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Field of the Invention

5
The present invention relates to a modified human granulocyte-colony
stimulating factor(hG-CSF), a gene encoding said peptide, a vector comprising
said gene, a microorganism transformed with said vector and a process for
producing the modified hG-CSF using said microorganism.
10

Background of the Invention

The term colony stimulating factor (CSF) is inclusive of
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-
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of the five Cys residues present in wild-type hG-CSF participate in forming
disulfide bonds, while the remaining one contributes to the aggregation of the
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



proteins having hG-CSF activity by a gene recombination process(Korean Pategt 7178,
53723 and 57582). In this preparation method, glycosylated 35 hG-CSF is produced In a mammalian
cell by empisgingmagenomic DNA or cDNA comprising a polynucleotide encpgingriferog s The
glycosylated hG 7 Jan 04 WO 01/04329 PCT/KROO/§)O?33 2 CSF has an 0-glycosidic sugar chain,
but, it is known that said sugar chain is not necessary for the activity of hG-CSF(Lawrence, M. et al.,
Science, 232, 61(1986)). Further, it is also well-known that the production of glycosylated hG-CSF
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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



that the yield of a mammalian protein produced in a secretory mode in prokaryoies4s wary low:
Hitherto, no microbial method has been reported for the efficient expression and secretion of soluble
hG-CSF havimgia32aglded 35 methionine residue at its N-terminus. The presentinsndersshave
previously reported the use of a new 7 Jan 04 WO (31/04329 PCT/KR00/00733 3 secretory signal
peptide prepared by modifying the signal peptide of E. coli thermoresistant enterotoxin ll(Korean
Patent Laid-open publication No. 2000- 19788) in the production of hG-CSF. Specifically, an
expression vdBiefdd eserriptiom ¥ -theMyaveingached to the 3'-end of the modified signal peptide 5
of E. coli thermoresistant enterotoxin Il was prepared, and biologically active, mature hG-CSF was
expressed by employing E, coli transformed, with the .expression.vector. However, most (ﬂhthe
expressed hG-CSF a n‘?B%‘fgoaﬂaﬁ’}ée&yi%é?%W%t%?Wﬁ tfﬁf RERRTRS A VERE Yt elEht
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replacing at legst,ane amino acid residue, especially, the 17th cysteine residue, of wild-type
hG-CSF with other amino acid, retains the biological activity of the wild-type, and that the modified
hG-CSF having no methionine residue at the N-terminus thereof 15 can be efficiently expressed and
secreted by a microokjgnisimthéhandaotade rapdiamminec asidnssipeacpe pifdwikleypdoethaBummary

of the Inventigra@10epasdiiaivlatiifoafbiccbafbsaresanuinysiiPadRIPRYidaa(SIifipd human
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modified hG-CSF chara%terlzea Pﬁ?ﬁg at léast one ino acids of

wild-typdhG-CSF is Eiflabedhsypaperdurefaronstructing 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;



acid. 35 7 Jan 04 WO 01/04329 PCT/KR00/00733 4 Brief Description of the Drawiige4 he above
and other objects and features of the present invention will become apparent from the following
description WOAEG#HZntion taken in 5 conjunction with the following accompRGAMKRAPAMBYS; which
respectively show: Fig.1 : the nucleotide and aminocid sequences of wild-type human
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 procedure for constructing vector
pT 14S 1 SG; Fig. 4 :(thethpoted yaiy esidbiudiay thetndpamissacidds M. sndiitkeptdtedure for
constructing vesitopatid3SG@M 122Q; 15 Fig. 6 : the procedure for constructing vector pT 14S S 1

S 17SEG; Fig. 7: the(p)rqﬁgq% fonERNskdGlng vector pTO 1 SG; Fig. 8 : the procedure for
constructing vector pBADG:, Fig, 9.: the procedure. for constructin victor pBAD2M3VG; Figs. 10a
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Jan 04 cytoplasm. However, the inventive modified hG-CSF having an amino acid
other than Cys at the 17th position is free of such problem and can be
effectively produced by a secretory method using an appropriately transformed
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



WO 01/04329 PCT/KR00/00733 5 (d) the 2nd amino acid is Met, the 3rd amino axr*i aiﬁ 4?[| and the
17th amino acid is X; or (f) the 17th amino acid is X, wherein X is an amino acid which is not
charged atwewiadnbl., 5 preferably Ser, Thr, Ala or Gly, more preferably Se¢FReo@bétss five Cys
residues of hG-CSF participate in forming disulfide bonds, while the 17th Cys residue remains
unbonded in the natural state. However, when a large amount of hG-CSF is expressed in
recombinant 10 cells, the 17th Cys residue gets involved in inter-molecular disulfide bond formation,
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which may, ingupn.(DER#ETOeS (RRISLIPDIE, Hosh/eRIANIESHPTHE/TRAMIQOI/EROr may
further prise a Si ' ive-signal pept [ thﬁpﬁuf i t E. coli.
enteroth):gr: IIJ'Lés’lgcnoalfS gg‘p @E&%ﬁl\%ﬁ a rrﬁ(())%#i d@]gorf’?(%?sf[@ﬁgg/pco | en@é oxin 1l signal
peptide(SEQ 180D 54 a betdiactihadbhAPBO DN SHEMD N9S18); Gefhe 11l &énal
peptide(SEQ BLAIODER)mBAdAIMSG{EEMIde thereldiSbl} these dambt limit thE. signal pepfides which

may be used {y MeIPESIANEBRNISN:TREGAEANOta83Y in Prepaling theHXPresaig1Rgior Of
present invention may be any of thosefwhlﬁh can express heteFroIo ous protz%a ina .
microorganism o gﬁlly, Iac,pfgce,rﬁ%d arabifiose pro?ﬁ%?é (fgngg%referr "when ﬁ?é’

heterologbus Bletd (PB4t 4sed frbrS EGEBIMExemplaryl€2pidssion vectdk-of the preseHi invention
includes 7 JaBD21(DE3)/pTO1S17SG(HM 10410), E. coli BL21(DE3)/pTO17SG(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
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pTO17SG, pTO17TG, pTO17AG, pTO17GG, pBAD2M3VG, pBAD17SG and pBADZ2M3V17SG. The
expressionwodnng3ed the present invention may be introduced into microorgariarrossh73s. coli BL2
1 (DE3)(Novagen), E. coli XL-1 blue(Novagen) 5 ae;cording to a conventional transformation
method(Sambrook et al., the supra) to obtain transformants E. coli BL21(DE3)/pT14SS1SG(HM
10310), E. coli BL21(DE3)/pT14SS1S17SEG(HM 10311), E. coli BL21(DE3)/pTO1SG(HM 10409),
E. coli BL21(ed8}ipi Gnkys Be SGiidtted4h0) aEcamieddichdl (ReHGu{SamBRGkH 204 %k, E. coli
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and KCCM- Ig¥lased asnedtivelols agplickanss with the terms of the Budapest Treaty on the
Internatignal Recognii j icroorgani of t urpese of Patent Procedure. 25
The mottfec nG.CoE %?ﬁ%%%%%@ﬂ%ﬁ%%ﬁﬁ#ﬁ@é Lo e AR e
transformant AYSBBPGaN LR, D thE%9BGe encoding the modified hG-CSF protein and

secrete the modified hG-CSF, protein to periplasm; and recovering the modified hG-CSF protein

from the periplasipidhe y@@giqgmﬂrgm%@gﬂ@mﬁ?y@_@gﬁtured 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
microorddnism may b GORIpteRFscERARE & LSRR Wish RreratsddbxXustmseing out &GR, Current
Protocols in MoferataBilb@SF1eas)adtedotdh sy penp| &Sy, sBhetiprinfers exadate, tHee5
microorganis&w@&ﬁi%g&m p;@y,p’(gtmlmggllution, e.g., distilled water, by an osmotic shock.
Recovery of the mOdlIngdp?é%)écr:eS g E’b‘mpgeé' éaesnnc](l)%ing 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



7 Jan 04 WO 01/04329 PCT/KR00/00733 7 solution may be conducted by a convejtiopal
method(Sambrook et al., the supra), e.g., ion exchange chromatography, gel filtration column
chromatogr¥$h91@4##fmune column chromatography. For example, hG-CSF RERKBEONIMIRA by
sequentially conducting CM-Sepharose column 5 clgromatograph and Phenyl Sepharose column
chromatography. The modified hG-CSF protein produced according to the present invention is not
methionylated at the N-terminus and has biological activity which is equal to, or higher than, that of
wild-type hG-bsrEdor iR russatije sequenraishn qaﬁo@m%rpmm%hmoatmmimmgd
Examples arespiehelgzetbifsinbdDNustsatthtezer@dede]id80B)pplied Biosyiagnissape. Example

1: Preparation of A G i Ing: Wash red by
carrying out PCR usi?}%gggggggg& ﬁf%%t?cﬁeé&%ﬁ&%ﬁeﬁ%%’ﬂ%@@]%ﬁﬁ pidd

SF templat;(@é[DE%s m, USA). The primers ysed are those
described in PESISRIAPIBICRBIY SHESTIP pAlh e Y cBRIKIGIR SHESkiMPSHERT: HME SRS vector
pUC 19-G- CSHBItRIbsOUBRYIVascalbpsdesataxmdRans ran vyl irestricsios e n@iscad 20 and
4. The primerpﬁ&&&iﬁdﬂ@ig%waﬁldmmwdo provide an Ndel restriction site(5'-CATATG-3)

upstream from the Trshaming g (U1ceRaNC, CRASDALIENIERC CSF, aprlitaRiimensLpeQ 10

NO: 4, to provide a BamHI restriction site(5/ ") downstream from the termination codon
thereof. The ) -ffaaﬁ@%h@mgﬁawm WRAUGHEF SRGQsiReHE 1555 SHEART X B e
encoding matsigratpesEle(hE@easF gene was inserted at the NdelBamHI section of vector

PET14b(j¢ovagen, USHhdmantaiievesias ddseRed af itie Sshavstthefaaueipore dofBilabs,
constructing V?ﬁ%r QE-&?ﬁn%%ﬁég @13 ?onstruction of a vector containing the gene encoding E.
n 2 [ gtaﬁ mo

coli enterotoxi ignal peptide an Ified hG-CSF (Step 1) Cloning E. coli enterotoxin Il signal
peptide gene 35 To prepare E. coli enterotoxin Il signal peptide gene, the pair of complementary
oligonucleotidé€Sthp\Ah §r8E@ativhlofS: Scandtoding GEiHhedSEn 04 WO 01/04329
PCT/KR00/00733 8 based on the nucleotide sequence of E. coli enterotoxin Il signal peptide, and
15 To 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



synthesized using DNA synthesizer(Model 380B, Applied Biosystem, USA). The f\q \r/]ep4
oligonucleotides were designed to provide BspHI restriction site(complementary sites to an Ncol
restriction NOH1@®#3Peam from the 5 initiation codon of E. coli enterotoxin |IParmdkrRoddTA3restriction
site introduced by a silent change at the other end.ggoth oligonucleotides were annealed at 95 C to
obtain blunt-ended DNA fragments having a nucleotide sequence encoding E. coli enterotoxin Il
signal peptide(STIl gene). 10 The STII gene was inserted at the Smal site of vector pUC19(Biolabs,
USA) to obtainriaetop pBIENEINQsid)h ®) prespdeaaibamiH gestd etrwnsitrydoMnsteamsds To
pripare g gegﬁeemﬁmlsﬁ b der-Smeéeete HU-CSI-tehsdiags ANDRIAP SErEQSﬂI‘[PQ 2 Ngﬂ% was
subjected to |me was
designed to sg(gg%t g?%géﬁﬂ?ﬁ% ﬁﬁﬁs %on o%h% é@%%é) the prlmer of SEQ ID NO: 8, to
provide a BamHI resti@for>ditt (S18 W‘@é %gomm H6i% FHeavereithatiak qh thereof.
The amplifiedBanAlfagamshtsthere dieevted with Mthel anbBlABdsHINd stutivinsarfedvactoe
Mlul/BamHI Ethmpm&(;g@ﬁﬂjg}qlﬂa%gg@mtgg Taedy gegtor pUC 19S 1 SG. Vector pUC
19S 1 SG thus obtaingd cgscés NS encgd&nali T”/Qr% CS dese%rgated&i‘il'sgh%

gene). 25 Vector pU 185 g/ag cleaved wWith Baf It-ﬂ'fo OBt o nt(522
bp). The DNA fragmefit &&i r%b%ﬂ)ﬁ%mmg%ﬁ f@cﬂﬁﬁsomé‘éf@% I%‘QNY)%(Qén USA)

to obtain vectpTpF38$3IGGEo blgaih deparisfvinm atodes igorted Wedali EIMST0R10g vector p11451 SG.
30 (Step @) Addition of E. coli enterotoxin Il Shine-Dalgarno sequence to STII hG- CSF gene Vector

pT14S1SG o (39 te was su jected to PC usin the rlmers and 10.
The primer of gLe V@ %Wg ! egg%ecéqto %?8\%8‘5%1 &?e‘?‘ﬂg g#gm%ﬁf ano
sequence(dei%ﬁtbﬂrStﬂDSD sequence) and an Xbal restrlctlon site, and the 7 Jan 04 WO
01/04329 PCT/KR00/00733 9 primer of SEQ ID NO: 10, to provide a BamHI restriction site

downstream from therigrrainationsodemef madiuedHcCEEHS: &%%@[@RW mRRY8dH SD-
STI-hC containing a Sg’ll Slg and STII-hG- Cg t}a]?e The ST]I STI CSF fragment was
cleaved )%’ zilgﬁé] tep d by In accordance w1t a s1te directe

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).

was replace

-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



5 BamH1, and then inserted at the XbaUBamH]I section of vector pETIl4b(Novag rhfi,giﬁ) to obtain
vector pT14SSISG. Fig. 4 displays the above procedure for constructing vector pT 1 1SG. E.
coli BL21(D¥3yEH3idgene, USA) was transformed with vector pT 14SS 1 KETK®OM0733
transformant designated E. coli HM 10310. 10 (Step @) Construction of a vector containing a gene
encoding STI/hG-CSF fusion protein The first codon of the modified hG-CSF gene of plasmid
pT14SS1SSG 15 obtained in Step 3 was replaced by Thr in accordance with a site-directed
mutagenesis {aepvanH; astmustioptiofey ivestor aed)ing Hicgena soopdingadobifed S BHlthe
plasmid with gxgersgRrimer(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-1MSelombigeR Cuehis tPanisBrhevarnifiectRe i RCRIHNgE. thee base
sequence of thenipisretane punfirens ofafEQrii2 NEd%nids andid Oletehicinoverandetigsedbtained was

S S I b T Ao i Ty AL TP ReteY | o
- : 24 -3 -2 41 +2 +3. 44 + r Asn Ala Tyr Ala Thr Pro Leu G |y Pro
(SEQ ID NO: a%{\éa\gﬁgg??%?:g@i%eéeéﬁgkCCC-CTG-GGC-CCT (SEE ID NO: 12) 30 -
TGT-TTA-CGG-ATG-Egelr 8-t blucEievages B sestignsiormes witpthe modified
BL21(DE3)(Sphsgahe, TisA)asesduesior ot thevEiNA atwo pirdd 96 transfenre d-aokiniesant .
desianaigs! Bl FHAIA0Y, 3hd'1HE0 AAOOYRARIRE VKRRV (SHRnm) fgnstruction
of a vector containing,a gene,encoding. modifi = tqr obtained in Step
was subjecte(ﬁg H@aﬁgif%% e %@5‘%%%‘}%?1 é??@niﬁ%‘r@iﬁg@% OS: 15 and 16, which were
designed to substitute Thr codon for the 4th codon of STII in accordance with the procedure of Step
4 to obtain a modified plasmid Met cbly XILstsb Tie{Nblagels PEA)veas transfSEQetbwth: the) modified
plasmid. The Basgegenaeof e ANANRFEsesitoTarsimed ioniesq b 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)



10 was determined, and thus obtained was plasmid which contained a gene ha\sgnE%lr'{)Bain place of
the 4th amino acid of STII(SEQ ID NO: 14). Met Lys Lys Thr | | e Ala Phe Leu ( ID'NO: 14)
5'-GG-TGCWDIAIIZ-AAA-AAG-ACA-ATC-GCA-TTT-CTT-C-3'(SEQID NOPTI)KIK00/00733
3'-CC-ACA-AAA-TAC-TTT-TTC-TGT-TAG-CGT-AAf+GAA-G-5'(SEQID NO: 16) The plasmid thus
obtained was cleaved with Xbal and M1ul, 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 RSIRUSNG sAStrAGtRAMBreANeiasy ettty 2EROINOSTIB SNdaky wigehewere

designed to sggg(t)i lijl'gle Glgggf;gg%@ﬁ@%gﬁsgcodon of STII in accordance with the procedure of
Step 4 to obtaina modiie p1a5m| . 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
determinéd, and thusééttined 14SSpiadTNAQ DhiEsd-Uir2R tvhiah stimeated d@RfERaibimgng GIn in
NO: 17) 35 o oo e e A i swiimS=Q D
3'-GT-TTA-C@@9§%FC@%%%R-(%G _QRBI JE s%@%é%g%@a%%vﬂﬁ/}dﬁ@%zg
PCT/KRO0/00TB3eatidesseAuenesnbeiiarih the SVAERP ctsusmierf GMeinieadsthy SftiaHem gene
encoding modifiéonSHf BMIEERGH foel ST0F PIDIIIHY 4D2LQ:dHtpined in Step 6 was subjected to
PCR usifg the Compi%g%%%&%&%@%ﬁ%@ér@&a&% 2Fdp ag5NAaRaRV IS

q

procedure of;%eféég 1112 ctor pT140SSG-4T22Q having the six nucleotide Sequences
between the $TI ua g@GAGG) and the initiation codon of STIlI(modified STII SD of SEQ ID

NO: 71). 10 Fig. 5 repfesehidiheé AP prasdmnefesmednatilictaeioeaibt 495545452QTR2Q. E.
coli BL21(DE3byuas dranfilfonasneibsiaeiesdol 146158640380 to obtain a transformant designated

E. coli HM 10302. 15 Example 3: Construction of a vector containing a gene encoding modified hG-

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.



CSF To prepare a modified hG-CSF gene, Si oligomer(SEQ ID NO: 22) having F%rc:%l' %fferred
codons and Ser in place of the 17th amino acid of hG 20 CSF and AS1 oligomer( NO: 23)
were synth®H@4#83thg DNA synthesizer(Model 380B, Applied Biosystem, BERKKRGE33pmole)
guantities of the oligonucleotides were reacted at 934 for 15 min. and kept until 35 C 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 pT 14SS 1 SG obtained in step 3
of Example 2 EzampekdCongirnpararf BSOOr Aantnaing ateangiengasagh&sivelefiepdis

oligomer, to gl peptidedddHmSETIedIHT>CBECtor 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 eabove ce for constrycting
vector pT140SS1S17SEECHEr 8&?’@@&&5%&% é%l RO %‘E&"g’r WEA $1813%SEG to

obtain a tfansfmptisle SEQgHANCE . 24)i asMved3ad angeok waeodepe snedifiad BG-KSEamaSulture
Center of Micmme&pggqmg@y{) on March 24, 1999 under accession number KCCM-10154. 7 Jan
04 WO 01/04329 PCT/KR00/00733 12 Example 4: Construction of vector containing a gene

encoding E. c pA _si pe or co enge encoding
Tac promoter gﬁphy g%}' 5R§3 ggb g%@@%%ém L 'ragﬁfc ﬁﬁ hdified
hG-CSF was 'BnEpHa-id-AszoGdWstt Lys-Lys-Thr-Ala-lle-Ala-lle- A(]SEQIIEINCEQ@Ia Gly-Phe-Ala-
Thr-Val-f\ia-GIn-AlgT{SEQ; He MOGCTH IO AT-GCG-CAA-GCT-TC SEGAD f{c‘@Qg NO: 25)
--CAA-CGC-GTT- TrkS IDNO: 26) Hindlll restrlctl CSF obtained
in Example 1 was(;cl(ﬁ@ Wﬁﬁ AUS',AT% a 15 primer(SEQ ID NO: S|gned bstitute Ser

codon for the 1st codon of h&liedH FpHHEHRRAS Srimer(SEQ ID NO: 28), to provide an ECOR]
restriction site(5'-GAATTC-3') downstream from the termination codon thereof to obtain a DNA

fragment containing aggngeFPadsIe GMRsifed RCEafiple 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 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



The DNA fragment was cleaved with Hindlll and EcoRlI, and then 20 inserted at thgJdigd!Il/EcoRlI
section of vector pFlag.CTS(Eastman, USA) to obtain vector pTO 1 SG which contained a gene
encoding EVEMORRIA signal peptide and modified hG-CSF(SEQ ID NO: 28X FiKR00/ex3ibits the
above procedure for constructing vector pTO 1 SG. B8 coli BL21(DE3)(Stratagene, USA) was
transformed with vector 25 pTO1 SG 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-@&sBEIThd Hesbasstsavense aidhr; reoregedhdronp ansfepral edoreptained in
Example 4 wagaeplagethinedhaird ateny dsaiedtipEiteniir s TOGMuiAge nasisiRraworgene. et al.,

Strategies, 9, %é.ﬁ%ﬁg)mb nggy%%g ahiths e aJEESG obtained in Example 4 with a

sense primer(SEQ né\l %% ubstltute odon for the st codon hG CSFand a
35 complementary a ﬂg f’\f@?%‘f) i Ri3S| HiRsosng

transfornfed mmﬁetmobmmmfomm @@.S@t@ﬁ@ilitﬂfﬂhFlMd@#% 13 plasmld The base
sequence of the DNA recovered from transformed colonies was determined, and thus obtained

plasmid pTO ich cantal e [ ce of the first amino acid of hG-CSF. E. coli
BL21(DE3)(S %a%%glgﬁﬁgﬁrgﬁﬁ ﬁggg;br 5 pTOG to obtain a transformant
designated E. coli HM 10401. Example 6: Production of modified hG-CSFs (a) Production of [Serl,
Serl7] hG-CSka) Br¢dutwioulad [Sed, GerdinbtiGrESEmple 4 was subjected to PCR using a sense
prlmelr(fih'aQtlD NOt 3R)eARYFTRY 1@@&3&1&4&@1%@@%&0&%@3&% fﬁ@@&@@&@%ﬁ adj f
complementary antisense r cor wi rocedure of Step4 o
Example 2 to SO%D JET moo& ng fﬁaﬁﬁ% %?Edé%)%%fi bfueé(l%{/ta ge]n e%d rAns érmed with
the modified pRAGRI@IHEd- %e%ﬁéﬁ@@?fﬁ%‘ﬁ(%%@%"e@w %@c&é?ﬁ@s was

determined anddbrdnnbtainigh Wes plassdic g B0 St 14 D6 Etan’tptm@tetmeﬂbmugmmbdxﬁmg Serin
place of the 1 Tl&‘?ﬁ&nh amino acids of hG-CSF. E. coli BL21(DE3)(Stratagene, USA) was

which whs ddﬁgﬂsv.t?c}% G ligrea BRSSO Soro e ‘S S L
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,



1999 under accession number KCCM-10151. (b) Production of [Serl7] hG-CSF 2; ec§> pTOG
obtained in Example 5 was subjected to PCR using a sense primer(SEQ ID NO:'3 ?'Ei Signed to
substitute 3P 8HBERAYor the 17th codon of hG-CSF and a complementary aPEE8R/poM3Er(SEQ ID
NO: 33) in accordance with the procedure of Step 4 gf 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 whi@P2emdenageesgonabaet SeCNpldddf the 17th amino acid of hG-CSF. E. coli
BL21(DE3)(Stratagene, USA) was transformed with vector 35 pTO17SG to obtain a transformant

designated E. G i"l%(hﬂl&@é&%f j @ﬂ%_(tegpsited with Korean Culture Center of
Microorganisr%sf()KC on M%rﬁgm /7 Jan 04 WO 01/04329 PC&{J}%O{%{OO%&% 14 1999 under
accession number KCCHST0R é CP%HE tioh ‘H‘H’}]f? heag SEARELES: PrEERBiRRfin
Example $ wasnstoprimaer(GEQ RN 34D stastgngdrbe gsimtiteNhr 3ndessignebieol Jthstitute
Thr codon for e ROMOSPIaG 4 Sondfld:Aciaihylanmeiae pAKisSBQIMENBEQSDIA: 39) in
accordance wj roc e t [ ifie smid. E.coli XL-1
R b R G TR U D e

blue(Novagen, U gfl

DNA recoverdatBifliransformed colonies was determined, and thus obtained was plasmid

pTO17TG which confainedi aXJedebaa(Ng Tagein, Alkok) ol tsetdinsfemmied with tisq@ddfied. coli

ELELORE)C gt 130 st rangimacstimean #TRATKRID Sal adarsiagan
esignated E. coli k- : odugctign of [Alal - ector tained, in

Erample 5 wio RIS E R, IS kel s Rl SOl A W e mia

codon for the a9fRiBed dresnabaring Thain pleh i b ansdenaeid afRA$ISE . 1D NO: 37) in 20

accordance with the pfocealir@b2HBE (S tEatagyie, 2US Abtainsa madifmthqlasitdl. teotoli XL-1
blue(Novagen, HSHMRR bR et Ythibaraedifieded 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



plasmid. The base sequence of DNA recovered from transformed colonies was gejgimed, and
thus obtained was plasmid pTO17AG which contained a 25 gene having Ala in place of the 17th
amino acidWWPHRBESF . E. coli BL21(DE3)(Stratagene, USA) was transformeRCRIKRI&00333 pTO
17AG to obtain a transformant designated E. coli HNI5L0414. (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 IDacietgymnedcendits whttmrdoysseplasid IER 1761 € uhiph contasnedin a
modified plasgeitt BovingcOlydn-platicedRiheatitth, d25A) weiddrefb@8E with the modified plasmid.
The base sequence of:th r fqn ni 0 9
FCTRO000TE, § aéﬁﬁﬁélﬁﬁfé%?%?agﬁ%%g%{%&?%%?é‘fa @%ﬁ%?% e ained a
gene having (?If/ ]Z) get%f) B10 A anSTOrmARg SeT FratedE. eolt St 194 (BE ) (Stratagene, USA)
was transformed with vector pTO17GG to obtain a transformant designated E. coli HM 10415. 5 (f)
Production of (AsrddildiferCe T A4pAD] RG@SPbtained in Example 5 was subjected to PCR using a
sense primer(SEQ ID : ig {0 Supst 0 f t n of.hG-CSF and
a complementary antigéggog ;fr?g( .ﬁfgq;g %%ﬁnﬁ%g gcglg?dgzr{]gi%%&%t Eﬁ)eclf)(?c%:el? llfrl]é i Step 4

of Example 2 $656tRHMSHS )pdesigned. 1onRRREIRIS P (F8AgM A AR skSthed with
the modified ptakmigf Tite-CSFearh acrwoptthenBiNA aritserse grimmer (SEEQfIDNNDcAbhias was

determined, afctHpusmebtained epriasair IOStep RCOFEZARBMAINES GbthtnISNESAREY ASp in
place of the 17i%arp&no acids of hG-CSF. E. coli BL21(DE3)(Stratagene, USA) was transformed with

vector pTOl‘P 816 obtain a transformant designated E. coli HM 10416. Example 7: Construction

of a vector containingla §8He ol & uaRereddS A0 wasigrnsiennad withHsmedificdcsk (a)
Construction planedtor Thatamsegupnve efi toeliDly Arabiovseegrinmtéraastbrinedotioenes |11 signal

peptide 25 A R aHRHRUNCADBNS FMOREY FRIAFRIAHTOEAI HHoH contained a
15 gene 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



Gene lll signal peptide(SEQ ID NO: 42) as well as a gene encoding modified hG?%gﬁades
prepared as follows: Met-Lys-Lys-Leu-Leu-Phe-Ala-lle-Pro-Leu-Val-Val-Pro- 30
Phe-Tyr-Sewidiet8€329(SEQ ID NO: 42) -TAT-AGC-CAT-AGC-ACC-ATG-GAGc1agiaotdyy: 43)
-ATA-TCG-GTA-TCG-TGG-TAC-CTC- (SEQ ID NO:IAél) Ncol restriction site 35 Plasmid pBAD
glllA(Invitrogen, USA) containing a gene encoding arabinose promoter and Gene Il signal peptide
was cleaved with Ncol, and 7 Jan 04 WO 01/04329 PCT/KR00/00733 16 single stranded DNAs
were removedswigiietdtrande ® DN Aslyrosy asmiy ediaithaK lnotveDeA folyrieaisandesbialiis which

was then cleaygdyith Ral H&ﬁlﬁl@teﬂ&rﬂé@%NAWH@HW&@’%B@:P@P&@B&“W%)@I%&89&511&’9 end.

Vector pT-CSF obtained in Example 1 bjected to PCR using a 5 sense primer(SEQ ID NO:
46) having 2 ARG REHTAR A Y5 RS PIHACSY 4B4ACORFRINRS9%cids of hG-CSF(SEQ ID NO:
45) and a complement¥egtaintdeqSE phirdnesEm Exarapla7) iwacevhiested watPER psiegdure of
Step 4 of E£xageple pireb(SIPQ MuNKEMIEOHRNA R aTLEs e kbgiRA G SdipURRey Eh@ BamHI
restriction site - INYsS. Efg@ﬁ e 0 i I tain
hG-CSF gene@a@r%?r?ﬁ%ﬁhﬁgé%gﬁ %%?ié .angdﬁgjccf)lagglfvoe} 4;4 a%{rfgllix\ég%é ?@%eﬁ?g er Ser
Leu (SEQ 1D 1B} 8558 PRMSRSEQHD ok e acprdamee i tod eracedie 965485 Aeyiis 3
-G-GGG-GACEaBpERACHGITGING GndaC N (S ragmeNC ampiftinghlBSaS$Foeere fandment as
ilgsertlfesl3 into Hue B@ﬁﬁ?ﬂoféjaiﬂeﬁcﬁb@ié@ 18 Qhtigaviestgr fzﬁﬁﬁéﬁsvghwgiqmgigeﬂta@&m%wding

. coli e fi - - 48), ig. 8 describes the abov
procedur%afor é%%%tgﬁcﬁrﬁg vge%%irl%g%ﬁ)géfé%coﬁ 2%?5%%?%%5?&?9%%&?%%& V\?a}é(iﬁ%ng?;)%rmed
with vector pERB& $8hsstEMmeRdansformant designated E. coli HM 10501. (b) Production of [Met2,
Val3] hG-CSF 25 Plasmid pBAD - gllIA(Invitrogen, USA) was cleaved with Ncol and Bglll to obtain
a fragment having twe gghesiveendsy yestar 8drCSir dbiained in Fxeeynts kgyassubjected to PCR
using a sense;primer(EQ-fo NE Sneip kaLRRoLdR SeaUenSaEpIO R BT 1ot

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.



30 to the 9th amino acids of [Met2, Val3] hG-CSF(SEQ ID NO: 49) and a complemggtapgantisense
primer(SEQ ID NO: 51) in accordance with the procedure of Step 4 of Example 2 to obtain a
blunt-ende} DRINHAYment containing hG-CSF gene and a BamHI restrictioRGERIM878xrboxy
terminus, which was then was cleaved with Neol angt/BamHI to obtain a hG-CSF gene 35 fragment
having two cohesive ends. 7 Jan 04 WO 01/04329 PCT/KR00/00733 17 5 Thr Met Val Gly Pro Ala
Ser Ser Leu (SEQ ID NO: 49)
5-TAC-GCG-TCC-ATG-GTG-GGC-CCT-GCC-AGC-TCC-CTG-3'(SEQ ID NO: 50)
3'-ATG-CGC-AGG-TAC-CAGCH&-Gah-ClHGPTE G GEe6ASr518EQ IIPSKRQ: IﬁNNcé%estrlctlon

s'éeA TDgeM g<\3/ g@F ~BROSITROTTEATES GTERd6d 0ot vestR-giiaingd 29 §S‘E .
p 0 aceo
the 2nd and 3rd aﬁkge@f?i?%%@e i@@%%&o‘%ﬁ@% @Ot@% %ﬂ @ﬁ%&lé e above
proceduré for constructiN§A/S@BFIGRABIRM3VG. E. coli BL21(DE3)(Stratagene, USA) was
transformed with vector pBAD2M3VG to obtain a transformant de5|gnated E. coli HM 10510, which

15 was deposited wit { 9 under
accession numbe ofh%‘é%ﬁﬂé% %ﬁﬁg\g@ Ser?ﬂﬁ%ﬁ ‘i%}c%?%%k%%%%gtamed in
(a) was subjedfef @‘IBC’IQCE]‘%T BH8 8 RRYCLHUREIG néH%QﬂE?s ftl&desal codon
for the 17th cqubphids, t@ctlmetanuda&’@hmephmavﬁ sneisimdeapdnied SBEGNID A @ds 33) G-
accordange VIISRIBRQARMTE §2)5ieBpeaivetpmple 2 to obtain a modified plasmid. E. coli XL-1

blue(Novagen, USA) trgpsf wjth, th ifi smjd. The e ence,of the DNA
recovered from transf\gi?gedél{:]olgﬁn?éggwa{l}?det%élgr?nglgegpq g‘&& 0 am?a: I%v%% pﬁle%m id p%%Dl?SG

which contamB@ﬁ‘%@ Q/mg Ser in place of the 17th amino acid of hG-CSF. E. coli
BL21(DE3)(Stratagené&, UsK) Wha 1(anso(hteatagithe,etiSA p Bdd 1 S fiorviwtdhirwatbr avesfammant

designated EsBABIM 96 (30 6 fracsiarehibiets)Rhib SR LNCHRPH OAorRRAP2M3VC
obtalned1|§ (D1 NESRY %%?t%d tﬁclgolﬂgellrﬁg Gulture 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



sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th 35 codgghad nG-CSF
and a complementary antisense primer(SEQ ID NO: 33) in accordance with the procedure of Step 4
of ExampleVDti@ii2in a modified 7 Jan 04 WO 01/04329 PCT/KR00/00733PABISRMOMITII E. coli
XL-1 blue(Novagen, USA) was transformed with theg grodified plasmid. The base sequence of the
DNA recovered from transformed colonies was determined, and thus obtained was plasmid
pBAD2M3V17SG which 5 contained a gene having Met, Val and Ser in place of the 2nd, 3rd and
17th amino a@ia¥whG-CSF, respectively. E. coli BL21(DE3)(Stratagene, USA) was transformed
with vector pBAD2M3Y dal5&ItoloblasiMdvagsiorin@Al desigratstormed|ivith 105 hzodifi&kample 8:

Production Ofglsis& S Tﬁfé%%@@éﬁﬁ&@@%%éﬁﬁ%ﬂ@é%%&& R GAUIRE R dRgdium (1%

bacto-trypton 0 bacto yeast tand 1% and then inc t ence of an
expression m&ﬁ'@g 185ARSL HATHR! %E&ﬂ&%%ﬂd?gﬁg ’§ ours.
Each of the cahotainedhs gmrihagemgaI\@OOmedoﬁgolmml&@m&dﬂmﬂe(bahérmd:é%hand the
precipitate wagsiuspendedin@-use \&lwmmgiyotonic solution(20 % sucrose, 10 mM Tris-Cl buffer

luti taining 1 @M/ Il
tsé)nszlgrnatcuorg ?(;rrngg m?zr? angé) then 2‘3 cen %t% gjgrApyv % \ rﬁ%@%@%i@}%l cells.
The cells werBBr'éQMn\é]eﬁsﬁ @\ﬂbtamaéfaﬂ%f%%ﬁ%ﬂ Bt FM R4 to obtain a

supernatant as a periplasmic solution. The hG-CSF level in the perlplasmic solution was assayed in

accordapge mggagl{ﬁ%mgm%flﬁ@@pl 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 I. 7 Jan 04 WO 01/04329 19 Table 1 PCT/KR00/00733
TransformantExampleiEapEusaRtY cBrsPIEsE 3 Esgommissedpiesm(iigre) sHMredsim XBrep
4)pT14SSG6medium(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.




HM 103022(Step 7)pT140SSG-4T22Q277 HM 103102(Step 3)pT 14SS 1 SG92 HINL - 04
103113pT14SS1S17SEG1,512 HM 104015pTOGS5 HM 104094pTO 1 SG105 HM 104106(a)pTO 1
S 17SG1,MV9 P43 116(b)pTO17SG1,550 HM 104136(c)pTO17TG1,373 MNIKR00/00733
104146(d)pTO17AG1,486 HM 104156(e)pTO17GG{g480 HM 104166(f)pTO17APG67 HM

105017(a)pBADG54 HM 105107(b)pBAD2M3VG69 HM 105117(c)pBAD17SG937 HM

105127(d)pBAD2M3V17SG983 Example 9: Purification of hG-CSF 5 Transformant E. coli HM 10411
prepared in Example 6(b) was cultured in LB mebabig &nd 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 o

seﬁ%ﬁg%g%la Ir%2 &,ﬁﬁép 3@){{%0 5%%%%%“

@P‘ .010 5.5, adjorbed on a
brgfe toqﬁ%%% and then, the column

CM-Sepharq ) :
was washed with 25 mM NaC1. hG-C$SF was eluted by sef ﬂﬂi&%ﬂ&]ﬁ!_&]}hmlmn buffer
solutions contakiivig 680iM, ]ZIQSmp/M)md ZO@WIM&EGEI andl fractions cotaining hG-SCF were
collected and }Mq@ﬁ@ed i_(@?e |qu4@g@nm9@ subjected to Bhenyl '
oo o BTG AN e o
repeated usmgféhbﬂa(liflthe tran§formcm:sTE488|1$ﬂl\7ISJEI311 HM 104091 HRI 10411, HM 10413, HM
10414, HM 1043%1 HMF0510 argl HM|{10512 prepagred in Examples 3, 4g§(b), 6(c), 6(d), 6(e), 7(b)
and 7(d), res peﬁﬂxell&ad:acn of ine ermedp%(I;% fractipn was SubjeﬁSgd o sodium

HM 10410 6(a) pTO1S17SG 1,477

HM 10411 6(b) pTO17SG 1,550

HM 10413 6(c) pTO17TG 1,373

HM 10414 6(d) pTO17AG 1,486

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

10

15

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%.



dodecylsulfate polyacrylamide gel electrophoresis(SDS-PAGE) to determine the; puityand
approximate concentration of the hG-CSF, and then subjected to ELISA to determine the exact
hG-CSF cOMeOn#438n in the periplasmic solution. Met-hG-CSF(Kirin amgeREWEROB3s a control.
10 Fig. I0a reproduces the SDS-PAGE result, wheregig lane 1 shows Met- G-CSF, lane 2, the
periplasmic solution of the transformant E. coli HM 10411, and lane 3, the purified [Serl7] hG-CSF.
As can be seen from Fig. 10b, the molecular weight of [Serl7] hG-CSF is the same as that of
wild-type hG-CSF arﬂlﬂﬂ@epertblfas#b@%@mm@%{fﬁe tregfsfarpeated. aslingMeaohlofotthains a 15
high level of [BaiktbhGaftS FZ. FusiicHN el N3tEr ik aro4o9 adihvserEnGerng hmzﬁs,Fﬁw%re
determined a RUCteRigess i r ar ids ~pr using
the transform%ggs?;lﬂ% 1&3]%?%@%%%06; f%ﬂ%%ﬁ 1@%1%%128{%?%@'\/'1 %g%fqﬁl%% 3;’[’022’1 » HM 10510
and HM 1051 i (3 &Y: B5PESIR}Ye2, 64, 66, 68 and 70, respectively. The result
shows that the modifishGCSkeprputified abtofdhly thatkoprevmst isnyetitedistaosadathionylated
glt N;ter(r?i?nOUdeﬁaé mmw@l&eb@iﬁa@g&@ea{:’ﬂ/&ﬂ%v@%vimﬁs¢wmq fo-daeraatyign for .
otting Tris, - . the proteins separated on
Bt ApERY iae Cedi o b0 AT OSR B0 R R A e

%. U
the gel were t r#%o | d Lab: _
was kept in 150-E3Ad dstermipe tha gxAckhiA G GARSETHFREO MR thR HBMSMIR ST WM Tween
20. The filterMesligutGSE(dainaamigen] Sasamdsbaly éR&DBYstem, AB-214-NA, USA) solution

diluted wgh PBS and ﬁ‘g.cm LRSI LEIRR SR PAIGE R ARBERI eARIANs B dillaRWas

washed 3 tim ' BST, solution.to remove  unreacted antinody. Horseragli

peroxidase-cc%%e%r}gb if a?nﬁ%g)a{? Sf&&(} io-Rad Th .?ﬁé&%qgﬁuﬁ%‘&ﬁtﬁ?fhma%%&bed thereto

and reacted anfotietmpis urdis BSsplf]. hbeGmer wAs caishesesth irms Fignd b, gBtoxidase

substance kittBadeBirldwioightSaY) [wiljrlltﬁaéiﬂﬂd_edhbm tms&bd@bk@ﬁﬁ@@@h@&bﬂﬁn. ThcaT

results from t'ﬁﬁ@ﬁéé’?&‘ﬁﬂﬁ%?ﬂi@'QHlﬁﬂc?deofsﬁféV‘{Paﬁbﬁiﬂnlﬁpﬁ‘Wﬁi?ﬁM“ﬂ)&erQr&‘r?tﬁH{§ g positive
¥

control, Met-G-C J%[E‘%Af 1\é/ (CIl'lé)SAf]ZQ PCT/KR00/00733 21 and lane 2, purified [Serl7]
hG-CSF."As c4f e fh'Fig" Tob>the molecular weight of [Serl7] hG-CSF equals that of

wild-type hG-CSF. Exaribier1 cheelrgrmitlinaBinG-as¢ ssqudneiie@hGGSISEs 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,



Cell line HL-60(ATCC CCL-240 derived from the bone marrow of a promyelocyti¢ lgykegia patient/a
white 36-year-old woman) was cultured in RPMI 1640 media containing 10% fetal bovine serum and
adjusted to™WOAK4¥3 cells/m., followed by adding thereto DMSO(dimethylsBEFARO060T3Fe 10
grade/SIGMA) to a concentration of 1.25%(v/v). 90 pof the resulting solution was added to a 96 well
plate(Corning/low evaporation 96 well plate) in an amount of 2 X 104 cells/well and incubated at
37C under 5% CO02 for 48 hours. Each of the modified [Alal7] hG-CSF, [Gly 17] hG-CSF, [Serl7] hG-
15 CSF, and #fr lerend-osrfigds Bried ihRikvF1 6 4ssnvaaicbe sceanbomerkigh d0bochey/mi and

then serially ditoleculd twegshby 2[8del HjthRESF tgdelsriediaf WHrlresdthiG-g8#tion was added to
wells at 10 ji per well and incubated at 37 C for 48 hours. As a positive control, a commercially 20

commercially EAAEHRISAC iR AP MK Mt BV DEQ oh 3o meascred optioal
density a® 670 nm. As can be seen from Fig. 11, the cellular activities of the modified hG- 25 CSFs
arebthg' Samte oLihe h(gamiﬁ@qm-' gos;@mez;?m@hivdwﬁcl?ﬁ h&&ﬂé I\?)mil%vpgstf at various
grrlnanogelrsn :2 ds%gé%ﬁﬁgg{l%rﬁs? Clgﬁ%%ﬂﬂgﬂ%%ﬁ%@%%&?% ogugt,. e%%ﬁggﬁéﬁsﬁé{é%rif%wgd I’sgsént
invention whichl 0 AAUIE0R R B IO SEb BT S BB RIAIAR 1 2amoANG
01/04329 PCTe¢R00/00f0dmwRdB bRARESNZT REATY ONMBO(MFERMATIOKAE, REM@ENITION
OF THE| DEPQAIE MR QP RRLASIHS FOBITHEPLBROSER Off PATENT BRRAEDURE
{L“yzﬁggi‘gg'osoﬁhi&%%"s a8 BRI A cbitEAsw SASSriba R At Pty g ung-Kun
" 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.



KOREA 1 RECEIPT IN THE CASE OF AN ORIGINAL issued pursuant to Rule 7 é b If-ie
INTERNATIONAL DEPOSITARY AUTHORITY identified at the bottom of this pag q fﬁ
IDENTIFICAOI@N4E28 THE MICROORGANISM Identification reference givepdyiki@deeession
number given by the DEPOSITOR INTERNATIONAL DEPOSITARY AUTHORITY:
FIA-110311KCCM-10154 11. SC R PROPOSED TAXONOMIC
DESIGNATION The mlcroor AEBI en O%%EA?\%I}H gé%old«;v%%{% ffrpanied by: ~ a scientific
description * a proposed taxonomlc eS| Ration: Wit a Croes ’\éf)pllcable) M. RECEIPT
AND ACCEPTANCE This Internaﬁ)gngflf) 8%93 Rﬂ%ﬁﬁ :f&? e microorganism identified
under | above, which was received by it on March 24. 1999 .(date of the original deposit)' N.
INTERNATIONAL DEPOSITARY AUTHORHFNAHR Ak SR8 Culture Center of
MicroorganismsSignature(s) of person(s) having the power to represent the International Depositary
Address : Department of Food EngineeringAuthority of of authouized official(s) : College of Eng.
YOI’]SGI'UJ’]IVﬁI‘SIt}/ J1 < CE L%pdae%uﬁtgu Seoul 120-749'Z r | C r-z Date: April. 6. 1999 K orea
li_liCf;? ] WhegpsR gcﬁrﬂédbtaap}p}@s such date is the datggemieythestians of |5I@G%Agttf~3|tary
authorlty wasaeigifed : where a deposit made outsidesthel Budapest Huieaty aftet.the acquisition of

the status oKyonggi-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 -t:._; ' ?:;gr
-

i C Ao i nr=p

Sodaemun-gu. Seoul 120-749 Date: April. 6. 1999 J=fl s
Korea EJPEET‘—;# 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.



nternational depositary authority is converted into a deposit under the Budapest Tregly, gych date is
the date on which the microorganism was received by the international depositary authouity. 7 Jan
04 WO 01/8U39502%/KROO/00733 23 BUDAPEST TREATY ON THE IN TERMEROIRIAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT
PROCEDURE INTERNATION ORMTr. To f . Ca., Ltd #893-5 Hajeo-ri Paltan-myun
Hwasung-Kun Kyonggi-do, KO AETRE %I\:IIBI&AN ORIGINAL issued
pursuant to Rule 7. 1 by the ] NATION [ GFHORTY identified at the bottom
of this page 1. IDENTIFICATIO B A G&RtiRGation reference given by
theAccession number given by the DEPOSIT%’Q% TIONAL DEPOSITARY AUTHORITY:
HM10410KCCM-10151 D. SCIENTIFIC DES: /OR PROPOSED TAXONOMIC
DESIGNATION The microorganism identified under | above was accompanied by: 0 a scientific
description 0 a proposed taxonomic designation (Mari: with a cross where applicable) M. RECEIPT
AND AGCEPTANGE.T hi'g_!nlt_girnationaPDepositary Authouity accepts the microorganism identified
under | abosges-whigtowiaRkeceiuad by it on March. 24RECRIDTdsiteHy (ASEofiginsl drjcasit)' N.
INTERNATH@NAL-BEPOSITARY AUTHORITY Naméss¥¢dreasr@uituRelcCehter b
MicroorgarfigeresSigmature (s) of person (s) having the NeWeIB YEFREISIRERhIFRHABH]
Deposjtary$Q8fess : Department of Food Engineerinif&RPRIrY BT BIQTHRbLHS page

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?—.-_;?.'?}?
. . Zhluce=

Sodaemun-gu, Seoul 120-749 Date: April. 6. 1999 i:___i VEED
Korea I AS22LY
G2 Tl

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.



N College of Eng. Yonsei Universityffl ~ r = LJ C, Sodaemun-gu, Seoul 120-749Dgate; A\ghl. 6. 1999
fit KoreaS;2;3 ~ij 1 Where Rule 6. 4(d) applies, such date is the date on which the status of
internationVOIpE4RYy authority was acquired where a deposit made outsi®E€TIERBUGTIR St Treaty
after the acquisition of the status of i nternational de@Qsitary 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 authouityBJP3&8RSI4REOND Y4B INZEREATRRE0/00733 BUDAPEST
TREATY ON THE INTERNARSONAITIRE COGNI PEDRSOPT MCRFEROSITMSF MICROORGANISMS
FOR THE PURPOSES OF PATERA RFRGUEDEREMNTERN/ARIORAIREORM r To. Hanmi Pharm.
Co., Ltd #893-5 Hajeo-ri Paltan-myun RECEIPT IN THE CASE OF AN ORIGINAL Hwasung-Kun
issued pursuant to Rule 7. 1 by the KyonguiTaaNNTTERNPFORMNAL DEPOSITARY AUTHORITY
KOREA identified at the bottom of this page L J 1. IDENTIFICATION OF THE MICROORGANISM
Identification reference given by theAccession number given by the DEPOSITOR :INTERNATIONAL
DEPOSITARY AUTHORITY: Htl~Ix411KCCM-10152 H. SCIENTIFIC DESCRIPTION AND/OR
PROPO$& DignaaX &@Mie DESIGNATION The micro &_m;lnm ntified under | above was
accompanie%s?)?:r’ Faeeci-FiA% Be¥ription ~ a proposeg{?ax nom?éﬁ%ﬁgﬁa}f)ﬁg@%fﬂﬂm% a cross

where appli%‘ﬁné Y éfﬂECEPT AND ACCEPTANCE [\ TrrxiATIONAL DEPOSITARY AUTHORITY

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

—= Y= (Eh;
Korea -—I:EJBE’E§

L Pad "
=3I}
1 Where Rule 6.4(d) applies, such date is the date on which the status of inmosimw 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.



This International Depositary Authouity accepts the microorganism identified unds;r I abi%/e, which
was received by it on March 24. 1999 (date of the original deposit) ' V. INTERNA &\
DEPOSITARYONUBMORITY Name : Korean Culture Center of MicroorganisGBkRe0234s) of
person (s) having the power to represent the Internat'@gal Depositary Address : Department of Food
EngineeringAuthority of of authouiz official (s) College of Eng. Yonsei Universityz Sodaemun-gu,
Seoul 120-749Date: April. 6. 1998ukaresr TrREAgR dRVEEE Wheie\Rule0.4(d) applies, such date is
the date on which the status gf #ii€frabRI-TE ARSI tBRL ot ety IMasOREANIERHE - where a deposit made

outside the Budapest Treaty afterHreagapigitioteef spergiaivs pidcriRpational depositary authority is
converted into a deposit under the Budapest Treaty, such date is the date on which the

microorganism was received by the interngiiggakderasitiapsgythouity. 7 Jan 04 WO 01/04329
PCT/KR00/00733 25 BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF THE
DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE
INTERNI_ATIONAL FORMT -t To. Hanmi‘Pharm. Co., Ltd #893-5 Hajeo-ri Paltan-myun RECEIPT IN
THE CASE @mANRRIGINAL:dHwasung-Kun issued pursuant to Rule 7. 1 by the Kyonggi-do,
INTERNATI¢3%aE BEPO SHRARYUAUTHORITY KOREARBHERTHRUAE A BoRbmMMNbPiidNdge L J 1.
IDENTIFICATTESNOETHE MICROORGANISM Identifi %1‘% ﬁ&%%fvéﬁ BeAccession
number gively HFFRE°DEPOSITOR :INTERNATIONAL DEPOSITAL 1 QUTHORITY

e botiom of this page
L A

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 () :
: = P 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
=iz =2
Korea i aSs2uy
== hliJiun

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.



IlYA110510KCCM-10153 Il. SCIENTIFIC DESCRIPTION AND/OR PROPOSED Tf;é QMIC
DESIGNATION The microorganism identified under | above was accompanied by: * a scientific
description W& p8#¥8ed taxonomic designation (Mark with a cross where appUiEaRey/M7RECEIPT
AND ACCEPTANCE This International Depositary Apghouity 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
MicroorganisnW8inaelpemeyds person (s) having the power to represent the International
Depositary Address : Department of Food EngineeringAuthority of of autho 'ffL 1 : CoIIege of Eng.

Yonsei University-77 Sodaemun;gu Seou naa&g%gﬂﬁ?ﬁ?icgoﬁ% uﬁlﬁﬁ é1

Where Rule 6. 4 (d) pI es, sych atel S,0 nter osnary
authority wasggﬁ?’%%‘ Ref YLD %ﬁ‘lrﬁ Puasi @?ﬁ@@uﬂig&tlﬁe f?éﬁtﬁ@ 3Ehwon of

the statusSof i amenoaaidal QféW@kit&!p%hﬁdﬁS,F@E@l\I@rtbmnﬂ) asceplasiedrizie other Bumiimoe st
Treaty, such daigi(g)the date on which the microorganism was received by the international
depositary authouity. 7 Jan 04 WO 01/04329 PCT/KR00/00733 26 What is claimed is : 1. A modified
human granulocyte-colony stimulating faCtOb\(ﬁG Ci"? which is characterized in that at least one of
the 1st, 2nd, 3rd and 27th 5 arhifo™esH el ShesAANIOAGK (5uEREEHY other
amino acid(s)thz. sﬁheemmdiﬁédﬁ*@ld%eﬂﬁlhﬁ’ﬁ whosget #imino acid sequence is the same as that
of wild-type hG-CSF, expapt 1@@5&95@%@3@ l%%émlno acid is Ser; (b) the 1st amino acid is Ser and
the 17th amino acid is h 2nd amin d IS he 3rd amino agid is Val; (d) the 2nd
amino acid is Met, the( Mfée)mm%agg%ols I an ’gﬁ\ T% amino act aﬁ

(c) the 2nd amino acid 1s 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



amino acid is X; or 15 (f) the 17th amino acid is X, wherein X is an amino acid wh}c\?ai pet charged
at neutral pH. 20 25 Gly.3. 4. to 4.5. 6. The modified hG-CSF of claim 2, wherein XIS Ser, Thr, Ala or
The modifisdbhi®edRs of claim 3, wherein X is Ser. A DNA encoding the mogifiggkRee/662483 of any
one of claims 1 The DNA of claim 5, wherein the 1st2t9 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. 35 8. The
expression vegtorcoficldisrmovesistafitribetceoimpinsds asigodfnyeisidicdeoenanstinGed sinalgieptide
attached at th&éﬁﬁ%ﬁs@ﬁt@%&ﬁﬁﬁﬂﬁ@i%f?@ ifigd hG-CSF. 9. The expression vector of claim
8, wherein the signal peptide is 7 Jan 04 WO 01/04329 PCT/KR00/00733 27 E. coli thermoresistant
enterotoxin 1l signal peptide or modified E. coli thermoresistant enterotoxin Il signal peptide. 10. The
expression vector of clim 9, WheresipressioolV B irermlorelisnanfenwhersiin thsigial peptide has
the aming acigheerivresietant TnferdidN@: B3sikhall Pperideassiothyasianel sbamsdyenesestthe
modified E. CC§E qﬁlﬁ@'sgsgqnt enterotoxin Il signal peptide has the amino acid sequence of 10
SEQ ID NO: 54. I2. The expression vector of claim 9, which further comprises a modified E. coli
enterotoxin Il Shine-Dalgano sequence having the nucleotide sequence of SEQ ID NO: 71. 15 13.
The expression vectod éf clainT B whptessioneveifnniqiepaie B Rhewlibthe modified &sigpial peptide
or modified E.thetnhsiies1s@iamasersiondl 11 signal peptide has the amino acid sequence of

10 SEQID NO: 54.

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.



peptide. 20 14. The expression vector of claim 13, wherein the E. coli beta lactarm sdgnal peptide
has the amino acid sequence of SEQ ID NO: 24. 15. The expression vector of claim 8, wherein the
signal peptisle ta/&3200li Gene Il signal peptide or modified E. coli Gene Il sigrgkReptiehssz25 16. The
expression vector of claim 15, wherein the E. coli Ggge Ill signal peptide has the amino acid
sequence of SEQ ID NO: 42. 17. The expression vector of claim 7 or 8, which is pT 14SS 1 SG, 30
pT14SS1S17SEG, pTO1SG, pTO1S17SG, pTO17SG or pBAD2M3V17SG. 18. A microorganism
transformed with the 2@pressifitevaritabaganisinootd ckdim TRQr whakeild tHherarisfoargdnBm of claim

microorgaS Ll e 1 g ol B2 W?ﬁéﬁ%%%%ﬁ%w%@%%ﬁ%EZ%%I& SG(HM
10310), E. coﬁ@f@%&%ﬂﬁgﬁgi@%@%m ﬂc@ﬂi KC %ﬁbﬁ Jcoli %Lzlﬁé"e)/pTo 1
SG(HM 1040BLE1 @B OUSEEHNT d0469), 75 cahiNB LA L(IDES W TENISIGRSIGHM d6r 10,
gtﬁgg;; p 1@1771@Ci©1|‘5|1}9£.1 odORIM: II@JZEX)ApEO/QGESL?HMDEBDm,T(K@CFI@(W DA, E. coli
BLZl(DEg),Bé%%%ﬁ%%% _ﬁ@&ﬁﬁé@f&:ﬁé?&%%ﬁ?&é@ﬁ?@ AT 10r £ co
10 BL21(DE3BAb2MmAv17sedim 18523 {DE3IPIBLLSHH Modudifdlanodifed hGaESF in
microorganisBLAMEES)pPAde2 MANGGH Me trah8foithed nKeSvidMiEh3 hf claim 18 teoproduce
and secrete tigg mQbiEg/pEATHT SGPEMAlasm. 1510511) 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





