PEPTI DE- POLYMER CONJUGATES CROSS- REFERENCE TO RELATED APPLI CATI ON PARAGRAPH
This application clainms the benefit of U S. Provisional Application No.

61/ 085, 0AROf20108d4sym July 31, 2008, the content of whi chpPCI/useseloy2347
incorporated by reference in its entirety. BACKGROUND Advance in cell

bi ol ogy and reconbi nant protein technologies has |led to the devel opnent of
protein therapeutics . Yet, major hurdles still exist. Mst proteins are
susceptible to proteol ytlpEldﬁngaﬂ@LmEla@)Nﬁ%gﬁgge have a short
circulating tinme. O her disadvantages include | ow water solubility and

i nducenent of neutrali 2| ng ant| bod| es. Attachnent of a poIIyrrer e.g.,

pol yet hyl ene gl§R&SHH NCE JiQRE ) ARPS DNt eol ytic
enzymes to the protein backbone L&&Aﬁi&d’_ﬂ_n enhanced protein stability.

In addition, it may al so i nprove water solubility and m nim ze
innuogenicity f f i chi ng pol yner
o prot el ns. SR A SaRE o TS B TR b8 ABES 1

pol ynes - p61 pRepT2 ﬁEdGmnTjul;(ﬁalt €00& fthd armtant af Wwhichfio herabyinconploerted by each of Ri,
R, R3, R4, and RS, |ndt)pendently, is H G _io alkyl, C2-10 al kenyl, C2-10
al kynyl , Eﬁf?lenceh‘@tﬂélﬁgpﬂﬁl C3-8 cycloal kyl, or C3-8 heterocycl oal kyl; each
of Al andA2 i ndependent I y, is a polyner noiety (e.g., a polyal kyl ene oxi de
noi ety); each of Gl, G, and G3, independently, is a bond or a |inking
functional group; Pis an BACKGROUND

L. Al &Y

Advance in cell biology and recombinant protein technologies has led to the
10  development of protein therapeutics.

Yet, major hurdles still exist. Most proteins are susceptible to proteolytic
degradation and therefore have a short circulating time. Other disadvantages include
low water solubility and inducement of neutralizing antibodies.

Attachment of a polymer, e.g., polyethylene glycol (PEG), to a protein hinders

15 access of proteolytic enzymes to the protein backbone, resulting in enhanced protein
stability. In addition, it may also improve water solubility and minimize

immuogenicity. There is a need for effective methods of attaching polymer to

proteins.
SUMMARY
20 An aspect of the present invention relates to polymer-polypeptide conjugates
of formula I:
T1
Gy R4

/ \

a7 (K OX),
R, R3 R4 Rs
formula 1

wherein each of Ry, Ry, R3, R4, and Rs, independently, is H, C;_j¢ alkyl, C,.10 alkenyl,
25  Cy.0 alkynyl, aryl, heteraryl, Cs5 cycloalkyl, or Cs_g heterocycloalkyl; each of A; and

1



interferon- b (INF-b) noiety, an erythropoietin (EPO noiety, or a growh

hornone (GH) noiety; mis O or an integer of 1-10; and n is an integer of

1-10. I n wbesw/aastiugat es, the Nterm nus of the | NF-bnoiPetrys2adaesBRO

noiety, or the GH noiety is bonded to G3. Referring to the above fornul a,

t he pol yner-pol ypepti de conj ugates have one or nore of the follow ng

features: Al and A2 are pol yal kyl ene oxi de noi eties having a nol ecul ar

wei ght of a; r gf D, and & is

(in which tg %Q egg%érl?l %ag%%{e%r r%%e% o A@l}glgﬁlﬂ&%hdg@ﬁ%?%ﬁnbl%fcggded to a

car bon at Gm@s agth Oanndepechdentlyl & albonéax:h liokingGi fustind2erpep; driean sul f onanmi de,
am de L0 mhl h the N atomis bonded to a carbon atom as shown in

formJIaI 4, nis 2; and each of R, R2, R3, R4, and R5 is H 1In
sone of ttI@&eB aﬂetggaﬁ esthrBpistin (HYFO &@fylzr @rgroawmdtrﬁcb@ctdm&&e@m ety
containing 1-4 additional am no acid residues at the N-term nus of the

| NF- b. 3 AnBt ii@roras pietegerof 1t10 apyt & deait infogoiadft i- b klethaieer@nlugatsblt%ﬁr pepti de

pol yal Kyt Sadinyg BRI 6h el Bub O Bt o Bt gl R pERRe B0 (008 o
a |inking funcRifonahg @rtbephovie fbﬁnﬂ“a’,_h@p@lbzkﬁﬂpbl@p@tﬁlre cﬁ%ug&eﬁhmthHE and

P is an INF-b noj et an EPO noi ety, a GH noiety. .In these conj ugat es,
the N-ter AT MQE offthe fdlopie fsafwisedy an@ﬁea@n@%m@r}ﬁ oxige mAKtiehaviet y i s

at tached g &Ry BRAAH b 2doh RD V@{Eé?‘é&%ﬁ’qg' 0.3 15, Po! YTRNLRSA! b, %u@ugat es

have one or nore o tures: Al and are po yl ene
oxi de noi eties ving a nol ecul ar wei ght of 2-100 kD (preferably 10-30 kD,
e.g., 20 ka h of G and & is a bond,

N (1n which the O atom is bonded to A; or Ay, and the N atom is
bonded to a carbon atom as shown in formula I; each of G; and Gy is urea,
sulfonamide, or amide (in which the N atom is bonded to a carbon atom as shown in
formula I); m is 4; n is 2; and each of Ry, R;, R3, R4, and Rs is H. In some of these
conjugates, P is rINF-B Ser;7 or a modified INF-$ moiety containing 1-4 additional

15 amino acid residues at the N-terminus of the INF-f3.
Another aspect of the present invention relates to polymer-peptide conjugates
of formula II:
A-G;-L-Gy-P,
formula II

20
wherein A is a polymer moiety (e.g., a polyalkylene oxide moiety); each of G; and

G,, independently, is a bond or a linking functional group; L is C,.19 alkenylene or C.

10 alkynylene; and P is an INF-f3 moiety, an EPO moiety, or a GH moiety. In these

conjugates, the N-terminus of the INF-f3 moiety, the EPO moiety, or the GH moiety is
25  attached to G.

Referring to formula II, the polymer-peptide conjugates have one or more of
the following features: A; and A; are polyalkylene oxide moieties having a molecular
weight of 2-100 kD (preferably 10-30 kD, e.g., 20 kD), cach of G; and G, is a bond,
Cs 1s alkenylene, and each of Rj, Ry, R3, R4, and Rs is H.



C is al kenyl ene, and each of R, R2, R3, R4, and R5 is H Another aspect of
the present invention relates to pol yner-peptide conjugates of fornula II1
formul a IWO 20tvene87a each of R, R, R3, and R, indepenaemtusygoios234y Cl-10
al kyl, C2-10 al kenyl, C2 10 al kynyl, aryl, heteraryl, C3_8 cycloal kyl, or
C3_8 heterocycloalkyl; nis an integer of 2-10; Ais a polymer noiety; Gis
a linking functional group; and P is a peptide noiety, the nitrogen atom of
the N-term nus of the peptide noiety being bonded to R -C the carbon atom
in the 2 noiety shown in the fornula above. Referring to formula Il, the
pol ymer - pept i dénothaj apatted theawescohmventionoiekitasfto phkynfeoipepidereynfugatesr es: n i's
1, Ais poéyalky ?$e oxi de noi eties having a nol ecul ar wei ght of 10-40 kD
or 20-30 R gi“n which the O atomis bonded to A, and the N atomis
bonded to a carbon atom and P is athNFFquety, an EPO noiety, a CH

moi ety. The term "Cl1-10 al kyl" used Hereiln refers to a straight-chained or
branched hydrocarbon nono-val é&tt—6 Q%ﬂ— Riining 1 to 10 carbon atons.
Exanpl es of al kyl groups include net thyl, n-propyl, isopropyl, t r
t-butyl, and n-pentyl. Simlarly, the4ter "C2,i0 alkenyl" refers to a
strai ght-chai ned or branched hydro?arbg fono val ent radi cal cont ai ni ng 2
to 10 tarbon atoms and one or nore Q bonds. The term"C2_io al kynyl"

refers towﬁeﬁtﬂ@dcgmmr@ rRehn@R,PIABSHREN Y & acel ha [ymmqo é/lﬁé&‘yfltC{ adi cal

containing 2 to 10 carbon atons and one or nore tri bonds. The term
"C2_i o al keatkpnyhatyly edteraeyli s ecystoalkiyglor Cohhbtargyelpallylhndhewinggedr oCar bon
bi - valentzl%dlcal cpntalnl one_or. nore doubl e

bonds. Thé t nfa MR %81élsahn%P%H§w18n%g%?%%J %F %Bﬂmgﬁ or branched
hydr ocar bﬁiﬂné@y,-tki@hﬁ@geﬂ @&dhCatlthe N-terminus of the peptide moiety being bonded to

10 the carbon atom in the  R2

moiety shown in the formula above.
Referring to formula II, the polymer-peptide conjugates have one or more of
the following features: n is 1; A is polyalkylene oxide moieties having a molecular

weight of 10-40 kD or 20-30 kD; G is

O
\O)j\”/

15 in which the O atom is bonded to A, and the N atom is bonded to a carbon atom; and
P is an INF moiety, an EPO moiety, a GH moiety.

The term “C).1o alkyl” used herein refers to a straight-chained or branched
hydrocarbon mono-valent radical containing 1 to 10 carbon atoms. Examples of alkyl
groups include methyl, ethyl, n-propyl, isopropyl, fert-butyl, and n-pentyl. Similarly,

20  the term “Cy.10 alkenyl” refers to a straight-chained or branched hydrocarbon mono-
valent radical containing 2 to 10 carbon atoms and one or more double bonds. The
term “C, 1 alkynyl” refers to a straight-chained or branched hydrocarbon mono-
valent radical containing 2 to 10 carbon atoms and one or more triple bonds. The
term “C,.1 alkenylene” refers to a straight-chained or branched hydrocarbon bi-valent

25  radical containing 2 to 10 carbon atoms and one or more double bonds. The term “C,.
3



containing 2 to 10 carbon atons and one or nore triple bonds. The term
"aryl" used herein refers to a hydrocarbon ring system (nono-cyclic or

bi - cycl i cwohaw/aigs7at | east one aromatic ring. Exanpl es ®CTArSgé09nsier i es

i nclude, but are not limted to, phenyl, naphthyl, and pyrenyl. The term
"heteroaryl" used herein refers to a hydrocarbon ring system (nono cyclic
or bi-cyclic) having at |east one aromatic ring which contains at | east one

het er oat o g@a?r 12> Bfeto #5tratgRSchaflel of brahBiged Hyashaidhemvardt fahRar em nder
bei ng car bon. anpl es of heteroaryl noieties i'nclude, but are not limted

to, furyl cogginmgldsto, 10tdaitmmyatomeaalarieydr mareimde bbyds; t hi azol yl, pyridinyl,

pyrim di nyl, qguinazol.i ny) d indolyl. The term ".cycl oal kyl" used herein
P2 ers o a patbfBrmy BY bl ahidision PRERE RO rRE SR et T, 'ng
syst em hayi bigeyet Yhat aiph@ Neaki 61@ a3 iMEs rifX aAPRngsicd dTlrpdRoicistlinauge,mat 11 m ted

to, cycl opropanyl, cyclopentanyl and cycl ohexanyl. The term
" het er Dy dledwt kipited it @hcmdsmeiphthybfad §yk8yla partially or fully saturat ed

nono-cyclic or-flL:cychi i.ng i i e ), one or
nor e heteroato%§é5%¥g%%%g%h%,u%¥ E%gh2§¥¥?%8hk@@%@%bﬁbggﬁ%ggﬁ?%@ﬁﬁde, but
are not | tydliced bi-oyclig) pevringlatieast phPaoaatio eing Mhighhaintaigs attiddsosmyr phol i ne, and
1, 4- oxazepane. Al kyl, , .al kenyl ene, al kynyl ene, aryl,

al kenyl , al kynyl
het er oar yeterpmysicRs O, 3, 4T ﬁé\ts@ﬁ%@?ﬁled&}wﬁtewaﬂ@it%w&llﬂ@r&ewgi ncl ude bot h

substi t ut d i het: . i nts include
Cl- Cl0 a?%??ﬂ] & 1%%3 iﬁgﬁf@bg&b%ﬁgllu%,ﬁdﬁ 5%?:“"9&69“§*§§§‘fcf%‘?§y| . Cs- Cg

cycl oab kepyirolyCihieil Qoxakddgk ymidargllyl, tharzdlyxpyridieylepyoaniginyl hptrewolmyt) oxy,
am no, Cl}Hglg4kaylanino, Cl- C20 di al kyl am no, aryl am no, diaryl am no,
hydr oxyanffo!"*&WVkoxyam no, C1- C10 al kyl sul f onani de, aryl sul f onani de,

hydroxy, hal 0ggRe tdriti‘@yclGhlk{ ulePhdi¥intrBict toArpattidllyQr fEKARRrafdl tfdho-
cyclic or bi-cyclic ring system having only carbon ring atoms. Examples include, but
are not limited to, cyclopropanyl, cyclopentanyl, and cyclohexanyl.

15 The term “heterocycloalkyl” used herein refers to a partially or fully saturated
mono-cyclic or bi-cyclic ring system having, in addition to carbon, one or more
heteroatoms (e.g., O, N, or S), as ring atoms. Examples include, but are not limited
to, piperidine, piperazine, morpholine, thiomorpholine, and 1,4-oxazepane.

Alkyl, alkenyl, alkynyl, alkenylene, alkynylene, aryl, heteroaryl, cycloalkyl,

20  and heterocycloalkyl mentioned herein include both substituted and unsubstituted
moieties. Examples of substituents include C,—Cjy alkyl, C,—C, alkenyl, C,—Ciq
alkynyl, C;—Cs cycloalkyl, Cs—Cs cycloalkenyl, C,—C4 alkoxy, aryl, aryloxy,
heteroaryl, heteroaryloxy, amino, C;—C;o alkylamino, C;—Cy dialkylamino,
arylamino, diarylamino, hydroxyamino, alkoxyamino, C,—C) alkylsulfonamide,

25  arylsulfonamide, hydroxy, halogen, thio, C;—C)¢ alkylthio, arylthio, cyano, nitro,
acyl, acyloxy, carboxyl, and carboxylic ester.

The term “polymer moiety” refers to a mono-valent radical derived from
linear, branched, or star—shaped polymer. The molecular weight of the polymer
moiety may be 2-100 kD. Examples of the polymer moiety include, but are not

30 limited to, polyethylene oxide, polyethylene glycol, polyisopropylene oxide,
polybutenylene oxide, polyethylene glycol, and copolymers therecof. Other polymers



acyl, acyl oxy, carboxyl, and carboxylic ester. The term "pol yner nvoiety"
refers to a nono-val ent radical derived fromlinear, branched, or

st ar - shapeo 2pwlopmsn. The nol ecul ar wei ght of the pol ynePCraiSeaog/onmy7 be
2-100 kD. Exanpl es of the polynmer noiety include, but are not limted to,
pol yet hyl ene oxi de, pol yethyl ene glycol, polyisopropyl ene oxide,

pol ybut enyl ene oxi de, pol yethylene glycol, and copolyners thereof. O her
pol yner ssuedh Rc et balglmm@phwmy |poﬁja€®mluaes ra%%smka%@&a po®fmers

car bohydr at e- based pol ymers can als6 bé used as long as they are not

ant i geni ccan @sg g ussd aellqnglatsutlmy dremefrratiges pdnsie, orfitigitingnpmyne irggpepsc de

noi ety" refers dlc derived fr atural l'y
occurti ng pol ypEpiHe PoRPEE e bR Bt B Emare M Bt UV R Bhcur 1 ng
pepti de Caithd?Q nal¥rallya@eurrlny e&%oaﬂrﬁdgbpf@%m&yme@l@{mgil mul ati ng
factor, or antibody. The no |f|ed ti de can be, g., a peptide

cont ai fi ngcqummamtlﬂwarabmmlf@nal gré)@{,aﬁﬂ@ anéﬁffmylé@ymcotl% N-term nus of
t he | NF- d | NF. i | FN r.epresenting an
| NE-a26, norary o RGBSk Ao LS Gre b OWIFS Donded Lot ne
carbonyl gsMRing TRE dn@rind additiendl em@idr adid re@ﬁhemm@Natehamub ¥f @k TNFghl y
honol ogous protelns that inhibit viral repllcatlon and cel l ul ar
proliferation and nodul ate i mmune resp &N See Derynck et al, (1980).

Nat ure 285 (5766): 542-7; and Tani guchi _ al, (1980). Cene 10 (1): 11-5.
It includés. mwmlwﬁsuch ageedified AYF isNFY , Hidiraphesientife srciN Fopia

equi val ent s, e havin st 8 5% 90% 95%
or 905 1 ey ottt Sputebit Bhish AT g sFppry e el ude
the aggive i ngmragi@mt-sntbierons GORTED G fally ofMikhlyaIntol8Edi@roteins hads Avonex,
Bet aseron, and Rebif. See, e. Etemadi far M et al Acta Neurol. Scand.
2006, 113{mybit vigdreplicatien e dsdbpnpenliéeraviomendappdnlate dmawoe sesponsex Sapl ar y

human | NFRRRERLELNT 198 ! REL.E BsPISBHY: S5, QhiRhighfhi TRAIUT Fod03! Flne

10 (1): 11-5. It includes both naturally occurring INF-fs and their functional
equivalents, i.c., a polypeptide having at least 80% (e.g., 85%, 90%, 95%, or 99%)
15 identical to its wild-type counterpart. Examples of INF-f3 include the active
ingredients in the commercially available drugs, such as Avonex, Betaseron, and
Rebif. See, e.g., Etemadifar M. et al., Acta Neurol. Scand., 2006, 113(5): 283-7.
Listed below are amino acid sequences of exemplary human INF-f3 proteins,

either in precursor form or in mature form:

20
mtnkcllgia 1llcfsttal smsynllgfl grssnfgcgk llwglngrle
yclkdrmnfd ipeeikglqgqg fgkedaalti yemlgnifai frgdssstgw
netivenlla nvyhginhlk tvleekleke dftrgklmss lhlkryygri
lhylkakeys hcawtivrve ilrnfyfinr ltgylrn

25 (See GenBank Accession No.: M28622, the April 27, 1993 version; italicized

portion refers to the signal peptide)

mnsfstsafg pvafslglll vlpaafpapv ppgedskdva aphrgpltss
eridkgiryi ldgisalrke tcnksnmces skealaennl nlpkmaekdg
cfgsgfneet clvkiitgll efevyleylqg nrfesseeqga ravgmstkvl

30 igflgkkakn ldaittpdpt tnaslltklqg agngwlgdmt thlilrsfke
flgsslralr gm

(See GenBank Accession No.: CAA00839, the December 3, 1993 version)



nmnkcllqgia lllcfsttal snsynllgfl
i peei kgl qq fgkedaalti yenl gnifai

grssnfqcgk 1wyl ngrle ycl kdrmfd
frqgdssstgw netivenlla nvyhqgi nhl k

t vl eekl ekwodhtowigkd7ass | hl kryygri | hyl kakeys hcawt i vrve PCTnfSgdoons2341 gyl rn
(See GenBank Accession No.: M8622, the April 27, 1993 version; italicized
portion refers to the signal peptide) msfstsafg pvafslglll vl paafpapv
ppgedskdva aphrgpltss eridkqgiryi |dgisalrke tcnksnntes skeal aenn

nl pkmaekdg cf ggphnest, Vi Jagi_g C gt kvl

i qf | gkkakn Ida;ﬁ?{)pdptn%!neégflle:t |%1§%§%ﬂﬁlﬁﬁ% %Pie{?er%gfﬁ%glalbﬁqss Y gm ( See
GenBank Acté&hssictine Nan plaCAADOBEIe dthpesiben éMiethehatilOM3tweNSF-Gn) | N one
exanple, the INF-b is mutant rINF-b Serl17 (reconbinant I NF-b, in which
serine i sS§WeRicac Ehepmppscid ofdhisimyspils showmbelow: t he native mature | NF-Db
sequence). The amno acid of this nutant is shown bel ow. synllgflqgr
ssnfqgsqgkll wgl ngrleyc | kdrmmfdip eei kql qgf g kedaaltiye mgnifaifr

gdssst gwneynilvghlhanespfigeaklikt valegklekedfi ktrgkEAs sl RelikayggEal h

yl kakeysh&edapiltivei mlenfypifr| gdgpbcawna SavehédanxaplenhikeVINF-b is a
modi fi ed AgekyEkpNE- BrokAmgRileh LErgyggdilhi vhkpkawche avtdvigsidues are
attached ¥8fvhénKNlfepifilklls of the native INF-b. EPO, produced by either
liver or kidney, is a glycoprotein hornone that controls erythropoiesis or

Funct @nal oqui VARG & Fgls' e RErRE w858 BRHIRE Ve BRI Ropl 1cat i on
Publ i cat i dyid&HdQhfb21d retf@cLdrt ABackeH b SR eAGEEusf thaiRVe INF-p.
EPO, produced by either liver or kidney, is a glycoprotein hormone that
controls erythropoiesis or red blood cell production. It includes both naturally
occurring EPO and its functional equivalents. See US Patent 5,621,080 and US
15 Patent Application Publication 20050176627. The amino acid sequences of human

EPO (in precursor and mature form) are shown below:

20

25

mgvhecpawl
nittgcaehc
vlirggallvn
aasaaplrti

(precursor)

apprlicdsr
wkrmevggga
glrslttllr
gklklytgea

wlllsllslp
glnenitvpd

ssgpweplqgl
tadtfrklfr

vlierylleak
vevwgglall
algagkeais
crtgdr

lglpvlgapp
tkvnfyawkr
hvdkavsglr
vysnflrgkl

eaenittgca
seavlrggal
ppdaasaapl

(mature form)

rlicdsrvle
mevgqgavev
slttllralg
klytgeacrt

ehcslnenit
lvnssgpwep
rtitadtfrk

rylleakeae
wgglallsea
agkeaisppd
gdr

vpdtkvnfvya
lglhvdkavs
lfrvysnflr

An EPO protein used to make the conjugate of this invention can be an EPO
30  protein, either in precursor or mature form, produced by a suitable species, e.g.,
human, murine, swine, or bovine. In one example, the EPO protein has an amino acid
sequence at least 80% (e.g., 85%, 90%, 95% or 99%) identical to one of the amino
acid sequences shown above. In another example, the EPO is a modified native EPO
in which 1-4 additional amino acid residues are attached to the N—terminus of the

35  native EPO.



EPO (in precursor and mature form are shown bel ow ngvhecpaw w lIsllslp
| gl pvlgapp rlicdsrvlie rylleakeae nittgcaehc sl nenitvpd tkvnfyawkr
mevgqgavewowgglakd7sea vlrgqgal | vn ssqpwepl gl hvdkavsgl r gCTiuskeoaloge347
agkeai sppd aasaaplrti tadtfrklfr vysnflrgkl klytgeacrt gdr (precursor)
apprlicdsr vlerylleak eaenittgca ehcslnenit vpdtkvnfya wkrnevggqga
vevwggl al I seavlrggal |vnssgpwep | gl hvdkavs glrslittllr al gagkeais

ppdaasaapl rti trad &Jrﬁlk tg{cfv&tmh%ﬁ%ﬂe"%ﬂeﬁl t4 Rt erall @ HEcule B MirBard @oWkh An EPO

protein used to neke the conjugate of this invention can be an EPO protein,

ei t her i nhpmemersther oy preaursrer hoiture f«pimdudetd fwtlandwatlabﬁ,e csevings, e.g.,
h h
2o act i SatseiapSies Ll Sngs B 4 BEBM oG o S9rsRBHSH % Bene: cal <o

one of thgatafillR@caatidg ﬁ@ﬂl@ﬁ@ﬁﬁ&h%bﬁ%headh@\@ssehﬂn@ﬂﬁtsﬁﬁé gﬁgi@ﬂlb Ral the EPO is
a nodified native EPOin which 1-4 additional amno acid residues are

attached egivityeof that bpmpngeveh horeoneatln gae Erortpahe siowth §eEans ihar none”
refers b0t AALHL AL R RGNS AU ARENG Rl AR APRSA r&ldlaEL,cl N Precursor
or mature™ orm and "Snal® Vari an , I.e., having an am no acid
sequence attachedst th8 04 drmigns,of #hatif0 Yroveth Hprmoned Ihe dnden tmd aéqdeﬁcetsh e
natural |y currl human growt h hor none and possessin the
physi ol ongfglF N3y gchﬁu%’fngt ErangemiR HUREFYBIvE! a4 % ee, t he
growt h hogmpnepdigya nodi fied native growth hornone in mhlch 1-4 additional
amno acid residues are attached to the N-term nus of the native growh
hor none. Th&gamitndladiedoséqluencégegbatheinataralfbipancdurhirhgahaman gr owt h
hor none (ifdtpredersoriphdahgttir @éghponglalfesesiptpsnr eetggksnle
llrislllig swlepvgflr svfanslvyg asdsnvydll kdleegigtl
mgrledgspr tggifkgtys kfdtnshndd allknyglly cfrkdmdkve
tflrivgcrs vegscgf (precursor)
15

20

fptiplsrlf
gslcfsesipt
lvygasdsnv
hnddallkny
form)

mfptiplsrl
tslcfsesip
slvygasdsn

dnamlrahrl
psnreetqggk
ydllkdleeg
gllycfrkdm

fdnamlrahr
tpsnreetqq
vydllkdlee

hglafdtyge
gnlellrisl
igtlmgrled
dkvetflriv

lhglafdtyqg
ksnlellris
gigtlmgrle

feeayipkeg
lligswlepv
gsprtgqgifk
gcrsvegscyg

efeeayipke
ll1ligswlep
dgsprtgqgif

kysflgnpgt
gflrsvfans
gtyskfdtns
f (mature

agkysflanpg
vgflrsvian
kgtyskfdtn

shnddallkn mdkvetflri

form)

25 ygllycfrkd vgcrsvegsc gf (modified

The “percent identity” of two amino acid sequences is determined using the

algorithm of Karlin and Altschul Proc. Natl. Acad. Sci. USA 87:2264-68, 1990,
30  modified as in Karlin and Altschul Proc. Natl. Acad. Sci. USA 90:5873-77, 1993.
Such an algorithm is incorporated into the NBLAST and XBLAST programs (version
2.0) of Altschul, et al. J. Mol. Biol. 215:403-10, 1990. BLAST protein searches can
be performed with the XBLAST program, score=50, wordlength=3 to obtain amino
acid sequences homologous to the protein molecules for use in the invention. Where
35  gaps exist between two sequences, Gapped BLAST can be utilized as described in
Altschul et al., Nucleic Acids Res. 25(17):3389-3402, 1997. When utilizing BLAST
and Gapped BLAST programs, the default parameters of the respective programs

(e.g., XBLAST and NBLAST) can be used



shown bel ow. matgsrtsl| lafgllclpwlqgegsafpti plsrlfdnam|rahrlhqgla
fdtygef eea yi pkegkysf | gnpqgtslcf sesiptpsnr eetqgksnle Ilrisllliq

sw epvqf Iwovfeamgsyg asdsnvydl | kdl eegiqtl ngrl edgspr PgEidSRapops2347

kf dt nshndd al | knygl |y cfrkdndkve tflrivqgcrs vegscgf (precursor) fptiplsrlf
dnam rahrl hql af dtyqe feeayi pkeq kysfl gnpqt sl cfsesipt psnreetqqgk
snlellrisl Iligswepv gflrsvfans |vygasdsnv ydllkdleeg iqtlngrled

gsprtgqi fk qtysgké gimsinRe g%ﬁéﬂanalggrbw%@mowmawnﬁ !ﬁihcﬁ@ﬁaff yeaApcend (mature
form rrfptl(EIer fdnam ra dtyq ef eeayi pke gkysflgnpq tsl cfsesip

t psnr eet gendkbaingronmicsted td ithY@Fﬂ\ﬂqlfwtlS’Slvd e ahanyend Sdwg coyrakictdddb dlee

giqtlngrle 3 prt. S nddallkn d tfln
vqcrsvegsgepg[s %gf%g@%P%P ggﬁ%?%%ﬂyn?éﬂﬂtl yé¥ EEF 33&30 acid
sequences cirboiig! @iinagy aMﬁdengarbé’tﬁat@-' 1G04, isti ey sukadyll | amiae dnihd, schul - Proc.
Nat|. Acad. SCi. USA 87:2264-68, 1990, nodified as in Karlin and Altschul

Proc. Nat hydragyminggihosphonaigooggmpsphare eroap3. Such an al gorithmis

reorporated | R0, ABARE SR SBLASTARGHS Ay 31 SLSR M o2 1 sl

per f or medthai ﬂ)hn bh@l%ﬂa@ﬁﬁcgbﬂ@%@:ﬂn fscexaambd) ,cambes firendbbmzet an abibai N ani no
aci d sequences ho ogous, to the protein nolecules for use in the
i nvent i onan%@%émg%bg %G GErOPR (S eHM RSO & fERIHICIO Y gl fal el RS B an be

utilized gRcASCrdRGHIcIMions include chloride, bromide, iodide, sulfate, nitrate,

10  phosphate, citrate, methanesulfonate, trifluoroacetate, and acetate. Likewise, a salt
can also be formed between a cation and a negatively charged group (e.g.,
carboxylate) on a polypeptide-polymer conjugate of this invention. Suitable cations
include sodium ion, potassium ion, magnesium ion, calcium ion, and an ammonium
cation such as tetramethylammonium ion.

15 In addition, the peptide-polymer conjugate may have one or more double
bonds, or one or more asymmetric centers. Such a conjugate can occur as racemates,
racemic mixtures, single enantiomers, individual diastereomers, diastereomeric

mixtures, and cis- or trans- or £- or Z- double bond isomeric forms.



Al'tschul et al, Nucleic Acids Res. 25(17):3389-3402, 1997. Wen utilizing
BLAST and Gapped BLAST progranms, the default paraneters of the respective
progr ans We.2010/01¥BLAST and NBLAST) can be used. The ter mpCriuskéomagsf3unct i onal
group” refers to a bi-valent functional group, one end being connected to

t he pol yner noiety and the other end being connected to the peptide noiety.
Exanpl es include, but are not limted to, -O, -S-, carboxylic ester,
carbonyl, carbonate, am de, carbamate, urea, sulfonyl, sulfnyl, am no,

i m no, hydroxyam no, phosphonate, or phosphate group. The pepti de-pol yner
conj ugat e descExeplcabhovvelyreer-fisptilaicaregaty efehisanyangpen isshowa bebwn of sal t,

if applicable. A salt, for exanple, can fe formed between an anion and a
positively charged group (e.g., am no) ojf a peptide-pol yner conjugate of
this invention. Suitable anionsoO nalrede” chitori de, brom de, iodide, sulfate,
nitrate, phosphate, citrate, ngﬂhapeQQLLgpb%gp\trifluoroacetate, and
acetate. Likewise, a salt Bl slf be fornmed befNeéPearcation and a
negatively charged group (e.g., carboxylate) on a pol ypepti de-pol yner
conjugate of this invention. Suitable caﬁions i ncl ude sodi umion, potassium
i on, magnesiumion, calciumionp apgeao”armPni um cati on such as
tetranet hyl ammoni umion. I n addiltiqgqg, the lpepii de-pol ynmer conjugate nmay
have one or nore doubl e bonE0 orNon& or“nore asR@metric centers. Such a
conjugate can occur as racenates, racem c mxtures,; single enantioners,

i ndi vidtual diastereoners, diastereoneric mixtures, and cis- or trans- or E-
or Z- double bond isoneric forns. Exanpl €s the pol yner-peptide conjugate of

this invention is shown below n WFE%B Tﬁf represents net hoxy-capped

pol yet hyl ene gl ycol having a nDlng\ﬁ%”%gggﬁéﬁgf 20 kD, and the N-termni

of rINF-b Serl7 , EPO andnfdcr enattac de rightnost carbon shown in
the above structures. Certain proteins have therapeutic utilities. The

conjugates of this invention,
in which mPEG represents methoxy-capped polyethylene glycol having a molecular

weight of 20 kD, and the N-termini of rINF-B Ser;7, EPO, and GH are attached to the

10 rightmost carbon shown in the above structures.

Certain proteins have therapeutic utilities. The conjugates of this invention,

containing a peptide moiety, can therefore be used to treat disease. For example, INF-
B is an immunomodulating medication for treating HCV or HBV infection. See, ¢.g.,
Journal of Vascular and Interventional Radiology 13 (2002): 191-196. Thus, within

15 the scope of this invention is a method of treating hepatitis C virus (HCV) infection or
hepatitis B virus (HBV) infection with an INF-B-polymer conjugate described above.
As another example, EPO is a hormone produced by the kidney to promote the
formation of red blood cells in the bone marrow. It has been used as an
immunomodulating medication for treating anaemia resulting from chronic kidney

20  disease, anemia secondary to zidovudine treatment of AIDS, and anemia associated
with cancer. Recent studies have also found that EPO enhances neurogenesis and
plays a critical role in post-stroke recovery. See, e.g., P. T. Tsai, Journal of
Neuroscience, 2006, 26: 1269. Thus, another aspect of this invention relates to a
method of treating anecamia or enhancing neurogenesis by an EPO-polymer conjugate

25  described above.



containing a peptide noiety, can therefore be used to treat disease. For
exanple, INF- b is an i munonodul ating nedi cation for treating HCV or HBV
i nfecti orwwOo3ew,01¢87¢. , Journal of Vascul arand | nterventi ecalusSRadiosisagy 13
(2002): 191-196. Thus, within the scope of this invention is a nmethod of
treating hepatitis Cvirus (HCV) infection or hepatitis B virus (HBV)
infection with an |I NF-b-pol yner conjugate descri bed above. As anot her

exanmpl e, EPO i g @ Mlﬁ%CBﬁ@M%anéﬁtfbﬁ@s zkb&ﬂ%aslﬁ&l d@)h&ﬁ'fﬁhg tH&FE@r mat i on
of red blood cells in the bone marrow. een used as an

i Munonodpblatiengonteghite descubed dhove faare ngtr@mlag MGV idsetioniardIBY om chroni ¢

ki dney di s em a secondary.to zi di e treat and
Ao & astBRTEPAG] (R onhishiSy FedPpud et (EMPR b Blind! e “Ero
enhances ftﬁulrs@ GERQSInG afdHnip Ioayrshaacﬁg intin®abndsB| & Wl RSt tEiRkee gcovery.

See, e.g. T. Tsal, Journal of Neuroscience, 2006, 26; 1269. Thus,
anot he? a@rgfb@&e bfthe eangugatpienthiconeudacaire of ¢ edicrmcAbieT Beatingda€Vng aneani a or

enhanci ng, EHLAIARSS}fechdn 30 EMRUATELGANLY AR G dipser | bed above. Al so

Wi thin the scope of Aventl om 1's a co cont ai ni ng the | NF-b-
pol ymer conj ugahed&eﬁmﬁ dedr aioy embodinitas dfmhet meatuomglré-l@e’f@rtﬁ @ahé on or HBV

infection, and_.a conposition contai ni ng EPO p nmer conj ugat e descri bed
above f or dgisEDion belaw: Oiaerdeatures.ob dﬁCtSeﬁlegﬁg’aﬁTﬁg rtBgEeRi Wﬂ@oevven as the

t her apeut G, WS ALY HEs @ tlBHQn&RBhHE@EI%nleV the manuf acture of a

medi cament” for treating HCV infection, HBV infection, or aneam a, or for
enhanci ng neurogenesis. The details of one or nore enbodl ments of the

inventjon are set forth in tﬁETﬂi’EﬁPilgES@RIPﬁGW Q her features, objects,
e

and advantages of the invention w apparent fromthe description and
fromthe clai nfhe ﬁ&fﬂbgﬁ@rﬁl&%ﬁgu@a}bm thh @ergsepttindtiop ohiybeprepamni bgat es of
the pr ese?y}m' er%l\éel’lrl]ét g(Ps wﬁpknow 121(37[ g éheegmcé/l art. For example, one can combine a
linker molecule having one or more active functional groups with two polymer
molecules having a functional group reactive to those on the linker molecule.
15 Subsequently, a peptide molecule containing a functional group is reacted with a
functional group of the linker molecule to form a peptide-polymer conjugate of this
invention. Two illustrative synthetic schemes are provided herein.
Scheme 1 below shows an example of preparing the peptide-polymer
conjugates of formula I. Diamine compound 1, which contains an acetal group, is
20  reacted with N-hydroxysuccinimidyl carbonate mPEG (i.e., compound 2) to form di-
PEGylated compound 3, which is subsequently converted to aldehyde 4. This

aldehyde compound is reacted with peptide H-P having a free amino group via

reductive alkylation to afford a peptide-polymer conjugate of this invention.

10



synthetic nmethods well known in the chemi cal art. For exanple, one can
conbi ne a |linker nolecul e having one or nore active functional groups with
two pol yrwo 2nolaesThes havi ng a functional group reacti veCraskéoss23en t he

| i nker nol ecul e. Subsequently, a peptide nol ecul e containing a functional
group is reacted with a functional group of the linker nolecule to forma
pepti de- pol ynmer conjugate of this invention. Two illustrative synthetic
schenmes are provided herein. Schenme 1 bel ow shows an eyxaitpl e of preparing
t he peptide-pol yner conjugates of fornula | . Diamine® ound 1, which
contains an acetak gt %ﬁ) is reacted with N-hydroxysug€i ni,ri-dyl carbonate
mPEG (i.e., conpQun °ta fomﬂyﬁﬁr’PEGylatgd conmpoyhd X ich is
subsequently conweryed to al dehydec4. This ald@mydqu podnd is reacted

w th peptide H-P haying a free am po group via reddctd wesatkyl ation to
afford a peptide-pofyner conjugate of this invention.8chene 1 Schene 2

bel ow shows an exanpl e of preparing the peptide-pol ynmer conjugates of
formula I'l. Chemical 6 has a polynmer noiety and an aF?éﬁV&@ functi ona
group. It can be reacted with peptide 7, which has a freg.,am no functional
group. The resulting product &7S subsequently reduced, of.g., by

hydr ogenati on or by NaBH3CN, tp=afford pepti de- pol yner dﬁﬁjugate 9. AGL L

CHO + 2N P A- -CH= -P 8 reductjon -CH= «hA is a poly, iety G is a
bond or a |inking functigﬂ%LN [ Pis"éTké‘nyIene/oelrN "€ne
mPEG ( )m n mPEG 3 m ) n
Ry Rs Rs Rs Ry Rs Ry Rs
5 4
Scheme 1

Scheme 2 below shows an example of preparing the peptide-polymer
conjugates of formula II. Chemical 6 has a polymer moiety and an aldehyde
5  functional group. It can be reacted with peptide 7, which has a free amino functional
group. The resulting product 8 is subsequently reduced, e.g., by hydrogenation or by
NaBH:CN, to afford peptide-polymer conjugate 9.

A—G—L—CHO + H,N—P —— A—G—L——CH=—=N—0F
6 7 8
l reduction

A—G—L——CH=N—0F"

10 9

A is a polymer moiety
G is a bond or a linking functional group
L is alkenylene or alkynylene
H,N-P’ is INF-f3, EPO, or GH
15
Scheme 2

Scheme 3 below is an example of preparing a peptide-polymer conjugate of
formula III. Compound 10 having an acetal group, which can be prepared from (3-
20  amino acid, is reacted with N-hydroxysuccinimidyl carbonate mPEG 2 to form

PEGylated compound 11, which is subsequently converted to aldehyde 12. This

11



H2N-P' is INF-b, EPO or GH Schenme 2 Schenme 3 below is an exanpl e of
preparing a peptide-polynmer conjugate of forrmula Il11. Conpound 10 havi ng an
acet al grwoppiosiigsh can be prepared from b- am no aci d, PC3/USR@O0EZE4 t h

N- hydr oxysucci ni m dyl carbonate nPEG 2 to form PEGyl ated conmpound 11, which
i s subsequently converted to al dehyde 12. Thi sal dehyde conmpound is reacted
wth peptide HP having a free am no group via reductive alkylation to
afford de§ﬂdé§;me%ﬁif>euﬁuilslf§acté@wéﬂpéﬁ{aﬁrrﬁp%am@ CIRRMUNGIAb gf RPGLi4 ONs descri bed
above include using solvents, reagents, catalysts, protéecting group and
depr ot ectredgcfg\remlbylﬂ‘re(ag‘feratf@rd desired epmpoundract i on condi ti ons. They may
additionally include steps, either before or after tdee steps descri bed
specifically herein, to add or renove suitable prddtecting groups in order

to ultimately allow for synthesis of a peptide-pol r conjugate. In

addi tion, various synthetic steps may be perfor in an alternate sequence
or order to give the Niesi$ poly de-polynmer ju Synt hetic

chem stry transfor i d PiE6t egt i ng group HELEEJQE?BIGS (protection

and deprotection) usefyl in syntheskzing appllcaB eptlde pol yrner
conjugates are known in the art and include, for exanple t hose descri bed
in R Larock, Conprehensive Oganic Transformations,| VCH Publishers (1989);
T.W Geene and P.G M Wits, Protective Goups in C}ganic Synt hesi s, 2d.

Ed., John Wley and Sons (1991); L. Fieser and M Fi'eser, Fieser and

Fi eser's Reagent sfor Organic Synkhesis, John WI ey rerel Sons (1994); and L.
Paquette, ed., Encycl opedia of G&agentsfor Crganlé Synt hesi s, John W/l ey
and Sons (1995) and subsequent }ﬁzplons t hepgof . A Bﬁﬁ%lde pol ymer conj ugate
t hus synt hesi zed can be furtheerurlfled hy a \

)\/\ /l\/CHO
R P R

Scheme 3

The chemical reactions described above include using solvents, reagents,
catalysts, protecting group and deprotecting group reagents, and certain reaction
conditions. They may additionally include steps, either before or after the steps
described specifically herein, to add or remove suitable protecting groups in order to

10 ultimately allow for synthesis of a peptide-polymer conjugate. In addition, various
synthetic steps may be performed in an alternate sequence or order to give the desired
polypeptide-polymer conjugates. Synthetic chemistry transformations and protecting
group methodologies (protection and deprotection) useful in synthesizing applicable
peptide-polymer conjugates are known in the art and include, for example, those

15 described in R. Larock, Comprehensive Organic Transformations, VCH Publishers
(1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d.
Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995) and

20  subsequent editions thereof.

12



met hod such as ion exchange chromatography, gel filtration chromatography,
el ectrophoresis, dialysis, ultrafiltration, or ultracentrifugation. The
pept i de- pgbynayo1¢syaj ugat e of the invention may be phar mecemiSe@alobssact i ve
in the conjugate form Alternatively, it can release a pharmaceutically
active peptide in vivo (e.g., through hydrolysis) by enzymatically cleaving
the |Iinkage between the peptide noiety and the pol yner noiety. Exanpl es of

enzynes i nvol vadydpldé-BoNmed crig@aé s kimKkaURA chi 6k UdthcPyhndadd ea enzynes
(e.g., peroxidases, am ne oxi dases, or dehydrogenases), reductive enzynes

(e.g., ketsthodduch asies rxchande blyrdmetogriphy eget yilteatiohehgpmatpgreplsases,

est erases,, sul fat ases., , or phosphat ases).. Thu ne aspect of this invention
rel at es tSbgﬁﬁgPﬁgg’g?hgﬁh@ﬂﬁﬁﬁ%&?ﬂdnéﬁw%??%§?$€@nanDunt of one or nore of
t he above- descrhbgehtidieRoldfcrRohiiFBle of ey MRS nhrbd plaahidegticullgi sor der
(e.g., HCV or HBV infection, or aneam a). Specifically, a disease can be

treated byotigin Hicswoariealy foun a dampteely.oheanoeloas eplsrmperatiselbt adipol yer
con) ugat e5ehihe w%T(&ggtﬁf@g@g&%1ysi§;b§{“%n§y@%ma%gtnc1e%@ﬂlgt*%g%|iléﬁ?ag%' fied by a

health ca prof essi o on’r romany sul I'agnosti c
met hod. ABctugedthegicptide mbivey drelthe polyart nodlty OExadrhpleabi@iziines mvdbicined as
the application or adm nistratiaon of a conposition including.a

pept i de- p8Y ¥ @?ﬁ’(j“lﬁgl geoinglude, PRIV HEHERS Gre diftPEfdses- Wb has a

di sor der, o ggymy Oth Arok sl S00ARYe o HicsaReLOD relRBASTarecondar y Lo the

di sorder, or a predisposition toward t rder, wth the purpose to
cur e, 1@l | bydratytic engime\ve.g., pestedys, cotcraaes bilfatats dripbosphsesaer, t he synpt om

of the disorde t he di sease, or. di sorder secondar o, the di sorder, or the
or edi sposi £ 1 on THBWARGRE! Ol Rig ReRton igkitey PecTriDed ShAMIRMTIERS o an

amount  of cFe@RRhRANIH HBRE nRNHLEEhEo W& B s fi&e-gql’yﬁl%_f aRgidds ef fect on
e obj

the treated subject. The therapeutic effect may obj ective (1.e.,

measur abl foriiicagiegre disesdes (g, HaMa@EBV dnfeetidn, ecanoamig)i Specifically, a
disease can be treated by administering to a subject one or more of the peptide-
15 polymer conjugates in an effective amount. Such a subject can be identified by a
health care professional based on results from any suitable diagnostic method.

As used herein, the term “treating” or “treatment” is defined as the application
or administration of a composition including a peptide-polymer conjugate to a subject
(human or animal), who has a disorder, a symptom of the disorder, a disease or

20  disorder secondary to the disorder, or a predisposition toward the disorder, with the
purpose to cure, alleviate, relieve, remedy, or ameliorate the disorder, the symptom of
the disorder, the disease or disorder secondary to the disorder, or the predisposition
toward the disorder. “An effective amount” refers to an amount of a peptide-polymer
conjugate which confers a therapeutic effect on the treated subject. The therapeutic

25  effect may be objective (i.e., measurably by some tests or markers) or subjective (i.e.,
a subject gives an indication of or feels an effect).

To practice the method of the present invention, a composition having one or
more of the above—mentioned conjugates can be administered parenterally, orally,
nasally, rectally, topically, or buccally. The term “parenteral” as used herein refers to

30  subcutancous, intracutancous, intravenous, intramuscular, intraarticular, intraarterial,
intrasynovial, intrasternal, intrathecal, intralesional, intraperitoneal, intratracheal or
intracranial injection, as well as any suitable infusion technique.

13



a subject gives an indication of or feels an effect). To practice the

nmet hod of the present invention, a conposition having one or nore of the
above- mrerwpaned1¢87nj ugat es can be adm ni stered parent er 2CITUS2amabi3y7
nasally, rectally, topically, or buccally. The term "parenteral” as used
herein refers to subcutaneous, intracutaneous, intravenous, intranuscul ar,
intraarticular, intraarterial, intrasynovial, intrasternal, intrathecal,

intral esi onal, Ns'f@rﬂé‘ﬁﬁédté‘t%‘ osutmnr@hﬁbéca%ﬁhloﬁror bﬁb&)é@s%rﬁw Blonfxction, as
wel | as any SU|tabIe i nfusi on ?ec hni que. A sterile injectable conposition

can be a pukuteiadly aoqzep@alé@élhmnbw Johveat, woeh @ms%utpmrledt%balahgdlalccept abI e
di luent or,_solv

accept abi 7o B isecBHERaBRsRAREe Ve Lk S behADE S5 bR, of vt er

Ringer's salcdtRigfer’ sadadltioﬁoérﬁlrl's&oﬁl@db&ﬁﬁhﬁdlﬂl&lde(k@hﬁl@hulhh eduitidd) fixddli bili on,
fixed oils are conventlonaIKY enpl oyed as a solvent or suspendlng nedlum

(e. g.,5 syAcHenytiepHbL ereplom 4 odydng asyuspgrling/madipe (e guchntistiol ei ¢ aci d

dit t abl
S0 o SPUPST R ARANED, YR 50 SR ALGRRCAN B oot o e
castor oi hre Lssfﬁwm tat pyephiratibhef inj qswiby@wﬁrh yihtatad qjhmetasemmlly ibhepablhi |

sol utions ?r syspensi ons can al o co@baln a.long | cohol dil uent or
di sper sanfils: ghcheasAbiygy H?/flt%‘é eSS yamﬂgefrrﬁowya g VRO Mgent s. Ot her

commonly yfed ohilol Aohapt &s@é{ﬁﬂ)n Banl ¥6& B & aSEQ@é‘éha% al%ﬁ‘tﬁ rdllﬁér{{‘olr ar

enul si fying agents or bioa 1ty enhancers wh are comonly used in
t he namufdspmﬁanﬂﬁwpﬂmxwmcé@tuﬂhkmyoaaoebwdbp@smgMgdnsIOerdmnmmnbther

d f | so ed for_the ose of f | ati on. A conposition
for oral HRHHNATHUE PUT o 58 Grgpest 8 P LumUEt SBYE BE 458 O m i nl udi ng

capsul es, ploabliRbaity 8AinSére Mhichadiel caHRANSusSH HPHBThA0 factudé §PEr Si ons, and
solutlons In the case of tablets, comonly used carriers include Iactose

and corn ghaymekeutically hesapieblg salidritasid, suethcadosaaayfosss an elsehe nsed forr e al so

typi cal | yth%dp%%’ose of formulation.

15 A composition for oral administration can be any orally acceptable dosage
form including capsules, tablets, emulsions, and aqueous suspensions, dispersions,
and solutions. In the case of tablets, commonly used carriers include lactose and corn
starch. Lubricating agents, such as magnesium stearate, are also typically added. For
oral administration in a capsule form, useful diluents include lactose and dried corn

20  starch. When aqueous suspensions or emulsions are administered orally, the active
ingredient can be suspended or dissolved in an oily phase combined with emulsifying
or suspending agents. If desired, certain sweetening, flavoring, or coloring agents can
be added.

A nasal acrosol or inhalation composition can be prepared according to

25  techniques well known in the art of pharmaceutical formulation. For example, such a
composition can be prepared as a solution in saline, employing benzyl alcohol or
other suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and/or other solubilizing or dispersing agents known in the art. A
composition having one or more of the above—described compounds can also be

30  administered in the form of suppositories for rectal administration.

A pharmaceutically acceptable carrier is routinely used with one or more
active above-mentioned conjugates. The carrier in the pharmaceutical composition

14



oral admnistration in a capsule form useful diluents include | actose and
dried corn starch. Wien aqueous suspensi ons or enul sions are adm ni stered
oral 'y, twe ankiilyss4i ngredi ent can be suspended or di ssolpeediseevoan3et |y
phase conbined with enul sifying or suspending agents. |If desired, certain
sweet eni ng, flavoring, or coloring agents can be added. A nasal aerosol or
i nhal ati on conposition can be prepared according to techniques well known
in the ar hlugffbm@éémm&tmé sch& fiui 1@15' c%paFglre VENAINE lativSiHERIRNESMROSI T on
can be prepared as a solution in saline, enploying benzyl "al cohol or other
sui t abl e pmrewtm(lavépref@cb@mqapaldﬂ obsst@brbmgéhet atipp irgnedcd) aulit] ability,

art A cofoererol Reytig i s G Pl aRBTL PSR Be ompounas can

al so be agfliz¥dsh @h@ﬂlacsuﬁdapeﬁc@m@m@forsi@nm of e hiesvcf Senti@et @bmpound.
adm ni stration. A pharmaceutically acceptable carrier is routlnely used

with ohe Efiafﬁﬁl%oﬁ@til?fv@“aﬁéwll’fééﬁpl @ﬁélosﬂemqacg%ﬁ, BWENCSHEN sigRtaf%r i n t he
phar maceu c in the sense that it is
corrpatlblEél %%ﬁ e ac gﬁy%%Teg‘engpgﬁ%the conposition (and preferably,
capabl e of StamhéBihmgei$&b@ﬂhﬂﬁ®emﬂgﬂﬁﬂd@mhkﬁﬁﬂdhmﬁﬁndﬁhﬁiﬁmﬂOus to the
subj ect tg be treated. e solubilizing agents ca be utilized as
phar naceuﬁmétﬁ'iwf‘e‘?( ﬁr@eﬁl% 8? ﬂ@é{w%ﬁugﬁ BN A R FGREORETE IOt BBtSbund.
Exampl es g, (GRS HALhUURIERI B dakad aleOh MXidRripaggNest um
stearate, 0Ss sodi um lauryl sulfate, D&C Ye 10 The
exanphes bebmwualnE thoptmettt(mannuled) mfuﬂextekiy:nt | Ally publmatlm cigd dhereat
limtative qﬁ he renainaﬁr { t he. dbsclosu [e in any way what soever.

W t hout f BFtIETY dNCORIARE O FIREenF S AP V8E™ hat one skilled in the art
can, based on the description herein, utilize the present invention to its
fullest extent. Al publications cited herein are hereby incorporated by
r ef er ence EXAMREIE 1:adkiN-BaliyPEG polymer conjugate

Preparation of di-PEG aldehvde

0

HN O mPEGO(C=0)0OSu

O  mPEGO NH O/>

H,N o DIPEA, CH,Cl, mPBGO

15 .
20 kD PEGO(C=0)0OSu was prepared from 20 kD mPEGOH purchased from

(SunBio Inc., CA, USA) according to the method described in Bioconjugate Chem.
1993, 4, 568-569.
A solution of 6-(1,3-dioxolan-2-yl)hexane-1,5-diamine in dichloromethane
20 (11.97 g of the solution containing 9.03 mg of diamine, 47.8 umol) was added to a
flask containing 20 kD PEGO(C=0)0OSu (1.72 g, 86.0 umol). After PEGO(C=0)OSu
was completely dissolved, N, N-diisopropylethylamine (79 uL, 478 umol) was added.
The reaction mixture was stirred at room temperature for 24 h, and then methyl t-
butyl ether (200 mL) was added dropwise with stirring. The resulting precipitate was
25  collected and dried under vacuum to give di-PEG acetal (1.69 g, 98%) as a white solid.
'H NMR (400 MHz, d¢-DMSO) & 7.16 (t,J= 5.2 Hz, 1 H), 7.06 (d, /= 8.8 Hz,
1 H),4.76 (t,J=4.8 Hz, 1 H), 4.10-3.95 (m, 4 H), 1.80-1.65 (m, 1 H), 1.65-1.50 (m, 1
H), 1.48-1.10 (m, 6 H).
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EXAMPLE 1: | FN-b-di-PEG pol ymer conjugate Preparation of di-PEG al dehyde
nMPEGO( C=0) OSu DI PEA, CH2C 2 20 kD PEGO(C=0) OSu was prepared from 20 kD
nPEGOH puwohasad4§7aom (SunBio I nc., CA, USA) accordi ng POTiUSe00®5130T
described in Bioconjugate Chem 1993, 4, 568-569. A solution of 6-(

1, 3-di oxol an- 2-yl ) hexane- 1,5-diam ne in dichloronethane ( 11.97 g of the
solution containing 9.03 ng of diamne, 47.8 mml) was added to a fl ask
containing 20 kD PEGO(C=O)OSu (1.72 g, 86.0 mol ). After PEGO C=0 OSu was
conpletely dissolved, N, N-diisopropylethylamne (79 nL, 478 mml) was
added. The reaction m xtyyre was stirred at roomtenperaturie for 24 h, and

then nethyl tbutyl ethe bgpoona was added dropvm'(§e MEERSK T ng. The
resul ting premgi\ta e was Jcol ed—and—d+red unqgt vEcuggmto % - PEG
acetal ( 1..89Gg; as¥a Wwhi t® solid. 1H NWMREGAD d 7 16
(t, J =5.2 Hz, 1 , 7.06 (d, J = 8.8Hz,1H)46(tJ=.Hz,1H),
4.10-3.95 (m 4 H, 1.80-1.65 (m 1 H), 1.65-1.50 (m 1 H, 1.48-1.10 (m 6
H) . D - PEG acetBhP(EG feegpl (40 2, odohholvass Susppeduddad pH2.p HuffeO(chitit heid, (critic

acid, 40 nL) reacti on m xture s stirred at 350C for 24 h and then
ext r act ed4mlﬁ éF ema@l;l%atlﬁa%wissst&rmg@t M fmr%‘é% Hetastghnite | ayers

Fp ey b S R DA
t - butyl etdagnes{ubdOulfdts, cvmd;dmtrstedr andrtgen fehdissobsdlin id'wglqnomcﬂhpmet @0enlps
col) et e pnd o0, 2 LSS I BP0 1R By TSR, LR .02
J = 8.4 Hipe iles{ﬂ)tmg precipitate was collected and dried at reduced pressure to give di- PEG
10 aldehyde (3.8 g, 95%) as a white solid.
'H NMR (400 MHz, ds-DMS0) & 9.60 (s, 1 H), 7.24 (d, J = 8.4 Hz, 1 H),
7.16 (t,J=5.2 Hz, 1 H), 4.10-3.95 (m, 4 H), 3.95-3.80 (m, 1 H), 3.00-2.85 (m, 2 H),
2.58-2.36 (m, 2 H), 1.46-1.15 (m, 6 H).
Alternatively, di-PEG aldehyde was prepared in the following manner:
15 The two amino groups of commercial available homo-lysine (Astatech
Pharmaceutical Co., Ltd, China) were protected by benzyloxycarbonyl. The N-
protected homo-lysine was esterified and reduced to form an aldehyde compound.
The aldehyde group was subsequently protected with ethylene glycol. The
benzyloxycarbonyl protecting group then was removed by hydrogenation in the
20  presence of a palladium catalyst. The N-deprotected compound was reacted with
activated mPEGOH (Sunbio Chemicals Co., Ltd., South Korea) in a mild basic
condition. The resulting product was stirred in pH 2.0 citric acid buffer (Sigma-
Aldrich, Germany) at 25°C for 72 hours to remove the aldehyde protecting group.
109 g of di-PEG polymer aldehyde was obtained (yield: 95%). Purity was more than
25 97.7% (determined by HPLC) and more than 95% (determined by 'H NMR analysis).

Preparation of Human rhIFN-f§ Ser;,

A DNA fragment encoding human INF-f3 Ser;7 was cloned into expression
vector pET24a to produce an expression plasmid rhIFN-f3 Ser;7-pET24a. This

expression plasmid was transformed into E. coli and positive transformants, i.¢.,

16



7.16 (t, J =5.2 Hz, 1 H, 4.10-3.95 (m 4 H, 3.95-3.80 (m 1 H),
3.00-2.85 (m 2 H, 2.58-2.36 (m 2 H, 1.46-1.15 (m 6 H). Alternatively,
di - PEG alwiolyoeéiwers prepared in the foll owi ng manner: TIRETIUSR00Q052387 gr OUpPS
of commerci al avail abl e hono-I1ysine (Astatech Pharmaceutical Co., Ltd,

Chi na) were protected by benzyl oxycarbonyl. The Nprotected hono-I|ysi ne was
esterif ed and reduced to form an al dehyde conpound. The al dehyde group

was subs e%ﬁ&tdayxyﬁrg%@e&ﬁésswﬁlaﬁﬁlhyéfv@ﬂa%egbﬁégOAulm?Jf& ke kexmegripony|

protecting group then was renoved by hydrogenation in the presence of a
pal | adi unraatdiwes werglytored e 8t ect ed conpound was reacted with activated

nPEGOH ( Sunbi 1L cal .,..Ltd. . South in 1ld. | diti
The resul ting B SO0E Jae bl Fulfink mptpadhans pets BoriMBhiTer Sonm.
Aldrich, Gy pREnk Aldida6ndi@in 70% "IQ?HE@BF&h ﬁﬁf'gygerbh %Iaa!bgﬁt}Wﬂl’ibd?i gtecting

group. 109 g of di-PEG pol yrrer al dehyde was ained (yield: 95%. Purity
was no¥ e Bhdnagd200spndet ¥ mi nfatdielEyCMPm@)uraﬂmsnbtaeledme oBsf¢rawtter mi ned by

1H NWVR f t
encod ng R GBSl iRE0 T MesBuoBhaRad £BE: of “pEToaa 1o
produce amﬂagmB@ﬂ@ngII@Hm(ﬂ (B ngIE)I\IKZHPS@(@ g/l pdRfAd @1 .7 Bi)s Yexqpr essi on

pI asmd was transfornmed into E. coli and positive transformants,
,cl on5§tf@,€ér@9|gﬂg) kﬁéméﬁ@m@Qsﬂlﬁﬁﬂ)pF@@Fﬁﬂ@hempbﬁgéll&a@ﬂ)edn cul tivated, and

the resul Er?tﬁ%a1§1111g geﬁt & t&é&%%?erﬂ&tﬁn%ﬂﬁ gb ’7?10038%311%(1590 of a stored E.

coli cul ture nen ned above were |nocu f a seeding

medi u gm coAasel-7THgD 02.2F ﬁngIL)‘(E@S(BrSHJ@l _elrndg/ng)yMﬁsah Hzt)qg Sab@/iu?j HBBMours at 37
0C 200 rpm_ 15 colil culture t obt ai ned we

Cranct er r o b EaChiarb & e RFbbaiaiD t9g BRtlaoo8 ! M@ LIMySo - vH O
(0.7 g/L) an(( W%ﬁ@% aglé cgftllvll‘eed W‘P@ ( %Vl&lnl'the Olﬁ%oo o@%he( ]@ &/hl'c)ﬂtufe' trate (1.7

g/L), Yeast
reached 120 to 140, IPTG (1 M) was added to the culture to induce expression of

rhIFN-f Ser;7.  The induced culture was incubated at 37 °C and 300 rpm for 3
15 hours. When necessary, a feeding medium containing 800 g/I glucose and 20 g/L
MgSO4 was added to the E. coli culture during incubation.

The E. coli culture obtained as described above was subjected to
centrifugation to harvest E. coli cells. The cells were resuspended in a PBS buffer
(0.1M Na2HPO4, 0.15M NaCl) and disrupted in an APV Homogenizer. The

20  homogenized solution thus obtained was centrifuged at 10,000 rpm, 4°C for 15 min.
The precipitates (including inclusion body) were collected, resuspended in PBS, and
stirred at room temperature for 20-30 min to form a suspension. NaOH (6 N) was
added to the suspension to adjust its pH to 12 to allow dissolution of proteins included
in the inclusion body. About 2 minutes later, the pH value of the suspension was

25 adjusted to 7.5 with 6 N HCl. The suspension was then subjected to centrifugation
and the supernatant thus formed was collected, its protein concentration being
determined using a spectrophotometer. The supernatant was mixed with a refolding
buffer (TEA, pH 8.3) and incubated at room temperature without being stirred for
24~48 hours. It was then concentrated and dialyzed, using the TFF system and

30  PLCCC cassette provided by Millipore, Inc. The resultant solution was subjected to
ultrafiltration, dialysis, and fractionation with a SPFF Sepharose column. Fractions

A9 and A10 thus obtained, containing the recombinant protein rhIFN-3 Ser;7, were
17



Extract (10 g/L), kananycin (50 ng/m ), chloranphenicol (50 ng/m ), an

anti foam ng agent, and trace elenents including FeSO4- 7H20 (10 ng/L),

ZnSO4- 7HMQO(2R102848m9/ L) CuSO4 H20 (1 ng/ L), MiSO4 H20 ( @CH/usgdo)s234BBC3
(0.3 ng/L), Cad 2-2H20 (2 ngy/L), (NH4)6M724 (0.1 ny/L), EDTA (0.84 ny/L),
and Cd (50 ng/L), and cultivated at 37 0C. Wen the OD60Cof the E. coli
culture reached 120 to 140, IPTG( 1 M was added to the culture to induce
expressi ofrffer fraétﬁﬁiatee v@ﬁfanotﬁ@f‘@PFP@%ﬁl%ﬂo&lﬂohHﬁr?toV@fﬁch REURBS BBinalion37 0C and
300 rpmfor 3 hours. \Wen necessary, a feeding nediumcontaining 800 g/1

gl ucose apotdo (@/Hradt/@SmSMEO)achhe@b 1thdF ¥ S, 7-avotainicg Fractroms ceré fugther

i ncubati on. cul.ture obtai descri above was subj ected
to centriPp aﬁqlahgqlé“? japdSppgrdex: H) H%@%@t%@a@é ?&IWr%S?re@Mgﬁéhded in a

The homogehi 2ot SaTGEf oL PR OLT ATt wad & Bt Fgda S favBs ™ om soc

for 155 m prot&hevappemxm tletres pfateinl udi ng i ncl usi on body) were coll ected,
resuspended in PBS and stlrred at roomtenperature for 20-30 min to forma
suspensi oRICPAEEpN OBETIY-Podi PTG gol LYspension to adjust its pHto 12
to allow disso [ 1’ About 2

m nutes | ater, Il?% H?%ﬁ vg]ﬁEf §é hleﬂs%Hﬁ)gﬁﬁ?w%ﬂg%ﬁﬁ%yeg%g%&%%d?%%. wth 6 N
HCO . The s, m@\mswnmvyﬂ@spﬂwenbﬁwm(ﬁqtsexj tre tl@@l@lmli)mswag hdedannd cther

supernat ant thus formed was col | ect ed its protein concentratl on bei ng

det er ni nedaGNBHy A csgsddieppisn dtchsinmer Therreactiqnyapyiue are sWaed ARt with a

ref ol di ng e W Efs rﬁqﬁﬁ t hout
bei ng%stl F&g{?&ﬁ fg (R{;%%}(@m??@o \Aladg&tjﬁen gsol%%:vé%?? ate d@1 0(? félﬁygge usi ng
the TFF sy&é emda@fbdlabﬁeﬁ RaERdibyanionekdadgdyolihh kd prisrd,2 rh@@flm resul tant

solution was subjected to ultrafiltration, dialysis, and fractionation with
a SPFF SepghBEG®hEedturm. Fracti ons

Preparation of human IFN-f3

Transformed E.coli BLR (DE3)-RIL cells, carrying the encoding sequence of
15 IFN-f operatively linked to an E. coli promoter, were inoculated in 250 mL SYN
medium (10 g/L of select soytone, 5 g/L Yeast extract, and 10 g/L NaCl)
supplemented with 50 pl/mL kanamycin and 50 pl/mL chloramphenicol. The cells
were then cultured at 37°C in a shaker incubator at 220 rpm overnight (i.e., 16 hours).
250 mL of the overnight culture mentioned above were inoculated into 3.0 L
20  basic medium (10 g/L of Glucose, 0.7 g/L. of MgS0O4-7 H,0, 4 g/L of (NH4),HPO,, 3
g/L of KH,POy,, 6 g/L of K;HPO,, 2 g/L of Citrate, 10g/L of Yeast extract and 2 g/L
of Isoleucine) supplemented with 10 g/L basic glucose, 0.7 g/L feeding MgSO, , 30
mL feeding trace element (10 g/L of FeSO4-7H,0, 2.25 g/L of ZnSO47H;0, 1 g/L of
CuS0O4 5H,0, 0.5 g/L of MnSO4-H,0, 0.3 g/L of H;BO;, 2 g/L of CaCl,-2H,0, 0.1
25  g/L of (NH4)sM070,4, 0.84 g/L of EDTA, 50 ml/L of HCl), 25 pl/mL kanamycin and
25 ul/mL chloramphenicol and cultured in a five liter fermentor (Bioflo 3000;
Brunswick Scientation Co., Edison NJ). During fermentation, the pH of the medium
was controlled at pH 7.1 by automated addition of a 37% NH4OH solution. The
dissolved oxygen (DO) level was maintained at 30%. The feeding solution (800 g/L
30  of glucose, 20 g/L of MgSOy, 50 ul/mL kanamycin and 50 pl/mL chloramphenicol)

was added using a program-controlled pump, which was set to feed when DO level
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A9 and Al O thus obtained, containing the reconbinant protein rhIFN- b Ser ,
werefurther fractionated with anot her SPFF Sepharose columm to enrich the
reconbi nawoaenioprieg7eéi n (i n Fractions A8- A10). These rhl FRCTWS3@oMs513aNt ai ni ng
fractions were further purified by gel filtration (Superdex 75 HR 10/ 300)
to obtain the rhIFN- b Ser17 protein ( 1 ng/m ) having a purity of greater
than 90% The bioactivity of the reconbinant protein was > 2 x |07 11U ng

protein. E’;Ec%@@srwwn When! thNcdt @éﬁsﬁﬁ@)%&)ymﬁe fe%hﬁtg@&@c&&r@rea&eahl NF- b
Ser1l7 and 1.51 g di PEG al dehyde were suspended in 26 nL of 0.1 M sodium

phosphat e 1 $ufof 10, ¢ pH 6{ DM Isppropii-8-Ds-bitiogdactops arabdted [RDG) qu adsied Ma CNBH

A O 1. t t
termor at ufe TPrentgongul e n i in A Bt oS iyl 4 BB 1 o v
(PH 7. 8) . rllieciahisde Rl SbiGy i@t Rl Clefid Wl RilvdRA- SHARARES 1pPEUM 1O

afford 2 ng of IFN- b EG pol yner. Preparation of human | FN-
Tr ansf@rnﬂmlualmnb}ic@uﬁfug@@) RIL cells, carrying the encodi ng sequence of

| FN-b ti t E. gt ed 250 niL
SN nedh am ( 10785 LG e Woafln R MRS B Bfpb B0’ 6/ 1 e
suppl enenpadMuiddiurk Ghlatid sl rk ARREVG dDpRIXEmBe ridd Gil : slhorapheninedl . The

cel I s were then cultured at 370C in a shaker incubator at 220 rpm over ni ght
(i.e., l1ediowtes)by osicrafluidizet,lvad earcantgifieged gt 1 4PR0 menfargfedingbévie. wer e

2B GRS A TR O 1050

Gtrate, é&gﬁtug@eﬂ as\/@@sﬁb&p@bba@tana@ﬁkp%n&édhnqt P@@k&u@dm@mu@&hﬁmnt ed with
10 g/L ba5| c %cose g/L feedin 7g g/s , eedi ng trace el enent
(10 g/ L obhgsg L@@SO@ugBCWILde@pHZn@ M@rge:@t éﬂﬂ ) - MO, 0.5

g/L of Nh§%g F{%%d %T%O %1hutg,|_§65§1§pen%10%/ \JVas sfubjg‘gtgd %o Bﬁl?a%)usgnerlnt to 12

with 6.0 M NaOH, while stirring to solubilize the pellet. The pH of the suspension
was then adjusted to pH 7.5 with 6 N HCI. Upon centrifugation at 10,000 rpm for 20
15 min, the supernatant, containing soluble IFN 3, was collected.
The soluble INF-[3 was then subjected to refolding as follows. The supernant
mentioned above was diluted in 10 L of a freshly prepared refolding buffer (100 mM
Tris-HCI (pH 7.6), 0.5 M L-Arginine, 2 mM EDTA) for form a refolding mixture.
The mixture was incubated for 48 hr without stirring. After incubation, the mixture,
20  containing refolded recombinant IFN-3, was dialyzed against 20 mM Tris (with 100
mM NacCl, 0.05% zwittergent 3-14, pH 7.0) buffer.
The dialyzed mixture was loaded onto a SP-Sepharose column (GE Amersham
Pharmacia), which was pre-equilibrated and washed with a 20 mM Tris-HCL, 100mM
NaCl buffer (pH 7.0). IFN B was eluted with a solution containing 20 mM Tris-HCI
25  buffer (pH 7.0) and 200 mM NaCl. Fractions containing IFN 3 was collected based
on their absorbance at 280 nm. The IFN 3 contained therein was further purified by a
hydrophobic interaction column (GE healthcare, Butyl Sepharose Fast Flow), which
was pre-equilibrated and washed with a solution containing1.0 M ammonium
sulphate, 20 mM sodium acetate and 0.05% zwittergent (pH 4.5). IFN  was eluted
30  using a solution containing 0.5 M ammonium sulphate and 20mM sodium acetate.

Fractions containing the protein were collected based on their absorbance at 280 nm.
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g/L of (NH4)6Md7024, 0.84 g/L of EDTA, 50 m/L of HA), 25 m/nL kananycin
and 25 m /L chl oranpheni col and cultured in a five liter fernentor (Bioflo
3000; Bruwewoki&rient ati on Co., Edison NJ). During fermemustéoons2she pH of
the nediumwas controlled at pH 7.1 by automated addition of a 37% NH4COH
solution. The dissol ved oxygen (DO |evel was maintained at 30% The
feeding solution (800 g/L of glucose, 20 g/L O MgSO 4, 50 m/nL kananycin
and 50 m 'Tﬁése%!cH{; mﬁbeEh)an c%?lgé?ﬁ‘ra%ﬁ eI B%\%\% JRHRRRYE 'b?'ﬂc%' punp,
whi ch was set t eed en DO | evel exceeds 40-60 en the ce density
(0D600) i pratdie afsey BAAAY iPosteinudssayr Biereached 180 to 200, 4 nL of 1M
Isopropyl b-D- 1- th| ogal a topyran05| de (I PTG was added to the fernentation
cul ture” tEsenasionofPEG-HNBconfugate, together with 30 nL of feeding trace

el ements and 2 f r fter 1 PTG
i nduction by cggta% dl%ﬁ?lkgﬁﬁﬁq%%eggﬁcégéﬁ ts43 rfg%@%&ﬁ{gﬁg@%ﬁg%@s buffer
(0.1M §odadtmdm1MSs|ahﬂ1TmEpthpﬂzﬁé/bﬁKfai (pHIMt:(bLI(Dﬂ ae), Aittderdd-1a(1. a9 nAppowxi mat e
ratio of 1:3 (wet wei /m), disrupted by a mcrofluidizer, and then
centrif ugéUW&t?f)]?@d Hb- fhg& e i1 7rh ofpH uffwowmum 2 5 a9dilmg
|nclu5|on sh B ntrlfu d as

descri bed®% gée()(’}? sounsu\{%ﬁ %e a%ﬁ%s%iete%?%?l on r(e@JCt mlx 1rﬁnv%%%hosphate

0. 15M sodsmm&hlr@@mcﬂ@npd@irduﬂe fr 1G ik, E@[cg’%@ltbyf?adllﬁlon%fmﬁé DTT) After being
stirred for 30 m nutes, the suspension was subjected to pH adjustnent to 12

with 6.0 Mmab}ﬂohy\ﬁlﬁdeeaqy@(vuﬁsphlgwtlé4(§mea|9l2|SzpeL,t3ﬂeup@lD| &he repieomH of t he

suspensi on.was t hen a te on centrifugation at
70 600" r p TG S R B Lt BrAlndie MeaheBr g 2t SEREREN b, s

col | ect edchr];hﬁto'fgei Pl Erabtlﬂﬁrsl%oﬁ\ﬁﬁnﬁé]@i@ deyRidat GIFN B do@j@af&lmeas fol | ows.
The supernant nenti oned above was diluted in 10 L of freshly prepared

r ef ol di ngC@LﬂCfeérbaém thivir TeterafiaaQimg pid absabane 8 280 Ir_mArBlemoneent@tlmM EDTA)

for form 8t th%fcgllljgllgarl][g was )étet%ltnei\med by BCA protein assay (BCA™ Protein assay,

Pierce).

15 Pharmacokinetic study in rats

A pharmacokinetic study was performed in a rat model to compare serum half-
life of IFN-3 and PEG-IFN-B. Male rats (250 ~ 350 gm) were administered
intravenously at a dose of 600 ug/kg IFN 3 (n=3) and PEG-IFN [ (n=3). Blood (250
uL) was collected from each rat before administration and at 0.1, 1, 2, 4, 6, 10, 24, 48,

20 72, and 96 hours after administration. Serum samples were prepared from the blood
and the amounts of IFN-[3 contained in the samples were analyzed by an Enzyme-
linked immunoassay (ELISA). The serum half-life of IFN- and PEG-IFN-f3 was 2
hours and 20 hours respectively, calculated from the serum concentration of the last
three time points.

25
EXAMPLE 2: EPO- PEG polymer conjugate
Preparation of PEG-EPO

To a solution of di-PEG aldehyde (267 mg, 6.1 umol) in water (2.67 mL) was
added 2 M sodium phosphate buffer (pH 4.0, 1 mL) and EPO (10 mg in 3.03 mL of

30  pH 7.3 buffer containing 20 mM sodium phosphate and 150 mM NacCl). The reaction

mixture was stirred at room temperature for 10 minutes, followed by the addition of
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The m xture was incubated for 48 hr without stirring. After incubation, the
m xture, containing refolded reconbi nant | FN-b, was dial yzed agai nst 20 niM
Tris (w two20/ar87MaCl , 0. 05% zwittergent 3-14, pH 7. 0) Powftses09/0313e7

di al yzed m xture was | oaded onto a SP-Sepharose colum (GE Anersham
Pharmaci a), which was pre-equilibrated and washed with a 20 mM Tri s- HO ,
100nM Nadl buffer (pH 7.0). IFN b was eluted with a solution containing 20
mv Tris- : ] HhORS | fpg | FN b was
col | ect el;ﬁ] ga%ggjnggy%nﬁgk)rr%hg%%%gﬁ&clg Sg%\d tlyggll %Omﬁmﬁgb%%«g%%ﬂ' giih ﬁed therein
was furt hexactur infxted vimg sarrhy dr thp etk for il hhewraahd puriftal ynnSP Gaybemallt hcar e,

Butyl Sepharose _Fa ow)., whi ch re-equil i brated and ed with a
ol ti o’ COHPERPI1 B NFAGH A ST BraYEn 2DeMiNP oM GhA BRE g - 05%
zwi ttergents (1 réactibn ik dwdPSnREHHoCL IS AN SPD VLA PThlANAR Bhdg 0.5 M
ammoni um sul phate and 20rM sodi um acetate. Fractions contai ning the protein

wer e col | ectodle BRJesomarltchbinm. dfregtidrasortaming2B0 dasnciPdse EPOaaonjugats wer e

pool ed and the .concentration of [.FN b was deternn protein assay
CBeat . Pets OGS B BhiBe Bjentiah el 87 B BB F Oy Lgar e To- &
sol ution eénc@htriice dElikiedngiara(c298 ddermined BYEHOhm UVVidk@barck. 46 nL) was added
2 M sodi um phosphate buffer (pH 4.0, 0.37 nL), zwittgen 3-14 ( 1.48 n, 10%
in water) and INF-b (14.8 nmg in 3.7 nL of pH 4.5 buffer containing 20 nmM
sodi um ac 9 i sul fate and 0.05% detergent). The reaction

m xture Phithficotindit werrperature for 10 mnutes, followed by

addi t von of t hea sheanedebimehy dtulddevas gueorsedsiolauti modd] 40Compdre Stum half- 37
nmol ). The reaction mxture wa stiéred in the dark for 40 hours and

puri 11 e b S8 BRarthe Kl aQagﬁg.gnmwa@ﬁfgnwﬁ Ao o
esired PEG,LEN, SO PBBIE Y18 2L 00 PRS00 0 fike! BAGRISH L1 e

and absor bance a
uL) was drawn from each rat before administration and 0.088, 0.75, 1.5, 3, 6, 10, 24,

and 48 hours post administration. For PEG-EPO treated rats, blood samples were

15 further collected at 72 and 96 hours after administration. Serum samples were
prepared from the blood and analyzed with an Enzyme-linked immunoassay (ELISA)
to determine the amounts of EPO contained therein. The results show that the serum
half-life of EPO was 9 hours while that of PEG-EPO was significantly increased, i.c.,
38 hours.

20  Preparation of EPO-PEG polymer conjugate

0.2 mg of EPO (Cashmere Scientific Company, Taiwan) and 4 mg of di-PEG
aldehyde (20 equal.) were suspended in 0.1 M phosphate buffer (pH 5.0). To this
solution was added 400 eq. of NaCNBHj;. The reaction mixture was stirred at room

temperature for 16 hours. HPLC confirmed formation of EPO-di-PEG polymer.

25
EXAMPLE 3: GH-PEG polymer conjugate
Preparation of Met-hGH
Transformed E.coli BLR (DE3)-RIL cells, capable of expression Met-hGH,
were cultured following the fermentation procedure described above for expression of
30  Met-hGH.

Cells were harvested via centrifugation and cell pellet was suspended in TE

buffer (50 mM Tris-HCl, 1 mM EDTA, pH 8.0) at an approximate ratio of 1:3 (wet
21



of the conjugate was determ ned by BCA protein assay (BCA(tm Protein
assay, Pierce). Pharnmacokinetic study in rats A pharnacokinetic study was
per f or redwOnrow/rat74nodel to conpare serum hal flife of | PRTwSand/0PB& | FN- b.
Mal e rats (250 ~ 350 gn) were administered intravenously at a dose of 600
ng/ kg IFN b (n=3) and PEGIFN b (n=3). Blood (250 nm.) was collected from
each rat before admnistration and at 0.1, 1, 2, 4, 6, 10, 24, 48, 72, and

96 hours afismf g@ﬁm mh%tc&ﬁéweféth&alw%&amlaeﬁlcwﬁdﬁém&% Shamukhe bl ood
and the anmountsS of I FN-b contained in thé sanples were anal yzed by an

Enzynel i nkield,000nmpnotes 28 ynig ELhspyllet Totaiwerainelsiph bbdy dByfvas Fishedand

concent r afon "o e o1 B8 ompLe el IR T ekl Bine BB ol yrer
conJ ugat ecéitefiat@hid @ichbediBovERR Tos é)@n&ﬁi' mtlwﬁmwatalan&lé@namg@bme (267 ny,
6.1 mol) in water (2.67 nlL) was ad M sodi um phosphate buffer (pH 4.0,

1ml) ahd EHENQ mon fey liSmm. @éler%BS@«rerqowWe@eém ‘ﬂ@}méd}ftSQmMnHﬂ?@omwgodl um
hosphat
P onpar at uf 2 P TRINE A Uree B3pAARE D (OB SRS E 5

cyanobor obytdiifuged aiRoe@fsrpanior 20 ariny sipOrnataM coll@Otedl, 40 mml) The reaction
m xt ure was sti red in theaﬁgrk for 17 hou s nd purified byug]zeSP Toyopear |

col urm ( Tosoh) Thepgpesptaniyandduied i 70dr o selieshi preperflreteldingniuitee: at e
buf fer, ggfs/o%nﬁq T;E@ﬁdle@ml\qmw%ghyr@foﬁb'rﬁmﬁismnmm@%glb j.on of

0.3-0.4 m and | oaded onto oyopear| colum. Frac ns’ cont ai ni ng
t he desird&te @Eﬁuﬁﬁ@s:fmmna@memmbae@ﬁjrl%hlt wdhdnasemrrgmnﬂhmnrdlalgz@qtl on tinme

g;dzggﬁ(r)nr %@ﬁggm%g@u&h&ﬁg%em ration of the conjugate was determnm ned
The dialyzed mixture, containing Met-hGH, was loaded onto a Q-Sepharose

column (GE Amersham Pharmacia, Pittsburgh, PA), which was pre-equilibrated and
washed with a 20 mM Tris-HCI buffer, pH 7.0. Met-hGH was cluted a solution

15 containing 20 mM Tris-HCI buffer, pH 7.0 and 100mM NaCl. Fractions containing
Met-hGH, determined by their absorbance at 280 nm, were collected, pooled, and
loaded onto a hydrophobic interaction column (GE Amersham Pharmacia, Pittsburgh,
PA), pre-equilibrated and washed with a 20 mM sodium acetate buffer (pH 7.0), at a
flow rate of 5 ml/min. Met-hGH was eluted with a solution containing 20 mM

20  sodium acetate buffer and 150 mM ammonium sulfate. A fraction containing Met-
hGH was collected and subjected to BCA protein assay (BCA™ Protein assay,

Pierce) to determine the Met-hGH concentration.

Preparation of PEG-Met-hGH conjugate

25 To a solution of di-PEG aldehyde (74 mg, 1.7 umol) in water (387 uL) was
added 2 M sodium phosphate buffer (pH 4.0, 374 uL) and human GH (22.4 mg in 6.5
mL of pH 4.5 buffer containing 20 mM sodium acetate and 150 mM NaCl). The
reaction mixture was stirred at room temperature for 10 minutes, followed by the
addition of the sodium cyanoborohydride aqueous solution (400 mM, 140 uL, 56

30 umol). The reaction mixture was stirred in the dark for 17 hours and purified by SP
XL Sepharose chromatography. Fractions containing the desired polymer-protein

conjugate were collected based on their retention time and absorbance at 280 nm. The
22



Phar macoki netic study in rats A pharmacokinetic study was perfornmed in a
rat nodel to conpare serumhalflife of EPO and PEG EPO. Male rats (250 ~
350 gnm) wepeondmisTest ered i ntravenously with EPO (n=5) a&ou/USE@IMP4T{ n=5) at
a dose of 25 ng/kg. Blood (250 nmL) was drawn from each rat before

adm nistration and 0.088, 0.75, 1.5, 3, 6, 10, 24, and 48 hours post

adm nistration. For PEG EPO treated rats, blood sanples were further

col | ect edc&{ceﬁt%atm%f%n ng&té %va@fdét%ﬁnﬁéﬂfb? la el REky 1§€1E§M§ Hamphdsraier e
prepared fromthe d] anal yzed w an Enzyrme-|inked i munoassay

( ELI SA) tmedwéPmmRDdéoahrﬂuhts of EPO contained therein. The results show

that the rum ha fflif 1of tISEPO was 9 hours while that of PEG EPO was
signifi cam%ésé%&%—. >, 38 hours. Preparation of EPO PEG pol yner
conj ugate 0.2 K%Iﬁfmﬁi%ﬁt{eﬁ@%ﬁﬁ?ﬁx&s%@ﬂf@r%ddﬁh%rﬁQﬁ@@dlYO copa@pgrumrchid ng of

di - PEG al dehyde (20 equ ;a%@) were suspended in 0.1 M phosphate buffer (pH
5.0). o tiff %f MeftfeHend W&é@mdﬂa@qat%%%éﬂkgm) WrHeadnagstaresh i xt ur e

was stirre rogom e nflr rratlon of
£ di - e ROryEE W EETRERE LS s L kg N e B RRsle o o

Met - hGH TBmfs@ﬁl wWer€ 60 liccBld Rrdnbivgex -h'H-tI@ﬁledl fats BpRIdenifktraiddrgsi on
Met-hGH, were cultured following the fernentation procedure descri bed above

for expre898snl.8% 44\?35t12h@ldr 24dursafigs pempstiadiopetndav gre celeated figatbEén and cel |
pel l et wa %lﬂﬁﬁﬂ}gﬁgd a@s\aﬂ-%ogtgdhﬁﬁlﬁt%;[%}l:g}qdﬁﬁikpﬁ ll%rﬂ\ﬂ EQT% aﬁ)(l—bg 0) at an

approxi mate rati S 'were then di srupted by
a m cnof | howts 2fér Andnistetions e kugplds aterclfiefOd fromtheblodd and n. The pel | et

contai ni ng i nclusion bod |.B) was washed
gnalyzed with an Enzy>r/ne( hnk)ed immunoassay (ELISA) to determine hGH

concentrations. The serum half-life of Met-hGH and PEG-Met-hGH was 3 hours and

35 hours respectively.

15 OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any
combination. Each feature disclosed in this specification may be replaced by an
alternative feature serving the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, cach feature disclosed is only an example of a generic

20  series of equivalent or similar features.

From the above description, one skilled in the art can easily ascertain the
essential characteristics of the present invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the invention to
adapt it to various usages and conditions. Thus, other embodiments are also within

25  the scope of the following claims.
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twice with TED buffer (50M T ris-HCO, | mM EDTA, 2% Deoxychol ate, pH 8.0),
centrifuged as descri bed above, and suspended in MI11iQ water and

centri fugeo 2at0/@@®79000 rpm for 15 mn. The |Bs were suspenaas2600/08307 nL of
50 MM TUD solution (50 nM Tris-HCO, 4 MU ea, 2.5nmM DIT, pH 10.0) and the
suspensi on was centrifuged at 20,000 rpmfor 20 m n; supernatant coll ected.
The supernatant was diluted in 2.0 L of a freshly prepared refol ding buffer
(50 MM Tri s- HCwHAT IS o AENTHD 1$% gl ycerol 10 mM GSH | mM GSSG, pH 8.0). The
m xture thus fornmed was incubated for 36hr wi thout stirring and then

di al yzed agai n$t 20Amptidé-polynfet eonjugdte of bF folfveng ferimpdasd i xt ur e,

contai ning Met-hGH, was | oaded onto a Q Sepharose colum (GE Anersham
Pharmaci a, Pittsburgh, PA), which was pre-equilibrated and washed with a 20
mM Tris-HA buffer, pH 7.0. Met-hGH eluted a solution containing 20 nV
Tris-HCO buffer, pH 7.0 and 100 NaCl|. Fractions containing Met-hGH,
determ ned by their absorbance at 280am were collected, pooled, and

| oaded onto a hydrophobic interaction c m (GE Amer sham Phar naci a,
Pittsburgh, PA), pre-equilibrated {h a 20 nM sodi um acet at e
buffer (pH 7.0), at a flowrate Met'phGH was eluted with a

sol ution containing 20 nM sodi um acet bafY &r and 150 mM amoni um

sul fate. A fraction containing Met h& W%C’SR?:OTRF ected and subjected to BCA

pr ot ei a%g%n{ BCA(tm Protein assay, Pierce) to determne the Met-hGH
concentration. Preparation of PEG Met-hGH conjugate To a sol ution of di-PEG

al dehyde (74 nmgachbfRiMRRIR;, RN anaRerindGRndently, isds, (aqaaﬁylzcmmkﬁngm phosphat e
buffer (pH 4.0, 374 m) and human GH ( 2.4 in mL of pH 4.5 buffer
cont ai ni n§? qlﬁbmygé‘ﬁylue‘ﬁt%lfé@ﬂ’a@@ Cé{ﬁ@aﬂgg s eﬁesocyqiﬁélkyl

cach of A, and A,, independently, is a polymer moiety;

cach of Gi, Gy, and Gs, independently, is a bond or a linking functional group;
10 P is selected from the group consisting of an interferon-f moiety, an
erythropoietin moiety, and a growth hormone moiety, the nitrogen atom of the N-
terminus of P being bonded to Gs;
m is 0 or an integer of 1-10; and
n is an integer of 1-10.

15

2. The conjugate of claim 1, wherein P is an interferon-f moiety.
3. The conjugate of claim 2, wherein P is rINF-f Ser;-.
20 4. The conjugate of claim 2, wherein P is a modified interferon-f3 moiety

containing 1-4 additional amino acid residues at the N-terminus.

5. The conjugate of claim 1, wherein P is an erythropoictin moiety.

25 6. The conjugate of claim 1, wherein each of A; and A, is a polyethylene

glycol moiety having a molecular weight of 2-100 kD.
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reaction mxture was stirred at roomtenperature for 10 m nutes, followed
by the addition of the sodi um cyanoborohydri de aqueous sol ution (400 mM
140 nL, 5S5SOormwl0487Fhe reaction m xture was stirred in tiReTABRI090623417 hour s
and purified by SP XL Sepharose chronmat ography. Fractions containing the
desired pol yner-protein conjugate were coll ected based on their retention
time and absorbance at 280 nm Theconcentration of conjugate was determ ned
by a protein agsay ithé catghgie bNQaill aAlRr&n BENOOA (RideA £8 a Ry, 1L) .
Phar macoki netic study in‘rats A pharmacokinetic study was perfornmed in a
rat nodel glyooloveietrlevegrampleailat weightdf 30 kIBH and PEG- Met-hGH. Male rats
(250 ~ 350 gm were adm nistered intravenously with Met-hGH (n=5) or

PEG Met - hGH (n=5) at a dose of 100 ngy/kg. Blood sanples were collected from
Met - hGHt r eat ed. r at Shoedgiigut@ent|fins ¥ volidreiA cacof0G 043 Glis 2, 4, 8, 12, and
24 hours after adm nistration; and were collected from PEGWwt- hGHtreated
rats before admnistration and 0.33, 1, &, 8, 12, 24, 48, 72, and 96 hours
after adm ni stration. Serum sanpl es were||prepared fromthe bl ood and

anal yzed with an Enzyme-linked i A) to determ ne hGH
concentrations. The serumhalf-life and PEG Met-hGH was 3 hours
and 355 hours respectively. OTHER EMBODI MENTS$ Al |, of the features discl osed
in this specjfjcatio e,.combined . n.any canbi,nation.. Each feajure

i scl osedt HHERTE QERTRrL B AGRT RPN SePByeSle SPrbiTaTy 8 ont ur e
serving tgisaApdhd. equi val ent, or simlar purpose. Thus, unless expressly
stated ot herw se, each feature disclosed is only an exanple of a generic
series of equivalent or simlar features. Fromthe above description, one

skilled int he9.ar t TR & lsléaltgotacslgi%{ ,avivl{]er 19%1 is 4, nis 2, and cach of Ry, Ry,

10  R;, R4, and Rsis H.

10.  The conjugate of claim 9, wherein P is an interferon-f3 moiety.

11. The conjugate of claim 10, wherein P is rINF-3 Ser,5.
15
12.  The conjugate of claim 10, wherein P is a modified interferon-f moiety

containing 1-4 additional amino acid residues at the N-terminus.

13.  The conjugate of claim 9, wherein P is an erythropoietin moiety.
20

14.  The conjugate of claim 9, wherein P is a growth hormone moiety.

15.  The conjugate of claim 1, wherein P is a growth hormone moiety.
25

16.  The conjugate of claim 1, wherein the conjugate is
30

25



essential characteristics of the present invention, and w thout departing
fromthe spirit and scope thereof, can make vari ous changes and

nodi f i catwons1oafi4g7ae i nvention to adapt it to various uPaEAS2@0M52347
conditions. Thus, other enbodinents are also within the scope of the
following claims. WHAT | S CLAIMED | S: 1. A peptide-pol yner conjugate of the
followng formula: wherein each of Ri, R, R3, R, and R5, independently,
is H Cl-10 al kyl, C2-10 al kenyl, C2-X® al kynyl, aryl, heteraryl, C3-8
cycl oal kyl, or C3-8 heterocycloalkél;)bach of Al and A2, independently, is
a polyner noiety; each of G ﬁEFQFW #d &AM i ndependently, is a bond or a

| i nki ng functional group; I foup consisting of an
interferon- b noiety, aﬁﬁPeErB?t hriopoi eti n noi etrilN?g%%%f”q growt h hor none

noi ety, the nitrogen atomof the Nterm nus of P being bonded to G3; mis O
or an int : X i I : : j ugat e of
claim1l, &ﬁgégﬁ%ﬂéxigEgﬁagﬁ?%F%g%gﬁbE% %ﬁPg%&@%5&8“$ﬁgﬂg%%?ggﬁ?%ﬂﬁf claim?2
, Wher ei nweighsof 2INED. b Ser 17 . 4 . The conjugate of claim2 , wherein Pis
a nodified interferon- b noiety containing 1-4 additional am no acid
residuds at the N-terminus. 5 . The conjugate of claim1, wherein Pis an
erythropoi etinimoi eff}e chhjugalO6r QLR YIMBeiRhCjuPak iswWherei n each of A i
and A2 is a polyethylene g%ycol noi ety havi ng a nol ecul ar wei ght of 2-100
kD. 7. The conjugate of claim6, wherein gach of Al and A2 is a polyethyl ene
glycol noiety having a nol ecular weight jof 10-30 kD. 8. The conjugate of
claim7, wherein each of G andOG in®EGO™ NH

mPEGO g EPO

2

10 in which mPEG is a methoxy-capped polyethylene glycol moiety having a molecular

weight of 20 kD.
18.  The conjugate of claim 1, wherein the conjugate is
O
O  mPEGO NH
mPEGO N GH
15 H ,

in which mPEG is a methoxy-capped polyethylene glycol moiety having a
molecular weight of 20 kD.
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in which the Ois bonded to Al or A2, and the N atomis bonded to a carbon
atom and G3 is a bond. 9. The conjugate of claim8, wherein mis 4, nis
2, and eawb20fo/R874R2, R3, R4, and R5 is H 10. The conjpagatseoo9fnsshai m 9,
wherein Pis an interferon-b noiety. 11. The conjugate of claim 10, wherein
Pis rINF-b Ser 7. 12. The conjugate of claim 10, wherein Pis a nodified
interferon-b noiety containing 1-4 additional amno acid residues at the
N-term nus. 13. The conjugate of claim9, wherein P is an erythropoietin
noiety. 14. The conjugate of claim9, wherein Pis a growh hornone noiety.
15. The conj ugd?e ofA miptiderpelymeheegiigatPof e dolpvong forhoarone noi ety. 16. The
conjugate of claiml1l, wherein the conjugate isin which rfPEGis a

nmet hoxy- capped pol yet hyl ene gl ycol npiety having a nol ecul ar wei ght of

20kD. 17. The conjugate of claim1, wheret,n the conjugate is in which nPEG
i s a methoxy-capped pol yet hyl ene gl yclo| npi ety having a nol ecul ar wei ght of
2CkD. 18. The conjugate of cl &TrE; Tthhe conjugate is in which nPEG
i s a nethoxy-capped pol yet hyl ene gly nq%iety havi ng a nol ecul ar wei ght of
20 kD.19. A peptide-pol ymer conjugate“of the follow ng fornula: wherein
each of R, R., R3, and R4, independently, is H, Cl-10 al kyl, C2-10

al keny?, ®9FH al kynyl, aryl, heteraryl, C3.8 cycloal kyl, or C3.8

het erocycl oal kydch of R SRAR;! 4HdERE indRperdtcifly, iMH €17 G YOEL alRhfL ¥5.10
alkynyl, aryl, heteraryl, Cs¢ cycloalkyl, or Cs 5 heterocycloalkyl;
n is an integer of 2-10;
A 1s a polymer moiety;
10 G is a linking functional group; and

P is a peptide moiety, the nitrogen atom of the N-terminus of the peptide

moiety being bonded to the carbon atom in the Rz moiety shown in the formula

above.

15 20.  The conjugate of claim 19, wherein G is

O
\O)km/

in which the O atom is bonded to A and the N atom is bonded to a carbon atom.

21. The conjugate of claim 20, wherein A is a polyethylene glycol moiety
20  having a molecular weight of 10-40 kD.

22.  The conjugate of claim 21, wherein A is a polyethylene glycol moiety
having a molecular weight of 20-30 kD.

25 23.  The conjugate of claim 22, wherein P is an interferon moiety.
27



Gis a linking functional group; and P is a peptide noiety, the nitrogen
atom of the N-termnus of the peptide R -C noiety being bonded to the
carbon atwon2orp/aiss42 noi ety shown in the fornula above. PRO/USTHNG/0623a] ugat e
of claim 19, wherein Gis in which the Oatomis bonded to A and the N atom
is bonded to a carbon atom 2 1. The conjugate of claim 20, wherein Ais a
pol yet hyl ene gl ycol noiety having a nol ecul ar wei ght of 10-40 kD. 22. The
conjugate of claim2 1, wherein Ais a polyethylene glycol noiety having a
nmol ecul ar wei ght of 20-30 kD. 23. The conjugate of claim 22, wherein Pis
an interferon Abi et YhedonTEeee elorpingad.evistein Pas an aFthropraetai moRty.s an
erythropoietin noiety. 25. The conjugate of claim?22, wherein Pis a growh
hor mone noi ety. 26. The conjugate of claim19, wherein nis 1.

25.  The conjugate of claim 22, wherein P is a growth hormone moiety.

26. The conjugate of claim 19, whereinn is 1.
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