SPECI FI CATI ON CHEM CALLY MODI FI ED-POLYPEPTI DES TECHNI CAL
FIELD " The present invention relates to a chemically nodified

pol ypeptide in which at | east one of the hydroxyl groups in the

pol ypepti.de nmolecule is nodified with a polyal kyl ene glycol derivative;, a
met hod for producing the nodified polypeptide; a mnethod of treating a
patient having reduced granulocytes or thronbocytes using the nodified

pol ypepti de; a conposition for the treatnment conprising the nodified
pol ypepti de; and use of the nodified pol ypeptide. BACKGROUND ART

A chem cal ly nodified pol ypepti de SREGREXACATIQNast one of anino
groups, carboxyl groups, nercapto groups or guanidino groups I n
the polypeptide nolecule S nodi fi ed W th a polyal kyl ene gl ycol

derivative (WD 95/023165) and _ nodification of_free th&ﬁl oups of
cysteine residues in (FREMECAY MODGFLER PQLS BED D(%’ 0668353) .

However, when at |east one of such am no _

TECHNI IELD

The present invention relates to a chemically
modified poiypeptide'in which at least one of the
hydroxyl groups in the polypeptide molecule is
modified with a polyalkylene glycol derivative; a
method for producing the modified polypeptide; a
method of treating a patient having reduced
granulocytes or thrombocytes using the modified
polypeptide; a composition for the treatment
comprising the modified polypeptide; and use of the

modified polypeptide.

KGR . ART

A chemically modified polypeptide in which at
least one of amino groups, carboxyl- groups,
mercapto groﬁps or guanidino groups in the
polypeptide moleculé is modified with a
polyalkylene glycol derivative (WO 95/023165) and
modification of free thiol gfoups of cysteine
residues in the polypeptide molecule are known (EP

0668353) . However, when at least one of such amino



groups, carboxyl groups, nercapto groups, guanidino groups or free thiol
groups of cysteine'resicdues in the polypeptide nolecute is nodified
with a polyal kyl ene gliycol derivative, the activity of the polypeptide

may be markedly or conpletely | ost. For exanple, the activity of
I nterl eukin-15 conpletely di sappears when its am no group(s) are nodified
with polyethylene glycol [J. Biol. Chem, 272:2312 (1997)]. Not hi ng

i s known about a chem cally nodified polypeptide in which at |east one of
t he hydroxyl groups in the polypeptide nolecule is nodified with a

pol yal kyl engrglugr®] dairbekile. groups , Cnssit capitnt garounas ,begunadiidihed
toward the devel opnent of (1) a nethod for the analysis of influences
of hydr oxygrouppsoupdirekee titioli tgroups pofypepsted nei rasiduveshane

t he hydroxyl group concerned is in the active site of the pol ypepti de,

(2) a novehechepicdapepdiifdeat imalemwbe whish owdifdedd a prodhbl eacase
where the biological activity of a polypeptide is considerably spoil ed
when the pdr9p¥RlkElene r givaprby dexdMedkvenathenartividali pifcathen

t hod, d hem cal | difi I [ [ h hod,
Enza_ © an pglgrpeergiczgdey mgg IbeI e:?lag?:gé)le. tlodre 82&%’1@&% tloesrir:e.t od, and

For example, the activity of ihterleukin-ls
completely disappears when its amino group(s) are
modified with polyethylene glycol [J. Biol. Chem.,
272:2312 (1997)]. | '

Nothing is known about a chemically modified
polypeptide in which at least one of the hydroxyl
groups in the polypeptide molecule is modified with
a polyalkylene glycol derivative. '

Great attention has been directed toward the
dgvelopment of
(1) a method for the analysis of influences of
hydroxyl groups upon the activity of a polypeptide,
in a case where the hydroxyl group concerned is in
the active site of the polypeptide,

(2) a novel chemical modification method which
can avoid a probable case where the biological
activity of a polypeptide is considerably spoiled
when the polypeptide is treated by a conventional
chemical modification method, and a chemically

modified polypeptide obtained by the method, and



(3) _a novel nethod which can inprove resistance of polypeptide agai nst
prot ease, freezing:thawi ng and denaturing agents. DI SCLOSURE OF THE

| NVENTI ON The present invention relates to a chemcally nodified
pol ypeptide in which at |east one of the hydroxyl groups in the

pol ypeptide nolecule is nodified with a pol yal kyl ene glycol derivative; a
met hod for producing the nodifying polypeptide; a method of treating a
patient having reduced granulocytes or thronbocytes using the nodifying
pol ypepti de; use of the nodifying polypeptide; a pharmaceutical

preparati on (@npri sangnbhelnticthod whiylepdate;, impreveonpessistanee
the treatnent conprising the nodifying pol ypepti de. Wth regard to
t he pol ypepdifile polypepbide wgalinst hppoteaseinvéneeningrythawing
pol ypeptide can be used so long as it contains a hydroxyl group and has a
physi ol ogi caindcdenatuning Fgemtcdl ogi cal activity. Exanpl es include

those having an activity, such as aspar agi nase, gl ut am nase,

uri case, superoxide disnutase, |lactoferin, streptokinase, plasmn,
adenosi ne deam nase, interleukin-1 to 13, __interleukin-15, i nterferon-a,
I nterferon- : NVENTION 3.

The pfesent invention relates to a chemically
modified polypeptide in which at least one of the
hydroxyl groups in the polypeptide molecule is
modified with a polyalkylene glycol derivative; a
method for prodﬁcing the modifying polypeptide; a
method of treating a patient having réduced
granulocytes or thrombocytes using the modifying
polypeptide; use of the modifying polypeptide; a
pharmaceutical preparation comprising the modifjing
bolypeptide; and a composition for the treatment
comprising the modifying polypeptide.

With regard to the polypeptide which can be
used in the present invention, any polypeptide can
be used so long as it contains a hydroxyl group and
has a physiological activity or a pharmacological
activity. Examples include those having an activity,
such as asparaginase, glutaminase, uricase,
superoxide dismutase, lactoferin, streptokinase,
plasmin, adenosine deaminase, interleukin-1 to 13,

interleukin-15, interferon-q¢, interferon-§,



interferon-[err], human granulocyte colony-stimulating factor
(hereinafter referred to as "hG CSF"), and the like. Exanpl es of a
poLypept|Qe having an hG CSF activity include a pol ypeptide conprising the
anino acid sequence represented by SEQ ID NO'1, a polypeptide conprising
a partial ani no acid sequence of the sequence, a polypeptide
conprising an amno acid sequence in which some parts of amno acids of
t he sequence are substituted by different amno acids [Nature, 319:415
(1986), Japanese Published Unexam ned Pat ent Appl i cation No.
267292/ 88, iaperEerBubly,shdrhhanxagrenukaante Agsleayi-sitimulzopisg, WO
87/01132] and the |like. Specific exanples of the polypeptide conprising an
anm no aci d ssgttence (hexkictafber prefevtredt t® &d dd'hE-CRF 'hy noaad d
sequence represent ed by SEQ ID NO1 are substituted by different anino
acids (hGtBe detkeatives) are shown in Table 1.
-4-
Examples of a polypeptide having an hG-CSF
activity include a polypeptide comprising the amino
acid sequence represented by SEQ ID NO:1, a
polypeptide comprising a partial amino acid
sequence of the sequence, a polypeptide comprising
an amino acid sequence in which some parts of amino
acids of the sequence are substituted by different
amino acids [Nature, 319:415 (1986) , Japanese
Published Unexamined Patent Application No.
267292/88, Japanese Published Unexamined Patent
Application No. 299/88, WO 87/01132] and the like.
Specific examples of the polypeptide comprising an
amino acid sequencé in which some parts of amino
acids of the amino acid sequence represented by SEQ
ID NO:1 are substituted by different amino acids

(hG-CSF derivatives) are shown in Table 1.



Table 1 Position from Substituted am no acid in various hG CSF

derivatives the Nrtermnal amno acid (hG CSF of SEQ (hG CSF of SEQ a)
b) . ¢) d) e f) g) h) «§i) k) 1) ID NO1) 1st (Thr) * Val
Cys Tyr A)g * Asn lle Ser * Aa * 3rd (Leu) Qu llelle lle Thr
Thr Gu Thr Thr * Thr * 4th (dy) Lys Arg Arg Arg Arg Arg Arg Arg

Arg Arg Tyr * 5th (Pro) Ser Ser Ser Ser Ser Ser Ser Ser Ser * Arg
* 17th (Cys) Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser *:
Unsubstituted am no acid Examples 1 Of t he pol yal kyl ene
gl ycol derivative include polyethylene glycol derivatives, polypropylene
gl ycol derlvqagge pol'yethyl'ene glycol -polypropylene glycol

copol yner V»f“ttemmal ANeuldtetitiddCamino acid idherebesrinGatssy dapdiafti ess
polypeptldeagim;ggldpres=nLnypntlon can be produced using a chem cal
nodi fyi ng aggelcsgO0Prs %E hg the abovel poliyal Kyl erje glyccl dérivative, and
conpounds rqgrﬁﬁgpted yi t*he bfoinmiﬁb °¥crﬁh|a9’ (M) | Ycan?? )é’ 1
exeerl i fi ed—=as Pt eferted .,h“’cm cat i yl 1Y) 1 he

gcut
conpounds |nclﬁﬁé‘ﬁbeal<yTen%?kﬁ%MﬁﬂTYrdéFFvafiné@“réb?e§eﬁteﬂ HpLa | *

Rierr]-(M[errpeX-(Bb&r]iciujzled)1ie| 13¢ | Thr | Thr | GluiThr | Thr | * iThr {5+
4th (Gly) Lys i Arg | Arg { Arg { Arg | Arg | Arg | Arg Arg Arg { Tyr *

5tk (Pro) Ser i Ser j Ser { Ser | Ser  Ser | Ser | Ser | Ser * Arg *
17th (Cys) Ser | Ser { Ser | Ser { Ser | Ser { Ser { Ser { Ser | Ser | Ser | Ser

*: Unsubstituted amino acid

Examples of the polyalkylene glycol
derivative include polyethylene glycol derivatives,
polypropylene élycol. derivatives, polyethylene
glycol-polypropylene glycol copolymer derivatives,
and the like.

The chemically modified polypeptide of the
present invention can be produced using a chemical
modifying agent comprising the above 'pﬁlyalkylene
glycol derivative, and compounds represented by the
following formula (I) can be exemplified as
preferred chemical modifying agents. |

The compounds include polyalkylene glycol

derivatives represented by

R'—(M);—X—R? (1)



(wherein Rerr] represents an al kyl group or an al kanoyl group; M
represents -OCH err]CH err] - -OCH err]CH err]CH err] - or
(OCH[err]CI—I[err])[err] (CCH err]CH err]CH err])[err]- (whereinr and s
are the sane or different, and each represents an optionally changeabl e
positive integer); n is an optionally changeable positive integer; X

represents a bond, O NHor S, and R2 represents [err] <wherein R3
represents OH, hal ogen or -X[err]-(Merr])[err]-Rerr]
(wherein Xerr], I\/[err] Rlerr] and na each has the sane neanings
as the abovdw)heﬂa:.ﬂa ]rep«tesentspeanl adlky]l gaowhpy oaprascrkkanioggen
or -Z-(CHerr])[err]-(Oferr]-W [wherein Z represents
O, S or NH gaaupir dprespmesentsar boxyl group or a reactive derivative
thereof, —or —OCH,CH;—  —OCH,CHCH,— .

—(OCH,CH,)—(OCH,CH,CHy)s—
(wherein r and s are the same or different, and
each represents an optionally changeable positive
integer); n is an optionally changeable positive
integer; X represeﬂts a bond, O, NH or §; and R?

represents
R3
{7
N=(
Y
<wherein R?® represents OH, halogen or
—X— (M?)p—R'
(wherein X*, M*, R and na each has the same
meanings as the above X, M, R! and n, respectively);
and ¥ represents halogen or
—Z—(CHz)—(O)—W
[wherein 2 représents O, S or NH; and W represents

a carboxyl group or a reactive derivative thereof,

or
NH," + Hal
—C-OR*



(wherein R err] represents an al kyl group, and Hal represents

hal ogen); p is an integer of O to 6; and mis O or 1]>,
-(CO[err]-(CHerr])[err]-W (whereint is an integer of 0 to 6;
and mand W ' have the sane neani ngs as defi ned above), :
[err] (wherein Hal[err], pa and R err] each has the sane

meani ngs as the above Hal, p and Rlerr], respectively),
-CONH(CHerr])[err]-CHW Rl err]-CO NH
(wherein R err] and Whave the same neani ngs as defined above),
[err] (whereinherdi nrddpreberntandan hakkyhe saneuppaniand aBal
defi ned above), [err] (wherein Whas the sane neani ng as

defined aboxepresents halogehpr;rjp is an integer of 0 to 6; apd
or [err]
m is 0 or 1]>,

—(CO)y—(CH—W
(wherein t is an integer of 0 to 6; and m and W

have the same meanings as defined above),
NH," - Hal™
—(CH,)ps—C—OR™

(wheréin Hal?, pa and R‘* each has the same meanings

as the above Hal, p and R!, respectively),
—CO~NH—(CHp)—CH-W
R*-CO-NH

(wherein R®? and W have the same meanings as defined

(wherein R?,' £t and W have the same meanings as

above),

defined above),
w

W

wW

(wherein W has the same meaning as defined above),

- Q
—CSCH,CNH,
S



(wherein R err] repres
carboXyl group are r
nmeani ng as defined ab
represented by formu
represented by Rerr],
al kyl groups having 1

i sopropyl, butyl, iso
hexyl, isohexyl, hepty
hexadecyl , &gt adecyl,
represented by R err]
1 to 18 carbon atons,

pi val oyl , pentanoyl,

| i ke; exanples of the
i nclude  chl Héyélg

derivative of a car
aand

hal i des, sughcap

an aci d brom de,
ester,

above) }.

such
| aur oyl ,

rog ng.

oxyl group represented by Wor the |ike include acid

and the |ike,
an Nami@y's@idi Madrdeswemhasincthde dae, medniingd asi defined

ents a residue in which an amno group and a
enoved from an amno acid; and Whas the sane
ove)): Wth regard to the above conpound
la (1), exanples of +the alkyl group :
Rlerr] or the like include straight or branched
to 18 carbon atons, such as nethyl, ethyl, propyl,
butyl, sec-butyl, tert-butyl, pentyl, isopentyl,
|, octyl, isooctyl, decyl, dodecyl, tetradecyl,
and the |iKke; exanples of the al kanoyl group
I ncl ude stralght OE% anched al kanoyl groups having
as forny té ﬁﬁropionyl, butyryl, valeryl,

nyrlstqyl paln1toyL, stearoyl, and the
represented by Rerr], Y, Hal or the like

ePreadity al OPBsikw@aplis %hibh anacimieo

halogen

Gare removed adiriomhl am de,
such as a p-nitrophenyl

a carboxyl group-

active esters,

With regard to the above compound represented

by formula (I), .examples of the alkyl group
represented by R!, R'® or the 1like include straight
or branched alkyl groups having 1 to 18 carbon
atoms, such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, hexyl, isohexyl, heptyl, octyl, isooctyl,
decyl, dodecyl, tetradecyl, hexadecyl, octadecyl,
and the like; examples of the alkanoyl group
represented by R' include straight or branched
alkanoyl groups having 1 to 18 carbon atoms, such

as formyl, acetyl, propionyl, butyryl, valeryl,
pivalofl, pentanoyl, lauroyl, myristoyl, palmitoyl,
stearoyl, and the 1like; examples of the halogen
represented by R3, Y, Hal or the like include

chlorine,

bromine and iodine atoms; examples of the

reactive derivative of a carboxyl group represented

by W or the like include acid halides,

such as an



anhydrides w th nonoet hyl carbonate, nonoi sobutyl carbonate and the |ike;
and exanples of the anmino acid represented by R5 include glycine,

L-al anine, L-valine, L-leucine, L-serine, D-alanine, Dvaline, D-Ileucine,
D-serine, [err]-alanine, and the like. The positive integer represented
by n, r or sis 1 to 20,000, preferably 50 to 5,000 for n, and 1 to 5,000
for r and s. The pol yal kyl ene gl ycol derivatives have a nvol ecul ar
wei ght -of 500 to 1,000,000, preferably 3,000 to 1,000, 000. A
plurality of hydroxyl groups nay be present in the pol ypepti de

nmol ecul e, aadd oblekpgdlde podiain cagicdd of bxtontedet, orendf ttkee dgrbkps
may be sufficient when the polypeptide is chemcally nodified.

Exanpl es ofactiye hestens, @ush ah atpe-npsngrbenyd nesdare awnlNde a
hydr oxyl group of a serine or threonine residue referably a hydroxyl

group of a seX¥sugeipimide estexpe ?Eﬁypﬁbﬁ dbi ndeficedy acid
nodi fi ed by reactl a chem cal nodif agent such as a
-9- anhygnidery| Ml yRERaR iwea’g’epea%s fr Aneigehptyl

derlvatlves

consi sting of g&%gél enedglgﬁgl ii:ejcl vat | ves o m Rreogyloege l_gey%qtluno

acid represented by R® include glycine, L-alanine,
L-valine, L-leucine, L-serine, D-alanine, D-valine,
D-leucine, D-serine, f-alanine, and the like. The
positive integer represented by n, r or s is 1 to
20,000, preferably 50 to 5,000 for n, and 1 ¢to
5,000 for r and s.

The polyalkylene glycol derivatives have a
molecular weight of 500 to 1,000,000, preferably
3,000 to 1,000,000.

A plurality of hydroxyl groups may be present
in the polypeptide molecule, and - chemical
modification of at least one of these groups may be
sufficient when the polypeptide is chemically
modified.

Examples of the hydroxyl group in the
polypeptide molecule include a hydroxyl group of a
serine or threonine residue, preferably a hydroxyl
group of a serine residue.

The polypeptide can be chemically modified by

reacting a chemical modifying agent, such as a



gl ycol - pol ypropyl ene gl ycol copolynmer derivatives and the like, with a
pol ypepti de having a hydroxyl group. Exanpl es of the nethod for
reacting the hydroxyl group in a polypeptide nolecule with a chem cal
nodi fyi ng agent such as pol yethylene glycol derivatives or :
pol ypr opyl ene glycol derivatives include the nethods described in
Japanese Published Unexam ned Patent Application No. 316400/89, Biotech.
Lett., 14:559-564 (1992), BIO TECHNOLOGY, 8:343-346 (1990), and the
li ke, and nodified nethods thereof. That is, specific exanples
of the nmet hpelu@lhkyiemee gdacohcl derimathibve wheediactedol yEriop ena
glycol derivative or a polypropylene glycol derivative is added to an
aqueous sol FFeRPfcangidtelnoweEPriyetbrlane uglared dgrivateivesio

in an anmount of 1 to 200 noles per protein, .and is allowed to react_ at a
t enper at ur e BPLYRXPRYLSNS C f GlCRIur tdeTig@kives, pedpeshnieng.e

e o S-SR R, i o BT RS M e

:Jaggn;ese Pub??ghe%lh%ﬁg(%ﬁ\te:‘i\égwfsg gln%d%pﬁ'%ﬁqn%}ng‘%g%agg‘%; Igg,egydfg%’e%&se

Publ i shed L@fé@g hed Patent

Examples of the method for reacting the
hydroxyl group in a polypeptide molecule with a
chemical modifying agent such as polyethylene
glycol derivatives oxr polypropylene. glycol
derivatives include the methods described in
Japanese Published Unexamined Patent Application No.
316400/89, Biotech. Lett., 14:559-564 (1992),
BIO/TECHNOLOGY, 8:343-346 (1990), and the like, and
modified methods thereof. That is, specific
examples of the methods which can be used include
methods wherein a polyethylene glycol derivative or
a polypropylene glycol derivative is added to an
équeous solution o¢of a protein which has been
adjusted to a pH of 6 to 10 in an amount of 1 to
200 moles per protein, and is allowed. to react at a
temperature of 0 to 37°C for 1 hour to 3 days.
Examples of the method for reacting the

hydroxyl group in a polypeptide molecule with a

peolyethylene .glycol—polypropylene glycol copolymer

- 10 -



Application No. 176586/ 85, WO 89/06546, EP 0539167A2, and the |iKke,
and nodified nmethods thereof. That is, specific exanples of the methods
whi ch can be used include nethods wherein a chenical nodifying agent
selected froma group consisting of polyethylene glycol-polypropylene
gl ycol copol yner derivatives is added to an aqueous solution of a protein
whi ch has been adjusted to a pHof 6 to 10 in an anount of 1 to 200 nol es
per protein, and is allowed to react at a tenperature  of 0 to 37[err]C
for 1 hour to 3 days. Modi fication of at | east one hydroxyl group
in the pol ydegivatistecul dneilvde polthe kyl methodgcol deserdbed by itthe
above nethod can provide (1) a method for the analysis of inf|luences of
the hydroxyepapesse Ewbiished Haexamjned Pateptypprlicatira Me
where t he hydrox roup _concerned is jin.the 3ctive site, of the

pol ypept i deP9§ }3 novEAPRR&fi®al Rehilditheron HRSHAmHR BR taRt d

st Toat oo BPRLLEBRR  onde chentclt SASAYS Lar | oHF ot R OBRAE, YPoHE °°

chericel Y FRS1 e ORHAC S0 3SDY o gt . (lanbas,

protease, LhesZile . PRAWWY SO sPERYPY & "LxARENES o2N0knd ofLEHLEA Y
which c¢can be used include methods wherein a
chemical modifying agent selected from a group
consisting of polyethylene glycol-polypropylene
glycol copolymer derivatives is added to an aqueous
solution of a protein which has been adjusted to a
pPH of 6 to 10 in an amounﬁ of 1 to 200 moles per
protein, and is allowed to react at a-temperature
of 0 to 37°C for 1 hour to 3 days.

Modification of at least one hydroxyl group
in the polypeptide molecule with a polyalkylene
glycol derivative by the above method can provide
(1) a method for the analysis of influences of
the hydroxyl group 'upon the activity of a
polypeptide, in a case where the hydroxyl group
concerned is in the active site of the polypeptide,
(2) a novel chemical modification method which
can avoid diminishing the biological activity of a
polypeptide when the polypeptide is treated by a

conventional chemical modification method, and a

- 11 -



nmodi fi ed polypeptide having inproved resistance against protease,
freezing-thawing .or denaturing agents. The chemcally nodified
pol ypeptide of the present:-invention specifically described is an exanple
in which a pol ypeptide having an hG CSF activity is used as a pol ypepti de.
A chem cally nodified pol ypeptide in which at |east one hydroxyl group in
hG CSF or a hG CSF derivative is chemcally nodified with a chem cal

nodi fying agent represented by the following formula (la) or (Ib) can
be exenplified as the chemcally nodified polypeptlde of, the present

i nvention. cbemdeallindi rpdifigdnt RehypPeptide obtained by the
Rlerr]-(OCCH err]JCH err])[err]-X-Rerr] (la) .{wherein Rerr] , n and
X have the ani as defined above; and R err] represents

- 12 -
represents éﬁ)hahaen &ovel method wh%%% [er&% L@%%@é”‘qer”

Xerr] - ngemm@y) Lor Lo Bh ko " Xvda sl T E A, PR

has the sa
thawing or denaturing agents, and a chemically

modified polypeptide having improved resistance
against protease, freezing-thawing or denaturing
agents.

The chemically modified polypeptide of the

lpresent invention specifically described is an
example in which a polypeptide having an hG-CSF
activity is used as a polypeptide.

A chemically modified polypeptide'in which at
least one hydroxyl group in hG-CSF or a hG-CSF
derivative is chemically modified with a chemical
modifying agent represented by the following
formula (Ia) or (Ib) can be exemplified as the
chemically modified polypeptide of the presént
invention.

Chemical modifying agent (Ia):

R'—(OCH,CH,)—X—R* (Ia)

{wherein R!, n and X have the same meanings as

defined above; and R?® represents

- 12 -



the above X, Rerr] and n, respectively)]}. Chenical nodifying agent (Ib):

[err] : (I'b) (wherein Rerr], M Rerr], Z
n _and p have the sanme meanings as defined above; and Werr] represents
a carboxyl group or a reactive derivative thereof). At | east one

nol ecul e of pol yet hyl ene glycol derivatives, polypropyl ene glycol
derivatives or polyethylene glycol-pol ypropyl ene glycol copolyner
derivatives is bonded to a chemically nodified hG = CSF or a chemcally
nodified hG CSF derivative. Thus, the mcally nodified hGCSF or
the chemcally nodified hG CSF derivatiyve n be used as a mxture or by
separating a conpound to which one or r&\ nol ecul es are attached.

- 13 - Separ ati on he dhemically nodified hG CSF or
the chem cally nodified hG CSF derivativg=e@an be carried out using various
types of chromatography, such as ion exchakge chromat ography, gel
filtration chromatography, reverse phase chr omat ogr aphy, hydrophobic

chr ot ogr agiiy, . 204 44 - 4 Kgserd0Y OFF! MRUTogWN R armoNi um sul fate
| —XP—(CH,CH,0)s—R"®
(wherein X?, R and nb each has the same meanings as
the above X, R' and n, respectively)ll}.

Chemical modifying agent (Ib):
R3
N
\
R'—M)—x— N (Ib)
N=

Z—(CHgp);—O-W?

(wherein R*, M, R} 2, n and p have the same
meanings as defined above; and W' represents a
carboxyl group or a reactive derivative thereof).

At least one molecule of polyethylene glycol
derivatives, polypropylene glycol derivatives or
polyethylene glycol-polypropylene glycol copolymer
derivatives is bonded to a chemidally modified hG-
CSF or a chemically modified hG-CSF derivative.
Thus, the chemically modified hG-CSF or the
chemically modified hG-CSF derivative can be used
as a mixture or by separating a compound to which

one or more molecules are attached.

- 13 -



the like, which are generally wused for the separation of |long chain
pol ypeptides and the |ike. The degree of chem cal nodification can
be confirmed by nonitoring changes in the nobility of the chemcally

modi fi ed hG CSF using a sodium dodecyl sulfate-polyacryl ani de gel

el ectrophoresis (SDS-PAGE) net hod. The pol ypepti de content
according to the present invention can be neasured by the follow ng assay
nmet hods. Assay method 1: The pol ypeptide content is measured by the
Lowy nethod [Lowy O H.. et al., J. Biol. Chem, 193:265 (1951). 'Assay
met hod 2: Theepalngbpondeoforthet chemilaal dvednodi fkedyihg-GSF
SDS- PAGE in accordance with the method of Laemmii [U K. Laenmm i, Nature,
227: 680 (19%®) |the chemically modified. h&t+CSF der1vat1g§amﬁgghqm

pol ypepti de separated on the gel with Coonmmssie Brilliant Blue and {hen
measuri ng i €aRrkedcPBkatesiBtheVaga 8o, t¥pAMJI2F cohFomatograpayy

cher cal 1y uod{1 20 PELYPepL LS oo | % - BLERAN LK) 901000, U5 ued o
prepm%ﬂiOnghrégatug;aphy, reversé phase chromatography,
hydrophobic chromatography, and the 1like, and
methods, such as ammonium sulfate fractionation and
the like, whiéh are generally used for the
separation of long chain polypeptides and the like.

The degree of chemical modification can be
confirmed by monitoring changes in the mobility of
the chemically modified hG-CSF wusing a sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) method.

The polypeptide content according to the
present invention can be measured by the following
assay methods.

Assay method 1:

The polypeptide content is measured by the
Lowry méthod [Lowry O.H. et al., J. Biol. Chen.,
193:265 (1951)].

Assay method 2:

The polypeptide content is calculated by

carrying out SDS-PAGE in accordance with the method

of Laemmli [U.K. Laemmli, Nature, 227:680 (1970)1],

- 14 -



present invention can be produced by m xing an effective anount of a
chemcally nodi fi ed polypeptide as the active ingredient uniformy with

a _pharmaceutically acceptable carrier. It is preferred that these
pharmaceutical preparations are in a unit dosage form suitable for
I njection admnistration. I njections can be prepared as sol utions

using a chemcally nodified pol ypeptide and a carrier conprising
distilled water, a salt solution, a glucose solution or a mxture of a
salt solution and a glucose solution. They are al so prepared as

sol utions, shtmpsasiontherpodiypeprtiicie separnadedowrentihmmalgedy wisting
appropriate auxiliaries. They can_ _be al so prepared. as
freeze-dri eFopragsiei Brilbiant (Biue RpAndhene meagunings it Abfhcigh
freeze-dryin condi ti ons are n8t s!oa,rticularly limted, a
freeze-dri efFhromaticscanner (CS-930, Shimadzu Ggrp.).

Jereral Y oot B! SR 1 80 S £0d o5 e e, B R
under a vacuum degr,ee, of 0.t0 150 nYorr_and, then dryjng at.a shelf.
Lemper at ur cRROABEE r1EPEGbe8 a0 BE 1BERE AShaehub 1% Vardsns
degree of S%JQa&gof@_%Elations.Al so, the chemcally nodified pol ypeptide
The pharmaceutical preparations @ of the
present invention can be produced by mixing an
effective amount of a chemically modified
polypeptide as the active ingredient uniformly with
a pharmaceutically acceptable carrier. It is
preferred that these pharmaceutical preparations
are in a unit dosage form suitable for injection
administration.
Injections can be prepared as solutions using
a chemically modified polypeptide and a carriex
comprising distilled water, a salt solution, a
glucose sclution or a mixture of a salt solution
and a glucose solution. They are also prepared as
solutions, suspensions or dispersions in the
conventional way using appropriate auxiliaries.
They can be also preparéd as freeze-dried
preparations by freeze-drying the solutions.
Although freeze-drying conditions are not

particularly 1limited, a freeze-dried product is

- 15 -



preparations can contain various generally used pharnmaceutical carriers,

fillers, diluents, stabilizers, adsorption preventing agents and the
l'ike. In the case of a chemcally nodified polypeptide of the
present invention, for exanple a neutrophil and t hronbocyte growt h

enhanci ng. preparation containing a chemcally nodified hGCSF or a
chemcally nodified hG CSF derivative, its dose and its adm nistration
schedul e are decided depending on its node of adm nistration, age and
body wei ght of each patient, the disease to be treated_and norbid state of
‘each patiengenevsldy obtaimedmhyufireezing ek atPBAC oRohefH FPT a
chemcally nndlfled hG- CSF or a chemcally nodified hG CSF deriyatiy

an anount oft 1P [ &r MQurs . 1.drydng REf & PhelS temBRFIERNS),© % %@lﬁ:t

i's usually adnlglstered 1 to

16 - €305 " For ot fes 48 TiREREM TRORT P AEENTY SPUTRS OF
el ude i 1t Blvenbes Pﬁ#é?f?x&%ﬂe LERAFancERER o) SER RS aREnE || RBCLE
o SRR B L BOLE AR 2 ey heey
thepresenta vacuum degree of 50 to 100 mTorr.

Also, the chemically modified polypeptide
preparations can contain various generally wused
pharmaceutical carriers, fillers, .diluents,
stabilizers, adsorption preventing agents and the
like.

In the case of a chemically modified
polypeptide of the present invention, for example a
neutrophil and thrombocyte growth enhancing
preparation containing a chemically modified hG-CSF
or a chemically modified hG-CSF derivative, its
dose and its administration schedule are decided
depending on its mode of administration, age and
body weight of each patient, the disease to be -
treated and morbid state of eacﬁ patient; however,
a pharmaceutical preparation containing a
chemically modified hG-CSF or a chemically modified
hG-CSF derivative in an amount of 15 pg to 1.5 mg,

preferably 25 to 500 ug, per adult is usually

administered 1 to 7 times per week.

- 16 -



invention are described by Test Exanples. Test Exanple 1 G owth
pronoting activity of chemically nodified hG CSF and chemcally nodified
hG CSF derivatives upon nouse |eukem a cell NFS60: The activity
of the GOCSF derivative, chemcally nodi fi ed hG CSF  derivative
and chemcally nodified GCSF obtained in Reference Exanple 1 and
Exanples 5, 14, 17 and 20, which will be described |later, to enhance
grow h of nmouse |eukema cell NFS60 [K. Holnmes et al., Proc. Natl. Acad.
Sci. USA, 82:6687 (1985)] was neasured in accordance with the nethod of
Asano et al. [YakurBxampldhi o, thid: ddmAni&trBtion medhodomubhe in
respective concentrations shown in Tables 2-1 and 2-2 was allowed to act
upon the cechemiahliyhemoadifiiesl apod yreptide Tareparation 20f the .

- 17 - Table 2-1

conc. pESGERG | igxmrtion includenpsimravenous i Gmﬁﬁ?n:

pronoting activity (%9*[err] _hG CSF derlvatlve of e
100 Mbno- seshqutapgomsf Rjestion, 1% Ecer wai1’ as

Mono- substituted 2 of Ex, 5 2.5 100
administration as suppositories or nasal drops.

Next, pharmacological activities of the
chemically modified polypeptide of the present

invention are described by Test Examples.

‘Test Example 1

Growth promoting activity of chemically modified
hG-CSF and chemically modified hG-CSF derivatives
upon mouse leukemia cell NFS60: -

The activity of the G-CSF derivative,
chemically modified hG-CSF derivative and
chemically modified G-CSF. obtained in Reference
Example 1 and Examples 5, 14, 17 and 20, which will
be described 1later, to enhance growth of mouse
leukemia cell NFS60 [K. Holmes et al., Proc. Natl.
Acad. Sci. USA, 82:6687 (1985)] was measured in
accordance with the method of Asano et al. [Yakuri
to Chiryo, 19:2767 (1991)]. Each compound in
respective concentrations shown in Tables 2-1 and
2-2 was allowed to act upon the cells, with the

results also shown in Tables 2-1 and 2-2.

- 17 -



Di -substituted of Ex. 5 12.5 100 Tri-substituted 1

of Ex. 5 12.5 72 Tri-substituted 2 of Ex. 5

12.5 93 hG CSF . 5 .

100 Mono-substituted 1 of Ex. 14 5 86 :
Mono-substituted 2 of Ex. 14 5 81 Di-substituted of
Ex. 14 5 81 *1: Shown by a relative value (%

based on the activity (= 100) of the hG CSF derivative (12.5 ng/m)
obtained in Reference Exanple 1 or of hGCSF (5 ng/m).
Table 2-2 Conmpound . Table 2-fOne. NES60 cell growt h

(ng/ m) promoting activity (%9 *[err] hGLgh derivaghiygo deiRehrofn 1

10@ompeurdg ubsti t ut ed 1
92 Tri - substituted-2 of Ex—17 /J@S ;Zomotlng ac25v1ty (%) **

L\J

Di - subst i t (W@ESHT dBxivdfive of Ref. Ex51  12.5 99 1ﬂ° -substituted
1 of Ex. 20yono- substg@hted 1 of Ex. 5 65 13rk-substituted doof Ex. 20
25 73 D -substituted of Ex. 20

98  *[err | MomSrENR byt uEedk2arFVvEX v ue (%) Baded on the actIIZf{?l ty (= 100) of

t he hG CSF glerdurath ¥eedd 2@kl 5 obt ai ned nn.Ref erence Exampmioe 1
- 18 -

Tri-substituted 1 of Ex. 5 _ 12.5 72
Tri-substituted 2 of Ex. 5 12.5 : 93
hG-CSF 5 100
Mono-substituted 1 of Ex. 14 5 86
Mono-substituted 2 of Ex. 14 S 81
Di-substituted of Ex. 14 5 81

*1: Shown by a relative value (%) based on the activity (= 100) of
the hG-CSF derivative (12.5 ng/ml) obtained in Reference Exanple
1 or of hG-CSF (5 ng/ml).

Table 2-2

Compound Conc. NFS§0 cell-gFowth .

(ng/ml) promoting activity (%)*
hG-CSF derivative of Ref. Ex. 1 25 100
Tri-substituted 1 of Ex. 17 25 92
Tri-substituted 2 of Ex. 17 25 80
Di-substituted of Ex. 17 25 99
Tri-substituted 1 of Ex. 20 25 65
Tri-substituted 2 of Ex. 20 25 73
Di-substituted of Ex. 20 25 98

*1: Shown by a relative value (%) based on the activity (= 100) of
the hG—CSF derivative (25 ng/ml) obtained in Reference Example 1.
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Test Exanple 2 Effect to pronote recovery of thronbopenia in total body
radi ati on m ce: Four animals per group of male BALB/c mce (6 weeks
of age) were radiated to the total bodies (hereinafter referred to as
"Rx") wth 3 G per nouse by a 137 Cs radiation source (RI-433,
manuf actured by Toshi ba) and then reared in a clean rack of a specified
pat hogen-free (SPF) rearing environnment facility. They were freely
provided wth drinking water and feed. As a non-treated control group,
mce with no radiation were reared in a manner simlar thereto.

Each of TesenExample 2odified hG CSF derivatives obtained in
Exanple 4 which will be described |ater was dissolved in physi ol ogi cal
saline, anBffett tahpmiomote nacovexy ofG tsromhepemiaecisvl tetdd was
subcut aneously administered to mce once on the next day of Rx in a dose
of 5 [err]hroely radiatiapmmice: Bl ood sanpl es were periodically

ol at ol ots by an aut BAES CBLBEG S cPRE GHEARR SECREUR, BRI/ 5o it €8 th Toa
ll)éo_ DenShi)'wee-liDg rg%ul;sge%r_ewsgzggm irg.d-l:-i.aal.3 gdB' to the +total bodies
(hereinafter referred to as "Rx") with '3 Gy per
mouse by a 137 Cs radiation source (RI-433,
manufactured by Toshiba) and then reared in a clean
rack of a specified pathogen-free (SPF) rearing
environment facility. They were freely provided
with drinking water and feed. As a non-treated
control group, miée with no radiation were reared
in a manner similar thereto.
Each of chemically modified hG-CSF
derivatives obtained in Example 4 which will be
- described later was dissolved in physiological
saline, and the chemically modified hG-CSF
derivative solution was subcutaneously administered
to mice once on the next day of Rx in a dose of 5
ug/0.2 ml per animal. |

Blood samples were periodically collected

from the murine vein of eyeground to measure the
number of platelets by an automatic blood cell
counter (CC-180A, manufactured by Toa Ijo Denshi).

The results afe shown in Table 3.
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In the mce treated with total body radiation of 3 Gy, a considerable
decrease in the nunber of platelets was observed, and the nunber of
platelets becane the |owest on 8 to 9 days after Rx and then gradually

i ncreased but did not recover to the |Ievel before the radiation treatnent.
On the other hand, decrease in the nunber of platelets was inhibited in
the mce to which the chenically nodified hG CSF derivative was

adm ni stered, and the nunber of platelets increased nmarkedly on and after
the 8th or 9th day and conpletely recovered on the 11th or 12th day to the
sane | evel before Che theli atiicn trestbedt withe tsitalabadyemaddation

observed in a group in which the admnistration was carried out _on the
next day andStB_d@y,afaerccRxsiderable decrease in the number of

20 platelets was observed, and the number of platelets
became the lowest on 8 to 9 days after Rx and then
gradually increased but did not recover to the
level before the radiation treatment. On the other
hand, decrease in the number of platelets was
inhibited in the mice to which the chemically
modified hG-CSF derivative was administered, and
the number of platelets increased markedly on and
after the 8th or 9th day and completely recovered
on the 1l1lth or 12th day to the same level before
the radiation treatment. The similar effect was

observed in a group in which the administration was

carried out on the next day and 5th day after Rx.

- 20 -



Table 3 Chemcally Average nunber of platelets (%9 [err]

nodi fi ed hG CSF derivative Days after 0 6 8 10 11 12

radi ation Not adm nistered: 100 58.9 26.6 35.1 38.3 45.1

Di -substituted 100 55.1 30.5 62.7 98.5 103.6 of Ex. 4 Tferr]:
Shown by a relative value (% based on the average nunber of platelets (=
100) in the total body radiation-untreated control group. Test Exanple 3
Leukocyte increasing action in mce: Usi ng SPF/ VAF mi ce

(BALB/ cAnNCrj line, nales, 8 weeks of age, 4 aninmals per group) which were
prelimnarily reared after purchase freapfdazles R ver Japan, |eukocyte

I ncreasing activity 1n norjipal mce was confirned. D -substituted

obt ai ned i nch¥an@®yys (0.34 ng/ nml Avexsgeitupker ©§ pbOtekets0 (Bert’] g/ m
usi ng physmebpfiamilhG-csF SpthRe———and——Stbeutaneousty—adrtstered
once at aderftativef 10 [R4¥q[af§eT(npyse wgight)g Thug, thg doseaas 1
or 0.1 ng/kg. _As a _control Tadiagienp physi ol ogi cal sal i ne

was subcutaneously adm nijlstered once. Bl ood sanples were

col l ected NpEffwinistRzed Qdninistrati A% &AF® péhi Bdi 221y 38-FromiS-the
next day after 1 2%

3 3 e -
Di-substituted 100 55.1 30.5 62.7 98.5 103.6
of Ex. 4

*': Shown by a relative value (%) based on the average number of
platelets (= 100) in the total body radiation-untreated control
group.

Test Example 3
Leukocyte increasing action in mice:

Using SPF/VAF mice (BALB/cAnNCrj line, males,:
8 weeks of age, 4 animals per group) which were
preliﬁinarily reared after purchase from Chafles
River Japan, leukocyte increasing activity in
normal mice was confirmed.

Di-substituted obtained in Example 5 (0.34
mg/ml) was diluted to 100 or 10 ug/ml wusing
physiological saline, and subcutaneously -
administered once at a rate of 10 ul/g (mouse
weight). Thus, the dose was 1 or 0.1 mg/kg. As a
control groub, physiological saline was
subcutaneously administered once. Blood samples
were collected before the administration and

periodically from the next day after the
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adm ni stration, and the nunber of peripheral blood cells was neasured
usi ng an automatic blood cell counter (Sysnmex F800). As the
results, the nunber of l.eukocytes in both adm nistered groups increased to
2.4 to 2.6 tines higher level than that of the control group 2 days after
the adm ni stration. Thereafter, this drug effect att enuat ed I n

t he 0.1 ng/ kg admnistration group and returned to a simlar’

|l evel of the <control. group 4 days after the adm nistration, but
the nunmber of |eukocytes in the 1 ng/kg administration group continued to
i ncrease eadmiafistratiays,afard atheninumbennofhdpenthberal | dipod 5
times higher than that in the control group 4 days after admnistration.
Ther eaf t er ,cefd s nwaer neasuredt raing cani Arhpmatige PdRadl cgtdup
on the 7th day after the adm nistration. Exanpl es and Reference
Exanpl es areodmdsr HSYsmex F800) . - 22 -

As the results, the number of leukocytes in
both administered groups increased to 2.4 to 2.6
times higher level than that of the control group 2
days after the administration. Thereafter, this
drug effect attenuated in the 0.1 mg/kg
administration group and returned to a similar
level of the control group 4 days after the
administration,_but the number of leukocytes in the
1 mg/kg administration group continued to increase
even after 2 days aftei administration and reached
a level 3.5 times higher'than that in the control
group 4 days after administration. Thereafter, the
number returned to a level similar to the control
group on the 7th day after the administration.

Examples and Reference Examples are shown

below.
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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Exanple 1 Preparation of

pol yet hyl ene gl ycol -nodi fi ed hG CSF derivative reaction solution:

The hG CSF derivative prepared in Reference Exanple 1 was adjusted to 4.6
ng/ M using a phosphate buffer (pH 7.5), and 12 m of the thus adjusted
solution was m xed with 205.5 ng of N hydroxysucci ni m de ester of

nonomnmet hoxypol yet hyl ene gl ycol propionate (M SPA-20, 000, manufactured by
Shearwat er Polymer) and the m xture was stirred at 4[err]C for a whol e day
and night to prepare a polyethylene egcoI nDdlfled hG CSF  derivative
reacti on soBl LR o o} MENDLLLEN hy

gl ycol -nodi fi ed hG-CSF derlvatlve reactlon solutlon 'The hG CSF
derivative B#ampie iln Reference Exanple 1 was adjusted to 4.6 ng/m using
a phosphate buffer é) and 12 of the t hus adjusted solutlon was
m xed with EEEBaFgLHon ° yc?BJ:?ﬁTé%Yﬁﬂﬂ%leg ¥spdmodified hG-CSF
car boxynet h nonanet hoxypaol yet hyl col (M SCwm 20, 000,

nmanuf act ur e\éetﬁf"'gﬁ@d'r‘(/%t Eﬁglgoil""gﬂﬁr )s%ﬂ'dtﬁ?g‘ %/n xt ur e

- 23 -

The hG-CSF derivative prepared in Reference
Exaﬁple 1 was adjusted to 4.6 mg/ml ﬁsing a
phosphate buffer (pH 7.5), and 12 ml of the thus
adjusted solution was mixed with 205.5 mg of N-
hydroxysuccinimide ester of monomethoxypolyethylene
glycol propionate (M-SPA-20,000, manufactured by
Shearwater Polymer) and the mixture was stirred at
4°Cc for a whole day and night to prepare a
polyethylene glycol-modified hG-CSF derivative

reaction solution (1) .

Example 2
Preparation of polyethylene glycol-modified hG-CSF-
derivative reaction solution:

_ The hG-CSF derivative prepared in Reference
Example 1 was adjusted to 4.6 mg/ml wusing a
phosphate buffer (pH 7.5) ,. and 12 ml of the thus
adjusted solution was mixed with 469.8 mg of N-
hydroxysuccinimide ester of carboxymethyl-
monomethoxypolyethylene = glycol (M-SCM-20,000,

manufactured by Shearwater Polymer) and the mixture

- 23 -



was stirred at 4[err]C for a whole day and night to prepare a

pol yet hyl ene glycol -nodified hG CSF derivative reaction solution (2)
Exanpl e 3 Preparation of polyethylene glycol-nodified hG CSF derivative
reaction sol ution: The hG CSF derivative prepared in Reference
Exanple 1 was adjusted to 4.6 ng/m using a phosphate buffer (pH 7.5),
6.6 mM of the thus adjusted solution was mxed with 96.9 ng of. N

hydr oxysucci ni mi de ester of nononet hoxypol yet hyl ene gl ycol propionate
(M SSPA-20, 000, manufactured by Shearwater Polyner) and the m xture was
stirred at wi=r{tirsed whbl 4@y forn M giwhodepr day e andporjohiy| e
gl ycol -nodi fied hG CSF derivative_ reaction solution (3). Exanpl e 4

| sol ati on

prsEparepo| yet hypedaethylene - npalyieel ~-medbfited hG-CSH,

pol yethylene glycal-nodified, hG CSF derivative reaction solution

pr epar ed

a 20 nM acetate buffer (pH 4.5) - 24 -

Example 3
Preparation of polyethylene glycol-modified hG-CSF
derivative reaction solution:

The hG-CSF derivative prepared in Reference
Example 1 was adjuSted to 4.6 mg/ml using a
phosphate buffer (pH 7.5), and 6.6 ml of the thus
adjusted solution was mixed with 96.9 mg of N-
hydroxysuccinimide ester of monomethoxypolyethylene
glycol propionate (M-SSPA-20,000, manufactured by
Shearwater Polymer) and the mixture was stirred at
4°C for a whole day and night to prepare a
polyethylene glycol-modified hG-CSF derivative

reaction solution (3).

Example 4
Isolation of polyethylene glycol-modified
component:

The - polyethylene glycol-modified hG-CSF
derivative reaction solution (2) prepared in

Example 2 (protein content, 55 mg) was diluted 5

times with a 20 mM acetate buffer (pH 4.5)

- 24 -

and

e

(2)

i ferdvabive reageiancAfEntion (g) was diluted 5 times wth



cont ai ning 150 mM of sodium chl oride and passed through a colum packed
wi th Sephacryl S-400 (manufactured by Phar maci a) whi ch had been
equilibrated in advance with the sanme buffer, and the eluates were
fractionated. By this operation, a fraction mainly containing a conponent
nodified wth two nol ecul es of polyethylene glycol (D - substituted) and
a crude fraction mainly containing a conponent nodified wth one

nol ecul e of pol yet hyl ene gl ycol (Mono- substi t ut ed) wer e

obt ai ned. Each of these fractions was passed through a columm
packed wi t hedhEagatiig00ASKL M. Soffm sddlium 3ehkeridenufardur p@ssedosoh
Corp.) to obtain a fraction containing Di - substituted or Mono-
substi t ut edthromgleaf teer, cakemnof paskedractiths fephaerviled $1490
SP-5PW (21.5 mmI.D. X 150 nmm  manuf act ured by Tosoh Cor p. ), under the
following C(oasufantuned obbéﬁn h@r"@ééﬁé oWhigh " had <o Bnt

of Di-substituted (0.39 ng/m x speC|es of _t mai n

conponent c#dAnNBddbrageddm e&d(‘OaBSengWHt T’@ eSPb’ég\%ﬁfl 38 i on

fﬁgmﬁ;g?;;hebfh%égggg#ﬁ§;4¥¥¥£%1onQ@Edu éyl%%lg quratlon, a
fraction mainly containing a component modified
with two molecules of .polyethylene glycol (Di-

substituted) and a crude fraction mainly containing

a component modified with one molecule of
polyethylene glycol (Mono-substituted) were
obtained.

Each of these fractions was passed through a
column packed with TSK gel G4000SW,, (7.8 mm I.D. x
300 mm, manufactured by Tosoh Cbrp.) to obtain a
fraction containing Di-substituted or Mono-
substituted. Thereafter, each of these fractions
was purified using SP-5PW (21.5 mm I.D. x 150 mm,
manufactured by Tosoh Corp.) under the following
conditions to obtain one species of the main
component of Di-substituted (0.39 mg/ml x 3.0 ml)
and one species of the main component of Mono-
substituted (0.55 mg/ml x 3.0 ml).

SP-5PW purification conditions:
Column: SP-5PW (21.5 mm I.D. x 150 mm)

(manufactured by Tosoh Corp.)
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Det ection: 280 nm Sol ution A: 20 mM acetate buffer (pH 4.5)

Solution B: 20 nM acetate buffer (pH 4.5) containing 0.5 M sodi um
chloride Elution: linear density gradient elution from :
solution Ato solution B Exanple 5 |Isolation of pol yet hyl ene

gl ycol -nodi fied conponent: The pol yethyl ene gl ycol -nodi fi ed

hG CSF derivative reaction solution (1) prepared in Exanple 1
(protein content, 55 ng) was diluted 5 tines with a 20 nM acetate
buffer (pH 4.5) containing 150 nmM of sodium chloride and passed through
a col um packed.w tDetegiticonpl: 28QPonm nanufactured by  Pharmacia) which
had been equilibrated in advance with the same buffer, and the eluates
were fractionated. $9lukiionpdratddnmdy acetade rhudifercdPhi4ifd a

conmponent nodified with three nolecules of polyethylene_ glycol (Tri-

substituted), a GHBtiIR B AP MHAGRRARP BufESHBod®R 4nddified
wth t wo nol ecul es, .of. pol hyl ene, gl ycol, (Di -substituted) and a
crude fraction corﬁ%?ﬁiaﬂd”angor%‘%e Srﬂﬁg’fl%e& f’ﬁ"d#% '
- 26 - Elution: linear density gradient elution from

solution A to solution B

Example 5 _
Isolation of polyethylene glycol-modified
component:

The polyethylene glycol-modified hG-CSF
derivative reaction solution (1) prepared in
Example 1 (protein content, 55 mg) was diluted 5
times with a 20 mM ecetate buffer (pE 4.5)
containing 150 mM of sodium chloride and passed
through a column packed with Sephacryl §S-400
(menufactured by Pharmacia) which had been
equilibrated in advance with the same buffer, and
the eluates were fractionated. - By this operation, a
crude fraction containing a component modified with
three molecules of polyethylene glycol (Tri-
substituted), a crude fraction containing a
component modified with two molecules of
polyethylene glycol (Di-substituted) and a crude

fraction containing a component modified with one
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nol ecul es of pol yet hyl ene gl ycol (Mono-substituted) were obtained.

Each of these fractions was passed through a colum packed with TSK gel
AA000SWerr] (7.8 mm1.D. x 300 mm nmanufactured by Tosoh Corp.) to obtain
a fraction containing Tri-substituted, D -substituted or :
Mono- substi t ut ed. Thereafter, each of these fractions was purified
using a cation exchange colum, SP-5PW (manufactured by Tosoh Corp.),
under the same conditions described in Exanple 4 to obtain two species of
the main conponent of Tri- substituted (Tri-substituted 1: 1.4 ng/m x 0.5
m, Tri-subeflieanlbes?:of Polyeithybesear §ylyenl sjdMore-ssbshd tixkad)
conponent of Di-substituted (0.34 ng/mM x 3.0 nm) and two species of the
mai n conponéare s?btpdmedubstituted (Mno-substituted 1: 0.48 ng/m x

0.4 m, Mno-substituted 2, 1.58 ng/m x.0.5 m). w@*l be
described in |ater B2ghpIRE, hpsenhiFaghiopsuyas ﬂﬁes%%Aapo Frighp

et of NonoSeuBerR Bkt rtChodl PRe ki GHRRESHs oo 8omBor el hyrene
glycol . 300 mm, manufactured by #bsoh Corp.) to obtain a
fraction containing Tri-substituted, Di-substituted
or Mono-substituted. Thereafter, each of these
fractions was purified using a éation exchange
column, SP-5PW (manufactured by Tosoh Corp.), under
the same conditions described in Example 4 to
obtain two species of the main component of Tri-
substituted (Tri-substituted 1: 1.4 mg/ml x 0.5 ml,
Tri-substituted 2: 1.0 mg/ml x 0.8 ml), one species
of the main component of.Di-substituted (0.34 mg/ml
x 3.0 ml) and two species of the main componeﬂts of
Mono-substituted (Mono-substituted 1: 0.48 mg/ml x
0.4 ml, Mono-substituted 2: 1.58 mg/ml x 0.5 ml).

As will be described in later examples, the
hydroxyl group of thé 66 position Ser counting from
the N-terminus of Mono-substituted 1 and the N-

terminal Met of Mono-substituted 2 were modified

with one molecule of polyethylene glycol.
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Exanpl.e 6 |Isolation of pol yet hyl ene gl ycol -nodi fi ed conponent:
The pol yet hyl ene gl ycol -nodi fi ed hG- CSF derivative reaction

so] ution (3) prepared in Exanple 3 (protein content, 30 ng) was
diluted 5 tines with a 20 mM acetate buffer (pH 4.5) -containing
150 nmM of sodium chl oride and passed through a colum packed wth
Sephacryl S-400 (nmanufactured by Pharmaci a) which had been
equilibrated in advance with the sanme buffer, and the eluates were
fractionated. By this operation, a crude fraction containing a conponent
nmodi fi ed wi Exanpde ol ecul es  of poI yet hyI ene glycol (Di -

substituted) was obtained. Thi on was pasged throu

packed wi t hIPSdyBLod1000SVRE (7. 85?1?riye|5 %1889¢ mm ﬁjﬁ’lﬁ%f: Hﬁ"%g"g&efi)soh
Corp.) to obtain a fraction containing Di-substituted. The thus
obt ai ned frSOMRAMRALE hurified using a cation exchange col umn, SP—5PVV

o R L R o R R e )

(0.43 myrndéf%&%ﬁh»e reaction solution (§¥3 prepared in

Example 3 (protein content, 30 mg) was diluted 5

times with a 20 mM acetate buffer (pH 4.5)

containing 150 mM of sodium chloride and passed

through a column packed with Sephacryl. S-400

{manufactured by Pharmacia) which had been

equilibrated in advance with the same buffer, and

the eluates were fractionated. By this operation, a

crude fraction containing a component modified with

two molecules of polyethylene glycol (Di-
substituted) was obtained.

This fraction was passed through a column

packed with TSK gel G4000SW,, (7.8 mm I.D. x 300 mm,

manufactured by Tosoh Corp.) to obtain a fraction
containing Di-subsfituted.

The thus obtained fraction was purified using

a cation exchange column, SP-5PW (manufactured by

Tosoh Corp.) under the same conditions described in

Example 4 to obtain one species of the main

component of Di-substituted (0.43 mg/mi x 3.0 ml).
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Exanpl.e 7 Peptide mapping of hG CSF derivative: The hG CSF
derivative prepared in Reference Exanple 1 was adjusted to 2 ng/m using a
phosphate buffer (pH 7.5), a 1.0 m portion of the thus adjusted
solution was treated with V8 protease (manufactured by Sei kagaku

Kogyo) under the conditions described in "H gh Performance Liquid

Chr omat ogr aphy of Protein and Peptide (11), Kagaku Zokan 117 (153-160
(1990); published by Kagaku Dojin)" and then a 50 [err]| portion of the
thus treated solution was injected into an HPLC to carry out HPLC

anal ysi s unBsramp2ef o | owm ng conditions. Conditions for HPLC anal ysi s:

Col um: PROTEIN & PEPTIDE C18 (4.6 mm|.D. x . 250 mm VYDAC)

Sol uti on A: Pepitd.dei mappiagtd¢f RECSF dertyphivhA:B: 90% acetonitrile
containing 0.1% trifluoroacetic acid Elutjon: linear density
gradient elution fr8ke hG-C3B| desivativeo prepaBed in BRIRFPHFS 215

nm Flow rate: 0.5 m/m.n Ni ng peaks.were.found on the
anal ytical BXARRLE of Pﬁ@rﬂ9@§§Eﬁﬁiﬁﬂi§ Wﬂé@&uﬂF&Pﬂ1%@P%°sPhate

29 - buffer (pH 7.5), a 1.0 ml portion of the thus
. adjusted solution was treated with V8 protease
(manufactured by Seikagaku Kogyo) under the
conditions desc:ibed in "High Performance Liquid
Chromatography of Protein and Peptide (II), Kagaku
Zokan 117 (153-160 (1990); published by Kagaku
Dojin)" and then a 50 pl portion of the thus treated
solution was injected into an HPLC to carry out
HPLC analysis under the following conditions.
Conditions for HPLC analysis:
Column: PROTEIN & PEPTIDE Cl18 (4.6 mm I.D. Xx
250 mm, VYDAC)
Solution A: 0.1% trifluoroacetic acid
Solution B: 90% acetonitrile containing 0.1%
trifluorocacetic acid
Elution: linear density gradient elution from
solution A to solution B
Detection: 215 nm
Flow rate: 0.5 ml/min
Nine peaks were found on the analytical

pattern of the hG-CSF derivative digested with V8
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pr ot ease.
anal ysis was carried out,

When each of the peaks was separated and its nolecul ar weight
t hese peaks were assigned as shown in Table 4.

Table 4 Peptide mappi ng of hG CSF derivative by V8 protease

Mol ecul ar wei ght anal yzed Peak Pepti de fragnent (cal cul at ed):
*(Na addition) 1 94 - 98 524.5* ( 502) 2

20 - 33 1512.8 (1514) 3 34 - 46 1648. 8
(1649) 4. 163 - 174 1438.9 (1440) 5 -1 -
2241.7 (2241) 6 124 - 162 4028.0 (4029) 7

105 - 123 proteas@263Weh22d@¢h of the peaﬁs wagg separateghcand
(5060) 9 99 - 123 ' 2836. (2836) Exanpl e 8.

Eﬂlnat|m1DtSmethﬂu%@rglw&#gbﬁuh%ga&2§¥$onw%ﬁ pERTFEefap PRl
Each of Mono-substituted 1, Mno-substituted 2, D -substituted,

Tri - subst i t thesel paaks wers assigned2ashishavd iinEfaie 4 -vas
digested wth a protease by a procedure simlar to the hG

30 -

CSF derivative peptide mappi ng described in Exanpl e
Table 4

Peptide mapping of hG-CSF derivative by V8 protease

Peak Molecular weight analyzed

No Peptide fragment *(calculgtgd)
* {(Na addition)

1 94 - 98 524 .5*% ( 502)
2 20 - 33 ~ 1512.8 (1514)
3 34 - 46 1648.8 (1649)
4 163 - 174 1438.9 (1440)
5 -1 - 19 2241.7 (2241)
6 124 - 162 4028.0 (4029)
7 105 - 123 2263.8*% (2240)
8 . 47 - 93 5060.5 (5060)
] 99 - 123 2836.9 (2836)

Example 8.

Estimation of polyethylene glycol binding position

by peptide mapping:

Each of Mono-substituted 1, Mono-substituted

2, Di-substituted, Tri-substituted- 1 and Tri-
substituted 2 obtained in Example 5 was digested

with a protease by a procedure similar to the hG-

- 30 -
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As the results, disappearance or considerable reduction of specified peaks
was found in Mono- substituted 1, Di-substituted, Tri-substituted 1 and
Tri-substituted 2 obtained in Exanple 5 (Table 5).

Table 5 Pepti de mappi ng of purified polyethylene glycol- nodi fi ed

hG CSF derivative conponent (conparison wi th unnodi fied hG CSF
derivative) Conponent D sappeared or markedly

reduced peak No. Mono-substituted 1 of Ex. 5 8 Mono-substituted 2
of Ex. 5 5 Di-substituted of Ex. 5 5 8
Tri-substitos® deefiviati¥e peptilieSmapfingsudesianikdd? th Bxasgple

3, 5, 8 It is believed that the HPLC peaks of the polyethylene
gl ycol -1'i nk@d peptide fragments will change when conpared with the

anal ytical pattern of the hG CSF derivative of Exanple 7. Based on Hhe
results of Table 4 Ast the seswkted dhsapReaprR@fgOfoFoRstdprable

ol yet hyl ene gl ycol was at |east, a tide residue (ipcludjng an
Rj_ t Zr m %al re%h%/ction of specifiggpsge_aks was ( P°‘éﬂ'gno%§ﬂo pno-
corresponding._to a fragpent of -1 to. 19.am.mno.acid,residyes, (pe ) af
the hG CSF Sg‘aﬁéf-i“\}?ﬁ_ Lie c%ggsaﬁbiﬁﬁ WeBSri t ey 28 e ed,
Tri-substitutedpd and, ILlvsSU08Ed Y5®bptained in Example 5 (Table

5).

Table 5

Peptide mapping of purified‘polyethylene glycol-
modified hG-CSF derivative component (comparison
with unmodified hG-CSF derivative)

Component Disaz?e;:;uacree;. poera ]:naiqrok.edly
Mono-substituted 1 of Ex. 5 8
Mono-substituted 2 of Ex. 5 5
Di-substituted of Ex. 5 5, 8
Tri-substituted 1 of Ex. 5 3, 5, 8
Tri-substituted 2 of Ex. 5 3, 5, 8

It is believed that the HPLC peaks of the
polyethylene glycol-linked peptide fragments will
change when compared with the analytical pattern of
the hG-CSF derivative of Example 7. Based on the
results of Table 4, it was estimated <that the
binding position of polyethylene glycol was at

least a peptide residue (including an N-terminal
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2 shown in Exanple 5. Wth regard to Mono-substituted 2, it was
found that the N-term nal Met residue of Mono- substituted 2 was nodified
with one nolecule of polyethylene glycol, because its N-term nal
sequence was not observed when the sequence was neasured using a -
protein sequencer PPSQ 10 manufactured by Shimadzu Corp. Wth
regard to Tri-substituted 1 and Tri- substituted 2, it was estimted that
pol yet hyl ene glycol was al so bound to at | east a peptide residue
(including an am no group of Lys) corresponding to a fragnent of 34 to 46
anm no aci d aminblegrqepk JorrespenddRPr ter i afinagment off n-3ddditQ on,
since the peak 8 disappeared or narkedly reduced in each of
g/bnp- substi18teaning - acidst regidues | - (pesk t Bkd efandthei - KBsESEUL ed
, It was estimated that polyethylene glycol was also, hound to ept.i de
residue (exdesdivatives izmni %b%;r s@ne ofof y§%°a‘ﬁd’l?ﬂ§’-l‘?‘kﬁ?dco$r'gsﬁéﬁ'di ng

;)f 3'[2 hése Coﬁﬁs’ﬁé#tg;.[‘%e% L;gﬁgfgtsggsézxgaotgg a:[n ngngCi'grr:i.q-ssiu %ﬁ:io‘lt.ut%%h
2 shown in Example 5.

With regard to Mono-substituted 2, it was
found that the N-terminal Met residue of Mono-
substituted 2 was modified with one molecule of
polyethylene glycol, because its N-terminal
séquence was nét observed whén the sequence was
measured using a protein sequencer PPSQ-10
manufactured by Shimadzu Corp.

With regafd to Tri-substituted 1 and Tri-
substituted 2, it was estimated that polyethylené
glycol was also bound to at least a peptide residue
(including an amino group of Lys) corresponding to
a fragment of 34 to 46 amino acid residues (peak 3)
of the hG-CSF derivative.

In aadition, since the peak 8 disappeared or
markedly reduced in each of Mono-substituted 1, Di-
substituted, Tri-substituted 1 and Tri-sﬁbstituted
2, it was estimated that polyethylene glycol was
also bound to a peptide residue (excluding free

amino groups of lysine and the like) corresponding
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Estimati on of polyethylene glycol binding position by peptide mapping:

The fraction of D -substituted obtained in
protease by a procedure simlar to the hG CSF derivative peptide

Exanple 6 was digested with a
mappi ng

descri bed in Exanple 7. When conpared with the anal ytical pattern of
the hG CSF derivative of Exanple 7, disappearance or considerable
reduction of the specified peaks shown in Table 6 was found in
D -substituted obtained in Exanple 6. Table 6
Pepti de mappi ng of purified polyethylene glycol - modi fied hG CSF
derivative tonpanefitagmemtrictn 47 to 93t lemknedi ardd haecsdues vad ve)

Conponent

D sappeared or markedly

reduced peakah of- fhsset qamponemtss 5 8 It is

predi cted that the HPLC peaks of the polyethylene glycol-linked peptide
fragnents wll - 33 -

change when

conpared with the angl ytical pattern of the hG CSF derivative of Exanple
7. Based of*@WPleeduits of Table 5, sinilar to the case of Exanple 8, i

vas estimlgd il e DN 0% PRI R enk® YRV L b1 ML1EY p¥Efrich

pepti de

by peptide mapping:

The fraction of Di-substituted obtained in
Example 6 was digested with a protease by a
procedure similar to the hG-CSF derivative peptide
mapping described in Example 7.

When compared with the analytical pattern of
the hG-CSF derivative of Example 7, disappearance
or considerable reduction of the specified peaks
shown in Table 6 was found in Di—sﬁbstituted

obtained in Example 6.

Table 6

Peptide mapping of purified polyethylene glycol-
modified hG~CSF derivative component (comparison
with unmodified hG-CSF derivative)

Disappeared or markedly

Component reduced peak No.

Di-substituted of Ex. 5 5, 8

It is predicted that the HPLC peaks of the

polyethylene glycol-linked peptide fragments will

- 33 -
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(including an N-term nal am no group) corresponding to a fragnent of -1 to
19 amno acid residues and a peptide residue (excluding free am no groups
of . lysine and the like) corresponding to a fragnent of 47 to 93 am no
acid residues of the hG CSF derivative in the case of D -substituted shown
in Exanple 6. Exanpl e 10 Estimation of polyethylene glycol binding
position by peptide nmapping: The bi ndi ng position of polyethyl ene
glycol on Di-substituted obtained by a procedure simlar to that of
Exanpl e 4 was exam ned by peptide mapping in a manner simlar to those_in
Exanpl es 7 <ivange |whess eompamed #icthpdihet ppachetiopbl pakkeansof
bound to a peptide_residue (|nclud|ng an. N-terninal _ani no group)

cor r espondi P eo }hGTFﬁneﬁ@no‘fa Ve PF aFXARBLRY Tesi dB@&Sedd %Ppe’ﬂ[‘?de

residue (e cI di fre of sine an
(63 (e 1'1-°Lg°% 6% [ Habisd gg;%ﬁﬂnl 5108  Ehgernen of (Bxamplaino
acid resi dugs of e BG.CSe JEELULNE b 0% 1SR aRly D pSUL LS o

polyethylene glycol were a peptide residue
(including an N-terminal amino group) corresponding
to a fragment of -1 to 19 amino acid residues and a
peptide residue (excluding free amino groups of
lysine and the like) corresponding to a fragment of
47 to 93 amino acid residues of the hG-CSF
derivative in the case of Di-substituted shown in

Example 6.

Example 10
Eétimation of polyethylene glycol binding position
by peptide mapping:

The binding position of polyethylene glycol
on Di-substituted obtained by a procedure similar
to that of Example 4 was examined by peptide
mapping in a manner similar to those in Examples 7
and 8. It was estimated that polyethylene glycol
was also bound to a peptide residue (including an
N-terminal amino group) corresponding to a fragment
of -1 to 19 amino acid residues and a peptide

residue (excluding free amino groups of lysine and
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Purification of pol yet hyl ene gl ycol -nodi fied peptide: A
fragnment of polyethylene glycol-bound peptide was isolated from

Di ;substituted conponent by the follow ng procedure -in order to exam ne
“pol yet hyl ene glycol binding amno acid residues in the peptide fragnent
corresponding to the 47 to 93 position am no acid residues containing no
free amno groups, of the hG CSF derivative or hG CSF, which was the
pol yet hyl ene gl ycol binding position confirmed in D -substituted of
Examples 4, 5 and 6, Tri-substituted 1 and Tri-substituted 2 of Exanple
5, Mono-subdie t bike) 1 covfesromdpng $o0 aMfivagmenttiofiteli71 tnd 93
D -substituted of Exanple 14, Di- substituted, Tri-substituted 1 and
Tri - subst i t 8degno 2agrigy QR iduesorof theshG168E, deriyakiveutise theind
Tri-substituted 2 qof Exanple 20, That is, 30 m _of a fraction

cont ai ni ng 6&se safsDiysupstktutad shpxn, ipofwAamRLle 4protein
concentration, 2.2 ng/m) was obtained by a cation

- 35 - exchange chromat ography columm, SP-5PW in a manner
simlar to that i nple 5 froma pol yethylene glycol-nodified hG CSF
derivative é‘&é‘tﬁ’gﬁ%@ ution prepared in a manner simlar to that in

Exanpl e 1. Pu?ﬁigficatlﬂén VWay g di gﬁéi%th%teqxe thewg&iﬂlmodified
peptide:

A fragment of polyethylene glycol-bound
peptide was isolated from Di-substituted component
by the following procedure "in order to examine
polyethylene glycol binding amino acid residues in
the peptide fragment corresponding to the 47 to 93
position amino acid residues contaiﬁihg no free
amino groups, of the hG-CSF derivative or hG-CSF,
which was the polyethylene glycol binding position
confirmed in Di-substituted of Examples 4, 5 and 6,
Tri-substituted 1 and Tri-substituted 2 of Example
5, Mono—subsfituted 1 of Example S, Mono-
substituted 1 and Di-substituted of Example 14, Di-
substituted, Tri-substituted 1 and Tri-substituted
2 of Example 17 or Di-substituted, Tri-substituted
1 and Tri-substituted 2 of Example 20.

That is, 30 ml of a fraction containing Di-
substituted as the main component (protein

concentration, 2.2 mg/ml) was obtained by a cation
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(manufactured by Sigma). Using a gel filtration colum (Sephacryl S-300,
manuf actured by Pharmacia), the enzyne reaction solution was fractionated
to obtain the desired pol yet hyl ene gl ycol -bound peptide fraction
(about 30 nm). The result of mass spectronetry (MALDI-TOF WMS) -of
the peptide fraction was 22155.89 (MtH), and the result of am no acid
anal ysis showed Ser 2.7 (3), Pro 1.0 (1), Leu 1.0 (1) and Cys 0.9 (1).
Based on the results of mass spectronetry and amino acid analysis, it mas
estimated that the sanple isolated by the above rocedure was
fragnent i exhhenge| ghrgmategrapby welvsund SP-8P eptH&e Ebfmpesff??on
61 residue to the 66 position residue [LeuSer SerCysProSer
glc}eg?él dserﬁﬂ-m%élaﬂ $o Hhabnetny Eyampls) -%rof??“beﬁ nBP LR EBYHSRE t he
erivative
Exanpl e 12 gkecednmadifieds hGy p%FFetﬂ?Fé’ﬁ’éﬁtlgﬁycﬁleaCB:l'ﬂﬁl LB Ron

B B paned, AR i ooy LESar A RS SR b4 miBlibbre 1.
Next, this was digested with thermolysin
(manufactured by Sigma). Using a gel filtration
column (Sephacryl S-300, manufactured by Pharmacia),
the enzyme reaction solution was fractionated to
obtain the desired polyethylene glycol-bound
peptide fraction (about 30 mg)-.

The result of mass spectrometry (MALDI-TOF

' MS) of the peptide fraction was 22155.89 (M+H), and
the result of amino acid analysis showed Ser 2.7
(3), Pro 1.0 (1), Leu 1.0 (1) and Cys 0.9 (1).

Based on the results of mass spectrometry and
amino acid analysis, it was estimated that the
sample isolated by the above procedure was a
fragment in which polyethylene glycol was bound to
a peptide of position 61 residue to the 66 position
residue [LeuSerSerCysProSer (leucyl-seryl-seryl-S-
amidomethylcysteinyl~-prolyl-serine) residue] of the

hG-CSF derivative.
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61 to_66 position amino acid residues of the hG CSF derivativ

e was

synt hesi zed by a peptide solid phase synthesis nethod (PSSM 8,

Shimadzu Corp.) and ani donethyl ated under the conditions sh
Performance Liquid Chromatography of Protein and Peptide (11)
Zokan 117 (153-160 (1990); published by Kagaku Dojin)" and th
am donet hyl at ed pepti de (l eucyl -seryl -seryl - S

am donet hyl cystei nyl -prol yl -serine) was purified by reverse
A 0.6 ng portion of the am donethylated peptide was diss
deuteri um Exampleulldd dinethyl sulfoxide (d6-DVBO to car

own in "High
, Kagaku-
en the thus

phase HPLC.
olved in
ry out

[err]HNWR anal ysis (500 MHz). In a simlar manner, [err]H NVR anal ysis

was carri edPekexming tirRy ofcfhe BRIyethylase g ygd¥IRhnd
obt ai ned in _ExanRI 11, Chenical shift of protons (other th
ori gi nati ngPoSrbhP yeATYMBe  glycol) observed by each

bindiag
an those
analysis is
or

shown in Tables 7 d_8..,Fromthe resulgs, ~all_ of .t he protons I gi nating
fromthe [err] OH grdulReBF ee$§ﬁ§Fé§%$8¥%R§%Ser Hredey1~sdryl-

- sarvheo YL IS b S TR GRTEY W aaaldda ol cled ey

synt hesi s. enonena Were observe

pol yet hyl englglggolgéaggggi@%)ﬁ! ggnf}r%aim?di %gg@é&s 1L¢ | Pnaddiglerg O

the signal of protons originatin om pol yet ene
derivative was synthesized by a peptide sol

id phase

synthesis _method (PSSM 8, Shimadzu 'Corp.) and

amidomethylated under the conditions shown in "High

Performance Liquid Chromatography of Protein and

Peptide (II), Kagaku Zokan 117 (153-160

(1990) ;

published by Kagaku Dojin)" and then the thus

amidomethylated peptide (leucyl-seryl-

seryl-S-

amidomethylcysteinyl-prolfl—serine) was purified by

reverse phase HPLC. A 0.6 hg portion

of the

amidomethylated peptide was dissolved in deuterium-

substituted dimethyl sulfoxide (d,-DMSO) to carry

out H-NMR analysis (500 MHz). In a similar manner,

'H-NMR analysis was carried out using 20 mg of the

polyethylene glycol-bound peptide obtained in

Example 11. Chemical shift of protons (other than

those originating from polyethylene

glycol)

observed by each analysis is shown in Tables 7 and .

8. From the results, all of the protons originating

from the YOH groups of three Ser residues were
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glycol, that the proton originating from[err]OH group of the 66 position
Ser residue of the hG CSF derivative was not observed, that [err] proton
of .the sane Ser residue was shifted to about 0.6 ppm|ower nagnetic field
and that am do proton of the same Ser residue gave a broad signal in -
conparison wwth other am do protons. On the basis of the above results,
It was confirnmed that the binding position of polyethylene glycol was the
66 position Ser residue of the hG CSF derivative.

- 38 - Table 7

Cheni cal shidanfppmedf imotthe | amidoneshyrlated PePtﬂ-de o!a;alned
am donet hyl ated peptide synthesized Resi due NH err] err H
O hers by synthesis. On the other hand, some phen

we:e observed in the polyethylene glycol-bound
peptide obtained in Example 11, in addition to the
signal of protons originating from polyethylene
glycol, that the proton originating from YOH group
of the 66 .position Ser residue of the hG-CSF
derivative was not observed, that B proton of the
same Ser residue was shifted to about 0.6 ppm-lower
magnetic field and that amido proton of the same
Ser residue gave a broad signal in comparison with
other amido protons. On the basis of the abov'e
results, it was confirmed that the binding position
of polyethylene glycol was the 66 position Ser

residue of the hG-CSF derivative.
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Leu 61 8.06 3. 86 1.52, 1.57 [err]HL. 67, [err]CHerr]0.92 Ser

62 8.66 4. 47 3.57, 3.64 [err] OH5. 13 8. 66 4. 49
3.83 [err]OH5.04 Ser 63 8.03 4. 32 3.58

[err] OH4. 85 8. 06 4. 32 3.57 [err]OH#4.80 Cys 64
8.19 4. 68 2.63, 2.96 CH err]3.12, NHerr]7.05, 7.42

7.97 4. 60 2.63, 2.90 CHerr]3.12, NHerr]7.10, 7.45 Pro 65
4.42 1.91, 2.02 [err]H1.86, [err]H3.61 4. 80
1.98, 2.20 [err]H .83, [err]H3.45, t3p40 7Ser 66 7.98 4.23
3.60, 3.70 [err] OH4. 94 8. 40 4. 24 3.80, 3.72

[err] OH4. 90 The i tchemicdagpeniepr gxent o£CGpSof¥r®m in NMR analysis '
Table 8 Chemcal shift ¢ppmidoneithdlaged repgsddyesimtitasdzglycol noi ety) of

protons in_NVR analysis of polvethylene glycol-npdified peptide - isolated
from pol yet hz)élse:aee gl wep! - nodickired -hG C&Ffmderl vat | ve Regitddes NH
CaH TeTS 366

1.44, 1. 56 ﬁ%é‘? |37°(f er err @-"%o1 .57 yH1.67, 0CH,O. 923 73 1. 47,
1.60 [err] g [ € ggo g r62 64 g WHS.13 4 43 357 3.64

yOH5. 17 Sar 63 : Ser 63 Y°f§ 4 4.30  3.60
yOH4. 85 Doz 3. 63 p 8 18 4. 68
2.68, 3.03 rr] 2, N el 7. 7£% 28 o5, 4.

C 1 8 63 N 05,
2.67, 2.90 [err]; g2, N 17.Q2437. 8% FPr0 12 NH,7.19,

1.87, 2.02 pé’J"[s%”] 86, [erih'd[e” 67 2.00 yui.ve. sms er 460 2.12,
2.04 [err]H . 1.83, [erdrdg3. 404, 335223_13 65, %38 dH3.45, é 48 4.17,
4;:32 Ser 75566 7.98 4.213_ 23 4. 15,,66l 46 70 Thfbmt gl4| c type represents

G s-Pro. 8.40 4.24 3.80, 3.72 yoH4.90- 39 -

The italic type represents Cis-Pro.

Table 8

Chemical shift (ppm, excluding the polyethylene glycol moiety) of
protons in NMR analysis of polyethylene glycol-modified peptide
isolated from polyethylene glycol-modified hG-CSF derivative

Residue NH CoH CBH Others

Leu 61 3.66 1.44, 1.56 yH1.70, 8CH,0.90
3.73 1.47, 1.60 yH1.67, BCH,0.90
Ser 62 8.51 4.43 3.57, 3.64 yOH5.17
8.90 4.37 3.64
Ser 63 8.03 4.30 3.60 yOH4 . 85
8.06 4.21 3.58, 3.63
Cys 64 8.18 4.68 2.68, 3.03 CH,3.12, NH,7.02, 7.43
_ 8.08 4.62 2.67, 2.90 CH,3.12, NH,7.02, 7.62
Pro 65 4.33° 1.87, 2.02 yH1.86, OH3.67
4.60 2.12, 2.04 yH1.72, 1.83, 8H3.40, 3.52
Ser 66 7.88 4.28 4.17, 4.32
7.66 4.21 4.16, 4.46

The italic type represents Cis-Pro.
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Exanpl.e 13 Preparation of polyethylene glycol-nodified hG CSF reaction
sol ution: A4.0mM portion of a 4.0 ng/mM solution of hG CSF
prepared using a phosphate buffer (pH 7.5) was mxed with 83 ng of

N- hydr oxysucci ni m de ester of nononet hoxypol yet hyl ene gl ycol propionate
(M SPA- 20,000, manufactured by Shearwater Polynmer) and the m xture was
stirred at 4[err]C for a whole day and night. Exanple 14 |Isol ation
of pol yet hyl ene gl ycol -nodi fied conponent: The pol yet hyl ene
gl ycol -nodi fied reaction solution prepared in Exanple 13 (protein content,
16 ng) was BxlampleSlt3 nes with a 20 mM acetate buffer (pH 4.5)
containing 150 nM of sodium chloride and fractionated using a colum
packed witRreégrmatilons 400 (pehyedhylenehyglizcadcmodifidied hE-6&H
equilibrated in advance with the sane buffer. By this operation, a
fracti on marelactiom #nlu§ismonponent nodified with two nol ecul es of

pol yet hyl ene glycol (D -substituted) and a crude  fraction | nly.
contai ning a conpor®ntd nHdm% eportion of a 4.0 mg}mf_%ﬁﬁgtlon of

hG-CSF prepared using a phosphate buffer (pH 7.5)
wés mixed with 83 mg of N-hydroxysuccinimide ester
of monomethoxypolyethylene glycol propionate (M-
SPA-20,000, manufactured by Shearwater Polymer) and
the mixture was stirred at 4°C for a whole day and

night.

Example 14 _ _
Isolation of polyethylene glyéol-modified
component: '

The polyethylene glycol-modified reaction
solution prepared in Example- 13 (protein content,
16 mg) was diluted 5 times with a 2.0 mM acetate
buffer (pH 4.5) containing 150 mM of sodium
chloride and fractionated using a column ﬁacked
with Sephacryl 8S-400 (manufactured by Pharmacia)
which had been equilibrated in advance with the
same buffer. By this operation, a fraction mainly
containing a component modified with two molecules
of polyethylene glycol (Di-substituted) and a crude

fraction mainly containing a component modified
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wi th gne nol ecul es of pol yethyl ene glycol (Mono- substituted) were
obt ai ned. Each of these fractions was applied to a colum packed wth TSK
gel &4000SWerr] (7.8 nm1.D. x 300 mm nmanufactured by Tosoh Corp.) to
obtain a fraction containing Di- substituted or Mono-substituted. :
Thereafter, each of these fractions was purified using SP-5PW(21.5 nmm
l.D. x 150 mm nmanufactured by Tosoh Corp.) to obtain one species of the
mai n conponent of Di- substituted (0.61 nmg/m x 0.6 m) and two species of
the main conponent of Mno-substituted (Mno- substituted 1: 0.46
ng/ M x 1. 0wdHth vemesupoliecudes 200 @mokyekhylene niglycokxafipaocs

Estimati on of _pol yethyl ene gl ycol _binding position Dby peptide mapping:
Each of Monguhmkiitutied) 1?‘%00%119%(-% EachheHi tg‘tﬂﬁ?i fli’tae‘élgb&tna? ned

L S apERA bt " DEONEES e UM T G

results, di gapegegnce of gONghOCAN e koG Ofm O maREFHdETr Py
Tosoh Corp.) to obtain a fraction containing Di-
substituted or Mono-substituted. Thereafter, each
of these fractions was purified using Sf~5PW (21.5
mm I.D. x 1SQ mm, manufactured by Tosoh Corp.) to
obtain one species of the main component of Di-
substituted (0.61 mg/ml x 0.6 ml) and two species of
the main component of Mono-substituted (Mono-

substituted 1: 0.46 mg/ml x 1.0 ml, Mono-substituted
2: 0.61 mg/ml x 0.7 ml).

Example 15
Estimation of polyethylene glycol binding position
by peptide mapping:

Each of Mono-substituted 1, Mono-substituted
2 and Di-substituted obtained  in Example 14 was
digested with a protease by a procedure similar to
the hG-CSF derivative peptide mapping described in
Example 7.

As the results, disappearance or considerable

reduction of specified peaks was found when
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conpared with the analytical pattern of hG CSF as was found in Exanple 8.
According to a nethod simlar to that in Exanple 8, the binding position
of . pol yet hyl ene glycol was estimated as foll ows. Mono-substituted 1:

The position was within a peptide fragment (not including free am no -
groups of lysine and the 1like) corresponding to the 47 to 93 position

resi dues of the am no acid sequence represented by SEQ ID NO 1, and it was
confirmed according to the nmethod described in Exanple 12 that the
hydroxyl group of the 66 position Ser counting fromthe N. termnus was
nodi fied weompaned nwiddu| &he onadvfidieglcerragitrrn. ofpoREsHRE | @R ed
2: The position was withipn a peptide fragnent (including an
N-terninal ¥&sofgragh)iroE*AmBAG ® to the -1 to 19 position residues of

Lhe arm o aci 6, seagenes ACREEOS o DL SERLD Mo 209 |k sengant Lo,
[mgizfi_ed Whr}:azggfemlf,cmghgf %ojl.xgtifﬁlengogli)éc]pén gfsﬁéige%ﬁgiene
| glycol was estimated as follows.
Mono-substituted 1:

The position was within a peptide fragment
(not including free aminoe groups of lysine and the
like) corresponding to the 47 to 93 position
residues of the amino acid sequence represented by
SEQ ID NO:1, and it was confirmed according to the
method described in Example 12 that the hydroxyl
group of the 66 position Ser counting from the N-
terminus . was modified with one molecule of
polyethylene glycol.

Mono-substituted 2:

The position was within a peptide fragment
(including an N—términal amino group) corresponding
to the -1 to 19.position residues of the amino acid
sequence represented by SEQ ID NO:1, and it was
confirmed according to the method described in
Example 7 that the N-terminal Met was modified with
one molecule of polyethylene glycol.

Di-substituted:
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A peptide fragnment (including an N-term nal am no group) corresponding to
the -1 to 19 position residues, and a peptide fragnment (not including
free am no groups of lysine and the |ike residues) corresponding to the 47
to 93 position residues, of the am no acid sequence represented by SEQ ID
NO 1. Exanpl e 16 Preparation of polyethylene glycol-nodified hG CSF
derivative reaction solution: The hG CSF derivative prepared in

Ref erence Exanple 1 was adjusted to 0.9 ng/m using a phosphate buffer
(pH 7.2) to obtain 600 m of the adjusted solution. Wile cooling in an
ice bath, the thusPoeePitdfeolfxagnent nlinmgluMding 7ap oN-terminal

N- hydr oxysucci,ni m de ester of 2,4-biség-nethoxy- pg%éethylene L.

gl ycol ) - 6- (3ERPoFHAWPY | SRFEPSPOnding | ke Juhe 5@ ol Semedsien ar
to that in Reference Exangle 2, and,the mxture was stirred at 4[err]C
for 48 hour SSHPPESar e %’qgm Fet mgﬁé% ychgg‘?‘ﬁ)’aFf i dRAE CciRRAiRng ve
remnlonsokgggna%@no groups of 1lysine and the lifg residues)
corresponding to the 47 to 93 position residues, of

the amino acid sequence represented by SEQ ID NO:1.

Example 16_
Preparation of polyethylene glycol-modified hG-CSF
derivative reaction solution: -

The hG-CSF derivative prepared in Reference
Example 1 was adjusted to 0.9 mg/ml. using a
phosphate buffer (pH 7.2) to obtain 600 ml of the
adjusted solution. While cooling in an ice bath,
the thus obtained solution was mixed with 8.7 g of
N-hydroxysuccinimide ester of 2,4-bis (o-methoxy-
polyethylene glycol) -6- (3-carboxypropylamino) -s-
triazine obtained by a method similar to that in
Reference Example 2, and the mixture was stirred at
4°C for 48 hours to prepare a polyethylene glycol-

modified hG-CSF derivative reaction solution (4).
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Exanple 17 Isolation of pol yet hyl ene gl ycol -nodi fi ed

conponent : The pol yet hyl ene glycol -nodified hG CSF derivative
reaction solution (4) prepared by a nethod simlar to that in Exanple 16
(protein content, 40 ng) was passed through a columm packed wth .
Sephacryl S-300 (rmanufactured by Pharmacia) which had been equilibrated in
advance with a 20 mM acetate buffer (pH 4.5) containing 150 nM of sodi um
chloride, and the eluates were fractionated. By this operation, a crude
fraction containing a conponent nodified with three nol ecul es of

pol yet hyl en&Xp®pRdre (H7i-substituted) and a crude fraction containing a
conponent nmpdifjed with two nol ecul es of onetherne %d¥CO|

(Di - substltl]:tsé?j}at\i’oé’r‘b obt aPfed. Polyghh¥lemehese GlEerdmmqgified
purified usin cat,j on exchange col um SP-5PW (manufactured by Tosoh
Corp.) in a gRrefti | ar to that in Exanple. 4 to obtain two species of

th [ t T b d (Tri-subst,tut ;. Q.49 /
13 . %?FPSEEL% Trheq oboyesthylais | | wiypal et find. o AR sk
”3”1Conponﬁgrfaaglégbsytégggoﬁj'gol@%f@n :%2)n1£repared by a

- 44 -
method similar to that in Example 16 (protein

content, 40 mg) was passed through a column packed
with Sephacryl 8-300 (manufacturgd by Pharmacia)
which had been equilibrated in advance with a 20 mM
acetate buffer (pH 4.5) containing 150 mM of sodium
chloride, and thé eluates were fractionated. By
this operation, a crude fraction containing a
component modified with .three molecules of
polyethjlene glycol (Tri-substituted) and a crude
fraction containing a component modified with two
molecules of polyethylene glycol (Di-substituted)
were obtained.

Each of these fractions was purified using a
cation exchange column SP-5PW (manufactured by
Tosoh Corp.) in a manner similar to that in Example
4 to obtain two species of the main componénts of
Tri-substituted (Tri-substituted 1: 0.49 mg/ml x 1.3
ml, Tri-substituted 2: 0.57 mg/ml x 1.5 ml) and one
species of the main component of Di-substituted

(1.94 mg/ml x 1.2 ml).
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Exanple 18 Estimation of polyethylene glycol binding position by peptide
mappi ng: Pol yet hyl ene gl ycol - bi ndi ng positions of D - substituted,
Trj-substituted 1 and Tri-substituted 2 obtained in Exanple 17 were

exam ned by a procedure simlar to the peptide mapping described in
Exanples 7 and 8. Also in D -substituted, Tri-substituted 1 and
Tri-substituted 2 obtained in Exanple 17, it was estimted that

pol yet hyl ene gl ycol was bound to a peptide fragment (including an
N-term nal amno group) corresponding to the -1 to 19 position residues
of the hG CSF derivative and to a peptide fragnent (not including free
am no groups of | and the |like) corresponding to the 47 to 93
position reﬁmﬁiﬁ 18e hG CsF derlvatlve In Tri- substituted 1 and

Tri-substityted, 2, it | t hat pol hy] ene, gl ycol mas al so
bound  £o al"r’%*éagte%%p%e ReLyRThTLrRE LBIkAah ThERsiRds o Bl hins
correspondi to t 4 tQ 46, BQSIIIOH resi dues (peak 3) of the hG CSF
derivative. P ide mapping: - 45 -

Polyethylene glycol-binding positioné of Di-
substituted, Tri-substituted 1 and Tri-substituted
2 obtained in Example 17 were examined by a
procedure similar to the peptide mapping described
in Examples_7 and 8. |

Also in Di-substituted,” Tri-substituted 1 and
Tri-substituted 2 obtained in Example 17, it was
estimated that polyethylene glycol was bound:  to a
peptide fragment (including an N-terminal amino
groﬁp) corresponding to. the -1 ¢to 19 poéition
residues of the hG-CSF derivative and to a peptide
fragment (not includihg free amino groups of lysine
and the 1like) corresponding to the 47 to 93
position residues of the hG-CSF derivative. In Tri-
substituted 1 and Tri-substituted 2, it was
estimated that polyethylene glycol was also bound
to at least a peptide fragment (including an amino
group of Lys) corresponding ¢to the 34 to 46

position residues (peak 3) of the hG-CSF derivative.
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Exanple 19 Preparation of polyethylene glycol-nodified hGCSF derivative
reaction sol ution: The hG CSF derivative prepared in Reference
Exanple 1 was adjusted to 0.9 ng/m wusing a phosphate buffer (pH
7.3) to obtain 560 m of the adjusted solution. Wile cooling in an ice
bath, the thus obtained solution was mxed with 22.4 g of

N- hydr oxysucci ni m de ester of 2,4-bis(o- nethoxypol yet hyl ene

gl ycol ) - 6-(3-carboxypropyl - am no)-s-triazine obtained by a nethod
described simlar to that in Reference Exanple 4, and the m xture was
stirred at Fxampdef ck948 hours to prepare a pol yet hyl ene gl ycol - rmdified
hG CSF derivative -reaction _solution (5 Exanpl e 20 Isol ation

pol yet hyl en?rePQF’-’?&ﬂ@ﬁDdﬁ’fi cBolystbydene glycofmmogdiEiedy| bﬁe‘CSF
gl ycol - nodi fj ed hG CSF derjyative reaction solution (5) prepared by a
met hod si ni CRTiBatiye; Feachhre 153"{'15 TR h content, 15 ng) was passed

ot ol gt 1 GeSentae] 08 (o By el
- 46 - Example 1 was adjusted to 0.9 mg/ml using a
phosphate buffer (pH 7.3) to obtain 560 ml of the
adjusted solution. While cooling in an ice bath,
the thus obtained solution was mixed with 22.4 g of
N-hydroxysuccinimide ester of - 2,4-bis (o-
methoxypolyethylene glycol) -6~ (3-carboxypropyl-
amino)-s-triazine obtained by a method described
similar to that in Reference Example 4, and the
mixture was stirred at 4°C for 48 hours to prepare
a polyéthylene glycol-modified hG-CSF derivative

reaction solution (5).

.Example 20
Isolation of polyethylene glycol-modified
component:

The polyethylene glycol?modified hG-CSF
derivative reaction solution (5) prepared by a
method similar to that in Example 19 (protein
content, 15 mg) was passed through a column packed
with Sephacryl 8S-400 (manufactured by Pharmacia)

which had been equilibrated in advance with a 20 mM
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acetate buffer (pH 4.5) containing 150 mM of sodium chloride, and the
el uates were fractionated. By this operation, a crude fraction
containing a conponent nodified with three nol ecul es of

pol yet hyl ene glycol (Tri-substituted) and a crude fraction containing-a
conmponent nodified wwth two nolecul es of polyethylene glycol

(D -substituted) were obtained. Each of these fractions was
purified using a cation exchange col um SP-5PW (nmanufactured by Tosoh
Corp.) in a manner simlar to that in Exanple 4 to obtain tw species of
the main comeRéate cdhufiferspH i duttdd ¢Pnitaindmg ulsd 1mM3 .68 sgdium
0.4 m, Tri-substituted 2:. 0.26 ng/mM x 2.1 m) and one species of the
mai n conponétRlgrigie sumanh uthe @leates nivere 2fmactiomxtbed.c 21By
Estimati on qf, pol yet hyl ene, gl ycol binding position . by peptide mapping:
Pol yet hyl ené‘*bf?col°-5¥ﬁai Bosi tRonSTHRA - frashient eccontginipsat it at ed

1 and Tri-substituted, 2 obnglged in Exampml e 2Q .were exam ped QX a
procedure siTITRPASFAthe MQtGaShppi Hd WRscri S n BRAMFVLILeSand BF

Also in Di'%@f&%@ilt en-le_ri'glycol (Tri-substituted) 47af1d a crude
fraction containing a component modified with two
molecules of polyethylene glycol (Di-substituted)
were obtained.

Each of these fractions was purified using a
cation exchange column SP-5PW (manﬁfactured by
Tosoh Corp.) in a manner similar to that in Example
4 to obtain two species of the main components of
Tri-substituted (Tri-substituted 1: 3.53 mg/ml x 0.4
ml, Tri-substituted 2: 0.26 mg/ml x 2.1 ml) and one
species of the main component of Di-substituted

(0.84 mg/ml x 1.2 ml).

Example 21
Estimation of polyethylene glycol binding position
by peptide mapping:

Polyethylene glycol-binding positions of Di-
substituted, Tri-substituted 1 and Tri-substituted
2 obtained in Example 20 were examined by a

- procedure similar to the peptide mapping deécribed

in Examples 7 and 8. Also in Di-substituted, Tri-
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substituted 1 and Tri-substituted 2 obtained in Exanple 20, it was
estimated that pol yethylene glycol was bound to a peptide fragnent
(ishcluding an N-term nal am no group) corresponding to the - to 19
posi tion residues of the hG CSF derivative and to a peptide fragnent (not
including free amno groups of lysine and the |ike) corresponding to the
47 to 93 position residues of the hG CSF derivative. In Tri-substituted 1
and Tri-substituted 2, it was estimted that polyethylene glycol was also
bound to at Ieast gtlde fragment (including an am no group of "Lys)
cor r espondi S§P$ 1% t @ndip Tﬁ&s‘ﬁ‘i‘%ﬁﬁ%‘?ﬁ&& # tpPhadred in
derivati ve. Ex 2 Protease resi st ance chem c¢al |
modi fied pHFSATER i 26; t A Was meﬁ&"ﬂ%ﬁeg‘f etahﬁtof Qﬂiyﬁ%"‘gﬁ&ﬂ%s
of Mono-substi t ut ed co ents tai ned_in Ex 14 was p $se r.ough a
gel (111t ar BaYSREL NS BERAR, ke Ha (RAPSIAR rasnsBE DYLHEH ALY
Phar maci a) | equi.l i br th h er_4 pH
a eﬁut'é%PSS'i il d g‘ﬁ’uﬁ 8 por{s’k’h 2 s Wdero

5.0), and t ates werée recover
- 48 - to 19 position residues of the hG-CSF derivative

and to a peptide fragment (not including free amino
groups of lysine and the like) corresponding to the
47 to 93 position residues of the hG-CSF derivative.
In Tri-substituted 1 and Tri-substituted 2, it was
estimated that polyethylene glycol was also bound
to at least a peptide fragment (including an amino
group of Lys) éorresponding to the 34 to 46

position residues of the hG-CSF derivative.

Example 22
Protease resistance of chemically modified
polypeptide:

A 0.5 ml portion of each of the two species
of Mono-substituted components obtained in Example
-14 was passed through a gel filtration column
[Sephadex G-25 (NAP-5, manufactured by Amersham-
Pharmacia)] which had been equilibrated with a 10
mM phosphate buffer (pH 5.0), and the eluates were

recovered in 1.0 ml portions.
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Each of the thus recovered fractions was diluted with a 10 nmM phosphat e
buffer (pH 5.0) to adjust the protein concentration to 0.2 ng/m. A
2 M portion of each of the thus diluted fractions was mxed with 0.2
ng/ M of thernolysin (enzyne/substrate ratio = 1/50) and the m xture was

allowed to react at 30[err]C Sanmpl es were periodically collected
fromthe reaction solutions in 100 [err]l portions and mxed with 2
[err]] of acetic acid to termnate the reaction. Using 50 -[err]l

of each of the reaction- termnated sanples, HPLC analysis was carried
out under the fol IBachy cofidi thens.thiaBlLC xeacbysxedonfinachions was

Col um: TSK gel (4000SWerr] (7.8 nmI.D. x 300 nm (manuf act ured by
Tosoh) dilptedt iwhth288 @ mM phwsphetsaduffies n{PRah- 80 nitro
sodi um acetate buffer (pH 4.5) Flow rate: 0.8 npl/mn

Mono- subst i addaws & Eh@ﬁpP2°W§r@eFGF\§E?BFrét$@Ferﬂq off - &i rﬂg_Pll'Z m nut es.

e e om0, oA Wi e Ths T8 A BE BEL adfSean

degree of h¥graoc| J?io%sOfwtageszenixed with 0.2 mg/ml of 4tghérmolysin
(enzyme/substrate ratio = 1/50) and the mixture was
allowed to react at 30°C.

Samples were periodically coLlected from the
reaction solutions in 100 pl portions and mixed with
2 ul of acetic acid to terminate the reaction.

Using 50 ul of each of the reaction-
terminated samples, HPLC analysis was carried out
under the following conditions.

HPLC analysis conditions:

Column: TSK gel G4000SWy, (7.8 mm I.D. x 300

mm) (manufactured by Tosoh)

Detection: 280 nm

Mobile phase: 150 mM NaCl/20 mM sodium

acetate buffer (pH 4.5)

Flow rate: 0.8 ml/min

Mono-substituted's 1 and 2 were eluted at a
retention time of 12 minutes. When these Mono-
substituted's were hydrolyzed by thermolysin, the
detection peak found at the position of 12 minutes

decreases so that the degree of hydrolysis of these
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Mono . substituted's by t her nol ysin coul d be confirned.
Table 9 shows periodic changes in the residual ratio of
Moho-substituted's calculated fromthe decreasing ratio of the detection

peak found at the position of 12 m nutes. Table 9
Stability against thernmolysin Reaction tinme Mno-substituted 1

Mono- substituted 2 (hr). of Ex. 14 : of Ex. 14 0
100 . 100 15 95 72 '
23 89 It was found fromthe

resul ts shoManion Tagubstitusedbno- smtutm@@qw%nch eeudsl nobeEfi ed

wi th polyethyl ene glycol was nmore resistant to thernolysin than

Mono- subst i ‘FBP&?-?“FF’ ‘which the N term nus vvas modi fi ed. Exanpl e 23
Stability of ch IIy | eptide ai nst
freezi ng- t hawi ng: Fab A9 n1sbﬁvﬁ?on of th SpeciBs ofhe

Mbno- substltuted co onen s obt ai i _
go s xe o Tat38q ¢ Rifou %‘ﬁ,ﬁ?’%w}l&ﬁ%scmﬁﬁﬂrsulated
from the decreasing ratio of the detection peak

found at the position of 12 minutes.

Table 9

Stability against thermolysin

Reaction time i Mono-substituted 1 | Mono-substituted 2
(hr) of Ex. 14 of Ex. 14
0 100 100
15 95 72
23 89 68

It was found from the results shown in Table
9 that Mono-substituted 1 in which Ser was modified
with polyethylene glycol was more resistant to
thermolein than-Mono-subétituted 2 in which the N-

terminus was modified.

Example 23
Stability of chemically modified polypeptide
against freezing-thawing:

A 1 ml portion of each of the two species of

Mono-substituted components obtained in Example 5
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[ Sephadex G 25 (NAP-10, manufactured by Amersham Pharnmacia)] which had
been equilibrated wwth a 5 MM sodi um acetate buffer (pH 4.5 or a 5 mM
sodi um acetate buffer (pH'5.0), and the eluates fromeach colum were
recovered in 1.5 m portions. The protein concentration of each of
the thus recovered fractions was adjusted to 300 [err]g/m. Each of
the thus adjusted fractions was dispensed in 500 [err]| portions, frozen
at -30[err]C and then nelted in a water bath at room tenperature.

This freezing-thawi ng treatnent was repeated _four tinmes, and then the
renai ni ng #Apnt R@teder ythyoaigh oftwach gedi f ikhlEsaen decodamns
measured under_the gel filtration HPLC conditions described_ in Exanple
22. [fRPhadax s GréSshdNRFnlfdap sapufactured by Amershamypp) e

et A0 RORLERY WA G L P e

Vorio- subst il el acetdfl burrer (pHlla.s) %ePa oM SYBH M o

that vono- AFRFRER SRS aith B 0( 0 40 TR (1800 T 21 Ga
column were recovered in 1.5 ml portions.

The protein concentration of each of the thus
recovered fractions was adjusted to 300 ug/ml.

Each of the thus adjusted fractions was
dispensed in 500 ul portions; frozen at -30°C and
then melted in a water bath at room temperature.

This freezing-thawing treatment was repeated
four times, and then the remaining amount (recovery
yield) of each modified polypeptide was measured
under the gel filtration HPLC conditions described

in Example 22.

The results are shown in Table 10.

Table 10
Polyethylene Recovery yield (%) after four
glycol-modified freezing-melting treatments
product pH 4.5 PH 5.0
Mono-:gbgiitgted 1l 100 101
Mono-:gbgzitgted 2 91.3 . 85.5
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nodi fi,ed with pol yethyl ene glycol was nore stable against freezing-thaw ng
t han Mono-substituted 2 in which the N-term nus was nodifi ed. Exanpl e
24. In vitro activity of chem cal ly nodi fied polypeptide:

The activity of the two species of Mono- substituted conponents obtai ned
in Exanple 14 to enhance growth of nouse |eukema cell NFS60 [K

Hol nes et al., Proc. Natl. Acad. Sci. USA, 82:6687 (1985)] was neasured in
accordance with the method of Asano et al. [Yakuri to Chiryo, 19:2767

(1991)] by the follow ng serial dilution nethod. A suspension of
the cells washed w Ik ®@SF fqundnefirom ebedixspendds | ahown edm | Tpbdie ons
into wells of a 96 well plate. Mono-substituted 1 obtained in

Exanpl e 14 &8s 48kt ecdorcosubghitutrda 5b [ & ]| Wwaiehon §en hewas
adj usted solutjon was added to the first well _.and _thoroughly m xed tq
adj ust the ¥Q4FiRd owith pplyethylene glycol was "more._ sbable

Ao Lerr]| oriion of LIS SOLULLON 45 TSRS o hLOD RS Rl c2Y 2943 10

which the N-terminus was modified.

Example 24
In vitro activity of chemically modified
polypeptide:

The activity of the two species of Mono-
substituted components obtained in Example 14 to
enhance growth of mouse 1leukemia cell NFS60 [K.
Holmes et al., Proc. Natl. Acad. Sci. ﬁSA, 82:6687
(1985)] was measured in accordance with the method
of Asano et al. [Yakuri to Chiryo, 19:2767 (1991)]
by the following serial dilution method.

A suspension of the cells washed with G-CSP
(-) medium was dispensed in 50 pl portions into
wells of a 96 well plate.

Mono-substituted 1 obtained in Example 14 was
adjusted to 25 ng/ml, and a 50 ul portion of the
adjusted solution was added to the first well and

_thoroughly mixed to adjust the solution to 12.5

ng/ml.
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thoroughly m xed to adjust the solution to 6.25 ng/m. By repeating this
procedure, 11 steps of two-fold dilution series were prepared. I n
the same manner, two-fold dilution series were prepared using
Mono-substituted 2 (25 ng/mmM) obtained in Exanple 14 and a standard
solution (5 ng/mM) containing the hGCSF derivative of Reference
Exanple 1. By this nethod, dilution series of Mno-substituted 2 from
12.5 ng/m and dilution series of the standard solution from2.5 ng/mn
were prepared in 50 [err]l portions in respective_wells. The grow h
activity of NFS60 @l 59 wal peatdcn off cthe nsoliwkieachwas  Fereypde
solutions and the standard solutions, and relative activity of _each

Mono- subst ifxewd the caelllat amd paaddedon tq hthact peand( -weigh) and

the standard solution. I\/bno-supstitut%d 1 Shi"‘eéi- 1.06,to ]513
times hi gHchoneughly t mdxednotoup@dinesy rhe solution to 6.25

23 4 mg/ml. e CPSSRBIRG tnis proleRELLIaNEq Weibglhe gpthod
two-fold dilution series were prepared.

In the same manner, two-fold dilution series
were prepared using Mono-substituted 2 (25 ng/ml)
obtained in Example 14 and a standard solution (5
ng/ml) containing the hG-CSF derivative of
Reference Example 1. By this method, dilution
series of Mono-subsﬁituted 2 frozﬁ 12.5 ng/ml and
dilution series of the standard solution from 2.5
ng/ml wefe prepared in 50 pl portions in rgspective
wells.

The growth activity of NFS60 cells was
measured three times for each of the sample
solutions and the standard solutions, and relative
activity of each Mono-substituted was calculated
based on the activity (= 100) of the standard
solution.

Mono-substituted 1 showed 1.06 to 1.13 times

higher activity than Mono-substituted 2.
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Ref erence Exanple 3 of Japanese Exami ned Patent Application No. 096558/ 95,
a hG CSF derivative (conpound k in Table 1) was obtained from hG CSF
havi ng the am no acid sequence shown in SEQID NO1 by replacing the 1
position threonine with alanine, the 3 position |eucine with threonine,
the 4 position glycine with tyrosine, the 5 position proline with
arginine and the 17 position cystine wth serine. That is, a strain
of Escherichia coli, WB110 strA (Escherichia coli ECfBD28, FERM BP-1479),
whi ch has a plasm d pCfBD28 containing a DNA fragnment coding for the
above- descr iR=fler@ness Egammpbei de was cultured at 37[err].C for 18 hours in
LG nmedium [prepared by dissolving 10 of Bacto Tryptone, 5 g of
Yeast Extract, 5 Fmof aceeirdancs| oritbh alh:dhej_ methgidicdssecrnibeddt ektnof
wat er and adjustlng its pHto 7.9 with NaCH, a 5 n rtion of the

cul tured bnﬁ#ﬁﬁﬁ@qqﬁcuﬁﬁﬁaplﬂt0310@ﬁn éapanksﬁemﬂ;ﬁme@qﬁ@ Patent

Na[err] HPO[ err 3% KH err] P err 5@6sod|un1 chloride, 0,5%
casam no acﬁ?;& iga %@4 aNl‘a 4 [%?ﬁ%gr’l%?gsof 3i t PERCSH, dfﬁ-F’-Ya‘&’-"e

and the | (SombS: A B ddBREIPES" Gt anfarhtd) Fred ChErreA o
oLerrC ! ool 8P iﬁ&ramﬁﬁgnacfﬁ U gddhle Ohnod YEOPERD 'FEVHR ;1

3[err]-|ndoleacry
by replacing the 1 position threonine with alanine,

the 3 position 1leucine with threonine, the 4
position glycine with tyrosine, the 5 position
proline with arginine and the 17 position cystine
with serine.

That is, a strain of Escherichia coli, W3110
strA (Escherichia coli ECfBD28, FERM BP-1479),
which has a plasmid pCfBD28 containing a DNA
fragment coding £for the above-described hG-CSF
derivative was cultured at 37°C for 18 hours in LG
medium [prepared by diésolving 10 g of Bacto
Tryptone, 5 g of Yeast Extract, 5 .g of sodium
chloride and 1 g of glucose in i liter of water and
adjusting its pH to 7.9 with NaOH], a 5 ml portion
of the cultured brﬁth was inoculated into 100 ml of
MCG medium (0.6% Na,HPO,, 0.3% KH,PO,, 0.5% sodium
chloride, 0.5% casamino acid, 1 mM MgSO, and 4 ug/ml
of vitamin Bl, pH 7.2) containing 25 pg/ml of
tryptophan and 50 ug/ml of ampicillin and the
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acid (hereinafter referred to as "I AA") was added to the nediumand the
culturing was continued for additional 2 to 12 hours. The resul ting
culture broth was centrifuged at 8,000 rpmfor 10 mnutes, and the thus
collected cells were washed with 30 mM sodiumchloride and a 30 mM
Tris-HCO buffer (pH 7.5). The thus washed cells were suspended in 30 m
of the above-described buffer and di srupted wultrasonically at
O[err]C for 10 minutes using a sonicator (SIN FIER CELL DI SRUPTOR 200,
OQUTPUT CONTROL 2, manufactured by BRANSON SONI C POAER ~ COVPANY). The cel
suspensi on aMixtume wasr gsvhtyred sabpS3OI€ wBercdht Epf yduour sy, odbhepm
for 30 mnutes to,obtain the cell residue. | Thereafter,. the .
hG CSF dediQatigémlnaf o r keyRtaphan:iindsoepmIbeindalersratiiand
sol ubi I'i zed and regenerated, in accordance with the nethod of Marston gt
al. [F.A O amidi ofhereinaftgny nafppres,, to g@s ({9Ha[) was adde

és?gr-of 2,4;0 theR%Igégtq%e Eﬁ%rm!tgez cli’;loggg%_inogn %fasN_ @/gﬁ@i%sdjecgl @ide

additional 2 to '12, hours. The resulting culture
broth was centrifuged at 8,000 rpm for 10 minutes,
and the thus collected cells were washed with 30 mM
sodiqm chloride and a 30 mM Tris-HC1l buffer. (pH
7.5). The thus washed cells were suspended in 30 ml
of the above-described buffer and disrupted
ultrasonically at 0°C for 10 minutes using a
sonicator (SINIFIER CELL DISRUPTOR 200, OUTPUT
CONTROL 2, manufactured by BRANSON SONIC POWER
COMPANY) . The cell.suspension after the ultrasonic
disruption was dentrifuged at 9,000 rpm for 30
minutes to obtain the cell residue.

Thereafter, the hG-CSF dérivative was
extracted and purified .from the cell residue and
solubilized and regenerated, in accordance with the
method of Marston et al. [F.A.0. Marston et al.,

BIO/TECHNOLOGY, 2:800 (1984)].
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bi s( oz met hoxypol yet hyl ene gl ycol ) - 6- (3-car boxy-

propyl am no)-s-triazine: 412 ng (4.0 mmol ) of [err]-am nobutyric
acid was dissolved in 300 M of a 0.1 Mborate buffer (pH 10), and the
resulting solution which was cooled in an ice bath was m xed with 20-.g (2
mol ) of 2,4- bis(o-nmethoxypol yet hyl ene gl ycol)-6-chloro-s- triazine
(manuf actured by Sei kagaku Kogyo) and the mxture was allowed to react at
4[err]C for a whole day and night and then at roomtenperature for 6

hours. The reaction solution was adjusted to pH 1 by adding 1 N
hydr ochl or iReflerinaed Extsempled-di s(o- net hoxypol yet hyl ene
gl ycol ) -6-(3-carboxypropyl- amno)-s-triazine was extracted with

chl or of or mProda onof ofin Mabydrsxysust bnédmixbdaydester sodfumZud fat e
the insoluble matters were renoved _by filtration, and then the solvent was
evapor at ed PhHfdornebbeaypeiyathylenst ai n t Il¥scdokybird 3 veagboxy -
derivative. The carboxylic aci d derivative was

recryst al | i BPEOPHIAMIRP)aRTEFEa%1BBain 15.8 g (1.6 mmol) of crystals of

A0 g (10 mo) AR B ORUR. BRRAL oS apipeusTic acid was

N-hydroxysuecL i fieq "ol § H66°'Hf9d# a 0.1 M borate buffer (pH
10), and the resulting solution which was cooled in
an ice bath_was mixed with 20 g (2 mmol) of 2,4-
bis (o-methoxypolyethylene glycol)-6-chloro-s-
triazine (manufactured by Seikagaku Kogyo) and the
mixture was allowed to react at ﬁfc for a whole day
and night and then at room temperature for 6 houts._

The reaction solution was adjusted to pH 1 by
adding 1 N hydrochloric ac.id, and then 2,4-bis(o-
methoxypolyethyléne glycol) -6- (3-carboxypropyl-
amino)-s-triazine was extracted with chloroform.
The chloroform phase was dried over anhydrous
sodium sulfate, the insoluble matters were removed
by filtration, and then the solvent was evaporated
under reduced pressure to obtain the carboxylic
acid derivative.

The = carboxylic acid derivative was
recrystallized from dry acetone to obtain 15.8 g
(1.6 mmol) of crystals of the carboxylic acid

derivative.
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100 m, of anhydrous nethyl ene chloride and, while <cooling in an ice bath
and in a streamof argon, the resulting solution was m xed with 413 ng of
N, N - di cycl ohexyl carbodii m de (DCC) and the m xture was stirred for 30

m nutes. After conpletion of the stirring, the tenperature of the reaction
m xture was returned to roomtenperature, and stirred for additional 1.5

hours, the insoluble matters (N, N - dicycl ohexylurea (DCU)) were renoved
by filtration and then the resulting filtrate was concentrated to 40 ni
under reduced pressure. The concentrate was added dropwi se to 600 mi

of anhydrous di et hyR ditheg t(d fOr mmo k) epiogtiicn. offhthe ecryisttta bswaend

washed w th anhydrous di eth ether and then the solvent was renoved under

reduced pre e Bg oefai %mdgoew-wcmameﬁel\k weper odisigelvad deln

ester %coi bi s(o met hgxy-  pol yet hy| ene .

gI ycol) 6 (399 pkypfoppnhydspus " methylaneyighloride and, while
Ref erence Exanp Pro uctlon of

2 4 bi s( o- mERRAYBE yéf‘hy?‘@nelce ath 4 a stream of argon,

the resulting solution was mixed with 413 mg of
N,N’ -dicyclohexylcarbodiimide (DCC) and the mixture
was stirred for 30 minutes. After completion of the
stirring, the temperature of the reaction mixture
was returned to room temperature, and stirred for
additional 1.5 hours, the insoluble matters (N,N’-
dicyclohexylurea (DCU)) were removed by filtration
and then the resulting filtrate was concentrated to
40 ml under reduced pressure.

The concentrate was added dropwise to 600 ml
of anhydrous diethyl ether to form a precipitate.
The precipiﬁate was washed with anhydrous diethyl
ether and then the solvent was removed under
reduced pressure to obtain 7.7 g (0.77 mmol) of N-
hydroxysuccinimide ester of 2,4-bis (o-methoxy-
polyethylene glycol) -6~ (3-carboxypropylamino) -s-

triazine (yield, 77%).
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gl yco| ) - 6- (3-car boxypropyl am no) -s-tri azi ne: 100 g (8.33 nmml)
of thoroughly dried nononethoxypolyethylene glycol having an average
nof ecul ar wei ght of 12,000 (manufactured by Nippon Ol & Fats), 9.3 g o
zinc oxide (Wako Pure Chemi cal Industries) and 83.5 g of nol ecul ar siev
(Wako Pure Chem cal Industries) were dissolved in dry benzene,
and the solution was allowed to stand at roomtenperature for a whole

(Type 4A)

and ni ght

in a stream of argon. ' After renoving the nol ecul ar siev

the reaction solution was distilled at 80[err]C in a stream of argon
usi ng a di SRefextemneafpcampile &d then azeotropically distilled for a
whol e day and night at 80[err]Cin a stream of argon using a Soxhl et
extract or (Pnodsmtibphase usef whi ch 2hadi~bden( o pmeitdio sipe kpethylbéne of
nol ecul ar sieves (Type 4A). The reaction solution obtained by
t he dehydrmlyswlr)efﬁuxamagmzamormmhamm)rss-ﬁgu?nme fmol )  of

cyanur I C

chloride and then _azeotropically dlstllled for 5 days.in

manner sinilar to4%&t @Escr{®ed3aboP®OXher 2ft er thogiQughly ried

58 -
M of dry HBpBemethaxy,

sol uti o oled to,roomte erature, m xed with
¥%§i‘r¥ Bee @iYco ving 'an ~average

molecular weight of 12,000 (manufactured by Nippon
Oil & PFats), 9.3 g of =zinc oxide (Wako Pure
Chemical Industries) and 83.5 g of molecular sieves
(Type 43) (Wako Pure Chemical Industries) were
dissolved in dry benzene, and the solution was
allowed.to stand at room temperature for a whole
day and night in a stream of argon.

After removing the molecular sieves, the
reaction solution was distilled at 80°C in a stream
of argon using a distillation apparatus  and then
azeotropically distilled for a whole day and night
at 80°C in a stream of argon using a Soxhlet
extractor (for solid phase use) which had been
packed with about 100 g of molecular sieves (Type
4A) .

The reaction solution obtained Dby the
dehydration reflux was cooled, mixed with 736 mg
(4.0 mmol) of cyanuric chloride and then
azeotropically distilled for 5 days in a manner

similar to that described above. Thereafter, this
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centrifuged at 3,600 rpmfor 10 mnutes to renove insoluble matter.

The t hus obt ai ned super nat ant was concentrated to 300 m under
reduced pressure and added dropwise to 3,000 m of dry diethyl ether to
forma precipitate. The precipitate was recovered and washed with dry-
diethyl ether, and then the solvent was renoved under reduced pressure to
obtain a dry precipitate. Wiile cooling in an ice bath, 100 g of the
dry precipitate was added to a solution prepared by dissolving 1.24 g
(12.0 mmol ) of y-am nobutyric acid in 1,000 mM of a 0.1 Mborate buffer
(pH 10), ansolutrionxmas waokedr el Foometempesatunpel amigedarwith
night. After additional 6 hours of stirring at room tenperature, this

sol uti on wa308dj mdt edf 0 dry1l. bengenel R drehenor theciBiFtPEfenwas

2,4-bis(o- nethoxypol yethyl ene gl ycol ) - 6- (3-car pboxypr opyl -
ami no) - s-t r¢€21itr1@-%la§eé<t pdct 8d &49h ’%H’H‘or‘%)‘?ﬁr nt0 mlnu)goﬁl%p)é"rﬂ oI STBP TR

phase contajning the conpound was dried over anhydrous sodium sulfate
and filterkB8 LtReMmahteLyl vent was renoved fromthe resul ting

;L)lrﬁnregt \ih:Jtnge;olr ?gﬁg ngfggi"% I iﬂzt&&? u%?:‘i{‘(?rdy acestuﬁ%rf‘g%%?ia:i n ai)gg‘t% ;90

g of 2’44ﬂéégggggg§$éd to 300 ml under reduced pressure and
added dropwise to 3,000 ml of dry diethyl ether to
form a precipitate. The precipitate was recovered
and washed with dry diethyl ether, and then the
solvent was removed under -"reduced pressure to
obtain a dry precipitate.

While cooling in an ice bath, 100 g of the
dry precipitate was added to a solution_prepared by
dissolving 1.24 g (12.0.mmol) of y-aminobutyric acid
in 1,000 ml of a 0.1 M borate buffer (pH 10), and
the mixture was stirred at 4°C for a whole day and
night. After additional 6 hours of stirring at room
temperature, this solution was adjusfed to pH 1.0
with 1 N hydrochloric acid and then 2,4-bis{(o-
methoxypolyethylene glycol)-é-(3—carb6xypropyl—
amino) -s-triazine was ext?acted with chloroform.

The chloroform phase containing the compound
was dried over anhydrous sodium sulfate and

filtered, and then the solvent was removed frdm the

resulting filtrate under reduced pressure. The thus
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pol yet hyl ene gl ycol ) - 6- (3-car boxypropyl am no)-s- triazine (yield, 90%.
Ref erence Exanple 4 Production of N-hydroxysuccinimde ester of 2, 4-

bi s( o- met hoxypol yet hyl ene gl ycol ) - 6-( 3- car boxy-

propyl am no)-s-tri azi ne: 25 g (1.0 mml) of 2,4-bis(o-nethoxy-
pol yet hyl ene gl ycol ) - 6- (3-car boxypropyl am no)-s- triazine which had
been synthesized in a manner simlar to that in Reference Exanple 3 and

t horoughly dried and 240 ng of N-hydroxysuccinimde were dissolved in 400
m of anhydrous nethylene chloride and, while cooling in an ice bath and
in a stredhoomeat gowhitttee r spllidngwsad ut recrnpstaldciized t A8 nydoly

N, N - di cycl ohexyl carbodiimde (DCC) and the m xture was stirred for 30

m nutes. acetomeerto colfiainombont 90 gsoffr2nd-bisdornethoxy-

m xture was returned_to roomtenperature and stirred for additional 1.5
hours, the Pod¥etheleng ters @IXECHICIRT dRSATPEXVBEOPY hami nadmFad
by filtration,and the he resuylting filtrate was concentrated to 160 ni
underredwﬁﬂlﬁﬁéﬁﬁrgyleld' %6é?' - 60 -

The concentrate was added dropwise to 2,400 m of anhydrous diethyl ether
to forma precipitate,

Reference Example 4

Production of N-hydroxysuccinimide ester of 2,4-
bis (o-methoxypolyethylene glycol) -6-(3-carboxy-
propylamino)-s-triazine:

25 g (1.0 mmol) of 2,4-bis (o-methoxy-
polyethylene glycol) -6~ (3-carboxypropylamino) -s-
triazine which. had been synthesized in a manner
similar to that in Reference Examﬁle 3 and
thoroughly dried and 240 mg of N—hydroxysuccinimide
were dissolved in 400 ml of anhydrous methylene
chloride and, while cooling in an ice bath and in a
stream of argon, the resulting solution was mixed
with 431 mg of N,N’-dicyclohexylcarbodiimide (DCC)
and the mixture was stirred for 30 minutes.

After completion of the - stirrihg, the
reaction mixture was returned ¢to :bom temperature
.and stirred for additional 1.5 hours, the insoluble
matters (N,N’-dicyclohexylurea (DCU)) were removed
by filtration and then the resulting filtrate was

concentrated to 160 ml under reduced pressure.
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the precipitate was washed with anhydrous diethyl ether and then the
sol vent was renoved under reduced pressure to obtain 21.4 g (0.89 nmol) of

N- - hydroxysucci ni m de ester of 2,4-bis(o- nethoxypol yet hyl ene
gl ycol ) -6-(3-carboxy- propylamno)-s-triazine (yield, 89%. | NDUSTRI AL
APPLI CABI LI TY The present invention provides a chemcally nodified

pol ypeptide in which at | east one of the hydroxyl groups in the
pol ypeptide nolecule is nodified with a polyal kyl ene glycol derivative; a
met hod for producing the nodified polypeptide; a mnethod for t r eat ment
using the nodi {The eongeptrade usasf addedoddiiogivpskeyptpti 2¢400
phar maceuti cal preparation co [isinqhthe nmodi fied polypeptide; and a
conposi ti onlf £ anhydraus thytlhgethemotiof ifermola ppeicdpitate,
- 61 - L. SEQUENCE LI STI NG
the precipitate was washed with anhydrous diethyl
ether and then the solvent was removed under
reduced pressure to obtain 21.4 g (0.89 mmol) of N-
hydroxysuccinimide ester of 2,4-bis(o-
methoxypolyethylene glycol)?ﬁ-(S-carboxy—

propylamino) -s-triazine (yield, 89%).

I L APP AB Y

_The present invention prpvides. a chemically
modified polypeptide in which at least one of the
hydroxyl groups in the polypeptide molecule is
modified with a polya-lkylene glycol derivative; a
méthod for producing the modified polypeptide; a.
method for treatment using the modified
polypeptide; use of the modified poljpeptide; é
pharmaceutical p:f:eparation comprising the modified
polypeptide; and a composition for treatment

comprising the modified polypeptide.
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SEQ I.D NO 1 SEQUENCE LENGTH 174 SEQUENCE TYPE: am no aci d STRANDEDNESS:

si ngl e TOPOLOGY:

a:y
10

Ay Ala Ala Leu
30 An GQu Lys Leu Cys Ala Thr Tyr

i near

Pro Ala Ser Ser Leu Pro A n Ser

15 Lys Cys Leu Gu d@n Val

20

MOLECULAR TYPE: protein SEQUENCE Met Thr

Phe

Pro Leu

Leu Leu -1 1 5
Arg Lys Ile @n @y Asp
25

Lys Leu Cys Hs Pro Gu Qu Leu

35 40 45 Val Leu Leu Ay H's Ser Leu Ay
Ile Pro Trp Ala Pro Leu. Ser Ser  SEQUENCELLDISTING 55
60 Cys Pro Ser G n Ala Leu An Leu Ala Ay Cys Leu Ser Gn Leu H's 65
70 ' SEQ ID NO:175 Ser Gy Leu Phe Leu Tyr Gn Gy Leu Leu Gn Ala Leu
Gu Ay || SERYENCE LENGTH: 174 85 90
95 Ser Pro YHQYENEE TBE:PrmiTprac¢ids Asp Thr Leu A n Leu Asp Val Al a
100 STRANDEDNESYFingle 110 Asp Phe Ala Thr Thr Ile Trp
A n dn MetT@AOEK: Ldtrag@y Met Al a 115 120
125 Pro Al %%L@Gué‘\ﬁ T—%P& ‘TREEPHF Ay Ala Met Pro Ala Phe Ala Ser Al a
130 13 140 Phe G n Arsg gAIaGIQ/ Ay
Val Leu VaIMfg 5*\3 PEHISULEN TP e Ser 395 beu Fro Gia’ b gyl "%
155 Phe Ly 4, Yol Beny N Vel LY 19 B il Rl R,
20 30
- 62 - Gln Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu
35 40 45
- Val Leu Leu Gly His Ser Leu Gly Ile Pro Trp Ala Pro Leu Ser Ser
50 55 60
Cys Pro Ser Gln Ala Leu Gln Leu Ala Gly Cys Leu Ser Gln Leu His
65 70 75
Ser Gly Leu Phe Leu Tyr Gln Gly Leu Leu Gln Ala Leu Glu Gly Ile
80 ' : 85 90 95
Ser Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gln Leu Asp Val Ala
100 105 110
Asp Phe Ala Thr Thr Ile Trp Gln Gln Met Glu Glu Leu Gly Met Ala
115 120 125
Pro Ala Leu Gln Pro Thr Gln Gly Ala Met Pro Ala Phe Ala Ser Ala
130 135 140
Phe Gln Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gln Ser
145 150 155
Phe Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gln Pro
160 165 170
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CLAI M5, 1. Achemcally nodified polypeptide in which at |east one
of the hydroxyl groups in the polypeptide nolecule IS nodi fi ed wth
a polyal kyl ene glycol derivative. 2. The chemcally nodified
pol ypeptide according to claimI, wherein the hydroxyl group in the

pol ypeptide nolecule is a hydrox froma serine residue.

3. The chemically nodified ﬂmmml““@mlm' rding to claim1l or 2,
wherein the polypeptide is a polypeptide faving a granul ocyte col ony-
stinmulating factor activity. 4. The chemcally nodified

pol ypeptide according to claim3, whecdiAIMBe pol ypeptide having a

granul ocyte colony-stinmulating factor activity is a polypeptide conprising
the amino acid seqdenceA rephesdicalilypy meifipd NOpblypeptide in
pol ypeptide conprising an ami no acid sequence in which at |east one

am no aci d whichdeast elieastbsineutefl crhaddbydnoxyd agrempei dBedeRece
- 63 -

polypeptide molecule is modified with a

polyalkylene glycol derivative.

2. The chemically modified polypeptide
.according to claim 1, wherein the hydroxyl group in
the polypeptide molecule is a hydroxyl group

derived from a serine residue.

3. The chemically modified polypeptide
according to claim 1 or 2, wherein the'polypeptide
is a polYpeptide having a granulocyte colony-

stimulating factor activity.

4. The chemically modified polypeptide
according to claim 3, wherein the polypeptide
having a granulocyte colony-stimulating factor
activity is a polypeptide comprising the amino acid
sequence represented by SEQ ID NO:1, or a
polypeptide comprising an amino acid sequence in
which at least one amino acid is deleted,

substituted or added in the amino acid sequence

- 63 -



represented by SEQ ID NO 1, and M%Wte
colony-stinulating factor activity. . mcally

5 The
modi fi ed pol ypeptide according to claiu' gn the pol yal kyl ene
glycol derivative has a nol ecul ar wei ght I* ﬂum”m”mmﬁu 000. - 6.
The chemcally nmodi fi ed pol ypeptide afco¥dimgstosClaimi1, which is
nodi fied with a chem cal nodifying agent conprising a polyal kylene glycol
derivative. 7. The chem cal ly nodi fi ed pol ypepti de
according to claim 6, wherein the chemcal nodifying agent is a
pol yal kyl enecpyeserdasdvat bye rS®Qeselded ByOtAe foland ng Havabian (13:
Rerr]-(M[err]-X-Rerr] (I) {wherein Rerr] represents an al kyl group
or an al kangganglogytél cagrenynistimulating fapokper dchimity .
-OCH err]CH err]CH err] - or
-(OCHLerr]Cl-l[errL)][](carr]-(OCI-l[err]CI-l[err]Cl—l[err])[err]- (wherein r and s
are the sane or different, and each represent ti
positive 5. The chemicgﬁly r'i&ﬂk??eﬁ”mjé%f§§28%¥ﬁ§
according to claim 1 or 2, wherein the polyalkylene
glycol derivative has a molecular weight of 500 to

1,000,000.

6. The chemically modified polypeptide
according to claim 1, which is modified with a
chemical modifying agent comprising a polyalkylene

glycol derivative.

7. The chemically modified polypeptide
according to claim 6, wherein the chemical
modifying agent is a polyalkylene glycol derivative

represented by the following formula (I):

R'—(M);—X—R? (1)

{wherein R! represents an alkyl group or an alkanoyl

group; M represents
‘_OCHchz"—" _OCHQCHchz"— or

—(OCH3CH3)—(OCH;CH,CHa)s—
.(wherein r and s are the same or different, and

each represents an optionally changeable positive
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integer); n is an optionally changeable positive integer; X represents a
bond, 0, NHor S; and R2 represents [err] <wherein R3 represents OCH,
hal ogen or -[err]-(Merr])[err]-Rerr] (wherein Xerr],
Merr], Rerr] and na each has the same nmeanings as the above X, M Rerr]
and n, respectively); and Y represents hal ogen or
-Z-(CHerr])[err]-(Oferr]-W [wherein Z represents O, S or NH, and W
represents a carboxyl group or a reactive derivative thereof, or [err]
(wherein R4 represents an al kyl group, and Hal represents halogen); pis
an integer ahtedgerd;; ard isisaf oopliionally changeable positive
-(COferr]-(CHerr])[err]-W (whereint is an integer of 0 to 6; and n1§nd
W have theisdrsgewani Kgsrepr$ends abovbpnd, [@;r[NE or S; and R

- 65- (wherein Hal[err], pa and R err] each has the sane

meani ngs represents

<
=<

Y

N
~
N

<wherein R?® represents OH, halogen or
—X*—(M)p—R"
(wherein X2, M*, R and na each has the same
meanings as the above X, M, Ri and n, respectively):;
and Y represents halogen or
—Z—(CHp)g—(O)y—W
[wherein Z represents O, S or NH; and W represents
a carboxyl group or a reactive derivative thereof,
or
NH," « Hal

—C-ORr*

(wherein R? represents an alkyl group, and Hal
répresents halogen); p is an integer of 0 to 6; and
m is 0 or 11>,

—(CO)i—(CH2)—W
(wherein t is an integer of 0 to 6; and m and W

have the same meanings as defined above),
NH," - Hal™
—(CHy)ps—C—OR™

-_—

~os - DNV RN



as the above Hal, p and Rl err], respectively), [err] (wherein R3 and W

have The sane nmeani ngs as defined above), [err] (wherein Rerr], t
and Whave the sane nmeanings as defined above), [err] (wherein W
has the sanme neani ng as defined above), [err] or [err] (wherein

Rlerr] represents a residue in which an amno group and a carboxyl group
are renoved froman amno acid; and Whas the sane neani ng as defined

above)}. - 66- 8. The <chemcally
nodi fied polypeptide according to claim 7, wherein the chem cal
(wherein Hal®, pa and R‘* each has the same meanings

as the above Hal, p and R%, respectively),
—CO—NH—(CH,)—CH-W
R>—CO-NH

(wherein R® and W have the same meanings as defined

R

above) ,

(wherein R3?}, t and W have the same imeanings as

defined above),
w

w

W

(wherein W has the same meaning as defined above),

o)
H
—CSCH,CNH,

or

—lCE—NH—Rs—W

(wherein RS represents a residue in which an amino
group and a carboxyl group are removed from an
amino acid; and W has the same meaning as defined

above) }.

\
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nodi fying agent is a polyal kyl ene gl ycol

derivati ve

represented by the

following fornmula (Ib): [err] | b)
(wherein Rlerr], M Rerr], Z- n and p have the $higBheet e lacel; . jef
i ned above; and Werr] represents a carboxyl group '
derivative thereof). 9. A nethod for produci Iy

nodi fi ed pol ypeptide, which conprises react

ing at |east one of the

hydroxyl groups in the polypeptide nmolecule with a cheni cal nndifying
agent conprising a polyalkylene glycol derivative.

phar maceuti cal prefr at The conphesmhgaleh;/ on@@lfﬁé%hemnﬁﬁﬁﬂ-ﬂﬁed
pol ypeptides according to clains 1 to

11. Use diccamdinge &P tkﬁ;aéﬁbm(%ﬂly "hﬁﬁ?+€d p&hﬁmpt?b&?lcal
according to clains 1 to 8 for the E a _pharmce
comosi 1 omodhENTTE AgRRt ks 7 beletrdlshe o ¥aI T EeF T n e

gr anul ocytes or throgb

Y the followlng(¥wP°$t'°P1L3rtreatm”“ of a

pat i ent represen
R3
N—( -
\ Ib
R—m)—x— N (Ib)
. N==<
Z—(CHgp);—0O-W?
(wherein R!', M, R?}, 2, n and p have the same
meanings as defined above; .and W* represents a
carboxyl group or a reactive derivative thereof).
9. A method for producing a chemically

modified polypeptide,

which comprises reacting at

least one of the hydroxyl groups in the polypeptide
molecule with a chemical modifying agent comprising

a polyalkylene glycol derivative.

10.

any one

of the

A pharmaceutical preparation compriéing

chemically modified polypeptides

according to claims 1 to 8.

11.

A method for treating a patient having

or

which

reduced granulocytes thrombocytes,

comprises administering an effective amount of any

- 67 -
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havi ng reduced granul ocytes or thronbocytes, which conprises a
pharrmaceutically acceptable carrier and an effective amount of any one of
the chemcally nodified polypeptides according to clains 1 to 8 in a
pharmaceutically acceptabl e dosage form .

- 68 -

one of the chemically modified polypeptides

according to claims 1 to 8.

'12. Use of any one of the chemically
modified polypeptides according to claims 1 to 8
for the production of a pharmaceutical composition
which is effective in treating a patient having

reduced granulocytes or thrombocytes.

13. Use of any one of the chemically
modified polypeptides according to claims 1 to 8
for the treatment of a patient having a reduced

granulocytes or thrombocytes.

14. A composition for treatment of a patient
having reduced granulocytes or thrombocytes, which
comprises a pharmaceutically acceptable carrier and
an effective amount of any one of the chemically
modified polypeptides according to claims 1 to 8 in

a pharmaceutically acceptable dosage form.

THIS SHEET HAS BEEN
REPLACED
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