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WD 2007/ 139997 PCT/ US2007/ 012621 METHODS FOR

S| TE- SPECI FI C PEGYLATI ON BACKGROUND OF THE | NVENTI ON 5
wd b®7pseeent i nvention relates to nethods for pdEUS2007/012621

cheno-sel ecti ve pegylation of the cysteine residue

havi ng an unoxi di zed sul fhydryl side-chain and a free

a-amno group in proteins, peptides and ot her

ol ecul es. Unlike small nol ecul e drugs which are

usual |y adm ni stered by oral route, protein- and

R i <t or AEBHOREIIRSTTRIEPERIRIC HREMIALION o

| ow oral bioavailability. After i nj ectlon nost
proteins and pepj 3 enzymes

and cl eared fre#H ; g—r+—sHort in vivo
circul ating half-llfe. The short C|rculat|ng hal f-1ife

is responsible for ef fi cac ent
ade“sP'feéT'Ptdﬁ"e'}"é’& ggesp@t methodd éﬂrp{ﬁo et em- gPUNF pegylation of
thé: QSbteftle REQRLE! HhvA an REBkIdIL ! Hﬁﬂ?ﬁ?ﬂt di@&chaifUmd 4 r1‘1‘=:‘<’.re‘:-‘oc—ammo
Is”a strong need to develo B nmet hods to prol ong the

grdup ut proteins peptides and pther cilesnd peptide drugs.
ool ;‘ﬂéﬁlﬁ[ﬁ girrlltgﬂ; é%le Eﬂ'%%oﬁﬁ{(ﬂs%@ggg%m Q{Eﬁm'i&ered bJ' oral route,

proeirhauid tpeptide: bwdehtrhgemcragamatamgpmufyaﬂnmste(ﬁd by injection due

o8t Stdiindlh e BRTmiGBilye ARG gk O §1Biblsind hnoPeprides are

rai:rldl)s ltldaebdl byMefizyntds amd cldaredEtfigim thHe Hbﬂgﬂ mesuhmg in short in vivo

01r[§HgF Sla?fg Ptﬁqe&% h@éﬁf‘“&g%f‘@&g% lsﬁ?ﬁ?%ﬁle for lower efficacy,

méie! fecueBNddniihistation, educet atientaothplipfgd, iafié highet casp by protein and
protects the ecul.es agai nst enzymat.ic de a
peplifc hesapelitc dviss Hers: Aok SHPomO8Ld 1t doreloh MABSdscyBrolong the
duratidifofdcti6n of pfitémahl @eﬂstﬁd: drag@ pr ot e| n has
significant | npact

P he circul hal f-]i
t he 9?\‘.&1@1%“%@5% 9 P??éelP%ng éaepfeﬁ@ ssge,olprgthy{eﬂg glycol (PEG) has

pro®as tehg ds@ﬁﬂ'ﬁ’l@thﬁé'tf) inkfe@s@lthd Rc@hliRe hﬁﬁ' IBFe8t &¥ Proteins and
is. Several sizes of PEGs are 25 commerci a

peaiies Hbie RAKEADIABY o A SPEE, FarrnBioshanobiophys., 1984, 7:175-
187609%%1%@ MR N vOER1CRt la9HR 3\4%[586 5@6 aﬂﬁ'méye?g % 5. etal,

shi t producing proteins and peptid
Chrarlyetredccdl ifbem MM gdhA0T-313 ) e@ovaﬂ@@amﬂlmept &f BEG to proteins and

Bﬁésef’i'gteo%l oec‘z[:ct%S ﬁiel‘mblebﬂléfs Q%Qnsq %gieﬁﬁagc;deg%datlon but also reduces

nnunogenlc proterns, ‘pepti
thmn icteatdnes r tKa&cme mehbddy élfheaillze of RESG atthited. to a/pretéin Iisi significant

Bl o8 oﬁﬁayffg%ébgg balfd o B 0T Colenfind brpecne pRG is, e

lopgeyy thet irngzvpr balélifs ofiathe dmtaelned epateined. i rdehfal sizes of PEGs are

diter a@é Q{ng\zgc?gpﬂ,g ér%c?g)é? g,caé 5-2006; and NOF

DDS Catalogue Ver 7.1), which are sultable for producing protems and peptides with

targeted circulating half-lives. PEG moiety also increases water solubility and decreases
immunogenicity of proteins, peptides and other molecules (Katre, N.V. et al., Proc. Natl.
Aced. Sci. USA, 1998, 84:1487-1491; and Katre N.V. et al., J. Immunology, 1990,
144:209-213).

Several methods of pegylating proteins have been reported in the literature. For
example, N-hydroxy succinimide (NHS)-PEG was used to pegylate the free amine

groups of lysine residues and N-terminus of proteins. Because proteins usually contain
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groups of lysine residues and N-term nus of proteins.
Because proteins usually contain 1 WO 2007/ 139997

woeH sRe07/ 012621 nultiple |ysine residues aper/us2007/012621
term nal am ne group, nultiple sites of a protein are
pegyl ated by using this nmethod. Such non-selective.
pegyl ation results in decreasing the potency of the
pegyl at ed proteins because nultiple PEG noieties
usually disturb the interaction between the proteins

ﬂla,l]e e' re qﬁq@%' %&l %%{mgglfg an %e? uaésn(mlggle %ﬁes 85% groteln are

pe”g'yﬂitém&y ﬁ&ﬁg this andthad. kSutEh mm-seibctxve pegyBtioh resiiltelm decreasing the

1096, 271: 21969- 21977, | _
bt of s paiated pebing, Sais iR ipc Bl Sidfes Glaly disturd the
inidrittonMbdued she MRinOtnd e blitégica0anRo wlearey (e d..-C. and

ChiAm &, S plocketn o Reve Coma-ch bR LoV 4B Gk, R. et al.,

J.2Bfb1.CORERCT 896, 227 1PELoH 01O ER U MBRIg I SiteS hoRlselediils pegiBtion also
variation of 10 contents between different pr.oduct

gangratefe fetgrogsaeQuso BurERIsoh dippl predycts otMamys of sthese heterogeneous

p d Prodifd a@%t Q.Hﬁ%ﬂ: YorCRBdit A ue 'Beﬁﬂfs% of %%tsﬁéﬁﬁc Ia8tivities. It
rftficult. Although PEGs bearing al dey%ate(b groups have
P

istsffieultde gurify y@gghaamen%éwsﬁwmwo%pm romles eilhg variation of
cd erftp el & rdf:f?ergxflt g (Tﬁgy (Ua{bﬂeg %@gﬁ dﬁ&fj proteins 1s

oes not generate usi ve I\I-term nar pegy a
uswably bi ghsandrghiatityecdnjrol ne these mixtagesds$ diffieulpr ot ei ns 15

21 SoRBRuALCR Eng JEhyd MBS ] P Uagh % PRgPhE e amine.
tebinipi oApprotaing iiwrthilpres@BEd b7, a7 2&ducinghreagemt Isoch al swthod does not
oG b RN B8 e HE . Bt of e protein
arey slse bpgpyluyelt. | d'ﬁh@s;) uﬂhd h:aultmg hgropeing are) alsan ﬂe@rdgbneous mixtures

ctio ields,. PEGs, w Lepm functi opal
e Oulr & dodd'ss dprlishing NoePYelBgion: s HRBOUSED suffers the
dia®8clt BF @bing HatybSre@hctigiSicattich 6diGoRS The RIdtRIgN@agents such as
Such net hod often re&ﬁl res. point nutation_ wth new

cyapeberRydridsconld hargp, Pﬁ?‘&’c"élaﬁé BRSHPWFRIeaRECYieksy e

cyst pEGS wﬁl?ﬁ:iame fulctisiat ?fdd{ﬁ lwerk @844 td?@eleBii®ly pegylating the
group of the new, "unnatura steine residue from

freg thiph groupai ofusysteRe Frsidige 1 RTAteEsh e Pudly sedigsk often requires point

mufoURfth 3y (dYeRide0 . TRlcaedel Mokt prcﬁaﬁy | @heaid hﬁi% or more cysteine
partl cul ar new cystei ne rEQLH res Conp i cated reaction

resisines, t toovelectively. keep thgithiol gxpup ef ﬂ%nq%“um@émﬂ’ gystrine residue
S

T L e e N R

pegytate tth@tnsaﬂietﬂhe mewy sysieine rrewmuecsnplmtcdoeeqsugylmédmns (Us.

P%n?te B & cﬁ%?fb%"‘i?s\ﬁggtﬁ% oS 208, 3{2&%?1§G‘i>at t No. 6,608,183, issued

c pegylatiion "of "acet I"al ani
Angustd9e2043)gFyen hmdcrrtho rentrolled reaction conditions, other cysteine residues

can be pegylated and heterogeneous materials are obtained.

Site-specific pegylation of acetyl-phenylalanine residue of growth hormone
analogs were reported. Such method requires point mutation with unnatural amino acid
acetyl-phenylalanine (U.S. Application No. 11/046,432, filed January 28, 2005). One of
the drawbacks of this method is that pegylation of proteins bearing unnatural amino
acids, such as acetyl-phenylalanine, can only been done in bacteria but not in mammalian
cells.

The free thiol and amine groups generated from the reaction of an amine
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anal ogs were reported. Such nethod requires point
mutation with unnatural amno acid 30
wae@bMboophenyl al ani ne (U. S. Application No. 11pEOA0s%H92012621
filed January 28, 2005). One of the drawbacks of this
met hod i s that pegylation of proteins bearing
unnatural am no acids, such as acetyl -phenyl al ani ne,
can only been done in bacteria but not in nmanmalian
cells. The free thiol and am ne groups generated from
the reactjon of an am . 20074139997
oo 1 B8 e HoUF o {2 08 o scg: iy peeviate the
profein. ntHoweMek in- thih snethdie elie usvirek thiolpetgué aised réuets with any amine

rotein. However. in.this od,. the ani ne .

o Reh GEoes gt SBE U A NARhiglT 11 PR ) g method is ot
si@tselRsveo{UISy Pateat Namibdii6,3 10,180,Nssued distser 30, Po01Yei ns

and t he thod is not . site-selecti v& U S. Patent,

NumbbRergfosa, sleamits the exeyiepstiaatsdrom gitfor 1groups, there is still a strong
nebieoidVetop €8P A privticRl MetBdE R fdictspeéifiopebyldRhest proteins,

groups, there is still a strong need to devel op easy
peptidepangdcethermolegulegds for site-specific pegyl ation of

proteins, peptides and other nol ecul es. SUMVARY OF

THE I NVENTION 10 The present invention %eneral ly -

relates to new nﬂmmwu)egyl ation

of proteins, peptides and other nolecules. It was

di scovered that PEG containing an al dehyde functional
gr ouBh¢ REEsaalt dtvpotign razactallys paateanteowsivy methbds for  site-specific
pe%ftn%hngf 9&Ei‘nggﬁg&i Qoaﬂd.db&l?g it LN Y Wid8isEOR that PEG
R e a-am group in agueous solutionin a
comtdringaay eldshygéifunctigeh egraipe (PEGad déhiydehaeaxitd spontgneously with

for. PEG .al dehyde.t.0 rea i §h. eptide fragnent . .
cysliinc PRI iy Wiy iged Fafttydtah idé e, a0f 4 G Giming, eroup in
adu@bliabsluloe ih @ ide Pange aEhpiis o pehera® idkolidingealfowafig for PEG-

%e. %E 30 kDa?heg PEG. W also di.scovered that, only .
alfehyde\fa reach ¥ ithed PeRICHZREMRAL SANGHIRE Yrney of fyngtpaplgroups which
wid A8 ch@inducidtihg HydRphATHAHRR MdAupe'$PAC(eS. V80 RDa) of PEG. We

PEG- al deh(i/ The ot her functional groups_in 20 other

de.
alpediserpsseq waponly ths eysiginoinsidyr hayimganpmoridisrd ulthydrybaide-chain
o , )| .
oy S A D g ey, ORI e hOREAHRL govps i
otherdeesittuas Ife.gC dhiod gydupcoficysleige svithont aGres akamiihoxgrbup, guanidinyl

SHPD R P, SS90 Sy YGe Prg SPRE Sartmualit oL HBGR of 7Py Hide-chain
cathyGiyticreid gouf o GlhAvydigx vl grouposf Ty afd hydroxyl group of Ser) do not
react with PEG-aldehyde.

By using the present methods, only cysteine residues having an unoxidized
sulfhydryl side-chain and a free a-amino group, but not any other amino acids in

proteins, peptides and other molecules, are pegylated. Thus, the present methods are

~ highly site-selective. The site-specific nature of the present pegylation methods results

in more homogeneous products which are easy to characterize, purify and manufacture
and have less content variation between different batches. The PEG attached at a
specific site (i.e., N-terminal cysteine) of proteins and peptides should have less chance
to interact with the biological targets and should therefore yield more potent therapeutic
agents.

In the present invention, the aldehyde functional group of PEG spontaneously
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25 sul fhydryl side-chain and a free a-am no group, but

not any other amno acids in proteins, peptides and
wobdien3dn ecul es, are pegyl ated. Thus, the prepernis2007/012621

nmet hods are highly site-selective. The site-specific

nature of the present pegylation nethods results in

nor e honogeneous products which are easy to

characterize, purify and nanufacture and have | ess

content variation bet ween different batches The PEG

refys iR Sy it R SigfonBBrit ottt SRR thov-torminus of
prﬁhﬁlﬂ@e peptidé i equevus wolutiohhia DiramigegifasH (&.gr,qH2Z-8pand at different

ould therefore yvield oten ther
teperEereS (8o (00T HLBRENTR, GRS DRy peveLitBg figdional group between
PEGN& $6&in of peptidy isREG3ISRRRORIAOUSTHE catbddy groups of glutamic and
2007/ 139997 PCT/ USéOO /012621 reacts with the am ne
aspArict 3 residers; értsrwg%fc SY TP, g aje groynseof lysine
reMdbEs, MybHhediRY1 gP(E ebh a@émﬁﬁpi’ésﬂﬁldsn thigfl L?Q&ifs 20! Middp cysteine
|narane pH2-8) and at difterent
gnyé@xg@@ups q (§6ﬁp ,éhﬁggp@p @,ng)tyromg reﬁ;q\wgﬁ do not react with
or
OB, A, G Sy o, 0
prgbant dnyentigndprovidep siteispecifi¢ degyation of the) tmmal cysteine residue.
[
TE pRedei WRGR B BrBion AR DAVRIS, Rgueid! ffents such os
trtstnadboxgcthwt)shmhmedﬂt @Elt)y@mebm ased and theercactiond ¢andbe dpne under
nigrroggtp %nc? %r ' {]% ﬁtjl?\l;a[?en altd)éfl)ocﬁel hé ﬁéeglu eﬁﬁ% ons usually
NOE T eact . ehyde functional group o
camplete iwUZ o ﬁé g;duast dcpendmgdmt thensH ofithe solulien qmiehe etjuivalents of
Vent| rqQvi [ [ I he .
PREHIRA, Bl dFrin® A RAGR' irheB® T, Shiibed orotphy, e protein
pioductg @aii berefolded ad’wnplegylhhm.peggﬁeqtegynnoneddmmgn correctly folded

agent s tri s(garboxyet hyl ) phosphi ne (TCEP) can

prg ‘%éﬁsgﬁﬁﬂgﬁglsﬁe‘ﬁﬁ{eﬁons can be done under nitrogen

and REQGRMsed irfthe Préséal RvEsticH cdififava |différealem6RBulae weights (e.g., 2-
used, Reactl ons usuyally k& conplete in 2 to 72 hours

49 kPahdharg lean thragnlied el LSRR Pigpeturie apdhontain one or more than
ox?&ﬂﬁ&ﬂ}d%%ﬁctﬁﬁtal g6 2 wiehyErG ¢sfdinind twdS1d fahétfhal groups is

ens on unfol ded proteins, the c{)rotel n 15 products

st e Popdst YR 6 PToIEGy LRSS et R BiscHASE b heisen is the
pEgne mcat&leﬁtdmplte omqasiydep RR{cBbRA, gfdtbpe! WD ggea&&te infultimer of
omtted. PEGs used in the present invention can have
peyiated pretcinpPrRRaptides-wei ght s (e.g., 2- 40 kDa), have
i negy,, r F=YaTe N
one. ap ccREBIERER e Ficlibn SEANDH, n‘*ét”ft%%ﬁf“‘ﬂgr o SRR fheh as PBS
cPER: meed. aumtenrga@tm seludonsdears alse tdootn ofies agsnts sugly as EDTA to
fagﬁﬁgte tﬁ@% {: product will be protein or peptide

I mer e [lnker in between is the
The final pegylated proteins and peptides can be purified by different purification

methods such as reversed phase high performance liquid chromatography (RP-HPLC),
size-exclusive chromatography, and ion-exchange chromatography, and characterized by
MALDI-MS, chromatography methods, electrophoresis, amino acid analysis, and protein
and peptide sequencing technologies.

In a first embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free aldehyde group to the unoxidized sulthydryl side-

chain and the free a-amino group of a cysteine residue of a molecule, said method
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PEG PEG with nultiple al dehyde functional groups wll

generate nmultiner of pegylated proteins or peptides.
wd 2006AQsonpl the pH of the reaction solution, bpdfessdoize

sol ution systens such as PBS can be used. The

reacti on solutions can also contain other agents such

as EDTA to 25 facilitate the reactions. The final

pegyl ated proteins and peptides can be purified by

different purification nmethods such as reversed phase

e I

cosm;gré e%(celag{l ﬁlce éréognlg%lg'd%%ﬁ&?gp gad&‘ @%ﬁ} éﬁgﬂ'ﬁ? hﬁ%}hdlzed sulthydryl
sidéchaint aglr &m)ﬁ;eea‘mdnﬁharmﬁ;erdfzﬁh b:ysteM&Lfﬂsrd\AS to generate a 1,3-

chr gmat ogr aphy net hods ct oreS|s anlno aci d
fQ@F&rO%'a prgtustywh %ﬂhﬁ?@a@gv %

technologies. In a first enb nment , the |nvent|on IS
directed to a nethod of Rche{ calfl y conjugating PEG
containing a free al dehylle g t he unoxi di zed
sul fhydryl side- chain and th& fre€2a-am no group of a
cysteine residue of a nolecule, said nethod 4 WD
whoei R3399id PIET, ugbRoiR/saieolkeculsonpri si ng reacting the
freeal t .
sul 1 FpArgront oRESUR, 82 Sypiigals Arlcs WSS e chemically
cagughting SREG nontaising Le free aglnhgdeugeotq: o, the wriuxadioéd dulfleydryl side-

rL.oup i roduct, wherein sai.d prodyct has the .
o 1B fhe Tef¥ & SHfino, EBD 48"y SP¢igBRRAGS o 3y maliulg, gaid method
cdthprisifg feabiing thesRédlaldohRizWrbup bfisAd PECOWithaR® afbxi8i2kd sulfhydryl
the inventi on is directed to a nmethod of chemcally
sidershaigand e fice caming arong of spidoeystaivrorrsise dp ma%tepn solution to
Q4_diiZLfid [
g%xﬁgartnélﬁo 3g ?iéup ofﬁél érBM tﬁrg %!.rh Eit%g‘gld%@ a aaﬁﬂxshﬁ e]r ﬁ@ of the reaction
sadulieh netdbout 7¢ ovﬂparﬁlw seidr msermiedipte h@arfmes 40 d@nyde final product,
9| g F@ Subgpxi di zed sul fhydryl 10
wg%% ém% i X%{rhgg{rn am no group of said cysteine
r esi due |n a reactlor'ﬂ ol ugion to generate a
1, 3-thiazolidine group“adan | nternedi ate, and
adjusting the pH of the re f\Oon solution to about 7,
whereby said internedi ate/rearr es to forma final
product, wherein said ifernmedi ate has the structure
of ’
and said final product has the structure of

P

wherein R; is said PEG, and R, is said molecule. Here, the term “about” means £ 10%.

In a third embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free aldehyde group to the unoxidized sulfhydryl side-
chain and the free a-amino group of a penicillamine residue of a molecule, said method
comprising reacting the free aldehyde group of said PEG with the unoxidized sulfhydryl
side-chain and the free a-amino group of said penicillamine residue to generate a $,5-

dimethyl-1,3-thiazolidine group in a product, wherein said product has the structure of
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H-S / R2 Rl 15 and said final product has the
structure of HS / RZ RL wherein RlL is said PEG
W /ods said nol ecul e. Here, the term "abowdT/0&a05012621
f 10% In a third enbodi nent, the invention is
directed to a nethod of chem cally conjugating PEG
containing a free al dehyde group to the unoxidi zed
sul f hydryl side- 20 chain and the free a-am no group
of a penicillam ne residue of a nolecule, said nethod
conprising reacting the free al dehyde group of said
PEG with the unoxidized sult si de-chain and the
free a-am no group of ﬁ?Ld_genl am ne residue to
generate a 5,5- dinethyl'-| iazolidine group in a
product, wherein said producigy has e structure of 5
WO 2007/ 139997 PCT/ US2007/012621 S R _< NR H?2
whbBHREk s Rid FEG 2ird IBESsaiatiolBeulbs sai d molecule. In a

fourth enbodlnent the invention is directed to a

met higa gpuxth @wbgglmynt o leflpﬁ gs phrected toa mlﬁgocb of chemically
4t | -
cJéﬁtgétlﬂ%q?}%Q‘/t%ﬁﬁﬁlﬁng fred Af1eH D@ gfﬂlﬁ)eQ gl drdoxeliy +da§ﬁlﬁ?ydryl side

a-am no” gr of a penicillam ne
chags amkuﬂlecﬁeqaaﬂmle@ grap ofad gemellhmmecmﬁqduc of agnelecwle, sazgd method

L L

si@¢-6hdin ahd SR fleh@antihd protpid shidPeflitillaming réstéded inQireaction solution

solution _to generate a di met hyl -1, 3-t hi zoI|d
OBTEFIT A Arr HAPEY bdri 01“3‘:‘?8 EZOR, Pﬂgﬂ‘@ﬂ@eda g7 pljgsting the

pH &FGhé PEhcEiBh Wbiubidn ite 2BBGUY, \Z'hel‘ébﬁ ls§1@Yinfein@diate rearranges to form a
i nternmedi ate rearranges to forma 10 final product,

eredust, sehegein spidiipieamediaterhas thegtructyrgof ure of S R <

N R
S
R,_<f
N~ R,

and said final product has the structure of

=X,

wherein R, is said PEG, and R; is said molecule. Here, the term “about” means + 10%.
In a fifth embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free aldehyde group to the unoxidized sulfhydryl side-
chain and the free a-amino group of a homocysteine residue of a molecule, said method
comprising reacting the free aldehyde group of said PEG with the unoxidized sulfhydryl
side-chain and the free a-amino group of said homocysteine residue to generate a six-

membered ring system in a product, wherein said product has the structure of

wherein R, is said PEG, and R; is said molecule.

In a sixth embodiment, the invention is directed to a method of chemically



10

15

20

25

H 2 and said final product has the structure of HS/
R2 Rl wherein RL is said PEG and R2 is said
wodoeastdoer Here, the term "about" neans : E 10%cT/G8200m012621

a fifth enbodi ment, the invention is directed to a

met hod of chemically conjugating PEG containing a

free al dehyde group to the unoxidi zed sul fhydryl side-
chain and the free a-am no group of a honobcysteine

resi due of a nDIecuIe sai d nmethod conprising

AP S o B G LRLR A 5P SRR o s

clgiioapd the faed d-ahnfm gy@ipemﬁuehdsm&)dt&nd resiis @f atmolecelexsaid method

20 nenbered ring.system mhe n sa
COIPRFIRIRS THSENG Hie fzed ﬂé?‘w% 85?11@0*0 sal ‘ﬁf‘muﬁ&’ﬂglzed sulthydryl
sm@-‘éﬁﬁh Narfdl theS %81 &-afifio #06p BF dabd mcﬁ%ﬁﬁu}e@mule Nin2a reaction
si xth enmbodi ment, the invention is direCted to a
sqletidrole gjahe@mgmlgﬁgpelylbe@dmggsgswmllgglggmennedlate and adjusting the pH
/s 7 Wl
of i pRARR LoRABRTE ablrt W AE NP Bl et Rrorm o final
prodactnwhertin srd intermegdiaterhaspthg strugtursfofa honocyst ei ne
resi due of a nolecule, said pethod conprising
reacting the free al dehydeSjro of said PEGwith the
unoxi di zed sul t hydryl sidg-cha n and the free a-am no .
group of said honobcystei ;Y] in areaction 5
sol ution to generate aRsix-mitberediaing systemin an

internediate, and adjusting the pH of the reaction
anghsaid finpl nredw@asﬂmstmm@rm& said internediate

rearranges to forma f| ct, wherein said
i nternedi ate has the strqugﬁe oA\N R HR2 and said
final product has the struc HO S ZJN

R1 R2

b4

wherein R; is said PEG, and R; is said molecule. Here, the term “about™ means + 10%.
In a seventh embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free aldehyde group to the unoxidized free seleno group
and the free o-amino group of a selenocysteine residue of a molecule, said method
comprising reacting the free aldehyde group of said PEG with the unoxidized free seleno
group and the free a-amino group of said selenocysteine residue to generate a five-

membered ring system in a product, wherein said product has the structure of

Se
R 1
H R,

wherein R, is said PEG, and Rﬁ 1s said molecule.

In an eighth embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free aldehyde group to the unoxidized free seleno group
and the free a-amino group of a selenocysteine residue of a molecule, said method
comprising reacting the free aldehyde group of said PEG with the unoxidized free seleno
group and the free a-amino group of said selenocysteine residue in a reaction solution to

generate a five-membered ring system in an intermediate, and adjusting the pH of the
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10 Rl R2 wherein RL is said PEG and R2 is said
nol ecul e. Here, the term"about"” neans t 10% In a
wa evensdoenbodi ment, the invention is directedp¢nUus2007/012621
nmet hod of chemcally conjugating PEG containing a
free al dehyde group to the unoxidized free sel eno
group and the free a-am no group of a sel enocysteine
resi due of a nolecule, said nmethod 15 conpri sing
reacting the free al dehyde group of said PEGwth the
unox n nd, t ee a
re@?%?fb 88?%8&{2? a0 ugn‘gcys .%;ci‘ tgméle?lg{eg%eﬁglag%ees g form a final
pfdaduvet, wierdie sad nitemgechgxehasnherstmct}nre)dﬁmt wherei n said
product has the structure of ,.Se R N HR2 wherein R
Is said PEG and R2 is said ﬁﬁ’ cule. 20 In an eighth
enbodi ment, the inventiRi TS di ect ed to a net hod of
chenmically conjugating PEG dont jng a free al dehyde
group to the unoxidized freehsel en Yyroup and the
free a-am no rou of a sel enocystel ne residue of a
%F%ﬁpélpfgﬁ‘ﬂ hag thestruc®enef i sing reacting the free
al dehyde group of said BBG with the unoxidized free
seleno group and the fre - o group of said
sel enocysteine residue in a reacfion solution to 25
generate a five-nenbered ripg systemin an
i nternedi ate, and adj usti n®t he pHRf the 7 WO
2007/ 139997 PCT/ US2007/ 012621 reaction solution to
whbreiir R? is sﬁerEGyamhRgl isi satdemoiedilet dleareahe tenpeaboat” nnrams + 10%.

a fi rodut n.sai i nte i,at e has
ot 1 ot Bl Eoaiei Bhe' iRnbon b R0y HBNAG S chemically
c&rijﬁgéttxfguBEGr contdining-Sfree NldéhylRt grdupveetitd andXlidized salfllydryl side-

Is said | ecul e. Here, the term "about"
c‘i’laé’é ﬁgg fheﬂ_@% a—met yl- amn}:r)lo group of an N-methyl-cysteine res?due of a molecule,

said method comprising reacting the free aldehyde group of said PEG with the
unoxidized sulfhydryl side-chain and the free a-methyl-amino group of said N-methyl-

cysteine residue to generate a 3-methyl-1,3-thiazolidine group in a product, wherein said

product has the structure of
S
—al
[ Or,
H,C

wherein R, is said PEG, and R, is said molecule.

In each of the foregoing embodiments of the invention — i.e., the first through
ninth embodiments of the invention — the free aldehyde group is attached to said PEG
through a linker that may contain amide, ester, sulfonamide, sulfonyl, thiol, oxy, alkyl,
alkenyl, alkynyl, aryl, maleimide, or amine functional group, or any combination thereof.

In a tenth embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free maleimide group to the unoxidized sulfhydryl side-
chain of an N-methyl-cysteine residue of a molecule, said method comprising reacting
the free maleimide group of said PEG with the unoxidized sulfhydryl side-chain of said
N-methyl-cysteine to generate a conjugate product, wherein said conjugate product has

the structure of
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In a ninth enbodi nent, the invention is directed to a
nmet hod of chem cally conjugating PEG containing a

wo b@e/18odehyde group to the unoxidized sul f hydpyt/usiodei2621
chain and the free a-nethyl-amno group of an
N- et hyl - cystei ne residue of a nolecule, 10 said
nmet hod conprising reacting the free al dehyde group of
said PEG with the unoxidized sul fhydryl side-chain
and the free cc-nethyl-amno group of said N nethyl-
cysteine residue to gengrate a
3-nethyl -1, 3-thiazolidin roup in a product, wherein
said product has thg-strudqture of S R __<:LI" - P
R2 H3C 15 wherein RL is N PEG and R2 is said

nol ecul e. I n each of the foregoyng enbodi nents of the
invention - i.e., the first thrhugh ninth enbodi nents
of the invention - the fr deh @,oup is attached

to said PEG through a Iinker) fhato may contain am de,
ester, sulfonam de, sulfonyl,“®hiol, oxy, alkyl,

| kenyl , al I yl, | ej m.de, or am ne functiona

wBpstpt 5 KB n BibisalPRERUET . 50 T a tentn

enboth ik elevehtheenmbudiment) the imvehticCisadirdceedator@idedibdodf chemically

chem cal conj ygati PEG.containing a free .. )
cqmv@twso‘le‘%’% L ok PR e oR 19 APy pxidizgd sulthydryl side-
cleibNa @knidiabhifi® Fijduef MbREuleLsHid uRtRd ébrﬂ?ﬂisﬁﬁgll‘éicting the free

sai d_ met hod c?np[|5|n reacting the free_mal eimde . )
mglebmisicosrr af Pt G vHE thioperridiggd sthifegarlyside-chain of said
pélicifambRl Resilue 38| génefitd B icBMjugbé SHreing, Whefkn ghiat &mﬂ.lgate product

conj ugat e product, wherein said conjugate product has
hgsghe gauatuieft ure of 8 WO 2007/ 139997 PCT/ US2007/ 012621

OR- N O R 30 CH@herein RLis said PEG and R2

is said nol ecul e.

O

~—HN R,

wherein R, is said PEG, and R; is said molecule.

In a twelfth embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free maleimide group to the unoxidized sulthydryl side-
chain of a homocysteine residue of a molecule, said method comprising reacting the free
maleimide group of said PEG with the unoxidized sulfhydryl side-chain of said
homocysteine residue to generate a conjugate product, wherein said conjugate product

has the structure of

- HN R,
(0]

2

wherein R, is said PEG, and R; is said molecule.

In a thirteenth embodiment, the invention is directed to a method of chemically
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In an el eventh enbodi nent, the invention is directed
to a nethod of chemcally conjugating PEG contai ni ng
wa@ 2007899981 ei m de group to the unoxidi zed sul f pgeigreo7/012621
side- 5 chain of a penicillam ne residue of a
nol ecul e, said nethod conprising reacting the free
mal ei m de group of said PEG with the unoxidi zed
sul fhydryl side-chain of said penicillamne residue
to generate a conjugate product, wherein said

o RRHBE P8l e P FAAY oo Byt o

ofhlselenbeystdime aesiduel 6f h renteculiesaitl, methedi congnisingn réasting the free

irected to a _net.ho chem.cal |y .conj ugati ng. PEG . .
RlGHBe B 4 SEOERT D Gieo oo SRaR, SidFagain of said
seknbEyatelny lresiduteto gemetate afcofjugateomydha) Wheretrs saldoffugate product

m)*lecul e, s?i d met hod conprising reacting the free
hasthesthictoeQioup of said PEG with the unoxidi zed

sul f hydryl side-chain & said 15 honocystei ne residue
to generate a conjugate duct, wherein said
conjugate product RasNhe|structure of O R -N O
-HN R2 O wherein R is [ EG and R2 is said
nolecule. In athirteem@h enboth nent, the invention is
directed to a nethod of chemcally 9 WO 2007/139997

PCT/ US2007/ 012621 conj ugati P nRAai ning a free

mal ei m de group to the unoxi di zed ¢gel eno si de-chain
of a sel enocysteine residue of a nolecul’e, said nethod
wherain R sis3gidrREG f dndR 4 ik gaiimeelecutel ei m de group of said

PEG 1 LAt (ont B2 p Sz nsstliis S Hhe SMEnbod ™ &' fhe tenth through

thirteenth embodiments of the invention — the free maleimide group is attached to said
PEG through a linker that may contain amide, ester, sulfonamide, sulfonyl, thiol, oxy,
alkyl, alkenyl, alkynyl, aryl, maleimide, or amine functional group, or any combination
thereof.

In all of the foregoing embodiments of the invention, the PEG may have a linear
structure, a branched structure, or a multi-arm structure.

In all of the foregoing embodiments of the invention, the PEG has average
molecular weight of about 100 Da to about 500,000 Da, and more preferably has average
molecular weight of about 1,000 Da to about 50,000 Da.

DETAILED DESCRIPTION OF THE INVENTION

It is believed that one skilled in the art can, based on the description herein, utilize
the present invention to its fullest extent. The following specific embodiments are,
therefore, to be construed as merely illustrative, and not limitative of the remainder of the
disclosure in any way whatsoever.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention pertains. Also, all publications, patent applications, patents and other references

mentioned herein are incorporated by reference, each in its entirety.

10
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sel enocystei ne residue to generate a conjugate
product, wherein said conjugate product 5 has the
wobdodasdgpe of O RN O -HNR2 O wherein R pST/884087/012621

PEG and R2 is said nolecule. In each of the foregoing
enbodi nents of the invention - i.e., the tenth through
thirteenth enbodi nents of the invention - the free
mal ei m de group is attached to said 10 PEG through a

i nker that may contain am de, ester, sulfonam de,

NoWeh OiYhre dnld BBbreRitlons Kyl . al kenyl, al kynyl, aryl,
nal el m ofg or ?

amne functjonal Qroup. or any

j nation thereofyeddingl | Of the foregoing
S’gﬁngg'di nents of the ilvrﬁs/denn:?gn, the PEG nmay have a
Aid eqr structure, adl%é-,@{wched structure, or a

mul ti-arm structure. n all of the foregoing

AegrooRli ment s of the iangisimei on, the PEG has average
I | ar wei ght of out. 100 Da to about 500,000 Da

AggaFﬁgre preferablyaﬁggaéggrage nol ecul ar wei ght of
AsgporD 1,000 Da to alaspdrtic@¢id00 Da. DETAI LED :

DESCRI PTION OF THE I NVENTION 20 It is believed that
C¥& Skilled in the &F°™8n, based on the description
hOggein, utilize theopiRgaLinei nvention to its fullest

extent. The follow ng specific enbodi nents are,
GiherQfore, to be core¥'PRF as nerely illustrative, and
GpérEimtative of thguhei@ddiger of the disclosure in

any way what soever. 25 Unl ess defined otherw se, al
GlxRtHi cal and sci ent8l¥§iRe t er ns used herein have the
HASfg eani ng as comipdidinginder st ood by one of ordinary

skill in the art to which this invention pertains.
Iapsb, al | publicati dspdeuging ent applications, patents

ther reference tioned herein are

L?E%B?porated by refgﬁgﬁgg, each in its entirety. 10 WO
Le9o7K139997 PCT/ US209sin€©12621 Nonencl ature and

Né? QI[ ﬂ/i ations methionine

Nle norleucine
N-Me-Cys or NMeCys N-methyl-cysteine, which has the structure of
HS
N
CHy O
PEG polyethylene glycol
Pen penicillamine
Pheor F phenylalanine
Pro or P proline
Seror S serine
selenoCys selenocysteine
Thror T threonine
Trpor W tryptophan
TyrorY tyrosine
ValorV valine

11
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Synbol
Asn or

Meaning Ala or A alanine Arg or R arginine
N asparagi ne 5 Asp or D aspartic acid Cys or C

woysvasper hCys honocysteine G n or Q gl utam peru§ionro12621
or Eglutamc acid 10 Gy or Gglycine H's or H

histidine Ile or I isoleucine Leu or L |leucine Lys
or Klysine 15 Met or Mnethionine N e norleucine
N- Me- Cys or NMeCys N-net hyl - cysteine whi ch has the
structure of HS N I | CH3 PEG pol yet hyl ene gl yco

20 Pe cil.lam ne  Phe.or n| ne Pro or P
Cﬁ?‘b’f’i"ﬁ’ég b'ev'a "esse re‘|l r’f 5”"5 5fee‘ﬁ%hﬂfgy ‘< ?f’ nocyst ei ne 25
Bdawr or T threonl ne terr-pudoddthdbppylophan Tyr or Y

tyrosine Val or V \{)al [ he
Bzl enzy.

DCM
DIC

DIEA
Dmab

DMAP
DMF
DNP
DTT
EDTA
Fmoc
HBTU

cHex
HOAT

HOBt

Mmt

Pbf

TCEP

TIS

TOS

TFA
TFFH

dichloromethane

N, N-diisopropylcarbodiimide

diisopropylethyl amine
4-{N-(1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-
methylbutyl)-amino} benzyl
4-(dimethylamino)pyridine

dimethylformamide

2,4-dinitrophenyl

dithiothreitol

ethylenediaminetetraacetic acid
Fluorenylmethyloxycarbony!
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

cyclohexyl
O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

1-hydroxy-benzotriazole

methyl

4-methoxytrityl

N-methylpyrrolidone
2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl
tert-butyl

tris(carboxyethyl)phosphine

triisopropylsilane

tosyl

trityl

trifluoro acetic acid

tetramethylfluoroforamidinium hexafluorophosphate
benzyloxycarbonyl

1,3-thiazolidine-4-carboxylic acid, which has the structure
of:

12
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11 WO 2007/ 139997 PCT/ US2007/ 012621 Certai n ot her
abbrevi ati ons used herein are defined as foll ows: Boc

wo efobabugdy| oxycar bonyl Bzl benzyl DCM di chl oporyetivane2621
5 DIC N, N-diisopropylcarbodiimde DLEA

di i sopropyl et hyl

am ne Dmab 4-

{N-(1-(4, 4-di net hyl - 2, 6-di oxocycl ohexyl i dene) - 3-
nmet hyl butyl ) -am no} benzyl DVAP

4- (di met hyl am no) pyri dine 10 DVF di net hyl f or mam de
DNP 2, 4-di ni trophenyl DIT ditdiothreitol EDTA

et hyl enedi am net etraaceti c ac;
FI uor enyl net hyl oxycar bony HB
2- (1H benzotriazole-1-yl)-1,1,18973-
hexaf | uor ophosphat e

Fnoc

t hyl ur oni um

cHex cyclldhexyll HoOAT

O (7-azabenzotriazol -1-yl)-1, 1,3, 3- et ranmet hyl uroni um

hexaf | uor ophosphat e

Mt 4- netl%%%lbwjé-j-%g{y@%&agggfy 1Icra|01 , th?ch has the

Troe

N- et hyl pyrr ol i done staéture of:

tBu tert-butyl
triisopropylsilane

2,2,4,6, 7- pent anet hyl di hydr obepzof uran- 5-sul fonyl 25
TCEP tris(carb t hyl ) phosphine TIS
TOS t trit trityl

Dma

Sez

Hth

N™
CH, ©O

5,5-dimethyl-1,3-thiazolidine-4-carboxylic acid, which has
the structure of:

ot
H T

1,3-thiazinane-4-carboxylic acid, which has the structure
of:

S

A

1,3-selenazolidine-4-carboxylic acid, which has the

structure of:

<3,

2-hydroxymethyl-1,3-thiazolidine-4-carboxylic acid, which

N
H |
o)

has the structure of:
HO\\{S
(o)

13



30 TFA trifluoro acetic acid TFFH

tetranet hyl f| uor of oram di ni um hexaf | uor ophosphate Z
whenzxkexycar bonyl Tha 1, 3-thi azol i di ne- 4- car bpeyus®o7/012621

acid, which has the structure of 12 WO 2007/139997

PCT/ US2007/ 012621 S H O Tnt

1, 3-thiazol i di ne- 3-net hyl - 4-carboxylic acid, which has

the structure of: S CH3 O5 Dmm

5, 5-di net hyl -1, 3-t hi azol i di ne-4-carboxylic acid, which

as the structure of N O T 1 2thiaralidine.d.
H?%-t hi azi nane- 4- ca?blg%ﬂ)l C glg?’g,s’-g\?ﬁfngﬁ‘yrl]ég Ehrl]%mhdme 4

structure 10 of S cartxykt aridSehich has the structure of:

1, 3-sel enazol i di ne-4-car bg{ﬂ(c acid, which has the

structure of. ~fSe N H S
P
O

Haz 2-hydroxymethyl-1,3-thiazinane-4-carboxylic acid, which
5 has the structure of:
HO S
N
o
0]
Hsz 2-hydroxymethyl-1,3-selenazolidine-4-carboxylic acid,

which has the structure of:

HO e
gy
4

o

10 Maleimide has the structure of:

¢—N

O

Prd pyrrolidine-2,5-dione, which has the structure of:
@]

<——N

O
NMeCys(Prd-PEG) has the structure of :

14



O 15 Hth 2-hydroxynet hyl -1, 3-t hi azol i di ne-4-carboxylic

acid, which has the structure of HOS O 13 WO
wOR7AMeeR97 PCT/ US2007/ 012621 Hdm PCT/US2007/012621

2- hydr oxynet hyl -5, 5-di met hyl - 1, 3-t hi azol i di ne- 4

carboxylic acid, which has the structure of HS /N

Haz 2- hydroxynet hyl -1, 3-t hi azi nane- 4- car boxyl i ¢ aci d,

which 5 has the structure of: HOS 1-4 /N O Hsz

2- hydr oxynet hyl - 1, 3- sel enazol i di ne- 4-car boxylic acid,

whi ch has the structure of. HOSe N O 10 Mal ei m de

has the structure of. O -NO d

pyrrolidine-2,5-di one, which ha structure of: O
PEG—N
S
O
N
CH, O

Pen(Prd-PEG) has the structure of :

0]
PEG—N
S
(@)
“—HN |
O
5 hCys(Prd-PEQG) has the structure of :
O
PEG—N
o
=—HN |
O
selenoCys(Prd-PEG) has the structure of:
o
PEG—N
Se
o
=—HN |
o

15
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E-N O NweCys(Prd-PEG has the structure of : 14 WO
2007/ 139997 PCT/ US2007/012621 O PEGNI O ~-- NI

webi7/99Pen( Prd- PEG has the structure of @ O pPEGNL7/&2621

OHN O 5 hCys(Prd-PEG has the structure of : O
PEG N O -HN O selenoCys(Prd-PEG has the structure
of 0 PEG-N~Se OHNO 15

PEG is a well-known, water soluble polymer that is commercially available or can
be prepared by ring-opening polymerization of ethylene glycol according to methods
known in the art (Sandler and Karo, Polymer Synthesis, Academic Press, New York,
VOI3, pages 138-161). The term “PEG” is used broadly to encompass any polyethylene
glycol molecule, without regard to size or to modification at end of the PEG. PEG may

have linear, branched or multi-armed structure.
EXAMPLES

Example 1) Preparation of H-NMeCys-Lys-Phe-NH.

HS

|
CH; o

Rink amide MBHA resin (211mg, 0.152mmole) (Novabiochem, San Diego,
Calif.) was swollen in dichloromethane (DCM) and washed with dimethylformamide
(DMF). The resin was deblocked by treatment with a 25% piperidine/DMF (10mL)
solution for 2 x 10 min. The resin was washed with DMF (10mL) three times. The first
amino acid was coupled to the resin by treatment with a solution of Fmoc-Phe-OH
(Novabiochem, San Diego, Calif) (235mg, 0.606mmole), 1-hydroxybenzotriazole
(HOBt) (92.3mg, 0.606mmole), and diisopropylcarbodiimide (DIC) (77mg,
0.606mmole) in N-methylpyrrolidone (NMP) (2mL) for one hour. The resin was filtered
and washed with DMF (10mL) three times.

The Fmoc protecting group was removed by treatment with a 25%
piperidine/DMF (10mL) solution for 2 x 10 min and the resin was washed with DMF
(10mL) three times. Fmoc-Lys(Boc)-OH (Novabiochem, San Diego, Calif.) (285mg
0.606mmole) was coupled to the resulting free amine resin in the presence of HOBt
(0.606mmole) and DIC (0.606mmole) in NMP (2mL) for one hour.

The deblocking and washing procedures were repeated as above. Fmoc-N-Me-
Cys(Trt)-OH (Timen Chemicals, Lodz, Poland.) (100mg, 0.167mmole) was coupled to
the resulting peptide-resin by using HOBt (51mg, 0.33mmole) and DIC (83.8mg,
0.66mmole) in NMP (2mL) for 12 hours. The coupling of Fmoc-N-Me-Cys(Trt)-OH
(45mg, 0.075mmole) was repeated by using

16
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WD 2007/ 139997 PCT/ US2007/012621 PEGis a well-known,
wat er sol uble polyner that is commercially avail able

w®z00g/aspoe prepared by ring-openi ng pol yneri zagdwoswd7/012621

et hyl ene gl ycol according to nmethods known in the art
(Sandl er and Karo, Polynmer Synthesis, Academ c Press,
New York, V013, pages 138-161). The term"PEG' is
used broadly to enconpass any pol yethyl ene 5 gl ycol
nol ecul e, without regard to size or to nodification at

S35 o SR oy kb AT 0075l

dxﬁoppmimhyiamnfd-mww 14;@, G’héONH;ole)HS NMPNZ&EL)NoHand hour. The
HA 1 esi

o BRwATRISE RS Vet foppal P g bk IS was washed with
DdIM Hree tifire hmam(tlmhaabﬁtlﬂmhﬁéh WHdresin was dried under vacuum.

Ut o THEREPHAG a5 S B PN CROPSIY | Oh SRS SBF JFHBrwith 8%

sﬁfop&lsiqaﬂ&trmdbm%eﬁc ERI (TFA9S2HAHBE tWb thoulVFThE £¥ln) was filtered

ree tines. The first amno acid was coupled to the

andowpshegywith D Mp(Zmly) ¢ Fhe, hillmtes Were eombinesd apdh gonggntrated to ImL.
D(éﬂ%%@le‘i’ BaHY) VA8 aBHQDR. pr H(%itzfte the ﬂegﬁ?&ﬁmh&i peptide was

drox benzotrlazole

cq&l@a |qﬁ§6 EPUpfEag-hdbe iPFH %févissllaolxeﬂmgwateoar@bmm@le and then
wh@ly@pﬁ@i&@d' pyrrolidone (NW) (2nL) for one hour. The

resin was filtered 20 and washed with DVF (| Onl)

t hr e€he resplfingTudepdug wasepirified opr vgyemgphasn P Hyptem (Luna
r%‘nfc?@r% @%6%6%2%{%% ,eé'lﬁtgﬂ riﬁfrxp%ﬁ‘% ﬁ?fgr &%?]E% €A in water)

rsmvvasvvasede h
a'(dlml)uffeh Be€. 1 YorBEA ifFaogoniyrsle Bec§0%eruffdo viaimd20térhufaB over 30

m%u? ox%%x?ttrgegt f3%§§1”gAﬁ9r tﬁQ ?)E@E?:ngz)an%% 12 g‘pgot?eﬂp@{lgpggduct was

resu m ne resi résenc
ot(t@inﬁlenthMeﬁl fordatDHD.3 (]Dﬁ@ﬁsrﬂeﬂeet)adlby EBPn{agsrspectioscopye which is

ehl.ockj nd vvashl ures were
S B e R S R R
Chem caI s, Lodz, Poland.) (100rrg 0. 167mmol e) was
coul ) tide sin by using HOBt
Exany reRaza HE .A;He066mmle)|an\/P
l(:rzmntzﬁfl?%é h:l'2 h%a.f Th ectgr%ugtl (91% 8{CH2CH20),,-(CH2)2- wherein n is a
positive integer.

HS

HN KF-NH,

—_— CH30(0H2CH20)n-CH2CH2 : jYKF NH
N - 2
|
CH, o

The peptide product of Example 1 (0.5mg 1.22micromole) was dissolved in
1.0mL of a pH 4 buffer (20mmolar NaOAc, 150mmolar NaCl, and 1mmolar EDTA). To

CH,O(CH,CH,0),-CH,cH, <X +
H

the resulting solution was added mPEG-aldehyde (1.5 equivalents, the average molecular
weight is 31378 Da, NOF Corp., Tokyo, Japan). The reaction was approximately 90%
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30 (45nmg, 0.075mmmvl e) was repeated by using 16 WO

2007/ 139997 PCT/ US2007/ 012621
wo edoragvhyl f I uor of or mam di ni unpent af | uor ophosptTEUS2007/012621

(TFFH) (20nmg, 0.075mmole) and diisopropl yet hyl am ne

(DIEA) (19.4ng, 0.150nmole) in NWP (2nL) for one hour.

The debl ocki ng and washi ng procedures were repeated

as above. The resin was washed with DCMthree tines

then with nmethanol three tinmes. The resin was dried

un Vi f e
canggcTﬁe g zq'}nhmﬁa -E? E‘%&rﬁgttseh%%ra% %f;@ o%dthg eInaUs%rTh&tE by using a
retdri;esphaspydxfalytmablmhﬂ IsysternaC\eydac Gpi o (PEPHde/piotdih dobumn, 4.6 x

s. The re

25pae) Higrsactin RS YRS wrish it Remiathata tesiit pip gl ierce
Bidtechnolbk g tRuckfori NiEY). A3whitg founs wasldbaliried afteebiophil&htion (36.7mg).

the peptide. The precipitated peptide was collected

after centrifuging. The pellet was dissolved in water
Exakfhl@S e Peabdratibe o MeEWs (P -k -NiHzed. The

resulting crude product was purified on a reverse

phase HPLC system QLuna 5micreg C8 (2) 100X20nm

colum), eluted fr 100% buf f er (0.1% TFA in water)

and 0% buffer%%@(_(h 1%|TFA+H nH (t LiIKFeNH, 0 80%

buffer A and %0 r B over nutes nonitoring

at 235nm After thé/lyophilization, ®1.2 ng of the

final product was 5 obtained. An M+l jon at 410.3 Da

was detected by ESI mass spgctro E'pro which is
ed I\’e\(yuQ wei ght of
~pn o KF-NH,

consistent with the cal cul
409. 6 Da. Exanple 2) Prepar

MPEG- Tnt- Lys- Phe=NH, REREG Ner e] n tlgs the structure of

CH3Q( CH2CH2O) n- (CH2) 2-, whepEin ®71s a 20 positive

integer OHS CH3Q CH2CH2 -CH2CH2 + HN KF-NH2 H S

CH3 - CH3Q( CH2CH20) “CH2CH2 N KF-NH2 | CH3 O The
peptTlm'-’e peptisipyprodyet Bk dinarmple 1 (0.5mg 1.22midremeled| was dissolved in

l.@rhi V&q 7' Buffer (20mmolar NaOAc). To the resulting solution was added a-(3-

(3-maleimido-1-oxopropyl)amino)propyl-m-methoxy-polyoxyethlene (1.5 equivalents,
the average molecular weight is 11962 Da, NOF Corp., Tokyo, Japan) and 2 equivalents
of Tris(2-carboxyethyl)phosphine hydrochloride (TCEP). The reaction was complete
after one hour at room temperature based on the analysis done by using a reverse-phase
analytical HPLC system (Vydac C,g Su peptide/protein column, 4.6 x 250mm). The
reaction mixture was applied to a 5mL Zeba™ desalt spin column (Pierce
Biotechnology, Rockford, IL). A white foam was obtained after lyophilization (15.1mg).
The product was further purified on High Trap™ SPXL cation exchange column (GE
Healthcare, Piscataway, NJ). The molecular weight distribution of the purified product
was determined by using MALDI-TOF mass spectroscopy. The obtained experimental

result was consistent with the calculated molecular weight distribution.

Example 4) Preparation of H-Cys-Lys-Phe-NH,

HS

HN KF-NH,
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25 1.0nL of a pH 4 buffer (20mol ar NaCAc, 150mmol ar

NaCl , and I mmolar EDTA). To the resulting solution
wowem’asided NPEG al dehyde (1.5 equival ents, therewesmgr012621

nol ecul ar weight is 31378 Da, NOF Corp., Tokyo,

Japan). The reaction was approxi mately 90% 17 WO

2007/ 139997 PCT/ US2007/ 012621 conplete after 27 hours

at room tenperature based on the anal ysis done by

using a reverse phase anal yti cal HPLC system (Vydac

C18 d / t
reacT bR RE0TE tak SEREER of & ShertRah Rogel Misrqwave peptice
sﬁmeﬁzéﬂ{ﬂm ChliperMatth&v NG neinpgRinkRanide MBHA kdsin (847mg 0.25

mgm@ ﬂ)‘éﬂ W@‘ﬁlﬁ g gﬁ%%ﬂagfraﬁi’ )I yﬁ?hlarlnllr%oatalmdn ﬁr%gc %Hg)OH Fmoc

Lﬁé BOOSH( Rnd-FiEés- dy‘d@"lﬁt@HMﬂ?ovaﬁlolcﬁemPEQi Wiegt3CA) were used in
NH2HO O Q. CH3 OHNKFNH%_5 pf»N—S 0 The
fopefld gecess Being HEGYU pridyation apd eachserppling svas eRfdfide) was

di ssphy efediile. JwQ“cl@Jveé B ﬁiéf fr%ém( %%m'g%ﬁhgmgﬁ?) with 8%

To the resulting solution was ad

trispropylsiang/@isluoreaeetis agig (TERA I'Ye')hp]r"/e ﬁyhquhrﬁﬁt)h@{?w@cfpy@xee hours.
I Oom

T By A VN, DS 0B o an

congentua¢ it SmLoDigwhyk ether Q%@&»wwﬂywtmpmmate the peptide. The

A I e n)
S8 54 T b e SR B T G58 A i war
amgicavetoitrilesandgthen mvbrcmmlphdse anal ytical HPLC system

( Vyd 5 Rep} QL& .

36, (A Rl O iR BROPl o s
5mmrcm €8l (@0 RL@mmecol@inn), eeddrtadu ifiogy 1 06¥%chffGar A (0.01% TEA in water)
anid 0 HutRE B (PR RN ESeSLEGE) (A ke Q1 $05% b B over 35
minutes monitoring at 235nm. After the lyophilization, 89.1 mg of the final product was

obtained. An M+1 ion at 396.5 Da was detected by ESI mass spectroscopy, which is

consistent with the calculated molecular weight 395.5 Da.

Example 5) Preparation of mPEG-Tha-Lys-Phe-NH,;
mPEG herein has the structure of CH;0O(CH,CH,0),-(CH;),-, wherein n is a
positive integer.
HS

H,N

s o
— CH,0(CH,CH,0),-CH,CH m
3 2 2 n 2 2 Njﬁ]/KF'NHZ
H
o

The peptide product of Example 4 (0.5mg 1.26 micromole) was dissolved in
1.0mL of a pH 4 buffer (20mmolar NaOAc). To the resulting solution was added
mPEG-aldehyde (1.5 equivalents, the average molecular weight is 20644 Da, NOF
Corp., Tokyo, Japan) and TCEP (2.0 equivalents). The reaction was approximately 85%

complete after three hours at room temperature based on the analysis done by using a
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The product was further purified on H gh TrapTM SPXL

cati on exchange colum (CGE Healthcare, Piscataway,
wd\djo7/13dve7 nol ecul ar wei ght di stribution of ther@ousfooeeize21

product was determ ned by using MALDI - TOF nmass

spectroscopy. The obtai ned experinmental 20 result was

consistent with the cal cul ated nol ecul ar wei ght

di stribution. Exanple 4) Preparation of

H Cvs-Lys-Phe-NH2 HS H2N KF-NH2 O 18 WD 2007/ 139997

re\gefc]r:sT«%p :Iazsgggx{ %&? }-g’lr-@% v\gvvﬁﬁetg %’é Scy?%(%/tgro%gmzc%iimnn, 4.6 x

250emh). Cofhe. reabfidrt newtire NEs) applied groRa rllOmimZébaNBldéseﬂtespm column

347 0,25 I abohe San Di.ego Lif. ). .
it ARt R pS: ars s Qe e ypphitization
Exfaififfle 6Y Hrépdratichiof NoV@BI @, ﬁ%—]\ﬁa Di ego, .CA) were

used in 5 four fold excess using HBTU activation and

each coupling was repea The pepti de was cl eaved

fromthe resin by shH@ ng Nesin with 8%

trispropylsilane/trifluoroaketic (TFA) with 1%

dithiothreitol (I OrL)HiNT t e hours? The resin was

filtered and washed with DCM {I5nL). The filtrates were

conbi ned and concentrated to“~3nL. D ethyl ether

(35 e] ' epti de. ;. T .

pr egb%)lt e@%?)@gt ‘lgvgse@&gtgl E@%‘%‘fté’gtgegﬁ 3 Fier grgon elri ‘8‘3;"9%%’ c peptide
syﬁﬂesmed (CEMv@erpdi Mattheres] N ) waingr Rinkminide MBHA résire(347mg 0.25

t ophi l.i.zed T tin d C
miigte) (ePRane 5 SERe. CHiELE T el SbHF BRGPHE OB, Fmoc
L}EUB?&)@HC&SQ P AORBZATT)-OH W?abéﬁ%hﬁtgcsfaffnl’ Diegbpg%) were used in
u 19 I n.wat er a % buffer B .10/
RIS frcost PH5AR HETU PO Y90 A0 GFFIEFOUR 1T Vo BB o1
oOVerTRd BéptileNaS diguved Oﬂiloﬁg tHe &SﬁﬁmbyAfshelhngheesm with 8%
| yophj |.i zatj on, the fi nal product was

trighro Ry U T piacr ity (B) ¥t %QihBENERo k(A ORY) fay three hours.

THEBRSInSWES Hlt6e8 WRY  walhEt & KvithSDCRP rams enthe WMitrhket Rre combined and
cal cul ated nol ecul ar wei ght 395.5 . Exanpl e

copeerieated toombs kpethyirpther mih)ewmzdti@ 'F?PEGCWE‘P@I) thetpgptide. The
prEfQﬁnﬁE& ?%ﬁﬁeewgg c%%%@'ﬂ%@nﬁxéxgglz)ﬁ)e’pemﬁw QisSolved in water

positive |nte er.
and acetomtnle and then was lyophlllzed

The resulting crude product was purified on a reverse phase HPLC system (Luna
Smicron C8 (2) 100X20mm column), eluted from 100% buffer A (0.1% TFA in water)
and 0% buffer B (0.1% TFA in acetonitrile) to 75% buffer A and 25% buffer B over 35
minutes monitoring at 235nm. After the lyophilization, 85.7 mg of the final product was
obtained. An M+1 ion at 410.5 Da was detected by ESI mass spectroscopy, which is

consistent with the calculated molecular weight 409.6 Da.

Example 7) Preparation of H-Pen- Lys-Phe-NH>

HS

o
The title peptide was synthesized on a Liberty™ model microwave peptide
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CH3Q( CH2CH20)n-CH2CH2 H+ HN KF-NH2 2 S O --~
CH3Q(CH2CH2O)rj - CH2CH2 N KF-NH2 H O The pepti de
wob@dusdoonf Exanple 4 (0.5nmy 1.26 mcronole) WeSI/US2007/012621

dissolved in 1.0OrL of a pH 4 buffer (20mvl ar NaOAc).

To the resulting solution was added 25 nPEG al dehyde

(1.5 equivalents, the average nol ecul ar weight is

20644 Da, NOF Corp., Tokyo, Japan) and TCEP (2.0

equi val ent s). The reacti on was approxi mately 85%

SRS Gl et R SR S i B 7 23

mBGE) L(mewoeﬁaﬁ,z $an rBie¢gs s €ahps eTHN allnyﬂd aalds HRhéz-Phe-OH, Fmoc

st em I(I dch ClS?g‘?l{L ﬁ’ig )é)}& @eqxgég%’l :{gn%o 1@8{ were used in

fo&em&' M&essaélﬁ BB TU 66 viiion ahPletdtCeruBlifl Aab nepcagd.
Rockf or d, IL) A white foam was obtained after

| yopFhd i Baptiden waspcleaved &Py disamssip oRYorshakingy gesin with 8%

m\%\%ﬁpﬁg gwnﬂlﬁlg‘roacét\(: w&‘l(ﬁAan 1"/5 dghﬂ_)lﬁﬁeitblt (16m 5 F6: tﬂﬁae hours.
thesi zed on a ert¥TM nodel m crowave peptid

Ttgwmime‘gasz éitex(e@audoméxed viith SmQ) The fligates Wrcaﬁ?rabmed and
co%@%aﬁ&ﬂqhél a7 ﬁe)ylge?nh%rj(;@g}rﬁésw(!%on%cgﬂgciﬁ rifré'&lp@ﬁ@ the peptide. The

prbini{ged peme wasi coliastechaer (CEntrifuging Nb’r@amllet:mmdlssalwed in water
MEB"'F%% \aqﬁgn&ag@og RitiztQ four fold excess using

fation: and coupl ing was repeated. The
pept Thbreaalslnglcamﬂqﬁoﬂuarwatsrmmf&dlqm dxevsisalphasg HBECrsystem (Luna

sietan 85 FhFREARA ShSRT S AP SRR fo St n wae

aride®is bufifes Bf (0L X196 A @ dcetarsitiflel) toi 809 Btk Ardn)i 20 duffer B over 35

flltrates ver e nbi n and, concentr
g P e, CASHE) S aoaR R Gap T R TR (R gnal product was
o&itd.deAn hE ion at 424 5 Da was detected by ESI mass spectroscopy, which is

consistent with the calculated molecular weight 423.6 Da.

Example 8) Preparation of mPEG-Dma- Lys-Phe-NH

mPEG herein has the structure of CH3;O(CH,CH,0),-(CH;)2-, wherein n is a

positive integer.

CH,O(CH,CH,0), CHZCHZ KF-NH2

—= CH,O(CH,CH,0),-CH CH2w~< ] KM

The peptide product of Example 7 (0.5mg 1.18 micromole) was dissolved in
1.0mL of a pH 4 buffer (20mmolar NaOAc). To the resulting solution was added
mPEG-aldehyde (1.5 equivalents, the average molecular weight is 20644 Da, NOF
Corp., Tokyo, Japan) and TCEP (2.0 equivalents). The reaction was approximately 80%
complete after three hours at room temperature based on the analysis done by using a

reverse-phase analytical HPLC system (Vydac C;s 5p peptide/protein column, 4.6 x
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15 precipitated peptide was collected after

centrifuging. The pellet was dissolved in water and
waembasody il e and then was | yophilized. The reptt/ising7/012621

crude product was purified on a reverse phase }{PLC

system (Luna 5micron C8 (2) I OOX20mm col umm), el uted

from 100% buffer A (0.1% TFA in water) and 0% buffer

B (0.1% TFA in acetonitrile) to 75% buffer A and 25%

buffer B over 35 20 nminutes nonitoring at 235nm After

: the f eMC .
24 OB il Wiehiz, Ll Boiod RO 2 1AL 2088 HesiBpin column
(Rierss Biptechinodegyo Ryckfond,dh).i A whitnfiast wag obtainkd hﬁa lyophilization.
cal cul at ed nol ecul ar wei ght 409.6 Da. Exanple 7)
Preparation o H Pen- Lys-Phe-NH, HS H2N KF-NH2 25 O
Exfaplei %) | Brepaniticta/wWaE G\lichlasiiedNHR a Li bertyTM nodel
m crowave peptide 20 WO 2007/139997 PCT/ US2007/ 012621
synt hﬂEQ erifCHyb Ehe ptructiiet 6 eCH; OMCH)CHIORYCH,)K wherein n is a
MBHA resin (347ng 0.25 nmole) (Novabiochem San
‘Eﬁ'\éﬁ%‘me@flf ). The am no acids Fnoc- Phe-OH, Fnoc
Lys(Boc)-OH, and Fnoc-Pen(Trt)-0OH ( Nov
Di ego, CA) were used in four {O d éddess

acti vaty S rgpeated. |15 The
pept i a%eHagéeggg&@;) ??’(a)!?n e re'\:|||n by HjNiKi n KF
with 8% trispropylsilane/trifluoroacetic acid (TFA)
with 1% dithiothreitol (10m) for three hours® The
resin was filtered and washed with DCM (5nL). The
filtrates were conbined and concent :
Di et hyl ether 5m.)_ _was added to pfecipiftate the
pept i de—>TheH é}(&!"zﬁlﬂ hdChbptHl s
centrifuging. The pellet was dissolveinygier 1
and acetonitrile and then was |yophili'zed. WThe
resulting crude product was purified on a Qverse

Y AT LB 0558, B gt

1 8nd. 604 bHf4 buffE (eornméimﬁa(m&:)adbttbﬂ rasnlting)sotlmoa(i%s added mPEG-

al%l'llfx)E%5 g}fs a&%?l% t% uﬁ'xf ;%VS%%%:/%; e;’ébxlnar r%%%@ Is %Eb{ %a, Wor Corp.,

Thkyws| Japam)j and mp J(a O letaivalents). AnmeeaonnnawmzppﬁxDaately 90%

cSBRECE IR Rlgerbourmar (AR P IHORS PRl ielrghiosgopecpy using o

rdverse-phase analytical HPLC system (Vydac C,s 5u peptide/protein column, 4.6 x

250mm). The reaction mixture was applied to a 10mL Zeba™ desalt spin column

(Pierce Biotechnology, Rockford, IL). A white foam was obtained after lyophilization

Example 10) Preparation of selenoCys- Lys-Phe-NH

HSe

H,N KF-NH,

O
The title peptide is synthesized substantially according to the procedure described

in Example 1. Fmoc-selenoCys(4-MeOBzl)-OH (Novabiochem, San Diego, CA) is used

for the incorporation of selenocysteine residue at the N-terminus.
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Exanpl e 8) Preparation of nPEG Dma- Lvs-Phe-NHz nPEG

herein has the structure of CH3Q(CH2CH20 "-(CH2) 2-,
wobgrasoon is a 20 positive integer. OHS PCT/US2007/012621

CH3Q( CH2CH20), - CH2CH2 H H2N KF-NH2 S 0

CH30( CH2CH20) "CH2CH2w N KF-NH2 H O The pepti de

product of Exanple 7 (0.5ng 1.18 mcronole) was

di ssolved in 1.0Om of a pH 4 buffer (20muol ar NaOAc) .

To the resulting sol ut| on was added nPEG al dehyde
UIPV| ent. | ar weight is
2 A 1S L M and TCEP (2.0

i B oAM=

pdgmvtgh@tegml ysi s done by using a reverse-phase
anal yti cal HPLC system (VWdac Cl18 51 eptide/ protein
colum, 4.6 x 21 WD 2007/ 139997~PCT/ /012621
250mm . The reaction m xture wag applied to a |
Zebam c@b’aot(ci‘hm"&)nu@fﬂz%‘e“rze 0 %’NHZ
Rockford, IL). A white foam was dibt ai néd aft
| yophi l'i zat i on. Exanpl e 9) Prepar atl on of

= A

NMPEG Thc- Lys- Phe- NHS 5 nPEG here| Q€ he structure
of CI—B&'GHZCH%Q(GHZOHQQ)" CH}GH';; isja positive
integer. O HS Q cH2CH20) n- CH2 HE-NMHRZ H

20 S - >CH3QCH2CH20)f CH2CHZ2 N KFHN

5 The title peptide is synthesized substantially according to the procedure described
in Example 2. The product obtained from Example 10 is the peptide starting material.

o

CH30(CHZCH20)n-CH2CH2)J\o/YH

o

Example 12) Preparation of

mPEG herein has the structure of CH3;0(CH>CH;0),-(CH3);-, wherein n is a
10  positive integer.
mPEG-C(O)OH cesium salt reacts with bromoacetaldehyde dimethyl acetal in
DMF at 60 °C for 2 days. After removing the solvent, the product is treated with 40%
TFA in DCM with small amount of water at 0 °C for about 30 min.

15 Example 13) Preparation of mPEG-Hth-Lys-Phe-NH

HO :S
_N KF-NH,
CH;0(CH,CH,0),-CH,CH,
O

The mPEG herein has the structure of CH;0(CH,CH,0),-(CH),-, wherein n is a

positive integer.
The title peptide is synthesized substantially according to the procedure described
20 in Example 2. The peptide starting material is the product obtained from Example 4.
The PEG-aldehyde starting material is the product obtained in Example 12. There is an
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O The peptide product of Exanple 6 (0.5nmg 1.22
m cronole) was dissolved in 1.01 of a pH 4 buffer

wa@ 2605A®oay NaQAc). To the resulting sol uti on wwer/asd®edo12621
nPEG 10 al dehyde (1.5 equival ents, the average
nol ecul ar weight is 20644 Da, NOF Corp., Tokyo,
Japan) and TCEP (2.0 equivalents). The reaction was
approximately 90% conplete after three hours at room
tenperature based on the anal ysis done by using a

ST PR A0 i o hE: SR BaREL s R cperre

fori2xhoure atvpEl4a e pid d)ftthe sedcGomh. sé’kubaﬂ' N4 ddjmatet te i md stands at room

col u Pi er.ce Bi ot ol ogy, Rockford, IL). A
temefagaﬁésﬁ‘?\%g beg?rglpﬁlggccgﬁ;?%r | yophi lization Exanple
10) Preparation of sel enoCys- Lys-Phe-NF HSe H2N

in Exanple 1. Fnoc selenoCys(4 NtCBzI) CH
(Novabi ochem San Diego, g is u
i ncor poration of selenocyste
N-term nus. 22 WD 2007/ 139997
Exanpl e 11BFPUNGF@¢ QGHQC
herei n has the structdre" of
wherein nis a positive integer.
CH3Or AT EOhBreid RiHAE sttuctufLoY ¢8OV, CH,),-, wherein n is a
CH3Q( CH2CH2O) n CH2CH2. N KF-NH2 H O 5 Thze(ﬁtg(t )

PosatYg ieges synt hesi zed substantial |y according to t he

pr ocgflLkifle PESEAd B8Ynthesized substantially according to the procedure described
for Example 8. The peptide starting material is the product obtained from Example 7.

The PEG-aldehyde starting material is the product obtained in Example 12. There is an
additional step of adjusting pH of the buffer solution: after standing at room temperature
overnight, the pH of the reaction solution is adjusted to 7 and the solution stands at room

temperature for 3 days before purification.

Example 15) Preparation of mPEG-Haz-Lys-Phe-NH.

HO,
M KF-NH,

CH,O(CH,CH,0),-CH,CH,”

O
The mPEG herein has the structure of CH3;0(CH,CH»0),-(CH3)2-, wherein n is a

positive integer.

The title peptide is synthesized substantially according to the procedure described
for Example 9. The peptide starting material is the product obtained from Example 6.
The PEG-aldehyde starting material is the product obtained in Example 12. There is an
additional step of adjusting pH of the buffer solution: after standing at room temperature
overnight at pH4, the pH of the reaction solution is adjusted to 7 and the solution stands

at room temperature for 3 days before purification.
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15

i n Exanple 2. The product obtained from Exanple 10 is
the peptide starting material. A O
Wk $99@CH2O) n- CH2CH2 O H  Exanpl e 12) Preparg¢i/082009/012621
0 nPEG herein has the structure of
CH3Q( CH2CH2O) n- (CH2) 2-, wherein n is a 10 positive
integer. nPEG C(O)OH cesiumsalt reacts with
br onpacet al dehyde di net hyl acetal in DWW at 60 C for
2 days. After renoving the solvent, the product is

Bl £6) Wrbihrgfigh oFﬁﬁMH%W&%—%LLl amount  of

water at U C for apout 30 mn, e 13)

Preparati on of nPEG Ht h- Lyss Phe- N HO\W< S --N
KF-NH2 CH3Q( CH2CH20) - 0 heYynPEG herei n has
the structure of CH3Q( CH2CH2O) n- \CH2 : nis

ructure . : P[ﬁhln !
a positiv [y TRE peNT de synt hési zed
subst ant i a?f-‘)?ejé%ccﬁﬁg?’t on‘{zr@-'br ocedurl¢ described 20
in Exanple 2. The peptide starting material is the

pro t j I e K de ..

St ar Hi PR hoteth s 8% R e one O R O e i n
pabitiveThieper. i s an 23 WD 2007/ 139997 PCT/ US2007/ 012621

addi ti onal st .of [ uUStin H. of the buff i

sol uﬂ“’oﬂ&e R iS5 'Shzgedgflg?glg}ﬁ?ltyeaﬁﬁ%ﬁdg}%pgtﬁe prscedure described

fohBuampkt 1 10Hihe péprideStarfing hateriab i the preductibbtainedSrom Example 10.

adj uyst tqQq 7 and stands.at room 't eratyre for i
T b Eudtide fusfine @alirigh s bemRantst eOmAFah Spgmalt 1 here is an
additifaalktep by adjdbend\bid JfithSbhffé-seluffoniNiRer standing at room temperature

CH30( CH2CH20).n- CH2 "N 0, The nPEG herein has . the )
fog 2 thours it &k n.SoRtiP s adifipred & A apd e selution stands
atRESth iérierafir € 85213 dal Beforé perif@ohde i s synt hesi zed

substantially according to the procedure descri bed

Example 17) Preparation of H-Pen(Prd-PEG)-Lys-Phe-NH,

Q
PEG—N
S
o
KF-NH,
H,N

@)

The title peptide is synthesized substantially according to the procedure described
in Example 3. The peptide starting material is the product obtained from Example 7.

Example 18) Preparation of H-hCys(Prd-PEG)-Lys-Phe-NH;

o

PEG—N

KF-NH,
H,N
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10 for Exanple 8. The peptide starting material is the

product obtained from Exanple 7. The PEG al dehyde
wob@rhisgy material is the product obtained in gxgoRled7/012621

12. There is an additional step of adjusting pH of

the buffer solution: after standing at room

tenperature overnight, the pH of the reaction

solution is adjusted to 7 and the solution stands .at

room tenperature for 3 days before purification. 15

Exa j

N PP BRSPS - D SN el Wisolved in
1.0m&. ofta pdit Libufferf LOrRalarNaPAC). " Te Chi2ic@ultingtsohdion was aided o-(3-

AR e e R g IR R PTG dlch eauivalents
the @e€rag® ffbdlecdulir v@igﬁmb 21662 EaeNmp(Cbﬁﬁ 'Ecﬂ@bt Jdiﬁn) and 2 equxvalents

mat.er al |sth uct_  obtained from 6.
ofpErs(Er e thyDphosmperhyaprhiprie, (Tﬁél’br oBL?cfeaeB%W?éocomplete

afted o %Bm‘ 8t r%%m tefiePatin® B¥ed B4l thd WIS §6r%0b}9fxsmg a reverse-phase
adJ ustl ng 'EJH of the buffer solution:” after standin

sysiere (Vrdas (1g 11 mptﬁﬂ@rotpﬁlecﬁmf 4 2gSOmm) The
reE&ﬁﬁlt ':ﬁ&nﬁ@' sto'aﬁ#l%daQbu§t GlémF 1% days é%giﬁ | Qfumn  (Pierce

stands 25 at roo erature

Bistachfivlegy. Reckfon, g mwmtﬁmwap@mm Oyopbilization.
Exanpl e 16) Preparation of nmPEG Hsz-Lys-Phe-NH2 Se
KF NH2 HO\ A—< CHSO(CH2CH20)~ CH2CH2 N O The nPEG

V\herel nnis a p03|t|ve |nteger 5 The title peptlde
is synthesized substant®Qally according to the
procedure described for\\Exanple 11. The peptide
starting materi at, 1S the bduct obt ai ned from Exanpl e
10. The PEG ald I%ﬁge_ ng material is the product
obt ai ned in Exanple 12. er éges an

o

KF-NH,
H,N

o

The title peptide is synthesized substantially according to the procedure described
in Example 3. The peptide starting material is the product obtained from Example 10.
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addi tional step of adjusting pH of the buffer

solution: after standing at roomtenperature for 2
whenras@b7 pH4, the pH of the reaction sol uti onpdEUS2007/012621

adjusted to 7 and the solution stands 10 at room

tenperature for 3 days before purification. Exanple

17) Preparation of H Pen(Prd-PEG -Lys-Phe-NH, O PEG

NS OH2NKF-NH2 0 The title peptide is synthesized

substantially according to the procedure described 15

in Exanple 3. The peptide gaKfNfR0 material is the

roduct obtained from Exanplre 7. Exanple 18)
“E’l@étfaﬁ%imeéﬁsof H hCys(Prd- PEG) -ys-Phe-NH, 0 PEG N O

H2N KF-NH2 0 25 WD 2007/ 139997 PCT/ US2007/ 012621

The peptide product of Exanple 6 (1.0ng 2.44m cronol e)

vvas dii ssolAsacthed of @hemadally pijUgdtingf BEG( @fviminingr a free aldehyde

To t. t.i dded a- ( 3- .
spdb s IadRed SIS aeop ha 7 126 Shamita.goppief 4 cvsteine
re%i;dﬁb ifen@oletul, ﬁidl Irﬂah@m:@mpnilhg‘ réacting gige et ardeh@de group of said

ght is 11962 Tokyo, Japan) and 2

PEGU M B¢ @%l%redrﬁvlékmbflss@mm g1 Si5Ri gr@mino group of said
cythéiﬁ@F&h&{e' 96 ehdifated 1,31 faofidfe! FBupVas a ‘I?g c?t@herélfnt ald product

one hour at roomtenpérature based on t anal ysi s
hasghe sycturgiafg a rever se- phase anal yti cal HPLC system
(Vydac C18 5 peptide/proteingolum, 4.6 x 250nun).
The reaction mxture S Ii dtoalOr ZebaTM
desalt spin colum (Pierte chnol ogy, Rockford,
IL). A white foam was obt ai nqqi aft@n | yophi | i zati on.

10 Exanpl e 19) Preparation of
whiereil RnxGakl PEQG; arldER) islsuil mbkzeilkl

2. A method of chemically conjugating PEG containing a free aldehyde
group to the unoxidized sulfhydryl side-chain and the free a-amino group of a cysteine
residue of a molecule, said method comprising reacting the free aldehyde group of said
PEG with the unoxidized sulfhydryl side-chain and the free a-amino group of said
cysteine residue in a reaction solution to generate a 1,3-thiazolidine group in an
intermediate, and adjusting the pH of the reaction solution to about 7, whereby said

intermediate rearranges to form a final product, wherein said intermediate has the

structure of
HQ\-(S
/qu
R, 2

and said final product has the structure of
HMS]\
/q R
R, 2

wherein R, is said PEG, and R, is said molecule.
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O PEG N Se OHZNKF-NH2 O The title peptide is

synt hesi zed substantially according to the procedure
waolemensded i n Exanple 3. The peptide starting p@t/esiodto1ze1

is the product obtained from Exanple 10. 15 26 WO

2007/ 139997 PCT/ US2007/ 012621 CLAIMS What is clained

is: 1. A nethod of chem cally conjugating PEG

containing a free aldehyde 5 group to the unoxidized

sul fhydryl side-chain and the free a-amno group of a

cystgine ThHeHidHsd Qéco?dl |t6 iy l %@ ggaxﬁ‘iei hxgﬂer in thc Cfi’ee aldehyde

conprising reacting the Free a group of
gPEE isi attachhé tonexidd PESY thmughydrlyIIkCS| thet ahay rcoatmintzhmde ester,
ro f sai 1.C teine.residu
sulfoRE RS TullGnd: PHROE okt HROFIT YRR Sl poeteimide, or amine
funbtioral graap) or anochmehinatiastheteof.structure of S R N R
10 H2 wherein R is said PEG and R2 is said
nol ecule. 2. A nmethod of chemically conjugating PEG
cont 4i ni nThe nhdthed abelabingeto ¢laimin éo0claiie 3)Nokdrdinz&6d PEG has a
sul f hydr I side-chain and the free a-am no group of a
lingag ¢ © 15 residue of a nolecule, said nethod
conprising reacting the free al dehyde group of said
PEG mnth t he unoxi di zed, sul fhydryl side-chain and the
fr eed-a- anf A® TEBRAD agordingfo (i di oreclaun %y pehgrpingsaid PEG has a
brafdellisticed. Ut i on to generate a 1, 3-thiazolidine group
in an internediate, and adjusting the pH of the
reaction solution to about 7, whereby said
i nt eg medi Fhé h&Réd %E&ﬁ'am"gotof @151% al & Qﬁimp.f %&m said PEG has a

wherein said 1 nternedi at € has
multi- -arm structure.

7. The method according to claim 1 or claim 2, wherein one or more free
aldehyde groups are attached to said PEG.

8. The method according to claim 1 or claim 2, wherein said PEG has
average molecular weight of about 100 Da to about 500,000 Da.

9. The method according to claim 8, wherein said PEG has average
molecular weight of about 1,000 Da to about 50,000 Da.

10. The method according to claim 1 or claim 2, wherein said cysteine residue
is in L-form.

11. The method according to claim 1 or claim 2, wherein said cysteine residue
is in D-form.

12. The method according to claim 1 or claim 2, wherein said cysteine residue

is in a protein.

13. The method according to claim 1 or claim 2, wherein said cysteine residue

is in a peptide.
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20 structure of HS ".R2 Rl and said final product
has the structure of HS/ R2 R wherein R is said

wdkoy/1smek R2 is said nolecule. 25 27 WO 2007/83E99$2607/012621

PCT/ US2007/ 012621 3. The nethod according to claim1
or claim2, wherein the free aldehyde group is
attached to said PEG through a |inker that nmay contain
am de, ester, sulfonam de, sul fonyl, thiol, oxy,

al kyl, al kenyl, al kynyl, aryl, naleimde, or am ne

funcqhona}rhg hitithbd &cofiiiig ﬁpatﬁ'rrp@toi' eRith e Whefein alécys-%iﬁe residue
met hod according to claim1 or claim?2, wherein said

ispEan l9zganic mplegalgr structure. 5. The nethod according
toclaim1 or claim?2, wherein said PEG has a 10

branched structure. 6. The nmethod according to claiml

or cl&i m Thewmthad according REGAatmad or clainl 2,i wherein said product or said

ﬁﬁz%l éxlil&ﬁl.g:rt %%t%%s one -Ep ol &)&qgnafgpq{dgl Qﬁg drg%mgln%lggljle g{owtlcs or any

in-one or “nore roups
cabbiastiedtherzofai d PEG 8. The net hod accordl ng to cl a| m

| or claim2, wherein said PEG has average nol ecul ar

wei ght of about 100 Da to about 500,000 Da. 20 9. The

met ho6l ac The Ghetliod accotdingntd claivh 2, eihercinisaid I?E.@nhaﬁate contains one

aver age. . nol ec | ar wei ght of about 1,000 Da ta ab
OLHOTFHIO SN PEB °rr?é °ﬁ?€P% °‘§8%‘8F’Ef?‘ﬁ§°se gr Wa?qmm%tfon thereot.

claim 2, wherei n sai d cystei ne residue

17. The method acéording to claim 1 or claim 2, wherein a reducing agent is

used in the reaction.

18.  The method according to claim 16, wherein said reducing agent is

selected from the group consisting of TCEP and compounds containing unoxidized
sulfhydryl group.

19. A method of chemically conjugating PEG containing a free aldehyde
group to the unoxidized sulfthydryl side-chain and the free a-amino group of a
penicillamine residue of a molecule, said method comprising reacting the free aldehyde
group of said PEG with the unoxidized sulfhydryl side-chain and the free a-amino group
of said penicillamine residue to generate a 5,5-dimethyl-1,3-thiazolidine group in a

product, wherein said product has the structure of

S
R1—< :6
N TR

wherein R, is said PEG, and R; is said molecule.

20. A method of chemically conjugating PEG containing a free aldehyde
group to the unoxidized sulfhydryl side-chain and the free a-amino group of a
penicillamine residue of a molecule, said method comprising reacting the free aldehyde
group of said PEG with the unoxidized sulfhydryl side-chain and the free a-amino group

of said penicillamine residue in a reaction solution to generate a 5,5-dimethyl-1,3-
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25 is in L-form 11. The nethod according to claim1l
or claim2, wherein said cysteine residue is in
wd2§00n 899980 12. The net hod accordi ng to cl ai mAcpus2007/012621

claim?2, wherein said cysteine residue is in a

protein. 13. The nmethod according to claim1 or claim

2, wherein said cysteine residue is in a peptide. 28

WO 2007/ 139997 PCT/ US2007/ 012621 14. The met hod

according to claiml1 or claim2, wherein said cysteine

tHi&DMidHR grbdp il aannﬁmamhﬁ: aR4 %g)‘xhlsﬁng R pHNGE ﬂiﬁ%t@&qmn solution to
according to claim1 or cfaim wherein sai d product

abgut T whereby ispid] infrragdiete resmangesstofarmp e figdl cprpduste wherein said

gﬁkh r | ecul e noieties, or any
i %g??%nth? ‘g‘?(gg%({f% The net hod accordi ng to claim

2, wherein said internedi ate gon¥ains one or nore

protein, peptide, or orga no[€cul e noieties, or any

conbi nation thereof. 10 17. t hod according to

claim1l or claim2, wherein dredif4 ng agent is used

in the reaction. 18. The nethod accdrding to claim 16,
anvhsaié finalgeoduat bdsithersgruetyesof i s 15 sel ected fromthe

group consisting of TCEBsand conp unds cont ai ni ng

unoxi di zed sul fhydryl Qgggs A met hod of

chem cal |l y conjugati ng PEG ining a free al dehyde

group to the unoxidi zed sulf dr side-chain and the

free a-amno group of a 20§ en|C|BFan1ne resi due of a

nol ecul e, said nmethod conprising reacting the free

d"P@GO t he unoxi di zed
{i?ﬂ%}gir%y {SI de- c(gli%% an@qnwggﬂ ee a-amno group of
Sald penicillam ne residue to generate a
| met I u

wher gl n sg?‘ Lé n’sﬁt%d%%%‘:%ﬁﬂ né Ql(#] rlgc ﬁ!aémo 0, %; h%gflgbﬁ free aldehyde

groﬁBZIS 3ffackedr & r5ald, PEG SthmlthEEi licked fR3t immay adotitain amide, ester,

squonaml e, sulfonyl, thiol, oxy, alkyl, alkenyl, alkynyl, aryl, maleimide, or amine

functional group, or any combination thereof.

22. The method according to claim 19 or claim 20, wherein said PEG has a
linear structure.
23. The method according to claim 19 or claim 20, wherein said PEG has a

branched structure.

24, The method according to claim 19 or claim 20, wherein said PEG has a

multi-arm structure.

25. The method according to claim 19 or claim 20, wherein one or more free

aldehyde groups are attached to PEG.

26. The method according to claim 19 or claim 20, wherein said PEG has
average molecular weight of about 100 Da to about 500,000 Da.
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20. A nethod of chem cally conjugating PEG contai ni ng
a free al dehyde group to the unoxidized sulfhydryl
web@eqshai n and the free a-ami no group of a  PCT/US2007/012621
peni cill am ne residue of a nolecule, said nethod
conprising reacting the free al dehyde 30 group of said
PEG wi th the unoxidi zed sul fhydryl side-chain and the
free a-amno group of said penicillanine residue in a
‘reaction solution to generate a 5,5-dinethyl-1,3- 29

WO 2897/ 1398 Sfetidl4doriy cRIM 041 whiRipeRd Pﬁ@ﬁas%@ﬁ@e molecular
in an internedi ate, and Qéustlngthe pH of the

weightof 2hous 41009 Dartorabout 3040 Pa. wher eby sai d
intermedi ate rearranges to forma final product,
wherein said internediate has the structure of S R <
N R 28 2 Theampthosd deckprdang ptoodibaim ht® oheclaim u2@.urvherein  said

mi_@u}e/regﬁueﬁl E\ﬁhﬁwel n RLis said PEG and R2 is

nmet hod according to claim 19 or
cI aim 20, wherein the free aldehyde 10 group is

att aghed sai PEG t hr hallnke t hat ,nm n .
B tI‘?xe th <f do sulcfl {Qt?” o‘fl n¥ 2(9 waherem said

am de ester, onan onyI
paimyhm"wﬂeadyé ;snaIDeycrryd aryl mal ei m de, or am ne
functional group, or any conbi nation thereof. 22. The
nmet hod according to claim19 or claim20, wherein said

PEG Bas aTh&S metiReRr acgbiditigd Utoe.cldth T9eormedihiatl 20, wherein said
acci)r ding tq claim19 or claim?20, wherein said PEG
PeY 1%‘“‘%‘5?? Hets BaMREHe. 20 24. The nethod accor di ng
to claim19 or claim 20, wherein said PEG has a
multi-armstructure. 25. The nethod according to claim

19 oflcl aitheomethgderascording or qlope 19 e® dpieh3Pe Wherein said
pEAHRR IR Bsidhd RGRADpRIEEG

32. The method according to claim 19 or claim 20, wherein said

penicillamine residue is in an organic molecule.

33. The method according to claim 19 or claim 20, wherein said product or
said final product contains one or more protein, peptide, or organic molecule moieties, or

any combination thereof.

34, The method according to claim 19 or claim 20, wherein said intermediate
contains one or more protein, peptide, or organic molecule moieties, or any combination
thereof.

35. The method according to claim 19 or claim 20, wherein a reducing agent

is used in the reaction.

36. The method according to claim 35, wherein said reducing agent is

selected from the group consisting of TCEP and compounds containing unoxidized
sulfthydryl group.

37. A method of chemically conjugating PEG containing a free aldehyde
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25 26. The method according to claim19 or claim 20,
wherein said PEG has average nol ecul ar wei ght of

wehpwh3980 Da to about 500, 000 Da. 30 WO 2007/8E99$20607/012621

PCT/ US2007/ 012621 27. The nethod accordi ng cl ai m 26,
wherei n said PEG has average nol ecul ar wei ght of
about 1,000 Da to about 50,000 Da. 28. The nethod
according to claim19 or claim20, wherein said 5
penicillamne residue is in L-form 29. The nethod

SRR | P8 A et Rl gl TR ek b grovp of @

hamocystking re¢soluel cfi anmoicole, sdidinmeti@ carhprising reagtidg the free aldehyde

eni ¢i | l.amne .residue i.s i.n protein.. 31. e t hod .
BBt it S Sl igfoet Pufthfdsy Sofepaif gnd B FE¢ A%nino group
oP@AIdChdrhédVsttsnd Esidliceto Benetatd PSRlmeMbertd BHg sy&tem in a product,

nmet hod _.according to clarm 19 or claim?20, wherein said
whersin saiq prRdyet hasdhesfaugtureiof an or gani ¢ nol ecul e. 33.
The nethod according to claipl9 or claim20, wherein
said product or 20 said fi$hal product contains one or
nore protein, peptide, or apkc nol ecul e noi eti es,

or any conbination th of . 1$4. met hod accordi ng
to claim19 or claim 20, whergin sal?, i nternedi ate

ont aj.ns on [, ND rotein epti de, or organic
WiGTER ésﬁﬁ‘fﬂe%gﬁeg?‘{g?gaﬁfi@m?ﬁgﬁati on 25 thereof. 35.

The nmet hod according to claim19 or claim 20, wherein
a reducing agent is used in the reaction. 30 36.

: The
met hé8- accbmirthed ©f chemisallysconjpgatipe PR eprtaiaing pgiree aldehyde
gRAIBN [ R &id Qi Shet i f P
and E°o&§%u‘§§§ﬁ§%ﬁ?asi{‘{n ng E(r:sg%lt di zefj‘a?lasgﬁ t%/égr ?/fl ar%-l?gu%r.oul) of a
hgmocysteing resitlugfofchaalesulel yaid ongtherheompristEGrenstingith fige aldehyde

gfaoufpro%%al%l ﬁf@mﬁl th% :llnoxidized sulfhydryl side-chain and the free a-amino group

of said homocysteine residue in a reaction solution to generate a six-membered ring
system in an intermediate, and adjusting the pH of the reaction solution to about 7,
whereby said intermediate rearranges to form a final product, wherein said intermediate

has the structure of

and said final product has the structure of

wherein R, is said PEG, and R; is said molecule.

39. The method according to claim 37 or claim 38, wherein the free aldehyde
group is attached to said PEG through a linker that may contain amide, ester,
sulfonamide, sulfonyl, thiol, oxy, alkyl, alkenyl, alkynyl, aryl, maleimide, or amine

functional group, or any combination thereof.
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WD 2007/ 139997 PCT/ US2007/ 012621 group to the

unoxi di zed sul fliydryl side-chain and the free a-am no
w@r@up3wd7 a honocyst ei ne resi due of a nol ecul eCT/882007/012621

nmet hod conprising reacting the free al dehyde group of

said PEG with the unoxidized sul fhydryl side-chain and

the free a-am no group of said honocysteine residue

to generate a six-menbered ring systemin a product,

5 wherein said product has the structure of S ~N Rl

H R2 wherein R, is said PEG and R2 is said nol ecul e.

38. A nethod of chem cally conjugating PEG containin

a fré@ al dbpyerthod acoerding te glai Ao giatm 284 “smr%wslgﬂEG has a
lisdaf€rgi@len and the free a-amno group of a

honocyst el ne resi due of a nol ecule, said nethod

conprising reacting the free aldehyde group of said

PEG ¥ th e arxy Qéczo‘f&lng%f E&(ﬁi of LG TR, %”H' SLIHGPEG has a

free a-anmi no group onocy gt éine réS| in
bmmduﬂwuncem¢ut|on to generate a six-nenbered r|ng

systemin an internedi ate, and adjusting the pH of the

reaction solution to about 7, 15 whereby said

i nt ea2redi The nicthed at@eding do fchiim 37 b BRAlm [B8phetein said PEG has a

erein said internmediate has the structure of S

multi-ain SEICtes  and said final product has the

structure of HOS RL R2 20 wherein R is said PEG

and is_.said ecul 39.. The_net hqd ccordlng to

cl ai ‘E? 37 3he mﬂ% agsordjjg fo F 1A AZ oF Ly SHRIED ogF 9 gnore free
aldéhydlelppelifithré attsohied t85 PRGOUGh a |inker that nay

contain am de, ester, sulfonamde, sulfonyl, thio

oxy, alkyl, alkenyl, alkynyl, aryl, nalelnlde or

am ngs, 257he Rhéthed %l:cd}flﬁgpto Qhin?RY &OMRINDAB! Wherein said PEG has
t hereof . 32 WO 2007/139997 PCT/ US2007/ 012621
average molecular weight of about 100 Da to about 500,000 Da.

45. The method according to claim 44, wherein said PEG has average
molecular weight of about 1,000 Da to about 50,000 Da.

46. The method according to claim 37 or claim 38, wherein said

homocysteine residue is in L-form.

47. The method according to claim 37 or claim 38, wherein said

homocysteine residue is in D-form.

48. The method according to claim 37 or claim 38, wherein said

homocysteine residue is in a protein.

49, The method according to claim 37 or claim 38, wherein said

homocysteine residue is in a peptide.

50. The method according to claim 37 or claim 38, wherein said

homocysteine residue is in an organic molecule.
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40. The net hod according to claim37 or claim 38,
wherein said PEG has a |inear structure. 5 41. The

woregohqshoaccordi ng to claim 37 or claim 38, wheper/gsHat/ohze21
PEG has a branched structure. 42. The net hod

according to claim 37 or claim 38, wherein said PEG
has a nulti-armstructure. 10 43. The net hod
according to claim 37 or claim38, wherein one or nore
free aldehyde groups are attached to said PEG 44.

The @Et hoghaGhQhed ggch@in%' t@i %&73? lor Q:laglh{@:é avh%%iﬁrsgicpgmduct or

said PEG has 15 average~no ar wel ~of about 10C
fibal prodisgit contaBEENE OO NIe pAGeinT heptidst boorgaeic anelicenje mpieties, or any

claim.44 rein said PEG has average nol ecul ar
coma; ‘é‘ﬁni“’%*heé%g'ut 1,000 Da to about 50,000 Da. 20 46.

The met hod according to claim 37 or claim 38, wherein
said_,ho stejne residue is.inL-form_47.. The ... .
ot had acddFanTiROd B Bring e 32 a3 W e feid intprmediate
chinaine yaé or ivré pritelnpeptideNoldrgatitimaeiécudd moldties @it diyccombination
ag‘%grdi ng to claim37 or claim38, wherein said
the ctysteine residue is in a protein. 49. The nethod
according to claim37 or claim38, wherein said 30

honocysteine residue is in a peptide. 50, The nethod .
accmsgi ng 16 methedrpecprding dp glawnay onfaim 38, whergin a reducing agent

iSNReR &Y Blebatgiohesi due is in an organic nol ecule. 33 WO
2007/ 139997 PCT/ US2007/ 012621 51. The met hod accordi ng

to claim37 or claim 38, wherein said product or

finalsapr odget nfefidi2hor@RE & cNCSP” WUtdin ARPILERIng agent is
or organic nolecule noietres, or any conbination o
s¢lpeied dtom 3he Eroum songisting of (kR iang ¢ampumds coptayping unoxidized

s&lh@j lﬁou. erein said internediate contains one or
no g?%rot I'n, peptide, or organic nol ecul e noieties,

or any conbi nati on
55. A method of chemically conjugating PEG containing a free aldehyde

group to the unoxidized free seleno group and the free a-amino group of a
selenocysteine residue of a molecule, said method comprising reacting the free aldehyde
group of said PEG with the unoxidized free seleno group and the free a-amino group of
said selenocysteine residue to generate a five-membered ring system in a product,

wherein said product has the structure of

Se
R
H R, i

wherein R, is said PEG, and R; is said molecule.

56. A method of chemically conjugating PEG containing a free aldehyde
group to the unoxidized free seleno group and the free «-amino group of a
selenocysteine residue of a molecule, said method comprising reacting the free aldehyde
group of said PEG with the unoxidized free seleno group and the free a-amino group of
said selenocysteine residue in a reaction solution to generate a five-membered ring
system in an intermediate, and adjusting the pH of the reaction solution to about 7,

whereby said intermediate rearranges to form a final product, wherein said intermediate
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t hereof. 53. The nethod according to claim37 or claim
38, wherein a reducing agent 10 is used in the

wo gRctizeoen. 54. The met hod according to cl ai m 53%1/US2007/012621

wherein said reducing agent is selected fromthe

group consisting of TCEP and conpounds cont ai ni ng

unoxi di zed sulthydryl group. 15 55. A nethod of

chem cal ly conjugating PEG containing a free al dehyde

group to the unoxidized free seleno group and the free
h RO Rty of a selenocysteine residue of a

nol ecul e, said nethod conprising reacting the free

al dehyde group of said PEG&p t he unoxi di zed free

sel eno group and the qu am ho group of 20 said

sel enocystei ne residue to geﬂe:EtQ a five-nmenbered

ring systemin a product, wHereinRsaid product has

the structure of Se R-< NHR2 whérein R is said
arid€aid final préducs hasithé sembmeaiv®e. 25 56. A net hod of

chem cal Iy conjugating PEG containing a free al dehyde

group to the unoxidized ee sékeno group and the free

a-am no group of a selengEyﬁfei e residue of a

nol ecul e, said nethod conprigN reacting the free

al dehyde group of said PE 1with ke unoxi di zed free

sel eno group and the free a-anmino gfoup of said
whElEIRP ISR PEG! & R dafd AofeBE! | On Sol ut fon to

generate a five-nmenbered ring 30 systemin an

i nternedi ate, and adjusting the pH of the reaction

sol ukhon Q. Q'Réw&d cho &Yﬂg'&? %ng 5 %r'c%&@ﬁ%%?&& the free aldehyde

rearranges to forma i nal product, erern sar g
gioupeisnatiacited tdB4aldD PHID 7thi8@BoZ Miker UBROOTAY 1&®Pdin dmgle, ester,
S\hgogla{slﬁcéel;‘ g%“?{j’g‘?’ﬁ:%“%?f QIX):};lalkl);i, %%(eng"ﬂdalls(%)q, fa'rﬁ?'ma%iglq&&tor amine
functional group, or any combination thereof.

58. The method according to claim 55 or claim 56, wherein said PEG has a
linear structure.
59. The method according to claim 55 or claim 56, wherein said PEG has a

branched structure.

60. The method according to claim 55 or claim 56, wherein said PEG has a

multi-arm structure.

61. The method according to claim 55 or claim 56, wherein one or more free

aldehyde groups are attached to said PEG.

62. The method according to claim claim 55 or claim 56, wherein said PEG

has average molecular weight of about 100 Da to about 500,000 Da.

63. The method according to claim 62, wherein said PEG has average
molecular weight of about 1,000 Da to about 50,000 Da.
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HO-Se ~N R R2 5 wherein R, is said PEG and R2 is
said nol ecule. 57. The nethod according to claim55 or

wahtmimsded, wherein the free al dehyde group i sp@/tsoobee2621

to said PEG through a |linker that nmay contai n am de,

ester, sulfonam de, sulfonyl, thiol, oxy, alkyl,

al kenyl, al kynyl, aryl, maleimde, or amne 10

functional group, or any conbination thereof. 58. The

nmet hod according to claimb55 or claimb56, wherein said

PEG has a linear structure. 15 59. The nethod

according to claimb55 or_claimb56, wherein said PEG . )
has €4 br Zhenhawthad (according 6, cipim N2t hed daiedr §f:ngvhesein said

se%rﬁ)icygtéiﬁe %si&.leq.km Eg‘oaner ein said PEG has a
mul tr-

armstructure.” 20 61. The nethod according to
claim55 or claim56, wherein one or nore free

al depyde u =hed, t 0 | d . T . .

nmet hg% ac%?dﬁeﬁdg %%é%l tz?l n‘wzl%gl 0?335% ai%gl’%, 9& wherein  said
seMdmecgsteing aesiduel&in Defomas aver age nol ecul ar wei ght  of

about 100 Da to about 500,000 Da. 63. The nethod

according to claim62, wherein said PEG has average

nol e66l ar Thei gidthaf @bording], 0Cclain t §5 aboudlaind), 660 videerein  said

5 WD 2007/ 139997 PCT/ US2007/ 012621 64. The met hod
SEIOGYHPIRG TERIMA 'SR BRI ¢l ai m 56, wherein said

sel enocysteine residue is in L-form 5 65. The nethod

according_to claimb55 or ._claim %6_, wherei n said ] )

sel efbcyst8Fnan disgording htop glgimy, SHe0r TH@mye PPy vherein  said
sedErfoRYyStbing réddd iglinth peptile. Cl ai m 56, wherein said

sel enocysteine residue is in a protein. 10 67. The

nmet hod according to claimb55 or claimb56, wherein said

68. The method according to claim 55 or claim 56, wherein said

selenocysteine residue is in an organic molecule.

69. The method according to claim 55 or claim 56, wherein said product or
said final product contains one or more protein, peptide, or organic molecule moieties, or

any combination thereof.

70. The method according to claim 56, wherein said intermediate contains

one or more protein, peptide, or organic molecule moieties, or any combination thereof.

71. The method according to claim 55 or claim 56, wherein a reducing agent

is used in the reaction.

72. The method according to claim 71, wherein said reducing agent is
selected from the group consisting of TCEP and compounds containing unoxidized

sulfhydryl or unoxidized free seleno group.
73. A method of chemically conjugating PEG containing a free aldehyde

group to the unoxidized sulfhydryl side-chain and the free -methyl-amino group of an

N-methyl-cysteine residue of a molecule, said method comprising reacting the free
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sel enocysteine residue is in a peptide. 68. The nethod
according to claim55 or claim56, wherein said 15
wo eleenswyst ei ne residue is in an organi c nol ecpdtEus®H97/012621
The nmet hod according to claimb55 or claimb56, wherein
said product or said final product contains one or
nore protein, peptide, or organic nolecule noieties,
or any conbination thereof. 20 70. The nethod
according to claim56, wherein said intermediate
alﬁéiﬁid@ Lﬁ?&u p 9f Saifl PEG Wit R GldkidiP&PhL Isi@ gﬁ:ﬁh %.nd the free a-
e noleties, or any co |nat|on t hereo
méthy1-mmirvo grauge Ofdianig N-methydicystseoresizuai 1o 56neraﬂ¢ea &3-methyl-1,3-

a uci agent used n t.h ct| 72+ The
fhepiote s B Rropdh b Artirid Ripble S B 4 nfer g
agent is selected fron1t up consisting of TCEP
and conpounds cont ai ni nB, Eé%i§d sul f hydryl or
3. A nethod of

unoxi di zed free sel eno group
chem cal ly conjugating PE ;é%taj g a free al dehyde
group to the unoxidi zed s ydryl sjide-chain and the
free a-nmethyl-am no group of an N—nethyl cysteine
w %}%elséf“dé’%i W Rais saidimoleglleod conprising reacting
the free 36 WO 2007/139997 PCT/U82007/012621
al dehyde roup of said PEG with the unOX|d|z
sul f Fdr yiThe imathed aceprding toreaim d3, whergin thg fr&m%ehyde group is

‘ atg{cﬁékp t@fsai@'P@ld\l'tﬁ%hEH ls G¥RECIHAR rﬁ&‘yS cOhGin Qng&peés?ér s@lfonamide,

3-"thiazolidine group i'n a product, wherein
S\é&nul pﬂwu@xy,wéﬂg'lt alkenyl; allsynileary}, rgleimide,or: agnine fungtipnal group,

g%‘gc?’ﬁwﬂt%h fs said PEG and R2 is said nolecule.
accordlng to claim73, wherein the free

al dehyde group is attached to said PEG through a

i nk% t h%%)ﬁ nl%f%th%ﬁng&lop iﬁg" tgecl ol wﬁ%ljlgfnoggﬂ' g%GI has a linear

sul f onyl oxy, a eny , yny
streheem de, or am ne functlonal group,

76. The method according to claim 73, wherein said PEG has a branched
structure.

717. The method according to claim 73, wherein said PEG has a multi-arm
structure.
78. The method according to claim 73, wherein one or more free aldehyde

groups are attached to said PEG.

79. The method according to claim 73, wherein said PEG has average
molecular weight of about 100 Da to about 500,000 Da.

80. The method according to claim 79, wherein said PEG has average
molecular weight of about 1,000 Da to about 50,000 Da.

81. The method according to claim 73, wherein said N-methyl-cysteine

residue is in L-form.
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10 or any conbination thereof. 75. The net hod

according to claim73, wherein said PEG has a |inear
wetoouasape. 15 76. The net hod accordi ng to cl apor/¥82007/012621

wherein said PEG has a branched structure. 77. The

met hod according to claim 73, wherein said PEG has a

multi-arm structure. 20 78. The nethod according to

claim 73, wherein one or nore free al dehyde groups

are attached to said PEG 79. The nethod according to

cl ai g9 73, THESMBIBd SAcBrdiis B281afhi €7 R I hereth BRAlE Nihidthyl-cysteine

wei ght of about 100 Da to about 500,000-Da. 80. The
repidue grdinddeomdi ng to claim 79, wherein said PEG has

average nol ecul ar wei ght of about 1,000 Da to about

50, 000 Da. 30 81. The nethod according to claim73,

wher 83.n sThd metinotd hgdcording etonelaim e%3,dwderein jsaid N-orethyl-cysteine

200 39997 PCT/ US2007/ 012621 82. The net hod

reglégggdl?‘naggxé%eﬁgl aim 73, wherein said N nethyl-cysteine

residue is in Dform 83. The nmethod according to

clai g, 73, ereiLn.said met hyl - cysteine .5 residue i .
a8 o TR mEhdaS ReSrloR o Kl B PSR R ety cysteine
residec & in agsiptid®- net hyl - cysteine residue is in a
peptide. 10 85. The nethod according to claim 73,
wherein said N-nethyl-cysteine residue is in an
or gags.c Nuhecmktod Siccoldifig Nt blatin aT3,0hleftin tsaid NvBthyl-cysteine
73, wherein said product contains one or nore
regidye &5 19, anrgamg @olesulesr gani ¢ nol ecul e noieties, or any
conbi nation thereof. 15 87. The nethod according to

claim 73, wherein a reducing agent is used in the )
r eac®9-on. The method according to claim 73, wherein said product contains one or

more protein, peptide, or organic molecule moieties, or any combination thereof.

87. The method according to claim 73, wherein a reducing agent is used in

the reaction.

88. The method according to claim 87, wherein said reducing agent is

selected from the group consisting of TCEP and compounds containing unoxidized
sulthydryl group.

89. A method of chemically conjugating PEG containing a free maleimide
group to the unoxidized sulfhydryl side-chain of an N-methyl-cysteine residue of a
molecule, said method comprising reacting the free maleimide group of said PEG with
the unoxidized sulfhydryl side-chain of said N-methyl-cysteine to generate a conjugate

product, wherein said conjugate product has the structure of

6)
R,— N
d S
H%ﬁ )
o]
&,

wherein R, is said PEG, and R; is said molecule.
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88. The nethod according to claim87, wherein said
reduci ng agent is 20 selected fromthe group

waonsiistobng of TCEP and conpounds contai ni ng UPORUS108®6H2621

sul fhydryl group. 89. A nethod of chemcally

conj ugating PEG containing a free maleim de group to
t he unoxi di zed sul fhydryl side-chain of an

N- net hyl -cysteine residue of a 25 nolecule, said

nmet hod conprising reacting the free mal ei m de group of

sai doEG whi hndihéd 4OQXHiE 26 Liaim! §9)Wtierbinhél Gree1RhiRindle group is

said N-nethyl-cysteine to generate a conjugate )
atgached do , saich &E&T throaply a dinkergthab mab gontainh gmide; eester, sulfonamide,

t 1Lk ~ ) . ' j
s idyE e By A alkeit, Seyng e mdinlly 5558 18yl erour.
oiR@}/ dostidationtB&R26f.90. The met hod according to claim
89, wherein the free maleimde group is attached to
said PEG through a linker that may contain am de,
est ep]. sulThenmeihdd, accotdifi@ iyl clainhi 84, , whergin 8hidyPEG has a linear
al kenyl, al kynyl, aryl, naleimde, or am ne functiona
S " or any conbination thereof. 5 91. The net hod
according to claim89, wherein said PEG has a |inear
structure, 92. The nethod according to claim
wher &8n sdhg PRk é‘§°%fgﬂ+gaf?b Flagm Bﬁ% veherein; ?ﬁ“?e%%é% haggbranched
stARhiied according to claim 89, wherein said PEG has a
multi-arm structure. 15 94. The nethod according to
claim 89, wherein one or nore free nal eim de groups

are gitachgad rh&nsdiadcdPhag B0claihh 89MRHRASN 3GFRIOPHGRast # multi-arm

cl ai m 89, wherein said PEG has average
structure.

94. The method according to claim 89, wherein one or more free maleimide

groups are attached to said PEG.

95. The method according to claim 89, wherein said PEG has average
molecular weight of about 100 Da to about 500,000 Da.

96. The method according to claim 95, wherein said PEG has average
molecular weight of about 1,000 Da to about 50,000 Da.

97. The method according to claim 89, wherein said N-methyl-cysteine

residue is in L-form.

98. The method according to claim 89, wherein said N-methyl-cysteine

residue is in D-form.

99. The method according to claim 89, wherein said N-methyl-cysteine

residue is in a protein.

100. The method according to claim 89, wherein said N-methyl-cysteine

residue is in a peptide.
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nol ecul ar wei ght of about 100 Da to about 500, 000 Da

20 96. The nethod according to claim95, wherein said
wdkferhe®oaver age nol ecul ar wei ght of about 1, 00uaot/er2621

about 50,000 Da. 97. The nethod according to claim 89,

wherein said N-nethyl-cysteine 25 residue is in

L-form 98. The nethod according to claim89, wherein

said N-nmethyl -cysteine residue is in Dform 30 99.

The nmet hod according to claim89, wherein said

N-nmet hyl -cysteine residue is in a protein. 100. The

met hod according to claim 89, wherein said ) )

N nmed @l - dhiet methed pecording tos claima8pepthietpin 901 \Nomethyl-cysteine

k 9 /012621 101. The net hod

“%g@%rﬁﬁﬁg“%égggéyﬁ%%%¥ wherei n said N-nethyl-cysteine

residue is in an organic nolecule. 5 102. The net hod

acco ng [ | t duct
SCoe o0 Sl ERgrdBEr ) Bab oMb GREBEke procuc
conmrdias vhe ormioed peseinOpepidy, cmm“gamammeculé heiatiek, orldhy.combination
The .met hod according to claim89, wherein a reducing
"hgff is used in 10 the reaction. 104. The nethod
according to claim 103, wherein said reducing agent is

cont A% nd Ba meAReY AERRE 8 LA, VBOPRL AHACHTS Sag is used in

theuwbddipdr yl si de-chain of a penicillamne residue of a
nol ecul e, said nethod conprising reacting the free
mal ei m de group of said PEGw th the unoxidized

sul f hy4lr yirhei ﬂ@m@ﬁaéd%oﬂfm§ ab Ce1mien 1108] [vaHEréIR o8 IrB8IRIAD agent is
generate a conjugate product, wherein said conjugate

EBduct has the structure of O R- NS :f" RO

105. A method of chemically conjugating PEG containing a free maleimide
group to the unoxidized sulthydryl side-chain of a penicillamine residue of a molecule,
said method comprising reacting the free maleimide group of said PEG with the
unoxidized sulfhydryl side-chain of said penicillamine residue to generate a conjugate

product, wherein said conjugate product has the structure of

o)
R,— N
S
o)
<«—HN R,

wherein R, is said PEG, and R is said molecule.

106. The method according to claim 105, wherein said free maleimide group is
attached to said PEG through a linker that may contain amide, ester, sulfonamide,
sulfonyl, thiol, oxy, alkyl, alkenyl, alkynyl, aryl, maleimide, or amine functional group,

or any combination thereof.

107. The method according to claim 105, wherein said PEG has a linear
structure.
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-HNz 20 0O wherein RL is said PEG and R2 is said
nol ecul e. 106. The nethod according to claim 105,

woberasgesai d free mal eimde group is attachepct/osmarohize21
PEG t hrough a |inker that may contain am de, ester,

sul fonam de, 25 sulfonyl, thiol, oxy, alkyl, alkenyl,

al kynyl, aryl, maleimde, or am ne functional group,

or any conbi nation thereof. 107. The method accordi ng

to claim105, wherein said PEG has a |inear

structure. 40 WO 2007/139997 PCT/ US2007/012621 108.

The met hod according to claim 105, wherein said PEG

has ¥0%r ahbheesthed pecording. toselaion 105 hwhersirherdd FEG has ragbranched
s aim 105, wherein said PEG has a nulti-arm

structure. 110. The nethod according to clai m 105,

wherein one or nore free nmal eimde groups are

atta d sai h
ol 10505 o died betorde i ot o LR GREREIG s’  muii-am
stnethglt of about 100 Da to about 500,000 Da. 112. The

nmet hod according to claim 111, wherein said PEG has

average 15 nol ecul ar wei ght of about 1,000 Da to

about1®0, 768 nigthodldcdordihg ta1etaiin d 08CRRErEIinGhel 6t bR fiee maleimide

105, wherein sai g&,%igi cillamne residue is in L-form
gTopPs 3% att fesH cording to claim105, wherein

said penicillamne residue is in D form 115. The

met hod according to cl ajm 105, wherein Sald

peni E11-1 afhs em?‘ggii cseording ity claig} J0&; whepein 1spi PE(@ has average

mBRCIRA waHP bttt i 90 BatbBbd@>S00/600 BN Sai d

penicillamne residue is in a peptide.
112. The method according to claim 111, wherein said PEG has average

molecular weight of about 1,000 Da to about 50,000 Da.

113. The method according to claim 105, wherein said penicillamine residue is

“in L-form.

114. The method according to claim 105, wherein said penicillamine residue is

in D-form.

115. The method according to claim 105, wherein said penicillamine residue is

in a protein.

116. The method according to claim 105, wherein said penicillamine residue is

in a peptide. -

117. The method according to claim 105, wherein said penicillamine residue is

in an organic molecule.
118. The method according to claim 105, wherein said conjugate product
contains one or more protein, peptide, or organic molecule moieties, or any combination

thereof.
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117. The nethod according to claim 105, wherein said

penicillamne residue is 30 in an organic nol ecul e.
wd 3®7/13de7 et hod according to clai m 105, wher epar/882007/012621

conj ugate product contains one or nore protein,

peptide, or organic nolecule noieties, or any

conbi nation thereof. 41 WO 2007/ 139997

PCT/ US2007/ 012621 119. The nethod according to claim

105, wherein a reducing agent is used in the

reaction. 5 120. The net hod according to claim 119,

wherein said reducing agent is TCEP. 121. A nethod of

chend Bl | yhe segtherhecoogdipgd ckimalios: mderein pdedyring pggnyds used in
th8 &Boh© t he unoxidi zed sul fhydryl side-chain of a

honocyst ei ne resi due of a nolecule, 10 said nethod

conprising reacting the free nal ei mde group of said

PEG ybd h e M@% d&c%SHn ggJ'tB iRy 1115] Yierdip! QmPf ecgﬂ:txfg agent is

honocystelne reS| Enerate a conj ugate roduc
T@EBr ei n sai d conjugate product has the structure of O

RI-N O --HNR2 O wherein R is said PEG and R2 is

said nol ecule. 15 122. The method according to claim

121, 12her & metladddof chemieallye icohjugating PEG Sontamingchefféet maleimide

said PEG t hr. contaln am
w28 BECHRAAT oo e H gfemisRyfing it of  molecule,
saidl kxﬁét}ibd ripityhg radcﬂng el ﬁ'écmrﬁlﬂ?mﬁigg aqgﬁp cfl_flﬁﬁuiﬂipﬁaljwith the
or nation. t hereo e net ho
wiodRe A mE SACEhDR of dHid BomoOsi RIS Lo BTG conjugate
p@uﬁuct'mé&m aaa’dlcoﬂjbgataptdmet ReEGR¢ Sthtgure@fcl ai m 121,
wherei n said PEG has annched

R,—N

o)

~——HN R,

o

3

wherein R, is said PEG, and R; is said molecule.

122. The method according to claim 121, wherein said free maleimide group is
attached to said PEG through a linker that may contain amide, ester, sulfonamide,
sulfonyl, thiol, oxy, alkyl, alkenyl, alkynyl, aryl, maleimide, or amine functional group,

or any combination thereof.

123. The method according to claim 121, wherein said PEG has a linear

structure.

124. The method according to claim 121, wherein said PEG has a branched
structure.

125. The method according to claim 121, wherein said PEG has a multi-arm
structure.
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25 structure. 125. The nmethod according to claim 121,
wherein said PEG has a multi-arm structure. 42 WO
WE07/4089097 PCT/ US2007/ 012621 126. The net hoetT/US2007/012621
according to claim 121, wherein one or nore nal ei m de
groups are attached to said PEG 5 127. The nethod
according to claim 121, wherein said PEG has average
nol ecul ar wei ght of about 100 Da to about 500, 000 Da
128. The nethod according to claim 127 wherein said
PEG has average nol ecul ar wei ght of about 1,000 Da to
about 50,000 Da. 10 129. The met hod accordlng to claim
121, 126her Ehen rrsﬁh@d lnesrrdipgt i alaim ek lgeherein ¢ne pr g maleimide
130. Th ding to claim 121, wherein said
ﬂ%ps areaﬁzécltﬁﬁé f &5l g’?g 15 in D-form 131. The nethod
accordlng to claim 121, wherein said honncysteine

resi in rotei.n 32. e t [

to cféem i]ﬁ %ﬁ%‘? Cﬁordéngd %?1 o“’i%lglysl, g g’i nwelﬂ% Tesi e%i%;(g h?% average
malepéipt weight &Bﬁhouﬂneo Datth @bowtcOorodiomga.t o cl ai m 121,

wherein said honocysteine residue is in an organic

nol ecul e. 25 134. The nethod according to claim 121,

wher £28) S@hél rﬁ;éjtﬁbdl Qh’tt:&rdﬂig)dd Cdlaint A7 aivherehi Gaidd PR as average

protein, peptide, or anlc e noieties, or an

mE‘Sﬁ'bllah‘c‘(ﬂgg‘h&Tl}?é‘lt é&PO “P%\gg 2hod accordi ng t oy
claim 121, wherein a redu0|ng agent is used in the
reaction. 136. The net hod accordlng to claim 135,
wher 8% sZhe n}egmgicqqs,@rd% claim 12izpyherein said homocysteine residue is

in L-form.

130. The method according to claim 121, wherein said homocysteine residue is

in D-form.

131. The method according to claim 121, wherein said homocysteine residue is

in a protein.

132. The method according to claim 121, wherein said homocysteine residue is

in a peptide.

133. The method according to claim 121, wherein said homocysteine residue is

in an organic molecule.
134. The method according to claim 121, wherein said conjugate product
contains one or more protein, peptide, or organic molecule moieties, or any combination

thereof.

135. The method according to claim 121, wherein a reducing agent is used in

the reaction.

136. The method according to claim 135, wherein said reducing agent is
TCEP.
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WO 2007/ 139997 PCT/ US2007/012621 137. A nethod of
chem cal ly conjugating PEG containing a free nal ei m de

W@ b6A3dee7 t he unoxi di zed sel eno si de-chai n of pcT/US2007/012621

sel enocystei ne residue of a nolecule, said nethod
conprising reacting the free mal eimde group of said

PEG with the unoxidized 5 seleno side-chain of said

sel enocysteine residue to generate a conjugate

product, wherein said conjugate product has the

structure of O R~ OHNR2 0O wherein R is said PEG

and R2 is said nolecule. 10 138. The nethod according

to cl3i-m remethgrepEichemiscelly rCQEJ“Ra!U@S FEGe contgining 8 free maleimide
gr%n*)gs M&(l&i%&i éff e Qfﬁﬂﬂof‘ él@ﬁ?ﬂys{eﬂﬁé ﬁegﬁMe 6P 1Bcule, said

ester, onam de, ony
mgthiog) cona)ri@mg/ reacmlg( ;hq:yﬂ‘ree magdlmldemreumod gaxdc]?EG rwlﬂe the unox1dxzed

AR SR B SRR LS By, e

sd)dsomugatapmducsha&mbsmm&m. The net hod according to
claim 137, wherein sai doPEG has a branched structure.
20 141. The net hod acco ing to claim 137, wherein

sai d PEG has a nult? tructure. 142. The net hod
according to clai m I37, ein one or nore free

mal ei m de 25 groups ar att d to said PEG 143.
The nethod according to claim 187, wherein said PEG
has average nol ecul ar wei ght 100 Da to about
500,000 Da. 44 WO 2007/ 13599W pcT/ 2067/ 012621 144.
The nmet hod according to claim 143, Owherein said PEG

BRSPS PRLCEM RL ic'SldRbiegfieabout 1,000 Da to

138. The method according to claim 137, wherein the free maleimide group is
attached to said PEG through a linker that may contain amide, ester, sulfonamide,
sulfonyl, thiol, oxy, alkyl, alkenyl, alkynyl, aryl, maleimide, or amine functional group,

or any combination thereof.

139. The method according to claim 137, wherein said PEG has a linear

structure.

140. The method according to claim 137, wherein said PEG has a branched
structure.

141. The method according to claim 137, wherein said PEG has a multi-arm
structure.

142. The method according to claim 137, wherein one or more free maleimide

groups are attached to said PEG.

143. The method according to claim 137, wherein said PEG has average
molecular weight of about 100 Da to about 500,000 Da.
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145. The nethod according to claim 137, wherein said
sel enocysteine residue 5 is in L-form 146. The

waoredohashoaccording to claim 137, wherein said pcT/US2007/012621

sel enocysteine residue is in Dform 10 147. The
met hod according to claim 137, wherein said

sel enocysteine residue is in a protein. 148. The
nmet hod according to claim 137, wherein said

sel enocysteine residue is in a peptide. 15 149. The

et hegly, acqq’n@dﬂn@ﬁxoﬁoa&b?dlﬂé k3 claith 1431 Wvl?éi‘élﬁ said PEG has average
sel enocyst ei ne residu IS I n an or %| ¢ nol ecul e.

mplgulay h‘@lﬁ‘étoﬁebplﬁd&ﬁ%lpﬁg) ghpug 58080 wherein said

conj ugat e product 20 contains one or nore protein,

peptide, or organic nolecule noieties, or any

c o nbild&t i dihe métbodaécording. to Thamntdhovheacin sridi sejeriooysteine residue
wln F1137 wherein a reducing agent is used in the

reac 25 152. The nethod according to claim 151,

wherein said reducing agent is TCEP. 45

146. The method according to claim 137, wherein said selenocysteine residue

is in D-form.

147. The method according to claim 137, wherein said selenocysteine residue

is in a protein.

148. The method according to claim 137, wherein said selenocysteine residue

is in a peptide.

149. The method according to claim 137, wherein said selenocysteine residue

is in an organic molecule.
150. The method according to claim 137, wherein said conjugate product
contains one or more protein, peptide, or organic molecule moieties, or any combination

thereof.

151. The method according to claim 137, wherein a reducing agent is used in

the reaction.

152. The method according to claim 151, wherein said reducing agent is
TCEP.
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