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Site-specific pegylation of acetyl-phenyl al ani ne resi due of growth hornone
anal ogs were reported. Such nethod requires point nutation w th unnatural
am no acid 30 acetyl -phenylalanine (U S. Application No. 11/046, 432, filed
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The free thiol and amine groups generated from the reaction of an amine




PEGs used in the present invention can have different nol ecul ar weights
(e.g., 2- 40 kDa), have linear, branched and multi-arm structures and
contain one or nore than one al dehyde functional group. Wen PEG contai ni ng
two al dehyde functional groups is 20 used, the final product will be
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structure of ]
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By using the present methods, only cysteine residues having an unoxidized
25  sulthydryl side-chain and a free o-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 baiches. The PEG attached at a
30  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



25 R 1 wherein RL is said PEG and R2 is said nol ecul e. In a fourth
enbodi nent, the invention is directed to a nmethod of chem cally conjugating
PEG containing a free al dehyde group to the unoxidized sul fhydryl side- 5
chain and the free a-am no group of a penicillam ne residue of a nol ecul e,
sai d net hod,504aR%; RALH f [
t he unoxi d?rzegd sd?‘fﬂﬁggﬁ/ s?idtggéﬁdil?%&{aﬁgr@ﬁg%h%%gmgé %ﬁgg aé?%l}g t‘gﬁ%al cfh
peni ci | | ani petaiesr geptideninaaqueant santigoiugiramget of pldreratiZs) and at different

5,5-dinmethyl-1,3-thiazolidin n er nedi a and adj usting the
o of the s CHEETBHOS B B 1o Lothamiie)7 1GmePLn peasnd TindbieCiatis bebieen
rearranges PEGfafﬁHfBréteﬂnpmf péb%ﬂde F] @quﬁmaé@ﬁﬁﬁz%' NFIRAEAbdA ?@E@bﬁéﬁtdﬁé dnfie
structure of SR said final product has the structurée of

2' INR2 \bher @pnnmam@ resadusrs m&maﬁdtemmug wehokyngrbep,uthe . anbee erodpiseott lysime
"about " means. 10% 15..1 enbodi ne n ventio irected to
2" et hod of REHBR Ry Brabh (oo TR JRvaas dfiob Wl 8F quigle SSFEE8 (o
t he unoxi di zgidusd)bhdyskrsky sidlps ﬁf@drﬂleaﬂhﬂeohhﬁ dnd@§ro8me Fedidued [d0URt BacBwith
honocyst ei ne residue of a nolecule, said nmethod conprising reacting the

free al dehythe ajdehyde drndlignal poup @it REGHendgh skshipeeation conditigns. siTws, cthai n
d the f
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struct ue ofo $raxeiﬂ\la%ﬂﬂderlﬁidge Rbmhationadwting-be lﬁggﬂaﬁﬁnl fedaéing agehecutieasl N a

si xth enbodi rent, the invention is directed to a nmethod of chemcally
ms(carboxyethyl)phosphme (TCEP) can be used and the reactions can be done under

~ nitrogen and argon. 1-4 equivalents of PEG-aldehyde can be used. Reactions usually

complete in 2 to 72 hours depending on the pH of the solution and the equivalents of

PEG-aldchyde used. If the pegylation happens on unfolded proteins, the protein products

15  can be refolded after pegylation. If the pegylation is done on correctly folded proteins,
refolding step is omitted.

PEGs used in the present invention can have different molecular weights (e.g., 2~
40 kDa), have linear, branched and multi-arm structures and contain one or more than
one aldehyde functional group. When PEG containing two aldehyde functional groups is

20  wused, the final product will be protein or peptide dimer and the linker in between is the
PEG. PEG with multiple aldehydé functional groups will generate multimer of
pegylated proteins or peptides. 7

To control the pH of the reaction solution, buffered solution systems such as PBS

can be used. The reaction solutions can also contain other agents such as EDTA to
25  facilitate the reactions.

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

30  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



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 honocystei ne residue
of a nolecule, said nmethod conprising reacting the free al dehyde group of
sai d PEG Wohihrishifs renetdgtthe gebesildehiygtel pydupsif derdatab withritle bhexitdrzed salfhydmyb
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a final prt Wﬁ%‘lﬂ‘,ﬁnﬁﬁ@”&lﬂ a?é?@%@?f%g?@tpgo%da&sﬁ{sﬁgg rcﬁ%{egjﬁe of S RHR2 and
said final product has the structure ofS R2 wherein R1 is said PEG and
R2 is said nolecule. Here, the tergn-apout{" neans 10% In a seventh
embodi ment, the invention is directed t t hod of chem cally conjugating
PEG containing a free al dehyde group toHt he hzoxi di zed free sel eno group
and the free a-am no group of a sel enocysteine’residue of a nolecule, said

met hodg15 &Q&E{niﬁli ilegaiﬁ%‘d,idﬂaH2h§séia%1@du@l£hyde group of said PEG with the
unoxi dized Tfree seleno group and the free a-am no@pgroup of sai

am d_ .

sel enocyst ei ne hesisduend: enediment ¢he inyoponanHepder (9 agnsiedeih Fhemgcally
product, wherein sajd.product h t u : LRl is
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|5 di recteg o g et ol ShnGRe R by 2Cgpidigatdiige REG aafitaila] eyl mdiab
al dehyde group to the unoxidized free seleno group and the free a-am no
group of ameirehacKatdinbefosiadydé geovpolfsaidi REC saihdbauneidized mpthgdrily
reacting the free al dehyde gro,ua of sajd .(EEG W yr]est 18 ;4noy iagiignegm&&éaeto
sel endogroi!:‘ﬁﬁ‘ﬁl?ﬂintaﬁéther E® S-YAM cgrﬁﬁl%ﬁlﬁ‘)sad CEIPEC LAIRNILYSTRTHE Fesidue in a
reaction sgelnlé}a'té) R 1!9hiazolidine 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
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15 ~ and said final product has the structure of
HO\\<Sj
N
/ R,

Ry
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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 sulthydryl side-
20  chain and the free o-amino group of a penicillamine residue of a molecule, said method
comprising reacting the free aldehyde group of said PEG with the unoxidized sulthydryl
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

25



25 generate a five-nenbered ring systemin an intem ediate, and adj usting
the pH of the reaction solution to about 7, whereby said internedi ate
rearranges to forma final product, wherein said internediate has the
structure of and said final product has the structure of HO /N 5R2,
wherein RL is said PEG and R2 is said nolecule. Here, the term"about"

means 10% In a ninth enbodinent, ¥ invention is directed to a
met hod of chem cally conjugating R ntaiining a free al dehyde group to
t he unoxi di zed sul fhydryl side-chain an free a-methyl -am no group of

an N-net hyl -cysteine residue of a nol ecyfje, 1Rxsai d net hod conpri sing
reacting the free al dehyde group of said PEG w t’h the unoxidi zed sul t hydryl
si de- chai n @pdeie & QQP%G"V% Y, 18R oicgdp of said N-nethyl cysteine

resi due to generate a 3-nmethyl - f 3-thiazolidine group in a product, wherein
sai d product haslnt adowth wmbodmmmft the RRvesdCOn1i5 ditestedi to R|m¢th0¢apifd:hﬁaﬁ@alland
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contain am de, ester, sulfonanide fonyl, thiol, oxy, alkyl, alkeny

al kynyl , arqolmprrmiglemtdg thofrearaidehydagmﬂp ofisdid @ESUpithehe amyxidivedosulfitytioy

t her eof . 20 In a %12 enbodi pent vent, n is directed to a thod
of cheni cal¥i{e elﬂE@nH’Brﬁ‘%‘%‘P ‘Q\P é? ‘E?em@rf%’ﬁo?éo

unoxi di zed tﬁ%ﬁ%ﬁ}bf&%ﬂﬁa&haﬂ?ﬂﬁézoﬁﬁ gﬁ?%ﬂ;@ ROt Bl LGt

nol ecul e, sai conprising reactin ree ma elmde gr f €ai d
PEG wi t h t heH wficke cHazibeh smlhﬂidfrytilar ghous 7 deheteby mmdfm&amddlhteneaﬂradges:;xsfc&me to

generate a gonjugate product, In sai a e product has 25 the
struct L}%e oé"‘al PWQ@PE efgin paid E’o’i"r‘r&‘eg@& ﬁ}ge id nol ecul e. I n
an el eventh enbodi nent, the invention is_ direct ed to a nmethod of chemcally
conj ugating PEG containing a free nal ei oup to the unoxidized

sul thydryl side- 5 chain of a peni & i n¢ residue of a nolecule, said

met hod conprising reacting the free mal e\ ?roup of said PEGwth the
unoxi di zed sul fhydryl side-chain of sai d"penl ctfllamne residue to generate

a conjugate product, wherein said conjugate product has the structure of
and said final product has the structure of

HOL<S j<

wherein R; is said PEG, and R is said molecule. Here, the term “about” means + 10%.
15 In a fifth 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 homocysteine residue of a molecule, said method

comprising reacting the free aldehyde group of said PEG with the unoxidized sulthydryl

side-chain and the free a-amino group of said homocysteine residue to generate a six-
20  membered ring system in a product, wherein said product has the structure of

S
SN
R, E R,

*

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

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



N R2 0 10 wherein Rl is said PEG and R2 is said nol ecul e. In a
twel fth enbodinent, the invention is directed to a nethod of chemcally
conj ugating PEG containing a free nal eimde group to the unoxidi zed
sul f hydryl side-chain of a honocysteine residue of a nolecule, said nethod
conpri si ng p&aGLdRg PG ohRilRlatiid dRleRyRY t6 T ufGEaWed RultBfiryl side-
unoxi di zed gﬁ?}t ydrgyl si de- chai r? of saiegj; 15ﬁﬁgﬁmcystei ne 1r esi glfgﬁtrg side
generate a clmpagétte foreoahaotino groapeaifra lssmatystemg vgrdie @i odobkiculeasaid hethod
structure of .wherein Rl is said PEG an | s . said nmolecule. In a
thirteenth %%%?‘%Fﬁaf’t‘%éwi f?ﬁ?&i@&@ﬂe BEOUR, C&ég@&.‘f@ &1th the uRe¥ded sHidhded | y
conj ugat i ng;REG.cont ad /i s Wyl r t he i di ze eno
si de-chain %IE ggh %feil éerﬁloc%eg? glélndcé aﬁl&%@pg})ﬁ?%oﬁecﬁ)&e&%af%mn%t ﬁloé l%a&%n
conpri sing sagsn nggehbatd 1 d.-m@ahisired feg gystap irndn Bisdrtheliats, whd Bdjlbting the pH

unoxi di zed sel.eno sjde-chain of saj d_selenocysteine residue to generate a
conj ugat e p?gﬂ’l?d”ﬁﬁ}‘:“\%é%’i“ﬁ“ 4@ PO o/ g ERDY Sﬁ%%@tf@ﬁ%ﬂ%ggwmeg tq gom& ang

wherein Rl j ' | s Ghd R In each of the
foregoing e gg&ﬁ%ﬁ?@o%@ﬁ%@rﬁ%ﬁ@g% |.gi.1[1,38{ he tenth through thirteenth
enbodi nents of the invention - the fre eimde group is attached to said
10 PEG through a linker that may contayn arnide, ester, sulfonam de,
sul fonyl, thiol, oxy, alkyl, alkenyl, Kk |, aryl, naleimde, or am ne
functional group, or any conbi natilg theﬁeof R

1 2

b

and said final product has the structure of

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

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

15  comprising reacting the free aldehyde group of said PEG with the unoxidized free seleno
group and the free o-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 L
H R, ,

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

20 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

25  generate a five-membered ring system in an intermediate, and adjusting the pH of the



In all of the foregoing enbodi nents of the invention, the PEG may have a

| i near structure, a branched structure, or a nmulti-armstructure. 15In all
of the foregoing enbodi nents of the invention, the PEG has average

nol ecul ar wei ght of about 100 Da to about 500,000 Da, and nore preferably
has aver ageregBldC dbidfioNab gé’Houpf7 Wébyl sQQQn%nE&la@b%}raﬁ&sogp foth aDEAA LED
DESCRI PTI ON OF THE | NVENTI ON 2 believed that one skilled in the
art can, bayedu@nWhmlmgbmlqmﬁ@IﬁtGH@S&l@rﬁmw¢Oﬁe the present invention to
its fullest extent. The follow ng speC|f L enbodi nents are, therefore, to

be construed as nerely illustrative, Swt linitative of the remainder of
the disclosure in any way WnatsoevBﬁ Unlless defined otherw se, all
techni cal and scientific terns used hercN t he sane meani ng as
comonly understood by one of ordinary ¢kill i the art to which this

invention pertains. Also, all publications, patént applications, patents
and ot her raidegaghfied pasduct kaseble stewotira ofir e i ncor porated by reference, each
inits entirety. Nonenclature and brevi ati ons Synbol Meani ng Al a or

Aal ani ne Arg or Rarginine Asn or aragjsee 5 Asp or Daspartic acid Cys or
Ccyst ei ne hCyshonocysteine G n or (glu ing Gu or Eglutamc acid 10 Ay
or Gglycine H's or Hhistidine Ile or Iiselelcine

/
5 R1 R2 ,

wherein R is said PEG, and R, is said molecule. Here, the term “about” means + 10%.
In a ninth 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-methyl-amino group of an N-methyl-cysteine residue of a molebule,
10  said method comprising reacting the free aldehyde group of said PEG with the
unoxidized sulthydryl side-chain and the free o-methyl-amino group of said N-methyl-

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

o,

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

product has the structure of

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.

20 In a tenth embodiment, the invention is directed to a method of chemically
conjugating PEG containing a frec 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 sulthydryl side-chain of said
N-methyl-cysteine to generate a conjugate product, wherein said conjugate product has

25  the structure of



Leu or Lleucine Lys or Klysine 15 Met or Mret hi oni ne Menorl euci ne N-Me-Cys
or NMeCysN-net hyl -cysteine, which has the structure of HS |1 CH3

PEGpol yet hyl ene gl ycol 20 Penpenicillam ne Phe or Fphenyl al anine Pro or
Pproline Ser or Sserine sel enoCyssel enocysteine 25 Thr or Tthreonine Trp or
W ryptophan Tyr or Ytyrosine Val orgWaline Certain other abbreviations

used herein are defined as foll ows: ctert-butyl oxycarbonyl
R,— N
d S
_‘_NL”__ R,
c[:|-|3 ©

wherein R; is said PEG, and R, is said molecule. _
In an eleventh embodiment, the invention is directed to a method of chemically
conjugating PEG containing a free maleimide group fo the unoxidized sulthydryl side-
5  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
0
R,— N
S
S
~—HN R

10  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 sulthydryl side-chain of said
15 homocysteine residue to generate a conjugate product, wherein said conjugate product

has the structure of

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

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



Bzl benzyl DCMIi chl oromet hane 5 DI CN, N-dii sopropyl carbodiim de

DI EAdi i sopropyl et hyl am ne Dnab4-

{N-(21-(4, 4-di net hyl- 2, 6-di oxocycl ohexyl i dene) - 3- net hyl butyl) - am no} benzyl
DMAP4- (di net hyl am no) pyri di ne 10 DMFdi met hyl f or mam de DNP2, 4-di ni t r ophenyl
Df | di t hi ot high E?Atmgmfcbﬂﬂaﬁn@a &L ARl @k @2gehp fo R shoxidized seleno side-chain
FrmocFl uor enyl et hyl"oxycar bonyl

15HBTU2- (1H05@ni€dﬁn0pﬁéi@hé-r151§ﬂ1€) ofl a1mgleguleesaidmethgd womprisimg reacting the free

hexafluoropho e cHexcyc

HOATO- (7 ap SULRRIE (S0 4 SRAPE gwith, e, apgEifyied ssipafy side-chain of said
hexaf | uor Opﬁaéﬁﬂb%t@m%(}eéﬁﬁ ﬂo- POt ¥-dof g@tbrpradlﬁit ewh& Rt ¥ conjugate product
M nt 4- met hoxytrityl NWVPN- et hyl pyrroli

Pbf 2, 2, 436, ha%@ﬁﬁﬁwﬁwwyﬁdlhydrobenzofuran 5-sul f onyl

0
R,— N
O L
~—HN I R,

wherein R, is said PEG, and R; is said molecule.
In each of the foregoing embodiments of the invention — i. e.; the tenth through
thirteenth embodiments of the invention — the free maleimide group is attached to said
10 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.
15 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

20
| 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.
25 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



25 tButert-butyl TCEPtris(carboxyethyl)phosphine TIStriisopropylsilane
TOStosyl trttrityl 30 TFAtrifluoro acetic acid

TFFHt et r aret hyl f | uor of or am di ni um hexaf | uor ophosphat e benzyl oxycar bonyl
Thal, 3-t hi azol i di ne-4-carboxylic acid, which has the structure of: H

Tncl, 3-thi a?@&ﬂ)cﬂﬁ&%%ﬂﬁrﬁi&ﬁﬁﬁpoxyl ic acid, which has the structure of:

Symbol Meaning
Alaor A alanine
ArgorR arginine
AsnorN asparagine
5 AsporD aspartic acid
CysorC cysteine
hCys homocysteine
GlnorQ glutamine
GluorE glutamic acid
,f 10 GlyorG glycine
| His or H histidine
Ileor I isoleucine
Leuor L leucine
LysorK lysine
15 MetorM methionine
Nle norleucine
N-Me-Cys or NMeCys N-methyl-cysteine, which has the structure of
HS
- N
CH, ©
PEG polyethylene glycol
20 Pen penicillamine
Phe or F phenylalanine
Pro or P proline
Ser or S serine
selenoCys selenocysteine
25 ThrorT threonine
Trpor W tryptophan
TyrorY tyrosine
Valor V valine

11



yn 5Dma5, 5-di met hy1-1, 3-t hi azol i di ne-4-carboxylic acid, which has the
structure of: Thel, 3-thiazi nane-4-carboxylic acid, which has the structure
10o0f: 01 Sezl, 3-sel enazol i di ne-4-carboxylic acid, which has the structure
of : Se, 1IN-11 O 15Ht h2- hydr oxymet hyl-1, 3-t hi azol i di ne-4-carboxylic acid,

whi ch has 1 @e &l SMhbribbrobintib¥3 dyed herein are defined as follows:

Boc tert-butyloxycarbonyl
Bzl benzyl
DCM dichloromethane
5 DIC N, N-diisopropylcarbodiimide
DIEA diisopropylethyl amine
Dmab 4-{N-(1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-
methylbutyl)-amino} benzyl
DMAP 4-(dimethylamino)pyridine
10 DMF dimethylformamide
DNP 2.4-dinitrophenyl
DTT dithiothreitol
EDTA ethylenediaminetetraacetic acid
Fmoc Fluorenylmethyloxycarbonyl
15 HBTU 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate
cHex cyclohexyl
HOAT O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate
20 HOBt 1-hydroxy-benzotriazole
Me methyl
Mmt 4-methoxytrityl
NMP N-methylpyrrolidone
Pbf 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl
25 tBu tert-butyl
TCEP tris(carboxyethyl)phosphine
TIS triisopropylsilane
TOS tosyl
trt trityl
30 TFA trifluoro acetic acid
TFFH tetramethylfluoroforamidinium hexafluorophosphate
4 benzyloxycarbonyl
Tha 1,3-thiazolidine-4-carboxylic acid, which has the structure
of:

12



Hdn2- hydr oxynet hy1-5, 5-di net hy1- 1, 3-t hi azol i di ne-4- carboxylic acid, which
has the structure of: HO O Haz2-hydroxynethyl-1, 3-thi azi nane-4-carboxylic
aci d, which 5has the structure of: HO S (

Hsz2- hydr oxynet hyl- 1, 3-sel enazol i di ne-4-carboxylic acid, which has the
structure of: 10 Maleim de has the structgire of:

Prdpyrrolidine-2,5-dione, which has the ruqture of: 0 "E--N

NMeCys(Prd- PEG has the structure of

o
O
Tmc 1,3-thiazolidine-3-methyl-4-carboxylic acid, which has the
structure of:
<_<S
N
CH, O
5 Dma 5,5-dimethyl-1,3-thiazolidine-4-carboxylic acid, which has

the structure of

~<x
H |

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

S

A

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

N
H |
0

structure of:

<

15 Hth 2-hydroxymethyl-1,3-thiazolidine-4-carboxylic acid, which
has the structure of:

st\_
N /

13



)L Pen(Prd- PEG has the structure of : selenoCys(Prd-PEG has the
structure of: 15 PEG is a well -known, water soluble polyner that
is conmercially avail able or can be prepared by ring-opening polynerization
of ethylene glycol according to nethods known in the art (Sandl er and Karo,
Pol ymer SynHagsi s, Academ ¢ PregshydNewméiN.s, 30ibdethydagethidzdidifel)- The term
"PEG' is used broadly to enconpass any pol yethylene 5 gl ycol nolecule,
without regard to size or to mo&fEPERS a#d, gthighkpsdhe stctipEef: PEG nay have

| inear, branched or nulti-armed strugjgre. EXAMPLES 10 Exanple 1)

Preparati on of H NMeCvs-Lvs-Phe-NH2 (SEQ IB.NO¥1l) HS HN CH3 o Ri nk

am de MBHA resin (211ng, 0.152mmle) ( i m San Diego, Calif.) was
swol I en in dichloronethane (DCM) and wash i th di met hyl f or mam de (DMF).
The resin was debl ocked by treatnent withy'a 2 i peridi ne/ DMF (10nL) 15
solution for 2 x 10 mn. The resin was shed M th DVF (10nL) three tines.
The first amno acid was coupled to the resin™y treatnment with a sol ution
of Fnoc- Phey@hl (Novabi ochem Sap H3@@8mdidii1f3-thidZ3meB-c b HQHETRRIdS Which

1- hydr oxybenzotri azole (HOBt) (92."3ny,” 0.606mmol e), and

di i sopr dpyl carbodiimde (D C (A¥nthesoudodmiobl e) in N-nethyl pyrrolidone
(NMP) (2mL) for one hour. The resin filtered 20 and washed with DWVF
(10n.) three tinmnes. The Fnoc pr cti oup was renoved by treatnment
with a 25% pi peridi ne/ DMF (10nmL) sol uti X 10 min and the resin was
washed with DMF (10ni) three times. Fnoc-LygeBoc)- OH (Novabi ochem San
Diego, Calif.) (285ng 0.606nmol e) was coip)red tg.the resulting free am ne
resin in the presence of HOBt /

O
Hsz 2-hydroxymethyl-1,3-selenazolidine-4-carboxylic acid,
which has the structure of’
HO
Se
N
/
/
O
10 Maleimide has the structure of:
@)
0]
Prd pyrrolidine-2,5-dione, which has the structure of:
O
N

@
NMeCys(Prd-PEG) has the structure of ;

14



25 (0.606mmol e) and DIC (0.606mmole) in NMP (2nL) for one hour. The
debl ocki ng and washi ng procedures were repeated as above.

Frmoc- N- MeCys(Trt)-011 (Tinmen Chemcals, Lodz, Poland.) (100ng, 0.167nmol e)
was coupled to the resulting peptide-resin by using HOBt (5 I ng, 0.33muol e)
and DIC (83.8ng, 0.66mmle) in NW (2nL) faqny 12 hours. The coupling of

Frmoc- N- Me- Cys(Trt)-OH 30 (45nyg, 0. 075nmol e) r epeat edbyusi ng

t et ramet hyl f | uor of or mam di ni unpent af | uor ophgspkate (TFFH) (20ny,

0. 075mml e) and dii sopropl yet hyl am neg (29.4ny, 0.150mmole) in NWP
(2mL) for one hour. The debl ocl dng and washi §cedures were repeated as
above. The resin was washed with DCM t hree en with nethanol three
tinmes. The resin was dried under vacuum 5 ®he pept}de was cl eaved of f from
the resin by shaking the resin with 8%trispropylsilane/trifluoroacetic
acid (TFA) (2nL) for two hours. The resin was«fiNer
(2m.) The filtrates were conbi ned and concentratdd tolll mL. Di et hyl et her
(35nL) was added to precipitate the peptide. Thecﬁhecﬁbltated pepti de was
coll ected after centrifuging. The pellet was dissolved in water and
acetonitrile and then 10 was |yophili zed. The resulting crude product

was purifie R LC system (Luna 5Smicron C8 (2) 100X20mm
col um), g?@ﬁ‘f?§§¥§ @wSG?? (0 1% TFA in water) and 0% buffer B
(0.1@6TFA in acetonitrile) to 80@6buffer A @nd 20% buffer B over 30 m nutes
monitoring at 235nm After the lyophilizatiog, 51.2 ng of the final product
was 15 obtained. An Mtl ion at 410.3 Da was cted by ESI nass
spectroscopy, which is consistent w REGheNal clil ated nol ecul ar wei ght of
409.6 Da. Exanple 2) Preparation of nmPEG Tnt Phe-NH, (SEQ ID NO 2)

i NPEG herein has the structure of CH30(CH2 0). 2-, wherein .nis a
20 positive integer. The peptide product ofCExaane 0.5ng 1.22m cronol e)
was dissolved in 25 1.0nL of a pH 4 buffer (20nmol arf NaOAc, 150mmol ar NaCi,
and | rmol ar EDTA). To the resulting solutionqwagﬂg G al dehyde (1.5
equi val ents, the average nol ecul ar weight is 31378 Da,|| NOF Corp., Tokyo,
Japan). The reaction was approxinmately 90% conplete daDter 27 hours at room
tenperature based on the anal ysis done by using a reverse-phase anal yti cal
HPLC syst enhCya(BatPEGBh&the etpudtare/ofr ot ei n col utm, 4.6 x 250nm). The
reaction mxture was applied to a 5nL Zeba desalt spin colum (Pierce

Bi ot echnol ogy, Rockford, IL). A white foam
| yophilization (36.7ng). Exanple 3) Preparat
H NMeCvs( Prd- PEG - Lvs- Phe-NM (SEQ | D ,?L)N

The pepti de product of

Example 1 (0.5ng 1.22m cronole) was dissol ved iln 1.0nL of a pH 7 buffer
(20nunol ar NaOAc). To the resulting solutionfwas 8dded a-(3-
O
~“—HN |
O
selenoCys(Prd-PEG) has the structure of:
O
PEG—N
Se
O
=<—HN |
O

15



10 (3-mal ei m do- 1- oxopropyl ) am no) pr opyl - w net hoxy- pol yoxyet hl ene (1.5

equi val ents, the average nol ecular weight is 11962 Da, NOF Corp., Tokyo,
Japan) and 2 equival ents of Tris(2-carboxyethyl)phosphi ne hydrochl oride
(TCEP). The reaction was conplete after one hour at roomtenperature based
on the anal ysis @@PisRWwEkiGyE wRMSORDIPFGFRcAMA ¥ chmtlerdiifasiBbRBr Yy dac
Cl18 512 peptide/protein colum, 4.6 x 250mm . The 15 reaction m xture was
appl i ed to &e3nepareh iy vingepaningspolimegkatinn oPpbyleae mlyob cleewilimgyto metiodsr d,

IL). A white foam was_gbtaj ned r | hil kzation (15 1ng). T rgdyct
web” f ur ¢ ner KBUPRAP R of eaieirel Ko aRbet Arst b Piren, Fel 96K
Heal t hcar e, viehiscpdgavways-1bd). ThERemOPEGU liviisedeiragdly & Sidoimpakd oy pblybthglene
purified product was determ ne(' by usi n% MALDI - TOF mass s ectrosco%y. The
obt ai ned® exgbicehmetesnlepwitheut regardda sizg 9% te modification at end efahe ME&T. e BEG may

nmol ecul ar Laht  di | ] = I reparation of

H Cvs- Lvs-\lgﬁé%qe%%%@ég&? golﬁlgt4§ S‘ﬁmélt)m-é?he title peptide was synthesized
on a LibertyTM nodel m crowave peptide synthesizer (CEM Corp., Mtthews, NC
) using Rink am de MBHA resin (347nmg 0,25 mmple) (Novabi ochem San D ego,
Calif.). The anmino acids Fnoc- Phe- OH EXAMELES Boc)-0H, and

Frmoc- Cys(Trt)-OH (Novabi ochem San Diego, CA) were used in 5 four fold
excess using HBTU activation and each coupling was repeat ed. The

pept i deltvas Exheplecld Prepardrioe of EENMelys-£ halhadH,¢SEQ IHND:18%
trispropylsilane/trifluoroacetic acid (TFA) with 1% dithiothreitol (10nlL)
for three hours. The resin was fi red and washed with DCM (5nL). The
fi-ltrates were conbi ned and concentratjed to 3nL. Diethyl ether (35nL) was
added to precipitate the peptide. The|l0 prgﬁi_lﬁi_&gt ed peptide was coll ected
after centrifuging. The pellet wahl ed | ter and acetonitrile and
then was | yophilized. The resul tingilcrude product was purified on a
reverse phase HPLC system (Luna 5m‘rfen @8 (2) 100X20mm col umm), el uted
from 100% buffer A (0.1% TFA in water) and 0% buffer B (0.1% TFA in
acetonitrile) toRngommids MBAAamesiB@24 sug.f @4 SBnpely) @B vabiophemyt 8sn Diego,

noni tori ng .235nm Af t.er .t he .l vophil i | 89 1 of ., the final product
was obt ai ne?ahiﬁ“f@ﬁfworgﬁnértl Q@%é.{rggﬁléha\l/\légb@?)ec(g %@/%Egthn%?gﬁg@@%%gopy,
which is comMR)eThemdsth ae deblbeksdab e treathent with a \3504 hipeddmeDNAE. (168AND! €
5) Preparation of nPEG Tha-Lits-Phe-N1, (SEQ.1D NGO 5) 20nPEG herel n has

the strbXt upduben &r230{ CrpeHPbs respowadyashed gy RME (10md.) dhrse Simepy dhe frgger |

0 The peptide. 4 : ] - ' I in
Lot of a AP Bk tolptaR) el Bl ey ifl 3 fRhiton B oS TR0
added 25 nPEGewbitehypte Sah Diegn)i CaliEnt(835hpe (a6Dérmyse)yol -hgdioaybenzbgiakoles
20644 Da, Corp... Tokyo pan) .and TCEP, (2.0 equival epts). The reaction
was approx%@@lﬂy é%@&nppéi)gm&f‘%@r toh ee‘if?éB’f%Y]&f‘I%Pé’é‘ﬁ‘{éenﬂ% uf@™Mhsed

on the anal ySi mﬂﬁﬁé}' HRUR ; gﬁﬁg) i
(Wydac C18 g?b? peétilgne&} pr ot ei}ﬁmcl:lglsﬁﬁgﬁjﬁg? X 2%8%11)}&%&%?211?5%8% ?gihgn&]%ure

was appl edandwashbamitiZBNETIVODE g sliree Eimiess col um ( Pi erce Bi ot echnol ogy,
Rockford, IL). Awite foam was obtained after |yophilization. Exam 6)
riThes Efiopo PR e i Steees oot B tekient "wide IS5,

Preparati on of
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

25  (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
30 (45mg, 0.075mmole) was repeated by using
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05 The title peptide was synthesized on a LibertyTM nodel m crowave
pepti de synthesizer (CEM Corp., Matthews, NC ) using Rink am de MBHA resin
(347mg 0.25 mml e) (Novabi ochem San Diego, Calif.). The am no acids

Frnoc- Phe- OH, Fnoc Lys(Boc)-0H, and Froc-hCys(Trt)-OH (Novabi ochem San

D ego, CA ! ach
oot ng ettt el AtbrStor lar QifiulsBetla S 5tboiue BT RS, YL
shaki ng resdxmomdpﬂyﬂ%mmmp(mﬁm 619 4mg/Q I50mmolep acNMEc(2adi)dof diedApow t'l]’hel%
dithiothrei 10nL for three ours The r S|n was filtered and d
with DCM (5 %100&1% S CESTBTRCATCH A 2ROFe eﬁlerrﬁfléd"ﬂsd”@ﬁim@w“%

Di ethyl et hgeag drad &eﬁq‘qﬁﬁn&tﬂm&ﬁ%@hﬁe& eThO\RshEPAd difed uler yacuum.

15pr eci pi t at ed pept | was col 'ected after centrifuging. The pellet was
di ssol véd i n wat Ehe q:egh@:maemlt:weﬂeoﬁrﬁbmh@n RIS b)ycsbainhg thd resin witith@%

m or on Ca. EapopbeReaaRte ~uf (rED Bl Eoovelunre, e ro vt Aer ™™

water) and &hép Qﬂéﬁ‘ea Fwikh b@:M%gﬁEé\ IThe FRRhQE nfckd taNbihed Zﬁc%:@btfehﬁ‘ﬁte&\ 18Neh125%

buffer B over 35 20 minutes nonitoring at 235nm After the |yophilization,
85.7 ng of Diethyliether (Prmolduwas sddsd b precipdtate %pm@el aﬂnealrecmltﬁt Prptigg avas

det ected by S S r osc ch i.s lsten t he..cal at ed
ol eoul ar ETBRedA56: Bt e pdft s R APREICHRE: LRI ERE L
( SEQ | QNG ®as Wophifibl- NH2 250 The title peptide was synthesized on a

Li bertyTM nodel m crowave peptide synthesizer (CEM Corp Mat t hews, NC )
using Rink am deThereaukiascrmdeaqnst was suntied e ammmfe%gﬁceaﬁtem Q@@a

Calif.) , 1

Frme- Pen( Tran OB RS TEbT Sk Rfin Cafici), kbt ToBoChatd's G120 TP ipdsess
usi ng HBTU agit 09 akuiffen Bajod %6 JEA mcwetmﬂgle}/as 0% adice A arkiTHE, paffet Boovwsns0
cleaved fromthe resin by shaking res i

trispropyl STENYRS/ PTG ab e e eq?‘\émﬂi;lpﬁ%f%ﬁ g me ofithe Aralinrafuct W)
for thrge Motified THG AY! By 910! beELed RRdARNE] %&;F@@%g&g}v) whithis

filtrates were conbl ned and concentrate et her "{35nL
added t o prasisiicnatvithithecabepatedimolcbhlar metahi pf 4CR. @Bapept i de was col | ect ed
after centrifuging. The pellet was dissolved in water 10and acetonitrile

and then was | yophili zed.
Example 2) Preparation of mPEG-Tmc-Lys-Phe-NH; (SEQ ID NO:2)

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

20  positive integer.

HS

CH

o
— CH,O(CH,CH,0),-CH,CH,~< j\ﬂ/KF -
= 2

The peptide product of Example 1 (0.5mg 1.22micromole) was dissolved in
25  1.0mL of a pH 4 buffer (20mmolar NaOAc, 150mmolar NaCl, and Immolar EDTA). To
the resulting solution was added mPEG-aldehyde (1.5 equivalents, the average molecular

CH30(CH20H20)n-CHZCH2‘j< +
H

weight is 31378 Da, NOF Corp., Tokyo, Japan). The reaction was approximately 90%
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The resulting crude product was purified on a reverse phase HPLC system
(Luna 5micron C8 (2) 100X20mm columm), eluted from 100% buffer A (0.1% TFA
in water) and 0% buffer B (0.1% TFA in acetonitrile) to 80% buffer A and
20% buffer B over 35 minutes nonitoring at 235nm After the |yophilization,

83.9 ny of E&%F feteBherPs DAY &ﬁ@%oﬂﬁteﬁﬁk?dﬂ%%aséﬂ" olthe 1ARyEs dbaid- li}r Pﬁngafe q

detected by E mass spectroscopy, which 1s consistent vmth t he

mol ecul ar weivgtse-pha$: éndbgticab T eyﬁﬁn%ﬂhpdﬁlsoﬁt peptidef@o®m column, 4.6 x

G5O, O O8O BB rERfh it 2na it g SR Loy Qg sobt S0lEmB aBrse

product of ByasgHnelo %gg ﬁoé&&dllLJ;S A hité QRN Shs ¥BEindd SRS 1%5&1&%%&% 7Rig) 2 pPH

4 buffer (20mmol ar 0Ac) To the resul ti ng sol uti on was ad
mPEG- al dehyde (1.5 equi vaI ents, the average nol ecul ar wei ght |s 20644 Da,

. |vaI Ihe reaction was
y & i ai-1-€ i 3 4%5— IQ{ﬁ&éf’t)based on
t he anal ysi s done by usi ng a reverse-phase anal ytical HPLC system (Vydac
C18 512 peptide/ protein col um® 4.6 x 250 The reaction m xture was

applied to a 10nL ZebaTM desal t in colum (H erce Bi otechnol ogy,
Rockford, IL). A white fogpgwas oht ai frecHA% $hizat i on. Exanpl e 9)
Pr epar ation of MPEG Thc- Lvs-Ph , (SEQ I DHNG 8] 51 nPEG herein has the

structure of CH30(CH2CH20). - ( )2-, wherein n i@ a positive integer. 0 HS
CH30(C H2C H20 )-C H2C H2<HH2 RKF-N H2 C(I)—EO ((g: H2C H20 )-C H2C H2

o) |3
HN

: KF-NH,

—  PEG—N :

O

The peptide product of Example 1 (0.5mg 1.22micromole) was dissolved in

1.0mL of a pH 7 buffer (20mmolar NaOAc). To the resulting solution was added o-(3-

10  (3-maleimido-1-oxopropyl)amino)propyl-o-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;3 5p peptide/protein column, 4.6 x 250mm). The

15 reaction mixture was applied to a S5mL 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

20  result was consistent with the calculated molecular weight distribution.

Example 4) Preparation of H-Cys-Lys-Phe-NH; (SEQ ID NO:4)

HS
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KF-N H2 O The peptide product of Exanple 6 (0.5ng 1.22 mcronole) was
dissolved in 1.0nL. of a pH 4 buffer (20mml ar NaOAc). To the resulting

sol ution was added nPEG 10 al dehyde (1.5 equivalents, the average

nol ecul ar wei ght is 20644 Da, NOF Corp., Tokyo, Japan) and TCEP (2.0

equi val ents). Thepd eARt h@RideeHaPRPEAKIZER 61 ¥ PIGGMh&lE Bickdravepgidaour s
at room tenperature based on the anal ysis done by using a reverse-phase

anal yti cal $3RLEsgys @RV CympadMatisvsRNSe busing Rinlotwide MBHAmesin (B 7m@88Aun) .
Th ti L xt ' I baTM d t ' 15
o o0t o 6 PN, bR S, S80S R T b

| yophi 1 zat | ABESROR and BmE-PATRY M (NovtRbaieatsm DiegoP) Nrere({H60ih0

NO 9) The title peptide i sm;f/nt hesi zed substantjally according
to the proctunfad geesss umﬂﬂi‘tﬁ' activatipp ied each cawRlingsy astersaiedd- Me0Bz1) - OH
(Novabi ochem Sap, Di .. CA). I t L neornor at | . .

sel enocyst ei ne ?2%? dﬁ%%éif tv%]ag %1%%2%%1 %ﬁé tﬂ%xgérgr& e&gl%ab?lgpgtﬁ%?i (gvﬁthofg%

MPEG Sez- LispipglsidneltriflubfatedAdNO TIA) with 1% dEotheite] (10hdy fohirat Howed. ur e
of CH30( CH2CH20 _n-(CHZ}Z-, wherein n_is a positive integer. 0 5The title
peptide is Eynrssasyaebltendand vrashed yith QeVdEY - of henfeltsics veswe cembingd apdeqd

mat or al , - oconeciifnd RESEL. DRURNGH GORLS PO Aoy BT R el TEE 0

Pr epar aftli onpretiitated peptide waPesHebtedeifter basrifulgimgs t Thecpallee wak dissolved in water
CHR0(CrCrR0) 1 (M. and S Sy Bphilody, 1090 L1 ve 1t eger

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 70% buffer A and 30% buffer B over 35
15  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; (SEQ ID NQO:5)

20 mPEG herein has the structure of CH;O(CH,CH»0),-(CH3);-, wherein n is a
positive integer.

HS

o
CH,O(CH,CH,0),-CcH,cH,—4  +
4 HN

S o)
— CH,0(CH,CH,0),-CH,CH
3 22 2 Z%Njw/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
25 mPEG-aldehyde (1.5 equivalents, the average molecular weight is 20644 Da, NOF

KF-NH,

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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nMPEG C(0) OH cesium salt reacts wi th bronpacetal dehyde di net hyl acetal in
DVMF at 60 C for 2 days. After renoving the solvent, the product is treated
with 40% TFA in DCMw th smal |l amount of water at OC for about 30 min. 15
Exanpl e 13) Preparation of nPEG Ht h- Lvs-Phe-NH, (SEQ ID NO 11) HO v"(
CH30( CH2CH2R)ve @ﬁm&mul tdat ML system (ViR i OPER peptlicrprb@m thlans{ 14ustxur e
of CH30( CH2CH20) ' (C|—|2)2- wherein n is a positive integer. The title
peptide is QMSVBMT@GE@I anxiuse Ivgﬁsa&t}m@iﬁ@htﬂgﬁ {@mindehat™ degelf spte selomed

20 i n Exanp 9 ABhs .ai.ned from
Exanpl e 4. tIEﬁ%rcﬁ’E@q lﬁléﬁoy% ?i&g]idf h% matert a&?@fhﬁgﬁggﬂgﬁ%ﬁg?ﬁg’ in
Exanpl e 12-EImﬁ1@mSP@Baraaﬂﬂbrfm@-Ebﬁph@m%mmmmﬂﬁ of the buffer
solution: after standing at roomtenperature for 2 hours at pH4, the pH of

the reaction solution is adjusted tg.7 and stands at roomtenperature for 3
days before purification. 5 Exangé 1 Preparati on of nPEG Hdm Lvs- Phe- NH,
(SEQ ID NGO 12) HO \w'.< CH30 (CH2CH20) - CH2CH2-- N KF-N H2 0O The
nPEG herein has the structure of BF-NHgH2) 2-, wherein nis a
positive integer. The title peptide?is syfthesized substantially according
to the procedure described 10 for Exanpl eg8. The peptide starting nateri al
is the product obtained from Exanple 7. The PEG al dehyde starting materi al

is the product om@im&d?eﬁhda@@k@mﬂlé’slzeﬁheﬁa LtberyTadtlodd] anRrowi P peitide
adjusting pH of the buffer solution: after standing. at roomteggerature

over ni ght, #séhgsiaen{CEMeComadylptEirvgo Nit ) 9fing RipkprradectBHA Tesin 4 7me 0.25
sol ution st aadtse NG ABIBChEHP ShA tego,| Chtifd. 9443 REHE" RiAUEMbLFRLIOR; Fmoc

Lys(Boc)-OH, and Fmoc-hCys(Trt)-OH (Novabiochem, San Diego, CA) were used in

10 four fold excess using HBTU activation and each coupling was repeated.
7 The peptide was cleaved from the resin by shaking resin with 8%
trispropylsilane/trifluoroacetic acid (TFA) with 1% dithiothreitol (10mL) for three hours.
The resin was filtered and washed with DCM (5mL). The filtrates were combined and
concentrated to 3mL. Diethyl ether (35mL) was added to precipitate the peptide. The
15  precipitated peptide was collected after centrifuging. The pellet was dissolved in water
and acetonitrile and then was lyophilized.
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
20  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, (SEQ ID NO:6)

HS

2

0o
The title peptide was synthesized on a Liberty™ model microwave peptide

25

20



15 Exanpl e 15) Preparation of nPEG Haz-Lvs-Phe-NI, (SEQ ID NG 13) HONwwk
CH30( CH2CH20) -CH2C H2 N KF-NH2 O The nPEG herein has the structure
of CH30(CH2CH20).-(CH2)2-, wherein n is a positive integer. 20The title

peptide is synthesized substantially according to the procedure descri bed

for Exanple _?%nthéai‘&r REBM @05t Rlatthéies, TRE § sl Rifik taRRdP Mt re@RIBUTARE of 7PM
Exanpl e 6. e PEG al dehyde starting nmaterial is the product obtalined in
Exanpl e 12. nthelek (Nevalrochgo, tSapnidieget &plib). adicusminegagids FmoackHRhepQHf dimoc

solution: after, s i n { 1QQ rat ur.e agvernj ght,. at , the of
the reacti oﬁryg(fﬁ"ﬁi‘% a;r% g‘&"ﬁ%ﬁ%@ﬁ% @fﬁaa?lﬂ%%% bheggt %sw% Bgz{r Bom
t enper at ur e f§iRfold taxs ubiRp HRBTI dtti-itioatah®Bach ok ®asepedtegpar ati on of
MPEG Hsz- Lys- Phe-NH, (SEQ I D NO 14) CH30(CH2CH20),-CH2CH2 N KF-NH2 O

The i nPEG her ei nThas pepiidestwasc talpavedf fropsotheHresipoby - slekn - resinhevidh n8% i s

a positive | . i . i | S8V 6 | ntiall

accordi ng tg%ﬁj ﬁ%’%’é)srﬂggge} ur&gnlé#(acg%ér)i%g%&?f%jr@é%&@%ﬁﬁgﬁm%ag“gggwrﬁng
mat eri al i sThbeeyi &y diltepdd @idneashied GAtERQND (BmLY. THNEIHRESvadrd @aybeneslt &idt | ng
material is the groduct Qbtained in Exanple 12. There is_an additional step

of adj ust i ngeRrERGEHed e 3B r Biethy)) therdasmiy teas addedhin mrgctpitatedbmnetigrerbicur e
for 2 hour SﬁPetsc%pgtE%g JeBBa® RaPbolidifed’ SRE bARARG T RO phifet s Uil eliGn w9

the solutio
10 and acetonitrile and then was lyophilized.

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 80% buffer A and 20% buffer B over 35

minutes monitoring at 235nm. After the Iyophilization, 83.9 mg of the final product was

15 obtained. An M+1 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, (SEQ ID NO:7)

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

20  positive integer.

o HS
CH,O(CH,CH,0),-CH,CH, —4

4 HN
S o
—> GH,0(CH,CH,0),-CH,CHmw~<
N KF-NH2
H
0

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

KF-NH2

25  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 Ciz 5p peptide/protein column, 4.6 x
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10 at roomtenperature for 3 days before purification. Exanple 17)
Preparation-L s-Phe-1VH (SEQ I D NO 15) KF-NH2 O The title
peptide is synthesized substantially according to the procedure descri bed
15 in Exanple 3. The peptide starting material is the product obtained from
Exanple 7. bx@aphe Ttﬁ% r%cﬁ@@rrﬁ&hﬁé‘ wods dppiied s6 P deﬁiG)zews &’é&@h in cSla@d D
NG 16) 0 pepti de product of Exanple 6 (1. 2. 44m cronol e)
was di ssol v&jerca Blot@dmowgya kaﬁ?rfglﬁ)f ek Whito aeasn avas Rhmey. aﬁ'%lypp@hz@tm ting
sol ution was added a-(3-

(3-mal ei m do- I - oxopropyl ) am no) propyl - w net hoxy- pol yoxyet hl ene (1.5

equi val ent SEx&ﬂlﬂe@leP@?&rdﬂ@h;QEW@G—W-ﬂW-Ph@M%Q@QQ% NO@F Corp., Tokyo,
Japan) and equivalents 0 res -carboxyethyl)phosphlne hydrochlorlde
(TCER) - glhe. © eackirs #:f AEPUR! SnRlie orORTLEREH,CHORATH SIDGREEH D35 ol

on the anal ysis done by using a reverse- pha e an |€ C system (Vydac
Cl8 511 Peppoditvginadger.n col uim, 4.6 x 250 . The reactlon m xt ure was

applied to a 10nm. ZebaTM desalt spin colum (Pierce Biotechnol ogy,
Rockford, IL). A white foam was obt ai ne(jj er i zation. 10 Exanpl e

19) Preparation of H sel enoCvs(Prd-PEGQ Phe-N112 (]SEQ I D NG 17) 0
PEG N O KF-NH2 CH,O(CH,CH,0)-CH,CH

S .
- CHSO(CHchzo)n'CHZCHZW{;lﬂ/KF—NH2
H
O

The peptide product of Example 6 (0.5mg 1.22 micromole) was dissolved in
1.0mL of a pH 4 buffer (20mmolar NaOAc). To the resulting solution was added mPEG-
10  aldehyde (1.5 equivalents, the average molecular weight is 20644 Da, NOF Corp.,
Tokyo, Japan) and TCEP (2.0 equivalents). The reaction was approximately 90%
complete after three hours at room temperature based on the analysis done by using a
reverse-phase analytical HPLC system (Vydac Cj3 5pu peptide/protein column, 4.6 x
250mm). The reaction mixture was applied to a 10mL Zeba™ desalt spin column

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

Example 10) Preparation of selenoCys- Lys-Phe-NH; (SEQ ID NO:9)

HSe

0]

The title peptide is synthesized substantially according to the procedure described
20  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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0 The title peptide is synthesized substantially according to the
procedure described in Exanple 3. The peptide starting naterial is the
product obtained from Exanple 10. 15 CLAIMS What is clainmed is: 1. A
met hod of chemi cally conjugating PEG containing one or nore free 5 al dehyde

groups to t Xt i Zeshrakbi BYAPYG-S4-08pC PRI W, EEEQT@NG a-anino group
of a D or L-C erneresr ue of a nolecule, sal t hod conprising

reacting the free hyde, ar Qup, i %%99 di ul. f-hydryl
side-chain and t gl% h %‘% Sghﬁlott}%go? al gtg%{t%‘(@ﬁx du&er %Sﬁ]glelrtgréat e
a 1, 3-thi azgdglmenﬁtegéloup |n a pr oduct, wherein sar d product has the

structure 10NR 2 wherein Rl is sai d PEG and is said nolecule. 2. A
nmet hod of chemi cally conjugating PEG cont ai rb nore free
al dehyde groups to the unoxidized sul fhydry)~side-chailn and the free

a-anmino group of a QH.,O{Cét,0HRtCHYBH;ys¥€i nekr of-FnisHgcul e
according to claim1, 3\/\/neré n ésga)lﬁd rreg?hod fuH herﬁ;‘!\é)rrprr es, reacting
the free al dehyde group of said PEG w th the unoxidized gul f hydryl
side-chain and the free a-am no group of said cyggdeine residue in a
reaction solution to_ge di e gfoup in an internediate;
and 20adj usting the p pH @F@ﬁ@"ﬁ&i&ﬁ)@m@@@& to aboutK Nﬁhereby sai d

X
internedi ate rearranges to forma final product Nwhe ¢ 2i nt er nedi at e

in sali
has the structure of R< N'--N H S.- and said fi il prioduct has the
structure of HO e

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

Exampie 12) Preparation of

mPEG herein has the structure of CH;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; (SEQ ID NO:11)

HO S

e KF-NH,

CH4O(CH,CH,0),-CH,CH,

9
The mPEG herein has the structure of CH;O(CH2CH,0),-(CHy),-, 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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rR2 25 wherein RL is said PEG and R2 is said nolecule. 3.A nmethod of
chem cally conjugating PEG containing one or nore free al dehyde groups to

t he unoxi di zed sul fhydryl side-chain and the free a-am no group of a D or
L-penicillam ne residue of a nolecule, said nethod conprising reacting the
free al dehy&t&@é@m fofaefughngﬁ{th{é SutRr @&Qﬁb&'aﬁe@'s@ﬂ&h@ﬁﬂm&n EnfRrahrl n
and the free a- 5am group of said penicillamne residue to generate a

5, 5- di met hyfbr 2, Rmtrhia’apHHJ tlllerpé{ gf thepreaetion golwihecis adyusteddio Y sl stagdsod reemhas
the structure of Rlélai\‘ wherejn Rl is said PEG and R2 is said

mol ecul e. 1GHPRARYEL S?YS&‘?@W WiH$2%8nj ugati ng PEG cont ai ni ng one or nore
free al dehyde groups to the unoxidized sul fhydryl side-chain and the free
a-amno group of a D or L- penl cillam ne re5|due of a nol ecule according to
cl ai m 3,5 whExanpledd) d°rap mPEGr HémebysiPesNH, (SEQ ID NEekgting the free
al dehyde group of sai d PEG W|th t he unoxi di zed sulfhydryl si de- 15 chain and

the free a-amno group of said penicillamne gesidue in a reaction solution
to generate a 5,5-dinmethyl-1, 3-thi azdﬂw

+n an internediate; and
adjusting the pH of the reaction solutio abopt 7, whereby said
internediate rearranges to forma final produgts d internmedi ate
has the structure of SCP,O(CkhEHAN- @HQ@Hzproduct has the structure of RL
wherein Rl is said PEG and R2 is said nolecule.

The mPEG herein has the structure of CH;O(CH,CH»0),-(CHz);-, wherein n is a
positive integer.
The title peptide is synthesized substantially according to the procedure described
10  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.
15
Example 15) Preparation of mPEG-Haz-Lys-Phe-NH; (SEQ ID NO:13)

S

HO
\"““k KF-NH,

CH,O(CH,CH,0),-CH,CH,

0

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

positive integer.
20 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

25  at room temperature for 3 days before purification.
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5. A nethod of chem cally conjugati ng PEG contai ning one or nore free 25

al dehyde groups to the unoxidi zed sul fhydryl side-chain and the free

a-am no group of a D- or L-honocysteine residue of a nolecule, said nethod
conprising reacting the free al dehyde group of said PEGw th the

unoxi di zed gyl fudey ! pobdsrnchar APEodHENE S PRENA, BIBAD Sioup of said
honocyst ei ne Tesldue to0 generate a sI x-nenbered ring systemin a product,
wherein said product has the structurﬁ of S F% IRFH 5 wherein R1L is said
PEG and R2 is said nol ecul e. 10 Fpf chemical | y conjugating
PEG cont ai ni ng one or nore free al dehyde t the%n { di zed sul f hydryl
side-chain and the free a-am na |_group of D-Nort C%Zei ne residue of
a nol ecul e accordi ng t HER{CH A Mbr@ﬂncibi d nmet hgd 10 further conprises,
reacting the free al dehyde group of said PEG with Che unoxi di zed sul f hydryl
side-chain and the free a-am no group of said honocysteine residue in a
reacti on sol uti ofih¢ mPF¢hberainchaa tise struvturb ef €H:0(CldCy£)etCHp).grwherein n is a

i nternmedi ate; ,and adjusting the pH of the reaction solution to
about 7, whRSHKP BIEE-i nt er nedi ate 15 rearranges to forma final product,
wherein said int i ; !Hﬂf‘e S g | ' duct
has t he itructurgﬁﬁﬁémlﬁgﬁsm is?eggligﬁ PE&wg(h%g R2 @Sm&dﬁegﬁ?gﬁzo
7. A met hodfoofExempld thl The peptide gtartingympedalis theaprailpgy obtagnedr from Hxampée10.

al dehyde gr 0 e unoxi di zed fre el en rQ a t h ee.a- ani no
gr oupyof g@;‘ngb@é%ﬂgétj?‘ﬁﬂﬁl Iﬁgpepggﬁsglﬁ%p%’ﬁuq %ﬁ?écu@e,xwﬁ%ﬁ%’et Sg 15 an
conpri si ng fRMGddanteh RE adjiustengAdidl e Héehudfed wFlutidn: Sftefl st at Robhenipeaxidi zed

free seleno group and the free a-am no 25 group of said sel enocysteine

resi due to fpeRdwatreatpH4, the-ntbable sepctipp golyiien sridjusted to Frapd e solyiy tandss ai d
product I(T| asattrggm%ﬂlggr%%eefogg days before purification.

Example 17) Preparation of H-Pen(Prd-PEG)-1Lys-Phe-NH, (SEQ ID NO:15)

o)
PEG—N
S
ol
KF-NH,
H,N |
0

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

Examvple 18) Preparation of H-hCys(Prd-PEG)-Lys-Phe-NH; (SEQ ID NO:16)

Q
PEG—N
S
0
KF-NH,
H,N

25



Se, R2 wherein Rl is said PEG and R2 is said nolecule. 58. A met hod of
chem cally conjugating PEG one or nore free al dehyde groups to the

unoxi di zed free seleno group and the free a-am no group of a D- or

Lsel enocysteine residue of a nolecule according to claim3, wherein said

net hod further CORPricpRde product of@@ﬁ{ G {1NGmf refmicARRNEE wak QifkoRfedsal d
PEG with the unoxidized free seleno 10 group and the free a-am no group of

sai d sel enotysiledhepHesbefier (Bﬂanalqla'd‘éa(i)bw s'l:"ﬂ thei resulting spdwieorawas added o-(3-
five-menbered rjng. systemin an .internediat and dj usting the pH of
the reacti o& %’éjeé}g%dg FPW%B@GIW&RF@”E §5an W@Fﬁ%ﬁﬁ%ﬁ?e lr%ag‘ﬂ‘ﬂ #Yst o
forma fin t h r

afpehy ge,ggggrol Ak Gl dfgial #1963 155 rﬁép@&p FoIct Ggpi 64 ea@ﬂeﬁﬁs_

R1 2 15and sai as the structure 0o erein I's said
PEG and 1(&f Tﬂs@madbmbﬂagl)phnspﬁmé hmﬂrdmhdbm:l‘e (i) c aThy reawtipn gedsi comES

containing one or nore free 20 al deh ups tao the unoxj di zed sul j hydryl
o erchar o S ok BB BifoR i smRg A P B RIvSEs ong, Y SARE KSR BJePel e
residue of g Rlaruire.c §%4té4n Rthad C?Pgﬁrﬂe?tlﬂ@pfo?éi‘ﬁtcbﬂﬂﬁ hes & efonghsiehide

group of said PEG with e unoxi di zed sul f hydr si de-chain and the free
a- met hyl - anteadtiqy am@tlu’c msdapplwéthmacy@nbl IZ@batTé‘sms@ttspugeuﬂmane(%ieﬁ;e
nmet hy1l-1, 3- hla ol ikn.,a product i al ct has the
structure o ﬁﬂﬁ?g%’g? ‘%ﬁ%ﬁ& ﬁ'é g“ %ﬁ ﬁ‘g é&' a°Tol ecul e.

10. Thegret hod according to any one of clainms 1-9, wherein the free

al dehyde 5 or nmaleimde group is attached to said PEG through a Iinker that

may cont ai nExample 19k dlreparation ¢é/flaetereCysébitd BRGY-Lys-RiedVHHR5Q TRINGI17)
al kenyl, al kynyl, aryl, maleimde, or am ne functi onal group, or any

combi nati on ther eof ) O
PEG—N
| Se
O
KF—NH2
H2N

0

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.
15
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11. The met hod according to claim 10, wherein said PEG has a |inear, 10

branched or multi-arm structure. 12. The method according to claim
11, wherein said PEG has average nol ecul ar wei ght of about 100 Da to about
500, 000 Da, preferably about 1,000 Da to about 50,000 Da. 15 13. The

met hod according to any one of clains 1- WhAIMSrein said conjugate product
contai ns onqqﬁg- . tein, peptide, or organic nolecule noieties, or any
conbi nation t e}sreag?ﬁlegiﬁ The net hod according to any one of clains 1- 9,
wherein a reducing agent is used in the reaction. 15. The nethod according
to claim 14, wherein said ent i.s . selected fromthe group
consi sting of TCEP, érr’ﬁ’& gsotigﬂwﬁa?aﬁhn@%%a{m%? F& septapung opg 19y anere faeed
compoun c [

10> BrovoRSORC R e MO AIa AR RO RaReudh A e Bk R Bl S
176P2 PCT2 Riardrv\Laiyst“éEA redidie OfEA midlédute, TEAd hbBiad TdoMpsibhnib> reblcing k6O frek/
<170> Patentln version 5.<210> 1 <211> 3 <212> PRT <213> Artificial

Sequence <23ldeh 3@239‘1113@5{‘41@ FEGwitd the vgpaidized suibylyyhsifleshain and the free o-

amino group of said cysteine residue to generate a 1,3-thiazolidine group in a product,

wherein said product has the structure of

S
R1_< j\
N R

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

10

2. A method of chemically conjugating PEG containing one or more free
aldehyde groups to the unoxidized sulthydryl side-chain and the free o-amino group of a
15 D- or L-cysteine cysteine residue of a molecule according to claim 1, wherein said
method further comprises,
reacting the free aldehyde group of said PEG with the unoxidized sulthydryl side-
chain and the free «-amino group of said cysteine residue in a reaction solution to
generate a 1,3-thiazolidine group in an intermediate; and
20 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

S
Rﬁj\

N

H R,

and said final product has the structure of
sk
/R,
R‘!

25  wherein R; is said PEG, and R; is said molecule.
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<220> <221> M SC FEATURE <222>(1)..(1) <223> Xaa = N-nethyl -cysteine

(N- MeCys) <220> <221> MOD RES <222> (3)..(3) <223> AM DATI ON <400> 1 Xaa
Lys Phe 1 <210> 2 <211> 2 <212> PAT <213> Artificial Sequence <220> <223>
Pegyl at ed peptide <220> <221> M SC_FEATURE <222>(1)..(1) <223> Xaa =

met hoxy- pol yet hyBene @l uetodlofSchdniosil balijiigatidg RGN \Cdnthinif@ 0B Xy | théreaféd

| ysi ne (nMPEG Tnt- Lys) <220> <221> MOD RES <222> (2)..(2) <223> AM DATI ON
<400> 2 Xaaldehydeigregpegs thee wporidiza! supfhydrybgifle-chain and the free a-amine group of a

D- or L-penicillamine residue of a molecule, said method comprising reacting the free
aldehyde group of said PEG with the unoxidized sulthydryl side-chain and the free o-
-5  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__< f
N TR

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

10 4. A method of chemically conjugating PEG containing one or more free
aldehyde groups to the unoxidized sulfhydryl side-chain and the free o-amino group of a
D- or L-penicillamine residue of a molecule according to claim 3, wherein said method

further comprises,
reacting the free aldehyde group of said PEG with the unoxidized sulthydryl side-

15 chain and the free a-amino group of said penicillamine residue in a reaction solution to
generate a 5,5-dimethyl-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

S
R1_< f

20  and said final product has the structure of

HO\\(Si
/N R,
R

-

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

5. A method of chemically conjugating PEG containing one or more free
25  aldehyde groups to the unoxidized sulfhydryl side-chain and the free a-amino group of a

D- or L-homocysteine residue of a molecule, said method comprising reacting the free
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<213> Artificial Sequence <220> <223> Pegyl ated peptide <220> <221>

M SC FEATURE <222>(1)..(1) <223> Xaa = N-nethyl -cysteine

pyrrolidine-2,5-di one polyethylene glycol (H N MCys(Prd-PEG) <220> <221>
MOD_RES <222> (3)..(3) <223> AM DATI ON <400> 3 Xaa Lys Phe 1 <210> 4 <211>

3 <212> PRTaddddk Abolp ffGhil PIRE GHENER wRaRitzcd 2 BthyBePbiddRnhiar anel the-fadeegi fi c
pegyl ation <220> <221> M SC FEATURE <222>(1)..(1) <223> Xaa = cysteine
(Cys) or hoamiyesgreipef shidhomocgstoine residue to generate a six-membered ring system in a

product, wherein said product has the structure of

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

6. A method of chemically conjugating PEG containing one or more free
aldehyde group to the unoxidized sulfhydryl side-chain and the free a-amino group of a
D- or L-homocysteine residue of a molecule according to claim 3, wherein said method

10 further comprises,
reacting the free aldehyde group of said PEG with the unoxidized sulthydryl 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

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

R, H R,

2

and said final product has the structure of

. wherein R, is said PEG, and R; 1is said molecule.

20
7. A method of chemically conjugating PEG containing one or more free

aldehyde groups to the unoxidized free seleno group and the free c-amino group of a D-
or L-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

25 group of said selenocysteine residue to generate a five-membered ring system in a
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<221> MOD_RES <222> (3)..(3) <223> AM DATI ON <400> 4 Xaa Lys Phe 1 <210> 5
<211> 2 <212> PAT <213> Art|f|C| al Sequence <220> <223> Pegyl at ed pepti de
<220> <221> M SC_FEATURE <222>(1)..(1) <223> Xaa net hoxy- pol yet hyl ene

gl ycol -1, 3-t hi azol i di ne-4-carboxylic acid |ysine (nPEG Tha-Lys) <220>

<221> MOD_RE8dead 2RRerbid)said(ptpduc? BaethAMrDATHe@Y <400> 5 Xaa Phe 1 <210> 6
<211> 2 <212> PRT <213> Artificial Sjggce <220> <223> Peptide for
M

site-specific pegylation <220> <221> iATURE
N

R,
H R,

)

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

5 8. A method of chemically conjugating PEG one or more free aldehyde
groups to the unoxidized free seleno group and the free a-amino group of a D- or L-
selenocysteine residue of a molecule according to claim 3, wherein said method further
COMmpIises,

reacting the free aldehyde group of said PEG with the unoxidized free seleno
10 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 has the structure of

Se
a _<Nj\
H R,

15  and said final product has the structure of
HO\\(SG
N
/ {
R1 RE

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

9. A method of chemically conjugating PEG containing one or more free

20  aldehyde groups to the unoxidized sulfhydryl side-chain and the free o-methyl-amino
group of a D- or L-N-methyl-cysteine residue of a molecule, said method comprising
reacting tﬁe 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
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<222>(1)..(1) <223> Xaa = penicillam ne |ysine (H Pen-Lys) <220> <221>
MOD RES <222> (2)..(2) <223> AM DATI ON <400> 6 Xaa Phe 1 <210> 7 <211> 2
<212> PRT <213> Artificial Sequence <220> <223> Pegyl ated pepti de <220>
<221> M SC _FEATURE <222>(1)..(1) <223> Xaa = met hoxy- pol yet hyl ene

gl ycol -5, 5-di net hyl- 1, 3-t hi azol i di ne- 4- boxylic acid |ysine
(PEG Dma- Lys) <220> <221> MDD ) RESRs222> (2)..(2) <223> AM DATI ON <400> 7
Xaa Phe 1 <210> 8 <211> 2 <212> PAT <21 tificial Sequence <220> <223>
Pegyl at ed pepti de R,

H,C

2

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

10.  The method according to any one of claims 1-9, wherein the free aldehyde
5  or 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.

11.  The method according to claim 10, wherein said PEG has a linear,

10  branched or multi-arm structure.

12. The method according to claim 11, wherein said PEG has average

molecular weight of about 100 Da to about 500,000 Da, preferably about 1,000 Da to

about 50,000 Da.
15
13.  The method according to any one of claims 1- 9, wherein said conjugate
product contains one or more protein, peptide, or organic molecule moieties, or any
combination thereof.
20 14,  The method according to any one of claims 1- 9, wherein a reducing agent

is used in the reaction.

15. The method according to claim 14, wherein said reducing agent is
selected from the group consisting of TCEP, compounds containing an unoxidized

25  sulfhydryl and compounds containing an unoxidized free seleno group.
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<220> <221> M SC_FEATURE <222>(1)..(1) <223> Xaa = nethoxy- pol yet hyl ene
gl ycol - 1, 3-t hi azi nane-4-carboxylic acid |ysine (nPEG Thc-Lys) <220> <221>
MOD RES <222> (2)..(2) <223> AM DATI ON <400> 8 Xaa Phe 1 <210> 9 <211> 3
<212> PRT <213> Artificial Sequence <220> <223> Peptide for site-specific
pegyl ati on <220> <221> M SC FEATURE <222>(1)..(1) <223> Xaa =
sel enocystei ne (sel enoCys) <220mw22dssdYRD _RES <222> (3).-(3) <223>
AM DATI ON <400> 9 Xaa Lys Phe 1 <210> 10 <211> 2

<110> BIOMEASURE, INC.

<i20> METHODS FOR SITE-SPECIFIC PEGYLATION
<130> 176P2 PCT2 Yankwich TBA

<140> TBA
<141> TBA

<150> TBA
<151> TBA

<160> 17

<170> PatentIn version 3.5

<210> 1
<211> 3
<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide for site-specific pegylation

<220>

<221> MISC FEATURE

<222> (1).. (1)

<223> Xaa = N-methyl-cysteine (N~MeCys)

<220>

<221> MOD_RES
<222> {3)..{3)
<223> AMIDATION

<400> 1
Xaa Lys Phe
1

<210> 2
<21l> 2
<212> PRT

<213> Artificial Sequence

<220>
<Z223> Pegylated peptide

<220>

<221> MISC FEATURE

<222> (1}..(1)

<223> Xaa = methoxy-pclyethylene glycoli-1,3-thiazolidine-3-methyl-4-
carboxylic acid lysine (mPEG-Tmc-Lys)

<220>

<221> MOD_RES
<222>  (2)..(2)
<223> AMIDATION

<400> 2




<212> PRT <213> Artificial Sequence <220> <223> Pegyl ated pepti de <220>
<221> M SC FEATURE <222>(1)..(1) <223> Xaa = net hoxy- pol yet hyl ene

gl ycol - 1, 3-sel enazol i di ne-4-carboxylic acid |ysine (nmPEG Sez-Lys) <220>
<221> MOD_RES <222> (2)..(2) <223> AM DATION <400> 10 Xaa Phe 1 <210> 11
<211> 2 <212> PAT <213> Artificial Sequence <220> <223> Pegyl ated pepti de
<220> <2231>M SC_FEATURE <222>(1)..(1)

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

3

3

PRT

Artificial Sequence

Pegylated peptide

MISC FEATURE

(1)..(1}

Xaa = N-methyl-cysteine pyrrolidine-2, 5-dicne polyethylene glycol
(H=N-MeCys (Prd-PEG} )

MOD_RES
{3)..1(3)
AMIDATION

3

Xaa Lys Phe

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

4

3

PRT

Artificial Sequence

Peptide for site-specific pegylation

MISC FEATURE
(1)..(L)
Xaa = cysteine (Cys) or homocysteine {(hCys)

MOD_RES
(3)..103)
AMIDATION

4

Xaa Lys Phe

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

5

2

FRT

Artificial Seguence

Pegylated peptide

MISC FEATURE
(1)..(1)
Xaa = methoxy-polyethylene glycol-1,3-thiazolidine-4-~carboxylic




<223> Xaa = net hoxy- pol yet hyl ene _ _ _ _
gl ycol - 2- hydroxynet hy1l-1, 3-t hi azol i di ne4-carboxylic acid |ysine
(MPEG Ht h-Lys) <220> <221> MOD_RES <222> (2)..(2) <223> AM DATI ON <400> 11
Xaa Phe 1 <210> 12 <211> 2 <212> PAT <213> Artificial Sequence <220> <223>
Pegyl at ed pepti de <220> <221> NI;CLFEATUEE1<§2§>8;).£E1? ;2§3> Xaa =
met hoxy- pol yetdnilehesigky o0ES2Tyrdroxymet hy1- 5, 5-di met hyl - 1, 3-
thiazoriging-4-carboxylic acid lysine (nPEG Hdm Lys) <220> <221> MOD_RES
<222> (2)55°02),,<223> AM DATI ON <400> 12 Xaa Phe 1 <210> 13 <211> 2 <212>
RT 221>“/MoD” RS

P <222>  (2)..(2)
<223> AMIDATION

<400> 5
Xaa Phe
1

<210> 6

<211> 2

<212> PRT

<213> Artificial Seguence

<220>
<223> Peptide for site-specific pegylation

<220>

<221> MISC FEATURE

<222> (1)..(1)

<223> Xaa = penicillamine lysine (H-Pen-Lys)

<220>
<2Z21> MOD_RES
<222>  (2)..(2)

<223> AMIDATION

<400> €&
Xaa Phe

<210> 7

<211> 2

<212> PRT

<213> Artificial Sequence

<220>
<223> Pegylated peptide

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Xaa = methoxy-polyethylene glycol-5, 5~dimethyl-1, 3-thiazolidine-4-
carboxylic acid lysine {mPEG-Dma~Lys)

<220>

<221> MOD RES
222> (2}..(2)
<223> AMIDATION

<400> 7
Xaa Phe
1

<210> 8

<211> 2

<212> PRT

<2i3> Artificial Segquence




<213> Artificial Sequence <220> <223> Pegyl ated peptide <220> 5 <221>
M SC FEATURE <222>(1)..(1) <223> Xaa = net hoxy-pol yet hyl ene
gl ycol - 2- hydr oxynet hyl- 1, 3-t hi azi nane-4- carboxylic acid |ysine
(mMPEG Haz- Lys) <220> <221> MOD _RES <222> (2)..(2) <223> AM DATI ON <400> 13
Xaa Phe 1 <210> 14 <211> 2 <212> PRT <213> Artificial Sequence <220> <223>
Pegyl at ed peptide <220> <221> M SC FEATURE <222>(1)..(1)

<220>

<223> Pegylated peptide

<220>

<221> MISC FEATURE

<222> (1})..(L1)

<223> Xaa = methoxy-polyethylene glycol-1,3-thiazinane-4-carboxylic
acid lysine {mPEG-Thc-Lys)

<220>

<221> MOD_RES
<222> (2)..{2)
<223> BMIDATION

<400> 8
Xaa Phe

1

<210> 9
<211> 3
<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide for site-specific pegylation

<220>
<221> MISC FEATURE
<222> (1)..(L1)

<223> Xaa = selenocysteine {(selenoCys)

<220>

<221> MOD_RES
222>  (3)..1{3)
<223> DMIDATION

<400> &
Xaa Lys Phe
1

<210> 10
<211> 2
<212> PRT

<213> BArtificial Segquence

<220>
<223> Pegylated peptide

<220>
<22Z1> MISC FEATURE
<222> (1)..(1)

<223> Xaa = methoxy-polyethylene glycol-1,3-selenazolidine-4-carboxylic
acid lysine (mPEG-Sez-Lys)

<220>

<221> MOD_RES
<222>  (2)..(2)
<223> AMIDATION




<223> Xaa = met hoxy- pol yet hyl ene gl ycol - 2- hydr oxynet hyl- 1, 3- sel enazol

ne4- car boxylic acid lysine (nPEG Hsz-Lys) <220> <221> MOD RES <222>
(2)..(2) <223> AM DATI ON <400> 14 Xaa Phe 1 <210> 15 <211> 2 <212> PRT
<213> Artificial Sequence <220> <223> Pegyl ated pepti de <220> <221>

M SC_FEATURE <222>(1)..(1) <223> Xaa = penicillamne pyrrolidine-2,5-dione
pol yet hyl ene gl ycol |ysine (H Pen(Prd-PEQ -Lys) <220> <221> MOD_RES <222>
(2)..(2)<4422320AM DATI ON <400> 15 Xaa Phe 1 <210> 16 <211> 3

Xaa Phe

1

<210> 11

<211> 2

<212> PRT

<213> Artificial Sequence

<220>

<223> Pegylated peptide

<220>

<221> MISC _FEATURE

<222>  (1)..({1)

<2Z23> Xaa = methoxy-polyethylene glycol-2-hydroxymethyl-1,3-thiazolidine-
4-carpboxylic acid lysine {(mPEG-Hth-Lys)

<220>

<221> MOD RES

<222> (2)..(2)

<223> AMIDATICN

<400> 11

Xaa Phe

1

<210> 12

<2il> 2

<212> PRT

<213> Artificial Sequence

<220>

<223> Pegylated peptide

<220>

<221> MISC FEATURE

<222> (1)..({1)

<Z23> Xaa = methoxy-polyethylene glycol-2-hydroxymethyl-5,5-dimethyl-1, 3~
thiazolidine-4-carboxylic acid lysine (mPEG-Hdm-Lys)

<220>

<221> MOD_RES

<222> (2} ..(2)

<223> AMIDATION

<400> 12

Xaa Phe

i

<210> 13

<211> 2

<212> PRT

<213> Artificial Sequence

<220>

<223> Pegylated peptide

<220>




<212> PAT <213> Artificial Sequence <220> <223> Pegyl ated peptide <220>
<221> M SC_FEATURE <222>(1)..(1) <223> Xaa = honocystei ne
pyrrolidine-2,5-di one pol yethyl ene glycol (H hCys(Prd-PEG) <220> <221>
MOD_RES <222> (3)..(3) <223> AM DATI ON <400> 16 Xaa Lys Phe 1 <210> 17
<211> 3 < 12> < > Artificial Sequence <220> <223> Pegyl ated peptide
<220> <22§ZDN|§E{ <222>(1)..(1) <223> Xaasel enocyst ei ne

a

L5 .o (L)
pyrrolidikpgz2, Q'ﬁﬁgt%gk(y;@él@%kﬁﬁ%ngl éllcy(c):lol—Z—hydroxymethyl—l, 3-thiazinane-4-

carboxylic acid lysine (mPEG-Haz-Lys)

<220>
<221> MOD RES
<222>  (2)..(2)
<223> AMIDATION

<400> 13
Xza Phe

1

<210> 14
<211> 2
<212> PRT

<213> Artificial Sequence

<220>
<223> Pegylated peptide

<220>

<221> MISC FEATURE

<222>  (1)..(1)

<223> XHaa = methoxy-polyethylene glycol-2-hydroxymethyl—-1, 3-selenazoline~
4-carboxzylic acid lysine (mPEG-Hsz-Lys)

<220>

<221> MOD RES
<222>  {2)..(2)
<223> AMIDATION

<400> 14
Xaa Phe
1

<210> 15

<211l> 2

<212> PRT

<213> Artificial Sequence

<220>
<223> Pegylated peptide

<220>

<221> MISC FEATURE

<22Z> (1)..(1)

<223> Xaa = penicillamine pyrrolidine-2, 5~dione polyethylene glycol
lysine (H-Pen (Prd-PEG) -Lys)

<220>
<221> MOD_RES
<222>  (2)..(2)
<223> AMIDATION

<400> 15
Xaa Phe




(H-sel enoCys(Prd-PEG ) <220> <221> MOD_RES <222> (3)..(3) <223> AM DATI ON
<400> 17 Xaa Lys Phe 1

<210> 16
<211> 3
<212> PRT

<213> Artificial Sequence

<220>
<223> Pegylated peptide

<220>
<221> MISC_FEATURE
<222>  {1)..(1)

<223> Xaa = homeccysteine pyrrolidine-2,5-dione polyethylene glycol
(E-hCys (Prd-PEG) )

<220>

<221> MOD RES
<222> (3)..{(3)
<223> AMIDATION

<400> 16
Xaa Lys Phe
1

<210> 17
<211> 3
<212> PRT

<213> Artificial Sequence

<220>
<223> Pegylated peptide

<220>

<221> MISC FEATURE

<222>  (1).. ({1}

<223> Xaa = selenccysteine pyrrolidine-2,5-dicne polyethylene glycol
(H-selenoCys (Prd-PLEG) )

<220>

<221> MOD RES
<222>  (3)..(3)
<223> AMIDATION

<400> 17
Xaa Lys Phe
1




