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e.g., dwarfism in children. A principal factor that has limited the use of therapeutic peptides

is the immunogenic nature of most peptides. In a patient, an immunogenic response to an
20  administered peptide can neutralize the peptide and/or lead to the development of an allergic
: ) response in the patient. Other deficiencies of therapeutic glycopeptides include suboptimal
potency and rapid clearance rates. The problems inherent in peptide therapeutics are
recognized in the art, and various methods of eliminating the problems have been
investigated. For example, to provide soluble peptide therapeutics, synthetic polymers have

25  been attached to the peptide backbone.

[0003] Poly(ethyleneglycol) (“PEG™) is an éxempléry polymer that has been conjugated to
polypeptides. The use of to PEG to derivatize peptide therabeuﬁcs has been demonstrated to
reduce the immunogenicity of the peptides. For example, U.S. Pat. No. 4,179,337 (Davis et
al.) concerns non-immunogenic polypeptides, such as enzymes and peptide hormones

30  coupled to polyethylene glycol (PEG) or polypropyléne glycol. Between 10 and 100 moles
of polymer are used per mole polypeptide and at least 15% of the physiological activity is
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[0006] Enzyme-based syntheses have the advantages of regioselectivity and
stereoselectivity. Moreover, enzymatic syatheses are performed using unprotected substrates. ' )
Three principal classes of enzymes are used in the synthesis of carbohydrates, )
glycosyltransferases (e.g., sialyltransferases, oligosaccharyliransferases, N-

25  acetylglucosaminyliransferases), and glycosidases. The glycosidases are further classified as
exoglycosidases (e.g., B-mannosidase, B-glucosidase), and endoglycosidases (e.g., Endo-A,
Endo-M). Each of these classes of enzymes has been successfully used synthetically to
prepare carbohydrates. For a general review, see, Crout ef al., Curr. Opin. Chem. Biol. 2: 98-
111 (1998). |

30 [0007] Glycosyltransferases modify the oligosaccharide structures on glycopeptides,
producing specific products with good stereochemical and regiochemical control.

Glycosyltransferases are used to prepare oligosaccharides and to modify terminal N- and O-
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Al t hough the nmutant gl ycosi dases are 3
intercepted by water to"give the hydrolysis product, or by an acceptor, to give a new

_ ) glycoside or oligosaccharide. An exemplary pathway using an exoglycosidase is the
synthesis of the core trisaccharide of all N-linked glycopeptides, including the difficult §-
25  mannoside linkage, which was formed by the action of f-mannosidase (Singh ef al, Chem.

Commun. 993-994 (1996)).

[0009] In another exemplary application of the use of a glycosidase to form a glycosidic
linkage, a mutant glycosidase has been prepared In which the normal nucleophilic amino acid
within the active site is changed to a non-nucleophilic amino acid; The mutant enzymes do

30  not hydrolyze glycosidic linkages, but can stiil form them. The mutant glycosidases are used
to prepare oligosaccharides using an a-glycosyl fluoride donor and a glycoside acceptor

molecule (Withers ef al., U.S. Patent No. 5,716,812). Although the mutant glycosidases are
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20 known. For example, Yamamoto and coworkers (Carbohydr. Res. 305: 415-422 (1998))
reported the chemoenzymatic synthesis of the glycopeptide, glycosylated Peptide T, using an
endoglyosidase. The N-acetylglucosaminyl peptide was synthesized by purely chemical e
means. The peptide was subsequently enzymatically elaborated with the oligosaccharide of
human transferrin glycopeptide. The saccharide portion was added to the peptide by treating

25 it with an endo-B-N-acetylglucosaminidase. The resulting glycosylated peptide was highly
stable and resistant to proteolysis when compared to the peptide T and N-acetylglucosaminyl

peptide T.

[0013] The use of glycosyltransferases to modify peptide structure with reporter groups has
been explored. For example, Brossmer et al. (U.S. Patent No. 5,405,753) discloses the

30  formation of a fluorescent-labeled cytidine monophosphate (“CMP”) derivative of sialic acid
and the use of the fluorescent glycoside in an assay fof sialyl fransferase activity and for the

fluorescent-labeling of cell surfaces, glycoproteins and gangliosides. Gross et al. (dnalyt.
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that substantially retain the pharnmacol ogical activity of their
group in the natural substrate. Cells were treated with the ManLev, thereby incorporating a

ketone group onto the cell surface. See, also Saxon et al., Science 287: 2007 (2000); Hang et
) al., J. Am. Chem. Soc. 123: 1242 (2001); Yarema et af., J. Biol. Chem. 273: 31168 (1998);
and Charter et al., Glycobiology 10: 1049 (2000).

25 [0016] Carbohydrates are attached to glycopeptides in several ways of which N-linked to
asparagine and mucin-type O-linked to serine and threonine are the most relevant for
recombinant glycoprotein therapeuctics. A determining factor for initiation of glycosylation
of a protein is the primary sequence context, aithough clearly other factors including protein
region and conformation play roles. N-linked glycosylation occurs at the consensus sequence '

30 NXS/T, where X can be any amino acid but proline.

[00i7) The methods discussed above do not provide access to industrially relevant

quantities of modified peptides that substantially retain the pharmacological activity of their
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conpri se | i pked .or O.l.i.nked gl ycgsyl ation.si;te that i.s not present in

w1 pERn R reb R o B Brors SHET SRt TN e Bobitibrss BerBBm homan

gr owt hpoRREEBRRndI&MIdshenBERE TiRe 2O PafRAIE RiereftlarSHRMN Jds Mowhiichohe SEQ | D NO: 2.

I'n sone preferred enbodi ments, the nutant hunan growt h hornone includes the

anitno modified aypiant b&Toasdmproved priapestiess which ephancegts use ag a theyapOROY | n

anot he(g]i asopgct ;[he present invention provides an expression cassette or a
cel | tH{agnos %ﬁ%‘?ﬂ]‘ses a nucleic acid, e.g., an isolated nucleic acid,

i ncl udi ng a pol ynucl eoti de sequence encoding a nutant human growt h hor mﬁe.
The mutant human growth hornone includes an_N-1inked or O inked )

gl ycosyl ation site t hdBRIEF SHMMARYOF THEANVENTIONe human growt h

hor non 0 . [ L rovi-de

o mut AP O ek A PSRl iARRRED prves R ISR RS p SRR

gl y cospdigdchsdtide bequeh@tencsdingta rite&H man proWeh Nirhidnty The oUaRhugiiam h

hor rone. In sonme enbodi nents, the wld-type human growth hornone has the

amino grewih Bemnpag cempfisespo N-Dinked or Grlinkedalyposydation site thakhis npt present éy

enbodi n ow h A j he 1.ne acid

cequentilsioedubii o IE LMY bR RIS, 68 WRId- R 1 n 2006, 2

PCT/ USZQhe 84264 amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2. In some preferred
embodiments, the mutant human growth hermone includes the amino acid sequence of SEQ
ID NO:3,4,5,6,7,8,0r9.

20 [0020] In another aspect, the present invention provides an expression cassette or a cell that |
comprises a nucleic acid, e.g., an isolated nucleic acid, including a polynucleotide Sequenée )
encoding a mutant human growth hormone. The mutant human growth hormone includes an |
N-linked or O-linked glycosylation site that is not present in the wild-type human growth

hormone.

25 {0021] Inanother aspect, the present invention provides a-mutant human growth hormone,
that includes an N-linked or O-linked glycosylation site that is not present in the wild-type
human growth hormone. In some embodiments, the wild-type human growth hormone haé
the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2. In some preferred embodiments,
the mutant human growth hormone comprises the amino acid sequence of SEQ ID NO:3, 4,

30 5,6,7,8,0r9. |
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Jlou& LJ if :1ni-attantneftispeer;i me, present invention provides a nethod

“for Frakiv\@momﬂ:samt human growt h hornone that i ncl udeycanydyedsonksd or

()-linked glycosylation site that is not present in the wld-type hunman

gr owt h eozaye Aerabiniesaspettme pravehtigdestivh pretidps méthod &endkinganiduyanpr oduci ng

t he nutant human growt h_hornpne, and, gl ycosylating the putant 5 human grow h

hor non é““&ia“t%ﬁ%wmr@P%@éwnﬁlﬂlfiW%%l@% ‘{ AY Soirked &g’GﬁiimnsSﬁetth@ isnetd- t ype

hurran or SEQID
A B i, R TR B b 1 rone

. corrpr i sesorhiipardlyl prodwwngkhe sr&mmhnmamgro&EEth Indd@, 8nd dlycdsyldiing the @ntaat 9.
[0023] In still further t he, present inventign proyides a
pharmadBHANERPW f¢ ?t(fhe h 'O gfyggqy,l,adlog Sttfie Fh§PERR §R ]&?qoweéﬁﬁf weMldetyBPount of

- @ Mt ang ARG A MBI RO 8midddid & $f SBO ¥ NO?

gl ycosylation site nort1 presenr |gatc%dheﬁwélﬂg tfypg humni(g?%g\?rﬁﬁhg?(mqﬂe In
sone endoonti prefatred embedimiehtd; thy peitdnd braman groywh hohoeneoengriass theemndns agdaci d
sequence of S D NO 2. In sone preferred enbodi ments, the
mut ant Seﬁ%ﬁoé%%&t%ga}ngn%%s&%ro@es t he ami no acid secuence of SEQ ID
NG 3, 4, 5, 6, 7, 8 or 15 9. [0024] In another aspect, the present
i nvent i [@ﬂZIﬂr ohﬂmiiﬂaﬁlrthetdspcbtfthe pltesmﬁriwgtxbmpmmidegaqrhﬂﬂmdmeuﬂmheotﬂpnfditﬁjrency in

bj ect . met hod ncl udes administeri to the subject an. unt of a
s Tyiner GroRHICHLY Parve AR e m@#ﬂ%ﬂan&wyﬂwramﬁ 3t frsigebu
horrmneandﬁfunﬁb&m linkB& @E&@T&t oB‘éE@Hotger%hmﬂﬁé {%@lﬁ te t%ﬂ‘gﬁo met hod

corrprl ses an 20 N-| |nke or O ycosyl ati on oes not exi st
he lmrmoes plirsdimegmtiodandenys ¢he Wildrtypedrmet: @tbmﬂnhmmoné hassthoramémdbandd ment s,

22§ueﬁ£s%3§ regetFe Rl eI e o oo Bt earierdmench o %%a?ﬁ%hﬁms the
t ant
Tt RO ESR GO 60 RS 0P IDAIOCNAES 6 1SE Ry 1D

t hel5mut@nt human growt h hornone is optionally conjugates to one or nore
nodi fying group,. preferably via glycoconjugation giving rise to a glycosyl

| i nki ngrogsPUPHPSIIRE Bsebe ! ﬁfés%ﬁt’lh%dt% pw]aemeihee fm%aftmg Rmafl’ OUP. AN
exenpl ary nodi fying group 1s poly(ethyléene glycol). 7 WD 20041103275

PCTI US2grottiDietoae dSidibvRlyESa sEbiEGT Gihe@?eth'deEnﬂRdw&d@ﬁmslelm(gGGﬂﬁﬂsqueam is the

i id f G+ N tuit d h t al
Gl 1 ved R oF & A oA pirdith BpEhre R Vi o Fer Lo bRe It theroRthy t ot | onal
i nt r 0dUgh@Re eéﬁc(;é?l-&yN)rhe &mﬁalﬁﬁhﬂmgmmﬁhm&s@ﬁ ¥lis Nethonksfipabeseasy! ation

site
20 N- hnked or O-linked glycosylation site that does not :xist in the corresponding wild-type

human growth hormone. In some embodiments, the corresponding wild-type human growth
hormone has the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO:2. In some preferred

) embodiments, the mutant human growth hormone cox'erﬁées the amino acid sequence of SEQ
IDNO:3,4,5,6,7,8,0r 9.

25  [0025] Ineach of the aspects described above, the mutant human growth hormone is
optionally conjugates to one or more modifying group, preferably yia glycoconjugation
giving rise to a glycosyl linking group between the glycosylation site and the modifying
group. An exemplary modifying group is poly(ethylene glycol).



5 [00271 FIG 2 is the crystal structure depiction of a glycosylated G+ N
mutant hGH (Lys 140°to Asn 140) and its receptor: pol ypepti de. [00281 FIG 3
are glwoaeEdAMsz5i on schenmes for insect cell and namatCEOSHOdbIpssoduced hGCH
N-linked glycan mutants. [0029] FIG 4 shows the gl ycoPEGyl ati on of an
Escherichia coli praiEeDhSERIPTIONCOF THEPRANINGSant. [00301 FIG 5
di splays alternate nmutants, of G4+ N to intraoduce glycaqosylation. sites. The
ar r oVR036] g s-d 5 the pine arid seawmereef GHN &Fm‘{ﬁ@f\g‘?qﬁegimpd;(}&ycosyl ation
site s e ; : ' G nces of six
(6) éﬁg ¥%‘?§r§it6hg‘}&f ?ﬁﬁgd@%? gllg%gﬁngfcilao@nthg ?l?lclialgo é(’}i}gp ?érg(tﬂpfr?g;% eﬁﬁ%ﬁ?oduced into
pi t uiih@sducties bfEEH MOHr @@ ly Shsing (GH-MV)peliakedglyeasythtionaggaence for G+ N i s
al so shown for conparison. The arrows indicate the threonine residue of the
G- N [gbY7 2 NFIGLLRIR itheddty il sthuchird ﬂéﬁi@tﬂ)ngif)@%@dsﬁlatderWN m@g&gWGH[ 0032] FIG 7
are the amno acid sequences of hGH O:linked G4+ N nutant 134(rtg) 4 ttt and
hGH @y ikde Asnl4tiand its resqptor polwhemsideani no acids -3 to -1 (ptt) are inserted
at the 20 amino termnus, resulting in a 194 am no acid hGH pol ypepti de.
[ 0033P018] G FE:.& me gheoREGyhtian ischeney fariasest ofl]l im@Hn@mimatias delBpirdduced ant
134(rt 3 tt and hGH O-linked 5° GH N nutant in which amno acids -3 to
-1 (rhﬁ%l\hh%kq%ﬂfé‘}aflé@l%‘ft&t he amino termnus, resulting in a 194 ami no acid
hGH pol ypeptide. 10034] FIG_9A depicts the am no acid sequence of mature
0838t Gl shoms thacelycolF Gylateef smEsasrishia pyleorogdBoathipBi@-linked ani no
3 id se uenct%tof mature human growth hornmone (GH+V) (SEQIDI'1G2). FIG
degg?’ ™ML ani no aci d sequence of human, growth hornone nutant 1 (SEQ

ot U301 SERG 5B Al oty QoY 5 B o SR Ut ol b hEL%e
. BN iR gl e bor hums
e B R T Al R TR Ty Wi PERGIABEARGR G0l cts the

am nantraducddsequence of human grow h hornmone nutant 5 (SEQ ID NO:7). FIG 9H
depi cts the 8 WD 2004/ 103275 PCT/ US2004/ 014254 aliiiho' acid"segYr't iic

tit=t{o0sdfr i FIG! 6 fvetihe HaindRiaR] Jedhi@ites 6f SSE@) dXfienBd-lidkeGglytbsfatibicéites t he
am no acid sequence of human growth hornmone n rutant 7 (SEQ I D NG 9).

DT Al thEmnDESORITPA e i pitMamy NPT WRH (G1-ND; (Th61v61dstypoaasno vié t er m
"nucl S%lqﬁen%g lﬁﬂ' GR'N PRl &%Wnefg} E&ﬁpm{s?.s{le TBe boHE ?ﬁ@fé&t@ ﬁﬂﬂﬁ}e%hﬁle%géig&:

of the GH-N glycan mutant on which O-linked glycosylation will occur.

[0032] FIG. 7 are the amino acid sequences of hGH O-linked GH-N mutant 134(ttg) > ttt
and hGH O-linked 5° GH-N mutant in which amino acids -3 to -1 (ptt) are inserted at the

- 20 amino terminus, resulting in a 194 amino acid hGH polypeptide.

{0033] FIG. 8 are the amino acid sequences of hGH O-linked GH-N mutant 134(xtg) > tig _ )
and hGH O-linked 5° GH-N mutant in which amino acids -3 to -1 (mvt) are inserted at the |

amino terminus, resulting in a 194 amino acid hGH polypeptide.

[0034] FIG. 9A depicts the amino acid sequence of mature human growth hormone (GH-
25 N)(SEQID NO:1). FIG. 9B depicts the amino acid sequence of mature human growth

hormone (GH-V) (SEQ ID NO:2). FIG. 9C depicts the amino acid sequence of human.
growth hormone mutant I (SEQ ID NO:3). FIG, 9D depicts the amino-acid sequence of
human growth hormone mutant 2 (SEQ ID NO:4). FIG. 9E depicts the amino acid sequence
of human growth hormone mutant 3 (SEQ ID NO:5). FIG. 9F depicts the amino acid

-30  sequence of human growth hormone mutant 4 (SEQ ID NO:6). FIG. 9G depicts the amino
acid sequence of human growth hormone mutant 5 (SEQ ID NO:7). FIG. 9H depicts the
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(DNA), or ribonucleic acids: (RNA) and pol ymers thereof in either single- or
doubl e- stwapmaedos2form Unl ess specifically limted; thedpteiearRasses
nucl ei ¢ aci ds contai ni ng known anal ogues of natural nucleotides that have
si mi | ar athibe dkiagepippeof-BssE viiChdriioas anga: BYSEE ID Nerd)d FGd 9B A&icts

nmet abol i zed.in a_ manner simlar to naturally occurring nucleotides. Unless
10 ot hethfi2BENg 3aq scsqpenpe of ipman grawth horpenea) iatzpicl @Eﬁagmig)-al so inplicitly
enconpasses conservatively nodified variants thereof (e.g., degenerate
codon substitutions)prPAICERDES %F?%ﬁ? | ementary sequences
--as well as the sequence explicitly 1 ndicated. ggec I'cally, deg@enerate
codon Sﬂgﬁ{liﬁ%ﬂgi ons nmay be achi eved by generating sequences in which the.
third position of one or nore selected (or a;1) codons is substituted with
. mi xegl 1fpoBsks e Tae thiar ndelos hcidd o MeolyAslshtas” (cBat ZPdedkriBbnucldisdi@ ¢ Acid Res.
19: 5081@5 1991); Onhtsuka et at., J. Biol. Chem 260: 2605-2608 (1985); and
Rossol i d?N4j} ogibonugksic acds (RNAPrasd pelysess thegof meithey yingleher dabin-stracked ¢ aci d

i de i nt i . d R ded b . [0036
The t or QS HRRRRAly el SR g R o AR pO Ritie P a ™o ypept 1 db
20 chai ghaldguesi@fnatuiel hidoti@g ithaPé SiaRr Bihdadthrbsdrtieyistle tTerefQdhR s €gi on

(leader-and trailer)  as well as interveni nﬁ sequences (introns) between
i ndi vi duad aebur mptadelrsding mapsneimilar foggmplyrpecurdngmudlentidas.ednlesswhen

vi dud see e Seljred ilar 0 cies ¢clplessihe
o of by nofEr BeHBloRef bl o) Cle el FPR Ao BB MP IR ch 1 ¢ i s

associ at@dervatitdiemobaifiet ahrigitattRreol (e &5 dseatatcadiyn bﬁbsﬁhﬂi@ﬂ@gﬁm&ys state
althQugh it can be in 25 either a dry or aqueous solution. Purity and

honogdeneithgiogs SNEgsind spmplegentaryrbeasanass ph el an Bieyeieice explinitht indicatedhni ques

h : : ] | hi, gh f | i quid
ahr omat SOPAADY B e PR B BRRIA b Rler i B eshiha JUGER 1 2

pr epar awvhivh thsthird pesidon bAbhe/ortdre fstlected (61 AIREbdddY livgubsittddswkiaingcbdgene i s
separated fromopen reading frames that flank the gene and encode a protein
ot h&} t hass apfler georgingsing msihies (Batasie! gl Nusydis Agidriesi BY50%99 Bs Obfika a

nucl ei ¢ [ r eh £h. U [ o) Ntk al dpj, .

el ect rofﬁ or g‘t?lgl' grél?ﬁt' @r’%o\éﬁr%ggl@%%)tan?rie?fg%‘s"glirﬁaek Xlt”ggglﬁ ?gp'ef}corggsg?‘g l??rg protein
is at | ¢mon))89%e piiniuclei®acid Brebemdditangtatl £ asth 23RN A, andaRNBSt
preferably at |east 99% pure. 9 WD 2004/103275 PCT/ US2004/ 014254 [00381s
ATi 2t s' PRO9deGbY A8 ~ko 11 i1~ e ers to naturally occurring and synthetic
am no aeids, as well as amino acid anal ogs and anm no acid mnetics that

f unct i of00G3a] a Tire temer“genad] heansitie tegmenhei DN alihyolostwrprodupiegd polypefitids .

el 0 ascH1ibsE Haifidedtionons Riseaife ind REPSialnr codme Fosi F rgfer B34 T ne, ) 5
gg;rggﬁ%gi th% gt?fnﬁeg/ée%ﬁ'lgg §qROREP IR EHS) BEtweA iR idedl dodnglsegRerte {Rbas)t O

) [0037} The term “isolated,” when applied to a nucleic acid or protein, denotes that the

nucleic acid or protein is essentially free of other cellular components with which it is
associated in the natural state. It is preferably in a homogeneous state although it can be in

25  eithera dry or aqueous solution. Purity and homogeneity are typically determined using
analytical chemistry techniques such as polyacrylamide gel electrophoresis or high
performance liquid chromatography. A protein that is the predominant species present in a
preparation is substantially purified. In particular, an isolated gene is separated from open
reading frames that flank the gene and encode a protein other than the gene of interest. The

30 term “purified” denotes that a nucleic acid or protein gives rise to essentially one band in an
electrophoretic gel. Particularly, it means that the nucleic acid or protein is at least 85% pure,

more preferably at least 95% pure, and most preferably at least 99% pure.

t



t he same basic chem cal structure as a naturally.occurring amno acid, |.e.,.
an a carbon that is bound to a hydrogen, a carboxyl group, an am no group,
and an WOgPWR93278 ., honoserine, norleucine, methio S0P/ EHe,

met hi oni ne net h%!fmsul fonium Such anal ogs have nodified R groups (e.g.,

nor | e JBP$Y) Bt b ainlg Aftfriiiees toqekaihieeccuping Jndsynthetip aminngcidy 85

chem 0 r.ad v ' ] ' = AR id

m met ﬁ;gegl,alsraenﬁ g{r; g&?%ﬁ %ﬁgsrsr? ca Egggn%lo%lr?%sﬁggk\{/# ﬁg"’g‘mép? %%&g g St“ﬁg%pﬁ%stﬁ%i fferent
f r om trhargignedcatringmiine atidst Nagirallyeoshirritip angind acidaaiecthoddncbad byf thect i ons in
a manner simJlar tq a npaturally occurring am ng acid. 00391 _There are

var i oEngifosdenstwribes theseraaing aeids et agsdater mogHied; @ ge hpHOXYPOHNSY-an .t

unnat yral . am i ' ' r i ' kRad @ "
of to- LReplubue s fia CEloGhI D ABRE) Y9 WBlRRORE, RTRISIREIAL BT T
r ef er rig€lsdmie bezioadhemtingl sirnidrere ak Agar c inb Ackle: b ehit elcarboyitilis or by--
the one-letter synbols recormended by the | UPAC- I UB Bi ochem cal .
Nomendioand fe2 byHagds p 6aTboKKIcITevR, P @ging grouf ad andh groywp, ¢.87,domegenng, by t hei r
conmo ' - . J Lyely.aodified
vart el FR B0t AR E oh BhicRE B AT i SERRELSh AR,
r espe@ gtoupped.g.j marleatino)iod odified peptidedisekises, but cansiathasdnvebasideidinficad
variants" refers to those nucleic acids that encode jdentical or essentially
i dént i SAFUERISTonaiERlY ocwies arino asid. wHupimorasid wirestigsc refersdogbegicabt encode
an am | eNGhr enkd [ |.cal use of the
degenedr%gng%ﬁg% 1ﬁ‘f‘:ﬁahlégenet F%Qghgggs,d}gﬁll%g{r%%mrﬁﬁgéedre%fc h%@%ﬁ%gfﬁ%rﬁg?ﬁg | denti cal
nucl ei#gniac iacid, anced durmnynginemaiiar sivhifar téahaturdlyooeesridgwnipodoids GCA, GCS
ACG and CGCU all encode the amino acid al anine. Thus, at every position where
an al [@039(]_6 Theré BRI ato 88 IR e RA8 in thBartGRAPRrERMPRcIpbeIRY dranany of the
correspondi ng codons described without altering the encoded pol ypepti de.
Such mnmherd angiajaciddediation or anadog Bitd e polypepiideahabnio, a'sitetipetifiameannee speci es
of]éconser vat%é%/{ %@ fied variations. Every nucleic acid 30 sequence herein
hat effédtEsa P gtide al so describes every possible silent variation of
the nucleic acid. Qne of ski]ll recognj ze, that each codon in a nucleic

i1l o,
aci d (994Upt Amirg acidimay be seferred todersiy by giheihs conmontyt igrowmibrsedsitele, and
TGG, | ' rdl parq t ) : . nodified to
yi ol d Frtbla it BRIl oy bRt koA &P R RIR T 0B ER, 5004/ 014254
At cdaNoinenaidtur® Gorimiteion. Wafcidotitied likewise, maycbeteteraad i tyrthtir eomatady a

pol ypeptide is inplicit in each described sequence. 100421 As to am no acid
sequer@@%?te%ﬂgglﬁgg@{icf’ ®wi || recogni ze that individual substitutions,

20 [0041] “Conservatively modified variants” applies to both amino acid and nucleic acid
sequénces. With respect to particular nucleic acid sequences, “conservatively modified
‘variants” refers to those nucleic acids that encode identical or essentially identical amino acid )
sequences, or where the nucleic acid does not encode an amino acid sequence, to essentially
identical sequences. Because of the degeneracy of the genetic code, a large number of
25  functionally identical nucleic actds encode any givén protein. For instance, the codons GCA,
GCC, GCG and GCU all encode the amino acid alanine. Thus, at every position where an
alanine is specified by a codon, the codon can be altered to any of the corresponding codons
described without altering the encoded polypeptide. Such nucleic acid variations are “silent
variations,” which are one species of conservatively modified variations, Every nucleic acid
30  sequence herein that encodes a polypeptide also describes every possible silent variation of
the nucleic acid. One of skill will recognize that each codon in a nucleic acid (except AUG,
which is ordinarily the only codon for methionine, and TGG, which is ordinarily the only

codon for tryptophan) can be modified to yield a functionally identical molecule.

10



deletions or additions t6 a nucleic acid, peptide, pol ypeptide, or protein
sequence Wie@H/183235 t ers, adds or del etes a singl e am noparuge0ioazsaal |
percentage of am no acids in the encoded sequence is a "conservatively
nodi f i edt¥adingtit sholispicaietioh 54 AldlEb a&i@ $hHt bcdd8s b PElypeade it HhpiRRk inOf an
amno acid with a chemcally simlar amno acid. Consérvative substitution
tabl es c¥hslerdibsg sesBeG onal Iy sinmilar amino acids are well known in the
art. Such conservatively nodified variants are in addition to and do not
excl ude {42} ndspp pmineaaidsaguendes ame sy ekillevill Tecdzoirs ltoay sndiatddalashbsitesonsf t he

et 60k ThaFle b3 RIS 80T alRe coCh SO am g, 0 that
(O ; 52) akaaiiti 6r dldtes { Dhgle B PaiE 0AE il Fér'ggntﬂé Parhfip 2630 g‘ﬂﬁf EModed

i{
d utam ne (03; 4?( Arginine (R), Lysine (?(), I'Sol euci ne euci ne (L),
Met hi onFeECHARYS a [‘sonaervaevelyanodifey vetient) wdlearthe elt¢rE)ion fgultsinrthe §ibstitution

Trypt oph C 1) aSer ne . _Threoni ne. . and., 20 8 stejne (O,
vt hi onBEd i afl vt ofL) smmliaf SRR Shios S S oot o At ds
may be peivRii@fntiodaty einfilR¥inthd 58ds 4891 GOWRRR e NSNS hither

synbol s or by the one-letter synbols recomrended by the I'UPAC- | UB
Bi ochenmedificdngranie pgtin edditomtd and donot Medidopdlpimerphié kaisntse interspectes r ef er r ed

to their n 25, accepted single-letter codes. [00451 In the present
app%cap?lgﬂl,oﬁgwghégﬁ @P%%ﬂvﬁﬁ%@‘are nunbered according to their relative,
positio g o] tg | eft npst residge, whi ch is nunbered 1, in an unnodified
wild- t i}ﬁ’é Lolr:%‘f) ‘ﬁh“ﬁgg E’gg SIRURS €3ch Gapiaranigq peids thahatsconsaeativesi due, " as
used\heg@dsﬁmﬁggﬁﬁeﬁgamh&m no acid that is |less 30 than about 10 -am no
acids’ renoved froma proline residue, preferably, |less than about 9, 8, 7,

6 or. 5 am noAdmimts(A)ebwad (Ghom a proline residue, nore preferably, |ess

t han abqut 4, 3, .2 ar VWO 2004/,103275 PCT/ US2004/ 014254 P-rosidires
rem)veu%]orrﬁﬁ?%‘??‘&ﬁ@i@?t‘aﬂ%aﬁ » acid "proximate a proline residue"

w;gllggegri ggﬁs&%ée]%? m,@ﬂﬁ%‘?ﬁ{q@gfeﬂw t QsepLthnfn{ gflcg;ﬁgeggloy]her einto
refer td)a Arginine (R), Lysine (K); '

5) Isoleucine (1), Leucine (L), Methionine (M), Valine V);

6) - Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

7) . Serine (S), Threonine (T); and

20 B) Cysteine (C), Methionine (M)
" (see, e.g., Creighton, Proteins (1984)).

[0044] Amino acids may be referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the [UPAC-TUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

25 accepted single-letter codes.

[0045] In the present application, amino acid residues are numbered according to their
relative positions from the left most residue, which is numbered 1, in an unmodified wild-

type polypeptide sequence.

[0046] “Proximate a proline residue,” as used herein refers te an amino acid that is less
30  than about 10 amino acids removed from a proline residue, preferably, less than about 9, 8, 7,

6 or 5 amino acids removed from a proline residue, more preferably, less than about 4, 3, 2 or

11



pol ynmer of am no acid.residues. Al three terns apply to am no acid pol yners,
in which one 5 or nore.amno acid residue is an artificial chemcal mnetic
of a co¥PeeMdap’ag naturally occurring am no acid, adORV$20e0ItB4nat ural |y
occurring amno acid polynmers and non- naturally occurring amno acid

pol y mdttesiaiis terseiarEmapro Mtyesiduers] herrmimp asisl “Proximatecd prolip sasikedf  any

| engt erein the amno acid residues are

h, i,ncl ydi ful ] -] -h ' wh
Iinke&iagl)prég’g\tjgéf Q%?jgétﬁwlﬁgp%%%g@ﬁéﬁ@?sfﬁéﬁ%ﬁu%he ter?d'.' mut agji ng" or i ned
o . : . . . . N Ol
ol yeollll | SRouPFGey "aePBos” T el Roie GBIEREIHORED P BB A0 the

del et ipei}n})ei;'/ 68 ﬁtghﬂo%id &%id%’é? SA@ EH%E:& RBnOhpAiP Yo MRISRAd gﬁgﬁie;ﬁmvﬁﬁcm@

resi due, mcal, 1) enzymatic, or ‘ahy other nean in a polynucl eoti de
s efju e nc moenaniivngidaesilhalistappetificiatrhe i ahvirmbiic abaeowsspohding mamealbci d

sequence of a wl d:g{ ége Hur’r?n %{J%ﬁth ho_r.rmne, 15, esl?ecti vely, s_uch that the
ami no CSCIHNE FFHHCY 6F VEheS (@8 HGCHURER TRRNC RS Wﬁ%ami:%% pri ses at
| east nQﬁ?aéN‘oc@ﬁﬂ%lahﬁK@Qciglr%ﬁﬂge?f% 3%% Q%d%e}ﬁn}tﬁé%rﬂﬁ%ﬁc&ﬁﬁas@%ﬁﬁq adiat he

correspondirng w l d-type hu ornone. In the case of amno acid
subst ichaihs ofgny lagih, iscdndisg\fall-lagtiapm taio) wherese theaniive asidbesiduastarons may be
used to é{eate f EGH nu ana’i3 that contains a new N or O|linked

gl ycodipkest Pypepvelen Pe%eh% 1 The site for a nutation introducing a new N
or Olinked glycosylation site may be |ocated anywhere in the polypeptide.
EXBnpI[8048] arkhsderr | auiabing e pc aButpiion, hamussddn Sikeaentaxd phintoducing ﬁé@hamé

depi ct i 13- 9. e’ i's

i nventb?g)rrl qlhégegc%ﬁ%)%ggn g’ite@elgg%g %ﬂ&e'%@l{ﬁgg{é‘%ﬂam rreeg‘% lt})ef_hlam t he-

ot her daktign, ihdeetionyot sullsiingion wiany Gicvdtide e amdmeacid 6seduebY ohersiesiience is .
nodi fied to generate a nutant 25 hupman growth hornmone is_referred to in this
appl | EREYIGHICAT anyHEherdneans padiokgglertide seauenge ansadige switd-Bmedvaan”  For
exanpl LS: - a1 Cj pondi ng

w0 S et he ki SRR RN Rl R SRHEREE L g (e
ansno regpectivedq vedhotst taE adhed 4dit NaveeeDf thORSOing hendaf pidwitf Hegibhy e anmount , "
as used herein, refers to an anount that produces -, 30 therapeutic effects
for weoBRTisess rastanedN o Qdinked slyeesiptionsiie Sraf deessnqtssistiietbehe prevent i on,

correcti "o et T TN f r i :

di seagctgtrg%r? ?151 ?Igﬂma Elrhgﬁlgﬁga cglr?pﬂﬁl&tl:egtqfl gélgs&itgg "zﬁ‘;%dg@%? 'E'JRJS telmé)f(lt ent. The
exact mabDtunkerwitive ahdp@nctonserttevepubanstiomimayhiee uskd t¢\Ered ROMNGHIRARPCTI US20 0
410 14 25 4 _treatfndnt, arla ~w-tr"t5e asCert |iabl'elby one skilled in the
art udhatgoniainng newdinetfddinked glycosydatipn sitei eber man, Phar maceuti cal Dosage
Fors (vols. 1-3, 1992); Lloyd, The Art, Science and Technol ogy

of2Phar(f8d9 ut Theetlite Sonpputaiongntfadodie: a revdNPor Ralinkebad vepsyiatibe sitamay he

located anywhere in the polypeptide. Exemplary amino acid sequences for human growth

priy

. hormone mutants are depicted in SEQ ID NOs:3-9. A "mutant human growth hormone" of | _ )
this invention thus comprises at least one mutated amino acid residue. On fhe other hand, the
wild-type human growth hortiione whose coding sequence is modified to generate a mutant

25  human growth hormone is referred to in this application as "the corresponding wild-type
human growth hormone.” For example, SEQ ID NO:1 is the amino acid sequence of the
corresponding wild-type human growth hormone for mutant human growth hormones having
the amino acid sequences of SEQ ID NOs:3-9.

[0050] The term “effective amount,” as used herein, refers to an amount that produces
30 therapeutic effects for which a substance is administered. The effects include the prevention,
correction, or inhibition of progression of the symptoms of a disease/condition and related

complications to any detectable extent. The exact amount will depend on the purpose of the
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. (1999)). 5 [0051] As used-herein, the term"” nmodi fi ed  sugar," refers to a
"nat ut al | o mo4/pBersnat ur al | y- occurring car bohydr at e t hatCi/eszerxyasyi cal |y
added onto an amino acid or a glycosyl residue of a peptide in a process of
t he i nvesttinent, sddietiradasendhmmgey onssksitddda tielart nsmrg mmmtnehmqﬁes (Eegyne

substrat es cl udi but not mted tg s (pono-, di and
t lrJ| phf’rgplli‘é‘?% E‘Sl{a‘{ 2’%{% ’@%ﬂéﬁ“@ Ié?%e Y. (VOIgi @éo@% ﬁé At eisaca -
nesyl at g3 TadlopEP Qfﬁhér%'&enﬁfcﬁl é&;gp&bm? t i Pifékﬂ%af%{g%' ERLIERSs The

"nodi fied sugar” is covalently funetion I|ze Wth a fying group.

. Useful 688PPying groups include, but are not limted to, water-soluble

pol ymers, therapeutic noieties, diagnostic noieties, bionolecules and the

| i keS TEE51hodisfugedberginotip térm ‘pnedlﬁemhlgar,noéfem tﬂatnuﬁ@dllyy oPG6MhdtnRgly- Or an
-.unnodi fi ed ¢arbo Igﬁldrate The |locus _of functionaljzation with the ITDdI fy| ng

group i OSCUERNECARAY TR thatis enpmatisaldy added onin anaming atcﬁ@l"ﬂrﬁlmqsﬂe'm@u@ar
from bel,pgafifieth EBRUIRIdSR nfedind TRERIddied %lg%élseﬂ{a%d Sl o qﬁ%@& ¢S50l ubl e*

refers to leties ave sone dete n wat er.

Met hods eﬁ;grméemesﬁatandoiludlng,uamhbf Y¥mited frsugsl ::uiaieloutiys @icghovelil, alhgiwn in the
art. Exeppl ary water - sol ublf pol ymers include pept des, sacchari des,

pol y( et ﬁh‘?@}lﬁtﬁs)p%ﬂt‘y%t& e-Grolyqasyh dides, |E>8’08§Jfld%€)3)’¥ilﬁm) ﬁﬂibsqgﬁ%éhatlﬂé%t i des
can, aVﬁeﬂ% ‘3& vafdd4ol fi ccle(mde? eTﬁeQ“rﬁ SHAF gﬂ'gia?’f ls%o%l? %&%hg?d \gvgh% 9.

pol y(lysine n exenp ary polysacc arid c aci

exenpl arpopityiyg gtdupr) Ussfupmbylifeinh gtape irgludepbit.aréngt hmlldeHEGNateP@d)lMBI@t hyl ene
im ne) is. an exenpl ary polyam ne, and pol y(: cr)t(l ic) acid is a representative

I y( PabBsLYy Ft}eEaP&E’il‘d‘jnow[“G@@ﬁgﬂ‘l’ﬁ@ POiElefe ploplegdisand the like. ireer - sol ubl e
5%3 ot SERYRE, PO B ED TP Kitlkaly Rlrtingor iimod BUFShony A || ¢

pract i cgoof of finstidralientononitiahe nhdtﬁiyﬂgl'goqs & sefectedgutletha HEGesaiot pﬁ&v}éﬁtet hy | ene
glycol) is intended to. be i ncl.usive and not exclusive in this respect. The

t er i PEdhe ‘readidrdssugan” fram Rying addesd spepmatiGally dn ¢ pePtide: s for ms, i ncl udi ng
al koxy PEG difunctional PEG nultiarnmed PEG forked PEG br anched PEG
pendent [#ER] (iThe terpEGvaier-saduble’engfgsetoymeicties Bat naeisnme datscieblersgreefofinct i onal

her o1 nooangy gt PR acREr ol Ghamdl et Shimliy o™y B Rhaa it ST W v

be |inegg. %xe&b@apagﬁr-s&ha@%gdn 91&[&% Eﬁtﬁi%@%@%a%id@s pBBR&RAL),y known in
the art. Typically, a branch poly as a central branch cofe nmoiety and

a plur alpptygéammes); pap(carbokylimeacidsh anchthelhknk Edptides che havemixell sequencds dfbee. PEG
'S 58mm0m%osed of a single amino acid, e.g., poly(lysins). An exemplary polysaccharide is

poly(sialic acid). An exemplary poly(ether) is pely(¢thylene glycol), e.g., m-PEG.
Poly(ethylene imine) is an exemplary polyamine, and poly(acrylic) acid is a representative

. ) poly(carboxylic acid).

[0653] Thé polymer backbone of the water-soluble polymer can be poly(ethylene glycol)

25 (i.e. PEG). However, it should be understood that other related polymers are also suitable for
use in the practice of this invention and that the use of the term PEG or poly(ethylene glycol)
is intended to be inclusive and not exclusive in this respect. The term PEG includes
poly(ethylene glycol) in any of its forms, including alkoxy PEG, difunctional PEG,
multiarmed PEG, forked PEG, branched PEG, pe;ldent PEG (i.e. PEG'or related polymers

30 having one or more functional groups pendent to the polymer backbone), or PEG with
degradable linkages therein.
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S \

oot A

used in branched forns that can be prepared by addltlon of ethyl ene oxide to,
various polyols, 5 such as glycerol, pentaerythriitol and sorbitol. The '

cent r al worzasete3znsi ety can al so be derived from sever dtCEHUBI04/@AREUS, such as
| ysi ne. The branched pol y(ethyl ene glycol) can be represented in general

f or m 480ER{- FEGHOY)HisUHCHYGIE" Cdh be hinfroe prazsbei. ratched pole/mmﬂae@lgbonesarch as

| | t th | d.j t th
i ¢+ egporaly BRGT e At d9preafiEp trthohRR SR RR et p il Pinel cosfmoiigy
5, 932,162 Illﬁﬁlit‘}féflﬁedr%wrﬂ&rcﬁﬁﬂg lil¥edl¥d tﬁeéemensenaee&enpme it temBRhiyr ety, can

al so be used as the polymer backbone. [00551 Many other polynmers are also
s ui t abised md:rrarmhed foarmsibitoan b@ptepmd byaddisioned ethylancioxidedo evarions mlmls,dl c and_ -

bl e h.f 0 ul f ul
tha’ ot el hhindsdfol af SaBith. e e e e BT O AR Led |
tO Otiifeh seveRi Xﬁlﬁid‘é@l&n%cﬂlﬂa}éQf”én%@ Tman@ed@eiyxétaﬂewg@e&) %ﬁ/ﬁ@l) ( PPG'), .-

copol yners of ethylene 15 gl ycol and propyl ené glycol "and’t he

pol y( crxgre&eh;eﬂan echaoal fpoh ps RGFBEG- @[Hézfsuhm:mawlmoh& Deprospot ;l:(e\morg/hp;ﬂt}',ol i done) ,

| | net h h d
P cohost S LG eR D R s B R bSO MuBrBISEERS | such
s daSeEBRIalch obise Beloribbdin B.50RR, K5 99hia6h, which BEREBRIORIEILPY T of er ence

herein inits entirety, and copolyners, terpolyners, m xt ur'es thereof.
Aﬂohoughnmhehmnhenw&amnwerQHMabbbeasﬁhEOh@pewnmmbm&hen@oIyner backbone can
vary, it is typi caIIy in the range of from about 100 Da to about 100, 000
Da, often fraom about 000 Da to a%ut 80, 000 Da. &)0561 The 'area under the
cur ve' {08351 A\@@Y‘)@%fﬁ%lé@eﬁé'rr%?hﬁoﬁlﬁt Irefor Hhe iavention. Rehrmgrhagkhaongs that peptid;
drug t.Q | cribe

t he concen?‘l?"oln{tasz)aﬁl ¢ atgleédlmn Sy s#re%aicm?{b?gtu atio |edr§ﬂ£%ﬁu1{aﬂgtl?gﬁ§

funct uﬁltheqhvetuhnﬁ Examipes bﬁsmtableziﬁlyméns ndlyde, bQOmre hoﬂﬁmteetdpotﬁml f-1i fe or
t%', as used herein in the context of adninisteri ng a peptide drug to a

’pat i eroly(plkylgas ghyselsh suehes Ralv@ronylsne ebwoDdrPRE s renalyners 9f eI of a dr ug

LQIS? - ?‘%a ass%lr()?%l? g%é@lqylﬁ&tqﬁgé/hgggt w{ygthyfﬁéfggﬁél)h[golg@ﬁ&nwl Pﬁe)(ng'l ear ance
mec hafﬁ&ﬂﬁmyl’;@ﬂ‘oﬁﬂdiﬂebl{idl Fd@ﬂ?pl@pﬁﬁfetlﬁerﬂmhﬁm ;ﬁ)mss(awq}drmtsn@wp in the art.

Usual I'y, al pha and beta half-li1ves are defined such that the al pha phase S

assocumﬂse(umm almhcé};l pebyphesphpzame, poivbrapelinge palypNasw o mespheding), suchvis

cl ear anc in,d s that .a conflned
ot h MG RERBS Pry 458 0. D S bR terd B pience ForBRoh i GRbt™ o
“1al dnid c%(ﬂ?/ﬁlbi%at’c@;ﬁtﬂ?mhﬂ fnd mis@sres MRS ONBLEh %%&E&ﬂarﬁ?ﬁ%hﬂﬂ%ach rapid
bet a phase clearance na e nedi ated via receptors on nacrophages, or

erdflot Hbiingf thespalymer baskberscesgrviars itie bypicadly in flevengsef fixmabeott 1 WaPase osani ne,

N-acet yl ol 1o B4 Stten from about 6,000 Da to about 80,000 Da.

[0056] The “area under the curve” or “AUC”, as used herein in the context of administering . )
a peptide drug to a patient, is defined as total area under the curve that describes. the
concentration of drug in systemic circulation in the patient as a function of time from zero to

25  infinity.

{0057] The term "half-life" or "t/2", as used herein in the context of administering a peptide
drug to a patient, is defined as the time required for plasma concentration of a drug in a
patient to be reduced by one half. There may be more than one half-life associaied with the
peptide drug depending on multiple clearance mechanisms, redistribution, and other

30  mechanisms well known in the art. Usually, alpha and beta half-lives are defined such that
the alpha phase is associated with redistribution, and the beta phase is associated with

clearance. However, with protein drugs that are, for the most part, confined to the
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- dependi ng upon the size, stat

mannose, or fucose. Slower beta phase cl earance may-occur via renal

gl oner ulgp shdd ion 5 for nolecules with an effectiv hAAS i Syaly NM
(appr oxi ngtze?4§/1%%%%kD) and/ or specific or non- specifi csﬁgﬁgk@%h‘ :’?ret abol i sm

intis 3 NCOREQY L at kO I S . | act.ose or

N acet sTtoR el CEEE ol B bR o RAab &l PO lcod ¥l By ARARNERC O

r ecept ompidtbett phascdegarame rdydsemsdigiad sia fetepidy o nsersphagel oteddattgtinl ef f ecti ve
radi us and there% decr efls? t he \ol ur’rF ggf@ di stribution and tissue uptake,

t her eby® F&%F‘F@P 2% fyeningt &2 ladse, Prige ealgtospmie, Nipsepylgleeosamingpact  of
gl yCOPERdb, 3R ARl FePbAS rABEIcREhE: PATSE It rehhlfSmilubd: f1 Aol
of gfycosy er

tron; an pafanmeters, as is
wel 15 knformolecitles with aareffectieraias <@ph fappro-dmaely 6HRDY ahd/bedpetisicfopuog. i n

Phar maceut.i.cal Bi ot echnol ogy. (1997, DFA Cronmelin and RD Sindel ar, eds.,
" Har V\DOOGP%E}LGP i“B'ﬁE!? %‘?‘fﬂfi‘r@g@r‘%ﬁ’rﬁ tgsﬁ‘besiﬁyc@ﬂ)ﬁat@ T%!@O%Iﬂe%’@ai pgpss (e.g., >

" gl ycocomcugabl Rbace 1&&%&%'&%? Shd\thefed %[I%t:kgﬁpiﬁgﬂahﬁﬁxlg%léﬁﬁ{c:emz{mdi at ed

conjugation of a nodified sugaf specie am'no -ac or glycosyl residue
of a petsphepthatecognige these sugsmnit thaynero gordint hlatyes sffedivefradibeamt ®seby

I nvention. A subgenus of ."glycogonjugation’ is "glycal-PEGylation," in

whi ch t‘fi’é}feﬁh?f‘c@1e ygﬁ‘&egqfééﬁﬁfﬂagm\éﬁég ﬁtﬁ%ﬁe%péa&e, %‘E“&E}’ P?‘%mﬁﬁﬂ‘&@\@ﬂﬁ? betdhgssicol ),
andial Kifhusd@e ipkise ipi@ @E@ @[ﬁf;ﬁ 2 Hflsk YAd | il Wi+ PEG
HO%IC- PE%usiﬁje?eof. [BOSS]Fg he %gilﬁr{é " a?l g%Q%Féﬁagﬁtgpsllgsrﬁﬁglp%glﬁgcal e" are
used i ntagy deyendmglpyn drdizeeftale of glycasylatiet hohothyrglagarhétats, oy o dedidsioain | east
about 250 referahly at l.east.ahout 500 ,.and .nore preferably at

| east a‘Bé‘Eﬁngri ](:01‘1‘%?‘?1" 8¥§6¥@’€B@8n§ﬁ%§§e 1%1£oup-gg1 ggﬁ%’l‘”é’ﬁ“éﬁg?gﬁo%chélPWe reaction
cycle. G980 dhGeli N Ylad ey " h hp_refers
to a gI@/g%is’yl regl;-[gﬁleernt?%ﬁﬁ ﬁﬁg%ﬁ&é}&h%%ﬁ’ yi ngg%rggﬂggﬁfgf gﬁmﬁﬁ%’nﬁé g?g

t her apel).c noi ety, bionolecule) is covalently attached; the glycosyl
l'inking group joins the nodifying .group to the remainder of the conjugate.

I n tshe [@oE810dThoferhielyichoriidadbn,” besedMeydiRSierd fortlid Bthyai-geilly BRediaREs
covalently attached to a glycosylated or unglycosyl ateéed peptide, thereby

| i nki ngeaniizatigient a meddisd sngan spaicsde iad amiey ovd gi glyessyl resskicdfie on t he

pepti de. "alycosyl i nkin roup”’, i s generally derived froma " ified

Sugar g bl E R PR e ReE OF ittt 4 §hefutiho  aci o
and/ or gilysesyhigdiRal’ gl Wol-PREYRERH " 38 whilleh n6aaFitly drotikbNdle GicAifedcan be a
saccharide- derived structure that is degraded during formation of nodifying

gr oup- nBgRr is palyéetaene glywed), 200 alkybdezipstipel wgpdfupbaesdivedigrisative @ ge. e?' |
i datjd ol | ' t.on-*reduction), or the glycosyl |inking-grou
rmyithe ARG HObI PR GRHIRbE ) Pers to hg grou

ycosyl linking group"” refers to a |.inking group

that S[O‘ﬂ?&}' V%ﬂe terms "large-scale" and "industrial-scale" are used interchangeably and refer to
a reaction cycle that produces at least about 250 mg, preferably at least about 500 mg, and
B ) “more preferably at least about 1 gram of glycoconjugate at the completion of a single reaction

cycle.

25  [0060] The term, “glycosyl linking group,” as used herein refers to a glycosyl residue to
which a modifying group (e.g., PEG moiety, therapeutic moiety, biomolecule) is covalently
attached; the glycosyl linking group joins the modifying group to the remainder of the
conjugate. In the methods of the invention, the “glycosyl linking group” becomes covalently
attached to a glycosylated or unglycosylated peptide, thereby linking the agent to an amino

30  acid and/or glycosyl residue on the peptide. A “glycosyl linking group” is generally derived
from a “modified sugar” by the enzymatic attachment of the “modified sugar” to an amino
acid and/or glycosyl residue of the peptide. The glycosyl linking group can be a saccharide-

derived structure that is degraded during formation of modifying group-modified sugar
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froma glycosyl noiety.in which the saccharide mononer that |inks the
nodi fyi n%dq%roup and to the remainder of the conjugate is not degraded,
e.g., oWOEY32B g., by sodium 5 metaperiodate. "I nt aRET/HFIPBHERMSA | nki ng
groups” of the invention may be derived froma naturally occurring

ol i gosEdcHaleimlaiativad JoHEFEE fotyationytrednstiond,)or dhe glywilml@ngmpor nor e

gl ycosyl ,unit from.a par.ent charide,structure,.] 0061]..The term "targeting
moi et J13¥ bEdntgels A e g:lgﬁgly?cgygﬁ ”tl%glsoffgcfeé({grstﬂgtl“% |grgvg} @g{lﬁs\flﬁl‘iéﬁl ocal i ze
In a ﬁ%&ﬂégb}l:@srgl hlotsty e Phich®8d @RciRkide hsordasky thatliakd AeahédERinderoup af@di at ed
by specific”™ 10 recognition of nolecul ar determ nants, nolecular size of the
t ar geto thg remaindernf thoegnjegateis npbéigradedt e gaoridired, e-By by spdivsi ¢ i nteractions -
and the.like, O her hani sis._of t ar,get i n n.,.agent .t o, a ticular tissue
o5 e drpepR il B PRb UEpE graPr 5t P A B R R B et | ng

noi et iyegrdl RcoaigingHighardtRiide dYtadbividy of ERAOBILSIL() bARshéfal bfene or more -
HS- gl ycoprotein, coagul ation factors, serum proteins, 0-glycoprotein, G CSF,
GV CSilychsytsnit fromoe pagnt specharige sirkaturef 0062] As used herein, "therapeutic

noi ety" means any agent useful for therapy including, but not limted to,
ant i bi[0a61¢ s, Therterm [afdetinpaiodety,” ag esddderein} refdrs tospedies gmt wily seleaiviehs, and

radi oactive, agents.. "Therapeutic Efi ety" glglmiq'%fes' prodrugs of bioactive

agent d0calighigyd RAEtiCuIAT 1SSy PIRENB 08 therhady o e pratizpiian is dedited By $RECHMUNd to a
Capri - | T i ' ' des
g e S e S e L S
but anenioaiterhétions ity drophobicihteraefionedridth¢ HRE) Otisr amchadiyie ofakgetiyngShi nul at i ng
Factor (GCSF), Granul ocyte Macrophage C%Iony 5;1 mul ati ng, Fact or (GVCSF),_4>

| nt er fAEEHAC ¢ pagicu arﬁﬁ%lpwérwnaa:rc?cpwni% 0s¢ BE gl ap fhierpri Exgmplangt or | suki n

1), &mégﬁ ' 1l e FAG | L prel ) ; Human
Chor i 2%!& ng g”t:é:@g?lﬁe ?ﬁﬁ’&&“%‘fbﬁfﬁ g\%@egt}[i !&%rsé%&xﬁmeﬁgﬁ? SH) and

Lut enicohgdatidarfacmes, (dridh prodina)B-ghodyrotausi GCIR, GMICSF, M« SE, EPOmid flecr osi s
Fact or _Receptor ((TNFR)/Fc domain fusion protein)). [0063] As used herein,

" At i &Gnor drug" neans any agent useful to conbat cancer including, but
not | ifRhtwd - O Yol ' t.i | ; ating
agent O0SL A Lol UiktaRitc AR “mBUE b e B SR RE A el "

hydr oXytinetdimigsial agibictize, anfitinflamivatory heents dsiti-tumoe dives orsotaxids,randi oacti ve
agents. Al so enconpassed Wi thin the scope of the ,term"anti-tunor drug,"”
are cdﬁ?lﬂ@ﬁtvgggmt&pe&%ﬁww%rﬂpﬂu@aﬁw% i(%#)t(wh@. RECntENPODSITUCISAR ugat es

I ncl udg,; L1 L I tic protein
and a TebEsoht D04 S5 L PR TS b AR Tl B S B AR BB 7 Y 21
PRA' f Sfiteespentiatmoicty sleo jnehalee proseithatd domsirects itet webrleSaieint. Eaaciplhi-- a.
proteins include, but are not limited to, Erythropoietin (EPO), Granulocyte Colony
Stimulating Factor (GCSF), Granulocyte Macrophage Colony Stimulating Factor (G_MCSF),

Interferon (e.g., Interferon-e, -B, -y), Interleukin (e.g., Interleukin IT), serum proteins {e.g., )
Factors VIi, VIla, VIII, IX, and X),; Human Chorionic Gonadotropin (HCG), Follicle

25" Stimulating Hormone (FSH) and Lutenizing Hormone (LH) and antibody fusion proteins
(e.g. Tumor Necrosis Factor Receptor ((TNFR)/F¢ domain fusion protein)).

[0063] As used herein, "anti-tumor drug" means any agent useful to combat cancer
including, but not limited to, cytotoxins and agents such as antimetabolites, alkylating agents,
anthracyclines, antibiotics, antimitotic agents, procarbazine, hydroxyurea, asparaginase,

30  corticosteroids, interferons and radioactive agents. Also encompassed within the scope of the
term “anti-tumor drug,” are conjugates of peptides with anti-tumor activity, e.g. TNF-a.

Conjugates include, but are not limited to those formed between a therapeutic protein and a
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[ 0064] As used herein, "a.cytotoxin or cytotoxic agent" neans any agent that

'is detri cells. Exanpl es include taxol, cyto in B,__gramcidin
D, ethi d‘a"ﬁ%"%rwﬁ? i  tomyci PeRlraltas?

om enetine, 5 mitonycin, etoposide,

AN B e R s e R e

dehydr%@m_erone gt ucocorti coi ds procai ne, tetracaine, |idocaine,
propranol ol , and puronyci n and anal ogs or honol ogs thereof. O her toxins

Y T R e e LT L R
- venom) to b&R6 Bkamplel HRGudiahfil naytoc%afa@xﬂ']?%%ﬂn‘é?dlﬁﬂﬁ @ﬁudﬁﬂ%b‘ﬂﬁﬁ Sh¥ine,

radi oi sotope that is effective in diagnosing or destroying a tunor.
Exafipl egitamysing gtoposide, teraposide, \mlfmstleezi vumhlaqtmd;am&ulﬁﬂﬂ, doxontbadin,- 60.

Addi ti ona urri n i oactive . errents such as _ur.ani um

r adi um®® rﬁlﬁ%ﬂ? élﬁﬁalﬁox%ﬂf‘tﬁﬁcfvs’t Irf1 OX3BHPRG &N WX‘E‘HT@QHB’F‘Y?‘B&? drsot opes,
are suideRir &eﬁsﬁémllss%lw ocBrtikaids; b&%{é k&ﬁcﬁﬁenw@ciﬁ@ [gféoli)l(,) q ar €
typically chel at an or anl c chél ating noi et 6 ny usef ul

chel at |png>rxgrccruq;si angtagamor b@melogs ﬂmrqn]ﬁt @ﬂd:s txninh mbladé |fkee)amfplégmmm dg the art
and ca orat ed.into the nds of .t invention, ( EDTA,
DTPA, B&gia“ 00 dyoprmyy. S H%B%@ﬁﬁﬁé d%‘a?f@(ﬁ"@u%fq wakoTPP,
EDip., I;}g]’@m(é\gpcolﬁg%mmﬁee for exarrple Pitt et at, The Desi gn of

Chelating Agenfs for the Treatment of Iron 20 O/erload In, | NORGANI C

CHEM S N oL AN I Cl. NE Anre ] S
veshi ol bﬁh 55%“ TRSith APV el a5y OEOP SRy SR NCROCY LT C
@GA mglamopnﬂwﬁeélﬁclﬁa@mmﬁaﬁprlm@ke& tolaﬁiﬂ [ugas,
NI C STR i

ringer-Verlag, New York, 1989, an erences
cont ai webalt-6heAdditionally, [lﬂ@ﬁfﬂ]y oAdiatiing mthbac:imealemntsfsubldaHﬁIanmm, esliah] owi ng

e B L S aaRan PP i S aBUB S Bt

Megkes rglioRltive a%é?l’t OPRE bl idts ak 1c5%@m=§£taa %tiaaa%%nﬁ’é el ON% 9%
Pol ypepti des. ., MODI FI CATI ON EI NS: FOOD, UTRI TI L, AND

PHARNMA L ASP e et a ner.i Chemi cal |ety,
50 Ve NPT oaey Beerl Rglatit prouts sfopubethiensivprndy Bl Sl Rugip 0:
108- 11 2,(L393) be nBaRGrRb o LRIBEAOLINCAUR. KVBTI0n Bz, MITRITTPAIBOTA, 17 %0
2004/ 103275 PCT/ US2004/ 014254 ffiN38pl Ahl t d flfreir~;

~" INNi tNFA 04w eiccand theimpbesphatdteandogsi suct: as EPRJER TRNBIDTHR, HTiPaetp) whi ch -

hon- r eak6: DEetaPl Fie! b B LoSen ARGHEAL)E AERES MERGHratrhal 8, but are
notypl i Miyfead,® in, 3RYROANIE THERAFRIIN BIoLOGY AND MEDICINE; Martell, Ed.; American

Chemical Society, Washington, D.C., 1980, pp. 279-312; Lindoy, THE CHEMISTRY OF

. -MACROCYCLIC LIGAND COMPLEXES; Cambridge University Press, Cambridge,1989; Dugas,

) BIOORGANIC CHEMISTRY; Springer—Verlgg, New York, 1989, and references contained

therein.

25  [0067] Additionally, a manifold of routes allowing the attachment of chelating agents,
crown ethers and cyclodextrins to other molecules is available to those of skill in the art. See,
for example, Meares ef al., “Properties of In Vi’vo Chelate-Tagged Proteins and
Polypeptides.” In, MODIFICATION OF PROTEINS: FOOD, NUTRITIONAL, AND
PHARMACOLOGICAL ASPECTS;” Feeney, ef al., Eds., American Chemical Society,

30  Washington, D.C., 1982, pp. 370-387,; Kasina et al., Bioconjugate Chem., 9: 108-117 (1998);
Song et al., Bioconjugate Chem., 8: 249-255 (1997).
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pharmaceutical carriers such as a phosphate buffered saline solution, water,,
emul si ons such 5 as oil://water enul sion, and various types of wetting agents.
Ot her cwordeersm3zmy al so include sterile solutions, tabtBUS20#81438 ng coat ed
tabl ets and capsul es. Typically such carriers contain excipients such as

st ar chiibes | lc Assguereime Mitatinddeutiedlyolcgitable careledt incindes ayrmateral, whivh sal t s
Ol y oo WheioTaREY R PR LLe SYRHBHET APETD Ty APESSIREe SHL T 1 Svor
B ol L A S e 05 e
her ei nphatmdeeuticaltcarmiargsiuchrms aphosphate tadfered silinasélotion,iwdter, atintsmns such

Y apEr @R PIsH, A GRS 1pes PP e DG Rl TR GRodusEdR aneous

adni ni gtrRthRBond rtal:%l&@ il RARN L AtddAbI1ek 23d Thpsidse 'ﬁgcﬁg%@uﬁﬁé’drﬁérs%oﬂtain a

mni-osnotic punp, to the subject. Adm nsitration any route 1 ncluding
par ent excipientasutht asatesch) aulakugae, ogripinaypds, ofivdma belatingiteuaic acrdemtsaits  or
transdernmal)). Parenteral . adm nistration jncludes, e.g., .Jntravenous,

intra Eea_ﬁam}gﬂreﬂwréﬁlc&m gegrate; . gBriABe fat Qﬁﬁﬁﬁﬁaﬁéo@é’?dﬁrﬁfﬂgﬁr i toneal ,
|t T Vel Ghitents A6t AES B o indfRAE BXRSr antRSIR allBHEE bidfingrs 1O [reat a
tunor, e.g., 1'nduce apoptosis, "adm nistration nmay be directly to the tunor
antly or ineedientn Cormpestsonswomprisitp sgcht ¢aeri¢ns e fornlated byodreld kodbwdel i very

I nclude, but are not limted to, the use of |iposomal fornulations,

i nt r avEMYGRUGTH BSHONS- t r ansder mal pat ches, etc. (00701 The term "isol at ed"
refers to a material that is substantially or essentially free from 9

conmponHi68]  Wirsiused berein, Sadininistesing ] ureans peal pdmdniptsationimhaleipni de conj ugat e

of the_jnventi.on h m.isolated; .refers to material, that is

subst Rt HER 2 Slibeb il sop RRLARRGH HEHEERut Purb8lare, intRbpiiyiey
acconpaildsivnalaitenball ot fubch@neius htmeiste/thnt 6r MeeRplaatkids ofaRldvieclesns) ugat e.
"I sol ated”" and "pure" are used |nterchangea6Iy. Typi cal ly, isolated peptide

coh} ugdewes oF., & muni-ogmasivtivgip, hathe subjeely ehdminsibation ys by abyeroatd nckidmgessed as
a range, The-l ower end of, the range_ , of . ity.for_th eptigfle conjugates is
about Bﬁf%t&%ﬁ?\tﬁ%ﬁ%ﬂ ) ]b(%lﬁ’ %%%?%"% v?ﬁ@%ﬁf@’%r ns(iqrﬁ}aﬁe Ifjagﬂjé%ra f purity
I's abobdmif@teatioh Mbludde6.g. aiRaderdQI iRfkatiBicAld: Niafta-AabeHble RHaddthal 00711 When

t he peptide conjugates are nore than about 90% pure, t hei r purities are al so

pr ef er aBicytaaapise idraperitenesl rinmgjentrivhiar] angddntragranigt. Mareovem ydiers inpagkipRys i s

about 90% .abou 92% ,ahout .94% .abho 96% or , ahout, 98% The upper. end of
the r alfgeieb R tgibr e o R HbrrodSatiahp Sn8 nEARH RS e A 888 or "anout
10066 piib tivsued SurkindRR4hd R3S CREF/ SR UORARS dncii ROBir a2 hoPirhited td,y - 10 a
terrl'iii' d-bYl"dt y art-recognized nethod of analysis (e.g., band
i nt enstheyuse ghlipossimal &rmeiations dnigasepoywoinfisiony transdgomalaratdiescaie.ophor esi's,”
HPLC, or a simlar mneans).

[0070] The term “isolated” refers to a material that is substantially or essentially free from

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

25  which normally accompany the material in the mixture used to prepare the peptide conjugate.
“Isolated” and “pure” are used interchangeably. Typically, isolated peptide conjugates of the
invention have a level of purity preferably expressed as a range. The lower end of the range
of purity for the peptide conjugates is about 66%, about 70% or about 80% and the upper end
of the range of purity is about 70%, about 80%, about 90% or more than about 90%.

30 [0071] When the peptide conjugates are more than about 90% pure, their purities are also
preferably expressed as a range. The lower end of the range of purity is about 9(}%, about
92%, about 94%, about 96% or about 98%. The upper end of the range of purity is about
92%, about 94%, about 96%, abqut 98% or about 100% purity.
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,[0073] "Essentially each menber of the popul ation," “as used herein,
descri bewoetogharwct eri stic of a popul ati on of pepti de pcanjsugaioegsof the
invention in which a selected 5 percentage of the nodified sugars added to a
pept i ddURFg" Rl id Berdrabitigiiiely adant sgnided aodbpt aff analyksis€a gg baddigtaneiy i de.

the. of 1282 Bifef REp LR evectyiptish eB ey ophibeisr HEQCspigmr it eRor o to
conj uggh@_& of .the | qventi on, which are at |east about 80% preferably at

| east 1 oOBpsamer Ly farlmsmberntdhe ponmlationgsis used berems dessBhesenous. 10
popul ot oo theopul e bEpl Bt DRl helorERRR! yATEY, 236G5E °
conjuggeadntafh abthe mmodifiqemizad addwinp ugrptdodre ai¢ed torvgtiplepidenticaliéeptogach

nodi fied sugar noiety_is coniugated to an acceptor site having the sane
struct GIEs %&‘FWQP%@cegﬁﬁm%libf @cﬁ@theé'ﬁf@\?mu@l%?smﬂéﬁtpit@d sugar is

conj uga » I I 1S Sakgl . 9 geneous.
Hom)gen‘tglslt(:i%?g"lgds(TE ygﬁ@gfﬁﬁ ‘%@‘Hbeg%r esscgglugg&gu;rgﬁggl.ﬂ?%géar%a&gr{gfg% of the range
of honwgejughtey of ihe inveetigre pthicteare anjesxabes 801G padfarablyGd deasedbout 9PQWmar about
80% and t he end of the range of purity is about 70% about 80% about
90% or WF@”#E‘%E%%E@%‘@G%%%&@P%WB% t he peptide conjugates are nore than

or equal to about 90% honpgeneous, their honpbgeneity is al.so preferably
expglesd847ds aHpawgeaneityhdaeier fe thesttaichialichasistamiyeacodss 2Qohulatigreniiceypios  about

cange aro b e U i desntBith kOl e a8 oo RPRBARaH bout  1009%
honmegengidnyion Th®hRuUlehtlymodifielien ﬂtdiéi? iU 1HARIARS ah AcdepRirGad havifielRr m ned by
one .or nore methods known to those of skill in the art, e.g., liquid

“chr onmatsege aphsiuresas shasgreentobitistie ywhigh even)thermedifind segi ét eomjugatedy thdesor pt i on

mass tine..of flight- spactronetry.{M\LD TOF capi || ary el ectrophoresis,

and thé)cpflgeegonf%%i%)@g%é?%uf[ g?q%ﬂﬁﬁmoggqe)r%uéﬂ égglf’g%ﬁltyd? : 1c'a&ﬁbst antially

unijfsor rexgtexeedsilaabhg@n Theddwarddd of MG angedRiondaendis, Br Hleeph@Pidn§iezatdeci es,

refers to the per cent age of accca)ot or noieties that are glycosylated by the
{

gl ycosyis thau §P'er abant 37 arabeet$i0% andithe upprisagiof Heerrangsrofpayily ismbeutsldmpl e, in
t he Casﬁ@?ﬁg%‘%ﬁ#ﬁggﬁ 4dd/§§§¥1|f)% rtﬁfrlllg%ﬁeo{}l?gﬁ% a substantially uniformfucosyl ation

30 patt PEn (as defined bel ow) of the
pept i deORB LFeR BTOoPRES PO 3 ot i b Bl e RCT 6 OBRETr ok |
o) S boRTEL DS, I LEVBRELAL Ik SSTLR By tEpherael 1O

- i r2ic b-hobaigbokind is 3bowt 90/ hidmut B2 ¥ Bleit 84 Y4, alfhu 96% treaboat 8%k aThelupyee codnt

0 YooYkt ool purk 5 805 SRR odTR! ol Boufu S U bYod &Y the

homogeneity. The purity of the peptide conjugates is typically determined by one or more

) methods known to those of skill in the art, e.g., liquid chromatography-mass spectrometry
(LC-MS), matrix assisted laser desorption mass time of flight spectrometry (MALDITOF),
25  capillary electrophoresis, and the like.

[0076] “Substantially uniform glycoform” or a “substantially uniform glycosylation
pattern,” when referring to-a glycopeptide species, refers to the percentage of acceptor
moieties that are glycosyiatcd by the glycosyltransferase of interest (e.g., fucosyltransferase).
For example, in the case of a al,2 fucosyltransferase, a substantially uniform fucosylation
30  patiern exists if substantially all (as defined below) of the Galf1,4-GlcNAc-R and sialylated
analogues thereof are fucosylated in a peptide conjugate of the invention. It willbe

understood by one of skill in the art, that the starting material may contain glycosylated
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S S \

the invention, as well as those acceptor noieties already glycosylated in
the starting material# [0077] The term "substantially" in the above ‘'

def i ni wicoms4/ai327ssubst antial ly unifornt' 5 general | y nmer@ivUatooh/emsss about 40%
at | east about 70% at |east about 80% or nore preferably at |east about

90% fBEht6it hibeti 8PS, BLESLST-H Falpl ALGRMA AR MBicBEY0 Thud, i ALGEREEr nDi eti es

for a particular glycosyltransferase are glycosylated. [00781 O her objects,

as peqiesceahglyaolyiaioagel infludersceptoempictins that dreigtycepylated by the Bwthode of det ai | ed
n.that f

m pech s By e T B0 St o Rt it Bl e
- 1): Fire, C! e . ; @Gl NAc, .

- acad)7fal LR n%aé?glin)%? &%Eﬁﬂﬁégﬁia&ﬁ?ﬁﬁ%a?@@? BBsari nyl ;  Man;

menno Erallg?nﬁbr%% al TRANE ABSIT10Y,, aﬂ%ﬁ% g%@gi/@%g at ast a.'bﬁulaﬁj;/ﬁj; ordsteNeuAc, N 15

acet yT neur . I'ntroductron | nprove t effectiveness of
r econgrefesably bilozsh almun B0, hnd stthmoresedfetanly at loast abeutto5es pilthp aseepiort he present
i nventi on provides gen tic?lly engi neer ed g{t‘gnts of human growt h hornone
t hat @eﬁ%ﬁwmpﬁm%ag&c%mmegrwﬁw $bn sites not present in
natural ly 20 occurring human growth hornone. Wile these hGd nutants

subst [&ﬂ?glm Dyher ebigrts, aspects mdadygniogss efdhe nveytias withle sipagent fioer Wer none, t he

new y. i nt rroduced. gl lation. sites allow the reconbinantly produced hGH
mut anqeémteg%g%crﬂ.%?g&%@?@%loewcf'i nalarge variety of patterns. Moreover, the

non-natural glycosylation sites provide |loci for conjugating nodifying
grooupshbiiditvmspepti de, e.g., by glycoconjugation. An exenpl ary nodifying

group is a water-soluble 25 polyner, such as_ poly(ethylene &Lycol), e.g.
met hot®P7Hol YEG: agzlwfsﬁfwlgrm;b@p{)); MNP fmethershob{ethylhee BizepDaRERt s can i nprove

the stghil| t.endd . e of, th | ‘hGH patient's

Ci rcu?ogﬂpg) WV?“%Q@S eﬁ’trﬁgﬁr&gﬁﬂ;}%@ 0&¥®§&%%%%¢?2ﬁ?éc’%s&ﬂg§l1 ity to target
a Sspegdlidtésyl;iGANUe, Nracegathitoshm@nl; Glal gluE&@l;WbNMo?N%eb@@ﬁ&dsaﬁﬁﬁlpr esent

i nvention provides nutants of hGH that 1nclude one or nore 0- or | i nked
gl ycoMpnampmiesyl ManAchmanegsaminl agesaiadSiprsitlircacids aadNeydcptpt i de. The nutants

are 20 3275 PCT/ US2004/ 014254 stibstrates
|it’f‘re e?ﬁe%%?%ﬁ{n%g' gl"7d(c)s +lation at one-or nore sites that woul d not

normal | ybe glycosylated, or would be poorly glycosylated, in the wild type
pept i Harodiittion t he nutants allow the position of a glycosyl residue or a
glye 0[80%50]| ! Q‘Iéiirrr]l%ro%re%lljepeflfgzﬁggncgg gtl' rréggélgi%artltohu?g;naérgmh hormone used for
therapeutic purposes, the present invention provides genetically engineered mutants of human
growth hormone that contain N-linked or O-linked glycosylation sites not present in naturally
20 occurring human growth hormone. While these hGH mutants substantially retain the
biological activity of the wild-type ﬁor-mone,- the newly introduced glycosylation sites allow )
the recombinantly produced hGH mutants to be glycosylated in a large variety of patterns. -
Moreover, the non-natural glycosylation sites provide loci for conjugating modifying groups
to the peptide, e.g., by glycoconjugation. An exemplary modifying group is a water-soluble
25  polymer, such as poly(ethylene glycol), e.g., methoxy-poly(ethylene glycol). Modification of
the hGH mutants can improve the stability and retention time of the recombinant hGH in a
patient's circulation, reduce their antigenicity, and enhance their ability to target a specific

tissue in need of treatment.

The Mutants
30 [0081] The present invention provides mutants of hGH that include one or more Q- or N-

linked glycosylation sites that are not found in the wild type peptide. The mutants are
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a peptide having selected desirable properties. In addition to the position

.and nunber of 5 glycosyl residues or glycosyl |inking groups, other

properti &80 2¢{108dn be varied using the nutants and nePODUS2004/614b%

i nvention include pharnmacoki neti.cs, pharnmacodynam cs, resistance to

pr ot eol y&hseAtel fviveiplidnieElygasyrigon gnortel nndyy stidsahaiataudd hoemaahligbeal system

tissue distribution a the like. [.0082] Accordingly, .in_one aspect, the

present & yﬁ\g@ﬂ?tie%r?r&o 0, &3&%’?&?@ : WJ@‘F wild typeneptidey Tlirpfhednyant

pol ynuchRek iHgep SRIHITES RIS ARG Cor i fm&% Ao O STRIAE ut ant
S %ﬁ}i ges an ﬁﬁ%ﬁ or %Onﬁné@b ﬁm & t:fd Bl

human growt h hornone conpri d glycosylation site
t hat dedspiudn hasyieseleciedidasirable prepptingi Ingudvitiod 16 Yhegositivarnd momwbbr sbr mone. | n

sonme. enhod nent t cor ondi ng wi | d-type.h n owt h hornope has the

o alRaon T des o By SR RRRRE o e i 17 S e R e

- enbodi Meifisnts AdPmBMbANS tASinkeREA HERUWE PhdRhBRNRRS MabR S dyMmARRT no aci d
sequence of SEQID NO:3, 4, 5, 6, 7, 8 or 9. [00831 In ahother aspect, the

pr esent r§sipjase toproprodiisisd ssmurpgsrisiipsstagnitesihethe ectonleendethtlial lspstemc onpr i ses
a nuclei.c_acjd...e. d. n J4.sol ated nucleic acicl,'including a polynucleotide
sequencélésugrgésgﬁ?ﬁb&fhmea%& human growth hornone. The nutant hunan grow h
hor mone {9032} udRgoRTingd), ilfohé BYREL e frdeh MOt rORYSAI i@&a&ﬁhgglfggbi&clicﬂoes not

exist in the corresponding wild-type human growth hornone. [
anotlfler cempasing apab/npel sefyenen tiadingraomidethenangranth hormemeg Thet h

h t hat i ncl N-1i nked - | i nk | | at.i ite that d
ot o sttt e SR BeBRor copire Mk S-SR e e te il oy, 4%
enbodi MaBEsnot thRt BALE SRR '%ﬁdwéh&a@%ﬁmrﬁfoﬁw th gkgone has the

| D NO SEQ I'D NO: 2. |

am nq acid sequence of SEQ ID NO 1 or . In sonme preferred
enbodi membedimeanis, fhstcarespiendag vgidiwph hhoamgrovth bopnémdssttheamaoiacid aci d

sequence_of SE ; 4 or 9. 100851.1n. another aspect, the
prgsent SFWE%%&O#%E@&QQQ:E%%@?&“WH{ eafeﬁﬁ{“&ﬂalmﬁffﬁﬂmﬂ:}?fgw h
hor ngne niuhah gidveth tdasorRcobiprisBk@d affindudid BREnG FFFIRY IBN®N, £i4 8 1 gy does
not 30 exist in the corresponding wld-type human gfowth horndne.” This

met hod Qenprises the steps of reconbinantly producing the nmutant human
growt h hornone, and gl ycosylating the nmutant human grow h hornone at the

new gl ygmm] atlh@Rothkt Bpedt/ths ProeR HRRALOE Piovidek RE exprbs 6 ZA0AH 1R 3A%bH that
PCT/ US2004/ 014254 ct'sifesl 5oti dMtg, Vdd" Vpe6M fAth$ fl!Swmh hornone has

t he ani wemawse aguglesheced, gfe. Smaselged Napleicaei dgERludngvopolynudecfisiesepieater r ed
enbodi ment st owt h rnone .conprises .t he am no acid
seque nggn%c%m%%%u%@%?rp gr%%rgh Eérm c. Qfﬂe 8}ut§n_t b5HaR grow‘f%n homone InefhdBS b

20 N-linked or O-linked glycosylation site that does not exist in the corresponding wild-type

human growth hormone.

[0084] In another aspect, the present iﬁventibn provides a mutant human growth hormone,
- ) that includes an N-linked or O-linked glycosylation site that does not exist in the
corresponding wild-type human growth hormone. In some embodiments, the corresponding
25  wild-type human growth hormone has the amino acid sequence of SEQ ID NO:1 or SEQ ID
NO:2. In'some preferred embodiments, the mutant human growth hormone comprises the
amino acid sequence of SEQ ID NO:3,4,5,6,7, 8, or 9.

[0085] In another aspect, the present invention provides a method for making a mutant

human growth hormone that includes an N-linked or O-linked glycosylation site that does not
30 exist in the corresponding wild-type human growth hormone. This method comprises the

steps of recombinantly producing the mutant human growth hormone, and glycosylating the

mutant human growth hormone at the new glycosylation site. In some embodiments, the
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Acqui sition of hGH Codi ng Sequences 5 Ceneral Reconbi nant Technol ogy [00861
This invention relies on routine techniques in the field of reconbinant
genet | 8¥0 2008483285t ext s di scl osing the general net hods P&/ FSEMNZH; s

i nvention include Sanbrook and Russell, Mblecular  Coning, A _Laboratory

Manualcbirgitiendis-ilBtypehifitpireyrth hapmenemag thy anino ghid %Sl}b"r%é’i@ﬁ’Q D Laboratory
Manualkyd. }%S%Q EFgIOAg 5 P eﬁ%re bred cﬁfﬂaﬁgxm&g R huRhOLRES] SroWin h&ﬁn&‘{%' ecul ar

Bi ol ogy e|c aci Sr'zes are given'in eit

Ki | ob@esmprifdstihe amithesdd gauerse O6SEQ IThEER3, 456,658 oed.es derived from agarose
or acrylam de gel electrophoresis, from sequenced nucleic acids, or from
publ i shed DNA sequences. For proteins, sizes are given in kilodaltons (kDa)-"

or am u?s?ﬂn&BPﬁGﬁ'éoﬂ'i‘ﬁﬁ*S%ﬂﬁendDEOt eins sizes are estimted from gel
el ectrophoresis, from 157 sequenced proteins, fromderived am no acid

sefuerfimstal Becdmmmgi____w protei n sequences. [0088] d i gonucl eot i des

t hat ot,_.comerci al avai l.abl e, can be ch nt hesi zed, e.g.
accor 36%“ om‘ﬁélvgﬁ'i“?rﬂmb%%%mb‘ﬂﬂ% febRigne i the ﬁﬁg?flé’gf%%nﬁﬁ?%ﬁefﬁ HCSt descri bed
by  Beaufa88s ﬁls%ﬁﬁ&khﬁé &ne&@h{cﬁib%g'i)?ﬁsé-ﬁttﬁls n%%ntla@ﬁgiujd%%n(b]fg&@ g using an

aut omat e synt hesi Zer, “as described I n Devanter et. at, Nucleic Acids
Res. ]QISSE@H%I&M (Clb@&g)A Laboratry Maoasal (ihd ecﬂ Mﬂhdﬁmﬁl@oﬂeﬂeg‘mmfeﬂer f or med

usi ng any, art- reco i.zed s cryl am de

o ect alispsTeTo A Lhtoetto B g R kel o b, Uhetkng Broracets i e

J lomrm&czgé5810% 1§§)4 (1983). [0089] The sequence of the cloned wld- type
hurran growt h horm)ne genes .pol ynucl eoti de encodi ng mut ant human growth

h

o o871 ForPIRCK, SLhPROURR A LIRS KERRES Bl DA B Yiefh or 0%
t enpl akesstiniatddiddriace fivin Garose ceAGyIRGIidS éel%ﬁacﬁﬂ;ﬁﬁi):ms Cﬁfﬁﬂ seghentél Hidhgt oni ng -
of a WId-Type hGH, Codi r{\gASequence 100901 A nunber _of pol ynucl eotide

sequerekls, e pabligedilNA sgqysneasmbiar Broseinng sizepasedieen ia kilodalgnsgkir)

oese s DB AR P SBRE R RBERE b e inl G200,

besobtsaqubaded proteis, Gomsiied antipgid ssqueRtts WP f206 $LBIhe d prétéihl éd@&ﬁﬁéé 014254
J 1011] u TTh@"r tl'"Srég~e~s"1% 1T4e Studi es of human genone has nade

possi fy g CORpbMBleofiBEY BACHe M%o%ﬁerbﬁﬁ?@v%lé&ﬂ%%@nﬂ&q@%ﬁﬁeﬁ% be
searched or any gene segment that has a certain percentagé of sequence

honol gy, acoonlingiovthe selil phasé pleospheramirits, trisstetrmetbod fiest desariiliy a pr evi ousl y
| dent .6 IR .04 R LRG0 1R BEARATE R S ASH

synthesizer, as described in Van Devanter et. al., Nucleic Acids Res. 12: 6159-6168 (1934).

20  Purification of oligonucleotides is performed using any art-recognized strategy, e.g., native
acrylamide gel electrophoresis or anion—e:échangc HPLC as described in Pearson & Reanier,
J. Chrom. 255: 137-149 (1983). ‘ 7 —)

[0089] The sequence of the cloned wild-type human growth hormone genes, polynucleotide
encoding mutant human grewth hormones, aﬂd synthetic oligonucleotides can be verified

25  after eloning using, e.g., the chain tennination method for sequencing double-stranded
templates of Wallace er al., Gene 16: 21-26 (1981).

Cloning and Subcloning of a Wild-Type hGH Coding Sequence

{0090} A number of polynucleotide sequences encoding a wild-type human growth
hormone, e.g., GenBank Accession Nos. NM 000515, NM 002059, NM 022556, NM
30 022557, NM 022558, NM 022559, NM 022560, NM 022561, and NM 022562, have been

determined and can be obtained from a commercial supplier.
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5 can be subsequently obtained by chem cal synthesis and/or a pol ynerase
chain reaction (PCR) technique such as overlap extension nethod. For a
shor't se¥A3MeaEdnpl etely de novo synthesis may be sBETUSR@MOI420her eas
further isolation of full |ength coding sequence froma hunman cDNA or

genori (009 By Jrhg Tt fep e’ it Srudiesof Sbmanggndses hasaeadsaropsibls aiening a | ar ger
ge”e %ﬁpr[w?c%%ﬂxer@‘h%ﬁ&%ﬁﬁf E%’c%lgr‘%cf % gxl‘s?ﬁca%cbedseﬁuf o‘%%nﬁ ggﬁ)edslen tF%tr ary

ormone can I'so dman c
US| ng hhsedctatath pdromiing of eafuBheRsmols ¢ th Atndval yiskictige s@di@hcfb seacdsioag (PCR),
wher e honol ogy-based priners can often be derived froma known nucleic acid

sequenERFOSHRGIPEYOUEY isaH Aedheutmemsthbaanongy Sy QHWHWVICG sedfentifethi ques
f t h 15 d
RusSel PR BEe ‘ﬁf@‘%&?ﬁﬁw R B R i W

- sequen(:lH:R)Jueclanqud gich ywdnhmtengbﬁmdmdﬁormﬁehmyeda%mmﬂétew Hy avail able
or can be constructed. f];, eneral methods _of isolating nRNA, nmaki ng cDNA
1cigi

by revé?@esm 1§ AV e gahereRs Tuphex lﬁﬂ@@%ofr@ﬁé%tmmlng SREVERSC,

t r ansf r f.0 cl oni ng
ar o v ot SR 8 SRS U ymfelP BRAE Bl b RS ER 1 058 To55)
Ausubelargdr gghe., supra). Upon obtaining an anplified segnent of nucleotide
seqguence by PCR, the segnent can be further used as a probe to isolate the
fuly | eome ngtafm%k&oa hflQeit G6HQRGReRE eﬁéydﬁgg 4 MEn gdwhlY RSrmbrd YR Be 97 OW N
hor none fromthe C brary. A general destcription of appropriate
pr oc ed isobdeirommehuinmmreddN A oSgﬂ:ItmuolDl\éhdhbm;;whg stapdard alondig {eOifidlesA simil ar
procedur can,be fol | owed n a f | engt h uence epncodi ng a
* S0 PSRN OR CPCR) iferd Hmplog) St et RO b on Nos.
1 0QBRve RO, lmBGvﬁ'ﬁhé‘lei&%ﬁﬁseﬂﬁé}fb@eﬁcédﬁ’g{ Ah¥maiUFRAL BARMC Nibfiraries are
connerC|aIIy avai l able or can be constructed according to various
ar t - r ecognionbtused tévbuues for fenpurpbse aro dessnibed uctarslardyentsne.g., Sapbmok, t he DNA
&II‘S'[ gx%ﬁﬁa cted froman tissue where a human growth hornone is 30 likely
ﬂl ¥%2% hen either mechanically sheared or enzymatically digested
to yield fragnments of about 12-20 kb in [ength.: The fragnents are
subsequ@Bly &B&éﬂl&%@s Bitablefar eht@m%ﬁt:«?dmwﬂlpw 1oF B4 hemant i de
fragnme f QI%SIIH tors
&(ané}fors 10 %gge édrﬁl?us,rcmg/ a%'raﬁ lgﬁFEatne\Q: do T Ina%ﬂéﬁﬁméhx

These ges-are kag e rn vitro. phages

2004/ 1%&3&t1WGﬁMMA byaéw&riearaynac&q:@by lizhtigel dIOINAL ibiol 4 rzedrhighdnt as
described in Benton and Davi s, Sci epce, 196: 180-182 (1977). Col

ny
hybr i div&es §ANS fectipng intp @ gpepippingat hpstk P{?@ag%wéc{ﬁ%&m& POLOIRE TS BCHc . Nat ! .
AC3f.  1R6kn (}éépéo ,7 éublé’gag&'fﬁ)%ng é@:?é)zs 263-269 (1983); Ausubel et al., supra). Upon

obtaining an amplified segment of nucleotide sequence by PCR, the segment can be further

used as a probe to isolate the full length polynucleotide sequence encoding the wild-type
) human growth hormone from the cDNA library. A general description of appropriate

procedures can be found in Sambrook and Russell, supra.

25 {0094] A similar procedure can be followed to obtain a full length sequence encoding a
wild-type human growth hormone, e.g., any one of the GenBank Accession Nos. mentioned
above, from a human genomic library. Human genomic libraries are commercially available
or can be constructed according to various art-fecognized methods. In general, to construct a
genomic library, the DNA is first extracted from an tissue where a human growth hormone is

30  likely found. The DNA is then either mechanically sheared or enzymatically digested to yield
fragments of about 12-20 kb in length. The fragments are subsequently separated by gradient
centrifugation from polynucleotide fragments of undesired sizes and are inserted in

-

bacteriophage ) vectors. These vectors and phages are packaged in vitro. Recombinant phages
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' |55§5| Based on sequence honol ogy, degenerate oligonucl eotides can be '
designed as 5 prinmer sets and PCR can be perforned under suitable conditions

(see, ewd.2004¥dsi® et at, PCR Protocols: Current MethoBsrasthdpphications,
1993; Giffin and Giffin, PCR Technology, CRC Press Inc. 1994) to anplify
a segneEeimdfzedteipete BEbTRIBGHEN seddstitadin Hebdnend Danis|bdende] 196a130-18%1 ng t he
anplified segnent as _a prqbe, the full length _nucleic acid encoding a w ld-
type HdHEH- &%WWYHBW 1§ carged %.‘itﬁéé‘?scllbe‘? BOoBRstgEs "zeﬁfﬂ"’r F’ﬁgé‘f cleic

acid s&gwfggeg%qgjgggﬁgﬁ_l d-type human growth hornone, the coding

sequence canl be subcl nto a vector, for instance, an expression vector,

so th regonmhi nant wi L d-type human owt h _hqr e ca e.produced from
the. 1) 100851, CBRIA A Kndtit B R Ryl Hedmp b TR 5 e BT e e
gr owt hpritféreRand PR GarSiecpeefoeed Qndor sultalilk eoididensIwls kgl iWhip 8¢ allT@CHe
subsequently nmade to alter the characteristics 15 of the nol ecul’e.

| nt r odBroitang amenoifethods andAppitaarisus,USA3 eGriffom)d Grilin, R decwolagy,

pol ynu ide s ce, the am no .acid .sequence of .a w |l d- e__human

b F ont CRE Hrbtian® J94%6 Gmgiita AR 3F nie RS R erth iomh sERA BF bl

Subs ety Wisinghhe aaiplified 86dnknt 851 PRAR, IRVl Ceriglithidi&id atid dcbdingbhald-
protein's glycosylation 20 pattern, by introducing additional glycosylation
si t e( siypahuman gemygh homagriedngbiametlhe ani ng acid sequence. [0098] Several
types of protein glycosylation sites are well known in the art. For

i NEY anf®996] | Wpenkequinhes nudieiciavidesdqadnece eaydding awildegpe Auman ghevthspar agi ne of
t he consensus, sequence Asn-Xae Ser/Thy, in which X is any amno acid
except IYSAEPE.{Re pRURKFLuENTEtcag be subglpnaddptops Vesters Ik iRSiance a3l SEAeSII8s) ;

Kukur uzj ; [ i : - X !
KUK o8 Bl Moo Wbl Sohe AERA APt IR )
(1996) fesulfing corsedetg| Buethsyinadifioatidrake shepvildaypd maean grewtli hbtni®eriodigr esi dues
(Tanner et at, Bi (iche i ophys. Acta. 906:81-91 (1987); and Hounsell et
al ., JIBOESEH.& Juclgafidegubgingonsoppy be spbrepueitydradp o eitenths shriapigstisee

f d [l gl ycosyl phosphatidylinositol to 30 the carboxyl-term nal
cg{jggx?/ﬁq}%#ﬂ&%h%? the protein (Takeda et al., Trends Biochein. Sci.

20: 367-371 (1995); and Udenfriend et al., Ann. Rev. Biochem 64:593-591

(1995) IntiBds@nig dMuiativhs o 26 GLH B3RIEHcCT/ US2004/ 014254 t! fs'' Aknl hwl ddg;

"thit' t h5; 5hl; an thys be introduced into a w)d-type human, growth

hor rmn@%ihﬁéﬁl% ap §hg ‘?ﬁ?flliwltﬂr&i?@gg FEAHEPes, thg 3mgo af’&ﬁ?g]le%qogéd’&rfl' Pfect

modi T 1 gdhdPEoRih RSl 2856 MHPRIAY 6 $EHTDNG ) fheghor mone

pol ypept | c]{e)é}gequence rrhyg'bg Sui tabl'eSIE %EiQnt ro?ﬂdgggeﬁg&v& Llegked or Olinked
Subsequently, this amino acid sequence may be modified to alter the protein's glycosylation

20 pattern, by introducing additional glycosylation site(s) at various locations in the amino acid

sequence.

[0098] Several types of protein glycosylation sites are well known in the art. For instance, ND
in eukaryotes, N-linked glycosylation occurs on the asparagine of the consensus sequence
Asn-Xaa—Ser/Tiu, in which X, is any amino acid except proline (Kornfeld et al., Ann Rev
25  Biochem 54:631-664 (1985); Kukuruzinska et al., Proc. Natl. Acad. Sci. USA 84:2145-2149
(1987); Herscovics et al., FASEB J 7:540-550 (1993); and Orlean, Saccharomyces Vol 3
(1996)). O-linked glycosylation takes place at serine or threonine residues (Tanner ef al.,
Biochim. Biophys. Acta. 906:81-91 (1987); and Hounsell ef al., Glycoconj. J. 13:19-26
(1996)). Other glycosylation patterns are formed by linking glycosylphosphatidylinositol to
30 the carboxyl-terminal carboxyl group of the protein (Takeda et al., Trends Biochem. Sci.
20:367-371 (1995); and Udenfriend et al., Ann. Rev. Biochem. 64:593-591 (1995). Based on
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5 glycosylation site, nore frequently, introduction'of a new glycosylation
site'is wocnsplosssed by nutating the pol ynucl eoti de sequarszensmnesdi ng a
human growt h hornone. This can be achieved by using any of known

mut agendiiisbwbddyBickt il obdtitiifcndbarcthuabe imics acwaisia Delléwpe raiwth

nodi fications to human growt h hornone include those illustrated in SEQ ID
NO 3 orlesEene ssaNencs to formy pprhglycoswationsites. of nut ati on- gener ati ng prot ocol s
are established and described in the art. See, e.g., Zhang et al., Proc.

Nat|. AO889] sbithougbairegymodifioationsfan(ah@9q yoid sesidustvaithin @ hunkatanewth 370:

 producc AP R BSEHERN Ry B DRI B RGN AR ok Bl B O C Cote

pol ypepilietrsiatilih bise, nfors fivgicAl S IBEbSuctoh BE @ hyw VibGdr §tb is ABchneIREd

. diversity-generating nethods are 15 commercially available. 101011

Mit at i opamuisting Swpobinuglsndeatcanencdienerding ¢ hiunan gueth hommaenearfiiiscan be
site-directe e .S (Botstein an ortle cience, 229: 119 3-1201
(1985) )?"%}ﬁ)’Fga%%}ég Sk Y ‘étE‘B‘T“-"’E’Bﬁ’i’eg‘?%‘?;nﬁ"‘%ee?fp‘%ﬁlégm(%ﬁ?ﬁ%eﬁbe oc. Nat | .
Acad. SEiemplapmSEficABis $FRintahF6Wih horRloh8 AtliEetRdsedBnHatRCh SEQLY agenesi s
(Zoller and Smth, Nucl. Acids Res., 10: 6487-6500 20 (1982)),
phospholNEthpoH#i@ IR ed DNA nut agenesis (Taylor et at, Nucl. Acids Res.,

13: 8749-8764 and 8765-8787 (1985)), and nutagenesis using gapped dupl ex
DNALY Kr ji88] en vaaiety, ofdoathtionAgendmtiRg protoddls ai@4dthblsiet and 88¢kyibed thO2K. Ot her

P e Al BRSBTS NS B TR P

rer S S8 21 . igphgionmer,
131 4d 00 GOE0) R 1D, TR PRssiats & B Pl s A B EIPER R ot

Aci ds Redycelvériabis bBa (@8 Bhyleicresisy mtlicors saiantst dfencadted mobptepiiddsi @its
purifi c{ati on%%V‘él.l ? et at, Phil. Trans. R Soc. Lond. A, 317: 415-423
( 1986) ) for miagsaeNs fibragy cofsgpciion, andotbier dinersits gepgaigiegnebodsare Sei ence, 223:

1298 13010649880 Javaitipub! e-strand break repair (Mandecki, Proc. Natl. Acad.
Sci.%USA, g%l% %73‘7]?7:-81 (1986)), nutagenesis by 30 polynucl eotide chain

t er m naj : R n 0. b, 965.408 and_error-pron CR (Leung
et at, E‘.@&Zﬁ*ﬁ%‘%@éHi&ﬁ@%ﬂ%@%@%@% "?7%‘%6%/%6%[?5 S‘ﬁ%ﬁ‘?“iﬁ%ﬁﬁom 014254
Wi i &niuglo¥ndsii (Bbistdin shdSicoriel\Sticked, 2207 Efoar 120d (DagHN naagelif usinglost
Organism Z  [01031 The pol ynucl eoti de sequence encodin nut ant human

a
growt h Weeirsaeaining paplaes(Knakelarosr Netl t4sad obaic/dd 83 ﬁﬁgﬂﬁé (b¥&Pkerred codon
usage of,.a particul. I I the fier c 1 of one
atrai n_ PRy R abnediRls CARTR R subh VECHE 3 RSP RASS P
encpyles(1@8pPt gdspiivdomibags ovlifich ONR Rutdfentd & (TayVa v kD Wil d4éids Red e :
8749-8764 and 8765-8787 (1985)), and mutagenesis using gapped duplex DNA (Kramer ef

al., Nucl. Acids Res., 12: 9441-9456 (1984)).

L=~

) [0102] Other possible methods for generating mutations include point mismatch repair

(Kramer et al., Cell, 38: 879-887 (1984)), mutagenesis using repair-deficient host strains

25  (Carter et al., Nucl. Acids Res., 13: 4431-4443 (1985)), deletion mutagenesis (Eghtedarzadeh
and Henikoff, Nucl. Acids Res., 14: 5115 (1986)), restriction-selection and restriction-
purification (Wells ef al., Phil. Trans. R. Soc. Lond. 4, 317: 415-423 (1986)), mutagenesis by
total gene synthesis (Nambiar et al., Science, 223: 1299-1301 (1984)), double-strand break
repair (Mandecki, Proc. Natl. Acad. Sci. USA, 83: 7177-7181 (1986)), mutagenesis by

30  polynucleotide chain termination methods (U.S. Patent No. 5,965,408), and error-prone PCR
(Leung ef al., Biotechniques, 1: 11-15 (1989)).
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the codons favored by-:this strain. The frequency.of. preferred Codon usage
exhibited by a host-=téll can be cal cul ated by averagi g I equency of
preferrwezﬁ 4él'(S'i’l”Elsage in a large nunber of genes expr'g %20&{20&4 host cel |l
(e.qg. ;[ fﬁcﬁiﬁqﬂl .A‘! ervi.Lee ls.avail,abl.e om web S‘ci e of the Kazusa DNA

' o !!l_if'f i £,adQ sage Host (noamism .

Resea _ , PRI SO & S M-S s téd to 10 genes
that gog3) gihe/pRicRRHaE sdiiehdienBosihg @ SttantUuinanBab Rt hd¥hon® c2le 864, for
exanple, “provides the frequency of codon usage by highly expressed genes

exhi bifesheriajteredite oviptidd sridube prefared caden nengs ©d apeEyls bost IFosesample104] At

the c |l et.ion of nodificatiqgn. the nufant,h n rmone codi ng
R A e R T 0 st

apgr O%iﬁﬁele%w Ba6érRBdesloamMQaL Mmﬁd%roﬁvﬂ?%ﬂ&idﬁ%@fﬂw ﬁ%&_ﬁidn%diiﬁblﬁﬂ@ sanme
manner as the wl d-é)}l/‘ge human growt h™ hornones. Expression and Purification

of t héhaveadens favered lonibB)streis. | Twi fragueraynfiiselerred codwrusegnexhibiéedlist @nt  human -
grow h _hornone,of resent .invention can.be,produced usi routine

P hniPQaCeT s b ot v Plasinpdii S 1Pt e Bo85 §RGr HER Bed ne

pol ynyghfet beleenss axRBGes by MedfbsnéIl 22, RalcriRidhise&idd is aV AR®k Hehldb _
Expression Systens 101061 To obtain high | evel expression of a nucleic acid

encodisitg oftheuamsa RdbifaRessarshulnstitiior lapaw). oFhis sralysisis @aeferablpelimitehto one

typi cal |l ubel a_pol cleoti de.e ' the tant -hugan grow h

neProrksnts B4 PR bRt BEREhroeRl; SR AN s A fsamelt 0o 25

di r ectpréviaasthe by o@c@d@nfssg B highlyt xphsbad sedis EQiBIeEbPr and a ri bosone
P

binding site for translational initiation. Suitable bacterial pronoters are

wel | |dwenkyledonouh plaatsandmapngestyiidonens plantgy. | i n Sarmbr ook ahd Russel |, supra,

and Ausubel et al., supra. Bacterial expression systenms for expressing the

wi | d- t[gpest]or Atthie@ntnplation of grodtidatibetho nmtant buma ighewihdormonecgling E. col i,

Baci |l us sp., Sabngne)la, and Cau) obacter, Kits for such expression systens
are 3CCHHREYEF P e&mqqaﬁ%ug F@Eﬁ“i Sé‘b%lﬁb?ﬁg‘é'éq Yh2JFePEHE SXHESHREmal | an

c ey SEBR o reCtin R e R LB s st 10 5 e P BB T e
DoM i lighimbnes: eri e eti karYdtid exjirdSsion vector is an adenoviral vector, an
adeno- associ ated vector, or a retroviral vector. [01071 The pronoter used

to direct expression, of a ljeterolo nucl eic acid depends on the
par ti clﬁ’fpd'ﬁs%‘gb?ﬁ“igflf‘&??“q{hgfé\e%ff’é&%l@]ppt i onal !) positioned about the same
di st anggos fF&mvﬁHg silﬁegéeﬂé?ﬁﬁﬂﬁoﬁ, &@J&%ﬁfah@ﬁﬁrﬁﬁl %ﬁo@xftﬁ hﬁhhﬁn@éfth& ﬁfe§ ditrom the

transcription star nits natural setting. As is known i e art,
howev enyerdomear he patduoed wsing toutinelteshmiques iodle field of recombinant genetics,

20  relying on the polynucleotide sequences encoding the polypeptide disclosed herein.

Expression Systems

[0106] To obtain high level expression of a nucleic acid ehcoding a mutant human growth )
hormone of the present invention, one typically subclones a polynucleotide encoding the
mutant human growth hormone into an expression vector that contains a strong promoter to
25  direct transcription, a transcription/translation terminator and a ribosome binding site for
translational initiation. Suitable bacterial promoters are well known in the art and described,
e.g., in Sambrook and Russell, supra, and Ausubel ef al., supra. Bacterial expression systems
for expressing the wild-type or mutant human growth hormone are available in, e.g., E. coli,
Bacillus sp., Salmonella, and Caulobacter, Kits for such expression systems are
30 commercially available. Eukaryotic expression systems for mammalian cells, 'yéast, and

insect cells are well k]nown in the art and are also commercially available. In one



accommodat ed wi t hout | oss of pronoter function. 101081 In addition to the
pronpter, the expression vector typically includes a transcription wunit or
expressi¥f 26689876 e that contains all the additional ePERBKEMW0ERSIred for
the 10 expression of the nmutant human growth hornmone in host cells. Atypical
expr es SNOUEAGE A Bikariis cxBREUPh ¥ ewors andlano visplsieatoryan ddshe-dssogiatade

nucl ei (; i Sgug coding the nutant human growth hornone and signals
requiréﬁcggfgg? |Ci@%?m%%[yadenylation of the transcript, ribosonme binding
sites, transl ation termnation. The pucleic acid seguen encodi ng the
nurmn PSR T B ey F e PramsiREalt Befo Bt BnPER AR Gropiien de

~ sequenaRe p@rtipileNRplicadons GhE PrdRttePls dpliEndIH FRRitBHONLATL U HIRBR diMtaddee
transfornmed cell. Such signal peptides - include, anong others, the signal
pepdi desorn thenietarelogeusdranseripiion skriatiteiag ditie fiom the tanseriping stanfesife dmitgr owt h

<. factor, _and juvenil e hornone, esterase Af Heliothis vyirescens. di tional

el ement[gﬁlcgg1 s{eﬁl %sz‘ slsep?oe be ﬂ%’ﬁﬁ’%ev‘éﬁﬁglﬁ&g?%atg’ﬁld?\ﬁ?lﬁ &gar\"&&c%n is used
as the a‘é&(ﬁrﬁﬁlbgﬁta{ﬂwi(ﬁ@lﬁQ@ssidfbf@ﬁ@mV\ﬁﬁlbﬁédgncti onal splice donor and accepto-
sites. 20 [0109] In addition to a pronoter sequence, the expression cassette

shoul d c | r I Rt d 1Akt AR LR f the
atr uct ULl cRrRlBato e AORGIE by Bl IR ME: AR A AR RGN,
r egi on umityorleeprekdian cessktietianchineins atichgsadiitianl tlbmeptseomiied fosthguence or nmay
be gbtai ned f roin di ffergnt genes. 101101 The particul ar_ expressi on vector
usd t FXPreaNepF theipEary SHapR grovih forapicoi tost $llsné typisakepression gagsette
partic b 1 [ EXPf ession
o cLion® ot bORbter O0YeaBly kB SO BRI MR Sabfte ¥ m R

ex pi;:gs divnmnvgrotv tir lormond adesigplaequidad fuefficient paliyadshybaiadphesamsdspt, pSKF,
pPET28D, .and fusi on expression systens _such as GST and LacZ. Epitope tags
can al dP95ems dguing %te?,élea HBPFR%PFRH srpmations The Mickis aad segrpenrrssdngdhtods of

i sol ati - : : i . L0 atory
ef eront apardhuth Kol is ikl bheoptPR BRalall, Bl Heie RoRbield ph bt
expiSe s sicoretive of the hnman growtbUdtinvechoths trapsfpirhddoreil, \Buch signaCpepitides and
vectors, derived from Epstein-Ban, virus. O her exenplary eukaryotic vectors
i ncl udenelpde. apyongeiersn irAtznsbnentdss amuissyslasppegan agtixatopdnsvendro t o' A
PMAMNE Qs 210 PR HHPEEIGHS, il SR VesRERET £ YO ELA s vi i n ssion of
pr ot ei (r)\“se%ﬁ"n ?Ht]ﬁe C?IPI’ 3? |onﬁl% &?%e §\S/4B£ea{$r€ p@%%%géawsﬁ%ﬁg{?%aﬁ
pr onot etlementt af the ichdsetteemay prchristeahancetsrandgei { gemymic\DNAND nsed asube ginmtmbker |
Rous sarcoma virus _prqonoter, polyhedrin pronoter, or other pronoters shown
effecti&fé‘ef‘BFO%&YﬁﬁéggicB?Pf’ﬁ sPliseciorgr sk aceerte] $1€5- 101121 Some expr essi on
systens have markers that provide gene anplification such as ]

20 [0109] In addition to a promoter sequence, the expression cassette should also contain a

transcription termination region downstream of the structural gene to provide for efficient
termination. The termination region may be obtained from the same gene as the promoter

- ) sequence or may be obtained from different genes.

[0110} The particular expression vector used to transport the genetic information into the
25  cell is not particularly critical. Any of the conventional vectors used for expression in
eukaryotic or prokaryotic cells may be used. Standard bacterial expression vectors include
plasmids such as pBR322 based plasmids, pSKF, pET23D, and fusion expression systems
such as GST and LacZ. Epitope tags can also be added to recombinant proteins to provide

convenient methods of isolation, e.g., c-myc.

30 [0111] Expression vectors containing regulatory elements from eukaryotic viruses are
typically used in eukaryotic expression vectors, e.g., SV40 vectors, papillonia virus vectors,

and vectors derived from Epstein-Barr virus. Other exemplary enkaryotic vectors include
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Transfecti on Met hods .
20 be used as a means for selecting transformed host cells.

[0114] When periplasmic expression of a recombinant protein (e.g., 2 hGH mutant of the
present invention) is desired, the expression vector further comprises a sequence encoding a . )
secretion signal, such as the E. coli OppA (Periplasmic Oligopeptide Binding Protein})
secretion signal or a modified version thereof, which is vdirectly connected to 5' of the coding

25  sequence of the protein to be expressed. This signal sequence directs the recombinant protein
produced in cytoplasm through the cell membrane into the periplasmic space. The expression
vector may further comprise a coding sequence for signal peptidase 1, which is capable of
enzymatically cleaving the signal sequence when the recombinant protein is entering the
peﬂpiésmic space. More detailed description for periplasmic production of a recombinant

30  protein can be found in, e.g., Gray ef al., Gene 39: 247-254 (1985), U.S. Patent Nos.
6,160,089 and 6,436,674.
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capable of successfully introducing at least one gene into the host cell capable of expressing

D

the mutant human growth hormone.

Detection of Expression of Mutant hGH in Host Cells

{0118] After the expression vector is introduced into appropriate host cells, the transfected
25  cells are cultured under conditions favoring expression of the mutant human growth
hormone. The cells are then screened for tﬁe expression of the recombinant polypeptide,
which is subsequently recovered from the culture using standard techniques (see, e.g.,
Scopes, Protein Purification: Principles and Practice (1982); U.S. Patent No. 4,673,641;

Ausubel et al., supra; and Sambrook and Russell, supra).

30 [0119] Several general methods for screening gene expression are well known among those
skilled in the art. First, gene expression can be detected at the nucleic acid level. A variety

of methods of specific DNA and RNA measurement using nucleic acid hybridization
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Purification of Recombinantly Produced Mutant hGH

[0121] Once the expression of 2 recombinant mutant human growth hormone in transfected . )
host cells is confirmed, the host cells are then cultured in an appropriate scale for the purpose N

of purifying the recombinant polypeptide.

25  Purification of Recombingntly Produced Mutant hGH from Bacteria

[0122] When the mutant human growth hormones of the present invention are produced
recombinantly by transformed bacteria in large amounts, typically aftér promoter induction,
although expression can be constitutive, the proteins may form insoluble aggregates. There
are several protocols that are suitable for purification of protein inclusion bodies. For

30 example, purification of aggregate proteins (hereinafter referred to as inclusion bodies)
typically involves the extraction, separation and/or purification of inclusion bodies by

disruption of bacterial cells, e.g., by incubation in a buffer of about 100-150 pg/ml lysozyme
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hydrochloride and similar agents are denaturants, this denaturation is not irreversible and

1

) renaturation may occur upon removal (by dialysis, for example) or dilution of the denaturant,
allowing re-formation of the immunologically and/or biologically active protein of interest.

25 After solubilization, the protein can be separated from other bacterial proteins by standard
separatioh techniques. For further description of purifying recombinant human growth
hormone from bacterial inclusion body, see, e.g., Patra ef al., Protein Expression and

Purification 18: 182-190 (2000).

[0125] Alternatively, it is possible to purify recombinant polypeptides, e.g., a mutant

30  human growth hormone, from bacterial periplasm. Where the recombinant protein is
exported into the pefiplasm of the bacteria, the periplasmic fraction of the bacteria can be
isolated by cold osmotic shock in addition to other methods known to those of skill in the art

(see e.g., Ausubel et al., supra). To isolate recombinant proteins from the periplasm, the
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20 resultant ammonium sulfate concentration is between 20-30%. This will precipitate the most
hydrophobic proteins. The precipitate is discarded (unless the protein of interest is

hydrophobic) and ammonium sulfate is added to the supernatant to a concentration known to ™

p

precipitate the protein of interest. The precipitaie is then solubilized in buffer and the excess
salt removed if necessary, through either dialysis or diafiltration. Other methods that rely on
25 solubility of proteins, such as cold ethanol precipitation, are well known to those of skill in

the art and can be used to fractionate complex protein mixtures.

Size Differential Filtration

[0128] Based on a calculated molecular weight, a protein of gréater and lesser size can be

isolated using ultrafiltration through membranes of different pore sizes (for example, Amicon
30 or Millipore membranes). As a first step, the protein mixture is ultrafiltered through a

membrane with a pore size that has a lower molecular weight cut-off than the molecular

weight of a protein of interest, e.g., a mutant human growth hormone. The retentate of the
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suitable aninmals, e.g., mce; rabbits, pri mat es. standard adguvant

suchd as nﬁmumgl@al@aw@ any beasefuble dpsestiin msaa@i@tl'@am@swpn lof the polyend

|
trom ¢ AatpgPERRGFEys sl RLORR G e G bl LB PRBMBRRTE o
subseq uaahhoheu S’ﬂﬂiba@leﬁﬁgalr@t b W0 G8fhan @Qﬁk&ﬂ]hoﬁh@zmb WBécsSark THRLAG yRSARNSE tO

t he i mmunogen preparation is nonitored by taking test bleeds and
determ Iﬁh%glfﬂméﬂqlpgléﬁlaéﬁ‘aﬁ eactivity to the anti gen of interest. Wen

Production of Antibodies against Mutant hGH
20 [0132] Methods for producing polyclonal and monoclonal antibodies that react specifically
with an immunogen of interest are known to those of skill in the art (see, e.g., Coligan,

) Current Protocols in Immunology Wiley/Greene, NY, 1991; Harlow and Lane, 4ntibodies: A
Laboratory Manual Cold Spring Harbor Press, NY, 1989; Stites ef al. (eds.) Basic and
Clinical Immunology (4th ed.) Lange Medical Publications, Los Altos, CA, and references

25  cited therein; Goding, Monoclonal Antibodies: Principles and Practice (2d ed.) Academic
Press, New York, NY, 1986; and Kohler and Milstein Nature 256: 495-497, 1975). Suéh
techniques include antibody preparation by seIéction of antibodies from libraries of
recombinant antibodies in phage or similar vectors (see, Huse et al., Science 246: 1275-1281,
1989; and Ward et al., Nature 341: 544-546, 1989).

30  [0133] In order to produce antisera containing antibodies with desired speéiﬁcity, the

polypeptide of interest (e.g., a mutant human growth hormone of the present invention) or an
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appropriately high titers of antibody to the antigen are obtained, blood:is
collected fromthe animl and antisera are prepared. F 'M}gfoofuﬁﬁ(iu onati on
of the aOX¥MAEE enrich antibodies 10 specifically reactive 1o the ant i gen

and purifijcation of the t i_hadi can he perforned . subsequent| see,

Cor | w e e yphareoE bty whied by itmide SRR Fatsor ppareripois. 5
puri fi Cakiint@s PAGHNASM ARMYE:, stdiled FrelManosdjonamt, i b hest RSaceb@apdd @ithgd USi ng
various’ techniques famliar to those of Skill in the art. Typically, spleen
cel | s fstamdazhinamimigatiqnpyetorele duittimativalyd e symtheticantiggols peptde dgivedrfsrmal i zed,
comonl .usion,w.th.a myel oma cel.l (see, Kohl.er and M| stein, .Eur. J.

" mmunol thegbaridincRufbepodod My Rafeifele b Ko ROGR p R RipS PR Ren R e, -
e. 9.5 -t afahepet i on with Epstein Barr Virus, oncogenes, or retroviruses, or
ot her nethods well known in the art. Colonies arising fromsingle

i mmor t a}g . - r ' 'a?ﬂ{u. ' e desired
speci fi quégpaggég?ﬂ%ﬁt@ﬁ@ggpiﬁ %ﬁ%g?%cgﬁ#ﬁ%dr?%g? R(Eagpyl e gqgﬂhﬁlﬁg&gé}yﬂonocl onal
ant i bodtakingpes dleeddarhlydesarniiniag kestitanyf oactvitlydo decanbigen af imtersstt &¢heri ques,

including injection nto_the peritoneal cavi .of a vertebrate host, [0136]
Addi t i ofEITPRriales el tEeriIof aphady dp d wﬁ%ﬁ@&%@én%gm lﬁaﬁklwedpt?%&%d upon
I denti f [ .cati : ' ' | ' hih..desired
R e R N L
cel 10 c Diyacifichiipreactvecionhl aidigen aRd pulificaienf die qitibbdies baobé berfathddy Huse. et

nci pl es and net hods _of reconbi nant, pol ypepti de

al ., supra. The general pri
pr oduct F‘%pﬁe‘ﬂ%cgﬁhs%%&ia&t’&e@‘daﬂ'@eaﬁﬂ g the gegieral desasiplions PERRR on ~ by

r econbi g‘@ﬁ‘ﬁcaﬁﬁ%%ded[agw] Wien desired, antibodies capable of specifical
recogni zing a nutant hunman growth hornone of the present invention can be-

tested hej -r.eact j vit i nst_th 0.wi | d- h w h
nor mone Al « MAnoH 8T ARGk iy bl Buarattlays hERarld Bl ype
pr ot ei ngkiff@d therst 3 Npleef icaliRbmi Anahithaldfivdthi2id Wih al B ARGelhatd a
nmut ant human_growth hornone can_be run throu?h a columm on which a

wi | B0 t y pemptiatined grosvnenly by fygppedh/arogdesa peli(sesldfoulenambBlstein, St for i e
rs"TUnlttrbil;ti=eds) dr+4i1'an of th tisera that. sses through the
ol urm Thehdr 6556519 1596 P WidenBeSheilh HISHAAGH tRRERPe 1M Ph

wi | d- t y pendforimitiod fait Bpstd® BARErusSbAddgefidsy or RROOELRR2Sr Gihéd eHb@swagai nst a
mut ant human_growt h _hornone can al so be screened for their exclusivity in
recogni ¥pewp Bnihg axth fojpriesrrisingtiiove singled mmortplizod eelissarp gerganask fonproduetiomne .

the mut 2eetoRiREHe B RRATLRIDS B PRk Tl BRb T RGE it R M TG e oY
Wi | 20 t y pRonbeloRd] agfibydids produced by such cells may be enhanced by various techniques,

including injection into the peritoneal cavity of a vertebrate host.

[0136] Additionally, menoclonal antibodies may also be recombinantly produced upon )
identification of nucleic acid sequences encoding an antibody with desired specificity ora
bindi'ng fragment of such antibody by screening a human B cell cDNA library according to

25  the general protocol outlined by Huse et al., supra. The general principles and methods of
recombinant polypeptide production discussed above are applicable for antfbody production

by recombinant methods.

(0137] When desired, antibodies capable of specifically recognizing a mutant human

growth hormone of the present mvention can be tested for their cross-reactivity against the
30 wild-type human growth hormone and thus distinguished from the antibodies against the

wild-type protein. For instance, antisera obtained from an animal immunized with a mutant

human growth hormone can be run through a column on which a wild-type human growth
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hornmone are useful for iselating the mutant protein ffromthe wld-type

prot ki n,whoheersasm! e, by incubating a sanple with a ngb@fifszfadgaisgr ow h
hor mone- speci fic polyclonal or 10 nonocl onal antibody inmobilized on a solid

SUPPOT 1 pisrdoRBRARRERAYR A Qtre-PelrRaldf ik MMat&Rthdp Eﬁ*&s@ﬁf&i‘gﬁitﬁ@c&%ﬁﬂ Once
anti bodi es specific for a nmutant human growth hornone of the present
i nvent i wROZHIZES aubyi thepiutant hiwan awwwih hofmaneand opiy/the ptilddepe humas groptte, e.g., a

cell |y can.. neasured b .variety of i noassa t hods provi di ng
qual it aﬁ?%%/ngn%n%mag% tfnf’%?cllll\)/’?? P %tibuﬂ%%% againyts ‘Butgﬁ{%uné@ %'P\’Vﬁg%nol%lwg revi ew
of i Muzled Bgice@ne @Ry thiMRXINRBEBYn PERESiNEaMIY the GRAGI ML nSABe wﬂd&% e Stites,
supra; U S. Patent Nos. 4, 366, 241; 4,376,110; 4,517,288; and 4,8 lD7 168.

Label i nmap Srayvinesaseass [ 0140] | munoassays often utilize a |abeling agent
to specifically bind to and | abel the binding conplex formed by the

ant i bodif1ddld Polycloazlgemapodioeilantifodied thbedpecificalfiertogmze onlg ief mu@dft be one of

th ieti I Si t 1 hody/t t t el | ex, b
third et eroutithermone of e issenthydhiig bUf yettb i YRiman BPRUS 1o the
ant i bodydrhRheele WER! ﬁirﬁso_laq&gnh@mumﬁt h}@% ARRYHE %viglgt%,gg f%iﬁ, ﬂg}' example,

spectroscopi ¢, photocheni ca bi ochem cal, 1 mun , ectrical,

opt i cal bpmculrting eskmpleanith a Butanp hesan proiwibl éproboerte-speeifio polycldnai sred t o,
magpet i ¢ beads .0.,, .DynabeadsTM ,..fl uorescent dyes (e.g., fluorescein 25

i 0 io@%%@?f@}g‘?‘&’%&%“%(ﬁgﬁkzﬁ BB AR SURETE ho like), radiolabels (e.g., 3H,
1251 335s, 14C, or 32P), enzynes (e.g., horse radi sh peroxidase, alkaline
phosphatRsBnosdids BrTRIE (68 NIRBADKGH 8dprekdio@n ELI SA), and colorinetric |abels

such _as colToidal gol'd or colored grass or plastic (e.g., polystyrene,,
pol ypr ofiB8he Ontaamibodiss spacificefod o mijtett Atinan grosutirdorasesof thhpreserisel i ng agent

is a second.antibo bearin ectabl e | abel . 30 Alter ively, .the
second %f’ﬂﬁ)&d‘\}e ?@%‘Plﬁttge amgaﬁte‘%%f‘bﬂ?lﬂ"ipﬁﬂﬁy}a PR ﬁ’rﬁ‘g‘b%("ggb'ﬁ?fe $°| abel ed
third apkhfedhvysPegicty 6f ihﬁmﬁ%&%?_%eﬂﬁad@ ramnggaait@m Fuahiitalvd Reuikecond
anti body is 35 WO 2004/ 103275 PCT/ US2004/ 0142

det 15 v' to-askillederasart Far # ravievoplinsaunalogieal @iid irathunpashayapreedieesabigenardi et y,

such as bioti to hi-ch third e l,ecu .S Liigally bind,
such asseghﬁ%ngt-ﬁf’saﬁléqré'\gﬂ@t F%’B?t% Sdf"hgéz%{b%&%’i ’hdeflmt %ﬁﬁgg:@a | e of
specifically binding i munogl obulin constant regions, such as protein A or

pr ot ei N; el Bhindagsaysed as the | abel agents. These proteins are normal 5
constituents of the cell walls of streptococcal bacteria. They exhibit a

strong HYAO! i hevmyserseiys oftenatilize & jabolingngenthiorspetibpally ind tmanddabel thayyi ons from
i f i I 1y, C | . .et -l - p 11:
e SR b0 ST g bl N

(198%) ) be one of the moieties comprising the antibody/target protein complex, or may be a third

moiety, such as another antibody, that specifically binds to the antibody/target protein

complex. A label may be detectable by spectroscopic, photochemical, biochemical,

i 4
R

immunochernical, electrical, optical or chemical means. Examples include, but are not
ﬁmited to, magnetid beads {e.g., DynabeadsTM), fluorescent dyes (e.g., fluorescein

25  isothiocyanate, Texas red, rhodamine, and the like), radiolabels (e.g., ’H, 125, 33, MC, or
32p), enzymes (e.g., horse radish peroxidase, alkaline phosphatase, and others commonly used
in an ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic (e.g.,

polystyrene, polypropylene, latex, efc.) beads.

{0141] In some cases, the labeling agent is a second antibody bearing a detectable label.
30  Alternatively, the second antibody may lack a label, but it may, in turn, be bound by a labeled

third antibody specific to antibodies of the species from which the second antibody is
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| mmunoassay Formats 10 [0143] | mmunoassays for det e.cti ng a target protein of
interest (e.g., a nutant human growth hornone) from sanples nmay be either '
conpet i tyy¥8fieRRCcONPeEtitive. Nonconpetitive i MuUnoasKay§sAHoASHAYS | N
whi ch the anount of captured target protein is directly nmeasured. In one

pr ef er idvedenBbNcEEavRRBaYywdiPle RS @HRE Svith I\ Et@RAtI0 AYets PRCh ak bidtal to t he.
target protein can be bound directly to a solid substrate where the antibody
i s 15 iwhielba thinddabel¢d mpleenle sap spacefically dinda pephtaspngymedabeled dptayidipl es. The
anti body/target protein conplex thus imobilized is then bound by a

| abel i §@142)erdthespoteimscapaide of sbcificallh bindingumimioogyothdmrdongtant degloel, as
descri bed above, [0144] ln, conpetitive assays,.the appunt of .target protein
ina s& %%nret%ésqa PEtleimithdger alspibg ugsA ke @h@@%ﬂmpﬂ%ﬁs HnoER :
(exqge he RLPL S Qﬁ&@ﬁgg@% @M? om an anti body
spegifi%gHﬁ)t‘?ént?%{"(:aﬁti:}tr'%::;}(;%V pr%ﬁgﬁﬁiogg&tqhé t%rget rotg)iqitn pre erIr?ltil in the .
sanpl e.imhunagénypiaaetivigxaitp immahoguleliiraconatmatnegionk droans viely of spéciasibdd, | zed

and the exgQgenous target protein_is |abel ince, t he anmount _of the

exogencﬂ&gﬁf?ﬁﬁf’g(e‘f’nbarlo?téﬁ -BWGH’&PI-atlakt}r‘?@la]ﬁlogg%é)i %“q‘ﬁggﬁ"s'@lnyetrﬁl@portional to

t he corfﬁ%&,?&l_i 935302‘53;11%4?2{% protein present in the sanple, the target
eve c

protein in the sanp an thus be deternined based on the anmount 25 of
exogenous target protein bound to the antibody and thus i muobilized. [0145]

| n sondmeasegssawEetmatn bl ot (i munobl ot) analysis is used to detect and
quanti f e resence qf tant human gr h hornone in the sanples. The
o dfint JU]c Jaapsegs s Rieging & P oG T THREEiect of Rt g

el ectr QpBORARINRORE) fHdIf sHA S nfl b@‘%ktﬁ&%o?r{pe‘ﬁﬁhgf}{ moncbﬁg,@ﬁﬁ%.r ing the

separated proteins to a suit e sol1d support (such as a nitrocel |l ul ose:r_)
filter Nencafipetytienninilnoassayparcasshys invwhichdbe ambwnt ofichptared tarpdt pruteibat i ng t he

Theoe. SHEFBOAFEEThyGEe aFEEE] o Eaa ol i FErTie: PeryCoas W B8gHY 103275
PCT USIAOUIL 25 ) bBSERN RIS Auck b S by} 8 | obel od

anti bodi e g., | abeled sheep anti-nouse antibodies specifically
bi Ad t omnimbilieti boteresaptiges thettargenprowit inHesteampleswilhe hotibwtydtargef pdoddh O her

assay formats,include.liposo i nogssays (LI A), .which use |jpogsones

oo ynedii Bk TP ALY G he Abprtr bl s p Srend o blde .
encaps%ﬁgg(g,gﬁ%ﬁgg@q@oeprasaeggngggglgovcjrhe rel eased chemcals are then detected
according to standard techni ques (see, Mnroe et al., Amer. din. Prod.

G ycosyP L sobitgtile o BRGRP B A BHoIGRTH ifBle Sfhhuyp® Mt ant
Post - expdiessly &y mdrsutiitg the ammbuht ¢dn Rided{expg@icude@rie padteiatdispladed\(6r St r at egy

to rened :
co¥npeted away) from an antibody specific for the target protein by the target protein present

in the sample. In a typical example of such an assay, the antibody is immobilized and the

exogenous target protein is labeled. Since the amount of the exogenous target protein bound : )
to the antibody is inversely proportional to the concentration of the target protein present in

the sample, the target protein level in the sample can thus be determined based on the amount

25  of exogenous target protein bound to the antibody and thus immobilized.

[0145] In some cases, western blot (immunoblot) analysis is used to detect and quantify the
presence of a mutant human growth hormone in the samples. The technique generally
comprises separating sample proteins by gel electrophoresis on the basis of molecular weight,
transferring the separated proteins to a suitable solid support (such as a nitrocellulose filter, a
30  nyion filter, or a derivatized nylon filter) and incubating the samples with the antibodies that

specifically bind the target protein. These antibodies may be directly labeled or alternatively
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.10 the deficiencies of methods that rely on controlfi:ng g]ycosylation by
engi heerwogeensessi on  systens; includi ng both nodifi eatriusoaforgsycan
structures or introduction of glycans at novel sites. A conprehensive
ar senal nigf-beé mipbggithdetbiiediifi® tabsled ahidrddite (elgn dabebal sheeemti-souszeconi ng

avai | abl i in.yitrq.e ti nt hesi.s of glycoconjugates with
cuot om abeREnRe St iR D e B pacdionls sty aytyall SRR BPU RSO  bi o.
See, for Sﬁa le, U S. 15 Patent Nos. 5, 876,980; 6,030,815; 5,728, 554;

5, 922, 540l nthen pesax fematsinelnde Hppsomedmmpmeassgys GdA3 pezich usedPEr®eL17: WO

U007 SRR SR AR i8R R o R A oSl R 885 207006
and 1J820@kets2 461 Seledsdd 4Bamithle atcthemdstenedaoiding tongidiatbictiatiquisgnal i ng

. conj ugat es of ycosyl tejg nd 20, ungl.ycosyl at ed nutant human growt h
hor none ,Onmi%%}"h‘;{?@yﬁ'g% ["?c@%‘&wlsé@ﬁ?ﬁ‘ﬂ @P8%s that do not exist in the
corresponding wi Il d-type hGH Such conjugation may take place directly on

th ' ' : tant hGH, foll ow th
e appG%ﬁﬁ%ﬂ%ﬁo@%&??ﬁ%é&@g@%@;@ géﬂﬁ%%ﬂéaﬂ& o or tol ' owng the

removal any undesired sugar units. The

conj ugaGbzosgidnondéilytrebmmentionetpt EdwmatiaMktidodser se speci es such as
wat er - sl e | ymers, therapeutic .noieties, diagnostic 25 noieties,
targeti ﬁ]&ﬂﬂ)l Bﬁﬁéprgﬁﬁdw freire ﬁé’%léﬂa%nﬂ Wt'ééﬁlsépgm"ﬁﬁﬁ%té@’ WSFICSYId ude
tWOI@r  hERERCiBRRES defethddik i j ind i

mul % I f utrlllct iEo(rzllaI conj u5a{%dgssg{ﬂg%ﬁtﬁgﬁ?lilﬁ%%@??gggﬁdﬂ%ﬁfnﬁ%}égg S)Fp”t:ﬁleon

i nvent i systepmninchdlingdwth modification ef glp@inetructrdsive isteodnctigepf glgeans mt aovel

col l.ecti.on qof diverse peptides with different structures, and/or properties.
01451 5118 AHIRISeS BAEHA of FVEHIS Gt KA TRGPRRBTES doRer BASYE: &
at t achngbnffs Aa3Qu18ndiihes ﬁy%ﬁzﬁ&atfcggn&kaig QP%lﬁé%%j%te‘é %ﬂ{hy&lgt%}ﬂ ated

peptide. The nodified sugar, when ™ intefposed b e peptide and the
nmodi f yi desigped ghycosylatiea patigans abé ghywesy] vinatturi:spossilier Sedidrexiaplej U.Sas "an

2008 108358 rs BB BlSHl: 5aifshi I8 8 HhlpieTild iencplestionsc

pr esent WipbhodsHy;, YO de B ePLWERS: a4 DREY 07046189} e 09/0aYPRRiwene or nore

specific locations. Thus, according to the present invention, a nodified
sugar i §3/893H8hB0 a4/082838y UiSa002/3413§01 €82004u087; THR0(3¢1R08A%; chai n or,

al ternatj : e nndif ugar | ed onto a carbohydrate noiety of
a gl ycoﬁ@é&é%%@gégpe[r“? s’g/éoﬁggg’\ﬁﬂamzﬁgﬁgﬁg{gsugars are bound to both a

gl ycopepti de carbohydrate and directly to an am no acid residue of the
pepti de b : . .t Dl . i izon. 101501
' cont 1UafF 06 REEAGH R0l Riehgt o AR 2 bl B SPARLoBKERHICT.  cgi oo,

t he20 methglgsselatedhauthmianian@rowiltioembiespehch bhee how gbrestlhkorpsiet ildedoand
gl ycopepti des.that have subst ant i al ISy honpgeneous derivatization pattern;
the en 29%1%%@ejcpirr§9@gm§lﬁg@ﬂ rtype gég uch conjugation may take place directly on

) the appropriate sugar units of a glycosylated mutant hGH, or following the removal (i.e.,

"trimming back™") of any undesired sugar units. The conjugates are formed between peptides
and diverse speéies such as water-soluble polymers, therapeutic moieties, diagnostic

25  moieties, targeting moieties and the like. Also provided are conjugates that include two or
more peptides linked together through a linker arm, i.e., multifunctional conjugates. The
multi-functional conjugates of the invention can include two or more copies of the same

peptide or a collection of diverse peptides with different structures, and/or properties.

[0149] The conjugates of the invention are formed by the enzymatic attachment of a
30  modified sugar to the glycosylated or unglycosylated peptide. The modified sugar, when
interposed between the peptide and the modifying group on the sugar becomes what is

referred to herein as “an intact glycosyl linking group.” Using the exquisite selectivity of
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110 generally selective.for a particular am no aci-d. residue or conbinatien
of am no acid residues -of the peptide. The net hods ar @Wg@@ﬂ? %1 cal for
| ar ge- scHPSIWHWEECt i on of nodified peptides and gl yco i t he

met hods t on ract ans scal

pr epar a?l%&ﬁl g‘fs %‘P : %Pﬂt%@gwﬁ%@% W%F%%Eﬁ’&t‘{ ggjr ld?so[?erﬂn & vta eiafﬁt i on

pat t er Ngesirt groufeit baxslsr Mok spaditit tatatonsy Tiris) ac&wdix?itoftﬁé praeehtiineativea of

therapeutic peptides, includi ng but 15 not limt gl ycopepti des t hat
&

are i ncowgifisdsngards stiashed directlydu pisplgoted dgus op die peplide cham op) ligratively) s
Coi Ps. BRTREATOE s opd?B8 Shicta Sonylafnofty 6Fa sl UBARAEP POSA ERS" 1

et hods wafchthelified apaiseite Bbwa oot dglycsrptidatadolfdrgk nao difeatyewd aand

ungl ycosyl ated. peptides with increased therapeutic half-life due to, for
exanpl eamiiefgiagsidne ef thg paplide hagileone gre plagwalbin thgseopsrofiihe m@éemm{enaon mune
or reticul oendothelial system (RES). -Mreover, the nmethods of the invention
provi de [(HLSﬂ}aaﬂils comirasitaddaowy chnmﬁ@ém@mmﬁqpcmiﬁesﬂamtmmawgiﬁﬁ, thus -

reducin r nat i ne respqQnse ai nst, t he

Sel oot | Tetagt abranienbin duat porgiole SR par LS BT Ebiaberbiors tEhave o
pept i de giiRtadtildf hdrkéPeRboustdefivbiezafbn 9@&@%& fcﬁ@ﬁnésqﬁ,ﬁ@’irpﬂletlﬂ@énnbﬁ afgpeci fic
for the particular targeting agent. The Conij ugates 10152] Ina first

aspéet , gcxtvealbmbﬂ@hve fonwe@atticutar grong ueé realchlgrqr sgmbmabion néaminw wél reiduds

o SRRl RS AT PR AR SRR AR Sl

the mut gad %@b‘%ﬁgﬁ&ésamh@@ thé hRtds oﬁiheéim%nhﬁnﬁ)i’@vﬁdé S pRCAsSA @ﬁealn@ fcsrhsr uild typg
pepti de. 31 The |ink between the peptide and the nodifying |ncI udes ‘a

gl ycosykcald w;pargtt@r duglycapepiades beeing tpe@sm}@ewdmne?om deiivaization ptt&msa | Bt ed

d.h t [
That . wamehedsSERREwE GelsutedTof Gadiiton Fhbfibritl Rttt sugtadBly 165575
PCT} 4)S2 ﬁgﬂérﬁﬁéﬁtﬁ‘lgly(z(ﬁbe&)ﬁﬂéﬁh@@r& %cbmppcttély g@eokﬁ%g el Meddubtiofih RRPT opri ate

transferase enzyne, which appends the fied sugar onto the peptide. The
sacchar icalgure Gﬁi&iﬁéntm@ﬂmﬁh%l cedlgj mS@ﬂcailﬁgBlﬂnt eohlepfungaitcsliposest chids, ween the
peptlde econes a "glycosyl linking group,”" e.g., an

d a
'i nt act pgqri(?@’c?gyfzelﬁs }(.jrﬁlbsggpx(cj‘ﬁ%an? SRS oSyl 1 nki ng group i s formed from

5 - I h de. that, aft nodi f th th dif
aroup, 10311 SRR e i ErdionAte mAUCS SERBE R CLFT I BRIy (o an
am no a‘c‘xhglg%sy é(ﬁS%%ﬁhesf »@ﬁﬁ ﬂié?ea@éd ﬂ’:eﬁggﬁti 1f-l1£‘e%"té b Exh 8%)1 edi nking
group can-be, “or cah I nclude, sacc nol ety t 'S egra atively

modR6i edledrantagte, bereddcid mfafpwdeéaymmmmgomdmpioeﬁmthamamm (RES).
g1 Yooyl Lok ng. 90U SRR S, L ke 1 o2, Spechari de festdye that s
on peptides, thus reducing or eliminating a host immune response against the peptide.
Selective attachment of targeting agents can also be used to target a peptide to a particular

tissue or cell surface receptor that is specific for the particular targeting agent.

25  The Conjugates

{0152] In a first aspect, the present invention provides a conjugate between a selected
modifying group and an hGH mutant peptide having a glycosylation site not present in the
wild type peptidé. The modifying group may be attached at the mutant glycosylation site or
at a site that is present in the wild type peptide. '

30 [0153] The link between the peptide and the modifying includes a glycosyl linking group
interposed between the peptide and the selected moiety. As discussed herein, the selected

moiety is essentially any species that can be attached to a saccharide unit, resulting in a
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10 degradation of an intact saccharide to the correspondi ng al dehyde, e.g.,

vi a the @ghé@ReHs netaperiodate, and subsequently conpetiRshol@sassSchi ff
base with an approprl ate amne, which 1is then reduced to the corresponding

ani ne. oGy Sgaeatmlidigdomseda it peappropeiatd mlswnisb ehyyahe attish @eﬁ&stlaend to
the general structure: Peptide Sugar_ Linker a{ht (i:]ent b c 15 i n which
e

the syrBefifedsugsr opto the pergide TB?)?*’@§]@1¥CIC§OBH?§WW\9€ 1Heqd ﬁpaam r: and t
is eithgf Q0 etafea%l:ﬁftﬁdgaﬁh rectemﬁme 96 soF‘uE? glrgg&ga ﬁﬂ@ﬂg &-Po gent. a

bi oactive agen a det PEG,

m PEG &PGn ‘GndcingliRRey] lakidghgrolip. Re‘T heTglycosagl&ﬂﬁng ganp keformed @phidg, e.g.,
ant i body i The |i. riker_ can be any of a w_de array of

ﬁn ﬁﬁmdﬂw% &599%" an%ﬁﬁ?@éﬁ%@&ﬁ%@%@ﬂ &vijhy thg E]Ddffﬂylgt%‘)@:éﬁ hEphsteasder or a
"zero opdghyiht psehdds t@@mﬁa%ﬁﬁ%u%z[} é ﬁ{lp i ¥ %Mﬂl {EE@&C 0}}%@ fl.ect ed

nodi fyi ng group IS a water-solu yrrer ter sol ubl e
pol yrrer[()lstt]co’i?bd glntdsyl hking pedp tcen bhe)rperpin( lixdeva sacehargleymaistylthatiinki ng group.

The gly | i nki i.s coval entl tached to an amno acid residue
or a gl‘% ﬁwf‘r%giogl&‘@%@?’“ pdendditione r} ’@Oé‘mgﬁﬁf%’rﬁ’ ﬁ%&xﬁpﬂ%@%s conj ugat es
in whic th a
it Gl B 04068 A 0 S UUEDRNLSHERNGUR AU RIPEY bR ¢

po: M% etcf]eg‘lrada’eorgdlaﬁmnhbapt sac(éhmdatm?] ﬂmwfregmhglmgmldc:lgm egl. )\ Eﬁe acf[dil:?of Led t

pol y(e en yco] ) ,use e prese ventjon is not restricg 0
any par® téi?ﬁr 'ieo?'H"{ %‘PSWBF opve ’Qr?té}:hétlﬁg%se Vi ath BPRFPREHG PBHE, WiiFlo| )

nol ecul Welahtd kSmR:8 @JQ en 500 and 100, 000. A nol ecul ar wei ght
of 200- ‘g(rsheooo&#s pre gr{a{gﬁry {ig‘ gﬁg%% preferabl y of from 1, 000 40, 000. More

r ef gr ht. fr.-om about 0t bout 40, 000. 39
f 2}302@%@2 7?@%%3’5%%5‘3\2@“’% ""‘IF COFeﬁﬁJO“ﬂ?‘PQ%’ SRR SN Cen 11 o
oI y(ethyl ene glycol) is/a branclied PEG h ving nore e PEG noi ety

b , .

attached. Exanpl es AS) Pat. No.
5,932,462; U S. Pt

3 79; U S. Pat. No.
5,919, 455; U. S 3 : 3/660; WO 02/ 09766;
Kodera Y., Bioconj ugate 5 Chem 3- 288 (1994)a It dYamasakl et at.

y .
Agr1§: gi'v?lluch %%Wnpoé% 2(:1%53111?%% ngcgtggg?sﬂl ;’loﬁ%gxfoqweﬁgrr; gﬁ&gﬁ%:&ﬂﬁﬁg {Jljge

mol €cul ar f)ol y(et ene the
5, 000- Zﬁp@ii)tﬁ)ue 1[1@@&9]Tlier‘|‘agﬂﬂ’i’ isianthedapepicaigenti agicactiyaprhea deteatabkriabdior med

th h t | 1 d I I th t
 nvont | BACGPOUYAEIEs - Ece trRAD, BPG: I NonSbolbhs o sErR chebs
Substi t pil Qe PAL L S AT, MRIH3Gy L dh PR R dneQlnidEar BVER U Widk hrrhy oPOSSI bl € O

form ,
~ linking groups, infra. Alternatively, the linker may be a single bond or a “zero order linker.”

20  [0156] In an exemplary embodiment, the selectéd modifying group is a water-soluble

) polymer, e.g., m-PEG. The water-soluble polymer is covalently attached to the peptide viaa
glycosyl linking group. The glycosyl linking group is covalently attached to an amino acid
residue or a glycosyl residue of the peptide. The invention also provides conjugates in which

an amino acid residue and a glycosyl residue are modified with a glycosyl linking group.

25 [0157] An exemplary water-soluble polymer is poly(ethylene glycol), e.g., methoxy-
poly(ethylene glycol). The poly(ethylene glycdl) used in the present invention is not
restricted to any particular form or molecular weight range. The poly(ethylene glycol)
molecular weight is preferably between 500 and 100,000. A molecular weight of 500-60,000
is preferably used and preferably of from 1,000-40,000. More preferably, the molecular

30  weight is from about 5,000 to about 40,000.
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pepti de conjugates in.which essentially all of the nodified sugar noieties
across a popul ation of conjugates of the invention are attached to multiple
copi es WYPaT ural Iy identical anmino ) acid or gl JESIGPOOMERRhe. Thus,
in a second aspect, the invention provides a peptide co %@ ate having a

popul aﬁfﬁﬁ]‘ biﬁ“mfﬁgﬂoﬂw Hisipphepthivtone glyesl) inhbermchedP Vegimerebound t o
the 15 t d
e %@ﬁ rﬂ& w%a@i?ed 'ﬁx%ﬁx&;leﬁ%lféﬁ%ﬁﬁé% %1%65 'a%deg{:ﬁ‘#%t in s aPﬁlr 1@@ err e

conj ugat e ein ron e popu ion is

bound yoa2 nm [gByBaisMb 5134%94@195%@ N@ 5@643953&;0158 Patelsodumgoctssn MESpepti de,

and each g Of% residue of th gept de to_which the ycosyl |inking

group Pai. Npt b he?00: 45 St Pad- Nee! &3:600: WP 82/05G86d odgra ¥ pglé‘?r‘?’ﬂ’é%”‘?s a peptide .-
i=0 I SQ 0 I gy.2

coval e%?’ 5 gg:}aﬁg@ 921 ﬁﬁ@t} aﬁﬁé%{%ldéifll}@ El |dﬁgé%f%%pﬂzﬁ?lg§'pr efger red

enbodl haempr,efemﬂemmairh@ntﬁmanyleaiﬁm’o@élgm‘oﬂdaeh po@(&thylbmmgmomvafele sol ubl e

po noi et.i es und to an amno acid residue of the peptide via a

gl ycos?ﬂathqﬁll?Et%lsgerﬁppzo 8%y each anmino acid residue havi ng a gl ycosyl

l'inking group attached thereto has the sane structure. 101611 The present

i nvent [MA%hI Swadstiven Weprovidhigungajugsics tHat quggn@cbthrmummab@dﬂmddeé 25 in
whi ch t ti.de i s _cgnjugated t atherapeutlc nostic noiety,
tar gt PHEOSTBIAEE o Qg i PR varhoR m VR REr e el e ek B JROR AR Pk ng
gr puP- iR sfstitlidnRAMEs. UshkHRSmbRbes bftke mnﬁsn at fsrlﬁkézbmb%ﬁ e, natural
pol ymer (e.g.; polypeptide) of synthetic polyner. In an exenpl ary

enbodi pepiide comjugates muinh g:rsgmailym@lrqfdh@méxfmdmug@rane@tms)acrw apogubtionr i n vi a

bi f t t hat t Ki t h
Fer m nACCIRRRS bR Ry o Seher o igl Bpich ot S rnrnisd Shhene b
| i nker adig or B9cd¥] 230 16847 5n B %OH@%Q[%{ QA 9éntidd ﬂgﬂoblde& h PBgtidedonflidatd t f '

Pau ili-tacRFSsii!lc"hcid l'inker that is attached to transfenin and the t hey
i's fuh@xtmgmaom@twwﬁwtahsqlwhlapolymr mwtiesnkbnchtamovabndyﬂaambhb the t he

ol VEospide RepieD g b EDRLDT BrERedents: To Bieteried ganiRpeCo s veioBnnar y
St r uct pgsBfally BatIs mefi®Bl HOME §ephtidde bbﬁﬂ@ﬁ'fa'tﬁé\ IyB6dyl H8kin h@tgrowPeci es in
whi ch a selected noiety is atIt)ached to a peph%e viia a nonoval ent gl ycosyl

| i nki nglygawdrfﬁmdﬁue@(f thermpua@dmdm(m givedsyl epidun of 8ie pepde tmyvhightless, i n whi ch
rmrethnon cted attached to a peptide via a nmultival ent
I'i nki né ?%’uﬁnhflgfgﬁp 1Fﬁ§§)cg§f1¥?s @u??ﬁ%?ﬁ%%gdl melrcl)t P the i nvention provides
conj ug | ocal i.ze Jectively in a part Qular tissue to the

or eseni‘iw@} Do pgaiten s apSmde SomsEt HTAB AOBR ofie of et SR FRAYIEh an
exgiP! afoyetREP regll%rrgftbouhaﬁne&&s%uég%ogg@w gﬁk@g 9&;'?'151 ﬁ%mhary protei ns

i nclude trans (brain, bloo oprot ei brai n, bl ood
pool ), embodiment, essentially every member of the population of water soluble polymer moieties

is bound to an amino acid residue of the peptide via a glycosyl linking group, and each amino

' J
pa——

acid residue having a glycosyl linking group attached thereto has the same structure.

[0161] The present invention also provides conjugates analogous to those described above
25  in which the 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.

[0162] In an exemplary embodiment, mutant human growth hormone is conjugated to
30  transferrin via a bifunctional linker that includes an intact glycosyl linking group at each

terminus of the PEG moiety (Scheme 1). For example, one terminus of the PEG linker is

40



anti bodies (brain, tissue,wth antibody-specific antigen, blood pool),

+ coagul at‘i‘@%&%ﬁﬂgs V- XI1 (damaged tissue, clots, canﬁg? S%OQB 42g)_,{)ol ),
serum proteins, e.g., a-acid glycoprotein, fetuin, a-fe gi protein (brain,
bl ood pagkdcni(BLFeHNes R e b Olﬂn?, : brain,

bl ood pg%I ), aG— CSF, %ﬂiﬂmc%‘:g@a?\l/f %E?ﬁ%ﬁéﬂﬁa%gﬁ%?ﬁ% S fer?rhu?g#(?%ﬁ ,‘Qh%éﬁscer S,

bl ood Pwetionatiewd] Wit ad intasit GatVae finkotiledt iioat;acheditoche ofmenit hGH)., al buni n
(increase in half-life), and 'lipoprotein E. -The Met hods (0165] In addition
to the {idAjlugEhesorfigesseitt mbentidn cah tnodidSeRALt SIRMERHL igdn@EoMps@at &8 met hods
~ for preparin tqese an&egot her conjugates. Thus, 1n a further aspect, the

- inventi ﬂn("d’rgr Silaalent (ad +adensary HRAFRS)-a T ey SPeRgatesow ey entinat inelade a
sel et j ; ; i : ik {.nyv ' rovi des met hods
For ¥ ar e Ree S8 NI B IR poie B CRATL Lol Y BRHATREBEAIET egi on
" of the haidyg gidupt Bésonpeleded Wishiprtiesmmentioneatomgngaidsauiviish Mofehioehe f or
preventieie% curing, or apeliorating a dié_jg'ease_st,ate by adm nistering a
conj ugateletid eisty 5 aftarhed 19 Hpentide xiaa mpkitvelent linking giibdevel opi ng the di sease
or a subject that has the disease. [0166] In exenplary enbodi nents, the
conj ugatld6dk fot sibfusdenembodiment; e-izvsintiph providesgnmiugatas thatloeglinet i ¢ noi et y,

bopt s de e gu i o B Bl BRE AR oo BRSePeGir kia e on s LobangfedSatate co ¢ he
peptd decotij@zat Inahagémplbiicandddihbitking gargfcﬁhgoagenhiis Ghprbin, rﬁﬁﬁ%{&?d bet ween,
e yi hg

and covalently 30 linked to both t he gb&ﬁ i de and the nodifyi group (e.g.,
wat er - spiotsanglds wansferrin fleraingblond gophdilSrgdsopmitia (hanegbrahe bjpegipodd, wi th a

m xture I Rl j r_.and casyl t.ransf er.as or which the

o1 oo O, APl G S A pRecr plSE AR e FRREHE i3ty 105278

PCT/ US2894(d9dh 4224 isstdV8lotd 04ricdi 5258 Uselri G ink'd ¥kt i | ent bond

bet ween tﬁ(e rrggdﬁla f }Sgd Sl.?éal’ acﬁd@%or?;ﬂp%glgp%e{r%rgp%rtﬁgk,séu%aé afr?% éeI%’%/Opg(?}ﬁ?lhe

modi f i efthsngafetilprolens (bravpbjosigioat) A2 glycopranein (kwt) akerosilgasis plagadsi vat ed
otides nor actjvated. [01671 The

LR IS B TS Bl ke e b 2
00 0, O BB BESA e RS RSk, o

mamal | BpgprytemsE., |1 nsect, fungal or plant cell. The peptide can be either a
full-length protein or a fragnent. Mreover, the peptide can be a wild type
or wtﬁheﬁ%{)ﬁg ide. In an exenplary enbodi nent, the peptide includes a

mut at i o ¢ At S one or nore consensus glycosylation sites to the peptide
sequenc Y f 4 | Ii : ' ;

o 1 o ah BB L A, U b S RERUAT I e

r ec®brbi metioldy for lpeappring thesd amboihérycopjugdies.e@hus, in a further aspect, the invention

provides a method of forming a covalent conjugate between a selected moiety and a peptide.

Additionally, the invention provides methods for targeting conjugates of the invention to a
~* particular tissue or region of the body. Furthermore, the present invention provides a method
for preventing, curing, or ameliorating a disease state by administering a conjugate of the

25  invention to a subject at risk of developing the disease or a subject that has the disease.

[0166] In exemplary embodiments, the conjugate is formed between a water-soluble
polymer, a therapeutic moiety, targeting moiety or a biomoleéule, and a glycosylated or non-
glycosylated peptide. The polymer, therapeutic moiety or biomolecule is conjugated to the
peptide via an intact glycosyl linking group, which is interposed between, and covalently

30  linked to both the peptide and the modifying group (e.g., water-soluble potymer). The
method includes contacting the peptide with a mixture containing a modified sugar and a

glycosyltransferase for which the modified sugar is a substrate. The reaction is conducted
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gl ycoproteins are inconpletely glycosylated, expasing carbohydrate residues .
-that may have undesi’ rabl e properties, e.g., iIntnunogenicit recognition by
t he RESNOEWIWHSg a nodified sugar in a method of tHHRCTHYORAYEH t he

peptid an §| o urt her_ gl ycosyl at ed d derlv tized with,
e.g., &1‘%& ‘i‘%ﬂg Bﬁ@%@?@ﬁ’é&’%?%éka 'emqy rﬁ: “Pﬂ%i‘ff‘ “Igi”kaéld fie sugar

noi ety PendBdiaf bRekty BOBe idHi 1{g§1€ r éf £Hidy {dlted R hublc8REs | Y be

conj ug%‘?gugét 0 thea accet[?)t or e| n alpdaT' lgSI ycgsyl at ed epept | du, E:or anot her

sugar sugiaest sctivated sugas,radisegps ﬁpeamlresher qmmamemmMedmdu fied by the

met hods of the invention can be synthetic or wild-type peptides or they can
be mut pev] pTht acteptor pepideqgilcoyylaed bogen- gmmylawd)tm@pwauly spubbsigal &4 te 20 .-

di rected mut agene5| s. Aycosylation of peptides is pically either N-1inked
or O | igHeeer repgmbiggathpeiessed i W&b@ypec e¢lblec i@@mﬁ@elbﬁuq% Hns@tid Pod sugar

L0 L neined diaSBAL Befdbuihs ARRBIARMDSOAR ThAUE i of LIRERYS HheIRAHEDERD

aspar agl ne- A-seril ne an as ar agl né am no acid

except b@sitter ﬂ&ll—ﬁr@tﬁ]ﬁl@tﬂilﬁ@@ﬂﬁb@rﬂﬁﬂ meememefpepudmwmm qxpte@ehnent of a
car bohydrat e noi eti/ to the_asparagi ne side chain. Thus, the 25 presence of

ei t her mytatedpeptide. Insapexenwlarg smbadinent. iha psptideplulera pugatioadhat adds ent i al
gl VCOS%{JI@&' xﬂ&&%bhs%ns‘]%g%wéﬁﬁu% ¥?é%~°tx ey gde%ﬁdg S fileficd 0 the attachment of one

sugar (e.g., osan-i se, nmannose, GlcNAc, gI ucose,

B o iffogt LARE et b e £ wav@ﬁ g masanen” ¢

5 hydr Q&M&sé/&télﬁpéme@ﬂhﬁparg%r&ﬁﬁéh redOmbhd . RORy i Qmbphar@llyfros)deat i on sites

to a peptide or other struCture is conveniently  acconplished by alteri nq)
t he anghyoomclcthssuejinsnwpletaly glychstlated, ee;pmleg rarbolsirae respdues tiglt yeydyavat i on

sites dition. may al so berrae e on of one re 42

Yo So0urtsis e pS it ae R tunseny e ednifon O MeRfiR BB i Reipel

Yef er ablgar 54 inBhollof tihy iB0&ItRE, !h%%)bﬂﬁt!‘e%an etsiﬁhﬁltéﬂaeusweﬁee@gﬁyco §flatele peptide
(for O l1nked glycosylation S|tes? The addition may” be madé by nutation or

byi§ ul Iandzﬂmwbm wifhtd@si watst-selub egmbtmttethemupemqnd@ralm Tice. a'EheoBI@equence
f t th h t ly b
mut ot | G ne? rAnadifiGinedf SibtRn EpRR B periy b6 comBRRSL N, 1k,

codons y@eftof ANHAk8lyddiglata debtidd, %Pﬁﬁ&h&éu hombie® WAR dEGFhbI atigel ds. The
DNA rru?atc?tgn(s) arrygég\‘pre?eratgJeb made usi ng %et hod? known in e?I%';Fgﬂarlt [0171]

In an @egqﬂq fling

pol ynuﬁ&eg? [ g’% t.l 0 yngg{%%ﬁegggme%co éngltvg&gbe{ﬁé 3’ ?ﬁggfﬁﬁgmcd:a e

nodul apegtides dhthBNéan bhuifufatsdgepided, prmlused B?\h%eﬂmdf; khowg in Eheéartp sunbes sitof
conbi nat i on and, nut at.i on, random fragpent ati on

d
reﬁ‘ir f)'étvsgctr M REERCSLS- e%sylaﬁlappéﬁealdeelsr@a e—@{&gf rg‘i/-hp%féio ‘ilrt Anpy o

POl Y ITeE 381G Rnk SRES ¥ kbl R FRSR0dFRR sufardo the BB Whin oﬁ{rpc Nat | -

asparagine residue. The tripeptide sequences asparagine-X-serine and asparagine-X-

( .
L

threonine, where X is any amino acid except proline, are the recognition sequences for
enzymatic attachment of .a carbohydrate moiety to the asparagine side chain. Thus, the
25  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, Gch_\TAc, glucose, fucese or xylose) to a the
- hydroxy side chain of a hydroxyamino acid, pfeferably serine ot threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used.

30 [0170] 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
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,Sci. USA 91:10747-10751:(1994); Stemmer, Nature 370:389-391 (1994); and U.S.
Patent  NeSz0d1805 793, 5,837, 458, 5, 830 721 and 5, 811 p¢3us2bRbiEs4 The
present invention also prOV|des means of adding (or renoving) one or nore 15

sel ect egseieyERIMEHPEE - GIEBEUR: R fRRBlY (ine df HRLonl CRidAcd Rethid Be &#ﬂﬁéa i's

conjugated to at |east one of the sel ected gl ycosyl redi dues of
pept i deof tEnpeniide{EaO- bhlﬁ@cﬁlmlail@l gites). (lhe dﬁdttlonen%m:ﬂ wadabemutationsr desi r ed

ei thor. RORISHEATTRAMGEDOREAY Tl Fofl Fouda e RasetrEd: PGS LN “Thus.

~prior tﬂtcrﬁbﬂhﬂiﬂghghﬂlg&'@dﬂ the enms LgaY, phicalal$ BY inflRatidg e SN L eh@diny the oSy

residue is conj ugat ed to the 20 peptide by enzymatic or chem cal” coupling.
I n ahot PPide abyateisstrd b agpesugh %@4%36 ii@rgeﬂﬁateﬂélﬂéﬂi vl teanglhtgduipdie desired s

“altered fied th | of
car bohy @g&ég;@%@g@@ﬁh@gm £ Rt FURREs Bl S 87 5 00,
0173 | . of. b h t t th

. yco]pe@ﬂ?ye e TR PhBtiniR), ST UaR FUF B éﬁ@x&&ﬁ%& y. Cheni cal
degl ycoyy,aicmﬂdbss L S e S engédlgg9e&k&a@@g&ﬁud@h&wp}%ghﬁtcafwﬁmﬁm

pol ypeptide variant to the conpound trifl uororethanesu nic acid, or an
equi val snfiliop ppooends. ONAsshuffbag sertrocass of tesuuswelrb@mtuhaimnazydnuﬁaﬁmst or all

su S ex t e |Jnki N- acet cosam

colt gBt et i rme ™ e R ot A gos e rpBls RS FGuted toresemily of the

degl yco I i ophys.
deg! YSZﬁ%{ ﬂt@nssg % gmﬁﬁ%& gi@gg réa%%én&'ﬁhk@}'ﬁ%@éé?ls?%% e St%ﬁg{& 11%)9 A %caﬁ phy

Enzymat Sa. US@&\II&@MT)M&%MW&MWV@W@& 0c189-38dI (1 pedit antbURaPaent's can be

achi S and exo-gl ycosi dases as descri bed
by Thot&RﬂtSaéog%ggtg 8%%‘?18 %3%9?5%3935%2333%50 (1987). 43 WD 2004/ 103275
PCT/ US2004/ 014254 [01741Q ° t IfMddili~ oa~r~i gi~o0"osyl noieties is

car ri ed®Bdgl pyh %HVSQ"rttm‘feéE%ﬁ]FQ BEPVISE Msans ofEadldinge(or Eeraydng)iodp opmostigar
f
o B Rl gL AL SSRGS 90 BB RN o

‘used i nofidef thé satemsd glycossaﬂ&aﬁum:tfhwpe ﬁe atihk p@sangabotdhedt isageful,dotli scl osed
in US. Patefnt Nos. 5, 876, 980, 6 030, 815, 5, 728, 554, and 5, 922, 577. [ 01751
Exerrpl a?%ﬁ“&’c? FeTrLS dﬁ%ﬁ#ﬂ@ cprjpsasetheanedified sneaeip e selacted alysasyl igeidue gt ar e

not ’?ae:ltﬁgl fo? Pg#é‘r)tt e?ﬂ%ﬁgﬁé’éﬁ i3 hBF@tfge‘ﬁf iy Elésﬁ‘g@ﬁmt BLYC oYL Blop and O | i nked

gl ycosylation; gl ycos noleties t are acceptors for a
gl ycosytdupling henaied {ughr taragieptide the sebpaxlagycveylanddin Stdodjugsted (withef r ee
car boxyl (e) fre sul f hydryl groups h_as those of 10 cystei ne;
()24 reBcH% ﬁs)@wrg%tmssc %IE}LCH{ cuplifg sk gpihesem ediment, dinglieosylgtion

hydr 0?<y Eé'lﬁ BPa §1g9%peﬁgﬁ9{£%‘1ﬂc{eh)p?it%hg}‘t§% sgrgﬁg}atﬂ)ﬁ IS GoalreRREMY b RN ne,

tyros! nremoval of a carbohydrate residue from the glycopeptide. See, for example WO 98/31826.

) [0173] Addition or removal of any carbohydrate moieties present on the glycopeptide is

| accomplished either chemically or enzymatically. Chemical deglycosylation is preferably

25  brought about by exposure of the polypeptide variant to the compound
triflucromethanesulfonic acid, or an equivalent compound. This treatment results in the
cleavage of most or all sugars except the linking sugar (N-acetylglucosamine or N-
acetylgalactosamine), while leaving the pePtidé intact. Chemical deglycosylation is
described by Hakimuddin et al., Arch. Biochem. Biophys. 259:52 (1987) and by Edge et al.,

30  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 ef al., Meth. Enzymol. 138: 250 (1987).
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group of glutam ne. Exenplary nethods of use in the present invention are
described in WO 87/05330 published Sep. 11, 198%. and in Aplin and. ’

Wi st T. REV. BI OCHEM , . 259-306 (1981). 76811

e%gd?%ﬂ%@?nventmn provi despg met hod for(l [ nki) ﬁﬁ@gtgﬁ@}%ﬁg gpe nor e
ti h.. L ki 1y = The.li.nki ' f . f uyl
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st r uct pSmatiPbedie bR 6f yugae@elRtieisPréfdmbbf achided ukik@rmoditication 6T thé t ached to a
peptide, includes a nodified sugar (Le., a nascent intact glycosyl |inking

gr oup)methody B forth heseinsubstininsnajivenglyvodylomits fer the madificshsugesaispbt theles are

1 ket QRhN Bl Reoqsdr Ui Ra MRk s N el BELIES Y RS The

conforns ructure se 0 he“tart oon above:’

As sdesg;g7dyerh, 6Enejan s, 3,128, sonahd 892 677t he invention includes two intact
gl ycosyl linking groups (i.e., s +t = 1). The focus on a PEG |inker that

i ncl Ug@?ﬁ]mEx&hMﬁﬂsédac%ﬁM%iﬂ@er‘Qélecgcgéi ggélgi@%gési&lﬁ%lhﬁe,%gm%%w d not be "

interpreted as Iimting theidentity er arns of use in this
enbodi lireit¢d of (a) kendensusrsiteofor N-Gdkzd) glidosglation BEOnimled\ely@sflanat;i(bhal i zed at

a first termnus with.a first glycosyl unit and at a second termnus with a
secothGWE]()@Wosﬁm’f".etlﬁ&‘a? e ggceéﬁ)as é’éé&iﬁ%ﬂ?@ﬂ%‘?ﬂ‘a%r(ﬂ YW preferably
substr 3 ks | 8l of the
iret Ebfsghdmdhisiingty) Hos SabBiARRApsAc) ek ST I IBONR ith nhISTEGE

r eMpectyisteiriey (f) fiee hydokilcgroussacidds thgbeyafxeying .- tREGaing| yrdoslybiyproliee(g)i s

contacted with. the first peptide and.a first transferase for which the
i rst yppedsiids ches iBE Bbvicy Blnitt, hubgh sk Faipohan: or (e dmide

(pepti - | iz if3n% ; A=\g eac{t@bl
bept i eI B BTy DA R IR R Aol W TS S
friim §HY5330pubRsiedifept L, d 987 med sredphul apd fYiisden, TRIC £rse RAvd Brocuef.cpmse  f or
whi ch e OS g gl ycosyl unit is a substrate are added to the

(pepti i3 6?@ g osyl) i-PEG (glycosyl)2 conjugate, form ng

eptide)' -(glycosyl)'-PEG (glycasyl)2-(peptide)2 . Those of skill in the
falrolt Wi Iw%ﬂpé%é%q%%bg@?ﬁaﬁhgg‘h‘énﬁﬁg H%Wi‘{?gtaﬁ?ﬁb@la tmdipkingshGHend app T cabl e to

of 5 bigfiiReHERES RS HAGHE BRGE. T Nakifg PR 8PS0 e M AR g 0°, 1RC
[ 0179] bd selereddkmmptraipht-crapgidmaiched yhain sgucoids. Pe¢fsiabE, eschaefpingabed to

transferrin via,a bifunctional_ I|inker that jncludes an intact, ?I %/_cosyl
| i nki ndedinkerpWhichds atached ta peptide, inpladesipmpgi@iedsiganfi.¢. o8 maseentinfacihe hceH

conj ug ' ivo half-life that is increased over that of hGH al one
by vi r@ggosg?ﬁrtﬂﬁgggibgﬁ'er nol ecul ar sized of the conjugate. Moreover, the

20 [0177] Inan exemplary method of the invention, two peptides are linked together via a
linker moiety that includes a PEG linker. The construct conforms to the general structure set
forth in the cartoon above. As described herein, the construct of the invention includes two )
intact glycosyl linking groups (i.e., s + t=1). The focus on a PEG linker that includes two
glycosyl groups is for purposes of clarity and should not be interpreted as limiting the identity

25  oflinker arms of use in this embodiment of the invention.

[0178} | Thus, 2 PEG moiety is functionalized at a first terminus with a first glycosyl unit
and at a second terminus with a second glycosyl unit. The first and second glycosyl units are
preferably substrates for different transferases, allowing orthogonal attachment of the first
and second peptides to the first and second glycosylunits, respectively. In practice, the

30 (glycosyl)'-PEG-(glycosyl)” linker is contacted with the first peptide and a first transferase
for which the first glycosyl unit is a substrate, thereby forming
(pcptide)‘-(glycosyl)]-PEG-(glycosyl)z. Glycosyltransferase and/or unreacted peptide is then
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conjugation of hGH to transferrin serves to selectively target the conj ugat e

“to the bwﬂm,ﬁgg-,a exanpl e, one terninus of the PEG |i Heqhuda8esiizl i onal i zed
wth a CVP sial |c aC|d and the other is functionalized wth an UDP Gal NAc.

The lin NG ferase,
resul ti ﬁg{l érllﬁ‘)% e at t ac ntl?éégigﬁfl ﬁﬂ(@I I&i‘g Sd‘;&?ﬁ%ﬁﬁ iﬂdaasggér) m toﬁsgég%rl ne
and/ or fonmdarhi the seceond dlyeosyh ubib s dudbstrde herelddd © thal - SA si al i dase

t f f | ylt f
P sa PR HRERORE 70 delsipme T vosiionts S8Tnb G { Gl - Sh PEG: Gal NAc- ha
~ transf efpeptide) %lyoﬁéyl?%@%kl%&syb%\%nh@)meﬂhow8fﬂdil@ﬁ19§1§%ﬁ Wasppidepg above

can be carried throu as nman es as desired and is not limted to
f or i ngthat tbe n}ettgdt@ﬂwdwéew ls\abo @p}pluqabbstoxﬁcmmlg cejngdtes batwkemr moreNbarover ,
.. those of ski he art t.the reaC|onsfu tlonaI|2|ng
the- s nt e PRl s S e BiRlenteys s BER EGh MR dehilimt BEHBRE P o1 her )
i nker y&sléé&cﬁéﬁﬂel@)@ﬂidlﬂ& can occur simultaneously in the sane reaction
vessel , or they can be carried out in a step-wi se fashion. Wen the :
reactlo re = \M ced at
cach st B85 TERL AR cribBafhenl, by ollR dGhond HEARABMIIT RaliAEHERE
(e.g. ala)bmﬁaﬁcthmbhnlcéeﬂja;t inclifoled M@Maﬂflﬁnm@/gt{ﬁﬂm%ﬂﬂ%ﬁﬁmus bO®H33] " A
sliil  &.iei tYi| | nbodi ment is set forth in Scheme 2. Schene 2
sholts a Eﬁé@%@a (§‘Fhe&%ee§)athhﬁ§G§I AR A delfdifs thet idperersed gyFbt ei n,

1% e TR R o Bl ASKPANGE il a1

HSGP_ NSédnjugation of hGH to transferrin serves to selectively target the conjugate to the brain. For

example, one terminus of the PEG linker is functionalized with a CMP sialic acid and the
other is functionalized with an UDP GalNAc. The linker is combined with hGH in the
15  presence of a GalNAc transferase, resulting in the attachment of the GalNAc of the linker

arm o a serine and/or threonine residue on the hGH.

Scheme 1

@ SA sialidase C\ Gal
————— - il.'al.’lsfﬁl‘l’in/
SA . Gal

1. sialyltransferase
CMP-SA-PEG-GalNAc-UDP
2. GalNAc transferase
hGH

@ Gal—SA-PEG-GalNAc-hGH
Gal—SA-PEG-GaiNAc-hGH

[0180] The processes described above can be carried through as many cycles as desired,

2

l. '
RN

2

b

20  and is not limited to forming a conjugate between two peptides with a single linker.
Moreover, those of skill in the art will appreciate that the reactions functionalizing the mtact
glycosyl linking groups at the termini of the PEG (or other) linker with the peptide can occur
simultaneously in the same reaction vessel, or they can be carried out in a step-wise fashion.
When the reactions are carried out in a step-wise manner, the conjugate produced at each step

25  is optionally purified from one or more reaction compoﬁcnts (e.g., enzymes, peptides).
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\
Gal sialyltnnsfvau Gal - SA-PEG Gal -UDP hGH 1 --(/,11--.SUaal actoryl tnasfinsc
bSA- PEG Gal -hCH NSGP.5 | SA-PEG Gal hGH in which:Gis a glycosyl residue on

an act iwaghegh,pyger noiety (e.g., sugar nucleoti de) , WhiEhusdodyeanumerted to
an intact g ycosyl | i nker group in the conjugate. V\hen S Is greater than O,

tSIeSO]Iﬁl’szgp% %‘Eé-'{rhe %%}%@%ﬁ%ﬁ%%or O?ﬂ%&ﬁﬁ er S I E@ﬁ%%gCHg‘g%gzér Tnle)‘l’ e

10 pepietid df@hﬁiarlﬁg atconjupste klian k@gets 8 solettbd protdin, g phemad gtdveh hoanend,
invention. The invention is not limted hy the identity of the reactive PEG
anal o(éju‘éﬂnel\?ﬂﬁyncé%%SPS/ﬁ‘FéHC‘éiémh@Hl&Ofdhe seJBitsd BEOfRM-enegl ycol ) are avail abl e
comercially and in the literature. It is well within the abilities of one .
of skiSthem®2choose, and synthesize if necessary, an appropriate activated
PEG derivative with which to prepare_a substrate useful in the present

i nvention. See, C howik i cMshPagalUf| / Canc eT BISERER Bi ophys., 7: 175-186 .
(1984); Abuchows et\al, , sdvmiicol . \Che 2R Qirecomodp 2~ 3586 (1977) Jackson
et at, Anal. Biochem, 165: 114-127 ( 87) Koi de et at, Bi ochem Bi ophys.
Res. Commun., 111: 659-667 (1983)) tresyhate (N | sson et al .; Methods
Enrynol . 104 56-69 (1984); Del gado et sadigieehnol . Appl. Biochent., 12:
119-128 (1990)); N hydroxysuccini nmi de derived active esters (Buckman et at ,
Makronzol . Chein., 20 182: 1379-1 198 smaéoup‘pi ch et al., Makrornol.
Client., 180: 1381- 1384 (1979); @ 0 et at, Cancer Bi ochem

i ®phys., 7: 175-186 (1984); Katreet”at Pr %“’"‘“ﬂafﬁ Acad. Sci. US.A., 84:

Bi

1487- 149 nura et al., r Res 51: 4310- 991); Boccu
ot at 1 phichly (1A §lgtassEsicR B a8 4Stg e MORLY (i iehl ROk B A
POLY( EsTé‘é‘ﬁle% t@aﬁ@@aﬁt Sidkér g@uﬂ#%\‘!o‘?@lg N@Vﬁér@@%&i&r HER! AT ONS)
25 Harris, Ed., Plenum Press, New York, 1992, pp, 347-3 Zal i psky et al.

Bi ot eaha@:lharyAbpkmggquxﬁmehrasGamA@@@%MA(:MZ) Ver onese et at, Appl.

Bi ochem Biotech., 11: 141-152 (1985)), im dazolyl fornates (Beauchanp et
al . 4011?82] Btealze ofircatide de?ﬁmﬁ\'ﬂes(ol‘m {or Belicg dinkere) toalttach Bhootmorel: 1641- 1647

(1988)) 4-dithi opyridines (Wghjren et al., Biocorjugate 46 WO 2004/ 103275
Pa#/ UgDine maigtiexo the linker is withighe gcope oftheyp mpﬁ pEentipng e ippgniionds g

S0 018 ISR PSS RO S e PO, 0

ur et h@ﬂ@(éthﬂkﬂ@ydlﬁ} ae avaibble@ngn@uiply and imthe |1Nfﬁhtacb Rk wekk wlthuethanes e, et
al .

abilities of one of skill to choose, and syntliesize if necessary, an appropriate activated PEG
derivative with which to prepare a substrate useful in the present invention. See, Abuchowski

15 etal Cancei Biochem. Biophys., 7. 175-186 (1984); Abuchowski et al., J. Biol. Chem., 252:
3582-3586 (1977); Jackson et al., Anal. Biochem., 165: 114-127 (1987); Koide et al.,
Biochem Biophys. Res. Commun., 111: 659-667 (1983)), tresylate (Nilsson et al., Methods
Enzymol., 104: 56-69 (1984); Dclgado et al., Biotechnol. Appl. Biochem., 12: 119-128
{1990)); N-hydroxysuccinimide derived active esters (Buckmamn et al., Makromol, Chem.,

20 182:1379-1384 (1981); Joppich ef al., Makromol, Chem., 180: 1381-1384 (1979);
Abuchowski ef al., Cancer Biochem. Biophys., 7: 175-186 (1984); Katreet al. Proc. Natl.
Acad. Sci. US.A., 84: 1487-1491 (1987); Kitamura et al., Cancer Res., 51: 4310-4315
(1991); Boceu et al., Z. Naturforsch., 38C: 94-99 (1983), carbonates (Zalipsky et al.,
POLY(ETHYLENE GLYCOL) CHEMISTRY: BIOTECHNICAL AND BIOMEDICAL APPLICATIONS,

25  Harrs, Ed.,, Plenum Press, New York, 1992, pp. 347-370; Zalipsky et al., Biotechnol. Appl.
Biochem., 15: 100-114 (1992); Veronese et al., Appl. Biochem. Biotech., 11: 141-152
(1985)), imidazolyl formates (Beauchamp et al., Anal. Biochem., 131: 25-33 (1983); Berger
et al., Blood, 71: 1641-1647 (1988)), 4-dithiopyridines (}Noghiren et al., Bioconjugate
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Appl . Biochem Biotechnot, 11: 141-152 (1985). 5 (0183] In another exenplary
" enbodi MRAG 2oduifsdrHVeENt i on provides a nmethod for extendp@pusiodfor42ss
bl ood-circulation half-life of a selected peptide, in essence targeting the

pept i de@‘h@ YS! @Bt@wgﬂéﬁlﬂaﬁéﬁﬂam@ Bungedriahg {SHED W&MM&@—M—@F{M@}D) c or
natural i\{ﬁ@%@ Iﬁe S ffICI ent to__retard the filtration of the

pr ot ei PP¥Ee & 40093, igpusditp Mpichdd ¢f alg (R Ptherdinkinggrowrsi nent
of the it} dto 10
al bur nmé‘??%b%%‘héiﬂk’%‘?%‘iﬁ%dﬂéﬁgn%ﬁ%? ard bR e, SeRiithd SRS

nmodi f i ciapl.dtipchest Béateci@ok- HEGIBASZIBSS}N bumin C. I bum n PEG SA- CIVP
X=Activating group |I hGH albumn )-PEG SA- e [01841 Thus, as shown in Schene
3, & rdeisdle Inengther ammr;ﬂa@moaimm ahalnventddn prbbided ﬁlme&lodff@ﬂt)&blﬁﬂngf\ﬂ th a
reactive PEG derivatiyv such as X-PEG. (CwP-sialic acid in which X is an
15 act ithabload-cgrelapion balﬁhfe o selpsted pentide, rsesoncs cyaeiingdhe perfide trike PEG -

deri vat S V\/m ch
dor! vahusy 46 DGR 8ROR DSARY SARLAC LEhalil fudbf SHSLSL Sfclgr

s- am nerefafd thy Silinstidnsofiteapioeth by the gtl(hﬁerhEuszyglr abby[mmc)cisalz r§iemest aThiof t he
PEG- | i nker toformthe aIbumn conjugate. The CMP-silaic _acid of the linker

|s enzysrhodanent of s ipvegionds ¥lystzte E‘F‘Patlé“ﬂ%@hﬁglﬁ)wﬂd@%tedewg Gal or
1 f t
20 7 M R OB RSB L g 00 1

forth eé\éﬁlseover the nethod can be practiced to form conj ugat es that
i ncl ud 3’[han two protein noieties by, for exanple, utilizing a
branched |inker h 47 WD 2004/ 103275

PCT/ JUS2004/ 014254 Ghubih A pebyeQemp donor speC| es
("nodi fied sugarst) are pref erably selected from nodified sugar

nucl eoti des, activated nodified sugars and Todi fied sugars that are sinpl e

saccharides that are neither nucl eotides nor jactivated. Any desired
carbohydrate structure cafi-5&¢§88ed to a pipt si ng the nethods of the
NRe

Vi

g ke gLhanubyp et %. -

invention. Typically, the structure wll be accharide, but the
present inventionis not limted to the use of nodified nonosaccharide
sugars; oligosaccharides and pol ysaccharides are useful as well. 101861 The

nodi fying group is attached to a sugar tety by enzypatic neans, chem cal
means or a conbi nation thereof, there le‘gngnad_q%ieg%)\a_ D ed sugar. The
sugars are

[0184] Thus, as shown in Scheme 3, a residue (e.g.. amino acid side chain) of albumin is
modified with a reactive PEG derivative, such as X-PEG-(CMP-sialic acid), in which X is an
15  activating group {e.g., active ester, isothiocyanate, etc). The PEG derivative and hGH are

combined and contacted with a transferase for which CMP-sialic acid is a substrate. Ina

i .
e

further illustrative embodiment, an é-amine of lysine is reacted with the N-
hydroxysuccinimide ester of the PEG-linker to form the albumin conjugate. The CMP-silaic
acid of the linker is enzymatically conjugated to an appropriate residue on hGH, e.g., Gal or
20 GalNAc, thereby forming the éonjugate. Those of skill will appreciate that the above-
described method is not limited to the reaction partners set forth. Moreover, the method can
be practiced to form conjugates that include more than two protein moieties by, for example,

utilizing a branched linker having more than two termini.
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TO supstituted at any position that allows for tﬁ_-é attmachrrent of the

nodi fying noiety, yet:which still allows the sugar to function as a
substrate for the enzyme used to ligate the nodified pgygRhodiRIiRE PEPLi de.
In a p?‘é‘?%qﬂi’[é?f’zg?rbodi ment, when sialic acid is the sugar, the sialic acid

IS su &@:ﬁ‘é‘ ~g4.th the nodifying group at either the 9-position on the

pyr uv n or at the 5-position on the-amne noiety that is .

nor mal{d1854c ailydidicd ¢ljicosyd idahdspaciesl(“niddli fiilBigarsl nare erdfarablyeetzotbidfesihs of t he
present jnvention, a nodifjed sugar, nucl eotide i utilized to.add the

modi f PRagiiaseat frolentides grimded res@#ﬁf? YEATS Fmﬁ@&rié%%faé??ﬁmma e used in

the p : d ' i ' i fobs oRmM,i ' =, di-
R U et i S
mofli f bedddedyara peptiieoding theisetbalsaxfitdinventom. alvwibially] $he ssidere WiFbad ycosi de,

or a GDP-glycosjde. Even nore preferabl.y,. the 20 nodifie ugar nucl eotide ..

i s selwg‘%fcﬁ?r gﬁt t-EfE)P‘:e@%Hté‘&‘feBE‘é? “Lfl}ﬂ%l-héﬁ e &p e 9 ,mogﬁgﬁdsgl ucose,

UDP- g ' B - =1 ' or CMP- NeuAc.
mgn@%&g%rsﬁg%m e%hargeéé‘ ahll geﬁ@acc%{f?% 226 LSRGk el

N ace of t sugar "nuc es are also of use in the

met ho t Lny-ant i on 0 The | bon: al Vi s for

synt b ngfhe HEHRAME Byely FHE oL NRAFBbID PR Rl ShethS SHEkEA

nodi f ingAngat 6é0bRatior hedE ther€ M) Prdduciagd maedifitd sugaei The sther se nodi fi ed

sialic acid is used, either a sialyltransferase or a trans-sialidase (for

(A8, 3-subsiieted akany ositigaitkptaHovys fardbe ytachment ofihe moddyingtmeigty, ypiorkioh | n

ot her di t t dified s Med [ (. S r. Actiyated

modt 500 2G5 B tiegn D3RRy b EE A of s BB A R B medibd ol a1y,

gl ycosgigeso WY septidavi @%‘éfbrx_%ﬂ e cahdrysidld RieT thosigas thelsaRpagigt | vat od

| eavi ng group. used herein, the term "activated |eaving group"” refers to

t hose iprgibstiuiasd wilh thernedifyieggionp atigithsr Hectippsitiemen His-pyrasgi Side shamugiabophi | i ¢
bstig ution..reactd ons. i vat . inthe art. 48 WO
3004/ Thsso8Rh RO ing Yoy W6l IR B APB R G 0R MR 10, 0 G
CARB TE. CHEM STRY .AND Bl Q. OGY, Val. 2, Ernst._et .at Ed,, \WLey-VCH
VA5 adU R TR G SRS 056 DreReRdetDion s Mot suRRsIoRde 15 34 6419
(1993)yiiapanrRthe Rlodfled sugar t@ﬂliy pepli&r Exerﬁglﬂ:t;y %lelﬂucﬁée%@% dhrat ﬁrgjul%gcl

Exanpl es of activating groups (leaving groups) include fluoro, chloro,
br onp,in Bhetssent inyertsanein, thetesplidied fost acludemutleatide soner, darmt ttiplosphites

Preferred actjvated | eavin rqups, .for use.in the esent invention, are

t hose & Ratiogy bk GeT syt Te R dmpo b BF ppoced sk o HrEI0E i ARRATE ¢ 1 anef er

of t heyr@h ¥aASP-48,doside m%%, o $GOIPAS 1R8I de. %@n%é@%rﬁ%ﬁ%@,@ﬁé“ s of

activated glycoside dbrtva I ves i nclude glycosyl fluoridés and "gl ycosyl

medy| anedificdwugar ngtioatissyis sdléaiat framsiniéPRgapatase UDBrgalachrseméne, 8DP-Among t he

gl ycosg\ftlxcofsé,%t’gg?gc’osgrhglg,l &B‘i’g’ﬁ%{n@se, GDP-fucose, CMP-sialic acid, or CMP-NeuAc.
N-acetylamine derivatives of the sugar nucletides are also of use in the method of the

invention.

[0188] The invention also provides methods for synthesizing a modified peptide using a
25  modified sugar, e.g., modified-galactose, -fucose, -GalNAc, and —sialic acid. When a
modified sialic acid is used, either a sialyliransferase or a trans-sialidase (for oc2,3-1inkéd

sialic acid only) can be used in these methods.

[0189] In other embodiments, the modified sugar is an activated sugar. Activated modified
sugars, which are useful in the present invention are typically glycosides which have been

30 synthetically altered to include an activated leaving group. As used herein, the term
"activated leaving group" refers to those moieti'es, which are easily displaced in enzyme-

regulated nucleophilic substitution reactions. Many activated sugars are known in the art.
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10 fluoride, a-nmannosyl :f|uoride, a-glucosyl fluoride, a-fucosyl fluoride,

T a- Xyl os¥o hdo4Qodse, a- sialyl fluoride, a-Nacetyl gl ucesausiydeisbsiori de,
a-N-acetyl gal act osam nyl fluoride, J3- galactosyl fluoride, (3-mannosyl

f1 uori deertbBeghupasscadibphizdl CARBoliveREYE ClkMeThERND Biorz@dyo 6, 2 ghor i de,
(3-sialyl fluoride %‘3 N—acetyl gl ucosam nyl fluoride and

( 3- N acteh EdaWileo¥s lag: WeudreimeGameanynsd00p Keflema eval., feirpbadyok LBy. way of
"'ustrat o q%%ceﬁyegheéd UPkL ORBi G20 DL PEEPRNGR 449N L he Tree sugar by
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| ess st@lae é’d@&”ﬁésﬂdte @ster, triffatd Sst&H @ ORY likd | Mefeld@ b vardciaghy ﬁ%ﬁTd\){}’t hca“ be

prepared by converting t he peracetyl ated sugar w th ‘HBr/ HOAc HCl to
20 gendpruse in He pagsontanyantibnoave Hwse that Ho oof «gnifidiitly stemicell yrextivatber ils: r eact ed

h fl f d | |
Fl uor e Rl GrSRebe R yBiedie B B8 Aroralot SOt oo aed wubeyelat on with
mld (Galivded glgdosRRRrik VIS LlRARR! %iﬁcﬁ’)sﬁ ﬂml%é%%ozsﬂ | Ghign, many

gl ycosyl fluorides are conmercially avail able éctlvated

gl ycos ﬂymwllﬂmtld@selmr@arﬂmlapbemmfmw Amg pothe ghobiyd ﬂabmﬂm bagdactasyl known to
those of skill inthe art. For exar%w gl ycosyl n%lat es can be prepared
Ot r dorgnto-srnaossl flvgridp, aesiyspsyl upriden dueasy) fiyaside efxviemsl Bueride, ot h

Sfiﬁ'ps”f‘%ﬁfb@?d? SN R s BT I i SR R Bttt Agtebiar o an
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one pr nore of the term ni - of antennae bea

When ndlueritifghisielybfloaritief fiNigeaplighicysansingt fhagidednd ¢ N&Bet@lgaﬂi@ﬁﬂﬁxﬁh@fll de
having an antennary structure, the oligosaccbaride is useful to "anplify"
t he modiupyidparefaostpiefeiesdleh ol i gosaccharide unit conjugated to the peptide
attaches nultiple 49 W 20041103275 PCT/ US2004/ 014254 cop i'es bPth
rnllpt i i[0E8yi g?»)gwe}a[:)f iusiativh, ghypesytl Buorides cge be pedpaetitont ﬂred‘re:efsuga:t@pi cal

chel ate, of t vention set forth. | the dra encorrpasses
nul tiv 1‘%‘%8%'%@85 Bée spgg&np% eatiRe tovith Ilﬁ’&déne \gﬂﬁﬂ@ﬁ‘f”@\{?ﬁ $he invention
utili Z'tﬁ&n’éﬂyﬁ?ﬁﬁﬂl}%&st%&ablé%%ﬁr of‘@a@br&@étﬁﬁ‘(ﬁ%&ﬁﬁa‘% RS R zté" es ar e
known in the art, and the present nethod can be’p tlce W th t

wi t houtthd mﬁ}tcasylcﬂmon{iﬂl d#ithe fose mabrrapoued (zf%th@[}glmﬁbé fhmadd) mdasmid itbel ow
The nodi f s can.be. -sel ect or rt to a

Dot ypoge e Pihadted B R e e BErCe e mienb orih Bk WRgiErta s i el ude,
butypar eAQhte! thebidRibricbroRiiRas RloPRAr TREQKENRLIAS i is) 1%9&@@91% a fluoride salt

phar macodynam cs, inproved biodistribution, providing a polyval ent species,
| mpr ovesdch as silver fluoride to generate the glycosyl fluoride. Acetylated glycosyl fluorides may

be deprotected by reaction with mild (catalytic) base in methano! (e.g. NaOMe/MeOH). In

H) addition, many glycosyl fluorides are commercially available.

[0192] Other activated glycosyl derivatives can be prepared using conventional methods
25  known to those of skill in the art. For example, glycosyl mesylates can be prepared by
treatment of the fully benzylated hemiacetal form of the sugar with mesyl chloride, followed

by catalytic hydrogenation to remove the benzyl groups. -

[0193] In a further exemplary embodiment, the modified sugar is an oligosaccharide having
an antennary structure. In a preferred embodiment, one or more of the termini of the

30  antennae bear the modifying moiety. When more than one modifying moiety is attached to
an oligosaccharide having an antennary structure, the oligosaccharide is useful to “amplify”

the modifying moiety; each oligosaccharide unit conjugated to the peptide attaches multiple
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10 water solubility, enhanced or dimnished |ipophilicity, and tissue
targeting. . Water-Sol ubl e Polynmers [0195] The hydrophilicity of a sel ected

pepti dewigSeeaszed by conjugation with pol ar nol ecul epepugihodg14354 NE- .
ester-, hygr oxyl - and pol yhydroxyl - contai ning nol ecul es. Representative
exanpl @gik et EbarMh; AoREEHE peplide driczenBl ¥M&ﬁ@%fa@:fiii¥ﬁ%ﬂ¥ﬂa%1ﬁ‘tﬁé ne, and
15 pol yethers, e.g., poly(ethylene glycol), mpoly(ethylene glycol),

pol y( pnegwibe ae sttyierdh jn thexdpoting pbaisy trneenngbses aniltivalerd spedirsrregulang fiom

pol y(al kyl.ene gl ycq ieties. Preferred water- solu Qlyners are
essentf & PEA Pﬁgﬁ@’éﬁ%‘ﬂ ‘?H%(S)Pu ‘?’?’Hﬂgsa\ﬁ'cﬁ’?teémﬁﬁyrﬁ ﬁ“ea%ﬂ? ag%ﬂnq‘rp’uor escence
that teshafll€ sintARBE SRMNBWA ih e A6 BndthedrédedPMEHGE A B@PmEicémwﬁﬁ tRmsay. i
Moreover, it is generally preferred to use polynmers that are not naturally -
océur rwitlpus ligataon.20 An exception to this preference is the use of an
otherwi se naturally occurring sugar that is nodified by covalent attachnent,
of andoh®] eBkdrhplafyemgdifyiponotips gl dsvasgibeliw)., Thpmbylifyiapprens cghpeol ),

bi onol ecul e, ther aE,eut i c nmoiety, diagnostic noiety, etc. | n anot her

exenplsglegied footemahtlity fo impartdo 8 pelyweRtigpone sineery @WW%BS&“@& to a linker

arma =0 | pent | vy -caniu 0 a

pept | doepitiory BHAREcs iR, BUOEAREARIEL I AURRERUERIA USROS HRRCRd P D (o,
act i vgihannacidynahies,-ispravet diqdidtylbetion, prodidiag a palyivdieat geciesdhlprassednet hods f or
conj ugati ng sacchari des, and polyners to variqQus species are described in

t h‘é” | i watetolptality cenhaperd ordimpmshsd hipaphifigity,fad fisshe targehe-pol yer s i ncl ude

activation of functional groups with cyanogen brom de, peri odate,

gl ut ar | ' i des, 30 epichl orohydrin, divinylsulfone, =
car bodT & f,%ie ﬁ@%& hal i des, trichlorotriazine, etc. (see, R F. Tayl o},
.(1991) 5OI i .l S I%E*FUNDA NTALS Al APPL| CATI ONS, rcel - ~
Dekker[,mﬁt Y. ﬁ%‘w‘g‘\’%ﬁé’ @,\(Tal ed @E%Ewaasu El‘]r%g@ﬁi\%é&‘? TN AND so WO
2004/ 138 ulbs m/aym,l&ﬂelélzﬁgdmkyﬁaﬁ&pbl H#@%%ﬂmd?eﬁﬁin@kﬁ@@&ﬂég.' fon; G T.

Hei manson et al., (1993), i Lt zED ~ AFFI'N LI GAND TECHNI QUES, Academnic
Pr ess, Reprasentapiye axanmples inckude,drut agdiot ipdiednematyly simeaolyetiylorucirpeand/ERY

el g ety Y PRSLR R ol mipdty RO A 50, PP E er SR D Brown <0
t hose @fly@pldpylenkitlda®), aid otBaDANG/1 p6E {dlkyleRe glREAT hictdtig. PReREESARE-

i nvention. The termwater-soluble polymer enconpasses species such as

sacchatolubde pelymgrs arg eseentidly mflupsesceity at eyoit ewshea minithal pobyitsifal i ¢ aci d) ,

hepar aps, hepar.i etc. ). pol am._no ids). nucleic acids; synthetic

ol yre LreLER hilpey Sk oseprcfiale o MR Ak s MERG i BGSRer yl ene

gl ycol Morde@pt, iitde Benepd1Bf e Rred 81 Gsd fiftyhbis @hat BRendiRER My dQukiyeidaf) mMay be

practiced wth ané/]_water-sol uble polynmer with the sole limtation that the
20 An exception o this preference is the use of an otherwise naturally occurring sugar that is

pp)=m}

modified by covalent attachment of another entity (e.g., poly(ethylene glycol),

| poly(propyleﬁe glycol), biomolécule, therapeutic moiety, diagnostic moiety, etc.). In anbthér { )
exemplary embodiment, a therapeutic sugar moiety is conjugated to a linker arm and the
sugar-linker arm cassette is subsequently conjugated to a peptide via a method of the

25  invention.

[0196] Methods and chemistry for activation of water-soluble polymers and saccharides as
well as methods for conjugating saccharides arid polymers to various species are described in
-~ the literature. Commonly used methods for activation of polymers include activation of
functional groups with cyanogen bromide, periodate, glutaraldehyde, biepoxides,
30 epichlorohydrin, divinylsulfone, carbodiimide, sulfonyl halides, trichlorotriazine, etc. (see, R.
F. Taylor, (1991), PROTEIN IMMOBILISATION. FUNDAMENTALS AND APPLICATIONS, Marcel
Dekker, N.Y.; 5. S. Wong, (1992), CHEMISTRY OF PROTEIN CONJUGATION AND
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pol ynmer rnust include a.point at which the remainder of the conjugate can be

attached. [.01981 Methods for activation of polynmers can also be found in

WO 94/ W3Y/10128 pat.  No. 5,324,844, WO 94/ 18247, \ESHUSYN4OB254). S, Pat .
5,122.614, WD 90/13540, U.S. Pat. No

No. 5,219,564 . . Pat,.. No. .. 5, :
5, 281,‘5@3?'55“& G#@%@‘?K%?S@@Pﬁ%@é@ﬁ Gnd- Hejranspreel - GRPB L AMMOPHEE® act i vat ed
pol y Mol RARLI TSRS ) ' L a 7 |
haenogl obi n (WO 94/ 09012(%13,9’ %%%gl# %Fgﬁ'ﬁd%n%éguﬁ'éa%%qggg#%c
4, 412 D3gop ANt BRue DECHSRY Sdrmimp A pepainmSedseV V6@ nveseriain at, App.
Bi ochejn. . Bi gt ech. 1:141-45 ( 5)). [01991 Preferred water-sol uble
pol yrrgjrhgmé(fa?eg?ﬂ‘a%'e“{aﬁ %ﬁOBhng‘s}ég antial proportion of the 20 polyner
e polyner are of approximtely the same nol ecul ar

i I f th
ot VL9 Lc M BTGl PaEIETs Hbeowh gntiare pLTSb e ariroraes wisbvn.

0200 K [ Wl [t e ference to a
pol y( SRy BRefSesat TRYEd e e ol PR e B S R s
conj ugasaechdrles(ag., deiaayanyiost, hpdogoaihsid, poly{didid 460d)] heasdnsZRdpagns, and
conj ugation of PEG are avail able. See, for exanple, Harris, 25 Macronol.
Chem Ci)apaly (emipo agils); amelercrpgutsy synthcsicpelymave e drolytaceieysislogy 135: 30- 65.

(1987),; hpol .- : =37 1992) - Del gado et
at ., °1y¥¥%@%?f‘%‘§§@’i° é’fé‘ﬁ?“%ﬁ‘%@%ﬁ%&ﬁgﬂéﬁw g“?qu‘%s t@%i%‘?@. ' 249-304
(1992)nvetidn pakpe pBictical withiget wateCbolable. pcbymérSOitilthe sokABhaticanHatBhadr a, et
at, Pha{ mazie, 57:5-29 (2002;1,. \[yOZOll_The ol yet hyl ene gl ycol) useful in

f or ni REIYMFE TRIShinglde @ peint phwhich s femsindes vithe isenjugae can heaitachedbr anched.
[02021 The in vivo half-life or area under the curve (AUC) of therapeutic
gl-ycoil&98i dddctbads fozpefivatien efipripmens oan alsowgtfoundsiol WHI ¥/ pad3gnEhS Patich as PEG,

o s b 240 OR300 PR06S TR DEPLIRENERR eyt o

or m BEG2(AT4FFE® 9y 354000).S.IFaE NRSSR 11dv8] &nd MbROW(RI3/$5 7, andlfsiecr eases their
surface- and functional group- accessibility, each of which are dependent on

t A8 sicogupttionhetwrg agtivaiedhpelymerstand pspidesi ag. CHgutatioadactos VITH G¥0i npr ovenent

of pl lf-lives.o in proteol.yticsstabilit nd 5 a decrease
in i n%gﬂggg%i‘ %?%ngoﬁ)dn ke"péa§ |2€@§?a é’g?%%ﬁ?%%m@%ec feb(yéélyalt “%| nvest. 89:
1643- 4!@5989%9%)1&0153&6%%g@er@iidd%&nu@@@gﬂﬂ@ﬁbseQhﬁmAﬁﬁWheﬁthp! . 29
113-127 (1980)). PEGylation of interleukin-2 has beénh reported. to increase
its addi4n®? (398fBncy in vivo (Katie et at Proc. Natl. Acad. Sci. USA 84:
1487- 1491 (1987)) and PEG ylation of a F(ab')2 derived fromthe nonocl onal
ant i bq@ipon7 Pra&ricdprateresdlviblespdlymens akroihakd marvhion a Gkbstarial proportib@ cdittheBi ochem
Bi28phys Res. .Cornnun. 28: ]f%?? 11394 (19%0}),3. .Thusl, in another preferred
polymer molecules 1n a sample of the polymer are of approximately the same molecular

weight; such polymers are said to be “homodisperse” or “monodisperse.” ‘

~ [0200] The present invention is further iliustrated by reference to a.poly(cthylene glycol) or
, ;} monomethoxy-poly(ethylene glycol) (im-PEG) conjugate. Several reviews and monographs
on the functionalization and conjugation of PEG are available. See, for example, Harris,

25 Macronol. Chem. Phys. C25: 325-373 (1985); Scouten, Methods in Enzymology 135: 30-65
(1987); Wong ef al., Enzyme Microb. Technol. 14: 866-874 (1992); Delgado et al., Critical
Reviews in Therapeutic Drug Carrier Systems.9: 249-304 (1992); Zalipsky, Bioconjugate
Chem. 6: 150-165 (1995); and Bhadra, et al., Pizarmazie, 57:5-29 (2002).

(0201} The poly(ethylene glycol) useful in forming the conjugate of the invention is either

30  linear or branched.

[0202] The in vivo half-life or area under the curve (AUC) of therapeutic glycopeptides can
also be enhanced with water-soluble polymers such as PEG, m-PEG, PPG, and m-PPG. For
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enbodi ment, the in vivo half-life of a peptide derivatized with a . .
wat er - sol ubl e polyner by a nethod of the invention is increased relevant to
the in WOE04HB275Li fe or AUC of the non- derivatized pBpVVaROPH3H3] The
increase in peptide in vivo half-]ife or AUC s best ex d .a range of
15 per&ahple;s %@%WPW‘EFW@"@E’&WFF‘FW‘%GI &@ryléﬁlmb&r r‘?‘h&ﬁéﬁﬁg 5f per cent
incre .S %olBRHsi B80S ARe ank00Ye AP 50% or
about agg%%}? 1%?8%55;)%?%?% of %%Z%%@rdgﬁgggﬁsgﬁ)%%%u?ego%@ abotlljt 8gl§/)<;uﬂ,about 100%
about dcoesbility, eash@f twhivh ab degend&0umn the fiad pf BEGEMattached tothegmygteim| ecul ar
weight, e.qg.,. 5 kDO, 10 kD, 20 kD, 30 kD e of use.in the present
vent TR <5t B Soeures: popsme ARG PO andin et GuburAHD: e
modj f i £epdiEein ﬁfﬁﬁﬁ&ogf@ni‘éi R4 B34k upldie $ChAffed &1/l HeLTR! Bhef 88! 18aodi ment s,

t he bi onolecule 1s aTunctional propeln, enzynme, antigen, ) antibody,

pept i dEA51MBRID; Byaidk et alehay. Comimpy! €hamdPatbol Kiewmacoln®| 1d3s1276d 980)).

aci do) EEpERo! issEpi s Teen ERonR i Rerae i BRGyPor polsty] rel g
bi omol Scil B9 akgr. SRIENGd: AlSY, 83014d7- Y5 1BQ98M) an@ PEE T TatiSh 602 & (4 mal  amount

of fluorescence that they are inappropriate’for use as a fluorescent marker
in an dgway fronMbeanwmcionak antibodie Adrhak liipproved és bwobrtlocalzetitn (Ritdmgmalegés t hat

are not, sugars._ An, exgeption to, thi r.ef is the use of, an,otherw se
na(fq.lr aFh élogg%’ﬁ'r‘?‘f’ﬂ]@’ssg@g o, 2 ﬁ@éf@ﬁgﬁmggr%ﬁﬁ @?ﬁhc‘&tp{%fﬁﬁﬁ%nt of

anot hegm Gaiinkt, {18 vivoDEE1:0 160 Hglragﬁié' &rivﬁﬁ%ﬁ?ﬁl&'& fatdofible Rﬁl&ﬂﬂi‘ B3kl C
noiety, etc.). In an exenplary odi nent, a sugar noiety, fchis a

bi onol method of the 15Peniion 200/ed ST vRCTH US2D04VOIMPER orcdC-afdbe mali-Ct Y" a" | f'*\J k
‘rtart il kgfééf t; ".augar-l i nker arm cassette is subsequently conjugated to a
pept i dEE VAL BROPASY of the invention. [0207] Bionol ecul es useful in
practici nglet he present invention can be derived fromany source. The

bi ool B2l3kes The incswase wopeptide i viserhalfdile ar ALK is best exprasprd asarengeobr oduced by
5 nt G- Pent i i epti des.
Nuf%/tt i @ér?ééngén %%Qgﬂhé{@%hh%s%ﬁ%g%”g%%#gggﬁiggPgb&gﬁtgﬁc| r é’?% g%m{r%rut agenesi s
or ot hgp%natns 6%, abott 8Y¥%gabour 1 @0% patsouk hHYws dr@bbﬁt@@ﬁ‘y&leSé(iélbﬂer end bhtheart .
Peptides useful in practicing the instant ionventi on i ncl ude, Ofor exanpl e,
enzy meEnee i abgeH0%.abopblie ebouh G acabsubl 20% imers dransaboah 256%6- e t her

pol yclonal or nonoclonal; either intact or fragnents. The peptides are

opt i onHIZ04l 1EEGheoistodelsany msleeniprweighireef, kel lda, HyigPandoi) kPp@e®f Bot h

nat ur aj Iey. gﬁrived and synthetic peptides and nucleic acids are of use in
use’in thie present mvention.

20  Biomolecules
[0205]) In another preferred embodiment, the modified sugar bears a biomolecule. In still

further preferred embodiments, the biomolecule is a functional protein, enzyme, antigen,

'\
—

antibody, peptide, nucleic acid {(e.g., single nucleotides or nucleosides, oligonucleotides,
polynucleotides and single- and higher-stranded nucleic acids), lectin, receptor or a

25  combination thereof.

[0206] - Preferred biomolecules are essentially non-fluorescent, or emit such a minimal
amounlt of fluorescence that they are inappropriate for use as a fluorescent marker in an assay.
Moreover, it is generally preferred to use biomolecules that are not sugars. An exception to
this preference is the use of an otherwise naturally occurring sugar that is modified by

30 covalent attachment of another entity (e.g., PEG, biomolecule, therapeutic moiety, diagnostic

moiety, etc.). In an exemplary embodiment, a sugar moiety, which is a biomolecule, is
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D conjunction with the present invention; these nolecules can be attached to
,a sugar residue conponent or a crosslinking agent "by any avail able reactive
group. P¥I0 BREMELS, peptides can be attached through @CraseotnmeszEm ne,

car boxyl , suifhy_dre/l., or hydroxyl group. The 15 reactive group can reside at
a pept | difughtdd o @dnEEr afn Addhy $igantiskaratmtcesstiveispeicgdenthainjugateiic kei ¢

aci ds can he %ttagﬁlple‘g g&%ou h,.,a reactive group on a base (e.g., exocyclic
am ne) BYaR VAR TEBP W&B‘QW group on a sugar noiety (e.g., 3 - or

5' _hydrﬁ?ﬁzl)' The Qe tide ?nd nucl ei ¢ acid _chains can be further .

deri vat aBuRdcgles Pl practicing the pERReRidRvantien sin be Aerived frem amppr opri at e

react i Vg @t e ' | ' S. 24:
20 3031 5050 uﬂ(q%)gdg? Qe‘sllg‘gso%?% rli:soéa% ufr?ﬁe’lramﬁ Aol & %1%% g%‘?lr’rééﬁ’é%?%e |
bi onpl esywitteetic snaileidec Peptides cati beastiuthgeppidpd drdeutatedgiepiided. Dyuthfiens@hibeds of
the inventi %M%Fa.%sageci fic tissue, thereby enhancing the delivery of the
pept i de At chemicay mufagengsisy e dirqaied mpgasnesisor gRBE Mepnt 9HBdupRht | de t hat
i's del i Va6 Wi thd ik I Pkti AT ; g i ment, the
amount of de?éi@}ﬂoti zeéﬁ%sg%??{élel HgtSH% e'ilfleglgyd) %s(%ﬁ%z@%@%@xﬁ%ﬂpﬁ@%g within a

sel ect enveitim ipande dor examplaacydebyantigedsy attitodids and baceptors. | &asbodidRah 20%

nore preferably, at |east abouyt 40% and nore preferably still, at |east
about  20BET P¥]§§18H?1I05r/ ,moﬁ‘Pg‘f’Bfi‘ if"éﬂlef) I35 OB Bgpasnts -o{nl? BFRjisdes At apsiopalbat i ons

[ ”Ci(}’deth%z)%c{ﬂééio?%proé?&lﬁ%@ﬂﬁéct@d“& eggnds for cell-surface receptors. [02101
In still further "exenplary enbodinment, there is provided as conjugate wth

bi otin. T l.e.. | i vel oty nyl d i.de i
o1 abor 212288y BRras R AR Sg SRRt B AR BE IRy boar i ng
one~pr  ganencoion withi tRepigtedt Rfventich; Wose Hiddch (b3 240 b ST cHER RO4 sishe Rfdue /&' apl

Etitit IWX Cttes~ [02111 In another preferred enbodinent, the nodified sugar
i ncl udeSPTRPYNSEY o FetipssHRlRpE agspt by Impavailgblegradtive grpuph & oa example) peptideseci at e

that th ' r . c t uti.c noietd es and
bionDIe%%ﬁggﬁm%%ﬁvkﬁﬁgﬁg?%%ﬁ %%Hﬁgv%&ﬁﬂgiﬁﬁeu¥?gbgigﬁ@??¥%§ngﬁe§h%otentiaL

[ 0211 fehaetitehgrompeditrieddent Bldpade Ramine opgentise iﬁieﬁﬁﬁ&)’th@@\%ﬁﬁ&@&:aﬁx@r clinical
use or they. can 'be drugs whose use is experinental, or ose activity or
mechani Naplgic agidsicam be attacherbihroyghagepstiysiereny ommhbaseiegagaemiclic amine) oBaN can
have a i I i I: t 5 nl .y hypot hesi zed
o shour HLF B Glbth B BB AT P8, 3533 BrarckPl] FsPERIHR 10

enmbodi nedleic abid chiies epeid futthedeaivhig®dak enconmoreniiss torlioshfortie: Rtich@esicr eened

for their ability to interact with a tissue of choice. Therapeutic
moi et i 8 BREEPREIGACRCIYSEreHPs PRtojRaERalR] figr, (IFEeY @fﬁ-d\@{d@_?ﬁ’ﬁéfﬁ?i}@ﬁ- HMicl ude
drugs f 56’3’1‘-?‘0@(‘?9&6)? ange of drug classes having a variety of
[0209] In a further preferred embodiment, the biomolecule is selected to direct the peptide
modified by the methods of the invention to a specific tissue, thereby enhancing fhe delivery
: ) of the peptide to that tissue relative to the amount of underivatized peptide that is delivered to
the tissue. In a still further preferred embodiment, the amount of derivatized peptide
25  delivered to a specific tissue within a selected time period is enhanced by derivatization by at
least about 20%, more preferably, at least about 40%, and more preferably still, at ieast about
100%. Presently, preferred biomolecules for targeting applications include antibodies,

hormones and ligands for cell-surface receptors.

[0210] Instill a further exemplary embodiment, there is provided as conjugate with biotin.
30  Thus, for example, a selectively biotinylated peptide is elaborated by the attachment of an

avidin or streptavidin moiety bearing one or more modifying groups.
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phar macol ogi cal activities. Preferred therapeutic.noieties;are essentially
non-fl uorescent, or &®mt such a mniml anount of -fluorescence that they
are i napSr WHHIBRE for use as a 15 fluorescent marker i RCHNSHY4/IA254br eover ,
it is generally preferred to use therapeutic noieties that are not sugars.
An excEigrapmiteHIQeRe&  pref erence is the use of. a sugar thatis -<nodified by
coval e tt Q[B%g; . i : i l.e,:

t her ap@ltﬁl ?]c ﬁ{:m)l et y,chI, Flggﬁ%@ﬁdé& %%‘li’ e e’ymgélig@? %ggﬁ?iﬂﬁcgﬁefﬁtgér%% elir‘-5 112?(1g%| ary
enbodi Tede of gkilllie tapetiviltappsegae tiom ety isicvedambetgatrethetoategoty ofker ar m and
the sugar-1inker armcassette is subseque tlly go C glju ated to a geptide Vi a
a met hidgrapeutioraoicHyeand Hemolegslesy mansy hipgelegrics ﬁwﬁ @Pi‘%@}l%ﬂf@?%@% T ¢ and .

di agnostiGi.pgents to various other species are well known to those of skill
inthe art. See, for exanple Hermanson, BI OCONl UGATE TEcHMQQEs, Academni c

P , 1 1996: . Eds.  PO_YNER D UG
o vEISPTE B Brerdd B R TeP bR e o Bl af5A st R B of ey BB
Soci et g 485 WhoSH e is BferimbRRL or Wlbhd dctlvityadt riechR@blof acikiotiviaet . t he

t herapeuti C noi etél S attache_d to the nodified sugar via a linkage that is
cl eavethvesiigetion el katherpewivdneiciescanthaaap PsPXEnEGHON W DEYER discasgstate But ar e
not limted to, a.selecte H.(e. 0, stomach, intesti ndocyt otid c

Vacuol 0 Sy rpRaiEHED G oG TePls - BhoiTE sy 9ol EU PRAGH ase.

oxjasghbodiinghi, thehBarapéitid dietidsi € comPoldlywhicE akSRh L5 @6 4HeA Fotheirknown i n
the art. See, for exanple, Jung et alL, Biocltent. Biophys. Acta, 761:

152- 16abilitydg Ryteragowith adissuglof choicgj Therappidigrmoicties whichsrg usefsbm gradongyg
Zarling et at. J. .lnn | .. 4: 913-920 (1980): . Boui.zar et at r. J. -
&1 oenofe Tt invepiof N Aroasieoh o Bud1aved Ok o SARne liepdls) - k)
t*1zt" phfmabAbEicsl dcfiiidies.. PlferredGherdpétic 1&Oiss 426 ewwBhtidlyehonafluoresbent, or

| runi unol ., 143: 1859-1867 (1989). [02151 C asses of useful therapeutic

noi et | ewitisng! aaéninfabameyat o flaoresesnce tlat dhayaare iappropriptelfarmeetasay dr ugs

( | DS).. _The, NSAI DS can. faqr. exanple, be | ected.fromithe 5 follow ng
cabbgontargseipeierin Gk MioRSR8RI0h etferBLSCIE O ffndiiCn: Ve,

f enam goagies thatl@reintBbigees AP eRRPAYH erthiQtiferdncad He 488 b akiguethagd oxi cams) ;
steroidal anti-inflammatory drugs i.ncluding hydrocortisone and the like;

ant i hi Brodifiedity covalgnt atiackyment of paetharesnititaspleas a PEGpbismalequds, therppautigssi ve
drugs Q. £ onet .. cogdei n 1.bhen r.het nt ane) ;
ant i prlfjﬂ‘r%ﬁlefqy’cdlgtﬁ)éé%c '?@%%.P %?HE?I g‘z?%?%%%‘?ﬂ%@%@%@ﬁ%@?ﬁ agﬁ?r?%ﬁ% Ci ner gic
10 dr ugsgal thofkty isSCOARPateditd @ lingér A 4Rl thd e TRRENEM dB¥RRAP A)bsequintlyenet i ¢
and antinauseant drugs (e.g., c¥cl i.zine, meclizine, chlorpromazine,
bud? . | sonivgatedsingy Reptide Hiaggaethed gi the ipegigRet ami ne, phent erm ne,
chl orphenterm ne, fenfluramne); central stinulant drugs (e.g.,

[0213] Methods of conjugating therapeutic and diagnostic agents to various other species

are well known {o those of skill in the art. See, for example 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

25  Society, Washington, D.C. 1991. |

[0214] Tnan excmpléry embodiment, the therapeutic moiety is attached to the modified
sugar via 2 linkage that is cleaved under selected conditions. Exemplary conditions include,
but are not limited to, a selected pH (e.g., stomach, intestine, endocytotic vacuole), the
presence of an active enzyme (e.g., esterase, redﬁctase, oxidase), light, heat and the like.

30  Many cleaveable groups are known in the art. See, for example, Jung et al., Riochem.
Biophys. Acta, 761: 152-162 (1983); Joshi ez al., J. Biol. Chem., 265: 14518-14525 (1990);
Zarling et al., J. Immunol., 124: 913-920 (1980); Bouizar et al., Eur. J. Biochem., 155: 141-
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anphet am ne, net hannphet am ne, dextroanphetam ne and net hyl pheni date);
,antiarrhythmc drugs (e.g., propanolol, procainam de, disopyram de,

qui ni di nwo Wagmismisde) ; O- adrenergi c 15 bl ocker drugs (ecg/us20mbiapsel ol ,
acebutol ol , betaxolol. |abetalol and tinolol); cardiotonic drugs (e.g.,
milri noHE’,“(*lQSﬁ)E‘“ﬂﬂiﬁ@FEﬁdﬂ‘“ﬂﬁﬂﬁ@?ﬁﬁ.MIz 20021 (hI986); Brewuitigtht w3/, (Rn@nol.,

enal apri'cds,_ {%%J ? @d 8§ hydr al azi ne, m noxidil, guanadrel, guanethi dine);

di ureti dt ?? G 9am | ori de and hydrochl or ot hi azi de); vasodil ator drugs
(e diltiaze.n, am odarone, isoxsuprine, nylidrin, tolazoline and

ver apanﬁor"}sl valsees oé patelitheraprutig enqietic incleren fancsampist aen-sleroidal gotiam ne and

*anest noERET bR INSHIRE), M AREANT: fin, LhARREL BF BBt ChBRT 4Tl ney

ant isde moﬂewargtcatthQSS (eg.gpropiowicucithddrivativebe sdefic aaitlrd%rw@ﬂﬁds [ f6Rdhicl 4201
. nortryptiline); Hé ?urlrzer and sedative drugs_ (e chlordrazepoxrde

benacyt Vﬁ%"esb'e‘ Gaehacylc aqigl d?ra‘?é‘ﬁﬁiﬁndr%?a@i@} zﬁtﬁéldal
E;Fggélrd}g%ﬁ m@ﬁﬁ' Oﬁbgfyhi%%ﬁjé orr %ﬁg’raﬁtelﬁlgéngﬁ@yanggr’ Ch{oké%g? lﬁ%ﬂ m cr obi al

drugs (iaiptoiiired eanltlaisslvadrtllgf; Ung adext@nictiprpli-ng a&lemeaﬂﬁaﬁiﬁ}iheﬁlah& drugs).
[02161 Antimcro drugs which are preferred for incorporation into the

pr esentCar %P&B%‘Pf?) BWIH%‘PWES feerr» BB pdrimspREnckAtigholcEge abl e sal ts

Cet ey HERER L s Ehtarl, SERARC R | W AS ) A BngObd SR Do
capr eongrag(e. gc,l‘d}mhheeglmhchmne chhl@pioaiazaybidlinime);expierio @doysldfe, clindanycin,

et hanbut ol ,  hexam di ne i sot hi onate, netronjdazole, pentan dine, gentanycin,
kan: clreﬁrzp QTRBSRACNIT M e dARDbenteTEme SRR bisaRing) Conlr shyralant érugh éagy ci n,

e S RN e BT AT g A i

6t her | i éugs (dy. divapatiotdl) prokidamipe,atidopgiangds, h@ltﬁnﬂlﬁé eﬂﬁbaxhlﬂé?rﬁ-h%mtr fzl ude
anti neopl astic drugs g &g i anti androgens (e.g.., leuprolide or flutamde),
OPEHP

cytbci delrckegdnigs (¢ &: grel arppetool, b@wlubb@ﬁawl a@‘éﬁﬁmblh)ﬁ@w@:ﬁhmgpham de,

bust! ! Qe lap Alionc! bl 6N LT PRGNS grle Do hatipl Len)

t hi oguaglonidine, Wddating Inideddil duahadrt banethadise)adierefia dngisY0kLQ Fﬁﬁnl'@ﬁﬂ@dn@gent S
for both di agnosr s_and therapy, and conjugated toxins, such as ricin,

gel danahydepehlorpihiagide)vasedilator gosgs (e8e ditizzear, #pwdrgoneerﬁowm@ﬁy@mﬂand

| at d t
Lo oL MR AR LA D00 e ¢ LASHETIGLACCAREHAS g o1 oo
nmegept r@llethytsetgi@)t rfielcer dngsed @ staaltidie, anduesiatiling] meametiddrgs (€.8.,9., 10
ci nnanedri ne, cycl obenzaprine, fl avoxate, ‘ﬁhenadrl ne, apaverl ne,

mebev er ligReaineqhipiyacaae, chiqropiaraing dikicamelor sarnélmlg En STy o | en)
antis paa&@ﬁhﬁm@ Mﬁrypﬁﬁlq'ee n&(ﬁypﬁﬁngr H&%quilizer and sedative drugs (e.g.,

) chlordiazepoxide, benacytyzine, benzquinamide, flurazepam, hydroxyzine, loxapine and

promazine); antipsychotic drugs (e.g., chlorprothixene, fluphenazine, haloperidol, molindone,
25  thioridazine and trifluoperazine); antimicrobialbdrugs {antibacterial, antifungal, antiprotozoal

and antiviral drugs).

[0216) Antimicrobial drugs which are preferred for incorporation into the present
composition include, for example, pharmaceuri‘cally acceptable salts of B-lactam drugs,
quinolone drugs, ciprofloxacin, norfloxacin, tetracycline, erythromycin, amikacin, triclosan,
30  doxycycline, capreomycin, chlorhexidine, chlortetracycline, oxytetracycline, clindamycin,
ethambutol, hexamidine isothionate, metronidazole, pentamidine, gentamycin, kanamycin,
lineomycin, methacycline, methenamine, minocycline, neomycin, netilmycin, paromomycin,

streptomycin, tobramycin, miconazole and amantadine.
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(e.g., diphosphonate and phosphonoal kyl phosphi nat e drug conpounds);
endocrine 1) nodul atihg drugs (e.g., contraceptives (e.g., ethinodiol,
et hi nylweswmmzﬂs nor et hi ndr one, mest ranol , desogest rIECITlU520041014234

medr oxy sterone modul ators of diabetes (e.g., glyburide or 15
chl or |d @éi)%l"ﬂla‘iﬁmm%@i Ustiimtpragticingsthe [pseseutrisvantios tingledemineoplagiicogens
(e.g.

st erone, ste r £ sterone anti-diuretics
(e.q. ,drﬁ%ss praggmn S’geé‘ﬁge Clﬁﬂﬁaﬁg &HP@ 8%? Bt §& )‘ldm%rﬂ% “Br esent
| nventqoRBrdicn, &Sl Qg@m?h&s@hﬂmdedb&htﬁﬁ Sﬁéﬂltﬁﬂﬁ per- mtérfemﬂj MEOSH0EER0I ds (€. g.,
trianci nol one, betai net hasone, etc.) and progestogens, such as 20

nor et Hegd rtaln@pfeaﬁ mmmtabphten@rgtﬂumrdumé mbtbotm@rtfgmctedtqpudwr oid agent S

| h )
o5 g ot ineled SRR R fioRbloe Ta¥ PadenBASTRG S 9 1
suppr %éﬁfo&&ﬁdﬂma PYORRE] teﬁ%ﬁh@'shéﬁ as M QAdBmiy8ind mytar¥BL h}d er gonovi ne

or oxytocin) and prostagl an such as m oprostol, ~al prostadil or
di noprid@sb pthe duecnmyding %cb@ml}@yemd E&tqd}zﬁ@mr&&ndranakgh@ﬂ thexsdkf yi ng gr oups
i ncl ude i mmunonodul ati ng drugs (e.g., antihistam nes, nmast cell

st abi | {0218]s , Thehbrapsuticareigndad alsarta/ oliormioned. y.Nmedioklyprogssteodng, |
trianci nol one, becl onet hazone, corti sone, dexanethasone, predni sol one,

met hy|g5tadial Sopelide, Megastale PHEAGHE OF semalpeaW)aBRRGle relaxant drues (pgant agoni st s
gggtg hi cl)?)ﬁrl ne, lhg C? gg&gg%xilcdhgf%xa%%%eg%&?em}) %IE an-@"?% Igarrrrai%lrv ;g/ﬁadt I Vi ty,
such agtodtinhd, ﬂdﬁeno;@ﬂ@ddh%oleﬂ@iﬂltﬂzﬁﬁ@ﬂbrﬁfﬂtﬂ@ﬁsﬂfcﬁkﬁ%gs domeaktive dfugsise.

Q her drugs of uselnc l}llnCtlon with the present invention will be @
appar g diphosppnatemd RO Owlkyiah%ﬁp?ma%iwgmmwmbﬁéom/ U82004/ 014254

R! ebgr f t ety and

t he m‘gz’é‘%ﬁg gsgﬁo%rcg @eégbcst%gékﬁé C]l%ﬂt’ougﬁﬂ% tﬁgdlﬁlég&g reac ive groups,

whi ch raesﬁ:rahylpdemgésyrcl masdsaXypragestetuyne), modulaibdsng dipbere $& g, glybugideew or ganic
or species that is unreactive under physiol ogically

functlonal grou

dp evaFﬁ‘thfBrc@BWcheDna&ﬁE‘) hegysuch agytestolactone oy stanpgalel, apdipgensdases), is | ocated at
any p Y actions
st oy DREV ARSI one TRERbymERBGHY EnBfins, GIF, FOARRERIR] pif 0
vveII keadodtoning).t he art of bi oconjugate chem stry. Currently favored cl asses
of reactions available with reactive sugar noieties are those, which proceed
under [oeigt i X&looriike th O Prbkért difentidh astrogdndqe g, BithyAL@baRérol) mted to
nucl eophilic 10 substitutions (e.g., reactions of am nes and al cohol's with
acyl helhsasesicoglst e ge iarcinadyne, betamethagent, Eicd apdipsegesiogenhsugteasy. , enani ne

reRct | norgt}nn%{']cgnea&gylrﬁod?orlSn(}rgthm%?(?n%n le%%ngr estreri',qhyr01d agents (e.g., liothyronine or

levothyroxine) or anti-thyroid agents (e.g., methlmazole); antihj;perprolactinenﬁc drugs (e.g.,
. cabergoline); hormone suppressors (e.g., danazol or goserelin), oxytocics (e.g., |
methylergonovine or oxytocin) and prostaglandins, such as mioprostol, alprostadil or

dmoprostone can also be emp]oycd

25 [0220] Other useful modifying groups include immunomodulating drugs (e.g.,
antihistamines, mast cell stabilizers, such as lodoxamide and/or cromolyn, steroids (e.g.,
triamcinolone, beclomethazone, cortisone, dexamethasone, prednisolone,
methylprednisolone, beclomethasone, or clobetasol), histamine H2 antagonists (e.g.,
famotidine, cimetidine, ranitidine), immunosuppressants (e.g., azathioprine, cyclosporin), etc.

.30 Groups with anti-inflammatory activity, such as sulindac, etodolac, ketoprofen and ketorolac,

are also of use. Other drugs of use in conjunction with the present invention will be apparent
to those of skiil in the art.
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- esters,

car bon- het eroat om nul ti ;;re bonds (e.g., Mchael reaction, D els-Alder
+addi tion nd j other useful reactions are di.5c faor exanpl e,
Mar ch, AE’\?A%E@@%% NIC CHEM STRY, 3rd Ed., John wmﬁ%&h 03 Yor k,

1985; Hepsn HALE 15 TECHNI QJES Academi ¢ Press, San Diego,
1996; ano VODI FI CATI ON OF PROTEINS; Advances in -Chemistry

Seri es, [0281] hQ&nemir&he m%arﬂomnya@dth%m@ﬂmg grovs inerigiked togatfer thrd@®2. [ 02221
Useful reactiye functional %oups pendent froma su nucl eus or nodi fying
group REPUYELCIHIE EBupsnBhich i typigasptransgrmgy! b&éhfb‘gséyng gm&ifén@mm%ru ous

deri vat o thRbieell bl didhlies Bits RfeabiUi:ack é;gglold}aégxgr cci ni mde

ydr oxybenztri azol e esters, aci azol es,
t hi oest egrgljtiops.niChe amaerﬂjlbtl\es&lmtmnahglbyﬁ(,s) ad loextyd at miymdsyionmdhe frganat i c
. esters; X r oups,, - can be nverted to, esters,
" et hers, mé}‘%%% 5 g%‘i"gpsa lasgss CﬁharFféP&‘PR?PSf’éf Sy PEctiGing thy I?Feﬁfﬁ‘é“}’fﬁmil% can be
| ater dﬁrérgbﬁé%ﬁ@ Wokdthat 7GR RRBWh ik the%?éf%ﬁdéﬁjhgﬁé ézﬁgglgi(slus)é | O an am ne, a

carboxyl ate ani‘on, thiol anion, carbanion hereby
resul t i fagoiied clasges ob veakdorts aaalﬂﬁximwﬁhtrcwhvasugaemogamslpreahosmwhialnrmbd:a&dal group

of the halo d dlen |Ie 0 h.are capabl e of

partici b‘%f{ ﬂvﬁ Y[iflnhfié r}ﬂ 812‘9 ﬁ@“@d@ﬁﬁ%’ie d fo pucleeniyice, mal ei mi do

gr oups; sd@ﬁmﬁbﬂe(*a%gd%&ﬁo&eéf&%n&r MiP3co h§ hak nats ﬁdﬂfx‘f@fetgﬁ ivatization
o) eri vat 1"V

I's possible via rmati on of carbony es suc exanple
i m nes, elhmﬂ@rsebstxtumswzen@nm&iee(ﬁh@nsa ail® adliTidndSa @arkod heind and

sext ucarb zones oP oxi ani nard addition or
al kyl |i ‘f%ﬁ‘iiﬁﬁ%ﬁ@?&%ﬂ“ “@fe)b z yﬁ’tj ﬁ?ﬁr’g’é“ @E@S’%iﬁlersaég’é’é’ahemesf’ éﬁ‘gt i on
wi t h arrbﬂnessuseﬁfpi»ea@ﬁ@fmr@dls&@sé&mor%Hérhg@mmsm%&aﬁo Be@hn@roups, whi ch
can be, for exanple, converted to disu des or reacted wt acyl halides;

(h) amn QEEMISTRY %ﬁﬁdr, )}d}hnng@p& Sovis, Mewcorkb £985¢ Henemmpj Bmmythcamsd

| kyl di f
Cyelbadab IR ARG Skt niSiaes, 108 S ety S/t MR OSEB des, whi ch
can reapkoinid Acfv@ﬁce@ YPORRistrf SeAES VN d 9oy AHR%Yin CRIRRUNGSiety)

Washington, D.C., 1982.

{0222} Useful reactive functional groups pendent fiom a sugar nucleus or modifying group
include, but are not limited to:
20 (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, etc.

25 (c) 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 ofa

new group at the functional group of the halogen atom;

(d) dienophile groups, which are capable of participating in Diels-Alder reactions

30 such as, for example, maleimido groups;

(e) aldehyde or ketone groups, such that subsequent derivatization is possible via

formation of carbonyl derivatives such as, for example, imines, hydrazones,
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[0223] The reactive functional groups can be chosen such that they do not )
participate in, or irterfere with, the reactions necessary to assenble the
react i WeOgMHM32iBicl eus or nodi fying group. AlternativdGIORPEYITH e

functional group can.be protected fraomparticipating in th 5 reaction by
the presence of Sﬁm&a’ﬁhaé%‘{)‘is'ﬁ"éo'{j%p?”'Fﬁé‘é ’6‘1’3‘5155?3?1}3 q%r{]}‘i‘ﬁ?r‘gP@dEEﬂ'agfstand how
to protect a pailyisihaf addifiGt;i onal group such that it does not interfere
with a chosen set "of reaction conditions. For exanples of useful protecting

TS S Goniayy] B Brodh S\ e g o g ISR BRI (e

foll ows, a nunbeulfofansifesi fi c exanpl es of nodified sugars 20 that are useful’
in practicing the present invention are set forth. In the exenplary

emgodi Ment gg) #isl @oliss, Mhich AR MeVRk ba(aendm& stnivEit@Pd dAsulfiles sdadtedwetheus to
which the nBdifying group is attached. The focus of the di scussion on
sialic acid deriaggkhalides;is for clarity of illustration only and shoul d not
be construed to limt the scope of the invention. Those of skill in the art
w || appr edqhptamitd@atsubthydnyl gloypfwhidihean sy farexamply, bedatedalbgatdtorvat ed and
25 derivatized ir)lcgﬁ manner anal ogous to that set forth using sialic acid as
an exanpl e. For © é?‘lié)l e, nunerous nethods are available for nodifying

gal act ose, glucose, N acetyl gal actosam ne and fucose to nane a few sugar
substrates ,(%ANk@mpSawbwh sa/idergn dof ¢xagple yelopddibensy acviatomddichber]. See, for
exl%rrpl e, El hal abj tonal - rr-. Med. Chem 6: 93 (1999); and Schafer et
at,” J. Og. Cherﬁdgl. 291!’( 00)). 30 [0225] In an exenpl ary enbodi nent, the

pebtide that. is nodifjed by a nmethod of the i.nventjon is a glycopeptide-
that is prgﬁu?ﬁ%‘aﬂ o %Lﬁﬁ&ﬂi@@%@%fggw@@? ¢, AURNES AT f}ydé%ﬂﬁy%wpen@m 's 59
WO 2004/ 103275 PCT/ US2004/ 014254 1ffclttdi 1g yea5t3lrtt hamina'1lln- %1
(€. 9., (0% ethe Rheti®¥ fuhflidRal £R059E8RIYe &Bké’f?éucﬁ'ﬂﬁht}tﬁéjﬁdo n&GRRRiREe B, ognd/ or

O linked oligosaccharide chains, which are inconpletely sialylated. The
ol i gosiaterfere widl, thhzeiackionsinecdsearylty asspmptel the réastike sugan ngclabis or modifyiagd

taini t er m nal act i d b | at ed, PPG.yl.at ed
ot her OB B AR 0B SO0 S € BORGIod B BT e
PEG si @hétfondf tHe FREINCBLE ¥ BrdiBingdRourHThdddr Skifdrhhe d#Cuhidathad Bowthéd MO 0-1

protect a particular functional group such that it does not interfere with a chosen set of

reaction conditions. For examples of useful protecting groups, see, for example, Greene ef

al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons, New York, 1991.

[0224] In the discussion that follows, a number of specific examples of modified sugars

20  thatare useful in practicing the'preserit invention are set forth. In the exemplary
embodiments, a siatic acid derivative is utilized as the sugar nucleus to which the modifying )
group 1s attached. The focus of the discussion on sialic acid derivatives is for clarity of
illustration only and should not be construed to limit the scope of the invention. Those of
skill in the art will appreciate that a variety of other sugar moieties can be activated and

25  derivatized in a manner analogous to that set forth using sialic acid as an example. For
example, numerous methods are available for modifying galactose, glucose, N-
acetylgalactosamine and fiicose to name a few sugar substrates, which are readily modified
by art recognized methods. See, for example, Elhalabi et al., Curr. Med. Chem. 6: 93 (1999);
and Schafer et al., J. Org. Chem. 65: 24 (2000)).

30 {0225] In an exemplary embodiment, the peptide that is modified by a method of the

invention is a glycopeptide that is produced in prokaryotic cells (e.g., E.coli), eukaryotic cells
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J

In which L is a substituted or unsubstituted al kyl or substituted or
+unsubsti fut ed heteroal kyl " 1inker noiet yjoining the sialic acid noiety and
the PEG WA RPY1933Rd "n""is 1 or greater: and OH HOH, CYEAYS2044IESHHn” HOB N

OHO S NH,O0:Q04 0 CH . i.n_whi ch | ndex. "s" . nt I nt
From o 1B gty e b . O cob i b i o anmal bt
gl ycosi géntdins NS ahd/600EhMM biodsh@naSdd MRiRSIBIchAfe RcbhpPleRay SHiy AL NPrACi d

(e.g., glycine) derivative, converting the sugar am ne residde Into the
cor r es pokgisaerhprida deins of thei slycopeptifledadidieg asidic acid Thé cerdainotg 4 tsrmhinelt ed with

an al do : " y rhboxylate 2. Conmpound .2 is erted to
he- cor PRaggieaed oD FE SRR b G S s roRed it Refidice.

f ol | Dweglakyadidt al yti ¢ hydrogenati on of the CM derivative to produce
conmpound 3. The amine introduced via formation of the glycine adduct is
utili ZebeQELaHX%H%BDPE@Fsﬁli@taEﬁ%?ﬁﬁﬁvemicﬁﬁ@Ct' ng conpound 3 with an

activated EG or G derivative (e.g., PEG C(O NHS, :

PEG OC(O) O p-ni tropbenyl ), produci ng 20 species such as 4 or 5,

respectively. 59 WO 2004/ 103 PCTI US20Q44014254 S'r hdS a W OH 1. CWP-SA
synthetase, CITP NH t. Z-d ycing-NHS HO 2. Me2NH H20 or Et OH HO 2. NeuAc
Al dol ase, pytuvate HO O'Na RJL-%CHHOCHlZNHZ NH2Z N OI \N

[T NOOQI NOOGP-O0 OGP-0O

in which L is a substituted or unsubstituted alkyl or substifuted or unsubstituted heteroalkyl

Iinker tﬁoicty Jjoining the sialic acid moiety and the PEG moiety, and “n” is 1 or greater; and

10

L1 } 3

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

[0227) In Scheme 4, the amino glycoside 1, is treated with the active ester of a protected
amino acid {e.g., glycine) derivative, converting the sugar amine residue into the
corresponding protected amino acid amide adduct. The adduct is treated with an aldolase to
15  form a-hydroxy carBoxylate 2. Compound 2 ?s 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

20 species such as 4 or 5, respectively.
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OHO CH ~..NPEG (;-NHS HOHOOH O .Na Ofl a HBB 0O O Na HOOCHa HOOH 0
PEG c~' -1rNH OH O HsN“® NH OH 3 O .ate/ CMP- SA-5-"NHCOCH2NH2

CVP- SA- WONHEGQAE2NH PEG PEG- 0C( 0) 0- pNPC CMP- SA- 5- NHCOCHRGIHUSE O IREG 5
[02281 Table 1 sets forth representative exanples of sugar nonophosphates

t hat ar éStldmie ¥ati zed with a PEG or PPG noiety. Human growt h hornone nutants
can be nodified by 5 the nethod of Schene 1. her dgrdwada y@saal&epr epar ed
by art-rec |zed etdipdswndee, for exggple, Beppl er efmahnm,o&goabi ol ogy
11: 11R ( anelhﬁbamdaﬁsc@imade , ﬁ -4 1049 (2000)). Q her
am ne reacbi (REG and PPG anal,ogues

eci al | e, or they
can be prepared Hret hods readily akc SSIb e to those of skilyl in the art. .
Table 1 N2 NH2 O 111 . OP-0OO0 00102 -0OO07l NO HO OHY0 *Na, HO OH O

:Na N HOO Na HO~CH RO O Na R-NH OH O AcNH OH O 10 CVP{SA 5- NH-R
OVP- NeuAc-9-O-R 60 WO 2004/ 103 FCT/ U004/ 014254 N2 N2 N NvSo o 1 11
N-~0 Ol NO O’?-OO'on-@? % Na ° QU Y YHO 0 O *Na
HO OH R-NFL Y, 0 ik ¢ 0A|\ﬁ oG O N o b

II > O 0 'Na HO OH N
oE SNy om © N
4

3
0
/ CMP-SA-5-NHCOCH,NH,

- CMP-SA-5-NHCOCH,NH—PEG PEG-OC(0)0-pNPC

CMP-SA-5-NHCOCH,;NH—C(0)O-PEG
[0228] Table 1 sets forth representative examples of sugar monophosphates that are
derivatized with a PEG or PPG- moiety. Human growth hormone mutants can be modified by
5  the method of Scheme 1. Other derivatives are prepared by art-recognized methods. See, for
example, Keppler ef al., Glycobiology 11: 11R (2001); and Charter et al., Glycobiology 10:
1049 (2000)). Other amine reactive PEG and PPG analogues are commercially available, or
they can be prepared by methods readily accessible to those of skill in the art.

Table 1
NHZ NHZ
. { )
i Ao Q Ao
o—F-0 0—-0 _
HO oH 0 *Na HO OH & Na/\g_j . N
HO S O *Na HO OH R-O =0 O *Na HO OH )
R'NH OH 0 . AcNH OM o -
10 CMP-SA-5-NH-R CMP-NenAc-9-0O-R
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R ——— N

,COVP- NeuAc- 9- NH R NH2 CNPKDN—S ORNH "N ol 11 NORNHO-P"N u
'R0 -'P- 0 VOO RPO10320H 0"*Na HO O O O Na HO OH HOO *Na Hartdszoeddisedd ACNH OH
CVP- NeuAc- 8- NH- R ClVPNeuACSORNHZ NH2Z N OOI NIl NO OP-OO0

OP-O7 ON HONH-R lo0-*Na HO O}t Na CN7 HO O O'*Na HO ~(fz. HO O o Na HO
OH AcNH J AcNH OH 0 OH CIVBNe NH-RNH2 CVP- Neu@c- 7- ‘7’2 N NO
11 C N OIN-O OPOO?N& 0"*Na N HO OF,O* N'ﬁ@"tiooo
Na HO OH O O'*Na j ugH,, Ac Ho R NH R CM? NeUAg - 4+ - NeuAc4- NH- R
102291 The nodi f# 'sphaioes of URMH IAga LH]ypr esent
~invention can be R0 kt uted in ot her p05|tma S Well as those set forth
above. Presently preferred NH
CMP-KDN-5-O-R . CMP-NeuAc-9-NH-R [ \I:
o \N o-—E—- ON’&o
i /& R-NH 0
0*—P~o OH &y
O O N HO A E+—0 O *Na HO O
= 0 +N'a HO OH ACNH—Gy ©
AcNH '
CMP-NeuAc-8-NH-R
CMP-NeuAec-8.-0-R AH,
NH, o f%i
=N 1
q ko o—F-0\ 0f °
o—P-0 0 HO :NH-R 0 *Na
HO O-R O *Na HO E—0 O *Na HO OH
) HO S 3 0 *Na HO CH AcNH OH o
AcNH OH 0
CMP-NeuAc-7-NH-R NH,
CMP-NeuAc-7-O-R - N*‘:: Ay
~ O s
o L oo
0—P-0"\ 0 on L2
HO QH 0 *Na HO 5 O "Na
Ho X & o TN-0""Na 1o o HOLAS ) 0 *Na HO OH
AcNH o R O - AcNH NH-R

CMP-NeuAc-4-O-R CMP-NeuAc4-NH-R

[0229] The modified sugar phosphates of use in practicing the present invention can be |
substituted in other positions as well as those set forth above. Presently preferred

5 substitations of sialic acid are set forth in Formula I:

@

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,
10 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
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51 substitutions of 'sialic acid are set forth iinnFormula I: NH2 O 1"

OP--0NO O7 R-Y XX-R11~0'Na R3-8~ O *Na HO OH < i

whi ch %%”"ﬂ"?-"’??ﬂq ng group, which is preferably sel ec&@fﬁéﬂo%é&% (-N(Hl)n
. -S, CH2 n | ect ed
PR, bR s R Rl o T OESe NARERUAELY o) o1 ©

sel ecitechpbuttnimbieey, @icm:tﬂe{ﬁfbé of athémaeie oy eAttanativedy, Ithmmsymioolsméprk(senk@ Y, Z, A
and B _are each in ependentl sel ected and, therefore [1 ?./1 can _be the sane
61 \/\dl@%&hﬂi%@m colbieeimer, Gleraentic Mgy, bomelasiie ofher R R- R4
and dgpresent H a water sol ubl e pol yner, therapeutic noiety,

bi onol ecul’e or other noi ety Al ternatively, these synbol S represent a

o 2ol EspmgAE ol s affne i g sonttEn S Ebsed MFERRGUOAE PEEHENS: o ¢ ne
ConJ ugﬁlﬁt@é té] Im:} @@adub@sr(@ allmlmd}a ac UPE@rzﬁ:y[l@Ikyl Pﬁm taﬂ@ua@yl- -
derivatives (e. Ci acyl - acyl - al kyl - PEG al kyl | - PEG
car Fambmlwﬂefﬁfgxmtﬁéé) PPﬁDd;ru@tlmee(?gu &R, acg- KB, wdaaéq :

P
o) o1 PR L TR b TR, 2T P, REERHa Chblet Bl iciie il 222& ;ﬁ SLex,

minnoﬁﬁnndi&fﬁlg BespRatp 1epRR R pardh HDH,, zh@mmse Jlﬁarﬁl,osf%ho‘gﬁﬁfe Sul9l Fedwis ,
chondroitin eratan, dermatan, albumin, int egrl ns, antennary

ol9 goXaE6HaVFEEs prqﬁ@phca@@,dram, keratan; desmaton; abumin integRs, GRCNRAY t he vari ous

ki |1 SfRRpra S phls SREGRY SR BhBi R Yol RRA s, O
Bl OVE toVPRlcb KA @NSicty-hre Maliilp Accekiibe it thobelof siRll emuie deugPor@or p., 19927
POLY LENE GLYCQL) CHEM CAL AND 15 BI OLOG CAL APPLI CATIONS, J. M Iton

Harri TPE@ENE RESCOY FHEMISTRY SBLPEECHNICALGRMD BIOMRNIT AaAPTHEATIONS, Jobiltey 1097;

e ety o, B R ] L LR AR K LA B R 02

Ses i eS{éfsdorcAiﬁﬁppnmemmrj Klikesri Hatris 0d.| ACS SypdsingSeries No(580,1991) .
American Chemical Society, 1997; Hermanson, BIOCONJUGATE TECHNIQUES, Academic

Press, San Diego, 1996; and Dunn e al., Eds. POLYMERIC DRUGS AND DRUG DELIVERY
SysSTEMS, ACS Symposium Series Vol. 469, American Chemical Society, Washington, D.C.
1991).

20  Cross-linking Groups
[0231] Preparation of the modified sugar for use in the methods of the present invention
includes attachment of a modifying group to a sugar residue and forming a stable adduct,
which is a substrate for a glycosyltranéferase, The sugar and modifying group can be coupled
by a zero- or highcr—ordcr cross-linking agent. Exemplary bifunctional compounds which

25  can be used for attaching modifying groups to carbohydrate moieties include, but are not
limited to, bifunctional poly(ethyleneglycols), polyamides, polyethers, polyesters and the
like. General approa.\ches for linking carbohydrates to other molecules are known in the
literature. See, for example, Lee et al., Biocher'nistry 28: 1856 (1989); Bhatia et al., Anal.
Biochem. 178: 408 (1989); Janda et al., J. Am. Chem. Soc. 112: 8886 (1990) and Bednarski et

30 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.
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- Soc. 11

. 20 Cross-linking G oups“{:02311 Preparation of the npdi fi ed sugar for use in
t he ‘met Ivoolsosafiodzhe present invention includes attachmeot/usfoosommsii fying

group to a sugar residue and formng a stable adduct, which is a substrate
for a gﬂ%‘ﬂé&s&fm tmmlayageteggmﬂzowgmcoqrwatmobffawmtgctgd ouljfhyaiayl daeo theupl ed by

a zero-_or I. Cr.oss-lin nt I functi onal

conpourid& it gﬁﬁezlge?%rgﬁ ﬁ%‘hﬁg rquf?(mggtgg%ﬁ @“ﬁ‘ﬂﬁlﬂ 1I%n%(%roups to

car boh 1ayleltﬂm;&bmeﬁate ﬁr&d thelg defrdtechi th@@hlfh&drm fof thrhBtioR bf&'ﬂﬁﬁﬁﬁ@m

pol y(et yl enegl ycol s pol yam yet hers,” pol yesters and the |Iike.

Gener al OH%W@;&'@H%Y?r‘BﬁTYﬂﬁYhRﬁlﬂgl@@(ilBGﬁ@EﬁO&pes to other nol ecules are known in

the literature. See, for exanple, Lee et al., Biochem stry 28: 1856 (1989);

Bhabi a {&233él If SRR detrimBintaheaffectsnBe alilisy céfjtﬁeﬁl)t);iiﬁkdmdgaﬁbaeﬂasa J. Ain. Chem
qﬁ (f1990 n(g Bednar ski et WO 92/ 18135. In. the

di scusﬁ YFRSYIRARsIGTaTe alg, pae p %f&’f‘rir’il)’e"fd?ﬂ&?fﬁ%"séwefsr ey dE“’éfEh’qu‘i‘eé’h t he

sugar kit B%c@t?&ﬁi%ﬁéetﬁ@ A'rgshsagg@fo fom% diQaHge 9&1& 2 discussion is
for clarity of ’il ration hose” of skill 1n the art wl apprematethat

the di smirshiolan¢ geapls valhgprimary armdaest ingantly nmupmracimgtdnmnpmiecftgd ndfhgdndp as .
2004/ 103275 P /U 20 14254 uAh cxe a}y' str-ate' gy;
1| nW)t \?é‘gv}gﬁé%ubeé?o a}l%lﬁgfﬂo d%gt‘gé‘lfosrﬁ‘? ngzlﬁﬁ%alpﬂi-?s E’Gg;?[ usi ng thgy
hetjgr o k
18 %éd#%kfrﬁtb@ﬁ!@ ot &P h YIS, wilthiDis Tdtel dSHdEG 1R 1cHhgi l'%ﬁ.f/&d(rybﬁnu?or Corrmation

pyri dyl di t'hi o) propi onate and t'hen deprotecting the sl
of a dupmdwcf:déreeb@hﬂwdvlt An gaaht dase, teaintorpdragdd anifhyd:gl isoitief tpireagt withwgher 5

0233 det b . e t
o an GRS a5 B bl B, = 1
crosslinkers as 2- | not hi ol ane or N-sucm n| m dyl S-acetylthioacetate

(saTA) I4se i poye iFcaibe TS CHARIAr 204 RtIBRNNG! ke attee 1 e
pri mar xn@e?ﬂneﬁ%tﬂe%fo@m Yl a@@%’i&‘?ﬂpl@tthﬁ%aﬁﬂe HELRYiR tdﬁ*férs&s%a % g5yl onto the

am ne- cont ai ni ng nol ecu So reacts W|t i mary am nes, but 10
i NdSr paredsbsking ﬁm(mc&hfym guh;b hoytlie peptidehiRol cxaanﬂ:la,t'EPCHeﬁ}(:Etkagﬂyaidgt} Iusi ng

hyd | | f , h d
T s by pgidR g nESu (16 lomurds s feroap iy posas R aE CTeast SOt oy dr v1
l'i ke SRDEhi @ Iﬂaea&%mﬁ% ngﬂ Fevibhdl gﬁd?éép‘ﬂxkng %qodm%&@fﬁ&ﬁ,e figscri bed

strategy 1s exenplary, and Imting use int

i nvent |formm@aﬂgdrazomrslsdmdrﬂem@nah@hyedrwﬁammon bﬁthca:amsshnkﬁmﬁdi therpec[bﬂ:iter ent
strategies far r ossl i pki t nodi, f tothe tide. For
exanpl e%eanp@a@@l ?25 ﬁi’ﬁiﬁ] ?rai}?lil\’@’% @Ve@'&y e ﬂ%ﬁfﬁ@ﬂ% iR ppRBAD iy

((20( 2-drBiPonth dukar TRhEARLA bR B@ﬁo%%%ﬁ??)ﬁ%drtﬁﬁ%ub%%lg%ttl e@sreaqudr ate

noi eti €8 that have béen previously oxidized by mld peri treat nment,
thus faenjigatorg skehdisdaomiag dontfidedtondebetvhen toymipaeinte porti o of t.he
crosslinker and the periodate

[0235] If disulfide bonding is found unsuitable for producing stable modified sugars, other

) crosslinkers may be used that incorporate more stable bonds between components. The
hqterobiﬁmctional crosslinkers GMBS (N-gama-malimidobutyryloxy)succinimide) and

25 SMCC (succinimidyl 4-(N-maleimido-methyl)cyclohexane) react with primary amines, thus
introducing a maletmide group onto the component. Tlie maleimide group can subsequently
react with sulfhydryls on the other component, which can be introduced by previously
mentioned crosslinkers, thus forming a stable thioether bond between the components. If
steric hindrance between components interferes with either component's activity or the ability

30 of the modified sugar to act as a glycosyliransferase substrate, crosslinkers can be used which
introduce long spacer arms between components and include derivatives of some of the

previously mentioned crosslinkers (i.e., SPDP). Thus, there is an abundance of suitable
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gener at ed al dehydes. .¥PCH and TPMPH i ntroduce a 2-pyridylthione protected

sul fhydryl 20 group onto the sugar, which can be deprq,gce[% 1 L) TT and

t hen sdﬁéé‘i’ﬁ‘i@ﬂ 73’/ used for conjugation, such as formng dsl%g?ﬂ\mfllg‘%é bonds

bet ween. 1SS ][,‘..‘1 230 ]| i fli i i siitabl e for

pr odu%r‘f!f’gf s% gtgl e rmaJ?P il’eg%%?%%lagrfﬂ 1%1? Ser gg%c?g%g%l n%?%tﬂr%ay c{eﬁqﬁts[,ﬁcé‘g t hat

i ncor ppkiatabpemide cenjapite abdnodifivdisugaprodumpionent s. The  het erobi f uncti onal
crosslinkers GVBS (N-gane-malim dobutyryl oxy)succinimde) and 25 SMCC
(succipp3g dyA v_érié@"‘oﬁéa?bﬁfk die- el hyinbaire Heh@xaivaknts e Mbdific® Figmmitam nes,
thus introducing a maleinde group onto the conponent. The nal ei m de group
can subsayelentanchemicat erogglinks §ior rawavspicresslinkiag seapsntscogposskinkinghi ch can -

oot ROFIiEn 8o ik VRL Combionr e 1T B2 KRt oF 47, L Chlfbyfot =2 ©

conpongniis BNavaEs & Biumé;.t(hloﬁiehbﬁ?, SRREHRER] &d8.)Fpt B2 ONibRaN@PYdky 30 of
the nodified sugar to act as as-ggg%/cos | transferase substrate, crosslinkers
I

can be98seld TwH-cMe. Frpaenicl: 09pE53: Mattsen soalnddel. BspRareATs1%nd i ncl ude

deri vat,VE§)20 .of th reviousl ' | i nker [ SPDP) .
Thus., %erwr it 3R el @EoreBE by TRBHGRPS bl i Bipb kB or s
~r dssldreaf@d ffopEvdiotelzbro-Rugih, hdiEebifthdinbl, afld hektebifinsctbahlegbatinkigpendi ng
on the effects it has on_ optimal peptide conjugate and nodified sugar

p ;Iﬁgﬁcr@a&sm& Zomsbngth ojessliakips erageria dnohide direst %@B@gﬂ’ﬂ@nrﬁfdwlﬂynmﬁ%w?orrpo nent s
0 e r Ntr . e n A evi ews
of cr oeuRihl bR8et HERaa Mt duehil BEGRRRL WAL AR LRI Gipatthof et
Enzynmy disidfide Botidk teSong t ¥i2 ca alAnottdr ekhmplengre@pemeyhat Bducd. , | n: ENZYMES
As DRUGS. (Holcenberg, and Roberts, eds.) pp. 395-442, Wley, New York, ~
1981; cyndengatiqn of ageripxyEapd ;pomaryoaming gpogrio forry g8 ampige benshsush e .| Mol .

Bi ol . e 167 , Wl 8 _JunG ol : kel iy by

ref or RERyihos BB Todic b bl R A Do B R B

zgrs04 enffoiate hambedbdayiditridaadle. [andditien e thebt Shontibalasadents, Gfesdnzpmieng 10
reagents. Zero-| eg&lh crossl i nki rlljgaﬁrrleagent s include direct conjugation of
two i rifgnsglutamingsg riemylpentidesy-gluiamylgansiens &t 2672 b et be wsgi@s gaioer i al .

Agent j i i : |-S. cat egory.
Aot harhR e litsas i THhisRzine cfall S hck] el s Ren Ao Botbllidy °2 07
pr i margroeps ofprgeinthpund ghosminghreaiduds ubanily witle b r?ﬁlmar? aﬁhﬂimﬂigﬂoﬁp des, |

et hyl chl or of of mat e, Whodwar d' s reagent K (2-ethyl -5-phenyl i sgxazolium3 15
sul fon%‘P%tﬁte-a‘l)’Fg?eé’&Fiﬁ’BW gnd gﬂﬁ'&’z@ﬁ@“@%@@ftﬁ%ﬁdﬁ‘“@@&% nteA OF B9 r eagent s,

T e L e e L e

cat al yoemngeyifictgransf er reactions at carboxam de groups of protein-bound
glutam nyl residues, usually with a primary am no group as

Amino-Reactive Groups | ‘ )
[0237] In one preferred embodiment, the sites on the cross-linker are amino-reactive
groups. Useful non-limiting examples of amino-reactive groups include carbonate esters, N- f
25  hydroxysuccinimide (NHS) esters, imidoesters, isocyanates, acylhalides, arylazides, p-

nitrophenyl esters, aldehydes, and sulfonyl chlorides.

{0238] NHS esters react preferentially with the primary (including aromatic) amino groups
of a modified sugar component. The imidazole groups of histidines are known to compete
with primary amines for reaction, but the reaction products are unstable and readily

30  hydrolyzed. The reaction involves the nucleophilic attack of an amine on the acid carboxyl
of an NHS ester to form an amide, releasing the N-hydroxysuccinimide. Thus, the positive

charge of the original amino group is lost.
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substrate. Preferred horb: and hetero-bifunctional reagents contain two
“identicalygotped V220 dissimlar sites, respectively, whipghnnaywseessgactive
for am no, sulflaydryl, guanidino, indole, or nonspecific groups.

Ami no- REESET VémEvetits SfOR8 Tiost §peoifie apylefiey reagdemsfiwdéareioh withike siies on t he

-1inker i no- ti . f ul -limit] canpl f
i mo- r BRIET 0L PG PEHEY HER daetonponar stBIEEHEn A, RyuPlyStae) YU de
(NHS)  esli@psimaryhelRS! Pfifiary SRGYANBCR Smidfey hh&%bﬂﬁﬁ@al@&%ﬂ {gﬁ?gciug@% p

ni trophenyl esters, aldehydes, and sul fonyl chlorides. 2381 NHS esters
react pidfrElcdistd At byealis dawntie apidingatyhigh pldion eh mgewioidatd ©)lowpthTigrmewps  of

| i i The | i dazgl hi sti di Kk t
Compit el TSRl EI ARfher oty P RS oRESRIRE Rt GG ot SFore
- unst abl @Pamdvél?adinbﬁmwomﬁﬁﬂhﬁé&@ébﬁn@bﬂ‘uﬁﬁﬁﬁhilﬁnThé‘ﬁﬁ‘ﬁé{Ea‘i préfichyic! eophilic

attack of an amine on the acid carboxyl of an NHS ester to form an am de,
rel easi F§cloEWKD BjERGXamIneT isenpddine Tabis a soreagpose thap the bragige apfing.he
origina ' ies, | 0st.. 164 WO 2004/103275 PCTIl US2004/ 014254 [ 0239]
ltnittl Igggﬂlé{ftgv ag: %%t(ﬁ‘zhﬁ (%?ﬁl%%tamslrboe%ﬁo?l? és'!%i%rf AP rHFdagents for reaction
with th 1 n ro of. the nodified sugar, conponents. At a pH _between 7
and 10, f‘?moiﬁf’ﬁgﬁ@{%@ﬁ136‘31‘%?3@%%3#6&%W’gl?E}lem amppesof the medifed att ack
| m gt egudidehReRhIsIS Brtsthifle BEREY e ReactiPh TR ﬁfﬂ?ﬁa neh down to
am di ne agi’a hi gg&{gl—! or to %1 ngwllmr%l atee %atc lI ow pH.g T erﬂéw Qzlroﬁné}ég‘fle can
react wit}trbﬁyégwpeglvprélmeyymmdta’oéepltoﬂplss.cr osslinking two ani no groups, a case
of a putatively nonofunctional imdate reacting bifunctionally. The

princi p§024pl odugtazides areadsdtvisod aydrhihoRpediat Yeag@sts s whithancRepsiifemideabri s a
stronger, base than the original amne. The positive charge of the original
am no gtsattinisy ¢anmoaselyattapleacidic eatborplproups wdes dighils alialinel conddfionsoaganat es)
react w he primary am nes of the nodified 10 sugar conponents to form
stabl e Bbonds. Their reactions with sulfhydryl, imdazole, and tyrosyl

groups give.relagively unstabple. products. [0241] Acyl azides. are also used as
o 48° < B2 | AedoabEeb R (R B BB PRt R B S i ey
conpone@nid 5§rﬁﬁﬁ<s aAf itFHo6inG PhEHIN lgr@ipR uP &oﬂfﬁiﬂrsugéﬂ @tgoriedh Kk bRS we@Ndi ti ons,
e.g. pHB8.5 15 [02421 Aryl halides such as 1, 5-difluoro-2,4-dinitrobenzene
react peelfisderepdimidaggle Broupe  anmi no groups and tyrosine phenolic groups of
nodi fi ed sugar conmponents, but also with sulfhydryl and im dazol e groups.
[0243] pOM3] r peNgrophersd esters of inamonand doatbel \dierdonis\ere gls@aasedisl amino-adastiveisef ul

am no-reactive e . .
groups. Although the reagent specificity is not very high, a- and e-amino groups appear to

20 react most rapidly.

[0244] Aldehydes such as glutaraldehyde react with primary amines of modified sugar.
Although unstable Schiff bases are formed upon reaction of the amino groups with the
aldehydes of the aldehydes, glutaraldehyde is capable of modifying the modified sugar with
stable crosslinks. At pH 6-8, the pH of tSrpical crosslinking conditions, the cyclic polymers
25  undergo a dehydration to form - unsaturated aldehyde polymers. Schiff bases, however, |
are stable, when conjugated to another double bond. The resonant intg:raction of both double
bonds prevents hydrolysis of the Schiff linkage. Furthermore, amines at high local
concentrations can attack the ethylenic double bond to form a stable Michael addition

~ product.

30 [0245] Aromatic sulfonyl chlorides react with a variety of sites of the modified sugar
components, but reaction with the amino groups is the most important, resulting in a stable

sulfonamide linkage.
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groups. Although the reagent specificity is not very high, a- and c-am.no
groups appear to 20 react nost rapidly. [0244] -Al'dehydes such as

gl ut ar AYAEAB3Y8act with primary anines of nodified SGFAS2OHAERILgh
unstabl e Schiff bases are fornmed upon reaction of the amino groups with the
al dehydes ' SHBHEVEHFEHVREEUPS| ut ar al dehyde i s capabl e of nodifying the

modi fig sfuqa%n%&{?reﬁh%eIeﬁlbeam!t,ita&ﬁtes/a\}e R -rbBive Brdipst YRERR!

crossl'inking conditions, the cyclic polynmers 25 undergo a deh_ydrati’on to

f or m aof-limisng exanmes ef titthydigl-pabiveegroupsSobiufl¢ mizdeiwdeshaligeMmlides,ar e st abl e,
when conj ugat to th oupl e bond. The resonant interaction of both
doubl é’ynﬁgﬁﬁl@ﬁtg‘?eév@ﬁﬁg‘ﬁﬁ’@g%s of the Schiff |inkage. Furthernore, anines
at hi gh | ocal _ concentrations can attack thg et hyl eni ¢ doubl-e bond to forma
st &bl 4037t hAdpletwidrs Teart Profeeatially witb thopuiy dnd gravp of themogHiad TETor i des

react Weh Dol fih Yiale ilok S RindsEnEPALS it 540RNch GORBPRRN AN DUl
reacti-on*w the amno groups is the nost 1 nportant, resulting in a stable
sul f opegiffageamindkageps HA (MORAAZbld H3RFSoMGETH diksR0 Hdwdvez st pESTIthe/ | YU OMPt  zr

ti* QVt' (c)up's'™ [0246] In another preferred enbodi nent, the sites are
sul f hyerlsimigeegrenp gan by engileredgesuifhydrylhsprciiggroppogiaseat s gHghe reaction

Lt hv B e . L p , dvl

ai sul FrgeLsEREoIF SOl e Rl By h e Bhreeiting MhEDS PLL Y ot 1y
i.th t I | t dified . to f t abl

¢ Hboe e b hafies SEu e sl B B o BB W ap SR ATE A At P8P i no

gr oups+aRArAING slightH AR e P WBFe®dr, Nl Hallideeeact BN with sditlydryiihe o

mal ei m de group can be considered a sulfhydryl-specific group, since at ‘this

pH t hegroupade farm stabde thiogihgribopis Anhigher ptt reption vdflbargineprewpstib fvorddat of the

correspondi ng am ne. 10 [02481 Al kyl halides react with sulfhydryl groups,
sul fi de249]i rpydakydUrslfidankaainiitio frge sulfiydrylaviandiatlfidé etahasgé phtilemitddal i ne pH,
howevey., .al kyl halides reac lmarily with sul fhydryl groups to form stable
t hi oet‘{ﬁéﬁl %nﬁ.arﬂﬁ‘ﬂh%’ﬁgﬁ ‘%W%‘#%é'&ft'i ARt FFP‘chlH"l Wﬁﬂ%@aq SERFed. 1)

[ 02491 ridyl disulfides react with free sulfhydryls via disulfide exchange
t d5gi V8231 x ebhiophtbalirmidge scactaitiy free sulfhydryd \reunp|to dorgy fispkidss.ar e t he nost
specific sul fhydryl-reactive groups. 15 [02501 Thi ophthalim des react with

free sulfhy, J{%Jéﬂ*g%g?&"et eSL rmdisulfides. Carboxyl-Reactive Residue [02511

I n anot her € I Men ¢arB0di i m des soluble in both water and organic

sol verfg2s1]arka dast@r ambodinteay thrbbdiadidey eolublede bbth witbessi egapiowsldens, eact with
free carboxyl groups . .
are used as carboxyl-reactive reagents. These compounds react with free carboxyl groups
forming a pseudourea that can then couple to available amines yielding an amide linkage
20  teach how to modify a carboxyl group with carbodiimde (Yamada et al., Biochemistry 2.
4836-4842, 1981).
[0252] In addition to the use of site-specific reactive moieties, the present invention

contemplates the use of non-specific reactive groups to link the sugar to the modifying group.

Exemplary non;spcciﬁc cross-linkers include photoactivatable groups, completely inert in the

25  dark, which are converted to reactive species upon absorption of a photon of appropriate
energy. In one preferred embodiment, photoactivatable groups are selected from precursors
of nitrenes generated upon heating or photolysis of azides. Electron-deficient nitrenes are
extremely reactive and can react with a variety of chemical bonds including N-H, O-H, C-H,
and C=C. Although three types of azides (aryl, alkyl, and acyl derivatives) may be

30  employed, arylazides are presently preferred. The reactivity of arylazides upon photolysis is
better with N-H and O-H than C-H bonds. Electron-deficient arylnitrenes rapidly ring-

expand to form dehydroazepines, which tend to react with nucleophiles, rather than form C-H
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form ng a pseudourea that,can then couple to avail abl.e am nes yielding an

camde |i ] each how to nodify a carboxyl group cihisSafaepk] nde
( Yamada @?)azg%/,ﬁ)gﬁlgochem stry 20: 4836A842,1981). [025 {bn aé@?ﬁgon to the

use of gidfof pRRkL.CvHhE ARbEMS: STALALLI8S cah NS IR EI6M DY m\ﬁggew@o%%gm at es

the use of non-specific reactive groups to link the sudar to t nmodi f yi ng
group. Withémping spbsidnendpaeh ff pitoradydtaxykenosps indheidag.pluthoabstituettaphsh

groups, I v . t dnth 25 dark i e .cC efted to reactive
speci _esth(é%g%rg%@o%% lﬁ@%n %ffarydla%ﬁ%g[%ioqﬁer &fﬁﬁ‘\?’@ﬂﬁﬁga 85@*?8%?}:{3 ﬁ‘z’é‘ﬁ%ﬁﬁa"reef erred
enbodi nEndbsoiphioh aasimya iR teeai-0R50280 niE Metle 8 dfdx9 nR fedH-esides Of

- nitrenes generated upon heating or_ phot ol gsi s of azides. Electron-deficient

ni t renetbsaresiglicang hgtpeyend3QSmn aherefars. hediexy end nitroasylazides yreohogheni cal

~bonds i i C n = h three es .of. azi des
Caryt, GGl By dndl bhbioy B0 nm AT Pl SR oy PSSy ¢

pr esent tompmneftahaeshsubituteé agldzidesy of aryl azi des upon photolysis-is better
with NNH and 0-H than C-H bonds. Electron-deficient arylnitrenes rapidly

ring- epnssd toadoeMpRIaYH QAFRIRhARSphotch PathifRdrdups hResdecid fomuc! eophi l es,
rat her {Oﬁaﬂdf R R TR Tl Lo AR RS R
pr ddt . MMuorinated agglatidés. i The(phpodysid medutssofthoritetedacylezidechrbyryifitremsseslbnce of

| < wi t hdr awi bsti.tuents. itro or. h " inth
i ng) " <P eh BRI B BB c R R 6 S rman iR S EChp BB 1 01 onger

wavel e”@ltﬂh(i)g‘lﬂlrhiﬁéléﬁdyt(!ﬂe_ﬁﬁh &y a7 desrnbaves: 38400-888RrRbHPN maxi mumin the
range of 260-280 nm while hydroxy and nitroaryl azides 5 absorb significant

light b cﬂﬁ& ' i_de ‘ t -

pr ef\gr apl g@gi ﬁg%t e?@ﬁ{i@vﬁ%g)hg%ﬂ{o@%g@gﬁ&% gag%h@? 8%,@%“%5@(%%% i ons. for
t he “af f tesiduys. Razpeiracic febgentdpeehily igivldghacydsslinldes vie[d32bal arl/lazidsot her
preferred enbodi nent, photoactivatable groups are selected from fluorinated
aryl azi Bageisthe phot ol ysi s products of fluorinated arylazides are _
arylnitrenes, all 10 of which undergo the characteristic reactions of this
grolp, [0REPLdImepathan epbadinens oholoaelivaigblaetobphare Seleeted fom dikgana et al ., J.
O g. Chem _55:. 364Q0-3647 990) ., [0254] .1 n_anot her, enbodi nent :
ohot oac ETURIUER ST HRE o e et et BRSO BReaBS” TreB sthepes
Benzophefihg 4 SaEeN6Sred@tRE alduding Meertibd its CCH SRS, RRHIEGN Yo Bbulle bt
aryl azide reagents. 15 [0255] In anot her enbodi nent, photoactivatable

groups @rdudiag awirsdicsysamed Ay@osamsestingand gppidation ko avucledpbdio esatesiPi ci ent
car bene ‘ | ysis. These carbenes undergo a variety of reactions
includiﬁéggﬁggggﬁgh into CH bonds, addition to double bonds (including

27 OB | oS STE oI ORER ALY 001,00 AN S GRLEL BRLLRRh B! eoPhi T e
diazopyruvates. For example, the p-nitrophenyl ester of p-nitrophenyl diazopyruvate reacts
_ with aliphatic amines to give diazopyruvic acid amides that undergo ultraviolet photolysis to
) form aldehydes. The photolyzed diazopyruvate-modified affinity component will react like

formaldehyde or glutaraldehyde forming crosslinks.

25 Homobifunctional crosslinkers reactive with primary amines
[0257] Synthesis, properties, and applications of amine-reactive cross-linkers are
commercially described in the literature (for reviews of crosslinking procedures and reagents,
see above). Many reagents are available {e.g., Pierce Chemical Company, Rockford, Til.;

Sigma Chemical Company, St. Louis, Mo.; Molecular Probes, Inc., Eugene, OR.).

30 [0258] Preferred, non-limiting examples of homobifunctional NHS esters include
disuccinimidyl glutarate (DSG), disuccinimidy! suberate (DSS), bis(sulfosuccinimidyl)
suberate (BS), disuccinimidy] tartarate (DST), disulfosuccinimidyl tartarate (sulfo-DST), bis-
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20 [0256] In still another enbodiment, photoactiyvatable groups are selected .
from diazopyruvates. .For exanple, the p-nitrophenyl ester of p-nitrophenyl
di azopWMUAH/EIRBacts with aliphatic amnes to give dPaX&BYaPIL54aci d ani des
t hat undergo. ul travi ol e hotol ysis to formal dehydes. The photolyzed
i a7 o BteT B G oA o FSRAOT] 5 LA oARP BRI iy de or
gluta i SRk} j I j ; jakers

EabAR NG Seth PEEaR (ﬂlﬂﬁﬁbf)gkgz ;f?grylﬂtehggpg)mmédceﬁﬁhc@@éaha@f

reactirve. Wi th primary am nes propertie and applications
of an{E@S) ehyichy glycolbisgsuliomiceis madydsuccioatep (suifatB§S)) dgbobiséaictinimidgl-

bovepoing PR B RS ER B B R bR IO B TS
Rogkf ﬁﬁﬂmegl éxlam'&l_gs)%*fﬁg%o {6A4] iERATRaRY indlhide B2yl Mlonin)RAE @kgwn,Pr obes,

I nc., Eugene, . 02581 Preferred, non-limting exanples o
honobilimetiot soevitimidi: E3VSCY, dimethyllsdipiinidate (DM A), dyhethy lipiareding d{tOSG) |

i SucEPRP R RpempbrbaRauty ). dimeisdrer Pl iRIDE. Ccur b osm).
his 6§ ﬁg%%%%%@g@%ﬁﬁ?%?ﬁmﬁ%@ﬂ &1L d(1 3N~drboi tiytt9

) tt$1sul Tone sul fosucci ni'm dooxy-
car bofdiiethyleeedigkg)dipropienifrsddté OBBELAEBE{hye 8 [3H(tetvamethylenedioxy)-.

col bi s(succjini m ucci nat . ~.et hyl ene _ |
| SL@cofi’@F %ﬂ@%@f‘#ﬁ?ﬁ@ﬁ%@lﬁaﬁ %‘%@HW ippigyidatg (PEBEY s(succi ni mi dyl -
propi onat e %DSP) , . and di t hi obi s(sul f osucci ni r_n"”%il_ pr.opi onate (sul fo-DSP).
Pref et®258] Resdemed, papdinygng gxarmplesoidfompnimrionsd isodnesyanates wdeds: B- i ncl ude

di met ey , | ot b { nih.C o odiethyl
adi pi E@[@@M‘gﬂéﬁa&éw C)pﬁ’?r%?gm&#é’%@%w q%"?r%%%@% g Y )

( DVB) (DIDSYEL hyl - 3,.3" - oxydi pr opi oni m dat e ( DODP),

di nmet hyl - 3, 3' - (et hyl enedi oxy) di propi oni m date (D. MDP), dinethyl-,3"-

(di meydRsbEneeiieyd, dioRNRRAR eRAERAEEof HIAdDifunctional isocyanates include xylene-

di met hyl -3, 3' - (t etranet hyl eénedi-oxy) 10 di propi oni m date (DTDP),” and

difret Hysocgamgte, thlnericshit slbisegyianate toliane 2 (isyrpmate-fosdbjocPamftard-ed, non-limiting

exanpl es of ,.homobi f uncti.gnal. i sot hi nates inglude: p;s,..
ohony FETea BTN Eae AR fisoreamay dg AAoogY 14 PR RIisoewnaig; & f o ¢
aci d gbtadnteiBencifhdoPhnate 0260] Preferred, non-limting exanples of :
honobi functi'onal isocyanates include xylene- 15 .
diiso t = i il : vyl at j 81 hi ocyanat e,
3 motlatyar s el S RRYROG! R AR Romn WAARARRS Ridad £5
2, 2' - difbmrddydiditrbberzzop RRPNGB)] ancydntiflegrodyii-dihieophetyiisliFomdi | socyanat e.
[0261]. Preferred, non-limting exanples of honobifunctional a yl halides
i ngl Ug@l@] SPréfefrbdlQio@=18nifing leRirhpleb 8ESASHI TN aliphflic aldehyde reagents
4,4' -difluoro-3,3" -dinitrophenyl-sul fone.

include glyoxal, malondialdehyde, and glutaraldehyde.

[0263) Preferred, non-limiting examples of homobifunctional acylating reagents include J

nitrophenyl esters of dicarboxylic acids.

[0264] Preferred, non-limiting examples of homobifunctional aromatic sulfonyl chlorides

25  include pher_101-2,4-disu1f0nyl chloride, and a-naphthol-2,4-disulfonyl chloride.
[0265] Preferred, non-limiting examples of additional amino-reactive homobifunctional
reagents include erythritolbiscarbonate which reacts with amines to give biscarbamates.
Homobifunctional Crosslinkers Reactive with Free Sulfhydyryl Groups

[0266] Synthesis, properties, and applications of such reagents are described in the

30  literature (for reviews of crosslinking procedures and reagents, see above). Many of the
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20 [0262] Preferred, non:1j miting exanpl es of honobifunctional aliphatic

"al dehyde weagenbs7s i ncl ude gl yoxal , mal ondi al dehyde, ang-gigdoaladssghyde.
[0263] Preferred, non-limting exanples of honobifunctional acylating

r eagent gedgogt-ugealiitintinahdivle @ gt PidcOChahial boxyads RaskHR:, MO g%ﬁla
Preferred, non-limting exanples of honobifunctional "aromatic sul fonyl

chl or i dédeminsl Campaie ngeﬂm@.nwiesuﬂm Biopes,dhg.oFvgtae, QRY

a- napht hol - 2, 4-di sul fonyl chloride. [02651 Preferred, non-limting exanples
of addi 1927kl Faghered meadimiieg kgaroples offwnaninctiorahgelvisiden olchule

eryt hritol hi n iC e W fh amnes.t i l.star banat es.
Honobi féﬁgﬁ?%%g@%ﬁ%?%&»@ @?aﬁlﬁn\y& ‘ﬁmﬁ“’%ﬁﬁﬂﬁ“&%r Groups [ 02661
Synt bes phenyiérefiérhi6itniag Aoy IiEAILANSS, Ahd SIEN- RGN GBI BECr | Ded in

- the 30 literature (for reviews of crosslinking procedures and reagents, see

above) . - : : Q14 - AB_ "ht Eb
oy i AR Tt R U o e PR s |
Sigma  CHediX4L-Rodphiiitio)Sopichemidobutvhe (DNDPBRuUl ar Probes, Inc., Eugene,
OR). [02671 Preferred, non-limting exanples of honobifunctional nal ei m des

i ncl ude (04693 meHefertedoldaXahiging BMmplcdbMNonicbi BmBHGRY hRDENal{des Rk i e,
N, N -(1,2 5 phenyl ene) bi smal ei m de, azoph_en | di mal ei m de, and _
bi s( N ndn@rb@mﬁs%ﬂnydqa@@ﬂaendoawmsg]e, meeflidodaepxyopsul fonictacidy cex'adipos®- of

ho i funeti | - DV di gul fides include . .

1 SRS R N Bl bR B rinectBbee) . (02691 Preferred,
non- | i mdi(bRendaseyppiesyhhyiemm)ahdngtditishoaddtianiiab dgeniRedpads 2,2 -
di car boxy-4, 4' -di i odoacet am doazobenzene, a, a' -dii odo-p-Xyl eénesul foni ¢ aci d,
a, aﬁ-di bromo-" 10 p-xyl enesul fonic acid, N, N -bis(b-bronoethyl)benzylam ne,
N, N1} di (bf@ﬁﬁ’édg’[lfgfmﬁhﬁkﬂtpqwaﬁaé@i Gresslahers1

, 2-di (br e m N0- 3-.phen . Homobi. f unct i onal . '
Phot oact[?iﬁi aﬁé%ﬁgﬁﬁpﬁfggﬁn{@ﬁfﬁ@% r?tfksl‘é%l} Ise,gg%rtso%gﬁﬁcé@?é ghttljleappl i cations
of such litgagenifsr raviews e$ crobdtingprodedurek iah@ Failobiite, seb @bovedV WS oPfhe

crosslinking procedures_and reagents, see abpveé. Some of the 15 reagents
ar e 18 onmieasents preycoayascialy avyitably (e.gpiFaoree Consitat Epmpemy Kegklombdis Sigma | | | . ;

™ RS SR e el IR DR [ B0

phot oactj ah] e. crosslinker include : . . i

Do (- (W) duSiRERoaniBe I B horonwi faggians) photosctivatable crossliner

di - N- ( 2Rtk desidpadiHRREAM A akn; ﬁlﬁwfg B SEOY igH & )4- )

4, 4" - di tnlriﬁ T%‘)dbeiooslpE{gnyI azi d{el‘% %Igd% 0- %ﬁ%ﬁg ’ggnggfqtljﬁ?ﬁ %ﬁa hl%g%lg:]ent S
with a Rystemijde-DBshidAidal@NOO@tand 4 DBRpbBphertydwide. properties, and
applications of such reagents are described in the

20 Amino-Reactive HeteroBifuﬁctional Reagents with a Pyridyl Disulfide Moiety
[0272] ‘Synthesis, properties, and applications of such reagents are described in the
literature (for reviews of crosslinking procedures and reagents, see above). Many of the
reagents are commercially available (e.g., Pierce Chemical Compahy, Rockford, TlL.; Sigma

Chemical Company, St. Louis, Mo.; Molecular Probes, Inc., Eugene, OR).

25 {02731 Preferred, non-limiting examples of hetero-bifunctional reagents with a pyridyl
disulfide moiety and an amino-reactive NHS ester include N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP), succinimidyl 6-3-(2-pyridyldithio)propionamidohexanoate
(LC-SPDP), sulfosuccinimidy! 6-3-(2-pyridyldithio)propionamidchexanoate (sulfo-
LCSPDP), 4-succinimidyloxycarbonyl-oa-methyl-o-(2-pyridyldithio)toluene (SMPT), and

30  sulfosuccinimidyl 6-a-methyl-o-(2-pyridyldithio)toluamidohexanoate (sulfo-LC-SMPT).
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literature (for reviews of crosslinking procedures and reagents, see above).,
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sul fosucci ni m dyl 4- (N nal ei m donet hyl ) cycl ohexane- |-carboxyl ate

| f.0- SMCC) dyl dophenyl SMPB) , d
gzrf o?ucm @éﬁ%ﬁht?%e?[%o&}ﬁz%ﬁzﬁ%%eg%ﬁwygy )?’%’Lﬁﬂg o ?Am ﬁ(r)] React i ve
Het 7, Synt h

er g éﬂn ayr?gﬁkg ﬁ%@eﬁﬁg sanwa;)ﬂslu @hﬁé Bﬁ'éucmédg@ﬁts'xgée&ésxn é@{ﬁ @d Synthesis,

pr oper ations o reagents are ScCri ed In the 15
| iltSer ditena&n@l’f’n&fmadedon-hunaﬂg eRatiphes abhatepd-bifundtionel wagertts tvithahialigdl reagent s

L i i L
sul fos&H&&fc obéﬁlzo'a% am no xanoat 9?—%£§§é&§l?amlﬁb€@zoate (sulfo-

succinirm dy I odoace

succi rﬁlﬂqﬁjyducﬁn(rﬁldy( B{andamw)ahnnmmmjm@WJ antnohtyténda(edSehOx) ,
e R e e SR AR ka6 ftpreyamino:
SugC Nhah gyl ¥él6ﬁé>@ﬁé’Q%de&&gﬁfﬂdﬁgﬁﬁ%@qs@(uﬁ? W@ﬁ&lﬁlﬁﬁ%%%{dﬁé%ﬁﬁﬁl AC) .

[02761 A erred exanpl e het er o- bl i onal reagent
am no-amgiacimotey1ddPhensnet - canbdxﬂatee(lSI(A{C) di halide noiety is
N- hydr oxysucci ni m dyl 2, 3-di bronopr opi onate (SDBP).
[0276] A preferred example of a hetero-bifunctional reagent with an amino-reactive NHS ' )

=)
o)

ester and an alkyl dihalide moiety is N-hydroxysuccinimidyl 2,3-dibromopropionate (SDBP).
SDBP introduces intramolecular crosslinks to the affinity component by conjugating its

25  amino groups. The reactivity of the dibromopropionyl moiety towards primary amine groups
is controlled by the regction temperature (McKenzie ef al., Protein Chem. 7: 581-592
(1988)).

[0277] Preferred, non-limiting examples of hetero-bifunctional reagents with an alkyl
halide moiety and an amino-reactive p-nitrophenyl ester moiety include p-nitrophenyl
30  iodoacetate (NPIA).
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SDBP i ntroduces intranolé€cul ar crosslinks to the affinity conponent by
’conJ tgat iso2obd/f032B am no groups The reactivity of the pdirRf<QpRpLPRE ONYI
noi ety towards primary amine groups is controlled by the reaction
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in the art. See; for exarrpl e, Pomato et at, U S. Patent No. 5,965, 106. It
is W thin theeabld Links @oupne of skill in the art to choose an appropriate
cross-1linking agent. for a_particular application, C eavable Linker Goups 5

[02791 10378)et Ingyet & fyrtkhsr e@hﬁ@m@ﬁbme linkgk g1oun keproyidsd withs: group thateanda h a
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I OUD el Biefigee B ARVl ) B3R NERAIGE Rt PR bR 02
Jung etkrtvn iBitlechefee, B ephiysie, IMag o 1§ Bioden: B%h,(zsl%ﬁ:)'lﬁl Josh62 98@9, J-
Biol. Chem 265; 14518-14525 arling et at . I mmunol . 124: 913-920

(1980) ; Josiugt ghu/. BiolhenE 265 lJ“(Slﬁrl&é%%{ﬂ%% 3T11118L35F47-f (noe@y!. 194 U 3920t | J.

Bi ol . E_’Iz,ﬁgg 0 Br

1859- 1&%@%@1@%’% trqe%\t/%%c}%g%]? éss'ﬁéﬁ\égmgﬁé)éavaﬁg al ‘{)Wn@ﬁm&ﬁ (both
hont)  a20b-Tidt (@986)pBfowing emdl, V. Minmahel. 143 0L439- 1&1571(198971m&e@}ew beywd | abl e
from suppl i er? such as Pierce. [0280]. Exenpl arf)L/lpcI eaveabl e noi eti es can be

cl eavedrai]%"rﬁ’f@?ai"EWFa bijgghions (mb@ﬁ?sa@lk?ﬁ'aﬁﬁ sfioseb linkgigreynA ianmi ne, bases,
peri.odat . a0d:i lg%vidaﬁﬁ: ?5‘&?{ n. preferred groups are 15 cl eaved
p el n‘gﬁx ocy d (e

in vilvo I n response to Ize e.g., cis-aconityl; see, Shen et

t, B 10 Pr ef d.cl bl
o s RO BRSBTS B B R b o S R ©
group camnsié, sty bt ifdgodas hed ihe 1ike %re@@%%ﬁﬁﬁﬁpreﬂ@h%ﬂ BRRIPE Yhe
phenacyl and” benzoi n groups. Conjugation of Mdi ed Swears to Peptides 20

[ 02811 dlbavedwiiibe urespanas b being ensopytizad éelgt glssacgmysdwyl Slteackt of., Biochem.

| ot i d te di h
Con coabrats Rrer EFfry oz 1D B RRN PR PBR. S PR P Pe Sonor sugar (s)
enzyne( gkadi¥le Wwﬁcm RinheHect helddted &sinecﬁ& gebupUphsibiltatof MuYERS ¥éiat i on

proceeds until. the acceptor is consunmed. The considerations di scussed bel ow,
whi | e sisnidé,satbonite, nitrebenayi, plenaoy! aadbr:mztoyn frroapsf erase, are generally
applicable to other 25 glycosyltransferase reactions.

Conjugation of Modified Sugars to Peptides

20  [0281] The modified sugars are conjugated to a glycosylated or non—glycosylat;:d peptide
using an appropriate enzyme to mediate the conjugation. Preferably, the concentrations of
) the modified donor sugar(s), enzyme(s) and accéptor peptide(s) are selected such that
glycosylation proceeds until the acceptor is consumed. The considerations discussed below,
while set forth in the context of a sialyltransferase, are generally applicable to other

25  glycosyltransferase reactions.

[0282] A number of methods of using glycésyltransferases to synthesize desired
oligosaccharide structures are known and are g‘énerally applicable to the instant invention.
Exemplary methods are described, for instance, WO 96/32491, Tto et al., Pure Appl. Chem.
65: 753 (1993), and U.S. Pat. Nos. 5,352,570, 5,374,541, and 5,545,553.

30  [0283] The present invention is practiced using a single glycosyltransferase or a

combination of glycosyltransferases. For example, one can use a combination of a
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[ 02821 A nunber of methods of using glycosyltransferases to synthesize .
desired oligosaccharide structures are known and‘are cFLeneraI I@/ .applicable
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20041 1i32Z$mPCIidi8200ud Bt 4 2&cbnd epfymBipatdibn agaadded/to teskactimenedinnt hose

enbodi nent s _.usi ng nore than,,one enzyne, ne e ana, substrates are
o of ePAE S SESPABER S ORFHOS Eoaplelek ey Compely Y CRRtubiE Wby ros and .
re?*'&&éﬂz&fc r@ac%ﬁﬁ?ﬁﬂseﬁﬁ&%ﬁ%hﬁin%%%&ée‘ﬂrbv@faﬂ )ﬁQG§§retiﬁlp§‘$%drﬁe§t ion medium

once t first enzymatic reaction is conpleté or nearly conplete. By
condugticeduresvn Whish ay nuttintediadaspacn $s isolatedq Marcevarncleasipragdatispesaleif, over al’l

yi el ds _are i nproved over rogedures in which an internedi ate species is

i sol aﬁé‘aﬁ%%%%f?y'ﬂ@aﬁtﬁ%f&ﬁwﬁi sposal of extra solvents and by-products
is reduced. [0284] In a preferred enbodi nent, each of the first and second
enzymi0384] 4 Ing pyelsagd embpdiment sach ofthe Hest RBd S350R¢ BRAWE Efbodi ment, one

enzy I S: | |t refer i Rent,
ot o EhisheiaRRAaE YR HE et ciBolfhit ok Hadhe Rl B CBIERE, TETL e
i ngentah@aditidhel pesteyed smbodimd¢as thdrothahttwo eazwaehanidaosbientileitte on the

peptide at any point either before or after the addition of .the nodified
sugar maslifiedsslyennsetereot the myeption, Hissmpanesds sardiomlter p seechadoHUsNEs use of

ot ancn G eR By fonGARRANGRY, 5Py, RO KRR AARRI B BER, 1.2 ¢ ndm

The mpeptide. gl ycanase typically includes a substitution of an amno acid.
residue for an active site acidic am no acid residue. For exanple; when the

endogl{yge¥)asa ahsthePeabsliiniehe tietRsthbd HaRek @elof\vae ot kRrd &§&J-¢pes Wil typically
be Asp at position 130, @u at position 132 or a conbination thereof. The
artfno eadoglycosidase ehag glytasidaspisdypidaloe wiutant,sehich & engingaiaddo ferspglyagivie, or

gl utam ne. [,0286 he ta enz catal yzes t.he reaction,, . usual by a
Jynt hdond ieh iy sleave B AE AT el Birdsd BPEal RS e siPitfdfEor o
endogliadase rédydieqby fil Sctivk 8fe adifictiE86€ aci@ TGl e SxathpR, Ghye@sy! donor
mol ecule (e.g., a desired oligo- or nono-saccharide structure) contains a

| eavi regdegipeanasenid endeH, dhecwbyruted eetivedritevipsiduasivalldppicallobe 45p atpositioior 25
R o O T T
| 208 Agifh se@ine 2alfiifle, asparagine, or glutamine.
[0286] The mutant enzyme catalyzes the reaction, usually by a synthesis step that is
analogous fo the reverse réaction of the endoglycanase hydrolysis step. In these a
embodiments, the glycosyl donor molecule (e.g., a desired oligo- or mono-saccharide
structure) contains a leaving group .and the reaction proceeds with the addition of the donor
25  molecule to a GIcNAc residue on the protein. For example, the leaving group can be a
halogen, such as fluoride. In other embodiments, the leaving group is a Asn, or a Asn-
peptide moiety. In yet further embodiments, the GIcNAc residue on the glycosy! donor
molecule is modified. For example, the GlcNAc residue may comprise a 1,2 oxazoline

moiety.

30  [0287] Ina preferred embodiment, each of the enzymes utilized to produce a conjugate of
the invention are present in a catalytic amount. The catalytic amount of a particular enzyme

varies according to the concentration of that enzyme's substrate as well as to reaction
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_peptide noiety. In yet further enbodinents, the G cNAc residue on the

gl ycosy!l widpnmisest®l ecul e-i's nodi fied. For exanple, the gcheddgogsisgue may
conprise a 1,2 oxazoline noiety. 30 [0287] In a preferred enbodi nent, each
of the eligmums shil dsEReRiNEABURE pBl VO, UdBLR fof detérﬁﬁning\fﬁenédtayﬁ@r e present
in a catalytic anount. The catalytic anount of a particular enzyme varies
accor di #gous ferregizghenanme anfenpreselecisdsubgitaynesnsenitations andreagtionel | as to

reactiop 72\ a&%é{%?é tﬁ%ﬁ&?ﬁiﬁ%/ﬁ%%m cppe-itipns gq(4 A rpfdit "fRL

If--t t and pH val ue. ans ermning the catalytic anount for a

iven e r_preselected substrai e concentrations and reaction
Somat | DRUBE AR Bt RS P R0 B aSts Porss e R ek Foned S o bove
t enper afibéAngh tihicalpeatira RONEICRHIRGRSH séxﬁimrén&fﬁe QhatGRD Préfggqf rom j ust

above 5 freezing to the tenperature at which e nost sensitive enzyme
denat ur EspeRtwt sngegarcabaydr Al orabontaidg€s and moabpieferfblCabaut S toSho@  and

more pr ap| bout 20 C to.about 30 T. |n another. exenplary enbodinent,
one or ﬁé}fﬁé %O%B%E%Bénp ?Wteﬂ_é’oﬂlrné@gﬁper?Efrf%‘dCOIHP%“eE‘E‘?rﬂﬁ]&‘E Er&n?eé‘f _“il?ltp‘gibeyat ed
t enper ajgrcBndiRtda%it an EROABO RN etfAuRMENER théAdPfllicheyheact i on mi xture is

mai ntai ned for a period of tinme sufficCient for the acceptor to 10 be

gl ycosy , T 1 he : } :0n] t j ugat e
Qoo t WRBPE: ThORaERY ol Roh pfuARRE BeGR0b BEE SumPRiF st e iReBBEIIET 3
bei hy, obt glypesgiarid, HierebZ4otnaing she desirédasmjughito ssormd ofthe kbnjupatt bsh 6ftdn be

under stgnd ‘t&raéeﬁt e rate of reaction is dependent on a nunber of variable
f act or sdgLectef allss 2 fiE hodrscwHb Fecoveable aBwypiscsiibnbeing piained within 24 hours
coneent L0 t ' : .G r I a
cel bt e o host GERRLBHHE St uBALMERS PIIRL o Kol B BBl By,

i ndust r bfbvarmbkl fectprsde godnzome ebnovntiafiorg dongraphtatmitiofacugror dvacqitiatioan
industrial scale generglly produces at |east about 250 ng, preferably at

| east aFHULTAHE, Spf7en Yu@u‘ﬁ‘ﬁ}! é"’bb&!eﬁréf’ﬁ%m)zegtfml B¥Ctedysien: gram of fini shed,

purified conjugate, preferably after a single reaction cycle, i.e., the
contligal®9PE Abe peesentdmisintion plp pravides &ercthe arlupirioersdsspriodaetiondd madifagd

consecutl vely } ted. t.hesis;¢ S. 02911 I.n th il,SgUSSi on that
folT ovabtafied, ‘%%g%'tﬁihgﬂelﬁiéﬁel?(@%n%qa} F‘?’agédg%lﬁraﬁ%él‘%%“rﬁeﬁatalﬁ% Ao 2S0HRE P o i
aci d nopgiidrgy koleastgbyia oy ndd, asd prEd prdforablh at RX&IBb@! YgaRdifffinetheg] al i ¢ acid
is |abeled wth mPEG, The focus of the foll ow ng discussion on the use of
PEG nodPwiilied cogjugprice prgfarebly atiers siegle yaagtieqi ydp tiied de Gonjygste wpaka ty of

B T S TR (TR Y MRS,

t he conj_c%n(j1 tron ese” two’ Sl tands’
9 saHes | 9RCTELLG R LDl S, Lhe ot 1 b A1, pad o, yoosy
appl i calQifed sidie abRdhdibealib ApRlosated peptide. The exemplary modified sialic acid is
. labeled with m-PEG. The focus of the following discussion on the use of PEG-modified
| ) sialic acid and glycosylated peptides is for clarity of illustration and is not intended to imply

that the invention is limited to the conjugation of these two partners, One of skill understands
25  that the discussion is generally applicable to the additions of modified glycosyl moieties other

than sialic acid. Moreover, the discussion is equally applicable to the modification of a

glycosyl unit with agents other than m-PEG including other water-soluble polymers,

therapeutic moieties, and biomolecules.

[0292] An enzymatic approach can be used for the selective introduction of m-PEG-ylated
30 or m-PPG-ylated carbohydrates onto a peptide or glycopeptide. The method utilizes
modified sugars containing PEG, PPG, or a masked reactive functional group, and is

combined with the appropriate glycosyitransferase or glycosynthase. By selecting the
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glycosyl unit with agents other than m PEG incl udi ng other water-soluble
pol ynmers, therapeuti-c. noi eties, and bionol ecul es: [02921 An enzymatic °

~appr oagh,G _Ilg§\27used for the selective introduction Ofrcg’fl.l?ﬁ@]ﬂdl%s@d 30 or
y gte car ide. T

m PPG Bohydr ates onto a peptide or glycopepti e met hod
utili AR de.ah ﬂﬁ‘ﬂ%%. ; a.% WBdiRG cBFGhy &R liflae @ alPStBAng GRGROHS
functi group, ‘éﬁﬁlgg?s'“" ?rqgéé&\%ctﬁ’ tHe aapbro%rﬁlg?e gl lflécosyl t raﬁ%f erase

or gl wogaynthratmor Bybstrelegthe iPhigT 6P G 8anie RhOdhdizliestlPeniouse peptide14254 g}

r~as3l1ltrapgf T ~ .ghat Slgvl], t 4te desired carbohydrate, |inkage and

Ut SEHOD e B BB st O B LY ST TSP BRPPG can be

introq#gﬁgdd}hrt@gbwﬁ&yjtothe pepti de backbone, onto existing sugar residues,
of a glycopeptide or onto sugar residues that have been added to a peptide.

5 02 n ' r; [ r . : tide to
be%rmilﬁ%’isid %;qlgg(%é%rr%‘tq%g%‘gﬁ%ﬁrﬁ%&t& %ﬁ%&'\ t?‘ﬁ\?/%én??p% r(\igzﬁ?p%g@ﬂbﬁseﬁgoyﬁg urally .
occur réthodstotied presend inventorPéiteeas 4 hatallyroeeadipp Banéthie oreome piaked eladrky or

chemi cally. Suitable acceptors, _include, for exanple, %al actosyl acceptors

such dscamitipaptlyenzyspasicalbser chemically NAitatdg peqeptosgnglde, Torxadple. t et r aose,

s debsosed s « bR R Ml PR M R . (cee
©.0. . (Bike Qg1 BhoNAS, IR, GERRIGNAZ IR TCHSAC(GARRNLI: (934, 1 n one

enbodi ment, an acceptor for the Sialyltransferase is present o

gli9comadivilte at@ptoes kool toattlosepdiskillnnvhesart §sent e sPaulsdn éled, gl Biob@dpri.de. Such
gl ycopgptides . G sialylated using the claimed nethods w thout prior

nodi fi t#%ﬁ’%ﬁ%&ﬂ%?%p'ycosyl ation 15 pattern of the glycopeptide.
Alternatively, the nmethods of the invention can be used.to sialylate a ,)
pept i d8294at InpesThediment] anrecepterifor Hisi sialglteapfewse isanesent prthenndi fi es t he

bres ! ydept o BERARGALGER Py REEAIEE e A ek ide" SR BsBMAIdeR, | on o
a GalNAa bekaRgdted asiag thdaSnled nfethstsaxecivut priyr RORIGELHGNGE the jBcosylaedosy|

acceptor is assenbled hy attaching a 20 gal actose residue to an appropriate
adéeptrstter; of tagislysonaptidp e plipaativady,dhe mgthodp pfithe inypatiopsem be useskipudes

I ncubag: | t | i_f: ] react| ' et ont ai ns
s (e a8 e Soddiol RiellREa il b tofbr GRCH PRI Wttt ST 5)
and a iatluliedl gccdptogbl aniklarly knewn er those 6f skilUbPthgatiadh anexempiag, reaction is
all owed to_ proceed substantially to conpletion or, alternatively, the

r eact | BRPAdEmen, H{3aBY A rapkiug ipadded b thecactign ofa (rNHE trapaferssegal act ose resi due

i s added. Oher nethods of assenbli n% a selected saccharide acceptor wll
be appd@283it Inoan ¢xsowlasy eglbptimenh thegalaatesyl acceptor is assembled by attaching a

20  galactose residue to an appropriate acceptor linked to the peptide, e.g., a GalNAc. The
method includes incubating the peptide to be modified with a reaction mixture that contains a

suitable amount of a galactosyltxansferasé (e.g., GalP1,3 or Galp1,4), and a suitable

* galactosyl donor (e.g., UDP-galactose). The reaction is allowed to proceed substantially to
completion or, alternatively, the reaction is terminated when a preselected amount of the
25  galactose residue is added. Other methods of assembling a selected saccharide acceptor will

be apparent to those of skill in the art.

[0296] In yet another embodiment, glycopeptide-linked oligosaccharides are first

“trimmed,” either in whole or in part, to expose either an acceptor for the sialyltransferase or
a moiety to which one or more appropriate residues can be added to obtain a suitable [
30  acceptor. Enzymes such as glycosyltransferases and endoglycosidases (see, for example U.S.

Patent No. 5,716,812) are useful for the attaching and trimming reactions.
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10296] In yet another enbodi ment, gl ycopeptide-1inked oligosaccharides are
Jfirst "trinmmed," either - kn whole or in part, to expose either an acceptor
for the W(aiwiltmamferase or a noiety to which one or pomeEs20@rIepKRi at e
resi dues can be added to obtain a suitable 30 acceptor. Enzynes such as

gl ycosy [%B%]ﬂehammﬁhﬂx teatlels disi siated of grdnvdudivn exedeniplifitd By theﬁﬁg*ee nt No.
5, 716, 8@%}}%@%% usef for the att Chl and trinmm ng reactions. 74 WO

2004/ 10 1€d s 5@@47"6%2‘%2‘9 gﬂff ailaqhgd ﬂtefI’tP dpe fosys Pﬂkﬁea

Pf~}, [ Lekcsion is fof chBb N nGdratibe Ir s%'btf'sﬁ'i‘l m d fubifle Wil¥udshif iWse
nodi fied sugars having a water-sol uble poly tac ed thereto he focus
of the eqhiaBgmelevaohto tbOSemmhﬂldanmtg/moi/hlch thsesmmdaﬁmd)mgaif hesea dferapeirtic Wi | |
apprgci ate at _the.dis uE,lEl on is equally relevant to those enbodi nents in

whi ¢ tﬂ’@l %E GrlePUG Y  BESr s a therapeutic 5 noiety, bionol ecule or the

I i ke. 8 ln an ex rrpl ary enbodi nent, an O linked carbohydrate residue is
"tri mre %]r i Bran ¢xsng &B@P@F‘%’?ﬁ ,3n Q-Hakedbaurbohydraie paidue Foilimmedppgon.

Gal NA A0 A £

wat er Cs@ﬁl& (ﬁﬂuﬂr the HI{Og i conggﬁg?‘éa Oaén Ig’%gei%quA "é@q‘%m&l’teqs ﬁﬂ] Sﬁ‘i B?%gl ggeg

expos edGbl;NAme’-\ mordnﬁm smgaf belaﬁnQQWa&xanhibE: paly@biyie epEjREAte@td G‘ne drrmdeB@ 10
and a er-so | e is added to the resulting O side chain am no
aci d OM%QIS%% qeae%qsefé:ng}ﬁt hei “grgminge c Haops expnrlesa slacepeptidy ig,“tr@amed?

I di f i ed
saCCNﬁar g‘iﬁae&lé(tef: QQhMggbf?ﬂle%?sda&dQ& td’\@lg%suﬁﬁl l@ e%%%rﬁ?rglﬂo I&? pD

noiety 1S 10 an acce e on

gl ycopeglycajeptidd glgc:naha ushochaghmoinpai g;&d G@lg:@ﬁl(aﬁMAdﬁlﬁbﬁtm:onﬁlgted teal can
be added the t LfS of the O.inked glycan. 15 [0299] In another
&5? yraelwa"ft'lerm ﬁ%fbwecw fraiety is afaehed t an accepliongite ot esi due

exeﬂEI a

via dicf | vel s

unnodi f| ed Iﬁ:ﬁle&’”%%é%ﬂélﬁg% ﬂ?rggtt\% t%éﬁ%&ﬁg fﬁg:s'ra?\(&%&?é@ ?é&g’eeeé[ggg%]“ ‘qen yet a
furthera«ﬂedmt[dtermmumaﬂee{shhlcdd@yqaﬁl yner is added onto a Gal residue using
a nodified sialic acid. 20 [0301] In another exenplary enbodi ment, an

0- | imkegh2gbyy casylothiedehet ?latﬁemﬁd’dlmda Racdsolubl dnﬁn&aéh@&d%ta@dmﬁct o the

am no acid. In one exa a wat er-soluble polyner is added via Gal
nodi fi ea:swu@ antarmoqbﬁrsé megar haying p galaptoss tesidae Aﬁm@nwlmmqusﬁqmm to the

Gal NAc, Can I Ia%g @Cr%%ml@a;ﬁ%%ma%ached wat er - sol ubl e polynmer. In yet

anot her one or dified Gal residue is added to the

Gal NAc, 25 sialic acid nmodi f i W th wat er - sol ubl e
pol ymer [03%)]'30%53’% fﬁgh?rﬁé‘a??@{eh%&@t%ﬁogﬁ ROA(BYH 1P Bﬂ&%i qnt‘?EC%B%IdHFé‘S‘PS "trim
back" apd.catidadumicacicar bohydrate residue of substantially any desired
structure. The nodified sugar can be added

20 [0301] In another exemplary embodiment, an O-linked glycosyl residue is “trimmed back”
~ to the GalNAc attached to the amino acid. In one example, a water-soluble polymer is added

via a Gal modified with the polymer. Alternatively, an unmodified Gal is added to the

‘\_L-__/ .

GalNAc, followed by a Gal with an attached water-soluble polymer. In yet another
embodiment, one or more unmodified Gal residue is added to the GalNAc, followed by a

25  sialic acid moiety modified with a water-soluble polymer.

[0302] Using the methods of the invention, it is possible to “trim back” and build up a
carbohydrafe 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 pepiide core and the terminus of the carbohydrate.

30 [0303] Inan exemplary embodiment, the water-soluble polymer is added to a terminal Gal _
~ residue using a polymer modified sialic acid. An appropriate sialyltransferase is used to add

a modified sialic acid. The approach is summarized in Scheme 5.
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to the termni of the carbohydrate noiety as set forth above, or it can be

i nternedi ate between-:-the peptide core and the term nus of the carbohydrate.’
30 [03 n exenplary enbodi nent, the water-sol ub .3 added to
aterm afdogé@hr esi due using a polyner nodified sial ??ngzﬁm%bgppr opriate
sialyltransferase is used to add a nodified sialic acid. The _approach is
summari zed in Schene 5. 75 WD 20041103275 PCT1US20041014254 Scheme 5 NHZ |
~N Gal Gaopeoprsotein Ou N ~o0 Gai OGP OHO pH ONa Gal Ho 0 07Na HO OH
PEGor PPG, N..Y NH OH O H 0 Sialyltrapsferase CMP- SA-5- NHCOCH2NH- PEG ( PPGQ
SA-5, NHCOCH2NH PEG d ycoprotein (#5¢-,((Gal J Gal -GRAspriteHCOCH2NH PEG — Gal
SA- 5- NHCOCH2NH- PEG 5 103041 £n yet*_hpkgurea ppr oagh; sunmari zed in Scheng
6, a nmasked reactive functi HTYOJl s presentsd e sialic acid. The
masked reactive grouf igs pr f@'[i'érb?g-junaffect edchy the conditions used to
attach the nodifi g&%d“‘t'@ Phe de- coval ent
attachment 6F *FHe~wmogltied sialic acid to tn{lq,oeo ide, the mask is renpved
and the peptide is' @onjugated with an agerft®SUtH“8¥ PEG| PPG a therapeutic

noi ety, bi onokbgeyhenatosi R —AEGeeNt . The agent is conjygated to the
peptide in a specific manner by its reaction with the ugnmasked reactive

L

group on the nodified sugar residue. Schene 6 Gal A coprotein 'NHZ Gl ~. N
SA-5- NHCOCHZS-SEt  IN --0 Gal Gal ?A-S-NHCOCHZNH-PEG :
' Glycoprotein Gal

N Q Gal—SA-5-NHCOCH,NH-PEG
Gal )

|
SA-5-NHCOCH,NH-PEG

5 [0304] Inyeta further approach, summarized in Scheme 6, a masked reactive functionality
is present on the sialic acid. The masked reactive group is preferably unaffected by the
conditions used to attach the modified sialic acid to the peptide. After the covalent
attachment of the modified sialic acid to the peptide, the mask is removed and the peptide is

| conjugated with an agent such as PEG, PPG, a theraiaeutic moiety, biomolecule or other
10 agent. The agent is conjugated to the peptide in a specific manner by its reaction with the

unmasked reactive group on the modified sugar residue.

Scheme 6 ~
. Gal Glycoprotein -
Gal .
NH,
| N — $A-5-NHCOCH,S-SEt
o A Gal
o—P-o—_ 0N © _ Gal
HO (iD'*Na > .
HO X0 N0 Na 1 b Sialyltransferase Gal—SA-5-NHCOCH,S-SEt
EtS\S/\IOrNH OH o . ?ai
SA-5-NHCOCH,S-SEt )
?A-S-NHCOCHZS-PEG i
Glycoprotein Gal

\, 1. dithiothreitol
Q Gal—SA-5-NHCOCH,S-PEG 2. PEG-halide or PPG halide
Gal

SA-5-NHCOCH,S-PEG
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11 Oo_*Na OBl _ o Na \l..1/ HO HOH O NaO-lOO\ISaIyItransferase-

. Gal - SA-5- NHCOCHZS- SEt  Et.S,s-,NH OH o Gal 0 | SA-5- NH CH2S- SEt

SA- 5- NHOBOHP®YMBYS  Q ycoprotein Gal 1. dithi ot hrei t of C1{USZ004/014254

J~Gal - SA- 5- NHCOCH2S- PEG 2. PEG- hal i de or PPG halide Gal SA-5-NHCOCH2S- PEG
76 WD 2004/ 103275 PCT/ US20041014254 [03051 Any nodified sugar -can be used

ith it t , :
of the DRFShs Al LR el gitﬁﬁtgépbff’ge%tﬁgg&o@aﬁwge%@erg«}?)e?x glgSu0ar s
i scus st SF b BRLosHIRFiA0Sd: BRifl AP ERLLNRIHEAHIIED) 21
I ntroduction of the PEG 5 I\%;at ed or PPGylated. structure can be 1 ntroduced

nat ur al figcusend sbgventhe Esminghsugar oftthe glychpeptide vruired fgyastrodscivesbihePiigsi ng t he

Zﬁﬁ%f’;@%ée&o?#’ﬁﬁiﬁ PARE e Falf BRb oA ilide Spefonal it ¥ N R L2

-0 [\groliué\é'd ﬁs&xﬁéesﬁon usm%;ﬁe"’aggp rratepglf&h'f(ﬁ@ gREoQitParYerasels) 6k mfx 0 Na O

Na o O'+Na gal act ose- der’i vatlves

UDP- gal eftglpesidapedsibedigheosvloansfethsets)A =NH, R4 may be acetyl)

Table 2
Q
Rs-Y il X-R4
Q a 9
R,-Z o (LNH o u/l iH
3 RgA | 1 9 B i N0
o—p : N0 O—F—~0—P-0"\ 0
07 o—f-o 0 o "Na &
) O'Na O *Na a
HO OH HO OH
o UDP-galactosamine-derivatives
UDP-galactose-derivatives (when A = NH, R, may be acetyl)

Q.
NH
. ®
13 % N’&
Q

0'""‘*-0—"'“*0 © Oﬁg:;[o'"'f?f’
O *Na O *Na 2 O "iNa
HO OH HO OH
UDP-Glucose-derivatives UDP-Glucosamine-derivatives
10 ) (when A= NH, R4 may be acetyl)
’ O
QxR N
NH
4
"’ NVAN I PR CAAs
- . ’ ]
J Rz e p~T oo
2 0 o N Né‘\ N O™Na O *Na
2
0“"?‘”:0—-!}0 R-X T2 A-R; HO OH
O'Na O *Na ZR
HO OH 3 GDP-fucose-derivatives

X =0, NH, 8, CHy, N-(R;-5)y.

Y=X; Z=X; A=X; B=X. [ioand of interest = acyl-PEG, acyl-PPG, alkyl-PEG, acyl-alkyl-PEG,
acyl-alkyl-PEG, carbamoyl-PEG, carbamoyl-PPG, PEG, PPG,

Q=Hy, 0,5, NH, N-R. acyl-aryl-PEG, acyl-aryl-PPG, arylPEG, aryl PPG,

. Mannose-g-phosphate, heparin, heparan, SLex, Mannose, FGF, VEGY,

R, Ry-4 = H, Linker-M, M. protein, chondroitin, keratan, dermatan, albumin, integrins, peptides,
efc.

M = Ligand of interest
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QXR QXR4O0O0RYo0O0 R-Z(J-NH R-R3-Y-' Ol Z R4-AOP- N-O.R4A .
OP-O'P-0-ONo 1.1 iO-"Na O Na O+Na O'+Na HO'rr I1IOH a -1 HO CH

UDP- d woomes/dseisvat i ves UDP- G ucosami ne-derivatives ROT/UGHE#HOW2E NH R4 nmay
be acetyl) 0 f X-Rt NNH 11 AR4A 0 OQ-R- ii I NNNH2 R2-Z /~14 NH 0-1
O P- OB0BY Ndkig @ Maarip N ddiined; UDR-galactost-FAG HQeaeted $ifHwidD OH z- R3
GDP-fucose-derivatives GDP-Mann asa-derivatives RrY X =0, NH, S, CH2,

N- ( R B 1,4rgalastosyitransferass, theseby pransferringgha sodifigd galactase te-thg appropriate

car DAl st Bty bR ACR A BEPRERY GBI || oo
ar yl - Riagbe peyducBPuring\bipiasion Sasphigsadvat & sudh Iéﬁplieﬁ\sioﬂl?@&ﬂﬁi‘as SamaliMgnnose, -
FG-, VFG-, It, RI-4 = H Linker-M M_protein, chondrojtin, keratan,

de? mainaect, RIRAT fH0EUS pwt glsprsan bp pradnerdsby treating the glmp@mé? &fltbl' f\rﬁ@#@ﬁ@ d77 VO
2004/ . DA o A . .
o gt a0y By eoslia it idtiteamatbrhng W heddikd, ' o) L2021 Sctosyl ¢ ranst er ase,
N acola0g] & db afihrePtetnpliey Brkodiial BN AR mES R REBPOLRS o Fhe

9l yCcopgRiddds transfer PEGylated-GIcN to a terminal mannose residue on a glycopeptide. Ina

still further exemplary embodiment, an the N- and/or O-linked glycan structures are

10 enzymatically removed from a glycopeptide to expose an amino acid or a terminal glycosyl
residue that is subsequently conjugated with the modified sugar. For éxamplc, an
endoglycanase is used to remove the N-linked structures of a glycopeptide to expose a : )
terminal GIcNAc as a GlcNAc-linked-Asn on the glycopeptide. UDP-Gal-PEG and the
appropriate galactosyltransferase is used to introduce the PEG- or PPG-galactose

15 functionality onto the exposed GlcNAc.

{0308] In an alternative embodiment, the modified sugar is added directly to the peptide
backbone using a glycosyltransferase known to transfer sugar residues to the peptide
backbone. This exemplary embodiment is set forth in Scheme 7. Exemplary
glycosyltransferases useful in practicing the present invention include, but are not limited to,

20  GalNAc transferases (GalNAc T1-20), GlcNAc transferases, fucosyltransferases,
glucosyltransferases, xylosyliransferases, mannosyltransferases and the like. Use of this.
approach allows the direct addition of modified sugars onto peptides that lack any
carbohydrates or, alternatively, onto existing glycopeptides. In both cases, the addition of the
modified sugar occurs at specific positions on the peptide backbone as defined by the

25  substrate specificity of the glyclosyltransferase and not in a random manner as occurs during
modification of a protein’s peptide backbone using chemical methods. An array of agents
can be infroduced into proteins or glycopeptides that lack the glycosyliransferase substrate
peptide sequence by engineering the apprOpriélfe amino acid sequence into the polypeptide

chain.
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_may be produced during expression, as may occur in such expression systens
as manmmalicos Rshisect, plant or fungus, but also can ReTPGRNGRLSRY
treating the glycopeptide with a sialidase and/or glycosidase and/or

gl ycosyl t yseagier;ase, as required. [03071 I-n anot her exenpl ary enbodi nent, a
A cNAc transferase, such as GNTI-5, is utilized to transfer PEGyl ated-d eN
to a term ngp nnose residue on a glycopeptide. In a still further

exenplary e dlgrent an theH\B{ an lérotefmcagly i nked gl ycan structures are 10

enzymati cald ved froma copep {'8°&%pose an anmino acid or a

term nal gl ycogy Cre5| due t s sub ept |y conj ysaitieCOfEt),NHRBEGDdI f i ed
sugar. For & rrplce—P~aa~p cdnase k used to r@énpve the N-Iinked
structures of/a gl ﬂ@bepmo ex se ‘pose a term. naI‘c,NI:c as a ,
GlcNAc- | i nkedy Asn on the gl ye pept “€%‘f PEG ng_lbb HANRLORE T at e

gal act osyltra sferase is used to i the PEG or gal act ose 15
functi onal EE& Bint o t he exposed G cNAc [0308] In an al ternatl ve enbodi nent,
the nodifi sugar is added directly to the peptide backbone using a

gl ycosyl transferase known to transfer sugar residues to the peptide

backbonf303hi $n exchraftias skeaiphey embadinettsset foblilabbvd, BnSeh@BER: ddditosanp! ary
glycosyltransferases useful in practicing_the present i nvention include, but

are not chanpfal og engymapis nepdifgation stens pasy kst izedfollomang thexoyjugatiemaicthe
t f t
oyt oyt FRBARH shlfi 35 e JeB3L Andn el GEBULMEAI AT G, of (i s

appr oac ﬁloawi@mfdriam tiuwsedio @@dmd | glyc@sfyl ond (4. £.eficos) dhi® BB tempePhicdefed hat

| ack, any carbohydrates or, alternatlvely, onto existing, gl foeptl des. In
bot h) caSegsr aitachedindhe periidst In mrothersapmpledan engaimatie sasetionis lgévé f9‘€aposi ti ons

O eoe, PERLI51RASERARG % AEWAS AN AN GIEPHARIAA. SARREEIERCR' Y O the

gl ycosylt%4n , not Irn aran Scedr's aqur He

modi f i calidnsital@éactiop isoititized s fieptiederubmekbone cwjug@ed:llﬁemﬂéalsug@t lFegls. An
arra of agents can be introduced, into proteins or ﬂgl ycopeptides that |ack

t hel@ yé’é?é’%lﬁ rBheIuvancd BediSed sHear isgeRrivaiwit aginthat sbiliryrisstabiige ithe
2004/ 105878 S BeBb S TIER"T i ol s RGBSR bR D D o
0 | N oecdniyite, GG diitd{ BieGno @B sigaPis dapfatdiaedpfoliblaring its conjugatlon to the
peptide. One of skill will appreciate that there is an array of enzymatic and chemical
procedures that are useful i the methods of the invention at a stage after the modified sugar
15  isconjugated to the peptide. Further elaboration of the modified sugar-peptide conjugate is

within the scope of the invention. .

) Enzymes

Glycosyliransferases

f0310] Glycosyltransferases catalyze the addition of activated sugars (donor NDP-sugars),

20  ina step-wise fashion, to a protein, glycopeptide, lipid or glycolipid or to the non-reducing
end of a growing oligosaccharide. N-linked glycopeptides are synthesized via a transferase
and a lipid-linked oligosaccharide donor Dol-PP-NAG;(Glc;Mang in an en block transfer
followed by trimming of the core. In this case the nature of the "core" saccharide is
somewhat different from subsequent attachments. A very large number of

25  glycosyltransferases are known in the art.

[0311] The glycosyltransferase to.be used in the present invention may be any as long as it

can ufilize the modified sugar as a sugar donor. Examples of such enzymes include Leloir
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fff---7771 Gal NAc Transferase HO (GalNAc T3) Gal NH CQO(CH2) 4NH PEG NH PEG
[0309] In each of the:exenplary enbodi ments set forth above, one or nore

~additi (wal ? %Ia%cal or enzymatic nodification steps mll%%twdédﬁed
In an

fol |l owing e conjugation of the 5 nodified sugar to the pep

exenpl nme cos erase ed to
appenﬁ%‘}’l"&f"mg”yﬁgﬁgﬂiﬁt?’%%’ég%% a{ag@g%lfmasfgse[, %Bﬁ{ Wit aSEsf'ugar
at t achegedfgilactof@iihyi@nsttiase Fdodtramfand, gial a@rawmmaﬁnds@mﬂsmes
utilized to "cap' ie._g. , S aIyI ate) sites to Whl ch the nodified sugar

f ai | edylosylsensiogat. @lucnranepplimansietage and the Hkeri cal reaction is utilized to
alter the structure of the conjugated nodified sugar. For 10 exanple, the
conj ugexiad rﬁmtienizjedatmﬁgacrha'ride swrigsesitbaf inmolag gbtcssyltransf@‘amehd:titmsor

destabj |l i it I'k t.h td h th dified
Gogr Hcodfirstase (i Bheiatkd or iR Bom dhn SR n Sy PoRee "ot 11 o4 Sugar | s,
depr o? Baquwféayas%e kdowiC QDb GRdI Qayﬁwédﬁee sBRRhtde Sebne % ENEy OF TR | |

appreci‘ate that there-is an array o enzyrratlc and chemc procedures t hat
are usafidd To ﬁ:lmmd%cdwhmneﬁ%ralseﬂe” tpe ryento.v erhtiohe nodi fi ed

5 ted t ther elaboration of the modified
sugar P HERHsHRR Rme foud s E”Esrga%‘%qu%pﬁe%%ﬁefbﬁé‘. on. } Enzynes
€ yCO%WcBEﬁﬂﬁﬁﬁ‘érﬁ%%orﬁ QBB hnERNd JeaiGices anrse dhBdy#8 aléaefoaﬁdii& ion of

activat'ed ‘sugar donor NDP-sugars), 20 in a step-wise fashion, to a
prldt eivatioes b'pﬁvadeble tlahpb@es;nnajthq:n@Gﬁme@Smss—Rme BEMBLg mﬂmﬁhng end of a
grow ng-oligosaccharide. N-1inked gl ycopeptides are synthesized via a

transfl@3idge Ghyoosydirdrisfirabes thakeh el dngslopaichalié shethddinof thEdhvenBohAtalede; 3MANA i n
an en _bl ock transfer followed by trimmng of the core. In this case the

nat ur dubjremrblimitsd fo, ealactondirarsterpses, RisowiiFmstearses.alesosyieasiemses dhuent
it th
R Ry o T et S e A

may be saiyltrassféraseg, manndsylheasfemesL glneutohiz aviitlirdnséalasergatacagonicHephr donor
Exanpl es of such e I ncl u e Lel .r 79 WO 2004/103275. PCT/ US2004/ 014254
tdﬁwh}an Tseh ad 2 %ﬁ%ﬂi@@ﬁﬁm ergses-ppyitbleglyeasy bepsierasps insfuggdhose

N-acety, Wa&é%%ﬂ%%’m{\g ggftyg{egal act osam nyl transfer ase,

fucosyl trans erase, " si al yltransfer mannosyl t r ansf er ase,

[0314] DNA encoding the enzyme glycosyltransferases may be obtained by chemical
synthesis, by screening reverse transcripts of mRNA from ap}:rropriate cells or cell line
cultures, by screening genomic libraries from appropriate cells, or by combinations of these

| 20  procedures. Screening of mRNA or genomic DNA may be carried out with oligonucleotide
probes Agenerated from the glycosyltransferases gene sequence. Probes may be labeled with a
detectable group such as a fluorescent group, a radicactive atom or a chemiluminescent group - “)
in accordance with known procedures and used in conventional hybridization assays. In the
alternative, glycosyltransferases gene sequences may be obtained by use of the polymerase

25  chain reaction (PCR) procedure, with the PCR ofigonucleotide primers being preduced from

the glycosyliransferases gene sequence. See, U.S. Pat. No. 4,683,195 to Mullis ef al. and U.S.
Pat. No. 4,683,202 to Mullis.

[0315] The glycosyltransferases enzyme may be synthesized in host cells transformed with

vectors containing DNA encoding the glycosyltransferases enzyme. A vector is a replicable
30 DNA construct. Vectors are used either to amplify DNA encoding the glycosyltransferases

enzyme and/or to express DNA which encodes the glycosyltransferases enzyme. An

expression vector is a replicable DNA construct in which a DNA sequence encoding the
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xyl osyl transferase, glucurononyltransferase and the |ike. 103121 For
.enzymati c sacchari de syntheses that involve glycosyltransferase reactions,

5 gl ycoswd foansderase can be cloned, or isolated from aryreswsgazvany
cloned glycosyltransferases are known, as are their pol ynucl eotide
sequenc@grofeesnseergses cnd e MW Ciyiteed & hiabledofinylGegiEntEsdaphias ases, "
(http:// ,ve] . co. uk/ TAQY gt qui de d ycosyltransferase am no_aci d sequences
and nucF B%tlf'&éh%%’aﬁ%%wfé%ém%mgﬁ RS Gy A & paldle hasbnThtweed fehe ani no

acid se ' i '

vai | abi e apeegutifet it 6D el o ok Budcled B AL haRSIloh. 05151
A ycosy hntettmdsheseas dsenctrly, carobseqeapies yeduders ttdiscriftiohabisoniter i dptivadlt | on
i ncl ude, %{ but are not |imted. to, gal actosyl tc{,ansf_er ses )

f ucod y| PPIRGF SUERE 10 SO JANSGHInOR? srgbgncegneoding suitable mRNA ribosomal

acet yl 9| a0y |séci&ﬂ§és%lﬁ§lf§onuul ﬁﬁ%&%ﬂhﬂﬁpﬁ%‘ tp&fro Q.ﬁfi fhfsiSiton.
gl ucuronyl transferases, sialyltransterases, mannosyl transterases,

gl ucur osinplHchdon veah@t dp asEsquigatgressivamiontralodcnalis. tAlAtet armesda] is shred

ol i gosaccharyl transférases. Suitable cosyl transf erases include those
obt ai neagllﬁg’o repiCafe B oSt %U%IGPH Efegh%ﬁ}lﬁf‘&ﬂ‘a? gplication,pad aselsfiioencodi ng
the enzypg @liGRAW &E@g‘lﬁtﬁ&rm?ﬂﬁﬁarﬁﬁ obt ai ned by chem cal synthesis, by
scr.eeni ng reverse transcripts of MRNA from appropriate cells or cell line
cul byr e?“"&ﬁ“%?g{@%gwg genom c libraries fromappropriate cells, or by

conbi na 20 procedures. Screening of nMRNA or genomi c DNA may be

carri ed {@816] WiIh Bomab egbbdigieat| & g coplohsfergRnLédintle hiefivddTehe invention is a

gl ycosyl transf erases lggge sequence. Probes may be |labeled with a detectable
group sdeaesdgansiers Bicesriransiesings 2w koawindadase of kil i Bre aat. dhvsmplarsi nescent
grou 43958 e ) [ QN i 0

hybr i di ';gl;[o ﬁﬂggssaycglxgl{%&% %‘e%) }Hgﬁ"&l;eh?‘%hag%gé [gﬁi}ggﬁég r%g e?oggéosa g@éﬁg‘y

sequenc gssitiay oben alatptonagahyFitesylofnsfhiasdagaht mneasenabnwdiaitide & o (PCR)
procedure, with the PCR_oligonucleotide prinmers being produced from the

gl yédsy aeseRips pey dseefl yene thequgseplcavention, U S. Pat. No. 4,683,195 to Millis
et al. and U S. Pat. No. 4,683,202 to Mullis. [0315] The _

gl ycosy[031qhs flaseme smbndymratsrthe abeeptynrubarsic Zedeiampieodhe G&iNAc tvaansf or ned
with v S i.ni ng DNA. encqdin he, gl.ycosyl transf erases e ne. A
vector  RBI T Ep PR oA R RR AT EBIE: SUngle S O8) PRBHOR Sanpl | fy
DNA encaql ; I I / i ch
encodes LR aPh Dol iRAL; CANT] H Rt eRe R ENS Huct QAR RS (FITL R

repli caNe 2[@ANAG S0 Waichueds first dviacferiaedNSmIamuaNnadk Gee ddilclg &bk, 80 WO

2004/ 103275 PCT/ 1JS2004/ 014254 %eycosr LtrasYSretrat es,en ji~t~ ts, bjY
rabl) | iGakeaiyderte Res- 1981 b1L 68O Pricsliueied Bigh&thew. 856 10Aped p4o7y(1ORET

Copress 188 NRbied, BP0 B! 5P VLRS! S5 550 53 18Y 5 ab A1t GHALRhR1ARRER. The need
afucosyliransferases (FTIV, FTV, FTVI) which are found in human serum. FTVII (E.C. No.
) " 2.4.1.65), a sialyl a(2—3)Galp((I—=3)GlcNAc fucosyltransferase, has also been

characterized. A recombinant form of the GalB(1—3,4) GlcNAcp-

25  ol=3,4)fucosyliransferase has also been characterized (see, Dumas, ef al., Bioorg. Med.
Leiters 1: 425-428 (1991) and Kukowska-Latallo, et al., Genes and Development 4: 1288-
1303 (1990)). Other exemplary fucosyltransferases include, for example, o.1,2
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
30 No. 5,374,655. Cells that are used to produce a fucosyltransferase will also include an

enzymatic system for synthesizing GDP-fucose.
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such control sequences will vary dependi ng upon the host selected and the
transformati on nethod, chosen. Cenerally, control-sequences include a
transcrjption ronoter, an optional 5 operator Sequ%‘?‘} Nt L ol
transcr‘?’ﬁ??%ﬂ%zﬁsequence encodi ng sui tabl e nRNA ri bosona §2(3%1%2113%:}?9 sites,
and segquences yaysal control the termnation of transcription and

ote S. “"“‘!\”'iji é:“Cati on vectors do not require expression control
domai 1318\ | Intdnathet gronpedembbdiniches, theilyédsylttansfe@pé iscagatadiosydtrdinsdraseusual | y
conferred by an oriﬁgi n of replication, and a selection ene to facilitate

r ecogrienpiary Balestapgirarsiemses incloderyyd ob\gelacknrylimpsfemse] @Ra 6oy hddohid,

nmbodi ts, I l,t ransf 2d o4 d of t i ti ' ,
FUcosyre rnP SpRuSECReL ToMGEnEPGr s doal (oRRU R YEPeRou i AN T (he”
ars. B4gnplapys (1990) sylint (0ainkS eI TdAiskee 8NAY JEBiol R Zodansfoor L,
fncose from GDP-fucose to a hydroxy position of an acceptor sugar.

Fucos yi42Pa088))anusing KaenBank 26925 noarserue) do Prete Nt §atagd; SciaflSAB6accept or

e cepi 7Sz kiR, bR EREBn LY SRttt aL) i PR ER AT IERGS 1 e
group (1999N RhbEesAEEHRId 1@6529%%%?@1@&@8 it 8l YhidAGE aiblveana kpaBeasor f or

this reaction include the 3, 4) GLcNAc(31x( 1->3, 4) fucosyl transferase
(FTH tEe Blood gooupB antige3EC 2uhil 3, Wamaliotese! alhdrBiol €fiemed65:r 0d6hLITAN mi | k

(see, i et,,at, 20 Carbohydrate Res. 190: 1-11 (1989); Prieels, et at,
3 165 &E@@&@H‘@%az 10456- 10463 (1981); and Nunez, et at, Can. J. Chem 59:

2086- 2095 (1981)). and the Gal (3(1->4)d cNAc(3- afucosyltransferases (FTIV,
FTv, H#39 whlsersuidgtde farmselin the mesods o6 thaminvenbgniarg B No. 2. 4. 1. 65), a .

char SR BETUR el MR SR i s G Rt U2 R eSS S5
a(1-*3.4) hognsist Eﬁﬁﬁtﬁcﬁgﬁvﬁﬂm%ﬁtﬁé%ﬂap RnragtBberAd 183681 -Pymas, et at,
Bioorg. Med. Letters 1: 425-428 (1991) and Kukowska-Latailo, et al., Genes

and DV 83VphemandMasn ggal., ioderm Fogyiys. RashepmusantiiTa 657663 ¢1389)), amsingr ases

Ery na A I EL oot 1L HEEDRS AOED B  Gp A et e e 1 n
Mol | i cRpfnidekalattosyitHinsfetaseREOCheNtds, $&hl eAA9T1NG0389R)s. 98: 334524 Pat ent 30

No. 5,374,655. Cells that are used to produce a fucosyltransferase will also
i ncl udd9%h)- ethey auitable malartenyltfapsferasns inebidej fogeGDmpiepeb8e. 81 WO 2004/ 103275

PCTI US2004/ 014254 103181 I n ot her, group of enbqdi nents . .

Oy cOTAEH N LiEr st Qo 6.2, SCROREeIner G 2eube. GURmpiery, Mo Biol. el

gal actpsybisngnsdeypses include a(l,3) gal actosyltransferases (E.C. No.
2.4.1.151, see, é.g., Dabkowski et at, Transplant Proc. 25:2921(1993) and

Yaiemp826)t Phe pfIhMdh of proteins such as the enzyme GalNAc Ty from cloned genes by

genetic engineering is well known. See, eg., U.S. Pat. No. 4,761,371, One method involves

collection of sufficient samples, then the amino acid sequence of the enzyme is determined N
by N-terminal sequencing. This information is then vsed to isolate a cDNA clone encoding a
full-length (membrane bound) transferase which upon expression in the insect cell line Sf9

25 resulted in the synthesis of a fully active enzyme. The acceptor specificity of the enzyme is
then determined using a semiquantitative analysis of "the amino acids surrounding known
glycosylation sites in 16 different proteins followed by in viiro glycosylation studies of
synthetic peptides. This work has demonstrated that cerfain amino acid residues are
overrepresented in glycosylated peptide segments and that residues in specific positions

30  surrounding glycosylated serine and threonine residues may have a more marked influence on

acceptor efficiency than other amino acid moieties.

82



5 345: 229-233 (1990), bovine (GenBank j 04989, Joziiasse et al., J. Biol.

" Cheml 26¢io He8B27514297 (-1989)), nurine (GenBank n2692%icraahe@m1eds4at . Proc.
Nat'|. Acad. Sci. USA 86: 8227-8231 (1989)), porcine (GenBank L36152;

St r ahangeksriglidiminogeneti cs 41: 101-105 (1995)). Another suitable al,3
gal actosyltranstferase is that which is involved in synthesis off" the bl ood
group HO3Zt) g8hlyE@sRrased a8 Apotianpe bbghytosyltransfrasBiteit is Webihin #65: 1146- 1151
10 (1990 uman) ) . 31 Also suitable for i,n .the nethods.of the
vent | GO BR EAs i actgn miE RSt R, 3 e DEFORE FAGRDINEE  oxanpl e,
EC 2. 4. sla19Rratib R NAGH iSENRbAREICMPLidES adid, 4hibhls 4 dialit asHMRBoSHAL het ase)
(bovine (D Agostaro et at, Eur. J. Biochem 183: 211-217 (1989)), human
(Masr i salyliansfe@pese FaampRis o biplylirasterases thabire saiable 88 s688the peB8)Y) , nuri ne

2. 4. 1. apanarana e STGAT R R st ppri sl Bl YooYy, STaGaP BT, o,
J.  NeurpsgBGaRgsSTRS] IR 3F684RIA L L STHGRINAE NeinBYTE@HNR ¢ IIT (the

gal actosyl transferases include, for exanple, -al, 2 gal actosyl transferases
(f r om esigyliragehiasoBemeiciatempeathgeintieas @sepded indisuiae: alVsFlycdbiadbgy €si-1  5:
519-528 . .. 20 10320] .prooduction of protei su as .t he yme
Canac it RN At P oA B e et e as el AR Ao | See,
eg.n U 161 . G i S Clal uf:f1l ci ent
29,09 o240 gy Sl o R Bl S0 UBFID oG
N-t er m sradlyseiflee Se¢, NGan dehiEsjnde erainyi Bol. iCh-ih256: 3460 (1981) sWemkRierGlNA ¢l one
encodi n fuII-Ieng%h‘(nenbrane bound) transferase i upon expressi on

[ g

in the ?ri%efeﬁh@m 17 o G S e e Irbehergnansasi bl HubPgigE i ve
SZYTe. RS S20L O BRRGHEE (1Y 20 od B SRAN B Cacid Be AR SLALAGY usi no 2

sem quantit veranarysi s ol e rds” surroundi _ f

gl ycosyieahinanGal dfebe difactBartticldr @iyRBkidBr 0k, Rddgick 0F 410 WeBiddYChdm. 2511 M44

gl ycosyl ati on studi es of Zé/.nt hetic peptides. This work has denonstrated
i

t hatS ceflOdPransdrfviblospaceldrly &shidh édenr 267: Q18P+ E1R98% efrthyr erergplycayymeed

peptide. s that resid in s ifi ositio 30, sur roundi ng

gl ycosy?nﬁﬁ’gg%gai'ﬁfﬁg%g?ﬁgf Hrggﬁ‘iatﬁé?‘&gﬁrﬁﬁ%i “rfg(ﬁlr é"eéaﬁg‘:l"é' Jn%ﬁ%élﬁmi nf | uence
on accey.arseffi @@Jg)qy than other amno acid noieties. 82 WO 2004/103275
PCT/ U82004/01425£ [0321] Sialyltransferases are another type of '

gl ycosy S t i L ) i I tion

o Xt ur olUSBRT PEUTRREy, R By cSoy R E rcafbol vy 6 RAFRLARMIcc e L bR

si al yl t w@nbé e61a&Lgankfdrkiafit S61d 6 ARUeGuIBPGal Al 4GlcBigicd, thivriogicongmen si al i ¢ aci d
donor for 5 sialyltransferases. Exanples of sialyltransferases that are

sui 2&bl perfubiimais sequengchenderlping the tefmipahsitlinnciden fdly shiglated carhohydraly 4 rat

or human S 3Ga& II,II% 3§T3Ga| IV, ST3Gal |, STeGal
strictures (see, Table 3).
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|, ST3Gal V, ST6Gl I, ST6GA1NAc |, ST6Gal NAc 11, _and ST6GalNAc |11 (the
sialyltransferase norrencl ature used herein is as, descrl bed in Tsuji et at,

G ycobi ol o . v- Xiv' (1996)). An exenplary a(2,3)si Itran f erase
r ef erré@?‘%‘"ﬁ@”&?Z 3)sial yl transferase (EC 10 2. 4.99. gf%qué?f’éwéf@%l alic

acid to nal (31-*3d ¢ disaccharide or

gl yco® rh&ﬁ?@@@d@@%f@ﬂgﬁ@@ e the ﬁalﬂl 3&@1@5  Sequeags 23 8p aceepior ( 1981),

Wi nstei n etsubstrate). Blol. Chem 257: 13845 (1982) and \Weén et at., J. BIQOL.
Chem 267: 21011(1992). Another exenplary a2,3-sialyltransfer ase (EC

2.4.9 a trasgsfers stdaljc acid to the on regkjﬁp'%{l term nal %ﬁ
al Chem 4444 15

di saclRigfyltgan T2 vcosi|d@*  €ee, Reari

(1979 sppcl @ | | espi e et| @immalianBi 0! - C
exenp _aLgL_e.uzguxes__l_nc.Lude_Ga.L—(_B_l_,_A_
Kurospemi@il 1At Eur. J. |Bifashsidge. 219! R4mA38H

for gfycosylation of céLr bohydr at es of bkglﬁﬁ?%gﬁ%@ | al ylit ransferage

will be_able to.t r a. s f er siali anunnm;\ G4l f
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ST3G [t V-Mamrat-anm—NevAca2 3Gt STH4GCNAC —NetuAca2; 3Cat{ 343G ENAc
ST6Gal ST3®Mral i an Neuﬁrd‘émﬂd@l 4G Acﬁ]!ﬁﬂf]ﬂ]l 4(ﬁl|¢mﬁcrbact dr3 um
NeuAc@2, 6Gal [ 31, 4GLCNAQ-N.zon@Ti8Ea¢ V N rrenl ngi tides )

NeuAc NI NER3g g9 ycoochnee et AT B0/ Technol ogy
9: .13 1%3&@ Iy ; t, é’;ﬂg; > P%ﬁ Biochem 1200 104-110 (1996) 3)
G Pber? et ﬂ%{l %é 2227 £ (1996) [0323] An exampl e’ of
a si aI Itr et & gk ‘{ P ée’ﬁs% d nmet hods is ST3Gal 111,
which is also referred to as a(2,3)5|al yItransferase (EC 2.4.99.6). This

enzyne cat al XIZI
[0323] example of a sialyltransferase that is useful in the claimed methods is ST3Gal

NI, which s also referred to as (2,3 Ysialyltransferase (EC 2.4.99.6). This enzyme catalyzes
10  the transfer of sialic acid to the Gal of a Galf1,3GlcNAc or Galf31,4GlcNAc glycoside (see,
e.g., Wen el al., J. Biol. Chem. 267: 21011 (1992); Van den Eijnden et al., J. Biol. Chem.
256: 3159 (1991)) and is responsible for sialsrlation of asparagine—linkéd oligosaccharides in
glycopeptides. The sialic acid is linked to a Gal with the formation of an ¢-linkage between
the two saccharides. Bonding (linkage) between the saccharides is between the 2-position of

R

15  NeuAc and the 3-position of Gal. This particular enzyme can be isolated from rat liver
(Weinstein et al., J. Biol. Chem. 257: 13845 (1982)); the human cDNA (Sasaki et al. (1593)
" J. Biol. Chem. 268: 22782-22787; Kitagawa & Paulson (1994) J. Biol. Chem. 269: 1394-
1401) and genomic (Kitagawa et al. (1996) J. Biol. Chem. 271: 931-938) DNA sequences are
known, facilitating production of this enzyme by recombinant expression. In a preferred

20  embodiment, the claimed sialylation methods use a rat ST3Gal I11.

{0324] Other exemplary sialyltransferases of use in the present invention include those

isolated from Campylobacter jejuni, including the a(2,3). See, e.g, WO99/49051.

[0325] Sialyltransferases other than those listed in Table 3, are also useful in an econemic
and efficient large-scale process for sialylation of commercially important glycopeptides. As

25  asimple test to find out the utility of these other enzymes, various amounts of each enzyme

34



10 the transfer of sialic acid to the Gal of a Gal[3L, 3@ cNAc or

Gal [31, GG coside (see, e.g., Wn et at., J. Bi 267 21011
(1992); Van delr?g%i%j nden et at, J. Biot. Chem 256: 31 é?r{%g%nsl@%%d is

r espongiupl op ARk EEbRkPHHRESRE RRPAIASINAAE aked 0qhiaas ReShRELIgS 1

o] ycopg@&gf%é%m%g sig i‘%n ac?ad vﬁgp%:i nked to g Gal V\ng/tﬁﬁﬁt he forérjfglt%i on of an
a- | i nk aapelityaxt Heeenal ykitansteraer efbdotoheat toddalylaBoglpéapgptiddsmidatied toethmebovind e

har 4 [ h - it f..15 Ne d .the 3-. iti f Gal.
Thi s peb Tcetay S er bif ARGt RS pO8 b eeprlRem ot at, .
Bi ol . GHefopeptides, di384fkéd S8kl cchhdi@esbubPiadaid rélSasd lontthedeplidd93)  J.

Biol. Chem 268:. 22782-22787, Kitagawa & Paul son (1994) J. Biot. Chem 269:
1394 10agithongran he merd ia place vhggisla-stAGP forthgesylughion; Siklyltamsfeorasey witho31- 938)

DNA se r Y tlitatlng producti of this en by

reco nbiq?\{g ﬁ?ﬁ@%@%@?@ﬁ% né(g&%%oé?cé; ?’?ré%s b4 g@ﬁﬂgﬁ?@ﬁ%ﬂor‘? ‘F@Cﬁ“@ @d’l

si al yl asTakal Tatdwadail is€paclial lapda&alle rbdess[fORplid&kBENatRREPIIREMated for
sialyltransferases of use in the present invention include those 1solated
fr om CapiifF8dHdR 81§ diselasure) ncl udi ng the a(2,3). See, e.g, W99/49051. [0325]
Sialyltransferases other than those listed in Table 3, are also useful in an
econom LGl arge-scal e process for sialylation of commercially
imort%ﬁ&gg%yaﬁqﬁg%?g% 25 a sinple test to find out the utility of

t hege OMBR6] eOmy oEskill ViatheQusvilndBistndfihaaakr glw trariderifes 289 Hé 103275

PCT/ US2004/ 014254 ,a_(lxl r(Jj! zfi iggf Ndteirb $~i u tkld with. asialo-al
AGP ( at Substitptedgnigisimilas meecydles asqigve besp describied iidglaflifor thasf er ase of

i nterest: i a . i ive taq,ei,ther .bovine ST6Gl I,
ST3£C3\3I %ITIW%?IL%%)#% %&aﬁﬁ#gﬁgkﬁgﬁéﬂﬁr e"rcr?éltails\%/’etley?oréﬁ%@cegl ycopepti des or
gl ycopegititabeiranoieraed, bk ede®(Siggfoaca ad) Pers Neizyamit Saalisy arekeasgadodyyom t he
peptide 5 backbone can be used_in place of asialo-al AGP for this

eval uat okl SHeesen ef @ln fusrh Séacham §24:t7ﬂél%%’*i))-i ty to sialylate N-Iinked

ol i gosaccharides of glycopeptides nore efficiently than ST6Gal | are useful
i n B pr#&eTlcaN-tshigslsteshminlivasisades arepdgst ifdse ¢ plaglicing dre graseni | | ust r at ed

for ST3G&1.111,1n this disclosure). Oher glygo transferases 10 [0326
one of | BrpTton Suhele &-Feely A BRI E st TR DY 6 aey lionaais & haba tan
be subgt) i - Shm r ; iped in
dotar | Tt BhihdinRiad (A1) R AMIENGCGRARy BN B REE Oy BB bEPS
can al s Biel, Chem. 267 12082212089 1( LIS vhd Sanisf @ LASE BiokClem. WDO85(63t@g4)pv et
at, Proc. Natl. Acad. Sci., USA 91. 5977 (1994)) or Al g5 (Heesen et-at, Eur.
J. Bi ocHuhpolymeptide N-geptylgajactosamimydisansicraged Hopis) e@a!-aétﬁe%\ 16y 20%A36Q} ases
N 228 o flogue Sidle REAE AL IEIPERE RS BV AL X B UBLer o) o1, 5
. BBRC 176: 608 (1991)), GuTII, GnTIII (Thara et al., J. Biochem. 113: 692 (1993)), GnTIV,
and GnTV (Shoreiban ef al., J. Biol. Chem. 268: 15381 (1993)), O-linked N-

- ) acetylglucosaminyltransferase (Bierhuizen et al., Proc. Natl. Acad. Sci. USA 89: 9326

(1992)), N-acetylglucosamine-1-phosphate transferase (Rajput ef al., Biochem J. 285: 985
25 (1992), and hyaluronan synthase.

[0328] Mannosyltransferases are of use to transfer modified mannose moieties, Suitable
mannosyltransferases include a(1,2) mannosyltransferase, a(1,3) mannosyltransferase, a(1,6)
mannosyltransferase, B(1,4) mannosyltransferase, Dol-P-Man synthase, OChl, and Pmtl

(see, Komfeld et al., Annu. Rev. Biochem. 54: 631-664 (1985)).

30 {0329] Xylosyltransferases are also useful in the present invention. See, for example,
Rodgers, et al., Biochem. J., 288:817-822 (1992); and Elbain, ef al., U.S. Patent No.,
6,168,937.
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N-acetyl gal act osam nyl transferase, (3(1,4)

N-acet yl gal act osam nyl transferases (Nagata et at... J. Biol. Chem 267: -
12082-12089 (1992) and Smith e: al., J. Biol Chem 269: 15162 (1994)) and
pol ypepY® aWHP3et yI gal act osani nyl transferase (Roma et H{USM4BERY ~ Chem

Gori s Seaae bt Edy Copne reilym G & ol RS IR (| hat a
t al oy whl y 2c4. : : ikaRe 1l DRSS TS, t at, J.
Ei o?. (%}ginwg%ggﬁggﬁ fé:g%) #%&,ﬁ?@ﬁgﬁ% -I\Hl-d\fg%et yl S%véglsgm nyltr anrflg::]c§ er Zse

( Bi er hbZyRBEHYBRATIPPOICMENSt Valt#ngdd. (BJIL Ple$# 1893). 9326 (1992)),
N-acet yl gl ucosar ni ne-| - phosphate transferase (Raj put et at, BiochemJ. 285:

985  PEB3I0LO Pdkarpanit flyedsyitansferasyyurbake us¢MBRGkadtinothy liiveatioheSwbes are of
use to transfer nodified mannose npi eties. Suitaple. nmannosyltransferases

i n2| uslycagviirmsiorases drojudereangnes mgelved i syaphesis i dippplizesaesharides(LQY)1, 6) )

and poet 8BRSy iy gt FEARGE b U RO ey B e 560 50
10329 Elysyh esinkhded igdt etinseglyas@nplgates seidudn ths siffscepfdnani dpitheliiicells See,

for exanple, Rodgers, et at, Biochem_ J., 288:817-822 1992@’ and El bai n,
et at Or iy st sesresipnnPreston etiqlg (agical Bevigws pldicrabyaivgs 23630 (RS O80 41956). 4 2 5 4

1107 TSHRR R PEE O b oy HEEEEL 60 R eRp R T LBSH bl bR RIT ) i
10 at o5 IS ARRHARRATES p AR ARVERIRARE: PO os RldfErascfid a TS, P ess,

1993). [03301 Prokaryotic glycosyltransferases are also useful in practicing

t he | gelentosdiransterose (s8¢, glgy,dBYRILt Acnsssien Noe MPATI atel MBSYFeEE. icalibl ved in

synt hesiS, of _ 1 i poaql.i rides (.LO]) whi are preduc y many gram
negat WBMW%&?@%@?@E@W?%’&VW@%5‘"?8‘%%?{5@”% @8"6\‘7‘?' fé’g uences t hat )
mmc ' t L ) or in
e R e e S G S e i DS

139- 18Q7(2BE kpli) arfd s Rt drsedsival NoleR 19807 (Sinrgphiaiirikiny), badlat §1,2tWe proteins
of the rfa operons of species such 1 and Sal nonel | a typhi nurium

0 E. | ] A
WS ¢ h apstlele s Ko G e Y SOVE M Apession Nan /09033 (Fold. Other
| t [ . i MB6935 (E.
02 2 EARLIRANTLELRATE (ARR nydlacig DflndRFORIAM, MoRueMEGRIaaRe V0930 (

(SW sen&lded by opbeme seihod ANB, WIASY Hove(Heen ehdrhdteriasd iGdigahighsiarbydst r ansf er ase

(rfad)(Sw ss-Prot Accession No. 'PP27129 (E. coli) and Sw ss-Prot Accession
No. PXeicllapyeumgpigekcolinyalmonelip saphimurivpn, Nokepnella enterica, Yersinia

acety 'eggef@cgog@gﬂ]ﬁﬁz&afb?%k%?é;frg&z&hazlﬁ)ggtﬁégﬁhn@&%?%f P Bmand? ggr%g&!t:)'sa.c ohi).

O her ranst erases r | acl d sequences are“known i ncl ude
t %S € [b?ﬁtj @A o suitable for use in the present invention are glycosyltransferases that are

involved in producing structures containing lacto-N-neotetraose, D-galactosyl-B-1,4-N-
acetyl-D-glucosaminyl-B-1,3-D-galactosyl-B-1,4-D-glucose, and the P* blood group 9
trisaccharide sequence, D-galactosyl-a-1,4-D-galactosyl-B-1,4-D-glucose, which have been
identified in the LOS of the mucosal pathogeﬁs Neisseria gonnorhoeae and N. meningitidis

25  (Scholten et al., J. Med. Microbiol. 41: 236-243 (1994)). The genes from N. meningitidis-and
N. gonorrhoeae that encode the glycosyltransferases involved in the biosynthesis of these
structures have been identified from N. meningitidis immunotypes L3 and L1 (Jennings et al.,
Mol. Microbiol. 18: 729-740 (1995)) and the N. gonorrhoeae rﬁutant F62 (Gotshlich, J. .Exp.
Med. 180: 2181-2190 (1994)). In N. meningitidis, a locus consisting of three genes, Igt4,

30  IgtB and lg E, encodes the glycosyliransferase enzymes required for addition of the last three
of the sugars in the lacto-N-neotetraose chain (Wakarchuk ez al., J. Biol. Chem. 271: 19166-
73 (1996)). Recently the enzymatic activity of the IgfB and lgt4 gene product was

demonstrated, providing the first direct evidence for their proposed glycosyltransferase
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encoded by operons such:.as rfaB, which have been characterized in organi sns

"such” as iy RlsiRk}s2 pneunoniae, E. coli, Salnmonella tygphiRdbii.sg! monella
enterica, Yersinia enterocolitica, M/ cobacteriumleprosum and the rhl

oper on g ﬁ"é%%-%ﬁ%@teﬂ%%&i@?}é?&ﬁa—??g PLIGRONE N, hnbl3foddd ! M@

present” I nvention are cosyltrans I'n protuci ng
st ruct uthe® acotwaadditipal geaies /M nebichtaddol -GNt acthe 3\gositidn bf sheNerminal

acetyl - D-gtucosam nyl - (3-1, 3-D-gal actosyl - (i -1, 4-D-gl ucose, and the Pk bl ood
group &alacdess o the lado-denenisitasse structure and igiC which adds a terminal a-D-Gal to the

| a1 A | | 2 (3-1..4- Dol . whi ch.
Cdent | Raa Bt b RARRAR £K b afigh e SRt S iR e ana n
neningi (GoditdicR $1998% haptn 18 WV, adeningazidwa@epdvme 9Biuabtypd L1 a236mdfcdsdstR94) ) -

The gengs fromN. neningitidis an N. gonorrhoeae that encode the
gl ycosyP tHapd gopp seisennpg hovbeenshowe torasyan Isés peneddenniesseet abt (1998 r es have

Vo - b oo B D Pbis S andH Y atRESE 1B s cbe A TRPREE 1 2
( Cot shl §,645 5583 (Etsehliche drendSfor od LB ArcddARar(siQ84) ahd o I3 -FacosPlbAdEdabdfsm 2

| ocus consisting of three genes, IgtA 30 IgiB and Ig E, encodes the
gl ycosylielicobstier peri das ylaebeenahaiacdzébMaddiet eh. iolt Ghern aX12: 2H¥4% of the

i t o- N- t. hai n. ( Wak K I J. Biol. Ch
27918 10486 5079 B0 P SR MRS ok Vit e it Pl st g1 s and 1 gt A
R e R S R oy TR e ST v YA

fi hleén ( 'd | hk"et,~tlY14 iir' iglc Ozenr. 271(45): 28271-276 (1996)). In
N. gonobulfiresssferasehere are two additional genes, |gtD which adds (3-D GalNAc

to the i td on -t he term.nal | act f the.l acto- eot.et 1 aose
struct ufﬂg@gﬁdﬂa%rg%&lﬁncﬁs%%rggldgs F]eep%l%ﬁg?r pg-"%—-c&% pep gld?siﬁ at lflgl-éla%?él?aé? enent of
a truncajpreulesSnclhditig, fof akipldsilfitediolabedridéddtich anhegtein, Bégavat sulfted
(Gotshlich (1994), supra.). meningitidis, a _separate inmunotype LI

?I sb> exprreggean, akbrelased Qﬂmllg‘?r yilp'fablﬂ wensirases snabeden f@rlrﬂ?impiﬂla car r]%/ an
o . e &R .
hnd acsn g AR BBl Rreppac ERdt AR Rty RS ERE e ol Y BABY GG, T 2°°

Genes f 2710: 38525 88305Y H9)agshBinksEcaislodNo 3D 197163 Wy doaaaimipheen IN-om
Hel i cobacterpyl ori has al so been characterized (Marti-n et at, Bi ol . Chem

J.
272: 213%tylglycosete WiagemyylascAl sulphpirapséerpss k Brixen evdnCenaréntZbodH2el t he

gl ycosy r S r | ob aj, i ey for e,

e pet ) SRR TSR o oy S RAR G b Rt RN e FURIRES: o s
[0332] dhiphdtRveRtdsen (Alufife SN dleerival i @itsl fmares pr.ol BeoInChoRPLE9d287a-hat

i nclude sulfated nolecules, including, for exanple sulfated polysaccharides

such as2hEpdPPH) anddpiksson & al-f Atltol. Clignci: 8EHe 4434994 Bwsan eBiounds.
Sui t abl ﬁes%Hu:cP fnr(?gnﬁa%k %?c%gssio?l 0‘4‘1?230‘31? exanpl e,
)
Cell-Bound Glycosyltransferases
[0333] In another embodiment, the enzymes utilized in the method of the invention are
25  cell-bound glycosyltransferases. Although many soluble glycosyliransferases are known
(see, for example, U.S. Pat. No, 5,032,519), glycosyltransferases are generally in membrane-
bound form when associated with cells. Many.of the membrane-bound enzymes studied thus
far are considered to be intrinsic proteins; that is, they are not released from the membranes
by sonication and require detergents for solubilization. Surface glycosyliransferases have
30  been identified on the surfaces of vertebrate and invertebrate cells, and it has also been
recognized that these surface transferases maintain catalytic activity under physiological

.conditions. However, the more recognized function of cell surface glycosyltransferases is for
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— \
chondr oi ti n-6-sul photransferase (chi cken cDNA described by Fukuta et a!., J.
Biol. Chem 270: 18%75-18580 (1995); GenBank Accession No. D49915) :

gl ycosagiy s, N- “acetyl gl ucosam ne N-deacetyl ase/ erase |
(Di xon et at, O%EI’IOI’II‘ICS 26: 239-241 (1995); UL18918) Ni)éﬂ)é’gg Iogﬁé’lm noglycan

S*eiﬁ?iv%é@ﬁ?*ﬁf@@@ﬁ%@@f@%@%ﬁﬁéﬁéﬁ%ﬁ@?@%ﬁéﬁﬁﬁf W and

Eri ksgggpyet at, J. Biol. Chem 269: 10438-10443 (1994); human cDNA
described in GenBank Accession No. U2304). Cell-Bound d ycosyltransferases
[0333103}3&1 ] 27atdsds W%@é%bé){cﬁ% GUreeiy yH&éy'ltka%@férés@s Eﬁﬁeﬁﬂ%&l'& Qe the

I nvention are 25 cel ycosyl traRsferases. Although many sol ubl e
gl yco¥yt ¢xampdé¢,draaw? at ePrienoMaer!. dcsdef;‘c;f G54 8#ad2N7e8230.($98PatepoNa geBeid2, 519) ,

o ¥ n et RsAte Sfoneh EDREN St Ui de ERy Prer iR abbelmthes . oore © 0
consi Qﬁ%&%célﬁnﬁé strflthled §ﬁ&th@fr%§hzﬁ§ gycBBrkitorkdb) RIS @ABRM T om t he

nmbr an by sonication and uire detergents for solubiliZation. Surface
gI y cofipht mRINA ésobes@bitbm\eem@indedilinedaninf toedpress URP-galadtesef.-DF- vertebrate
and invertebrate ceI | s, and it. has al so been_recognized that these surface

t r ans Seleeiosd- lntireestd Qﬂ%ﬁm@lwﬂlﬁ ga,la@ﬂwéﬁrarﬁﬁﬁwwaﬁgtr@a ecteddsiedi t i ons.
"Ho | t f
i smf\(;g%i Sl ot SERaels weBthar Sused fnd e aeT a8 F et ag fic it

CBafikio 5@93&@3@3@%@5 t o SUPRACELLULAR PHENOVENA, 1990). [0334]
Met hods have been devel oped to alter the glycosyltransferases expressed by
AceIIs. a , o B2 URAe §6: 8227-8231
(1989)[0 3F52p0r é)eertlgt_ ﬁr%% a%ﬁ?éggc'ﬁftg&ﬁggﬁgt éc\%lﬂelgﬁchﬁl}f squences t hat

det er mdﬂaadamhemircgrﬁmcta@ﬂsb S thiefereend sifaseastehdriithis EMC AUFiparti®nd t hei r
cognate glycosyltransferases. A cDNA |ibrary generated from nRNA isol ated

f r om dusien Porsisiag bf (i) asigraldgAnance ek pr ester WEMbgatieau i, (ii] @membrane-
| act osyl-1, 4--N- acet de t | t rase wa
O o e s R RS A e e AR R TR %S ana

assay co et
5 Biaieee & sroctee R gHRlRE RGBS GhERGuRGHatiptee bfich ‘%Efeﬁ?@*’%m hod of
an cho thaBrafdistcamtthnd selimited iy @x pricaslotis well apsternd ardsashecogtizel ohe .

tri {)arz%tl to?q F%‘qt@lao cog&; %ééggﬁﬁgﬁéléé&%ﬁp%h%ﬁggggce of ngn out er {renbraned
pr ot ei ’ er nenbrane protein, an
(i) a conplete-mature [i-lactamase 15 sequence is produced resulting in an
acti v%-u§it(55fpfixg@mgound (3-lactamase nol ecul e. However,

10336] In other exemplary embodiments, the methods of the invention utilize fusion

20  proteins that have more than one enzymatic activity that is involved in synthesis of a desired
glycopeptide conjugate. The fusion polypeptides can be composed of, for example, a
catalytically active domain of a glycosyltransferase that is joined to a catalytically active -
domain of an accessory enzyme. The accessory enzyme catalytic domain can, for example,
catalyze a step in the formation of a nucleotide sugar that is a donor for the

25  glycosyltransferase, or catalyze a reaction involved in a glycosyltransferase cycle. For
example, a polynucleotide that encodes a glyéosyltransferase can be joined, in-frame, to a
polynucleotide that encodes an enzyme involved in nucleotide sugar synthesis. The resulting
fusion protein can then catalyze not only the synthesis of the nucleotide sugar, but also the
transfer of the sugar moiety to the acceptor molecule. The fusion protein can be two or more

30 cycle enzymes linked into one expressible nucleotide sequence. In other embodiments the
fusion protein includes the catalytically active domains of two or more glycosyltransferases.

See, for example, 5,641,668, The modified glycopeptides of the present invention can be
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the Francisco nmethod is:timted only to procaryotic cell systems and as
" recogni zgg) Ry idis;s authors, requires the conplete t¥i quéﬂ(lﬁs%(whﬁ.i%& for

proper functioning. Fusion Proteins [0336] In other exenplary enbodi nents,
t he met, r Ofu-pi-ag ol f O nbit Lok 2 Lon. ' : ve nore than
one. ond AT PO BB R e R bRl e S

gl ycopeptainge, ®O] Regatt & ppli¢esioh PSI TG ABI0N b8 twideis waspnblzhedbapWeeo/81224f or
exanpl g, f ggtgq tically active domain of a glycosyltransferase that is

j oi ned b '*EC¢at 93\(?t)i cally active domain of an accessory enzyme. The
accessory enzyne catal ytic domain can, for exanple, catalyze a step in the
f or mat i gn&bilidedEgdvaRE i de sugar that is a donor for the 25 ‘

gl ycosyltransferase, or catalyze a reaction involved in a

gl ycosyli83dnseadssieondy celé-bomut enzgmanphepresent aivention aet prwiddsdor theusdes a

I | t ..be, | oi in-f t ~pol |.eotide that
I oces R 1 A rGBPURE bhanahe el iRl wiovedn R FEEHIS r ool ¢ ng
fusi on RHGYEMBnCARrd iE'?fbvﬁﬁH%'@I s?%nﬁ@ﬂa!e {hla@i_s%m)i/ﬁhgaéa% PPEGNG. I Elegt | de

sugar, but also the ({iransfer of the sugar noiet o the acceptor nolecul e.
The f usglyeosyl ke aceading e thoumethodyof thedgvayiohe Toa P feknkdrvherné comgugaie

PR o RS R e e BTSSR Gl m kOB g 1
gl yapsyihbhapatien saptifies the forlk 8p oS HRTBARion Mniltkie SRByuriNStioR ] fhk §chction

gl ycopepti des of the present invention can be 88 2004/ 103275
PCT/ US2podi@arisdso geblas ihefacildre¢overt ofthe ergyimed Thedalydasplttansfatasd i zi ng

various suitabl e f.usi.o roteins.(see, for xampl.e. PCT Rat ent l'ication
por Choroerios SiliPehR et Sbe Feni JasSShNSitae of srmies 1980 |

| mobi | {gedrERaY bR sppardPR3Rdsel of sRECihORt 0 cel | -bound enzymes, the present
invention also provides for the use of enzynes that are inmmobilized on a
solid and/or soluble support. In an exenplary enbodinent, there is provided
a gl ycoSyyaosylation by fecemnbimant Meshpdsgat ed to a PEG via an intact gl ycosyl

| i nker di t o 1he t hods, of the i,nvention. The PEG |inker-.enzyme

conf hoalta 8] s ChfesalitFe ePaE et A aht Ko Ba Rty M fenk ity g

suppor t pgraEARYATBShy RediiEniR RS Afpolhubletildxnéiensbdig bihfsnthiganor k up
of the reaction mxture and purification of the reaction roduct, and al so

enabl esgromgh hermidng, which vemprisss at leestawe pawly Mededed dbsyriQliaied er ase

conjugate is.utilized i.n.the t.hods of .t.he invention. O her conhi i ons of
enzy oo et s ol SR HEPE P e BRu BE B e P oI R R,

G ycosy l@ived oy yERE o tNatharyRlahied sridi. 103 3 karEhyvans pradAhdbrabn@ nmut ant

human growt h hornone nay al so be acconplished )
20 recombinantly produced from such a cell line is glycosylated by the host cell glycosylation

machinery.

) Purification of Glycosylated Mutant hGH

[0339] The glycosylated human grdwth hormone produced by the above processes is
preferably purified before use. Standard, well known techniques such as thin or thick layer
25  chromatography, column chromatography, ion exchange chromatography, or membrane
filtration can be used. It is preferred to use membrane filtration, more preferably utilizing a
reverse osmotic membrane, or one or more colﬁmn chromatographic techniques for the

recovery as is discussed hereinafter and in the literature cited herein.

[0340] If the glycosylated mutant buman growth hormone is produced intracellularly, as a
30  first step, the particulate debris, either host cells or lysed fragments, is removed, for example,

by centrifugation or ultrafiltration; optionally, the protein may be concentrated with a
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l
intracellularly by reconbi nant neans. A pol ynucl eoti de sequence encodi ng a
mut ant human growt h .hornone, which conprises at :|east one newy introduced -

N- orI ?W52q§58032%l ycosylation site, may be transfect ed}}éﬂé‘sz"%“/ﬁ%t?bl e host

cell eukaryotic cel | line derived from

17 om <traREe ey AT R PRI (P, Yo B RRF sl R b TPl oducan

nmachi n@sint fomWihdrii@phites WfonEloy ansy bepestlddwdiémifdrikidafityThe gl ycosyl at ed
human growt h hornone produced by the above processes is preferably purified

bef or e¢ @aatostaahna@m-exmge thema ﬁtaétwnﬁnqué@gs qe dicdkyleminpediyl (REAK) loayer 25

rerr aha PR v B e AR RRey | AR SRR TRIAEE ™ | U7t on,

nmorse m@fh@foa@@l\/ﬂBlubSépﬂa@osa MONOL3, EMQNID-ISI tenfblERfiaSRphaos§WeGAL nore col um
chr omat o%raphl c techniques for the recoveTy as is_discussed hereinafter and
RO .

in thﬁSerh awsatiameAciepeatoste Etien Toyaizad)] Butyl ThgongeslcBrgnvhTesiopratlaB- human
ot o @R T B R SO Bhrofuaidifafhy, Hich bhRlndbiBin 03 ¢

exanpl anombmf&ﬂgmgl rewgad ploRe EPIJOJ lerafdilidar @l indih, ap?@lﬁdddrhaiglgitlc %ﬂaﬁ rgélel n may

be concentrated wth a 89 WO 2004/ 103275 PCTI Us2004/ 014
Irief 1fl1119FIPIMSl!!$,4 &ebephadex: melselansieve oraizergclusion ghgpmatpatrpby, separ ating the

po| P [ af. D cted

Pl Birbgee bl B bal B SEa T P oM e BT b REmBR B (. 0.

on di egdﬁﬁﬁeagfbﬁp@iﬁml (DEAE) or matrices containihg carboxynethyl or

sul fopropyl groups), chromatography on Blue 5 Sepharose, CM Bl ue- Sephar ose,
5%1 éc%?ia’te'd thght th%%%}%ﬁﬁﬁbnn\éﬁé rodRRERIPAR mrgmsﬁmgﬁphar ose; )

Et her oyopea Butyl Toyopearl,” Phenyl Toyopearl, SP- Sepharo

pr ot ei moléteﬁéaghmtmh@gtram Meﬁmooﬂdyaagx aplhye nmdia, ee. dhtlowaﬂi bgoaphy,

chromat of oci usi.n erse phase HPLC t ded
o o et g Eton e e fom e e, o S sl RO BRER o) eve or
Si ge- eﬁeﬁw%@mﬁw%& 8B/caRB¥kin &Qﬁ%ﬁﬁﬁ%@%aﬁhﬁm&%%gg%hghﬁ lgl ectively

bi nd the pol ypeptide, and ethanol ~or “ammoni um sul fat e Itati [ 0341]
A gl ycB®yCatadberwrmployediondinalgruoiftchtibrostapme produced in culture is usually
i solated by initial extraction fromcells, cell lysate, culture nedia, etc.,
fol | oweid4bly @ngrotease inbibétog @RCanéthlisilddhylSwdride(BMBE), m@gﬂb@ﬁid:ﬁldieﬂﬁh sxechange,
or size-exclusion chromat ography 15 steps. Additionally, the gl écoprot ein

may bethﬁtf?lieg‘?‘éa steps iy inhibitmpoteply sisand gridiagcs mayhg inplud eIiIMQTQYﬁ tBe¢ enpl oyed
for fi palRuF idvefifidiRRoRtafRmts.

20 [0343] In some cases, supernatants from systems that produce the glycosylated human
growth hormone of the invention are first concentrated usiﬁg a commercially available
protein concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. )
Following the concentration step, the concentrate may be applied to a suitable purification
matrix. For example, a svitable affinity matrix may comprise a ligand for the peptide, a lectin
25  or antibody molecule bound to a suitable support. Alternatively, an anion-exchange resin
may be employed, for éxample, a matrix or substrate having pendant DEAE groups. Suifable
matrices include acrylamide, agarose, dexiran, cellulose, or other types commonly employed
in protein purification. Also, a cation-cxchané;e step may be employed. Sﬁitable cation
exchangers include various insolublé mairices comprising sulfopropyl or carboxymethyl

30 groups. Sulfopropyl groups are particularly preferred.

{0344]  Finally, one or more RP-HPLC steps employing hydrophobic RP-HPLC media, e.g.,
silica gel having pendant methyl or other aliphatic groups, may be employed to further purify
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[0342] A protease inhibitor, e.g., nmethylsulfonylfluoride (PMSF) nmay be
‘i ncl uded @ 26%%0%9\ t he foregm ng steps to inhibit pr. otg 0‘9@{@"?’ 254
[ e

anti biotics e included to prevent the growth of a

or oduce eIy SRREA I MRRRIT SRAGR: SPELAEN BFRR AR RAHERRIAC

concent gigpsgéh ttﬁioﬁgc@nblﬁmwaﬁlaﬂ% \enplepdao pprvided Qly@@;ﬁl@%’hi ration filter,

for exarrpl e, an Amicon or MIlipore Pellicon ultrafiltration unit.
Fol | owi [ig451e T60BERB AL Ataht Bnad HOWIPRGAMIE F e TBYeRRnaRRIiRIRbA a2
suitable purification matrix. For exanple, a suitable affinity matrix. my

conpr i skrge-seplgdprneniation meydwiidied by thas ds rmlsg@:s tarihossaliselosod by Uirdallpdund t o

a suitable or.t t anl r esi | oyed,
For exafipreCHes 2856 ENITRAT B BBy Burha P et RE R GaY o

mat ri cegoriphfifitdRn ¥ Facoabiriat matal IS2 on A§¥épasdtive CELC bOSthn. A LihiiRielst Y Pes
commonly enployed in _protein purification. Al so, a cation-exchange step may
be enpl Bykuiquassneins dfieiht ¢lopmagophiigensbe widhizgd do purifydbs glyeepioitine natri ces
conpri sing sul fopropyl or carboxymethyl 30 groups. Sul fopropyl groups are

parti cugaﬁ@{qﬁi a&%&w&dth[:ﬁf}éht Etﬁf' |y, one or nore RP-HPLC steps enpl oyi ng

hydr oph Silica gel having pendant nethyl or other

al i phat {0346] oUpHowingYhdRrodigonyad, ﬁr@fcffﬂbﬂji Fifigdtfonfof a %ﬁcdéﬁa%ﬁﬁﬁﬂt3275

PCT/ US2004/ 014254 g c' !£ ¥13 11 114 ~ eoWVN hor none. Sone or all of

t hel® or beprmgropik hemoae the biotagient ; ﬁmcﬁomﬁ thei slyceprooimatedesied weing sdvstl be

enpl oyed y t I ant. human

gromﬂh H%pﬁggg&)lg?hee?%vgﬁgﬁgﬁ?rzﬂa%g %%ﬁ%éi@%ﬁ égﬁgggFQHEEP ntation
y De pumnbi peatbiomenbadsh anas quolfie Hlﬁnxh@ctsm@bxﬁgbwﬁo@mdé&e@épt&t 5 al .,

J. Chronatog 296: 171 (1984) is reference describes two sequentlal

RP- HPL Cagftvapian phihe bt mp@mrb élm:i o agtivily b breaating ¢al grawih Ingach gssaspanid i ve

HPLC co affinity chromat ography, nmay

Fﬂiéﬁ Pﬁg%ﬁéﬁé is Aﬁfd&g taggﬁésl?% orfrol

be uti I| ycopr |onal Assays for t he Mut ant

ol yLbs ‘r‘n.?%aﬁc" ' °§‘m&f%t%ﬁaﬁg°%;a%%éﬁq%n% m%é“ brpbe SR EESa "o ¢ he
gl ycopr ofed tbalke hmﬁc@épté&sana% MEMAY Rlman! g&é@&%&fa&w bR ﬁreﬁcnafn%nﬂdae

functional assays are lased on vari ous aracteristics of human growth
hor none Detaile dessriptien p ewihfancastriyrainrbg foundnintemlitgratuehe.jo lisushéma ecalpt/or

T caan RSB e ot TPEh Tl it Bheo Mt 2 E850x And Ve

control {7 4paiHediéd 4Ag7rlagj,|505@q9@g@r bi ndi ng assay can be carried out to
measure t he binding befween a  radio-|abel ed hGH recept or and a nutant human

gr oyh h r['ﬁti@i)nefhgfabﬁl{?foipe[ fafnt hﬁlﬂXI?QEOWhOMOHC to promote cell growth is assessed
by methods such as the tibia test (Parlow et al., Endocrinology 77: 1126(1965), U.S. Patent
v No. 4,871,835). Briefly, rats are hypophysectomized at 28-30 days of age and kept for 10-14

days without treatment. Human growth hormone mutants derived from recombinant source
is then given to the rats by daily subcutaneous injections. The animals are sacrificed on the
25  sixth day, their foreleg knee bones taken out and the width of the epiphyseal plates measured.
The weight of these rats af the start of the experiment and before being sacrificed is also
monitored and compared among different groups receiving daily injections of the mutant

human growth hormone at different concentrations.

[0349] Furthermore, the biological activity of a mutant human growth hormone can be
30 demonstrated in its ability to cause hGH-dependent tyrosine phosphorylation in IM-9 cells,
which are derived from a clone of human lymphoblastoma and express human growth

hormone receptor on the cell surface. Other cell types such as MB-2 cells may also be
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l
Det ai | ed description for such an assay can be found in the literature, e.g.
Tsushima et al., J. din. Endocrinol. Metab., 37: 334-337 (1973); Chin,el
al ., Endocr. Net a. 37:- 334 (1973); and U.S Pat ent Nos. 4,871, 835,
5,079, 2%@2002’(30312@%481 The abil i ty of a nutant human gP@WZPR#me to

pronote cell growth is assessed nmet hods such as the tibia test (Parlow
et al S@ﬁ&m‘iﬁ'@tﬁgﬁﬁw%yﬂiﬁﬂﬂ M’ﬂﬁm%@ of UTQSIHPBh@ﬁiIGFYMIOUAP @pHulgss) . Briefly,
rats 4 days
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sour CgntitjoBy h@aﬁmt@hquhofﬂhtédlﬁ_/rdisaﬁeﬁ abileddibéd by lﬂ%éz&t’l@@;&ﬂo&:ﬂmﬂ@gy 3. The
animal s are sac i ced on the 25 sixth day, their forel eg knee bones taken
out ahél (W@W“&t‘lirso?atﬁﬁéq‘é&%ﬁéal pl ates measured. The wei ght of these ~
rats at the start of the experinment and before being sacrificed is also

It . o -@lg)tt roups receiving daily injections of
Fﬁg ?pﬁ%@&%&%@;@@:ﬁg&ﬁ&gggﬁ%ﬁ@gs O%erent concentrations. [03491 -

Fur t hf)3501 e The g@cbsﬁite@ immigdnt Badnky giowthhoemons lavinghdosired oligwdabelisoikdeone can be
30 denonstrated in ifs ability to cause hGH dependent tyrosine .
phos pAgegmigantsAcscRbedabe ve g Ee usegigs Sperapenti rtréerntgr BDNAEEE b AECHES human

| ynph of, N

sur T o CRoRERs RIRe R RORARSorcl FFBro R bt honé” O AEERK BRI MBS, | 0527
PCTI U2 G04ttOWth B matahbliurhar grdwiddahionelof e prastheinvenigdn dicludgr osi ne
phosphoryl ation of cellular. praqoteins upon exgﬁdvure to the mut ant human

gHbwt AWREisHL ST SalRO R girea and adelts GaghexARpsidyastng BencrdmBaoRE I at ed

U 62 i g eRhiolit oBhotiul (A TRAEASIONROY oL concliche(rialy ®) ?Qﬁ
[ 0350be rbste@iging thelnmiteet HGH afthe puesant igvention ihcludm siohdomwel serBomed

ol i gosaccharide determ nants_described abqgve can be used as thera eutlcs :
for tHpedysHePhY. Q%Irsmrw%mmbé@s tomale wiaiilifye RAG wzsREations 288472Li ency i n

gr owmt he
mut an%i aﬁ cyg%r%vw %proﬁ%he t @%‘%‘%wl nv%&l?db o%H{e %ltg%a%ggééfgbh‘ém}ﬁéf ism
stdr t isbmid)rEhel mutahi HEH ef tt&nﬂv@diuh gy ﬂmbmwcakwﬁnhae waﬁtsmslg:ahgg ner al

muscul ar at rophy, {1d sex chrom)sgma abnormality ( Turner's Syndrone).
Ot her PEQSAHES |e(ﬁwsgeﬁﬁr§‘ tigsue Feesntraon; SPRGTAERRETAYQM Ahd w@uné#w%lﬁg BF 8%@nt

I nven &h I Szﬁg&% ' osi s,
uraeng%'%%ébﬂrﬁr%nwfen&f {e%ltpn(%ertl %%H)E}g é"‘r"% nerat5(|5é(g{ri:ila%ﬁgceo(r?t@)t ﬁﬂﬁ |abet es,
type kompiishetesffeaive amoant ckﬂgtfrdoﬁylataﬂrmm lohsihrgrotitykormdngprAaich igli sease

(COPD), and. 15 insom a. The tan h of the invention may al so be used to
promP@@ﬁ?‘t%&rd%tplﬁ'gn‘eB’PQ% ed gbaye. general tissue regeneration, bone
regenerati on, and wound heal i ng, or as a

20 . [0351] Pharmaceutical compositions of the invention are suitable for use in a variety of

drug delivery systems. Suitable formulations for use in the present invention are found in
Remington's Pharmaceutical Sciences, Mack Publishing Company, Philadel;thia, PA, 17th N
ed. (1985). For a brief review of methods for drug delivery, see, Langer, Science 249: 1527-

1533 (1990).

25 [0352] The pharmaceutical compositions are intended for parenteral, intranasal, topical,
oral, or local administration, such as by subcutaneous injection, aerosol inhalation, or
transdermal adsorption, for prophylactic and/er therapeutic treatment. Commonly, the
pharmaceutical compositions are administered parenterally, e.g., subcutaneously or «
intravenously. Thus, the invention provides compositions for parenteral administration which
30  comprise the glycosylated mutant human growth hormone dissolved or suspended in an
acceptable carrier, preferably an aqueous carrier, e.g., water, buffered water, saline, PBS and

the like. The compositions may also contain detergents such as Tween 20 and Tween 80;
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vacci ne adjunct. Thus, the present invention also provides pharnaceuti cal
,conposi tions conprising an effective amunt of glycosylated nmutant hunman
"growt h h@gmpgesii ch i s ~produced according to the ‘methqds ?’H ped above.
20 [0351] Pharnmaceutical conpositions of the |nvent| on are sw able for use
in a vkl V. Qi gl " . e in the
presen%@%bnveﬁt?%n are ﬂouﬁ Er¥i§ Sﬁgﬁ?do%ﬂﬁcgﬁ ggwagig{wo%?ﬁg%gyf Mack

Publ i shindgn-Cosplarihe cl@tmpbs—ztimhqxhaﬁcod?ﬂn phﬁtrﬂamﬁd;allf h@c&ﬁ)abld—'amﬂ&r&)rl ef review
of netho s for dru%ﬁ%ﬁllver , see La]gg_er, él ence 249: 1527- 1533 (1990).
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intran @tql,gsg by subcut aneous
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and/sor s[p Sfapgill 8@?&%{1&%%@ b%%&ﬁg) gagtcgﬁ»en Jl@%?fr“% OS' gions are

adm ni d parente e.-g., neous “Thus, the

i nvent Irﬁﬂylﬁﬁ’ﬂmldé"ﬁtedeHQSlréstuﬁﬁfg qﬁém%bﬁx@bﬁg fmh%w phéliagtd ﬁt:lu@é\am' gh 30
conpri se theeg %gosyl ated nmutant human growt h hornone di ssol ved or suspended
b

in an Iycphilized prappwtien ping cawbwqd stiths Yemileiagneous caprier priowo,

buf f er may al so contain
det er géﬁﬁ#ﬁéﬁ%}? s BB o BB oAb A bleify i G SOTRET 1 55875 Mokt

PCT/ US%Q%MBM&&ASts@bhn(zmégtIﬁmfdbgefromrychmiraehal ose; and preservatives such
as EDTA and mcresol. The corrp05| tions may contain pharmaceutically

acqept qghsgaurid ¢ﬁpbsmup§(slﬁﬁﬁ %Fy@&%it&ﬁnh@nﬁﬂﬂﬁﬁi( LR R ARG gﬁ’g' cal

condi tions,” such as pH adjustin baf fering ‘agents, tonicity adjusting
agents bwveimmlﬁtyr@igfehp@phxlemtwzgndr‘mathemwutmm htineats. anmm&mua* h@ﬂmahmspom tions

may--pe steril.ized tlonal tlontech u may be
sterl|é€ OWHOFIE‘P%”C? tt? ARG ‘?ﬂ?]éﬁ??éfy ﬁ‘f"i‘%ﬁg% ‘%’é B’é‘&ﬂ?g{:}?ﬂ‘ for use as
i's, or reiay&ﬁblgmvaﬁ%mhm dem{bﬁbig i @ﬁ aRloBREH iR t@@hﬂ%fbr a%@gt?s Wth a
sterile aqueous carrier prior to admnistration. The pH he pFeparations

t y pi cal ary:swihb symptobsofherdigasnmandits complisatiprsefAsy aibdynt idemas: tbcac@)mpirsh nost

f.e m,7 ap 0 [,0354 o ositio al ni n

Ol os R teRR AR erarT GrtNeR oG camouts e atar blederil
pr ophy| @gbifoRihd/se¥erit6f AR Aechse dricBALINBARS the rwet@ﬁraﬁageﬁérﬁ SBPbLE @8t i ons,
conpositions are admnistered to a patient already suffering froma di sease

or cononainednbutr@naﬁl%ﬂlme@Ombvuhﬁrlrmg\e) ahofif 2080 mg Oﬁghycanﬁylademta@tuf ficient

t t t t t th t dit
coml 1 carrpraovETomBRbh Siaxdind 1 PPl anT S e Rul 8RR Gy "5s o °
"t her apgiatt 20 ty oefe@6ip¥endiqRe day PéTRY Mose Efrh@bhlyMRed Or this use will

depend on the severity of the dlsease or condition and the wei ght and
gengy al (o854t epPiroptiactic applications, compositions containing the glycosylated mutant

human growth hormone of the invention are administered to a patient susceptible to or

otherwise at risk of a particular disease. Such an amount is defined to be a "prophylactically

"\...,/J‘

effective dose." In this use, the precise amounts again depend on the patient's state of health
and weight, but generally range from about 0.1 mg tc about 1,000 mg per 70 kilogram
25  patient, more commonly from about 5 mg to about 200 mg per 70 kg of body weight.

[0356] Single or multiple administrations of the compositions can be carried out with dose
levels and pattern being selected by the treating physician. In any event, the pharmaceutical
formulations should provide a quantity of the glycosylated mutant haman growth hormone of

this invention sufficient to effectively treat the patient.
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patient, but generally range fromabout 0.1 ng to about 2,000 ng of
gl ycosylated nutant  human growth hornone per day.for a 70 kg patient, wc th-.
dosages_of from about” 5 my to about.200 ng of the conpounds per day being
nor e commo)/“li’%l?d 20 [ 03551 I n prophylactic appli ca{TBS%US ‘&‘g Hstti ons
containing the glycosylated nmutant human growth hornone of the I nvention
are admnistered to a patient susceptible to or otherwi se at risk of a
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to abo f‘tcé’(yg}) é%g&e%rﬂ i ggcblﬁ‘@fﬁ&éﬁ‘%ﬁf’ Y ek 18t gl e or multipl e )
adm ni strations of the conpositions can be carried out with dose I|evels and
patst erﬂxgﬂbmq selected by the treating physician. In any event, the '
pharmaceutical fornul ati ons should provide a quantity of the glycosylated
mut ant [0B68fan Hymantgiowibrheomena bccurhing: vanetnef dffewot fsphinssand diffdrérict i vel y

t t the patient 9 032 /USZO 4/0 035

ol | ot OB pmeises TR RISLEIRARIG 7B 1T JSeihd PRCHPh SRS BFRE byvay of
i m t afghfeR is ABOREWA aSEHLY (PDBIFA 238} andl 4 1fu1t'é§5@&’érivl§dﬂ1€&?@lﬂhléﬁ iFaly@ri ety of
non-critical paranmeters that coul d be changed or nodified to yield

essenthadmyassaomatcampue@lﬁHsN (BOEéé)mb@Flgum) 58he piwitary geovedhGbrisoae occurs

t i.ff t di f t Th
i bedyeihtandis bYSH inde RerECel b iElapottis Dleriateiedl GRITRGE ) oo
known . &S & hs GREOR- %Qg&ﬁi’ahoﬁ@ﬂe B drdinb AEM mr(gaeephﬂlwanmeh 1] o). known
as sonatotropin or P01241); see Fi gure 1. The p|tU|tary derived hGHj

not 10 %bé%EO};I ed gl Q8 | f ri,l } t erapeutlc 7

The plrg ta at am no acid
1?33_(8?6 T la ar \. Tatc);tslcfses1ptpsnrvktqqksn [mone
'1£pf5 :)/I)ll 1ga53¥v 18 S??)P%Ia"f’r ed?s% ;:C)It1 %Sry\?‘[éfquksnl e
1177 sl F‘T’hnd % 1:11 rsv ansf’vy rf\?v??ﬁ%%l eeqgi gt | mwr | edgsprt gi f ngsyskf dt

15 kshnddal I knygl |l ycfr kdmjkvetil ri vqcrsvegscgf t [03591 The pituitary

deri vep3sgH (Iﬁcipwmtamﬂebeemmﬁf(mﬂmba@m nedatiddt pasnd 468 pddifiot 040 knt r oduce
an N-11i nked gl yco: r]i/{l ation site mut ati ng the nucl eoti de sequence encodi ng

this oogpemn Ridinked glwa@sylatwaa by e atingiths guelgetidg sequengecencodipg ghis
(abbr eff&l%fﬁ)@ld@% it 1&[6213%@960%%&113 wild-type lysine (abbreviated as “k” at amino acid
140 of the GH-N polypeptide sequence in Table 5 and FIG. 1, see arrow), the nucleotide
20  sequence will encode an asparagine (abbreviated “n’"} at amino acid position 140 of GH-N
(see also FIG. 2). '

Table 5. Human Growth Hormone (GH-N}, Pituitary Derived; P01241 (SEQ ID NO:1) _ }

fptiplsrlfdnamlirahrlhqlafdtygefeeayipkeqkysflgnpgtslcfsesiptpsnreetqggksnle
llrislliligswlepvgflrsvfanslvygasdsnvydllkdleegigtlmgrledgsprtggifkgtyskfdt
25  nshnddallknygllycfrkdmdkvetflrivgcrsvegscgf 1

[0360] This mutated pituitary derived hGH, regardless of the expression system used to
produce this polypeptide, can then be glycosylated or glycoconjugated (see WO 03/31464,
‘ incorporated herein by reference). Preferably, the mutated pituitary derived hGH is
glycoPEGylated, wherein a polyethylene glycol (PEG) moiety is conjugated to the mutated
30 pituitary derived hGH polypeptide via a glycosyl linkage (see WO 03/31464, incorporated
herein by reference). FIG. 3 describes the GlycoPEGylation of an hGH N-linked glycan

mutant produced in either Sf9 insect cells or mammalian cells, GlycoPEGylation of the
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140 of the GH-N pol ypept.i.de sequence in Table 5 and FIG 1, see arrow), the

nucl eot i qvq) li@glilence wi:-I’l encode an asparagi ne (abbr eyi %%%’M%at anm no

acid position f G4+ N (see al so FIG 2). Table 5. Hor none

ot p s PRI R R ST bl S drnyed Liopuisel Broperies S gksni o

L1 risl| hiagsodhelevmt hiesiet m&b&m&ﬁmxﬁtﬂlml mbﬁdﬁwhﬁﬁgﬁw@m (IAME)/S kf dt
25 nshnddal | knygl I%cf rkdnmdkvet fl'ri vgcr svegscgf [ 03601 This at ed

pi t ui t av3luefeFaded Pearpncecagdmedussd inpmuaegenEstiyy eSS| on systemused to produce
this polypeptide, can then be glycosylated or glycoconjugated (see WO

03/ 31464, incorporated herein by reference). Preferably, the nutated

pi t ui t aEgamipld ed hGH is gl ycoPEGyl at ed, wherein a pol yet hyl ene gl ycol

i d h i d d h '
b ey ik SRD S bapos a&gﬁg%é%%%&%ﬁ%&%%%%ﬁ@@ BEMEr oi n by
ref erenggl, d'ﬁkﬁ ayﬂaﬁ@y ?@%Gﬂﬁkﬁ ﬁ@gh&&ﬁ@& &%ﬂ@eﬁx%\kébl%&? gl ycan

nmut ant pro UCG n er't her | nsec
GI y COPE@pichtthomutied HEH polypydideaas bi @&ZaBEGﬁEtddS&ﬁ% GANDE, enbyhabed!

"tdi C_, Avbd1UHA"t kbected to result ved bi ophysi cal proper#ies
that q‘ﬁ Qﬁ‘ﬂé’rmﬁ’fe%?jél% trpnsfsrasey may tﬁ?fb#’%\‘ﬁ@g 9,304 glyrams ofj nproved ar ea

under t %F a

[ m*runoggﬁ,i Cl tij‘% {ngéanp tem%' ?‘ﬂ%%gffﬂ% ?“’%‘3%?%‘3@*’@? tldcclrseat e an
O | itinkedlygbBGwlyiled! FOG. 4 deseribed the rgbeobEGyﬁatnam yf ardeGHV@dinkédHe lyohypanint de.
This O i ke%ldl cosyhatl n site may then be used as a site on which the
nut at edPWgPF 85%@1?(56 n be gl ycoPEGy!l ated using a GalNAcT2 enzyne or
the hike. One or nore additional transferases may then be used to add

o] ycans]-iﬁ %giy%oconj ugates to that site. Preferably, the nmutated pituitary
derived hGA'pol ypeptide is 10 glycoPEGylated. FIG 4 describes the
gl ycoPE@A63} i dw idéntided b@Ethcerly stakatubcpry cfirGihand s reqeptadibe gratein Esopher i chi a

GRS IR TN R
et 11 O B R B e BRS¢ RS2 .
SEQ 1D NONQ:09), ammorsidscibds? PEHI; CBQ] ELNCBEI) hibinGcids) 59-edh{ TP S ; CFEE(BQ 64
( PTPSNR’ID%F(S?ITZ) amino acids 133-139 (PRTGQIF; SEQ 1> NO: 13), amino acids 133-145
(PRTGQIFKQTYSK; SEQ ID NO:14), or amino acids 139-142 (FKQT; SEQ ID NO:15) of
the wild-type pituitary derived hGH amino acid sequence (see Table 5 and FIG. 1) can be
20  mutated so that either an N-linked or an O-linked glycosylation site is introduced into the

resulting mutated pituitary-derived hGH polypeptide.

{0363} FIG. 6 illustrates six (6) of these introduced O-linked glycosylation sites. The-

N

arrows in Figure 6 each represent the threonine residue on which O-linked glycosylation will
occur in the GH-N O-linked glycan hGH mutant.

25 [0364] FIG. 7 and FIG. 8 each illustrates two additional GH-N O-linked glycan hGH

mutants.

Example 4
[0365] This example describes amino acid sequence mutations introducing O-linked
glycosylation sites, i.e., serine or threonine residues, into a preferably proline-containing site

30  of a wild-type human growth hormeone sequence or any modified version thereof.
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I D NGO 12), amino acids 133-139 (PRTGQ F; SEQ Il) NO 13), am no acids 133-145
(PRTGQ FKQTYSK SEQ I D:NO 14), or ami no acids 139-142 (FKQT; SEQ ID NG 15) of-
the wil d-tw)e gi tuitary derived hGH am no acid sequence (see Table 5 and

FIG 1)WR3NMHESTH nutated so that either an N 1inked JCHEHY94
glycosylation site is introduced into the resulting nutated

pi t ui tiarmﬂwe‘?g—uﬁ@%ol ypeptide. 103631 FIG 6 illustrates six (6) of

t hese 0 j - . \%\?11 %% i - RS N 1] R e 6 each

repreégjﬁﬂtﬁgqﬁ%}ﬁ?ﬁéﬁ%ﬁ%ﬁgégdﬂ% I C %Igal%ﬁlndk géllcmc’osyl atjilbgg%ql occur

in t hdDEFON6CsIrepthed voiklycither MERTRAGIRTLS 26MABBRXE EIP L SnHrefirgd 8 each

illustrat t dditional G+ N O linked glycan hGH nutants. Exanple 4

[0365fx‘1fﬁl§és é&ﬁﬁ%l e describes am no acid sequence nutations introducing

O linked glycosylation sites, i.e., serine or threonine residues, into a

pr &éf er abl y pVISTIPAEPLSyREQ AIDPMNDd7te 30 of a wild-type human growt h hor none

sequence or a%rrgﬁ'ﬁ%i ed version thereof 95 WD 20041103275 PCTI US2004/ 014254

[0366] In t PEQER] e Q RNPIE the Nterminus of a wild-type hGH,

FP2TI P5LS; - )haced with either MXnTP2TI P5LS or
PARISSERE SRR D AFTAS

MAPTSSXI | P2 érre exanpl es include: 5 MWTPTIPLS, SEQ I D NO 17
MOTPTI PLS; SHQpTRSNOTHE S WHhRT SERH . Rd¥en 19 MAPTSSSPTI PLS (1 L-2
N-term nus); SEQ ID NO 20 MPTTFPTI PLS; S QID NO 21 10 MPTSSPTIPLS; SEQ ID
NG 22 MPTTIEPTHPPEIPISEQEKDINGI(R231 2. Internal Mitation Site 1 [0367] In

this type of  mutants, the N-term nus of a wld-type hGH FP2TIP5LS; SEQ ID
NdD24, “i s rM§§§gmlﬁSE@ﬁ'}%%P$LS. Preferred nmutations include: 15

TSRS BBBAIMED 310192 S S0

)
- 2. Internal Mutation Site 1
[0367] In this type of mutants, the N-terminus of a wild-type hGH, FP*TIP’LS; SEQ ID

NO:24, is replaced with ZmP?T XnBoP LS. Preferred mutations include:

15 MFPTQIPLS; SEQ ID NO:25
MFPTSIPLS; SEQ ID NO:26

MFPTSSPLS; SEQ ID NO:27

MTPTQIPLS; SEQ ID NO:28

o MFPTTTPLS; SEQ ID NO:29

20 3. Internal Mutation Site 2 _
[0368] In this type of mutants, the amino acid sequence surrounding P’ AYIPKEQKY:
SEQ ID NO:30, is replace with AZquP”OrXpBoApY, where at least one of Z, J, O, X, and
B is independently selected from either Thr or Ser; A may include Lys (K) and X may be Asp

(D). Preferred examples include:

25 AYIPYTQGAY; SEQ ID NO:31
AYIPTSSSY; SEQ ID NO:32
AQITPYTEQKY; SEQ ID NO:33
AYIP'TEQSY; SEQ ID NO:34
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20 3. Internal Miutation Site 2 [0368] In this type of nmutants, the am no

‘aci d*seq , oundi ng:'P37, AYJP37KEQKY; SEQ ID NO .S, I.eplace with
AZmJgP37%92"';?&?)@%%3 where at |east one of Z, J, 0, X ar?gg%r%ézﬁgj}qlﬁ@épendently
sel ectegl , o };{Q.ﬁ@ dhror Ser; A may include Lys (K)'and X may be Asp

(D). Prefi - 'ncl ude: 25 AYI P37TQGAY; SEQ I D NO 31 AYI P37TSSSY;
SEQ | D 6592 InAR)s Tt o mdaits, S h R oS B3 qudhit Bardintding PESEQONP*NPISRc96 WO
2004/ 103275 PCT/ US2004/014254 4. | =1fif&riall.Mi6~a M.Si'I1h'3! [0369] In
this tydd 5P NRiBarie seplacpé wathi lvanlal Oediod{oavhage pdaraiongobédal, Q. abFSQTSLC;
SEQ I D j 1 O wher.e. | east one of Z, J,
0, and “ar%edld%rgx%#g%ﬁt #%gﬁ’é@?ﬁ%g%%nﬁg@ hé:PXdllwleg%n%ElélFi Preferred

exanpl es include; 5 E PASOTSLC, SEQ ID NO 36 LQNP48TTSLC, SEQ ID NO 37 5.
I nternal Mt atRéR 9 4SF J#b]]‘rqiﬁ'ﬁthi s type of mutants, the amino acid

sequence surr (3 SOTPNREET; SEQ ID NO 38, is replaced with
szﬂingP59TPc}9§§’%oZ?‘F£%9m§§9e NOID | east one of z 3. 0, B A U and X is
i ndependently selected fromeither Thr or Ser; B, A and Z may include

char geds; anjip@aBGugon Ritefier r ed exanpl es i nclude: SESTP59TPNREET; SEQ I D
NO 39 SSSTP59TPNREET; SEQ | D NO 40 SESI PS9TPNTEET, _SEQ5 I D NO:41 15

SESI P59PBROIQEIR: thisitypel af ncents, tBESNPBITRREAMCe SEMOMBlNOPA3  SES| PSOTPTESST:

RS St T A A s R S R s e
typ® of el baobsz, It BeBaN] UlarCX ds ﬁﬂﬁ@ﬂ@ﬁgsmacwmﬁ@itﬁ&% oPBEERSQVQFLRS;

SEQ ID NGO 48, is replaced with SZ P890r XnBoAr xt S, where at
and Z may include charged amino acids. Preferred examples include:

)

)
SESTP¥TPNREET; SEQ ID NO:39

SSSTPTPNREET; SEQ ID NO:40
SESIPPTPNTEET; SEQ ID NO:41
15 SESIP**TPNTQET; SEQ ID NO:42
SESIPPTPTQGAT; SEQ ID NO:43
SESIP®TPTESST; SEQ ID NO:44
SQSTPPTPNREET; SEQ ID NO:45
SQSTP*TPNQEET; SEQ ID NO:46
20 SESTP*TPTSSST; SEQ ID NO:47

) 6. Internal Mutation Site 5

[0371] In this type of mutants, the amino acid sequence surrounding p®,
SWLEP¥VQFLRS; SEQ ID NO:48, is replaced with SZmUsIqP*OrXnBoArAtS, where at
least one of Z, U, J, O, B, and X is independently selected from either Thr or Ser; J and A may

25  include charged amino acids. Preferred examples include:

SWLEP®TQGLRS; SEQ ID NO:49
SWLEP¥TQGATS; SEQ ID NO:50
SSQTP¥VQFLRS; SEQ ID NO:51
SWLEP*TSSLSS; SEQ ID NO:52
30 SMVTP*VQFLRS; SEQ ID NO:53
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l east one of Z, U J, 0, B, and X is independently selected fromeither Thr
or Ser; J and A may 25 |ncI ude charged am no aci-ds. Preferred exanples-

i ncl ude; SW. QG_RS SEQ I D NO 49 SW.EP89TQGATS;

SSQr PBQWQQIE’?QEF%%EQ I D NO 51 SWEP8S9TSSLSS; SEQ ID NO%%@SNSN&/’T‘%%@VQ:LRS
SEQ | D (0. 53, 97 \\ /_,’Jr03275 PCT/ US2004/ 014254 7 hi tdi naPLI ti3~4] 5hu~it8
[ 0372/ | HRLPIEALNEUARON St ants, the anino acid sequence surrounding P133,

EDGSP (p3%57T Gllthis ﬁﬁ;ﬂéh%s%e atmo Qﬁ@&é{uﬁﬂé@sﬁﬁm‘mﬂfﬂ gBZiUs JgP1330r XnBoAr 1

t F, where at | eaSt one of IS |nde%endently sel ected
from eEBﬁSIP %W%%@EQ Imm 54 ehas becrecplapt wmmwmr msawm F: SEQ

| D NO. 5 P131 Q | 3T D

EDGSPIARFUALF B O3ED) 100N 100 BB PRSP REY £Cloeiit Nop fifjeeg hr of Ser.
ED@SPlﬁg{ggggelfam EQHcRAO 60 EDGSP 133TTQE F 'SEQ ID NO 61 EDGSP
133QTGY'F, SEQ. 1D NQ 62 EDGTP133NTGQ F; SEQ I D NO 63 15 EDQTP133NTGQ F; SEQ

I D NO 64 8. () 7[0373] In this type of nutants, the ‘
ami no aci d s@ﬁ@?ﬁ’ ﬁﬁ%%i@%@% GQl FK140QTYS; SEQ ID NO. 65, is repl ace
W th GZnsJggh ?‘@F wh VIEIQE) ast one of Z U J, 0, B, and X is

mdependently sel ecte rom €i'ther Thr or Ser. Preferred 20 exanpl es
i ncl ude: GQENGM*@?”Y QGEESEQ INQN6&7 GQ FNF 401 TYS; SEQ | D NO 67

IGS Eglz?LgQTss 93|3TVGQ1F S FNPC1)4508TTTS SEQ ID N0 69 25 GQ TP140QTYS; SEQ
10 EDGSP' TTTQIF; SEQ ID NO:59
EDGSP™*TSSQIF; SEQ ID NO:60 N
EDGSP'TTQGIF; SEQ ID NO:61 o

EDGSPQTGQIF; SEQ.ID NO:62
EDGTP"’NTGQIF; SEQ ID NO:63
15 EDQTP**NTGQIF; SEQ ID NO:64

8. Internal Mutation Site 7

[0373] Inthis type of mutants, the amino acid sequence surrounding pl4
GQIFK'QTYS; SEQ ID NO:65, is replace with GZmUsJqAr °OrXnBoS, where at least
one of Z, U, J, O, B, and X is independently selected from either Thr or Ser. Preferred

20  examples include:

GQIFN"QTYS; SEQ ID NO:66 | N
GQIFN'TYS; SEQ ID NO:67 .
GQIFP'QTSS; SEQ ID NO:68
-GQIFP"TTTS; SEQ ID NO:69
25 GQITP'QT'YS; SEQ ID NO:70
GQIFTYQTYS; SEQ ID NO:71
GQIST™QTYS; SEQ ID NO:72
GQIPT'*TTYS; SEQ ID NO:73

9. C-terminal Mutations

30 [0374] Inthis type of mutants, the amino acid sequence at the C-terminus of a wild-type
hGH, VEGSCG"F; SEQ ID NO:74, is replaced with VEGSCG'*PXnBoZmUsP, where at
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GQ FT140QTYS; SEQ ID NO.Z1 GQ ST140QTYS;, SEQ ID NO'72 GQ PT141TTYS, SEQ ID

NO 73 o Swl/Sfisnal Mutations 30 103741 In this type Wt $54t N am no
acid seéwuence at the CGtermnus of a wild-type hGCH, \%@%&%@&&aéEQ I D

NO 74, 14d:S4; LSOO £ fRsa) BRI 8 4/ 103275
. PCTI US&%%@%’%H%&E g, ?’”4“*%%?-«.-%,3%% B J] Ak |qP?hr%‘%i %’Xge?ﬁr‘iy) sel ect ed
f r om eetdmeplesihelude: Ser. Preferred exanples include: VEGSCGPTTTP; SEQ ID
NO 75 VEGSCGPTSSP; SEQ I D NO 76 5 VEGSCGPTQGAMP; SEQ I D NO 77 VEGSCGPTSSP;
SEQ I D NO 78 vRGSSOSPWHREPEING7NC 79 [03751 In all above cases, X, Z, B,
A J, U 0, and A are independently selected fromE (glutamte), any
unchar ged amviiHeGHTBESP;dhseI? Nde7@onbi nation including M F, M-, and the
10 like; in ang«% are independently selectee | from

: , IS
int%gers fro%f%@TQgﬁwﬁsﬁ%@ Yhe N-ternminal Met may be present or
absent on a”X’]ﬂﬁt@Pf?‘ W ring of the amno acid residues is based

di ﬁ%ﬁgB@@uﬂ i

on the initial unno ence in which the left nost residue is
nunbered 1. TEGSUTGRRIVTH mRedyd | ed ami no aci ds remai ns unchanged
foll owi ng the nodification. re than one of the above described sequence

nodi fi 0N BEY p ent,i h | gvention.
[03761([‘Q1}1¢‘17|g?:)e§1t1 %l?% I NVentT gﬁihlg,s/ﬁ,blggg()d@%éeggﬁw%#q fsgfregége%t 9 oﬁs pecific
enbodi (Eagatel) tany SincleR et fhiho hbidior atﬂagﬁdmhmﬁhmtiﬁclamﬂgm,rﬂ,m,m thd this
i nvention may be devised by others skilled in the art w thout departing

fr &th t hkesttpgb Ospiss F1S, andit &8 pepoidentiesqlepiehiromantegos fiom g 3.phatht s, patent
Bl _ PEHO . . : IS 0
PP or porbde N BRh N RHPbI SR ALAhCA D iU BRE ThE ARl (o, 1

An i) soltiad aeine ueitl ebsidirs ishasepr iksiimigalurpeddifieibdeqoincdén santencrfianeadi ng a

mut ant human growt h hornone, wherein the nutant human growt h hqrnone
conpr i gestdug ipeyplered 1. The numbering of unmodified amino acids remains unchanged

following the modification. More than one of the above described sequence modifications

15-  may be present in a hGH mutant of the present invention.

[0376] While this invention has been disclosed with reference to specific embodiments, it is
apparent that other embodiments and variations of this invention may be devised by others

skilled in the art without departing from the true spirit and scope of the invention.

[0377] All patents, patent applications, and other publications cited in this application are |

20 incorporated by reference in the entirety.
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introduced N-linked or Olinked glycosylation site that does not exist in
the corresponding wld-type human growth hornone. 2. The nucleic acid of
claim1l, wherein the corresponding wild-type human grow h hornmone has the
am no acid sequence of SEQ ID NO | or SEQ ID NO 2. 3. The nucleic acid of
~claim1, wherein the newy introduced g cosyl ation site is near a proline
residue. 4. The nucleic-aci'd of - clai f8'MSwherei n-the proline.residue.is .

| ocat ed WHAFOSIGLAWED: 5, 37, 48, 59, 89, 113, 140, or 190 of SEQID NO |

or SEQ 11) NO 2. 5. The nucleic acid of claim1l, wherein the nmutant human

growt h hpnagae:tEOMRIdiS f%d &&iﬁprﬁmg@pmfxﬁmoﬁ%ﬁﬂ&%e SfcodERal fitNPhudan 4. 5, 6,
7, 8, or 9. 6. The nucleic acid of m 1, wherein the nutant human growth

hor mone conpireyel hegnaset Wharein hrammtand Iylmamgirmfbdaeun@ef@mmtal sWlgite. 7. An
expr essi on C%ﬁfo%&%ﬁ?ﬂ%d c%'dlgnﬁ%ﬁ%l%%%}l%& i 2;)] SoRLMkn oS A cel |

conprising the NUcT el ¢ ac Ruran rowth hor none,

conpri si ng acoewpynding widdagedubtan lgkovick Hoond: | i nked gl ycosyl ation site that
does not exist in the corresponding wld-type human grovvth hor mone. 100 10.

The mut an Mycte I %/le i

wi | d- type&hgman °g§1§§ﬂ1‘ oi %ge ghs?%t ééﬂgﬁﬁ:l% seque é&@?ﬁ%@%ep%sm I
or SEQ | D NOtheZzmifid acid hejuandeafSEQUITENOg i onBBOHDM®E of claim 9, wherein the
new y introduced glycosylation site is proximate a proline residue. 12. The

ocat ed AT B ra CECIFRIE, lerdiy ety 0T 20 DS BORLTR SIS N

or SEQ | D NOresiluel3. The nut ant hurran growt h hornone of claim9, conprising
the ami no acid sequence of SEQ IDNO 3, 4, 5, 6, 7, 8, or 9. 14. The

mut ant  hurRe,gigubdd BPEIQ}M‘? WHer&h B¢ \’Ex&me"i’@ﬁ&f‘é i IOSQL@T! T RRfonBUEEYY, 8¢ 30t h5

hornone ‘conprises nore than one ne i ntroduced glycosylation $ite.
The nut ant h&ﬁaﬂ%i%@hlmﬁﬁﬂﬁbﬂbNQﬂﬂﬁﬁQIEl:H@pEJ sing a water- sol uble
pol yner attached to a glycosylation site through a glycosyl linker. 16. The-

mut ant  hy e ,gnavehid QPEIQM‘? WerGh alehdisht h%ﬁh%k&vtﬁﬁb%&le%%ﬁ@ﬁkes'&@éﬁﬁh is an
intact glycosyl linker. 17. The mutant human-growth hornoné of claim 15,

" wherein- gl yc@glﬁlsawe@m@iﬁfé? Pa Ng: #uﬁ,aﬁalﬁ T,8 gcDsyl ation site.

6. The nucleic acid of claim 1, wherein the mutant human growth hormone comprises more than

one newly introduced glycosylation site.
7. An expression cassette comprising the nucleic acid of claim 1.

8. A cell comprising the nucleic acid of claim 1.

9. A mutant human growth hormone, comprising a newly introduced N- linked or O-linked
glycosylation site that does not exist in the corresponding wild-type human growth

hormone,
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18.  A-method for meking a nmutant human growth hornone,. which conprises a-
newly introduced N-linked or Olinked glycosylation site that does not

exi st i10. THeangaithesee Bebwil hvdn dhe oy plaim hkede i@ KeVdolre SN BRE ©4ildepiatiingsinng t he
steps of : (a) reconbi Egltgly produci ng the nutant human %]E}O\Mh hor none; and
(b) gl ycosyBRMithpormeae hEmHQREH s§REHEROT HR FOA®:der 8K TRWPY2 i nt r oduced
gl ycosylation site. 19. The nmethod of claim 18, wherein the correspondi ng

Wi | d- t yiperHeunmmantgusieh Brovah Fomenbas clainh @, alidr¢1n tidiethi$ Birdanee gblcoSEQohD NO. 1
or SEQ ID NQ 2. 101 20. o;['he nmetf hod of claim 18, wherein the newy

- introduced o8 BEIAL B RTLINE ES{Wenear a proline residue. 21. The method of
claim 20, wherein the proline residue is |ocated at position 2, 5, 37, 48,
5|9, 89%, thSn\m utéxf’ﬁ(hum@ﬁh gﬂo@ﬁhhbnﬁﬁ@ofﬂaﬁi@l l,ﬁwlﬁfeiﬁﬁ@ph'@ui' NCesidue iQR)ﬁata'dlﬁ met hod gf
claim 18, erein the tan yman gr owt Qrnone conpri.ses e. am no aci
sequence of PESEST BN Téa %4?39»51,1361,407‘,3r WO of SEQ IIHNO: ?ﬁésﬁgﬁﬁﬂj& cl ai m 18,
wherein the nutant human growth hornone conprises nore than one newy

i nt r odug erheghytamdhymah gawts hvenond4f claing b asoreiRink itieadmiao apid seduende «fGEQY | Si ng
an effectiv nt of mut ant human growt h hornone, which conprises a
new y int roﬁ%@@ghéalfb ﬁk@&%"r&(‘}l i nked gl ycosylation site that does not
exist in the corresponding wld-type human growth hornone. 25. The

conposiléi Bre mftahaman 2hwtvhemsine of hieint 67 wies o it mgtami Husdsanepewth bormorgr owt h

hormone has the am no, acid sequence of SEQ 11 | or SEQ ID- NGO 2. 26.
The conposi £70/S6 m@ﬁaﬂ‘?ﬁ%F,n%ﬁ%?‘éﬁoﬁuﬁeﬂgg’ﬁ&/ﬁ%ﬁopg%oduced gl ycosyl ation site
is near a proline residue. 27. The conposition of claim 26, wherein the
proli ?dSr"EEilmtmtihsiﬂangmuhanmqmsift:]abm92qonﬁa,rism§,amzﬁer— s&gble]?gl,yfn;tns, 140, or
190 of SEQ | 1 or SEQ.ID.NQ 2. 28. The.gonposition of claim 24,

wher ei n them%ﬁp%%'to ﬁmﬁﬁ%mﬁw%@y&%@%& the amino acid sequence
of SEQID NG 3, 4, 5, 6, 7, 8, or 9. 29. The conposition of claim 24,

~ wher ei ni6t Fee mutartiurao geowth howmdned clan é S cormpein seid ghywoey! linkeis oristadewl y

i ntroduced %i Xcoi II]kaetl on site. 30. A nethod for treating human grow h

hor none def %IYE/{ N a patient, conprising the step of admnistering an
effecti ve anobunt of a nmutant }Taman growth hornone to the patient, 102

wher ei il7t Fee mutartuman geevth hownonernd chaim d 5 colein glisosy lationl site isat metduiced N-

| i nked or i cosyl ation site that does not exist in the
correspondi %%JCJ\)MS@F&S’%?%% human

18. A method for making a mutant human growth hormone, which comprises a newly introduced
N—linked or O-linked glycosylation site that does not exist in the corresponding wild-type
human growth hormone, comprising the steps of : (&) recombinantly producing the

v mutant human growth horrr_lope; and (b) glycosylating the mutant human growth

+

hormone at the newly introduced glycosylation site.

19. The method of ¢laim 18, wherein the corresponding wild-type human growth hormone has
the amino acid sequence of SEQ ID NO: 1 or SEQID NO: 2.
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growt-h -hornone. 31. The nethod of claim 30, wherein the corresponding . . .
wi | d-type human growt h hornone has the anino acid sequence of SEQID NO 1
or SEQOQ. DhiN@ethad oBdaimTHy wiretehoitie 0éwiyl iatredudd), glydveylaiion siteds meawh yroling r oduced
gl ycosyl ation,site is near a proline residue. 33. The nethod of claim 32,
wherein théS§8i i ne residue is located at position 2, 5, 37, 48, 59, 89,
113, 140, or 190 of SEQID NO 1 or SEQID NO 2. 34. The nethod of claim
30, whHr €hemethed ofdlant 20h wieminghe ptohing casiina & loamlrat pestiohe 5aA7,4E, 5%ci d

sequence of NG, , 3 e r..2..,35. The nethod of claim 30,
wherein thég’ﬁﬁgaL@’ Hﬁh%)ndqu%&\ﬁhN&o#ﬁBﬁgQé@ﬁﬁai%es nore than one newy

i ntroduced gl ycosylation site.” 36. A nethod for making a gl ycoconjugate of a
mut ant22hTlimemethodwi daiholfwhereinthe clutant ipan gewthchomawhey canmiriseslihe enintd- | | nked or
O i nked gl ygosyl ati | hat, do ot exist in the corresponding

wil d-type ﬁéﬁ’ﬁ?ﬁﬁﬁ?m%#@ompei%gngﬁ’gl ¥ the steps of: (a) reconbinantly
produci ng the nmutant human grove th hornone, and (b) enzymatically

gl ycosigl Thd methodef chitral®, whembrthg motanhhimanpoethiidrinose coohriseedosuler at t he
new y introgluc dri_%loycos Ilati n.sitte. 37. The nethod of claim 36, wherein
the modifi 88° SUGAMIEUREEY PRI N . menber selected from poly (ethyl ene

glycol) and mpoly (ethylene glycol). 38. The nethod of claim 36, wherein
t he co¥ Appamdceiical doghpoyitien prmprising avaifectior anpnet diemutahchuamneovbi d

her i ot ndoRaey TR b ien® Ry Bob bl iedor CIRAET ISR BT TLs e

40. The netlwdosfoctditin 86 combepoading wile-tpsedivna gtesthdisemose. | ocat ed at
position 2, 5, 37, 48, 59, 89, 113; 140, or 190 of SEQID NGO 1 .or SEQID

NO 2. ] [0, .3 L0 1130 f hor none
corrpr i Fe2 RBSERRE 08 o in A S RlchRure IDRLHlibe P Ve BB DT P05,
‘The net hod hef the lamin 6] seghace bhSEQEDMNO ahtr IRGENNG:@Mm h hor none conpri ses
nore than one newy introduced glycosylation site. | 104 '

. 26. The composition of claim 24, wherein the newly introduced glycosylation site is near a

proline residue.

27. The composition of claim 26, wherein the proline res:due is located at position 2, 5, 37, 48,
59, 89, 113, 140, or 190 of SEQ ID NO: 1 or SE) ID NO: 2.

28. The composition of claim 24, wherein the mutant human growth hormone comprises the
amino acid sequence of SEQ ID NO: 3,4, 5, 6,7, 8, or 9.

]
29. The composition of claim 24, wherein the mutant human growth hormone comprises more '

than one newly introduced glycosylation site.

30. A method for treating human growth hormone deficiency in a patient, comprising the step of

administering an effective amount of 2 mutant human growth hormone to the patient,

102



wherein the mutant human growth hormone comprises a neéwly introduced N- linked or
O-linked glycosylation site that does not exist in the corresponding wild-type human

growth hormone.

31. The method of claim 30, wherein the corresponding wild-type human growth hormone has.
the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 2.

32. The method of claim 30, wherein the newly introduced glycosylation site is near a proline

residue.

33. The method of claim 32, wherein the proline residue is located at position 2, 5, 37, 48, 59,
89, 113, 140, or 190 of SEQ ID NO: 1 or SEQ ID NO: 2.

.34. The method of claim 30, wherein the mutant human growth hormone comprises the amino
acid sequence of SEQ ID NO: 3, 4,5, 6,7, 8, 0r 9.

35. The method of claim 30, wherein the mutant human growth hormone comprises more than

one newly introduced glycosylation site.

36. A method for making a glycoconjugate of a mutant human growth hormone, which
- comprises a newly introduced N-linked or O-link:d glycosylation site that does not exist
in the corresponding wild-type human grow“ch'horznone, coniprising the steps of: (a)
recombinantly producing the mutant human growth hormone, and (b) enzymatically
glycosylating the mutant human growth hormone with a modified sugar at the newly

introduced glycosylation site.

37. The method of claim 36, wherein the modified sugar is modified with a member selected

from poly (ethylene glycol) and m-poly (ethylene glycol). ‘

38. The method of claim 36, wherein the corresponding wild-type human growth hormone has
the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 2.
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39. The method of claim 36, wherein the newly introduced glycosylation site is near a proline

residue.

40. The method of claim 36, wherein the proline residue is located at position 2, 5, 37, 48, 59,
89, 113; 140, or 190 of SEQ ID NO: 1 or SEQ ID NO: 2.

41. The method of claim 36, wherein the mutant human growth hormone comprises the amino

acid sequence of SEQ ID NO: 3, 4,5, 6,7, 8, or 9.

42. The method of claim 36, wherein the mutant human growth hormone comprises more than

one newly introduced glycosylation site.
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