(é’ee §<uab§alvsatat oh Fot. adparhergi 26 Bi7HH38d (1994))

P b o PSP S el S BopfhufiE e °
b%ﬁa\l\ﬁ?rﬂnstfaﬁset WO RABENRI RS siBROMKIDG the sOHRES G Etl W@ﬁéNAc-

t he saccharides is between the 2-position of NeuAc and
t the Glopxw_thcompmhlthMte sefuencepmdeil ping dre temzipalsiadmmclieon fully

e sadMda clritiSles (66 TRISRD Lo (Snsaki et a

(1993) J. Biol. Chem 268: 22782-22787; Kitagawa &

Paeibiop: ﬁl&ﬁf%ﬁns}era@ﬁbhlcm@lh@@ﬂﬁlm@NAégédue%Qéi as an
genom c (Ki'tagawa et al. (1996) J. Biol. Chem IIi:

931- 938) adobpitos sgbdrates are known, facilitating
pr oducti on of this enzyne by reconbi nant expressi on.

. a eferred odi nent, thg i me |aI ation
SialylrRndeFsEr o | SPaR e 11| Saaheteery Rumel 2100 | Rer

STEGAIY! transf er asgsmphlisse i n 4 'ikfeuf%ﬁé%@ammy@n@ﬁ\m@ 1

|nr\||| e fhr\oo or\| ﬁfo‘l ‘Frr\m $ |o|||n|
o J L

TUoTTC T CT

ST3@dITIidi ng CST- | Mm@ | | an Nehase? HGalf iMGENAL-3) | |

i nkages. See, |e.g, W9/ 4905 LN&JQ%QQbGam] 3GICNAc-

Cioluleeonctarbene crbar s ol -

STRORAVoser ol | n| Admmoton ¢ | NewAca23GaIp! 4GICNAC | 1
NeuAco2,3Galf1,3GICNAc-

ST6Gal 11 Mammalian NeuAca2,6Galp1,4GICNA

ST6Gal IT photobacterium NeuAca2,6GalB1,4GICNAc- 2

ST3Gal V N. meningitides NeuAca2,3GalB1,4GICNAc- 3

N. gonorrhoeae

20

1) Goochee et al., Bio/Technology 9: 1347-1355 (1991)
2) Yamamoto et al., J. Biochem. 120: 104-110 (1996)
3) Gilbert et al., J. Biol. Chem. 271: 28271-28276 (1996)

[0279] An example of a sialyltransferase that is useful in the claimed methods is
ST3Gal III, which is also referred to as a(2,3)sialyltransferase (EC 2.4.99.6). This
enzyme catalyzes the transfer of sialic acid to the Gal of a Gal31,3GlcNAc or
GalPB1,4GIcNAc glycoside (see, e.g., Wen et al., J. Biol. Chem. 267: 21011 (1992);
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and efficient |arge-scale process for sialylation of
comercially inportant gl ycopeptides. As a sinple test

W0 0005iossd40ut the utility of these ot her enzynmeBCT/US2004/041004
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various anmounts of each enzyne (1-100 nU/rrg pr ot ei n)

are reacted wt sjal osal -

e e Fides el 0528t Rl B0 (5ot P M g i for
| RtaBf18$dn dfQs r@élﬁé—ﬂhl@ecgdliyg@%@@:hidé@& §l9t&eptiéest Theistaliefacid is
bovi ne ST6Ga , ST3Gal Il or both

siliaked twaaﬁ@k\évlw@iormtuo@ ohaR polinkpge bRtwesn e ywe prosharifes.
or, I [
o Bl BERG  HARRALRRRLIERn of Newac and
behd3-p6sition pf @ale Thiis muajln-emyrﬂ&hxf low isblated feonatanéiveron.

Ekﬁ}e%rlksgear? gqsc; g Qgézg 0 hééy 01f38§.?| (19 éBp&F Ellggllaﬁ{gﬁi\& (Sasaki et al.
egf do3h oNp) oY RN 268 @?2&2 b2’?8'7eKli't§ &»UA &l I‘hu?soﬁr(ngabzol Chem.

rge-scal e process pepti de |aI 'ati1on
TI268 el B¥el 4@di)1|artd @matmcsﬂ@taghm angf @Baé)eé BacvleCéetl Z7dr Phl-938)
E)I\&ée 11, is tabfe 1of si al ﬁ tra Iflerases t hat are ot
0 SGUSPEFS ALy %Vi‘“r - TR S PrOH RGO b PP RO esem
S 'e?&#)ﬂe%lél?' B ShHeehesd em8bditht, Mhd@iigicd sﬁ'ﬂﬂamgﬂhﬁdsﬁ\%e a rat
sialic acid. Gal NAc transferases [0283
NSddéiy ligal act osani nyl transf erases are of use in

bl[%ﬂ:]] %tgg tx?li%R arr)ﬁ;igg/itran ?a%g Slise E’r‘ia{hgp?éjsl ?tr kx%eenft%B include

O an amm no acl

OthdsB K;Qﬂiat@i ﬁﬁﬁ@dr@yl@hcﬁ:r jegurdf mblhém@ﬂﬂ’l‘ i-Hend SST{Rddethose
N- acet yl gal act osam nyl transferases include, but are
n(f@rnppg(pt &d) {1@kag§§ | Sézy e.g, WO99/49051.

129?1 x%ﬁ§f9§a§é§‘d?%( i RP ?ﬁfst(éﬁ 'fi’r??ablpél aré)also useful in an economic
a sam n , J.

cet yI>§g acto transterases (Nagata e a/.
Biaadl eff@mﬂargﬁacalel;ﬁeaezs ta&&@ylaﬁ@ga)coamersmw bmpartaat |

Bi ol 269: 15162
NHLBOYT AR5 SRS GrFERALle [HbRR B eafthe: Frzgpes, various
d&ﬁ@uni%%eac}?&@?mé %996@ )HU/[n%gGT]emﬁ’ hRAEEEPRitR sialo-o, AGP (at

proteins such as the enz cc from cl oned
gdnEsmigimlgy m]ectmpar@ﬁ@ahééy phige |s311>Wéansf¢(m\mf intgxset togtglylate

oiTicapatiss’ Beisho Bkt b ERSTPR L B TaBUPI S heth 0 aci o

S%Mﬁﬁ@&f&ﬁsetshm&ﬁﬁway &h&%lﬁfoﬁbpﬁ&ﬁs byglblcdjﬁﬁ)tmmbr N-linked
sequencl ng. This information is then used to isolate a

c pRgosacehei denenramagcallyrralepseddrage he(nratids baskbonsipsn pe used in
| irp‘;f]‘%:% fg? éggl% M@P f&% esﬁ(iggtﬁﬁl?] ?ﬁghﬁp&@ﬁ#s%ﬁﬁhe %@ilfty to

resd he s
enzyylete thﬁkab@g@tsmhz&mec bf glglb(tgepnﬂestrheree:lﬁﬁgmlyl thart S"EﬁGal I
determi_ned using .a sem uant itative .analysis of the
arwweg&nag pgq%l?%&afa? e W&ﬁﬁsg wag@ ¢ SelyEo8i tes in

1?02’8 egéundpardﬁﬁg)hﬂlss151?1'&59%’?@1‘35&36& £kt ‘fd)rﬂ{ & FIG. 11, is a table of

gl yco ation studies of synthetic peptides. This work
haslyléransfetases thet ardaf usedot wansfearingity acicdentersthel pwdifiadesialic

O\Q(glrdrs% Blig® S%?%Ol'tql herelglaxg onl}{nog tﬁeg sialic acid.

GalNAc transferases

[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, o(1,3) N-acetylgalactosaminyltransferase, 3(1,4) N-
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pepti de segnents and that residues in specific
posi tions surroundi ng gl ycosyl ated serine and

wo oososione resi dues may have a nore marked i nf PCEUS®0OM1004

10

15

20

25

30

acceptor efficiency than other am no acid noieties.

0
g%g%@ﬁ%e @osginyrg@t%ﬂsfe&@%&%%a@eé al O28R1 bneﬁwméoszhlzow

the enzynes utilized |ntemeto
@900 Sarith cral| S Mok e géasm 162 §H29M3) andamlypeptide N-

( Saézgty&lg%garctoe&%xw?téyn%%r§g (%§1?1Say ?}n %%g 2@ Isée %5 &1 i%'d@ \Mb9 3).

gl (028AYProHdIRhIF PERGINAERhGE ﬂﬁr@lzyMe mlma’tﬂ %Dﬂoﬁwmd genes
form when assocjiated with cells.

webvbge@ﬂ@c prREIRRETIaR 25/ Yyels kaowri 248> edud- S)r/ Ret. M0e4€éh,§7 HePagmethod
Q&vé déoflle&%r} %f%ﬁlﬁﬁcﬁ%r{ﬁamé@%tthénsthe ?‘Y a%gcf"s ggénce of the enzyme

e ase rom
delts deganingd boN-sahidal $dqnericimgn ThEUhfoam&tlon is then used to 1solate a

osyl transferases have been identified th
%?Wéééor@fenmle%?ﬁ% -engidmembeanedignadldrang era§e © i yron
??e} ?el,fs§19n BERR ihREOLN 7R E F\%ﬁlt&f‘ﬁ%ﬁe ﬁe@ﬁ%f a fully active enzyme.

erases malntain catalytic acti ty under
phljis @bq@omﬂecfmmyj pf the mszynhbmhmdetdrhmadummgrmogquazxemwe

L e Y e e [ e
ORGP AL LAy PHENGIE 398010 p&AGEIThis work

Met hods have been devel'oped to alter

gl Bas dsmonsteatesk téata@égm@xrpn@ s&id despipes afel os/errﬂerﬁse@i@np gy cosylated
Lar Sg?e getrgénaents ang(%ﬁat ré\%a ues 1 SFP%glﬁcS 1tlg§ﬁs n§l%§ g rf §§};lated

ene at e C

c DNAns eslgReRsnet @aﬁu&eﬁ@rme @ riop msedonﬂoénce ®hlacceptor
surface oligosaccharide structures and their cognate
%fﬂ%?%t‘iha%gﬁ]éf%@@@ acld REIRIACY i br ary generated from

rrRNA isolated froma nurinecell |line known to express
Ulﬁelggloacd Gdxcosyltransferases

Hﬂ@SS.]aIlna@lb@ﬁV tmbodimbh@Rtenky e wilRe@mM e dethod of the invention
al act osyltransferase was transfected into COS-I

cearf: s;el(fl porend gluensy biangfgrasest |AJtheuglk mapg polubletelycedy garplerases are

d(&% 0 &‘oraeé%%lgleg@l $‘i’tag?%olct5 r()ﬁg flsf, g@gggﬁ%@\éfe&éxs 5. generally

271113néh?ﬂrﬁnc( BOI) formlindheh @%cﬁteﬂﬁﬁlﬁﬂdﬂl@f Mang lod thengembrane-bound
b- | act anas e extern surf ace of Escheri chi.a

cotEymes %tPi%ﬁéF}t‘%St & FoSTRCES S {RFRSIBPIQLFIRS; ghagiigyfhqy are not
Sen% QOIS 1 M OMbBhe BN RAB R LR ﬁgﬁ‘l’re &étbx?geﬁts for solubilization.

rane- spanni ng secti‘on of an out ane
prSnr&ucn gl}ansyl(mnsfe)ram baveieen demtified en thelsadtheaswms wertebrate and

sequence i s 0 d resultin tive su
paaprs St E B Sttich ot ol s Frfit irggraces

el Biathin §at£lbfﬁé aamtﬁmnueﬁ;ﬂ\yﬁwgway@add@u&ﬁI HoSSEC IR nddtd

as recogni zed e authors, requires the conplete

t rnep@gmzedé"umqjgmmﬁ cell surface glycosyltransferases is for intercellular recognition
(Roth, MOLECULAR APPROACHES to SUPRACELLULAR PHENOMENA, 1990).
[0286] Methods have been developed to alter the glycosyltransferases expressed by
cells. For example, Larsen et 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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for proper functioning. Sulfotransferases [0288] The
i nvention al so provides nethods for produci ng peptides

wo bats/0539e¢ ude sul fated nol ecul es, including, fBET/US2004/041004
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exanpl e sul fated pol ysaccharides such as heparin,

neRRTAPKRL P Gopr QT IASENERox AR o) A1 251 AMAUEEp.
PPLRST et e

SUIta e su erases I nclu or exa

C ok ahinide- oﬁ-lﬁuéalﬁiﬁﬁslyﬂfaﬁﬁﬁ‘aaéevaé b srkRet @Eal\téos 1 cells. The
descri bed bY Fukuta ef a/.,J. Biol. Chem 270:
S(

185nseqted edls(Mo9Hen coinwgd remd pssexaessoon IND galperosyiBynsferase
glét glnlnoglycan N-acet yl gl ucosam ne
e4Cet yl ase/ Nsul photransferase 1 (Di xon et a

G087 Teantbsco 288F, 2dc. (NABALad Il 8349 2232717 (1992) disclose a
glycosan1noglycan N—acety“glucosan1ne

N-rm%bmtgﬂnab@mﬂ %iﬁcrmﬂsqt EnSE exigmal slrfem of RecheiriKa coli.

23“'}6“5%%%51@1 §Qﬁf}5tlgg 8‘?‘-:1?? ﬁlgg%lr?e%lfeng? of ano L%FI‘ rpem%zilgﬁprotem (i) a

262 mbBrRr3rahRithd 3edtibADF hn ohtéﬁﬁiénib% piesk hiedii) dcomplete
GenBank Accession No. U2304) §g15|dases [0289] This
UL

i m@wmﬁohctam@@e %qqgwpasssr@ducteldee goh apjarive W@C@h@und B-

M S et b8 PlaafarOpBipRE PRRLENSIT Bbcarvoti
dicsRegdi@nd &lfiBastrBEapuized bl eheCutdrs, Reyudres &t niplste afaktite fusion

fluoride to a gal act osy acceptor nol ecul e. (Wthers,
ufe prppgr fumgdiondigpg4, 494; i ssued Sept. 4, 2001). O her
gl ycosi dases of use in this invention include, for

e%ﬁggy ucosi dases, b-gal act osi dases,
b H%gﬂgggét b-acetyl gl ucosam nidases, b-Nacetyl

gj{)fﬁ{] %%n}lven 1 Sl%o POV)I( es?n 0%% ?C? é)rgauclilr?rﬁééﬁgags that include

ases, s gala

heunifgied hid)ﬂeftﬁks mﬂ[I&ﬂn@SfBiS ex@h}ﬂe Qﬂfat'éciaﬁcﬂﬁsaccharldes such as heparin,
a qu005|dases a- galact05|dases a- mannqQsi dase
hrpaiarsy)fatey carseesari-ind sdlaigd ComMREUdSt yhitable sulfotransferases

déHr}] Q853 PledAR T roi gﬁg@bg%ﬁnﬁ%ﬁe&tcﬁlg &lédlﬁ@ﬁ%sonbed by

eliram ni dases/si a . I zed nzymes
[ (F290k eThk JBedcGhern. 78n18505. 18580 (1996)iGaBafloActdssion M.

of nmes that. are i bilized on lid an

YT E R s Brtiney Fean N Bcraf s N e BT ¢
prsﬁl‘{ahgt%hs?er&leylc(%ﬁ’ér{ ét%rl‘sf}%cﬁﬁz@s boratzoim @9‘95‘)9@L?§b 1t8? aad
PEG via an intact gl Ycosy | i nker accor g& to the

nedyrosmiodglyban NrageitgheesarTine Neg@cety ike/N-aphptiansterase 2

B ReLEN S SRR AR ALY, A1, CRn R LTS00) and
| BRI ab ] JTBibIf CHEm 1269: wﬂs 10349119928 HugaatdDNA described in

m xture and
GenBank Accession No. U2304).

Glycosidases

[0289] This invention also encompasses the use of wild-type and mutant
glycosidases. Mutant -galactosidase enzymes have been demonstrated to catalyze
the formation of disaccharides through the coupling of an a-glycosyl fluoride to a
galactosyl acceptor molecule. (Withers, U.S. Pat. No. 6,284,494 issued Sept. 4,
2001). Other glycosidases of use in this invention include, for example, -

glucosidases, f-galactosidases, f-mannosidases, B-acetyl glucosaminidases, 3-N-
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purification of the reaction product, and al so enabl es
the facile recovery of the enzyne. The

w@boosos3phd r ansf erase conjugate is utilized in PEEUS2004/041004
met hods of the invention. O her conbinations of

SR e PR )i SRR By o RS, B anases,

ex giTRd t @Ak s FAAHANRREY, BemicBigulaget hawidases, dlit®ainUesy, bQflucosidases,
utrlize fusion proteins that have nore than one

engErkciogidages Gimapnesidases, ¢-Nriggyhalicasameidashe g N-asetyh
degm&&&? eg%Xﬁ;l?cﬁ?&t, g&?lo%f%ﬂjséég@-tﬁ? osi-ﬁpges,f A fllraminidases/sialidases.
po ypepil e€s can’ bé-conposéed 6%, or exanpfe, a

5 calmhibilized Evizyamdsi ve donmai n of a gl ycosyl transferase
that is joined to a catalytically active domain of an
ac Ifbe BISSSNVeriQn alsQ By Kiey f@ﬁ%/ﬂsé of &Pamys that are

do[FRh Bbifideh orf 250l rQolubRIBbYAE R Ale&BPmbliry Bbodiment, there is
formation of a nucleotide sugar that is a donor for

t hproyided e}y dosgitrafisferaseethatas contigdtydre aadPE@ at dnointact glycosyl

involved in a cosyl transf.erase cycl F I .

a " iohe Al B A R R E G e P Bt EP Al conjugate
10 cap dpioh&lly@@chddtosbRdBuppbR, Theabyoeligetippbetel BAtymes in the

encodes an enzyne involved in nucl eotide sugar

symeHeds of thylmvenden sigiphigics theiverk yp of ierfeacsian mygyre and

cat. al - ' ] '

SRR PRI P Lo Bl AR et ERL ey ron

t henAare Pitherglytob @auhsferadh@nfugaicdn uplizzidah theaasthbds dfube
or . nore cycle enzynes |inked into, one expressible
nuBIVeBiGd Otbetfinsiirations oberdmes AbHPRENE Wil g anmggsms p those of

15 Pr gLiBiNeNgd udes the catalytically active domains of
two or nore glycosyltransferases. See, for exanple,
5,641,668. The nodified gl ycopepti des of the present
i n¥esbndroretuy be readily designed and nmanufactured
utilizing varioussuitable fusion proteins (see, for
ex {029l pIn R6dr dRamphiry dppbddigehispthe RETHAd4AB8 2 Td8Mitionfatitize fusion
was publ i shed as 99/ 31224 on June %4h 1993.). :
Pr BIRSIAY Shatnaye mse fien oae Sirgmalic pe9yd) thpts davebyedin synfhesis of a
sugas ' .

@sﬁreﬁ%}_:ﬁé)?ep%ﬁe %ngg%zgg?ﬂ"ﬁé HislonHe8/pefRGRS @ht Be BRHpERE of, for

PEG or I'nker te groups "are |inked together
20 t hexougiie taatalgeally actematomeen of vglyeosylttansferage ghat is joined to a

s bl 478, FESEEE T e c
Thgofsigaan MBAGtan e, fcliabizk @R 18 fRUBfrEtionl of al MIGRLAEE Algar that is
any position on the sugar noiety. Reactlye(ﬁroups an

cl adery for the ghepsdniansipseseupr qataljacacepiongnttiesdinds ent
t A AR FesE SO Lol e GABRS o PO BE R b PRS2
25 ¢l gBses/1tednsfeeae ichiobsjonwal Inafphrae Wb tipolydacleotide 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
30 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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sugar noieties are those, which proceed under
relatively mld conditions. These include, but are not

wo ovsHesd4¢ 0 nucl eophilic substitutions (e.g., PEBUS200H641004
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of am nes and al cohols with acyl halides, active

f:@g{aﬁ% glslselé)rgﬁ%ﬁegrg%(::s%é, fortiBR Bbldt B g'r%i'enﬁ %.gﬁn%art]{gﬂ"#@ﬂé/x98/01 180,

I’ons car on-car
C awhieh WS thablishied oy WO 99/r3|1@24b@mﬁﬁ1e(2@, ¥99. )M chael
reaction, Diels-Ader addition). These and ot her
useful reactjons are discussed in, for exanple, March,
AsvsneraaR o lodifisd\ugttdy 3rd Ed., John Wley & Sons,
New Yor k, 1985; Hermanson, Bl OCONJUGATETECHNI QUES,
AcH282) In denem§ theSmgaDineigty, orls98; mainty - ligen egsseste ald, the PEG or

I,CATI ONOF PROTE v A
Vol ECH5E ie earentmini G (SR O SRABR P Rt §Foups,
19&Bkch[a%%ﬂcallgss-sﬂslforhﬁa@yltM@luﬁkmgbfoesﬁlmﬁra%nsm@@fndﬁmcuonal
froma sugar nucl eus or ?roup i ncl ude, but

ar §FORPPT PrAfativg smyleS( dye é@ga@ m@ytlvg p@naégwupésa,u iplpsated at any

d I
BP0 e LU bl B byt

espracticingithi qbrésalhtl ifesitionayd gendfiati aziadse shat el \@eﬂsltrmm in the art of
p-nitrophenyl esters, alkyl alken I, al kynyl and
ar‘aﬁaqru%gaées'fl@rrgstrx d;urrﬁnéiwé&wedg? ws%of KRPRORS ayahlaple with reactive

(RGBT e Seipueh RiPer ChRE Rl BRI TSR These

di implude,dait wietriot Emitad Itcemmlndphdlcg;ubsmutmm lfe.g.s reatons of amines and
ex | e, anin box

oA BT P skt e o S haptbg syisihonsf € pnemine

t h@a GRS Slitadaitions @MborQéarBor W @AFYAPherodth multlple bonds (e.g.,
functional group of the hal ogen atom (d) dienoph

ngum@el ehdtion, Breds-didsabddition). Jaesd andpahdrmgefithreactions are

gr cgla%lgseddlgg fog?)gagrtﬁé/lo %rcﬁé?e/g%cho%%(g@ggggwlﬁk{eérla' Eddo John

S UBSR( 88 BdnsH Blelw Bk 72 BIF5O HetrBarR 09, B10CENNGATE DEORUINOBS, Mfcademic
carboné derivatives such as, for exanple, imnes,
AR

hykiessz Ple%)eh?%aa%E%ﬁm el M@%@;«T@m QR PROTERNS; Advances in
TEChANATS AR, Fol 4980 A Cien Al WA, pC., 1982

r e[&)(Zf).’S]onsezﬁultl’eacaWB festiohdrgrenpa mphdent fromf osugar nucleus or modifying
sulfona des thi a roups, which can be, for

|
ex%ﬁBP @%@? ﬂ@“ﬁ?gﬁlfides or reacted with acyl

hal i des’(a) carboxyl groups and various derivatives thereof including, but not limited
to, N-hydroxysuccinimide esters, N-hydroxybenztriazole esters, acid halides,
acyl imidazoles, thioesters, p-nitrophenyl esters, alkyl, alkenyl, alkynyl and

aromatic esters;

(b) hydroxyl groups, which can be converted to, e.g., esters, ethers, aldehydes,

elc.

(¢) haloalkyl groups, wherein the halide can be later displaced with a
nucleophilic group such as, for example, an amine, a carboxylate anion, thiol
anion, carbanion, or an alkoxide ion, thereby resulting in the covalent

attachment of a new group at the functional group of the halogen atom;
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(h) am ne or sulfhydryl groups, which can be, for

exanpl e, acyl ated, al kylated or oxidized; (i) alkenes,
wobiosissoan under go, for exanpl e, cycl oadditi onNBCT/US2004/041004

acyl ation, Mchael addition, etc; and (j) epoxides,

which ¢ .eact.wth, fqr. exanml i nes_and .hydroxyl
conpou n@g . Jlfrtf’fgﬂj’ EHNES: Vgrﬁ%}{ Y gg?f%ec%ﬁ%lpagﬁngd%?q% 'Z‘Mder
be chosgactsdngRBudthat fdrlke¥mple, Maleindiadb igk&ippat € in, or
interfere with, the reactions necessary to assenble

the re [ I 0 AV T .
Al t er na ?vae(%ﬁ?ggg{keeg%i @g‘%su%“é i or%g?ﬂ%sg@g%eg%ﬁ%gvnat%glon is possible
pr ot ect ed férmhmuiopaf tarbomdiderigatives suth as ot exanpléyimies,
presence of a protecting group. Those of skill .in the,

5art undl@fdge@ﬁas,ﬁawce@aﬁrﬁ? EOXIREHAT Vi e MAChFis NS, #sprignard

group syikidd\@alkylliflfes alfitiod,nterfere with a chosen

set of reaction conditions. For exanples of useful

protect] roups., ,see, for exanple eeng et. al,

RO ECTHE BRI B eny B SRR eacte i T hinge. gor example,

Sons, NeWorfRkKlforhBdes; [ 0295] In the discussion that

foll ows, a nunber of specific exanples of nodified

sugars . ar ' ractici ]

vent 90 of BRpS i bk 8 R B, oA eREFRRRuldcs orreacted
10 a si al i withaty hdkdésyative is utilized as the sugar

nucl eus to which the nodifying group is attached. The

focus Ofpyt b B oflpS Wit c el kb Blel ¥GRatd b alkylated
for cl a{hgt%;/&%g? fﬁ#@?%?%ﬁ ’o‘ﬁly and eéﬁou d‘ﬁﬁoi (%gd > afyiate
const r uexbxtidizéd;mit the scope of the invention. Those
of skill in the art will appreciate that a variety of

ot her sgpalkeA®y, fhichah %Hdé%go,%lt éﬁéﬁif;ﬁ@, cﬁﬂgadiﬁfﬁédé,aidylfa@@i@n,
in a manner anal ogous to that set forthusing sialic

aci d asMaghaghkaddpian, efepandexanpl e, nunerous met hods are
avai |l abl e for nodi fyi ng gal act ose, gl ucose,

15 N- acet y{jgapacties aicheand fchcf witBsfor &anipi¢lRinandsaivd Sy gyl
substrates, which are readily nodified by art
recogni%@%ﬁlhods. See, for exanple, Elhalabi et al,

Curr. Med. Chem 6: 93 (1999); and Schafer et al, J. '
O [9294hEle reaétiveXdndtdaaPrpups AR B6 khdsen anctethethtyady not participate
enpbodi nenf, th CSF.peptide that is ified by a
rre’tnh%ml%?ﬁtef%‘émﬁﬁg% FreF EAnSIRGCes gy R EiseBblFgae Fitv gl nucleus or
Pr Rduats Igfbug? AR AR e§eh tichi®e Qnetidil@8h ksl bOprotddted from
transgeni ¢ ani mal and thus, contains ~and/ or o
20 O parikipating inglosmactiariydbe preagnes of ampratéctimgegroup. Those of skill in

DRI i YV F S EORE RS g v

a in@rfkdRith dhashQsofiresdtidd @osdflode 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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PEGy| at ed, PPGyl ated or otherwi se nodified with a
nodi fied sialic acid. [0297] In Schene 4, the am no

w@bopsosioade 1, is treated with the active esterpof/Us2004/041004
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15

20

protected am no acid {e.g., gl yci ne) derivative,

gg{g%’%ékgﬁ glefqga% 6};1 g? l%mF xr ?nspl gmle?é gn%eh}? S afe a\Lfihlable for
aggliit mgSgatldc@@te eg?luwste fN:aeet lgdmbt@Szﬁnitn@ ah® ﬁmoae iaJyrdﬁ@wfew sugar
carboxylate : ound 2 1s converted to

corbsfrsnyhish a@vpngéf modified by By reqogniged muséﬁ Sygpfagxample,

C}ggﬁg%&?a émlm% Y 8%941%9%%%@2&@%1 On Rk, ERSn. 6s:

erivative to uce co
| Mreomed via formatl on of the gl yC| ne adduct is

“f;h%';'{ﬁjﬁg o RS PRI G S BB PO s (raglifhg by a method
gle’ inVE Rl Q) gw@g e?g% net Q)p%cﬁlc@dl N rﬁ%ﬁﬁﬁbﬂ cells (e éc , CHO

uci ng speci uch as 4 or 5, respectivel
4 c&lls)@lk/ﬁa '&lkanqgnmh anmsa andTHRs HOntainsNfH2and/aor O-1i ed ohgosaccharlde

e-NHS.HO CH 1 2. Pd K 2., Neu

A lcfbwamlﬁewst@lgz (el gt bEostpotid el
glyQoBe ide lack‘l@a fali?acd Mid ¢on1a11§ln%:g tefrdind? %@a@to%‘ﬁsid@e thn be

Jvo- HU H HO J CMVP- SA-

5 PDOH Gy G PP e § NG P RS e AHBO0H
Wb srtonts FATTE DRI TR AR oJAR Gicota

MpAepdies phaicerid (@af, @Y(&n&‘)el‘erwaﬁt\dez&ﬂwmmg the R@é‘r :miinetrgmdue
Certain of the corrpounds of Table. 3 re pr

t HBtorHt rRsEPSPRNdiRRiecied aei%iwl@ amidpadiyels 1 5‘3\}% Featpd with
b%n%'ic}o]a{sg & ﬁﬂhlZ&-%yHi%W Qgr%oxylate 2. Compound 2 is converted to the

corresponding CMP derivative by the action of CMP-SA synthetase, followed by
catalytic hydrogenation of the CMP derivative to produce compound 3. The amine
introduced via formation of the glycine adduct is utilized as a locus of PEG
attachment by reacting compound 3 with an activated PEG or PPG derivative (e.g.,
PEG-C(O)NHS, PEG-OC(O)O-p-nitrophenyl), producing species such as 4 or §,

respectively.
Scheme 4
OH 1. CMP-SA synthetase, CTP
HO w4, | Z-Glycine-NHS HO oH 2. Hy/Pd/C
Hoﬂl\lm 2. NeuAc Aldolase, pyruvate HO = —o0 O *Na
_O O
HO - Zo NH — ]
OH n’\tor OH
1 2
NH, “iHNZ
\N I
o BN o Q N0
o—P-0 0] ° 0P-0\©
HO é)'*Na/\g_j PEG-Q-NHS HO OH 0" *Na
H . HO S o -
|| HO 0 O *Na HO OH -~ » z O""Na HO OH
PEG-C__ Sy 0 HzN’\g OH ,

o}

CMP-SA-5-NHCOCH,NH—PEG PEG-OC(0)O-pNPC  CMP-SA-5-NHCOCH,NH,
CMP-SA-5-NHCOCH,NH—C(0)O-PEG
5
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See, for exanple, Keppler et al., dycobiology 11: 1IR
(2001); and Charter et ai, G ycobiology 10: 1049

W@ 2880546 Ot her ami ne reactive PEG and PPG anabOQus®04/041004
are commercially available, or they can be prepared by
AT E RGeS sal g oph bl o

J dex@/atr!zwwirlﬁ) aBERnOiary./ CEitaifl oN&er@msm(dsmf NHbleH m INHp@Cd by
OH CMP- SA- 5- NH-

Othe method gf %c}pmed%th@gé’%p%vgd% E{g%élp}_%y art]\rlgccwx% Joethods.
OS%C’ ﬁﬂ e%vgxp% ]dé?plg'_%\lt&l gt'i obiolddy1i: Vlmgzobl}l& an® CHarter &Dal.,

WP-KDN-5-0-R NH2 O O
5 NGB o 10m)l 049 QOMP)) OOKkerinyingReastye PEG and PPG analogues are
commercially available, or they can be prepared by methods readily accessible to
those of skill in the art.
Table 3
NH, NH;
f Y
0
1l ,& ?
o—FP~0 —P~ o
HO oH O'ZNa HO OH o *+Na
HO =0 0 *Na HO OH Na HO OH
R-NH—"¢gn ° AcNH
CMP-SA-5-NH-R CMP-NeuAc-9-O-R
NH» NH;
) e
A,
i NS0
O_’FID‘O O O,——PNO
HO oH O""Na HO oH
HO = —0 O *Na HO OH O Na HO OH
R-0—"ox ° AcNH
CMP-NeuAc-9-NH-R NG
CMP-KDN-5-O-R NH N
2 I ,g
[ of-P o
A,
I N0
R_o O___':;‘O (o) Q O Na
O *Na O "Na HO OH
OH !
HO ) Q 0O "Na HO OH ACNH
0
ACNH—on CMP-NeuAc-8-NH-R
NH
CMP-NcuAc-8-0-R L
NH, (N
N Il N’go
(I:I’ | A o—P~0 o}
o—P-0—_ o) ° HO NH-R | O *na
HO Q-R O *Na HO S 0 O *Na HO OH
HO_\E—07/ 0" "Na HO OH AcNH—Gy  ©
AcNH—3,  ©
CMP-NeuAc-7-NH-R NHy
CMP-NeuAc-7-O-R “i“: A
LA i o
o—-P~o N o 0—F-0"\°
H -+
HO OH & *Na HY § o
S HO : O O "Na HO OH
HO z 0 O "Na HO OH ACNH o
o c
AcNH -
OR NH-R
- -4-NH-R
10 CMP-NeuAc-4-0-R CMP-NeuAc
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P--OU/N - O'Na HOOHH1 TO ~VO- w Na H W OH

AcNH O OH AcNH CMP- NeuAc- 8- NH- R CVP- NeuAc- 8- O- R NH2

W(NHR)S/IBB@M\I- Oll 0- P-OVsJ 0-P- O- X/ G HHURD4/041004
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o- "Na WHO .0-R T i -+Na \ /| HO- L Xy- 07 V Na HO

Mﬁs@d&ﬁ ol e fin W Beppm i can

be ubdtEHEY R othr poksitions & wélt & thbdevset fodh above. Presently preferred

substitutions of sialic acid are set forth in the formula below:

in which X is a linking group, which is preferably selected from —O-, -N(H)-, -S, -
CH,-, and N(R),, in which each R is a member independently selected from R'-R’.
The symbols Y, Z, A and B each represent a group that is selected from the group set
forth above for the identity of X. X, Y, Z, A and B are each independently selected
and, therefore, they can be the same or different. The symbols R! R% R’ R*and R®
represent H, a PEG moiety, therapeutic moiety, biomolecule or other moiety.
Alternatively, these symbols represent a linker that is bound to a PEG moiety,

therapeutic moiety, biomolecule or other moiety.

[0300] Exemplary moieties attached to the conjugates disclosed herein include, but
are not limited to, PEG derivatives (e.g., acyl-PEG, acyl-alkyl-PEG, alkyl-acyl-PEG
carbamoyl-PEG, aryl-PEG), PPG derivatives (e.g., acyl-PPG, acyl-alkyl-PPG, alkyl-
acyl-PPG carbamoyl-PPG, aryl-PPG), therapeutic moieties, diagnostic moieties,
mannose-6-phosphate, heparin, heparan, SLey, mannose, mannose-6-phosphate, Sialyl
Lewis X, FGF, VFGF, proteins, chondroitin, keratan, dermatan, albumin, integrins,
antennary oligosaccharides, peptides and the like. Methods of conjugating the various
modifying groups to a saccharide moiety are readily accessible to those of skill in the
art (POLY (ETHYLENE GLYCOL CHEMISTRY : BIOTECHNICAL AND BIOMEDICAL
APPLICATIONS, J. Milton Harris, Ed., Plenum Pub. Corp., 1992; PoLY (ETHYLENE
GLYcOL) CHEMICAL AND BIOLOGICAL APPLICATIONS, J. Milton Harris, Ed., ACS
Symposium Series No. 680, American Chemical Society, 1997; Hermanson,
BIOCONJUGATE TECHNIQUES, Academic Press, San Diego, 1996; and Dunn et al., Eds.
POLYMERIC DRUGS AND DRUG DELIVERY SYSTEMS, ACS Symposium Series Vol.
469, American Chemical Society, Washington, D.C. 1991).
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| HOQHT o- HOOH T 0o +Na WHO AL . +Na H WO OH HO L
X 0-7Vg- +Na HO OH AcNH \y\ o AcNH 0-R NHR

WERMBSHEAC - 4- O R CVP- NeuAc- 4- NH R[ 0299] The noRICT/USD04/041004

10

15

20

25

30

sugar phosphates of use in practicing the present
i nv.e n ca S ted in other positions as
w&t‘ 5‘5 {ﬁ%%n(cggfs #'g‘f'f'ﬁ JBSBQ Pr esently preferred

f G R B FE I SR I SRR
Ohh$#4hibn Zric'ﬁld_%s 'aﬂadﬁhieﬁho% PEGfmdlet?Kb BQu s Qé’&%u&@ﬂ %)Pefbfgbly,

preferably selected from -

N(fRyr2ingiarstabii alduetaehior is & swbStreWtfelr a glrygeqyétrﬁdléfﬁ:fasy Thus, it is

selecte The o3

re;ﬁ%@s’ %F“%“Ogr‘gu ]t“g%r s %4 ée(?b'%]teag Yf ?%Fﬁo gﬁ‘gr@ﬁg@%“gar
f aribiBryabidty @ cfogs-lihkiag iag@iitd Eohj@fatothe REGYand4he Aug@RdEXemplary
are each i ndependent |(¥1f sel ected and, therefore, they

c dnfupetiened carpeungs Whidnrcap da usedrior adaehing @OChﬁymg@rouP@sto
R%amﬂyﬁi%tefrﬁe LASER Erulib, bfatg ﬁo%flng%to, k[}ﬁﬁ&i%ﬁbﬂtt i c

Bionol ecu e or ternatively,
t r;ﬁﬁﬂemyhheglscdlgppcﬂsmidea pblyethers polgestérs ahd thedikieo Gneral

PEG nvi ety era tic noiet ecul e or g
PR b T B YA i eles SRS A e AR Herature

CoRk UGRL LIt 3G QP 8L BYBERINMIsH ll@%(l@@)p%h%n@%al Anal.
limted to, PEG derivatives {e.(g

ao@:be}alnk}ﬂS PG, (198 RyJandz v al PEGIm. (,,"hem Soc. 112 8886 (1990) and

Bednarski et al., WO 92/18135. In the discussion that follows, the reactive groups are
treated as benign on the sugar moiety of the nascent modified sugar. The focus of the
discussion is for clarity of illustration. Those of skill in the art will appreciate that the
discussion is relevant to reactive groups on the modifying group as well.

[0302] A variety of reagents are used to modify the components of the modified sugar
with intramolecular chemical crosslinks (for reviews of crosslinking reagents and
crosslinking procedures see: Wold, F., Meth. Enzymol. 25: 623-651, 1972; Weetall, H.
H., and Cooney, D. A., In: ENZYMES AS DRUGS. (Holcenberg, and Roberts, eds.) pp.
395-442, Wiley, New York, 1981; Ji, T. H., Meth. Enzymol. 91: 580-609, 1983;
Mattson et al., Mol. Biol. Rep. 17: 167-183, 1993, all of which are incorporated herein
by reference). Preferred crosslinking reagents are derived from various zero-length,
homo-bifunctional, and hetero-bifunctional crosslinking reagents. Zero-length
crosslinking reagents include direct conjugation of two intrinsic chemical groups with
no introduction of extrinsic material. Agents that catalyze formation of a disulfide
bond belong to this category. Another example is reagents that induce condensation
of a carboxyl and a primary amino group to form an amide bond such as
carbodiimides, ethylchloroformate, Woodward's reagent K (2-ethyl-5-
phenylisoxazolium-3'-sulfonate), and carbonyldiimidazole. In addition to these
chemical reagents, the enzyme transglutaminase (glutamyl-peptide v-
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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car banoyl - PEG, aryl-PEG, PPG derivatives {e.g.,
acyl - PPG acyl - al kyl - PPG al kyl acyl - PPG

w@e anbasdys - PPG  aryl - PPG, therapeutic noi eti eBCT/US2004/041004
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di agnosti c noi eti es mannose- 6- phosphat e, heparin,
o B ARy ERRBRAEA BT Spufl e
d oS- ahd h&%hﬂ«ﬂﬂiﬁﬁmtlblﬁbﬂ eEgeMs corﬁﬁ]ﬁl&% ddghtical or two dissimilar sites,
ol i gosacchari des, peptides_ and the |ike. Methods of
cdﬁ?ﬂﬁ@fa‘teilhg"}tlﬁém@é P%tl%@rﬁwrﬁgsﬁﬂb’@ﬁé gugnglino, indole, or
S%%ﬁ%}% r ety are readily accessible to those of

ski I'n t%w At (POLY ( ETHYLENE GLYCOLCHEM STRY:

Bl OTECHNI CAL AND BI OVEDI CAL APPLI CATIONS,J. M Iton
Haturificatind . of GRCSFUCvijugateCor p. , 1992; PCOLY ( ETHYLENE
GLYCOL) CHEM CAL AND BI OLOG CAL APPLI CATIONSJ,. MIton
Harris, Ed., ACS Synposium Series No. 680, Anerican
Cﬂbefbm&kg inecluble/G-ASV7; Her manson,

1d y&%-g%m 1l1N1|a%|p$(§tEH{§ %g%%;ﬁghﬁp @%ﬁe 3 %San ¥ %%Ee gs insoluble
D@gk%@ﬂé’s %@E%l infaSionYbIBRS. [HENSIR b@cﬁeé\/&}{a pr(ﬁ@@ deposits found in

Aneri can Chem cal Society, Washington, D.

1991h thEucmlas@tmsoe@@lawy-ﬂpnaeﬁ<¢frkgl0©r1@ws§§ e[g)s@l.a}k Cur. Op.
Pr tyi I

i Fae a0 7P BUTR e BBHER ool aif'pled st bacterial
ofinduftEGChedies bid inethdds Bgasfoldsd thue morimnebesdabd yctive G-CSF
form ng a stable adduct, which is a substrate for a
gl Byelely pre pipvided hergin. Thus it is often preferred to
use g ld’méﬁfans?o;grv{olcﬁﬂgaztﬂfe@@ﬁy reacti on of the PEG
and sugar cross-1T1nking agent to
cdnpadj éE@pxb&@cel%E@wﬁGECSHﬁprosngsafrom beetaphlaeils, G-CSF proteins are

bi functi gn oynds wh chcnbe used for .at.tachi,n
maPrey e gngwaﬁr Ul %Ifhﬁt actip? atehervesigdy afélpteﬂagd the

arigeliQbn bbdikd a?rg 1§0‘Pated%rfdl'k0£‘s§1b@ NAlne embodiment, three washes are
pol y(et hyl enegl ycol's), pol yam des, polyethers,

paleyfesnet g fustdvetShen hibkffer atamdt bﬂtwagp6.6 anth89); A oronovalent salt,
I'i nki ng. car dratesto t her. nol ecul e kno
tﬁegﬁO?mf PR s Ropl o By 48 FAtongs- 15 San 188 delefent,

Bi o€ h@aiumh aefox%%ho%%d(ﬂﬁﬁﬂ) a sd20Ad WaasBlin aldetefg@ai free buffer, and
Bi ochem 178: 408 (1989); Janda et al,

Sacthird wash gglde). The gg)te1gﬁwltg@@hgr@MS10@tbo§;es are\/@en solublhzed

928(0}11801§25a11011 alli E% g%kosrﬁa%é% i?lg d‘éll?a%raﬁgl éﬁ%mhﬁ hgoqﬁfétolr Yl?ea

roups aret

t @trﬁﬁl&@@ﬂ’]ﬁH Toracterghtssargiay cofﬁb&mﬁ@x@dﬁth@k ihene embodlment of 5-
di scussion is for clarity of jllustration. Those

s KIM guaniding G or ygpq qre ézﬁsirt@épblivéwﬁ §4¢Sh- - @Pﬁ)@ag@g%‘imem,

I ¥@p4 to reactive groups on the nodifying group
as TAghea FOSOZ] A variety of reagents are used to

n{d365] Afie solmibjizaton, sendtutahie anodinovedifromgae G\ﬂStFrprotein mixture.
[ Crossl| |

IC%%%HEJHE ?%ngaé gglgﬁc]‘t éorgrpd' a varlety (g(ts mét{\g s, chudmg dlﬁmon 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
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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crosslinking procedures see: Wld, F., Meth. Enzynol.
25: 623-651, 1972; Wetall, H H, and Cooney, D. A,
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pp. 395-442, WIley, New York, 1981; Ji, T. H, Meth.

Engyamtd lﬁﬂathl&ﬁﬁ( 808.1/dSKG), cPudihgoytiat, o@btcalmﬂe/ kt@hine,
Re 17: g167 183( 1993, all %?év\,hl ch are |ncoré§r at ed

he @ﬂﬁ&ﬁﬁ:r@ﬂ&%@@ﬁG (et &8+ Errrloes OpnRiotighs Bag@n @ (2001)).
ang & n%re \ﬁ%g ngern?[ﬂe’r@ﬁaénx d&ﬁlgfqu @fs%ﬁ{}%& ata rat o of 10:1.
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chie O&Beé?‘%séuwrtswawcwro&&aeéf Brcip ot P e e.g. L-
o Sg{ ;r%d(g 4@%&@ gEéhﬁJw CHchyARnd efa‘%sfu%tsogu& as urea (1-2M) and

elong to this category.
exampldiniim dhdmgier(f)§ LHM); amdjdmggclﬁm(HIS@hapsnSIaS @TAB, lauryl

car box nd a group to forman am de
bo‘ﬁﬂlt%%d?r&%erb gqxﬁ‘?'ggs{b%ét hyl chl or of or mat e,

Vopduayr Alitse &ﬁﬁ&ﬁ@tth&@%f" §Ir&éir dan be dialyzed to remove the redox couple
phenyli soxazol i um 3' -sul fonate), and

¢ aottsshrludivanted &r B ecompengetdi Iniosa embodimest disthesis isaerformed

ent t he e ran n
(P s ilg S5 PSR IR ATR0 aqon-ipic getgrepnt .
mMepwbeh -8 edten dial@istht GURMprete@s&dn Hem;ﬂ@errp@a@emtandﬁlai S
enzyne catal yzes acyl transfer reactions
ca?%‘éi‘éﬁ?ﬁ“‘d’ebyg‘% Gpehagee premaiograpbi d&ganateawpmem an SP-sepharose

%lt,g{{@%haﬁg’y@% Vs Widgh @ primary amino group as

trate erred hono- and hetero-bifunctional
r e@geﬂt Bhasenf skihl willoedodeizt tlmabh pooteih\was béemgefvldedrcorrectly when

ect.i i.ch, e reactive am no, . .
S UBF RSfaldeR Prgtin e siet oIS Bt adtcad ety o b ¢ SF grgegbiologica
Pué{CItlfVitf b O meSsufedRinPRiriegps ERetRedO Foi AQniphs BidIBigally active
G CSF 10303] Many recombi narit protei ns expressed in

baGEEF ipsoteine awxspbessesdonthe ihiinkaddlecogplgtienydesesbédin U.S. Patent

o Spheatong BT 15 P AR hips BreQoHEb @5 4 BR . Bk FeBingry 12 2004
pearddn«\@c&m;cma@:@ Nugfbebardosnica 881(%6s: filed Bebrudsl 20K200@4Each of
Bi ot ech. 12:202-207 (2001)). Reconbi nant G—CSF

prwhish isheseia ircoppasaisd By refeisaes toF plh pPuipRedsuSCSE mseigineastivity can
anzﬂscpgé 1%8%%&%0&1 ecfeﬂ J)lﬁgrailgﬁ 3382 &R@}h&%l&&’d PJIP((‘Wﬁe) assays in

lve are rovi
Corachi, (Al@dﬁlﬂesfcﬁbed &ﬂ‘@ ISdPaitgntafK:IileEUdﬁs6353[5®$4)4i|led|hnuary 8, 2004;

producea ive G CSF eins from bacterial, cell

G Qe By et Beamarvaidh PG and o kel N Q4P 347

o@ll BSOUS Gl @Qﬁxﬁﬁr‘?/aZOaQ@Oéh LML ch Q'}%f&ﬂtrﬁggﬁpﬁea Bfreference
ncl usi on’ bodi es e isol ated and washed ne

enfoodil perposest)rheerolafstation assays and the WBC assays can be done before or

after O-linked glycosylation of the refolded GCSF proteins.

Other Methods for Isolating Conjugates of the Invention

[0310] Alternatively, the products produced by the above processes can be used
without purification. However, it is usually preferred to recover the product.
Standard, well-known techniques for recovery of glycosylated saccharides such as
thin or thick layer chromatography, column chromatography, ion exchange

chromatography, or membrane filtration can be used. It is preferred to use membrane
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( @raups), Chepmtogendy aOThBe-Sepliargde, G Bbist Sheharpe MONO-Q,

a [ Lon Xx-.100 0308] ter ,refolding,.the

RS RTETE sorpaae A SRR R L el By
Oﬂfb?bpéaﬁl\,/\@ﬂty@ d‘o?éﬁeﬁﬂ!PmyﬁDmfb%@rl, dr praaia 2 sEsdidre8DS-PAGE
dialysis is perforned using a buffer including sodium
achraaratogyrphye piica chipmatpgraphy; duematgiacasipgdeverg phase HPLC

BT P PLAmride, S5 POt Sangler st

C higlamilargicap by sizé-exdngoe tiiroshatgrdphy arhrGRategqaby os eolumns that

G R NN EAN s I N

qu)fﬁ(}tl\bléfdiﬂ@@ Blycopeptides produced in culture are usually isolated by initial
extraction from cells, enzymes, etc., followed by one or more concentration, salting-
out, aqueous ion-exchange, or size-exclusion chromatography steps. Additionally, the
modified glycoprotein may be purified by affinity chromatography. Finally, HPLC
may be employed for final purification steps.
[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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the refol ded protein has detectabl e biol ogica
activity. For a GCSF protein, biological activity can

wheoosms®ws ed using a variety of nmethods. For eRempE®N4/041004
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bi ol ogically active GCSF proteins are substrates for

a7 P R BYKE RUABIAR SRR HobyHens g1 Hbduce he
60hbdifidd gliycopdplide oFthbimangiod 2re fREMdncentdtedtusmgraypmmercially
2Do (ﬁcy;f} étiléglgg;?fgfrl Cgai}ﬁgegisﬁzchll gq%gﬂgﬁepygg? %gr':/glggzgg rggl\/ﬁﬂipore Pellicon

r
eJ1§5 RS0 QMit. a#éllo@x%@%%%flceﬁ?l?g?% :ﬁllé;%cﬁigéﬁsﬁ;dtés ﬁﬁg? 88 applied

al so %% nmeasur ed using cel
whbtasulshtde guitdatioq WBG)x.aBsraemple, a avitable Alisidy tesor inbed

5. OB = GERRHA TP, g dan o molsia bOGHD @ suitable
Atsﬁlﬁﬁ&@YAQ@l%Kﬁ%leﬂthﬁfonoel@HéFge r&s1:8 B8R0 WS enipldyed, for example, a

February 20, 4: each of which is herein
i m:l@irlpcw aul@érawawmmeem DEGYE gioup$ L:Stptabbgnatrltrwelnclude

roli t as a t he a can b
T T R B R L G T
GGoriflehd e Aﬂﬁernéﬁ\l&@r aletifroebschhfde stgomay bdﬂ@m@b@bdig&h%le cation

of the Invention [0310] Alternatively, the products
prexghrnggrsgyel ﬂ%vaawﬁwsammgagewm@mgﬁ OROPFIt

pUJaMJx?H%th/P 00 VeSfify rcgﬁ' ! gﬁ)alﬂé a)&f(o‘&fam%ét% ed 0

recove uct . t echni ques
f (0315 dtinaty oné omymdélgﬁlkﬁ’llﬁdstqam’qﬂoyldghychupllmbasRPﬂ{RLC

or thick |aye ramat o ol hr omat ogr a

O criaraic g BTG BBy e ahBhate & oo, G be

C %ﬂ?@yéﬁﬁ@ Gurtel phSHRY F516pepaEe LS @om{)osmon_. Some or all of the
menbranefiltration,” nore preferably utilizing a

r dvmgsmgqnslmﬁmtmmm;r mn@nom capmEnasronsgar atsolbgemployed to
chro raphi c techaj He? the recovery as is
GiRETIES BHORBPHTERUT PARIIAH G |t or ot ur & o1 t ed
hg0816]. THeGhodifléd AYESpeptTBEHN AR Envichlidrl RbhIEAg WART Llafzel fiale
menbr anes have nDIechar me“ght cutof f of about 3000

S

t dempantationgnoe puiied dyusabodsanplogonsdophase disslpsedieh Usdal e al.,
gl y %%%é%t‘b% a)t?)%f PIAA%8), gﬁpﬁfe'férgt{c%tde%?}b%g tv[roe%’eﬁggrﬁlal RE-HPLC

osnobsI S Ca renove

t heepe fodiicificasd@chiaetdelsindit damae 1Q-2, onV@&ﬁdriﬁ\ﬁaSHPLC column
hbnofllte[ menbranes are a class of reverse osnpsi

HBELL FRfnigHESSURD ADYAINER chiomatagraphy et ke lﬁlhzei to purify

Pahy ¥RUETRY Stdhd uncharged sol utes |arger than
about 100 é%ﬂggout 2,000 Dal tons, dependi ng upon the

menbrane used. Thus, in a typlcal appl i cati on,
ed by the nethods of the present

s chari des QF;
PFﬁﬁ“Vﬁﬁ %H"FEWE ned in the menbrane and
C qo3 ﬁﬂ‘ 1R ahbther a?sﬁéét SthMﬂden@&ﬁﬁroVﬂE?h‘ gﬂam{ageolﬁl%]ﬂ dc;mﬂobfflon The

modi fi'ed gl ycoprotein is produced intracellularly, as
a phiareaceyticah compesitar inFludesaa ghagmpecugically achentatie diluent and a

c:elolv en con}{x%gt% be{vge%g%n&o% nakural'i)? gpcurrmg, fP%h e)(gl%wj the’rape¥t1c

moiety or biomolecule and a glycosylated or non-glycosylated peptide. The polymer,
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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centrifugation or ultrafiltration; optionally, the
protein may be concentrated with a comercially

wayaislosdshe protein concentration filter, foll oremdub3004/041004
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separating the pol ypeptide vari ant from ot her

R e T S o

f eGPk, P, K7eh &d. o (lmng&tthﬁﬁ%ﬂ@@tohﬁietHo@EﬁE)dr@g delivery,
matri ces containi n car %/lmat hyl or sul f opropyl

grswﬁ@pgercmlm%a apiy 53h(18P0k- Sephar ose, CM

e O T T —

Etoheiherl @tyaalpzﬁﬂlrsiratlcﬁsutmludr@mp ednhple,Rbgioyl| or“ﬁnmam ahiraveﬂbus
protei n A Sepharose, SDS-PAGE chromat ography, .sil.ica
c HREARRRRr léﬁﬁgﬁrlt@rrﬁab FRRH BSOS Qfgmf%"é‘ésékl]s"é adshmdsdrafipn. For

%ag:nteraﬁ' Adhi R s@al onV\McH a@%@%ﬂ%‘g o 11 theWaftit? efexgﬁfy

'tration using ar siev
s |cz>mpexccsl WEHEI) ﬂalmlar :d(mtocb,gr faphyyaxady radmﬁﬁeo gF eyl admlmstratlon any

col that .selectiy bi nd .t he pol i de, and .

o O HFbObS SRR G LEFTEED SIS BT GR0SF (R, magnesium
Ma%@afdtee dodilnCapantihd Qﬁcﬂhoégl‘l%ﬁﬂe J St sHERs@hRd HapAdsium
isolatéd by initial extraction fromcells, enzymes,

etcatbongte] thawbeelehploged Brodngm@abé@mmwtnhaltes fg.. polylactate

iﬁioh"gg}%8ga éaéﬁagrua&oﬁe em;ﬂ a}hsacﬁ £ t}he epzhﬁggacfeug%al compositions
glof eiapietatiidh. MltabR tidtekfidele ch@ﬁﬁhe?dstaYe disclosed, for example, in
chr omat ogr ap hi Fi nal | HPLC may be enpl oyed for

fllﬁﬁl P?’é@ﬂtll‘quc B89 bR0% 077,081 3]~ A prot ease i nhi bitor,

6320 %W%ﬁy tBQ P%z&rﬁlay@tftfcglecogrwgllt:% %Tﬁ% Bk Q}eﬂgﬁ garx]ally,

egoing steps to I'n pr ot eo yS|
aretg hnmvemusmyﬂm thedhvaheidn pmvpdes\cempomhmmopnrbntefal

advent.i tious contam nants.[0314] W thin anot
erfHBRINEAION ViR eiRRTRe ‘f‘%“&ﬂﬂ%%)gtsé?llﬁe ﬁsﬁs@ (e acceptable

t Rer P Hr fe BB, 0y SRRER! dafiferOd ot Watel, 'Uﬁ?ﬁfféd('\f/‘at@tr Salfre! BBS and the

concentrated ‘using a conmercially ‘available protein
cdrkce he aompesitiéristnesy, contain pheamptaitically aetpiable enxiliary substances

MIlipore Pellicon ultrafiltration unit | Qwi ng th
caneshrae et ik Slogrel e upn suotsfitoae 8
a bakefiAdh nBy fdnkdialdiRAng B dnts wettiig a%éﬁgme%rg@lts and the like.
sui tabl e fflnlty matri X may_conprise a or the

pdp32id ér hege ¢osmnastiions mapite @t@ayzwbb)e@quémw@ﬁaeml@Zaaon techniques,
S %' ttr%?'b% s’?e%ﬂé) ﬁftérled NT hg fe?ﬁ'ﬁhé ggl}{e’oPg‘golgmn%Qn %?aqge?ged for use as

esin’na mat r

S uf ok l}&)ﬁaﬁllhedl Ithkglypﬁ]lilﬁam profetigr M@corﬁiﬂhé(ﬂbﬁb a sterile aqueous
matrjces include acryl am daﬁﬁgar ose, .dextra
c SPITIEr puQr tO@fimé@lﬁfé%tmy pds P ﬁpvp@ﬁﬁpwéaw?lily pHbbghgiween 3

L e e T

v40322)dn smse embbdimratsithe glycamppddssifnlge inuérftimpreapp irgorporated
into liposomes formed from standard vesicle-forming lipids. A variety of methods are
available for preparing liposomes, as described in, e.g., Szoka et al., Ann. Rev.
Biophys. Bioeng. 9: 467 (1980), U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028.
The targeting of liposomes using a variety of targeting agents (e.g., the sialyl
galactosides of the invention) is well known in the art (see, e.g., U.S. Patent Nos.

4,957,773 and 4,603,044).

97



car boxynet hyl groups. Sul fopropyl groups are
particularly preferred. [0315] Finally, one or nore

WERBYSIPEG46t eps enpl oyi ng hydr ophobi ¢ RP- HPLC nedi/as2004/041004
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e.g., silica gel having pendant nethyl or ot her

gp% p%t:fl%%rngm%%gdﬁ WY 8% lﬁg[%arggt? ITS % ilE(%rorrRe rc!flr];]ge sed.

f OrREOBGoAY! gérfetdll@ltlhﬁﬂvéine@@ordtlbn Vit |11@U§onmrdflhpﬁt ¢o®r[rﬁ>.nents
can al so be enpl oyed to provide a honogeneous nodi fi ed

g|sy@l®mm0épbﬂtldm§@ea>lamh@ WérbrGag be geyy Aldpehprent #éargetmg
VBRSNS A A0 06 b S EL Ropepices
didcheoimeehtiop. Ur dal et al , J. Chronatog 296: 171

(1984). This reference des | bes t equenti al

dgfﬁ Idasgdipg rrrqsﬁaraﬁm% BFEAIIVGROBFe thalc Bt BEAie Bhake positioned
! Lon2th9 QurfacBlof B3| botRe [iuEh & AaiEr thé th@faegett wcﬁéaes are available
techni ques such as affinity chronmatography may

utfot inreeattion vithr the yargétefomostingplech @lllw@&p¢®nee¢mor The carbohydrates
rmaceuti cal 0sj ti.on r _aspect

{8 Feoginay BRaRe S At R b leba e T ingFRRER formed

ThRiRhAStHSEAHbWaab tIKRIBOIN iPfhe aRQL.Yd@E yfation or acylation of a

phar maceutically acceptabl e diluent and a coval ent

canfuat gropppirsent oa thosarhelydras Withadeng ehaimyalkpiglide or with a
m%'at? Xdl? tr?%fg@l@&eﬁ?' CAlE!FI;l/ Etv¥l ?ghtetﬁgggg}}lf l%gg Be %ﬂloﬂeﬁl in such a way

gl'ycosyla on-g oS
t hataneuheConmiridnyis dirsthhmiraed hr&o ml& membnaga‘atetde tlmetdféonmng
G CSF peptide_via an intact gl¥cosyl gﬁjng grou

i ﬁh%m@@éadlebgmé@weam pewipa et hvelq linapgticosim, whird is firmly
e%d@&ﬁfddda% lg&%%i RYWIRLe. 1t RELERGUTAVE 2 TRIEVY pion, which
bi onol ecul e. f 3 Pﬁarnaceutlca P t he

conpositions o
i iy elmdnioailyaavailshle paltheeaguesusissefacenofghe hposetmg. dhe uieagg've portion

S?ll% gt;\élgf[té/q %@%‘tﬁ{%ﬂl (%J I&l%egrgﬁaglyifs%g %?(%,]g{%gls éa?brle (L:lhemlcaﬂ bong with
P [
IR ARl R oy B MR s

ofto atsadhatie tafrgat ageny do t!@lcpvmcyor ng@eculq dirgdy, bubdn msleinstances it is

ARSI b T glehiiedb ad ™ R MERITAES ISt s pging the

NMejdRfsct@fmaldsileivaichat irohe nieftbraidi with fhenarg@igphteor carbohydrate
toplcal or al nasal, intravenous, intracrania

i ivhigisraxtesdedithres diseansionalbuotin! hossisleselcar
2 St MBunds YRR LR e MeRAIOPURLE A B 46D ARI use as

aneous ‘I nj e e carrier prefe
C atigniostésrengingy. ,Fos akamﬁlﬁ, labcleedlcﬂmp(mnﬂﬂta,n laa ulszaok tolocate areas of
buffer. For oral adm nistration,

AP ABST oG eSS PR P AR ARG a0 lammation.

| a6 AR 6 useS HRI BthpoTRENGS B Mbeled with '2°1, '*C, or tritium.
[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
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



stearate, sodium saccharine, talcum cellulose,
gl ucose, sucrose, and nagnesi um carbonate, nay be

we@pphk0yPed Bi odegradabl e microspheres (e.g., PCT/US2004/041004
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pol yl act at e pol ygl ycol ate) nmay al so be enpl oyed as

carl.jers L. r - .
L3P, RS Y SATROBLIR5 S5 v
diaachbsedd if avo eoshivpectime,Nhdksted Basagns adoptiodhliFAFweRd when a
and 5,075,189.,[0320],Cbnnnnly, t he pharnaceuti ca
cSRPSFitipp ALthS ARveatnR ifi adiminis§sdar enteral 1y, e.g.,

[ : [ :

QB TIRRl Sink U mply oS SR BE Soplhgies, and methods
c aunp roff g pirégentianpoiondbdines @ Ned therclamspemaedon.n an
acceptable carrier, preferably an aqgueous carrier,

e.g., water, buffered water, saline, PBS and the |ike.

The conpositions may cont geRAMPY.pgceutically

acceptabl e auxiliary substances as required to

approxi mat e physi ol ogi cal conditions, such as pH

adj usting and buffering aderAMPLBAi city adjusting

agents, wetting agents, detergents and the |ike.

[ (3l3egPEGrktion ofoo ESFippoducmlyinfcH6&t e@lls | | zed by

convent,j onal ,sterilization fechniques..or na e
Soy T PP fragdb it ArtlS i oErG GRS SuRunitin Bfor (g csP)
bqoprs} Haasd freduced & @H O &lls & dibsoBiidiak D Z6flg/niThi@ 50 mM Tris 50
| yophi'l 'é&f 1g(rgefaratl on being conbined with a sterile

- pHefr4,

aquldolrss B 1 50¥ NaCladl mMiGaGlsaridmenceniratedip 500 pheén a

ti i cal l ill, b t d.
DGRBS 2GRl iRt e SR BB Moo TR
8 NduPawidl dabd 11 PTBRi odHR RS dYESE F6 hdigs &l 320D e hegitordhe feh&ion a
i nvention can be incorporated into |iposones forned

f sovlllignetaf dhesaqtionds diduted with(thganpsopriate/uffesagd afEF gel
) . _ j .
G ABHeE heNR R Mg Pl BOERRCL Wb RARETRE: 5

Biagfifiéhheflyl)dKarhid d88@parosé donjudate (SDOAL/ML 21iS tolume) and the
4,501, 728 and 4, 837,028. The targeting of |i posones

usvashechbapds pently rofataddpy24 heiys aige e s Themixturetipeensiifipgd at
OB 58 G FRL LMLk THE ek s i

4, ToBEDEA)bufRB323te Sithdiamd TrzstFOTA Hubfer amdigide vgth 0.2 mL of the
targeting agents to |iposones can be used. These
T3 ende

et ol aindall supenglenisfebPaiect TSUPRIIBtant idétdyaed at 4 °C
Olaghinb! 80 GOMPAVCNEPPHTUEN MNARNPOIANMY! S ABOHAL Adre
e chnment o

whi'ch can be activa for atta targeting
ageainst, 5S0anMJEris vIACI gld d .4, il ML @056 ednddhe dialipded aslution is

l'i pi d-derivatjzed gl.ycopept,ides of .the invention. o

| ol R e ARG £ el RGPS SRt R
t an@ebhditoRIRR IR 1B dePwkiel 1A 86LoRMng BFthe PidR&@ePind REgents

| i posone in such a manner that the target noieties are
a\vaeVvidgsl 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-HCI, 0.15 M
NaCl, 0.05% NaNj, pH 7.2. The solution is incubated with | mM CMP-sialic acid-
PEG and 0.1 U/mL of ST3Gall 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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for interaction with the target, for exanple, a cell
surface receptor. The carbohydrates of the invention

woyshsessad t ached to a |ipid nol ecul e before theCcT/US2004/041004
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|i posorme is formed using methods known to those of
skill in the art al kyl ation or acylation of

hwdde;kyhe @P@uw%p@é@aﬂnte whe eptidesisepaFafed fomyjhe fireg lqb@hgy gel
r es pecﬁ ve%’ ? %ﬂogp?% yﬁit%htyﬁll?ggggn% ngybulgfgr PH7.1).
f afel favedicem lahat hlcerpﬁmjlohlmab tiee pnde Istqmanip)tafetliwmgias in-line
first |ncor orate t he nenbrane at. the_t

f é}weﬁ%@ertt HER R AL daselhe sraBeT BHX B i§ iPYRf] St Faso Haas
2 C%dg@ggy Fﬂeﬁa@ﬁ{lé {fimn Woihg if"B'SS’oufffef fﬂH’ 78 Z‘Qﬁ‘&jgﬁ@cﬁﬁéjﬁactmns

n the nenbrane. "It nust also have a reactive
pdrasédoon Umesmphsn cResprodiidtypf theaeacsiohas mlxzhé usiqe 8O$sPAGE

surf S The,reactjve

SeraEE 8% R RS B PR CAER T RR B P lgvitrogen.

f WafiFesSdfdatite £EPEGAKteNASPatddibliged afagt Wagr agbitalyzed by
or carboh drate which is added later. In sone cases

i tIMASDJoKQF M® to attach the target agent to the

connect or nol ecul e directly, but in nost instances it

|s nor 63 ag}alneoft(% zﬁlg)cgn ipg@e to act as a

chem cal e'connector nol ecul e
W0830]i (S-(]SF ;irbéuda‘é mﬂ)CBIlﬁbcal\hSI Whicheottaing et alphah8-salylated O-

oilimked Hbpan vl dst Py Bty MR b aLNat, 0.05%
prr@mr B} 22, THesRRIAE hobart I8ith \UERE COIP-TRY AEPEL A 0.1

use as diagnostic reagents. For exanple, |abeled
c divpduotiSS tdhati38° G e days! doamaitar dwsnahpirntiomefsalicanid-PEG,

ot TR Aol FORE Fadion i A PRE GRS ER Bond R the tabel
| alﬁﬁjrﬁ&a%ﬁﬁto 1ﬁe5§eptlaéﬁ seﬁ&raﬁeﬂlﬁtdrrUfHe ffe@?b@&] by bél faghiioteon a

redient used in the armaceuti cal conpositions of

sp Hage B 00GS M rnplgtical §olglnywytgg1§/$%b\é@er@li§|cl Jarideiffugrescent
| @fcg}[@?atrb%v h{&gché B%oﬁl 94 (gl%'tnﬁ%kedmsﬂ%earn ih qi?le Huorescent detector.

'l a oincre

OVAift&td duys, the fﬁ‘aeuicab:hmtum ﬁepﬁﬁéﬂﬁsmmt}m@ a0
present invention is ggm ni stered par ﬁnt er

Iy . g.
| \prepagtivgeolimn wsyng BB guien(eHoo ageso FCéméi‘ g?éﬁbﬂgeﬁ on UV

V%xo &%I ﬁﬁé@%hyct%?aﬁ gac@lgn@parhn%egamg tsb@np,b@mgd IEF
treat and the route of adm nistration but are

e>apekysle detapding to thetpnecedanes) endfeagdndsisupplidd by-IHyjtragenl §@mples of

prrens bl EPGEGd s Mok Sefind Rl an B s uaror

armlap,pp,gt 50 to about 300Units/kg three tinmes a week.
Because the present invention provides an G CSF with
an enhanced in vivo residence tine, the stated dosages

arde optRrsnaratipn) of\le(SF- (il 2:6) B b®EG on of t he

THEBH 2 A3 SRR AT LU s s

anaMTEtihBIds, 0.15 M NaCl, 0.05% NaN;, pH 7.2. The solutlon is incubated with 1
mM CMP-sialic acid-PEG and 0.1 U/mL of ST6GalNAcl or II at 32°C for 2 days. To
monitor the incorporation of sialic acid-PEG, a small aliquot of the reaction has CMP-
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 of the present invention, but not to limt the
cl ai med invention. EXAMPLES EXAMPLE 1 d ycoPEGyl ation
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Asi al o- Granul ocyte-Col ony Stinulation Factor (G CSF)

[ 0328].. G ,CSF pr.odyc in cells soI ed at. 2.5 .
o REEASE R PTEe Qoo recrer S B3h feaffor mBure i
Nagdrified @afdsqd Hras C300EEW trédabdive @ofdth I!iﬁm% PB® buffer (pH 7.1)

Centricon Plus 20 centrlfu al filter. The solution is

i rindisatleding frastigerobased en U aiptiandABe produghyfiiag reaction is
g p it

L8 LSNP AR e 0 IR BE R pnd s

W dupplidiebyalppitagen. aSemblleﬁ betativadnd PEGylaye] GHESH are dedlyzed against

The reaction mxture is_then added to prewashed
N-‘(Vﬁﬁ‘iﬁ HWB’Y&%@@TQ&MSagar ose conj ugate (800

MH034) G2 HANRUIHPHEAISLIR HARASAIPRARDLIAB didfidase and

at dfo ours at 4 0C m xture I s
c ewds théngeifiet byldze0H@ I uspm carffipeiex 96 ped mas anstedmdth ST3Gall or

oot EpaSpa I YT bR -G 2Bk bRl g iplaree i

Wi ByNiof eRcHihg®find 58 filtkdtomERA Andldi§ By SBISP AGE demonstrated that the

supernatants are pool ed. The supernatant is dialyzed
atPEGy@ieyapheammete nilihisrip the-fiyey depranytrationafigheecPEGlaggnef an
Na@lq twice nore against 50 mM Tris -HC pH

7 m%{}?g\é' ,{‘ 0. 05% NaN3. The dialyzed solution is

t hen concentrat ed using a Centricon Plus 20

centrifugal filter and st diXdMBLE2 20 O0C. The

conditions for the I EF gel were run according to the
procedures and reagents provided by I|nvitrogen.
SaREoatbiRAn " GURYe Expieidivml, 8éfyldineandpthificatien di al yzed

agai nst water and anal yzed by MALDI - TOF MS. b.

Prepar ad | pRrRkt E1IEEY céxﬁhﬁfg@g@@’)dlsghﬂl S\Abélﬁﬁght[ R32Hs of growth on
Desi al yl ated G CSF was dissolved at 2.5 mg/nL in 50 nM

Tris-HA, V&Il%nmdlla@bshwmﬁﬂ/ﬁlw pH 7.2. The

sol uti on |ncua ed. w.t [

and 0. 2 LB gd%eiletd{‘q%’%ﬁép@ @35@1\?%8&05}1'5@0@“'
t he incor gggg}mp%:(lpgﬁs %f?és) c acid-PEG a small aliquot

of the reaction had CW - PEG f | uor escent

i gandaddéﬁproﬂlhehzeabék (hrpobrpessavakis aswell)t he pepti de

2 Toso a0 ArbC s P REMisF U SHPRTHER bt  or
bept i de | 5%‘%5%‘%%?2%6‘8%? R o e A s ent
detector. WshéB’sanémM ThprBeHMmMrNa”ﬁflxt%ffé( @0, 1% NaDOC,
purified g er] %DaFAT?’eﬁets are resuspended by pipetting and vortexing.

Centrifuge 15min 4°C 5,000RPM. Repeat this step once more (total of two

washes)

e Wash pellets two times in 25mM Tris pH8, 100mM NaCl, SmM EDTA to
remove detergents, centrifuge as above

e Resuspend pellets in dH2O to aliquot and centrifuge as above. Pellets are
frozen at - 20C

e [B’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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G3000SW preparative colum using PBS buffer (pH 7.1)
and collecting fractions based on UV absorption. The

w@radnsiv4ef the reaction is anal yzed usi ng SDSPEHGE20a#/041004

10

15

20

25

30

| EF anal ysis according to the procedures and reagents

SUpDl T ed Byl P850 5 SAPLER R R e and

PEGy!| at ed are-di al yZed "agal net’ wat er and

anal yzad oynt Iso[LEHiZMPIB § folfiR @f @bh®mperature at 14,000RPM.
of G CSF- (al phaZ, 8)-Si al yl - PEG [ 0330] G CSF produced in
CHO cel | sSavgrsup¢neatent ai ns an al pha2, 3-si al yl at ed

i o b - DY idupyRatic ) Gt ESORy MEPHE Ssom

sol uti on NgCi,nompated with 1nM CVP-si alic acid-PEG and
0.1 UnL of CST-11 at 320C for 2 da){)s. To nonitor the

i ncor par aKCadn0.3mM lagiryl anadioside F03 5% PERBB O Aim Mot HoP. 1M
the react} h = SA- L vor | 1. ded,;
he | abel UPNGoD sh Heinifs fege [ O ERRBEL b 880 96T e

from the Traefel AU BPied@ snhikdskinFDAMWCO féﬁocﬁ@l%/bia.asialysis
G3000SW anal ytical col um _usi rr:}gtIPBS buffer (pH 7.1

The f 1 uor bufEROMMDEOACRIY S6mM Nok'Li HO® % ﬂeveswm&éamM
IS quanti d i I AL f I o
Ater 2 dipan VRS BRGRS iR et RABRF RO TR s s aoc.
Toso Haas AGPGRISY paspastatial\ieroagh W01 5uM figerPBS buf f er

(pH 7.1) and collecting fractions based on UV

absor ptei oRqulithiete SPosgplearossreolyyen withdhe dialypis baffar andeapply sample.
usi ng SDSyP. nd |.EF.. ' ceor di O 1. .
procedur es agﬁgd'ra’“é%gvgﬁf %1%5' gﬂﬁéﬁfgﬁﬁbd;&w%\‘f? ?’r%%g%lg Buffer containing
Sanpl es of siagradientauicto AEGNaal. daotemGepicalleis@dlaed ate390-400mM
agai nst water and anal yzed by MALDI TOF M5. d.

Pr epar at | DACbf G CSF- (al pha2, 6) - Si al y| - PEG [ 0331]

G CSF, co I, g gnl bi | yydi ssol ved
at 2. 5-@?@&%}&%&%&}% EAE%E ge%&%”ﬁ%@) 0. 05%
NaN3, pH 7.2. The solution is incubated with 1 mv
CWP-sialic acid-PEG and 0.1 U nL of SToGal NAcl or 11
at 320C for 2 days. To nonj i ncor poration of
sialic acid-PEG a small iﬁ‘%&l}%ﬂgﬁ the reaction has
CWPSA- PEG fl uorescent |igand added; the [|abel

i ncor ted into the peptide is separated fromthe
e Twpdinzyme Method in Ino k0is on a Toso Haas G3000SW

anal yti cal oI'urm usi ng PBS buffer (pH 7.1). The
f 1{03¥3 Shedellowibalexample iibestrates die nrapasatigmeoffepSEd@alNAc-SA-PEG

L S e
Tas thehiasste@000SW prepar ati ve col utm using PBS buffer

(pH 7.1) and collecting fractions based on W
absorptlon. Jhe tioear & O rdiINGEI5H 6%) from G-CSF and UDP-

GalNAc using GalNAc-T2.

[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 1 mL of 25
mM MES buffer (pH 6.2, 0.005% NaNj3). UDP-GalNAc (6 mg, 9.24 mM), GalNAc-
T2 (40 uL, 0.04 U), and 100 mM MnCl, (40 uL, 4 mM) were then added and the
resulting solution was incubated at room temperature.

[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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anal yzed using SDS- PAGE and | EF anal ysis according to
the procedures and reagents supplied by Invitrogen.

weaple®40f native and PEGyl ated G CSF are di ab@gues2004/041004

5

agai nst water and anal yzed by MALDI - TOF Ms. [0332]

G CSF : h ‘
o SHies B0 o8 AT UL s S HBRhE S S Pl butgd e
expHU) &1t ®00534 Tevede 80) Thabellases penleaf 6CSF-GalgA3Gas |

r

ST3 Gal 2 and then with CVP-SA- PEG 20Kda. The
r esaricentrajechusiegy Centrigan e MAMCH\filtes fp ehouh byl andthe volume

? ﬁ%ﬂ]uit%‘](t{ g%tg}] %@@%yﬁha& %{ere%ss?ﬁﬁ:g%l}gf gﬁggblor%é‘?%ween 80).

deFﬁﬁB}Srb@‘iri Edhcertrgioy Ao a,u @kAryiat 1800 THenk@@le was stored at 4

%/can EXAMPLE 2 Reconbi nant GCSF - EXxpression,

ol ding and purification Harvest cells by
cent rifugation, discard supernatant. Results of growth

var i i
N2 | PHBIIN LR SPIGUNAL SIS By puPRYSRESE G
usé‘MlGS’Mﬁ@EGI(Q&KBa}mﬂdmm)rse SW&GMM40+T0T (eH &3l 1 s (French
press works as well) Centrifuge 30m n, 40C at

5, BARPMhe GSCSIF-Gatipe sslatiantontdiReing d peg df petdietvas buffer

TR T AN TN I TS I

15

20

25

30

d
Vol OSHTRG FEE0PP RpLARVERRNE AR BBt MaShdl g pet, 100 mM

st spution) endrST6GaINA @l (160 mako nmshesz)fmeth aqb@ldl aptl $het 1gaction
t 5
dePor PSS ¥ D00 AL TEURD TP ReVE Tcentated
dHBO Qi Rdatiohy gsé\md 5&813ha bﬁﬁ&eexaﬁar%e@wﬁh BahMVERSOAE €pH 4.9)
e

frozen at - s are resuspended at 20ng/mM in 6M
guallrﬂ tdinp epithen SondeEmAtad tol bk iNa@l yolumerhherprodugs pes then

2- IR0 R BB 25 mb N ORE Y0 B Bho PP Y4 s 25 mM

f ONaOMc#0 @05%@%&& mﬁrﬁsw I\&Cl)]adf,r&@ﬁllﬂﬁl\ﬁm&w—%w mins and SEC
super nat an
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

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-

PEG in one pot using simultaneous addition of enzymes

1. One Pot process using mouse ST6GalNAc-I (pH 6.0).

[0338] G-CSF (960 pg 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% NaNj3) to a total volume of about 1 mL or a
protein concentration of 1 mg/mL. UDP-GalNAc (6 mg, 9.21 umol), GaINAc-T2 (80
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Dilute supernatant 1:20 with refold buffer 50rM MES
pH6, 240MM NaCl, 10 KO, 0.3nmM | auryl naltoside,

WO 2056549REG3350, | MM GSH, O 1M GSSG 0. 5M ar gi P Tvesmng041004

5

10

15

20

25

refold on rotator overnight at 4C. Transfer refold to

pubkef0 SEANERE R B QDR Ring 02 e P iE sgome
0. Kl RN Iazelmeanaiw@w mc@(solpwsvev@ﬂq%ﬂﬁdwd Im%blutlon

a 200 fold excess at 4C. After dialysis pass nmateri al
t hrasigivked @t 356D 48 lnr@ and paEdiidd wing ardrdsdpbantogephy conditions

I th th f o
coPban-Perioth at (uftet Burpert Bt Sl el i or N g apelts So%
bub{&hil S‘/Qm dihe 'pﬂgiu@t ﬁﬁﬂcfur@ﬁv@gt&ﬁirm@@ by @ndl Mh both MALDI and
Protein épl cally is eluted at 300-400rM Check

maSBSHAGEn SDS- PAGE (see e.g., Figure 10). EXAI\/PLE 3
The Two Enzyne Method in Two Pot s [ 0333] The foll ow ng

ex%ggl ggﬁﬁa&?é{g%%’éés;'% Cth,\i\‘/%)k%ggg?gr‘f Agflglgp?s 4 wher ei n

I medl od uc uri f re it
C b EATEOL A RSl T 5L BFIS6Rd lfggpctanaed
( pHitB. 23)rf1M'JME®-Kﬁ$Er @ijé UDB’G&%WQSIOOQ‘V@WWOT%M the volume

[0334] G CSF (960 neg) in 3.2 nL of packaged buff
wasvas: adivetad toat e Loyl hqtumﬂam@ |(99nmgsl W@ﬁlebﬁaﬁ%@é@ (0.59

L0 L R 2R PR L6 Rk B RGN €400 gh 50 mm

an(@?%NO@ncLTZNe(rérﬂleﬁhdd@l DHe tdsultiap chitiee STM(M’t@J&n(téiﬁperature
were then added and the resulting sol ut

waéormé% atsreagtiongpieiure mge F@&Pécenfre@éwlngﬁt‘éﬁ (MXV €0 5K) and
hr I
e SerlfReRion, PURLEG, {BEWIARES LAP SRR PRSI NIORe butfer (1
punish anditoreantugedagaSHC J Blfanatieciunbd. é"hck?samimxs A0kd using
and_an el ution buf caQ h t

R P Srat S Dbt L33 GTATSE (D SHervach’ By, Hongte 0.5 mi/min)

Colmh@grt &%@&ﬁks@é (%@Ee@owqum@m@@s ALRE),US ;yﬂz% 3.6 mg
a Centricon 5 [ter to about 150 mlL and fhe

volahte oeetpll srteédj qf @-CAHF-GalNAg-ZBBEDORO K phadesolond Bérentethod).
saline, pH 4.9 and 0.005% Tween 80).

EXAMPLE 5

One Pot Methbd to Make G-CSF-GalNAc-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 (MWCO 5K) and then reconstituted with 1 mL of 25
mM MES buffer (pH 6.2, 0.005% NaNj3). UDP-GalNAc (6 mg, 9.24 mM), GalNAc-
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Final protein concentration 1 ng/nL (A2S0)5 yield

100% The sanple was stored at 4 OC. b. Preparation of
W@G26086558aé NAC- SA- PEG usi ng purified G CSF- Gal NBCT/US2004/041004

CI\/P SA- PEG (20KDa) and nouse SToGaI NAc-TI (pH 6. 2).

orior @0 wloB 0Tl mid TUDmRLRBY VAPS" S MerRBaR ap e
rgsultgrgggﬁl(?ohl%)m@ﬂ’agtew oSy t%ﬁ@el(aaQKDa) (5 ng, 0.25
unol ) was added. After dissolving, vnd 2 (100 ntL, 100

mM sol ution) and ST6Gal NAc-1 (100 ntlL, nouse enzyne
vvas added adieparatiorcalé: G -G 4¢-&ql-§d<BEGsﬂrmC§rC§ -GeINAc ;

SRR S e AT TS R o
o SRR BB R R s Pl AT .
| RS et g 36005 (P07 o 00 m

t W B80 pith ﬁex'étﬂwaﬂbiaﬁd)edad the@heltrequtioh infiRtutSofliBe G-OSF-
and SEC f}Super dex 75; PBS- 7.2, 0.005% Tween 80) at
r §188NAF 6hS tRgen 8. 56nh2§1§ﬂ\( bfﬁgﬁeblef&z (4 6.9 fesum Steppy zmom The

0. SRR et SAHCPRG P R, o RARE RELES 'Y,

10 MaketriGgeShnbaieNdtutioBAvaRkcbnssntrite Siusip m&nﬂ'ﬂnmaitloﬁc(MWCGmSK) to 0.2
T S S D SR A0 45

Ui Grtufvh SRR Lf% §P' s@?éﬁéﬁ% thme QSSet@@én 10C1S 5 min),

procéess usi ng nouse 338
( 9iOpaaly fottipr ot qmnghm‘@tﬂd\mmglarspm @ltaﬂﬂ\/twcﬂwﬁ(pmddh@ tesidue

f | at.i buf f t . b .
PerEed ety P SRS B iR tmbor 102 mia ffesc
15 Wcbhcedfratidd Misy Hifih Glted HWT O 5K§) RO NG} dil@tedtd Pindl using

vol une of about InlL or a protein concentration of

1
mipusulatigprbudigr ik BB, g Yo glazllltqhw%DQS% ealmmr@atpzpl(lmnd

8 P

oM PR P2 R ot s drole iRl @Gy THE Sveral
weiedd aensadded. The sol ution was rocked at 320C for

48 hrs and purified using standard chromat ography

condi ti ons on SP-sepharose, tal of 0.5 ng of

protein (A280) was obt ai ni&“g?/ltpj-tfgﬁt a 50% overal |

yi el d. The product structure was confirned by anal ysis

wi th both MALDI and
20 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 (MWCO 5K) and
reconstituted with 25 mM Mes buffer (pH 6.0, 0.005% NaN3). The total volume of the
25  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 pU), CMP-SA-PEG(20K) (6 mg)
and a 2,3-(0)-sialyltransferase (160 pL, 120 uU), 100 mM MnCl, (40 puL ) 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

30 the product were concentrated using ultrafiltration (MWCO 5K) and the volume was
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SDS- PAGE. 2. One pot process using chicken SToGal NAc- |
(pH 6. 0). [0339] 14.4 ng of G CSF;, was concentrated

W 0003/084946 | nal vol une, buffer exchanged with 2BCTVivEMEB041004

10

buffer (pH 6.0, 0.05% NaN3, 0.004% Tween 80) and the

vol.une ] NA

13 R o R R R B SO PR S Pl o e
M)392Ghd/6K &) ASBOGEN NAGmIovERI144eldbf 46Mdrckd G-0BF MnCl 2

(600 ntl) were then added. The resulting m xture stood

at roomtenperature for 60 hrs. The reaction m xture

was then concentrated using a UF ( MACO 5K) and
centrifugation. The residue (about 2 nmL) was dissol ved

i mOIQE] it Nadb‘ksiobdlf}faerhe(eminféle@mchﬁﬂbc&bmemﬂtiem‘ibdd hgainrare for

m. final volune. This.sa rified usj
spﬂ%sgaﬂ\aer BEBOsd Plygad thaf yar SWer?fF figghony & a%%enkﬁgtf?reof
Myl bk |ng¥§6‘§@3 %o gerg?orm skmeﬂ)in %Qr%d%@ﬂotBeQH@lhde%?\gthm the spirit
( Super dex 2 low rate 0.5 m/mn), to yield
3 aﬁd pgrvqa%% tbwapahcatgom@hdl}capﬁ O@tleaﬁpwiemA@@A- PH@ubpcations,

VERsh S hn R Rk pecy G heh Bipfte b Ritghee in

OfthdENaitihi®$ fd'n(b'.fHIQ]ersag followi ng exanple illustrates a
met hod for maki ng G CSF- Gal NAc- Gal SA- PEG i n one pot

Wi th sequential addition of enzynmes. 1. Starting from
Gal NAc- G CSF a. Preparation of G CSF-Gl NAc (pH
6.2)from G CSF and UDPGal NAc usi ng Gal NAc- T2. [0341]
G CSF (960 neg) in 3.2 nL of packaged buffer was
concentrated by utrafiltration using an UF filter
(MACO 5K) and then reconstituted with 1nL of 25 nM MES
buffer (pH 6.2, 0.005% NaN3). UDP-Gal NAc (6 ng, 9.24
mV), Gal NAcT2 (40 niL, 0.04 U), and 100 ni M MO 2 (40
m., 4 mMV) were then added and the resulting solution
was i ncubated at roomtenperature. b. Preparation of
G CS F- Gal NAc- Gal - SA- PEG from G CSF- Gal NAc;

UDP- Gal act ose, SA- PEG 20Kdal ton, and the Appropriate
Enzynmes [0342] The UDP-Gal actose (4 ng, 6.5 mmoles ),
core-1-Gl-T (320 nL, 160 mJ), CMWP- SA-PEG 20KDa (8 nmg,
0.4 mole), ST3Gl2 (80 nL, 0.07 mJ) and 100 nmM Mhd 2(
80 nL) were directly added to the crude reaction

m xture of the G CSFGal NAc
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(2.5 ng) in 1.5M 25 mM MES buffer (pH 6.0) from step

a, above. The resulting m xture was incubated at 320C
whaoos®Ssdes. The reaction nmixture was centri f ugethusznd4/041004

the solution was concentrated using ultrafiltration

( 0 . and then redissolved with 25 nM

V\M&Mfl nal volume of 1 nL. The product
1 Was purA GrafhldtsteQolSity Sﬁﬂﬁbl&hﬁ% Bac(tblepe@ntie eempiidiRg e moiety:

bet ween 10-15 nmin), the peak frac wer e
concentrated using a spin {) 5K) and the
residue purified further using|SEC (Superdex 75,
retention tine of 10.2 nin). er concep®P@ti on using
a spin filter (MACO 5K), theprobei diluted to
InL using formulation buffer with{PBS, [2. nnitol,
0. 005% pol ysorbate, pH 6.5 and f ed at a protein
concentration of 850 neg pr@td&iM perynl (A2go). The
overal |l yield was 55% EXAMPLE 6 One! Pot Method to
Make G CSF- Gal NAc- Gal - SA- PEG wi t h Si @il t aneous
Addi tion of virzeines a. Starting from G CSF. [0343]

G CSF (960 3.2 n , d b
ultrafi %Sraaltlng%her(%fm@%f%@\fn’a S SR RIISBNES o wi th 25 mu
Mes bUfé %f &n@ﬂﬁ'b@r sQLechQ%/RN@'\@ﬁd J(hf)‘(éd DFﬁlllk}/l‘D' um&‘ of

t he sol ut1 on was about
ngy) , GER Nif\e niidety c@Bpnsing a n&@lh@tj}e;leqm @alety( ccﬁnplgsu)g a straight-

255 (0) - s HRpI e e Isne R e 3 A5 08 o

MhC 2 ([4Q aMlnkkr WBICR i98lf@hberT R cle@Stdrh b dhendl s&b:ﬂft@te&\/@ﬁ
i ncubated at 320C for 48 h. Purification vvasgcger or ned

as descri bednpéistiwtagsilkyg angxubstithtese umppestifeedheteraglkyl,

fractiqn,centaj n e

usi ng lﬂlfhr%f‘fﬂ' g%ﬁbﬁmégigk) alﬁﬁé’% iy é:gﬁ?{?r?zé é(,)alkyl Dis
wasadj ust ed HloL.aj}D.ut Iml with buffer. The protein
concentration was determned to be 0.392 ny/

AZB0, dibgimRBHidaRcsEing P olAB) I Whrreabbs g ﬁ#@fgsﬁula:

[0344] It is understood that the exanpl essand

enbodi ments described herein_are f trative

pur poses only and that vari offls i fi<Hti ons or

changes in light thereof will be suggegted to persons
skilled in the art and are to be included within the
spirit and p’EhﬂWlew of this application and scope of

t he appendegmc QI8 {Ali publications, patents, and

pat ent IBBP Cat’ gr‘?s Y€d herein are her eby

1 1 13c0r porRtpeptidyacceidaiganctimmn, herdin Rhhas dtiucfupe that is a member
pur poses. WHAT IS CLAIMED | S:

O 0 3 N L b WRN

._.._.
—_ - O

W N

2 selected from:
0 0
3 ) S—(CH,CH,0),CH, . g S—(CH,CH,0),CH,
q
NHC(O)CH,CH,(OCH,CH,)OCH, NHC(0)OCH,CH,(OCH,CH,)OCH,
0 0
g L O—(CH,CH,0)CH,  ; and g 4 O—(CH,CH,0),CH,
3 NHC(O)CH,CH,(OCH,CH,)OCH, NHC(O)OCH,CH,(OCH,CH,),0CH,
4 wherein
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1. A Ganulocyte Colony Stinulating Factor peptide
conprising the noiety: HO G HN wherein D is a nenber

w@edosos®ds from -OH and R1-L-HN-; G is a nenberpPCRUSIIDEG11004

fromR -L- and -C(O (C-C6)alkyl; RL is a noiety

conpr i SI ' r n
5 Stral geeRr AToReara L BEAERT SRS o TR R e
6 resi due,q iaanlidtedes fiond 0 kKH. which is a rrerrber seI ect ed

froma bond, substiftuted or unsubstituted al kyl and
I subst | tmeexafpa ¢ aeronieg Mmlguijw@%eé‘?laiﬁ'%g

zwﬂ%gk)c%d fH Gis Rl-L-, and whenG is -C(O) (C
i - al ky

, Dis R-L-NH. 2. The peptide according to
claim1, whereffn L-Rl has the formul a: R1-HN O wherein

20NnH&oyothenpegt, tilgoascor di ng

ais an int

to claim1l, has~a structure that is a

nenber sel ected flrom’ NG (CH2CH20) 11CH3 S ( CH2CH20) 8CH3
2

NHC( O) CH 2CH2( 3 \HC( O) OCH 2CH2( OCH

2CH2) O( CH 3 O O O CH2CARO) BTH3 BRSO CCHEPREHRE) BEH3

NHC( O) CH 2CH2( OCH ) " 1OCH 3 NHC(O) OCH 2CH2( OCH 2
CHJ) 10CH 3 whereine and fare integers independently

selected from1l to 2500; and q is an integer fromO to
ccording to claim1, whereinRl has

20. 4. The peptide
a structure that
, NHC( O) OCH 2CH2(

el éﬂC*fz@*ﬂmCHiﬁHz <OCH;

NHC(O)CH,CH,(OCH,CH,)oOCH,3

NHC(O)CH,CH,(OCH,CH,)OCH;

\"/‘\(\’)/\/\N O)CH,CHy(OCH,CHo)OCHs

NHGC(O)OCH,CH,(OCH,CH,),OCHS

NHC(O)OCH,CH,(OCH,CH,){OCH;

W/V\NHC(O)OCHchz(OCHZCHz)rOCH3

wherein

e, fand f” are integers independently selected from 1 to 2500; and

(@) W U, S VS ]

q and q’ are integers independently selected from 1 to 20.
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NH,
HN
HC(O)CH,CH,(OCH,CH,)OCHs
0 d

§a stg%wettlp?égs a member '

and



NH, HN HC(O) OCH2CH2( OCH2CH2) f OCH 3 O O
NHC( O) CH2CH2( OCH2CH2) eOCH 3° NH, HN HC(O) CH 2CH( G2 CH

wWQaEBEPE 3 O NHC( O CH2CH2( OCH2CH2) QOCH3 and PCT/US2004/041004

(o NNV N SN VS ]

—

NHC(O)CH2CH2(OCH2CH2)fOCH 3 HN
“He. (O )

3 ) Am2l, Me&l &:ﬁaszmlgﬁthat is a member
2@662:)1&(0113 \IHC(O)OCHZCHZ(OCHZCHZ)fOCH 3 wherein e, f
and f are integers independently selected from1l to
2500; and q an are integers independently selected
fromlto 2 QPP (OCHCEDEP 1,
wherein Rl is a nenber selected
from o , NHC(O 2CH( 2 Cl 3H,
00D PO PR ER RIS ik S ) tbor
vl HC( O) OCH2CH2( fOCHH3 & \ /

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

and

é NHC(O)CH,CH,(OCH,CH,)oOCH,3

4 0

)j\/ﬁ\/\/NHC(O)CHzCHz(OCHZCHZ)fOCH;;
NH )

HN NH, ¢

HC(O)CH,CH,(OCH,CH,)OCH,3

wherein
e, fand f* are integers independently selected from 1 to 2500; and
q, q” and q”are integers independently selected from 1 to 20.
6. The peptide according to claim 1, wherein R' has a structure that is a member
selected from:

g—C(O)CHZCH2(OCH2CH2)eOCH3 ; and

g—C(O)OCHZCHZ(OCHZCHZ)fOCH3

wherein

e and f are integers independently selected from 1 to 2500.

7. The G-CSF peptide according to claim 1, wherein said moiety has the
formula:
OH
D
o. ,COOH
HO
0—-Gal g
G HN
OH
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g ; and NHC(O) CH2CH2( OCH 2CH2) bOCH 3 NHC( O) CH
2CH( 2CH 2C) PHC2H 3 gHC( O) CH2CH2( OCH 2CH2) f OCH 3

wob@seside, f and f are integers independent| ypeRUSDDEM1004

1
2

N

N = N

.

from1l to 2500; and q, g and q"are integers
I ndepe | Fs&tp : : ; [
a%or drﬁrger}% odS cl-ar ﬁmgag&\?ﬁcg?%}#l%% ﬁgghegelgg %‘ﬁé‘?ﬁ% htg1 ﬁfahte
i sSfoammenber sel ected from <j-C(0O CH2CH2( OCH2CH2) eOCCH3
; and | - C( O OCH2CH2( OCH2 ) fEXCH3 wherein e and fare
I ntegers independent| g-Selwcted from1l to 2500. 7. The
G CSF peptide according to|claim1, caggrein said
moi ety has the fornula: G CSF peptide
according to claim1, \qur ei n| sai elaly—lTamad
formula: .COOH O @Gl - Gal NA 9,-The G CSF peptide
according to claiml1, wher® n sdid noi ety has the
formula: ,COOH >LLL O Gal Gal H-AA J\ L L | wherein
AA is an ami no acid residue of said peptide. 10. The
Cd=F PRRLGLRrAREAEE LD rdiR, ) AkifR £-withéh 84l nft nalio
aci'd residue i

formula:

OH

o COOH WV, Vo

HO
O—Gal—GalNAc—AA

G—HN
OH

wherein

AA is an amino acid residue of said peptide.

10.  The G-CSF peptide according to claim 9, wherein said amino acid residue is a

member selected from serine or threonine.

11.  The G-CSF peptide according to claim 1, wherein said peptide has the amino
acid sequence of SEQ. ID. NO:1.

12.  The G-CSF peptide according to claim 11, wherein said amino acid residue is
threonine at position 133 of SEQ. ID. NO:1.
13.  The peptide according to claim 1, wherein said peptide has an amino acid

sequence selected from SEQ. ID. NO:1 and SEQ ID NO:2.

14.  The G-CSF peptide according to claim 1, wherein said moiety has the

formula:
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menber selected fromserine or threonine. 11. The
G CSF peptide according to claim1, wherein said

weepbsiostd4as t he am no acid sequence of SEQ | BLT/NE2004/041004

3
4
5
6
7
8
9

10
11
12
13
14

15
16

17
18
19
20
21
22
23
24

12. The G CSE peptide according to claim1l, wherein
said am no @ci d residue is thr egmlmAg GR9S3 gg] 3]%3}

accor

3;] SEQwA D.|fBck. 13. Th%/b;’?z(and TR @ ﬁ%@) 'l
er Sa| k w
sel egt—gﬁ‘ fr %@g&é&%ﬁ@ %@@Ag(mﬁ (g,g) e)

G CSF peptijde according to erei

moi ety has lthe fornul a:vLLL (F iciché\ﬁf(@fam]pNﬁ@) (R)]
Gl)J(e - (S+ta), - (Rv ]r i / ~“M[ACcNAc- (Gl VL-
(Sia). - (R 1i- AA dcNAc-AcNAc-Man y V ;bJf V h K
LvdJ* * \ an / ft GcNAc-(Gal)cV (Sia) (R )t \
([@cNAc-(Gal)Jd,,- (Sla)ln -(RJ wherein a, b, c, d,

i, r, s, t, and u are integers independently sel ected
fromO and 1; qis 1; e, f, g, and h are nenbers
independently sel ected from the int egers fromO to 6;

] whetein 1, andm are nenbers i ndependently selected from

the int f 0 and 100 , d
| ndepefderit iy 581 erbtare B ybroeausyieied fomd s 1
v, W, yighd y is 1; AAis an anmino acid residue of

said G CSF peptide; Sia-(R) has the fornula: OH NHG
wher ei n, f, g, and h are members independently selected from the integers from O to

6;
j, k, 1, and m are members independently selected from the integers from 0 and
100;
v, W, X, and y are independently selected from 0 and 1, and least one of v, w, x
and y is 1;
AA is an amino acid residue of said G-CSF peptide;

Sia-(R) has the formula:
HO

OH
o
NH-G
OH
wherein

D is a member selected from -OH and R'-L-HN-;
G is a member selected from R'-L- and -C(0)(C;-Cg)alkyl;
R' is a moiety comprising a member selected a straight-chain or

branched poly(ethylene glycol) residue; and
L 1s a linker which is a member selected from a bond, substituted or

unsubstituted alkyl and substituted or unsubstituted heteroalkyl,
such that when D is OH, G is R'-L-, and when G is ~C(0)(C-Cg)alkyl,

DisR'-L-NH-.
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Dis a nenber selected from-OH and R-L-HN; Gis a
menber selected fromRLl-L- and -C(O(Ci -C6)al kyl; Rl

W0 2008/0804et y conprising a menber selected a  PCT/US2004/041004

O 0 NN & L b W

e e T e e
NN = O

15

16
17
18

st rai ght chain or branched pol y(ethyl ene glycol)

N I T e
S%pirhglnéeﬁldme unsubsti t ut ed heteroal kyI such t hat

when DIS ()—| GIS R1-L-, and when Gls -C(O)(Cl

-Co) al k . _The . cor di ng
t dl ai e]l%?PUG\mCF@T %‘Qu"éa"élnﬂ r‘ﬁg“eéf‘é‘? EP‘ és f‘gloéﬁ“’e

ASPARABENE Cofsthy Wfinuldhg FRRrRERIdLIe ceord ng to claim

erein sald peptide is a bioactive G anul ocyte
Colony Stinulating Factor peptide. 17. A nethod of
meldi. ng A nGtegR fpekingieGeGPl pepiide conjipate spmyrising the moiety:
noiety: OH NH G wherein D is a penber.sel ected from
-OH and R1-L-HN-; Gis a nenber sehécted from RlL-L-
and -C(O (G -Co)al kyl; Rbd s noi gty conprising a
menber sel ected a straight- @nched
pol y(et hyl ene gl ycol )é—r—esd) amd L is a |inker which
is a menber selected froma substituted or
unsubstituted al kyl and substi uté‘ﬂ* Br unsubstituted
het er oal kyl, such that when Dgg OH, Gis R-L-, and
when Gis -C(O(Cr C6 )alkyl, Dis Rl-L-NH, said
meV e conpri si ng: (a) contacting a substrate G CSF

pept i d%wmeﬁbg’&@t&t@lﬂ&n aOHGnd®Iqr-HKRi ety having the
formula: -HN CH a an enzyne that transfers said

PEG si dbiisca m@m@emﬂwtedrfrmi?nd aod eC(O)(Ci-Ce)alkyl;

R' is a moiety comprising a member selected a straight-chain or branched

€,

poly(ethylene glycol) residue; and
L is a linker which is a member selected from a bond, substituted or
unsubstituted alkyl and substituted or unsubstituted heteroalkyl,
such that when D is OH, G is R'-L-, and when G is ~C(O)(C,-Cg)alkyl, D is
R'-L-NH-,
said method comprising:
(a) contacting a substrate G-CSF peptide with a PEG-sialic acid donor moiety

having the formula:

OH
D
0 COOH o
HO , HO
O“E—o OH
G—HN o o

OH 0 //(
N

and an enzyme that transfers said PEG-sialic acid onto an amino acid
or glycosyl residue of said G-CSF peptide, under conditions

appropriate for the transfer.
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or glycosyl residue of said G CSF peptide, under

condi tions appropriate for the transfer.18. The net hod
wa@cesnsiong to claim 17, wherein L-Rl has the fpecmukzn4/041004

R1-HN O wherein a is an integer fromO to 20. 19. The

met hod according to claim17, wherein R has a

| SUBUCt i e %@&r@%ﬁ?%&ﬁé@& 1RO Mhs e Formula:

NHC( O) CH2CH2( OCH2CH2) , OCH3 NHC( O
O (CH2CH20) 11CH3 and O (CH2
2CH( Q2CH CH2J) OC1H 3 NHC( O OCH2CH2( CH2) , OCH3

2 mherein e and fare integers independenply sel ected

3 m1l to 2500; and gq is an integer fromO to 20. 20.

°Féf hod according to claim 17, whereinR 1 has a

4 struct ldﬁ@aﬁﬂ@égefﬁ-oﬁq woer sel ect ed from NHC( O OCH
2CH2(OCH 2CH2)bOCH " ™" 3 NH, \IHC(O OCH 2CH2( OCH 2CH2
), OCH 3 NHC(O) CH 2CH2( OCH 2CH2) bOCH 3 NH2 HN N,

LR R R

2  member selected from:

0 0
g . 8§—(CH,CH,0)CH, é S—(CH,CH,0),CH,
[+
NHC(0O)CH,CH,(OCH,CH,)OCH, NHC(O)YOCH,CH,(OCH,CH,),OCH,
0
g . O—(CHCH,0)CH,  ; and g o O—(CH,CH,0),CH,
NHC(O)CH,CH,(OCH,CH,)OCH, NHC(O)OCH,CH,(OCH,CH,)OCH,

wherein

e and f are integers independently selected from 1 to 2500; and

SN N B W

q is an integer from 0 to 20.

1 20. The method according to claim 17, wherein R' has a structure that is a

2 member selected from:
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HC( O) CH2CH2( OCH 2CH2) OF CH 3 , NHC( O) OCH 2CH( C2CH
2CHO2CJB6H 3 g NHC(O) OCH 2C( HOR2CH 2COHC2H) ( 3 HN. .

WORGSQF OG22 CH2( OCH2CH2) OF CH 3 o ' * wherei n epCT/uszod4/641004

AN W B~ W

are integers independently selected from1 to 2500;
and q and g are dntegers independently selected from
1 to 20.21. The nethpd accor Qllc(b%cl%&(‘éé M7, wherein
Rl has a structddre q IS nmber “se ected from o

, NHC( O) OCH 2CH( 2 g O)bCHBO NHC(O)OCH 2C( OHC2H
20CCHH2 ) ( 3 NH -\ _~ cl\g—gg

2CH2Jr OCH 3 and NHC( @) CH(ZOCH éd:HZ’O)2 %_Q{D( O CH
2C(HO2CH 2)PCCHH2 3 KH HN, X NH r-\ |

IMHC( O) CH2CH2( OCH 2CH2Jf OCH 3 wherei n e f and f are

i ntegers independentlly selected from1 to 2500; ‘and q,
q and g"are integ "t“F‘i?)C%&z‘@%'fCéi’,focf“fom 1to
20. 22. The nethod’accordi‘gg to claim 17, wherein Rl

has a structure that iHs\ﬁl/Wct ed from
HC(O)CH,CHy(OCH,CH,)OCH;

0 q

NHC(O)CH,CH(OCH,CH,)sOCH;

and
NHC(O)CH,CHa(OCH,CH,)0OCH,

\’(‘\(\’)/\/\NHC(O)CHZCHZ(OCHZCHz)fOCH3

é NHC(O)OCH,CH(OCH,CH,),OCH,4

NHC(O)OCH,CHL(OCH,CH,)OCH,

\"/k(\’)/\/\f\lHC(O)OCHchz(OCHZCHz)fOCHg

e, fand f* are integers independently selected from 1 to 2500; and

wherein

q and q’ are integers independently selected from 1 to 20.
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| - (O CH2CH2( OCH2CH2 ) eOCH3 ; and
<j-C(O) OCH2CH2( OCH2CH2) f OCH3 wherein e and fare

WO ni0sgeivsde i ndependent |y selected from 1l to 2500CT/R82004/041004

3
4

5
6

The nethod of claim 17, further conprising, prior to

st (& X ' al I ab Lo .
oy b eha FRaR REGIARL £ R & Sacd ARBE s o
24merhber RRChddropf: cl ai m 17, wherein said host is

sel ected fromah insect cell and a manmalian cell. 25,
A nmet hod of stifwl ating inflamuatory | eukocyte
production i FIHHRPHE R BHPRI%S g

adm ni stering to pai'd megmal a peptide according to
claiml .26. A nmethod of iy edty ng nf aat{DOoH,EHYO0BH,CH,)OCH;
subj ect in need thereWt, sa|\d.fethdd conprising the
step of adni ni st &N hé subject an anount of a
pepti de according t 7 eMN@ghiorEHI@HARRDEGr at e
said condition in s&id bj ect. 27. A pharmaceuti cal
formul ati on conprising the Ganul ocyte Col ony

Stinmul ati ng Factor peptide according to claim1, and a
phar maceut i cal ~|accegptabl e c Ler ~A et hod of
refol ding an éi n%{c{?gﬁicwé%gﬁm)"g%t e col ony
stinul ating flactor (GCSFP protein, the nethod

conprising the steps %WWWW%@%W%
protein; and (b) gontactings« sol ubl e GCSF protein
with a buffer conmpriysi e couple to refold the
GCSF protein, whereiln thg refol dAHC@ICSEGEGE-IHF s

bi ol ogi cal ly acti ve.
wherein

and

e, fand f° are integers independently selected from 1 to 2500; and

q, q’ and q”are integers independently selected from 1 to 20.

22.  The method according to claim 17, wherein R' has a structure that is a

member selected from:

é—C(O)CHZCHZ(OCHQCHz)eOCH3 ; and

é—C(O)OCH20H2(OCH2CH2)fOCH3

wherein

e and f are integers independently selected from 1 to 2500.

23.  The method of claim 17, further comprising, prior to step (a):

(b) expressing said substrate Granulocyte Colony Stimulating Factor
peptide in a suitable host.
24, The method of claim 17, wherein said host is selected from an insect cell and a
mammalian cell.
25. A method of stimulating inflammatory leukocyte production in a mammal,

said method comprising administering to said mammal a peptide according to claim1.
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26. A method of treating infection in a subject in need thereof, said method
comprising the step of administering to the subject an amount of a peptide according

to claim 1, effective to ameliorate said condition in said subject.

27. A pharmaceutical formulation comprising the Granulocyte Colony Stimulating

Factor peptide according to claim 1, and a pharmaceutically acceptable carrier.

28. A method of refolding an insoluble recombinant granulocyte colony
stimulating factor (GCSF) protein, the method comprising the steps of:

(a) solubilizing the GCSF protein; and
(b) contacting the soluble GCSF protein with a buffer comprising a

redox couple to refold the GCSF protein, wherein the refolded GCSF protein is

biologically active.
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