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(57) Abstract: A modified human granulocyte-colony stimulating factor (hG-CSF) is produced by culturing a microorganism trans-
formed with an expression vector comprising a gene encoding a modified hG-CSF to produce and secrete the modified hG-CSF to
periplasm, said modified hG-CSF being obtained by replacing at least one of the 1st, 2nd, 3rd and 17th amino acids of wild-type
hG-CSF (SEQ ID NO: 2) with other amino acid.



Abstract: A modified human granulocyte-colony stimulating factor (hG-CSF) is pro7d ce%?phy culturing
a microorganism trans- formed with an expression vector comprising a gene encodIT?gPa odified
hG-CSF to produce and secrete the modified hG-CSF to periplasm, said modified hG-CSF being
obtained by@BIAH] at least one of the 1st, 2nd, 3rd and 17th amino acids BEHHRYBE73RG-CSF
(SEQ ID NO: 2) with other amino acid. 7 Jan 04 WO 01/04329 PCT/KR00/00733 MODIFIED
HUMAN GRANULOCYTE-COLONY STIMULATING FACTOR AND PROCESS FOR PRODUCING
SAME FieldM@BIFYEDdA 6 VRN GRANVEO@ YA EEC Ol ONY ST IMUADATIN@GCYte-colony
stimulating factor(h %Fi@lgh g}ﬁm i j {Si aid gene, a
microorganism trans og‘med wit %Sgl vector@a%?% %ﬁggggﬁm% %q?nlgdiﬁed hG-CSF

using said microorganism. 10 Background of the Invention The term colony stimulating factor (CSF)
is inclusive #ieddoofithedmvemtinophage-colony stimulating factor(GM-CSF), macrophage 15 colony
stimulagng factor(M-CSF) and granulocyte-colony stimulating factor(G- CSF), which are produced by

T-cells, macrophag;f.ﬁ, fibroblafsts anqiendotlréfliak cells Mé% F stimulates st‘gzﬁ] cel
' i

. s of
granulocyte or macropehgﬁeeS Ghinatice e aifSrenidior e sor ant %r‘%ﬁﬁlel}gﬂ %’F&lgﬂﬁlocyte or

macrophagstisadaiag factesthGne B 8 enmanegdina.seidnrersidfafoeston € BPFRRD 20
macrophagsaddggtss) uoayiercdapaacsivetyatisforrne G HCHE saillicaste atiffereptiaiéesn dbone

marrow IeuWaﬁQ%gqﬁth@jmiggﬁ g&?&%ﬁcﬁf@&ﬁﬂ@ﬁf? and, accordingly, it's clinical
import?ﬁce In treating leukemia has been well established. Himan G-CSF(hG-CSF) is a protein
[

consisting of 174 or 177 amino 25 acids, the 174 amino-acid variety having higher
neutrophil-e ENONIE O S ARVERI0K et al., J. Biol. Chem., 262, 15208-15213(1987)). The
amino acid sequence of hG-CSF consisting of 174 amino acids is shown in Fig. 1 and there have
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granulocyte/macrophage-colony stimulating factor(GM-CSF), macrophage-
15  colony stimulating factor(M-CSF) and granulocyte-colony stimulating factor(G- |
CSF), which are produced by T-cells, macrophages, fibroblasts and endothelial
cells. GM-CSF stimulates stem cells of granulocyte or macrophage to induce
the differentiation thereof and proliferation of granulocyte or macrophage
colonies. M-CSF and G-CSF primarily induce the formation of the colonies of
20 macrophage and granulocyte, respectively. In vivo, G-CSF induces the
differentiation of bone marrow leucocytes and enhances the function of mature
granulocyte and, accordingly, it’s clinical importance in treating leukemia has
been well established.
Human G-CSF(hG-CSF) is a protein consisting of 174 or 177 amino
25 acids, the 174 amino-acid variety having higher neutrophil-enhancing
activity(Morishita, K. et al., J. Biol. Chem., 262, 15208-15213(1987)). The
amino acid sequence of hG-CSF consisting of 174 amino acids is shown in Fig.
1 and there have been many studies for the mass production of hG-CSF by

manipulating a gene encoding said hG-CSF. 7
30 For instance, Chugai Pharmaceuticals Co., Ltd.(Japan) has disclosed the
amino acid sequence of hG-CSF and a gene encoding same(Korean Patent
Publication Nos. 91-5624 and 92-2312), and reported a method for preparing
proteins having hG-CSF activity by a gene recombination process(Korean
Patent Nos. 47178, 53723 and 57582). In this preparation method, glycosylated
35 hG-CSF is produced in a mammalian cell by employing a genomic DNA or
cDNA comprising a polynucleotide encoding hG-CSF. The glycosylated hG-



amino acid sequence of hG-CSF and a gene encoding same(Korean Patent Publicafi 0S.
91-5624 and 92-2312), and reported a method for preparing proteins having hG-CSF activity by a
gene recompmaiiogsprocess(Korean Patent Nos. 47178, 53723 and 57582) plriRigdargpasation
method, glycosylated 35 hG-CSF is produced in a mammalian cell by employing a genomic DNA or
cDNA comprising a polynucleotide encoding hG-CSF. The glycosylated hG 7 Jan 04 WO 01/04329
PCT/KR00/00733 2 CSF has an 0-glycosidic sugar chain, but, it is known that said sugar chain is
not necessarymnﬁﬁﬁﬁvﬁygifyb@;‘i@ﬁFsﬂl@/m’dliﬁﬁ Butetinls keisneahaBaidbti8@hakuither, it is
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methioning re%’ﬂ&@t@m@dsa&ﬁfteﬂiéoéeggrﬁ@n@tteeéﬁ@ﬁﬁb@lo}a@waue to the ATG initiation codon

employed in the 10 mi [

undesirable immune reﬁé%%élgs%@%m%ﬁi%%%&% en tﬁ%%eco %ﬁ%‘%@ @@&IS a mlnlstered
thereto(Européﬁfﬁ@fe?wwwnegtmmoaw%%&e} Priter Gifbst BF thesmethtifindCohtiting
hG-CSFs prochmadgnl 25 culi i@ aleposicedds hhwing Hsnaetingoinbleendivs mtetloetieat, thedNhey must
be converted tARiAGHVRIRIOR IR IBhesEBRIRIGIfE XTI ShitRlRAIDHIRRMPISYRLYIR EhdN this

regard, \:‘\mr of the flvean){s reS|duf re%edq{ in XY"dn%?&hG CSF a({tlap te i nformlr%%udlsulflde

bonds, while thé rema%ung Ohe contibutes 1 greg gtion of the produc uring the

refolding procégyiﬁélr@«n@rm@y@r@rem&@ﬂyﬂ.hlam@rlte%wé%élwsrmemblaggbbﬁr&ﬁﬁnm the
production 20adinaifdstinpd pheteto (EithopeamRathiaPobllicativauN @f2iés843ye bEertimpdadst develop

a method baseg %%%@hﬁ?&r@&mlﬁf@tﬁ@@mt fa&creé%ﬂme &Bwr&@%ﬁﬂém@nﬁm@e into the
extra-cellular do a|n Forj ‘Rﬁianc in arg\%ahod e ust nal é)la& adeswed oteln is

expressed in tﬁ8 %181331 ol }‘%ﬁlé’“ 1F81 54 S|g iy 8af53ﬁ1 Permlnus of
the protel§. Witiowgh mnfﬁlémgemmegttﬁr&@hfw& ﬂ%éfrﬂ%lﬁe tHe ilsreegasdtit
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production mefjjod i1 2HuRRL YRS iRdHBMER AP UieeChATIPRACH SROURITEISHGI Bhigentical to
hG-CSF product during the refolding process to lower the yield.
Recently, in order to solve the problems associated with the production
20 of a foreign protein within a microbial cell, various efforts have been made to
develop a method based on efficient secretion of a target protein across the
microbial cell membrane into the extra-cellular domain.
For instance, in a method employing a signal peptide, a desired protein
is expressed in the form of a fusion protein wherein a signal peptide is added to
25  the N-terminus of the protein. When the fusion protein passes through the cell
membrane, the signal peptide is removed by an enzyme and the desired protein
is secreted in a mature form. The secretory production method is
advantageous in that the produced amino acid sequence is usually identical to
the wild-type. However, the yield of a secretory production method is often
30 quite low due to unsatisfactory efficiencies in both the membrane transport and
the subsequent purification process. This is in line with the well-known fact
that the yield of a mammalian protein produced in a secretory mode in
prokaryotes is very low: Hitherto, no microbial method has been reported for
the efficient expression and secretion of soluble hG-CSF having no added
35 methionine residue at its N-terminus.
The present inventors have previously reported the use of a new



the wild-type. However, the yield of a secretory production method is often 30 ql’?itﬁalfﬂ"(‘ﬂ gue to
unsatisfactory efficiencies in both the membrane transport and the subsequent purification process.
This is in lineowihodsgowell-known fact that the yield of a mammalian protein pregdoeashind secretory
mode in prokaryotes is very low: Hitherto, no microl%ial method has been reported for the efficient
expression and secretion of soluble hG-CSF having no added 35 methionine residue at its
N-terminus. The present inventors have previously reported the use of a new 7 Jan 04 WO 01/04329
PCT/KRO0/003&@3c3mgcseian) pepridpentgerpdepsratbdifyingithiacibeasigeptidepsfieokbi;coli
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present inventjon to | rganism transformed with Sai ctor. It iS.a still further objec
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methionib® resitiueb® Siligigntly expressed and secreted by a microorganism when an
appropriate secretory signal peptide is employed.

Summary of the Invention

20 Accordingly, it is an object of the present invention to provide a
modified human granulocyte-stimulating factor(hG-CSF) which can be
efficiently produced using a microorganism..

It is another object of the present invention to provide a gene encoding
said peptide and a vector comprising said gene.

25 It is a further object of the present invention to provide a
microorganism transformed with said vector.

It is a still further object of the present invention to provide a process
for producing a hG-CGF which is non-attached methionine residue to amino
terminus using said microorganism.

30 In accordance with one aspect of the present invention, there is
provided a modified hG-CSF characterized in that at least one of the 1st, 2nd,
3rd and 17th amino acids of wild-type hG-CSF is replaced by another amino
acid.

35



terminus using said microorganism. 30 In accordance with one aspect of the pregep{mention, there
is provided a modified hG-CSF characterized in that at least one of the | st, 2nd, 3rd and 17th
amino aciowofowiksiype hG-CSF is replaced by another amino acid. 35 7 Jaaf)#Nys»67544329
PCT/KR00/00733 4 Brief Description of the Drawings The above and other objects and features of
the present invention will become apparent from the following description of the invention taken in 5
conjunction with the following accompanying drawings; which respectively show: Fig.1 : the
nucleotide anBeiefidesciriptipueof¢h e Dritowimgshuman granulocyte-stimulating factor composed
of 174 amino acids residues(SEQ ID 10 NOS: 1 and 2); Fig. 2 : the procedure for constructing

vector pT-CSF; Fig. 3.; the procedyre for constructing yvector pT 14S 1 SG; Fig. 4 :.the procedure
for constructing vecto;i.}bel'fekf[é‘éef Oéﬁf 8oL &%‘f@éﬁ?&%ﬁ%ﬁ%ﬂ&%ﬁ&kﬂéﬁ%‘ﬂmn wil
p'T140SSG-4ezpare 1@ppijest : franpriie dolomingodssedntigveefothe Tinsng an SARBE®; Fig. 7
the procedure:dafwestsdniolity betfoldWihgS GsdogplrHig: PiRSRaIES; f&vmﬁsvéﬁf&ﬁva?ﬁor
PBADG:; Fig. dthe procedure for constructing vector pBAD2M3VG; Figs. 10a and 10b : the results
of western blot analyses which verily the 20 expression of hG-CSF and modified hG-CSFs from
recombinant cell lines and the molecular weight of expressed proteins, respectively; and Fig. 11 :
the cellular activities &igd-C8E anvglewsiitcandGuodP pratiscqueinoes retovilditype deiniares. 25

Detailed Desgintiolbefthstinvantiap Ti&dﬂ@@ﬁig@ié@-&sfmoirﬁ{ﬁ§ed&&V%ﬁi@ﬁb§(SE@r'!\I?d by
replacir(;po on gn?rgncafi e amino acids of wild-type hG-CSF(SEQ ID NO: 2), preferably the 1st,
2nd, 3rd and h amino acids thereof, by qother amino acids. 30 More preferred are those obtained

by replacing the 17th Ei%ine SRPEPeREUEfor GRRASEGHRG S iRT ASSEs uncharged at neutral pH.
Specific examples of Figefdrrte poditiderd GiQ9Rsthwimghecatnimplddif SXGuence of wild-type hG-

Fig. 4 : the procedure for constructing vector pT14SS1SG;
Fig. 5 : the procedure for constructing vector pT140SSG-4T22Q;
15 Fig. 6 : the procedure for constructing vector pT14SS1S17SEG;
Fig. 7 : the procedure for constructing vector pTO1SG;
Fig. 8 : the procedure for constructing vector pPBADG;
Fig. 9 : the procedure for constructing vector pPBAD2M3VG;
Figs. 10a and 10b : the results of western blot analyses which verily the
20  expression of hG-CSF and modified hG-CSFs from recombinant cell lines and
the molecular weight of expressed proteins, respectively; and
Fig. 11 : the cellular activities of hG-CSF and modified hG-CSF
produced from recombinant cell lines.

25 Detailed Description of the Invention

The modified hG-CSFs of present invention are derived by replacing
one or more of the amino acids of wild-type hG-CSF(SEQ ID NO: 2),
preferably the 1st, 2nd, 3rd and 17th amino acids thereof, by other amino acids.
30 More preferred are those obtained by replacing the 17th amino acid of hG-CSF
with an amino acid which is uncharged at neutral pH. Specific examples of
preferred modified hG-CSFs have the amino acid sequence of wild-type hG-
CSF, except that:
(a) the 1st amino acid is Ser;
35 (b) the 1st amino acid is Ser and the 17th amino acid is X;
(c) the 2nd amino acid is Met and the 3rd amino acid is Val;



CSF, except that: (a) the 1st amino acid is Ser; 35 (b) the 1st amino acid is Seragdrifgg17th amino
acid is X; (c) the 2nd amino acid is Met and the 3rd amino acid is Val; 7 Jan 04 WO 01/04329
PCT/KROO/AO7MA41Y) the 2nd amino acid is Met, the 3rd amino acid is Val 6d/&R00/AM3Rmino acid
is X; or (f) the 17th amino acid is X, wherein X is an gmino acid which is not charged at neutral pH.,
5 preferably Ser, Thr, Ala or Gly, more preferably Ser. Four of the five Cys residues of hG-CSF
participate in forming disulfide bonds, while the 17th Cys residue remains unbonded in the natural

state. However, when(@dhseZad auminst aadas Meteilpe clisbamine anishisayieliandeths thsh 7th Cys
residue gets involieddidisex;noplecular disulfide bond formation, leading to the accumulation of

agglomerated hG-CSIf it e78YIRRIASAcidquugver, the inventive modified hG-CSF having an
amino acid other thanv%‘ys at the 17th positjon is’frge f.air::h problem and.can be effectively
AR

produced by a secretoy*Methot USir'a donhbFhrEsei dfonstirah Phhe
modified BG-QBeferably Bessdhrifviatibtlnayors pretsdeblpper. gene comprising a nucleotide

sequence deduced from the modified hG-CSF amino acid sequence according to the genetic code.

It is known that sever?é-oqiffetyfqh%oqwés %B&Oq&%egso ciifiﬁé_[ﬁigg aﬁ'ﬂtiﬁ A g(iﬁgé(l&:(%é% lIlhe codon

20 degeneracy, and, therefqre, the presentinvention includes inits scope nuc sé%uences

deduced from $ieHidaifoadis Wt dhanb/RiG ¥a Jesidis. tenains siybandadotithe Heterak gene
sequence inclstiés ond@wenerewhefea dargeogimoesut§ &f. kGlCBleigenprinsspinpaceibiagite

?nfer;ed Ig a tCé’éll@,f)fiig;ﬂ'?ﬁﬁcwﬁore’sﬁﬁgt%%@?m&%%ﬁiﬁﬂ Mﬁ@mﬁgw@&ﬂaﬁ]{‘%%{sﬁ'l‘ﬁ&énbaﬁd .
nioduces g AT LA 5, L SE LIRS oGRS TR L hoRp e < e
peptide(SEQ 161028y, a &8 theribieristarmedifed dtictabxhnnisgaal pepraasEQ ID
NO: 54), a betetlartatraseCsignal 3RepdMillepSEQoD NOfred) oG aneh |l imighlehpepidletSEGD NO:
42) or modified rReRNR IRRsaabRU e SEHAAS! Rih e gL RIS UAE) Ak ReHsgd in
15 microorganism.
The modified hG-CSF of the present invention may be encoded by a
gene comprising a nucleotide sequence deduced from the modified hG-CSF
amino acid sequence according to the genetic code. It is known that several
different codons encoding a specific amino acid may exist due to the codon
20 degeneracy, and, therefore, the present invention includes in its scope all
nucleotide sequences deduced from the modified hG-CSF amino acid sequence.
Preferably, the modified hG-CSF gene sequence includes one or more preferred

codons of E. coli.
The gene thus prepared may be inserted to a conventional vector to
25 obtain an expression vector, which may, in turn, be introduced into a suitable
host, e.g., an E. coli. The expression vector may further comprise a signal
peptide. Representative signal peptides include a thermoresistant E. coli.
enterotoxin II signal peptide(SEQ ID NO: 53), a modified thermoresistant E.
coli enterotoxin II signal peptide(SEQ ID NO: 54), a beta lactamase signal
30 peptide(SEQ ID NO: 24), Gene III signal peptide(SEQ ID NO: 42) or modified
peptide thereof, but these do not limit the signal peptides which may be used in
the present invention. The promoter used in preparing the expression vector of
present invention may be any of those which can express a heterologous protein
in a microorganism host. Specially, lac, Tac, and arabinose promoter is
35 preferred when the heterologous protein is expressed from E. coli.
Exemplary expression vector of the present invention includes



the present invention. The promoter used in preparing the expression vector of presen invention
may be any of those which can express a heterologous protein in a microorganism host. Specially,
lac, Tac, ambanadizmese promoter is 35 preferred when the heterologous protemkRergysssed from
E. coli. Exemplary expression vector of the present invention includes 7 Jan 04 WO 01/04329
PCT/KR00/00733 6 pT14SS1SG, pT14SS1S17SEG, pTO1SG, pTO1S17SG, pTO17SG, pTOL17TG,
pTO17AG, pTO17GG, pBAD2M3VG, pBAD17SG and pBAD2M3V17SG. The expression vectors of
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Intemational Beoaqrikaly phive AaRssisdierroradyen) for thaRisiesent PgRreadure. 25
The modified hG-C roteln of the t invention may P{ﬁg oduced by culturing the

transformantmgF88 ‘Pﬁ%‘.’ﬁ toe (f? % {Fle ene &ffcodin 588K hG-c protelﬁ é’nd
secrete 1Ae mBEAi YOI Ay %ﬁ%ﬁéﬁbf&sm, and r Qé\l/é)mg the modified hG-CSPlrotein

from the periBRMDEE)/HIBGIGTISG(Hiroorganiym Eay dagi cUBLZH DEIESTEGITSG(HM
10411) and E. coli BL21(DE3)/pBAD2M3VG(HM 10510) which were
deposited with Korean Culture Center of Microorganisms(KCCM)(Address;
Department of Food Engineering, College of Eng., Yonsei University,
20  Sodaemun-gu, Seoul 120-749, Republic of Korea) on March 24, 1999 under
accession numbers KCCM-10154, KCCM-10151, KCCM-10152 and KCCM-
10153, respectively, in accordance with the terms of the Budapest Treaty on the
International Recognition of the Deposit of Microorganism for the Purpose of
Patent Procedure.

=

25 The modified hG-CSF protein of the present invention may be
produced by culturing the transformant microorganism to express the gene
encoding the modified hG-CSF protein and secrete the modified hG-CSF,
protein to periplasm; and recovering the modified hG-CSF protein from the
periplasm. The transformant microorganism may be cultured in accordance

30 with a conventional method(Sambrook et al., the supra). The microorganism
culture may be centrifuged or filtered to collect the microorganism secreting the
modified hG-CSF protein. The transformed microorganism may be disrupted
according to a conventional method(Ausubel, F. M. et al., Current Protocols in
Molecular Biology, (1989)) to obtain a periplasmic solution. For example, the

35 microorganism may be disrupted in a hypotonic solution, e.g., distilled water,
by an osmotic shock. Recovery of the modified hG-CSF in the periplasmic




30 with a conventional method(Sambrook et al., the supra). The microorganism htgrr] ay be
centrifuged or filtered to collect the microorganism secreting the modified hG-CSF protein. The
transformewoniaretsaganism may be disrupted according to a conventional npethiead{dwupael, F. M. et
al., Current Protocols in Molecular Biology, (1989))—;0 obtain a periplasmic solution. For example,
the 35 microorganism may be disrupted in a hypotonic solution, e.g., distilled water, by an osmotic
shock. Recovery of the modified hG-CSF in the periplasmic 7 Jan 04 WO 01/04329
PCT/KR00/088B8ichsoiaiohenayndecoddbgted dmjlammmhtmmmﬂmﬁlbﬁwhbwcﬂd stiak, the

supra), e.g., 95b ha@ chr‘grr'pat e'éﬂi’iﬁﬂgfb%ﬂ mamg@m}y OLRYe column
chromatograp ??;)C be purifi ent| conduct %Eﬂ;I\/L pharose
column 5 chidHe ?%erfirdbﬁﬁgant“gsp%air BeF R rog s HE o eaSIe. CoF
protein produy acg%rdm{:f ifdeghe pre éﬁ’ﬂﬂﬁﬂ@ﬁﬂbfn |§Q1&Q¢Féﬂﬁor§Me‘éﬁHhﬂﬁeSN -tetohimoB and has

biologica$ actmmmﬁgrapbqndlﬁhenyt@phatbwcﬂtaﬁmfMdﬁmegﬂ@i@sF Therefore it may be

used as is in various @Bgllqﬁggfﬁeao ﬂ'@e(jgﬂ;o%melﬁi(aﬁ?g!ﬁ&@de A@Eeﬂgﬁ%tqéu g% te the
present invention withaut Ilmlté&g sgsc e Exargg §I1 Preparation %5 ing hG-CSF 15

A CDNA gend DYHIHgH AR T aﬁoawﬂea @HY
temp|ate(R&wvby@nermewsA)omelpgheér&@@e@@treﬁmédftﬂpedx%@&lﬁ ugbatefmrwot %8%0,643. To
prepare a CDM@eagﬁm@dm@m@t Ii€atlonE, vector pUC 19-G- CSF(Biolabs, USA) was

subject to PCR usufgé sl &§5§é?éi%§1f%@ upstért-m? ﬂlilm rp?rs E rIg)S NO: 3 was

deS|gne to provide an Nde reftrl jon sit ream from t iINO
acid(threonin&}VEBHOR Wt & SEPREthe primer of SEQ ID NO: 4, to provide a BamHI
restriction site(5'-GGATCC-3) downstream from the termination codon thereof. The amplified

hG-CSF gen@wﬁgﬂ@qy@qéﬁgﬁﬁ&ebgm@@}mIﬁhtgb(ﬁ{égqm;aj@gfgene encoding mature hG-CSF.
The hG-CSF gene was inserted at the NdelBamHI section of vector pET14b(Novagen, USA) to

obtain vector pT- CSF. Fig. 2 shows the above procedure for constructing vector pT-CSF. 30
Examplé2: Constructbif BNAEERs Earesinggic ganavendeispried dylicarrying out PCR
using as an hG-CSF template(R&D system, USA). The primers used are those

described in US patent No. 4,810,643.
To prepare a cDNA gene encoding mature hG-CSF, vector pUC19-G-
CSF(Biolabs, USA) was subjected to PCR using the primers of SEQ ID NOS: 3 |
20 and 4. The primer of SEQ ID NO: 3 was designed to provide an Ndel
restriction site(5'-CATATG-3") upstream from the first amino acid(threonine)
codon of mature hG-CSF, and the primer of SEQ ID NO: 4, to provide a BamHI
restriction site(5'-GGATCC-3") downstream from the termination codon thereof.
The amplified hG-CSF gene was cleaved with Ndel and BamHI to
25  obtain a gene encoding mature hG-CSF. The hG-CSF gene was inserted at the
Ndel/BamHI section of vector pET14b(Novagen, USA) to obtain vector pT-
CSF.
Fig. 2 shows the above procedure for constructing vector pT-CSF.

30 Example 2: Construction of a vector containing the gene encoding E. coli
enterotoxin II signal peptide and a modified hG-CSF

(Step 1) Cloning E. coli enterotoxin II signal peptide gene

35 To prepare E. coli enterotoxin II signal peptide gene, the pair of
complementary oligonucleotides having SEQ ID NOS: 5 and 6 were designed



enterotoxin Il signal peptide and a modified hG-CSF (Step 1) Cloning E. coli enterptpximlf signal
peptide gene 35 To prepare E. coli enterotoxin Il signal peptide gene, the pair of complementary
oligonucleo®281f432g SEQ ID NOS: 5 and 6 were designed 7 Jan 04 WO PHUASRB/00733
PCT/KR00/00733 8 based on the nucleotide sequegce of E. coli enterotoxin Il signal peptide, and
synthesized using DNA synthesizer(Model 380B, Applied Biosystem, USA). The above
oligonucleotides were designed to provide BspHI restriction site(complementary sites to an Ncol

restriction siteB3 sk aBdheBIplentids srauaneecobidn 60E aaretexintdkisignah@entivel andstriction
site introducegdyhthastedushanDNaA tyathtsizes(idodel!3 80Bo AysitietddBoweteanSAgd at 95 C to

obtain blunt-ended Dwﬁefm@aﬁ sgg@a@%aegla@w%é&gﬁsms rgmﬂw PlshiRtigin I
the Smal site of ector UC1 Blolabs

signal peptide(S 10 The ene was inserted a

USA) to obtan‘sl %d?fg f‘% YTy (§{8i) 39 PRI SHEGSR SHESHiNEEFrmciicar
prepare égen@émmwdﬂﬂmfm m@@r@twndslambmmmmpamsn@m@wqdwas
subjected to P@R;@ﬂm hapgimenhobiifefelid. NOS: 7 and 8. The primer of SEQ ID NO: 7 was

designed to substitutegag, § ﬁ&gr&wdg@kgﬁogh%&féa Ao8ne NS BUNH REIARHC: S 10
6

provide a BamHlI restriction sit ownstream from the 20 termination codan thereof.
The amplified BN I‘f‘?@ﬂ@ Y@’&@aggﬁ i?ﬂ%%ﬁﬂﬂqmaﬁdEﬂ@{’l@é‘Ff%oémhg

Mlul/BamHI seigiea] peptide(BI3rgsbeiined in Step 1 to obtain vector pUC 19S 1 SG. Vector pUC
19S 1 Sthus obtaingthe@THaINgsha N mescedinotre SthilferCsiNederiopated HBIdMBCSF

gene). 25 Ve G (Ijl’ th BspHI and BamHI to obtain a DNA fragment(522
bp). The DNA Cft% rx ]ﬁés mglgr ed at tﬁggx ol/BamHI section of vector pET | 4b(Novagen, USA)

to obtain vector pTl4SlSG Fig. 3 depicts the above procedure for constructing vector p11451 SG.

30 (Step 3) Ad@tem2) e palatoteobiwgint SttoduizpREoGEiEENCce to STII-hG- CSF gene Vector
pT14S1SG obtained in Step 2 was subjected to PCR using the primers of SEQ ID NOS: 9 and 10.

The prlmleSr of SEQ lD"FI prepare a gene encoding STII/hG-CSF, vector pT-CSF obtained in
Preparation Example 1 was subjected to PCR using the primers of SEQ ID
NOS: 7 and 8. The primer of SEQ ID NO: 7 was designed to substitute Ser
codon for the first codon of hG-CSF, and the primer of SEQ ID NO: 8§, to
provide a BamHI restriction site(5'-GGATCC-3') downstream from the

20 termination codon thereof. |

The amplified DNA fragments were cleaved with Mlul and BamH]I, and
then inserted at the MIul/BamHI section of pUC19ST obtained in Step 1 to
obtain vector pUC19S1SG. Vector pUC19S1SG thus obtained contained a
gene encoding an STII/hG-CSF(designated STII-hG-CSF gene).

25 Vector pUC19S1SG was cleaved with BspHI and BamHI to obtain a
DNA fragment(522 bp). The DNA fragment was inserted at the Ncol/BamHI
section of vector pET14b(Novagen, USA) to obtain vector pT14S1SG.

Fig. 3 depicts the above procedure for constructing vector pT14S1SG.

30 (Step 3) Addition of E. coli enterotoxin II Shine-Dalgarno sequence to STII-hG-
CSF gene

Vector pT14S1SG obtained in Step 2 was subjected to PCR using the

primers of SEQ ID NOS: 9 and 10. The primer of SEQ ID NO: 9 was

35 designed to provide an E. coli enterotoxin II  Shine-Dalgano
sequence(designated STII SD sequence) and an Xbal restriction site, and the



35 designed to provide an E. coli enterotoxin Il Shine-Dalgano sequence(desig % Il SD
sequence) and an Xbal restriction site, and the 7 Jan 04 WO 01/04329 PCT/KR 07%6'7 % 9 primer
of SEQ ID NO:01043¥ provide a BamHlI restriction site downstream from the permrrration7s®don of
mature hG-CSF to obtain a DNA fragment(STIl SD-¢gSTII-hCSF) containing a STII SD and
STII-hG-CSF gene. The STIl SD-STII-hG-CSF fragment was cleaved with Xbal and 5 BamH1, and
then inserted at the XbaUBamHI section of vector pETI4b(Novagen, USA) to obtain vector
pT14SSISG. Piymeraid S IReNBo O prvpeeNids foBeonbtt uesinis ientsitp domss dagGrom coli

5L21(DE33(Stretaeﬁﬂﬁ;au%bmtkﬁnﬁfm%@imsmmbmﬁﬂémﬁﬁa@%qmnm)gformam
esignated E t ntaining a gene encoding
STI/hG-CSF %ilion p %(?elngfﬁlglﬁ%tgc%dlon of gﬁgg{?{ kP%:I:gcégé%gene of plasmld T14SS1SSG
15 obtained in Step 3 W% oré’é’r%’é%th"%?%nﬁ lepredeqvith Xbal and
mutagenésis(Bamkisth, andet 'ehe,nStrmEgl@ﬁ, 9a8(16986)) Xbhl¢Banad corsdatitad  mf PER-tifithe

plasmid with HEINIBN mgg(gfﬁggm Og,?a)ulgwaglapmmm@ucleotide sequence a
complementary antlsefnse Hmer sEtgela lsl‘% 1r3 e%rl}re fu ?j‘:&ﬂ??hUSA (& ﬂgﬁg&]gﬁled DNA

fragment was recovere§ ction 0 remove verted

plasmids. E. coli XL- 1%Ilf&®03&§é@@@&§%ﬁé§&?ﬁﬁsf&ﬁﬁh Was tHansioamed MibmgCctie base
sequence of th& IAIB1eGavesbthiroattaastinmueddesignited Wasaledvhire3i,(and thus obtained was
plasmid gyl 14SSG which contained a 25 gene having Thr in place of the first amino acid of

hG- CSF(SE N - -4 -3 -2 -1 +1 +2 +3 +4 +5 Thr Asn Ala Tyr Ala T ly Pro
(SEQ 1D NO» EXFP. ALK IR oA iR e Bk Foea e R T B) a0 -
TGT-TTA- CG@W@-@G@TGT GGG GAC-CCG-GGA (SEQ ID NO: 13) E. coli
BL21(DE3)(Stratagene, USA) was transformed with vector pT14SSG to obtain a transformant

designated E. coli HMEQ38+ 33dod@F Me modified hG-CSF gene of plasmid pT14SS1SSG
15 obtained in Step 3 was replaced by Thr in accordance with a site-directed
mutagenesis(Papworth, C. et al., Strategies, 9, 3(1996)), which was conducted
by PCR of the plasmid with a sense primer(SEQ ID NO: 12) having a modified
nucleotide sequence, a complementary antisense primer(SEQ ID NO: 13), and
pfu(Stragene, USA).
20 The amplified DNA fragment was recovered and restriction enzyme
Dpnl was added thereto to remove unconverted plasmids.
E. coli XL-1 blue(Novagen, USA) was transformed with the modified
plasmid. The base sequence of the DNA recovered from transformed colonies
was determined, and thus obtained was plasmid pT14SSG which contained a
25  gene having Thr in place of the first amino acid of hG-CSF(SEQ ID NO: 11).

-5 -4 -3 -2 -1 +1 +2 +3 +4 45
Thr Asn Ala Tyr Ala Thr Pro Leu Gly Pro (SEQID NO: 11)
- ACA-AAT-GCC-TAC-GCG-ACA-CCC-CTG-GGC-CCT  (SEQ ID NO: 12)
30 -~ TGT-TTA-CGG-ATG-CGC-TGT-GGG-GAC-CCG-GGA (SEQ ID NO: 13)

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
pT14SSG to obtain a transformant designated E. coli HM 10301.

35



WO 01/04329 PCT/KR00/00733 10 (Step 5) Construction of a vector containingét‘g&p%gncoding
modified Sill /hG-CSF Vector pT14SSG obtained in Step 4 was subjected to PCR using the 5
complemeWa)1PHR38rs of SEQ ID NOS: 15 and 16, which were designed toPSIsERO0E0T3* codon for
the 4th codon of STl in accordance with the procedyge of Step 4 to obtain a modified plasmid. E.
coli XL-1 blue(Novagen, USA) was transformed with the modified plasmid. The base sequence of
the DNA recovered from transformed colonies 10 was determined, and thus obtained was plasmid
which contain@dep gonE erastimgtiohr o plassiof tikentthnangno geit ciSTd(RE @obifid: $7YIMet Lys
Lys Thr 1| e AaROoskeu (SEQ ID NO: 14)
5-GG-TGT-TTT-ATG-AAA-AAG-ACA-ATC-GCA-TTT-CTT-C-3'(SEQID NO: 15) 15
3'-CC-ACA-AAA-TAC-TTT-TTC-TGT-TAG-CGT-AAA-GAA-G-5'(SEQID NO: 16) The plasmid thus
obtained was cleaved¥FRIPKBAILATP M RATRRAHR > RSP 8SHY Setrd AP SBe ttsingt thector
pT14SSG obteimapl émstepry privisinieHa) PPINOSG4Tard (Steplirl ovstruderigreidatoector
cogtair:indgta %@wmfmtmgcmw ﬁlE'htf{‘&&ﬁ'%VS%}}%ﬁ%?%%%ég féi?ﬁi%@%%ﬁ%&ﬁ%& was
subjected to [ 5 ¢Q ry prjmers o :18 an , Which were
designed to sﬁ%gﬁgﬁg I%%f:toa21 or% %?Ddrﬁefgg%%%@éioh of STII in accordance with the procedure of

Step 4 to obtain a mofifiedpibmlidlre@dnvreenplie(Novagdransomned Mithntie medifiss the
modified plagtadmide CBse seguenprenddlod ik Ddedonemctfednfranttosiedneze aoksi&d was

o i e eSS E S T e gt o
place o e amino acCld,o0 . p IN.Ala I Pro Leu Yy
NO: 17) 3551 AN -IEA‘}\-é &‘-A@A‘l@%%]! @é@%}, \SEo 1D NO: 18)
3-GT-TTA-CGG-GTT-CGC-TGT-GGG-GAC-CCG-5' (SEQ ID NO: 19) 7 Jan 04 WO 01/04329
PCT/KR00/00733 11 (Step 7)Maanstyscligrs oflervédtorAdantBlinpeu modifieSERNIDIWang)a gene
5'-GG-TGT-TTT-ATG-AAA-AAG-ACA-ATC-GCA-TTT-CTT-C-3' (SEQ ID NO: 15)
15 3'-CC-ACA-AAA-TAC-TTT-TTC-TGT-TAG-CGT-AAA-GAA-G-5' (SEQ ID NO: 16)

The plasmid thus obtained was cleaved with Xbal and Mlul, and then
inserted at the Xbal/Mlul section of vector pT14SSG obtained in step 4 to
obtain vector pT14SSG-4T.

20
(Step 6) Construction of a vector containing a gene encoding modified STII
/hG-CSF

Vector pT14SSG-4T obtained in Step 5 was subjected to PCR using the
25 complementary primers of SEQ ID NOS: 18 and 19, which were designed to
substitute Gln codon for the 22nd codon of STII in accordance with the
procedure of Step 4 to obtain a modified plasmid.
E. coli XL-1 blue(Novagen, USA) was transformed with the modified
plasmid. The base sequence of the DNA recovered from transformed colonies
30 was determined, and thus obtained was plasmid pT14SSG-4T22Q which
contained a gene having Gln in place of the 22nd amino acid of STII(SEQ ID
NO: 17).

ASN Ala Gln Ala Thr Pro Leu Gly  (SEQID NO: 17)
35 5'-CA-AAT-GCC-CAA-GCG-ACA-CCC-CTG-GGC-3'  (SEQ ID NO: 18)
3'~GT-TTA-CGG-GTT-CGC-TGT-GGG-GAC-CCG-5'  (SEQ ID NO: 19)



encoding modified STII /hG-CSF 5 Vector pT14SSG-4T22Q obtained in Step 6 ected to
PCR using the complementary primers of SEQ ID NOS: 20 and 21 in accordance Wr{hLL

procedure WIOBKEMAR90 obtain vector pT140SSG-4T22Q having the six nucl@atidcRIo@az3ces
between the STII SD sequence(GAGG) and the initigfion codon of STII(modified STII SD of SEQ ID
NO: 71). 10 Fig. 5 represents the above procedure for constructing vector pT140SSG-4T22Q. E.
coli BL21(DE3) was transformed with vector pT140SSG-4T22Q to obtain a transformant designated
E. coli HM 10302. 15 Example 3: Construction of a vector containing a gene encoding modified hG-

CSF To prepgmiep mpdiipdthiztionroganeesiopanmenat @ di7ied2S TRVETY Endaligigéerred
codons and Ser in [lalace oéllf ,m (S\? d of hG 20 CSF and AS1 oligomer(SEQ ID NO: 23)
synthesizer(Mo

were synthesmeé) usﬁéIB del 380B, Applied Biosystem, USA). 0.5 (50 pmole)
guantities of the oligonucleotides were reacted at 95 C for 15 min. and kept until 35 C for 3 hours.

The mixtdre was pre&pMepTﬂémWQyMﬁﬂeﬂim@epdemmwmm)go 25
obtain a cohegiye,gpgsesanhls praneidsr SMerNS: Pashif DT iA4RSordai OWNAIeRLIN step 3

of Example 2 was eaved

d BstXI, th h d dd
oligomer, to NN vé%t i‘i%s §%r;§§témVe?:rfl’o enﬁ@@?SgélE@@o a?r?clevgea geﬁe esncodlng
hG-CSF haV||ﬁg1@e%ﬂﬂp$§fEWE§F§&f6W§% the §Hh R seies e A0Sk and gheindiatien st and

17th amino agiddodf TR modshed tB/ElY S SEG B hEIgbove procedure for constructing
vector '514088181 G <E. r% liBLal(ORS) Waqﬁ{%ga%gew%yeggg{sg{&ﬂ%svleéoﬂsEG to

obtain a tranngIgT%% E coli HM 10311, which was deposited with 35 Korean Culture
Center of Mic ) on March 24, 1999 under accession number KCCM-10154. 7 Jan
04 WO 01/04329 PC'ﬁKF(dOBD?QQ)EZEwamHmlﬂfOOQﬁétméﬁoﬁeéfqrep%}‘&ﬁﬁﬁnﬁ"g?&@éﬂe
encoding E. cebt@inpArasigfoahpapddsi gnsted &liters HIMAB502.vector containing a gene encoding

Tac promoter and OmpA signal

15 Example 3: Construction of a vector containing a gene encoding modified hG-
CSF

To prepare a modified hG-CSF gene, S1 oligomer(SEQ ID NO: 22)

having E. coli-preferred codons and Ser in place of the 17th amino acid of hG-
20 CSF and AS1 oligomer(SEQ ID NO: 23) were synthesized using DNA
synthesizer(Model 380B, Applied Biosystem, USA).

0.5 1£(50 pmole) quantities of the oligonucleotides were reacted at
95 C for 15 min. and kept until 35 T for 3 hours. The mixture was
precipitated in ethanol and subjected to gel electrophoresis(SDS-PAGE) to

25  obtain a cohesive ended double strand(ds) oligomer.

The plasmid pT14SS1SG obtained in step 3 of Example 2 was cleaved
with Apal and BstXI, and then ligated with the adhesive-ended ds oligomer, to
obtain vector pT14SS1S17SEG. Vector pT14SS1S17SEG contained a gene
encoding hG-CSF having E. coli-preferred codons at the amino terminus and

30 Ser in place of the 1st and 17th amino acids of hG-CSF, respectively.

Fig. 6 illustrates the above procedure for constructing vector
pT140SS1S17SEG.

E. coli BL21(DE3) was transformed with vector pT14SS1S17SEG to
obtain a transformant designated E. coli HM 10311, which was deposited with

35 Korean Culture Center of Microorganisms(KCCM) on March 24, 1999 under
accession number KCCM-10154.



5 peptide(SEQ ID NO: 24) as well as a gene encoding modified hG-CSF was prepgreﬁd follows:
Met-Lys-Lys-Thr-Ala-lle-Ala-lle-Ala-Val-Ala-Leu-Ala-Gly-Phe-Ala- Thr-Val-Ala-GIn- Ia EQ ID NO:
24) 10 --GMOBURIVAA-GCT-TCT-CGA-- (SEQ ID NO: 25) --CAA-CGC-GPTIBGRAAGAIGCT--
(SEQ ID NO: 26) Hindlll restriction site Vector pT-C$p- obtained in Example 1 was subjected to PCR
using a 15 primer(SEQ ID NO: 27) designed to substitute Ser codon for the 1st codon of hG-CSF
and another primer(SEQ ID NO: 28), to provide an EcoRl restriction site(5-GAATTC-3')
downstream fExampadtirirenitiedenrofheeetste UBEMNE BIGAR b Atafdligmgehe

encoding mocﬁf@@h@ﬁﬁeaﬁm@um&ag@l@swas cleaved with Hindlll and EcoRI, and then 20
inserted at the Hindlll/EcoRlI section of vector pFlag.CTS(Eastman, USA) to obtain vector pTO 1 SG

which contained a genge encoding E. coli OmpA signal peptide and maodified hGG-CSF(SEQ ID NO:
200, Fio. 7 axibite ind NG RAITE o GRS, R B AP OO apd (DA Sgnal
BL21(DES)(StpapiiftiS EQSH) WH3: traths sy rwist] e havgensr epsqrdingl wodibiedth(n-€SBmnsasrmant

designated E.pgie y41dd 1946Rewmxample 5: Construction of a vector containing a gene encoding E.
coli OmpA signal peptide and modified hG-CSF 30 The first codon of the modified hG-CSF gene of

plasmid pTOIl SG obtaiped ip Ex le 4 was replaceq by Thr |n accordance yvith sjte-directed
mutagenesis(ﬁﬁﬁﬁféfﬁ}j@.sé rngftib?gsﬁ@_ (L@_ggﬁ_)&ﬁigﬁ%iﬁ%%r&'&yt J‘ET id
pTO1SG obtakhatNakExAbasienvAtaa sense primer(SEQ ID NO: 3(3BQsighdidDtR4)bstitute Thr
codon fofghe | stcadenEih@ARSGCIRIR-IH40Mplementary antisenSEpyippeNOERID NO: 31). E.
coli XL- | blue(Novagen ~WSAywastranstprped with the modified 7 J 1/04329
PCT/KR00/00733 p%esrénmiéeééa%g@e%@gnce of the DNA recoﬁgzr)ge%il ror% t%n?s rmed colonies
was determined, and thus oSTEH BeaERGHGBTHE which contained a gene having Thr in place of
the first amino acid of hG-CSF. E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 5

PTOG to obtain a transfgsapidesonsedfedorll FMABROT Fxaapif-Biddresiustirmpfspoglified
hG_CSF?S primer(SEQ ID NO: 27) designed to substitute Ser codon for the 1st codon of
hG-CSF and another primer(SEQ ID NO: 28), to provide an EcoRI restriction
site(5'-GAATTC-3") downstream from the termination codon thereof to obtain a
DNA fragment containing a gene encoding modified hG-CSF .
The DNA fragment was cleaved with HindIll and EcoRI, and then
20 inserted at the HindIII/EcoRI section of vector pFlag.CTS(Eastman, USA) to
obtain vector pTO1SG which contained a gene encoding E. coli OmpA signal
peptide and modified hG-CSF(SEQ ID NO: 29).
Fig. 7 exhibits the above procedure for constructing vector pTO1SG.
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
25 pTOISG to obtain a transformant designated E. coli HM 10409.

Example 5: Construction of a vector containing a gene encoding E. coli OmpA
signal peptide and modified hG-CSF

30 The first codon of the modified hG-CSF gene of plasmid pTO1SG
obtained in Example 4 was replaced by Thr in accordance with site-directed
mutagenesis(Papworth, C. et al., Strategies, 9, 3(1996)), by conducting PCR of
the plasmid pTO1SG obtained in Example 4 with a sense primer(SEQ ID NO:
30) designed to substitute Thr codon for the 1st codon of hG-CSF and a

35 complementary antisense primer(SEQ ID NO: 31).

E. coli XL-1 blue(Novagen, USA) was transformed with the modified



(a) Production of [Serl, Serl7] hG-CSF 10 Vector pTO 1 SG obtained in Example 4 yyasstibjected to
PCR using a sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th codon of
hG-CSF aN@&®#Bementary antisense primer(SEQ ID NO: 33) in accord KR/ apEshrocedure
of Step 4 of Example 2 to obtain a modified plasmid.3L5 E. coli XL-1 blue(Novagen, USA) was
transformed with the modified plasmid. The base sequence of the DNA recovered from transformed
colonies was determined and thus obtained was plasmid pTO 1 S 17SG which contained a gene
having Ser in plegmigf th&hesbastiseatenesinb e Hecosrediroan Bansfaymey sekeigéne, USA)
was transformegs\Wdidterasiiosd 2Qmd (ﬂaﬂszdblﬁﬁetb phTﬁ't[idi mmmahdmm k. galeHM

10410, Which gq@lgqﬁ a@ggm%eﬁpsp organlsms(KCCM) on March 24,
1999 under access num u% %gﬁ%gﬁgj Prodg&&i of Serlfélé 25 Vector pTOG
obtained in Example 5*w&8' ?—?ﬁl’éﬁ rFB oVEb) ¥eithed to
substituted Sem&@aﬁmhmmamamfammtms&saﬁa acebrtibVeh4dry antisense primer(SEQ ID
NO: 33) in accordance with the procedure of Step 4 of Example 2 to obtain a modified plasmid. 30

E. coli XL-1 b@%g&gggerﬁ(y 83 ﬁga%q}\/\gggﬁge modified plasmid. The base sequence of

the DNA reco transfor me onles was determined, and thus obtained was plasmid
pTO17SG which contained a gene havmg Ser in place of the 17th amino acid of hG-CSF. E. coli
BL21(DE3)(S(tw)t£’gedmti¢ﬁ/b)f\[\w1neﬁsfb7m—ﬁﬁlﬁvector 35 pTO17SG to obtain a transformant

ﬁlﬂeSIgnatml E. co:;ggl\ﬂe@fb} mmcwaﬁtaﬁlﬁ%psﬁ &??Qs@%?ﬁ%t{%@%@@k uims .
e R A R S e
Example 5 we940Bjo&tE&116 B RSt §amBlemicsiayi &%‘@E@ Roiver(8E @éﬂ@d @E%stltute
Thr codon for ébeotdanceoatith ohé@ra@dwmeded Soeppiemt htwaynattie nseoptainey SEEiied|O: 35) in
accordance Wgﬁggﬁdgrocedure of Step 4 of Example 2 to obtain a modified plasmid.
15 E. coli XL-1 blue(Novagen, USA) was transformed with the modified
plasmid. The base sequence of the DNA recovered from transformed colonies
was determined and thus obtained was plasmid pTO1S17SG which contained a
gene having Ser in place of the 1st and 17th amino acids of hG-CSF.
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
20 pTOI1S17SG to obtain a transformant designated E. coli HM 10410, which was
deposited with Korean Culture Center of Microorganisms(KCCM) on March 24,
1999 under accession number KCCM-10151.

(b) Production of [Ser17] hG-CSF
25 Vector pTOG obtained in Example 5 was subjected to PCR using a
sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in
accordance with the procedure of Step 4 of Example 2 to obtain a modified
plasmid. '
30 E. coli XL-1 blue(Novagen, USA) was transformed with the modified
plasmid. The base sequence of the DNA recovered from transformed colonies
was determined, and thus obtained was plasmid pTO17SG which contained a
gene having Ser in place of the 17th amino acid of hG-CSF.
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
35 pTOI17SG to obtain a transformant designated E. coli HM 10411, which was
deposited with Korean Culture Center of Microorganisms(KCCM) on March 24,



E. coli XL-1 blue(Novagen, USA) was transformed with the modified 10 plasmid. Te base
sequences of the DNA recovered from transformed colonies was determined, an7d ﬂﬂs&gbtained
was plasmMW@TA#2PG which contained a gene having Thr in place of the 1PREA/KRIMIAI of
hG-CSF. E. coli BL21(DE3)(Stratagene, USA) was trgnsformed with vector pTO17TG to obtain a
transformant designated E. coli HM 10413. 15 (d) Production of [Alal7] hG-CSF Vector pTOG
obtained in Example 5 was subjected to PCR using a sense primer(SEQ ID NO: 36) designed to
substitute Alal@S$ownidgriaecesstorcodmber RECMH Bhe2a complementary antisense primer(SEQ 1D
NO: 37) in 20 accordance with the procedure of Step 4 of Example 2 to obtain a modified plasmid.

E. coli XL-1 btt§@}8ﬁgg§§?olé%%§ tﬁ@ggfmed with the modified plasmid. The base sequence of

DNA recovered from olgnies was determjne

&a ?{v E ned, and th sobtﬁiineck s plasmid
OTOL7AG which contyFRATaP b5 GeRB RRTA G T HABRIEe o THIFSIhiabb B IRTESE. £ col
BL21(DE3)(StensggnsnerS3H QD i atesighedetnosupgtduty ABrieestnaidar tthedfomant
designated E cedibirl W HE @S el edustificohtatydy” hhirsdasE pOny@tSEQ MO @spein

codon for he LA ke A B O e PRIt 2 10 SO Ry

accordance V\Ptll“?stm%dprocedure of Step 4 of Example 2 to obtain a modified plasmid. 35 E. coli XL-1
blue(Novagen, USA) Wasafaddsinbdde@ihthgermddBidd hastriusOhméhseite thenvaddicde DNA

recoverqg frop deameformerecalaies ddancaé WO B/0BRER RETHHRAD/IRFR3 b skamiatermined,

amino ‘;i%?i#r#?%%%sﬁ%?cé?e%@f‘if;@%?ﬁ@?aﬁé%‘?ﬂ?ﬁv R R
pTO17GG to 6BRiRINgdragsRs havingeEhyinrlace obihe iy toamsns agibad s feRfof [Asp 17]
hG-CSF Vector pTOGbhtaineBlia EXatd{Stravagsst)bjeSik) twdClrausfogneed with vector
pTO17TG to obtain a transformant designated E. coli HM 10413.
15
(d) Production of [Alal7] hG-CSF
Vector pTOG obtained in Example 5 was subjected to PCR using a
sense primer(SEQ ID NO: 36) designed to substitute Ala codon for the 17th
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 37) in
20 accordance with the procedure of Step 4 of Example 2 to obtain a modified
plasmid.
E. coli XL-1 blue(Novagen, USA) was transformed with the modified
plasmid. The base sequence of DNA recovered from transformed colonies
was determined, and thus obtained was plasmid pTO17AG which contained a
25  gene having Ala in place of the 17th amino acid of hG-CSF.
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
pTO17AG to obtain a transformant designated E. coli HM 10414.

(e) Production of [Gly17] hG-CSF

30 Vector pTOG obtained in Example 5 was subjected to PCR using a -
sense primer(SEQ ID NO: 38) designed to substitute Gly codon for the 17th
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 39) in
accordance with the procedure of Step 4 of Example 2 to obtain a modified
plasmid.

35 E. coli XL-1 blue(Novagen, USA) was transformed with the modified
plasmid. The base sequence of the DNA recovered from transformed colonies



sense primer(SEQ ID NO: 40) designed to substitute Asp codon for the 17th codpy£f b%-CSF and
a complementary antisense primer(SEQ ID NO: 41) in 10 accordance with the procedure of Step 4
of ExampleWY818483th a modified plasmid. E. coli XL-1 blue(Novagen, USAPGRAEROAMEI3Bmed with
the modified plasmid. The base sequence of the DNA recovered from transformed colonies was
determined, and thus obtained was plasmid pTO17APG which contained a 15 gene having Asp in
place of the 17th amino acids of hG-CSF. E. coli BLZé}LéDES)éStratagene, USA) was transformed with
vector pTO1 PP deteupinfdaanshdmsmebininedigrraddasmad|pd ilSa@ewh atginedrstruction
of a vector cogtaiging g ahily emptaio®ftheol 7Henmizd dvidigrthGeg¥ie and modified hG-CSF (a)
Con_structlon of a vectgr COMAENNG » ng&g’a@gw SR olgelasTol %ng“éml 9&@&”' signal
peptide 25 A \@pﬁéﬁg@tmmw }?";g’fne encodin élrablno%& ro%&%@g . coli Gene Il signal
peptide(SEQ 9) 19 007aH A LAY R TR R AR RR A B e RS -prepared as follows:
Met-Lys-Bys-Leu-Leu-Phe-Ala-lle-Pro-Leu-Val-Val-Pro- 30 Phe-Tyr-Ser-His-Ser- (SEQ ID NO: 42)
-TAT-AGC-CAf)Profuréticn - TAPAG hHSERIID NO: 43) -ATA-TCG-GTA-TCG-TGG-TAC-CTC-
(SEQ ID NO: 44) Nc ICH it spi I il A lning.a gene
encoding arabinose S&é%ﬁﬁ? gb%;lﬂa i EX Sgg wgsggéllég%g %v#tﬁéf\lg)&&ar%%%gfn 04 WO

Gene 1l signal pepti i
01/04329 PCTARFSOBEHFED émgﬂ%&tr%\%é]estﬁﬂ PRI HHG A RIFORANEF H18Al BBlymerase
to obtain a blood@ndéhoGNE sndraledrNementiaty \wnt strese geiaver{ ST BYIINO:obtdim a vector

fragmentdavige:bribrRlbiRy BRA RN PR EQNRENT St \ESOERAnH PRIFBGIA FRtHEeY Was

subjected to PCR using a 5 sense primer(SEQ ID NO: 46) having a nucleotide sequence coding for
the 2nd to th& 9th amino acids of hG-CSF(SEQ ID NO: 45) and a complementary antisense
primer(SEQ ID NO: 4%) ifPhc&SrahMlusiNAvReeprddeduravas S lopnadithithe westifigd a
blunt-ended ONsHiamdritecbataistiqydnce©F FhgddN Andcavidesd Hitowstrintkforsitedic dhmarboxy

terminus. Theyraameetiieuvas ihEepehed v Bapiiiiaopian NepeShsene dmemanihaving
both a bi%nt eggne having Asp in place of the 17th amino acids of hG-CSF.
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector

pTO17APG to obtain a transformant designated E. coli HM 10416.

Example 7: Construction of a vector containing a gene encoding E. coli Gene
20  III signal peptide and modified hG-CSF

(a) Construction of a vector containing a gene encoding arabinose promoter and
E. coli Gene III signal peptide

25 A vector containing a gene encoding arabinose promoter and E. coli

Gene III signal peptide(SEQ ID NO: 42) as well as a gene encoding modified
hG-CSG was prepared as follows:

Met-Lys-Lys-Leu-Leu-Phe-Ala-Ile-Pro-Leu-Val-Val-Pro-

30 Phe-Tyr-Ser-His-Ser- (SEQ ID NO: 42)
-TAT-AGC-CAT-AGC-ACC-ATG-GAG- (SEQ ID NO: 43)
~ATA-TCG-GTA-TCG-TGG-TAC-CIC- (SEQ ID NO: 44)

Ncol restriction site

35 Plasmid pBAD - gllIA(Invitrogen, USA) containing a gene encoding
arabinose promoter and Gene III signal peptide was cleaved with Ncol, and



and a cohesive end. Pro Leu Gly Pro Ala Ser Ser Leu (SEQ ID NO 45) 5' 7 Jan 04
-C-CCC-CTG-GGC-CCT-GCC-AGC-TCC-CTG-3' (SEQ ID NO 46) 15 3
-G-GGG-GAD @13 GA-CGG-TCG-AGG-GAC-5' (SEQ ID NO 47) The hG#¢aik@ensofisgment as
inserted into the vector obtained above to obtain vegtgr pPBADG which contained a gene encoding
E. coli Gene Il signal peptide and hG-CSF(SEQ ID NO: 48). 20 Fig. 8 describes the above
procedure for constructing vector pBADG. E. coli BL21(DE3)(Stratagene, USA) was transformed
with vector pBARE ttrahdeid BINARSieraaahmesidvathokEewow M AGSHIYnibydseadustiamai [Met2,

Va1 1G-S PlanmirefA seliadnpieasi B uanicnmte sk and Bolljo obtan

a fragment having two cohesive,ends. Vectar.pT-CSF ohtained in Example 1 was s
using a sensea&%&t8f(§é%ﬁﬁlﬁd8¥§t%¥%§ﬁ%8%ﬂb‘fe%{ & RYEENCEYbding for the 1st 30 to the
9th amino acids of [Mé(Z?t@alB]fh@S@Sﬁ(tSEl@il@I@?H@laddﬁaﬁoﬁﬂbn@ﬁtédtmyﬂiﬁﬁswisg a
Elrimer(SdEf% IRdNE: pilihisréSEQAMNDEONYE I irvidigeeducteotiBtofduehbxaaileate afiane
unt-ended D =ontaini S nHy et te oXy
having t ' ; 1 Ala
Si\r”ggervl\_lguC(()SEEt@mplN@,tmgbtain a blunt-ended DNA fragment containing hG-CSF gene afd °
2'-;?8-6(3%-50&&1?&@5%6&%&9%-&%ﬁ&i%%ﬁkﬁlc&'(sﬁg|% 'égithcl:\ln was

' - - - - - - -C - -5 . X ol restriction
site Thei%-C%%%é{]d; #ggﬁ%ﬁﬁﬁﬁ iﬁ?éar%%%-to e%?ggtcﬁa(%?gﬁéaagb%e gt%c})l 0 zlalllr?%vglclﬁor

PBAD2M2VG 8BAGMRNES ¥efdeoding E. coli Gene Il signal peptide, and Met and Val in place of
the 2nd and 3rd amino acids of hG- 10 CSF(SEQ ID NO: 52), respectively. Fig. 9 shows the above

procedure for (_:onstrupy@gL\@ptgqyp@ﬁ@al\{@\@fES@pliL%Zl(DEQS@@mN@&jﬁA) was
transformed with VCIBE_TG-GGC-CCT-GOC-AGC-TCC-CTG-3’  (SEQ ID NO 46)
15 3" -G-GGG-GAC-CCG-GGA-CGG-TCG-AGG-GAC-5'  (SEQ ID NO 47)

The hG-CSF gene fragment as inserted into the vector obtained above
to obtain vector pBADG which contained a gene encoding E. coli Gene III
signal peptide and hG-CSF(SEQ ID NO: 48).
20 Fig. 8 describes the above procedure for constructing vector pPBADG.
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
pBADG to obtain a transformant designated E. coli HM 10501.

(b) Production of [Met2, Val3] hG-CSF
25
Plasmid pBAD - gllIA(Invitrogen, USA) was cleaved with Ncol and
BgllI to obtain a fragment having two cohesive ends.
Vector pT-CSF obtained in Example 1 was subjected to PCR using a
sense primer(SEQ ID NO: 50) having a nucleotide sequence coding for the 1st -
30 to the 9th amino acids of [Met2, Val3] hG-CSF(SEQ ID NO: 49) and a
complementary antisense primer(SEQ ID NO: 51) in accordance with the
procedure of Step 4 of Example 2 to obtain a blunt-ended DNA fragment
containing hG-CSF gene and a BamHI restriction site in the carboxy terminus,
which was then was cleaved with Neol and BamHI to obtain a hG-CSF gene
35 fragment having two cohesive ends.



pBAD2M3VG to obtain a transformant designated E. coli HM 10510, which 15 wasjggresited with
Korean Culture Center of Microorganisms(KCCM) on March 24, 1999 under accession number of
KCCM-101%8.9 4943 duction of [Serl7] hG-CSF 20 Vector pBADG obtained RETAKRASOEIIBjected to
PCR using a sense primer(SEQ ID NO: 32) designeid/to substitute Ser codon for the 17th codon of
hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in accordance with the procedure
of Step 4 of Example 2 to obtain a modified plasmid. E. coli XL-1 blue(Novagen, USA) was
transformed with the modified 25 plasmid. The base sequence of the DNA recovered from
transformed colonies was @ateabedan@lthBrobthineevasSpladroid pBSBLYYBENMet9yontained

a getne h?Ving 'S*?AELG@?EIWI}?I’GZ_ LI }Q%Eqb ) %@@A@@PI@E{‘@GBBQ@E :ﬂﬁﬁ@ﬁﬁﬂ OIS_ZL][_JSS%)
was transfor 0 n i .

(d) Productior’of m&%&%@@&@&&%ﬁ&%@%@fﬁn @Qwﬁswé jected to
PCR usiny a sense prilleAISEENISSINIOSI®Y) designed to substitute Ser codon for the 17th 35 codon
of hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in accordance with the

procedure of Step 4 of aoiest B AR AAAANIRAAAROA NG OLOIIPARGTISRANAO73S 18
File t

plasmid. E. coli XL-1 blue%l%ov as transforme he nﬁ) asmid. The base
r

sequence of th PN EES SIORARF SR A SR £9 iﬁ@ﬂ,qoﬁ'&eﬂ[\gss%’cé]ined was
plasmid pBADZVBYE78@ Wikthasdcdalaimeplacgené Haevidgdviend\3diathBer iscplacefohthe 2nd,
3rd and 1§th ewMERYIDNOSCEredpsnpgdively. E. coli BL21(DE3)(Stratagene, USA) was
transformed with vectey: pBAD?2 739G to in ant desij ed.E. coli HM 10512. 10
Example 8: Productio(r%rl(%? hé—Cgﬂgﬁgns ormgﬁgére?g%ﬁﬁ{gaﬁglescgz{}%%y%\}\}gﬁa cﬁﬁ%ler(gd in LB
medium(I% b 2 X,CD.S% bacto-yeast extract and 1% NaCl) and then incubated in the
presence of an expredsionadfidBdel {{EKS) (Stratagens, ok AU kvae dians ferahed nedtlof VRTIGr more

than 15 hourspBaghNIthe GUB Estaies sRnETHiaeshaldeQoRtem £0T-30; M tooyeginkaterbacterial
cells, aniisthe was deposited with Korean Culture Center of Microorganisms(KCCM) on
March 24, 1999 under accession number of KCCM-10153.

(c) Production of [Ser17] hG-CSF

20 Vector pBADG obtained in (a) was subjected to PCR using a sense
primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th codon of
hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in accordance
with the procedure of Step 4 of Example 2 to obtain a modified plasmid.

E. coli XL-1 blue(Novagen, USA) was transformed with the modified -

25 plasmid. The base sequence of the DNA recovered from transformed colonies
was determined, and thus obtained was plasmid pBAD17SG which contained a
gene having Ser in place of the 17th amino acid of hG-CSF.

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector
pBAD17SG to obtain a transformant designated E. coli HM 10511.

30

(d) Production of [Met2, Val3, Ser17] hG-CSF

Vector pPBAD2M3VG obtained in (b) was subjected to PCR using a

sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th

35 codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in
accordance with the procedure of Step 4 of Example 2 to obtain a modified



precipitate was suspended in a 1/10 volume of isotonic solution(20 % sucrose, 19 ga d4is-Cl buffer
solution containing 1 mM EDTA, pH 7.0). The suspension was allowed to stand at room
temperaturé @M8839in, and then 20 centrifuged at 7,000 rpm for 10 min. to BONEEROHNEFal cells.
The cells were resuspended in D.W. at 4 C and cengifuged at 7,000 rpm for 10 min. to obtain a
supernatant as a periplasmic solution. The hG-CSF level in the periplasmic solution was assayed in
accordance with ELISA method(Kato, K. et al., J. Immunol., 116, 1554(1976)) using an antibody
against hG-CBRgRIthd, USA), 25 which was calculated as the amount of hG-CSF produced per 1 ~
of culture. The resultgageisionu iblieidagelg TUBAW @43 143 ESHE d akld 1HRGAdRRA/00733

Jstaprbiigss e S W’%‘#B@&@@ T LA HAEE
103113pT14EFsdsSERIR 2"‘41}?14 ?g ey %ﬁé@%ﬁ#ﬂﬁ (@)pTO 1
S 17SG15477qe|m1m%@WTMM@‘SO\/@M@Q@%(@)pimnfcmgs?adﬂ Mrd and 17th
104146(d)p T QehiAs b #BG FMG108F56¢eppdidREG 1,480 HM 104166(f)pTO17APG67 HM

105017(a)pBADG54 H
105127E3§S|3AD2|\/|3\?1"17@(2?@Zéﬁgij ‘é#é@flé ﬁ%tuoyslgrf ééép 51?%“%%3‘?@ EMcotﬁ’ HM 10411
prepared in ERBANEME Wé@ﬁl’t&@ﬂlr}ﬁ g8 ARy ‘Ef’tﬁ'éaé‘iﬁt@recﬁf flded for 6,000 rpm

for 20 min. to
10  Example 8: Production of hG-CSF

Transformants prepared in Examples 2 to 7 were cultured in LB
medium(1% bacto-tryptone, 0.5% bacto-yeast extract and 1% NaCl) and then
incubated in the presence of an expression inducer(IPTG) for 3 hours or

15  cultured in the absence of IPTG more than 15 hours. Each of the cultures was
centrifuged at 6,000 rpm for 20 min. to precipitate bacterial cells, and the
precipitate was suspended in a 1/10 volume of isotonic solution(20 % sucrose,
10 mM Tris-Cl buffer solution containing 1 mM EDTA, pH 7.0). The
suspension was allowed to stand at room temperature for 30 min, and then

20 centrifuged at 7,000 rpm for 10 min. to collect bacterial cells. The cells were
resuspended in D.W. at4 C and centrifuged at 7,000 rpm for 10 min. to obtain
a supernatant as a periplasmic solution. The hG-CSF level in the periplasmic
solution was assayed in accordance with ELISA method(Kato, K. et al., J.
Immunol., 116, 1554(1976)) using an antibody against hG-CSF(Aland, USA),

25 which was calculated as the amount of hG-CSF produced per 1 £ of culture.
The results are shown in Table 1.




harvest cells.

The periplasmic solution was prepared from the cells by repeating-$hg,prggedure of

Example 8. 10 The periplasmic solution was adjusted to pH 5.0 to 5.5, adsorbed on a
CM-SephaYRélPHERMmacia Inc., Sweden) column pre-equilibrated to pH 5.3 PATAKR8/00TBE column
was washed with 25 mM NaC1. hG-CSF was eluted hy sequentially adding to the column buffer
solutions containing 50mM, 100mM and 200mM NacCl, and fractions containing hG-SCF were
collected and 15 combined. The combined fractions were subjected to Phenyl
Sepharose(Pharmacia Inc., Sweden) column chicltdgraphy to obtain [Serl7] hG-CSF having a
purity of 99%. 7 Jan 04 WO 01/04329 PCT/KR00/00733 20 Further, the above procedure was

repeated usi
10414, HM
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10

15

HM 10415 | 6(e) pTO17GG 1,480
HM 10416 | 6(f) pTO17APG 67
HM 10501 7(a) pBADG 54
HM 10510 | 7(b) pBAD2M3VG 69
HM 10511 7(c) pBAD17SG 937
HM 10512 | 7(d) | pBAD2M3V17SG 983

Example 9: Purification of hG-CSF

Transformant E. coli HM 10411 prepared in Example 6(b) was cultured
in LB medium and the culture was centrifuged for 6,000 rpm for 20 min. to .
harvest cells. The periplasmic solution was prepared from the cells by
repeating the procedure of Example 8.

The periplasmic solution was adjusted to pH 5.0 to 5.5, adsorbed on a
CM-Sepharose(Pharmacia Inc., Sweden) column pre-equilibrated to pH 5.3, and
then, the column was washed with 25 mM NaCl. hG-CSF was eluted by
sequentially adding to the column buffer solutions containing SOmM, 100mM
and 200mM NaCl, and fractions containing hG-SCF were collected and
combined.

The combined fractions were subjected to Phenyl Sepharose(Pharmacia
Inc., Sweden) column chromatography to obtain [Serl7] hG-CSF having a
purity of 99%.



solution for blotting(170 mM glicine, 25mM Tris - HCI(pH 8), 20% methanol) 25 angd thgsproteins
separated on the gel were western blotted onto a nitrocellulose filter(Bio-Rad Lab., USA.) for 3
hours. TheWiRA#3%ept in 1% Casein for 1 hour and was washed three tiPEEKRIOPESS containing
0.05% Tween 20. The filter was put in a goat anti-@SF antibody(R&D System, AB-214-NA, USA)
solution diluted with PBS and reacted at room temperature for 2 hours. After 30 reaction, the filter
was washed 3 times with a PBST solution to remove unreacted antibody. Horseradish
peroxidase-conjugatdthrdissit dhg-gabevie)GIBlecRake LavRs USSR lidiedsing FBshwad athied thereto
and reacted afaffsin@mpertesl A Rh008 1 ThENterotos WHMetosith PBST 19803 Hvoxidase

substance Kit¢Bi lyiki lgr lon: The
results from é?%%%%%g%ﬁ?&g%ﬁ%ﬁ?Ig%%%%e%ﬁ%gﬁﬁi%%@%pgrééeé?@% positive
control, Met-G'&sR\%: 1735 PREFHERD0/00733 21 and lane 2, purified [Serl7]
hG-CSF.5As can be sBaehfrovh thg. 1obified mordcbilar inasitinnoffser subjecteis Foeualisithat of
LvEdétg%T%%&%Ecgmalgmkgpmymwﬂii&@@@mmhﬁpﬁ&%smsIMN*R_ %@&E&Q@lkﬂse' .
36 year-old Wi - e L R R o
adjusted to 2 BLESAE0 GaErming Rpvet el Meding (FRICEIENISORIMREFIRIARIGS AutaRe 10
grade/SIGMAMiet-hGeSfifatioranfgebd e e dosj ot tmdrodsulting solution was added to a 96 well
7 Ut S o T Ao el o e i h
15 CSF, and T 27 AE GOl bRt I8 n L LA Bty T e OGNS BB i and
then serially diftdaneoinkee pyrsigsdd Setd Hh-¢Sko MsaranThr sea fisgsBigtiokPvadiadded to
wells at 10 ji peoleall andeipht kedt¢Sent B HGHOESIB isahies séiragzoditive CoitdtypcGraSEially 20
available _hG-%m@i?E’I AuRfeWialibnl BF ey ehalestning incregpadwandeicriadysing a
commerlcgallyh?é/}? Ig‘t,)e?o T 'glrt{a,;?%%ggt # G4100, Promega) based on the measured optical
Further, the N-terminal amino acid sequences of hG-CSFs were
determined and the nucleotide sequences coding for the 1st to 32nd amino acids
produced using the transformants HM 10311, HM 10409, HM 10411, HM
10413, HM 10414, HM 10415, HM 10510 and HM 10512 shown in SEQ ID
20 NOS: 56, 58, 60, 62, 64, 66, 68 and 70, respectively. The result shows that the
modified hG-CSF produced according to the present invention is not
methionylated at N-terminus.
A nitrocellulose filter (Bio-Rad Lab,, USA) was wetted with a buffer
solution for blotting(170 mM glicine, 25mM Tris + HCI(pH 8), 20% methanol)
25 and the proteins separated on the gel were western blotted onto a nitrocellulose
filter(Bio-Rad Lab., USA.) for 3 hours. The filter was kept in 1% Casein for 1
hour and was washed three times with PBS containing 0.05% Tween 20. The
filter was put in a goat anti-G-CSF antibody(R&D System, AB-214-NA, USA)
solution diluted with PBS and reacted at room temperature for 2 hours. After
30 reaction, the filter was washed 3 times with a PBST solution to remove
unreacted antibody.  Horseradish peroxidase-conjugated rabbit anti-goat
IgG(Bio-Rad Lab., USA) diluted with PBS was added thereto and reacted at
room temperature for 2 hour . The filter was washed with PBST, and a
peroxidase substance kit(Bio-Rad Lab., USA) solution was added thereto to
35 develop a color reaction. The results from the above western blotting are
shown in Fig. 10b, wherein lane 1 represents a positive control, Met-G-CSF,



density at 670 nm. As can be seen from Fig. 11, the cellular activities of the modiffegbliy25 CSFs
are the same as, or higher than of that the positive control, wild-type hG- CSF. While the
embodimeM® 81'M&8ubject invention have been described and illustrated, PETERIBO8783at various
changes and modifications can be made therein wifljout departing from the spirit of the present
invention which 30 should be limited only by the scope of the appended claims. 7 Jan 04 WO
01/04329 PCT/KR00/00733 22 BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION
OF THE DEFD4Itaos MIeREBREBNISKIBGEOW THASPcARPES s O e TRIRT ROEDURE

INTERNATIGHAedu@R Meighoo 8 et A heGAC SFoequid 4898 ¢F WeliéaypERATSR/UN Hwasung-Kun
Kyonggi-do, KOREA 1 RECEIPT IN THE CASE OF AN ORIGINAL issued pursuant to Rule 7. 1 by

IDENTIFICA BEPBIE D RROMSE KA SRS OGP -G08 by theAceesstor
number diven by the DEPOSITOR :INTERNATIONAL DEPOSITARY AUTHORITY:
FIA-110311KCCM-13&¢ lihe STROATCOCSTRIRT |QN WICHOR MRARES RlArFoWGNYMIC
i x BroH\e IS0 A e BAIGR WiRd YR2Yeap/a% e SORIBY R ufud e e
description * Rﬁ\?{ ?86(20 %égpaocrzrgﬁtaimhggn?g‘%fetal bovine serum and adjusted to 2.2 X 10°
justed to 2.
cells/m¢, followed by adding thereto DMSO(dimethylsulfoxide, culture
10  grade/SIGMA) to a concentration of 1.25%(v/v). 90 uf of the resulting
solution was added to a 96 well plate(Corning/low evaporation 96 well plate) in
an amount of 2 X 10* cells/well and incubated at 37°C under 5% CO2 for 48
hours.

Each of the modified [Alal7] hG-CSF, [Gly 17] hG-CSF, [Ser17] hG-

15 CSF, and [Thr 17] hG-CSF was diluted in RPMI 1640 media to a concentration
of 500 ng/m{ and then serially diluted 10 times by 2-fold with RPMI 1640
media.

The resulting solution was added to wells at 10 wf per well and
incubated at 37 C for 48 hours. As a positive control, a commercially

20 available hG-CSF(Jeil Pharmaceutical.).

The level of cell line increased was determined using a commercially
available CellTiter96™(Cat # G4100, Promega) based on the measured optical -
density at 670 nm.

As can be seen from Fig. 11, the cellular activities of the modified hG-

25  CSFs are the same as, or higher than of that the positive control, wild-type hG-
CSF.

While the embodiments of the subject invention have been described
and illustrated, it is obvious that various changes and modifications can be -
made therein without departing from the spirit of the present invention which

30 should be limited only by the scope of the appended claims.



(Mark with a cross where applicable) M. RECEIPT AND ACCEPTANCE This Int(-;%ga |0@%
Depositary Authouity accepts the microorganism identified under | above, which &eteived by it
on March. 20 dpeB29date of the original deposit)' N. INTERNATIONAL DEP&SG/kARYodS3THORITY
Name : Korean Culture Center of MlcroorganlsmsS| nature(s) of person(s) having the power to
represent the International Dep g r}_lmei II'B&N od EnglneerlngAuthorlty of of
authouized official(s) : Colle %\?\5 el verS| Hlae~tun- -gu. Seoul 120-749'Z
r1 C r-z Date: April. 6. 1999 ?? uqF g‘%@@ﬁg@g@‘%uch date is the date on
which the status of inte ni'~ dttf~SIt<Qi Hﬁg %@53 eposit made outside the
Budapest Treaty after the acquisition of the status of i nternational depositary authority is converted
into a deposit under the Budapest Treaty. WTFRYAMEAh& %¥te on which the microorganism was
received by the international depositary authouity. 7 Jan 04 WO 01/04329 PCT/KROO/00733 23
BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF THE DEPOSIT OF
MICRO'QR% NISMS FQER THE PURPOSES OF PATENT PROCEDURE INTERNATIONAL FORM

r To. Hanm#ﬁharm@x,ﬁatﬂnﬁgﬁﬁ -5 Hajeo-ri Paltan-mypeeibwaseig-(i4e K¥oneSirtinas

Hwasung-Kun issued pursuant to Rule 7.1 by the
Kyonggi-do, INTERNATIONAL DEPOSITARY AUTHORITY
KOREA identified at the bottom of this page

L ]

[. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the ) Accession number given by the
DEPOSITOR : INTERNATIONAL DEPOSITARY AUTHORITY:
HM10311 ) KCCM-10154

I. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
[J a scientific description
O a proposed taxonomic designation

(Mark with a cross where applicable)

. RECEIPT AND ACCEPTANCE

This International Depositary Authouity accepts the microorganism identified under | above, which was
received by it on March. 24. 1999 (date of the original deposit)’

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature (s) of person(s) having the power

to represent the International Depositary

Address : Department of Food Engineering Authority of of authouized official (s) :
College of Eng. Yonsei University _r.::_; ' ;‘::EE
o ==rh#
Sodzemun-gu. Seoul 120-749 Date: April. 6. 1999 E_ﬁ_l;;jgr{::?
Korea g;gf—;ﬁ l
' ==[lihulin;
1 Where Rule 6.4(d) applies. such date is the date on which the status of mtémr‘“ﬂ’e’ﬁbsnary authonry

was a;quired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authouity.



KOREA L J RECEIPT IN THE CASE OF AN ORIGINAL issued pursuant to Rule . {hythe
INTERNATIONAL DEPOSITARY AUTHORITY identified at the bottom of this page 1.
IDENTIFICKP103Q48%2 THE MICROORGANISM ldentification reference give RGT/KRINE0ESSiON
number given by the DEPOSITOR :INTERNATIONAL, DEPOSITARY AUTHORITY:
HM10410KCCM-10151 D. SCI IEIC DE I R PROPOSED TAXONOMIC
DESIGNATION The microo}rz%gg% IU%-AIF enéﬁfgjﬁ éé) éﬁ%%éc%%ré%%@m ?Snied by: 0 a scientific
description 0 a proposed taxon G gsginag #k [(RTIRENY %%%S,"’Qﬁé e applicable) M. RECEIPT
AND ACCEPTANCE This Internationaf l8309 ary Auﬂwoui y accepts fhe microorganism identified
under | above, which was received by it on M r[ﬁ#lgﬁ 128&4date of the original deposit)' N.
INTERNATIONAL DEPOSITARY AUTHORI ameé 7 Korean Culture Center of
MicroorganismsSignature (s) of person (s) having the power to represent the International
Depositary Address : Department of Food EngineeringAuthority of of authoui N College of Eng.
YonseT Yniversingfl = r TdJ Ga Sodaemun-gu, Seoul 120-749Date: April. 6. 1999 fit KoreaS;2;3 ~ij 1
Where Rulgsés-4(H)iepplizsasugtndate is the date on \RRCHIRheNsEHBHSENErNHtiORIaldapositary
authority whesacgrived where a deposit made outsidésthel Budegpest Riledty aftéirethe acquisition of
the status &¥pnegedeational depositary authority is conVEFEYARE N H&FESR T HHE ERiBhpest
Treaty, sucfP8&fe is the date on which the microorgafi€iffieia’ fecenien BytiePiternational
depositary authouity. 7 Jan 04

1. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the ' Accession number given by the
DEPOSITOR : ] INTERNATIONAL DEPOSITARY AUTHORITY:
HM10410 KCCM-10151

0. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
- O a scientific description
O a proposed taxonomic designation

(Mark with a cross where applicable)

Ol. RECEIPT AND ACCEPTANCE

This International Depositary Authouity accepts the microorganism identified under I above, which was

received by it on March. 24. 1999 (date of the original deposit)’

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name @ Korean Culture Center of Microorganisms Signature (s) of person(s) having the power

to represent the International Depositary

Address : Department of Food Engineering Authority of of aumouiz';d_gm;g;_

‘IF: =

College of Eng. Yonsei University ! i?—.-_—i’?.'?}?
. . Zhluce=

Sodaemun-gu, Seoul 120-749 Date: April. 6. 1999 i:—-_' T
Korea 1224
RS R UIAD

1 Where Rule 6.4(d) applies, such date is the date on which the status of international depositary authority
was acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authouity.



WO 01/04329 24 PCT/KR00/00733 BUDAPEST TREATY ON THE INTERNATIONM 04
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT
PROCEDURE INIFERNATIONAL FORM r To. Hanmi Pharm. Co., Ltd #893-BG¢TaReM0PIERan-myun
RECEIPT IN THE CASE OF AN ORIGINAL Hwasunag-Kun issued pursuant to Rule 7. 1 by the
Kyonggi-do, INTERNATIONAL DEPOSITARY AUTHORITY KOREA identified at the bottom of this
page L J 1. IDENTIFICATION OPBUPAEESTCROODRGARHE W TN ITEAtdNn reference given by
theAccession number given BpaheNDEROSI TIOR HBFPER A MORBIRBERUSI TARY AUTHORITY:
Htl~Ix411KCCM-10152 H. SCIENTRFIBIDEBSRETOO RAABRND/SRERGEOSED TAXONOMIC
DESIGNATION The microorganism identified under | above was accompanied by: o a scientific
description * a proposed taxonomic designatieRNMaPKALIthoaMross where applicable) M. RECEIPT
AND ACCEPTANCE This International Depositary Authouity accepts the microorganism identified
under | above, which was received by it on March 24. 1999 (date of the original deposit) ' IV.
INTERNATIONAL DEPOSITARY AUTHORITY Name : Korean Culture Center of
Microorgani¢insSib r@(s) I8 person (s) having the %é/%h[ w&h%sg the Internatlonal

rlt

Depositary Afdre a’ebgppé th&Rt'bf Food EngineeringAUtprity o guizb u!) OB Eollege of
Eng. Yonsefdnlvérglf’yz Sodaemun-gu, Seoul 120- 749 ﬁzﬁb gsﬁgﬁa}\mﬂom
KOREA identified at the bottom of this page
L J

1. IDENTIFICATION OF THE MICROORGANISM

identification reference given by the Accession number given by the
DEPOSITOR ) INTERNATIONAL DEPOSITARY AUTHORITY:
HMI10411 ’ KCCM-10152

. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under 1 above was accompanied by:
3 a scientific description
O a proposed taxonomic designation

(Mark with a cross where applicable)

M. RECEIPT AND ACCEPTANCE

This International Depésitary Authouity accepts the microorganism identified under 1 above, which was
received by it on March. 24. 1999 (date of the original deposit)'

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature (s) of person{s) having the power

to represent the International Depositary

Address : Department of Food Engineering Authority of of authouiz ‘
College of Eng. Yonsei University
Sodaemun-gu, Seoul 120-749 Date: April. 6. 1999 J =11

Korea

=JHIRUI:E
1 Where Rule 6.4(d) applies, such date is the date on which the status of mm“c?‘égosnary authority
was acquired °© where a deposit made outside the Budapest Treaty after the acquisition of the status of i
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authouity.



EaRunwoj 1 Where Rule 6.4(d) applies, such date is the date on which the status] f internal
ai-7epositary authority was acquired : where a deposit made outside the Budapes e ﬁ‘y after the
acquisitionWwptheoddadus of i nternational depositary authority is converted infC#KBp@IrINder the
Budapest Treaty, such date is the date on which the mcroorganism was received by the
international depositary authouity. 7 Jan 04 WO 01/04329 PCT/KR00/00733 25 BUDAPEST

TREATY ON THE INTERNATIONAbARECQSNN ISNRE THERRERRSIT OF MICROORGANISMS
FOR THE PURPOSES OF PgEENROSGERIIRESDTEBNATHRNASARRRM r -t To. Hanmi Pharm.

Co., Ltd #893-5 Hajeo-ri Paltan-mpyn-RE SHPIsEN dHEAEAS PR MNRPRIGINAL Hwasung-Kun
issued pursuant to Rule 7. 1 by the Kyonggi-do, INTERNATIONAL DEPOSITARY AUTHORITY

KOREA identified at the bottom of this pag@drekaRENT K TION OF THE MICROORGANISM
Identification reference given by theAccession number given by the DEPOSITOR (INTERNATIONAL
DEPOSITARY AUTHORITY: IYA110510KCCM-10153 Il. SCIENTIFIC DESCRIPTION AND/OR
PROPOSED TAXONOMIC DESIGNATIQN The microorganism identified under | above was
accomparyetidaysi ‘Prasaietdificdescription * a proposed taxonomic-designation (Mark with a cross
where applici8te) HpRECEHPTAND ACCEPTANCE TRECH I Hatfotvaf SELSSitahPRIGINOLIty accepts
the microorg&¥asieidiéhtified under | above, which was [SLEIVEERI R E1AERY 32 1999 (date of the
original depd¥HER7 INTERNATIONAL DEPOSITARY AITRARITY MaMe S KUTeAN E‘E‘&?ﬂﬁé Center
of MicragrganismsSignature (s) of persam (s) having the p%wer to represent the ftsmational

Depositary

1. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR : INTERNATIONAL DEPOSITARY AUTHORITY:
HM10510 KCCM-10153

0. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
[ a scientific description
[ a proposed taxonomic designation

(Mark with a cross where applicable)

M. RECEIPT AND ACCEPTANCE

This International Depositary Authouity accepts the microorganism identified under 1 above, which was

received by it on March. 24. 1999 (date of the original deposit)’

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name : Korean Culture Center of Microorganisms Signature (s) of person(s) having the power

to represent the International Depositary

Address @ Department of Food Engineering Authority of of autho 'zggggnﬁﬁa_l () :
: = M=
College of Eng. Yonsei University ﬁ%l__‘_"%?i
T gy e Y
Sodaemun-gu, Seoul 120-749 Date: April. 6. 1999 (~E=M|L'} %-ﬁ
= o =18
Korea i aSs2uy
==hTi e

1 Where Rule 6.4(d) applies, such date is the date on which the status of international depositary authority
was acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the
date on which the microorganism was received by the international depositary authouity.



Address : Department of Food EngineeringAuthority of of autho 'ffL 1 : College ofﬂ}% gnsei
University-77 Sodaemun-gu, Seoul 120-749Date: April. 6. 199 S ::,' | Koreac- pJ ? 1 1 Where Rule
6. 4 (d) appW2950&ERYate is the date on which the status of international deRE&SIEROMONFity was
acquired : where a deposit made outside the Budapeg Treaty after the acquisition of the status of i
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is
the date on which the microorganism was received by the international depositary authouity. 7 Jan
04 WO 01/043¥asasrekeoed5733 26 What is claimed is : 1. A modified human granulocyte-colony
stimulating factor(hG- CSF) which is characterized in that at least one of the 1st, 2nd, 3rd and 17th 5

amino acids of_ wild-tyge hG-C&FI{I%ﬁ%éQ Ngngr] igr%%ﬁ)%r%;gepé/o?ég?r &fp[%?atﬂ%;%&égﬁa@ modified
hG-CSF of cl ) d f - hG-CSE
tht 10 (a) e ISk MG R EASR g e S0 i 8eh PRE S o 2 SFAABSA T . (0

the 2nd afincanviticispids o dmiid-BrpeahiimE SEERQ/HD NDh2)2sareptinodabid ighaeamtingrd
amino acid is Ygidggd the 17th amino acid is X; or 15 (f) the 17th amino acid is X, wherein X is an
amino acid which is not charged at neutral pH. 20 25 Gly.3. 4. to 4.5. 6. The modified hG-CSF of

claim 2, wherein X is Ser, Thr, Ala or The modified hG-CSF of claim 3, wherein X is Ser. |
2. The modified hG-CSF of claim 1 whose amino acid sequence is

the same as that of wild-type hG-CSF, except that
10 (a) the 1st amino acid is Ser;
(b) the 1st amino acid is Ser and the 17th amino acid is X;
(c) the 2nd amino acid is Met and the 3rd amino acid is Val,
(d) the 2nd amino acid is Met, the 3rd amino acid is Val and the 17th |
amino acid is X; or
15 (f) the 17th amino acid is X,
wherein X is an amino acid which is not charged at neutral pH.

3. The modified hG-CSF of claim 2, wherein X is Ser, Thr, Ala or

Gly. '
20

4, The modified hG-CSF of claim 3, wherein X is Ser.

5. A DNA encoding the modified hG-CSF of any one of claims 1
to 4.

25

6. The DNA of claim 5, wherein the 1st to the 60th nucleotide
sequence of the modified hG-CSF DNA corresponds to one selected from the
group consisting of SEQ ID NOS: 55, 57, 59, 61, 63, 65, 67 and 69. '

30 7. An expression vector comprising the DNA of claim 5.

8. The expression vector of claim 7, which further comprises a
polynucleotide encoding a signal peptide attached at the 5’-end of the DNA
encoding the modified hG-CSF.

35

9. The expression vector of claim 8, wherein the signal peptide is



A DNA encoding the modified hG-CSF of any one of claims 1 The DNA of claim r%‘ e in the 1st to
the 60th nucleotide sequence of the modified hG-CSF DNA corresponds to one selected from the
group conswong/ef33EQ ID NOS: 55, 57, 59, 61, 63, 65, 67 and 69. 30 7. ArpexatResieyysector
comprising the DNA of claim 5. 35 8. The expressio .yector of claim 7, which further comprises a
polynucleotide encoding a signal peptide attached at the 5'-end of the DNA encoding the modified
hG-CSF. 9. The expression vector of claim 8, wherein the signal peptide is 7 Jan 04 WO 01/04329
PCT/KRO0/00E 327 Eheamtresisnaresistaatotokenotlixisigraib nsdmiididsr omvaditiad E. colli
thermoresistam&mgfgg%g}l{leﬂ&gg{&agtﬁg@%‘Blgﬁtﬁig;ression vector of claim 9, wherein the E.
coli 5 thermoresistant enterotoxin Il signal peptide has the amino acid sequence of SEQ ID NO: 53.
11. The expression vector of claim 9, wherein the modified E. coli thermoresistant enterotoxin Il
signal peptide has thel@mino ddiel sexpressient ESSEQ@D tlams 4,1 v ersiaxlessiBn vebtor of
claim 9, véhichtigrtherespsnprisestéerotandiiiel Sigrali sepaaudas hehinardalaidasqaaircshaving
the nucleotidesﬁggﬂgr}g%pg§EQ ID NO: 71. 15 13. The expression vector of claim 8, wherein the
signal peptide Is E. coli beta lactamase signal peptide or modified E. coli beta lactamase signal
peptide. 20 14. The expression vector of claim 13, wherein the E. coli beta lactamase signal peptide
has the amino acid seflience Dh&EXPIESD: vertas of klaimndle vdiereire thor mbdidind & .vdodiein the
signal peptidetiertndielisiancdtkstoftalinentisipmil pegiies FascaieGanmy | sunaaaptide o35 16. The
expressip(p vesg%zﬁ%%@ %ﬁ wherein the E. coli Gene Il signal peptide has the amino acid
sequence of I . 42.°17. The expression vector of claim 7 or 8, which is pT 14SS 1 SG, 30
pT14SS1S17SEG, pTO1SG, pTO1S17SG, pTO17SG or pBAD2M3V17SG. |

12. The expression vector of claim 9, which further comprises a

modified E. coli enterotoxin II Shine-Dalgano sequence having the nucleotide
sequence of SEQ ID NO: 71.

15
13. The expression vector of claim 8, wherein the signal peptide is
E. coli beta lactamase signal peptide or modified E. coli beta lactamase signal
peptide.
20 14. The expression vector of claim 13, wherein the E. coli beta
lactamase signal peptide has the amino acid sequence of SEQ ID NO: 24.
15. The expression vector of claim 8, wherein the signal peptide is
E. coli Gene III signal peptide or modified E. coli Gene III signal peptide.
25

16. The expression vector of claim 15, wherein the E. coli Gene 11l
signal peptide has the amino acid sequence of SEQ ID NO: 42.

17. The expression vector of claim 7 or 8, which is pT14SS1SG,
30 pT14SS1S17SEG, pTO1SG, pTO1S17SG, pTO17SG or pPBAD2M3V17SG.

18. A microorganism transformed with the expression vector
according to claim 7 or 8.

35 19. The microorganism of claim 18, which is a transformed E. coli.



18. A microorganism transformed with the expression vector according to claim 77%r 8 ¢ 19. The
microorganism of claim 18, which is a transformed E. coli. 7 Jan 04 WO 01/04329 %T/KROO/OO733
28 20. Thewoapergranism of claim 19, wherein the transformed E. coli is E.peofiigledld?533)/pT
14SS 1 SG(HM 10310), E. coli BL21(DE3)/pT14S 17SEG(HM 10311, KCCM-10154), E. coli
BL21(DE3)/pTO 1 SG(HM 10409), E. coli BL2 1 (DE3)/pTO 1 S 17SG(HM 10410, 5 KCCM-10151),
E. coli BL21(DE3)/pTO17SG(HM 10411, KCCM-10152), E. coli BL21(DE3)/pTO17TG(HM 10413),
E. coli BL21(DE3)/pT@0l 7AG(Fhel ﬂxﬁéﬂdbr@nmﬁ Bifzdlaﬁﬁslmmna@ﬁ(ﬂw thaAdforned|E.

BL21(0E9)p %&PZWVG@*W%&O EEN 9153, ISR el DIDRAT SCEML05]or E.co
mlcroorg(anls E\% rPl Eé‘%(miﬁc Mansm& mlggféggiﬁ:ﬁmﬂ?all 18 t§9 OdlIJr(]:e
and secrete t%%@ﬁéﬁ@@%Sﬁ&H&h@% HAreoli BL21(DE3)/pTO1S17SG(HM 10410,
5 KCCM-10151), E. celi BL21(DE3)/pTO17SG(HM 10411, KCCM-10152), E.
coli BL21(DE3)/pTO17TG(HM 10413), E. coli BL21(DE3)/pTO17AG(HM
10414), E.  coli BL21(DE3)pTOI7GG(HM  10415), E.  coli
BL21(DE3)pBAD2M3VG(HM 10510, KCCM-10153), E.  coli
BL21(DE3)/pBAD17SG(HM 10511) or E. coli
10 BL21(DE3)/pBAD2M3V17SG(HM 10512).

21. A process for producing a modified hG-CSF in microorganism
which comprises culturing the transformed microorganism of claim 18 to
produce and secrete the modified hG-CSF to periplasm.

15





