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10 Background of the Invention:

Erythropoiesis is the process for the production of red blood cells that occurs to
regulate turnover and loss of red blood cells. Erythropoietin (EPO) is a protein hormone
that stimulates erythropoiesis. Naturally occurring human EPO is a glycoprotein
containing 165 amino acids that is produced primarily in the kidney, secreted into the

15 blood stream, and stimulates production of red blood cells from precursor cells in bone
marrow. Although the gene encoding human EPO predicts a molecule with 166 amino
acid residues, the carboxy-terminal arginine is removed in a post-translational
modification in its mature form.

Glycosylated human EPO has three N-linked carbohydrate chains attached at

20  positions 24, 38 and 83. It also has one O-linked carbohydrate moiety present at
position 126. The effects of glycosylation are complex. Non-glycosylated EPO is active
in vitro. However, studies have shown glycosylation to be necessary for full activity in
vivo. Studies also have shown that variable glycosylation patterns exhibit variable
effects. For example, desialyated EPO exhibits both enhanced in vitro and decreased in

25  vivo activity, an effect attributed to the exposure of galactose residues that are

recognized, bound, and cleared by hepatocytes. The branching pattern of fully sialyated
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tetra-antennary branched EPO shows activity equivalent to "standard" EPO,
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contai ni ng reconbi nantly produced glycasylated EPO are avail abl e. However,
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see Abuchowski et al., in “Enzymes as Drugs,” (J. S. Holcerberg and J. Roberts, eds.
20 pp. 367-383 (1981) and Zalipsky, S. (Bioconjugate Chemistry (1995) 6:150-165. The
use of PEG and other polymers to modify proteins also is discussed by Cheng, T.-L. et
al., Bioconjugate Chem. (1999) 10:520-528; Belcheva, N. et al., Bioconjugate Chem.
(1999) 10: 932-937; Bettinger, T. et al., Bioconjugate Chem. (1998) 9:842-846; Huang,
S.-Y. et al., Bioconjugate Chem. (1998) 9:612-617; Xu, B. et al. Langmuir (1997)
25  13:2447-2456; Schwarz, J. B. et al, J. Amer. Chem. Soc. (1999) 121:2662-2673;
Reuter, J. D. et al., Bioconjugate Chem. (1999) 10:271-278; Chan, T.-H. et al., J. Org.
Chem. (1997) 62:3500-3504. Typical attachment sites in proteins include primary amino
groups, such as those on lysine residues or at the N-terminus, thiol groups, such as
those on cysteine side-chains, and carboxyl groups, such as those on glutamate or
30 aspartate residues or at the C-terminus. Some of the most common sites of attachment
are to the sugar residues of glycoproteins, cysteines or to the N-terminus and lysines of “

the target proteins.



WO 02/ 19963 PCT/ US01/ 21928 -3 Al though many different approaches have been
descri bed for conjugation of polyners to EPO, the conjugation process is
not withouooroaspd i cati ons. Care nmust be taken to limt tPeTUSGIR21018

bi ol ogi cal activity caused by the conjugation reaction. For exanple,
folded or re-folded proteins are typically used to mnimze the nunber of
sites 5 of attachnent. However, if too much of the activated polyner is
attached to the target protein or polypeptide, biological activity can be
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' and the epsilon amino groups of lysines). Thiol-reactive polymer conjugates also have
20 been used to attach polymers to the thiol side-chains of cysteines. Both approaches
represent significant problems as most proteins contain multiple copies of such reactive
groups spread out over various regions of the polypeptide backbone that play an
important role in defining the activity, folding, re-folding and stability of a protein. Thus
although widely used, such approaches suffer from more or less incomplete or
25 unwanted reduction in bioactivity of a protein, and usually complex mixtures that are
difficult to separate and characterize (Delgada et al., Pharmaceutical Sciences (1997)
3:59-66).
In an attempt to reduce random attachment, proteins have been made in which
the natural lysines are removed in conjunction with adding lysines at the desired sites of
30  polymer attachment (U.S. Pat. No 4,904,584). For example G-CSF and IL-2 have been
modified in this manner. Other attempts to avoid random attachment has been to make

proteins in which the natural cysteines are removed in conjunction with adding cysteines



30 polymer attachment (U.S. Pat. No 4,904,584). For exanple G CSF and |L-2
have been nodified in this manner. QG her attenpts to avoid random
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PEG based @ft@brﬁ\ﬁenteéﬁedﬁher water-soluble polymers to proteins continues to be pursued. For
example, attachment of PEG to sugar chains of erythropoietin (EPO) and internal amino
acids such as lysines (EP 0 605 963 and WO 00/32772), and the N-terminus (U.S.
20 Patent 6,077,939 and WO 00/32772) also has been described. Unfortunately, such
PEGylated EPOs result in complex mixtures that are difficult to separate and

characterize.
Another problem is that the above-discussed polymers are highly non-
homogeneous, which render analytical characterization and purification of the mixtures
25  of polymer-modified proteins difficult (Delgada et al., Pharmaceutical Sciences (1997)
3:59-66). For example, techniques used to prepare PEG or PEG-based chains, even
those of fairly low relative molecular mass such as 3400, involve a poorly controlled
polymerization step which leads to preparations having a spread of chain lengths about

a mean value; that is, they involve polymer preparations of (CHoCH2O), where n does

30 not have a discrete value but rather has a range of values about a mean. The resulting



those of fairly lowrelative nol ecular mass such as 3400, involve a poorly
controlled polynerization step which |leads to preparations having a spread
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rat her has a range of val ues about a nmean. The resulting WO 02/19963
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of the modifying moiety. Several linkages, such as tresylchloride- based linkages,

20  known to the art are also known to be immunogenic.
Thus to improve circulating half-life, reduce proteolysis and immunogenicity and
improve other properties of biologically produced proteins, water-soluble polymers such
as PEG can be attached, but with mixed results given the difficulty of attaching them in a
controlled manner and with user-defined precision. Also, because of the limited success
25  in attaching polymers at precise user-defined sites, very little is known about preferred
sites of attachment that could be applicable to proteins in general. In addition, because
of the stochastic nature of attachment, and the hetero-disperse nature of PEG and other
water-soluble polymers currently employed for such purposes, purification and analytical
characterization of PEG-protein conjugates has been difficult. Thus the combined
30 problem of poor control over reproducible attachment and polymer heterogeneity has

severely hampered the routine approval of polymer-modified proteins as therapeutics



sites of attachnent that could be applicable to proteins in general. In
addi tion, because of the stochastic nature of attachment, and the
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of PEG protein conjugates has been difficult. Thus the conbined 30 problem
of poor control over reproducible at t actfent and pol ynmer heterogeneity has
severely hanpered the routine approval of polynmer-nodified proteins as

t herapeutics WO 02/19963 PCT/ US01/21928 -6 (only a few approved to date
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wat er - sol ubl e polynmers attached thereto. Al so provided are pharnmaceuti cal
conpositions conprising the synthetic erythropoiesis stimulating proteins
of the invention. 15 The invention is further directed to nethods of
treating a mammal wth pol yneSUNMARY IQRITHEMVENTIONr vt hr opoi esi s
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15 The invention is further directed to methods of treating a mammal with polymer-

modified synthetic erythropoiesis stimulating proteins of the invention. In one
embodiment, a method is provided for increasing the hematocrit of a mammal. In
another embodiment, a method is provided for increasing production of red blood cells
in a mammal. Another embodiment is directed to a method for increasing hemoglobin in
20 a mammal. A further embodiment is directed to a method for increasing reticulocyte
count in a mammal. These methods comprise administering to the mammal an effective
amount of a polymer-modified synthetic erythropoiesis stimulating protein of the

invention to achieve the desired effect.

Also provided are methods for the manufacture of the synthetic erythropoiesis

25  stimulating proteins of the invention, including preferred polymer-modified forms, and
intermediates. The method comprises chemically ligating peptide segments comprising
non-overlapping amino acid sequences of a polypeptide chain of a synthetic
erythropoiesis stimulating protein, whereby a polypeptide chain comprising the synthetic

erythropoiesis stimulating protein is produced.



25 stinulating proteins of the invention, including preferred

pol ynmer-nodi fied fornms, and internediates. The nmethod conprises chemcally
| i gat i ng weptises segnents conpri sing non-overl appi ng am pOT/@SIIR1sBguences
of a polypeptide chain of a synthetic erythropoiesis stinulating protein,
wher eby a pol ypeptide chain conprising the synthetic erythropoiesis
stinulating protein is produced. WO 02/19963 PCT/ US01/21928 -7 BRI EF
DESCRI PTI ON OF THE FI GURES Figures 1A -1 E depict schematics of processes
for preparing the polyner- nodified synthetic erythropoiesis stinulating
proteins of the invention. 5 Figures 2A - 2C depict schematics of processes
for preparing synthetic erythropoiesis stinmulating proteins of the

i nvention. Figures 3A - SBBQﬁﬁ_L BESE:WN[@F T‘ﬁE},ﬁ@Qﬁ@es for nmulti-segnent
e a

ligations that involve thé chemcal |ligatron of three or nore
non- over | appi ng Rimpts dé -sF depitkschematics aftprodesasy foo peepadgarthet pdlynel- i ddl e

segnent correspondi to the final,.full-]en li,gat .00 10 product. Figures
an . ac i | Imedessynistc 9réﬁ'rkfﬂ%?~'r?%%ﬁt'rl"%tda‘ér{% @H%Lrﬁcf)fé%gﬁr?l&lgﬁlo;'hodi fication of
the reselting siFigureb2iAn- 2bidepict Sehguratiss SifprocdsBeslfpipodpasioy isgntpétizse pr ocess
for generati ng t he ,brfmc i.ng c?r.e @S}}.and.uni gue chenosel ective functional
group (U) &FYifipRoigsis SFMUGHNG PEPIRBET HEP MYSRIOM 5 "Pol ymer - J* of the inventi on.
Fi gures 6A - 6D Figires3A2- 3BldeficPbatmatitoofsscdsses e maulibegrgentightionseilat
substantially non-anti igenj c water-sol ubl e BOl garri de Polp)é.ger-\]* onpon?nt S
of the i niaiRivedhe FepmEaiigationkihige o MFe AP LYCHaRRING REPEES SCOREIIE & A

depi cts prgeassnd 9&grhOMMd b RUJAIB BedmBntcRRRENEIAING!O tHROfinaIRI-dAgtR Agatmponent
to generate the preferred synthetic polymer constructs of the invention of

the fdPnulPaodyc- Pol yner-J*. Figure 8 depicts an alternative route for

preci sion attachigites A 240812 ra@NH40E BherBAIYiIEBlion shdBcHeemEal dodFrReNENSf
enpl oyabl e for ligation and production of erythropoiesis stinulating

synt hetic phetasuliss sietmeintiPéntion. 25 Figure 9 illustrates the overall
process of prepghngstgie- SBHPRE b8idehEEE bRREESR) §enerating the branching core

(B) and unique chemoselective functional group (U) of the water-soluble polymer U-B-
15  Polymer-J* of the invention.

Figures 6A — 6D depict a solid phase process for generating preferred
substantially non-antigenic water-solubie polyamide Polymer-J* components of the
invention for subsequent attachment to the U-B core.

Figure 7 depicts process for coupling the U-B component to Polymer-J*

20 component to generate the preferred synthetic polymer constructs of the invention of the
formula U-B-Polymer-J*.

Figure 8 depicts an alternative route for precision attachment of a water-soluble
polymer to a peptide segment employable for ligation and production of erythropoiesis
stimulating synthetic proteins of the invention.

25 Figure 9 illustrates the overall process of preparing the synthetic erythropoiesis
stimulating proteins of the present invention.

Figure 10 depicts the basic structure of a preferred type of synthetic
erythropoiesis stimulating proteins. pPEG = “precision PEG”

Figure 11 shows the general structure of circularly permuted SEP analogs

30 having a relocated amino and carboxy terminus.



stinmulating proteins of the present invention. Figure 10 depicts the basic
structure of a preferred type of synthetic erythropoiesis stinulating

pr ot ei nsW@PE®9s3 " preci sion PEG' Figure 11 shows the genep@l/ustwaigisur e of
circularly pernuted SEP anal ogs 30 having a relocated am no and car boxy
term nus. WO 02/ 19963 PCT/US01/ 21928 -8 Figure 12 shows a structure of a
preferred water-sol uble polyner, and vadious |inear and branched
constructs thereof. Figure 13 depicts schematically the formation of
branched-chain pPEG polyners. 5 Figure 14 depicts the synthesis of a
syntheti ¢ cyt okFigarel¢g8ishows adtrG&ERte df 30prefewhi etatérssolubis palygppand various

pol ymer - nodi fi ed g%g‘t Be iC znatl 3 of]c human EPO prepared as described in
Exanpl e 2. &G apeg Pragic %(%)F?:QS rugts 8?{Fﬂeti c cytokine designated SEP1-L30,
which is a prepiguren3spebyteschamdtitadlle thesfprdtini of baarehed-chéinpitén  EPO
prepared as described in 10 Exanple 2. Figure 16 depicts a synthetic

cyt oki ne dBSYHRE: ed SEP1-L26, which is a precision pol yner-nodified

synt het sc anal ogigre MurRpicERGe By ethasiedf @ syrdiesticrdytihel desighateaBEP 1381305 gur e

17 depicts schematically the formation of. a ef erred - in 15
wat er - sol udhighpa PF@I‘S'?‘%B‘?'VW"‘?‘%\”‘PH@%@Wt?%'cfng&ﬁtoﬁgf'r”@n%ﬁé&ﬁgre&% i gnat ed
SEPI - B50, qukir®Bd irsERarple@. si on pol ymer-nodi fied synthetic anal og of human
EPO prepared as _ described in Exanple 4, Fjqure picts a,synthetic

cyt oki ne desi gnEicte d6siepigipa SWH'F%E qytokine Aﬁ%@@??ﬁ%ﬁ%ﬁ W-'%%?fi ed
syntheti c ?Flé%!is% ﬁgly{]rﬂé‘rnﬁﬂdiﬁg@_sﬂ{tﬁ&%ra@ldlo@%fﬁ@ﬁl@hiEP@piéﬁareZlQasE'}eaomﬂe&i i,

Figure 19 depicts the synthesis of a synthetic cytokine designated
SEP3- 142, Examele3d.s a precision polymer-nodified synthetic anal og of human

EPO prepar ed as Fi%ﬁéqrﬁi dofid B sFHROR §torinefdeBighatedlSErepL 28, witighis et i ¢
cyt oki ne desi gnat SEP3-L42, which i's a precision . .
precision polymer-modified synthetic analog of human EPO prepared as described in
Example 3.
Figure 17 depicts schematically the formation of a preferred branched-chain
15  water-soluble polymer that is attached to a synthetic cytokine designated SEP1-B50,
which is a precision polymer-modified synthetic analog of human EPO prepared as
described in Example 4.

Figure 18 depicts a synthetic cytokine designated SEP1-B50, which is a

precision polymer-modified synthetic analog of human EPO prepared as described in
20 Example 4.

Figure 19 depicts the synthesis of a synthetic cytokine designated SEP3-L42,
which is a precision polymer-modified synthetic analog of human EPO prepared as
described in Example 5.

Figure 20 depicts synthetic cytokine designated SEP3-L42, which is a precision

25  polymer-modified synthetic analog of human EPO prepared as described in Example 5.

Figure 21 depicts the synthesis of a preferred water-soluble polymer for
attaching to a synthetic cytokine designated SEP1-B531, which is a precision polymer-
modified synthetic analog of human EPO prepared as described in Example 7.

Figure 22 depicts a synthetic cytokine designated SEP1-B51, which is a

30  precision polymer-modified synthetic analog of human EPO prepared as described in

Example 7.



25 pol yner-nodi fied synthetic anal og of human EPO prepared as described in
Exanple 5. Figure 21 depicts the synthesis of a preferred water-sol uble
pol ynmer w0 oziwexhi ng to a synthetic cytokine desi gnated BERPUS@&RI9280Whi ch is
a precision polynmer- nodified synthetic anal og of human EPO prepared as
described in Exanple 7. Figure 22 depicgs a synthetic cytokine designated
SEP1-B51, which is a 30 precision polyner-nodified synthetic anal og of
human EPO prepared as described in Exanpl e 7. WD 02/19963 PCT/ US01/ 21928

-9 Figure 23 depicts t nt hesi preferred wat er-sol ubl ol ymer for
attaching to a SJIHRAT %pé%? B Y ﬁ‘ﬁé@i gﬁﬂ% ITeg-patemsslu WO&W‘?@ ’g preci si on
pol yner - m@lbémﬁ&t&aerhﬁéﬂcccy@dkmeczﬁes@haiwm1EB§2 Atk edorasisige pelymeed in
Exanpl e 8. Fl(%ure 24 depicts synt heti c cytoki ne desi ﬁat ed SEP1-B52,

which is am fe@'o’iyﬁﬂ‘@ﬁcﬁai""?%@f bwban EPOPrepsien esideseived Iy EXIMPE fan EPO

prepared as desqf.g@.%@hz: cﬂbpl(ﬁé‘ﬁ@%tﬁe&cﬁd%&s?g%amm—%@?ﬂﬁi%ﬁ Btd ve
anal ytical data for the precision polynmer- nodified synt het| c anal ogs of

hunan EPO mm@@aoia@e&é%lrﬁieééwthﬁlmha@ G dhuman ERfg prepaged agsdasgabpd iNg
represent atdgples@el ectric Focusing Gel (IEF) and non-reducing SDS 10 PAGE
gel dermnstrate the rel ati ve nononer nol ecul ar wei ght of the fol ded,
purified SEP1- mureﬁﬁwszep@ﬁ@mt'\{er?@aimc@)|dﬁt%f°a i RFP§i§ion polymer-

factor-dep s?ﬁ 'aﬂ@lo@?‘, oﬁﬁﬁqar?@ﬁ@ e<§5§§’ @esc%%gé -EEampred 2-5lat:
SEP1- B50, 1-B5 SEP - Fi gure 27 shows representative

phar macoki fed.i 8s ph@wn @re@cﬁﬁasaiainvﬁglssela@tﬁa Foeusineheeht E@tar@manrem%ﬁs per
m i iper dage gh)gdfonsfats thé%ﬁe@ﬁ;gsrﬁﬁfawﬁ%@mg&ﬂ%l ftidehd BB U pifiei gur e

28 shoms | i near “regressi on ana e In vivo ct|V|ty as neasured by
t he 72- hourSERIABH1. ood cell (RBC) -59Fe uptake (as a % of dose) for SEP

1-851 and r eco%;)rx‘rae”ie a%&o@%%krﬂma&mm ae@éf rc@Pth?etn't %Plfr}%%%%@ in

CHO cells ("rhE ows a
repr esent ataomoplhdir S’EEOkSEIIét—LEG ;S'EH1| L3, ﬁ(EerB@t%rRﬂe%hamdaSEP&téEtpari ng

plasma concentr %égrré ﬂ]shno%s a re%resellnztp klve ar%ré oﬁirqgfé%rgﬁé %8%p5ﬁﬂ69plgﬁngour S
15  concentration in nanograms per milliliter (ng/ml) of SEP3-L42 and SEP1-B50 versus
time in hours.
Figure 28 shows linear regression analyses of the in vivo activity as measured
by the 72-hour red blood cell (RBC) -*Fe uptake (as a % of dose) for SEP 1-B51 and
recombinant glycosylated human erythropoietin produced in CHO-cells (‘rhEPO”) in a
20  hypoxic rat model. ‘
Figure 29 shows a representative pharmacokinetic profile for clearance in rats
comparing plasma concentration in ng/ml of SEP1-B51 and rhEPO versus time in hours
following a single 1V dose of 5 pg/kg for each compound.

Figure 30 shows a circularly-permuted, polymer-modified SEP construct.
25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to synthetic erythropoiesis stimulating proteins,

methods of production and use.



followng a single IV dose of 5 g/kg for each conpound. Figure 30 shows a
circul arly-pernuted, polyner-nodified SEP construct. 25 DESCRIPTION OF THE
PREFERREWWG&NBCEOLIVENTS The present invention relates to syPrChEsg21928

eryt hropoi esis stinulating proteins, nethods of production and use. WO

02/ 19963 PCT/ USO1/21928 -10 I. Synt het i 8 Eryt hropoi esi s Stinul ating
Proteins of the Invention In a preferre enbodi nent, the invention is
directed to a synthetic erythropoiesis stlnulating protein having one or
nmore wat er-sol uble polynmers attached thereto. By "erythropoiesis

stinul ati ng pr oSgntieticErythrepdiedissStimulating RratginshattheHavemion t ro bi ol ogi cal
5 activity of prom)tl ng growt h of an erythropoietin-dependent cell line. In

a preferred emhodlifated biBog¥EhOhd ﬁ‘w@r‘it%hf%@é’c@@io’%% r;tnalcaérymg;parégtsel ns

of the invention vivd biological activit prondtin
product i on stihulating tplr@teml b@dm$on£|0ymnf©mﬁt%rs$%Ub|%ﬁOp|¥mea% ﬁﬁgc@étthﬁreﬁ%/ &Y a

protein may, gﬁ?‘ﬁ&%ﬁeesrﬂﬂﬁgla q @%Yeu?fls%tg (ﬁfé%r&gmqﬁé‘pﬁa HGA VAR bl@lﬁtglcal

foll owi ng ef ropol esi s a Ivo adm ni stration assayi ng
capaci t§ ofcivitg ofmomomneugnowﬂn ofeah ardhropeietin-depansent Fehling. EPO Brefasrasent

cell i nesﬁmz)t ggn%;ﬁ,eth\é’asﬁ(ﬂ heﬁlgs so @?A.é’gﬁ%ﬁra{ﬁg b%ﬁ@@pth@ |§\}§ﬁ%ﬁﬂ5b@mé’

non- antlge used herein, a protein
i s said toibeivoshiobpiesl ettivity ofigmemetigiadastiont eﬁ:lmbbb@ celiais Eféféfpp@ﬂﬁﬁlﬁ)yed

t I

0, oL Y e L BATE o\l TR BT APt hhec B ohl ¢ 208 A dhngiBicnae
t echnol ogi &g folleating Bwbﬂmpomlgaﬁercmcthwnm}strahm diytmsasslymtmaapwamty of the

pol ymer, ZSEPE@@MO qu@@)%%%es%m Bﬁgpﬁllgboo\%pgfﬁ%ér{?égl}] rLe@getIche transl ati on of

RNA i nt' trc proteins include
total ly synthetiBy “mdarmmblfesgmymef iscinfendéee arssibstantiallp nahdaptigania paymer fhebt ei n
I's produced Ie al |, ligation conponents are man-nade by 20 chem cal

synt hesi s, 53 © WS‘EBnm -free synthesis. A sem -synthetic protein is
produced wher e fat uée@aﬁrelpaa fpradéin ds saig &t behsynthgtichié non-resomisitenbigchinelbayyi cal

oSt g e GTRRSRTES oo Sl SCEke RS P RS,
t he synshetresid@dsyt hreoi tesh s “reinkmeudrabinag  pedinelagy” o intended to distinguish
technologies that involve organic chemistry and other synthetic polymerization
approaches from technologies involving the translation of RNA into protein, either in vivo
or in vitro. Synthetic proteins include totally synthetic and semi-synthetic proteins. A
totally synthetic protein is produced where all ligation components are man-made by
20 chemical synthesis, i.e., ribosomal-free synthesis. A semi-synthetic protein is produced
where at least part of a ligation component is made by biological synthesis, i.e.,
ribosomally in a cell or cell-free translation system, and another part is made by
chemical synthesis.
In a preferred embodiment, the synthetic erythropoiesis stimulating proteins of
25 the invention comprise a polypeptide chain having an amino acid sequence of a
ribosomally specified erythropoietin and one or more non-overlapping peptide segments
covalently bonded by one or more chemical ligation sites. Most preferably the
erythropoietin is mammalian, and more preferably human or derivatives thereof. For
example, the amino acid sequence of many erythropoietins is known, and for human
30 erythropoietins many active variants thereof have been made (See, e.g., U.S Patent
Nos. 5,856,298; 5,955,422; 8,888,772; 5,858,347; 5,614,184, 5,457,089; and 6,077,939;



25 the invention conprise a polypeptide chain having an am no acid sequence
of a ribosomally specified erythropoietin and one or nore non-overl appi ng
pepti de Me@nEm9s3 coval ently bonded by one or nore chem cRCTUS@X1PISN Sites.
Most preferably the erythropoietin is mamalian, and nore preferably human
or derivatives thereof. For exanple, tt@ am no acid sequence of many
erythropoietins is known, and for human '30 erythropoi etins many active

vari ants thereof have been nmade (See, e.g., U S Patent Nos. 5, 856, 298;
5,955, 422; 8,888,772; 5,858,347, 5,614,184; 5,457,089; and 6,077,939, WO
02/ 19963 P&d WEMIB21ER8and thiis asuntngd ¢rathramjesissstinulating psotsiprf s inyention
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sites are embodied in the definition of ‘glycosylation site’, as the residual site for polymer

20 modification will be positionally the same. By “naturally occurring glycosylation site” is
intended a glycosylation site of a erythropoietin glycoprotein found in nature. By “non-
naturally occurring glycosylation site” is intended a glycosylation site that has been
engineered into an erythropoietin. For instance, recombinant human EPO has been
engineered in this manner (see, e.g., U.S. Patent No. U.S. Patent No. 5,856,298).

25 This embodiment of the invention is based in part on the finding that when a
synthetic erythropoiesis stimulating protein having a polypeptide chain of human
erythropoietin is modified at one or more glycosylation sites thereof with a water-soluble
polymer, such as the polymers described herein, the water-soluble polymer can be
utilized to take advantage of one or more of the biological effects attributed to a

30 carbohydrate chain normally found at that position in the counterpart naturally occurring
erythropoietin glycoprotein. Such biological effects include modulation of protease

resistance, immunogenicity, receptor-specificity, specific activity, potency and



engi neered into an erythropoietin. For instance, reconbinant human EPO has
been engineered in this manner (see, e.g., U S. Patent No. U S. Patent No.
S5, 856, 298y0 02®9dhi s enbodi ment of the invention is based POT/P&asN21018 t he
finding that when a synthetic erythropoiesis stinulating protein having a
pol ypepti de chain of human erythropoi eﬁén is nodified at one or nore

gl ycosyl ation sites thereof wwth a water<3ol uble polyner, such as the

pol ymers descri bed herein, the water-soluble polyner can be utilized to

t ake advantage of one or nore of the biological effects attributed to a 30
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protel ; ifoactrvity, even when the nononer nol ecul ar
wei ght of the IBusyintdmethiec ppefetred amb@dty‘r@h’attbe inveation dimetedrioud synthetic
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vivo. In another preferred embodiment, the invention is dlrected to a synthetic
20  erythropoiesis stimulating protein comprising a polypeptide chain comprising an amino
acid sequence of a ribosomally specified erythropoietin, where the polypeptide chain
has one or more water-soluble polymers attached thereto and a monomer molecular
weight of greater than 25 kDa, and where the synthetic erythropoiesis stimulating
protein comprises a bioactivity that is equal to or better than the ribosomally specified
25  erythropoietin. Here again, the bioactivity can be in vitro, in vivo or both. In a preferred
embodiment, the bioactivity is in vivo. Most preferably, such polymer modified synthetic
erythropoiesis stimulating proteins will have a discrete number of water-soluble
polymers attached thereto.
By “chemical ligation site” is intended the N-terminal amino acid of a first peptide
30  or polypeptide and the C-terminal amino acid of a second peptide or polypeptide that
form or are capable of forming a non-reversible covalent bond therein between by
chemical ligation. As used herein, “chemical ligation” refers to a chemoselective



20 erythropoiesis stinulating protein conprising a polypeptide chain
conprising an am no acid sequence of a ribosomally specified

eryt hr opavev/mosswher e t he pol ypeptide chain has one or npPeERUS@rApP28s0l| Ubl €
pol ymers attached thereto and a nononer nol ecul ar weight of greater than
25 kDa, and where the synthetic erythropgle5|s stinmulating protein
conprises a bioactivity that is equal td36r better than the ri bosomal |y
specified 25 erythropoietin. Here again, the bioactivity can be in vitro,
in vivo or both. In a preferred enbodinent, the bioactivity is in vivo.
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As used herein the term “amino acid” is intended to include the 20 genetically coded

amino acids, rare or unusual amino acids that are found in nature, and any of the non-

20  naturally occurring amino acids, such as irregular amino acids; sometimes referred to as

amino acid residues when in the context of a peptide, polypeptide or protein. Preferred

embodiments of U and side chain n are covalent bonds formed from unique mutually

reactive groups, where such bonds are selected from oxime, amide, amine, urethane,

ether, thioether, ester, hydrazide, oxazolidine, thaizolidine, thioether, ether, and ester.

25  The most preferred U and n bond is one where U is covalently bonded to side chain n

through a bond formed by chemical ligation selected from the group consisting of amide,

oxime, thioester, hydrazone, thaizolidine, oxazolidine.

B is a branching core having three or more arms that may be the same or

different and may be present or absent. Most preferably B is present and comprises

30 three or more arms, and even more preferably four or more arms. In particular, one arm

of B is joined to U (optionally through a spacer or linker s1), and a second arm of B is
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chromatography (SEC). When the water-soluble polymer contains polymer chains

20  having polyalkylene oxide repeat units, such as ethylene oxide repeat units, it is
preferred that each chain have an atomic molecular weight of between about 200 and
about 80,000 Da and preferably between about 1,500 and about 42,000 Da, with 2,000
to about 20,000 Da being most preferred. Unless referred to specifically, molecular
weight is intended to refer to atomic molecular weight.

25 The Polymer component can have a wide range of molecular weight, and
polymer subunits. These subunits may include a biological polymer, a synthetic
polymer, or a combination thereof. Exampleé of such water-soluble polymers include:
dextran and dextran derivatives, including dextran sulfate, P-amino cross linked dextrin,
and carboxymethyl dextrin, cellulose and cellulose derivatives, including methylcellulose

30  and carboxymethyl cellulose, starch and dextrines, and derivatives and hydroylactes of
starch, polyalklyene glycol and derivatives thereof, including polyethylene glycol,
methoxypolyethylene glycol, polyethylene glycol homopolymers, polypropylene glycol
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5,349,001; 5,352,756; 5,405,877, 5,455027; 5,446,090; 5,470,829; 5,478,805;
20 5,567,422; 5,605,976; 5,612,460; 5,614549; 5,618,528; 5,672,662; 5,637,749;

5,643,575; 5,650,388; 5,681,567; 5,686,110; 5,730,990; 5,739,208; 5,756,593;

5,808,096; 5,824, 778; 5,824,784; 5,840,900; 5,874,500; 5,880,131; 5,900,461;

5,902,588; 5,919,442; 5,919,455, 5,932,462; 5,965119; 5,965,566, 5,985,263;

5,990,237; 6,011,042; 6,013,283; 6,077, 939; 6,113,906; 6,127355;, 6,177,087;
25  6,180,095; 6,194,580, 6,214,966).

The more preferred Polymer component comprises a polyalkylene oxide,
polyamide alkylene oxide, or derivatives thereof. A more favored polyalkylene oxide and
polyamide alkylene oxide comprise an ethylene oxide repeat unit of the formula —(CH2-
CH2-O)-. An even more preferred Polymer component is a polyamide having a

30 molecular weight greater than about 1,000 Daltons of the formula —[C(O)-X-C(O)-NH-Y-
NH]n- or ~-[NH-Y-NH-C(O)-X-C(O)]n-, where X and Y are divalent radicals that may be
the same or different and may be branched or linear, and n is a discrete integer from 2-
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where nl i shy%rc;[ly(/)sis rates of low molecular weight analogs, e.g., from less stable to more stable
polycarbonates (-O-C(0)-O-) > polyesters (-C(O)-O-) > polyurethanes (-NH-C(0O)-O-) >
20  polyorthoesters (-O-C((OR)(R’))-O-) > polyamides (-C(O)-NH-). Similarly, the linkage
systems attaching a water-soluble polymer to a target molecule may be biostable or
biodegradable, e.g., from less stable to more stable carbonate (-O-C(0)-O-) > ester (-
C(0)-0-) > urethane (-NH-C(0)-O-) > orthoester (-O-C((OR)(R"))-O-) > amide (-C(O)-
NH-). These bonds are provided by way of example, and are not intended to limit the
25 types of bonds employable in the polymer chains or linkage systems of the water-
soluble polymers of the invention.

Component J* is a residue of pendant group having a net charge under
physiological conditions selected from the group consisting of negative, positive and
neutral. This includes alkyl, aryl, heteroalkyl, heteroaryl, arylalkyl, acyl, alkoxy, alkenyl,

30 alkynyl, amideo, amino, carbonyl groups and the like, that are substituted or
unsubstituted, and as well as salts thereof. Neutral groups preferably are alkyl or alkoxy

groups, and can include, but are not limited to moieties containing from 1 to 18 carbons,



6, 1 to5 1to 4 and nost preferably 1 to 3, and where n2 is 2 to 50, 2 to
25, 2 to 15, 2 to 10 10, 2 to 8, and nost preferably 2 to 5. An exanple of
a hi ghly woet/ersed enbodi nent is where X is -(CH2-CH2) -, pandsSewmp®s Y i s

- (CH2- (CH2- CH2- O) 3- CH2- CH2- CH2) - or -(CH2- CH2-CH2- (O CH2-CH2)3-CH2)-. The
Pol ymer conponent or one or nore of the ghacers or | i nkers, when present,
may i nclude pol yner chains or units that ‘are bi ostable or biodegradabl e.
For exanple, 15 Polynmers with repeat |inkages have varying degrees of
stability under physiol ogi cal conditions depending on bond lability.
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char ged group, JthGCS%S?E%XSaE?’ 4|2C)nr%l|%§ast?l éerefs[P%g%{]gﬁ%qk@gﬁ%ﬁ%? g&%ﬁrﬁ?@?egp ©
functi orsal spnhoups diffecéntdand buay e éndiddudlly mresehttap, absenfr bBxeférirgd spaciss or

: R ) .
oo o Ml Ber . PGS b el o EEMESIERY s 2
deri vati veserbplbyeat m0h wataresolublecpolgsers dEmins actior idimciccimitspsaural loe panataral
heparan Su'él‘%%g’ac? sognd&grii\}elitivés thereof, as well as aliphatic moieties, including alkyl, aryl,
heteroalkyl, heteroaryl, alkoxy, and the like, which preferably contain up to 18 carbon
20 atoms or even an additional polymer chain. Most preferably the spacer or linker
comprises a polymer chain.
Alternatively, the above formula Un-s1-B-s2-Polymer-s3-J* can be represented
as “Un-B-Polymer-J*" where the s1, s2 and s3 groups may be present or absent.
The more preferred Polymer component is one where the water-soluble polymer
25  U-s1-B-s2-Polymer-s3-J* is produced in total by stepwise synthesis. This permits one to
construct polymers having a precise molecular weight and defined structure. In
contrast, normal polymer synthesis, which is a polymerization process, results in a
mixture in which chains are of differing lengths, and so there is a distribution of
molecular weights and sizes that are difficult if not impossible to separate. The ability to
30 control molecular purity is advantageous in that a synthetic protein can be constructed
that has a water-soluble polymer attached thereto and that is monodisperse. This

represents a significant advantage in that variable properties resulting from
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AT O LN R e S s A i
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Conpounds CHRSHLABRATETS: TP b EoNARAHS. WPt I S Aol a2t S0 prBTer  eq
properties man\ge pognarssl @muhidtsobat af), wilLh. r ph@ht v8,688285 '(Baindur), o-
aminomethyleneoxy acetic acids (an amino acid-Gly dipeptide isostere), and o-
aminooxy acids and other amino acid derivatives having non-genetically non-encoded
20 side chain function groups etc. Peptide analogs containing thioamide, vinylogous
amide, hydrazino, methyleneoxy, thiomethylene, phosphonamides, oxyamide,
hydroxyethylene, reduced amide and substituted reduced amide isosteres and R-
sulfonamide(s) may be employed. By “pseudo amino acid” is intended an amino acid
having an identical backbone structure and side-chain group as a genetically encoded
25 amino acid, but differing in the atomic composition of the side chain atoms.
In a preferred embodiment, synthetic erythropoiesis stimulating proteins are
provided that have a water-soluble polymer attached to an irregular amino acid of a
polypeptide chain thereof. More preferred irregular amino acids for attachment of a
water-soluble polymer thereto employ chemoselective ligation chemistry that can be
30 used in the presence of genetically encoded functional groups without reacting with
them.



In anot her preferred enbodi nent, the synthetic erythropoiesis stinulating
proteins of the present invention wll conprise one or nore irregular am no
aci ds. Awobzuexl here, "irregular amino acid" refers to ROT/ARWRIIZCI d
havi ng a non-genetically encoded side chain, a non-genetically encoded
backbone, a non-genetically encoded subiéltuted Na or aC(O noiety, or a
conbi nation thereof, i.e., other than one of the ribosomally installed 20
genetical ly encoded ami no acids. Exanples of preferred irregular amno

aci ds include am no acijds haV|n si de chains bearing a unique functiaonal 10
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wi t hout redgtiniegded tth reféretn thﬂ)m¢M6®eBﬁiT/0lU$)mm syntitetic proteln as
distinguished from synthetic proteins that may possess multiple copies of a protein or
polypeptide. The term "monomer polypeptide molecular weight" is intended to refer to
20  the molecular weight of a monomer polypeptide, as distinguished from synthetic proteins
that may possess polymers attached thereto and/or multiple copies of a protein or
polypeptide. More preferably, the synthetic erythropoiesis stimulating protein of the
invention will have a monomer molecular weight of above 40 kDa, and more preferably
50 kDa and above, with the most preferred being above 60 to 70. For example, a
25  preferred synthetic erythropoiesis stimulating protein of the invention, designated SEP-
1-B51 has a monomer molecular weight of about 73 kDa. However, much larger
constructs are considered to be well within the scope of the present invention.
In another embodiment, the invention is directed to a synthetic erythropoiesis
stimulating protein comprising a pseudo amino acid at a ligation site of the protein, and
30 optionally, a water-soluble polymer attached to the protein. These compounds are
produced by forming a ligation product having an unprotected side-chain functional

group at the ligation site by ligating a first peptide or polypeptide segment having an N-



As noted above, water-soluble polyners that are made in total by stepw se
assenbly can be nade as nonodi sperse, for exanple the preferred pol yam de
et hyl ene wox/dms3 of the invention. Thus anot her preferredrembsdiaest i s one
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homobgenous conposition 5 containing a siggle and structurally defined

nol ecul ar species of interest). Also, as the synthetic erythropoiesis
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product having a ain unc
polymer modification methods of the invention afford several advantages over the prior

20 art, including the robust synthesis of a diverse range of erythropoiesis stimulating
proteins that are otherwise devoid of suitable ligation sites, expansion of the sites (and
attachment chemistries) to which site-specific polymer modification can be exploited in a
routine and cost-effective manner, as well as the synthesis of synthetic erythropoiesis
stimulating proteins of substantial molecular weight, among others. They also are

25  particularly suited for high throughput analoging for fine-tuning of desired biological
properties, including scanning individual or multiple sites for water-soluble polymer
attachment.

As noted above, the biological properties of the polymer-modified synthetic
erythropoiesis stimulating proteins of the invention can be modified by precisely

30 adjusting the sites and linkage chemistries of polymer attachment in combination with
the precision adjustment of the molecular weight, the polymer composition, the structure



group at the ligation site by ligating a first peptide or pol ypeptide
segnent having an N WO 02/19963 PCT/ US01/21928 -20 termnal amno acid
conpri si mgo a2/ed9ehosel ective reactive functional group, SUuRPOT/ESOIR19I8ySt ei ne,
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properties mfothdzrdmbagey nhara inrgblly forefelrrey amhediment, such linkages will be at one or more
of the positions that are naturally glycosylated in human urinary EPO (i.e., positions 24,

38, 83 and 126). Most preferably, the SEP molecules will have polymer moieties at two

20  or more of such positions. In an alternative embodiment, other protein residues may be

modified by polymer moieties. The positions of modification for the synthetic

erythropoiesis stimulating proteins of the present invention include residues located in a

disordered loop, region or domain of the protein, or at or near sites of potential protease

cleavage. For example, polymer modifications may be introduced at one or more

25 positions of 9, 69 and/or 125 of EPO. Moreover, if one or more of the natural
glycosylation sites are left unmodified with a polymer, one or more amino acids in those

regions can be converted to other residues if desired, for example, lysines if a positive

charge is desired, or aspartic or glutamic acids where a negative charge is desired, or

alanine and the like. The total molecular weight of the SEP molecules of the present

30 invention may vary from about 25 to about 150 kDa, and more preferably from about 30

to about 80 kDa. The molecular weight can be controlled by increasing or decreasing



erythropoi esis stimulating proteins of the invention can be nodified by
precisely 30 adjusting the sites and |linkage chem stries of polyner
att achnewopmoedbi nati on with the precision adjustnent oPCTsowabmscul ar
wei ght, the polynmer conposition, the structure WO 02/19963 PCT/ US01/ 21928
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Alternatively, the SEP molecules may have amino and carboxy termini relocated
to a naturally occurring glycosylation site, or to other sites amenable to glycosylation,
such as position 126 and 125. The SEP molecules may also include modifications of
the amino and carboxy termini to eliminate or modify charge (such as by carboxy

25 amidation, etc.). In a preferred example of such circularly permuted molecules, new N-
and C-termini are provided by positions 126 and 125, respectively. The natural
disulfide-forming cysteines at positions 7, 29, 33 and 161 are preferably replaced by the
non-naturally encoded amino acid, L-a-N-butyric acid (Aba), which cannot form disulfide
bridges. Residues R166, E37 and V82 are preferably replaced with alanines to improve

30 production. Also, an additional cysteine is preferably inserted between positions 1 and

166 relative to the native EPO number scheme, which is numbered below as ‘0’. The
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y also include no cations e amno an oXy termn
el i m nat e orxanties hereinapgeayenseiwassldsigned b airgularly permuting the native sequence
of human EPO in the following manner: the natural N-terminal Ala' and the C-terminal
Arg'® were joined by an additional Cys residue, thus giving a polypeptide of 167 amino
20  acids; new N- and C-terminals were created by disjoining the chain at residues125-126
of the native sequence; all the native Cys residues were replaced with L-*amino-n-
butyric acid residues; and the following substitutions were made: Glu37Ala; Asn38Cys;
Val82Ala; Asn83Cys; Ser126Cys; Arg166Ala (all residue numbers based on the native
sequence of human EPO). Together, these design elements result in the amino acid
25  sequence of SEP-5 as shown. The SEP-5-L28 protein was polymer-modified at Cys
residues 126, 0, 24, 38, and 83 (numbering based on the human EPO sequence) with a

maleimide-modified linear (TTD-Succ)g carboxylate polymer construct, by a Michael

addition reaction. These changes were designed to improve synthesis and handling of
the SEP-5-L28 protein. The designed sequence was made from four peptide segments,

30 each with an N-terminal Cys residue. The chemical ligation sites were Cys’, Cys®,
83

Cys™. Peptides were synthesized where the C-terminal peptide was an o-carboxylate;
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Resi dues R166, E37 and V82 are preferably replaced with al anines to inprove
30 producti on. Also, an additional cysteine is preferably inserted between
positions and 166 relative to the native EPO nunber sch errtﬁ" whi ¢

number ed bé’F%Whﬁé tiyyee peptiqRs Were o bveestsrsy ansotie N-trminal Sys rerigyes; Wy \I"écul e
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nol ecul ar wei such nol ecul es of the present invention ma
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new N- ér m ni e basic structureo Srred €T cu
perrruted MHigunel3% is shown in Figure 11. Figure 12 shows a structure of a
preferred water-sol uble polyner and 15 various | i near and branched

t t F t i f E t
deseri bed fh th mggg@,e%e yhitesie, ByhfniRas omahiod BPERS Sf ey
pernmuting the n gquence of human EPO in the foI | owi ng nmanner: the
t | Nt d.b
T onal - oye Mltsotil poWDe-BPoTRY "B PYoiadt PalryRTE A ElTRG rate aBeen.
new N- gnd rfe\hﬁfél’@ dwdoﬁbwrtﬁe @f&éhiedvéryiodlnﬂrmdly diffetshfeons Bathprddr efforts. For
resi duesl125- gf the natiyv qbasence S res es were

repl aced wi'f arf_c e SYItAStY, Gy ? &S lipes '%é’g’?e"g%é‘! %{%ep%a?qtdweﬁ on are

substi t ut i whsniile sypthesizéd uid Mihale oAIMPBRY Stn addition, the synthetic erythropoiesis
stimulating proteins of the invention are modified with water-soluble polymers at one or
more particular, user-selected and user-defined sites.

20 Moreover, the synthetic production of the erythropoiesis stimulating proteins in
the present invention permits one to ensure that such modifications are present at each
of the user-selected and user-defined sites of every molecule in a preparation. Such
uniformity and control of synthesis markedly distinguishes the present invention from the
random modifications permitted to the use of the methods of the prior art. Significantly,

25  the present invention permits one to design a synthetic erythropoiesis stimulating protein
in which any non-critical residue may be derivatized to contain a polymer adduct.
Moreover, for each such user-selected and user-defined site, the user may define the
precise linkage (amide, thioester, thioether, oxime, etc.) through which such adducts will
be bonded to the polypeptide or protein backbone. Additionally, the particular polymer

30 adducts desired to be present at a particular site may be varied and controlled, such that

a final preparation is obtained in which every protein or polypeptide present contains



Val 82Al a; Asn83Cys; Ser126Cys; Argl66Al a (all residue nunbers based on the
nati ve sequence of human EPO). Toget her, these design elenents result in

t he am nov@or/th9gb sequence of SEP-5 as shown. The SEP-5- LPET/pRaiyEpI8 was

pol ymer-nodified at Cys residues 126, 0, 24, 38, and 83 (nunbering based
on the human EPO sequence) with a naleiggde-nodified |inear (TTD Succ)6
car boxyl ate pol yner construct, by a McHael addition reaction. These
changes were designed to inprove synthesis and handling of the SEP-5-128
protein. The desi 8’1 ned sequence was made from four peptide segnents, 30 each
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protein that has been modified by more than a single polymer species. Such poly-
speciated polypeptides or proteins are said to be “uniformly-speciated" if, at each
modified site of the polypeptide or protein, the same, single species of polymer is
20 present. In contrast, a poly-speciated polypeptide or protein is said to be “diversely-
speciated" if, the modified sites of the polypeptide or protein are modified with different
species of polymer.
Moreover, it is possible to vary the extent of linearity or branchedness of the
polymer adduct at each of the user-selected in user-defined sites. Thus the polymer
25  adducts may be linear, branched, or uniformly branched. The term "uniformly branched”
is intended to mean that all branches of a polymer at a particular site have the same
structure and length. As we appreciate, the present invention permits one to
independently vary both the length of any individual branch, as well as the structure of
the polymer present at such branch point.
30 In sum, the present invention permits one to define (1) the location and (2)
frequency of polymer-modified, user-selected and user-defined sites in a polypeptide or
protein backbone, as well as to control the (3) length, (4) species, and (5) degree of



the present invention permts one to ensure that such nodifications are
present at each of the user-selected and user-defined sites of every

nol ecul e waoz1gsepar ati on. Such uniformty and control oPCHYReII81sS

mar kedl y di stingui shes the present invention fromthe random nodifications
permtted to the use of the nethods of the prior art. Significantly, 25 the
present invention pernmts one to design ‘@ synthetic erythropoiesis
stinmulating protein in which any non-critical residue may be derivatized
to contain a polyner adduct. Moreover, for each such user-selected and
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user-s%ectu%q,aﬂ{’é%e% dqnegt Fﬂﬁgnts' te can be of any defined Iength.

Li kewi se, consi st he net hods of present invention, it is possible
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attaching a water-soluble polymer adduct thereto. Thus, the water-soluble po!ymer can

20  be attached through an irregular amino acid, or a genetically encoded amino acid. The
water-soluble polymer can be linear or branched, and it can have a terminal group
comprising a chemical moiety such as a carboxylic acid, aliphatic, amide or amine.
Moreover, the water-soluble polymer can be monodisperse, i.e., it can be made to
comprise a single molecular species of precisely defined structure and composition.

25  Thus, the water-soluble polymer can be designed to contain features to precisely tune
half-life, immunogenicity, potency, storage stability, dosage, deliverability and the like of
the target protein modified therewith.

In particular, the production of the polymer-modified synthetic erythropoiesis
stimulating proteins of the invention can be envisioned as having the following steps:

30 design, peptide synthesis, peptide ligation, folding of the full-length ligation product to
generate protein, and assessment of the protein’s bioactivity. We have found that
polymer modification can be performed at one or more of the peptide synthesis, ligation



nodified site of the polypeptide or protein, the sane, single species of
polymer is 20 present. In contrast, a poly-speciated pol ypeptide or protein
is said twObr1996s ver sel y- speciated” if, the nodified sitpeT/olohes

pol ypeptide or protein are nodified with different species of polyner.
Moreover, it is possible to vary the exté?n of linearity or branchedness of
t he polyner adduct at each of the user-<elected in user-defined sites.

Thus the polymer 25 adducts may be linear, branched, or uniformy
branched. The term "uniformy branched"” is intended to nean that al
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presenty i ny, t gep
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synt hesi s ddtinhuiatingepro m*q@u eli ipresef Wperecons Gﬁ”pm © pepuGe sepments
Szm hetic gL lﬁtfﬁﬂg 0B di%ﬂ-s%ﬁdd‘eg ef IaftScHeAVih E!:f e‘?d‘éﬁrﬁ’éoﬁén&’f
any or all of @% gene ically encgglgg] am no amg sﬁ ﬁal ns present
and | eft urma{sawbtﬂdesiteby THEO palymentredifipd| gotypeptide abhimemay thieasbe fielded to
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of pol ymer nt h SPEESH eins
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oL oL B ey QYRGS a7 IR Be0E, Bt clBbaphen
genet i cal | ynmroedegdpipg ofreine @cidMsieghendesi sf baseaypeptide aofiaio aftiad synthetic
erythropoiesis stimulating polymer-modified protein of the invention, and attaching one
or more water-soluble polymers to a side-chain of an amino acid at one or more
20  chemical ligation sites thereof. The polymer-modified polypeptide chain may then be
folded to produce a polymer-modified synthetic erythropoiesis stimulating protein of the
invention.
Although less preferred, synthetic erythropoiesis stimulating proteins can be
made by (1) chemically ligating peptide segments comprising non-overlapping amino
25  acid sequences of a polypeptide chain of a synthetic erythropoiesis stimulating protein
to form a full-length polypeptide chain corresponding to the synthetic erythropoiesis
stimulating protein, where at least one peptide segment comprises an irregular amino
acid having a first chemoselective functional group, (2) folding the polypeptide chain,
and (3) attaching a water-soluble polymer thereto that comprises a second
30 chemoselective group that is uniquely and mutually reactive with the first

chemoselective group.



sequence can be substituted with one or nore irregular am no acids, such as
a pseudo amno acid and or other am no acid bearing an unnatural side
chain thavooke9es or exanple, one that is nodified to beaPCHUSOWX]OIS
chenosel ective functional group for attaching a water-soluble polyner
adduct thereto. Thus, the water-soluble folymer can 20 be attached through
an irregular amno acid, or a genetically encoded am no acid. The

wat er - sol ubl e pol yner can be linear or branched, and it can have a term nal
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Polymer-J* is a group chemoselective for reacting with the ketone, e.g., an aminooxy
group which yields an oxime bond therein between. The subscript “n” of U;- represent
20 the number of amino acids and their side chains designed to bear chemoselective group
U, for example, where two specific and user-defined sites are to be polymer modified n
= 2, which also can be represented as U, or U,=,. In all cases, n is a positive integer
that is precisely controlled by design. Thus U, and U represent a second
chemoselective ligation pairing that is compatible and unreactive with chemoselective
25  groups of X;, and Yz, Figures1A and 1B illustrate two different potential reactions. In
the first depicted reaction, a polypeptide chain bearing a U, functionality is ligated to a
second polypeptide, and is then reacted with a U-B-Polymer-J* moiety in order to obtain
a polymer-modified polypeptide. In the second depicted reaction, the polypeptide chain
bearing the U, functionality is reacted with a U-B-Polymer-J* moiety in order to obtain a
30 polymer-modified polypeptide, and then ligated to a second polypeptide, to obtain a
larger polymer-modified polypeptide. The figures differ in that in Figure1A, the



pre-selected site. The pol yner-nodi fied pol ypepti de chain may then be
folded to produce a polyner-nodified synthetic erythropoiesis stinmulating
protei n ofoohe9nvention. 15 Anot her preferred net hod forP@roduciiezs t he
synthetic erythropoiesis stimulating proteins of the invention conprises
chemcally ligating peptide segnments conggising non-overlapping am no acid
sequences of a polypeptide chain of a synthetic erythropoiesis stinulating
pol ymer-nodi fi ed protein of the invention, and attachi ng one or nore

wat er - sol ub rs.to,a.side-chain of an am or _nore
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conprises an |rreg |l ar am no acid having a first enosel ective functional
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group that |s uni qu mut ual reacCtive wt Irst chenosel ective
group. WO @pql%ee(mlwsgmlaqb%mg reactive -z o1 Sl wheretlthgroup wawpigs
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can be Il lustrat sho I'n the ures- for etlc rop0|e
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acid besy i ngepitipbagraarts @xloyeliin igdtien and polytie Modiicalidrgficoring to Figureecond

pepti de seg nt bearing a unique and mutual Iy reactive N-termnal am no
acid 10 Xaa 8 am no termnal cysteine) noiety that is capabl e of

chenosel ect | ve Cﬂ’lgmésaiA — 2C depict additional schematics of processes for preparing
synthetic erythropoiesis stimulating proteins of the invention. In particular, Figures 2A —
2B depict ligation scheme involving the attachment of a water-soluble polymer U-B-

20  Polymer-J* to the side chain of amino terminal group Xaa at a ligation site (e.g., side
chain thiol of cysteine). Figure 2C illustrates the diversity of groups that may be present
or absent in the peptide segments employed in ligation and polymer modification
according to Figures 2A — 2B.

Figures 3A — 3B depict additional schematics of processes for accomplishing

25  multi-segment ligations that involve the chemical ligation of three or more non-
overlapping peptide segments, i.e., at least one segment is a middle segment
corresponding to the final full-length ligation product. Peptides prepared in this manner
can be used for preparing peptide segments involved in another ligation reaction, for
example, as shown in Figures 1A-1E, Figures 2A-2C, and Figures 4A-4C. In general,

30 for multi-segment ligations, the middle segment(s) has either a protected Xaa group or a
protected Yaa group to avoid cyclizafion or concatomer formation of that peptide



ligation with Yaa. Chenpsel ective reaction between Yaa and Xaa generate a
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a |l arger po'eéR]g%} %&"Js aé ﬁHgﬁtﬁ]{eQ‘E%@%@Ee PG represent protecting

groups, ogonal ~ protecting group, i.e., PG and PG
are renovabl e uridgureiﬂ 4A emmtlummjlndw pative chachical kyatisefind chéreicel di f f er ent

T U RS e B o R B P R BB o
w sh to rmd.'hé YriMéiplBs of the present invention. In particular, Figures 4A — 4B depict the use of
20 native chemical ligation and chemical modification of the resulting cysteine side-chain
thiol at the ligation site(s) to form a “pseudo amino acid” (depicted by yXaa) via
thioalkylation and generation of chemically modified side chain (depicted by )
comprising a thioether bond. In an alternative embodiment not depicted, the side chain
thiol can be converted to an alanine in a desulfurization reaction (Liang et al, J. Amer.
25  Chem. Soc. (2001) 123(4):526-533). An significant aspect for both reactions is that any
other side-chain thiols that one does not wish to convert or modify be protected with a
suitable protecting group (PG) or for multi-segment ligations and orthogonal protecting
group (PG’) where the segment bearing the carboxy terminal Yaa group comprises a
protected amino terminal Xaa group, i.e., PG-Xaa-peptide, which is provided by way of
30 example in Figure 4B. Figure 4C illustrates the diversity of groups that may be present

or absent in the peptide segments employed in ligation and polymer modification



a polyner (e.g., side chains bearing reactive -NH2 or -SH where U group of
wat er 10 soluble polyner is designed to react exclusively with primry

am no or wodz1®bain thiols). Figure 1 D shows that protekCT/goIgR10280S can
be enployed in order to protect desired side chains of the pol ypeptides
being ligated in accordance with the neyypds of the present invention.
Figure 1 Eillustrates the diversity of 'groups that may be present or
absent in the 15 peptide segnents enployed in ligation and pol yner
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In a preferred embodiment, native chemical ligation is used to generate part or
all of the full-length polypeptide chain. Cysteines present in the naturally occurring
protein on which the synthetic erythropoiesis stimulating protein is based can be used as

20 the chemical ligation sites. However, where a preferred ligation junction is devoid of a
suitable cysteine, the non-cysteine amino acid at that position can be replaced with a
cysteine so as to permit native chemical ligation at that site. [f desired, the newly
introduced cysteine can be converted to a pseudo amino acid residue corresponding to
the original amino acid at that position, as described herein. Alternatively, when the

25 cysteine is introduced at a site for polymer modification, the side chain thiol can be
exploited for the attachment of a thiol-reactive water-soluble polymer construct, provided
that all other cysteines in the target polypeptide that one does not wish to modify are
protected.

In another preferred embodiment, extended native chemical ligation, as

30 described herein, can be utilized to generate part or all of the full-length polypeptide.

For this method, N-terminal Na-substituted 2 or 3 carbon chain alkyl or aryl thiol amino



Thi s process can be continued, as needed thereby generating an el ongated
pol ypeptide <chain. Protection of the Yaa group is particularly useful for

conver gewoeotesxal |igation involving the production of Parisezd191si gati on
product conposed of four or nore segnents. 10 For exanple, for a protein
target generated froma four-segnent I|i ion (i.e., three Iligation

reactions), two segnments corresponding 1% one end of the protein and two
segnents corresponding to the other end of the protein can be ligated in

parallel, as opposed to sequentially, and the two ends joined in a final
ligation resissi mﬁy beestpleyedc Siigb regidieschbRT It g theoh- WEMEWE Of 81 Rsplitan

enpl oy orthy l&@%&%ﬂ@nt‘:&%@ Rk rhtlggﬁon) lc%nH% %d@&ﬁéd@oﬁg? (e Qb Sighte BHat
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si de-chain nay be acco I's I'n accor dance ﬁe principl es of
the present i nvequlcmﬂy, thelsmlnesmctuﬂmptld@ gJupleys StﬂpWISaBtadépﬂdcﬁOOtaT@/QI ef 20
native che i t Lng
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alternative odi epicte chai n can converted
to an al anlmpanyal\l@ws‘mrkdezla@Z dﬁrlcnlplaspf Bept{dei Synthesis, and ed.,” I\Arﬁquansm
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is that "an 'hain’ throls "t o convert
nodi fy be pmatAdethnetkyhEds., Spmrtg@bl\/erlag dtgeétanwngmtectmg(CB?@)me PfJor

s SR Lt B AR e Sob i RSl e
term nal Xa@epgndetﬁynthess, A H?&tWWMGMEdS Wi @ [Chas amd(R/Dd‘éﬂhltbyOxfa;d of 30
e e L
pol yner1snodidtive ahémiralidafian, k88,68nREThaiSe 1ol 2UBgStandadd motn_tcolshasgvetllo (Segur es
O o 2 e B SR b g5 8T A T TR B R
for synthess: 721791240 Keol, gpaip WO O6BS7 Bpikent astenl.c OGS ©8/284 34 IngENits et av,0l ves
sel ection of,cs (1999) 121(49):11369-11374; and Hackeng et al., Proc. Natl. Acad. Sci. U.S.A.
(1999) 96:10068-10073); Amiato et al., supra.).
20 For ligation and site-specific attachment of water-soluble polymers, chemically
) orthogonal strategies are employed in the synthesis of the peptides (See, e.g., Figures
1-4, and Examples) so as to avoid side reactions that result in unwanted attachment.
For instance, depending on ligation design and the polymer attachment approach, a
variety of orthogonal synthesis strategies can be exploited. In particular, the nature of
25 the water-soluble polymer to be attached, and in particular the functional group for
joining it to the polypeptide are considered, for instance as discussed below for the
preferred glyco-mimetic polymers of the invention.
In particular, the water-soluble polymer is made to comprise a unique functional
group U that is selectively reactive with a unique functional group on a target peptide
30 employed for ligation, full-length material or even the folded polypeptide. As chemical

synthesis is employed, the peptide is made to contain a mutually reactive



5 suitable ligation sites that are chosen based on the ligation chem stry
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ext ended native chemcal [igation, describ herei n, can be Utl?l zed
to genelbat (—:Apﬁ@@arﬁikhlEdsofsmﬂmef't(?ﬂag HRg¥h apd| PrrieatindGroups; R hi Kogienshibd,

N-term nal - UBSITHidhE Veha@ St @yme i1gga kyl or aryl thiol am no WO
02/ 10663 pCTT Las T o TYhE Yedat stk gt o LA P ed. Such Tesidues (where

present at the Nrhusefhe waisr-eglukie pétymecﬂéan mprwwbemad@éosv@gma Wigeer@nger
l'igation) canh&ioRdVaelagaliin!as HE&d db&rbbd2bevd. N&br the partial or no protecting

group strategy, the functional group on the polymer and its mutually reactive functional

20  group present on the target peptide or polypeptide employ a chemoselective reaction
pair in which other functional groups may be present in the reaction system but are
unreactive. This includes groups amenable to amine capture strategies (e.g., ligation by
hemiaminal formation, by imine formation, and by Michael addition), thiol capture
strategies (e.g., ligation by mercaptide formation, by disulfide exchange), native

25  chemical ligation strategies (e.g., ligation by thioester exchange involving cysteine or
thiol contain side-chain amino acid derivative), and orthogonal ligation coupling
strategies (e.g., ligation by thiazolidine formation, by thioester exchange, by thioester
formation, by disulfide exchange, and by amide formation)(See, e.g., Coltart, DM.,
Tetrahedron (2000) 56:3449-3491).

30 A preferred chemoselective U group for this embodiment will comprise a residue
of a unique functional group employed in an aqueous compatible ligation chemistry such
as native chemical ligation (Dawson, et al., Science (1994) 266:776-779; Kent, et al.,



pol ypeptide to a pol ypeptide having a C-term nal a-carboxy thioester
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stepwi se standard Boc and/or Fnoc solid phase peptide synthesis using
standard automated peptide synthesizers, opr nanually follow ng standard
protocols, or ordered and purchased from commercial vendors. ("Synthetic
Peptides, A User's Guide," G A Gant, WH. Freeman & Corrpany, New
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The peptide ligation step, for example as shown in Figures 1-4, may eMploy

20 solid or solution phase ligation strategies. Figure 8 depicts another route for precision
attachment of a water-soluble polymer to a peptide segment employable for ligation and
production of polymer-modified synthetic erythropoiesis stimulating proteins of the
invention. The first step employs solid phase peptide synthesis ("SPPS”) (e.g., Fmoc or

Boc SPPS), in which an amino acid side chain targeted for polymer attachment is

25  protected with an orthogonal protecting group (e.g., if using Fmoc SPPS, a Boc group
can be used to protect the site of polymer attachment, or if using Boc SPPS, an Fmoc
group can be employed as the orthogonal protecting group). Following peptide
synthesis, the orthogonal protecting group is selectively removed while the rest of the
peptide remains protected. This affords a single attachment site for the next step - solid

30 phase polymer synthesis. Once the orthogonal protecting group is removed, the
polymer chain is attached as a precursor. More preferably, the polymer chain is built
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i nvention enbodies the principles of peptide synthesis (protecting group
strategi asQ oamd6éhem cal ligation (partial or no protectpPOyugeia1p2s
strategies). For the protecting group strategy, all potentially reactive
functional groups except for the desired,functional group on the 5

wat er-sol ubl e polyner and its nutually reactive functional group present on
the target nolecule are bl ocked with suitable protecting groups Many
protecting FOUBS are known and suitable for this ose

. e.d.
"Pr ot ect i ng g0 SECFESSEE Jards of SoNMes Sydhesisysingairf ‘i?ﬁg d?pwd@ﬁ\gﬂégsd%

P.GM Wits.,. ggls A,lthé@jm avﬂlhga p%ly%%}sattécﬁﬁ\ent s@e‘?%@shm\/qﬁb@cm@m&@t éérpae
2000; "Synthetic Peptid A Gant, 10 Ed.

Freeman & CoRpaey, Flasse Q@hnwswemgweacmgﬁh@w Chent ech Handbook o
Conbi nat | & B
i natoria L'/ﬁé’)hﬂgd E@@éa c%ﬁhﬂ:'& I@ %‘r?mvél%é’the %Vn%tmn%?@%%hcpqe éé{a valent

Chri st ensen, er son, es, an neil,

Eds., Advanlikage @I&@?@@Hﬂrstm@mca' Fempeigst é@d aﬁewwtqf@mlgm@me@n@t ond ed. ,
M BOdanSZkagEéi mutu§®rr’e9&% M‘ﬁﬁﬂlcﬁﬁl gr%gés?’presgmeonaﬁ@ﬂét %ﬁ%@écfn%pt' de

Synt hesi s danszky a Bodanszk
Spri nger - Veeqr@@nem@gmn k&nldfede@ ernsier thﬁedlg@@urﬁgctronmhqu&@@pmkﬁor ex@ple, Geor g

Thieme Verlgg ’CB§IInk5taF l%%'h&m of BEARBY an&Bgﬁézptlagé‘ﬁv?lbﬁth%h@hﬁglg&hk%ﬁ’mo}ﬂ”Er

can represent posses a wd ncti1onal groups, such as
t hose descrofh@@h@ﬁ)@rv@lynaptld¢ Regrpents ioaarlrtgrcomqubl@tt@mengwuttgﬁﬂmcqﬁcyve, él—egy,

the fungfi %ﬂhmglré?ﬁg\l PEndils aﬂ*ﬁ’ilncy Ié‘%ﬂ ré%ﬂft!leht §e %Fl@léérénlr (ﬁ%ﬁlétyg%ﬁé{}écﬁ%eﬂnal 20

group present on the target e or enosel ective
reaction patilieed for firs pwwsm@xamw@tqf (m@h lrg)imﬂmzatmyh@elcpﬂwhm (Dawsoheet |
reaction sygt 1 Thi m ne
capture st r%t’?é}eg% fggg') 28@?8@? ?%\r/{&bn)} é? 2 W%érza?& or H{’)?t gm%é@ﬁzs&@‘t)a
formati on, @fide tﬁngg:Mdllcaidﬁgamqrdmosetd’uabl J. aﬂaMruCéemsﬁoat(é@fM)QWéO@A)

|1 gat i on by IRLEARNLIR, BAARIA@RN-BY cfls e RipNR9s), 98l s Rl

i nvol vi tig cfpshieg tigateom (Engiebretsmneaaln Tst dettsr(aﬁ%)@ﬁ(fr&) 8&c1-88d4)y hydrtzore), and

Format o, By CRISRFAELOR, sEo HGHE TR Brooe) 5T apPRRY g PlfeRivfae
exchange, aﬂwdnﬂng Ilganmhsarfobwmollome) f@Seleg ligatpn, (Ztuarig, @t &l,, ., NatTdtadSedr on
(2000) 06 a8y ol HoBLE151 450 SIS L OOt o
i n an aqueoG®selovpatiab) %elbmcgzgrsieme robdiated hativeseheimical ligation (Org. Lett. (2001)
20 3(9):1331-1334); and Staudinger amide forming chemical ligation (Saxon et al., Org.
Lett. (2000) 2:2141-2143). Thus, as will be appreciated, any chemoselective reaction
chemistry that can be applied to the ligation of unprotected peptide segments that is
amenable for such purpose.
Reaction conditions for a given ligation chemistry are selected to maintain the
25  desired interaction of the peptide or polypeptide segments employed for ligation. For
example, pH and temperature, water-solubility of the ligation label, ratio of the first
segment to the second segment, water content and composition of the reaction mixture
can be varied to optimize ligation. Addition or exclusion of reagents that solubilize the
ligation segments to different extents may further be used to control the specificity and
30 rate of the desired ligation reaction, i.e., control exposure and presentation of reactive

groups by manipulating solubility of the peptide or polypeptide segments. Reaction



as native chemcal ligation (Dawson, et al., Science (1994) 266:776-779;
Kent, et al., WD 02/19963 PCT/US01/21928 -34 WD 96/ 34878), extended
general ohent/cmb3|igation (Kent, et al., WD 98/28434), oxP@rpUSI@1MISNQ
chemcal ligation (Rose, et al., J. Amer. Chem Soc. (1994) 116: 30-33),

t hi oester formng ligation (Schnol zer, et.al., Science (1992) 256:221-225),
thioether formng ligation (Englebretsen, et al., Tet. Letts. (1995)
36(48):8871-8874), hydrazone 5 forming ligation (Gaertner, et al., Bioconj.
Chem (1994) 5&4) 333-338), and thiazolidine formng ligation and

oxazol i di neCaneriaN®§re repsiy skterPingddy aasaung forrhe desigd chemesalective reaction 998)
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bonds ajg %hﬂﬂa@gﬁm 4ss.d@é>n%th.c;g RS fclid Feao%naé i tﬂi.%st@xlmbe as

shown in Figures tlon
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while the r Setmo%]cele%ﬁ\?e reaction at a cysteine residue in a target polypeptide sequence; a

peptide bond is formed at the ligation site and the side chain of the Cys is regenerated

20  in native form.

Alternatively, the proteins of the present invention may be synthesized through

the use of “Pseudo-Native Chemical Ligation,” or “Extended Native Chemical Ligation.

Pseudo-Native Chemical Ligation involves the use of non-naturally occurring pseudo-

amino acid residues at preselected positions in the peptides employed in the protein

25  synthesis (e.g., See Figure 4). The structures of such pseudo-amino acids mimic both

the structures of cysteine and the structures of the amino acids that are naturally found

at such preselected positions in the protein being synthesized. Pseudo-native chemical

ligation is thus directed to the thioalkylation of cysteine side chains generated at ligation

sites from native chemical ligation. A preferred aspect is thioalkylation of cysteine

30 ligation sites wherein at least one peptide contains a native cysteine having its thiol side

chain protected with a suitable protecting group.



peptide remains protected. This affords a single attachnent site for the
next step - solid 30 phase pol yner synthesis. Once the orthogonal

protecti mogroem i s renoved, the polyner chain is attachrdI/@soiziprsecur sor.
More preferably, the polymer chain is built WO 02/19963 PCT/US01/21928 -35
t hrough successive rounds of polymer symnzesis using a process depicted in
Figures 6A - 6D. Although a single polynmer attachnment site is shown, nore
t han one can be provi ded Figure 9 shows a general reaction schene. As

not ed above, m cal tion |nvoI \ées t he. for a_sel ec
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chem Ca Cl en , €
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l'igation (Roge Cetrert ProtoboIsAmEProtéﬁ‘T'@HenSQC Ecﬁté@% JOR® BB okddn ot tani Q@ﬁﬁ er
formng |i tl Ot@‘l {éSchnoI zer, et al ence 2) 256:221-225), t hi oet her

15 formi ng Vigyats SANS:EN | @OPQY s efaisest EaT hasr@lpscrp@gttge ELYyeSsion of cysteine

36(48): 1%87Jreﬁ&?él%lde*t!ﬁgfn@&@'ﬁﬁmlcftﬁé Rhétgichl &aéérﬁ@s 6@%&%9 oc&irrlﬁé amlr%l £90N] -
Chem (1994) 5(4):333-338) thiazolidine formng ation and

oxazol i di nS'YFHIMEEeS Fo- Bﬁ‘S%reraBgef aby ' %*nem'cairMetathf N&RYRE Active Sites,1998)
95(16) : 9184kR; 1984MNoft2; Bls(46 MR POBARitiddaI ahe ke BP4 c?stéi%% skRBehain

G eselman et al., Sel enocystei ne-nedi ated native chemcal l'igation (O g.

Lett. (20015 intsdyps ) iRelittpamReplice Ry REpaidiaRBeeAsssEbebr FyFENe Rids ghain
l'igation (Sas@fcabnélare rdXeved lh@l’femls(t%p&@ro%r?ééﬂjugmandT@#b‘%sllrﬁ’(ﬁlg‘Msl s, be

appreci ated, any chenpsel ective reactiion chemstry that can be applied to

the |ig&ti oNors USBT.oE8& Bressh fihenrcal dipaifination 1hProteinsa Banabl Meaass o ath

pur pose. Rqa6}q %nmgh@l eR8mical Madifdatish of PEALIhOSEH1E] Hlefbd8 B SRAIGEFD O
mai ntai n the desired interaction of the peptide or polypeptide Segnents

enpl oyed f dwogqdyeas o@lazenr A-Nexalimgl. e(19681 ﬂﬁﬂ%h‘p@'ﬁ%[ﬂ@ﬁ'eﬁeﬂﬁ@@ii foo| Rietdin t y
of the i gqfibtaigheke LLAUAS Plogh NEREI Brals). Tam et al. (Biopolymers (1998) 46:319-
327) have disclosed the use of homocysteine (-CH,-CH,-SH) for non-cys native
20 chemical ligation, followed by thioalkyiation using methyl p-nitrobenzenesulfonate
(methylating reagent) to convert the homocysteine side chain to a native methionine
side chain (-CH,-CH>-S-CH3). The present invention also can be used for converting
homocysteines to pseudo amino acids as well, i.e., to amino acids other than
methionine. However, as with the conversion of cysteines described herein, in
25 accordance with the present invention it is necessary to use protecting groups to avoid
destruction of native cysteines involved in disulfide pairing for peptides that contain at
least one native cysteine that one does not wish to convert. Suitable protecting groups

are described below.

While the method of pseudo-native chemical ligation does not facilitate tHe
30 mimicking of the side chains of certain ribosomally-specified amino acids (e.g., the side
chains of glycine, alanine, valine, and proline) (alanine’s side chain can, however, be

formed through a desulfurization reaction (Liang, Z.Y. and Dawson, P.E., “Synthesis of



segnent to the second segnent, water content and conposition of the
reaction mxture can be varied to optim ze ligation. Addition or exclusion

of reagem@o0y/ms3 sol ubilize the |ligation segnents to difPeT@styagisents my
further be used to control the specificity and 30 rate of the desired
ligation reaction, i.e., control exposurg and presentation of reactive

groups by manipulating solubility of the peptide or polypeptide segnents.
Reaction WD 02/ 19963 PCT/ US01/ 21928 -36 conditions are readily det erm ned

by assaying,far, the i red chenpsel ecti ve cti , 0
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fragnents havi n%an N-t er m nal &hpéﬁs] EI ne resi due may be synt hesized and 15

used in a nati veSBREREY thei P8 Egchresent ‘nY?nB?'Ké‘"rayi bsgetiosfor fgmine

peptide synddieside chais the 40 MEISARE IhRttRSs tiht Rty Gp8SifddNBMIMRSAGIILES
into a polypeptide for this purpose, Thus in its standard form native

chermi cal | iQaAT®dengeR R Ishader P'ﬁ)éé?fbpnﬁ’é‘dl Ayt pignossidscehaje langtteabheat a

cystei ne rambdys stabilfel(df g@étam%y%nhrééemﬁ@%nsa%onwmamﬂodﬁcre%mpio?em
formed at the ligation site an side chain of the S IS regenerated

20 in ni i vaabilgy fer g ?@*P%?lt%la?'“tyt ‘Pfethﬁrﬁfﬁ’@i'mgo Bﬁert'ﬁec%@g@ﬁf’n iBhd dheieh nay

be synt hesi z@dptt gifEEMt ratn@@ dﬁ§@os@ffatespﬁ1ﬁ%ﬂ8rs'\‘?écbﬁ%r déaétcL\'e%% thoser
"Extended Native Chem cal 'Ligation. Pseudo-Native Chem cal Ligation

i nvol ves t IREcaRied by the Aatyealiy osFUrgnGRORIR G PEBIRD -CysrtioSH Br-FlsCREE at
presel ect ed;f@sidys0B8,-8CH,LCOPRP{dUER S pSEIIRY BN dcle HIsObRE idditional side

chain atom, namely the -S- group; alternatively, .if used in the place of aspartic acid, it
20 will possess two additional side chain atoms, namely a -CH»-S- group). Other side
chains have the same number of atoms in the side chain, but differ by inclusion of the
thioether linkage (-S-). For example, Cys-CH,-SH + Br-CH,-CH,-NH-PG, followed by
removal of PG yields Cys-CHx-S-CHx-CH>-NH,. The resulting structure has no
additional atoms in the side chain, but one -CH»- group is replaced with -S-. Methionine
25 is another example here, Cys-CH,-SH + |-CH,-CHj yields Cys-CH»-S-CH,-CH; (versus
native met structure of Met-CH,-CH,-S-CHa); thus the thioether is relocated. Arginine
also: Cys-CHy-SH + Br-CHy-NH-CH((-NH,)(=NH,") yields Cys-CH,-S-CH,-NH-CH((-
NH2)(= NH."). Preferably, protection of reactive amino groups, particularly for the
constructing pseudo lysine can be employed to avoid unwanted side reactions. Once

30 the thioalkylation reaction is performed, the protecting group can be removed.
In general, where the desire is to mimic a naturally occurring protein as closely
as possible, it is most preferred to employ a pseudo amino acid molecule having a side



25 synthesis (e.g., See Figure 4). The structures of such pseudo-am no
acids mmc both the structures of cysteine and the structures of the

am no aciwi@or/immt3 are naturally found at such presel ect edP@D®SeVI028 i n t he
protein being synthesized. Pseudo-native chemcal ligation is thus
directed to the thioal kylation of cysteigg_side chains generated at
ligation sites fromnative chemcal ligation. A preferred aspect is

t hi oal kyl ati on of cysteine 30 ligation sites wherein at |east one peptide

contains a pative teine having its thjol side. chain protected with a
sui tabl e proPULISnRET 10 huerBe st Fsnites by Baepiially-SpSqtiec amingt ar o
enbodi ment rafrmiahe praseeinat uish pbiitod M Bk proteRt it i9fesa pearsired fteerdploYd pdetido
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Conjugation and Crosslinkjng, S.. S 15 Wng,. (1991, CRC_Press); Chem cal
Modi fi cati off BF fPFrB‘t"@i%es-,X@ﬁW X IvBagRo%teayng grop,gand Reqoisde ey Jwhose

Cheni cal Mugdictig@trhifficsOtheReRhiBhINSortiSIe lof e didBRIARASE &R fibassHhall/iRbified or
procedures, d azer, A N et al. (1975, Elsevier); Chem cal Reagents for
Prot ei n1® MYNhEEa@MIP adig. Lundbl ad (1991, CRC Press). Tamet al.

(PO | SR GISe Sfind b apRe s ioa o AU e
t hi oal kyl athed¥alibioegfignsetlign opcysiaine Biskezehnds rfthad-eonfigneatiopl dvsegr theaBent )
to convert c{dﬁdﬁ;%mmk%Qi’rﬁb%rtsérgf%a%‘%élstraﬂcéi R ahAtVRy B @39,%9& thd Aeyychal n

(-CH2-CH2-S ). The present invention also can be used for converting

desired when increased stability to proteolysis is desired. However, in using the D-

20 cysteine, the backbone structure at that site will be altered. Such alteration, in addition

to protease resistance, may be desired to alter bioactivity. However, to minimize impact

on bioactivity, it is preferred to locate the D-cysteine at a site of high flexibility, such as a

disorded region, such as at a disorded loop that will be located on the surface of the

resulting folded molecule, on at a disorded terminus of the molecule. Desirably, the

25 reactions of pseudo-native chemical ligation may be used to place large, charged side

chains (e.g., the side chains of Lys, Arg, Asp or Glu) on the surface of the synthesized

molecule.

Examples of suitable good leaving groups, X, include halogens, especially iodine

and Bromine. Examples of Ra, groups include PO,, COOH, COO, CONHj,, guanidinium,

30 amine, alkyl, substituted alkyl, aryl, substituted aryl, imidazole, alkylated imidazole,

indole, or alkylated indole groups.



honocystei nes to pseudo amno acids as well, i.e., to amno acids other
than nethionine. However, as with the conversion of cysteines described
herei n, wo251®exordance with the present invention it i|sSPOPUSGIEAPI8 t O uSe
protecting groups to avoid destruction of native cysteines involved in
disulfide pairing for peptides that contain at |east one native cysteine
t hat one does not wish to convert. Suitabte protecting groups are

descri bed bel ow. Wiile the nethod of pseudo-native chem cal |igation does
not facilitate the 30 m m cking of the side chains of certain _

ri bosomal | y- specl 1§ Rledion oh Wwhkhd®e- t@ egployilbdenend Upeh Hishamio agid sife ghain

al ani ne, vadddieqd tapd p{?és%h’_t Bel phdbkant Pssifors| ﬂﬁjspmlega@aeéﬁg%\éﬁéfcﬁﬁoly&%ﬁd

formed through a desul furization reaction (Liang, Dawson, P. E.,
"Synt hesi s YfPrONIEViINgdss apinD 29HSEEH9E - 38 Pepti des and Proteins without
Cystei ne Residues by Native Chemi cal Ligation Conbined with

Desul furization," J. Am Chem Sgg,, 2082l dBaandf- 533, herein

i ncorporated by reference), it may be used to formside chains that mmic
many ribosomal|ly-specified or non-encoded am no acids. Am no acids
produced i nwherade endi eactwienpte He prtiondioerasanceer ehsaricealf akditjanal @mimeatiod of
t he present td ] C i I il ]| no
bet a br anchioRadET Eesr 2ptap e Bifndl e Tas e REling 308 sl G 2
posi tion, ireepsctigely)Clapd Sany, Tdngs respretipde ddootartheramiro (N-) teemimalnssidbe ahe

bet a- br anchﬁd am no aci ds, 1sol eucine and threonine can be made to have

t he pendanttN§i @EPRHAGY et trsivuenph SUROIYRRPTIFR) Of RECIBBIAD e SHREzethaYi t s

10 attenda%reﬁ%tmidﬁbﬁde fhgimédiscantly, the methods of the present
invention may be used to formamno acid side chains that are the sane

|l ength as that of ribosomally specified am no acids, or are |onger or
shorter'®% han such Iength. &Gvh QPPePRSonanth $Y&dV@dasam | ength can be used
to stabilize (or destabilize) the three-dinmensional conformation to

i ncrease pr [y iLi i o to
Ial ter ;St spc\glﬁlﬁ%?z éﬁ%ﬁ%&hé'%%éﬁ@ﬁt%&%g\g@?gysg%]ﬁ?,ga?fgn$ ﬁs)r’%r%%}ogﬁ Cgﬁ@éf@gt es,
i nhi bi t or s, Withe depthieester| grgamdiscluding. buteneft limitedt o, hdskenzalk cant ally! lyroupse

Ors- G- & CRBIET. oL S Flelte | ALcbATRL itofleryl™ o, "haleef, SR, b °°
chai n at om maeeaploprapiienic Sacigjrieugine alstess Seeyvelyy, Defvsased an Stiengd §t394f
aspart i1% a%éé:?'}é-ﬁg; Canne et al. Tetrahedron Lett. (1995) 36:1217-1220: Kent, et al., WO
96/34878; Kent, et al, WO 98/28434; Ingenito et al., JACS (1999) 121(49):11369-
11374; and Hackeng ef al., Proc. Natl. Acad. Sci. U.S.A. (1999) 96:10068-10073).
Other examples include dithiothreitol, or alkyl or aryl thioesters, which can be produced
by intein-mediated biological techniques, which also are well known (See, e.g., Chong et
20 al., Gene (1997) 192:277-281; Chong et al., Nucl. Acids Res. (1998) 26:5109-5115;
Evans et al., Protein Science (1998) 7:2256-2264; and Cotton et al., Chemistry &
Biology (1999) 6(9):247-256); and then ligating the fragments together to form:

aaNHz—Q-aax-Cys-W-aaCOOH.

The ligated fragment is then reacted with R,-X, where R, is a side group that

25  mimics the structure of the y side chain). The reaction is conducted under conditions
sufficient to convert the thiol group of the cysteine into a “pseudo-y” side chain. For
example, if R, is selected to be CH,-COOH or (CH,),-COOH, then the reaction will lead

to the formation an amino acid residue that mimics the structure and function of aspartic



20 wi Il possess two additional side chain atons, nanely a -CH2-S- group).
O her side chains have the sanme nunber of atoms in the side chain, but

di ffer bywonwiassi on of the thioether linkage (-S-). For PEEURIE21928
Cys-CH2-SH + Br-CH2-CH2-NH PG followed by renoval of PG yields

Cys- CH2- S- CH2- CH2- NH2. The resul ting strg ture has no additional atons in
the side chain, but one -CH2- group is 7 graced with -S-. Methionine 25 is
anot her exanpl e here, Cys-CH2-SH + |-CH2-CH3 yi el ds Cys-CH2-S- CH2- CH3
(versus native net structure of Met-CH2-CH2-S-CH3); thus the thioether is
rel ocated. 2¢igi(ipppledo-Asmshor gitantriaciH pseprio-GHS). NBis ¥l pe MRRYeCiatedR ) Jighti afl ds

Cys- CH2- S Gifg- Mﬂ‘v%écrlﬂwéﬁ)ﬁmré\lkﬁiﬁ?)ﬁcatéar SRRl dan B Qgﬁﬁ{c'twer%lggﬁ&gﬁérge

anmi no groups, particularl constructing pseudo |ysine
enpl oyed tothéOéWlearPfW&rﬂa@m%\T%e reactions. Once 30 the th| oal kyl ati on

reaction is per fR%‘iﬁﬂrcaﬁﬂ"@aQﬁé’Bﬁﬁﬁé 5‘&pr PUB 11513 Q@m%%&&@éjs thgporgaea&fsaaot

where the deS|re IS to mmc nat ural Yy occurr%’ng proteln as cl ose

possi bl & i Wishdo maaghfy é?eefe(aéwg BeHNPID Ye Hides ehrdiv Peagaterd, a9 camayaﬂe\gmaa to
having a si ﬁr%véﬁ@ Qw?e/n’?r@a??ﬁoclf ﬁytlblﬁ'oéf/ éQSgl%st 39th&aiHan! ﬁ@%ﬁh(%}a% tHeS néeél%nsa”e

| ength as that of the ribosomally-spec am no acid nor sent at
such posi ti ®ke(®)n of Heatmrut ether; Cye regdusssiy tbee"ﬁeﬂmdsqgmmlbgyn@nmmmthe

am no acid ﬁmuﬁgﬁgo%sh??fﬁélﬂmaofs{ lgﬁlhﬁ%séhc’oe&ﬂlh ts¥ ﬁfﬁogﬁeuﬂﬁ:&%g@ﬁgﬁf at Pgn

that of the ribosonmally-speci no acl l'ess preferre
enpl oy a ps@aaﬂpraaﬁaﬁbgatmnd 5 rml ecul e having a 5| de chain length that is

two atoyg |ongerath Eg%gm e Ey bol'q QARPIEL b¥s §§o;h %dgﬂtgg ﬁhaﬁiazole.

Moreover, its is preferre ect’ a cyst el ne s°in a
| ocati on wherogpgameiV deobtaagaaasmdole group; IlP(Be:Ie;notee ad'psntemmgfgmupi @elaw isnvaer e

am no acids t t anserved ch _sites can
be identifi %@%m%@ag ?ﬁ? %('ad s Fao‘r%]l ?ntg]gt i &0%3@5 eﬁo’tﬁe%\/rﬁl&e&z&gegﬁ% rC%?'H'BQS
10 I n pseudpsaudbiavena Iaelnh rteaidubs gatacomrdanacepwpm itlke pesmehiinvenigpra(wiane NOis a

termnal cystein ate eptide_havin carbo
term nal the{%g%%& éraél Hﬁ»ﬁ PO reﬁg‘?ﬁetdafarﬁ] gtaf‘f“gﬁ prqgﬁgg? ﬁqr(ﬂ at@"ﬁé"e{?ﬂai n
of the cysteine is then react ed with a conpound of the fornmula Raa-X
where X1 s Bagioddmineaditlg group, and Raa is a group whose structure mmcs
the termnal portion of the side chain of an ribosonally-specified or 15
synthetic a 'n@ ac{R%. Significantly, the reactions of pseudo-native
chemi cal |i'g>]§t'8 APt h either the

-CH,-SH + X-CH,-CH,-NH-PG, followed by deprotection

gives -CH,-S-CH,-CHy-NH,

Arg (no extra atoms)

20 ~CH-SH + X-CHz-NH-C((NHz)(=NH,+))
gives -CHy-5-CH,-NH-C((NH,)(=NH,+))

His (2 extra atoms)
-CH2-SH + X-CH,-/M gives -CH,-S-CH,-IM
Acidic Amino Acids:
25  Asp (2 extra atoms)

-CH,-SH + X-CH,-COOH gives -CH,-S-CH,-COOH



natural L-configuration of cysteine side chain, or the D-configuration. Use
of the D- configuration can inpart protease resistance at that l|igation
site, anawvohusdsny be desired when increased stability tPCPUSteIP3ssis is
desired. However, in using the D 20 cysteine, the backbone structure at
that site will be altered. Such alterati%F, in addition to protease

resi stance, may be desired to alter bioactivity. However, to mnimze
impact on bioactivity, it is preferred to |locate the D-cysteine at a site
of high flexibility, such as a disorded region, such as at a disorded | oop
that will belu@extra@taws)t he surface of the resulting fol ded mol ecul e, on
at a disorded termnus of the nolecule. Desirably, the 25 reactions of
pseudo- native chey.ofh +X-gabiconneRecHsetocobrce | arge, charged side
chains (e.g., the side chains of Lys, Arg, Asp or Qu) on the surface of

t he synthesjzed nolecule. Exanples of suitable good |eaving groups, X

i ncl ude hal ¥pehrged EotariAmine Agidehne and Bronine. Exanpl es of Raa groups

i ncl ude P04, COOH, COO, CONH2, guanidinium 30 am ne, alkyl, substituted
al kyl, aryl Tyr%H@@H‘é&dﬁr@Qtoﬂv\’%W , i mdazole, alkylated imdazole, indole, or
al kyl ated i ndol e groups. 02/ 19963 PCT/ US01/ 21928 -40 The sel ection of
which Raa to enploy will_depend upon the amno acid side chain desired to
be preséht at a 13 i1 Fap-R5U3 | AVesnCHTSue POHMNo extipplams, sadegepagtry

ol ypeptide or tal } ! C¢ e :
gaNyHg- pQ aaX- aay- *%a%-%}ﬂ?*\?ﬁ%ﬁ’?ﬁ@@gﬁgg?ﬁ%%& Za’gﬁgggﬁt%terag&@onal presence

or absence of additional amno acid residues, and aaX and aay denote
i nternal adPlic@mextra@indues (having side chains x and y, respectively), and
aaNH2 and respectively denote the amno (N) term mal residue and the

car box C) termue > elie ; e ein an be
synt hegi ged) by p@}H;ZZ%W f’?gbﬁpﬁ?(gzwg%@%ﬁﬁ?}ubgg Cclzg)@'a 2- Q aaX COSR and

Cys- WaacooH where Cys denote the replacenment of aay with cysteine, and R
i s any grouPSit@pERiaPEs) with the thioester group, including, but not
limted to, aryl, benzyl, and al kyl groups. Exanples of R include

3- car boyy- 4- ni t r opegly b X-BHYLROINH,) 067 0H, SR ERL B (ORRNE,) Mer capt oproprioni ¢
acid | eucine esters (See, e.g., wson et al ., &cience (1994)

Ser (2 or 3 extra atoms)

-CH.-SH + X-CH,OH) gives -CH,-S-CH,0OH (2 extra atoms)
-CH2-SH + X-CH,-CH,OH) gives -CH,-S-CH,-CH,OH (3 extra atoms)

Thr (2 or 3 extra atoms, missing beta branching)

15 -CH,-SH + X-CH({CH3)(O-PG)) followed by removal of PG
gives -CH,-S-CH((CH3)(OH)) (2 extra atom)
-CH,-SH + X-CH,-CH((CH3)(O-PG)) followed by removal of PG
gives -CH»-S-CH,-CH((CH3)(OH)) (3 extra atoms)

Non-Polar Amino Acids:
20 lLeu (1 or 2 extra atoms)

-CH>-SH + X-CH((CH;)(CHa)) gives -CH2-S-CH((CH3)(CHs)) (1 extra atom)



15 266:776-779; Canne et al. Tetrahedron Lett. (1995) 36:1217-1220; Kent,
et al., WO 96/34878; Kent, et al., WD 98/28434; Ingenito et at., JACS
(1999) 1MQ49)99831369- 11374; and Hackeng et al., Proc. NaPCT/US@Izx1928SCi .

U S A (1999) 96:10068-10073). Oher exanmples include dithiothreitol, or
al kyl or aryl thioesters, which can be prgguced by intein-nedi at ed

bi ol ogi cal techni ques, which also are vvef' known (See, e.g., Chong et 20
al ., Gene (1997) 192:277-281; Chong et al., Nuci. Acids Res. (1998)
26:5109-5115; s et al Protein Science (1998) 7:.2256-2264; and Cotton
et al., Cheni str? -Sti ortogy<CHoge)(@i9iCHel7- s~ afblzheRCHEGHHGHPe
fragments toget herextra dtesy aaNH2- QaaX— Cys-WaaCOOH The ligated fragment
is then reacted with Ry-X, where is a side group that 25 mmcs the
structure o{l { si de chain S) fﬁ,r eactl n i s conducted under conditions
sufficient 1Y ka Jtp@st { alng}re rag¢hindle cysteine into a "pseudo-y"
side chain. For exanple, if Raa is selected to be CH2- COOH or (CH2)2- COCH,
then the reacti oml—wL$H1 + )e@th(CHg)-CHLCHQ v HTHY,- ST H(THARC HE-CHi, (25)&@&0&*3 t

mmcs t estruct n, of, ,a rtic (0] 1928
-41 acid (" pseud’ )%P'#Qﬁﬁ@ 3)cégéﬁgla@'”ﬁ§é bgg ')%ﬁ?%c\gw '%?e(%
appreciated, in éxt@l‘ﬁtomfs) t he above description, nore conplicated synthesis
can be conduct ed enpl oyi ng nore than two peptide fragnments. A significant
feature of ?1 p{)ﬁg |s that cysteine residues that one does not 5

w sh to rmd i o E 85‘? ng segnents be side chain protected, e.g. as
Cys(Acm, to prevent chem cal nodification of Cys residues other than the

one(s) at the |i-@M,isH+ Fstptge(es).CHgs (p {leéxt@rytoray her Cys residues in the
reactl ng segments be i nt ended for si mul t aneous formation of identical

' pseudo ami no acidi-Shhy ﬁrﬂﬁ'émmvearc%&cfﬁzwﬁ ofra emek i on after |igation.

10 As used herein, the synbol cp denotes a benzyl group; | M denotes an

i m dazoie mépqp\g,exﬁggtdrﬁg)denot es an indole group; PG denotes a protecting
group. Belowis a summary of Raa side groups that nay be used to

synt hesi ze pept i %&bt h&h’?ﬁdj"s 9)e8 ndb- grﬁ"’r‘mcﬁcl d residues in accordance
with the present invention (where Xis a halogen (I, Br, d, F, wwth | and
Br preferreppf(@ext@atomand F preferred for cp attachment): 15 Basic Am no

Aci ds:
-CH,-SH + F-IN gives -CH,-S-IN

However, where it is either inconvenient or undesirable to modify a protein

16 sequence so as to introduce a cysteine or homocysteine residue at a given N-terminus

of a polypeptide utilized for ligation, or utilize a pseudo amino acid at the ligation site,

the method of native chemical ligation may be extended using polypeptides whose N-

terminus has been modified to contain an N-substituted, and preferably, Na-substituted,

2 or 3 carbon chain amino alky! or aryl thiol, and thereby permit the principles of native

20 chemical ligation to be employed with polypeptides lacking cysteine residues (see, U.S.
Patent Application Serial No. 60/231,339, herein incorporated by reference).

The method of “Extended Native Chemical Ligation” involves ligating a first
component comprising a carboxyl thioester, and more preferably, an a~-carboxyl
thioester with a second component comprising an acid stable N-substituted, and

25  preferably, No-substituted, 2 or 3 carbon chain amino alkyl or aryl thiol. Chemoselective
reaction between the carboxythioester of the first component and the thiol of the N-
substituted 2 or 3 carbon chain alkyl or aryl thiol of the second component proceeds



Lys (no extra atonms) -CH2-SH + X-CH2- CH2-NH PG foll owed by deprotection
gives -CH2-S-CH2-CH2-NH2 Arg (no extra atonms) 20 -CH2-SH +

X- CH2- NHWG) 0 MH2$3 =NH2+) )  gi ves - CH2- S- CH2- NH C( ( NH2) ( =NHee¥/USo141928( 2 extra
atons) -CH2-SH + X-CH2-IM gives -CH2-S-CH2-IM Acidic Amino Acids: 25 Asp
(2 extra atons) -CH2-SH + X- CH2- COON gi vgs_- CH2- S- CH2- COOH WD 02/ 19963

PCT/ US01/ 21928 -42- Qu (1 extra atons) -CH2-SH + X- CH2- 000H gi ves

- CH2- S- CH2- OOOH Uncharged Pol ar Am' no Acids: Tyr (no or 1 extra atom 5

- CH2- SH t t

- CH2- SH I dpifo 495%‘%4"%35 glerioed O@) . %%&ﬁ@%w 'Qg‘i‘ﬁ” éfOr?b(*Etl
ex: ra a: OW)Mor@F%eSIﬂcéllyXﬂ@‘%g@Clé:?Hath%)cNﬂlzrghﬂf bet(wdén &&t@s& t?o@&igﬁ)somﬁéﬂi‘er(é 2
extra ato - |ve - S er
(2 or 3 ext%"glg‘Fo‘?FETO %ﬂ‘i“@ﬂ @%neé? 8%@ thiggs egll@ﬁquqte(% é’% |-Eaaéf’t"ﬁrns)
-CH2- SH + &r&iﬁa%@ﬁergapwg&newreaf n(ﬁl?at@%((bl‘lc'?nﬂ&élm&d firbtr lidadiogr 3
extra atons Sl N et a ra + X-

fol | oned bf"P VAT B ed g—(Z& @e@%g(&ﬂ“ed%rm%é'a&td aewgﬁupm

- CH2- SH + Ml@rﬁer@%(a% 4161 R§R]) cohpoh e s ByrnieaPyal, redpelfvengi ves
-CH2-S-CH2-CH((CH3) (OH)) (3 extra atomns)

J1-C(0)-N(C1(R1)-C2-SH)-J2 |
J1-C(0)-N(C1(R1)-C2(R2)-C3(R3)-SH)-J2 I

where J1 is a peptide or polypeptide having one or more optionally protected amino-acid

10  side chains, or a moiety of such peptide or polypeptide, a polymer, a dye, a suitably
functionalized surface, a linker or detectable marker, or any other chemical moiety
compatible with chemical peptide synthesis or extended native chemical ligation; R1, R2
and R3 are independently H or an electron donating group conjugated to C1; with the
proviso that at least one of R1, R2 and R3 comprises an electron donating group

15 conjugated to C1; and J2 is a peptide or polypeptide having one or more optionally
protected amino acid side chains, or a moiety of such peptide or polypeptide, a polymer,
a dye, a suitably functionalized surface, a linker or detectable marker; or any other
chemical moiety compatible with chemical peptide synthesis .or extended native
chemical ligation.

20 The N-substituted 2 or 3 carbon chain alkyl or aryl thiol [HS-C2-C1(R1)-] or [HS-
(C3(R3)-C2(R2)-C1(R1)-] at the ligation site is amenable to being removed, under
peptide-compatible conditions, without damage to the product, to generate a final
ligation product of formula Ill, having a native amide bond at the ligation site:

J1-C(0O)-HN-J2 ]!
25 where J1, J2, R1, R2, and R3 are as defined above.

The R1, R2 and R3 groups are selected to facilitate cleavage of the N-C1 bond
under peptide compatible cleavage conditions. For example, electron donating groups,
particularly if conjugated to C1, can be used to form a resonance stabilized cation at C1



Non- Pol ar Amino Acids: 20 Leu (1 or 2 extra atons) -CH2-SH +

X-CH((CH3) (CH3)) gives -CH2-S-CH((CH3)(CH3)) (1 extra atom WD 02/19963
PCT/ USO1M2a 928963 43 - CH2- SH + X- CH2- CH( (CH3) (CH3) ) gi ves PCT/US01/21928
-CH2-S-CH2-CH((CH3) (CH3)) (2 extra atons) Ile (2 or 3 extra atons, m ssing
beta branching) -CH2-SH + X- CH( CH3) - CH2- £H3 gi ves - CH2-S-CH(CH3) - CH2- CH3 (2
extra atons) 5 -CH2-SH + X- CH2- CH( CH3) - CH2- CH3 gi ves

-CH2-S-CH2-CH(CH3) - CH2-CH3 (3 extra atonms) Phe (1 or 2 extra atons)

-CH2-SH + 1 xtra CH2-SH + Br /| - C i ves

- CH2- S- CHe- tégﬁﬁa%éﬁ?t?a g%’ﬁﬁ? I’éﬁ WEFthﬁ'b aﬁtﬂ[?"ar%‘:&s%)mef@ﬁ@'ys Cm PS BDACHR

gi ves - CH2- &c(ﬂnﬁ&ﬁ @‘f&ld Eaiplyéﬂ, a8 iy Garfit® o)t arGhEld Beutral lpH SbreiitioRs im ééﬂﬂeoﬁsz

However , i ther i ncor%venl e Lﬂ esirabl e to nodi Cp gt ein
Sheng e, Sacdn

15 sequence g(Sd grg(aé"ci'%%%%ceong CJ%t e s the et an

gi veg I\I—tercmmrpm(cjentsf rﬂe;]ypqdrymﬂt traeugH id nwed o Ogix | t‘r@a‘tbe@nnngprthﬂtt lhdnldé@olés
seudo aming acid at the S I ve chen ca

|pl gatio m%POBE@nSQP%HB@HaQ%ﬁWB g Iyﬂfieﬁbl bz %ﬁﬂe taeg %rl-n'd?e'inﬁ?ﬁind'ga’i‘% PERAYRL:

nodi fied toNberet thisrfirgtrany-sebsd tdrupa@ntsone pebedey ddolypepldasy bt NsUbstfuted 2 OF
3 carbon chaij |, thio d thereby permt the principles
of native ﬁn'gﬂﬁﬂlfeéglfgalt'f) qudHﬁtah% fanyl ?rb{ﬁra\rgd with pol ypeptides |acking
cysteine residues (see, U S Patent Application Serial No. 60/231, 339,

herei n i ncor por atted(dyNsI €REOACBHS)-Orzept@dof " Ext ended Nat jwve Chem cal
Li gation" invol ves ligating a first corrponent conprising a carboxyl

t hi oester, and car box t hi oester wwth a second
conmponent conpri 1 bg)aﬁa&?‘%%?%@% %:%)Hﬁ{@tlfze?djc@?rﬁ 25 pref¥rably,
Na- substituted, 2 or 3 carbon chain am no alkyl or aryl thiol.

Chenpseloective wieaslinomm hed REERD, IRBarkBr Dareyiddamst apof the first
conponent and the thiol of the N

The conjugated electron donating groups R1, R2 or R3 of the N-substituted

amide bonded ligation product facilitate cleavage of the N-C1 bond and removal of the 2

or 3 carbon chain alkyl! or aryl thiol from the N-substituted amide-linked ligation product.

Removal of the alkyl or aryl thiol chain of the N under peptide-compatible cleavage

156 conditions generates a ligation product having a native amide bond at the ligation site.

Where the first and second components are peptides or polypeptides, the ligation
product will have the formula:

J1-CONaH-CH(Z2)-C(0)-J2 X



substituted 2 or 3 carbon chain alkyl or aryl thiol of the second conponent
proceeds WO 02/ 19963 PCT/ US01/21928 -44 through a thioester-I|inked

i ntermedivad e2/1®@m3l resolves into an initial |igation produCT/USMM™e28
specifically, the thiol exchange occurring between the COSR thi oester
conponent and the am no al kyl thiol component generates a t hi oester-1|inked
internediate ligation product that after spontaneous rearrangenent
generates an ami de-linked first ligation 5 product through a 5-nenbered or
6- menbered ring internedi ate dependi ng upon whether the am no al kyl thiol
conponent has f dPfMRIATY Ry suptituepisdprdeqrmpdq hare slepicteddy TRPIRE: 1(RI ) - C2- SH) - J2
J1I-C(O-N(CL(RI)-C2(R2)-C3(R3)-SH)-J2 Il where J1 is a peptide or

pol ypepti de having one or nore optionally protected am no-acid 10 side
chains, or a noiety of such peptide or Taple/pepti de, a polyner, a dye, a

sui t abl functjonalized surface, a liliker qr detectabl e marker, or] any

ot her chem cal [api-e compatible wit HEWER cal peptide synthesis dr
extended native| chem cal ligation; RlL, R2 d R3 are independently H or an
el ectron donatijng group conjugated to O ; th the proviso that at| |east
one of RlL, R2 and R3 conprises an el eBleonm€dmatimgJgroup 15 conjugated to
C; and J2 is a peptide or polypeptide having oflfe or nore optionalljy
protected am nol acid side chains, or a Lgty oP such peptide or
pol ypeptide, a polyner, a dye,H&—sufist ably Runctionalized surface, |a |inker
or detectabl e nmarkers—or—any other—chenrcat—noirety conpatibte—wt
chenical pepti de_syR!nadisttugpt Gropies, ipsdrofaeiay C1 Bishigpd far refesgiicBbn. 20 The
N-substituted 2 or 3 carhgn chai n al kyl o%,aryl thiol [HS C2-CL(R1)-] or
[HS- (C3(R3)-C2(R2)-Ci1(R1)-] at the ligatijdn site is anena i ng
renoved, under | pefitide-conpati bl e conditijons, without danmage to the
product, to generate™s ) i gat™ 0 t of fof ilng a
native am de bond at t ation sitell J 1-G(O-HN-J2 | e Ji,
J2, R1, R2, andl R3 are detj ned above. 1, R2 and re
selected to facj | R¥'ate cheavagerpf the Ry URG pati bl e
cl eavage conditfions. For exanple, electron donating groups, partidqularly
if conjugated tjo Cl, can be used to forma resonance stabilized catjion at
C1




WO 02/ 19963 PCT/ US01/ 21928 -45 that facilitates cleavage. The chem cal

| igation reaction preferably includes as an excipient a thiol catalyst,
and is cavoobythIesit around neutral pH conditions in agqueouBCDUSOWA1NISd

or gani c- aqueous conditions. Chenical ligation of the first and second
conponents may proceed through a five or 7$| x menber ring that undergoes 5
spont aneous rearrangenent to yield an N-%ubstl tuted amde linked ligation
product. \Where the first and second conmponents are peptides or

pol ypeptides, the N-substituted amde |linked ligation product has fornul a
IV or V: J1I-C(O-Na(Cl (RI)-C2-HS)-CH(z2)-C(O-J2 IV J

L- (0 - Na( C1( R1) sy 73 BB o B iE@hs GoPromiM) adepesiniapicl2, and
Rl, R2, R3 and Z2 are as defined above The conj ugated el ectron donating
groups R1, R2 or R3 of the N-substituted am de bonded |jgation product
faci Iitate cl eavgge of the NCO bond mﬂm@rmoval of the 2 or 3 garbon
chai n al kyl or aryl—thior—fromthe NSubstituted am de-1T nked—t1gati on
product. Renoval| of the alkyl or aryl thigf chain of the N under
pepti de- conpati blle cl eavage 15 conditjons ¢ ener ates a ligation prloduct
having a native dm de bond at the Ilg"é'\f Where the first and
second 1(S)orrponent g are peptides or pol ypieptl des \ the ligation prqduct wll
have t he fornul a:j J1- CONaH- CH"tSZQ) C(O &X W02/ 19963 PCT/ US01/|21928 - 46
Exenpl ary Rl subtjituents for Foregtec;l are ®Mepicted in Table 1. |Table I 5
Formula | 2z2 | I-rNa -CH -C J2 J/II €, 0 HS 2 RL

Ry

R1. R2 and R3 Substituents (C1 included for reference)

C
20 1 o Cy

As with the N-substituted 2 carbon chain compounds, positioning of the benzyl
and picoly! electron-donating substituents R1’, R3’ and R5' in the ortho or para positions
is necessary to maintain electronic conjugation to the C1 carbon for robust cleavage of

40 the Na-C1 bond following ligation. However, when R2 and R3 form a benzyl group with
C2 and C3, at least one of R1" and R3’ comprises a strong electron donating group,
where R1’ or R3' is selected from methoxy (-OCH3), thiol (-SH), hydroxyl (-OH), and
thiomethyl (-SCH3). For the N-substituted 3 carbon chain thiols in which R2 and R3 are
hydrogens, R1 comprises a benzyl or picolyl group in which R1’, R3’ and R5’ include

45  either strong or moderate electron-donating groups, or a combination thereof. As with

the N-substituted 2 carbon chain alkyl or aryl thiols, the strong electron-donating groups



R1 Substituent Goups for Formula | (Cl included for reference) R1' R
RI1 C1 C CLNI N RS R3R3 R5. WO 02/19963 PCT/US01/21928 -47

Exenpl ar w®2/19983 and R3 substituents for Fornula |1 are depr/osed1p?8 Tabl e
2. Formula Il z2 | HNi CHC J2 10 HS\ /C1 O C3-CC Rl RBR2RL R
and R3 Substituents (O included for refggence) 20/ 1/ C / 1 03-Q
C3-Ci2 C3=C2 R1' NR1 NR3 R3 30 RL ' ClClI1Cl NNR5 RBR3 R5 As
with the N-substitut ed 2 carbon chain conmpounds, positioning of the benzyl

a0 P10 Y cleRed TR0 30RN B S5 b B S of ko 28 s B 2,
carbon for ligatiost tht&aéag@”uailaril@lebfnen Nandtingbgadp fal tambingtidnl getédincan be
However , V\hseer?ecligd ggc%rﬁgl;.orm a benzyl group with

Similar to the N-substituted 2 carbon chain compounds, the N-substituted 3

5  carbon chain compounds of the present invention may include a thiol as a substituent of
R1 in the R1" and R5’ positions when available for substitution in a construct of interest.
Here again the electron-donating thiol group is conjugated to C1 and its introduction at
these locations enables the compounds to have two routes for the 6-member ring
forming ligation event. It also increases the local concentration of available thiols for

10 reacting with the a-carboxy thioester, and provides for additional conformations in terms
of structural constraints that can improve ligation.

Synthesis of the N-terminal N-substituted 2 or 3 carbon chain alkyl or aryl thiol
amino acids of the invention can carried out as described herein, for example, in
Scheme | and Scheme IlI, and in accordance with standard organic chemistry

15 techniques known in the art. See, e.g., “Advanced Organic Chemistry, Reactions,
Mechanisms, and Structure,” 4™ Edition, J. March (Ed.), John Wiley & Sons, New York,
NY, 1992; “Comprehensive Organic Transformations, A Guide to Functional Group
Preparations,” R. Larock (Ed.), VCH Publishers, New York, NY, 1989. They may be
synthesized in solution, by polymer-supported synthesis, or a combination thereof. The

20 preferred approach employs N alpha protected N alkylated S-protected amino alkyl- or
aryl- thiol amino acid precursors. The reagents utilized for synthesis can be obtained
from any number of commercial sources. Also, it will be well understood that the
starting components and various intermediates, such as the individual amino acid
derivatives can be stored for later use, provided in kits and the like.

25 In preparing the N-terminal Na-substituted 2 or 3 carbon chain alkyl or aryl thiol
amino acids of the invention, protecting group strategies are employed. The preferred
protecting groups (PG) utilized in the various synthesis strategies in general are
compatible with Solid Phase Peptide Synthesis (“SPPS"). In some instances, it also is
necessary to utilize orthogonal protecting groups that are removable under different

30 conditions. Many such protecting groups are known and suitable for this purpose (See,
e.g., "Protecting Groups in Organic Synthesis”, 3rd Edition, T.W. Greene and P.G.M.
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20  coupling protocols. Where racemic or diastereomeric products are produced, it may be
necessary to separate these by standard methods before use in extended native

chemical ligation.
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synthesis strategies in general are congatible with Solid Phase Peptide
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chem cal ligation. WO 02/ 19963 PCT/ US01/ 21928
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PAA1I R RR O R=HOO0O S OHC HPGL7 R1 RR2 P&,,, OH NS O PGl-' RL
R2 R P&,,, J-resin NSO PGl/ RL R2 WD 02/19963 PCT/ US01/ 21928 -52
The a- canvbory199vdest ers can be generated by chem cal or bPor/wg§éicab2snet hods
foll owi ng standard techni ques known in the art, such as those descri bed
herein, including the Exanples. For chepical synthesis, a-carboxythioester
peptides can be synthesized in solution or fromthioester-generating
resins, which techniques are well 5 known (See, e.g., Dawson et al.,

Sci ence (1994) 266:776-779; Canne et al. Tetrahedron, Lett. (1995

36: 1217- 1220; KdRe, &arbgrythiopgietserain Be lenretied byichgmical tbﬁ’é‘?gg%aiéﬁ thods

I ngeni to efolRling %%@a(dlsf&ﬁhlql@é(l&%)/\mlﬂa?’@% b3 idich ad thdrek adgtripéd <’3Here|n|:’r oc.
Nat|. Acad. Sci. U S A (1999) 96:10068-10073); Anmiato et al., supra.

For i nst andsludingntiie Examplesy fidhcbprical swithess. eqe-car@swth!egste@ﬁemeﬁﬁ@ % om
the cor resRoRAbaged §PLLilRorlBr fothRRSkABenstalifd rdsihs! Wiibh E8hfBssuR! hep! zed

on a thioester-resin or 1 n solution, z th eresmaProac

pref err&d. KTAEN (e i RaWEHAA! d§°'§ﬁ¢“ﬁ 6@96 > fGel7Y Sanppie @'oﬂ_?f@ﬂﬁﬁﬁ%ﬂ ng
3- car boxy- 4=hi {{guBhedry]2t7208S KBRS cttd), WO SemuEENOREH NGt BENTYD dBFied34;

Ingenito et al., JACS (1999) 121(49):11369-11374; and Hackeng et al., Proc. Natl.
Acad. Sci. U.S.A. (1999) 96:10068-10073); Amiato et al., supra.). For instance,
chemically synthesized thioester peptides can be made from the corresponding peptide

10  o-thioacids, which in turn, can be synthesized on a thicester-resin or in solution,
although the resin approach is preferred. The peptide-a-thioacids can be converted to
the corresponding 3-carboxy-4-nitrophenyl thioesters, to the corresponding benzyl ester,
.or to any of a variety of alkyl thioesters. All of these thioesters provide satisfactory
leaving groups for the ligation reactions, with the 3-carboxy-4-nitrophenyl thioesters

156  demonstrating a somewhat faster reaction rate than the corresponding benzyl
thioesters, which in turn may be more reactive than the alkyl thioesters. As another
example, a trityl-associated mercaptoproprionic acid leucine thioester-generating resin
can be utilized for constructing C-terminal thioesters (Hackeng et al., supra). C-terminal
thioester synthesis also can be accomplished using a 3-carboxypropanesulfonamide

20 safety-catch linker by activation with diazomethane or iodoacetonitrile followed by
displacement with a suitable thiol (Ingenito et al., supra; Bertozzi et al.).

C-terminal a-carboxythioester peptides also can be made using biological
processes, such as intein-mediated biological techniques (See, e.g., Chong et al., Gene
(1997) 192:277-281; Chong et al., Nucl. Acids Res. (1998) 26:5109-5115; Evans et al.,

256  Protein Science (1998) 7:2256-2264; and Cotton et al., Chemistry & Biology (1999)
6(9):247-256). For instance, intein expression systems, with or without labels such as
affinity tags can be utilized to exploit the inducible self-cleavage activity of an ‘intein’
protein-splicing element to generate a C-terminal dithiothreitol (DTT) ester peptide or
polypeptide segment. In particular, the intein undergoes specific self-cleavage in the

30 presence of thiols such as DTT, b-mercaptoethanol or cysteine, which generates a
peptide segment bearing a C-terminal thioester. See, e.g., Chong et al., (1997) supra;
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preferred pH 10 range being 6.5-7.5. The buffer solution may be "adueous,

organi ¢ or 18°GiaRe HOEC+ ﬁ@ra@(ﬁxample the ligation reactions proceed well in a reaction system
20  having 2% thiophenol in 8M guanidinium at a pH between 6.8 and 7.8.

For the N-substituted 2 carbon chain alkyl or aryl thiols, the ligation event results
from a thiol exchange that occurs between the COSR thioester component and the
amino alkyl thiol component. The exchange generates a thioester-linked intermediate
ligation product that after spontaneous rearrangement through a 5-membered ring

25 intermediate generates a first ligation product of the formula J1-HN-CH(Z1)-C(Q)-
Ney(C1(R1)-C2-SH)-CH(Z2)-J2 having a removable N-substituted 2 carbon chain alkyl or
aryl thiol [HS-C2-C1(R1)-] at the ligation site, where the substituents are as defined
above. The N-substituted 2 carbon chain alkyl or aryl thiol [HS-C2-C1(R1)-] at the
ligation site is amenable to being removed, under peptide-compatible conditions, to

30  generate a final ligation product of the formula J1-HN-CH(Z1)-CO-NH-CH(Z2)-CO-J2
having a native amide bond at the ligation site.
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Greene and P.G.M. Wuts, Eds., John Wiley & Sons, Inc., 1999; NovaBiochem Catalog

20 2000; “Synthetic Peptides, A User's Guide,” G.A. Grant, Ed., W.H. Freeman &

Company, New York, NY,1992; “Advanced Chemtech Handbook of Combinatorial &

Solid Phase Organic Chemistry,” W.D.. Bennet, J.W. Christensen, L.K. Hamaker, M.L.

Peterson, M.R.Rhodes, and H.H. Saneii, Eds., Advanced Chemtech, 1998; “Priciples of

Peptide Synthesis, 2nd ed.,” M. Bodanszky, Ed., Springer-Verlag, 1993; “The Practice of

25 Peptide Synthesis, 2nd ed.,” M. Bodanszky and A. Bodanszky, Eds., Springer-Verlag,

1994, and “Protecting Groups,” P.J. Kocienski, Ed., Georg Thieme Verlag, Stuttgart,
Germany, 1994).

For example, where the R1, R2 or R3 substituents comprises a methoxy,

hydroxyl, thiol or thiomethyl, methyl and the like, the more universal method for removal

30 involves acidic cleavage conditions typical for peptide synthesis chemistries. This

includes cleavage of the N-C1 bond under strong acidic conditions or water-acidic
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noiety 5 for al eﬂ constr ct Such conditions are well known and
conpati bl e ef‘ﬁ iShPRESTPRY galt'l‘?g SORPRFFTE FOMPTisFepneiaRIStecing BioYPS scavenger
may be included,n I@ﬂé'feh%blﬁtrﬁérﬁ’ oMY Sresent invention Na-substituted 2 or 3 chain alkyl or

aryl thiols are employed in the peptide synthesis step (particularly in automated peptide
20 synthesis and orthogonal and convergent ligation strategies) to vield properly N-
terminally derivatized polypeptides that can be used as substrates for extended
chemical ligation to yield synthetic erythropoiesis stimulating proteins. Such compounds
comprise a fully protected, partially protected or fully unprotected acid stable No-
substituted 2 or 3 carbon chain amino alkyl or aryl thiol of the formula (PG1)S-C2-
25  C1(R1)-Na(PG2)-CH(Z2)-C(0)-J2 or (PG1)S-C3(R3)-C2(R2)-C1(R1)-Na(PG2)-CH(Z2)-
C(0)-J2, which are depicted below in Table Ill and Table IV. In particular, one or more
of R1, R2 and R3 comprises an electron donating group conjugated to C1 that, following
conversion of the Na-substituted amino alkyl or aryl thiol to an Na-substituted amide
alkyl or aryl thiol, is capable of forming a resonance stabilized cation at C1 that
30 facilitates cleavage of the No-C1 bond under peptide compatible cleavage conditions.

PG1 and PG2 are protecting groups that are present individually or in combination or



tryptophans are present in a peptide or polypeptide sequence to avoid
reaction of the tryptophan side chain with the |iberated aryl or alkyl

t hi ol noivedy2/1¥sanpl es of thiol scavengers include ethanepdi/k)y/aysst ei ne,
bet a- ner capt oet hanol and thiocresol. . 10 O her specialized cl eavage
conditions include light or reductive-ckgavage conditions when the picolyl
group is the substituent. As an exanple, when the Rl, or R2 and R3
substituents conprise a picolyl noiety, photolysis (e.g., ultraviolet

light), zinc/acetic acid or electrolyti tion,my be used
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02/ 19963 PCT/ U801/21928 -56 are absent and can be the sane or different,
where Z2 is any chem cal noi ety conppddiblie Wi th chem cal peptide synthesis
or extended natfrve cthem cal 1|gat| on, and whére JZ is any chem gal nvoiety
conpati ble with chem cal pepti delﬂsynt hesis or ext ende% native chem cal

ligation. PGl (jlor X1) is a group|for protecting the anjne.
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Examples of preferred protecting groups for PG1 and’ X1 include, but are not
fimited to [Boc(t-Butylcarbamate), Troc(2,2,2,-Trichloroethylcarbamate), Fmoc(9-
Fluorenylmethylcarbamate), Br-Z or CI-Z(Br- or Cl-Benzylcarbamate), Dde(4.4,-



5 P& (or X2) is a group for protecting the thiol. Many such protecting
groups are known and suitable for this purpose (See, e.g., "Protecting

G oups | wooyswx Synthesis", 3rd Edition, T.W G eene aBdT/BSGJM%V\ﬂts,
Eds., John Wley & Sons, Inc., 1999; NovaBi ochem Catal og 2000; "Synthetic
Peptides, A User s Guide,” GA Gant, Ed., WH Freeman & Conpany, New
Yor k, NY, 1992; "Advanced Chentech Handbook of 10 Conbinatorial & Solid
Phase Organic Chem stry,” WD.. Bennet, J.W Christensen, L.K  Hanaker,

M L. Peter son M R. Rhodes, and_ H. H. Advanced Ch ech 1998;
"Pri ci pl esdretngp:g-gexegyslogatylidenghy @%Mq\sﬁﬁm.w ~CaRfMa 0y, © Wkc(-
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Bodanszky andh%gb Bod glnszk )Edéswt Spri {;%er }/ 1994 an 8t ecting
e

G oups, " PP®1 RBei BhoNptectoy oreyssy g £§ qof(eé;gve éf’rt?t‘f’%d?t r9@8?"mamy,
1994) . hlsgnthbéls 125748 arl'd’@@'fh' Tthi E&tlB’ﬁWi’rdyant@%didncéZ(ﬂQ%) QithPGR- Bo&i22 Rl
HSC22 R1 GA- Na-CH C J2 CEZ | es of rpgéferred
pr ot ect P ng PERT&IRSS bete Fi@fcaﬁﬂﬂ*st? ncﬁwle%ef PHF grrﬁq)tprotpq:tmgt gigups, fo
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Fl uor enyl net hyl car banat e)
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Nsc(4-nitr afé VéﬁﬂeF%WQPm@WM% oXYRIEFBOMYPIPClIns: SriPPel=2 paf &RdaRL

protectpng sﬂ%@t’é@sfr%e "BRtREVE WGlolpMin RDRJaRRk! ISYRtheEieUPErdeh Eh@aNuEs, Third
Synthesis,” Geen and Wits, Third Edition, Wl ey-1nterscience, Q\AQQQP V\fth
t he nost  Edition,Wiley-Interscience, (1999), with the most pre erred being Acm, Mob, MeB, Picol

Table IV
lzz Zs
PQ—Tbc"—CH—ﬁ——Jz TGZ HI\T——CH—‘ICl)—-JZ
HS Cy o} S C 0
Yo p—gh
/N /N
R: Ro R Ro

PG—S C, 0
AN ™~
Cs Cz/
/ 0\
Ra Ro

The protected forms of the Na-substituted 2 or 3 chain alkyl or aryl thiols of the

invention can be prepared as in Schemes | and |l above.



5 preferred being Fnoc and Nsc. Exanples of preferred protecting groups for
P& include, but are not limted to [Acn(acetam donethyl), MeoBzl or
Mob(p- Mawboxybenzyl ), Meb(p-Methyl benzyl), Trt(Trityl), ManXaribmsnyl),
tButhio(s-t-butyl), Mt (p-Mthoxytrityl), 2 or 4 Picolyl (2 or 4 pyridyl)),
Fm(9- Fl uorenyl methyl ), tbut(t-Butyl), _Facam (Trimethylacetam donmethyl)].
Preferred protecting groups P& and X2 are 10 selected from"Protective

G oups in Oganic Synthesis," Geen and Wits, Third

b o) LR ASR o R A henhu FBRL R L 3A,
C\ 0 SC ,meams ifAudiRy HabgehdndiBate aRﬂnd:\’a:ckylaﬂon Irfedﬁ’%‘ﬁe:\fﬁnﬁgﬂ\f aga&tH?(?ﬁSS\ .
/Cl\OCSCZ 1 tecte orns of the substitute or
chain al ky‘PreB?raH?’}lo\f N%g ?fRﬁe gerd t'\ﬁ%l yl?tﬁgegtﬁr%tﬁd@gna@@opﬁ‘@ﬁaﬁ”e%fy'a@‘?‘r\a@é‘ﬁerres

| and 11 a@@aq;rem&a/do%mbammseﬂd PAILB amirkB adinesyrtERRUMEHAE. ten

resent entjon ma roduced of a variety of neans, including
ﬁal oger® rre @8 EFO oa|oE§nearlapgnate¥ 888%? e@%pné‘?f?rﬁ’é‘?q“@ﬂd togide B9Mppiends of

pr epar athébdéf)taN%rcﬂfr@I p@itpdan be shrgd sl stdndir@hedcd, am no alkyl- or
aryl- thiol amno acid precursors conpatible wth solid phase am no acid

i aster o »L“Sﬁ%ﬁfﬁ 3 BierEsrstHRoble EObEReranot Ui MHenan &pdcan
be carried out DBYPMCYRGard nethods. 111. Synthesis of Preferred
Vater-soluble P/gl usedsherelnt t‘he {err]r\{re‘ntélgcnulaarnlgeter%rggr(?eltyt’ 159 intended to refer to a
10 variation in the number of polymer molecules attached to each protein of a protein
preparation. The term “molecular diversity” is intended to refer to (a) a variation in the
site(s) of the protein that are modified by the polymer, (b) a variation in the length of the
polymer adducts of different sites of the same protein, or of the same site(s) in different
proteins of a protein preparation, or (c) a variation in the extent and/or nature of any
156 branching of the polymer adducts of different sites of the same protein, or of the same
site(s) in different proteins of a protein preparation. As used herein, the term
“molecularly homogeneous” is intended to refer to a preparation of a protein in which all
of the protein molecules contain the amino acid sequence and the same polymer
modifications at the same positions. A mixture of two or more “molecularly
20 homogeneous” protein preparations is referred to herein as a “molecularly defined”
preparation.
In accordance with this aspect of the invention, a solution to the above-identified
problems of polymer heterogeneity, diversity, and unsuitability involves the production of
a new class of biocompatible polymers which combine the advantages of both
25 polypeptides (precise length, convenient synthesis) and “pPEG” (“precision PEG”), a
flexible, amphiphilic, non-immunogenic, polymer not susceptible to proteases) Rose, K.
et al. (U.S. Patent Application Serial No. 09/379,297, herein incorporated by reference).
This new class of biocompatible polymer has the formuia;
-[CO-X-CO-NH-Y-NH]p-
30 nis an integer, preferably from 1-100 and more preferably from 2-100, where X and Y
are biocompatible repeat elements of precise structure linked by an amide bond.



As used herein, the term"nol ecul ar heterogeneity” is intended to refer to
a 10 variation in the nunber of polynmer nolecules attached to each protein
of a protwdn2igseparati on. The term "nol ecul ar diversity"PCHUSOIANSed t O
refer to (a) a variation in the site(s) of the protein that are nodified
by the polyner, (b) a variation in the kgngth of the polymer adducts of
different sites of the sane protein, or of the sane site(s) in different
proteins of a protein preparation or (c) a variation in the extent and/or

nat ure of branc t he mer adduc of djfferent sites of the
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20 honmogenequs”. protei n prepar ed to herein as
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het erogeneity, diversity, and unsuitabili t%pl nvol ves the production of a

new cl ass Qﬁnt%WO@o@hﬁWI s3] émequmrognmm i redkyene mmmtaqmeroatomat h 25

ol ypepti des S con eni e t esi s) and "pPEG' reci sion
EEGy;) IOa ?qnééﬁ'89§1 §ﬂr@)ﬁﬁ‘8’kﬁr?‘|’% anfi G2 %B@?ﬁ reof. |)ool yner IOnot Sl(JSEeptl bl e
to proteases) Rogcyirly pree‘i‘erﬁéld §r0|£@§ f8le {I}‘Q%I{Fﬁ‘lﬂéé on Serial No.

09/ 379, 297, herein |ncorpora e ref erence new cl ass of

bi ocondfat i bl e pﬂCWﬁaé:Q N’*‘K@ﬂzﬁﬁt@CHz[%)K%@NH}nY- NH n- 30 nis an

i nt eger, f er abl nor,e ref y, f 100, where X and
Y a?e bi o‘?f'g‘?fﬁé't'?rsre t?’)éﬁ%réetsjf@n%igﬂpéngf“ P &L %@%’ fram 21?9@ ?i nked by an

am de bond-{COMTIIDL-TIORB-(GKH)A-NFAD-2UIAE CO- I EHHE-0HIOHp) pCapNHY W | | be

di val ent orﬁanlc r al s. 1 acking reactive functional groups or are absent

and are t h¥EEAPE r%ﬁi”’%ﬁ‘eé fom é%’@a@ AMYERCRIBIENEMY y with each
repeating unit $igh pPEES AioRlibY caWi®N siiesiRld INCARE oPAS/RktyXoONays. W'E{dchbe

selected fromthe group consisting of a substituted, unsubstituted

br anch&d a’ﬁﬂ'ef"?%e?i? J1omsHen i Rrelerabls PEPYIRRE ESIBR oupsolifophassr steaviss! haibne of
X or Y wilsseempsebrgliedrdiiehihs polyRidRzatNsbedssNorafusBhB aYikh af adarkii)
al kyl ene noiety, a Cl1-Cl10 al kyl group, a heteroatom
process permits the moieties of a preparation to have a defined and homogeneous
structure, as to their length, the nature of their X and Y substituents, the position(s) (if
any) of branch points, and the length, X and Y substituents, and position(s) of any
20  branches.
Preferably, such moieties will be synthesized by steps such as:
(a) acylating the amino or hydroxyl group of a compound of the formula Z-Q-
support with a molar excess of a derivative of a diacid having the formula,

HOOC-X-COOH, where Z is HoN- or HO-; Q is a linker or a target

25 molecuie; and the support is a solid phase, matrix or surface;
(b) activating the free carboxyl group of the product of step(a);
(c) aminolysing the product of step (b) with a molar excess of a diamine
having the formula, NHo-Y-NH»; and
(d) optionally repeating steps (a) — (c¢) using HOOC-X-COOH and NH2-Y-
30 NH2, where said X and Y are divalent organic radicals or are absent and
are the same or different, and can vary independently with each of said



cont ai ni ng phenyl, a heteroatom containing Cl-Cl10 al kyl ene noiety, a

het eroat om contai ning Cl1-C10 al kyl group, and a conbi nati on thereof.

Parti cul avOy2/pves erred pPEG noi eties have the fornul ae: ROTAUSGIBH2) 2- CO-
NH- ( CH2) 3- (OCH2CH2) 3- CH2- NH}n where n preferably varies from 1-100 and nore
preferably from 2-100; or

-{ GO (CH2) 2- CO- NH ( CH2) g- NH- CO- ( CH2) 2- CEONH- ( CH2) 3- ( OCH2CHR) 3- CH2- NH }n-,
where n preferably varies from 1-50 and nore preferably from 2-50. Such
pPPEG noi eties can be synthesized in any of a variety of ways. Such 15

nmoi eti es are, howeveroptipmatf ee@dated writsdacddreuthesgme o aliffadeqtense thest X g S

chain assembly of unbsydl el hBAD oGl YR 290aiR0 oRE SRR s Gebse Of

such an assenbly process perm i es a preparati ve a
defined and honbgeneous structure, as to their length, the nature of their

X and Y substit it L f ' h
length, X and v EubeErblSi@Hheb, Enork, 1p B, ALrBe 360 PALBS or 8B e
Pr ef er abl y repaat hiniteiretimpbyed.| Whese desitdte Siezregebiyuriit aapsbesussll, s :exgaiple, in

l-at i . A Zs
uppor t i CRTAAECNRE 4 SHALY bbby She B ST BHARE] gPRE: MURISE IR -,
HOOC- X- COOPE@heag be attachidNio the siwdheticpioteitas b thk @resent mvéstiogaty a 2&riety of

I | e; i i N i f . (b
ot vat | ng R fose HERAIG hipefle Blods Appafive TAtids ofhartl 27 (L))
am nol ysi ndn bhe embodinent, difie stlidphabd sisbiiseahainl assemkiy @f snitsf camptisasi ne
havi he f NH2- Y- , d j . ti -
o B L e i BB d AR b7 9o S efls (©
or gani ¢ r acinide bond ahtiekaglessiet (Whake Far is 4 botading groupditat er preentaordalssent var y

i ndependent i h. of i WO 02/ 19963 PCT/ US01/ 21928 -60 optionally
r epeat ed uﬁlﬁ%g%@%gﬁgﬁgdﬁmﬁ@g& or different fromthe X and Y

substituents us&iz-QDGHYCODH he MiHgw-NHsResdryl ati ng and am nol ysi ng steps.
In preferred enbodi nents, 6-ners, 12-ners, 18-ners and 32-ners of above 5
repeat unit are MAPPIFEHOVapIElestinggiotrdPG) AR I9EpEATeIEAtt can be used, for

exanpl g in HOOC-X-CO-NH-Y-NH-Resin
Step 3: Couple protected or unprotected diamino to carboxy on resin to generate
amide bond at linkage site (where PG is present or absent depending on diamino
employed)
PG-NH-Y-NH + HOOC-X-CO-NH-Y-NH-Resin
20 Step 4. Remove protecting group (PG) on resin, if present
-NH-Y-NH-OC-X-CO-NH-Y-NH-Resin
Step 5. Repeat steps 1-4 'n’ times to add ‘n’ units then cleave from resin
—[CO-X-CO-NH-Y-NH]-[CO-X-CO-NH-Y~NH]-[CO-X-CO-NH-Y-NH]—[CO—X—CO-NH-Y-NH]-

25 As discussed, linear and branched pPEG constructs are preferred water-soluble
polymers for attachment to the synthetic erythropoiesis stimulating molecules of the
invention. The pPEGs employed bear pendant groups that are charged or neutral under
physiological conditions, and can be made to vary in attachment chemistry, length,
branching and solubility depending on the pPEG structure one employs. As noted

30 above, preferred pPEGs of the invention comprise a water-soluble polyamide having the
repeat unit -CO-X-CO-NH-Y-NH-, where one or both of X and Y comprises a water-



conjunction with the amno group of lysine to form branched pPEG
structures. The pPEG nay be attached to the synthetic proteins of the
present iw@eni4en by a variety of chem stries, includi nge€hiuserhiezs, oxi nme
and am de |inkage formation. In one enbodi ment, the solid phase stepw se
chain assenbly of units conprises: 10 Step 1: Couple protected or
unprotected diacid to amno on resin to generate anide bond at |inkage
site (where PGis a protecting group that is present or absent depending
on diacid enployed): PG OOC X-COOH + NH2-Y-NH Resin Step 2: Repove

pr ot ect i ng sglublepep@ad)uninandeiost, Preferaiea dh G- %GWEW'&NWOVQNH'%EFW Step

3: Coupl e %rré’tlrf(fohﬁ pl@rac‘dgﬁllﬁé %Fn%da diRAE Q\Qofsfépcé’dha%ﬁés@rbrbééﬂu?etés gesv@t at e

am de bond at (wheré PG 1s present or absent depending on
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protecting group (PG on resin, if present -NHY-NHOCX-CON HY-N
H Resi n St ‘5: Repeat steps 1 4 "n" tinmes to add 'n' units then cleave

fromregin -] CO X-CO-N HY-N
H -[ CO ?( CO N &Qaﬁvg%n%lh%r%dﬂsdgﬁ@ez&e%%%?)%Hr\llc[}b%lpgnched pPEG constructs
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bear pendamihogr QUse Vheatony Beu i r8keBh 48iphlUEher ™ ghdarbplechrar ey oc

gondi th i ons, regébi uiaaENlldei -Nble@Ot, dﬁ;vapyrdanh stlesechrateredc FfdamlsbegaUSBéh@vlhlds of
ranchin ol ubjli endi
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pol yamiide f&\témstdfereag@ﬂeahduﬂng remn(ilﬁi@le—AoooNhhgly vihér preferablertobesieha of X
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unit, and rep oug I gbur éas

are in pri rl%s‘ﬂ% % g@ﬁfﬁ%%ﬁud@' THE RedbdHM B0 00X 884 N PVARE, SHAREBYI €,

as shown be e case of an amno resin, NH2-Resin,~ and a
synmmet ri cal sydlinadgtrites in dider t6-avididAsomeric products.

Acylation with diacid HO2C-X-COoH = HO-CO-X-CO-NH-Resin
15 Activation with carbonyldiimidazole - im-CO-OCO-X-CO-NH-Resin
Aminolysis with diamine NHo-Y-NHo = NHo-Y-NH-CO-X-CO-NH-Resin
These three steps may be repeated in sequence a number of times to give a polyamide
with repeat unit -NH-Y-NH-CO-X-CO-. The polymer contains a precise number of
monomer units, X and Y can be varied independently at each step, and end-groups can
20 be chosen at will. For example, by using succinic anhydride (“Succ”) for the acylation
step and 4,7,10-trioxa-1,13-tridecanediamine (also referred to as “EDA” or “TTD") for
the aminolysis step, ‘PEG’-based polyamides are formed wherein X is -CHoCHo-, Y is -
NH-CHoCHoCHo-(OCH2CH2)3-CHo-NH- and the repeat unit is -NH-CH2CHpCHo-
(OCH5CH2)3-CHo-NH-COCHoCHoCO-. In spite of the fact that the procedure involves
25 divalent reagents with no protecting groups, cross-linking is not a problem when
standard commercial peptide synthesis resins are used (Rose et al, (U.S. Patent
Application Serial No. 09/379,297); and Rose et al., J. Am. Chem. Soc. (1999)
121:7034), except as noted below for the case of branched Lys cores for making

branched constructs.



5 Activation with carbonyldiimdazole -> imCO NHResin Amnolysis with

di am ne NH2-Y-NH2 - NH2- Y- NH CO- NH- Resin where these two steps may be
repeat ed veonumves of tinmes to give an oligourea with repral/U8ol/21928
-NHY-NH CO, this approach is less preferred. This is because the yields
of the above steps may be non-quantitatjiye at roomtenperature, even with
very |l arge 10 excesses of reagents and T% g reaction tinmes. Accordingly, it
is preferable to use a three-step solid phase procedure, shown bel ow for

the case of an amino resin, NH2- Resin, to forma pal yam de. The Reagents
HO2C- X- OC2H and RuExemRien beanshed PBEC coppiats Fambe mderfaeﬁ'm'@r HAONEr ?%t?ﬁer ic

products. %w“ﬁr{én%o\%”t&ng{r@&é Qebklen 1 REB bral H@ @P&&@Abﬁo@ﬁ@rﬁ Beddl No

Activation wt arbonyl di i m dazol e - i m CO OCO- in_ Amno %)a
y be

with di ani i9/8F%297) Rogg-K. yangVizzayeneo: Nig- R%@r rQh?’ﬁ’es%?Gt m9@@> §12é5§3

repeated i “TI%.%CI%%ﬁe@ ﬁme@eanefucré B8RS bt Gnélie/® RavROh Yrdhding %rbhsdcﬁ%aé
unit - NH Y- NH- €O X olynmer contains a precjse nunbe nononer

units, X anisine @é@ﬂobé‘gv‘é?rﬁeéﬂ/hlql?d'épw&ﬁtqhﬁpl@f‘ e4Re ligkers, toaﬂcPr%fﬁHeﬁr"@]%"s can
20 be chosegygie WoblyamiGar sBRMRS €.( cbx:rl?ei%@@wwcrqger@ohwto aHopoH,). for

the acylation step and 4,7,10-trioxa tri decanediamne (also referred
t o as " EDA"NHY,-." AdDhgtahay, oxnn’ruabmdsruahysacnlysﬁdzrmepl BeREEN dragmthopxjagatyl giegpar e

formed wherein X is, -CH2 . Yo 1s = NE CH - - - d
the repeat ThALYP SR BCHE GBb TR D I CoU e e RbBU o oF Y
of the factlysihatortehor pxanpidihe tétravdicesr2®=IHCORMYslgageTius an aximebnker

protecting groups, cross-linking is not a problem vr/nen standard conmmerci al
pept i de' Osyn‘?fﬁeé)rfs eaghi dysing e PIRIER (Mde @N aPe , Prepasd paerihe AYYCIERt imon

Seri al - %@Hé@@()l—ﬁi@-)ﬁﬂ@% ehnditernative @tﬁﬁstr@BﬁHH carPplacé #RO&me bond

121: 7034) except as noted below for the case of branched Lys cores for
maki ng br apetiveeh tixen@yammde; an¥\e0R¢e pABRNPEDURSO TheXid@anide gRefeablemsingpb e,

branched pPEG can t'é(s:é %gg%nalpceggm%ﬁg& %ft?r’ E@Jp%ga W%leﬁ_gaﬁl%ef ?(gbﬁeb&%te a

"chennbody"mc?B?PJf’ G& ribe Se € Icatron
Serial No. tefrfavaerd 2@ hedrdndtnetsd depicentibdlowzavona, J. Am Chem Soc.
bt anohi T L o RS TR ci GRSORSHBERSCRS gSéﬁgmcwH2%2w$n14eyszeye a

Oxime chemistry can be used in making not only dimeric and tetrameric
branched constructs, but it also suitable for assembling octameric branched constructs
(Rose, K., J. Am. Chem. Soc. (1994) 116:30; Rose, K. et al., Bioconj. Chem. (1996)
7:552). ltis, of course, possible to use other chemistries for such purposes when using

20  such pPEG polyamides (See, e.g., Figure 13). Moreover, polyamide formation may be
incorporated into a synthetic scheme for peptide synthesis involving Boc or Fmoc
chemistry, but when elaborating such schemes it must be borne in mind that the
aminolysis step will remove the Fmoc group, and will remove formyl protection of indole
if Boc chemistry is to be used.

25 Accordingly, such pPEGs can be made to have various branching cores (e.g.,
Lysine branching core etc.) linked through a bond of choice (e.g., amide, thioether,
oxime etc.) to a linear water-soluble polyamide (e.g., —(Succ-TTD),-, etc.), where the
free end of each linear water-soluble polyamide can each be capped with a desired
pendant group (e.g., carboxylate, amino, amide etc.) to provide a desired charge.

30 Moreover the linear and branched pPEGs of the present invention can be made to

comprise a unique functional group for attachment to a synthetic protein bearing one or



5 lysine branching core, which is coupled through oxine linkers to a
preferred water- sol uble polyam de such as -(COCH2CH2CO- N

H CH2CH2 &2 04/08sR CH2) 3- CH2- NH)n-. For instance, oxi me bordyusaripmadi |y
formed between an am nooxyacetyl group on a Lys side chain at the other
extremty of the polyam de, and glyoxylyk, groups on a |ysine core, for
exanpl e the tetraneric core (O=CHCO) 4Lys”ZLys-. Thus an oxine |inker 10 off
of each |lysine branch point can be prepared as the structure -
Lys(O00OH2ON=CHCO-) am de-. An alternative constructi on can ace the OXI me
bond bet weBAe Wiy PY@ mealinieactie upeiongbatpans: LS B%”‘EHEQWW

preferably m@sgwm profRRMIR 58 R&H- gﬁt,g(gh@r(gg@ ea@dp;g,gpéqg ction after coupl i ng
t he pol yamde, to generate a tetravalent branched construct ed depi cted

bel ow. 15 [ O=CHAOD{ Nﬁﬁl@qzquUf@emwﬁ]eﬁtéheswmﬂw@qgwslﬁﬁmmyeﬁws-

Oxi me  chem SbiathsCaNtHREineREbr Ard Tedfidd NAth ﬁmléeufanvemdrﬁogemeot@bmm.hfénc
branched constructs, but it also suitable for assenbling octaneric branched

constru® s Wi"%%‘éUbIKPOWU‘er%ﬁﬁth@fﬁ@FﬁuaSoc (1994) 116:30; Rose, K. et al.
Bi oconj. Chem (1996) 7:552). It is, of course, possible to use other
chem stries for such purposes mhgrg1L§Jsgg>023ﬂn§u§¢LJpPEG pol yam des ( See,
e.g., Figure 13). Mreover, polyam de formation may be incorporated into a
synt hetic schene for epti de synt hesis jnvolv Boc .or Fnoc, chem str

but when el abor a¥haig Sischrasidieis i‘rt'qtﬂﬁJfé‘(‘Ctﬂ%‘aL@%HB Prs Aibhananingcorseavin

am nol ysi s {iPonble ApAPNRL WG dTPe BhiRUsy dlﬁé’t‘ént’\hhél n{agmfsrefs@ﬁtrafl absent,
protection of indole if Boc chemstry is to be use 5 Accordi ngly, such

PPEGs can WeolyaeleistaPeluaBidghaviigsa Brolaseier mgidhd E%at‘%reth@“ aboﬂty%p%Dﬁr%fﬁE?n ng
core etf) #otrﬁmd[é(@)%@faoleW@hrﬁﬁ WNHWM 8(0)- m @ﬂn- tWHepe Xhaa ¥ éPé(' e

etc.) to a linear water-soluble polyamde (e (Succ-TTD)n-, etc

where the divalentaadicals tha ey b%f@arsawet%ﬂlff%qntsn@Wt?d|®%ﬁfae|®e@'avrth@%ﬁfhartftn

capped W thsa Qi@%f@ﬁtteg@ﬁﬁﬁ%‘@ @' 3 RindSwitkre eqtﬁélbg%tébtﬂt& X 3H N0 cophists gtc.)
to provide a desired charge. 30 Moreover the |inear and branched pPEGs_of

the' pr esent SUbRABHRINGRPCaHIdBRIc AR R abe ERgat Wit a2y ke IMGAEof BIRRFNGsh oip

for attachngnf retsrau@ St Rkdrtialy ﬁ&rﬁbﬁhd&ﬂ%rﬂéﬁﬁa@m@rogb hAeh 9% A arge under
PCT/ US01/ 21928 - nore uni que and mutually reactive functional rou S,

and t he15penléfa/ﬁto'o@tcé‘bﬁ@”@?oﬂ%ede‘ﬁﬁt@@mmmq gmuef@naﬁtlsyg 196 ngEAiven PPEEYR @n@ See,

e.g., Figurgud) and where s1, s2, and s3 are spacer or linker moieties that may be the same or
different, and may be individually present or absent. Such polymers include those
described in US. Patent Application Serial No. 60/236,377, which is incorporated herein
in its entirety. Formula U-s1-B-s2-Polymer-s3-J* also can be represented by the

20 formula U-B-Polymer-J*, where spacer or linker groups s1, s2, s3 may be present or
absent.

The preferred process of forming the preferred glycomimetic polymers of the
invention are illustrated in Figures 5 - 7. Figures 5A — 5B depict solid phase process
for generating the branching core (B) and unique chemoselective functional group (U) of

25  the water-soluble polymer U-B-Polymer-J* of the invention. The process may be carried
out in solution, although the solid phase approach as shown is preferred. In particular,

Figure 5A shows orthogonally protected U-B precursor moiety with reactive group

( g ) and the basic geometric structure of such construct is depicted by dots linked
with bonds ( ®—* ); this basic geometric structure is not intended to limit that types of

30 chemical linkages or groups employed, but merely illustrative of the relative points of



In a particularly preferred enbodi ment, the synthetic erythropoiesis
stinmulating proteins of the invention are nodified with nolecularly
honogeneowd ogl9ped- mi netic 5 wat er-sol ubl e pol yners of theCT/osendins

U s1-B-s2-Pol yner-s3-J* where Uis a residue of a unique functional group,
B is a branching core having three or ore arns that may be the sane or
different and nmay be present or absent, 4PoI ynmer is a polyam de having a
nol ecul ar wei ght greater than about 5, 000 Da of the 10 formul a
-[C(O-X-C(O-NHY-NH n- or -{NH—Y—NH—C(O) X-C(O]n where X and Y are

di val ent r &goaetry femaildingstie W%a@%%”ﬁ?a'&'ﬁm@t@ﬁtp%‘dSW%%PIGO@ geagretey or
linear, angyn.ginfoidticd o?%@?n@er'\tl&he%é ohthegBrally Broaéhted DB \Mé%[u%oﬁi'std&@ﬁle@'fo bot h

of X and Y conprises a substantially non-anti genic water-sol uble repeat
unit that reapolyeer |3He@9rt/fﬁswaa@m@mﬁéw aﬁu'fab'g Céﬁav@QEGdluﬂsebﬁnﬁ %dﬁ%@t&xﬁtqrg
non-anti geni_c ndant group havin ge under 15 pl‘%gl ol ogi cal

condi ti ons (sel eCtdelloavighaetivatiep ba 3(96 '%P GRy=lent H&ﬁﬁ?f“?/@e Are¢leP and
neutral, and where sl, s2, and s3 are, spacer or |linker noieties that may be
the sane or different, and magrbE F-rdi Vi dtral Pgypeedeniorior absent. Such

pol ymers include those described An US™ Patent Application Serial No.

60/ 236, 377, which is |ncorporateqb rein inits entirety. Formula

U-s1- B- £2- Pol yner-s3-J* al so can be re resented by the 20 fornul a

U- B- Pol yrrer J*, mrsestgga@mlqys the rm@plp@swfpgolymer-gmopog@dn@fgarm@ gheEddry: or
absent . r

ol yer s o SRa 01 ey e ERcAingcBisTe Stk oS RRFaShUEBEREOMD, and,
5B depi ct mdlt@nplhawarD@le@s majobe guesanitornghsdnd) lasaifidsirates d@rgﬁr@Eﬁte amd
uni que che ct I mer
U B- Pol yne[‘r})rgﬁéh‘ﬁfé cé?e |tﬂ€tenslt :%Uf?a{bl# f&“@ul&@qggﬁtnééa%mﬁeﬁ@’a&fe% aégnléa POIQFHeY

sol uti oft, atanfpenght, tsheh ssl 4 dulpdiesiallappr-entigenis vetiorgeluble bm@rreqowmﬁr | Aso
particul ar I t C =3 QY
Nth reactiEg e DuRR Rk ARRebsed aOh AL o B RES oS par T L
construct isthogphalyeptotegtatots3 pravkesdr, wetlabdn@ﬁ@dsdt(rmg)or after sldbagtiongpidhetric
structurels nge Il or

ar oups ermpl 3B ShENET b pldfhnenl Bl el PogmEl coApfikiE caRioe Ak Ry

02/ 19963 PGESLISDA./ pli62® cle@taggeemfeyecﬂ ooutd U8 bléavayes@ﬁMGthBwOIaWdfr@hém cal

el abor aH' Onpol?ﬁni'\é]’ts%pﬁght/ ?Qir’?sg 9L togféh%Fa% iacﬁlB core that can be purified for subsequent

attachment the Polymer component.

As illustrated, the pendant branch points of core group B are built to comprise a
functional group (Func), which can be the same or different, and may be reversibly
protected (PG, PG’ or PG”) or unprotected. In each case, the final step for attachment

20 of the Polymer component involves the generation of a functional group (Func) at the
pendant branch points, and generation of group U (See Figure 7). Figure 5B depicts
an alternative process in which a protected U-B precursor is employed in combination
with a polymer support bearing a linker, which upon cleavage generates the desired
protected or unprotected U-group. Figure 5B also depicts attachment of a pre-

25 assembled branching core B to a polymer support, and use of a U-group generating
resin to make the U-B moiety for subsequent attachment of the Polymer component.

Figures 6A — 6D depict a solid phase process for generating preferred
substantiaily non-antigenic water-soluble polyamide Polymer-J* components of the

invention for subsequent attachment to the U-B core. Although the solid phase process



of UB noieties of the invention. The orthogonally protected U- B precursor
Is coupled to a polyner support/resin conprising a suitable cleavable

| i nker amdoowipvenctive group (-4) followi ng activation thar/use/xgsabl e of
coval ent linkage to the U-B precursor: ~~- ~- Polynmer Support 5 Linker
Thi s system enpl oys the principles of pg&yner-supported organi c chem stry.
Fol | owi ng coupling the branching core is elaborated (only a first branch
poi nt shown, and additional branch points may be present or absent) as

illustrated to generate a branching core that is suitable for subsequent
at t achment idfilugiraied whieh Bdhs misfermay RIBFRSS N AOIUliLRIAS§Precesssan Aaaraptey to

non- ant i genj.¢; ‘e L CRT F ROk o o B
whi ch can b@gﬁrgy%’%%esgﬁg gﬁﬁge%j&t s@t ig‘a synt hgﬁ s as p;ﬂrNth o?laﬁmh n

e
or t hogonal lopupledtusing: theupEnginlex of selid PRaSCePrgsBicathamising i Rptienallys petected
el abor at Orbn%%-kh@\cid%@n/gpbrﬁ\%o@\@fa%idamit\é\gaheoeai%@rﬁg% foPbddifiéhaPaV¥RRY of

conponent can be achieved on- resin, i.e., prior to cleavage, a preferred
route i § clteagsgpsoX andeY i Bentinabclparagsnpriodectimving 9§ melyasigspeiructyre idheg so
as to genergl&, 2 hyHpyvC LR o6 arFj PEA i dd EOhthadi e HERL 1o at-tRFHERNt
t he Pol ym&*rf cor#%oh%ﬁf’qﬁ@q?ﬁ%trgt@ﬁe t he Sﬁsdag@ branch poi n?_s of (l:ore
group B ar d@itegiidn, whereasrpigwe &B depinistsyothesisginoip G+Fiondterningl cdiregtion.bént he

same or difg; tand y versi by .o t PG, .FG. .0r :

unpr ot ect ecﬁ's{"ﬁege%% harp‘%aésﬁel’, prtgﬁeg{eﬁi %ﬁﬁb?{ éﬁ'df ’%‘)ﬁr)CF g’?taﬁﬂére%m%i ng%) 7 {ego%’%l%rrer
conponent iusing thesprirtilaeofesdit i phas® organfauciedmistnal Figure G Bepicty sahthesie in
pendant, branch, poi ats, .and .geperation of.gro See Fiqgure 7). Figute 5B
depi ct s'° aﬂH%IrH'e'iOn ft?%n%rﬂ%é"g%”’i%%?sck'@rﬁﬁﬁ% g(e,{" ﬂng%ﬁfselgu §o¢:' ﬂ’sh
enpl oyed i Re@AARi diRLlON A dbaderR BloyRiguses PALED, Hisanatoee 6f the AkEIrpolyalmidd

upon cl eavage generates the desire protected or unprotected U group.
Fi gure 5B égg‘é}?‘“éﬁeﬁﬁﬂtl%e &% nﬁ?ﬁtmﬂ?d' whicR eﬁ@%é’ﬁ‘b 8 NYPRGS o "?:SOBBG‘B to

a pol ynmer sisppaf dut fondyMe&sil MRrddver, b pefdett droupdJ* t8Sbé bl toBkRiallany- B
noi ety for subsequent attachnment of the Pol yner congon_g%(S Fl,gurqe ,6A - 6D
depi ct a soiSeEIpinase sSpRAicEle 1 o hgEnBYAP Rt feRrRRHNE LA tYart | &1 5’ are

non- antsg et riplYRice ke 8kadp hiv 4 0lay affuslereRaltieranal Bolyaaiopeaus cah belfecisely
i nvention for subsequent attachnent to the U-B core. Although the solid

phase proce®8trfsh2/ 19963 PCT/ USO1/ 21928 - 65
A preferred process for coupling the U-B component to Polymer-J* component to

generate the preferred synthetic polymer constructs of the invention of the formula U-B-

Polymer-J* is depicted in Figure 7. As illustrated, various protecting groups can be

20 provided, and are optional depending on the intended end use of a given construct.

Also illustrated different routes to produce the desired U-B-Polymer-J* constructs,
including a solid phase approach and a solution phase approach.

As noted above, preferred water-soluble repeat units comprise a polyalkylene

oxide, polyamide alkylene oxide, or derivatives thereof. The most preferred water-

25 soluble repeat unit comprises an ethylene oxide of the formula —(CH;-CH,-O)- or —(CH,-

CH,-0)-. The number of such water-soluble repeat units can vary significantly, but the

more preferred number of such units is from 2 to 500, 2 to 400, 2 to 300, 2 to 200, 2 to

100, 2 to 50, and more preferably 2 to 32, with 3 to 8 being the most preferred. An

example of a more preferred embodiment is where one or both of X and Y is selected

30  from: =((CHa)n1-(CH2-CH2-O)na-(CHa)ne-)- OF ~((CH2)n1-(O-CH2-CHy)n2-(CH2)ne-), where ni

is 1to 6, 1to 5, 1to 4 and most preferably 1 to 3, and where n2 is 2 to 50, 2 to 25, 2 to



is illustrated, which is the preferred process, a solution phase process

can be adapted to achieve the sane end result. In Figures 6A and 6B,

di acid amdodr/sasshno units are coupled using the principl eBCDUSSIGI1PZ8 phase
organic chemstry. Optionally, protected amno-X -acid and /or

am no-Y -acid units can be incorporated %ﬁr additional diversity of 5 the
groups X and Y in the final cleavage product having a pol yam de structure
of the formula -[NHY-NHCO X-CQ -. Figure 6A depicts synthesis in the N—
to Cterminal direction, whereas Figure 6B depicts synthesis in the C

N-terninal 1@ el 1802 tprb. andgmeslsPisterably Bt Spr b expeRlearh Adighly a&%farr%%d

['or am no- em@seifeMtnt ithefd & |§Q£G}||29@H2)U5dn@9/vﬁé?6 sl i’(@HQJ(@SQ-Qf—IZ—@i cei diase
organlc chem stry. Figure 6C depicts ()y(nt esis in 10 to C-term nal

di rection, Gifer ‘éras q?izgj'{l‘r‘zec'dﬁ%@biﬂﬁ"& HoheSran MRre H@fet'ifedt%e IPONOST ARG SF

di rection. offmpRBRIBHE Wheld dhn GW @%ls@r‘ét@l%teqel’r\elrﬂ@hlgh@ p@éfeﬁr@@efﬁbaaiment X
pol yam de  products can be preC| sel@é contro
?

ot & et ot et ¥ B el S e dty 8 (e HheCIeRiae-

group J* cmp@HgdeHZ)hQ\,h\éferﬁgalglw 3@ny user - def i ned speC| fication. \Were
nono- di sper se repeat units Y are 15 enp t he exact

mol ecul ar struct Url@"@ﬁu""trhﬁ‘q Fwwew'wﬁf%blbmawheeéhgw@tirr%&béeeP9'vmer

control | ed. coﬁtdﬂﬂ@ﬁ&?ﬁ@ﬂc@‘@l@ﬁ@ﬁyéﬁ@ﬂ&?@ ke ﬂé@eéi‘@ﬁ@%ﬂéﬁ%@th;ﬂ@ne oxide
Pol ynmer - J* conponen egére{nerate th referred synt heti c paly

constructs r@Peth@'tﬁnWéﬁP" reé*fthﬁth%aqho?hﬁ.ﬂ B2\ BMatRUATeYRIgNt qf§eﬁ\é‘-’pﬁ”c?té’dl'tl n

Figure 6. Asobl A bbb, 0002Dh Qe RERIS4Y Idetve@hOaiit 2ainobe Adupo\iodeda and
are optional depending on the intended end use of a given construct. Al so

i |1 ustrat edeind thermeent PFRiges t o produce the desired U B-Pol ymer-J*
constructs, incA Wéf@me@usg%upﬂcd}h@%sa&ﬂ%eaﬁ&p@e@ G chemithl RIatiBhaPeeferred

appr oach. As not ed above, preferred water-soluble repeat units conprise a
pol yal ky| erROIYnas(s cse qfamgr@ﬁh \Wieera | QYR Be CORPURSS ihreedal MPER iU tfhéaf%‘e'fred The

nost pref erc!oﬁq:o\ﬁehﬁr c&ﬁp&%@%eugemﬁ% |Hﬁlkéble§%@éﬂ a@%.oﬁafaﬁc%t By msO%hgle of
the formula -(CH - or - O - he nunb such

wat er - S8l ubﬁ%s’fr’ﬁé%fééﬁb‘&uw'q %‘ab‘érﬂe@atﬂ\@lyﬁ"@%?d C%‘Htelr?r beffitof Uhand hiya¥ SHPEFige r ed
nunber  of sauﬁrbtétrﬁnbsgrb% ftﬂe@r@ 3a5&f?>le590be|§%tr&n6% withdu® d§9\ggm§ th® n‘ﬂ@@mty 2fto

100, 2 to 50, and nore preferably 2 to with 3 to 8 berng the nos
preferred. thﬁcow%}bl e of a nore preferred enbodi ment is where one or both

of X and Y is sgb fé?ﬂ é’ﬁ%c&ﬂs%ﬁlmkér@%d@ e&tidr %c@dlﬁﬂgreﬁg'@ér%némg Gﬁe
((CHZ)ll(OCHZ CHZ CH2)n,-), where nl is and

nost pr ef ercabngrelrepeatymtmm}w@den Rovater-golylje pelym@r,tcba@ao aﬂdt% dlaCId umts
20 natural or unnatural amino acids or derivatives thereof, as well as aliphatic moieties,

including alkyl, aryl, heteroalkyl, heteroaryl, alkoxy, and the like, which preferably
contain up to 18 carbon atoms or even an additional polymer chain.
As noted above, component U is a residue of a functional group that is capable
of being attached or is attached to a target molecule, such as a peptide or polypeptide,
25  or other surface of interest. When U is a residue of a functional group for conjugation to
a target molecule, U comprises a nucleophilic group or electrophilic group, and the
target molecule comprises a mutually reactive electrophilic group or nucleophilic group,
respectively.
Many such mutually reactive functional groups are known and are capable of
30 attachment to side chain functional groups common to peptides and polypeptides, or
derivatized side chain functional groups (Zalipsky et al., Bioconjugate Chemistry (1995)
6:150-165; “Perspectives in Bioconjugate Chemistry”, C.F. Meares, Ed., ACS, 1993;



WO 02/ 19963 PCT/ US01/ 21928 -66 15, 2 to 10, 2 to 8, and nost preferably 2
to 5. An exanple of a highly preferred enbodinent is where X is

- (CH2- CH2Yyo p2/a9963 where Y is - (CH2- (CH2- CH2- O) 3- CH2- CH2- Cr2yAUS@r21928

- (CH2- CH2- CH2- (O CH2- CH2) 3- CH2) - . Even nore preferred are nono-di sperse
conpositions where each n of is a di screé;?e integer. In a highly preferred
enbodi ment, X 5 is -(CH2-CH2)- and Y is =(CH2- (CH2- CH2- Q) 3- CH2- CH2- CH2) n-
or -(CH2- CHe- CH- (O CH2-CH2)3-CH2)-n where nis 12 to 36. In particular,

the Polymer will preferably have when the water-sol ubl e polymner cont a| ns
pol ymer chaphgmwér\yuq’ﬁé’r@@nnjﬁlwaémaaqﬁd@Srlé@i@aa A Wongs%@h CRC Eresp B
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or both ofgb may conprise protecting group that is capable of
bei ng remmér%l%félﬂﬁt'%‘&h&r@}lﬁﬁst’%aﬁi HeeaMi b r8¥'des’o war%ﬁ@ﬁfmlcarbﬁ@@@% ed
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het eroaryl, alk referably _contain up to 18 carbon

XY,
at ons or e\ﬁéheraﬂucé%RHthP%ﬁéWabﬂﬁ)lof/ﬁ%ﬁ‘Ct'é’EaW' apelerdioptiiaisevier. BekpeivAN. i s a
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attached to a target nolecule, such as a peptide or polypeptide, 25 or
other surface ofFarrpetpees, thanabavepplymar camibguREeRATed 10 GABY ICORRPNEIY RSt Br
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phosphatidylethanolamine, epoxide, hydrazide, azide, isocyanate, maleimide,
methacrylate, nitrophenyl carbonate, orthopyridyl disulfide, silane, sulfhydryl, vinyl
sulfones, succinimidyl glutarate, succimidyl succinate, succinic acid, tresylate and the
20 like. U also may be provided in an activatable form, e.g., a carboxylic acid that can be
converted to an active ester thereof that is capable of reacting with a nucleophile such

as an amine.
In a preferred embodiment, U is a residue of a unique functional group that is
selectively reactive with a unique functional group on the target molecule. This aspect
25 of the invention embodies the principles of peptide synthesis (protecting group
strategies) and chemical ligation (partial or no protecting group strategies) as discussed
above in Section lI. Thus, U can represent a residue of a wide range of functional
groups, such as those described above. Preferred U groups are amenable to amine
capture strategies (e.g., ligation by hemiaminal formation, by imine formation, and by
30 Michael addition), thiol capture strategies (e.g., ligation by mercaptide formation, by
disulfide exchange), native chemical ligation strategies (e.g., ligation by thioester
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pol ypeptides, or derivatized side chain functional groups (Zalipsky et
al ., Bi oooopugete Chemi stry (1995) 6:150-165; "Perspecti PEBFUSN/21928

Bi oconjugate Chem stry", C. F. Meares, Ed., ACS, 1993; WD 02/19963

PCT/ USO01/ 21928 -67 "Chem stry of Prot EI& Conj ugati on and Cross-Linking",
S.S. Wng, Ed., CRC Press, Inc. (1993))-° Exanples of functional groups
i ncl ude groups capable of reacting with an am no group such as (a)
carbonat es such as the p-nitrophen or succi ni m dyl car bon
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ket one, 4qam &&Qél}ﬁ’me]aﬂoqﬁe I|F€é3‘rlb rLéqu()jcﬁ“Fi e SﬁFn%randtaml@@ﬁérﬁfs’ hal ogen, thiol,

cyanoacet ate t oyl at| ano am ne, di stear oyl
phosphati dyl et ha%haﬁ&ﬁr@ov%p%ﬂ aéoramhmga(zqraénm%tzmémg|t§r@@ﬂrra@r@ armgl @i de,

met hacryl atrﬁa rgetargém?pvgbgéﬁ bQALE s i9 ﬁ&gvrdn@yarm i othéd €8 u &Ié 8p&oer or

sul f hydryl, ones, succlinim l'ut arat e, "succi m dyl succi nate,
succi ni ¢ adlr%tel’ Eﬁ@bﬁﬂd@@ and eanh otber pige is jgingdde anRglVBEr OF Gvsrasar Phlinker

activat abl ey hg& tc? %yat rfgé ng&(%él h&lﬁé‘@&reg@mgﬂde G ﬁ% h8flihRedid,

active ester dher sof reactln? a nucl eophi 'l e such
as an aifi neaming, arrpn‘eefc@rb@dhcerﬁmldpmhmatrqna hegeo esTh%@ ip¢lude pfigearaides of

functional gélﬁé"p drld%he! ke, S&' Bl ypréﬁﬁ@&'fgcﬁn V!Iﬁ{be@ta%ﬁé&'%n&% licoRa

group on th et’ nol ecul e. I'S aspect I'nvention enbodi es the
principl es (wolmﬂoammsymt theslater (mo\ocule@ta nef ppsivp cherge igtheshranehing Ieerd. caI

ligation (pRIL! 8ly OFerdiCetPdiOlLBLLNGH(P4dE) L ERTERERD) eds., BiSSHRBER Chem.,
(1996) 7(5):552-556; NovoBiochem Catalog and Peptide Synthesis Handbook,
20 Laufelfingen, 2001; Wells et al., Biopolymers (1998) 47:381-396; Mahajan ef al., (1999)
40:4909-49-12; Judson et al. (1998) 39:1299-1302; Swali et al., (1997) 62:4902-4903;
US Patent Nos. 5,932,462, 5,919,455, 5,643,575, 5,681,567). Many other different
branching cores can be used and are suitable for this purpose, including substituted
diamines, substituted diacids, alkyl acids such as glycerol and other moieties having
25 three or more functional or activatable groups including multivalent alkyl, aryl,
heteroalkyl, heteroaryl, and alkoxy moities and the like, and oligosaccharides (e.g.,
Nierengarten et al., Tetrahedron Lett. (1999) 40:5681-5684; Matthews et al., Prog.
Polym. Sci. (1998) 1-56; Suner et al., Macromolecules (2000) 33:253; Fischer et al.,
Angew. Chem. Int. Ed. (1999) 38:884; Sunder ef al., Adv. Mater. (2000) 12:235; Mulders
30 et al., Tetrahedron Lett. (1997) 38:631-634; Mulders et al., Tefrahedron Lett. (1997)



above in Section H Thus, U can represent a residue of a wi de range of
functional groups, such as those described above. Preferred U groups are
anenabl e woo0amIne capture strategies (e.g., ligation by bpemusomals
formation, by imne formation, and by 30 M chael addition), thiol capture
strategies (e.g., li'gation by nmercaptide éorrratr on, by disulfide
exchange), native chemcal ligation st ra?egr es (e.g., ligation by thioester
WO 02/ 19963 PCT/ US01/ 21928 -68 exchange i nvoI Vi ng cyst ei ne or thi oI
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Exarrpl es of branching cores i ncl ude, are not" limted anm no,
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acid ("polyam doanines"), the |later providing a net positive charge in the

br anchi ng cféﬁ designegde begwefer solublg Oéﬁor%ﬂe to inducpdighid ogystalline orggyizationg Opali
Rose et al.g B 0%@}&%&/@?%0% !531@% Whith: ea? b@5§dvé}‘9é(g?e%h90ﬁ8?rﬂe@@ér9| 0g

and Peptide Synthesis Laufel fi ngen, et al
Bi opol yHer saqPlicapns.4 stabity. 99¢: duvalios) ah agiona] As witlhdbs other @mgberbpﬂ?b/mer

Judson et a&ons{r&&@@f (39 W29 80r 303; wHRlHe Sinstlits e(ré%‘ﬁe?c)e R2cORBA- é%@ﬁdant Us
Patent Nos. 5,932 462, 5,919, 455, 5,643,575, 5,681,567). Many other

di fferent fl%if‘%f%'ﬁ‘@f@“%é?@ﬁ”%ﬁgrube used and are suitable for this pur pose,
i ncluding substifpy plym@h %HFnE%ents&b&{é Suh8i@ & tRE isHScerdbok YhkerE I Hisy PEkBeas

gl ycerol and ot her nnretres avin
polymer chains or interspaced lrnkers or bonds that are biostable or biodegradable, for
20 example as discussed above in Section . As also noted above in Section |,
component J* is a residue of pendant group having a net charge under physiological
conditions selected from the group consisting of negative, positive and neutral. The
most preferred is where J* comprises an ionizable carboxylate moiety and has a net
negative charge under physiological conditions. The components s1, s2, and s3 are
25  spacer or linker moieties that may be the same or different, and may be individually
present or absent, such as those discussed in Section I. Most preferably the spacer or
linker comprises a polymer chain, where the spacer or linker comprises one or more

repeat units of the formula -[CO-X-CO-NH-Y-NH],-.
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al ., Macronol ecul es (2000) 33:253; Fisc et al., Angew. Chem Int. Ed.
(1999) 38:884; Sunder et al., Adv. Mater. (2000) 12:235; Mulders 30 et al.,
Tetrahedron Lett. (1997) 38:631-634; Milders et al., Tetrahedron Lett.
(1997) WO 02/ 19963 PCT/ US01/21928 -69 38:30-3088; and Turnbull et al.,
Chenbi ocehnV( 200)armacputigs:74) . The nost preferred branching core |inked
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(2000) 39: 8'?%(2: en ing on the chem cal conposition and ul k| ness
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of pol ymer rér"?hi epeyiennndsa rreservatived t They pr‘TﬂCPPWé@‘ grargeationes
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organi zati on (Qual i al ., Macronol ecul es (2000) can b
advant ageou@f fgre d@ddltmay bisackye| ageats ¢ng, snabeiganis Aedecy atqtfaﬁﬁ grotein
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the worml i onstruct’s are nade contain a functi onal group
conpri si ng Mafmﬁ@e%ﬁlymp%‘(ﬁméﬁ@ﬁtbe empleyed &y prr@&réeObmeth@éISSOéélaeetryebtﬂon
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are bi ost e or ﬂl odegr ad exa di scussed above In
Section'd . hemaipers, hemeglobinoans rehc@zytq emunt. h‘i‘ﬁ?ﬁﬁﬁf@ﬁﬂs gemprisezadnigisigiiag of

pendant gr ogRndBRaPa eheliR r&ﬁom%% sgharét.pb%@a&esug%ﬂﬂhfahﬁd‘%ro?éh‘%fft ed

fromthe group consisting o tive, tive ‘and neutral. The
preferred itbevtvenéorgso @%tﬁa@b@é@ téﬁ dﬁ@fﬁdzﬁblcé carboxyl ate noiety and has a

het Most preferably, when administered to a patient or individual in need of therapy,
such synthetic erythropoiesis stimulating polypeptides and/or proteins will be
20 administered using a drug delivery system. The uses such a system enables a drug to
be presented to the patient in a manner that makes it acceptable for them and enhances
the effectiveness of the desired bioactivity. The purposes of the present invention,
preferred drug delivery systems include systems capable of administering polypeptides
or proteins buyout oral, nasal, or inhalation routes, or intramuscularly, subcutaneously,
25 transdermally, intravenously, intraurally or intraocularly.

Such drug delivery systems may include formulations that provide site-specific
release, or that enhance protection for the intestinal mucosa. Suitable formulations
include: dry powder formulations, delivery via viral particle encapsulation, liposome
encapsulation, transdermal patches, electrically aided transport (electroporation therapy)

30 and polymer/niazone conjugation.



negative charge under physiol ogical conditions. The conponents s1, s2, and
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|. Most preferably the spacer or |inker conprises a polyner chain, where
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-[ CO- X=CO- NH Y- NH n WD 02/ 19963 PCT/ uso1/©1928 -70- 1V. Pharmaceutics: The
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t her apeut | t

protern siaifeykne dtiton BB0eATaARlonRinC ofL Y f BOBRG rBista Hhadifeny,
met hods of lmcb@gradﬁ@bta pnlymenshwﬁeba gobloded & mma ay¥g idativesns iSugh tpelymers

duct d
et oul Syt BoudeaRobIeRRIec TER), (BIALERIRR (oo, IRRREH oo ETRE RIBAR TS
ef fective amiyanhydides, syphphloitihoesieys. hPojsoielyey davioeal @nol mgthede feri theiptise t he
i nvention sg.agslHheAlsgy, k‘aepéﬂ%ﬁtsd%67?661116%“0‘2‘%258'\’8@%8%'?@fe?b%‘f)é}’s o6

adm ni stered to a patient or synthtlc
eryt hr opoi e58€9,%13; m,ﬁ 849,891, pdl, We";ﬁﬁ dég’8arRdPor 5,3p6,688:ns5, V\W P6ye 5,899,954;

adm ni ster t bl
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for theth and enh&eroedingly, heﬁl‘@tﬁeeclaﬁm@hesfs thé irtventiwsi nelateshi toaphamacguticahe
Dy Pnes o sehpREchls YGRS Ao ek AR Aot St) st BRG v
nasal , or ithempatticatly r effeotive amourrhs refnogropdundsy compliging dhe opaymper-modified
synthetic erythropoiesis stimulating proteins of the invention, or pharmaceutically
acceptable salts thereof. By “pharmaceutically acceptable salt” is intended to mean a
20 salt that retains the biological effectiveness and properties of the polypeptides of the
invention and which are not biologically or otherwise undesirable. Salts may be derived
from acids or bases. Acid addition salts are derived from inorganic acids, such as
hydrochloric acid, hydrobromic acid, sulfuric acid (giving the sulfate and bisulfate salts),
nitric acid, phosphoric acid and the like, and organic acids such as acetic acid, propionic
25 acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, tartaric écid, citric acid, benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid, salicylic acid, p-toluenesulfonic acid,
and the like. Base addition salts may be derived from inorganic bases, and include
sodium, potassium, lithium, ammonium, calcium, magnesium salts, and the like. Salts
30 derived from organic bases include those formed from primary, secondary and tertiary
amines, substituted amines including naturally-occurring substituted amines, and cyclic

amines, including isopropylamine, trimethylamine, diethylamine, triethylamine,



25 transdermal ly, intravenously, intraurally or intraocularly. Such drug
delivery systens may include fornulations that provide site-specific
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20 disease, ulcerative colitis, etc.

As used herein, the term “therapeutically effective amount” refers to that amount
of a polymer-modified synthetic erythropoiesis stimulating protein which, when
administered to a mammal in need thereof, is sufficient to effect treatment (as defined
above), for example, as inducer of red cell production, an anti-anemia agent, etc. The

25 amount that constitutes a “therapeutically effective amount” will vary depending on the
protein derivative, the condition or disease and its severity, and the mammal to be
treated, its weight, age, etc., but may be determined routinely by one of ordinary skill in
the art with regard to contemporary knowledge and to this disclosure. As used herein,
the term “g.s.” means adding a quantity sufficient to achieve a stated function, e.g., to

30  bring a solution to a desired volume (e.g., 100 mL).

The polymer-modified synthetic erythropoiesis stimulating proteins of this

invention and their pharmaceutically acceptable salts, i.e., the active ingredient, are



nitric acid, phosphoric acid and the |ike, and organic acids such as acetic
acid, propionic 25 acid, glycolic acid, pyruvic acid, oxalic acid, malic
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colitis,
Such use optimization is well within the ambit of those of ordinary skill in the art.

20 Administration can be via any accepted systemic or local route, for example, via
parenteral, oral (particularly for infant formulations), intravenous, nasal, bronchial
inhalation (i.e., aerosol formulation), transdermal or topical routes, in the form of solid,
semi-solid or liquid or .aerosol dosage forms, such as, for example, tablets, pills,
capsules, powders, liquids, solutions, emulsion, injectables, suspensions, suppositories,

25 aerosols or the like. The polymer-modified synthetic erythropoiesis stimulating proteins
of the invention can also be administered in sustained or controlled release dosage
forms, including depot injections, osmotic pumps, pills, transdermal (including
electrotransport) patches, and the like, for the prolonged administration of the
polypeptide at a predetermined rate, preferably in unit dosage forms suitable for single

30 administration of precise dosages. The compositions will include a conventional
pharmaceutical carrier or excipient and a protein antagonist or agonist of the invention

and, in addition, may include other medicinal agents, pharmaceutical agents, carriers,
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incorporation of any of the normally employed excipients, such as, for example,

20 pharmaceutical grades of mannitol, lactose, starch, povidone, magnesium stearate,
sodium saccharine, talcum, cellulose, croscarmellose sodium, glucose, gelatin, sucrose,
magnesium carbonate, and the like. Such compositions take the form of solutions,
suspensions, dispersible tablets, pills, capsules, powders, sustained release
formulations and the like. Oral formulations are particularly suited for treatment of

25 gastrointestinal disorders. Oral bioavailablity for general systemic purposes can be
adjusted by utilizing excipients that improve uptake to systemic circulation, such as
formulation comprising acetylated amino acids. See, e.g., US 5,935,601 and US
5,629,020.

The compositions may take the form of a capsule, pill or tablet and thus the

30 composition will contain, along with the active ingredient, a diluent such as lactose,
sucrose, dicalcium phosphate, and the like, a disintegrant such as croscarmellose

sodium, starch or derivatives thereof; a lubricant such as magnesium stearate and the
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For a solid dosage form containing liquid, the solution or suspension, in for
20 example propylene carbonate, vegetable oils or triglycerides, is preferably encapsulated
in a gelatin capsule. For a liquid dosage form, the solution, e.g. in a polyethylene glycol,
may be diluted with a sufficient quantity of a pharmaceutically acceptable liquid carrier,

e.g. water, to be easily measured for administration.
Alternatively, liquid or semi-solid oral formulations may be prepared by dissolving
25  or dispersing the active ingredient in vegetable oils, glycols, triglycerides, propylene
glycol esters (e.g. propylene carbonate) and the like, and encapsulating these solutions

or suspensions in hard or soft gelatin capsule shells.
In applying the polymer-modified synthetic erythropoiesis stimulating proteins of
this invention to treatment of the above conditions, administration of the active
30 ingredients described herein are preferably administered parenterally. Parenteral
administration is generally characterized by injection, either subcutaneously,

intramuscularly or intravenously, and can include intradermal or intraperitoneal injections
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example in the form of a water-soluble salt, or aqueous injection.suspensions that
20  contain viscosity-increasing substances, for example sodium carboxymethylcellulose,
sorbitol and/or dextran, and, if desired, stabilizers. The active ingredient, optionally
together with excipients, can also be in the form of a lyophilisate and can be made into a
solution prior to parenteral administration by the addition of suitable solvents.
A more recently devised approach for parenteral administration employs the
25  implantation of a siow-reiease or sustained-release system, such that a constant level of
dosage is maintained. See, e.g., US 3,710,795, US 5,714,166 and US 5,041,292, which
are hereby incorporated by reference.
The percentage of the active ingredient contained in such parental compositions
is highly dependent on the specific nature thereof, as well as the activity of the
30 polypeptide and the needs of the subject. However, percentages of active ingredient of
0.01% to 10% in solution are employable, and will be higher if the composition is a solid
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metered-dose inhalers and dry powder inhalers. Nebulizer devices produce a stream of
20  high velocity air that causes the protein derivative (which has been formulated in a liquid
form) to spray as a mist that is carried into the patient's respiratory tract. Metered-dose
inhalers typically have the formulation packaged with a compressed gas and, upon
actuation, discharge a measured amount of the polypeptide by compressed gas, thus
affording a reliable method of administering a set amount of agent. Dry powder inhalers
25 administer the polypeptide in the form of a free flowing powder that can be dispersed in
the patient's air-stream during breathing by the device. In order to achieve a free
flowing powder, the protein derivative is formulated with an excipient, such as lactose. A
measured amount of the protein derivative is stored in a capsule form and is dispensed
to the patient with each actuation. All of the above methods can be used for

30 administering the present invention.
Pharmaceutical formulations based on liposomes are also suitable for use with

the polymer-modified synthetic erythropoiesis stimulating proteins of this invention. See,



enhancers, protein carriers and the |like, such as for exanple, sodium
acetate, 10 pol yoxyet hyl ene, sorbitan nonol aurate, triethanol am ne ol eate,
cycl odextw®nx199serum al bumn etc. The pol yner-nodi fi ed spoT/se1928
erythropoi esis stimulating proteins of the present invention can be

adm ni stered parenterally, for exanple,_ by dissolving the compound in a
sui tabl e sol vent (such as water or saline) or incorporation in a |iposomal
formul ation 15 fol |l owed, by dispersal into an acceptable infusion fluid. A
typi cal dail a _pol ypepti de he ipnvention can be_adm ni stered
by one infu$ mﬂggdj atSQtsaNg%rg 9?8138 p%f 527?5%7’565@@7%@7 pekheoferefits of

intervals. Ih—)@éon’ﬁéé eié ejchbvedis bé $élé@alt@nfamab|@ @fa%ge@%p%é@ H%trwharalah&
aqueous sol ytions of an active ingre in water-soluble form fo

exanpl e in ﬁ! MAGRKINESIC Rargiasiers. toal r&swlhfe ragliposqipe galyrRmMAENt PﬁF"é'Sﬁ i W may be

suspensi onsagpied t30tHe0poRbBptities CEXS tHey pradeht ARieAtors WYS HRIZE €8killoin exarg. e
ose, [ and or dextran, and, if desired,

sodi um car bQx t hyl cel |

stabi | i Zer 38 %ﬂ)ﬁeg(’rﬂe@ée WWQF%‘H?' ll‘ﬂu'db(!?b?méﬁ?él" | forydations far dniectioni 9 of's,
can al so b%drﬂﬂnfshgudrpéa’ﬁ 8180 Be Lygphi | i sate and can be made into a soluti on
prior to parenter_[ adm nistration by the addition of suitable solvents. A

nore recently devA'sB¥Eplr Bdol'EW'Sltré‘Porbéﬁaeﬁ’t‘%ﬁ’oél't"%[drfﬁ‘i'i‘t@ﬂ?'aﬁnéﬁrseﬁﬁq’ SpEiarfe

25 i npl ant ahélade, abr @Mp}wﬁ@e@me@y@w@@%mé FaSExamsid PEG R0 gmﬁt a
mai nt ai_ned. ... US 3,710, 795,

I I
gogia%e gﬁ\heﬁ’ 'tl%gs“@ﬁ’ (9‘%2 S%H.S&Hposfﬁtp@emaéﬁv ﬁoma%# Bemazwal%sjcqrmlamsﬁb@

The perfentagite Qfgréd?@wtaﬁ tHeVr%ngéler fRshh @BSUt@ WAL RAE abbutSIAGHIWIA RsTERbly from
conposition is hi endent on the specific nature thereof, as well

as the act 3RO WW? t@abgg %Wf"%eptl de and the needs of the subj ect .
However, percentages of active ingredient of 0.01%to 10%in solution are

enpl oyabl e, and Ajj ﬂ)ubh'@gtldﬂsgi?ﬂrpaltefnt tabgnc@msmombhw@dlmrﬁs Se¥lciidatid :93%9&@3
PCT/ US01/ 21928 - 77 uent | ?/edl | ut ed

t he abov
per cent ages CHPYPELBY W%?rﬁéce 390‘2‘6 enias) | %‘PP‘%’@U@' Q}@J@%oafortgqgent
active i ngragliedtioni was epatifically aﬁ@ﬁd\ﬁduaﬂ?ﬁﬂ%téﬁ t@S@uﬁuoﬁﬁcﬁétbagbytr%rence
pol ymer - m)ﬂ't'fl ed S\k/mt het gc er%'g poiesis stimulating proteins of the
i nventi Bn JiVIRG RV gE0EaLY Bet ﬁ]eéﬁ‘fqnﬁﬂ” Ahe same oyt P%mreesl"y HRdRsptend
Aer osol adrthitiughlrafer&ritel 15 tA8 f@lhe@t éxtenpiRANRIdOEredebIiNGY by dal B8 illustration,

ol ymer-nodi fj ed
poty and are not intended to be limiting of the present invention, unless specified.

EXAMPLES

Abbreviations
20  Acm = acetamidomethyl thiol-protecting group [i.e. ~CH,NHCOCHj,]
AoA = aminooxyacetyl
Arg(Tos) = L-arginine(side chain NGtoIuenesulfonyl-protected)
ART = absolute reticulocyte count
Asp(cHex) = L-aspartic acid(side chain cyclohexyl ester-protected)
25  AUC = area under the curve
Boc = tert.butoxycarbonyl
CD = circular dichroism
CDI = carbonyldiimidiazole
CHO = chinese hamster ovary
30 CL = clearance (mlL/hr/kg)



synthetic erythropoiesis stinmulating proteins of the invention directly to
the respiratory tract. Sone of the advantages of this nethod are: 1) it

ci rcunvew@ ov/imeef fects of enzymatic degradation, poor abeDUSe/xmsf romthe
gastrointestinal tract, or loss of the 10 therapeutic agent due to the
hepatic first-pass effect; 2) it admni ségs active ingredients which
woul d otherwi se fail to reach their target sites in the respiratory tract
due to their nolecular size, charge or affinity to extra-pul nonary sites;
3) it provides for fast absorption into the body via the alveoli of the

| ungs; and @)ax £ BPYHNHY @0pSYIAE" ot her organ systens to the active

i ngredi ent ,omm85ﬂ§=lLteg@feﬁr@@idém?aw(@eﬁa@@gs&zm&iefec%yse 15 undesirabl e
side effects. For these'reasons, aerosol admnistration is particularly
advant ageoueyS(dem) T davsiaite(Yde ehaimaectamisiomethyhii ect¢dMNHEGPCHulrpigsted) and

ot her di seasef = QichidlstsapshLcondi tions of the lung and respiratory tract.
There are three types of pharmaceutical inhalation devices, nebulizers

i nhal er$, &t eplisprmpyicarhadimides and dry powder inhalers. Nebulizer devices
produce a shiEparyMopretl)idihy@mike! ocity air that causes the protein
derivative (which has been formulated in a liquid form) to spray as a m st
that is carPMEF dimedvifaenapideent ' s respiratory tract. Metered-dose

i nhal ers typired L YinanRsdifdgigbor mul ati on packaged with a conpressed gas and,
upon actuation, discharge a neasured anount of the pol ypeptide by

conpr essed BRS = dafesyirhosibpelidige a reli abl e nethod of administering a set
amount @f age | -1DdaRPvERbichRRRler s 25 adm nister the polypeptide in the
formof a free flow ng powder that can be dispersed in the patient's

ai r - st r eam &l?Q rigMBEtaSLdosA gediret herepsh 58% mpmyrteifedt o achi eve a free

flowi ng povelss = dfve1 B Litiicdshd-Y aBhMmides fornulated with an excipient,
such as |actose. A neasured anmount of the protein derivative is stored in
a capsul e flEdRAaneNgysedinkpé HBBENOaSSaY he patient with each actuation. Al of
the above nebiads g@?b(pémused for 30 adm nistering the present invention.
Phar maceuti ca |yrru ations based on |iposones are al so suitable for use
with t%He pob-Mier elastiosprayicnzatioremiass epsatiemebyi esi s stinul ating proteins of
this inventgmd- (S8ChoM 92(49963 PCT/ US01/21928 -78 e.g., US Patents Nos.
5,631,018, US 5,723,147, and 5, 766, 627. The benefits of [|iposones are

bel i eved t &ShécHax) atleglutamic asidisidsichainapigbexyl pstei-goiastash st ri buti on and

phar macoki neilSsP a6y te-iagfoph S bdiody GfkiRGTASEr ent rapment of drugs,

and may
HATU = O-(7-azabenzotriazol-1-y!)-1,1,3,3-tetramethylammonium

20 hexafluorophosphate
HCT = hematocrit
HGB = hemoglobin
His(Dnp) = L-histidine(side chain N'mdinitrophenyl-protected)
HOBT = N-hydroxybenzotriazole
25  HPLC = high pressure liquid chromatography
IMDM = Iscove's modified Dulbecco’s medium
IPA = isopropanol
Lev = levulinic acid
Lys(ClZ) = L-lysine(side chain 2-chiorobenzyloxycarbonyi)-protected
30 MBHA = 4-methylbenzhydrylamine
MRT = mean residence time
MTT = 4-methyITrityl



applied to the polypeptides of the present invention by those skilled in
the art. 5 Controlled release |iposomal |iquid pharmaceutical fornulations
for injesv®ormwnr3 oral administration can al so be used. FRET/EgGHNISC

adm ni stration via suppository, traditional binders and carriers include,
for exanple, polyethylene glycols or tri_gbyceri des, for exanple PEG 1000
(9699 and PEG 4000 (4% . Such suppositorres may be forned from m xtures
containing the 10 active ingredient in the range of fromabout 0.5 wWwhbto
about 10 vv/@'ﬂ_{ﬁ__pr_eferably from about 1 wwwto about 2 wwh All

publ i cat i on¥TdriaRzOWhRIU8ppl i cations mentioned in this specification are
herein i ncRHS0E RtBAIrdXysiiRffhi@ece to the sane extent as if each individual
publication or patent “application was specifically and individually

i ndi cat ed t P PREOIEYE a8 HpBz1 5B eH: (EoreissiyRgenow general |y
described the invention, tH¥N¥BARZERRITESBe nore readily understood through
reference tpbd kel-foM 5ew)-mengxanpl es, which are provided by way of
iIIustratiolg _and a&e no% igtepded to be limting of the present
i nventi on, AP & aSB ApiuderedsMidoL ES  Abbreviations 20 Acm =
acet am donepyl= pdukel <ol edlg@aki ng group [i.e. -CH2NHOOOH3] AoA =
am nooxyaceéél Ar %( Toscé = L-arginine(side chain
NG ol uenesu Gn‘y e ﬂ?’?ﬁ Qﬁ”ed) ART = absolute reticul ocyte count Asp(cHex) =
L-aspartic RETE{@ti6lgosfai n cycl ohexyl ester-protected) 25 AUC = area under
t he curye B%r%-@: tert. but oxxcar b%g,yl CD = circular dichroism CD =
car bonyl%i i FEQIQZ speemkingnt BupAn EEQ: hanster ovary 30 CL = cl earance
(rmL/ hr/kg) RENC2L1L986/ HedhiS01/ 21928 -79- Cax = maxi num concentrati on
Cys(4MeBzl )SDSL= C d?t}ne\tjggécsyi sduelfafehal n (4-nmet hyl)benzyl - prot ect ed)

SDS-PAGE = SDS-polyacrylamide gel electrophoresis

SEP = synthetic erythropoiesis protein

15 Ser(Bzl) = L-serine(side chain benzyl-protected)

Example 1
Synthesis of Synthetic Erythropoiesis Stimulating Protein SEP-0

A synthetic erythropoiesis stimulating protein (SEP) was synthesized. The
sequence of the full-length synthesized protein (designated “SEP-0 (1-166)” is:

20 APPRLICDSR VLERYLLEAK EAEKITTGCA EHCSLNEKIT
VPDTKVNFYA WKRMEVGQQA VEVWQGLALL SEAVLRGQAL
LVKSSQPWyP LOLHVDKAVS GLRSLTTLLR ALGAQKYAIS
PPDAASAAPL RTITADTFRK LFRVYSNFLR GKLKLYTGEA

CRTGDR (SEQ ID NO:1)

25 where ¥ denotes a non-native amino acid residue consisting of a cysteine that is

carboxymethylated at the sulfhydryl group. The SEP-0 protein was synthesized in
solution from four polypeptide segments:



Cys(Acm = L-cysteine(side chain acetam donethyl [i.e.

- CH2ZNHOOOH3] - prot ect ed) DCM = di chl oromet hane 5 DI C =

di i sopropy® oardeedli i m de DI EA = diisopropyl et hyl ami ne DMECHUS01/21928

di met hyl f ormam de DMSO = di et hyl sul foxi de DPC = dodecyl phosphocholine 10
Dpr = L-1, 2di am nopropionic acid ED50 gffectlve dose required to reach
50% maxi mnum effect EDA = (4,7, 1 0)- tr| Xat ri decane- 1, 1 3diamne ELISA =
enzyme- | i nked i munoassay EPO = erythropoietin 15 ES-M5 = el ectrospray

i oni zati on mass spectronetr FBS = fetal bovine serum G u(cHex) =

L- gl utam c 889Mes] %P@NaGGR%‘J'&?bH@QmpO@%i efrrepidiegtsct-82 0§ SEQNDOSD: 1

granul ocyt e- nacrophage colony stimlating factor HATU =

O (7-azabenzot ri &ZBRLACBAR) - YLBRBLIFAKet Eaﬁmmcannﬁmtbwes@ﬁ

hexaf | uor ophosphat e HCT = henatocrit = henogl obin Hi s(Dnp) =

L- hi sti di ne é;t‘lad%

N- hydr oxybe§z tr| azo 2 I-Jﬂl_y {f gﬁx%ﬁcgéfggggaefsd%?ﬁﬁlﬁgd&h&%|1?iph|y | MDM
= Iscove's nodif} cC op v = levulinic
acid Lys(Clz) = L IyS| r;[tg;?y gg%\(]: ain 2- clhlll?oroAg%z Pﬁg%ghrlbonyl ) - protected
30 MBHA &= 4- net hjVhRGAHYHr yKaperie-tivpaster wharer @’ derdce priotestedyTT =

4-methyl Trityl WD 02/19963 PCT/ USO01/ 21928

Segment SEP-0:3 (GRFN 1713, composed of residues 89-116 of SEQ ID NO:1):
CPLOLHVDKA VSGLRSLTTL LRALGAQK-thioester (where Cys® is Acm
protected)

Segment SEP-0:4 (GRFN 1714, composed of residues 117-166 of SEQ ID NO:1):
10 CAISPPDAAS AAPLRTITAD TFRKLFRVYS NFLRGKLKLY
TGEACRTGDR-carboxylate (where the C-terminal cysteine (Cys'™) carries a
picolyl (pico) protecting group)

The peptides SEP-0:1 and SEP-0:2 and SEP-0:3 were synthesized on a
thioester-generating resin by the in situ neutralization protocol for Boc (tert-

15 butoxycarbonyl) chemistry and stepwise solid phase peptide synthesis (SPPS) using
established SPPS, side-chain protection and thioester-resin strategies (Hackeng, et al.,
PNAS (1999) 96: 10068-10073; and Schnolzer, et al., Int. J. Pept. Prot. Res., (1992)

40: 180-193)) on an ABI433A automated peptide synthesizer or by manual chain
assembly, or ordered and acquired from commercial vendors. For instance, a standard

20 set of Boc SPPS protecting groups was used, namely: Arg(Tos); Asp(cHex);
Cys(4MeBzl) & Cys(Acm); Glu(cHex); His(DNP); Lys(ClZ); Ser(Bzl); Thr(Bzl);
Trp(formyl); Tyr(BrZ); Met, Asn, GIn were side-chain unprotected. Segment SEP-0:4

-was synthesized analogously on a -OCH,-Pam-resin. The peptides were deprotected

and simultaneously cleaved from the resin support using HF/p-cresol according to

25  standard Boc chemistry procedure; however, for those peptides containing protecting
groups not removed in HF/p-cresol, the protecting groups were retained. The peptides

were purified by preparative C4 reverse-phase-high pressure liquid chromatography



-80- MIT = thiazolyl blue NHS = N hydroxysuccinimde - OCH2-Pamresin =

- O CH2- Bz- CH2CONHCH2 (copol ystyrene- di vi nyl benzene)-resin 5 Pbo =

4- (CH3S( e ppemay| PBS = phosphate buffered saline PCV =pontRed1eH |
volunme RBC = red blood cell RET = reticulocyte 10 rhEPO = reconbi nant
human EPO RSA = rat serum al bum n SDS = od| um dodecyl sul fate SDS-PAGE =

SDS- pol yacryl am de gel el ectrophoresis = synthetic erythropoiesis

protein 15 Ser(BzI) = L-serine(side chai n benzyl pr ot ect ed)SEPEéaZpI e 'éLh t
nt hesi s of cEr t hropoiesis Stjnulating Protein - synt hetic

?/ yt hr opoi e&f chsné%?'a' iR RERY devﬂ%res'%i%&fu‘@gl%@@ ESHS (Jecjiisntw of

t he fu||-|ermg.tzjat.@ymtab§s BRI}, Poblel 3RS INORALLY foPEbR (ué-ntjn 8o, 1 S 20
APPRLI CDSR VLERYLLEAK E%EKI TTG'&%EHCSLNEQ% VPDTKVNEYA VK GQQA

VEWAQGLALL SEAVL L VKS 1P L DKAVS GLRSLTTLLR ALGAQ(V\AI
PPDAASAAPL RTI TA%% LigH90 éﬁp 9@%’_‘%@5 ERTEPRM SEQADWRE dipsdeedifer e

F denotes aTREN-atats i aohaentratiortl S#i8iathte pedphiatt biifeerOhHa7 QY ThRialMing Bal 1 S

h ted at th SEP rotein was
cynt oot cadvaEguR e er st anPPadi B e JeaHind & 5 WesoSnmbasef the
PCT/ US01/ 21p&&ide-sdmeSag nitindr IGERK) the (630N miX Was S8BQ8 @0sdNitichestidmesF- 32
of SEQ ID N&)ﬁ

mercaptoethanol and incubated for 20 minutes. The solution was acidified with a

H‘Jo:roethanol), 6 mi 6M guanidinium chloride, 100 mM phosphate containing 25% B-

solution of 15 mg/ml TCEP (tris(2-carboxyethyl)phosphine.HCI) in glacial acetic acid and

10 loaded onto a preparative C4 reverse-phase HPLC column (1 inch diameter). The
peptides were then purified by preparative gradient reverse-phase HPLC. Fractions
containing the desired ligated product SEP-0:Acm+SEP-0:3+SEP-0:4 were identified by
ES-MS and pooled.

Step 2: Acm-removal #1  For Acm removal, the aqueous acetonitrile solution
15 containing the pooled fractions of SEP-0:Acm+SEP-0:3+SEP-0:4 was diluted 1x with
HPLC grade water, and solid urea was added for a final concentration of 2 molar. A
threefold molar excess (relative to the total expected cysteine concentration) of a 30
mg/ml Hg(acetate), solution in 3% aqueous acetic acid was added and the solution is
stirred for one hour. The solution was then made 20% in B-mercaptoethanol, loaded
20  onto a semi-preparative reverse-phase HPLC column and purified with a step gradient.
Fractions containing the desired product SEP-0:3+SEP-0:4 were identified by ES-MS

and lyophilized overnight.

Step 3: Ligation #2 Equal amounts of SEP-0:3+SEP-0:4 and SEP-0:2 were

jointly dissolved in neat TFE at 15 mM concentration. 250 mM Phosphate buffer (pH

25  7.5) containing 6 M guanidinium chioride and 1% thiophenol was added, resulting in a
clear solution of the peptide segments. After one day of ligation, the ligation mix was
added to a solution of 10 ml TFE, 10 ml B-mercaptoethanol, 10 m! piperidine and 20 ml

6M guanidinium chloride, pH 4, and incubated for 20 minutes to remove any remaining
protecting groups. The solution was acidified with a solution of 15 mg/m! TCEP in 20%



APPRLI CDSR VLERYLLEAK EAEKI TTGCA EH-t hi oester Segnent SEP-0:2 (GRFN 1712,
conposed of residues 33-88 of SEQ ID NO 1): CSLNEKI TVP DTKVNFYAVK
RVEVGQQRAVED MAGBEALLSE 5 AVLRGQALLV KSSQPW t hi oester (wher BCOYS@R1928 Acm
protected) Segnment SEP-0:3 (GRFN 1713, conposed of residues 89-116 of SEQ
ID NO 1): CPLQLHVDKA VSGRSLTTL LRALGA st hi oester (where Cys89 is Acm
protected) Segnent SEP-0:4 (GRFN 1714, nosed of residues 117-166 of SEQ
ID NO 1): 10 CAI SPPDAAS AAPLRTI TAD TFRKLFRVIYS NFLRG(LKI(_& 161) .
TGEACRTCGDR- car boxyl ate (where the C-term nal cysteine S carries

pi col yl (pi é%‘}e%'ﬁo??@ﬁ ﬁ‘@jdg?oéﬂﬁ‘? iR Henariye SepersePhase IHRIFE ozofunam dand

SEP- 0: 3 wer puriieat Rigs laZ%aQ@rﬁdleﬁthF%ﬁbr%r c&ﬁﬁlﬂfnétﬂwg%lersﬁé& 'ﬁgQﬁ%g%ﬂ}g%ld}d? SgEnli u

neutralizat 0 Boc_(tert- 15 butoxycarb
st epwi se so %‘f"ﬁﬁ%eggéﬁéﬁ Résware (dspptgd %Eﬁd"%@f‘élbdopblh@ﬂ CSPF’EEht
side-chain protection and thioester-resin strategi es (Hackeng, et al.

PNAS (1999) 96: $BP68: 10WBboanibiSetal BEP-0: ﬁbmaBEP d: msaio ﬁ%‘E%PLO E?Ir ;Nigrs of
synt hes

2 433A t omat e
E}e/srranuﬁg h’gf‘ﬂveddga%r%ﬁ/?g '6&]69@8% o9 g t‘gg(ffﬂ?' Pé??sﬁr%/l‘?ﬁ %fo?ﬁ%T‘M %hospbﬁéor s.
For i nstanchyffex (pHan9arcanhimes Mfg 4@@@.@5?!??%@&2&% ag‘é&fj Orgﬁtu TR
s(Acm ;
1ye(0 ) SRIRRH o REIGERRH peamit (4 Grigh oamprderomo-aveis ang ﬂﬂss@mame
si de- chai n mirmotesrh@cht oBaiRitol WePaldel, anashes yalithRshaLHARA 1O IS For tRB @
rotected and S|nultaneously cl eaved

d d
from the rebtis TRRGITULGeI i Ao MBI SHEkBr o iy MOMDECEPdn dQiiamemous
chem st 1y pastiedicide joduedenes a ﬁr@darétﬂ@&@v@@@bhé@HPQ@to%'ld%ﬁ‘gncﬁ’bgﬁf?e%lt\}vlﬂga
groups not r.enove cresol, the protecting groups were retained. The
pept i des wiiPR S@gler"? E:‘F %5“’]3? eFRAIEIRING o thes desiast s‘"@f?ﬂi’aﬁhmtgﬁ progueiuSEP-
li quid chr oomacegsEPRY 2 VEEPY 133680, a@{mma&@a@%&a\né%ﬂh%omﬁr actions

cont ai ni ng pure peptide were identified gs: ng ESI def g?t gﬁ;greayent
| Cgat;on. Step 1580 Gyt eredihe e SEp. hs SaHYRteR e HOLRY s mit
di ssol ved i Peptide SEP-0:Acm+SEP-0:2+SEP-0:3+SEP-0:4+Et was dissolved in neat TEE at about
15 10 mg/ml concentration. The solution was diluted with 4x (v/v relative to TFE) 6M
guanidinium chloride, 100 mM acetate, pH 4, containing (freshly added) 35 mg/ml L-
methionine and 35 mg/ml dodecylsarcosine (i.e. sodium N-dodecanoylsarcosine). The
solution was added to the activated Zn powder. The reaction was monitored at ~1hr
intervals and is complete after five hours. After completion, the éupernatant was
20 removed and the remaining Zn powder washed twice for five minutes with 6M
guanidinium chloride, pH 4, 100 mM acetate containing 35 mg/ml L-methionine and 35
mg/mi dodecylsarcosine containing 20% TFE as well as once with the same solution
containing 20% B-mercaptoethanol. The combined product was acidified with a solution
of 15 mg/ml TCEP in 20% aqueous acetic acid, loaded onto a preparative reverse- |
25 phase HPLC columin and purified with a step gradient. Fractions containing the desired
modified product SEP-0:Acm+SEP-0:2+SEP-0:3+SEP-0:4+Et-Pico were identified by
ES-MS and pooled.

Step 6. Acm-removal #2 The pooled solution of SEP-0:Acm+SEP-0:2+SEP-
0:3+SEP-0:4+Et-Pico was diluted 3x with HPLC grade water, and solid urea was added
30  for a final concentration of 2 molar. A threefold molar excess (relative to the total



TFE at 15 nmM concentration. Saturated phosphate buffer (pH 7.9) containing
6 M 5 guanidiniumchloride and 1%t hi ophenol was added, resulting in a

cl ear sowobpmIed the peptide segnments. After ligation, thReTUSgyatPIN M X
was added to a solution of 2 M TFE (trifluoroethanol), 6 m 6M

guani di ni um chl oride, 100 nM phosphate ceptaining 25% (3- mercapt oet hanol
and incubated for 20 m nutes. The solution was acidified wth a solution
of 15 mg/m TCEP (tris(2-carboxyet hyI )phosphl ne.HCl) in glacial acetic acid
and 10 | oad e%y(lt t(greparatwggﬁd rse hase HPLC colum (1 inch

di amet er). epe@ﬁ BR GRApRItE ‘H yigsrestatela soluiogrim d% geaueous
reverse- phaseetlszL@;{ wWasagddeRinsnd &N | i-gat

SEP- O Acm+SEP-0: 3+SEP-0: 4 wer e %eiﬁt@ngﬁ'r%%g%ﬁlﬁé%gr 45 %’%&BF‘%%C“?”
Acm r enoval MegeRg% Kb?ﬂr‘i‘%ﬁwaﬁha"ﬂ%éomﬁ’e@mg aaRasnicpTeparative rsmdaree-lpbase [HE’LC

contai ni ng b&@mﬁ%ﬁ%nﬁé@%th%@e&ér&%ﬁf Q4668 d§ Pa d:ﬁpd%gire %ﬁi’ggﬁlt d_1x

with HPLC 8rade wat er d solid urea vvas a tion
of 2 ol &r . OR*SERrQG&t Rk B-OfbiEirPicex werss ideptifiest bw&s—m& hiutedt2d (eRpeith edter
cystei ne copgfahingt LRMw/Af r@aRR t d t /0.aqueous
acetic acid was,‘a%ded Q‘F\d {ha solﬂ%eggh ?Hg(\ﬁé;sﬁl rBFg%I gé)ecglhhgsrpgﬂghoeﬁ T
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166): (SEQ ID NO:1) were ldentlﬁed by electrospray mass spectrometry, diluted 2x (v/v)

with water containing 2x (w/w relative to peptide mass) dodecylsarcosine and
lyophilized.

20 Step 8 Folding: Full-length ligated peptide SEP-0 (1-166) was dissolved in 200
mM Tris buffer (pH 8.7) containing 6 M guanidinium chloride and 20% TFE and a ten-
fold molar excess (relative to Cys residues in protein) of cysteine. This solution was
dialyzed overnight against a solution of 200 mM Tris buffer (pPH 8.7) containing 3 M
guanidinium chloride at room temperature. The solution was then dialyzed against a

25  solution of 200 mM Tris buffer (pH 8.7) containing 1 M guanidinium chloride at room
temperature for 4 hours at 4 “C and finally against 10 mM phosphate buffer (pH 7.0) for

4 hours at 4°C to yield the final folded product. Folding was verified by electrospray ES-
MS and CD (circular dichroism) spectrometry.
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bronp-acetic acid dissolved in a mninuganmunt of nethanol was added, and
the solution was allowed to react for two hours. The solution was
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full-length SEP-1 (1-166) is:

APPRLICDSR VLERYLLEAK EAEK™ITTGCA EHCSLNEKIT
VPDTKVNFYA WKRMEVGQQA  VEVWQGLALL SEAVLRGQAL
LVKSSQPWyP LOLHVDKAVS GLRSLTTLLR ALGAQRWAIS
20 PPDAAK"*AAPL RTITADTFRK LFRVYSNFLR GKLKLYTGEA

CRTGDR (SEQID NO:2)

where ¥ denotes an non-native amino acid residue consisting of a cysteine that is
carboxymethylated at the sulfhydryl group, and where K> denotes a non-native lysine
that is chemically modified at the e-amino group with an oxime linker group coupled to a

25  designated water-soluble polymer through an oxime bond. The structure of SEP-1-L30
also is shown in Figure 15.

A schematic illustrating the chemical synthesis of SEP1-L30 described below is
shown in Figure 14. Briefly, in Figures 14(A) and 14(B), water-soluble polymer
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a |inear Sﬁo{ymﬁrgapgmctq at m@lons 24 and 126 is achieved through oxime-forming chemical
ligation to produce the precision polymer-modified peptides SEP-1:1+GP32 and SEP-
1:4+GP32. Figure 14(C) shows native chemical ligation of SEP-1:4+GP32 to a middle
20  peptide segment SEP-1:3 and generation of SEP-1:3-SEP+1:4+GP32, the ligation site
of which is at Lys" and Cys'". As shown peptide SEP-1:3 comprises an N-terminal
Xaa group at position 89 comprising an Acm protected cysteine, and a C-terminal Yaa
group at position 116 comprising a lysine alpha-carboxyl thioester. Following native
chemical ligation, the Acm protecting group is removed to prepare this ligation product
25 for the next ligation reaction. Figure 14(D) shows native chemical ligation of SEP-
1:3+SEP-1:4+GP32 to a middle peptide segment SEP-1:2 and generation of SEP-
1:2+SEP-1:3+SEP-1:4+GP32, the ligation site of which is at Trp® and Cys®, As shown
peptide SEP-1:2 comprises an N-terminal Xaa group at position 33 comprising an Acm
cysteine, and a C-terminal Yaa group at position 89 comprising a tryptophan alpha-
30  carboxyl thioester. Following native chemical ligation, the ligation product is exposed to

bromoacetic acid for carboxymethylation of the side chain thiols of ligation site cysteines



mM NaCl in 10 m nutes. Fractions containing the desired fol ded product
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pepti des SE®'AW.1 and SEP-1:4 through an oxi me bond- forning cheni cal
ligation reaction. As shown, peptide SEP-1:1 bears a C-termnal Yaa group

at position 32 Q@rmrl@knﬂmtfénmf%rkﬁwmaé@"éRﬁﬁﬁPW ithiGREgS3£" T or

subsequent native chemcal ligation a non- na Ive l'ysine residue at

position 24 (a goycosP/I ation
Xime formation was performed to attach water-soluble polymers bearing an

aminooxyacetyl group to peptides carrying a ketone carbonyl group. To accomplish
15 this, the following peptide segments were synthesized:

Segment SEP-1:4 (GRFN 1776; composed of residues 117-166 of SEQ ID NO:2):
CAISPPDAAK AAPLRTITAD TFRKLFRVYS NFLRGKLKLY

TGEACRTGDR-carboxylate (where Lys'® is modified with a levulinic acid

residue at the e-amino group, and where Cys'"” is Acm protected)

20  Segment SEP-1:1 (GRFN 1711, composed of residues 1-32 of SEQ ID NO:2):

APPRLICDSR VLERYLLEAK EAEKITTGCA EH-thioester (where Lys24
is modified with a levulinic acid residue)

Segment SEP-1:1 (GRFN 1711) was synthesized on a thioester-generating

resin, and Segment SEP-1:4 (GRFN 1776) on a -OCH,-Pam-resin as in Example 1.

25 Lysines 24 and 126 of these two peptide segments were initially protected with an Fmoc
group at the e-amino group. After completion of the chain assembly, the Fmoc-bearing
amino groups were deprotected following standard Fmoc deprotection procedures and
modified by attachment of levulinic acid to each peptide resin, respectively. The



5 site of natural human EPO the side chain of which has been chemically
nodified to bear a Un_1 group conprising an am nooxy acyl noiety. The
N-term navoat/amshe corresponding to position 1 of the fipal/ubuli19isengt h
product is shown for reference. Peptide SEP-1:4 has an unprotected
N-term nal Xaa group at position 117 conpigising a cysteine, a Un=1 group
conprising an am nooxy acyl nodified Lysine at position 126 (a 10

gl ycosyl ation site of natural human EPO), and cysteine at position 161 (a
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al pha 3 JVIOWART 0¥Rg efiss qh(ﬂ%l AR %ﬂqwrﬁm@ﬁﬁﬁalpept@%t$&D|aratedhefrom

ligation pr@edifidds péptiresafd & RRAE !

t he side chg'g tltlu ofj?{of aﬁegﬁiégl te ¢ s@e@%g% %8%1%8@%y%%%§1928
-87 89 and ;;’L ah RIS CPW@inrmgcéﬁfﬁ/@'ﬁ@T oxigarse pawiugl SERT ¢ acBGH2 were

Fol I ow ng |@éﬁth@&%?@Mbaédd%oléd'@1ﬁ96Bkﬂﬁgd Picolyl protecting groups are

renoved to prepare this
Segment SEP 1:1 and GRFNP32 were jointly dissolved at an equimolar ratio in

20  50% aqueous acetonitrile containing 0.1% TFA. The solution was then lyophilized. The
dried powder was dissolved and the polymer-modified peptide separated from unreacted
polymer by preparative gradient C4 reverse-phase HPLC. Fractions containing the
desired oximated product SEP-1:1 + GP32 were identified by ES-MS and pooled and
lyophilized.

25 B. Synthesis of Synthetic Erythropoiesis Stimulating Protein SEP-1-
L30

SEP-1-L30 was synthesized in solution from four polypeptide segments:

Segment SEP-1:1+GP32 (GRFN 1711 + GRFNP32, corresponding to residues 1-32 of
SEQ ID NO:2):



unprotected, polyner-nodified |ligation product for the next l|igation

reaction. Figure 14(E) shows native chemcal ligation of
SEP- 1: 3- SEP02/M96&P32 t 0 peptide segment 5 SEP-1:1+GP32 (corerwdparxddrsy t he
N-term nal segnent of the full length product) and generation of the full

| engt h SEP-1-L30 product SEP-1: 1+G|332+SE§> 1: 2+SEP- 1: 3+SEP- 1: 4+GP32, the
final ligation site of which is at His32 s?amd Cys33. As shown the
full-length SEP-1-L30 product conprises two vvater-sol ubl e pol yners (G32)
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car bonyl group. K acconplish 15 this, the follow ng peptide segnents were
synt hesi zed: Segnent SEP-1:4 (CGRFN 1776; conposed of residues 117-166 of
SEQ ID NO 2): CAl SPPDAAK AAPLRTI TAD TFRKLFRVYS NFLRGKLKLY

TGEACRT@EDR- Segrivent WERt- & 2((wikENe 11425 tobedponding td fegiduas 8A-88 df SEA INO:2)ci d

residue at the Scﬁ,rﬂﬁ‘?&Tgr%BTK\ﬁ&dm‘mﬁkﬁw ;&7 vm@%gq%&ot ected) 20 Segnent
SEP-1:1 (GRFN 1711, conposed of resi dues NG 2): APPRLI CDSR

VLERYLLEAK EAEK| SERUGRGERLL hi GesstQsi- thigastes (szASy& gs Ao Arplegiedi t h a
| evulinic aC| d residue) Segnent SEP-1:1 (GRFN 1711) was synthesized on a
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- OCH2- Pamre nas in anple 1. yS|n these t
pepti de segnents were initially protected with an Fnoc group at the s-ani no
group. After cong® et LORHGRPKAWR CEERILTIISBNDIALGAOKAhiPesier behare (iys  aisi Aem
gr oups re depr&h %51 foI | ow ng standard Fnoc deprotection procedures and
m)difie by att nen | evulinic acid to each peptide resin,
respectively. The WO 02/ 19963 PCT/ US01/ 21928 -88 peptides were then
depr ot ect edSegrdersiShR: 1 4nEH381 (BREANBAEd+ CREMPSEecoreaspandiop poresidaes 14é466i bed
i n Exanpl e JT'SE@?D R@)Ej,des were purified by preparative C4 reverse phase
HPLC. Fractions contaihing pure peptide were identified using ES-Ms, pooled
and CAIS PPDAAK®*AAPL RTITADTFRK LFRVYSNFLR GKLKLYTGEA

CRTGDR-carboxylate (where Lys™ is modified at the e-amino group with a

15 levulinic oxime linker group that is coupled to GRFNP32 through a levulinic-
aminooxycetyl (Lev-AoA) oxime bond denoted K™ and where the C-terminal
cysteine carries a picolyl (pico) protecting group)

Synthesis of additional peptides, ligation reactions, carboxymethylation,
protecting group removal reactions, folding and purification were performed as
20 described in Example 1 to yield full-length, folded SEP-1-L30. An analytical reverse-
phase HPLC chromatogram and an ES-MS spectrum of the folded protein product as
well as a CD spectrum demonstrated the presence of folded protein

Example 3

Synthesis of Synthetic Erythropoiesis Stimulating Protein SEP-1-L.26

25 A third synthetic erythropoiesis stimulating protein (designated SEP-1-L26) was
synthesized to contain oxime-forming groups at positions 24 and 126 of SEP-0. These
groups were then used to form SEP-1-126, in which the linear polymers (EDA-Succ)qg



| yophili zed for subsequent |igation. GRFNP32 [-(EDA-Succ) 18 carboxyl at ej
was 5 assenbled on a Sasrin carboxyl-generating resin foll ow ng standard
protocol WQRos®s3 K. et al., U S. Patent Application SeriBCT/NS01/N98379, 297;
Rose, et al., J Am Chem Soc.(1999) 121: 7034). An am nooxyacetyl (AoA)

noi ety was attached to the N-term nal -8@+no group of the pol yner by
coupling a fivefold excess of activated Boc- am nooxyacetic acid. The

pol ymer chain was cleaved fromthe resin support using 10 classic
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GRFNP32 vve&gpj ohniéq\g.di ssolved at an equinolar ratio in 50% aqueous
acet oni t ri PEPELH H%i%hg 0. 1% TFA. The sol ution was then |yophilized. The

From unmodi 1 FEHaRTte aNEur: datt BheRar ThEr by preparBRfL gradi ent ot
rever ses phasgpDHRING YAFr ac WKRMBVEIIA JEVWOELATINe SHRBLERGIAIOXI mat ed pr oduct

SEP-1:4 + GP32 were identified by ES-M and 800' ed and | yophilized.
Segnent SEP- ¥VESSRRIVERFNPERLIEY Y So CHERP T ThIds BEGREWR 15N equinpl ar ratio in

20 50% aqueogspREEkRIWT I i Re 1 eAM EHKN LAV Os NPRT BAL K TTHEsER0! uti on was then
| yophilized. The dri edl[EOWder was di ssol ved and the pol yner-nodi fi ed

pepti de sepafBTeRR f (SRR N8t ed pol ymer by preparative gradient C4
reverse-phase HPLC. Fractions containing the desired oximated product

SEP-1:1 + GP32 i j fi - . : . .y [ ) B.
Synt hesi s of Sy%%g ‘%SO%E%% ﬁ%ﬁ\pog'llne%ﬁ% %Iﬁyng?lgt? ?‘Jﬂcgéjﬁ??%}}%'esl“hggggcfg éﬁ%othgtS
SEP- 1- 180 wacarisouyhietisiated af the solfydry ryréupo amél auherep it deapties dencregativstiysine
Segnent SEP-1: 1+GP32 l&GRF(Q 17]1 + GRENP32, co;\r espondi to residues 1-32
of SEQ I DNROISKhem)gslly smadinshatterr-aaing 9Py avith an. @eme, ke | IFRLUPINL B AK

EAEKO' | TTCgésighhtbdwaksis8lubleiiiyrierliioddh ah oximedbdriced at the s-ami no group
with a levulinic oxime linker group that is coupled to GRFNP32 through a

| evul i ni c-am nooxyacetyl (Lev-AoA) oxinme bond denoted .
In ‘contrast to SEP-1-L30, the SEP-1-L26 construct was designed to bear a

smaller and uncharged water-soluble polymer attached at position 126. The polymer
16  attached at position 24 was the same as in SEP-1-L30. Assembly of the full-length
product was as described in Example 2. The structure of SEP-1-L26 is shown in

Figure 16.

A. Oximation of GRFN1776 with GRFNP6 and oximation of GRFN1711
with GRFNP32
20 Oxime formation was performed to attach water-soluble polymers bearing an
aminooxyacetyl group to peptides carrying a ketone carbonyl group. To accomplish
this, the following peptide segments were synthesized:

Segment SEP-1:4 (GRFN 1776; composed of residues 117-166 of SEQ ID NO:2):
CAISPPDAAK AAPLRTITAD TFRKLFRVYS NFLRGKLKLY

6

25 TGEACRTGDR-carboxylate (where Lys12 is modified with a levulinic acid

residue at the e-amino group, and where Cys'"” is Acm protected)

Segment SEP-1:1 (GRFN 1711, composed of residues 1-32 of SEQ ID NO:2):



Kox) 5 Segnment SEP-1:2 (GRFN 1712, corresponding to residues 33-88 of SEQ
D NO 2): CSLNEKI T VPDTKVNFYA WKRVEVGQQA VEVWQGLALL SEAVLRGQAL
LVKSSQPWOhoewser (where Cys33 is Acm protected) SegnmenpCBER1121%28( GRFN
1713, corresponding to residues 89-116 of SEQ ID NO 2): CP LQLHVDKAVS
GLRSLTTLLR ALGAK-t hi oester (where Cys8®1i-s Acm 10 protected) Segment
SEP: 1: 4+@P32 (GRFN 1776 + GRFNP32, corresponding to residues 117-166 of
SEQ ID NO 2): CAI'S PPDAAKO' AAPL RTI TADTFRK LFRVYSNFLR GKLKLYTGEA

CRTGDR- car boxyl aperf.ybese Lyiskab i kax Modhfk@tcah t RE-6nAdd @ OrQiRreM ydt' a
15 levulinic oxinme linker group that is coupled to GRFNP32 t hrough a

| evul i ni c ani no&xpeefigd With 8JeWInp agidifrE¥INd denot ed Kox and where the
C-terminal cysteine carries a picolyl (pico) protecting group) Synthesis

of additional peRyhéae sép mat (@nmemtv)qn@s smhbgzéa‘r%hhyltatob@t@r geﬁ’ér@fl ting
group renoval reactions F)url | catl on were orrre

descri bed |r?§"Ex%nﬁ3§89'F‘eﬂbS§Pe1lﬂ BFN efyam, af‘@lcch‘bupai‘JE'Feslﬂ @sgn Eagmple 1.

| yt | f
T T T T
of fol ded ;gmipeatrthExamph@gB)usyrﬂfteesompMioSpﬁtHeemham &ssphibhyo e Esios-bearing
Sti | ati Pr ot SEP- d t th
Stiml at | namie B Rs ke S hitedeefauoRing SR Fhsl Bl BB riecdres.ng
o>r<] i me- f o(rj rrltmi@flfﬁwobugétgaihnmmdﬂlmmzdaﬁwl%b éla&h pépt%ﬁe@m Tdfmeg/p?y} Cfulllmvlmg?{/\le)
t hen use or i C e |inear - Succ
05T 10953 PEFNGBI FRIRE Praigtplt. THEAFPLIE hts DEnABBIRESEs T S iiAnebste

j oi ned 1Ho tchRaved ®lofi thebfé%lﬁbﬂlvbohl’ﬁc@ﬁﬂihg RXdtamddrd n%@gmérr@dtrymcédmé@ a84n and
126, respectively. The sequence of the full-]length SEP-1 1 166)

APPRLI CDSR Ex@pele lEARheRertisesTwereasenarsiemmrified Dy\peracetyey 4
VEVWAQGELAL L (i RS edlen peptide, fractions containing pure peptide were ldentlfled using ES-MS,

pooled and lyophilized for subsequent ligation.
The water soluble polymer (EDA-Succ)ig carboxylate (GRFNP32) was
15  assembled on a Sasrin carboxy-generating resin following standard protocols (Rose, K.
et al, US. Patent Application Serial No. 09/379,297; Rose, et al., J Am Chem
Soc.(1999) 121: 7034). The water soluble polymer (EDA-Succ)s-amide (GRFNP6) was
assembled on a Sieber amide-generating resin following standard protocols (Rose, K. et
al., U.S. Patent Application Serial No. 09/379,297; Rose, et al., J Am Chem Soc.(1999)
20 121: 7034). An aminooxyacetyl (AoA) moiety was attached to the N-terminal amino
group of each resin-bound polymer by coupling a fivefold excess of activated Boc-
aminooxyacetic acid. The two polymer chains were separately cleaved from the
respective resin supports using classic Fmoc--chemistry procedures. Each polymer
chain was purified by preparative reverse phase HPLC. For each polymer, fractions
25 containing pure polymer were identified using ES-MS, pooled and lyophilized for
subsequent ligation.
Segment SEP-1:4 and GRFNP6 were jointly dissolved at an equimolar ratio in
50% aqueous acetonitrile containing 0.1% TFA. The solution was then lyophilized. The
dried powder was dissolved and the polymer-modified peptide separated from
30 unmodified peptide and unreacted polymer by preparative gradient C4 reverse-phase



LVKSSQPWAP LQLHVDKAVS GLRSLTTLLR ALGAQKWAI S PPDAAKO' AAPL RTI TADTFRK
LFRVYSNFLR GKLKLYTGEA CRTCGDR (SEQ ID NO 2) where Y' denotes an non-native
am no aciwlopEsiddie consisting of a cysteine that 10 is cRebhos§wmEbisyl at ed
at the sulfhydryl group, and where KOx denotes a non-native lysine that is
chemically nodified at the c-am no grou®2wi th an oxinme |inker group coupl ed
to a designated water-soluble polyner through an oxine bond. In contrast
to SEP-1-L30, the SEP-1-L26 constryct was designed to bear a snaller and

unchar ged \miw SFrabiidre e@hym@ fHlet aém@ akim2@sd tprauct ZEP-Tiae +pePsRere 15
attached at é%l on anme as_in SEP-1-L30. Assenbly of the

full -1engt I'\de;S‘ EMS%SH@%'@? AR &YOPAIE8Eapl e 2. The structure of
SEP-1-L26 is shg@?mem SEPOU %na%RmPwa joﬁmy@issaaEdN?aYZﬁ efuirioléatieéh and

oxi mati on of NI711 wth GRFENP A tion was perforned_to
attach wat P7s3AUBOVE ageieyitrle EO’H@QF‘igr{H érir F/’anT %ﬁﬁl%&f‘é‘t’%ﬁ thgp ditﬂ?ht"ée‘beﬂ?? des

carrying agkged ?B@déﬁ&é@d}yéoleérd% thd go@ﬁw%ﬂmdlﬂéb febmesseﬁ_ia'r”&e(ﬁ fbhMréskted
pepti de segnen s were synt hesi zed egment N 1776; conposed of

resi dues 1PPYIGE Ry Prspeyative \gradignt MPWPBRRRSWLF?TI Trestiopmiqoptainiag th
NFLRGKLKLY RsireBairated bronaéthopyiat é%%ré—bﬂ%%’f@d‘ Sy EBUMS I pididy and

|l evulinic acid residue at the 8-amno group, and where Cysll7 is Acm
prot ect ed) hophieet SEP-1:1 (GRFN 1711, conposed of residues 1-32 of SEQ ID
NO 2): WO 02/ 19963 PCT/ US01/ 21928 -91 APPRLI CDSR VLERYLLEAK EAEKI TTGCA

EH-thicester (whpere '99%%&5 ofShithbfiél EWitopoleSisV Stiflulathtd Profsih BEP-1-

Segnenty, SEP—l 1 (GRF was synthesized on a thioester-generating
resin, and Segnent S 1 4 (GRFN 1776) on a -OCH2-Pamresin as in Exanple

1. 5 Lysines 24gmng. L&nga%fngﬂ@&E%& M%oﬂﬁu%%% f%seaagée%t.p@ ht%‘ ally

protected with an Fnoc gro am no grou etlon of the
chai n assenbly, the Fnoc-bearing am no groups were deprotected foll ow ng
st andard Frisgnméep S&EPet1+GR3D(GBENUTES adRFNP32, corresponding to residues 1-32 of

SEQ ID NO:2):
APPRLICDSR VLERYLLEAK EAEK°*ITTGCA EH-thioester (where Lys** is
16 modified at the e-amino group with a levulinic oxime linker group that is coupled
to GRFNP32 through a levulinic-aminooxyacetyl (Lev-AoA) oxime bond denoted
K*)

Segment SEP-1:2 (GRFN 1712, corresponding to residues 33-88 of SEQ ID NO:2):
CSLNEKIT VPDTKVNFYA WKRMEVGQQA VEVWQGLALL

20 SEAVLRGQAL LVKSSQPW-thioester (where Cys™> is Acm protected)
Segment SEP-1:3 (GRFN 1713, corresponding to residues 89-116 of SEQ ID NO:2):

CP  LQLHVDKAVS GLRSLTTLLR ALGAQK-thioester (where Cys®® is Acm
protected)

Segment SEP:1:4+GP6 (GRFN 1776 + GRFNPS, corresponding to residues 117-166 of
25 SEQID NO:2):
CAIS PPDAAK®*AAPL RTITADTFRK LFRVYSNFLR GKLKLYTGEA



nodi fied by attachment of levulinic acid to each peptide resin,
respectively, following standard coupling protocols. The peptides were

t hen depmvod ew1®d and sinmul t aneously 10 cl eaved fromt he rPRET/NS&LAIPIST t
according to standard Boc-chem stry procedures as in Exanple 1. The
peptides were separately purified by pré&3arative C4 reverse-phase HPLC.
For each peptide, fractions containing pure peptide were identified using
ES-MS, pooled and |yophilized for subsequent |igation. The water sol uble

pol yner ( EDA- Sue®iréBreardeanileatndr&RHNP323 medified 2t 266 SRR gfbup wWalsrd N
car boxy-generating resin follow ng standard protocols (Rose, K et al.,
U.S. Patent Appleveliric qingerdinker goupothal 7 coapied e SGRFNP6 ghrough ade\etisigr

Soc. (1999) 121 am%x?/a%ﬁ? (LBY-RbAS Bkt BomP W¥RBE (»fgﬁnﬁmé-tﬁéﬁci%r@ﬁaFNPG)

was assenbled on a Sieber am de-generating resin. OW ng standar
prot ocol s ( RosecyHeinetli.e. &lys "~ \gagies Rapiely! (Rippl Aretgctinengrsep) al No. 09/ 379, 297;
Rose, et al., J Am Chem Soc. (1999) 20 121: 7034). An am nooxyacetyl (AoA)

moi ety yas attaghiftheR (diC afukiBhall HRbtidE, nq%atwno%a&fongac&rssﬁﬁn{am&m,
pol ynmer by coupli'ng a fivefold excess of activated Boc- am nooxyacetic
acid. The w@ecﬁitﬂgymupc Haﬁnasalma@t'@ras@afqédm yandl W&@ﬁtipﬁowefmeoe"%é@p@c% ve
resin supp A Usi - - S 25,4 HEa el
Chai n v, SerrHER | Eyahlen Fand oo RIS, HORERSEFELo60 20 Rt R4
fractions 28versmpbase hfLOuckropatogran awetr ani KSMS fspecrursioigthESoMed protdied

Foi nt 1y i ke e 3R o Bt BE B atiET oo eBBE ¢ '

containing 0.1% TFA. The solution was then |yophilized. The dried powder
was di g9sol ved and the pol yner-nodi fi eekgmepieidde separated from 30 unnodified

pepti de and unreact.ed, ne reparatiyv radient, CA._r rse- phase WO
02/ 19963 PCT/ Usgﬂ‘g‘ﬁg& §@5’2{hea§:|!%’t %‘?!F?'é%%@ﬁi'aﬂ ratpia gésdﬁ'nged
oxi mated product SEP-1:4 + GP6 were identified by ES-M5 and pool ed and
| yophi I'i zed. Seg(®jitth SthdticledthofdN Rt NaHRy drofeit dd?ési@h@téQ'SEFdhESOﬁWas
equinolar ratio in 50% aqueous acetonitrile containing 0.1% TFA. The
sol uti on wayNthasired.y Hpgaminecasid saqsenee g the dulblsnatb SER4-BH0JS e sameas thate
pol ymer - nogyjs sigpd1 pggt | de separated from unreacted
15 APPRLICDSR VLERYLLEAK EAEK*ITTGCA EHCSLNEKIT

VPDTKVNFYA WKRMEVGQQA VEVWQGLALIL SEAVLRGQAL

LVKSSQPWyP LOLHVDKAVS GLRSLTTLLR ALGAQKYAIS

PPDAAK®*AAPL,  RTITADTFRK LFRVYSNFLR GKLKLYTGEA

CRTGDR (SEQID NO:2)

20 where Y denotes an non-native amino acid residue consisting of a cysteine that is

carboxymethylated at the sulfhydryl group, and where K* denotes a non-native lysine

that is chemically modified at the e-amino group with an oxime linker group coupled to a
designated water-soluble polymer through an oxime bond.

However, the protein was derivatized with a branched polymer construct having

25  four linear (Succ-EDA) {5 moieties rather than the linear (Succ-EDA)¢g polymer of SEP-

1-L30. Derivatization was accomplished via oxime linkages.
Figure 17 is a schematic illustrating the chemical synthesis of the branched
water-soluble polymer GRFNP29 (GP29) that was joined to the SEP-1-B50 through



pol ymer by preparative gradient C4 reverse-phase HPLC. Fractions containing
the desired oximated product SEP-1:1 + GP32 were identified by ES-M5 and
pool ed amdo ot/yphi | i zed. B. Synthesis of Synthetic Erythr BODUSEI2928
Stimulating Protein SEP-1- 10 L26 SEP-1-L26 was synthesized in solution
fromfour polypeptide segnments: Segnment94SEP: 1: 1+GP32 (GRFN 1711 + GRFNP32,
corresponding to residues 1-32 of SEQ ID NO 2): APPRLI CDSR VLERYLLEAK
EAEKO'| TTGCA EH-t hi oester (where LyS24 is 15 nodified at the E-am no group

\IMewI ?n: gvgkr%h{\gog%m&d;ﬂ +t‘d@lﬁ§§/ %Es)%rﬁég;!?ﬁget n%?%lnggsedﬁth%wox; Ng@%‘ré hﬁo 1 2

(GRFN 1712 ortb@gcrr@ﬂpmﬁ@tentgdtIMSIn@sUBue@cetsoeavasf US!({;)d Deneats U- B@Lmi%tdemt

VPDTKVNFYA JNRMEV/ @Qﬁ, §§1§P Y@‘ ere

Cys33 is Acm prot ect ec} @egman% %%B%ég%% !f7dl$ %ﬁr{c}r Eé@@i%ﬂ %’é !

r \%s] i dues 8@rmemgfccs£© beam@ four pepdanit tth&mwSSGQrRsmseuumtich@g througlst er
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Corr coponding e rokedtsd 1699 eap BERREAITEE bptatiee, eiles baBE R RDL

RTI TADTFRK desipnatstiFG R2 GKwRIck Tigns }wpeada_mgmbmmwwnamgag a s0@cinic acid
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am nooxy ac stryttufe shSERA)B50Xs seoviroindFigereot82d KX, and where the C-term nal
cysteine [i.e. Cysl6l] carries a picolyl (pico) protecting group) 5

ot ot ecti ng.gr oufer ﬂ%ar&s”%é?f@ne‘at%ﬁﬁ%& Sy Mo S Rhsc ¢ SPned
s eSO | g B kOl SO ST 425,
t he f ol ded npateyiwenzhydrylamine(MBHA)-resin on a 0.4mmol scale. Fmoc-Lys(Boc)-OH was
coupled using standard coupling protocols (Schnélzer, M., Int J Pept Protein Res.
(1992) 40:180-93). 2.1mmol amino acid, 10% DIEA in 3.8 ml 0.5M HBTU was used; i.e.
5-fold excess of amino acid. After removal of the Fmoc protecting group, Fmoc-
15 Lys(Fmoc)-OH was coupled using standard amino acid coupling protocols (2.1 mmol
amino acid, 10% DIEA in 3.8 ml 0.5M HBTU; i.e. 5-fold excess amino acid). After a
second Fmoc removal step, Fmoc-Lys(Fmoc)-OH was coupled using standard amino
acid coupling protocols (4.2 mmol amino acid, 10% DIEA in 7.6 ml 0.5M HBTU; i.e. 5-
fold excess amino acid relative to free amine). After a final Fmoc deprotection step, a
20 five-fold excess (relative to free amines) of S-acetyl thioglycolic acid pentafiuorophenyl
ester (SAMA-oPfp) in DMF was coupled for 30 minutes. The Boc protecting group of
the side chain of the C-terminal lysyl residue was removed by two times one minute
batch washes with neat TFA, followed by neutralization of the resin by washing with 10%
DIEA in DMF. 2 mmol Boc-aminooxyacetic acid and 2 mmol N-hydroxysuccinimide
25 (NHS) were dissolved in 3 mi DMF. After addition of 2 mmol DIC
(diisopropylcarbodiimide), the acid was activated for 30-60 minutes. The solution was
added to the neutralized resin and coupled 1 hr. Finally, the S-linked acetyl groups were
removed with 20% piperidine in DMF for 30 minutes. The template was deprotected
and simultaneously cleaved from the resin support using HF/p-cresol according to
30 standard Boc-chemistry procedures in the presence of cysteine as a scavenger for free
aldehyde (Schnélzer, M., Int J Pept Protein Res. (1992) 40:180-93). The recovered



product as well as a CD spectrum denonstrated the presence of fol ded

protein. 10 Exanple 4 Synthesis OF Synthetic Erythropoiesis Stimulating
Protein SEPOZIBBD A fourth synthetic erythropoiesis stinuPar/iuRg/est ei n
(desi gnated SEP-1-B50) was synthesized. The ami no acid sequence of the
full-length SEP-1-B50 is the sane as tha&s- of SEP-1-L30: 15 APPRLI CDSR
VLERYLLEAK EAEKO'|I TTGCA EHCSLNEKI T VPDTKVNFYA VWKRVEVGQQA VEVWQGLALL

SEAVLRGQAL LVKSSQPWJP LQLHVDKAVS GLRSLTTLLR ALGAKpAI S PPDAAKO' AAPL

RT1 TADTFRK o fFEMGENFlaBo(1 KEGF-AudoRT BBk cbRablc?d 19 FAD Bl oy de et e

an non-nati Vg am no aci d residue consi st ng o St el ne
car boxy et Masdtazen andilyephdiaed hirar purifigation thgwm@r@u%nrqﬁyﬁwé@ digsolved

non- nat i ve i yShieoos [@aind foe RRTHER AYi &4 Pk 31 whll) g i 8 Bile Whd D an

oxi me |inker group cou esi gnate wat er - sol e polymer through
an oxi me b@amplelmrdeguantdmrppbbécmomt@teiadd@on Aincethe Rddition ahaldeydeds yner

constru 5 u r

T near  pudbaiifhers” Y forldfes. BHGEq o pCOR Wrihar el BDRE-sd8g AL |
via oxine Icpwmmbﬁtgwaﬁﬁm € ak 3%cBeSalts werd elutednmqratgatlmmctth\ememed
synt hesi s : I 229), WAS
Toined o trobaRe GREETT pER iad Pt Bty Fr S Rl g e
form ng |i gaddushwere |def&1tﬂ|edtb¢cES -MSdpocied andlyophilizés. shown in Figure 17, an
orthogonal Iy protected lysine U-B precursor was used to generate U-B
conponent GRFN17 (GPl17) bearing an am nooxy acyl as the U g roug and
having a 3X |lysine [BanciBynthesis of Branshetl WatetSolulde RalymerBBNPE® oups f or

subsequent coupling through 5 thioether |inkages to a |linear water-sol uble
pol yanmit@e et hyl €&3RFNR2Yea bcarmhed:éEDAcﬁwb)gﬂaolweGGQ%kmimﬂiemmrrweiehqf)wasiant

car oK o SyAPRBLED B MAMRELRESTE) oskET, B MBI AN e
SEP- 1- B50 m?BNBmem aHinganr ﬁolwaer BRFSP31 hBsacety(EDARRIe) ¢ caitohiate ,Gevery i ng
Miltiple T%gllzNPMO%Sé synthesized on a Sasrin carboxy-generating resin following standard
protocols (Rose, K. et al., U.S. Patent Application Serial No. 09/379,297; Rose, et al., J
15 Am Chem Soc.(1999) 121: 7034).
A 1.3x molar excess (over total thiols) of the purified GRFNP31, Br-acetylated
(EDA-Succ)q2, and purified thiol-containing template GRFNP17 were jointly dissolved
0.1 M Tris -HCIl/ 6 M guanidinium chloride, pH 8.7 at ~10 mM concentration. After
dissolution, the solution was diluted threefold (v/v) with 0.1 M Tris -HCI, pH 8.7 buffer.
20 The ligation mixture was stirred at room temperature and the reaction monitored by
reversed-phase HPLC and ES/MS. Additional GRFNP31 reactant was added on an as-
needed basis until the desired reaction product was the major product. For workup, 3x
(v/v to ligation mix) 0.1M acetate / 6 M guanidinium chloride, pH 4 was added, and the
solution was loaded onto a preparative C4 reverse-phase HPLC column, and purified
25 with a linear gradient. Fractions containing pure GRFNP29 construct were identified
using ES-MS, pooled and lyophilized.

C. Oximation of GRFN1776 and GRFN1711 with GRFNP29

Segments SEP-1:4, and Segment SEP-1.1 were synthesized as described in
Example 2. Segment SEP-1:4 and GRFNP29 were jointly dissolved at an equimolar



10 The tenplate GRFNP17 was synt hesized manually on an am de generating (4-
nmet hyl ) benzhydryl am ne( MBHA) -resin on a 0.4mmol scal e. Fnoc-Lys(Boc)-0OH was
coupl ed wedngiwsandard coupling protocols (Schnol zer, M, PCTMUSUI/ Rt
Protein Res. (1992) 40:180-93). 2.1mol amno acid, 10% D EA in 3.8 m

0. 5M HBTU was used; i.e. 5-fold excess 8 amno acid. After renoval of the
Fnoc protecting group, Fnoc 15 Lys(Fnoc)* was coupl ed using standard

am no acid coupling protocols (2.1 mol amno acid, 10% DIEAin 3.8 ni
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Segmént SEP-1:1+GP29 (GRFN 1711 + GRFNP29, corresponding to residues 1-32 of
SEQ ID NO:2):

20 APPRLICDSR VLERYLLEAK EAEK°*ITTGCA EH-thioester (where Lys* is
modified at the g-amino group with a levulinic oxime linker group that is coupled
to GRFNP29 through a levulinic-aminooxyacetyl (Lev-AoA) oxime bond denoted
K™)

‘Segment SEP-1:2 (GRFN 1712, corresponding to residues 33-88 of SEQ ID NO:2):
25 CSLNEKIT VPDTKVNFYA WKRMEVGQQA VEVWQGLALL
SEAVLRGQAL LVKSSQPW-thioester (where Cys® is Acm protected)

Segment SEP-1:3 (GRFN 1713, corresponding to residues 89-116 of SEQ ID NO:2):



product were identified by ES-M5, pooled and |yophilized. B. Synthesis of
Branched Wat er- Sol ubl e Pol yner GRNP29 10 GRFNP29, a branched (EDA-Succ) 12
pol ymer o¥0 a5kPe3 nol ecul ar wei ght was synt hesi zed by t hi peT/iserygeser ati ng
ligation of purified thiol-containing tenplate GRFNP17 and a |inear

pol ymer GRFNP31, Br-acetyl-(EDA-Succ) 12 ﬁ rboxyl ate, where GRFNP31 was
synt hesi zed on a Sasrin carboxy-generati g'resi n foll ow ng standard
protocols (Rose, K et al., US. Patent Application Serial No. 09/379, 297;
Rose, et al., J 15 Am Chem Soc.(1999) 121: 7034). A 1.3x nolar gxcess
(over total thiofB) SRLEWRKANMG i fEeRPIGUNRI1 ALBAQKERIOSAI eehere KIYA- S§cgM 2,
and purified thi'\ﬁjofe%%%ai ning tenplate GRFNPI 7 were jointly dissolved 0.1
MTris -HCl/ 6 guani di nium chloride, pH 8.7 at ~10 nM concentrati on.
After dissolution, the solution was diluted threefold (v/v) with 0.1 M
Tris -HC, Pegreent IARTIA+GPAY (AREN {144 + GRANBA% Ferrempending te tagidyes (14 6166
terrperat,ureofag@%mﬂd:g)acti on nonitored by reversed-phase HPLC and ES/ MS.
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PCT/ USQ}/ 21928 tiQi %.aq acetonitril ontainin 1% TFA .
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15  as well as a CD spectrum demonstrated the presence of folded protein.

Example §
Synthesis Of Synthetic Erythropoiesis Stimulating Protein SEP-3-L.42

A fifth synthetic erythropoiesis stimulating protein (designated SEP-3-L42) was
synthesized. The amino acid sequence of the full-length SEP-3 protein is:

20 APPRLICDSR VLERYLLEAK EAECITTGCA EHCSLNECIT
VPDTKVNFYA WKRMEVGQQA VEVWQGLALL SEAVLRGQAL
LACSSQPWEP LQLHVDKAVS GLRSLTTLLR ALGAQKEAIS

PPDAACAAPL RTITADTFRK LEFRVYSNFLR GKLKLYTGEA

CRTGDR (SEQ ID NO:3)

25 The cysteine residues in positions: 24, 38, 83, and 126 were modified with
maleimide-functionalized (EDA-Succ)is (GRFNP32) polymer units (via a Michael



50% aqueous acetonitrile containing 0.1% TFA. The sol ution was frozen and
| yophil i zed. The dried powder was dissolved in 50% aqueous acetonitrile
cont ai ni WO WD1PV6IL % TFA and | oaded onto a preparative GPCPCT®R0API8EAL | ON
chromat ography) colum (1 inch dianeter). The pol ynmer-nodified peptide was
separated fromunnodified peptide and ugé eacted polynmer by isocratic
elution. Fractions containing the desired ~oxi mated product SEP-1: 1+GP29
were identified by ES-Ms and pooled. D. Synthesis O Synthetic
Erythropoiesis Stinulating Protein SEP-1- 15 B50 SEP-1-B50 (SEQ | D NO 2)
was synt hesadgiipni ieactisinlite &mmf Pm3FlcAR: Pog piveguiedd SEEgrkdRtis showg i Rigure
SEP- 1: 1+GP2§, (GRFN 1711 + GRFNP29, corresponding to residues 1-32 of SEQ
I D NO 2): 20 APPRLI CDSR VLERYLLEAK EAEKO | TTGCA EH-t hi oester (where Lys24
is nodified at Alsehdiatici ihestrgtiog thenthiemical lsgntbesiniot SBRidve42 dedasibedbeloy is hat

is coupled _t \ hr tvl,. . i
bond_denot SHOMRIR g o EHEAD, Aol 4t Sad @I SURER Horns s loith ®
33-88 of5 SE the D SEP-3-R482 GShieksSona? T ISERFYA (NGRYRE\SEPRB. 4VBWiGh dddrates
SEAVLRGQAL L VKSS hi ter . (wher i C r C .
SEP- 15 ( CRENCTRRS 1 PERRE e oo, i€ ABR B3R MR TRESE o
02/ 19963 PClUndsO ER1.926 paficuleR Eiguirt/CIMBS sEbRSI{llFlebhAh&peEptidhi leadigerall
(where Q/SS(?Q'I ilﬁ Afm. rotp;clt :d%g}ge& nt S I§11:4+G.3}(29 g@FNtN?GI + q%gaﬁPZQ,
cor r espondi N PLF-1PHRINGLEESTHN5E PERCCIGY. RpEBHIRE e Ste-Seecily SHBRRANAAARY"
RTI TADTFRK ¢HaRyeSNReR: Géhtst YadhitAe @B cldesigmatbdit ERFENBRFrealkiyrEde? 6(GR32-
nmodi fi e%[ at'ét@QEe g?m 0. araup 'thﬁgw. | e ﬁ(li ?Z%t i R(:(Ij'.nkeer] Wm.oup(Ft hat is
coupledto t - - "0X bond
1 K98 3 B Gretahe diarhpites tiguoB R ichee rOqiaty terg g o f1ghie

denot ed Kox19(Bndistheticvd e fndleddpratattionC ¥iep edfnBe CgUIficRSformiBY Coyfsidindspia®a)
protecting gern%lrjg?on of the full-length, polymer-modified product.

In detail, SEP-3 was synthesized in solution from four polypeptide segments:

Segment SEP-3:1 (GRFN 1747, corresponding to residues 1-37 of SEQ ID NO:3):
15 APPRLICDSR VLERYLLEAK EAECITTGCA EHCSLNE-thioester (where Cys’,

Cys®, and Cys® are Acm protected)

Segment SEP-3:2 (GRFN 1774, corresponding to residues 38-82 of SEQ ID NO:3):
CIT VPDTKVNFYA WKRMEVGQQA VEVWQGLALL
SEAVLRGQAL LA-thioester (where Cys® is side chain protected with the Acm
20 group)

Segment SEP-3:3 (GRFN 1749, corresponding to residues 83-125 of SEQ ID NO:3):
CSSQPWEP LQLHVDKAVS GLRSLTTLLR ALGAQKEAIS
PPDAA-thicester (where Cys® is side chain protected with the Acm group)

Segment SEP-3:4 (GRFN 1750, corresponding to residues 126-166 of SEQ ID NO:3):
25 CAAPL RTITADTFRK LFRVYSNFLR GKLKLYTGEA
CRTGDR-carboxylate (where Cys' is Pbo [i.e., 4-(CH3;S(O)-)benzyl- | protected)

Peptide synthesis. The peptides SEP-3:1 and SEP-3:2 and SEP-3:3 were
synthesized on a thioester-generating resin by the in situ neutralization protocol for Boc



10 Synthesis of additional peptides, ligation reactions,

car boxynet hyl ati on, protecting group renoval reactions, folding and
purifi catwon2z/wese performed as described in Exanples | ardi/Bsoexempt that
purification was on a Resource Qcolum, to yield full-length, folded
SEP-1-B50 (SEQ ID NO 2). An anal ytical rever se- phase HPLC chromat ogram
and an ES-MS spectrum of the folded proten product SEP-1-B50 15 as wel |

as a CD spectrum denonstrated the presence of folded protein. Exanple 5
Synthesis O Synthetic Erythropoiesis Stinulating Protein SEP-3-L42 A fifth
synt heti c ethpristopSPBS: isthgi asipblishag sideehainm p(f%i@%lognatf%aglssmssdtheM%

synt hesi ze mﬁe ] } i {tidet S:
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M chael WO 3 0 . .08 it LOon: i)
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i |'lustrati ngpdidvearchpophilzed dyrraubhesquenbliga8e®- 3- L42 described below is shown

in Fi 19. Brigfl . i i ]

gat fon® 5 of 1 JEPoLERUEERES Sy 3263 T el sS0ft (PR ke SENeEdh .

whi ch gener®fEst cipsin®l cescentratiore |Sajerbiednpimispeate daifiee pldndbhgonteinangl 6 fddur
ti I . i PN I i r,_Fi h
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col U e 001 Whds (234031 ST 192, RIS b R HE.08L R b oblah '
al so shows ¢dmeaifing25% @pnetcaptoethansit @pd dficubhteddios 2D fmitetdsor Tiengolotiat @ases,
and  gener aatiéicgiﬁecp fwiti'ihg éo%tio_nl SP q%hmgpngll ¥6E[3_ iﬁ”gfa‘::iaie%cgﬁco %%%t ‘loaded onto a
15  preparative C4 reverse-phase HPLC column and purified with a linear gradient.
Fractions containing the desired ligated product SEP-3:Acm+SEP-3:3+SEP-3:4 were
identified by ES-MS and pooled.
Step 2: Acm-removal #1 For Acm removal, the aqueous acetonitrile solution
containing the pooled fractions of SEP-3:Acm+SEP-3:3+SEP-3:4 was diluted 1x with
20 HPLC grade water, and solid urea was added for a final concentration of 2 molar. A
threefold molar excess (relative to the total expected cysteine concentration) of a 30
mg/ml Hg(acetate), solution in 3% aqueous acetic acid was added and the solution was

stirred for one hour. The solution was then made 20% in B-mercaptoethanol, loaded

onto a semi-preparative C4 reverse-phase HPLC column and purified with a step

25 gradient. Fractions containing the desired ligated product SEP-3:3+SEP-3:4 were
identified by ES-MS and Iyophilized overnight.

Step 3: Ligation #2 Equal amounts of SEP-3:3+SEP-3:4 and SEP-3.2 were

jointly dissolved in neat TFE trifluoroethanol at 15 mM concentration. 250 mM

Phosphate buffer (pH 7.5) containing 6 M guanidinium and 1% thiophenol was added,

30 resulting in a clear solution of the peptide segments. After one day of ligation, the

ligation mix (defined as 1 volume) was added to 2 volumes of a solution of 10 ml TFE,



In detail, SEP-3 was synthesized in solution fromfour polypeptide
segnents: Segnent SEP-3:1 (GRFN 1747, corresponding to residues 1-37 of
SEQ | D Nov@)2/19963 APPRLI CDSR VLERYLLEAK EAECI TTGCA EHCSLNEPCHUS@sX1818 (wher e
Cys7, Cys29, and Cys33 are Acm protected) Segment SEP-3:2 (GRFN 1774,
corresponding to residues 38-82 of SEQ_lggNO 3): C T VPDTKVNFYA
VWKRVEVGQQAVEVWQGELALL SEAVLRGQAL LA-thi oester (where Cys38 is side chain
protected with the Acm 20 group) Segrrent SEP—S 3 (GRFN 1749, correspondi ng

to residues 83-125 of 3 RSLTT LR
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Step 1: Li gatl on #1. Qtaies;mant SEP- 3: 4 and segnent SEP-3:3 were dj ssonged in

TFE at 15 MUEBHEASSERIDAOUESR B 31éctiiaus FRaTe 6t was a0peH Andihe SRUEPRI ng
6 M 10 guaéahgawlah&%er' ﬁﬁe%'aﬁmar(%@m%?%% 2% n‘?‘gqﬁgr’cﬁﬁt%?ﬂ*\%bln%aﬁgda
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were identified by ES-MS and lyophilized overnight.

Step 5: Ligation #3 Equal amounts of SEP-3:2+SEP-3:3+SEP-3:4 and SEP:3:1
were jointly dissolved in neat TFE at 15 mM concentration. 250 mM Phosphate buffer
(pH 7.5) containing 6 M guanidinium and 1% thiophenol was added, resulting in a clear
solution of the peptide segments. After one day of ligation, the ligation mix (defined as 1

20  volume) was added to 2 volumes of a solution of 10 mi TFE, 10 ml B-mercaptoethanol,
10 ml piperidine and 20 mi 6M guanidinium, pH 4, and incubated for 20 minutes to
remove any remaining protecting groups. The solution was acidified with a solution of
15 mg/ml TCEP in 20% aqueous acetic acid, loaded onto a preparative C4 reverse-
phase HPLC column and purified with a linear gradient. Fractions containing the

25 desired ligated product SEP-3:1+SEP-3:2+SEP-3:3+SEP-3:4 were identified by ES-MS
and lyophilized overnight.

Step 6: Attachment of the Polymer GRFNP32. A maleimide-functionalized linear
(EDA-Succ)ss polymer called GRFNP32-maleimide was prepared by functionalizing
GRFNP32 with BMPS (3-maleimido propionic acid NHS ester, Pierce, USA) following

30 the manufacturers protocols to form a maleimide-functionalized (EDA-Succ)s polymer
[i.e., maleimide~-(EDA-Succ)qg]. SEP-3:1+SEP-3:2+SEP-3:3+SEP-3:4 was dissolved in



acidified with a solution of 15 ng/m TCEP in glacial acetic acid, |oaded
onto a 15 preparative C4 reverse-phase HPLC colum and purified with a
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product SEP3:Acm+SEP-3;1+SEP-3:2+SEP-3:3+SEP-3:4+GP32-Pbo were identified by
ES-MS and lyophilized overnight. ’

20 Step 8: Acm removal For final Acm removal from the side chains of Cys’, Cys®,
and Cys®, the aqueous acetonitrile solution containing the pooled fractions of
SEP3:Acm+SEP-3:1+SEP-3:2+SEP-3:3+SEP-3:4+GP32-Pbo was diluted 1x with HPLC
grade water, and solid urea was added for a final concentration of 2 molar. A threefold
molar excess (relative to the total expected cysteine concentration) of a 30 mg/ml

25 Hg(acetate), solution in 3% aqueous acetic acid was added and the solution was stirred

for one hour. The solution was then made 20% in B-mercaptoethanol, loaded onto a
semi-preparative C4 reverse-phase HPLC column and purified with a step gradient.
Fractions containing the desired ligated, polymer-modified product SEP-3 (1-166) were
identified by ES-MS and lyophilized overnight.

30 Step 9 Folding: Full-length ligated, polymer-modified peptide SEP-3 (1-166) was
dissolved in 200 mM Tris buffer (pH 8.7) containing 6 M guanidinium chioride and 20%



stirred for one hour. The solution was then made 20% i n R-nercapt oet hanol,
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anal ytical reverse-phase HPLC. After thee&e(?ctl on was conpl ete, the
sol ution was | oaded onto a S prepar atF ever se- phase HPLC col um and

purified with a Igiggafivief f-Sy nﬁﬁ@trctls.?mogems& summatt rlRedingd
pol ymer - modi f i ed product SEP Acm+SEP- 3 3: 2+SEP- 3: 3+SEP- 3: 4+pPEG

[i.e. the ligated full-length 166 residue pol ypeptide chain with four
copi es 1§ GRENP3DN&piogehdly efofolded %Mnél“eet’eh%wfﬁ'queé!ssStﬁ?“'éﬂ/@z@fot%%ﬁ@&s%

and Cys126sepandd yep-ali30, sabledso and SEP-3-L42 was determined using UT/7 and
SEP3: Acm+SEP- 3: 1+SEP- 3: 2+SEP- 3: 3+SEP- 3: 4+GP32
32D 103197 ceII lines, in factor-dependent cell-line proliferation assays using
commercial recombinant erythropoietin as a control standard. UT-7 is a human
megakaryoblastic leukemia cell line with absolute dependence on one of interleukin-3,
20 granulocyte-macrophage colony-stimulating factor (GM-CSF), or erythropoietin (EPO)
for growth and survival (Miura Y, et al., Acta Haematol (1998) 99:180-184); Komatsu N,
et al.,, Cancer Res. (1991) 51:341-8). 32D 103197 is a murine hemopoietic cell line
(Metcalf, D. Int J Cell Cloning (1992) 10:116-25).
Stock-solutions of the SEP constructs were made in Iscove’s modified
25  Dulbecco's medium (IMDM), 10% FBS (Fetal bovine serum), glutamine and Penstrep,
and serial 2x dilutions of these stock solutions were added to muiti-well plates to which
human UT/7 EPO cells at a concentration of 5000 cells/50 pul were added. The plates

were incubated at 37 °C in the presence of 5% CO, and monitored daily for growth.

After four days, 20 ul 2.5 mg/ml MTT (methylthiazol tetrazolium) in PBS (phosphate

30 buffered saline) was added and the plates were incubated for four hours. 150 pl IPA was
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only using an extinction coefficient for calculating protein concentration by absorbance

10

for polymer-modified SEP-1-L30 are shown in Table VIl and Figure 26 for SEP-0, SEP-

1-1.26, SEP-1-L30, SEP-1-B50, SEP-3-L42, and SEP-1-B51 (synthesis of the SEP-1-

B51 compound is described in Example 7 below).

Collectively, these in vitro assays

demonstrate the differential effect of varying the polymer structures and sites of

attachment on in vitro bioactivity, where these compounds have the following relative

15

order of potency when tested for (1) human EPO receptor activity (from most potent to

least potent): SEP-1-L26 ~ SEP-1-L30 > SEP-1-B50 ~ SEP-1-B51 > SEP-3-142 > SEP-
0; and (2) mouse EPO receptor activity (from most potent to least potent): SEP-1-1L26 >
SEP-1-L30 > SEP-0 > SEP-3-L42 > SEP-1-B50 ~ SEP-1-B51.



Step 10 Purification: The fol ded pol ypeptide was concentrated 5x in
centricon concentrator vials and | oaded on to Resource S cation exchange
colum equdbr/moet ed at 10 10 mM phosphate, pH 7.0. The fpCOEdoy1o18ei n was
eluted in a linear salt gradient to 500 MM NaCl in 10 m nutes. Fractions
containing the desired fol ded pr oduct 85843 L42 were identified by

SDS- PAGE, and frozen and stored at Exarrpl e 6 Bioactivity Assay of
Synthetic Erythropoiesis Stimlati ng Pr oteins 15 The bioactivity of fol ded
synthetic erythropoiesis stinmulating proteins, SEP-0, SEP-1-L26,

SEP- 1- L30, SEP-1-B50, and SEP-3- L42 wd@bleYRr i ned using UT/7 and 32D
103197 cell lines, in factor-dependent cell-line proliferation _gssays using
comrer ci al reconbilnant eryt hropoi etlin ak \GtrodiR50oValgesitntimd).  UT-|7 is a
human negakar yobl astBrgtirepdiesisa cel | UT-R€ealist h [al820l 103d9d€ediadegnce on one
of interleukin-3, | 2StigutatingRretetn MaqHopiamgEPO &)ony {MouselEROI Ry flact or

(GW CSF), or erythropoi esEP-0( EPO) |for griawth and survigal (Murla Y, et
al ., Acta Haematoll (19%8pP-P92480-184); Komatsu N, et alt., Cancegr Res.
(1991) 51:341-8). 32D EHEPIRY30S a fruri neolenmopoiletic celd Tine |(Metcalf,

D. Int J Cell Coning GEEZ)440: 116- 25). Bt ock-spl uti onggof the [SEP
constructs were nmade | GEPSERYE S npdi 11 ed s 25 Duf becco fsmedr um|(| MDV), 10%
FBS (Fetal bovine [SerugEp_fiBgiam ne and Pgnstrep, and garial 2x dilutions
of these stock solutions were added to nufti-welt pfates to wihich human
UT/7 EPO cells at a concentration of 5000 cells/50 | were added. The pl ates

arovth.  ATter ot erss T J3BIPYRSARE Ficive 26 B8 PO, S REafC et I
PBS ( phosphatepta0 pmﬁ&neeqceedors%meu mymﬂra@oéjﬂ@@&%domsﬁ@cm eeregaraerte fﬁﬁdl%‘at ed

f f R / / /
the absor bardhn s Madied candiRL SEPRE o paeir, e SR e o AT DR
to reaclh 50Weef polpxersatiashéd et fortesbarding bumahéngBchQﬂyﬂablgnwemgltld@Qér(?n ned
d ] PO
o oo £ R L SR BRE AL S B Ak bl DA UERAAE
denonst r at et2ét (@at.8&i0Da lofeat hdyl’a'seswrhfn laeanclael yeutiabplsres iatiaeheidrnilthlslsﬁg) this
t i L.V - - . ,
Dot S 75 DhREbed AR SRR SR o e RooBER 15485050 s
modified with a 5.5 kDa linear polymer having a pendant negative charge at

10  corresponding human EPO glycosylation site positions 24 and 126; this construct was
about 5X more active against the human receptor compared to the mouse receptor.
SEP-3-L42, which is modified with a 5.5 kDa linear polymer having a pendant negative
charge at corresponding human EPO glycosylation site positions 24, 38, 83 and 126
was about 10X more active against the human receptor compared to the mouse

15 receptor. The largest differential was observed for SEP-1-B50 and SEP-1-B51, which
are modified with branched, negatively charged 15 kDa polymers attached at
corresponding human EPO glycosylation site positions 24 and 126, and have a p! of
approximately 5 (similar to human EPO); these two constructs were ~ 60X more active
against the human receptor compared to the mouse receptor.

20 As mouse EPO is missing a glycosylation site at a position corresponding to
human EPO position 126 (mouse EPO has non-glycosylated proline instead of the O-
glycosylated serine found in human EPO), the altered receptor activity may be due in

part to this difference, and thus preference of the mouse receptor for an EPO that is



Table VI Erythropoiesis In Vitro ED50 Values (pM Stinulating Protein UT-7
(Human) Cells 32D 103197 (Muse) Cells SEP-0 1,570 863 SEP-1-L26 46.5
100.8 SERO2/1P63 71.5 182.5 SEP-1-B50 182 6200 rh EPO 32P6T/US@L/A3928

Addi tional results fromthese experinents when normalized for peptide
content only using an extinction coeffigLent for calculating protein
concentration by absorbance 10 for pol)j r-nodi fied SEP-1-L30 are shown in
Table VII and Figure 26 for SEP-0, SEP 1-L26, SEP-1-L30, SEP-1-B50,

SEP- 3- 142, and SEP-1-B51 (synthesis of the SEP-1- B51 compound is descri bed
i n Exanpl e Misgiag Sfinkedoglyeasyiatien wt coresonping\Rogitign d<e8ay Ehis deffoliig Wik dhe he

di fferenti aly Bfatie&t opéEIV—q[l}QGr‘éhoF @EPHQLSU‘T%rSE‘ﬁ i B0 HRSS B -gH A qfor%fxample
attachment on'in vit bi oactivity, where these cor%ounds have t he

fol |l owi ng r¥ERl 8 h13§ 90? 8&Pagmchaiosd dpymes at pesitiosd! 0gvheregs BRI s a
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SEP—E - Sﬁb‘s\éga)’negafl Bﬁ%e@%ﬂv%er # goélﬁéﬁm@ A@t%t?lg %vééhznégzalg%y was

recept o® acibis¢iveg agrinshiheoRYMpd EER recgpiosad t-fplgt dfigrpncesmps j_oq_@t;agamst the

SEP-1- 130 >,QlR-Bpd rleb; 3 L%e>la%%t’t Jehf%?&c’éﬁﬁasl o@@wed’%ro%lé@ﬁ% B50 and
PCT/ US01/ 21928 -104 Ta Vitro ED50 Values (n /m) E;t hrop0| e5| S
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negatively charged polymers at sites corresponding to all four native glycosylation
10 positions in human EPO, i.e., 24, 38, 83 and 126 as with the SEP-3-L42 construct

reduced preference for mouse even further, but less than the SEP-1-B50 and SEP-1-

B51 constructs. These results demonstrate that receptor-specificity can be modulated

by precision modification of sites corresponding to glycosylation sites in a biologically

produced, glycosylated protein, and by adjusting the size, the nature of branching and
15  charge of the polymer.

Example 7
Synthesis Of Synthetic Erythropoiesis Stimulating Protein SEP-1-B51

A. Composition of SEP-1-B51. A sixth synthetic erythropoiesis stimulating
protein (designated SEP-1-B51) was synthesized. The amino acid sequence of the full-
20  length SEP-1-B51 is the same as that of SEP-1-B50:

APPRLICDSR VLERYLLEAK EAER®*ITTGCA EHCSLNEKIT
VPDTKVNFYA WKRMEVGQQA VEVWQGLALL SEAVLRGQAL
LVKSSQPWyP LOQLHVDKAVS GLRSLTTLLR ALGAQKWYAIS
PPDAAK**AAPL RTITADTFRK LFRVYSNFLR GKLKLYTGEA

25 CRTGDR (SEQ ID NO:2)

where ¥ denotes an non-native amino acid residue consisting of a cysteine that

is carboxymethylated at the sulfhydryl group, and where K™ denotes a non-native lysine



SEP-1-B51 2 125 The results in Table VII and Figure 26 al so show a
significant difference in receptor preference for the pol yner-nodified SEP
constructwoonmees ed to the non- pol yner nodified construcPCBERIIR1918n
particular, SEP-1-L26 is nodified with different 5 linear polyners
attached at correspondi ng human EPO gl yg @éyl ation site position 24 (a 5.5
kDa |inear polymer with a pendant negafi charge attached at this site)
and position 126 (a 1.8 kDa linear polynmer with a pendant neutral charge
attached at this S|te% this construct had a simlar activity agal nst both
hunan and rthaise chesvieplyomedifigirt thelesgming groupavifh @i ommeHinkesgrauRk RURIet o

pol ymer hay, HP@EE% respondi ng human EPO

gl ycosyl atldg%%g%e@%’%@%ql%%ﬁélﬁ%@r fan Xl"égcgﬁcitruct was about 5X nore
active agai nst tHmvevensn Cpe’ttmtt@BEEaTrﬁé@ dhewtelhefvaﬁo@%’@'aﬂ?@@lelpjtfba branched
SEP- 3-L42, C;%x;)n%} dostRirBL R et |megru§a§c'érgg 12-sra@@rm BRI DAL FHgndant

negat| ve corresp ndi n ycosyl a ation posSI trons
24, 38, 583 %Lxm-ﬁsl@@H ms(Sab@T'tTD)h@umrﬁlai mbtmere cagaledéhroum amﬁeafppndédéﬁh@r

conpared t e ! f d
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gl ycosy. t p g S 26
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SEP- 1- L26 = [ E’I?E@ L26

has a 1.8 k %ccﬁaSlL| égloaﬁ hﬁlr:?eF 1’%1 po@ﬁq? ggg@%gg\%ﬁgrtggéwsz e E%Odntﬁgsah%

5.5 kDatmnegatrbotgbsatehar ged poI ymer at position 126. Al though equival ent

activity was 5 observed agai nst the human EPO receptor, a 4-fold difference

was found st.t:he se: E .

obser ved fgﬁapﬂeetzéég-ﬁ s egnal gtlc F%tFa%ﬁSp(BQ he;l:)h:(:él s%tggs% o‘# tflé Brérthed Water
soluble polymer GRFNP41 (GP41) that was joined to the SEP-1-B51 through oxime-

forming ligation as. described below. Assembly of the full-length product was as

described in Example 2. The structure of SEP-1-B51 is shown in Figure 22.

20 B. Synthesis of (Succ-TTD),Succ-AlaOtBu (GRFNP39) for coupling to
the branching template (GRFNP40).

Linear polymer (Succ-TTD);,Succ-AlaOtBu (GRFNP39) was synthesized on a

0.5 mmol scale on Sasrin acid labile, carboxylic acid-generating resin. 0.5mmole (~0.5
grams) Sasrin acid labile, carboxylic acid-generating polystyrene resin (hydroxyl

25  substitution 1.02 mmole/g;) was swelled in DMF for 15 minutes, and then drained. To
this hydroxyl-functionalized resin was added 450 mg (4.5 mmole) succinic anhydride

and 488 mg (4 mmole) 4-(dimethylamino)pyridine dissolved in 8 ml of DMF containing

500 microliter (3.9 mmole) DIEA (di}sopropylethylamine) and allowed to react for 30
minutes with vortex agitation, and drained. The coupling was repeated and excess



SEP- 1-B51 constructs, with negatively charged 15 kDa pol ynmers attached at
correspondi ng human EPO gl ycosyl ation site position 126. Addition of the
5.5 kDa wegzat99ely charged pol yners at sites correspondi PQTAUS01ZA1P28f our
native glycosylation 10 positions in human EPO i.e., 24, 38, 83 and 126 as
Wi th the SEP-3-L42 construct reduced pr, gerence for nouse even further,

but | ess than the SEP-1-B50 and SEP—l-’é@ “constructs. These results
dermonstrate that receptor-specificity can be nodulated by precision

nmodi fication of sites corresponding to glycosylation sites in a

bi ol ogi cal |r9act@?t§@ndé@lub{ﬂ SaRsRAHCH Were peiPERchby ardmintearrigxingrflgw wWashswitfe
the nature mjiFRl Lglqﬁq | BeH ch dﬂa‘i»ngdﬁarm% Hbdd’l@HQ@Héé@fO re%wg@bem%o@)nw@w S

O Synthetic Erythropoiesis Stinulating Protein SEP-1 osition of
SEP. 1- B51. 3164 Ry SORlINRET & éPUNPRGHBNEE Bmls) RHIAea R VIgiidaz0lR) Solution

(desi gnat eqdy, Pkt %n@%%wéé@?o Pt hﬁsﬂoznﬁﬁute-ghﬁn@@ﬂéhodr%ﬁfeg %&H@@F&cﬁn@ Qﬁd
full- 20 length SEP-1-B51 is the same as that of - B50:
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contrast to SEP-1 protein Wwas derivatized with a branched po Pymar

const ruct H@Bﬁg{Nf@(WOXYbﬁ@%Q*”E(ZS@MSDWD) reniinieg ,Qparim@htgq (@i® mmole) DIEA
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t hrough am de s toth ysi ne branchi %core ng o I'i near

pol yners t slrained. bT%mé'N’ﬁﬂgFf%Rﬁ €RIhadivglen; dr éownasswmeghs@h@q r?@CtIOr'ﬁbr ove
stabi lity. \Jhe £outed bRGEH trﬂ%gif@rasto?él%‘? 1EiGe tifRS]. @i@é’s RaE@hsYarfiscii@! ne

noi ety and pendant negative charges, wt e negative
15  coproducts were removed by a 1 minute vortexmg flow wash with DMF (~50ml), and

drained. The HOOC-CH,CH,CO(TTD-succinyl)1,-O-resin (0.5 mmole) was activated with

8ml of fresh 1.0 M (8 mmole) CDI solution in DMF and allowed to react for 40 minutes,

and then drained. Excess reactants and soluble coproducts were removed by a 1-

minute vortexing flow wash with DMF (~50ml), then drained. 2.5 mmole H-AlaOtBu.HCI

20 was dissolved in 4.75 ml 0.5 M (2.375 mmole) HOBT in DMF containing 150 microliter

(111 mg, 0.825 mmole) DIEA, and allowed to react with the CDl-activated HOOC-

CH,CH,CO(TTD-succinyl)1>-O-resin (0.5 mmole) for 1 hour with vortex agitation, then

drained. Excess reactants and soluble coproducts were removed by a 1-minute

vortexing flow wash with DMF (~50ml), and then drained. The product tertBuOOC-

25  CH(CH3)-NH-OC-CH,CH,CO(TTD-succinyl)>-O-resin was washed extensively with

DCM (dichlormethane), drained and then the resin was dried under vacuum fo constant
weight. Typical weight of product-resin was around 2 grams.

The linear (Succ-TTD),Succ-AlaOtBu polymer was cleaved from the resin

support according to standard Fmoc-chemistry procedures using 4% TFA in DCM. The

30 precipitated crude product was dissolved in 50% aqueous acetonitrile containing 0.1%

TFA and lyophilized. The lyophilized polymer was dissolved in a small amount of 50%

aqueous acetonitrile containing 0.1% TFA and diluted to reduce the concentration of



charges mmcking sialic acids and the al anine a hydrophobi c character
simlar to 10 pendant sugar noieties of carbohydrate chains. The branched
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sugar attachnent to the protein backbone and the first branch point of the
15 carbohydrate. Figure 21 is a schematic illustrating the chem cal
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coupled to the resin for 10 minutes. After this step, the carboxyl group was activated
with 8 ml of fresh 0.5 M (4 mmole) CDI solution in DMF. 4ml (18.2 mmole) TTD was
20 added in 4 ml 0.5M HOBT solution in DMF and coupled for 30 minutes.
Fmoc-Lys(Fmoc)-0H (2 mmol ) was coupled to the resulting amino-TTD-Succ-
Dpr(BocAoA)-resin (where Dpr = diaminopropionic acid) using 30 minutes pre-activation
with 2 mmol DIC and 2 mmol NHS in DMF and coupling for 1 hour. This coupling was
repeated once. After an Fmoc removal step (2 x 3 minutes 20%v/v piperidine in DMF),
25 4 mmol Fmoc-Lys(Fmoc)-0H was coupled as described above, including recoupling.
After a final Fmoc protection step (2 x 3 minutes 20%v/v piperidine in DMF), the
template was cleaved from the resin support according to standard Fmoc-chemistry
procedures using 4% TFA in DCM. The precipitated product was dissolved in 50%
aqueous acetonitrile containing 0.1% TFA and lyophilized. The lyophilized crude product
30 was dissolved in a small amount of 50% aqueous acetonitrile containing 0.1% TFA and
diluted to reduce the concentration of organic below 1%. The template was loaded onto

a C4 preparative reverse-phase HPLC column equilibrated at T = 40°Q at 3% Buffer B



coproducts were renoved by a 1 mnute vortexing flow wash with DV (-50m),
then 10 drai ned. Succinic anhydride (450 ng , 4.5 mvole) dissolved in 8 m
of 0.5M Wonmmu9ed HOBT (N hydroxybenzotriazol e) sol uti onPcDus@/21P28g 500
mcroliter (3.9 mmole) DIEA was added to the resin and allowed to react
wWith vortex agitation for 15 m nutes drai ned. The three steps (CDI
activation; TTD coupl i ng; succinic anhy&&?de reaction) were repeated
eleven times [i.e. a total of twelve tinmes]. Excess reactants and sol uble
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(Succ- TTD) life 29061y W4 Bmpratecwitrah n{ikiRENPES) workr @, i4deNimés @dlatiye &Stiddion
frozen and mix) 0.1M sodium acetate / 6 M guanidinium chloride, pH 4 was added, and the solution
was loaded onto a preparative (C4) reverse-phase HPLC column. Salts and other non-
20 amide containing material were eluted isocratically and the desired branched polymer
product was purified with a linear gradient of 20-35 % Buffer B (acetonitrile containing
0.1% TFA) versus 0.1% aqueous TFA in 80 minutes. Fractions containing the desired
material were identified by ES-MS , frozen and lyophilized.
The resulting purified polymer was dissolved in neat TFA at a concentration of 1
25 mg/ml for 1 hour to remove the Boc group from the aminooxyacetyl moiety and to
remove the tertButyl ester groups from the —Ala-OtBu moieties. The solution was
rotated to dryness in a rotator evaporator and the dried polymer was dissolved in 50%
Buffer B (acetonitrile containing 0.1% TFA). Aminooxyacetic acid (ak.a.
‘Carboxymethoxylamine’) was added to a final concentration of 0.5M to scavenge
30  adduct-forming impurities. After 20 minutes, the solution was diluted out with 3.3
volumes of Buffer A (0.1%TFA in water), and loaded onto a preparative C4 reverse



| yophilized. C. Synthesis of a tenplate carrying nultiple am ne groups for
branchi ng and a protected am nooxy group for (later) attachnment to the
protein V3RBMPH6) 10 The tenpl ate GRFNP40 was synt hesi zedrawuea@lily2son a

Si eber am de- generating resin on a 0.4 mmol scale. There was a one-mnute
fl ow-washing step with DWW between everi coupling, deprotection and
activation step. 2 mol N'-Fnoc- Na( BoC nooxyacet yl ) - L-di am nopr opi oni c
acid was coupled to the resin, using 30 mnute NHS-ester pre-activation
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DMF and coupling for 1 hour. This coupling was repeated once. After an
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Fnoc- Lys( Froc) - OH coup as descri bed above, . including recoﬁngng
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product was redissolved in 50% aqueous acetonitrile containing 0.1% TFA and loaded

onto a preparative reverse-phase (C4) HPLC column. The polymer-modified peptide

was separated from unmodified peptide and unreacted polymer by preparative gradient

reverse phase HPLC. Fractions containing the desired oxime-linked (oximated) product

20 SEP-1:4+GP41 were identified by ES-MS and pooled and lyophilized.

- Segment GRFN1711 containing a levulinic acyl moiety on Lys* and the AoA-
containing GRFNP41 were jointly dissolved at an equimolar ratio in 50% aqueous
acetonitrile containing 0.1% TFA. The solution was frozen and lyophilized. The dried
powder was dissolved in 50% aqueous acetonitrile containing 0.1% TFA and loaded

25 onto a C4 preparative reverse-phase HPLC column. The polymer-modified peptide was
separated from unmodified peptide and unreacted polymer by preparative gradient
elution C4 reverse-phase HPLC. Fractions containing the desired oxime-linked
(oximated) product SEP-1:1+GP41 were identified by ES-MS, and pooled and
lyophilized.



(acetonitrile containing 0.1% TFA) versus 0. 1% aqueous TFA over 60 m nutes.
Fractions containing the desired Lys- Lys(Lys)-TTD Succ- Dpr(BocAQA). am de
mat eri al w@ o¥/@FNP40) were identified by ES-MS, frozen anBCTAe@imibiszed. D.
Assenbly and deprotection of the am de-coupled branched polymer (GRFNP41)
GRFNP41, a branched (TTD- Succ)49 - pol yg&\q of 16kDa nol ecul ar wei ght was
synt hesi zed by coupling of GRFNP39 [(Stcc-TTD) 12-Succ-AlaCxBu] to the
purified 10 tenplate GRFNP40. Purified (Succ-TTD)12-Succ- Al aQ Bu ( GRFNP39)
(1. 0mmvol e) dissolved in DVSO (di met hyl sul foxide) at 60C to a concentration
of 20 ng/ M was F.act iSyteesisi @h Sgntiiis| Eryghropaipgis Stimulating Protein SEP-1-
{O(7-azabenzotriazolB8tyl)-1,1, 3, 3-tetranet hyl uronium

hexaf | uor ophosphate} in DVMSO at a concentation of 10 nmg/m in the presence
of a twenty-f ol SERTR%: )havinge SEQ@T IDDINGX2), Pyas fsyehiesigemlint soldRrNpap four
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m nutes. Fract i ogsdarotddabynikHgardehereddis’ i Dmmpretactdd) wer e i denti fi ed by
ES-M5 , frozen and |yophilized. The resulting purified polyner was
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Am nooxyacetic ameGhred Thp fesidueSardReyipririiextetipm ne' ) was added to a:final
concentration of 0.5Mto scavenge 30 adduct-formng inpurities. After 20

m nutes, the solutjon was di d out with 3.3 . vol of ffer A
(0. 196FA i nSS@Pe)SERG (ng'&leﬂ%g’h?%r f%%P%‘B&?%‘E%ﬂ?’&%%%i@é’? §E% 49720963
PCT/ USOd 21928 (A101gruvDKAVS GLRSLTTLLR  ALGAQK-thicester (where Cys® is Acm

protected; and where His* is Dnp protected)

Segment SEP-1:4+GP41 (GRFN 1776+GRFNP41, corresponding to residues 117-166

of SEQ ID NO:2):

CAIS PPDAAK®*AAPL RTITADTFRK LFRVYSNFLR
20 GKLKLYTGEA CRTGDR-carboxylate (where the C-terminal cysteine (i.e. Cys'")
carries a picolyl (pico) protecting group, and where Lys'*® has a levulinic acyl
pendant moiety oxime-linked to the branched polymer GRFNP41, as denoted by

KOX)

Synthesis of additional peptides, ligation reactions, carboxymethylation,
25  protecting group removal reactions, folding and purification to yield full-length, folded
SEP-1-B51 (SEQ ID NO:2) were performed as described in Examples 1-4, with the

following modifications:



phase HPLC col utmm and punped at 10% Buffer B until all the am nooxyacetic
acid was renoved, then the polyner was purified wiwth a step gradient from
15%to 4WOBui®es B versus 0. 1% aqueous TFA over 80 m nup€wUSHmIbEI
fractions containing the desired branched polynmer material (GRFNP41l) were
frozen and lyophilized. 5 E. Oxine-formypg_ligation (Oxination) of the
peptide segnments GRFN1776 and GRFN1711 wth the branched pol ymer GRFNP41
Segnents SEP-1:4 (GRFNL1776, conposed of residues 117-166 of SEQ ID NO 2 and
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| oaded 25 dwifier.a 6t '@r@ﬁ?é\'cbfi‘PmeCW@Wﬁ séhpheeselting wolutignumas mweped onto a
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over 80 minutes. Fractlons containing the desired ligated product (Cys*(Acm)){SEP-
1:3+SEP-1:4+GP41} were identified by electrospray mass spectrometry and pooled.

Step 2: Acm-removal #1  For Acm removal, the aqueous acetonitrile solution

20  containing the pooled fractions of (Cys®(Acm)){SEP-1:3+SEP-1:4+GP41} was diluted

1x with HPLC grade water, and solid urea was added for a final concentration of 2 M. A

threefold molar excess (relative to the total cysteine concentration) of a 30 mg/ml

Hg(acetate), solution in 3% aqueous acetic acid was added and the solution was stirred

for one hour. The solution was then made 20% in B-mercaptoethanol, loaded onto a

25  semi-preparative reverse-phase HPLC column and pumped at 25% Buffer B until all

non-peptide material had eluted, and the product was then purified with a step gradient

to 50% Buffer B. Fractions containing the desired ligated product {SEP-1:3+SEP-
1:4+GP41} were identified by electrospray mass spectrometry, pooled and lyophilized.

Step 3: Ligation #2 The {SEP-1:3+SEP-1:4+GP41} product [i.e. 1713-1776-

30 GP41] from Step 2 was dissolved in TFE (1 volume) at 3 mM concentration. Segment

SEP-1:2 (segment GRFN1712) was dissolved in 2 volumes of 300mM Na phosphate



F. Synthesis O Synthetic Erythropoiesis Stinulating Protein SEP-1- B51
SEP-1-B51, having (SEQ ID NO 2), was synthesized in solution from four

pol ypept W@ ozegeent s: 5 Segnent SEP-1: 1+GP41 ( GRFN 1711+GRENB&d1/21928
corresponding to residues 1-32 of SEQ ID NGO 2): APPRLI CDSR VLERYLLEAK
EAEKOXI TTGCA EH-t hi oester (where LysZéRgaé a levulinic acyl pendant nvoiety
oxi me-linked to the branched pol yner 11, as denoted by KX; and where
Hi s32 is Dnp protected) 10 Segrrent SEP-1:2 (GRFN 1712; corresponding to
resi dues 33-88 of SEQ ID NO 2 CSLNEKI T VPDTKVNFYA WKRVEVGQQA ALL
SEAVL RGQAL luffies (b hpriaisingr me'rw@mlqr@ekm%ﬂ@ﬁ@@t'@@lofaﬁé 'V\Meﬁg t he
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| evul i ni c acy p ndant noi ety oxi nme- to the branched l'ymer
GRFNP41, assodimo aeetatsy PHE&ExgonGymne &M guarwdlatwm chigrida, qmlpwa%jé@en peidesk tood

t
For di ng. ahc P YA FiC, Wnsp, & PYERERHFe BBITRRERCRRCHERY 7

NO 2) wer e \wiurher pipdridise dag 6r vdiedes nf @dagqﬂnWIqmzphlqme h1@0reM NaRrefaienigH
o S0, R AP SRR 8y e A2 B AP g

Segnent SERpritedtingagradips.s d1heead>lut|nn 2vasohainiieer with 3@OvdWiies of frozen gIaCIal acetic

acid to give a clear solution to which was added TCEP (0.25 by weight of the total

weight of peptide segments), and the solution was incubated for 20 minutes. Then 30

volumes of pH4.0, 100mM Na acetate dilution buffer, 6m in guanidinium chloride was

15 added and the solution was mixed.. The resulting solution was pumped onto a

preparative reverse-phase (C4) HPLC column. Buffer was pumped at 30% C (Buffer C:

0.1% TFA in 60% isopropanol/30% acetonitrile/10%water) until all non-peptide materials

had eluted from the column, then the ligation product was purified by a gradient of 37-

57%% Buffer C over 80 minutes. Fractions containing the desired ligated product

20 (Cys*(Acm)){SEP-1:2+SEP-1:3+SEP-1:4+GP41} were identified by ES-MS and pooled

and lyophilized.

Step 4: Carboxymethylation of residues Cys® and Cys'"” The

(Cys®(Acm)}{SEP-1:2+SEP-1:3+SEP-1:4+GP41} [i.e. (Cys®(Acm))-1712-1713-1776-

GP41] was dissolved in TFE at 1 mM concentration. 10 volumes of 300 mM Na

25  phosphate buffer (pH 7.9) containing 6 M guanidinium chloride was added. A 25-fold

excess (over sulfhydryl groups) of bromoacetic acid dissolved in methanol at 75mg/ml

was added, and the solution was allowed to react with stirring for two hours at room

temperature The reaction mixture was then diluted with 11 volumes of 100mM Na

acetate pH4.0, 6M guanidinium chloride, and loaded onto a preparative reverse-phase

30 (C4) HPLC column and pumped at 20% Buffer C until all non-peptide components had

eluted, then the ligation product was purified with a step gradient to 55% Buffer C.



phosphate buffer (pH 7.9) containing 6 Mguanidiniumchloride to a
concentration of 2.25 nM The two solutions were m xed, giving final
segnent owooEmMsAti ons of 1nM 5 SEP-1: 4+GP41 and 1. 5nM SEReET/US)1/2a028 1%

t hi ophenol was added, resulting in a solution ('3 volunes') of the peptide
segnents at a pH of 6.8-7.2. Reaction Wii allowed to proceed overnight at
roomtenperature. After ligation, P-ner 'ff)foet hanol (3 volunmes) was added
to the ligation mx, followed by 3 volunes of 6 M guanidinium chloride 300
mV Na phosphate pH7.9 buffer, and TCEP was added (0.25 \EXN i ght of 10 the
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the remaining Zn powder was washed 3 times with 6M guanidinium chloride, pH 4, 100
20 mM acetate containing 35 mg/ml L-methionine and 35 mg/ml dodecylsarcosine
containing 20% TFE. BioRad SM-2 beads (approximately one-third the volume of the
solution) were added to the combined supernatant and washes and stirred at room
temperature for 30 minutes, then filtered. B-mercaptoethanol was added to 10%vi/v, then
0.25x(combined weight of peptides) of TCEP was added and the solution stirred for 5
25 minutes at room temperature. The solution was diluted 1:1 with an equal volume of
100mM Na acetate pH4.0, 6M guanidinium chloride and loaded onto a preparative (C4)
reverse-phase HPLC column and 35% Buffer C pumped until all the non-peptide
material was eluted, and the desired product was purified with a step.gradient to 55%
Buffer C. Fractions containing the desired Cys'®'-deprotected product (Cys**(Acm);
30 P! ){SEP-1:2+SEP-1:3+SEP-1:4+GP41-Pico} were identified by electrospray mass

spectrometry and pooled.



buffer (pH 7.9) containing 6 M guanidiniumchloride to a concentration of
2.25 MM The two solutions were m xed, giving final segnent concentrations
of 1nmM { SEPeA1BeBEP- 1: 4+GP41} and 1.5mM SEP-1: 2, and 1% paT/opbiea1elis was
added, resulting in a solution ('3 volunmes') of the peptide segnents at a
pH of 6.8-7.2. Reaction was allowed to g groceed overni ght at room
tenperature. Then the ligation mx was difuted with 3 volunes (i.e
relative to the volune of TFE used above) of dilution buffer: 1oomv| sodi um
acetate pH4. 0 containing 6M guani di ni um chloride, and wgs then gggg
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product wascapbindd, eddviobylv ahisprepopwasibeddd. t Thé Batidufrhierwas. stirred overnight at

room temperature. To the solution was added 3 volumes (relative to TFE volume above)

20 of B-mercaptoethanol, and 9 volumes of ligation buffer (300 mM Na phosphate buffer

pH 7.9, containing 6 M guanidinium chloride). To the solution was added

0.25x(combined weight of peptides) TCEP and the solution was stirred at room

temperature for 20 minutes. Glacial acetic acid (0.6 volumes) was added to acidify the

solution to pH4.0, and the solution was then diluted with 30 volumes of 100mM Na

25 acetate pH4.0 containing 6M guanidinium chloride, and loaded onto a preparative (C4)

reverse-phase HPLC column. Buffer C (25%) was pumped until all non-peptide material

was eluted, then the ligation product was purified with a linear gradient of Buffer C from

35-55% over 80 minutes.. Fractions containing the desired ligated product SEP-1 (1-

166) (w17 NSEP-1:1(+GP41)+SEP-1:2+SEP-1:3+SEP-1:4+GP41}: (SEQ ID NO:2)

30 were identified by electrospray mass spectrometry, and pooled.



WO 02/ 19963 PCT/ US01/ 21928 -114 Fractions containing the desired nodified
product (Cys33(Acm; T89"' ){SEP-1:2+SEP- 1:3+SEP-1:4+GP41} were identified
by ES- MSvedd2z/poed ed and | yophilized. Step 5: Picolyl Renopa@l/uRéwm9ozsust ( 71
mlligrams per mlligramof peptide) was activated in 2MHC for 5

m nutes, the activation was repeated onge then the zinc was 5 washed for
10 minutes wi th 6M guani di ni um chl ori de, %OnM gl yci ne pH2.2 contai ni ng
(freshly added) 35 nmg/m L-nethionine and 35 rrg/m Na dodecanoyl sar cosi ne
and 10%/v TFE. to renove excess acid. The wash peated once. The
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Fractions Gonfal HB%ohbhedGichisit R kRt 67 LEdnRLRIG a ddbamidion ar:
‘ approximately 2 milligrams per mililiter, then the protein solution was loaded onto a

20 2.6x100cm S-300 gel filtration column. The purified SEP-1-B51 was eluted with 10mM

Tris pH7.0, 137 mM sodium chloride. Fractions containing high purity SEP-1-B51 were

identified by non-reducing SDS-PAGE, and were pooled, frozen and stored at - 80 "C.
The final, purified folded protein SEP-1-B51 was characterized by analytical (C4)
reverse-phase HPLC, ES-MS, by non-reducing SDS-PAGE, and CD spectrometry.
25  Figure 25 shows a representative Isoelectric Focusing Gel (IEF) and non-reducing
SDS-PAGE gel showing the relative molecular weight of the folded, purified SEP1-B51.
A molecular weight standard run on the same gels are shown for comparison. As
shown, the relative molecular weight of SEP1-B51 by determined by non-reducing SDS-
PAGE is approximately 73kDa. The relative pl is approximately 5.0. Also shown is a
30 representative RP-HPLC chromatogram of the folded, purified SEP-1-B51 product. This



30 T'9," 17 ){SEP-1: 2+SEP- 1: 3+SEP- 1: 4+GP41- Pi co} were identified by
el ectrospray nass spectronetry and pool ed. WO 02/19963 PCT/ US01/ 21928
-115 Stew@02/M963 renoval #2 The pool ed sol uti on of (Cys33PE&TNpol/A83"’

{ SEP- 1:2+SEP-1: 3+SEP- 1: 4+GP41-Pico} [i.e. (Cys33(Acm; F89' 17
)-1712-1713-1776-GP41] was diluted 3x_wy4h HPLC grade water, and solid
urea was added for a final concentration of 2M A threefold nolar ratio
(relative to the total cysteine concentration) 5 of a 30 ng/m Hg(acetate)?2

solution in 3% aqueous acetjc acid s. added and th | utiaon was,stirred
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( 3- mer capt eeidifRQiroteditbi RS pleea@ttatieativry a seni - preparative (C4)

reverse- phase HPLC columm. Buffer C (20% was punped until all non-peptide
material had been eluted, and then the desired product was purified wth a
step gradient to 55% Buffer C. 10 Fr dexamaple 8&ont ai ni ng t he desired product
(Cys33; 89, 11' piybtHesis Of SEmthetis EpERrofoidsicStimiating Pretein SERA-BS2 ed by
ES-MS, diluted 2x (v/v) with water containing 2x (wwrelative to peptide
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. ) P
m x was sti rregﬁovernl ght at roomtenperature. To the solution was added 3

vol unes (rel afgpt@vkoyAFE vpliii®cabeve) vabu®irdm: mergapteepgnol , and 9
vol unes of ligation buffer (300 nM Na phosphate buffer pH 7.9, containing

6 M guapi di niyRsehbRide) . LoigivbRevSOl Ukt AS radded,cr@xgaxEcombi ned wei ght
of peptides) TCEP and the solution was stirred at room tenperature for 20

m nutes. G aci@argeetkice ackeh 1:@r6rr 0l unesyy e rAddeskitkovacidi fy the
solution to pH4.0, and the solution was then diluted with 30 vol unes of
100mM Na 25 amratcaRre (pEd. fb amntai ni ng 6M guani di ni um chl ori de, and | oaded
onto a preparative (C4) reverse-phase HPLC colum. Buffer C (25% was

unped until all non- tide material was eluted, then the ligati.on
P ofuct was par IWHESE BAPPRLES P ARG e Oye:A BRaGH reBb GPnTstdogh & SteiRe that

is carboxymethylated at the sulfhydryl group, and where K™ denotes a non-native lysine

15  that is chemically modified at the e-amino group with an oxime linker group coupled to a
designated water-soluble polymer through an oxime bond.

The SEP-1-B52 protein was derivatized at residues 24 and 126 with a branched

(Succ-TTD)o-Succ-Ala polymer construct similar to SEP-1-B51, but for this analog the

polymer was attached via an oxime bond between pyruvic acid and aminooxyacetic acid.
20 Moreover, the s-amino group of lysine residues 24 and 126 were modified to bear an
aminooxyacetyl functional group instead of a levulinic acyl moiety, and the branched
(Succ-TTD)2-Succ-Ala polyrﬁer construct was made to bear a pedant pyruvic acyl

moiety. These changes were designed to improve synthesis and handling, and to
further increase stability of the oxime linkages.

25 Figure 23 is a schematic illustrating the chemical synthesis of the branched
water-soluble polymer GRFNP43 (GP43) that was joined to the SEP-1-B52 through
oxime-forming ligation as described below. Assembly of the full-length product was as

described in Example 2. The structure of SEP-1-B52 is shown in Figure 24.



35-55% over 80 mnutes.. Fractions containing the desired |igated product
SEP-1 (1- 166) ('P89,"' ){SEP-1:1(+GP41)+SEP-1: 2+SEP- 1: 3+SEP- 1: 4+GP41 }:
(SEQ I D N 8)/19980 were identified by el ectrospray nmass spRCT/USomEX1p38, and
pool ed. WO 02/19963 PCT/ US01/21928 -116 Step 8 Folding: To the conbi ned
fractions containing full-length |i gateﬂ %Ppti de SEP-1 (1-166) (f89' 17

) {SEP-1: 1(+GP41) +SEP- 1: 2+SEP- 1: 3+SEP- 1: 1 41} [i.e.
1711(GP41)-1712-1713-1776- GP41] was added solid guanidiniumchloride, 1M
Tris buffer (pH 8.7) and distilled water to make the final solution 0.1
miligrams per @ |igSyethesispiSudeTERR.Buce-Ala@iBu EARENBHIPHEQHPENS £ i de,
100mMM Tris, This |igdhedrpegingitemplaty GIREFMP42)sol ution was | oaded into 15mi
di al ysis cassettes and dial yzed overnight at 4 C against a solution of 100
mM Tris buffer (PHCBTEP) mr&ﬁ@@ﬁi@ﬂﬁ@u sewggl&aa) wansyihesitast ore,0.5 sinelrssalst ar
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f ly, 2 | int }
o | badod RrEeY o8 sk BERTR sl b erfipois) BER b Bk brsClibhbg ]
SEP- 1- B51 vageeattuoedOwninbtesOthen drainsd pEchfs;s ré3tantdland dioluhle kbproddels were

Fracti ons Gontolaion, il ARk SRR W G 8Pl g dlinaion: hegicl no

SDS- PAGE, ando rozén>and store
purified farded, p8.atrennleSEPDiBsvedds 4ohid. aldt(@meld) U@Bél'rmlqllondalDMlbﬂlPS

e oe "SRRl ol B UL ORP TP TRl o) SR B
non-r educi ngactsShis-dpdGsiup capnadictsy wehe remedvetiibye hn‘llrmtewarrtem ftpw wagh nitk
fol ded, purlﬁl{nk?gséﬁ%hg%l%a'ined. Succinic anhydride (450 mg , 4.5 mmole) dissolved in 8 ml of
0.5M (4 mmole) HOBT (N-hydroxybenzotriazole) solution containing 500 microliter (3.9
20 mmole) DIEA was added to the resin and allowed to react with vortex agitation for 15
minutes, then drained. The three steps (CDI activation; TTD coupling; succinic
anhydride reaction) were repeated eleven times [i.e. a total of twelve times]. Excess
reactants and soluble coproducts were removed by a 1 minute vortexing flow wash with
DMF (~50ml), and drained. The HOOC-CH,CH,CO(TTD-succinyl),.-O-resin (0.5 mmole)
25  was activated with 8ml of fresh 1.0 M (8 r\;\mole) CDI solution in DMF, allowed to react
for 40 minute, and drained. Excess reactants and soluble coproducts were removed by
a 1-minute vortexing flow wash with DMF (~50ml), and drained. 2.5 mmole H-
AlaOtBu.HCI was dissolved in 4.75 ml 0.5 M (2.375 mmole) HOBT in DMF containing
150 microliter (111 mg, 0.825 mmole) DIEA, and allowed to react with the CDI-activated
30 HOOC-CH,CH,CO(TTD-succinyl);-O-resin (0.5 mmole) for 1 hour with vortex agitation,
then drained. Excess reactants and soluble coproducts were removed by a 1-minute
vortexing flow wash with DMF (~50ml), and then drained. The product tertBuOOC-



A ol ecul ar wei ght standard run on the sane gels are shown for conparison
As shown, the relative nol ecular wei ght of SEPl1-B51 by determ ned by
non-reducve@2/BO8 PAGE is approxi mately 73kDa. The rel ati peT/pBo1/4928
approximately 5.0. Also shown is a 30 representative RP-HPLC chromat ogram
of the folded, purified SEP-1-B51 produgig_This WO 02/19963 PCT/ USO1/21928
-117 illustrates the purity and increased rel ative nol ecul ar wei ght of the
preci sion polyner- nodified proteins of the present invention. Exanple 8

Synt hesi s nthetic Erythropoiesis Stimyati Protein SEP-1-B52 5 A
Conposi t i og’ﬂ%@tﬂh%@%%@éﬁihﬁ%@?‘ﬁwh?—5 'rac?s'jé'P %ﬁ;@%%lle@si SXtSPf"?‘r%Y aVithg
protein (dexigNatagddSiit theBId ravas way b singedvaclios @nionetadt ndighe qupivae of

the full- length SEP-1-B52 is the ne as that of SEP-1-B51: APPRLI CDSR
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Figure 23 is %,scherrati c illustrating the chem cal, synthesis of the
br anched 'vopnhilized.

15 C. Synthesis of a template carrying multiple amine groups for
branching and a pendant pyruvic acyl moiety for (later) attachment
to the protein (GRFNP42)

The template was synthesized manually on a Boc-Leu-OCH,-Pam-resin on a 0.4
mmol scale. A one-minute flow-washing step with DMF was used between every

20  coupling, deprotection and activation step. The Boc group was removed by treatment

with neat (i.e. 100%) TFA. After DMF washing, 2 mmol Fmoc-(Rink-linker)-OH was
coupled to the resin after activation with 1.8 mmol HBTU in 3.8 ml DMF containing 1 ml
DIEA. After removal of the Fmoc protecting group (2 x 3 minutes 20% piperidine in
DMF), 2 mmol Fmoc-Lys(MTT)-OH [MTT = 4-methyitrityl] was coupled to the resin using
25 NHS-ester activation with 2 mmol DIC and 2 mmol NHS in DMF. After removal of the
Fmoc protecting group (2 x 1 minute 0.5% DBU in DMF), 4 mmol succinic anhydride
dissolved in 8mi of 0.5M HOBT solution containing 2.2 mmol DIEA was coupled to the
resin for 10 minutes. After this step, the resin-bound carboxyl group was activated with
8 ml of fresh 0.5 M CDI solution in DMF. 4 ml TTD was added in 4 ml 0.5M HOBT
30  solution and coupled for 30 minutes.



wat er - sol ubl e pol ynmer GRFNP43 (GP43) that was joined to the SEP-1-B52
through oxinme-formng |igation as described bel ow. Assenbly of the

full -l engt@doproedict was as described in Exanple 2. The spenoSura9zsf
SEP-1-B52 is shown in Figure 24. WO 02/19963 PCT/US01/21928 - 118 B.
Synthesis of (Succ-TTD)12- Succ- Al aQt Bu_¢&RENP39) for coupling to the
branching tenplate (GRFNP42). (Succ-TTD)12-Succ-Al aQ Bu ( GRFNP39) was

synt hesi zed on a 0.5 nmol scale. 0.5mmle (-0.5 grans) Sasrin acid |abile,

carboxylic acid-generatjing polystyrene resin 5 (h | bsti i 1.02
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D. Assembly and deprotection of the amide-coupled branched polymer
20 (GRFNP43)

GRFNP43, a branched (TTD-Succ)sg - polymer of 16kDa molecular weight was
synthesized by coupling GRFNP39 to the purified template GRFNP42. Purified (Succ-
TTD)>-Succ-AlaOtBu  (GRFNP39) (1.0mmole) dissolved in DMSO at 60°C to a
concentration of 20 mg/ml was activated with 0.95mole of HATU in DMSO at a

25 concentation of 10 mg/ml in the presence of a twehty-fold (molar) excess of DIEA.
Purified template (0.24mole)GRFNP42 dissolved in DMSO at a concentration of 3.9
mg/m! was added immediately. Progress of the reaction was monitored by analytical C4
reversed-phase HPLC and ES-MS. Typically, the coupling was complete within
minutes. For work-up, 4 volumes (relative to ligation mix) 0.1M acetate / 6 M

30  guanidinium chloride, pH 4 was added, and the solution was loaded onto a preparative



a 1-mnute vortexing flow wash with DMF (-50m ), and drained. 2.5 mvole H
Al aC Bu. HCI was dissolved in 4. 75 mM 0.5 M (2.375 nmole) HOBT in DW

cont ai ni mgO 0463 croliter (111 ny, 0.825 mmol e) DI EA, anBCEUS@MEORS 0 react
with the CDI-activated 30 HOOC- CH2CH2CO( TTD- succi nyl )12-O-resin (0.5 mol e)
for 1 hour with vortex agitation, then ai ned. Excess reactants and

sol ubl e coproducts were renoved by a 1- ute vortexing flow wash with DWF
(-50m), and then drained. The product tertBu0O00 WO 02/ 19963 PCT/ US01/ 21928
- 119 CH(CH3) - NH OC- CH2CH2CO( TTD- succi nyl ) 12-O-resi n was washe

ext ensi vel {Cal teverspaitesel Hilfeaoluna. PaltraichethpleRIMamES Qﬂnit%n@mfé?r'%&'@tﬁjm to
const ant Lg%@ \1/\5/533%(53 Q@r'a g"%ﬁé AREir& pRUGEUrAndaaIJaIWRS vHsOdHed with @ heard he

| i near eaved fromthe resin support according to standard 5

Fnoc- chem gradiemrad 2Octh %sBuffernd (acatomiils ?PWXBM"Q Price giéeiversiar e ifecadigeys
product WaZr Al_hv':é?%o"r‘?l u'téé W&l@ﬁé‘%@h{élnﬁ@%@r&e‘éﬁéd Raf Rl ehd Rﬁn@ﬁeb%ﬂ' E§- and

| yophilize I'yophilized polymer was dissolved in a small anount of
50% aquéouMBdeazeniangiljophiligesht a| ning 0.1 % TFA and dil uted to reduce the

concentration of_organic below 1 % The crude | oaded 0ac
preparative revet§esHA8R PHRliRY EEANGRT P@'y@&ﬁlcPﬁ‘%P‘Q&% aﬁﬂ@ EIB waa@l@sgt\)/er%cw B.
Sal ts were RluTEA at § @6R&ntafbh ¥f ﬁﬂ@/rhh@r 08606 dembRMPle IS OIBS tePtBUty] eetdrvm th
a linear gradl ent of 20-35% Buffer aceC} onitrile ¢ TFA)

t
versus 0.1 PRiggiRsoEhersoiut Wé’va%@'qﬁ’i’?ﬁﬂ%@ rmeéétmaﬁgtagfg%faégh?%@@ﬁé e gHES 1 ed
(Succ- TTD) Jiyas Goa cﬁ@o‘ﬁ}édﬁﬁl@g% Blifrer GRENERAitrilvebtaintRNe .1 94 ﬁdc\)bsrhgﬁower

frozen and  I'yophilized. 15 C. Synthesis of a tenPI ate carryin }
am ne dioupras desaliedl aAch Piepakaive AeYsEsIaRRseP Ly withag plemeradiept 86'?” J(q &tt%r)
at tachment 45@9 th& BLeis8s D, {oﬁaﬁw&@Tﬁm% éoemlu@etse PRFeSiYAUtBAS b@rﬂammgrmal ly

on a Boc-Leu-OCH2-Pamresin on a | e. A one-mnute ow—washl ng

step with DMSIF%@&E%@@(%EMB% WQFSPZGQG”%UQB'I“I'M aﬂ‘émeo‘i'r!?@tﬁ%‘ﬁ’eé%e for
activation tﬁ%%gma]'gﬁf(ﬁgﬁndgﬁ&ggn\g@% renoved by treatnent with neat (i.

100% TFA. washing, 2 mml Fnoc- (R nk- Ilnker) OH was coupl ed to
the resin after activation with 1.8 mol HBT_ cont glm
DIEA. After remdwal dPXimgformipg Jiantiont (‘ﬁgmlg 9 °( 2G'§F§1HQ1@PQSG%&171

pi peri di®ne in with the branched polymer NP4

Segments SEP-1:4, and Segment SEP-1:1 were synthesized as described
above in Examples 2, 3, 4, and 7, only that instead of levulinic acid an aminooxyacetyl

% in the respective peptide segments

(AoA) moiety was appended to Lys* and Lys'
following standard coupling protocols. Thus, after assembly of the peptide-resins, the
20 side chain Fmoc group was removed from each peptide-resin and 2 mmol Boc-
aminooxyacetic acid was added to the resin using NHS-ester activation with 2 mmol DIC
and 2 mmo! NHS in DMF. The two peptides were deprotected and cleaved from the
resin with HF and purified by C4 reverse-phase HPLC. Suitable precautions were taken
to avoid exposure to carbonyl compounds. Segment SEP-1:4 and GRFNP43 were
25  jointly dissolved at an equimolar ratio in 50% aqueous acetonitrile containing 0.1% TFA
(trifluoroacetic acid). The solution was lyophilized. The dried powder was re-dissolved
in 50% aqueous acetonitrile containing 0.1% TFA and loaded onto a preparative C4
reverse-phase HPLC column. The polymer-modified peptide was separated from
unmodified peptide and unreacted polymer by preparative gradient reverse-phase
30 HPLC. Fractions containing the desired oximated product SEP-1:4+GP43 were

identified by ES-MS and pooled.



DMF), 2 mmol Fnoc-Lys(MIT)-OH [MIT = 4-nethyltrityl] was coupled to the
resin using 25 NHS-ester activation with 2 mol DIC and 2 mmol NHS in DW.
After rewooat 163 the Fnoc protecting group (2 x 1 m nut ePOT/B%1DBLLS N DIVF) ,
4 mmol succinic anhydride dissolved in 8m of 0.5M HOBT sol ution
containing 2.2 nmol DI EA was coupled tgo.bhe resin for 10 minutes. After
this step, the resin-bound carboxyl group was activated with 8 m of fresh
0.5 MCDI solution in DWVF. 4rr1 TTD was added in 4 m 0.5M HOBT 30

o oLy sk S S A ARSI SR, o
with 2 mml508 Goredu? éﬂ@BdmﬂNldScbﬁta% 0Af% eTFANn Frec soRitiow alvas tfejzel 2and |
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The reS| n eutr al i ne m

i.zed with 10% Dl EA in. DVF for

pyr uvi ¢ 2aci d‘ m%roraﬁgléagtpgp{i%wgggﬁﬂaraqunféow%_n&qéqd %‘?ﬁtﬁgeaﬁr\dowr%?\d
(rjn*ml DCa y%:j I |préﬂfé$ad fiive rebbfsefppasetfradientiéleton. Thactiesoataningthe desired

eprotecte an eave t esin. s t TFA containin
5%pwat er. 8(29@'8 %%'Fuﬂ éﬂg‘%;‘@erg\} %@Fg‘féﬁ‘ztgtﬁ%la@ﬂé’gg‘ Y0 in a rotat o?
evapor at or . The resi due was di ssolved in 50% aqueous acetonitrile
cont ai ni ng 0. 1%F[FA agyhthysiphOf isyathetithErytpoidsis StimeiatihgtRroteia SERde! ved
in a small amount ofps®% aqueous acetonitrile containing 0.1% TFA and
diluted to reduce the concentration of organic below 1 % The
pyruvatg- cont ai rEEFRMIEE(SEQ IDANOLDaded syrtasized i@4sdRitiop fearh fomr eslypdptibe at ed
at T =40C at 0 %Buffer B [i.e. 100%Buffer A =15 0.1 %FA in water].
Salts were 908 i socrati cal | y and the desired tenplate was purified wth
a linear gradient of 5-12 % Buffer B versus 0.1% aqueous TFA in 60 m nutes.

Fractions cougn@ntiSEP:ihecies (GRENBY ef+GRFNICRE NRAZEpowdity tal essidues ed3Dof
ESI-MS, frozen and |yophilized. D. Assenbly and deprotection of the
am de- coupl ¥R WP MEREd pol yner 20 (GRFNP43) GRFNP43, a branched

(TTD-Succ) 49 - palpaiBEngR 1@!&@@YMA@<CU|E§EK“@TQ@@AV‘@@—thl@é&‘ﬁbh@ﬂd‘@@yw has
coupl i ng GRFNP39 to the purified tenplate GRFNP42. Purified (Succ-
an AcA pendant moiety oxime-linked to the branched polymer GRFNP43, as

denoted by K°*: and where His** is Dnp protected)

Segment SEP-1:2 (GRFN 1712; corresponding to residues 33-88 of SEQ ID NO:2):
CSLNEKIT VPDTKVNFYA WKRMEVGQQA VEVWQGLALL

SEAVLRGOAL LVKSSQPW-thioester (where Cys® is Acm protected; and where

20 the three Trp residues are formyl protected)

Segment SEP-1:3 (GRFN 1713, corresponding to residues 89-116 of SEQ ID NO:2):
CP ILQLHVDKAVS GLRSLTTLLR ALGAQK-thioester (where Cys® is Acm

protected; and where His®* is Dnp protected)

Segment SEP-1:4+GP43 (GRFN 1776+GRFNP43, corresponding to residues 117-166

25 of SEQID NO:2):
CAIS PPDAAK®AAPL RTITADTFRK LFRVYSNFLR



TTD) 12- Succ- Al aGx Bu (GRFNP39) (1. Omole) dissolved in DVMSO at 60C to a
concentration of 20 ng/mM was activated with 0.95nol e of HATU in DMSO at a
25 concemwant/ovedf 10 ng/m in the presence of a twenty-fpPCOUCMA108) excess
of DIEA. Purified tenplate (0.24nol e) GRFNP42 di ssolved in DVBSO at a
concentration of 3.9 ng/m was added igppdiately. Progress of the reaction
was nonitored by analytical C4 reversed-phase HPLC and ES-MS. Typically,
the coupling was conplete within mnutes. For work-up, 4 volunes (relative

to ligation mx) OA Macetate / chl oride dass
s ana t e e Bt L aada i e (ppaT s B S SSterBYse CR
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Buffer B (acetonitrile containing 0.1% TFA) versus 0.1% aqueous TFA over

80 m nutes. FracyintisisCOst addaitidgalt F&pd@@d r figatiort errebétion‘é/er&arbﬁb@/ﬁ‘tdtfﬁylaiﬂbnby
ES- 5 M5, frozen and |yophili zed. resul ti n, urif branch eg SpoL
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for 1 hour jpgvé Giexambhe A 2-£X Buardder tBUidl faBicdbth, B6leée SEFONB5INGERRIDIt i On
was evaporated to dryness in a rotary evaporator and the dried pol ynmer was

di ssol ved iNO=Zhowisah was eharagienized kyr anavtieaniCa) ieyrysePphasy HERAS. EPHESpand mer
10 was desq{&ﬁggﬁc@ Lﬁ‘fsgjrse-gﬁb@t.' }é%a% r'st€ sRediBs Gladklibb ot teP otHer it

from15%to Ver sus % aqueous TFA in 80 m nutes. Pool ed
fractions constaiats.ng the desired material (GRFNP43) were frozen and

| yophilized, and the dried powder used for the oximation-form ng ligation
step. By Oxine-forming ligation (oxingg gl):_.g)f GRFN1776 and GRFN1711 15
wi th the branched pol yner GRFNP43 Segrrents SEP-1: 4, and Segnent SEP-1:1

were synt hesi zed as descri bed Emggy}ﬁsﬂua,eg%mlﬁ3_g423 4, and 7, only that
i nstead of levulinic acid an am nooxyacetyl (AoA) npiety was appended to

Lys24 and Lys126sgpaiing weS pesihifted aP Oittie TRERE N2CMMT dldludwicigites & ardama
coupling prot ocols. Thus, after assenbly of the p g{)tl de- re5| ns, . the 20 side

chai n Fnoc s9ebuib eeridednbliied 025%m réhcﬁ‘?”ﬁ@pﬂbdg“rﬂe )aRBd 2 Wasppdraigistered
gmmr;gfx%?(éEiﬁﬂr&/eﬂthy ‘f@ﬁo:ﬂ%ﬁ'%lé Ruitd PeratEsdryratid) R0 abbEZ G131 @1 5 agtiovad/kg i t h

15 on Days 1, 3, and 6. Blood samples were collected 4 days after the last injection (Day

9) and analyzed for hematologic parameters. There were no statistically significant

differences in red blood cell (RBC), hemoglobin (HGB), hematocrit (HCT), and

reticulocyte count (RET) values at 4 days after the last injection with SEP-3-L42 at these

doses when compared with those of the control group.

20 Example 10
Pharmacokinetic studies for SEP-3-L42

SEP-3-L42 was reformulated in Citrate Buffer (20mM sodium citrate + 100mM

sodium chloride) plus 0.25% RSA, pH6.9, and was administered intravenously as a

. single dose to normal male rats at a dose level of 5 ug/kg. Blood samples were

25 collected at 0, 1, 2, 4, 6, 12, 24, 48, 72, 96, 120, 144, 168 hours after the dosing. The
plasma SEP-3-L42 concentration was determined by anti-EPO ELISA kit (R & D
Systems, Human Erythropoietin Quantikine VD Immunoassay Kit #DEP00) according to

the manufacturers instructions. The results are shown in Figure 27.



and 2 mmol NHS in DMF. The two peptides were deprotected and cl eaved from
the resin with HF and purified by C4 reverse-phase HPLC. Suitable
precauti v omeme3 t aken to avoid exposure to carbonyl conpOUE&L2188gMENt
SEP-1:4 and GRFNP43 were 25 jointly. dissolved at an equinolar ratio in 50%
aqueous acetonitrile containing O.l@bTmﬁ% (trifluoroacetic acid). The
solution was |yophilized. The dried po ¢ was re-dissolved in 50% agueous
acetonitrile containing 0.1% TFA and | oaded onto a preparative C4

rever se- phase HPLC colum. The p mer - nodi fi ed pepti de was separated from

unnodi fi ed pept A§Shawa iy ﬁi@ﬁétzéds%% 11yBRG emblﬁ@destmhtgltslwrg@mr@mcompared
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solution was frozen and 1zed. The d er was di ssol ve In 50%
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gr adi ent rJ Yt%rssﬁg%ﬁ@?ﬁé’%&&%ﬁ@&ha@&%d@g oHgpr -nodified peptide was

separ at ed m unno pepti de and unreact poI ynmer by preparative
reverse- phase gradient elution. Fractions containing the desired oxinmated
product SEP-1:1+GP43 were identifiedEK§mMPRMS and pool ed. F. Synthesis Of
Synthetic Erythropoiesis Stinmulating Protein SEP-1- B52 10 SEP-1-B52 ( SEQ

I D NO 2) was synthesized in scﬂfmdcqrsmmemf&osgpnq_moepti de segnents:

Segnment SEP: 1:1 N 0 .0 _residue - of

SEQ ID NO 2) é’% féggé"%i @?@N é?(’é %‘r‘ﬁi‘ﬁ&@ W%P@E‘%’t%‘ at(s\,%ﬁpémﬁfsm

has 150an sémamp@miam) pios @lzy%olxsmmnulvm@e@ljrhmnstéred ntenehsdiyol wmal Eﬂal‘d\lP43

as denoted by_Kox; and ere Hi 53? Dng%pro ect ed) Se%ent EP— : 2 _(GRFN
98 0 4 PREXI

1712; corré%tﬁdﬁd?ﬁgoetrcﬂrf’ i Juaseg st KK tiw fir \/WE?'I’RVNFYA
VKRVEVGQQAB\i Y\ b d- wel oB1BEIA dndkS a3V tdr tRE st Injd B {BaysYS asd 118) Adn

protected; and where
analyzed for hematologic parameters. There were no statistically significant differences

in RBC, HGB, and HCT values at any interval after treatment with SEP-1-L30, when

15 compared with those of the control group. Reticulocyte counts were higher at 4 days
after the last injection (Day 9) for rats treated with 25 and 50 pg/kg (statistically
significant difference when compared with those of the control group). No other
differences in hematologic parameters were observed at either Day 9 or Day 13 for any
of the animals treated with SEP-1-L30. [Data not shown]

20 Example 12
Pharmacokinetic studies for SEP-1-L30

SEP-1-L30 was reformulated in Citrate Buffer (20mM sodium citrate + 100mM
sodium chloride) plus 0.25% RSA, pH6.9, and was administered intravenously to
normal male rats as a single dose at a dose level of 5 or 25 ug/kg. Blood samples were

25 collected at 0, 1, 2, 4, 6, 12, 24, 48, 72, 96, 120, 144, and 168 hours after the dosing.
Plasma concentration of SEP-1-L30 was determined by ELISA kit (R & D Systems,
Human Erythropoietin  Quantikine VD Immunoassay Kit #DEPO0Q) according to
manufacturers instructions. No SEP-1-L30 was detectable at any of the time points at
the doses given.



20 the three Trp residues are fornyl protected) Segnent SEP-1:3 (GRFN 1713,
corresponding to residues 89-116 of SEQ ID NO 2): CP LQLHVDKAVS GLRSLTTLLR
ALGAK- t woex1®nr3 (Wwhere Cys89 is Acm protected; and wher BCHUS®R1P Dnp
protected) Segnent SEP-1:4+GP43 (GRFN 1776+GRFNP43, corresponding to

resi dues 117-166 25 of SEQ ID NG 2): Gf%g PPDAAKQAAPL RTI TADTFRK
LFRVYSNFLR WD 02/ 19963 PCT/ US01/ 21928 ~-123 GKLKLYTGEA ORTGDR- car boxyl at e
(where the Ctermnal cysteine (i.e. Cysl6l) «carries a picolyl (pico)
protecting group, and where Lysgl26 has an AoA pendant noiety oxime-|inked
to the branched pol ymer GRFNP43, as Beawgplaildy K') Synthesis of additional
peptides, ligation reactions, carboxynethylation, 5 protecting group
renoval reactions, folding anEff WV&%FFW%‘?% d%f?q ormed as descri bed
above in Exanpl ield full-1length, folded SEP-1-B52

(SEQ ID NO 2), 3%&%‘1&'?%&@@3%%@%3@?? z@cﬁ’f%/ﬂ)e 41BY (phosahate duifferqd, saline) s e

HPLC, ES- stsamdtsmam W@Q@Ghﬂ%t&@&nﬂ%no@h@ﬁﬁﬁ&ﬁ@ Al RS t@fdf@seraéroup)
descri bed for the ot SEP caonstructs. | e ficacy studies for

SEP- 3- L22 aEposes ab0 V\bg 5,123 OF ap 204, itiW, ei"t[P%/tSe1anﬁjfﬁ“ér6 ( Bnowh saolemivera r at e
+ 100nMM  segliceracchl @rirdeds Bhyasarler &Marsatnl,esﬁswbalsbmﬂ 1%, 6RPSb) 80 a

adm ni stered |ntravenously to normal male rats rats Zt doses

of 0, 1, sfordiemaolgpiegparemiersisTha dats i hova maTﬂiole VllBlb@Ewr sg;ﬁgfsgs"elaéecb
col lected Aslanse ff |F1§rrea§é’t?R|3@SHG'Bnll-ﬁ,C'I{ A8 HERYas 8%3&%& Qtnfhécf)@acﬁter%e last

hemat ol ogi ¢ paraneters. There were no stati sti cal
differ ence@]ﬁ%loﬂ dBap|16p dorcanimals RBCYiving nn@gl abdl r’iZ(SI-ﬂ@yg SEEFI‘HBﬁQ: ($tatigtieam) ,

and g}; Ce.ttqgg.xm m&eace(ggésf ca(@yrsa with tﬁo&aéfﬁhgfcsﬁqgol sgfﬁo ﬁ?éf @gﬁg %')q%f"

with S at these en conpared w
group. 20 BEfdnior ¢hebe anPhals nersakeédbigher &\au@petsolfvehJeSEﬁ’{&-yL@arﬁﬁRm&nud&twvas

reformul at Sg él&nlﬁ%énﬁ?trﬁgl%ffﬁ‘lgﬁ c‘o%ggw(/ﬁﬂgé H'quoﬁblli rl'.%y 26 ]lg néMs after the last

injection) for animals treated at 125 nug/kg. RET production was reduced after Day 10,
with significantly lower counts on Days 15 and 20 for the 25 and 125 pg/kg animals.

15 Table Vil
Hematology Findings Following Multiple Doses of SEP-1-B50

RBC Day 10 Day 15 Day 20
Control 7.01 +0.301 6.86 + 0.391 6.96 + 0.178
1 ng/kg 7.07 + 0.482 6.85 + 0.446 7.00 + 0.315
5 ug/kg 7.16 + 0.402 7.27 +0.229 6.92 + 0.238
25 ng/kg 7.98 +0.484**  |7.73+0.448*  |7.20 + 0.331
125 pg/kg (87120512 |8.89+0.508* |8.25+0.641™
HGB Day 10 Day 15 Day 20
Control 14.2 + 0.49 14.0 + 0.61 13.9 + 0.36
1 ng/kg 14.4 +1.18 14.2 + 0.44 14.1 + 0.30
5 uglkg 15.6 +'0.43* 15.3 +0.33* 14.4 + 0.30
25 pglkg 1611 £ 049" 115.1 + 0.57 13.8 +0.22
125 pglkg 16.9 + o 82** . ‘jj 16,4+ 0.32% . 1115.0# 1.07*
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Example 14

Pharmacokinetic studies for SEP-1-B50

SEP-1-B50 was reformulated in Citrate Buffer (20mM sodium citrate + 100mM
sodium chloride) plus 0.25% RSA, pH8.9, and was administered intravenously to normal

male rats as a single dose at a dose level of 5 or 25 ug/kg. Blood samples were

collected at 0, 1, 2, 4, 6, 12, 24, 48, 72, 96, 120, 144, 168 hours after dosing. Plasma
concentration of SEP-1-B50 was determined by ELISA kit (R & D Systems, Human
Erythropoietin Quantikine VD Immunoassay Kit #DEP00) according to manufacturers

instructions. The elimination half-lives were determined to be 9.7 and 9.9 hours for 5

10

pharmacokinetic profile for SEP-1-B50 is shown in Figure 27.

and 25 ug/kg dose, respectively. The observed MRT (mean residence time) was 13.9

and 14.4 hours for the 5 and 25 ug/kg dose, respectively. A representative



normal male rats as a single dose at a dose |level of 5 or 25 ug/kg. Bl ood
sanples were 25 collected at 0, 1, 2, 4, 6, 12, 24, 48, 72, 96, 120, 144,
and 168 woryi1®bier the dosing. Plasma concentration of BERUS$e13M8was
determ ned by ELISA kit (R & D Systens, Human Erythropoi etin Quanti ki ne

| VD | mmunoassay Kit #DEPOO) according tqo7manufacturers instructions. No
SEP- 1-L30 was detectable at any of the tlne points at the doses given. WO
02/ 19963 PCT/ US01/ 21928 -125 Exanple 13 Efficacy studies for SEP-1-B50
SEP-1-B50 was refornulated in steril PBS‘§P?osphate buffered saline) plus
0. 25% RSA and was adm ni stered intra BLpL to normal nmale rats (5 rats

per group) 5 at doses of O, Effi&cyZ&udﬁsf&|2§Eg.l1k351tiW, on Days 1, 3, and
6. Bl ood sanples were collected 4, 9, and 14 days after the last injection

(Days 10, 15, arﬁEpzmassandvaanaumstere‘doﬁntmmwlyogbcnpmarrm:@é SratsThe d@d a is
shown in ‘IF\:%l%IO .%(I bel ow. A dose-related response in increased RBC, HGB,
HCT, and Bserved at 4 days after the last injecti on (Day 10) for

ani mal sgrecei Vi S
S ani 11 Sant o { fapoima 12 SERATEN HRe TERrtiERY rCTRle BURE ROl ssppm rec,
HGB, and ieté drr1Qohé&;eoanmmﬂ(Sﬂdeép’wsr@eZE"/hiRﬁﬁeand \hamadmrnﬁstededvmfawesomv Day
15 and con ignif er, nt.r ol Iue t hr
Day 20 (14%%?5#?8 '%?%éérgd; lt”&) aﬁr?foacst? %h' Po?r W{g . roé‘a[? at:3 Tﬁ‘ggg/ kg.
RET pr oductandrblewmissaneules edleafeidest 4363{ ahd,14 dny&haftsr thel bbiciajalctioh (Dwyer10sagnt s
on Days 15 for,the 125 g/ kg ani 15 Tabl e VI mat ol og
Fi ndi ngs F@%B%\?ﬁ%ﬁ Fgveis s 9%0329'81?3 915 %é%:stﬂvwib' ﬂé\}’l'el@tgwwzo
Cont r ol107. GFburt@ad hftér Bfe+hird9dnd 16 1Aral@Boub @jdehory Mﬁiﬁ%’&#ﬁi%ﬁ ﬁ§d§91é)4€a
7.00+0. 315 5 g/ 7.16+0. 402 7. 27 9 238 2 484**
7.73 + 0. 42 'Sg?aﬁgﬁﬂ”ilg’@i” t ipseeage iy ‘%B Hﬁg %@P*andsa%fg“g re%uﬁ’%te*c%mﬁs +
0.641 ** HKARTPMps bbséR¥d ¥ dMakOreceiving 25 ng/kg SEP-1-B51, when compared with

the values for the control group. The RBC value for these animals remained higher than

the control value on Day 15 and was comparable to the control value on Day 20.

15 Reticulocyte production was reduced after Day 10, with significantly lower counts

observed for the 5 and 25 ug/kg animals on Day 15.

Table IX
Hematology Findings Following Multiple Doses of SEP-1-B51
RBC Day 10 Day 15 Day 20
Control 566 + 0497 ([5.62+0.385 |5.90+ 0.286
1 ug/kg 532+0275 |5.23+0.470 |5.77 +0.200
5 ug/kg 6.22 +0.377 [6.18+0.298 |6.39 + 0.369

25uglkg  |6.70+0/257" (6.25 +.0.348* |5.94 + 0.294

HGB Day 10 Day 15 Day 20

[Control 14.3+110 [142+0.88 [|14.8+0.72
1 uglkg 13.3+041 |132+0.93 |14.3+0.37
5 ug/kg 15.1+0.53 [148+0.30 |15.4 +0.25

25 ug/kg 16.5 +0.52* |15.0 + 0.91 14.3 + 0.64
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14.20.49 14.00.61 13.90.36 1 g/kg 14.4+1.18 14.2+0.44 14.1 +0.30 5
+' 0-43* 1115.3 + 0,,3"'3* 14.4+0.30 25 g/kg 16;.1 + 0.49** 15.1
0.57 13. 8¥002M96325 g/ kg 16.9 0.82** 16 4,.

WO

02/ 19963 PCT/ USO1/ 21928 -
+1. 39 40.5+0.93 40.9+1.33 1 g/ kg 42.6+}

44,7 +1.W44.1 1.27 41.5+40.90 25 g/kg i
125 pg/ kg 49.8 2.13** 48.4 + 3.95** 44.3 + 3. 39*

Contr ol

0.21~

nor mal
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chloride) plus 0.29% : pH63§% ﬂ% 2n$

.4+1.14 2.
59/ kg 6.6+ _3.60* 1.

126 HCT Day 10 Day 15 Day 20 Control 41.1
2 40.6+1.83 41.2+1.13 5 pg/kg

- - . .340. 41
1.12* 1.1 + 0:]24*, Q'2
30 W fcant
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rate + 100mM dodi um
&t endd! it Paverousl y to

+0. 48 0.8+0.26 25 g/kg 62

0. 9 ﬁ 0"
p<0. |05 I‘;*))éi‘g;niflcan?y

rol,

5 male rat 5@@1199 si ngb@9d9$e1at @861@58991‘ eve«io@h P3®r 45 ug/ kg.
Bl ood sanpl es were ected 48, 72, 96, 120,
144, 168 hours aft thg. ﬁﬁésfhﬁ%con%%%ttrza?l on %7f2$E‘PBQL B0 was
determ ned by ELI S Rt U—( & D-Systens, Humam—Erythroporeti-nm{Quant i ki ne
| VD | mmunoassay Ki t] #DEPQQO) accordi ng to manuf acturers instrdctions. The
elimnation hal f-lijves apere det epgy ned o kway1s5’ and 9pgy peurq for 5 10 and
25 ug/ kg dose, res tively The ohserved MRT (nmeam residenceltine) was
Control 0.29+0.089 [0.28+0.086 |0.21 +0.034
1 ug/kg 0.34 + 0.50 0.23+0.055 |0.19+0.075
5 ug/kg 0.28 +0.059 |0.11 +0.021** |0.20 + 0.081
25 ug/kg 048+0121* 006+O®54** /[1.45 + 3.100

10

** significant dlfference from control p<0. 01

*

significant difference from control p<0.05

Experiment 2. SEP-1-B51 was reformulated in Citrate Buffer (20mM sodium
citrate + 100mM sodium chloride) plus 0.25% human serum albumin and was
administered intravenously to male rats (5 rats per group) at doses of 0, 1, 5, or 25
ng/kg, tiw, on Days 1, 3, and 5, and blood samples collected at 2, 4, and 6 days after
the last injection (Days 7, 9, and 11) for analysis of hematologic parameters. In
addition, blood samples for measurement of hematocrit only [as packed cell volume
(PCV)] were collected daily on the remaining study days (Days 2, 3, 4, 5, 6, 8, 10, 12,
and 13). The data is shown in Table X below. HCT (PCV or calculated) values were
significantly increased for animals receiving 5 and 25 pg/kg beginning 2 days after the
first injection (Day 3) and continuing through 6 days after the third and last injection (Day
11).

measured (2, 4, and 6 days after the last dose; Days 7, 9, and 11) for animals receiving

RBC and HGB were also significantly increased on the days that they were

5 and 25 ng/kg. ART was significantly increased only for the 25 pg/kg group at 2 and 4
days after the last dose (Days 7 and 9).

6 + 1150** 43.6+1.61 40.3+1. 05
RET Day 10 Day 15 Day 20



and 14.4 hours for the 5 and 25 ug/ kg dose, respectively. A representative
phar macoki netic profile for SEP-1-B50 is shown in Figure 27. WD 02/ 19963
PCT/ USO1Ma 928963 127 Exanpl e 15 Efficacy studi es for SEP-ReBb$0183HM281- B51
was adm nistered intravenously to normal male rats in two experinents. 5
Experiment 1: SEP-1-B51 was refornul at eq%%n Citrate Buffer (20nM sodi um
citrate + 100nmM sodi um chl oride) plus O % RSA and was adm ni stered
intravenously to nale rats (5 rats per group) at doses of 0O, 1, 5, or 25
g/ kg, tiw, on Days 1, 3, and 6, and blood sanples collected at 4, 9, and
14 days after the last injection (Daysrabe Xx15, and 20) for anal ysis of

A ter the third adehtadRreiR e S RN ahludRR Geesl el Sebtat] o of 2
statistically sigrif t |PA¥dease in |RBCY HEB, HCTDauAd absol Jte

reticul ocyte countfs T) 70 et S o 45 g/ kg
SEP- 1-B51, when cg ngg’sr’g'l( vinﬂﬁ —t ﬁe val ﬁgg-f o?éz he cgr?tzro ngr oup. The RBC

val ue for these arlmalkg r ¢f88ned 141 ghed.70 Hah30G he G616 rH00.54A1 u¢ on Day 15

and was conpar abl ¢ e t,r al +20. Re | ogyt e
production was redﬁtggggiftg%"k@hi% Pﬁ—sﬁ%fl ca% I1 ‘{’g\%\% ¢ount s
observed for the H25uug/Kp |§bkg: (B.BQST’BI 6.00 +DAYEEkS. Talgbe@h(mienntol ogy

Fi ndi ngs Fol | owi ng—MH-tipHe—-Doses—of- VED 1-B51 RBC Day 10 Day |15 Day 20

LA~ 2 aun o

Control 5.66+0.497 5.62+0.385 5. 90+0. 286 1 ug/ kg 5 32 % 0.275 §.23 + 0.470

5.77+0.200 5 ug/Kg T4 6 I8F0 TR 98 ,6—39+0—3¢6 2 o—tg kg
6.70,"'0.257** 6! 45 H 459&_{% 94 + Ogé‘zl HGB Day lgabgillj 15 Day 20 Control

14.3+1.10 14, 2+0.anil|ﬂ-08+C1C7.211L07U9/ K$1218 +piiy 41 13478+9P03 4. 39. 37 5 ug/ kg
15.1 0.53 14.8+0.|30 15. 440, 25 - -

Tuglkg |14.6+0.27 13.9 +0.19 13.9 +0.90
5uglkg [15.8:+/0.50™ 149+ 0:53*  14.8#0.18% =

25 ug/kg (16.7 + 0.86% 15.1 + 0.66** 14.6 + 0.69*

HCT |Day 7 Day 9 Day 11

Control |35.6 + 3.61 33.2+2.39 34.5+3.19
1ug/kg (38.9+0.82 35.9+ 0.94 35.9 +2.43
5ug/kg [41.3 £1.92* 391+ 1.01** 39.2 £0.78*

25 uglkg [44.4+2.08%  [39.7 +2.23%  1139.6:4:2:32*

ART |Day 7 Dayo IDay 11

Control [0.50 +0.158 0.36 + 0.093 0.34 + 0.079
1ug/kg |0.30 +0.044* {0.30 +0.026 0.25 +0.054
5uglkg [0.45+0.125  |0.36 + 0.056 0.25 +0.045

25 ug/kg 0 78 +01 17** TO 71 #0452 10.32 +0.099

*Significant dlfference from control p<0.05

**Significant difference from control, p<0.01

"Note: Day 7 (2 days post 3rd dose); Day 9 (4 days post 3rd
dose); Day 11 (6 days post 3rd dose)



25 ug/ kg 16.50.52** 15.0+0.91 14.3+0. 64 WO 02/ 19963 PCT/ US01/ 21928 -128
HCT Day 10 Day 15 Day 20 Control 36.8+3.08 36.2+2.59 37.9+1.93 1 ug/kg
34.5+1. 2wW@82/19983 56 37.1 +0.82 5 ug/ kg 39.9+ 1.51 38. 6+0POI/UAQA/A9B. 36 25
ug/ kg 43.8,.+ 1.83** 39.3 2.77 37.2+1.60 ART Day 10 Day 15 Day 20 Control
0.29 0.089 0.28 0.086 0.21 0.034 1 kg 0.34+0.50 0.230.055 0.19+0. 075
5 ugl kg 0.28+0.059 0.11 ..,0:021** 0.20 ~0.081 25 ug/kg 0480121*010' &
0.05.4** 1.45 3.100 ** significant difference fromcontrol p<0.01 *
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and | ast ﬁ%é%tdz SRR %%/f '”I)fifjon )rase Hnb Wﬁ@% aﬂeﬁ*@'fgqa%v @p@awﬂ @dh@ﬁ’r%/ammelseas ed
on the daySnDbgu they were neasured (2, 4, and 6 days after the |ast dose;
Days 7, 9, and 11) for animals receiving 5 and 25 g/kg. ART was
significantly increased only for the 25 Pig/kg group at 2 and 4 days after
the | ast dose (Days 7 and 9). WO 02/BedhpleAGT/ US01/ 21928 -129-

10 Efficacy Studies In Polycythemic and Hypoxic Model for SEP-1-B51

Groups of 10 normal mice each (vehicle control, recombinant glycosylated
human erythropoietin produced in CHO-cells (“rhEPQ”) at 4 dose levels, and SEP-1-B51
at 4 dose levels: 0.32, 1, 5, 25 ug/kg/dose assuming 100 mU/ng) were exposed 18 hr
per day to atmospheric air maintained at 506.5 mb in a simulated high altitude chamber

15 for 20 days. The rhEPO or SEP-1-B51, formulated in Citrate Buffer plus 0.25% human
serum albumin, was injected intravenously (IV) in a 200 pL-volume on the 4" post-
hypoxic day. Two days later, each mouse was injected intraperitoneally (i.p.) with 0.2
UCi of *Fe. RBC-radioiron uptake was estimated 3 days later by measuring the amount
of radioactivity present in 500 L of blood taken by cardiac puncture.

20 The 72-hour RBC-"Fe uptake (% of dose) for SEP-1-B51 and rhEPO showed a
clear dose related response in increased *°Fe uptake with increasing dose up to 5
ng/kg, above which the response plateaued (25 pg/kg). The three lowest dose levels
were therefore used to calculate linear regression. The linear regression analyses of
SEP-1-B51 and rhEPO are presented in Figure 28. The responses of SEP-1-B51 and

25 rhEPO were essentially the same. The “potency ratio” of SEP-1-B51 to rhEPO was
1.0035 (95% confidence interval of 0.6947 to 1.4498) and the potency of SEP-1-B51
determined in this assay was 100 mU/ng (95% confidence interval of 69-145).

SEP-1-B51 exhibits in vivo activity similar to that of rhEPO and acts in dose-

dependent manner, including a response plateau at higher doses due to induction of a



Tabl e X Hemat ol ogy Fi ndings Following Miulti ple Doses of SEP-1-B51 RBC Day
7 Day 9 Day 11 Control 5.61 +0.679 5.23+0.467 5.34+0.405 1 ug/kg

6. 08+0. 1440 52/7963 300 5. 67+0. 547 5 ug/ kg 6.29+0. 459 6;' O7PCOBO@I2198 11, ;0
248*~, 25 ug/ kg 6.61" +, 0, 295** 6, 24+:'0.268** 6.38 + 0.176** HGB Day 7
Day 9 Day 11 Control 13.7+1.07 12.9+40. 79343. 3+0. 93 1 ug/ kg 1.4' 60. 27 o
13.9+0.19 13.90.90 5 uglkg 15 ,8..+ 0.50** 1,4'.,9-+"0.153**" :141. &+ 0' 18
25 ug/kg 16.7 . 0.86** 15.1 + 0.66** 14.6 + 0.69* HCT Day 7 Day 9 Day 11

Sororo, 43 Mg eddhdtkmetharSnpditor, et fRonadg: s Mishales hat thesa
g?bg: * 307 palyBBSTaYEES 2HtachoNRT pMﬁeWSBec;ﬂ.emldaggI%cgiylé%mB §2it@ls i@tr}‘é%@%—g?“o’%
Do kg 0. 2ot e R el plor Rty it 1n? eies cogin 6P AR 0,201 1

:152** 0.32 0.099 *Significant difference fromcontrol, p<0.05
**Gjgnificant difference from controExampg@ 1l Note: Day 7 (2 days post 3rd
dose); Day 9 (4 days post 3rd dose); Day 11 (6 days post 3rd dose) WO

02/ 19968 PCT/ US01/ 21928 -Rymagakinetin Studics fpsSEP-1BSE were treated with a
single intravenous dose of SEP-1- B51 at 25 g/kg, and blood sanples were
col l ected at 48Gpursf ofenorme ewte cats fuere alvaky ditsavefioushewnlt @ Sighs dpss afst er s.

Bl ood sanp|grg fHp ARESUTEMRMedin RRIRL Mot p?u%l ¥ 25%Shuman serum albumin, or
rhEPO (equivalent to 500 U/kg) and bled at 5, 30, 60 minutes, 2, 4, 8, and 24 hours, and
2,3, 4, 5, 6, and 7 days following the dose. The SEP-1-B51 or rhEPO concentrations in
10 the plasma samples were determined by ELISA assays using a R&D Systems anti-EPO
ELISA kit (R & D Systems, Human Erythropoietin Quantikine VD Immunoassay Kit
#DEPOO) according to manufacturers instructions.

A least squares analysis of the logarithms of the concentrations was performed,
ylelding the pharmacokinetic parameters listed in Table XI below. The change in
15 plasma concentration of SEP-1-B51 with time in male rats receiving a single intravenous
dose of 5 pug/kg could be described by a mono-exponential pharmacokinetic disposition
function with half-life of 10.5 + 0.5 hours. The volume of distribution of the central
compartment (Vc) for SEP-1-B51 was 32.5 + 2.0 mL/kg. The clearance (CL) was 2.15
ml/hr/kg, with mean residence time (MRT) of 15.1 + 0.7 hours. By comparison, the
20  change in plasma concentration of rhEPO in male rats receiving an intravenous dose of
5 ng/kg was best described using a bi-exponential pharmacokinetic disposition function,
with o half-life of 1.24 + 0.22 hours and B half-life of 5.51 + 0.40 hours. The Vc for
rhEPO was 57.0 + 3.2 mL/kg. The CL was 16.0 + 0.5 ml/hr/kg, about 8 fold greater
than that of SEP-1-B51. The mean residence time (MRT) of rhEPO was 5.73 + 0.17

25  hours, about 3 fold shorter than that of SEP-1-B51.



packed cell volune) were collected at 8, 24, and 72 hr and at 7 days after
injection 5 (Days 1, 2, 4, and 8). HCT, HG, and ART values for the rats
treated iwopavendusly with SEP-1-B51 were higher than thpewUSéI/21b8 contr ol
animals (statistically significantly) on Day 3 (2 days after injection),
and HCT was al so significantly |ncreaseq %n these animals on Day 4.
Exanple 16 10 Efficacy Studies In Pol ycy? em ¢ and Hypoxi c Mdel for
SEP- 1- B51 G oups of 10 normal mce each (vehicle control, reconbinant

gl ycosyl ated human erythropoietin produced in CHO cells ("rhEPO') at 4
dose levels, and SEP-1-B51 at 4 dose Taeweks: 0.32, 1, 5, 25 ug/ kg/ dose
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mJ ng (95% confitderce—+rtervatl—oe+—69—145) - SER-1-B51 exhibits in Vivo
activity simlar to that of rhEPO and acts in dose- dependent manner,

| udi duct f V\D
021 19965 PCr! USoly SIS Prapiiall o Bt BER R rrBch anseta Cpizoa o
rhEPO i n tFigyrerd8elTheTtilgtaiilustrater abigmifichatinérbase ipQircome néhélﬂ%%ﬁQEPW ached
t : | t t t he SEP-1-B51 | |
e the Th 01 de SDBGRE BBl athy  ERE alg i i et it APt ihe

polymer structures attached at precise user-defined sites in the molecule.

v

While the invention has bee’n described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this
application is intended to cover any variations, uses, or adaptations of the invention

10 following, in general, the principles of the invention and including such departures from
the present disclosure as come within known or customary practice within the art to

which the invention pertains and as may be applied to the essential features
hereinbefore set forth.



Exanmpl e 17 5 Pharmacoki netic Studies for SEP-1-B51 G oups of nornmal male
rats were dosed intravenously with a singe dose of 5 wug/kg SEP-1-B51,
formul at edoom19Gb3 r at e Buf fer plus 0.25% human serum al bunP@t/Use1/21913EPO
(equivalent to 500 Ukg) and bled at 5, 30, 60 mnutes, 2, 4, 8, and 24
hours, and 2, 3, 4, 5, 6, and 7 days faqgllow ng the dose. The SEP-1-B51 or
rhEPO concentrations in 10 the plasm $§ ﬁ%res were determ ned by ELISA
assays using a R& Systens anti-EPO ELISA kit (R & D Systens, Human

Eryt hropoi etin Quanti kine 1VD I nmunoassay Kit #DEPOO) according to

manuf acturers instructions. A | eastEWENE éSSBHW ysis of the logarithnms of
the concentrations was perforned, vyielding the pharmacokinetic paraneters
listed in Tabbe ¥l oh&l awi.fae change in 15 plasma concentration of
SEP-1-B51 with tinme in male rats receiving a single intravenous dose of 5
pg/ kg coul d be described by a nono-exponential pharnmacokinetic disposition
functi o WEROChAvhthstfie Bfythoo®icplis Shourletimh@rvodimee of distribution of
the central conpartnent (Vc) for SEP-1-B51 was 32.5 2.0 nL/kg. The

cl earance (&) waspLl.ok3 nL/hr/kg, with nmean residence tinme (MRT) of 15.1
0.7 hours. By conparison, the 20 change in plasma concentration of rhEPO in
mal e rats receiving an intravenous dose of 5 g/kg was best described using
a bi-exponental pharmacokinetic disposition function, wth a half-life of
1.24 Qo22<heurs and (3 half-life of 5.51 0.40 hours. The Vc for rhEPO
was 57.0 3.2 nL/kg. The CL was 16.0 0.5 nlL/hr/kg, about 8 fold greater
than that of SEP-1-B51. The nean residence tinme (MRT) of rhEPO was 5.73
0.17 25 h&drS, °Abdilt 33°fol d shorter than that of SEP-1-B51. WO 02/ 19963
PCT/ US01/ 2¥928> 200329-Tabl e XI Pharnacoki netic Paraneters for SEP-1-B51
Conmpared to rhEPO Curve AUC Crax Vc CL (ng/nmi-hr) (ng/nm) (nL/kg)

(nL/hrqggl%lgﬁf§%%Q§%hg§;6 121 1549 32.52.0 2.150.11 rhEPO 3129 87.9 5.0
. 15 9

57.0 3 . rve MRT T1/2a T1/2(3
<151> 2000-09-29

<160> 3

20 <170> PatentIn Ver. 2.1
<210> 1
<211> 166

<212> PRT

25 <213> Homo sapiens

<400> 1
Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15

30

Leu Glu Ala Lys Glu Ala Glu Lys Ile Thr Thr Gly Cys Ala Glu His

20 25 30

Cys Ser Leu Asn Glu Lys Ile Thr Val Pro Asp Thr Lys Val Asn Phe

35 35 40 : 45

Tyr Ala Trp Lys Arg Met Glu Val Gly Gln Gln Ala Val Glu Val Trp
50 55 60



(Hours) (Hours) (Hours) SEP-1-B51 15.1 0.7 10.5 0.5 NA rhEPO 5.73
0.17 1.24 0.22 5.51 0.40 The graphic presentation of SEP-1-B51 and r hEPO
pl asma cive@apamves is in Figure 29. These data illustrate BCHBU§OWF1DI8aNnt
increase in circulating half-life for SEP-1- 5 B51 over the glycosyl ated
reconmbi nant human EPO and that this in égase is due to the polyner
structures attached at precise user-definéd sites in the nolecule. Wile
the invention has been described in connection with specific enbodi nents
thereof, it will be understood that it is capable of further nodifications
and this application is intended to cover any variations, uses, or

adapt at i on§18fClvhect Avenksuohew Gef i luod ngalirruganeGay , GltflhéléplﬂeriCI pl es of
the inventi 68 and including such departures fmsom the present ggi scl osure as
come within known or custonary practice within the art to which the

i nventign rtain e applied to the essential features

her ei nbef orag s‘gl ?36 ra‘\sﬁbn% %5‘9&@%1*‘7 58D 17221898y -EES3VEESSENCE LI STI NG
<110> Gryphon Sci ences 582120> Synthetic EPythropoi esis St$imul ating
Proteins <130> 03504.265 <140> 10 <141> <150> 60/ 231, 339 <151>

2000- 09- 081,y 515160> 560/613360.3 47y <sﬂe§1fe@999 z%% 154693 A 2Q.5170>
Patentln Ver. 2.1 <%%9> <211> 166

110
10
Gly Ala Gln Lys Cys Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115 120 125
Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Vval
15 130 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala
145 150 155 160

20 Cys Arg Thr Gly Asp Arg
165

<210> 2
25 <211> 166
<212> PRT

<213> Homo sapiens

<400> 2
30 Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15

Leu Glu Ala Lys Glu Ala Glu Lys Ile Thr Thr Gly Cys Ala Glu His
20 25 30
35
Cys Ser Leu Asn Glu Lys Ile Thr Val Pro Asp Thr Lys Val Asn Phe
35 40 45



25 <213> Honp sapiens <400> 1 Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val
Leu Gu Arg Tyr Leu 1 5 10 15 30 Leu Qu Ala Lys Qu Ala GQu Lys Ile Thr
Thr Ay oyaox®exd u His 20 25 30 Cys Ser Leu Asn 3 u LyBCTAUSOTTHP28Val Pro
Asp Thr Lys Val Asn Phe 35 35 40 45 Tyr Ala Trp Lys Arg Met Gu Val Gy
Gn dAn Ala Val Qu VvVal Trp 50 55 60 Vﬁ§?2/19963 PCT/ US01/ 21928 -134 G n
Gy Leu Ala Leu Leu Ser Qu Ala Val Leu Arg Ay Gn Ala Leu 65 70 75 80 5
Leu Val Lys Ser Ser Gn Pro Trp Cys Pro Leu Gn Leu Hs Val Asp 85 90 95

Lys Al a Val g [ r Leu 100 105
110 10 @ ;‘y§e£laGIYp lbég %@’ M‘%e Gll“le‘ga smyg (ll‘} 1&5%2& A{’% 3P Ala Ala
115 120 125 Prd Leu Arg Thr 11 e8°Thr Al a Asp ThrmShe Arg Lys Leu She Arg

Val 15 130 135 140 Tyr Ser Asn She Leu Arg Gy Lys Leu Lys Leu Tyr Thr Ay
Au Ala 145n18G 1&652160ew20eOpsr A5G AT vEL YiASRr Ay 185 a%23Qz 2 25 <211>

166 <232> BRT 70 75 80

Leu Val Lys Ser Ser Gln Pro Trp Cys Pro Leu Gln Leu His Val Asp
85 90 95

10 Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu
100 105 ’ 110

Gly Ala Gln Lys Cys Ala Ile Ser Pro Pro Asp Ala Ala Lys Ala Ala
115 120 125
15
Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val
130 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala
20 145 150 155 160

Cys Arg Thr Gly Asp Arg
165

25
<210> 3
<211> 166
<212> PRT
<213> Homo sapiens
30
<400> 3
Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15

35 Leu Glu Ala Lys Glu Ala Glu Cys Ile Thr Thr Gly Cys Ala Glu His
20 25 30

Cys Ser Leu Asn Glu Cys Ile Thr Val Pro Asp Thr Lys Val Asn Phe



<213> Hono sapi ens
Glu Arg Tyr
Cys AW@OIAW6H s

Leu
Gy
Asp
Trp
Leu
Val
Lys
110
120
130
Al a

Thr

Lys Val

Leu

Asn

Lys Arg Met Gu
Al a Leu Leu Ser

Lys Ser

Ser

Adn

<400> 2 30 Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val
151015 Leu Qu Ala Lys Qu Ala Qu Lys Ile Thr Thr
20 25 30 35 Cys Ser Leu Asn Qu Lys pCEUTW2192 Pro
She 35 40 45 WO 02/19963 PCT/ USO1/21928 -135 Tyr Al a
Val Ay An Gn Alg1§ﬂ Gu Val Trp 505560 dn dy
GQu Ala Val Leu Arg y An Ala Leu 5 65 70 75 80 Leu

Pro Trp Cys Pro Leu G n Leu Hs Val Asp 85 90 95 10

Al a Val Ser Gy, Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu 100 105
Gy Ala Gn Lys Oys Ala Ile Sel’° Pro Pro Asp Al4°Ala Lys Ala Ala 115
125 15 Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val

135 -140yr Ale Bar LasmdshBel @uuArg &ly chyScikem dyws1lew Jyr Fhr dy Gu
20 145 1505355 160 Cys Argsihr Ay Asp Arg J65 25 <210> <211> 166

5

10

15

20

25

Gln Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu

65

Leu

Lys

Gly

Pro

Tyr

145

Cys

Ala

Ala

Ala

Leu

130

Ser

Arg

Cys

Val

Gln

115

Arg

Asn

Thr

70 75 80

Ser Ser Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp
85 90 95

Ser Gly Leu Arg Ser Leu Thr Thr Léu Leu Arg Ala Leu
100 105 110

Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Cys Ala Ala
120 125

Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val
135 140

Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala
150 155 160

Gly Asp Arg
165



<212> PRT <213> Hono sapiens 30 <400> 3 Ala Pro Pro Arg Leu Ile Cys Asp
Ser Arg Val Leu Qu Arg Tyr Leu 1 5 10 15 35 Leu Gu Ala Lys Gu Ala Qu
Cys Ile Wrphwesdy Cys Ala Gu His 20 25 30 Cys Ser LeRCAERI@RN2Eys |le
Thr Val Pro Asp Thr Lys Val Asn Phe V\D 02/ 19963 PCT/ USO01/ 21928 -136 35 40
45 Tyr Ala Trp Lys Arg Met G u Val 132n Gn Ala Val Gu val Trp 50 55
60 5 Gn Ay Leu Ala Leu Leu Ser u A”a"Vval Leu Arg Ay Gn Ala Leu 65
70 75 80 Leu Ala Cys Ser Ser Gn Pro Trp Qu Pro Leu Gn Leu His Val Asp
10 85 90 95 Lys Ala Val Ser Gy Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu
100 105 11¥ha ‘G nLys Qu Ala lle Ser Pro Pro Asp Ala Ala Cys Al a
Ala 115 120 125 Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe
Arg Val 130 135 140 20 Tyr Ser Asn Phe Leu Arg Gy Lys Leu Lys Leu Tyr
Thr Ay du Al A syatheticgryifsgpaiggs stimylajipg prodgin Gaymmemrgm@ w@sr-seiuble

02/ 19963 PCT/ USRlrRd@%ached thereto.

2. The synthetic erythropoiesis stimulating protein of claim 1 having the in vivo
5 biological activity of increasing production of red blood cells.

3. The synthetic erythropoiesis stimulating protein of claim 1, wherein said protein
comprises a polypeptide chain having an amino acid sequence of a ribosomally
specified erythropoietin and one or more non-overlapping peptide segments

covalently bonded by one or more chemical ligation sites,

10 4. The synthetic erythropoiesis stimulating protein of claim 3, wherein one or more
of said water-soluble polymers is attached to said polypeptide chain at a site
corresponding to a glycosylation site of said ribosomally specified erythropoietin.

5. The synthetic erythropoiesis stimulating protein of claim 3, wherein said
ribosomally specified erythropoietin is human.

15 6. The synthetic erythropoiesis stimulating protein of claim 3, wherein said

ribosomally specified erythropoietin glycoprotein is non-natural.

7. The synthetic erythropoiesis stimulating protein of claim 6, wherein said non-
natural ribosomally specified erythropoieﬁn has one or more non-natural

glycosylation sites.

20 8. The synthetic erythropoiesis stimulating protein of claim 2, wherein said water-
soluble polymer is attached exclusively to said polypeptide chain at one or more
sites corresponding fo a glycosylation site of said ribosomally specified
erythropoietin.



-137- What Is Cained Is: 1. A synthetic erythropoiesis stinmulating protein
havi ng one or nore water-soluble polyners attached thereto. 2. The

synt het iwoapMbdssopoi esis stinulating protein of claiml REEUGUENWE in vivo
5 biological activity of increasing production of red blood cells. 3. The
synthetic erythropoiesis stinulating prggein of claim1, wherein said
protein conprises a polypeptide chain having an am no acid sequence of a
ri bosomally specified erythropoietin and one or nore non-overl appi ng

pepti de segngnt coval ently bonded by one or nore chem cal |ligation sites,
10 4. The syRt HAS SURIEREBEPREHS SUIRING ProigNY GIA . AMCEAPRE 87 MiFer i n
oRe or more ofofsahd Wtef—sd@bl@bbelymelfsyrmfn‘iplrisésabt aghed Pﬁitsadrﬁpribgig/p@pf: de
chain at a site  carrespongdin 0ag osylation site of said ribosomally
speci fied erytH? yéelrierf’.x'c%: a%ﬁ&a@m%‘é’tﬁ?r@ CB?‘iFr R B?IB’@B‘éqssth@rtePﬂul ating
protein of claim3, wherein said ribosomally specified erythropoietinis
human, 15 6. 10HEhes\syhihetic cergthyddoiesfzoistsiutatiag i protei | ofg claindt @ whefeit | sdigh 3,

wherein said ribhosomally .specified erythropoietin giycoproteinis .

non- na{%ur al. 7.P St %ﬂi‘?@ngr WPB%%?E@%E%W%F%P%W P SeNePXig aj m
6, wherein sai depeat-unitalf theaformulheg@HBICHR-GPeci fi ed eryt hropoi etin has one
or nore non-natural glycosylation sites. 20 8. The synthetic

ol yer i s at Lot bRy BiePYRLE <Bin-fr B At et et BhE oh i o

si tes correspomfisag wateasgliple pelymatd isbragiched.of said ri bosomally specified
erythropoietin. WO 02/ 19963 PCT/US01/21928 - 138 9. The synthetic

v er- 9o ubl 2 paiy PR RIoBRES Bhfl fhobein R, RIBLH P SEmelh cne

oxi de,10a pol yamfdsaidl katbesduldai mhdymars acbenprisas | v et tchergeotindekOphyklhdogical

synthetic eryt hroogl?li esls sét iemJ .\;ati ng protein of claim9, wherein said 5
pol yal kyl ene oxiPde 3Ny rﬁ& ))}:\Hla g al kyl ene oxi de conpri se an ethyl ene oxide
13. The synthetic erythropoiesis stimulating protein of claim 1, wherein said synthetic
erythropoiesis stimulating protein has an isoelectric point between 3 and 7.

14. The synthetic erythropoiesis stimulating protein of claim 1, wherein said water-
15 soluble polymer is mono-disperse.

15. The synthetic erythropoiesis stimulating protein of claim 1, wherein said synthetic
erythropoiesis stimulating protein is mono-disperse.

16. The synthetic erythropoiesis stimulating protein of claim 1, wherein said synthetic
erythropoiesis stimulating protein comprises a monomer molecular weight of
20 greater than 25 kDa.

17. The synthetic erythropoiesis stimulating protein of claim 1, wherein said synthetic
erythropoiesis stimulating protein comprises a monomer molecular weight of
greater than 40 kDa.

18. The synthetic erythropoiesis stimulating protein of claim 1, wherein said synthetic
25 erythropoiesis stimulating protein comprises a ‘monomer molecular weight of
greater than 50 kDa.



repeat unit of the fornmula -(CH2-CH2-O)-. 11. The synthetic erythropoiesis
stinmulating protein of claiml, wherein one or nore of said water-soluble
pol ymer swo92as@Bched. 12. The synthetic erythropoiesis stPCHRISAY2ZHE protein
of claim1, wherein one or nore 10 of said water-soluble polyners
conprises a net charge under phy5|ologH§?L conditions that is negative.
13. The synthetic erythropoiesis stimilating protein of claim1, wherein
said synthetic erythropoiesis stinulating protein has an isoelectric point
between 3 and 7. 14. The synthetic erythropoiesis stimnulating protein of

claimi, V\/nefl%lWes%i’ng"%te@ftbm@@e%%ﬁUBP'@“@ﬁ)P%%‘F of @aln%homﬁrglaéa@esyntt@tlc The

synthetic eryt hirpRRiRMEsE SfirhbiRt %)Fwelﬁréﬁn%r@egfa HoMoMet : myBEIIS We%ﬁ’t &f
synthetic erythropoiesis stinulating protein i s nono-di sperse. )

synthetic eryt &8I €&nS0dHawul ating protein of claim1, wherein said
synthetic erythropoiesis stinmulating protein conprises a nononer nol ecul ar

wei ght of  2@pgr P@éyﬁfhéﬁb@i‘yt%p&@s sfifulatife pyeit Bedihim £rHdEiRRIueShihetic
stinmulating protein of claim1l, wherein said synthetic erythropodiesis

stimul &ting pr AENPROEHS F@B‘é‘afé{’%%%rcqmr@éﬁlaalm%éﬁﬁﬁtm@?cu'@’r wgigst of han
40 kDa. 18. Theyrgxtat thahi7o @yt hropoi esis stinmulating protein of claiml,
wherein said synthetic 25 erythropoiesis stinulating protein conprises a

nononer nol e gl_ﬂlr ht. of eater than 50 kDa. WD 02/ 19963
PCT/ US01/ 219 ﬁ“ gtic 1uhERpRISsIS: [SEMBIAIRG r B9 3fs claim ndy aherrin pFdidein

of claim1, whejoBjgeptdd ehairy Bérisrides ongloy hbr® PRIgERK Smid 4Bidsat i ng protein
conpri ses a nononer nol ecul ar weight of greater than 60 kDa. 20. The

synt hetic er poi e IS stiyoulating protein of claiml, wherein said
Synthetic soe i aunbets v BiopRera, sHG T aroicBorbradias 24, awGriar sac
nol eculpar wei ghire@flar ghigataeid doRisdda kba-natlital sileechaynt hetic erythropoi esi s
stinulating protein of claim1, wherein said polypeptide chain conprises
one or nore 55 r'I":‘h(w]éulsynthe ic erytﬁroponeSIs stimulating protein of claim 21, wherein said

irregular amino acid comprises a pseudo amino acid.

24. The synthetic erythropoiesis stimulating protein of claim 23, wherein said pseudo

amino acid is pseudo glutamate.

15 25. The synthetic erythropoiesis stimulating protein of claim 22, wherein said non-
natural side chain is covalently bonded to a water-soluble polymer.

26. The synthetic erythropoiesis stimulating protein of claim 25, wherein said water-
soluble polymer is covalently bonded to said side chain through a bond formed
by chemical ligation.

20 27. The synthetic erythropoiesis stimulating protein of claim 26, wherein said bond
formed by chemical ligation is selected from the group consisting of amide,
oxime, hydrazone, thaizolidine, oxazolidine and thioester.

28. The synthetic erythropoiesis stimulating protein of claim 3, wherein one or more
of said chemical ligation sites comprises an amide bond.



22. The synthetic erythropoiesis stinmulating protein of claim?21l, wherein
said 10 irregular amno acid conprises a non-natural side chain. 23. The
synt het iwoapMbdssopoi esi s stinulating protein of clai m21PCRHEOEE2&ai d
irregular amno acid conprises a pseudo am no acid. 24. The synthetic
erythropoiesis stimulating protein of cl ?i m 23, wherein said pseudo am no
acid is pseudo glutamate. 15 25. The sﬁﬁ hetic erythropoiesis stinulating
protein of claim 22, wherein said non- natural side chain is covalently

bonded to a water-sol ubl e pol yner, 26. The synthetic erythropoiesis
stinul ating pPoth wr@net@e&vth{orsles\ﬁ/rfémlwngaqrat%wewaws &1 yhewineaig water s

coval ently bondegdiopsipher BifackdtPidsdidpaysdptiae RAGH tﬁr‘é[@@@ sidY ciedre Bt 5!

ligation. 20 27. The synthetic erythropoiésis stimulating protein of claim
26, wherein saidnpeAad o 8rohedice) lidaensiart saigpelyraptie ceaiflect ed fromthe
group consisting of am de, oxinme, hydrazone, thaizolidine, oxazolidine and

t hi oester. 28 Ahgnteht h@ﬁytfﬁopﬁi’é@iéﬂréhﬁﬂﬂ&lﬁgspﬁ)‘ténﬁméﬁbfd’t@g I%O'blglnﬁ\ Ofwﬁil:ﬁ“ m 3,
wherein one or nore, of said chem cal ligation sites cor‘rgrl ses an am

bond. WO 02/ 19F8TMBHESS 3503 N5Po2Ed Seﬂﬂé”% of P8y ERRICHRY e %‘?‘?/St‘shtsB'ﬁHla@‘éQ s

stinulating prQireteh sdlectédirdi the Yldap bhsisiRighr @EFel anggkpkd. e pol yner is
attached to said polypeptide chain through a side chain of an amno acid

at a chem ca on site of said pol i de cha 3 nt het.i ¢

o ythrooni capt A BhelE Sibrondinsi HmaleinbhT Ris Seieatal rom A e oRig i ses
an am no aci d sg@FEMoeSEp-1andSHME! Al H¥ddirtadebesi s stinmulating protein
sel ected fromthe group consisting of SEP-1 and SEP-3. 31. A synthetic

eryt hr opoi esi timul t otejn selectedfromth consistin
S0, S 158 esamBet bathidaisds FHEHabIo PoBhTAL g Ra: e Sdd
eryt hr1fap0I ez i fs @iald@gelaaé isBlgctet Giodi theQdroGp ?brlisﬁllzﬁpwhg oWEBE'PeL26 1S E%@,is%gk@gggebigs%o
are selecte ro e consjst o - : - 1- : - 1- :
SEP- 1-B51, and %Elﬁé %%i%@san %ﬁ’a{ ﬁg%eutl cal conposition conprising a
synthetic erythropoiesis stinmulating protein according to claim1, or.
phar maceut i caBlAy pheeeqcatidae combbstidmesmplising a synthetic erythropoiesis stimulating
protein according to claim 1, or pharmaceutically acceptable salts thereof.

34. The pharmaceutical composition according to claim 33 which comprises one or
15 more excipients selected from the group consisting of a buffer, a carrier protein,
an amino acid, a detergent, a lipid, a water soluble polymer, and a preservative.

35. The pharmaceutical composition according to claim 33, which comprises one or
more additional bioactive agents other than said synthetic erythropoiesis
stimulating protein.

20 36. A method of increasing the hematocrit of a mammal, said method comprising
administering to said mammal an effective amount of a synthetic erythropoiesis
stimulating protein according to claim 1, whereby the hematocrit in said mammal

is increased.

37. A method of increasing production of red blood cells in a mammal, said method
25 comprising administering to said mammal an effective amount of a polymer-
modified synthetic erythropoiesis stimulating protein according to claim 1,

whereby the production of red blood cells in said mammal is increased.



34. The pharnmaceutical conposition according to claim 33 which conprises
one or 15 nore excipients selected fromthe group consisting of a buffer,
a carri ejyoppQb®sn, an amno acid, a detergent, a |ipid, PETAEOER198%] ubl e
pol ymer, and a preservative. 35. The pharnmaceutical conposition according
to claim33, which conprises one or _addi tional bioactive agents other
than said synthetic erythropoiesis stinulating protein. 20 36. A nethod of
i ncreasing the herrat ocrit of a mammal , said nmethod conpri sing

adm ni steri n% tR manmal an effectlve anount of a synthetic
er yt hr opoi esi°8 é’fl“?ﬁje?ﬁ”& erqﬁiua%b%hmogleb'm!&.Wmmﬁeﬁ@sw@ﬂh@d
hematocrit in S@dnﬁb mmis"@erln@cfoe%@dnarﬁ%al én'"@fe@% amouRE bEAShdlgmer-

production of red bl ood Fch‘?ﬁ?s in a manual, said nethod 25 conprising

admi ni stering tHOLHFY ¥R eiythearalesis \REMalRS OB Prateiny 3ssPiding: 1o nelaint |1ed

synt heti c eryt hyggebetieSoreddcivh ailhélﬁog)ds&h@i%:@ﬁﬁéﬁfnﬁ’é!@m&x%a@é@' m1, whereby
t he production of red bl ood ceI s in said mammal is increased. V\D 02/ 19963

PCT/ US 1/219 -16]2'?)%?f hH% Glncre si ng grod ctlon f hem)loblnln
a mammal sal Xt OC'B‘?Fﬁ??'QQ ey ﬁ¥tﬁ|°§'t‘ i Agnemmehsaid usthar camPEFingct i ve
amount of a pol ameinistergitd iseid rﬁs{mm@ebhreff@étwtefur@&m%b%yﬁineﬂylea&hragoueé@t ei n
according to cl eby the production of henoglobin in salid

i s increased. 53@@;”3‘)&%@9??5113 rdifg f2 S&Md P’@Ff%ltﬁ‘w HeulQayier cQuURt ip ‘ﬁ%{%ml

sai d net hod conpamgiang in@dsdadl stering to said mamual an effective anount of
a synthetic eryt hropoi esis stinulating protein according to claim1,

wher eby t he tjcul.oc unt in said. ncrea . 40. A net hod
of pr oduct ng 4 AEISEEeTRIEN NS #PeSRpeRaT sou R E T TRYe RIOHBPUERS 10
stiml@ting pr ogtmLnat;ngqurekemﬁtséiednétmsmcmpnsgngcé}emxmyIngattngqﬁplna@s ntsle
segnent s corrprl Si % non- over | a@ n acid se qch(,as of a@) gegtl de
chai n of said 1 RONEUPFIRR '8%? ?ﬂ&‘ﬁﬁ?%@ R&PHIGA %B%//

pol ypept i de chagynthe@onarytmbme§@l dtlmmaﬁrkgetprsteﬁf M&M@tﬁgﬂ@sw septiad| akaing
protein is produced, 41. The nethod of claim 40 further conprises

fol ding said pofQpRsinecReithaetc ee/tRaPiErs SH”B'?B%R:P"W isyRrofieerc

erythropoiesis stinulating protein is produced.
41. The method of claim 40, which further comprises folding said polypeptide chain

15 whereby a bioactive synthetic erythropoiesis stimulating protein is produced.

42. The method of claim 40, wherein one or more of said peptide segments are
partially protected.

43. The method of claim 40, wherein one or more of said peptide segments are
unprotected.

20 44. The method of claim 40, wherein one or more of said peptide segments
comprises a water-soluble polymer attached thereto.

45.The method of claim 40, wherein said chemically ligating comprises a
chemoselective ligation chemistry selected from native chemical ligation,
extended native chemical ligation, pseudo native chemical ligation, oxime

25 forming chemical ligation, hydrazone forniing chemical ligation, oxazolidine
forming chemical ligation, thaizolidine forming chemical ligation, and thioester
forming chemical ligation.



42. The nethod of claim40, wherein one or nore of said peptide segnents
are partially protected. 43. The nethod of claim40, wherein one or nore
of sai d weRkihowssegnents are unprotected. 20 44. The nme®kddIS812¥R&i m 40,
wherein one or nore of said peptide segnents conprises a water-sol uble
pol ynmer attached thereto. 45. The neth of claim 40, wherein said
chemically ligating conprises a chenoselective |igation chem stry sel ected
fromnative chem cal |igation, extended native chem cal ligation, pseudo
native chem cal_ligation, oxine 25 form ng chem cal |igation, hydrazone
form ng cheni®®alhg MGHAART claimah Mharewe said pplypeirfider@idsamprsgaong pr more

t hai zol i di ne f ofafengolGheMoR@lers bBidihe@Meragd t hi oester form ng cheni cal
ligation. WO 02/19963 PCT/ US01/ 21928 -142 46. The nethod of cl ai m 40,

wherein said po eptid hai n conpri ses one or nore water-soluble

pol yners attﬁ%hjgxépf’%@?%%fcﬂ'fn h&NRERTh 8@ JrohPeriivR &b‘j"”v&?‘?@ﬁé’?‘ﬁs 83 gmnino

pol ypepti de chaadid §€JURMcS 86a ABosHMmdNg spddiich sromEsdetinof a ri bosomal Iy
specified erythropoietin. 5 48. The nethod of claim 46, wherein one or nore

of sai d water.-sgol ubl olyners js. attached to said polypeptide chain at a
site cgr’r res pgﬁgﬂpﬁ,m@ﬁ@ ﬂl%@s@ﬁ'é{‘fr\eﬁﬁﬂn Sne @r mMsfe Qgﬁﬂdlw ﬁﬂaﬁﬁ'q DOI¥PES 'Bi ed
eryt hropoi et i n. at#hed e sane tdonPeptidecdnainat4Bsitenieresponiad t & b?@é@@bh)@ite
specified erythropojetin | ycopratein is reconbinantly produced. 10 50.
The nethod of c‘?féiaﬁ’{ &QSOWH&F é‘?"ﬁ: & ieﬂytgrio%‘%ﬁ’ral |y specified erythropoietin
gl ycoprotein is non-natural. 51. The nethod of claim50, wherein said

non- nat ural H“obDsOMAdthyd sqfeclaim 18, maréfhrsm@irﬁ&o&amgg;y@?géiﬂé@iéayth@‘po@ﬂﬁ or
nore non-natural glycosylation.sites. 52. The nmethod of claim47, wherein
sai d ribosomal |S})@ﬁé@?ﬂ'%&c@mf}%"@baﬁ%v?%i s 15 human. 53. The nethod of
claim48, wherein said water-soluble polyner is attached exclusively to

sai d ptl ypepBddEhe magthoditofaclain e18; antie?sinosyld Ngbosomallg|spedifiyd asrjthrfdpoietin

glycoprotein is non-natural.

51. The method of claim 50, wherein said non-natural ribosomally specified
erythropoietin glycoprotein has one or more non-natural glycosylation sites.

52. The method of claim 47, wherein said ribosomally specified erythropoietin is
16 human.

53. The method of claim 48, wherein said water-soluble polymer is attached
exclusively fo said polypeptide chain at a site corresponding to a glycosylation
site of said ribosomally specified erythropoietin.

54. The method of claim 46, wherein one or more of said water-soluble polymers
20 comprises a repeat unit comprising a polyalkylene oxide, a polyamide alkylene

oxide, or derivatives thereof.

55. The method of claim 54, wherein said polyalkylene oxide and polyamide alkylene
oxide comprise an ethylene oxide repeat unit of the formula —(CH2-CH2-0)-.

56. The method of claim 46, wherein one or more of said water-soluble polymers is
25 branched.



site of said ribosomally specified erythropoietin. 54. The nethod of claim
46, wherein one or nore of said water-soluble polyners 20 conprises a
repeat Wyioto2a99¥Bri si ng a pol yal kyl ene oxi de, a pol yanm de PETIUNOERE?28 oxi de,
or derivatives thereof. 55. The nethod of claim54, wherein said

pol yal kyl ene oxi de and pol yam de al kyl q%\ oxi de conprise an ethyl ene oxide
repeat unit of the formula -(CH2-CH2- Q-7 "56. The net hod of cl ai m 46,
wherein one or nore of said water-soluble polyners is 25 branched. WO

02/ 19963 PCT/ US01/21928 - 143 57. The nmethod of claim 46, wherein one or
nmore of sai dShather mediagbhefeclpivl Jorewhereiiopsn P& BWre ofi saidcaiegeolufigdolymers
physi ol ogi cal el @ailm 41,
wherein said syn%ﬁjr%Fgaiﬁ E/'? lﬁ%r%%gIn%lf%ﬁ/ég%{l?%ﬁ?lgtqnﬁms%%{ag?gxeﬁété\ge. an

i soel ectric point between 3 and 7. . 5 59. The nmet hod of cl aim46, wherein
said water - sgﬁumeéﬂsmoyreéﬁlair@ Yiromeerain ik athetie grythmecingis sbmulating PERiteH 40,

wherein said S%%ﬁlb&el@éﬁf& Bélﬁpéét\ﬁéér% ghy 7ul ating protein is
nono- di sper se. he nmet hod of cl a| m46 wherein said synthetic

eryt hr opoi eS| S stl | ating protein nprises a nonomer nol ecul ar wei ght of
gr eat e’ t han®9s" rl@[ﬂethj?é o SlainmAg, Vﬁ'ﬁrﬁ'ﬁi&a@fwﬁﬁﬁ??ﬂ@% PONREF B MoreafligPY it het i

erythropoiesis stinulating protein conprises a nononer nol ecul ar wei ght of

greater thangdOrdelRettdd.of tlem a8} hRsleidfsakl SintAedie erpiepibsls Saindlaiyd proedih C
erythropoiesis stinulating protein conprises a nononer nol ecul ar wei ght of

greater than 50SRI9RO-®5Pe™Sthe nethod of claim 46, wherein said synthetic
erythropoiesis stinulating protein 15 conprises a nononer nol ecul ar wei ght

of greater tBamHEdmkPad dbolainTae, WEirbindakf syetitimefdhropbiesieistimgiatity pioidiRet i c
eryt hropoi esis stinulating prot ein corrprklg%ﬁa a nmononer nol ecul ar wei ght of

greater than 70FKH4iIsegg m HeErerylap ey wgter ity & fP2ai d pol ypept i de

chain conprises one or nore irregular amno acids. 20 67. The method of
clha! m {6, WhepeThe mainddiof R 48] widFeiRGalls eht BB RIB@BoidsiB @imulahd piteini de
chai n.
comprises a monomer molecular weight of greater than 40 kDa.
63. The method of claim 46, wherein said synthetic erythropoiesis stimulating protein

comprises a monomer molecular weight of greater than 50 kDa.

64. The method of claim 46, wherein said synthetic erythropoiesis stimulating protein
15 comprises a monomer molecular weight of greater than 60 kDa.

85. The method of claim 46, wherein said synthetic erythropoiesis stimulating protein
comprises a monomer molecular weight of greater than 70 kDa.

66. The method of claim 40, wherein said polypeptide chain comprises one or more

irregular amino acids.

20 67. The method of claim 66, wherein said irregular amino acid comprises a non-
natural side chain.

68. The method of claim 67, wherein said irregular amino acid comprises a pseudo

amino acid.



68. The nethod of claim67, wherein said irregular amno acid conprises a
pseudo am no acid. WO 02/19963 PCT/ US01/ 21928 -144 69. The net hod of

cl ai m 40wowhaswin sai d pol ypeptide chain conprises a che®CFAISOURIAL i on
site having a-bond selected fromthe group consisting of am de, oxine,
hydrazone, thaizolidine, oxazolidine aqg thi oester. 70. The nethod of claim
46, wherein said water-soluble polyner é attached to an 5 am no acid of
sai d pol ypeptide chain having a non- natural side chain. 71. The method of

claim46, wherein said water-soluble polyner is covalently bonded to said
si de chain t#9-dignmathedrd dayn iy Wr%éﬁidc@mynqu@@ cBRin cppipriseied FBERMRR! of

claim71, wherggyatigakitt RAMY bBoRE SchRytcaNedth GRd g?du@aéo'n@iﬁtu\gsof &ﬁid@cbﬁiﬁhef rom
the group consisting of amde, oxine, hydrazone, thaizolidine,

oxazol i di ne andVeFazaeatapizoligime, Q’F?@OH%‘E‘%BGO‘ H¥oesfssi m 46, wher ei n sal d
wat er - sol ubl e polymer is attached to said polypeptide chain through a side

chain of an ammTHe MetHddads @a;mh@ﬂvﬂﬂsre.hlsg@t wauér-scsmbl@ soliynseti il JBatRER bile
chain. 74. The nethod of claim4 wherei n_sai d bi oa‘}aﬁ)l ve Is%|nt heti c

erythr 8p0| esi s @MiBo §P'P'r?uF%’P‘|pﬁﬁpﬁ?t&e&hﬁ'“ﬁﬁé"qgk?e”?%”%tf’ SigESN@Pi cal activity
of increasing production of red blood cells. 75. The nethod of clai m 40,

wher ei n sai d713q1r1\eperrﬁtmf oﬁhﬂém wrmmbﬁ@s SAlt ABtersolLdR %Bﬁ@ua@c&w@fenay
synthetic erythrog Si § stl

in tein selected fr group
consi sting of SEBYg! %P'%@ﬁ‘@ a'@ ro 9"??% ”?‘ré‘lrﬁ@a% fcﬁemgaﬁq%%on ‘wher ei n
synthetic erythropoiesis stinmulating proteinis selected fromthe group
consi sting of2 S thettifdPofl caimdl SERvidreianshidnindgdrméd diyectemidal . lightien et hod

of claim 76, where ai d anal ogs are selected fromt rou consi. sting
of SEP-1-L26, §EEC§9°L§6 YlepSPupsIpnSEtid P ¥ 9e’a??8m§EEY‘ir-g D thaigoligine,
10 oxazolidine and thioester.

73. The method of claim 46, wherein said water-soluble polymer is attached to said
polypeptide chain through a side chain of an amino acid at a chemical ligation
site of said polypeptide chain.

74. The method of claim 41, wherein said bioactive synthetic erythropoiesis
15 stimulating protein has the in vivo biological activity of increasing production of
red blood cells.

75. The method of claim 40, wherein said polypeptide chain comprises an amino
acid sequence of a synthetic erythropoiesis stimulating protein selected from the
group consisting of SEP-1 and SEP-3.

20 76. The method of claim 40, wherein synthetic erythropoiesis stimulating protein is
selected from the group consisting of SEP-0, SEP-1 and SEP-3, and analogs
thereof.

77. The method of claim 76, wherein said analogs are selected from the group
consisting of SEP-1-L26, SEP-1-L30, SEP-1-B50, SEP-1-B51, and SEP-1-B52.
25



