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15 Accordingly, in order to maintain a specific concentration in the blood of a

peptide drug in its active form, it is necessary to administer the peptide drug
frequently to a patient. However, peptide drugs are usually administered in the
form of injectable preparations, and such frequent administration cause severe
discomfort for patients. To solve such problem, there have been developed a

20 number of methods, e.g., a method for transferring the peptide drug through
oropharyngeal or nasopharyngeal inhalation by increasing the permeation of the
peptide drug through the biological membranes, a method for modifying a
specific amino acid sequence which is sensitive to proteases (e.g., GLP-1 amino
acid sequence for preventing loss of the titers by a dipeptidyl peptidase) in order

25  to stabilize the peptide by inhibiting the degradation by the enzyme, and a method
for chemically adding a non-peptidyl polymer with a high solubility, such as
polyethylene glycol (PEG), on the surface of the peptide.

PEG, which has been used as one of non-peptidyl polymers, non-

30 specifically binds to a specific site or multiple sites of a target peptide to attain the
effect of increasing the molecular weight of the peptide, the resulting PEG-
peptide resists the loss through the kidney and enzymatic hydrolysis, without
causing any side-effects. For example, International Pat. Publication No. WO
2006/076471 describes sustaining the physiological activity of a B-type
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2006/ 076471 descri bes sustaining the physiol ogical activity of a
B-typenatriuretic peptide (BNP) used as congestive heart failure
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physiologically active polypeptide conjugate having a non-peptidyl polymer site-
specifically linked can be prepared in a high yield by adjusting the pH and the

alcohol content of the reaction medium.

20 SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a high-yield
method for preparing a physiologically active polypeptide conjugate in which a
non-peptidyl polymer site-specifically binds to a physiologically active

25 polypeptide.

In accordance with one aspect of the present invention, there is provided a
method for preparing a site-specific physiologically active polypeptide conjugate,
comprising the steps of: i) subjecting to a reaction of a physiologically active
polypeptide and a non-peptidyl polymer in a reaction medium which contains a

30 specific amount of an alcohol and has a specific pH to enable the non-peptidyl
polymer to bind to a target site of the physiologically active polypeptide; and ii)
isolating and purifying the physiologically active polypeptide conjugate from the

reaction mixture of step (i) by ion exchange chromatography using an alcohol.



I solating and purifying the physiologically active pol ypeptide conjugate
fromthe reaction mxture of step (i) by ion exchange chromat ography using
an al cohowoBRIOES7I3ESCRI PTI ON OF THE DRAW NGS The above aou/KR208v000dTdect s
and features of the present invention wll become apparent fromthe
foll owi ng description of the invention, when taken in conjunction with the
acconpanyi ng draw ngs, which respectively show Fig. 1. a purification
profile of positional isoners of DA-exendin-4-PEG using SOURCE S col um;
Fig. 2: a BRIEF DPESCRIBTION ©OBTHI DRAWEYGSsoners of CA- exendi n- 4- PEG
using SOURCE S colum; Fig. 3: a graph show ng Lys27-pegyl ated isoners
obt ai ned when CAexendin- 4 is pegylated at varying pH Fig. 4. a graph
vyl g, Pr and | e B honi VoS e atad | ot
Ing_p na in (0 ) I Q. ..a graph _show ng Lys2/-pe at I.soners
obt ai netl whespnTAaRpHENh fram jthe 3@%3%&3%9{1 pfahgda¥¢mloal? \»gf?{%n Wg‘eﬁrﬁ}u nt
(%9 of eth M = e BN S ' : = | SRyWEr s obt ai ned
when Mexeg%ghgc@lﬁgltge%éfig% e@ aﬁ %V—V{ 79’5 ﬁ%ﬁ?gﬁ@%@?% amount (% of
i sopropanol ; Fig. 7: an SDS- PAGE anal ysis of CA-exendi n- PEG i nmmunogl obul i n

Fc; Fig. 8. an S- RPA a IS CA N4 n pahg. 9:
an anal ysis pr of%'::l)gelfo%E R%rﬁ%%élggf?)gqeegf%égﬂr@rn gI gsg%gz)ﬁ%‘gf%ehﬁ%szeﬁ;??de
rcr:ippi ng;d_ Fh%n%mUR@Béﬂaddﬁﬂna; profile of Lys27-pegylated isoners of

- exendi n- y .nepti de ing; Fig. 11: a purificati rofil.e of
posi 1 Bhal i somdhig. i ey profTeeE pastlicdaisoees S Rimmdl-FPEG. ,
purificati Qinp'SOURE DS dfgiht onal isomers of im dazo-acetyl
oxynt omodul | n=PEG usi ng SOURCE S_col ump; Fi 13: an anal ysi s, profil X of

. 9. .
Lys30- pegy! at ed Higodera gsaphshawine dois? fr-pegylated isomers obfained when C
exendin-4 is pegylated at varying pH;

Fig. 4: a graph showing Lys27-pegylated isomers obtained when CA-
15 exendin-4 is pegylated at varying pH and in 45% EtOH.
Fig. 5: a graph showing Lys27-pegylated isomers obtained when CA-
exendin-4 is pegylated at pH 7.5 and in a varying amount (%) of ethanol;
Fig. 6: a graph showing Lys27-pegylated isomers obtained when CA-
exendin-4 is pegylated at pH 7.5 and in a varying amount (%) of isopropanol;
20 Fig. 7: an SDS-PAGE analysis of CA-exendin-PEG-immunoglobulin Fc;
Fig. 8: an SDS-PAGE analysis of CA-exendin-PEG Lys12 and Lys27;
Fig. 9: an analysis profile of Lys12-pegylated isomers of CA-exendin-4 by
peptide mapping; .
Fig. 10: an analysis profile of Lys27-pegylated isomers of CA-exendin-4
25 by peptide mapping;
Fig. 11: a purification profile of positional isomers of oxyntomodulin-PEG
using SOURCE S column;
Fig. 12: a purification profile of positional isomers of imidazo-acetyl
oxyntomodulin-PEG using SOURCE S column;
30 Fig. 13: an analysis profile of Lys30-pegylated isomers of oxyntomodulin
by peptide mapping;
Fig. 14: a purification profile of a conjugate of imidazo-acetyl
oxyntomodulin-PEG and immunoglobulin Fc using SOURCE Q column; |
Fig. 15: an SDS-PAGE analysis of a conjugate of imidazo-acetyl
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by peptide mapping; Fig. 14: a purification profile of a conjugate of

I m dazo-acetyl oxyntonodul i n- PEG and i mmunogl obul in Fc usi ng SOURCE Q
col um; HRvQ.20M56078ma SDS- PACE anal ysis of a conjugate of PCT/KR2010/001674

I m dazo- acet yl oxynt onodul i n- PEG and i mmunogl obulin Fc; Fig. 16: a
purification profile of positional isoners of oxyntonodulin anal ogue-PEG

usi ng SQU 3 yH@%ﬁfpﬁbgdnq]imaﬂggﬁﬁhﬁﬁ:FgéprOfi | e of Lys27-pegyl ated

i somers of I n anal ogue pep mappi ng; Fig. 18: a
purification prdfigl d6ofa pasificationl piofiderexfspasitiomail dspmeas eify bx yntgmtodntidul i n

anal ogue- PEG,usin RCE ; Fig.. 19: an analysis profile of
Lys27- pegyf%?@@?’?%?ﬁ%‘?gfﬁ?mg?é@% oxynt onodul i n anal ogue by pepti de
mappi ng; Fig. 2@FigalPuin hhalgbisqitoble®bt L9s237f-p$}ﬂ9ﬁéﬂli§@1h@rsoéfb yriteaedatift yl

c

oxynt onpdul i n anl aog- PEG and i mrunogl obul i n usi ng SOURCE Q colum; Fig.
21: an sDs2rHlegue Ry PgRiIde BIaPRIRGNj ugat e of i nmi dazo- acetyl oxyntonodul i n

anl aog- PEG and i gl ] S : : Lif & | .8
positional i sompﬁgyg? ) éwﬂégggﬂs llr?gi lggRE%lfsleé%ll L%n%?érgr%fﬁ@%c:ldzgn&g?él ysi s
profil e of oxynt8modulinl anabagiesBhGrusing SQURCES cplapin;de mapping; Fig. 24: a
purification praqf.il e,of | tionals:i £ im - l P-1-P

Gsi ng SouRce S dabufasan REE b RIS RETTEF Bre bl FERGRRES bY smidkorachbl

i somer s of oxyatdamouiaeindlogdey péptidesmbppiagmappi ng; Fig. 26: a purification
profile of a conj.ugate of |m.dazo-acet GLR- 1 PEG and i nogl pbul i n._ Fc

i ng BOURCE. Prd'igol #ln: 3 FPUTilisation piile pAEE an FANJHRLE P! o IBIALAER of

I m dazo- acgkytofdeduliftwl AP PEG ML thRRMbEIdbELn Fc using SOURCE Q column;

Fig. 21: an SDS-PAGE analysis of a conjugate of imidazo-acétyl
oxyntomodulin anlaog-PEG and immunoglobulin Fc;
Fig. 22: a purification profile of positional isomers of GLP-1-PEG using
15 SOURCE S column;
Fig. 23: an analysis profile of Lys34-pegylated isomers of GLP-1 by
peptide mapping;
Fig. 24: a purification profile of positional isomers of imidazo-acetyl
GLP-1-PEG using SOURCE S column;
20 Fig. 25: an analysis profile of Lys34-pegylated isomers of imidazo-acetyl
GLP-1 by peptide mapping;
Fig. 26: a purification profile of a conjugate of imidazo-acetyl GLP-1-
PEG and immunoglobulin Fc using SOURCE Phe column;
Fig. 27: an SDS-PAGE analysis of a conjugate of imidazo-acetyl GLP-1-
25 PEG and immunoglobulin Fc;
Fig. 28: a purification profile of positional isomers of GLP-2-PEG using
SOURCE S column;
| Fig. 29: an analysis profile of Lys30-pegylated isomers of GLP-2 by
peptide mapping;
30 Fig. 30: a purification profile of positional isomers of imidazo-acetyl
GLP-2-PEG using SOURCE S column;
Fig. 31: a purification profile of a conjugate of imidazo-acetyl GLP-2-
PEG and immunoglobulin Fc using SOURCE Phe column;
Fig. 32: an SDS-PAGE analysis of a conjugate of imidazo-acetyl GLP-2-
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Fig. 28: a purification profile of positional isonmers of G.P-2-PEG using
SOURCE S columm; Fig. 29: an analysis profile of Lys30-pegylated isoners of
GLP- 2 by wepbio®7asappi ng; Fig. 30: a purification profilpeTaR2pori0O167@Nal

i somers of imdazo-acetyl G.P-2-PEG using SOURCE S columm; Fig. 31: a
purification profile of a conjugate of im dazo-acetyl G.P-2- PEG and

I mmunogl obgld . Usi he colum; Fig. 32: an SDS- PACGE anal ysis of
a conj ugat gbg?agc%lxg%dgggfc%@ ’P- 2- PEG and i mmunogl obulin Fc; Fig. 33: a
purification prdfigl 830k puoification profikosepasitidndl ismnersnsfihimaPi(suliB-HFEGUsSi ng
SOURCE S ¢ ; LFi ; purification profile of positional isonmers of
human i nsu%%%@@ﬁ&ogm S colum; Fig. 35: a purification
profile of posi tFigU@h: h pRPEICatioh pROAR S pusitidimid RESmeRZ T ukds GgufUREE S

colum; and Fig. 36: an analysis profile of AIG, BIF-, or B29K-pegyl ated
i somer s5 of (AligansingsSOURGEH tMdée mappi ng. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Her ei gt 85, o e RLaSE Mo ARV idstbd 18536 disthrhuh AR ARlPEGNe

present invention“provides a ne preparing a site-speci
physi ol ogi B29K) asing\BOPRGH Sprolwimncamd ugat e, conprising the steps of: i)
treating a physi@logjcally active.pol [ W t on- ti,dyl paol r
in a reaction rrelﬁgu \Am@ﬁalé@ﬁtpz{f)ﬁge %f’lgﬁg%r gﬁg"a% #ﬁéﬁeg&iﬁ%&%ﬂ% BHd has
a specifichmhahqnﬁﬂﬁbbypép@d@ﬁfappﬁfgti dyl polynmer bind to a target site of

t he ph{QS)i ologically active polypeptide; and ii) isolating and purifying the
physi ot'0gi cal |y active pol ypeptide conjugate fromthe reaction m xture of

step (i) by ion BEIMATICDIESTRIFH FIVOFIE BNVENPION:

Hereinafter, the present invention is described in detail.

15 The present invention provides a method for preparing a site-specific
physiologically active polypeptide conjugate, comprising the steps of:

i) treating a physiologically active polypeptide with a non-peptidyl
polymer in a reaction medium which contains a specific amount of an alcohol and
has a specific pH to enable the non-peptidyl polymer bind to a target site of the

20 physiologically active polypeptide; and

ii) isolating and purifying the physiologically active polypeptide conjugate

from the reaction mixture of step (i) by ion exchange chromatography using an

alcohol.

25 A physiologically active polypeptide conjugate in accordance with the
present invention refers to a substance in which a physiologically active
polypeptide and a terminus of a non-peptidyl polymer are covalently linked to
each other, and the present invention is characterized by linking a polypeptide
with a polymer under a specific condition and isolating the resulting polypeptide

30 conjugate having the polymer linked on a target site thereof.

The term “physiologically active polypeptide or peptide”, as used herein,
refers to a peptide which can exhibit a physiological activity in-vivo, e.g., may be
selected from a group consisting of insulinotropic peptide, blood factor, digestive

hormone, adrenocorticotropic hormone, thyroid hormone, intestinal hormone,
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A physiologically active pol ypeptide conjugate in accordance with the
present invention refers to a substance in which a physiologically active
pol ypept iwe 2ardioz2sser m nus of a non-peptidyl pol yner arectarebanolier4l i nked
to each other, and the present invention is characterized by linking a
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20  inhibitor, thymopoietin, thymulin, thymopentin, tymosin, thymic humoral factor,

adrenomodullin, allatostatin, amyloid beta-protein fragment, antimicrobial peptide,

antioxidant peptide, bombesin, osteocalcin, CART peptide, E-selectin, ICAM-1,

VCAM-1, leucokine, kringle-5, laminin, inhibin, galanin, fibronectin,

pancreastatin, and fuzeon. In addition, the physiologically active polypeptide
25 includes a precursor, a derivative, a fragment, or a variant thereof.

The preferred physiologically active polypeptide used in the present
invention is exendin, insulin, GLP-1, GLP-2, oxyntomodulin, ghrelin, angiotensin,
bradykinin, calcitonin, or a derivative thereof. The derivative thereof may be
prepared, e.g., by chemical substitution (e.g., alpha-methylation or alpha-

30 hydroxylation), deletion (e.g., deamination or carbon deletion) or modification
(e.g., N-methylation) of any groups on an amino acid residue, and particularly the
preparation of the exendin derivative is described in detail in Korean Patent
Application No. 2008-69234.
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' P polymer may be in the range of 0.5 to 100 kDa, preferably of 0.5 to 20 kDa, and

the suitable molar ratio of the physiologically active polypeptide and the non-
peptidyl polymer may be chosen in the range of from 1:1 to 1:50.

20
The non-peptidyl polymer used in the present invention has a reactive
group at one end or at both ends. In case of the non-peptidyl polymer having a
reactive group at both ends, it can bind to a physiologically active carrier and a
protein drug which assist functioning as a long acting formulation.
25 The reactive group at one end or both ends of the non-peptidyl polymer is

preferably selected from the group consisting of a reactive aldehyde group, a
propionaldehyde group, a butyraldehyde group, a maleimide group and a
succinimide group. Examples of the succinimide group include succinimidyl
propionate, succinimidyl butanoate, hydroxy succinimidyl, succinimidyl
30 carboxymethyl, or succinimidyl carbonate. In particular, when the non-peptidyl
polymer has a reactive aldehyde group or a reactive succinimidyl group at one
end, it is effective in linking at both ends with a physiologically active
polypeptide and an immunoglobulin with minimal non-specific reactions. The

aldehyde reactive group selectively binds to an N-terminus at a low pH, and can
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can be used wthout any limtation. The nol ecul ar wei ght of the

non- pepti dyl polynmer nay be in the range of 0.5 to 100 kDa, preferably of
0.5 to 20wkDRalo/mmtet he suitable nolar ratio of the physipolragr208l/doy67act i ve
pol ypepti de and the nonpeptidyl polyner nmay be chosen in the range of from
1:1 to 1:50. The non-peptidyl polyner used in the present I nvention has a

reactive g t n r ot h._end case.,of,t he.non id

ol ymer - a0 2 1v8RE B9 ool B iR dand ot R PH) Mo BT RAYD! Yo

physi ol ogi addition,adiei seecitdmidylr reactive gpoupt eamf@imlg sthbleharaiiz Bénd witht alni ng

as a long acilng f or mul t|on ae re t'de group at one end or both ends of

the non- peBinGA HBH}‘&?rfg YR ey s&r%8t ed fromthe group consisting

of a reactive alpgfhéeahe reatiivedzdh h@@@th%'ﬂﬂ‘iﬁtﬂéﬁblﬁ- tidyt 6@&:&%@*}»{

group, a mal ei m de grou lrandv sucgslpnl m de group e?elsyo? %e

succi nidni die Gesame; w@ﬁéﬁmucévhcmawﬂyq&hﬂpn@ gbtcal hgwgu aqrem:uw hmdnoawbat e,

hydr oxy s | C I |

oo bonat o EP P i, by oA BlehecR 1 LsPlal MK TR pddA HGHER, e Hldrony

al dehyde group noy be neticdted entowacions meatyllveggrom;ps btyknownmhémlcal nesctfdn‘sect ive

| mmunog! odti 4 SPMERCTK Al g ARy Rbieng erdel b o Mol IYRERIEE i e

group sel afjyBehedi nds to an N-term nus at a | ow pH, and canbind to a

| ysi ne residue to forman am ne bond at a high pH, such as pH 9.0. In

addi t il@n, the succinimdyl reactive group can forma stable anmide bond with

roups at both axgersh & ghhe BRseHPicenloh {5 o Breparc i phRlologioy Saic ve

di f f erent pcxlmptaiepmry@gatylhahatgsmﬁcaibvll a aantpap@dbfwnbxwr witbup at

bot h ends I | e hydroxyl group

may be actl}hsg o‘?(gélcb lé\é/g?? §§153;plr%§%§€ﬁ/ggg%@ésre%gloéﬁ\%mhgem' cal reactions,

or a commer ci al Thedean |“site-spealiyionybsrespedificalyhasiusgd aerﬂiﬂj feiferd to dlact | ve

group ,may be.used. The s of the present invention is t re a

oy Aoy EiNg Haqmaeni bl p8R) BoReethy EHd. g raeid F5BF I ng a

non- pept i GHysiNbYiERIy Yctife Solypeptide, preferably an amine of the lysine residue or
N-terminus. The site-specific linking or bond may prevent the formation of

incidental conjugates in which the non-peptidyl polymer is linked to a
physiologically important amino acid residue. For example, when a non-

20 peptidyl polymer binds to the N-terminus of exendin-4, in-vitro activity of the
exendin-4 became reduced, but when a non-peptidyl polymer binds to a lysine
residue, in-vitro activity was maintained. In particular, when a non-peptidyl
polymer binds to 27™ lysine residue rather than 12™ lysine residue, much higher
in-vitro activity was observed (See Example 10 and Table 2).

25 The present inventors have found that the presence of an alcohol in a
reaction medium and the pH of the reaction medium in step (i) are critical factors
for a site-specific bond of a non-peptidyl polymer and a physiologically active
polypeptide. Accordingly, in the step (i) of the present invention, a non-peptidyl
polymer becomes linked to a specific site of a physiologically active polypeptide,

30 using a reaction medium containing a specific content of an alcohol and having a
specific pH.

In a specific embodiment of the present invention, the ratio of a specific
positional isomer of the polypeptide conjugate can be varied based on the pH of

 the reaction medium, or based on the concentration (%) of an alcohol at same pH.
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physi ol ogically active pol ypeptide in a suitable reaction nedium The term
"site-specific" or "site-specifically", as used herein, refers to the

| i nki ng awoantpeptscdyl pol ymer onto a specific target amCm&Reoiobhosé7e of a
physi ol ogi cal ly active pol ypeptide, preferably an am ne of the |ysine

resi due or N-term nus. The site specific linking or bond may prevent the

f or mat I

| niked 1o 1 isEehia sRissbROtd Bk Bndntb i) oblinBy PR AapRE AL
a nonpept i ]?hysﬁngymgr zintt;d:;pdlsapct;h&ie(lzlintaesdltia-stj)pemi\ﬁln\ijh maxaadi n-4, | ndw tro
activity of the gxendin- e educe ut en _a nan ti

i nds (o a I yer oS Beeteh ) oF hEDHSER, Ivgnya edwed Gt eisepiEpELT ar
when a nont@eriblethe RdhY ud@/u Mgyrher &7 bthd 3655 WRsir&$ (St ar ét? Rfe, 1.8afhak2t h

| ysi ne residue, much higher in-vitro activity was_observe See’ Exan%ﬁe 10

and Table dpse Tab aficet dhe wﬂbmtldw actiaty- ouhlae oFhrangee Mve emgi en

al cohol t

reCoriti capep oBf PRRERRIM ALl DAV R LB e F BB, {ana
a physi ol oglsuhhbgropictpapéldpcﬂe;@,ecpxarum 4 pcaroisdineglig whmhtth@petymmer(ls)lmkfedt he
resent in t d b ked to | f t
b 2 physi B Bt 21 pEkORa BRILY VhsdPr AP i BEECE B ion bt Saistias: i ng
a mS) pg_ci fi faﬁ;im{rﬁéﬁ mo\fvhﬁﬂnt ﬁlleqﬁﬂyitneﬁriwhhmd ot Sv];bws‘im@wmﬂ%h tiaesanéuo@ﬁfedt: C
enpoal nt or. e present .1 hventi.Qn e ratJ o .Qr, a Iflc positiona

i somerl bt theeng ' detiu B s B sebosE el 9 PEL B rreasiotspediinine
reaction eURarpleZasd Fi ?)heﬁééﬁftﬁﬁéfyﬁtthé’é‘teﬁ%) 1§fpr€féréﬂlf‘éﬁﬁ{e@6uts‘ﬁ”e

pH.1t is therefore ossible’to link a non-peptid 0 a desired

ani no aci def7é toh9:-8i so1 gt ¢he nonaqeptidyl p@le‘SISerCUNC eoupled e the 2d
manner . ﬁfs%ﬂ ‘the step (i) of the present invention is carried out at a
specific p 0 enable t he non-peptidyl polynmer to bind to a desired (or
target) site, i.Furtherhéte stepe(inof th pecsent ievemtioppispiarded $uadnia/'retajctioiihe pH

range pay depend on t.he types of physiologdicall: For

| nst ankL, SBpdicns 3R Sl R e’ Blpre ity Golviiebien RER) '8 6o e

i n which tHetpleky Mot affect thekgslypeptide’s activity. Examples of the alcohol include
primary, secondary, and tertiary alcohol, preferably an alcohol having a carbon

number of one to ten, more preferably ethanol or isopropanol. In case of an

insulinotropic peptide (e.g., exendin-4), an alcohol may be present in the reaction

20 medium, in an amount ranging from 0.1% to 100% by volume, preferably from

25% to 90%, more preferably from 35% to 60%, based on the total volume of the

reaction medium, in order to enable a non-peptidyl polymer to bind to the 27™
lysine that does not affect the insulinotropic activity.

In an embodiment of the present invention, when a physiologically active

25 polypeptide is exendin-4 or a derivative thereof, the pH employed in step (i) may

be 7.0 to 10.0 in order to enhance the binding ratio of a non-peptidyl polymer to

Lys27. In other embodiment of the present invention, when a physiologically

active polypeptide is calcitonin, the pH employed in step (i) may be 4.0 to 6.0 in

order to enhance the binding ratio of a non-peptidyl polymer to N-terminus. In

30 another embodiment of the present invention, when a physiologically active

polypeptide is oxyntomodulin or a derivative thereof, the pH employed in step (i)

may be 7.0 to 10.0 in order to enhance the binding ratio of a non-peptidyl polymer

to Lys27 or Lys30.. In another embodiment of the present invention, when a

physiologically active polypeptide is human insulin or a derivative thereof, the pH
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to the 12th lysine was highly observed at | ow pH of the reaction nedi um
whereas an isoner in which the polynmer is linked to the 27th |ysine which
does not wbfenowiorise i nsulinotropic activity was highly ebsaRreet/@mtic7hi gh pH
of the reaction nedium (See Exanple 3 and Fig. 3). Accordingly, the step
(il) Is preferably carried out at pH 7.5 to 9.0 so that the non-peptidyl
polynmer is e t n e 1) of
t he presen?&si(\r}% t?ﬁogngﬁ)gﬁcar %g&?%ht&%ﬁ%%{%%?pl %#aﬁg%%ﬁ%nga ‘igr%ﬁ"ngfg )

al cohol sonbm@bpadybpommn ctyIPhecbI Mﬁ‘eph@qﬂahnﬂfé)tld—tanmﬁm ilh® chaias rdnt

etontar v abit eRbadipent @i bisehohriiyion Uhes b phaescars absr ™

nunber of gaIgpEpt 1&@[5 hiRaA 1ﬁ§1ﬁf1€6ﬁb|dér1©hfi6é‘ﬂier@6f 'tﬁ@@@@ﬁ?%yed' in stgsei)of an
i nsul i notropi C e.g., exendin-4), an_al cohol gresent in the

reaction ne@yhe peBrthluQ ém&d@r faeehiange the hingingatip Qﬁ@%)a;pep Ayholymer
pref er abl yyf Givt fﬁ"e/ b@uﬂ%l 3ot uEflﬁfA%HQihyof tQTys ?9‘*‘ PXthe r?%s}ﬁ%hgfﬁ the

t ot al volune |um I n order to enabl'’e a’ non-peptl
pol ymer t OIIbandthBD entbodimieht bg‘isthcn@remt infosagiomg tw it eqjhyshdogmallylawvcopl c

LT o od \
St ive Dol OB GO REGTRE of o SRy B Ao b tHE B PRSP s XD e 23 |
step (i) n‘m foe 10.00irt ord®?. 1o énhavcdahe thindinpgarntie 6hHe dim eptgdy‘lq:tolymf ta

I n ot r enbodi nent. of e prese

tid |
e fton Vs Hnsshen abedinmdnt aEthe arsant Sugnlige Whoea EREIpEicallke pH
enpl oyed i gt ol ):pﬁraw 1sb€iL41 9 dra @ex@vdti\/eoﬂfé?éoff theepheanpldyes iRl & (19

rati o of a non- polymer to N-terailnus. In another énbodi nent of
the pr esenmayrhsee% todO Quiveerdsr fherhasice dhe bindjngrtiosef poPypeptidykpolymer
oxyntonndukrﬂ% 0.8 derivative thereof, the pH enployed in step (i) may be
to 10 order to enhance the binding rati o of a non-peptidyl polyner
to Ly527 or LysSO In anot her enbodi nent of the present invention, when a

h 1Ty ol h i .
Pher ok the. pt PrREERR eliEs ey opay D0 BeBal? e bOp B nce
t he bi ndi n@bﬂjﬁf&t@ @ﬂ the Pfaaeﬂenweﬂﬁbnnglamemﬁdinﬂwebnj(ugaﬁd irp hetivh HEGIise)

N-term nus_in chain
linked to Ly327 a ca101t0n1n conjugate in which PEG is linked to N-terminus, an

oxyntomodulin conjugate or an analogue thereof in which PEG is linked to Lys27
or Lys30, a human insulin conjugate or an analogue thereof in which PEG is

20 linked to Phel N-terminus in B chain, Glyl N-terminus in A chain, or to Lys29 in
B chain, or a GLP-1 or GLP-2 conjugate in which PEG is linked to Lys34 or
Lys30.

In a preferred aspect of the present invention, a peptide derivative (or

25 analogue) may be used to facilitate a site-specific bond between a non-peptidyl
polymer and a physiologically active polypeptide. The derivative is a peptide
having any of other non-target amino acid sites deleted or protected in order to
prevent undesired linking. For example, in case of a insulinotropic peptide such

as an exendin, various exendin derivatives may be used, such as Des-amino-

30 histidyl (DA)-exendin-4 of formula (I), Beta-hydroxy-imidazopropionyl(HY)-
exendin-4 of formula (II), Imidazoacetyl(CA)-exendin-4 of formula (III), and
Dimethyl-histidyl(DM)-exendin—4 of formula (IV), which are prepared using the
methods where an alpha amine group of N-terminal amino acid, histidine is
deleted, the N-terminal amine group is substituted with hydroxyl group, the N-

10



anot her enbodi ment of the present invention, when a physiologically active
pol ypeptide is human insulin or a derivative thereof, the pH enployed in
step (i) waeolme10725¢ to 10.0 in order to enhance the bi n#CcmKR2at0/@167H a
non- peptidyl polymer to Gyl ( 1st glycine) Ntermnus in A chain, or to
Lys29 (29th lysine) in B chain. In another enbodi nent of the present

! (o, . . N rent. e
vert o, WhaRay BN hAheSIaR) by BRI, BRDHREIN e L SRR s oS oram
t (r)rb eg_hancte alp’rmt barbdnngf rl?tt@armnfa’ tldusmxih\imemtd anl amgixie?/@pup ldaldmmelgerd:m areot her
odl nen O resent. | hventl , en | O ca |ve
et et o Rea VR, iy OacerthcnHE, il RO RRslthte,y BS Kiieuwres | |
nmay be 7. Oof%uéﬁ-&(énﬁplggdgkeﬁcﬁnemmﬁ@ h@dbineeiods dSﬁi):te?)aﬁeitidh e ptd dyl
|

pol ymer to Lys30. Acco ly, the preferred. site-specific physiologically
active ol ﬁsefmbedlemcléﬁmgaﬁeemnmﬁé Bateng dimblicatian Y@ 2009-00&hod nwibaciyis

conj ugat e E@Aﬁ@%&ﬁi@%ésd&p@mé gﬁ%ﬁ@iﬁmﬁti&?bg&éféi‘éﬂbeﬁonj ugate in which

PEGis lin term nus, an oxyntono I n cohjugate or an anal ogue
thereof in which PEG is linked to Lys27 or Lys30, a human insulin conjugate
Iiﬁiﬁﬂ

or an anal ogue t in which PEGis linked to Phel N-termnus in B
chain, Ayl Ntgfmnys in Achain, or to Lys29 in B chain, or a GP-I or
GL.P-2 conj ugate wj ch PEGis |inked to Lys34 or Lys30. In a preferred
aspect of the presentl invention, angﬁghgﬁ derivative (or anal ogue) may be
used to faciIitate\aﬁgﬁte-specific 19 tween a non-peptidyl polynmer and
a physiologically ﬁﬁ{ive pol ypeptide. The derivative is a peptide having
any of other non-tar gt Peifno aci d sites del eted or protected in order to
prevent undesired |inking. For exanple, in case of a insulinotropic peptide
such as an exendin, various exendin derivatives may be used, such as

Des- am nohi st i dyl ) - exendi n-4 of formula (1),

Bet a- hydr oxy-i m opi onyl (HY)- exendin-4 of formula (I1),

| m dazopacetyl ( din-4 of formula (I11), and

Di neth§5-histidy exendin-4 of formula (1V), which are prepared using
t he -

CH,
HOR o

H/ \ﬁ—peptide

T 0
o

C—peptide

Formula IT

» Formula III
25

|

HaCa_ C\s.-CHz Formula IV

H 3C/ \ﬁ—peptide
o

11



met hods where an al pha amine group of N-termnal amno acid, histidine is
del eted, the N-term nal am ne group is substituted wth hydroxyl group, the
Nt er mi nalwal2ptvaiozassne group of histidine is nodified w POTHR20 AN
groups, or an al pha carbon of N-term nal histidine and an am ne group bound
thereto are deleted to | eave an i m dazoacetyl group, but not |limted

of preparati on tHOVESE: (PRI ROHTRECTIT A FE TP Babirdl AERufpe &7170C

Publ i cat i oamio acid0fraf0A18d Be useliasha dsnvm)sl'dJH@ﬁnFﬂ atdyl stridt@ressdegtedfrdme
present inyvention B rg{/erences Formula | Fornu Formula 111 Fornul a

| VSinilarl 0“65%1)‘715( d GLP-1 and GLP-2 having a hi stidine as 1st ami no
acid may al so be used as a derivative having any structure selected from
Formulas (1) to (1V). In a particular enbodi nent of the present invention,
the present i nvdntapartisalas emhasimegtobthe prgsentfiavertion, the gresent inyventass

content - of . aeogled the Qirekioof ARHHINIRY AN 4% 3idoBaP PRSI dr

bi ndi ng as e non- pep conflrne eratio of
t he i nsul i reattiop mechapt onl ¢he sitg- sganﬁs bllmimggispbﬂ qfoﬁhyrmm pépﬂdg&li pobyrit, h

| ysi ne/ 27t h Si ried ' th h d

et hanol or 1 EanfiFmrd i 8 ahbr e Asngstiaif diptie SonfigalhBE dhe e

i somer hav (Blgniéi*%ﬂ(‘éﬁ -toel™ B¥ine"y RRInebig Uadicdaddpeadidigt éh thestmgeasipiie vwas
Iargel)l),gh a| ned, when 35%to 55% preferably about 45% of ethanol or

i sopr oifanotnd engaun af e;swrvolsor AsqreppaanBi n@mpﬁl@rf atRopaticulke geBlored
h
non- pept | dgf faabmgoqﬁ 'hgb ﬁgé hxsngﬁ?h;qg %Ptﬁd?ﬁdc%‘ltﬂga%’ﬁ‘ ti%sme

adjusting Tnto speC| tent 1n ste

desi red corqs@@twas:hzmgdy obtmnad csthemdsputo ﬁ%dptf;ferab}w eh@tnaﬂfﬁ}}é of ethanol
s present OF HOBMBARP RsHERBELT a1 one "and 115 speei fic exanpl es are sane
as defined in step (i). However, the al cohol of step
15 After enhancing the ratio of the desired non-peptidyl polymer-
physiologically active polypeptide conjugate by adjusting into a specific pH and
an alcohol content in step (i), the desired conjugate can be isolated and purified by
ion exchange chromatography using an alcohol in step (ii).
The alcohol used in step (ii) is present in a purification solution, and its
20 specific examples are same as defined in step (i). However, the alcohol of step
(i) was employed for the purpose of increasing the polypeptide’s reactivity and
site-specificity by modification of secondary or tertiary structure thereof, whereas
the alcohol of step (ii) was employed for the purpose of facilitating the high-
throughput isolation and purification of the site-specific physiologically active
25 polypeptide conjugate by reduction of non-specific bond between ion-exchange
column and the conjugate. The isolation and purification may be carried out by
using various methods known to a person skilled in the art, preferably by ion
exchange chromatography, more preferably by high pressure ion exchange
chromatography.
30 .
Meanwhile, in order to facilitate the isolation and purification of
positional isomer, the ion exchange chromatography may be carried out at a
specific pH. The pH was suitably adjusted to increase the conjugate’s site-

specificity in step (i), whereas it was re-adjusted to attach the conjugate to and to
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(1) was enployed for the purpose of increasing the polypeptide's reactivity
and site-specificity by nodification of secondary or tertiary structure
t her eof , wbenwaw71she al cohol of step (ii) was enpl oyed fPom/KRze10p01§78Se of
facilitating the highthroughput isolation and purification of the
site-specific physiologically active polypeptide conjugate by reduction of
non- speci f u
ool at on SEaChaF AR 366 fod SRCREEAAGmadn (BuRitalinh SoHMAEBhainlil? 40
known to aalehebin stepl Qu@d rIrhetdmtabret pHempleyedliy step (@ nmeycha g ¢he range
chronatogrﬁp nDre erﬁﬁby by hi gh pressure ion exchange
chr omat ogr 8H§ abqyy ?P Out %Vorder to facilitate the isolation and
purification of p05|t|onal i somer, the ion exchange chromat ography may be
carried out at a specific pH The pH mas suitably adjusted to increase the
conjugate's sit dapeharmore; }hﬁnpby@plqgilga lynpstizgs mlmmmﬁenédm%tmsqm
attach the; t 0 af ol
I%thgfljiﬁg}{l RirdRf deCHRkEF %P{C Oh%lﬂ%l%gldaﬂ &&?JI éaf;%@ et

purification's containing an a tep (I swtabepH

enpl oyed i casst € Qom—pepagiylbpohymdrrshouhhkg@ammnﬁpqimim Iﬂ)lymenmﬂnbmthaarﬂs

mvent 1 on g et SR BB BhuioRicalS RnERRRHES, Tt BbRIGPRicaly |,

this case, aéti\% cmf:pemaldﬂﬂl bitdsneransdielid tithleenci- qmdiﬁr}idlﬂnbr mhmrmw th

bothedsm r.t a (g]%/ th the ph oIo ically élvec ri.er. That
ys%\r t@éuhng dhe physiglog eyp%lwﬁagtl ihean Rg

non pept ! d%llelpﬁf@(b’% r\}fﬂg‘aféqld Whitdf b&th\edds %tfln)anx%éﬂfﬁHfl \fio‘l}b}n&h%e linked with

physi ol ogi |y act eptide, and thus it can prepared_a conjugate
i n” whi ch bﬁxemléﬁuﬁ,oglfcaﬂw lacp@@ppbsneppde 9néth¢apléyswlﬁgwlw ackivesarrier.

h I | t
phvst ol 09 cal |y R dekenBRRRE dfe Y R5' SO RabinerBilkl Kaueaic o

prepar ed i prepargl 1(m st¢p (mymby rfufther lbmddvmh arpharsmﬂqglcmlﬂ}o gried bgmac,tandethe
Car e, SRS, SR B UREEE A B EHE ShO . sSRRLER! Syt
conj ugat e, adtivties ‘cotparéd tartte nibippettidel el @eiljugdte) £6., IHe h)u@ﬁamiiﬁgl | ent
prol onged glllj}rls%llo%?ca acg\r}ﬁlregas%%lloasl gxaclellent prolonged duration of pharmacological
effects of a physiologically active polypeptide, targeting to a specific site such as
a lesion to be treated, or induction of necrosis.
20

The term “physiologically active carrier”’, as used herein, refers to a
physiologically active substance showing additional activities distinct to the
native polypeptide’s physiological activity, which can sustain the polypeptide’s
physiological activities such as the pharmacological effects, or induce targeting to

25  a specific site or necrosis, by binding to a non-peptidyl polypeptide together with
a physiologically active polypeptide.

The physiologically active carrier used in the present invention includes a
substance having afore-mentioned activities without any limitation, e.g., albumin,
immunoglobulin Fc region, transferrin, aptamer, toxin, collagen, dextran,

30 polysaccharides, fatty acids, fibrinogen, and the like.  Preferably, the
physiologically active carrier may be selected from an albumin, an
immunoglobulin Fc region, and a transferrrin, more preferably an

immunoglobulin Fc region.
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effects of a physiologically active polypeptide, targeting to a specific
site such as a lesion to be treated, or induction of necrosis. The term
"physi ol ogocaldyp7meti ve carrier”, as used herein, refer®Cr&RR010/001674
physi ol ogically active substance show ng additional activities distinct to
the native pol ypeptide's physiological activity, which can sustain the

| e e gl A |
P e ar oot T BRBRIERoATH I fofdhn BPHE ABadrt SnPORIIRERR R B nelyoct o
noln- pept | gyhaigﬁionpmm !reglioh_dg(eiltfli@) anm% the lreavlyychain ogms;ah’d m{gimi 3 YEH3) tof an

(0] e | de. e 1 Ol 0} Ca acCtl] carriler S I N . presen
PP fingelobhliny etudg theoaniahla Gtoniot 18 heav i andyiaht EBas: vt
any |initahbpRy cltaifl-condlabt Fgion i1 CHPYARPHe lﬁlglﬁ%h%ﬁgh&ibtaﬂtrréggfnef (€ni).

aptaner, toxin, collagen, dextran, polysaccharides, fatty acrds,
fi bri noyenlt may fapber imdudeadrngamgion ahshe hgavso Fegjncansians cegion. c Adse.er

may be sel gt ﬁﬁimBBBglrogJ?lliﬁl %ﬂf’ ?@ﬂn ?)'f m%g{%‘?s%%h ?x?xhgr;k_.{&n':&aygﬁ %%gte?l'&gd Form

transferrrin, nore era c reg
i munog! obobntainktg aquirbor all of ke Pec #eginn includintg the heatgrchaincdistartteegipnchai n

manog! obCHDGd e g ek Chat it Bk Pisnel SF i SR o2 e Trbale "
chains, theegiemyvyf eiehsawpasd dight chging)ad 1drigthg ivhss hlyhyslddgicahfindtion
constapt region 1 (CLI further inclyde.a hinge region at .the heavy

. It
chai n Hons$ m}l@éliyown)nharsa gg ?()@ttpﬁﬁm&neoﬁamfﬁ lmenvw?%bplm %tch@nﬂr’é‘%nt

i nvention FRYRE idukelEE1866lih OFEN egitm! Pdd?ﬁﬁédpl?«{'tpl%gpﬁbiyl%oﬁ,h@ul’fﬁidrﬁgi on
i ncl udi ng the heavy chain constant region 1)&CHI and/or “the i ght chain
const ant r agfiytation, (gly¢gsylasione prethplatione faraesntion,r aegityations amidationaandand

'ight chains.as | . C ologi : . o
i il ar ¢ oy UES B rdid of TAOBISEANE RS 4ol 1OF préRLAUA URROL b
i m’rulnog! obmeﬂrod:&ncftg{aﬂEmIMd{:iF]lgfxijl hmnph?ghibuiinlll%ct _ta)a,noslb;beipﬂildyd)pplymer-

on .YCOS i Qn ation,. farnesylation,. ace i on,
2 dat 1o, PhsOBRRAI e BBty bRyt Foine At G5t Hiniasan K hshn dertsiNos.
prepar at i on753uy, §53 14T 3t add 1804 509 ehivht dr¢ ihé¢laled @vithin ithebdugel eittaei n Fc

to a non-peptidyl poly rph%/si ol ogically
present invention by references.

In accordance with the method of the present invention, a desired

20 polypeptide conjugate having an excellent physiological activity can be prepared
in a high yield by site-specifically linking a non-peptidyl polymer to a specific
amino acid of a physiologically active polypeptide, while minimizing the

formation of additional conjugates.

25 -The following Examples are intended to further illustrate the present

invention without limiting its scope.

Example 1: Preparation and isolation of pegylated DA-exendin-4 (Lys27)
conjugate

30
<1-1> Preparation of pegylated DA-exendin-4 (Lys27) conjugate

In order to prepare a pegylated peptide conjugate by covalently linking
Lys in the peptide with the PEG, des-amino-histidyl-exendin-4 (DA-exendin-4,

14



active polypeptide conjugate are disclosed in Korean Patent Nos. 775343,
725314, 725315, and 824505, which are included within the scope of the
present iwoentowiomsby references. In accordance w th thePpoEtkR2d100f01470E
present invention, a desired pol ypeptide conjugate having an excell ent
physi ol ogi cal activity can be prepared in a high yield by site-specifically

linking a i.dyl ‘ t e

physi ol ogi ‘g‘g’]ﬂg Pée‘j’%g i%§ 0@@3 fgz}l @lﬁﬁ: gﬁ\ﬁgl%t ﬁ\gé? %r%%({nag)c};hgfie

aflfll ti onal gaps, uljaBeIsnc JHeréh) WQWSﬁb_]ﬁEvedmlfd & Yeadtion at dAQefbrt I2 fnuntslhstra
illustrate t r.es nvention wthout |imti cop Exarrp

Pr epar at i o, g"’ﬁdgpg %;1[ ?’g HBERH %‘H‘CBB\KQQ%HE% ?‘E; Eg&d -1>
Prepar at i ojmMTHRPES! R8st (M qxs%)rwdﬂalﬁlr(gl#%ﬂ)soﬁfwaﬁepmsldsea rdéei retaeusﬁ epare
a pegyl ated peptl de COI’lj ugat e coval ently Iinking s in the peptide with
the PEQ dasdawmandd N&\i& mrngmrwmtwaﬂﬁ thegeto.and 3. 4K
Propi onALD( 2) PEG (PEG havi ng two propi onal dehyde groups, I1DB Inc., Korea)
was subjected to a reaction at 4C for 12 hours at a nolar ratio of 1: 30,
with a peptl-@> olationtofgiasitiom i©mey .. At this time, 100 ni M HEPES buf f er
(pH 7.5) containing 45% i sopropanol was used as a reacti on nmedium and 20
nmvi NaCNBH3 as a reduci ng agent vvas added thereto. -2> |l sol ation of
positional isomx AoAB 1d@emasdpnmﬁ-ﬂ rﬁﬁﬁﬁeﬂyfr@uﬂtﬁeeﬁtaéﬁ@mthe

reaction m xture of Exanple <1 1> using an S n exchan
chr omdtlo gr@ﬂ%ﬁlﬁ( XRQ@WP@E HledPt h‘Bér HSINE o radh) f 10 oRFGRgnge

exchange chromat %“ﬁy?’f’“@%ﬁ‘%ﬁ O b e gy B (R Bl o
fol | owi ng @muhlilom,oan |posttivral pnsom@sﬂs wese Haploteddy usies aw SQURGE & don he
Ingi/?;!t Ce)g é;{%hggggzé%bgg%?#&@égdkr omee urBLd peakﬁséag%%%gt ﬁgkéﬁ%ﬁﬁﬂder-r et hod.
following condition. In this process, ethanol was used to facilitate the 1solat10n
15 of isomers, by including it in a purification solution. The pegylated sites were
confirmed from eluted peaks by peptide mapping method.
Column: SOURCE Q
Flow rate: 2.0 mL/min
Eluting solution: A (20 mM Tris, pH 8.5) and B (A+0.5M NaCl);
20  Gradient A 0—40%, 80 min

Column: SOURCE S

Flow rate: 2.0 mL/min

Eluting solution: A (20 mM citric acid, pH 3.0 + 45% ethanol) and B
25  (A+45% ethanol+0.5M KCl); Gradient A 0—100%, 45 min

From the analysis of the purification profile of positional isomers, it was
found that a peak for Lys12-pegylated DA-exendin-4 was eluted earlier, and then
a Lys27-pegylated peak was eluted in the last portion (Fig. 1).
30
Example 2: Preparation and isolation of pegylated CA-exendin-4 (Lys27)

conjugate

The procedure of Example 1 was repeated except for using imidazo-

15



Colum: SOURCE Q Flow rate: 2.0 nL/mn Eluting solution: A (20 MM Tris, pH
8.5) and B (At0.5M NaCl ); Gradient A 0 40% 80 m n Colum: SOURCE S Fl ow
rate: 2. owolbrmim7Bbuti ng solution: A (20 mMcitric aci dpCpHR0D/001673%

et hanol) and B (A+45% et hanol +0.5M KCl'); G adient A 0 100% 45 mn Fromthe
anal ysis of the purification profile of positional isoners, it was found

that a pea 0 2- Pe, £ DA; e l.0- . d i n hen a
Lys27- pegylléﬁétélh' egé%ilﬁ\?\ﬁs@/é%‘%f‘ggdﬁﬁ&’t ?geﬂ%@t A%gr’if ilg%{[g%(ii %feﬁ‘jk'e%?gﬁlﬁ? eltnz :

Pr epar at i olExantplé Jotcabdbbrin dic pegylatideCACEkendimdi (1y427)-¢6jagateonjHrgat ¢helhe
procedure of Exa 1 r epeat e%gce t. for. using.

i i dazoapeﬁpﬁlyés@%ﬁ%ﬁ-mlr( Ime_ﬁg@ gl ppsitingr) isOmaTS) if wap dqundfhat a peak

DA- exendi nf4y 'I%yﬁ&%ﬁat%d? ¢ ARkahdintf ewhe Ihflde Cafere x4l theft LY §377-
conjugate. Fromthe analysis of the purification profile of positional

i somersy i pegulotadopeak waseludeintherlast poyior(hggy).at ed CA- exendi n-4 was
eluted earlier, and then a Lys27- pegylated peak was eluted in the last

portion (Fig. 2). Exanple 3 : Change in ratio of pegyl ated CA-exendin-4
(Lys27) coljxamaple 3chatigegin aagiol of pegplated C Asdiendin-d (Joys2%)i gatjagatec

change in ratio,.of .a | ypeptide pegyl ated at a specific site by pH,
CA- exendi npgc%ng_tglp&—gro 5F§%‘L‘b{'§“)‘ﬂ¥%b were subjected to pegylation by
reacting the peptide and the PEG at 4C for 12 hours at a nolar ratio of

1: 30, with a pept.ide concentration of 3 ng/nL. At thjs tipme, . 100 mMcijtric
acid (p¥ 3.0), 1bo m¥sstgectheangeyn rat@bot}mn@mﬁr{tﬁq pegyyated 66 2pFRALOP (pH

Usel as 8 Pec R e S D b 2 Mg
agent was pdgddtiondnereactingctherneptide amdnihet REG 8lad° @ der flRdepusy at teemolar
ratio of 1:30, with a peptide concentration of 3 mg/mL. At this time, 100 mM
citric acid (pH 3.0), 100 mM NaOAc (pH 4.5), 100 mM Na-P (pH 7.5), 100 mM
15 Na-P (pH 8.5), 100 mM HEPES (pH 8.0), and 100 mM Na-Borate (pH 9.2)
buffers were used as a reaction medium, respectively, and 20 mM NaCNBH; as a
reducing agent was added thereto. Each reaction mixture was purified by the
method described in Example 1, followed by analyzing the ratio of the Lys27-
pegylated conjugate. As shown in Fig. 3, the ratio of the Lys27-pegylated
20 conjugate was increased based on the increase in pH, and the optimum pH was

confirmed to be 7.0 to 10.0.

Example 4: Change in ratio of pegylated CA-exendin-4 (Lys27) conjugate
according to pH of reaction medium containing ethanol
25
To investigate the change in the ratio of a polypeptide pegylated at a
specific site by ethanol and pH, CA-exendin-4 and 3.4K PropionALD(2) PEG
were subjected to pegylation by reacting the peptide and the PEG at 4°C for 12
hours at a molar ratio of 1:30, with a peptide concentration of 3 mg/mL. At this
30 time, 100 mM citric acid (pH 3.0)/45% ethanol, 100 mM NaOAc (pH 4.5)/45%
ethanol, 100 mM Na-P (pH 7.5)/45% ethanol, 100 mM HEPES (pH 8.0)/45%
ethanol, and 100 mM Na-P (pH 8.5)/45% ethanol buffers were used as a reaction
medium, respectively, and 20 mM NaCNBHj as a reducing agent was added

thereto. Each reaction mixture was purified by the method described in Example

16



met hod described in Exanple 1, followed by analyzing the ratio of the
Lys27- pegyl ated conjugate. As shown in Fig. 3, the ratio of the

Lys27- pegwbavsdioezsnj ugat e was i ncreased based on the i neceageoiomopdds and
the opti mum pH was confirmed to be 7.0 to 10.0. Exanple 4 : Change in ratio
of pegyl ated CA-exendi n-4 (Lys27) conjugate according to pH of reaction

medi um cont akRij Pg\Y} [ ' ti

volypopt | 4 [glidrecbhanlyzhts WS g LYOTRARRRd LonEi ) Bs Shafn

and '364K PgDEihg)méE'g Zatiﬁﬁetheiqsgﬂmegytamﬂ tmjplgggel whs gimrbayseliidgagedrmg thhe
eptide and the E t Aol ours .at a ar rLatio o : it

PPt e oofetire Snbhin A 45 AEtbE CRlenRE rFadiRn inehRiny wfd e Setimun i

3. 0)/ 45% etageehtirhbd tarye Na&s9.0pH 4. 5)/ 45% et hanol , 100 mM Na- P (pH

7.5)/45% et hanol, 100 nM HEPES (pH 8.0)/45% et hanol, and 100 mM Na-P (pH

8.5)/ 45% et hanol buffers were used as a reaction medium respectively, and

20 mM Na I Wale” I «Fac | et ure
was puri {1 ENABPIE nG CRAREg InCRRt I BealRe (R Ly By Ko P
rati o of taecdrdiry tpethdnod edncenfratiandn reaciowmedinnki g. 4, the ratio of

the Lys27-pegyl ated conjugate was increased based on the increase in pHin
a 45% Et OH cont ai ning reacti on nedium and the optinmum pH was confirned to

be 7.0 to 9.0. BxamirplestiQate thbzhgegé in raid of @pobguytide gtgGirted andispecific

(Lys27) conjugate accordi ng tq ethapnol copncentration.in reagcti,on dj.um To
investli)ant stq By ehanelocoReesafionan thepras e T ug}ag%a@éedladé@-‘*aa%cggc% c

site by etpappbnAPIRSYPET (ke &ﬁbjé&%drt@%@g%rlfaﬂoﬁw reabtis A MIRXGHIR-hdane 3. 4K
Propi onALD( 2) PEG wer’e subj ected to pegylation by reacting the peptide and
t he PEG i nPBE it 4iC for hdhoyrseat amalaiationf] 5305 withap pepiide congsapetion

T00 it HERS (B TLSy b, iie 00, B, MERES (M- 358k Rihdncl) 1BLEMITEET
nmM HEPES (HBPESS{pH 56 )¥2 5nethandl)d O6NnNEPEEP KD KpH. B.5)/B85% ethzanh! 1001 mv
HEPES (PH frmplek! 551 o 5905 8BdndCq00MMNERERES (ot 75)35% ShilaBR! 108Uk " S
HEPES (pH 7.5)/75% ethanol and 100 mM HEPES (pH 7.5)/90% ethanol buffers
were used as a reaction medium, respectively, and 20 mM NaCNBH; as a
reducing agent was added thereto. Each reaction mixture was purified by the
method described in Example 1, followed by analyzing the ratio of the Lys27-
20 pegylated conjugate. As shown in Fig. 5, the ratio ‘of the Lys27-pegylated
conjugate was increased until the amount of ethanol reaches about 50%, whereas

decreased in more than 50% of ethanol, and the optimum amount of ethanol was
confirmed to be 35% to 60%.

25 Example 6: Change in ratio of pegylated CA-exendin-4 (Lys27) conjugate

according to isopropanol concentration in reaction medium

To investigate the change in ratio of a polypeptide pegylated at a specific

site by the use of isopropanol instead of ethanol, in the reaction medium, CA-

30 exendin-4 and 3.4K PropionALD(2) PEG were subjected to pegylation by
reacting the peptide and the PEG at 4°C for 12 hours at a molar ratio of 1:30, with

a peptide concentration of 3 mg/mL. At this time, 100 mM HEPES (pH 7.5)/0%
isopropanol, 100 mM HEPES (pH 7.5)/30% isopropanol, 100 mM HEPES (pH
7.5)/45% isopropanol, and 100 mM HEPES (pH 7.5)/60% isopropanol buffers

17



were used as a reaction nedium respectively, and 20 mM NaCNBH3 as a

reduci ng agent was added thereto. Each reaction m xture was purified by the
met hod deworntweid7iss Exanple 1, followed by anal yzi ng t hecratr2010ofo1d7he
Lys27- pegyl ated conjugate. As shown in Fig. 5, the ratio of the

Lys27- pegyl ated conjugate was increased until the anount of ethanol reaches

about 50% whereas decreased in re than 50% of et hanol,, opti mum
Amount of - BEFEBROE A SHTPRe LG e redns s orndeadngny AR 4
ratio of peghicaigedgési- w4 Hdided 4héreys 2 7Fadtp Rddd¢tiohemaatfy dasdpurdfiéd Oprpanol
concentration in reaction nedium To investigate the change in ratio of a

pol ypept i dEwesesl, descatbesk in Examipls il ¢ fallowed by aralyzpg gheialigr ofpthiSol-y§27st ead

f eth | ed i [ i 4. and 8. i PEG
vere su; eRrEflCcoRREAOl AT AhTn WIS, the dafiGl of A€ HLOTAIMED)
12 hour%s atomjugateavas midreasefl untiddhe aimountof etandkbreacheeaboutt &0, vhesasy/ .
At this ti 100 vl H 7 %, HEP
7 5) /'30% | QEEAa 0 ok Brimy A lenicerht, S FEER Rt Aol SE R Elfas,
HEPES (pH dorfimiéPbo IsoPsUptangd%buf f er swere used as a reaction nmedi um

respectively, and 20 mM NaCNBH3 as a reduci ng agent was added thereto. Each
reaction mxture was purified by the nethod described in Exanple 1,

fol | owed bgxanglly2:NBrépirativn 6f &f céﬂ]‘ﬁlghi’é Sf -CRERENAIRU COPIITPEG AidShown

in Fig. 6, the ratio of the Lys27-pegylated conjugate was 1ncreased until

t he antfunt immunaglelmlin &ches about 50% whereas decreased in nore than 50%
of ethanol, and the optinum anount of ethanol was confirnmed to be 35%to
60% Exanple 7: Preparation of a conjugate of CA-exendin-4 (Lys27)-PEG and

i mmunogl obul i n FCA@%keadandi n(By{AR)IXNi- PEjugateugavas wasoupbed| edithi t Anan

R T T MR G S I T
rati o of lidctivh O the popjugde anhthefrighemataf°Ciornid hbursAit at faokartratie 0f 100
M K I:)15 1:8, with a peptide concentration of 20 mg/mL. At this time, 100 mM K-P
buffer (pH 6.0) was used as a reaction medium, and 20 mM NaCNBH3 as a
reducing agent was added thereto. After the coupling reaction, the two-step
purification was performed using SOURCE phe and SOURCE Q columns, under
following conditions.
20 Column: SOURCE Phe (XK 16 mL, GE healthcare)
Flow rate: 2.0 mL/min
Eluting solution: A (20 mM Tris, pH 7.5) and B (A+1.5M NaCl);
Gradient A 0—40%, 80 min

25 Column: SOURCE Q (XK 16 mL, GE healthcare)
Flow rate: 2.0 mL/min
Eluting solution: A (20 mM Tris, pH 7.5) and B (A+1M NaCl); Gradient
A 0—40%, 80 min
The conjugate prepared above was analyzed using SDS-PAGE. As
30 shown in Fig. 7, a single band with 60K was observed under a non-reducing
condition, whereas two bands with 35K and 25K were observed under a reducing

condition.

Example 8: Identification of pegylated site of CA-exendin-4 (Lys27)-PEG
18



buffer (pH 6.0) was used as a reaction nedium and 20 mM NaCNBH3 as a
reduci ng agent was added thereto. After the coupling reaction, the two-step
puri fi catworowam7er f or mned usi ng SOURCE phe and SOURCE @CTmRomignoiarader
foll owi ng conditions. Colum: SOURCE Phe (XK 16 nlL, GE healthcare) Flow
rate: 2.0 mL/mn Eluting solution: A (20 MM Tris, pH 7.5) and B (A+l.5M
NaCl ) ; Ga@éﬁﬂf%ﬁ??o 40% 80 mn Colum: SOURCE Q (XK 16 nmL, GE healthcare)
Fl ow rate: 2. mn Eluting solution: A (20 MM Tris, pH 7.5 and B (A+1M
NaCl); Gadient A 0O 40% 80 mn The conjugate prepared above was anal yzed

i ng SDS- PAGE. .sh inFig. 7,. ' d with bser ved
3?1112? a non-reduﬁﬁ%ﬁ e@ﬁ?fﬂ@i%ﬁ&‘%@#@&@’%%mﬁyﬁmp W“ggﬁle\gﬁg'%ﬁ%%%ge
observed uE@273- PG Wohfifzaedeid Qigested i 8 pRoteadélentyrhé dg5ineC 04nd the

pegyl ated site of CA-exendin-4 (Lys27)-PEGconjugate To identify the binding
site ofd PEENlyzethusingddienerse chremaiQesspingi n- 4 (Lys27) - PEG conj ugat es wer e

digested with a : Y, AT : ' verse
chr omat ogr aphy. DSty (sl SRepdidt 3 PEC iroRiles ife AR by NS FAGEY
SDS- PAGE ( Hrig. 83) andrtlien he puaifimdr CA-exserclinecBH( conjuRER andj Ghatendimid
CA- exendi n- 4 re dissolved in triethylam.ne-hydroch I C I d er~(10
ol /1 it fisSolyeRaR eyt & AP et B ALY P T Tk e
at 37C forph %mw@mé\to.ermghﬁh L) @%stﬁdﬁmﬁvwhsrdt@%mmeéaiechd 437 @ dott ndf(gumé.xt ure
was anglyz y, a reverse chromatograp HPLC, (Agilent),. Jupiter 8
(Pheno nez\%e.r ﬂ‘r%eagﬂawg@%tef@é%ﬂtﬁ 'EF ég%"%%rfnp%”% yés aéalﬁﬁﬁg E@_a Igverse
Lysl 2- pegy trdopsht NGIPEE (ASITBAL)WASpie@NTIR PYnnBXR) aN\RUEnalysi
di sappear ance_of S?a?hgngq#z. ag ghow%’ ilrslplFi g. 9@ ) ] r.la oIS
results are shown in Figs. 9 and 10. A Lysl2-pegylated CA-exendin-4 isomer
was confirmed by simultaneous disappearance of #1 and #2 as shown in Fig. 9,
and a Lys27-pegylated CA-exendin-4 isomer was confirmed by simultaneous

15 disappearance of #2 and #3 as shown in Fig. 10.

Example 9: Identification of pegylation yield by isopropanol concentration

on N-terminal pegylation

20 To pegylate methoxy polyethylene glycol SK ALD (NOF Inc., Japan) to
the N-terminal of calcitonin salmon (Bachem, U.S.), a calcitonin salmon and PEG
was subjected to pegylation by reacting the peptide and the PEG at 4°C for 1 hour
at a molar ratio of 1:1, with a peptide concentration of 1 mg/mlL. At this time,
100 mM NaAc pH 5.2/0% isopropanol, 100 mM NaAc pH 5.2/45% isopropanol

25  buffers were used as a reaction medium, respectively, and 20 mM NaCNBHj; as a
reducing agent was added thereto. A mono-pegylated peptide was purified from
each of the reaction mixures by SOURCE S column (XK 16 mL, GE healthcare,
Korea) under the following condition. The results are shown in Table 1 below.

Column: SOURCE S
30 Flow rate: 2.5 mL/min
Eluting solution: A (20 mM Acetate, pH 5.2) and B (A+IM NaCl);
Gradient A 0—40%, 60 min

<Table 1>
[ Reaction buffer solution | Yield of mono-pegylated calcitonin-5K (%) ]
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and a Lys27-pegyl ated CA-exendin-4 isonmer was confirnmed by sinultaneous

di sappearance of #2 and #3 as shown in Fig. 10. Exanple 9: Identification
of pegyl avoanioyiogisd by i sopropanol concentration on N-tecmKRb1g®yGHat i on
To pegyl ate net hoxy pol yet hyl ene glycol 5K ALD (NOF Inc., Japan) to the
N-term nal of calcitonin salnon (Bachem U.S.), a calcitonin sal non and PEG
was subj ected tcx)_pmgymebﬁrs_jpy reacting the peptide apd the PEG at 4C fjor 1

hour at a|molgaivNIAO s 2J4s5h, [PAL N [@ pepti de concentgialion of I ng/ mi. (At
this tim,ﬁ@ﬁ—nM—Na‘%)c—pH—??fO%—So' opropanot;, 100 M NaAc pH 52/ 45% —

; ) ; 0
| sopropanol buffers were used as a reaction nedium respectively, and 20 nM

NaCNBH3 as a redygi t : l.de was
purified from ea%]gl 5@?@%@"@2@? i gl%qﬁr?lg uﬁﬁ%@l@%@@g@%%ﬁ?%&? %%Jegt, GE
heal t hcar ebyldddimn efidsprdpaack.ol | owi ng conditi on. The results are shown in
Table 1 below. Colum: SOURCE S Flow rate: 2.5 nL/mn Eluting solution: A
(20 mM Acetate, pH 5.2) and B (A+tIM Nad ); Gadient A0 40% 60 mn <Table
1>As shpwn Bxamiple10: Meaditreméitbfih-vitmegitivity df exéndinod by Reghiton aadeased
by addition of i ospropanol. Exanple 10: Measurenent of in-vitro activity of
exendi n- 4 B§EYALRA 8¢ on and pegyl ated site To measure the efficacy of |ong
acting preparation of exendin-4 by pegylation and pegylation site, a nethod
for measuring the in-vitro activity was used. The nmeasurenent of in-vitro
activity of GLP-To imeasuret thedeffmacyreek dong qofingt hrepacativ ofj exaniden-deby was

I ncreased . -1 el 1] 0. Whi.ch. P
receptors @é@éﬁ%’%g@%&qiqnﬁ?ﬁ’yﬁ h%t—@%(% %‘ﬁ?glgﬂ?céﬁe Pplgiépé]ﬁ(%% %vaél_ P-1
i s cl oh®d, uyetks tTleatedswiehdenGoPith-vitex activity 6f &1dP-tlaeista methexd for snebsanngbed

in Table lw?lteth\é?rcyéh\%”s in the cell was increased after treatment of GLP-1 to CHO cell

lines to which GLP-1 receptors was cloned.
Specifically, CHO/GLP-1R, a cell line in which GLP-1 is cloned, was
treated with GLP-1, exendin-4 and test materials described in Table 1 at varying
15 concentrations. The occurrence of cAMP’s was measured, and hence EC50
values were compared to each other. As a control, commercially available
Byetta (Eli Lilly) was used. The in-vitro activities (%) according to treatment of

test materials were shown in Table 2.

<Table 2>
Test material In-vitro activity (%)
Byetta 100
CA-exendin-4 77
CA-exendin-4-PEG (Lys12) 2.1
CA-exendin-4-PEG (Lys27) 8.5
20 As shown in Table 2, the physiological activity of the peptide was

relatively less affected when PEG is modified at Lys27, compared to Lys12.

Example 11: Preparation and isolation of pegylated oxyntomodulin (Lys30)
conjugate

25
<11-1> Preparation of pegylated oxyntomodulin conjugate (Lys30)

To prepare a pegylated oxyntomodulin conjugate, 3.4K PropionALD(2)

20



concentrations. The occurrence of cAMP s was neasured, and hence EC50
val ues were conpared to each other. As a control, commercially avail able
Byetta (BWVO 2nidioydsewas used. The in-vitro activities (%PCaadrenoi/cge7do
treatment of test materials were shown in Table 2. <Table 2> As shown in
Tabl e 2, the physi oI ogi cal activi ty of the peptide was relatively |ess

B ot ot 1 oRES g sRafRehodith TarinkRa K GERD S bibiedEe i pRRnabY <
eeTat ;Spf&a@t‘?g ho popeidy AldetheoREG, @"4""K®p'f3‘“f‘?ﬁ‘&‘i‘“‘wﬁé“‘“sﬁw‘“ﬁza{ e
?A%gen Kwrl @esa%}f@e ) OPOOfpgg p g&e%%ng()@r@l\@éﬁ% gatg ﬁd
the PEG at _bfhffef @H@ ® E&Hﬁﬁuﬁ% hé%mdo%foﬁa%bl Qva@fusédﬂa% .a WactoA el and

concentration o s tinme mVl Na- Borat e buffer (pH 9.0)
cont ai nf ngZQmMH@Qi%Hnm avednoirg agens was addeditberciedi um and 20 MM NaCNBH3
as a reduci ng agent was added thereto. < 11-2> |sol ation of positional

i somer Lys30-pegyl ated Positional isonmers were purified fromthe reaction

m xt ur e by<t$ixglsstiefifofifRBittanalisomefK 16 nl, Amersham Bi oscience). In this
process, ethanol was used in the purification solution to facilitate the

I sol ation of isonmers (Fig. 11). -Columm: SOURCE S Flowrate: 2.0 nL/mn

El uting sol utiomy SSO(ﬁflIﬁYE&IaPésﬁlbﬁhB Jisdtesd. Wde4§gfé@aﬂ©m thedrdctidn | M

KC); Gadient A0 39 dient B.0O 40% le 1
Pr epar]eﬁ i oPLykEe b¥dlSHt§ %QU#CEelé%I ‘IéRIBHmi @884166%15@ rsg%‘?rﬁ’&%’teﬁﬂﬁ?) (nys30)

conj ugat e Eﬁf— M&%@%@nﬁhaﬁ%ﬁﬁ if tﬁépﬂﬁﬁcﬁﬁd}?smﬁdoﬁw%h{a@é tHé%'sGﬁtlon

i m dazoacetyl = oxyntono ygen, " Korea) 1nstead of oxyntonodulin and
usi ng 100 o isomers (Fig. 11).

Column: SOURCE S
Flow rate: 2.0 mL/min
15 Eluting solution: A (20 mM Na-citrate, pH 3.0 + 45% ethanol) and B
(A+1M KCl); Gradient A 0—3%, 1 min, Gradient B 0—40%, 222 min

Example 12: Preparation and isolation of pegylated imidazo-acetyl
oxyntomodulin (Lys30) conjugate

20
The procedure of Example 11 was repeated except for using imidazo-
acetyl-oxyntomodulin (Anygen, Korea) instead of oxyntomodulin and using 100
mM HEPES buffer (pH 7.5) containing 45% isoparopanol in Example 11 to
obtain the pegylated imidazo-acetyl oxyntomodulin (Lys30) conjugate.
25 Isomers purified using SOURCE Q column was shown in Fig. 12, and the

peptide mapping using an Asp-N protease was shown in Fig. 13.  As shown Fig.
13, a part of #4:Asp(22)-(37) disappeared by PEG-modification at Lys30.

Example 13: Preparation of a conjugate of imidazo-acetyl oxyntomodﬁlin
30 (Lys30)-PEG and immunoglobulin Fc

The imidazo-acetyl oxyntomodulin-PEG (Lys30) conjugate and an
immunoglobulin Fc¢ (Hanmi Pharm. Co. Ltd., Korea) were subjected to a reaction

at 4°C for 16 hours at a molar ratio of 1:10, with a total protein concentration of
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mM HEPES buffer (pH 7.5) containing 45% i soparopanol in Exanple 11 to
obtain the pegyl ated i m dazo-acetyl oxyntonodulin (Lys30) conjugate.

| somers pwoi2hioed7256i ng SOURCE Q col utmm was shown i n Fi gPCIXKR2amdoldre

pepti de mappi ng usi ng an Asp-N protease was shown in Fig. 13. As shown Fig.
13, a part of #4:Asp(22)-(37) disappeared by PEG nodification at Lys30.
Exanpl e 13, Pre ati,on, of .a conju e of .imdazo-acetyl oxyntonmodulin
(Lys30) - PE%Q&H&P%%MHW%?% n%fﬂépm%agbpﬁwlve é;z%- aumse pee
(Lys30) CORjie6iahmaiing arld 2 Howl RAONBHL Gs GHRANLiNENACR: Wi addel thets.c2)
were subjected to a reaction at 4C for 16 hours at "a nolar ratio of 1:10,
with a tot Aftesribeeteactdomceat terminateds e regotion mixturg gvasi perified byniwing

pot assi um @M@ﬁﬁ%@& ’)“\A%@éé@%goglot n8 onaf .on nmedium and 20 nmM

NaCNBH3 as agen ereto. ‘er the reaction was
term nafed, the Celanin:BOURGEE e was purified by using SOURCE 15Q col um,

under the follow,.,ng condjti Colum: SOURCE Q Flow rate: 2.0 mbL/mn
El uting sol uti o#:.loﬂ’ '(ag%%“%p/l@an , PH 7.5) and B (A+IMNad); Gadient A
0 20% 100 m n THRtiaBr suTatioar AM(XOi M ITriHTIeYeH 1¥) hhakB nA-#IM NaCl);

Lys30- pegyl ated CAoxyntonodulin wi th an i mmunogl obulin Fc and purifying the
conj ugat e EadignistiReR000. Y Bdwn in Fig. 14, and SDS-PAGE results of a

' t f CA RIS < ' I ' h
nH o 15 s Shbachtomulogn MRCRYs BECIRS Ky ERIRE e G A er
a non-@duokyrfonmdulini with amdotmendglobislimilch agd uaifitings khaveorjughteeusiog

q : dition. | _ . ol At |
peayl at ed SUnRORedar iR BYELE R, 289 SOSRACE BRN6c s SRh R brCa- o
pegyl at ed oxymtonivalilini (Lys38)-PHE dndv idmunoghjbudiat Ec Twerze glydvah en3F#K 15.
Propi onAL %%)shg%% 1In iag. ll%,SIarélengqcft band with %BED\%% observed under a non-reducing

condition, and two bands with 35K and 25K were observed under a reducing

(b

15 condition.

Example 14: Preparation and isolation of pegylated oxyntomodulin analogue

(Lys27) conjugate

20 <l14-1> Preparation of pegylated oxyntomodulin analogue (Lys27) conjugate

To pegylaté 3.4K PropionALD(2) PEG to a lysine of an oxnytomodulin
analogue ([20Asp, 24Ala, 28Ser]-oxyntomodulin-[Deletion30-37]), the PEG and
the oxyntomodulin analogue (Anygen, Korea) were subjected to a reaction at 4°C

25  for 3.5 hours at a molar ratio of 1:15, with a peptide concentration of 3 mg/mL.
At this time, 100 mM Na-Borate buffer (pH 9.0) containing 45% isopropanol was
used as a reaction medium, and 20 mM NaCNBHj3; as a reducing agent was added
thereto.

30 <14-2> Isolation of positional isomer

Lys27-pegylated positional isomers were purified from the reaction
mixture by using SOURCE 15S column (XK 16 mL, Amersham Bioscience).

The conditions of purification and isolation were same with those described in
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anal ogue ([20Asp, 24Ala, 28Ser]-oxyntonodulin-[Deletion30-37]), the PEG and
t he oxynt onodul i n anal ogue (Anygen, Korea) were subjected to a reaction at
4C for 3.Wwohoww®7mt a nolar ratio of 1:15, with a pepti #eTameosioneyi on of
3 nmyg/nL. At this tinme, 100 nM Na-Borate buffer (pH 9.0) containing 45%

| sopropanol was used as a reaction nedium and 20 mM NaCNBH3 as a reduci ng
agent was dded t here <14-2> |sq] ati,on of Slt ona

5o07- pogy EXRBRIGAL] ¢ 18,4475 Picsren ol Bas mebdan the driic R solution ot ur e
by using SfadRithtel tee G9614iTON (3K iddnéts, (FABE!] am@eog%hﬁ@%elecuweesc@ﬂothél ons
of purificatign and isolation were sane wth those described i nExanple 11.
In this prpeabed menempegylated expatompdulin pudlpguesatiesd @@ﬁ@meén Y deptide

facilitat 1 Ts [ s of
the pur {1 Baope el iR [ySUTRESCR (FiacE Dy (JUCRh iR FRE, PR bt
pept i dé magisappeaned hypdPH(sinmodifigstiéh pt bys%ke (Fig. 17). As shown in F| g. 17,
a #2 part disappeared by PEG nodification at Lys27. Exanple 15: Preparation
and isolation of pegylated im dazo-acetyl oxyntonodulin anal ogue (Lys27)
conj ugat e Eiﬁ5mikﬂe PriéparPiepanatibn pegid aisetation def o-preelited Oxntidap®auvetyld

anal ogue ( 527;;1& ']{ gate Todgg,g% ate 3. 4K Propi onALD(2) PEG to the Lys27
of an i 0% (i))"f n2naloghs JHgAte ([ 20Asp, 24Al a,

28Ser]) -oxynt onodul i n-[ Del eti on30- 37]), the im dazo-acetyl oxyntonodulin
anal ogue (Al Korea) and the PEG were subjected to a reaction at 4C for
2.5 h?iLQ's 3 Preparationi of pegylated imidazp-asctvdoxyntorapdulin aealogue (Lys2dd of 3
nmg/ mL. At égﬂﬁ Jt&me 100 n1\/| HEPES (pH 7.5) containing 45% i sopropanol was
used as a FEaCEIon nedi um and 20 nmM NaCNBH3 as a reduci ng agent was added
t hereto. <15-2> IsoI ation of positional isomer Lys27-pegyl ated positional

somer s were puik (el LS. LS80k Bl b R# SRR 3P U

oxyntomodulm analogue ([20Asp, 24Ala, 28Ser])-oxyntomodulin-[Deletion30-

15 37]), the imidazo-acetyl oxyntomodulin analogue (Anygen, Korea) and the PEG
were subjected to a reaction at 4°C for 2.5 hours at a molar ratio of 1:10, with a
total protein concentration of 3 mg/mL. At this time, 100 mM HEPES (pH 7.5)
containing 45% isopropanol was used as a reaction medium, and 20 mM
NaCNBH; as a reducing agent was added thereto.

20

<]15-2> Isolation of positional isomer

Lys27-pegylated positional isomers were purified from thé reaction
mixture by using SOURCE 15S column (XK 16 mL, Amersham Bioscience).
25 The conditions of purification and isolation were same with those described in
Example 11. In this process, ethanol was used in the purification solution to
facilitate the isolation of isomers (Fig. 18). The lysine selectivities of the
purified mono-pegylated oxyntomodulin analogues were confirmed by peptide
mapping method using Lys-C protease (Fig. 19). As shown in Fig. 19, a #2 part

30 disappeared by PEG-modification at Lys27.

Example 16: Preparation and isolation of a conjugate of pegylated imidazo-

acetyl oxyntomodulin analogue (Lys27) and immunoglobulin Fe¢
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The conditions of purification and isolation were sane with those descri bed
in Exanple 11. In this process, ethanol was used in the purification

sol uti on wo 2bBexiolissat e t he i sol ation of isoners (Fig. 18CT/KRrei0opsémae
selectivities of the purified nono-pegyl ated oxynt onodul i n anal ogues were
confirmed by peptide mapping nmethod using Lys-C protease (Fig. 19). As

h in Fig. 1 2 tdj d Db G nodi.fi f . t, L ,
Exanpl e 16: - pr epliy F3n Tmseb 3L L ERIdERp-RtebE y AR MamGRMR, APhloal PEG
737yt il 15 e, Lo S

- 7Z0- X . I.Nn anal ogue- repare
Ei anpl 2 %%ﬁigéjﬁr ilg%w§|awﬁm0$ar¥r@tmfgi’%9b j“e@} échePHdﬁ wégeqt?%wna?% 3@ f or
16 hours ajnoamip! aAt rtﬁfsioﬁnfet lbmgw’g]éﬁsﬁuﬁﬁg;hbﬁﬁlﬁer@ﬁﬁ%&ﬁt h9R AacéiBn

mg/mL. At this time, 100 nM potassi um phosphate (pH 6.0) as a reaction
nmedi um5 anthediumvang COBmM NagNBidas agedgeing agent Me@&dﬂdeﬂlét%o- Afxter t he

reaction 0y | - Xt - Fyy i RCE
150 col ume edeol JaSlerhliief ¥e kaPath Bithite 105 PG BY w3 SODRGE S
mL/ m n El ul 5Qgodwinng under the f@lowidglcomliti6s., pH 7.5) and B (A+1M Nad );

G adient A0 20%, ,100 m romat ogr am whi ch i s achi eved by linking a
Lys27- pegyl at ed (0@16‘ mﬁanal ogue with an i mmunogl obulin Fc andg
purifying the capwiate U6 mMY/nga@URCE Q was shown in Fig. 20, and SDS- PAGE
results of a conjugate of (CA-oxyntonodulin_anal ogue (Lys27)-PEG and

| ol obul i n FOUHEE SSARER An (29 giVe TisAHClnaWh 7+ ) Ang.B A8+ IMoNaGls pand

with 6K adfBPREA VR 28BE efoPmifen- r educi ng condi tion, and two bands with
35K and 25K were observed under a reducing condition. Exanple 17:

Prepar ati on and Theothtomatogfanpedyichisdcldered bylyrlang abypliypegylated-GA-

Preparation_of, peavl.at P-1. S. ' T CAK -
Pr opi onAL D?ﬁﬁltsﬁe%i(%ﬁtaﬁgk%‘lﬁ %’ét{llrdéslﬁéégﬁ@bgg@ %:CI &@Wﬁﬁﬁf ﬂ?é cdﬁjugate
using SOURCE Q was shown in Fig. 20, and SDS-PAGE results of a conjugate of
15  CA-oxyntomodulin analogue (Lys27)-PEG and immunoglobulin Fc were shown

in Fig. 21. As shown in Fig. 21, a single band with 60K was observed under a
non-reducing condition, and two bands with 35K and 25K were observed under a
reducing condition.

20 Example 17: Preparation and isolation of pegylated GLP-1 (Lys34) conjugate

<17-1> Preparation of pegylated GLP-1 (Lys34) conjugate

To pegylate 3.4K PropionALD(2) PEG to the Lysine residue of a GLP-1,

25 the GLP-1 and the PEG were subjected to a reaction at 4°C for 3.5 hours at a

molar ratio of 1:15, with a total protein concentration of 3 mg/mL. At this time,

100 mM Na-Borate (pH 9.0) containing 45% isopropanol was used as a reaction
medium, and 20 mM NaCNBHj as a reducing agent was added thereto.

30 <17-2> Isolation of positional isomer

Lys34-pegylated positional isomers were purified from the reaction
mixture by using SOURCE 158 column (XK 16 mL, Amersham Bioscience). In

this process, ethanol was used in the purification solution to facilitate the isolation
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the GLP-1 and the PEG were subjected to a reaction at 4C for 3.5 hours at a
nolar ratio of 1:15, with a total protein concentration of 3 ng/nm.. At this
time, 1l0OwolhNawBEcate (pH 9.0) contai ning 45% i sopr oparoii/kmsiumesi4as a
reaction nmedium and 20 mM NaCNBH3 as a reduci ng agent was added thereto.
<17-2> Isolation of positional isoner Lys34-pegylated positional isoners

were purified fromthe reaction m xture by uysin QU 15S colum (XK 16
m, Aner shQflEPHSE e)fﬁ-l  The; lé/sgxeoifﬁ%%t}w@%a%éﬁevﬁgﬁﬁimw-tv%yiate
purificatigg duftth 4l "»‘v@tc%&vlilﬁlhfbg) IR GhapiEBhSthoFging22)s- The
| ysi ne sel ec?“?f\?ih?tlS es of tﬁe Sur%f [ eél1 1rmrE\:o- elgé | at eda%éygﬁgﬁtoggluiglr?gg%\%sl ogues
were confi CnprotensefEig. 28 nmappi ng net hod using Lys- C protease (Fig. 23).
Col um: SOURCE I @ n/mn Eluting solution: A (20 niM
Na-citrate, pH ?%giu%&%%%gl) and B (A+IMKC); Gadient A0 3% 1 mn,
G adierd B 3 40%lovbfaterd 10 AsLAshiawn in Fig. 23, a #2 part di sappeared by

PEG nodi ficatio . Lys34,. Ex - Preparat.i nd j S50l ation, of
pegyl ated im da;%fu;@gilw?iu@g_ ?‘nﬁ_@é’%@; I‘@éﬂﬁﬁ&ﬁaﬁﬁﬁlggﬁi %e%h?‘éqq? Ghd B
pegyl ated (A+URER-CIY:EGHdiéatA 0—63Ys Iohi; Gradidat B 30:4080Y1 50 mig. 4K

Propi onALD(2) PEG to the Lysine residue of an i m dazo- acgﬁy t he

> | GLP-],

i m dazo- acetyl d\pshoynpdnie Pee #cpart disgppeared by P EGrmadificationat bysibr 4
hours at a nolar ratio of 1:10, with a total protein concentration of 3
ng/nmL. At this time, 100 mM HEPES (pH 7.5) containing 45% i sopropanol was
used al) a Examplenl8reRireparatiom aodnivoldionBe pegylated doidagomsetyl (dd-ddded
thereto. <J18- | sol.ation of positional isoner Lys34-pegyl ated positional

i somers Webgyséj@icpﬂ'&gwom the reaction m xture by using SOURCE 15S col umm
(XK 16 nlL, Amersham Bioscience). In this process, ethanol was used in the

urification.soluytion to facili [ I ' ]
P ! <]8-1> ﬂrelparat}on ofa Selgx;lztltg& ?mg aezol—e'lsc%tﬁt(l}lgﬁ-l (Lys34) conjugate

15 To pegylate 3.4K PropionALD(2) PEG to the Lysine residue of an
imidazo-acetyl GLP-1, the imidazo-acetyl GLP-1 and the PEG were subjected to
a reaction at 4°C for 4 hours at a molar ratio of 1:10, with a total protein
concentration of 3 mg/mL. At this time, 100 mM HEPES (pH 7.5) containing
45% isopropanol was used as a reaction medium, and 20 mM NaCNBHj; as a

20 reducing agent was added thereto.

<18-2> Isolation of positional isomer

Lys34-pegylated positional isomers were purified from the reaction
25 mixture by using SOURCE 15S column (XK 16 mL, Amersham Bioscience). In
this process, ethanol was used in the purification solution to facilitate the isolation
of isomers (Fig. 24). The lysine selectivities of the purified mono-pegylated
oxyntomodulin analogues were confirmed by peptide mapping method using Glu-
C protease (Fig. 25).
30 Column: SOURCE S
Flow rate: 2.0 mL/min
Eluting solution: A (20 mM Na-citrate, pH 3.0 + 45% ethanol) and B
(A+1M KCl); Gradient A 0—3%, 1 min, Gradient B 3—40%, 150 min
As shown in Fig. 25, a #4 part disappeared by PEG-modification at Lys34.

25



of isoners (Fig. 24). The lysine selectivities of the purified

nono- pegyl at ed oxynt onodul i n anal ogues were confirnmed by peptide mappi ng
met hod uswogofdlw72s&€ prot ease (Fig. 25). Colum: SOURCE BCEFKR0TEM®6742. O
mL/mn Eluting solution: A (20 mM Na-citrate, pH 3.0 + 45% ethanol) and B
(A+IM KA ); Gadient A0 3% 1 mn, Gadient B3 40% 150 mn As shown in
Fig. 25, a #4 part disappeared by PEG nodification at Lys34. Exanple 19:
Preparation and isolation of a conjugate of pegylated im dazoacetyl G.P-I

(Lys34) angxiaspleon): 0Pk di-ation A¥ed isoldttoR 99 26®fligdate @FRpgkRbd linfflhzd-- PEG
prepared in Exanple 18 and an i munogl obulin_Fc were subjeCted to a
reacti on agcefyl (JePd7(Iyndd) and immyngglobalinoFes 1: 8 with a peptide
concentration of 50 ng/nL. At this tinme, 100 nM potassi um phosphate (pH
6.0) as a reaction nmedium and 20 mM NaCNBH3 as a reduci ng agent was added
theretoS After tTHee Lysd4-pegylatesl inmidazovacety] GIIR: 1rRIEGt propaneidih lixanmps 18

purified b si ng. SOU Phe col um, .under .t he fol.l ow ng~condit, on. | um:
BOURCE  Phe 4pf Gy Ty anoglop iR 1 HeR SHHTRGEA o drrepRtion 3 AACHRF o7 it a1
7.5) ﬁ_nd Bg{ogﬁ{dtiui@h& GLiﬂfi'g ptide é@xgc%%ggggg)m%mmwﬁﬂghmﬁﬁwﬁwpmi ch
I'S achl eve y I NKI Ng a S - pegyl ate - Jdsonmer wW an

i munogl obYIrbatessiya Rhgsp 9%64@% 8&5@5@1 ggelien medigmsenkadd mhd NaCNBRown i n
Fig. 26, a - U (i P | NS nd

| mne |obggiaﬁgggg'%g%éfﬁﬁsgf‘ﬁ%‘?g@%;g%ﬁ%’ﬁ%ﬁ%ﬁ%@?g"f’%?, aaglaiﬁ:’g € pand
wi th 60K weeactibsemistirantas punbiadr byussing SENIRCEorPhearcdlumn, humdds thet h

prepar at  ofP HATERSTAI SR of peayl ated GLE-2 (Lys30) con ugate
Column: SOURCE Phe
Flow rate: 2.0 mL/min
Eluting solution: A (20 mM Tris-HCl, pH 7.5) and B (A+2M NaCl);
15 Gradient A 100—0%, 100 min
The chromatogram which is achieved by linking a Lys34-pegylated CA-
GLP-1 isomer with an immunoglobulin Fc and purifying the conjugate using
SOURCE Phe was shown in Fig. 26, and SDS-PAGE results of a conjugate of
CA-GLP-1 (Lys34)-PEG and immunoglobulin Fc were shown in Fig. 27. As
20 shown in Fig. 27, a single band with 60K was observed under a non-reducing
condition, and two bands with 35K and 25K were observed under a reducing

condition.

Example 20: Preparation and isolation of pegylated GLP-2 (Lys30) conjugate
25
<20-1> Preparation of pegylated GLP-2 (Lys30) conjugate

To pegylate 3.4K PropionALD(2) PEG to the Lysine residue of a GLP-2

(Anygen, Korea), the GLP-2 and the PEG were subjected to a reaction at 4°C for

30 3 hours at a molar ratio of 1:12, with a total protein concentration of 5 mg/mL.
At this time, 100 mM Na-Borate (pH 9.0) containing 45% isopropanol was used

as a reaction medium, and 20 mM NaCNBH; as a reducing agent was added

thereto.
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<20-1> Preparation of pegylated GLP-2 (Lvs30) conjugate To pegylate 3.4K
Propi onALD(2) PEG to the Lysine residue of a G.P-2 (Anygen, Korea), the
GLP- 2 andwoheloAa@séer e subjected to a reaction at 4C f oPC3/HRe0T0B008474a2 NOI ar
ratio of 1:12, with a total protein concentration of 5 ng/nL. At this tineg,
100 mM Na-Borate (pH 9.0) containing 45% i sopropanol was used as a reaction
medi um and 60 | as,a reduci ng agent was added t hereto. <20-2>

| sol ation ¥ 1 sational Chegyl at ed positional isomers were
purified fromthe reactlon mxture by using SOURCE 15S colum (XK 16 ni,
Amer sham Bi oscience). In this process, ethanol was used in the purification
sol ution to facilys¥#tpesyhatedspbsitional dsomersmavese (pungfied sfronTHbel yesiction

or ot case (FISYELS R SOTRACRNREPULER (e TR R AR B fieht n

SC,;)I gt i o Aﬂm 3%)065& ,Naharial Wsmsedhh%@ﬂtgiﬁ%(gt selatibn t@faﬁblﬁta(té\t!hld\ils&ﬂ@tzﬁ)n o
adi ent 9 a 9 mn a

part di sapf dﬁ%‘&i‘%?y%t&} %hl fﬁ.n(l)gt Rfﬁﬁn%tse %pélé'é)“esBY‘éFﬁﬁl €0 1rqugp ?thpﬁl f and

i sol ation gappRiymeatiRA usthe a4aa ﬁﬁf)ﬁdtea@ezf%. @bys30) conjugate <21- 1>

Preparation o pe yl at ed i m dazo-acetyl -2 (Lys30) conjugate To pegyl ate
3. 4K Propi onALD(Q‘) PEGW Ey3| ne30 residue of an im dazo-acetyl G.P-2
(Anygen, Korea) ’FIBWPT eﬂ‘l Aggtyl GLP-2 and the PEG were subjected to a
feaction at 40C for & Hours at a nmolar ratio of 1:20, with a total protein
concenkl ati on ofElatmg/sdlutldn Ah(%) mMeNaicﬁﬂratd,\/lpﬂE%w‘(mﬂ% egharodhtand B ng

feduci ng. aponi W KT 40T e. 4 sl Bty BO-A0 Rl iR Momer

Lys30- pegyl at ed poshdwonaFid. Q9ra et disppidarédEy PRGanidd ficaden aohys30.

01T

Example 21: Preparation and isolation of pegylated imidazo-acetyl GLP-2
15 - (Lys30) conjugate

<21-1> Preparation of pegylated imidazo-acetyl GLP-2 (Lys30) conjugate

To pegylate 3.4K PropionALD(2) PEG to the Lysine30 residue of an
20  imidazo-acetyl GLP-2 (Anygen, Korea), the imidazo-acetyl GLP-2 and the PEG
were subjected to a reaction at 4°C for 6 hours at a molar ratio of 1:20, with a
total protein concentration of 3 mg/mL. At this time, 100 mM HEPES (pH 7.5)
containing 45% isopropanol was used as a reaction medium, and 20 mM
NaCNBHj; as a reducing agent was added thereto.
25

<21-2> Isolation of positional isomer

Lys30-pegylated positional isomers were purified from the reaction
mixture by using SOURCE 15S column (XK 16 mL, Amersham Bioscience). In
30 this process, ethanol was used in the purification solution to facilitate the isolation
of isomers (Fig. 30).
Column: SOURCE S
Flow rate: 2.0 mL/min
Eluting solution: A (20 mM Na-citrate, pH 3.0 + 45% ethanol) and B
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m xture by using SOURCE 15S colum (XK 16 nlL, Amersham Bioscience). In this
process, ethanol was used in the purification solution to facilitate the

i sol at i orwofoimgemesss (Fig. 30). Colum: SOURCE S Fl ow r 2Ce&/KR200)/mid7i n
Eluting solution: A (20 mM Na-citrate, pH 3.0 + 45% et hanol) and B(A+1M
KO); Gadient A0 3% 1 mn, Gadient B3 40% 150 m n Exanple 22:

L oRan s LB AR Bhetia D500 950 GRSl LSRR T o e

prepared in Exanple 2 1 and an i mmunogl obulin Fc were subjected to a
reaction at 4Cfor 16 hours at a molar ratio of 1:15 wth a peptide

con;:ent r at Espmple 23: Ryeparationiand isolation ebe eanipaatesof nﬁgm&@bm@zew

6.0) as a S a reduci ng agent was added
t her et o. A{"?eqff ?Eg“é% Hﬂ 1?r ermﬁg%h@;‘ﬂe reaction m xture was
purified by using SClJRCE Phe coI um, under the follow ng condition. Colum:
SOURCE Phe Fl ow.tat 0] nEIutln 0 | s- H

75) and B ( AvomiRuersT0-Be R imiodin g Ghe- PG R I ESERAS A ch
is achi levgﬂlldaxn :émmkaﬁglabvhhﬁ% wte@yétwyaﬁemt Readidrs atmg%\got; ﬂ66hburs at a

i mmunogl obul in F¢ a ing the conjugate wn in
Fig. 31, am@lasmati @R%F_l fis‘tﬂqv@ Rﬁptlge@%??}&ﬁ%ﬁt’@ncﬁfs@ﬂ@?oiz (QQQ%SIH’PEZB

| nmunog! obpivg Bof&sitih § h%ggli‘ﬂa'(EHFdSG a§%re£alo§mi@amrﬁ Fh@203AM Na&NBHE band

with 60K was g)bserved und on-reducing condition, and two bands with
35K and 258 ageducibgeagent wasdedded themiei nd ftasrthetreaptiotExeaspleemited, the

Preparati ofL,3fith | #9k@tL ORaf' phf¥d 3¢ L PEOIIEE' PrcBloldi, GRALH4AES
following condition.
Column: SOURCE Phe
Flow rate: 2.0 mL/min
15 Eluting solution: A (20 mM Tris-HCI, pH 7.5) and B (A+2M NaCl);
Gradient A 100—0%, 100 min
The chromatogram which is achieved by linking a Lys30-pegylated CA-

GLP-2 isomer with an immunoglobulin Fc and purifying the conjugate using
SOURCE Phe was shown in Fig. 31, and SDS-PAGE results of a conjugate of
20 CA-GLP-2 (Lys30)-PEG and immunoglobulin Fc were shown in Fig. 32. As
shown in Fig. 32, a single band with 60K was observed under a non-reducing
condition, and two bands with 35K and 25K were observed under a reducing

condition.

25 Example 23: Preparation and isolation of pegylated human insulin (B1Phe)

conjugate

<23-1> Preparation of pegylated human insulin (B1Phe) | conjugate

30 To pegylate 5K PropionALD(1) methoxyPEG (PEG having one
propionaldehyde group, NOF., Japan) to a N-terminal of phenylalanine which is a
first amino acid of B chain in human insulin (Sigma), the PEG and the insulin
hyman were subjected to a reaction at 4°C for 12 hours at a molar ratio of 1:2,
with a peptide concentration of 2.3 mg/mL. At this time, 100 mM potassium
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<23-1> Preparation of pegylated human insulin (Bl Phe) conjugate To

pegyl ate 5K Propi onALD(1) net hoxyPEG ( PEG havi ng one propi onal dehyde group,
NCF. , Japwio)otooioz2sbt t er mi nal of phenyl al ani ne which i s a&crikrRb102WI67@ aci d
of B chain in human insulin (Sigm), the PEG and the insulin hyman were
subjected to a reaction at 4C for 12 hours at a nolar ratio of 1:2, with a

pepti de co i t NS L - 100 0, [ hat e
bur ter - ( prPRoRyAE e hrce 6) W Topd 3 o aPidh MecidoafdpRhRENACBER
reduci ng ageatredvaingdgent wincadded. the®$e.2> | sol ati on of positional isoner

Positional isonmers were purified fromthe reaction m xture by using SOURCE
15S colum (XK 16 nlL, Amersham Bi oscience). In this process, ethanol was

used in the2purs fsofionosF Se¥itibnalisdRerf aci litate the isolation of isoners
(Fig. 33). The nono-pegylations of eluted peaks were confirmed by SDS-PAGE

anal ysi%, ~and the lysine selectivities were confirmed by peptide mappi ng
met hod usi ng G Upds;id,od1 RS  Were3 BlrifiEl! B ¢ iot, Thfedb: udn
mL/mn Eluting solution: r’r%ﬁ -cltrate, p .0+ o et anlsladB
( A+0. 5M KCSPURETHAI &5t column3 XK1 161 mL, Ghowdisham Bi0sda8se)80 ImithisApraskssyn i n
Fig. 36, a_#2 rt disap red. PEG: i f Len at. Bl.F, EX l.e 24:

Pr apar at | oFVARGY 2o Ueq o 1By DpabyrioL o ta 5 TR I pRn T IRt
<24-1> PrefRigas3pn Tie praytpigstationzeof dluedipeaks Alefd yonfoongdibp SOSFPAGRBY! at e
RO IR g U e SSRGS Wl oo BB Sba e it 2
chain in hygpp Glﬁ%?'p!r@teﬁ@@l'g)%)t. he PEG and the human insulin were .
subjected to a reaction at 250Cfor 3 hours at a nolar ratio of 1:4, with a

peptide concent rGelnem:FOURGH §1.. At this tinme, 100 nM Na-Borate buffer (pH
9.0) containi ng F{3% 1507 §RANYipas used as a reaction nedium

Eluting solution: A (20 mM Na-citrate, pH 2.0 + 60% ethanol) and B
15 (A+0.5M KC)); Gradient A 0—3%, 1 min, Gradient B 0—50%, 80 min
As shown in Fig. 36, a #2 part disappeared by PEG-modification at B1F.

Example 24: Preparation and isolation of pegylated human insulin (A1Gly)
conjugate

20
<24-1> Preparation of pegylated human insulin (A1Gly) conjugate

To pegylate 5K methoxyPEG-Succinimidyl Butanoate(1) (PEG having

one SBA reactive group, NOF., Japan) to a N-terminal of glycine which is a first

25  amino acid of A chain in human insulin (Sigma), the PEG and the human insulin
were subjected to a reaction at 25°C for 3 hours at a molar ratio of 1:4, with a
peptide concentration of 2 mg/mL. At this time, 100 mM Na-Borate buffer (pH

9.0) containing 35% isopropanol was used as a reaction medium.

30 <24-2>Isolation of positional isomer

- Positional isomers were purified from the reaction mixture by using
SOURCE 15S column (XK 16 mL, Amersham Bioscience). The purification

procedure was same with that described in Example 23. In this process, ethanol
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<24-2> |solation of positional isomer Positional isomers were purified from
the reaction m xture by using SOURCE 15S colum (XK 16 nlL, Anersham

Bi osci ence®.20fm@73sar i fi cati on procedure was sane wth tirat/Kiesoviobed in
Exanple 23. In this process, ethanolwas used in the purification solution
to facilitate the isolation of isonmers (Fig. 34). The nono-pegyl ati ons of

el uted peaks,MRE] if M #)ﬁﬂﬁ@ n @%igﬁ%fm&éﬂl% 1s?1%§8h%?1§éiﬁg§3Fg 8r4?)t case

selectivities were confirne y pepti mappl ng ne usi ng

(Fig. 36). The mboospegylatians dbelutedspdaksaweredcardpmead by $IySAGEDahdlysist i on
at AL.G Exanp! 5. Pr rat.l.on and i1sel ation of yl ated hunman jnsulin
(B29Lys) c8ﬁ?&§8t21é’ SQES-gﬁgaﬁlgﬁ%lr%?rFo‘?‘P ’frmﬁgge}'é?eé’g‘ uRPEs n‘;’?1?10&( g%‘@ys)
conj ugat e Glufepydteas: mB)hoxyPEG Succi ni m dyl Butanoate(l) to a lysine
resi due_which is,a 29th am.no ,acigd of B.chain in h ninsulin (Si ), the
PEG and®t he humafS§ %Wpilﬁrpﬂéfﬁﬁ% BRyt apaegeﬂgzc#é@nrnaalfgm@w@ﬁ@murs
at a nolar ratio of 1:2, with a peptide concentration of 2 ng/nL. At this
time, 100 nM Na- Borate buffer (pH 9.0) containing 45% isopropanol was used
as a react Eamplgi 2fh Prepmrationsandiisobafiant of pegylased humsaminsdis (B2 Ynys)

| somers wercﬁlrlrﬁ*rgitéi ed fromthe reaction m xture by using SOURCE 15S col um
(XK 16 i, HM&m Bi osci ence). The purification procedure was sane with
that described in Exanple 23. In this process, ethanol was used in the

purificatiog.slytion to facilitat he . sal ati of, isoners (Fig. 35). The
nono- pg@yl 5els Praparation of Beeylated fu 2 Eézﬁy@%anal ysis, and
the lysine selectivities were confirnmed by peptide mappi ng net hod usi ng

G u-C protease (Fig. 36). As shown in Fig. 36, a #4 part di sappeared, by
PEG rodi f i cat i onl @t pmgﬁe o IactesyPRGeS o migy] HRutNGaleth) ok viveine

respect t orddhidn AR ﬁpfﬁéﬁlir]aqnﬁm& BB B haih in BRAIHNinRElIA ESREM) 281 PEG!

various nodifications and changes ]
and the human insulin were subjected to a reaction at 25°C for 1 hours at a molar

15 ratio of 1:2, with a peptide concentration of 2 mg/mL. At this time, 100 mM Na-
Borate buffer (pH 9.0) containing 45% isopropanol was used as a reaction

b AN

medium.

<25-2> Isolation of positional isomer

20
Positional isomers were purified from the reaction mixture by using
SOURCE 15S column (XK 16 mL, Amersham Bioscience). The purification
procedure was same with that described in Example 23. In this process, ethanol
was used in the purification solution to facilitate the isolation of isomers (Fig. 35).
25 The mono-pegylations of eluted peaks were confirmed by SDS-PAGE analysis,
and the lysine selectivities were confirmed by peptide mapping method using
Glu-C protease (Fig. 36).
As shown in Fig. 36, a #4 part disappeared by PEG-modification at B29K.

30 While the invention has been described with respect to the above specific
embodiments, it should be recognized that various modifications and changes
may be made to the invention by those skilled in the art which also fall within the

scope of the invention as defined by the appended claims.
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may be made to the invention by those skilled in the art which also fall
within the scope of the invention as defined by the appended cl ai ns. WHATI S
CLAI MED 180 2010/W7288t hod for preparing a site-specific plrgIikKR20m/madsiy
active polypeptide conjugate, conprising the steps of: i) treating a

physi ol ogically active pol ypeptide with a non-peptidyl polyner in a

reaction ' i i a specific anmount of an al cohol and has a
specific p WT@ A ﬁl%-s'peptidyl polymer to bind to a target site of
the physiologically active polypeptide; and ii) isolating and purifying the
physi ol ogically actjve | ypeptide canjugate fromthe reaction m xture of
step (i) by ion ]:xd‘}ﬁa Q‘Xrg&atw&?%ﬂg gsi%ﬁ’ij‘%‘?cgiccol’ms}(’l?gwm AHNEd of

claim1, whsKPEptiddeomnyaicOtoipsidingthastdps®fpol ypeptide is sel ected from
t he group consisting of "inSulinotropic péptide, blood factor, digestive
hor mone, adr enodbr E¢#EIE opithysilagieally t agtiei polynapsids, with e tnamapenishtione,

cyt oki ne, ?W’iﬂ%ﬁ%ﬁ&%ﬁ fifeldim mpgx;tegg%fg% Sp&éﬁ? Bm&ﬁl?toﬁf%gia C(gl(ez)l’i qhge

hypophysi o ornone, anti -obes €, I-viral pti .and a
non- nat i vehgepspabefidpH taenabde thet nomipeptigylymilpiney te bidd/toax target pteapfethey. 3.

The net hod_of .cl ai m,.1, erein the physiologically active polypeptide is
sel ected fp%l@ﬂglcg;u&?ﬁ WSW?hgﬁp eo?ﬁ/(Zryt hr opoi eti n, Gw CSF (granul ocyte
macr ophage- col orij) isélatinip abd parifaisigothe ,phgﬁliysldgicalg} actBgoolyp&stidd conjugate
somat ostatin, PYY (peptide YY), NPYMgur,opepti1 e , GLP-1, gP%

exendi n- 4, Oy HieorragPR Anix§Rreepf sep Bieh SKGANgeeRIOMAtASTapay USiigh AR,
corticotropichnole! €doi sin, gastrin, leptin, oxytocin, vasopressin, LH
(luteinizing hornone), prolactin, FSH (follicle stinulating hornone), PTH
(parat hyroid hornone), secretin, sernorelin, hGH (human growt h hornone),

Pactor) | i niorf & GG FEMAEPELEn ) herdinl @ MERINEAAS sel¥e RRIBRELL S

t hyr oi d- r elseselectgd pfrpm dies group empsistkgnoh ingydimbtriopid pephde,i bipode fectole,

cal modul | ndig%?tls\ger ihré)_rrrneoln%fjl Sziicfgglcpc%?ttici:(%dpigoﬁci)ljrﬁc)r]ﬂe, thyroid hormone, intestinal
hormone, cytokine, enzyme, growth factor, neuropeptide, hypophyseotropic
hormone, hypophysiotropic hormone, anti-obesity peptide, anti-viral peptide, and

a non-native peptide derivative retaining physiologically active property.

3. The method of claim 1, wherein the physiologically active polypeptide
is selected from the group consisting of erythropoietin, GM-CSF (granulocyte
macrophage-colony stimulating factor), amylin, glucagon, insulin, somatostatin,
PYY (peptide YY), NPY (neuropeptide Y), GLP-1, GLP-2, exendin-4,
oxyntomodulin, ghrelin, angiotensin, bradykinin, calcitonin, corticotropin,
eledoisin, gastrin, leptin, oxytocin, vasopressin, LH (luteinizing hormone),
prolactin, FSH (follicle stimulating hormone), PTH (parathyroid hormone),
secretin, sermorelin, hGH (human growth hormone), growth hormone-releasing
peptide, G-CSFs (granulocyte colony stimulating factor), interferons, interleukins,
prolactin-releasing peptide, orexin, thyroid-releasing peptide, cholecystokinin,
gastrin-inhibiting peptide, calmodulin, gastrin-releasing peptide, motilin,
vasoactive intestinal peptide, ANP(atrial natriuretic peptide), BNP (barin
natriuretic peptide), CNP (C-type natriuretic peptide), neurokinin A, neuromedin,
renin, endothelin, sarafotoxin peptide, carsomorphin peptide, dermorphin,
dynorphin, endorphin, enkepalin, T cell factor, tumor necrosis factor, tumor
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vasoactive intestinal
natriuretic peptide),
neur onedi WO 20BMi0MSs6 en
der nor phi n,
factor,
factor,
t ynosi n,

Cohla@r%ﬁaﬁ%tdr

m ¢ hunor

pepti de,

C\NP (G

dot hel i n,
dynor phi n,
tunornecrosis factor receptor,

AREPBfoparo

endorp

ANP(atri al

type natriuretic peptide),
sar af ot oxi n pepti de,
hin, enkepalin, T cell factor,

ur oki nase receptor,

i i

natriuretic peptide),
neur oki nin A,
car OmmRzhiomopept | de,

BNP (barin

tunor necrosi s
tunmor inhibitory

it O

bet a- pr ot enﬂnbrtalg rthmepardtml;nthyrnblan tlmﬂmpeumn, aylhosm; d@nmcphnprhorhi factor,

bonbesi n,
kringle-5,
f uzeon.

ARy o A iy

pol ypeptide is. an exendi n,

cal ci t oni nY@AMshe dFu%ﬂ@F%at

wher ei n thﬁ
derivative
CH2 Fornmula I | _
nmet hod of cl ai m41
group consi st

C-

pepti de

ing 6?%@%#@%?%5?

-sel ec | CAM |

G.P- 2,
oxynt onodul i n,

O Formul a |

ElraoTyEB et s peleBug i

VCAM-|.

Ay PG Rl Frmeth Ansiaicrgbial p
4. affmla@ﬁdwp@bme (Hoihmsln (‘M@cﬁcﬁﬂlcﬂnt @@\Iﬂhmﬁh@gEcﬁlédﬁrﬁQUm 1,

oxyntonndulln

u
f%glecher éft;mms bt healasm, c| fb
EhMAGh nd fazebn exendin,

aV|ng any structure sel ected from For mul as (1) to (I1V): Hv <
Formul a IIIFornuIa IV 6. The

G.P-1,

“gﬁwpklne
ghrelln

r,«ppgctln
or GLP-2

ctedformthe

Ty Polypsmiter o

of ethyl engs g yeaidianthsphinpGILPag, GIL)PG@ oxmbu@duhhhghx&ﬂmd cpleltynins or one

pol yvi nyl a* ohol
bi odegr adaB
(polylactic-glycolic

conbi nati ons t hereof.

CIB\SW’r‘Fé r'-é

sa cha

acid), |

ri des, dextran,

pol yvi nyl

i pid pol ynmers, chains,

et hyl
€0Eh as PLA (pol y(lactic acid)) and PLGA

hyal uroni ¢ acid,
7. The nethod of claim1l, wher ei n t he al cohol

et her,

and
used in

steps (i) and (i¥) ‘The method of claim 4, wherein the derivative is an exendin,

oxyntomodulin, GLP-1, or GLP-2 derivative having any structure selected from

Formulas (I) to
N

N

[

H a_ C‘\\‘

/N
H

o

av):

CH,

ﬁ-—peptide

HO &
L c

/\
H

(]

CHy

ﬁ— peptide

CH,

C—peptide

Formula I

Formula II

Formula III
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primary, secondary, or tertiary alcohol having a carbon nunber of one to
ten. 8. The nmethod of claim7, wherein the alcohol is ethanol or
i sopr oparwb.208/10745¢ et hod of claim 1, wherein the al colrcli/HR0pr®@sEat in
the reaction medium in an anount of 35%to 60% by vol une, based on the
total anmount of the reaction nedium 10. The nethod of claim11, wherein the
pH enployed in step (i) is 7.0 to 10.0, when the physiologically active
pol ypeptide is an exendin or a derivative thereof. 11. The method of claim
1, wherein the pH oyed in step (i) is 7.0 to 10.0, when the
physi ol ogi cal |l y pol ypeptide is oxyntonodulin or a derivative
t hereof. 12. The of claim1, wherein the pH enployed in step (i) is
4.0 to 10.0, whe hysi ol ogi cal |y active pol ypeptide is human insulin
or a derivative thereof. 13. The nﬁ}hod of claim1l, wherein the pH enpl oyed
instep (i) is Hﬁa\ggﬁTb.O, when t KOBMANY| ogi cal Iy active pol ypeptide is
GLP-1 or a derivati thereof. 14. The nethod of claim1l, wherein the pH
enpl oyed in step ﬁﬁg&ﬁ\“WﬁG*to 10. 0, when the physiologically active
pol ypeptide is GLP-2 a derivative thereof. 15. The nethod of claim1,
wherein the site-specific physiologically active polypeptide conjugate is
an exendi n-4 conjugate in which PEGis linked to Lys27, a calcitonin
conj ugat e i n whié ITHEReitlsod ofilckant o, wherdih tthe monapeptilyl poyyrmmentdsdlected
conjugate n which PEGis li.nked tp Lys2 r Lys30,, hunan insulin conjugate
i ch PR ST EHP | SORHIRIRG ¢ of paiSFbafeng JAIS Gl AbURRRPITS £PRked t o
Lys29 in Begdiimer®oSethyleé g@*ld%l?arﬂoﬁtdp@&hﬁ glycwl)i gdly&fethylatddiselgols
Lys34 or Lys30; or anal ogues thereof. i )
polyvinyl alcohol, polysaccharides, dextran, polyvinyl ethyl ether, biodegradable
polymers such as PLA (poly(lactic acid)) and PLGA (polylactic-glycolic acid),

lipid polymers, chitins, hyaluronic acid, and combinations thereof.

7. The method of claim 1, wherein the alcohol used in steps (i) and (ii) is

primary, secondary, or tertiary alcohol having a carbon number of one to ten.
8. The method of claim 7, wherein the alcohol is ethanol or isopropanol.

9. The method of claim 1, wherein the alcohol is present in the reaction
medium, in an amount of 35% to 60% by volume, based on the total amount of

the reaction medium.

10. The method of claim 1, wherein the pH employed in step (i) is 7.0 to
10.0, when the physiologically active polypeptide is an exendin or a derivative
thereof.

11. The method of claim 1, wherein the pH employed in step (i) is 7.0 to

10.0, when the physiologically active polypeptide is oxyntomodulin or a

derivative thereof.
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12. The method of claim 1, wherein the pH employed in step (i) is 4.0 to
10.0, when the physiologically active polypeptide is human insulin or a derivative
thereof.

13. The method of claim 1, wherein the pH employed in step (i) is 7.0 to
10.0, when the physiologically active polypeptide is GLP-1 or a derivative thereof.

14. The method of claim 1, wherein the pH employed in step (i) is 7.0 to
10.0, when the physiologically active polypeptide is GLP-2 or a derivative thereof.

15. The method of claim 1, wherein the site-specific physiologically
active polypeptide conjugate is an exendin-4 conjugate in which PEG is linked to
Lys27, a calcitonin conjugate in which PEG is linked to the N-terminal, an
oxyntomodulin conjugate in which PEG is linked to Lys27 or Lys30, human
insulin conjugate in which PEG is linked to the N-terminal of Glyl in A chain or
is linked to Lys29 in B-chain, a GLP-1 or GLP-2 conjugate in which PEG is
linked to Lys34 or Lys30, or analogues thereof.
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