; e3e|, db6(T| [ ke FUSI ON PROTEI N HAVI NG ENHANCED I N VI VO ACTIVITY OF
ERYTHRCPO ETI N TECHNI d:AL FIELD The present invention relates tcﬂ S| 0
protein having enhanced in vivo activity of erythropoietin (EP I/WI/HWM
that is a new nedicine for the treatnent; of anem a. 10 Specificall ///
present invention relates to a fusion pr ot ei n having highly enhancecwoonzﬂ

vivo half life and activity of erythropoietin by fusion of EPO nol ecul e
with a certain peptide that has half |ife elongation activity and is

the ol ecular woF HOTONFROITIHRSHINCENTANE BN IR 20T, 2"

production and differenAGTDEVITYrGF BRYTEERIQGPOIETENotei n acts by 20

binding to receptors on erythrocyte precursor cells to result in increase
of calciumion concentration in a cell, increase of DNA bi osynthesis, and
stimulation for the formati on of henogl obin and the like. This n

used for the treatnent of anemia fromrenal failure, anem a of grmmmmm”/
baby, amemi a from hypot hyroi di sm TEGERNKCAEEERB nutrition, etc

clinical use of reconbinant human EPO is on the increase. However, *PBisguch
use may cause sone inconveni ence and hi gh costs because it should be

adm ni stered on the average three tinmes a week due to its short half life.
T e N MY Sreh il BB © A SRl A% b T 1B,

adm ni stration freq ency e gr eat ecre i cacy
EPO i s propof brythm[bowtm (EP(m bcloh)alttiatlls faene\hemexbéme Iﬂ)r it kroamantt hﬁanemnaw VO

hal f 1i t.e cont ent. of al.i c. aci t IS .
ocat ed & "SRR, BE PSR Brertity RGeE L haMe BrotboRRaRdnenh ARontt g acy
of EPO i s hvigh Ihylfdﬁ’peamﬂeamthmof Iafytlpomsﬁncby dibsiarapb ERYd meleeulehaitin . cefaimc e
the fornms of dra rdlff regtly . dependi ng ,on the kind of
cel I's whereP ?E’%e B?plé @?ggpggaﬁgngg% géso%ef‘é{f"iffﬂ%’qﬁﬁg‘”ﬂ%{/%"%& fferent
car bohydrate structure |f they are expressed in different cells. Al though
it has been recently denonstrated that sone bacteria can attach the

car bohydrate chains, typical bacteria, for exanple E. coli, are known not
to do. Psoteins expressed in E CRACKOROUNIPARANt ai n the carbohydrate
chains, and thus, E. coli-derived EPO, which does not contain the

car bohydrate chains, exhibits positive in vitro activity but no in vivo
activity. It is because deglycosylated EPOis rapidly elim nat ed fromthe
hurman body and has extrenely short half life. In concl usion,

car bohydr at e chaiBF®: i gycoprajein hayipg dhetrapleca) weight af|39,090tp \3i41090’dﬁ affmgyr 10
Many studi eghayBulRS rbr&ﬁféﬁoﬁ Qn8 BRERiAiDR (ﬁcxreﬂ le&yd QéllSEHQlS 6l BLR by

approach is substituti'ons of some am no acid by nutagenesi s on t he
EPO gendd Fbind @géﬁpﬁ@ptmpmmowzamcuﬁor @allmsp matyémn anrgeass ©f ealcium ion

"Eryt hropoi gi-BufRdh %ﬁ cell, %&&lﬁegﬁﬁm E‘iﬁ%ﬁ\%s& Oan'd%ﬁ ?a'il%ﬂ 66} the YomBabd of 1 T €

of EPO by increasing e carb rate corntents 15t mut agenesi s.
Al so, an at hemgslobin andut;heehlsee Thrs EPQan defused far the ttﬁmenhgf pngeda et tanplat i on

f EPO d J 4773
(2)4778 BlersTFfesl%eano ¥ Ofk%&n}ﬁ%ﬁm{% lﬁ:‘ors a{l%ménﬁ'ance\&?bmz%ﬁ)}s%g??%lﬁgy of EPO
by fusing nowinatritien, q@lﬁ@ ,clipispl usd @8 recombipantthaiman {EPLYisontthe inctehseEHOVAYrecul e
Ln t he genelig S0@ g%?&s'e’%gmg%gc%ﬁgggh@i%ﬁ&ﬁgﬁ‘%ﬂ?Féé&ﬁse R LR 6L Q&Ifﬁn"%?éde”t ’

i.e., stalic acid ¢C ent am no aci ds,; [ I des, or
het er ogeneous thgravemnthireeaimesd weekaduertotits shortibatHlifeor Thusj i tlmmpweactwm obst

cases, such E%dils frrlla(%n la’éulngci'l for' B %nrg %1Snlljel, EheI z?dngigl‘%{rgt%})sneﬁ'é)qrueh(%§ St ﬁ’f’o may be greatly

decreased.

m‘

30 Efficacy of EPO is proportional to in vivo half-life thereof. It is known that in vivo
half-life of EPO is correlated to the content of sialic acid that is located at the terminal of
carbohydrate chains of EPO. Therefore, efficacy of EPO is highly dependent on the

presence of carbohydrate chains. Since the forms of carbohydrates appear differently



i nherent activity of protein and nmay cause a problem of antigenicity when
used in vivo. Although it is not related to EPO fusion proteins or
chinmeric proteins have been 25 studied, for exanple, for follicle
stinmulating hornone that is a kind of sex hornone, See, Furuhashi et al.,
1995, Mol . Endocrinol. However, the nethods have not been applied to the
i ndustry since protein nodifications using a genetic engineering nethod
have many risks. That is, in nbost cases, the target protein may not be

R O B AR5 acE LB et oS B Eon o
substituti Cdiff&%ntn@%oﬁw’mﬁfé Shchige 1%%%&8@3@ int R rBENITS, OM 1thodghl féhas

present inventors haye extensively Eﬁ‘dl ed new net hods éor enhanci ng |n

vivo acti vitegn We@b@wnﬁw%&wﬁé@m Figiaaean attach g catpelydrae cppiat dynical

fragments wisbferiERGr &MI@EUE&:, A EnSFn hHCHOERS Mteﬁr{%eexﬁﬁersMhM@ b8 doaiytent
thereof. As a result, the present inventors have discovered that a fusion

prot ei n %of EPEILHE a?rh@&vdwe ehpdnsngndathis dh 6%y derivediER4), whigh dage netepplainy®F ow)
of t hr onbonQihidtate thihs, RehiBHd Pos"i’tl\Qr thvﬁquacIub% b@tI HoeAdWoREiSity 1t 5 ﬁe'@ﬁ'us@u man

body, with the car boxglmg)erm na enhanced 1’'n vivo hal f

PPEY due 1 lealermiagd HR A s minated ﬁﬁ@néb@gurgmyb@fbym hasrexgrmelywhetout
loss of th i‘ﬂf’enlﬁ’f“{: ius%?xt {h\é;ﬁ%}fa ﬁ{ljdrgtlggg g@gla hen o351 B{he activ%'txrs

antlgen|C|ty when ap e e presen I'nven

have conpl eifdPQ.he present invention. Ther ef ore, t he obj ect of the present
|nvent|Qp is to provide a fusion protein having enhanced in vivo activity
of hurran EPO and contai ning CTP of TPO fused with human 15 EPO at the

car boxy term nal Mahgstedies hMemmadb;Mamn‘e thdzctivitp 6EBPOI The mairoappirsach 0

provide a nucl cid.encading the r ot a Iego ant veetor
Cont ai ni ng s mabtifefEh or S8 oy ks ArEEQ Y Aibfieiest &F BRTERO Wb ik

r econbi nantexamplepPCTAIBHRIO0R BB rfilebbye Aimgeh ahd itled ‘@ymropomnarmalogs,’? distloses
provide a proc far reparatl u ote n hav enh nced in
v act it PeBPanareisBer e fERiepf FE0l R Mordibghf ot bohiiaf HRRRSS
First, tshe thfcﬁ@l@ﬂiutdgl@m%m lémso,(rjﬁxl @fefpt 'td)lrﬁreﬁé_l_stlsain(l?va_?_li%f $femﬂEBO R@s mkiarbgggoi n
vivo acti vi a cont u

at the car bfteég}a ’c°§rql'ﬁ%2? WSy 865, A gyngP’%b‘r @f"ér it n%%’r %‘gs%? h@%g%?jn

aci d sequentg79f Bekigkd, Bhd¥Rer xémm%etﬁ&l [CRPMRGTelif VA dwvaga bl Epgfbypﬂﬁingl ons
176 to 353 (LTP, bel ovv) or parts thereof, particularly the am no acid

sequence ofNeSE@MINY REidS, oPeptides: (5 PEtsib AgsmeRss a‘ﬁﬁth'ICEP&:lnéfge%‘ie Ip thio geaetisns
337 to 3S3 ngitRerifieinaiier aﬁarlﬁérgéék@ ih)é’cam%ﬁy(iﬂdé' QRteRf, QleCl éqalﬁcfcm dodiehetar the

present invention may conprise the am no aci d sequence of SEQ ID No. 3 or
4. 20  EPO. However, all amino acids, peptides, or heterogeneous protein fragments may not be
used for this purpose. In most cases, such modifications may result in decrease or loss of

inherent activity of protein and may cause a problem of antigenicity when used in vivo.

Although it is not related to EPO, fusion proteins or chimeric proteins have been

25  studied, for example, for follicle stimulating hormone that is a kind of sex hormone. See,
Furuhashi et al., 1995, Mol. Endocrinol. However, the methods have not been applied to

the industry since protein modifications using a genetic engineering method have many
risks. That is, in most cases, the target protein may not be readily obtained without
professional skills, and on the contrary, the inherent activity of protein may be decreased or

30 lost by the addition or substitution of new amino acids.

DISCLOSURE OF THE INVENTION



4 Second, the present invention relates to a nucleic acid encoding the
fusion protein, a reconbinant vector containing the nucleic acid, and a
host cell line, preferably CHO (Chi nese hanster ovary) cell, transfornmed
with the reconbi nant vector. 5 Third, tRe present invention relates to a
process for preparation of the fusion protein having enhanced in vivo
activity of human EPO by cultivating the transfornmed cell line. 10 Bel ow,
the present invention will be explained in nore detail. BRI EF DESCRI PTI ON
OF THE DRAWNGS 15 Figures 1 a and 1 b show t he nucl eotide and am no acid
sequences of carboxy term nal peptides (LTP, STP) of TPO Figures 2aa and
tab show the nucl eotide and am no aci d sequences of ELTP that is 20 a

fusion protein o,h?EPOandthe |deLE'1s|§1 dFl bshvvsth
nucl oot | de. and sFRTRTSsCal v eno DR SRR HBAGEH Yo EPO
and the peptiidg STEPOFbE @IS ﬁ&v%ﬂﬂn@@cx@é ?Le?ﬁbﬁnﬁﬁ pﬁ&émn dii& RitR T es

to prepare the expression vectaors, P and pcDNA-E 25 Figure 4

is an ePectPVstls 48 sogReFEBIES @rboéx%@s%@&nahprﬁo;ndﬁ%ws Ita the Pictfdf e 5

is a graph lm\!yrma&éﬂelswweaamka rfﬁéxb& af\laaul 6fsmﬁ JeRihedEby Rusing JEBoky 30
BEST MODE FOR CARRYI NG OUT THE | NVI he present i nvention

conpri ses tiefEral geptidsy (G chelan) %tha@mbwoeﬂﬁmrﬁ P& bglogane pseteinhibatyalzgady
fusion protgish 1nQQ@ﬁﬁrﬁHP$dd}nw% tﬁé]gﬁf@f ERThiR Wﬁa&ﬁlﬁ!}l@' cthdted BPWQ@SI red

gene, transformati on of an ani ma expressi on, pur [ catl on,
bi ol ogi cal haldify dus tg adloy oﬁvmepparmdsdhatommgmeglmletmmtmvxtb@tdmsmfrﬂa@l by

perfornpng ; it qamgtdf%w aﬁ%o&fﬁcﬁ&&%%q&%ﬁ%&%%e@ dppfila & RO %Ehat®- )

usi ng the Conp ementary pri’mers o
body. Then, the present inventors have completed the present invention.

Therefore, the object of the present invention is to provide a fusion protein having
enhanced in vivo activity of human EPO and containing CTP of TPO fused with human
15  EPO at the carboxy terminal thereof.

Another object of the present invention is to provide a nucleic acid encoding the
fusion protein, a recombinant vector containing the nucleic acid, and a host cell line

transformed with the recombinant vector.

20
Further object of the present invention is to provide a process for preparation of the
fusion protein having enhanced in vivo activity of human EPO by cultivating the
transformed cell line.
25 First, the present invention relates to a fusion protein having enhanced in vivo

activity of human EPO and containing CTP of TPO fused with human EPO at the carboxy

terminal thereof. The CTP preferably comprises the amino acid sequence of SEQ ID No. 1

that corresponds to amino acids of positions 176 to 353 (LTP, below) or parts thereof,

particularly the amino acid sequence of SEQ ID No. 2 that corresponds to amino acids of
30 positions 337 to 353 (STP, below).

Particularly, the fusion protein according to the present invention may comprise

the amino acid sequence of SEQ ID No. 3 or 4.



(EP1 and EP2) from cDNA |ibrary of human-derived fetal liver (lnvitrogen
Co.)." TPO 10 cDNA may be obtai ned using the conpl enentary priners of TPO
cDNA termnals {T1 and T2) according to the same nanner. EP 1:
ATGGCGEGCACGAATGTCCTGCCTGECTGG (SEQ I D Ng. 5) EP2: GICCCCTGICCTGCAGGCCT ( SEQ
I D No. 6) 15 T1l: ATGGATCTGACTGAATTGCTCCTC (SEQ ID No. 7) T2:
TTACCCTTCCTGAGACAGATTCTGGGA (SEQ I D No. 8) EPO cDNA and TPO cDNA obt ai ned
by PCR are cloned to pGEM T (Pronmega Co.), a cloning vector, respectively.
The pGEM EPO and pGEM TPO are then sequenced, 20 and used as a tenplate for
the follow ng procedures. LTP, a CTP gene of TPO used in the present
invention, may bBSewhdahep@sdny inverntion rlang téeRuslsic agidrGtdding e &ssich prowf, at e

d d
(SEQ I b N2 BFOPABAY, (Gisr comPining- g TREICLE AuteAdet DPvl AT Ighe, RERSLY G of -

restricti onChméydanister bvarpdefitraffdraed weth theRtothhifant vedtey, M nal of EPO, and
a part of 5 termnal of LTP gene 30 (am no acids of positions 176 to 353

of TPO at the same tinme. On the other hand, PCR is per formed using

PGEM EPO as a t eTRirdit e Préhemts in’WBr{tﬁ)nEl%lajeesai%da '%P@ce&@f«ﬁ'ﬂ&@pa?ﬁ@ng@f"ﬁleoﬂhlﬁn Thus
obt ai ned EPO and LTP genes_are treated with restriction enzyne Stul

respect i velBfotemraningrepbansechineyi vt actiwity ghumarrER(@ by sullivating tgatré@ﬁfmdtcﬁlé

| i gation prggduct is 6 used as a tenplate in the PCR procedure using
primers EP 11 and L2 to give a gene fragnment ELTP having about 1113 bps. EP
11: TAAGCTTATGGGGGTGCACGAATGT (SEQ ID No. 10) 5 L2:

cloni ngovector o BEERK Fra TN b eIl BHE o &' 5" 10 °

Further, the STP gene used in the present invention may be obtai ned by
synt hesi s and self primng PCR procedure. Synthesized gene fragnents are
the followwng ES 1, S2, S3 and the above L2. ES 1:

AGGGGAGGCCTGCAGGACA KI3BY OB THE DIFAWINGR
GTGGGTGTAGGATGTGTTTAGAAGAGG (SEQ I D No. 13) S3: TACACCCACTCCCAGAATCTGICTC
(SEQ ID No. 14) 1 N. 2 (SO pnol e/ E12) of each 4 gene fragnents is taken and
PCR i s 1gerfornmed using 20 high fidelity Tag systemof BM Co. The gene

fragnent of abou ene) isjidentified in % agar 0s Thi s
gene encodes the ‘f‘i‘reérﬁan?i‘(dagl? &g %ﬁﬂBdﬁ%tf sk a1pigg; alcfdoﬁ%q“g%@f’s Og‘%gf%’i‘
the car bOXMeﬁxﬁﬁmpep&deetLﬂfP@WEbm@, 1). 25

Figures 2aa and 2ab show the nucleotide and amino acid sequences of ELTP that is
20  a fusion protein of EPO and the peptide LTP, and Figure 2b shows the nucleotide and
amino acid sequences of ESTP that is a fusion protein of EPO and the peptide STP;

Figures 3a and 3b are schemes showing the procedures to prepare the expression
vectors, pcDNA-ELTP and pcDNA-ESTP;
25
Figure 4 is an electrophoresis photograph of expressed ELTP and ESTP; and

Figure 5 is a graph showing the pharmacokinetic results of EPO, ELTP, and ESTP.

30
BEST MODE FOR CARRYING OUT THE INVENTION



PCR is perfornmed using pGEM EPO as a tenplate and priners EP11 and EP2 to
gi ve 'EPO gene only. This EPO gene and the STP gene are used as tenpl ates at
the sane tinme and priners EP 11 and L2 are used in a PCR using the high
fidelity Tag systemof BM Co. to give the desired fusion gene, ESTP gene,
of about 630 bps. This gene is cloned to 30 pGEM T, a cloning vector, and
t hen sequenced (pGEM ESTP, Figure 3b). (2) Construction of expression

vect or 7 pcDNA3.1 vector of Invitrogen Co. is used as an expression

vector. The pc E{ﬁ streated WII\# striclLion enzynes H|nd||| and
BanH to 5 nake ﬁﬁF PHa "i‘/"eef} %}?0“&%%& “@E? P‘&Rﬁ“‘ﬁ HPEs gret

t L eaéI ed w tﬁéle dbgired diigon @6teln, %ﬂs&ﬁctﬁiﬂlﬁfl&ﬁ&xprbkstdi“debtoﬁﬂﬂltdgﬂﬂythe desisgdaehe,vel vy.
The di geste DNA3.1,. ELTP, ' a STP,genes_ar.e i sol ate si ng Q agen
extraction KRR atigp-ofga nigal co herars H“W‘&SP?’&HS b s, the

i gation product is introduced into E. coli NVb22. Plasm ds are isolated
from the col oni es t hat have been fornmed fromcultivation of the transforned
E. coli 9n LB 10(Bseraration@f gengt e overnight, and are treated with
restriction enzyrres H| ndl Il and BanHl . Col oni es having ELTP or ESTP gene
are then screened E/ % agar ose gel el ectrophoresis. These plasmds are

desi gnated as pc ENA maydbepd EmdEswrfomgé@tqomnyoqatﬂ’@&rte@nsalemRsb)

cul tivat ed T e o P 52‘%“85’@?9%%?63”? oM B R s ST CRNA el

cel | cul t ur@Pdiand. ER2)tfponn icDd4p dibfagc of bumaederived fetBMiws. (Jnvitraged To.x 2TBO cel |

culture d ( 20
ol | SKE™ Do e pthiod BB R e oo a ey oo P R g i e
(ATCCB7295,T@.@ergmgh@ﬂiemgndhfanneyene are added ther et o. The mxture is
reacted for 510 mnutes at roomtenperature and then added to the cells as
prepared above. After one day, the nediumis refreshed with a nedi um
contai ni ng 418 ER1aATGGUCGCACGAATGDCORGCATEN TGE HBEQ DN, 8) 10% FBS) .
The nmediumis th 22 contai ni ng SCGhg/ M8 of
418 for 710 day$2d§&§§§%#@¢$§ﬁﬁ§ﬁf@?8 éem stance gene and
negat i }’95. cont (rjol TU?AITQCE(HII@NQTGIA@MG@T(D@UC (SeQepted 7xel | s 03 G41f8 rrgdi um
Gsi ng EPO ELI Sa 1Pt ToACBas IO EAR AP B EBOA B NG Do Este
expression vector and then an expressed ESTP fusion protein is also
identified in the_sanme manner Q. (4) Purification of the expressed ELTP

and ESTP 8 Af f ERCG $PNAsand FRQ °P§‘é‘4 abtpinpd hnd GRurterclonst jto RGEM-J, @papesd
usi ng anti - ERY) JARARE PLHr, RPLHREY TIRMGEN-BP@and PEEMYPPO are then sequenced,

20  and used as a template for the following procedures.

LTP, a CTP gene of TPO used in the present invention, may be obtained by
performing PCR using pGEM-TPO as a template and primers EL1 and T2.

25 ELI: GAGGCCTGCAGGACAGGGGACGCCCCACCCACCACAGCTGTCC
(SEQ ID No. 9)

The primer EL1 contains a gene extended to the position of restriction enzyme

Stul, which is located near the 3’ terminal of EPO, and a part of 5’ terminal of LTP gene

30  (amino acids of positions 176 to 353 of TPO) at the same time. On the other hand, PCR is
performed using pGEM-EPO as a template and primers EP1 and EP2 to give EPO gene

only. Thus obtained EPO and LTP genes are treated with restriction enzyme Stul,
respectively. Then, fragments of EPO and LTP genes are ligated and the ligation product is



0.3g of CNBr-activated Sepharose 4B is swelled for 20 mnutes in 1nM HC,
and 5 the resin is noved to a colum and washed with 1 MM HClI. The resin is
washed with 4nl of coupling buffer (0.1M NaHC03, 0.5M NaCl, pH 8.3),

i mredi ately m xed with anti-EPO nonocl ogal antibody (SOOpg/vial) contained
in 4nl of coupling buffer, and reacted for 2 hours at roomtenperature with
stirring the tube. Refreshed with bl ocking buffer (0.2M glycine, pH 8.0),
the resin is reacted at roomtenperature for 2 hours with stirring the
tube. 10 Then, the resin.is ed with 6.5nl of c in uffer, 6.5ml of
acetate buf¥e a¢ @ template éq iﬂacwﬁéﬁdeme?dym Reieg ,pnmqr%}%%ﬁa@ Sttt 386l i ng
buffer in tigmRhBLTP Aavifd 4Bt 1 BL3pePared usi ng such obtained resin and
purification is conducted as described below. Cells are cultivated in serum
free medium for one day, and the nmediumis 15 concentrated to about S folds

using Cent i pr epeM 14 AGCTTMIERAAGEBRLCTRATTIBBRNDING ag) o | oaded to a

colum equilibrated in advance with S at a flowrate of 20nil/hr, and

washed &gai n wi t R2PESCARTGTTACHFFEETEACAGAGAYTECASEQIP No.4Y) i s applied to
the colum and the eluent is imediately titrated with 1 MTris to pH7.5.
The purity is at |east 97% when anal yzed by SDS- PAGE and sil ver staining
(Figure 4). 20 (Fhis/gene s clgnedgasualeniegivedtyr dfi sl andethbo dequanaed dpGEMassay
test using W%ééﬂégﬁn cells treated with phenyl hydrazi ne, the ELTP and
ESTP, which aré pressed and properly purified, show higher activity than
25 EPO It denonstrates that the fused carboxy termnals in the ELTP and

ESTP not i nhighit ity of ERPO.jitsel f..(6),. Pharnacaki.netic .

expor tnts 30" pEdihereb Sibiatn® hse i themieht pivelian BT BEMARE b synghesis

det er m ne windtseH¥printing PCROAo@dulel Nynthesiz&dSddne drigthehds \ardhthe dolfuwihg E§&0S2,n

vivo hal f I% Thebf caggi date substance is intravenously adm nistered to 4
fpe &ho

mce in an units/nouse. In order to identify the tine-I|apse
concentration in blood, blood is taken fromthe mce at an 9 interval of

Vennhel m Co. I n_EG MG HERORI L PR BRI f Ao eReBhesordne (e
subst anges, 1(LTP and ESTP, show far longer half life than the control EPO
(Figure S). 5 The_present invention will be nore Z§eci fically explained in

the fol | owi ng ex§%€@€§@%@ﬂ@%@%@dﬁﬁ EQ &t b3t the foll owing

exanpl es are int gadeAcheddACEtCCAGANIRCTGEEEA(SEQYBMNJ, @) but not to limt
the scope of the present invention in any manner. 10 Exanple 1: Preparation

of gene EPO cDNA was obtai ned by perform ng the conventional PCR (PCR
PreMx Kit of Bi opeeso shoeld/udpbiach h%e.m f[rﬁﬂéh_tﬁ? tdkenafld PER ik paifordied using
conplenmentary to the termnals of EPO c , in an amount of SO pnol e,

r espect 20sel kigh fidelity TmisystenbofBM Gf. human-derived 15 fetal liver (lnvitrogen
Co.). TPO cDNA was obtained using the primers T 1 and T2, conplenentary to
the termnals of TPO cDNA, according to the same manner. Total 30 cycles of
PCR wer e per f or ndte gsne fagmegit of iablaiti S0ybpsa§ T®ygeneisdfler@ifiedaon 100 dgarosehgsl.

condition . f I; (. C 94C
For 20 secomzests Gredt? a7t hlls BRARE ot phalion SlaT e S AEAUE By, T

( Pronmega 20tefdoinyl of FPE) itgungl)vect or, respectively. That is, the PCR products
were elyted from1l agarose gel and ligated into pGEM T, which was then
introduCed into E. coli NVsS22. The transforned E. coli was cultivated
overni ght in LB- 20R sipetformedl wing R GHENMERD aga Xenyslhte lahd Grimietsakaini 1 dsidvigR 2eto
purified fram whi t e cql onj and trea wWith restriction enzynmes, Sacl
PG Saci | €0 EB0 8B oo T BED aBnaid GF ST et rerBah ot EinpHles A Sarice
vect ors obtgheesd gBmads BPI SndlL 28R e i LIBCR akia € Hgh ﬁ&&ﬂ#f&lﬁy@&mmTPQ
whi ch were &hen se eaced, and used_as terrplf';\t es for the follo

Wi
procedur es. C:TiP BIeTipe getied dysiopresngs BRI genenat ghous et brsn it 81 1S Fn'lggcd to
obt ai negh bY}K?EMf-’P,raml&ﬁng%o?dr,ﬁﬂtﬁétpde neéd (PORM-ESTE, FighrelBbgh fidelity Taq
system of BM Co. and using pGEM 30 TPO as a tenplate and priners, ELlI and
T2 (SO pnole), under the condition of SOC for 40 seconds for annealing, 72C

for 4S seconds, nCAkfudiRh ofBxpr@sRASctorlhe priner ELI




contains a gene fromthe position of restriction enzyme Stul, which is
| ocated near the 3 10 termnal of EPO, to the 3 termnal, and a part of
5" termnal of LTP gene at the same tine. A gene fragnment of about S34 bps
was identified on 1 % agarose gel (LTP gene). This gene encodes the 178
am no acids of the carboxy term nal of TPO (am no acids of positions 176 to
353) (Figure 1). 5 On the other hand, PCR was performed usi ng pGEM EPO as a
tenplate and prinmers EP 1 and EP2 to give EPO gene only. Thus obtai ned EPO
and LTP genes were treated with restriction enzyne Stul, 10 respectively.
Then, fragnments of EPO and LTP genes were purified by Q agen extraction kit
and |igated w t hpeDNAgAsectod tfdntitrggdn ©n ipised as in efpréskion aadod TP genes was
used as a tenplate in total 30 cycles of PCR procedure using priners EP11
and L2 (50 prole) and using the high fidelity Taq system of BM Co. under
g 2?: ]cc:ondizg ion ofTﬁéﬁcmnméwveﬁmQm&satécgw]jtﬂnaaﬂbddmenzﬁ& ?_mélll_lﬁgn@@amn&oband

or secongds to give S e 0 Jhayi ng about
1113 bpd TR fbaar Jador ruh BGEMGRL TE g REN B ort g cxsmied il {6 0T
manner as aeaMeichziMEe) HERIIN eRE BémMD Fsibdev ey, The ditefteBpIDNLI R, BETE a4@S
obt ai ned by_synthesis and sel f ﬁ[lﬁlgg CR procedure. Synthesized DNA

rachen

fragments vieYld gengs argisolated usipg Qiagen hen agaroseeel. o figrgagh Hgationeofs pna

20 fragmentige Baifes! &Ekaaﬁ&ngﬁﬁ&|is Ivrdau&ddeitE. ESIRNMES2. PERdRGERR iWolikd t he
high fidelity Tag systemof BM Co. under the condition of 55C for 40

seconds f orfrem thesolanies thrat bayebeen dorsed dius cultivatiog af thedgransformed Bragd.in ABgene
fragne of RRSm i L) : n fhis
gene e rr:lt(?o d e%ﬂ?ﬂghlégrg m n o\‘%z’i %1?333% It{e tg&j ggdrﬁb%it? gtt?ge&r)?r‘fzzgll%é’ oé nglgogﬁaﬁﬁ)%%l' aci ds

of positi orfcolewgs hayigoB)TR ot ESFRgene arotheparesnsd bigd ¥4 agarasd gelssletfopBERSIEPO as
a tenplate [ : I j.ve
2P0 gane. orlire R B destiha@is EENARITIE R PRENRIND. S8pBAONG (Phufts €, |

sane time aacngBdbyers of EP 11 and L2 were used in total 30 cycles of PCR
using high fidelity Tag system of BM Co. under the condition of 58C for 40
30 seconds for annealing, 72C for 50 seconds, and 94C for 20 seconds to

gi ve thes desi r ed(¥) Tsamforgation of £HO celéamd exptessibout 630 bps. This gene was
cloned to pCEM T, a cloning vector, and then sequenced (pCGEM ESTP, Figure
3b). 11 Exanpl e 2: Construction of expression vectors pcDNA-ELTP and
pcDNA ESTP CHO cells (DG44) are cultivated to a confluency of 40~80% (1~ 4x10°

cells/60mm dish) in a 60mm cell culture dish. 34 of superfection reagent (BM Co.) and
9718 of cell culture medium (a-MEM with media, no serum, no antibiotics) are mixed
20  well, and pcDNA-ELTP (=0.1pg/p¢, about 2)g) and vector pLTRdhfr26 (ATCC37295,
0.2ug) having dhfr gene are added thereto. The mixture is reacted for 5~10 minutes at
room temperature and then added to the cells as prepared above. After one day, the
medium is refreshed with a medium containing G418 in an amount of 500pg/Mé (a-MEM
without media, 10% FBS). The medium is then refreshed with the G418 medium
25  containing 500Hg/M¢ of G418 for 7~10 days, during which cells without G418 resistance
gene and negative control cells are completely killed. Selected cells on G418 medium are
cultivated sufficiently and an expressed ELTP protein is identified using EPO ELISA kit of
BM Co. The same process is applied to ESTP expression vector and then an expressed
ESTP fusion protein is also identified in the same manner.
30
(4) Purification of the expressed ELTP and ESTP



5 pcDNA3.1 vector ,of Invitrogen Co. was used as an expression vector. ELTP
and ESTP genes that are cloned to pGEM T vector contain H ndlll and BanH
recognition sites at termnals, respectively. pcDNA3.1, pGEM ELTP and
pGEM ESTP were treated with restriction gnzynes, Hndlll and BanHl,
respectively. The linearized pcDNA3.1, ELTP, and ESTP genes were isol ated
using Q agen extraction kit on agarose gel. After 10 ligation of pcDNA3. 1
with ELTP or ESTP, the ligation product was introduced into E. coli NMVb22.
Pl asm ds were is%lggt.fd f.rgm.t e. col gni e? t hat had b(f:en for, Ofrom

cul tivation of t REIRIPARHRderiaelation qog prrifieation 1s;prepared Psing FitisEO mempdipedl: |
and wer e tragibedy (R&IM CoHsk falliwison enzynes, H ndl 11 and BanHl . Col onies
havi ng ELTP or ESTP gene were then screened by 1 % agarose gel

el ectrophoresis. These plasn ds were designated as pcDNA15 ELTP and

PCDNA- ESTP, r espegiiof €NBrdctigatb®Sebharob BT Svelled Forztrhiuf® i pAMHCEHRdCe! |
and expression CHO cells (D&X4) were cultivated to a confluency_ of 4080%

(1-- 4x¥05 Boresin sawetin drdpmniaRd yagiehyidel mMCEEL JFhe rgstafs washod gith 4ml
super fect | ogF doG@yuffeld (5 NatRYS), 8.54 NECORHER), infrHedidtél niIRE] W 4t MY Wi L

medi a, no serum no antibiotics) were m xe , and plasm d pcDNA-ELTP
(=0.1 ~g/ ~Enozgsinmel antibgily £¥09ngetal)osontaineRdn fnd ef (camdiogirdir, apd 2eagjedrfav2ng
dhfr gene . : } at
room {enper S & e CRBRELR s Welu e RN HooRhe K s
one day, t h&lyeingipting.Matherredin sshantiedit rdona tamgetratune dond bouns with Sltiggitlee tabe.

anount t (3= i t i 0% ) I n

r ef reshfeatcj wth %%&?@%ﬁu%@&hs aiOg{i%Sp%ggmé'gﬁwaﬁgétg%%(%@s,
duri ng whi ctcetiehtid, MhNa€l, GEILE), nad 6 St nd eogpling tuffér methetirde. chredluoin sel | s
were conpl e i).1ed. I . celds. 8 i . i vated

out 11 ot ent 1o ieneiiion AR EheiRy pluBR S AL I B RB b B

ELI SA kit of BM Co. The sane process was applied to pcDNA- ESTP. Exanpl e 4:
Purification of expressed. f.usi on ot ei ns 12 Affinit esin..for.

i sol ati on and puH]‘eﬁ? @éé)iceﬁv%ﬁg B rEpar eu@FﬁBmamri MBS 1§ FRFAWR: Sbody
(R&D Sysd engontentiateds td @bb@ws: foxdsOusiflg OCerifiep a@illifke dv D a100009).4 BThiaS

swel l ed for 20 m nut esq(%f_gl 1mM HCl , gqr;eg, t he resi.n was _rﬁoved to col um} and
washed wi t heopcepiataass, logdsd toedicplupaseapiiiraied i pAvaneg WF E%%ﬁltiango‘ﬁtﬁtf’e‘% (0.1
M NaHCO3, O2¢miimNeddd watheBaghin withPBSl ati8dionh Baffe? do. W %y@iﬂé,lpjﬁf@ R¥oppiddogal
ant i body (5%0~g/w al) contained in_4ml of coupli g'ﬁ yuffer _in_a tube, and
react ed f orthe cpigmsang;the glysatiis p@ediptslyditigted,wih 1My Ags theHT apEhe pity ds#ed

Wi th bl ockllagstw%weh%alﬁbdwQSLPA@;@,analéil&rQiamiﬁ%mm@uﬁ was reacted at
roomtenperature for 2 hours with stirring the tube. Then, the resin was
washed th 6.5nmL of coupling buffer, 6.5m of acetate buffer (0.1 M acetic
acid, 0.5M NaCl, 9 divity dedsiferndlt b9 bioagePhien@abuf fer in the order. A colum
was prepared using such” obtained resin and purification was conducted as
described below. 15 Cells were cultivated in serumfree nediumfor one day,

and the medi um Wﬁi 6&8%53?35#%{3?9&5% n?olﬁg’éjggléerf 941@?%&334&3\9?%%2&%%%%%, the

(MIlipore, MACO s concentrate was m
equi | i br at eBLTR and\E$A®e whichhareBSpressed anid quopeatyepusified Oshbih highernastinidy e
again wyd h : | I ' ' to
the col tim Ehg JhatbpRia @ ind Ruds MebliehEnal th RLIR SRRIP Pl © o
SDS- PAGE r embibitsictifityt gfdERSuitself. ed ELTP and ESTP are shown in Figure 4. The
purity was at |east 97% when anal yzed by SDS-PAGE and sil ver stai ning.
Exanpl e 5: Activity neasurenent by bioassay nethod

(6) Pharmacokinetic experiments

30 Pharmacokinetic experiments are performed to mice to determine whether the
prepared ELTP and ESTP actually have prolonged in vivo half-life. The candidate
substance is intravenously administered to 4 mice in an amount of 20 units/mouse. In

order to identify the time-lapse concentration in blood, blood is taken from the mice at an



25 Phenyl hydrazine was injected to a nouse once a day for 2 days at a dose
of 60ng/kg. After 3 days, enlarged spleen was separated and ground with a
honogeni zer to obtain spleen cells. The spleen cells were diluted to 6x106
cells/m and 100A of the cell solution was introduced into each well of a
96 well plate. 0500 mMJ m of authentic EPO 30 and 100 mJ/m of the
expressed fusion protein were added to each well, and the plate was all owed
to stand at 37C for 22 hours in a CO02 incubator. 50pl of dinethyl

3[H -thym dipe (20~G /m ) was, added to each well, further reacgted, f.or 2
nouts 1t HeleEah 2t T s S AR Pas &t airesiid Bk HaskE AL Pehutiped
Ontﬁ a 9l aS¥aiiriblein® 'Col _Pﬂurt}se %th_%ﬂa@é%iné&fbr e@@ﬁﬁgﬁ@ Ihtb.mice,lﬁera]gdiﬁatgtsebﬁaq@eg,e f
washed wit Si o ical saline i.res apd the ampunt of radioactivity o
each fil te&ﬁﬁ‘iafﬁe@%’é]Eva%h@gi@a&M@“.tﬂwu%F%:@%@ %f the fusion
proteins, ELTP and ESTP were shown to be conparable to or higher than that

of authentic EPO_ which denonstrated that the carboxy termnals fused into
EPO di d "ot i nhi B¢ PAgsenty inxgniian poth be imase wecificallyp peplenedointhadslleyingt i c
eXper i Ment Se;RRaledPHII0&! itGheB B VIBELS ol BIaE tHRELIOKE ExhRplet &R ihen®AltE" M ne
whet her the_ 10 prepared candi date substance actual |y has prolonged in vivo
hal f |ife. iingrafe;thedresghicinuentiop vt nptele lirait dhaiscege 06 therpressnb inverfionf inBasnp| e
S was intrayepausly admnistered to 4 mice in an amount of 20 units/nouse.
In order to 1dentify the time-lapse concentration in blood, blood was taken
fromthe mce at an interval of 30 mnutes and concentrations were neasured
using ElA kit of inNger Mapnheim Co. The results are shown in Figure 5.
15 As Eadﬁ‘ be seeﬁ%‘?‘gkkiqgmaemg?n &9¥°nd ESTP show about three times

| onger half life than the control, EPO respectively (half life of EPO was
22 m nutes, that Was i, nut and that qf LAt es) .
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the fused peptide, LTP qr STP, .is eptide that already exists i
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condition of 52°C for 40 seconds for annealing, 72°C for 55 seconds, and 94°C for 20

seconds to give EPO ¢cDNA and TPO ¢cDNA. They were cloned to pGEM-T (Promega

20  Co.), a cloning vector, respectively. That is, the PCR products were eluted from 1%

agarose gel and ligated into pGEM-T, which was then introduced into E, coli NM522. The

transformed E. coli was cultivated overnight in LB-ampicillin plate containing X-gal/IPTG.
Plasmids were purified from the white colonies and treated with restriction enzymes, Sacl

and Sacll , to screen the colonies containing the respective cDNAs. The vectors obtained

25  at this stage were designated as pPGEM-EPO and pGEM-TPO, which were then sequenced,

and used as templates for the following procedures.

LTP, CTP gene of TPO used in the present invention, was obtained by performing

total 30 cycles of PCR using the high fidelity Taq system of BM Co. and using pGEM-

30 TPO as a template and primers, EL1 and T2 (50 pmole), under the condition of 50°C for 40
seconds for annealing, 72°C for 45 seconds, and 94°C for 20 seconds. The primer EL1

contains a gene from the position of restriction enzyme Stul, which is located near the 3’



<210> 15 <211> <212> <213> <220> 20 <221 > <222> <223> tl 25 1 178 PRT Hono

sapi ens

PEPTIDE (1 )..(178) Armino acids in the positions of 176 to 353 of

human ~ronbopoi eti n(TPO <400> 1 Ala Pro Pro Thr Thr Ala Val Pro Ser Arg

Thr Ser
Gy Leu
Gy Leu
Leu Leu
Asn Arg
Pro Ser
Asp Thr
Ser Pro
Pro Thr
Asp Pro

Thr Ser Tyr Thr

Leu Val Leu Thr 1 5 10 15 30 LeypAsn Gu Leu Pro Asn Arg Thr Ser
Leu Gu Thr Asn Phe 20 25 30 Thr Ala Ser Ala Arg Thr Thr Ay Ser
Leu Lys Trp A n A n 35 40 45 15 Ay Phe Arg Ala Lys Ile Pro Ay
Asn G n Thr Ser Arg Ser 50 55 60 5 Leu Asp An Ile Pro Ay Tyr Leu

Ile H.s G eu lLey, Asn. 65 70 75 80_, .Thr €] eu Phe, Pro Ay

e Gemigalat EPDE B3 eiingl aaa Bt 665 vl LR etadlot i sabjidr, e

A yA gerie feapiheht 6F BBoot 33 bpd Qs ehtifleibnlfy, bgdtodd g2l BITP geny). Thhis @ Pro

Thr qusja Profro_Thr %‘%/ Adn 115 120 aﬁ?g Tyr Thr Leu Phe _ Pro Leu Pro

LeFnepdss i 1 T8agingypeidsf thy caraoxy terynal oh TBE (pwapnopgcids of gositieps|1d pr o

Sertoggg)ﬁgg@rérm Pro Thr Pro Thr 145 150 155 160 Ser Pro Leu Leu Asn
is Ser A n Asn Leu Ser A n 25 165 170 175 Au dy 30

<210>2<211>17<212>PRT<213>Honp sapi ens 35 16 <220> <221> PEPTI DE <222>
(1)..(17) On the other hand, PCR was performed using pGEM-EPO as a template and

primers EP1 and EP2 to give EPO gene only.

Thus obtained EPO and LTP genes were treated with restriction enzyme Stul,

10 respectively. Then, fragments of EPO and LTP genes were purified by Qiagen extraction

kit and ligated with a ligase. The ligation product of EPO and LTP genes was used as a
template in total 30 cycles of PCR procedure using primers EP11 and L2 (50 pmole) and
using the high fidelity Taq system of BM Co. under the condition of 55°C for 40 seconds

for annealing, 72°C for 60 seconds, and 94°C for 20 seconds to give the desired fusion gene

15  of ELTP having about 1113 bps. This gene was cloned to a cloning vector of pGEM-T in

the same manner as above and then sequenced (P GEM-ELTP, Figure 3a).

STP gene was obtained by synthesis and self-priming PCR procedure. Synthesized
DNA fragments were ES1, S2, S3 and L2. 1p€ (50 pmole/pé) of each of the 4 DNA

20  fragments was taken and total 15 cycles of PCR were performed using the high fidelity Taq

system of BM Co. under the condition of 55°C for 40 seconds for annealing, 72°C for 40
seconds, and 94°C for 20 seconds. A gene fragment of about 50 bps was identified on 1%
agarose gel (STP gene). This gene encodes the 17 amino acids of the carboxy terminal of
TPO (amino acids of positions 337 to 353) (Figure 1).

25

PCR was performed using pGEM-EPO as a template and primers EP11 and EP2 in
the same manner as above to give EPO gene only. This EPO gene and the STP gene were
used as templates at the same time and primers of EP11 and L2 were used in total 30 cycles
of PCR using high fidelity Taq system of BM Co. under the condition of 58°C for 40

30 seconds for annealing, 72°C for 50 seconds, and 94°C for 20 seconds to give the desired

fusion gene, ESTP gene, of about 630 bps. This gene was cloned to pGEM-T, a cloning
vector, and then sequenced (pGEM-ESTP, Figure 3b).



<223> Am no acids . in the positions of 337 to 353 of human 5
t hronpoi eti n(TPO) <400> 2 Pro Leu Leu Asn Thr Ser Tyr Thr H's Ser A n Asn
Leu Ser An Au 10 15 10 15 Ay 15<210>3<211>370<212>PRT<213>Artifici al
Sequence20<220><223>Fusi on protei n(ELTP);;of erythropoieti n(EPO and

car boxyterm nal peptide(LTP) of human thronbopoietin 25 <400> 3 Met @y Val
Hs Qu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 30 Leu Ser
Leu Pro Leu Ay Leu Pro Val Leu Gy Ala Pro Pro Arg Leu 20 25 30 Ile Cys
Asp Ser Arg Val Leu Qu Arg Tyr Leu Leu u Ala Lys Gu 35 40 45 35 z~
Ala Gu Asn Ile Thr Thr Ay Cys Ala Gu H's Cys Ser Leu Asn Qu 50 55 60
Asn |le Thr Val BremprRp2:T0énstnirtivialof Aspréssion Twectofs pcDNA-ELTPAGE] pcBNAY0 75
80 Met Gu Gy @n dn Ala Val Qu Val Trp Adn Ay Leu Ala Leu 85 90 95
to Leu Ser Ala Val Leu Arg Gy G n Ala Leu Leu Val Asn Ser Ser 100 105
110 Gn Pro Trp Au Pro Leu G@n Leu His Val Asp Lys Ala Val Ser Ay 115 120
125 15 Leu Arg Ser_Leu Thr Thr Leu Leu Arg Ala Leu Ay Ala A n L 130
135 140°Al a |1 e BEINSIY voptgr aklnvitrogem(Cy. ‘Sé% us&fléSAvaxw%w@e‘@cs&rg ﬁ? apfle 20

145 150 155gHG0gdfas tit ard\eRnddfo BGEMA-‘Tgvéebb? cbﬁt‘qu?ﬁtdﬁl ﬁn&/@bmﬂlrrec%%ﬁltlﬁﬁ” Phe
Leu 165 170 175 25 Arg Gy Lys Leu a Cys Arg Thr

Oy Aon Logiiews: Eyunabcrermestivay pAPNAR: ROEMELTPraod GGEMES TPy ersdieatedy  al

Lou Thr 30 8 Q9828 Snbfies\ gtk S 0 RV The Sl pkoASSY O

ELTP, and ESTP genes were isolated using Qiagen extraction kit on agarose gel. After
10 ligation of pcDNA3.1 with ELTP or ESTP, the ligation product was introduced into E. coli

NMS522. Plasmids were isolated from the colonies that had been formed from cultivation

of the transformed E. coli in LB-ampicillin plate ovemight, and were treated with

restriction enzymes, HindIIl and BamHI. Colonies having ELTP or ESTP gene were then

screened by 1% agarose gel electrophoresis. These plasmids were designated as pcDNA-
15  ELTP and pcDNA-ESTP, respectively (Figure 3).

Example 3: Transformation of CHO cell and expression

CHO cells (DG44) were cultivated to a confluency of 40~80% (1~ 4x10°

20  cells/60mm dish) in a 60mm cell culture dish. 32 of superfection reagent (BM Co.) and
9718 of cell culture medium (a-MEM with media, no serum, no antibiotics) were mixed

well, and plasmid pcDNA-ELTP (=0.1pg/Hé, about 2pg) and vector pLTRdhfr26
(ATCC37295, 0.2)9) having dhfr gene were added thereto. The mixture was reacted for

5~10 minutes at room temperature and then added to the cells as prepared above. After

25 one day, the medium was refreshed with a medium containing G418 in an amount of
500pg/M2 (a-MEM without media, 10% FBS). The medium was then refreshed with the

G418 medium containing SO0Ug/M¢ of G418 for 7~10 days, during which cells without

G418 resistance gene and negative control cells were completely killed. Selected cells on
G418 medium were cultivated sufficiently and an expressed ELTP protein was identified
30  using EPO ELISA kit of BM Co. The same process was applied to pcDNA-ESTP.

Example 4: Purification of the expressed fusion proteins



to |
Adn
Ser
Leu
Leu
Pro
Thr
Pro
Pro
Asn

.5 20 25 30 35 Thr Ala Ser Ala Arg Thr Thr Gy Ser Ay Leu Leu Lys Trp
@ n 225 230 235 240 Gly Phe Arg Ala Lys Ile Pro Gy Leu Leu Asn A n Thr
Arg Ser 245 250 255 Leu Asp G n 1lle Pro Gy Tyr Leu Asn Arg Ile H's Qu
Leu Asn 260 265 270 Ay Thr Arg Gyiheu Phe Pro Gy Pro Ser Arg Arg Thr
Gy Ala 275 280 285 Pro Asp Ile Ser Ser Ay Thr Ser Asp Thr Ay Ser Leu
Pro Asn 290 295 300 Leu dn Pro Qy Tyr Ser Pro Ser Pro Thr H's Pro Pro
Gy d@n 305 310 315 320 Tyr Thr Leu Phe Pro Leu Pro Pro Thr Leu Pro Thr
Val Vai A n 325 330 335 Leu H's Pro Leu Leu Pro Asp Pro Ser Ala Pro Thr
Thr Pro Thr 340 345 350 Ser Pro Leu Leu Asn Thr Ser Tyr Thr H's Ser G n
Leu Ser G n AKmiy60esdbFod 1sol£ﬁﬂgn aR0 purification was prepared using anti-EPO

<210>4<211>209<21 Ci Seguence <220> <223> Fusi on
pr ot ei n( ES‘I‘?‘?“OB%’ é@ﬁ?@m% M A%gbg?'ﬁoxy terminal peptide(STP) of

human t hr ombopoi etin <400> 4 NEt Gy Val Hs GQu Q/s Pro Ala Trp Leu Trp

Leu
Ay
Leu
H s
Phe
Trp

Leu Leu Ser Leu % 10 15 ég u Ser_Leu Prog Sl&& Leu Pro Val # u
Al aSpro Pro %°g of &iNBrepefiwatedh Sen “E?éBA&’b'; syqlle %W“L‘lé‘“é igy M K Clyy ¢

Leu G un@itRe fe¥in v@s@n&v’éd@@aé@luﬂﬁ aﬁ'd@va@héﬂ WA lanH-ﬂlr ThBtesfd Wa@ﬁsh@ﬁa du
Cys Ser Leu Asn Qu Asn Ile Thr Val Pro <ﬁ Thr Lys Val Asn

Tyr Al Vi ¢m ‘}fscoﬂPlglgéB‘ffFD(OYWé@}m% &5M Nafl, eHy8.3 immpdiatply anisgd withy val
A n G Yankigtp AhRdnb@bnaB antHodS 2500pg/vial) contained in 4ml of coupling buffer in a tube,

and reacted for 2 hours at room temperature with stirring the tube. Refreshed with blocking
10  buffer (0.2M glycine, pH 8.0), the resin was reacted at room temperature for 2 hours with
stirring the tube. Then, the resin was washed with 6.5ml of coupling buffer, 6.5ml of
acetate buffer (0.1M acetic acid, 0.5M NaCl, pH 4), and 6.5ml of coupling buffer in the
order. A column was prepared using such obtained resin and purification was conducted as
described below.
15
Cells were cultivated in serum free medium for one day, and the medium was
concentrated to about 5 folds using Centriprep (Millipore, MWCO 10,000). This
concentrate was loaded to a column equilibrated in advance with PBS at a flow rate of
20ml/hr, and washed again with PBS. Elution buffer (0.1M glycine, pH 2.8) was applied
20  to the column and the eluent was immediately titrated with 1M Tris to pH 7.5. SDS-PAGE
results of the purified ELTP and ESTP are shown in Figure 4. The purity was at least 97%
when analyzed by SDS-PAGE and silver staining.

Example 5: Activity measurement by bioassay method
25
Phenylhydrazine was injected to a mouse once a day for 2 days at a dose of
60mg/kg. After 3 days, enlarged spleen was separated and ground with a homogenizer to
obtain spleen cells. The spleen cells were diluted to 6x10° cells/ml and 100pl of the cell
solution was introduced into each well of a 96 well plate. 0~500 mU/ml of authentic EPO
30 and 100 mU/ml of the expressed fusion protein were added to each well, and the plate was
allowed to stand at 37°C for 22 hours in a CO; incubator. 50ul of dimethyl 3[H]-thymidine
(20uCi/ml) was added to each well, further reacted for 2 hours in the same incubator, and

the reaction solution was then adsorbed onto a glass filter (Nunc 1-73164) per each well.



25 Leu Ser Gu Ala Val Leu Arg Gy G n Ala Leu Leu Val Asn Ser Ser 100 105
110 A n Pro Trp Gu Pro Leu A n Leu Hs Val Asp Lys Ala Val Ser dy 30 115
120 125 Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gy Ala A n Lys Gu 130
135 140 35 Ala Ile Ser Pro Pro Asp Al a ﬁla Ser Ala Ala Pro Leu Arg Thr Ile
20 145 150 155 160 Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn
Phe Leu 165 170 175 5 Arg Gy Lys Leu Lys Leu Tyr Thr Ay Qu Ala Cys Arg
Thr Ay Asp 180 185 190 Pro Leu Leu Asn Thr Ser Tyr Thr H's Ser A n Asn Leu
Ser An Au_10_195 200 205 . Ay 15.<210>5<211>29<212>DNA" <213>Artifjci al
Sequence 20Thetiipss wzmﬂsgﬁq Hith pepsiolagigilnglinns tins pad theqmovatefidigactivity

conpl enent adfYeatlp filtBewhLmBsirkd lﬁmguﬁe&ﬁt&f THR@cAHIN gothe4@ibn profiMlgBgupac
gaatgtcctg cct)g&:t gg 29 30 <210>6<211>20<212>DNA<213>Artificlal Sequence 35

21 <220> <2Pd:FEHE Here shoyniabe rgmpprable fe (o8 ighge thee dhat vé autertn BR@nwEICh (o
the term NadenRRUREE thaP theFBBxPWminals fused into EPO did not inhibit activity of EPO

5 itself.

Example 6: Pharmacokinetic experiments

Pharmacokinetic experiments were performed to mice to determine whether the

10  prepared candidate substance actually has prolonged in vivo half-life. The fusion protein
purified according to the process of Example 5 was intravenously administered to 4 mice in

an amount of 20 units/mouse. In order to identify the time-lapse concentration in blood,
blood was taken from the mice at an interval of 30 minutes and concentrations were
measured using EIA kit of Boehringer Mannheim Co. The results are shown in Figure 5.

15 As can be seen from Figure 5, ELTP and ESTP show about three times longer half-life than
the control, EPO, respectively (half-life of EPO was 22 minutes, that of ELTP was 60

minutes, and that of ESTP was 57 minutes).
20 INDUSTRIAL APPLICABILITY

The fusion proteins according to the present invention have highly increased in

vivo half-life of EPO due to the presence of amino acids that increase the carbohydrate

25  chains without influencing the inherent activity of EPO. Further, the fusion proteins do not
cause any problem of antigenicity when applied to the human body since the fused peptide,

LTP or STP, is a peptide that already exists in the body.



5 <400> 6 gtcccctgtc ctgcaggcct 20 10 <210>7<211>24<212>DNA<213>Artifici al
Sequencel5' <220> <223> Prinmer T1 having the nucl eotide sequence
conplementary to the term nal sequence of TPO cDNA 20 <400> 7 atggatctga
ctgaattgct cctc 24 25 <210>8<211>27<2123pPNA<213>Artificial Sequence 30
<220> <223> Prinmer T2 having the nucl eoti de sequence conplenentary to the
term nal sequence of TPO cDNA 35 22 <400> 8 ttacccttcc tgagacagat tctggga
27 5 <210>9<211>43<212>DNA<213>Artificial Sequence 10 <220> <223> Pri ner
EL1 for PCRto obtain the desired ggne LTP iS <400> 9 gaggcctgca ggacagggga
cgccccaccc accacagetg tcc 43 20 <2 CAHENE 5552 12>DNA<213>Ar i fi i al
Sequence

<110> Cheil Jedang Corporation

5 <120> Fusion protein having the enhanced in vivo activity of
erythropoietin

<130> PCO01-0368-JIJD

10 <160> 14
<170> Kopatentin 1.71

<210> 1
15 <211> 178
<212> PRT
<213> Homo sapiens

<220>
20 <221> PEPTIDE
<222> (1)..(178)
<223> Amino acids in the positions of 176 to 353 of human
thrombopoietin(TPO)

25
<400> 1

Ala Pro Pro Thr Thr Ala Val Pro Ser Arg Thr Ser Leu Val Leu Thr
1 5 10 15

30 Leu Asn Glu Leu Pro Asn Arg Thr Ser Gly Leu Leu Glu Thr Asn Phe
20 25 30

Thr Ala Ser Ala Arg Thr Thr Gly Ser Gly Leu Leu Lys Trp Gin Gln
35 40 45



25 <220> <223> Pri,mer EP11 for PCR to obtain the desired fusion gene ELTP
and ESTP 30 <400> 10 taagcttatg ggggtgcacg aatgt 25 35 <210> 11 23
<211>29<212>DNA<213>Artificial Sequence 5 <220> <223> Prinmer L2 for PCRto
obtain the desired fusion gene ELTP and ESTP 10 <400> 11 tggattctta
cccttcctga gacagattc 29 15 <210>12<211>35<212>DNA<213>Artificial Sequence
20 <220> <223> Prinmer ES1 for PCR shuffling to obtain the desired gene STP
<400> 12 25 aggggaggcc tgcaggacag gggaccctct tctaa 35 <210>1330
<211>27<212>DNA<213>Artificial Sequence <220> r 24 <223> Prinmer S2 for

ratatortt s goayagl BReAhKa 586 #o Gl Eeit Lou Aeh Gin' ThrsF AL 29
50

gatgtgttta gaaga
55 60

5 Leu Asp GIn lle Pro Gly Tyr Leu Asn Arg lle His Glu Leu Leu Asn
65 70 75 80

Gly Thr Arg Gly Leu Phe Pro Gly Pro Ser Arg Arg Thr Leu Gly Ala
10 85 90 95

Pro Asp lle Ser Ser Gly Thr Ser Asp Thr Gly Ser Leu Pro Pro Asn

100 105 110
15 Leu GIn Pro Gly Tyr Ser Pro Ser Pro Thr His Pro Pro Thr Gly GIn
115 120 125

Tyr Thr Leu Phe Pro Leu Pro Pro Thr Leu Pro Thr Pro Val Val Gin

130 135 140

20

Leu His Pro Leu Leu Pro Asp Pro Ser Ala Pro Thr Pro Thr Pro Thr

145 150 155 160

Ser Pro Leu Leu Asn Thr Ser Tyr Thr His Ser Gin Asn Leu Ser Gin
25 165 170 175

Glu Gly
30

<210> 2

<211> 17

<212> PRT

<213> Homo sapiens
35



<210>1410 <211>25<212>DNA<213>Artificial Sequence <220> 15 <223> Prinmer S3
for PCR shuffling to obtain the desired gene STP <400> 14 tacacccact
cccagaatct gtctc 20 25 25 CLAIMS 1. A fusion protein wherein a carboxy
term nal peptide (CTP) of thronbopoietin 5 (TPO) is fused with the carboxy
termnal of human erythropoietin (EPO) . 18. The fusion protein of claim1
wherein the carboxy term nal peptide conprises the am no acids of positions
176 to 353 of TPO, the sequence of which is described in SEQ ID No. 1, or
parts thereof. 10% The fusion protein of claim2 wherein the carboxy
term nal pepti de<% Q?pri ses the am no acids of positions 337 to 353 of TPO
t he sequence of whpeh iFEpEeEibed in SEQ ID No. 2. 15 4. Nucleic acid
encodi ng the fusion protein_according to any one of clains 1 to 3. 5. A
process for prep52#dT od1bq{18 fusion protein having enhanced in vivo
activity of huma D! QY=Y l'i ne
transfornmed wt hg%%:gpr econgia?adr%nggé:?g%m%ﬁtagﬁﬁ ﬁ’gﬁﬁéfﬁﬁﬁ %i c acid
accordirig to cl ai m 4thrompoietin(TRA). AUY . A A % Al E

CALAT%A %BATLA LA AYe. A9. A A . A Ay. AL A A5. A AS. Afh

(CTT\t pDI N{vqgl fa[ V] caV] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca] ca] ca]
ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] cTa] caV] ca] caV]cTa o)

) {vakf [ V] ca] caVF48¥Tta\ ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca] ca

caV]ca]ca] ca] ca G '
]CAb\<4’\cK]z~y]sni L_be%iéf@g’?gﬁsgﬁr@%ﬂ ?g'f gggﬁ g!a’\/f‘(s:%i'gg]sceé]%lg]%‘é] cajcalcalc
aV] ca] cd) ca] ca] ca]caV] ca]&a] caV] cal]@a] ca] ca]ta! SCJc V{u5 f Ip!";
"""|w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]cay]ca]ca]ca]ca]ca]ca]cal""I##IRISSIS%A& &&& B'W ' (((/)))P*m
*p*, 2,4, w,,,{vql W V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a)J ca] ca] caV]ca]ca]caV] ca] ca] cal ca]cal]ca]ca]ca]ca!,,,, - ,-4-8-?-n--.p.u.|....
.0/1/10z2001Y112334{vql gb] Xl gb] W V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
V] ca] caV] ca] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] caV]ca] ca
44p445557 @999: : : ;
;M ?7<A<1=~==1>Q240% >BAAAAHBMBB{ vpke™ ZU] caV] ca] caV] ca] caV] ca] ca] cal] ca] ca
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BOCDDDDDEEFFOF{ Fﬁé iﬁl SKVKKKMITMVWME upkf a\ W ] ca] ca] ca] ca] ca] ca] ca] ca] ca
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ca] ca] ca] ca] ca] c&aRtay c Artifigiab$eandgneq] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] ¢
aV] ca] cav] cal ca VWyX+Y<Y?YYh[[[]”™ ~"h ="w | " aRbbbbb;
c>cCccPddddzt ni d %Jéca] ca] ca] ca] caV] caV] ca] cal] ca] ca] ca] ca] ca] ca] caV] ca] ca]
ca] ca] ca] ca] ca] ca]% Tca] cal ca] ca] ca] ca] ca] ca] ca! dd
e" e+teAePexe{ e~eeeBp8+ f &uisiyhprotdlifBLIPYiof enithropoietin(EPO) and carboxy

j W}xsnhc”Y]ca] ca]ca]c cal ca alJ.cal calcal cal cal ca] cal ca] ca] ca] ca] ca
J] XQ ca] ca] Z]a] c!at] c!at] c!at] 2%@513[:%@];ﬁ@]a@i%ﬁéadf%q&t%drp%;pml}tm Joal cal cal cal cal

| SI'1'l 9nmm nsnvnno™ ocoeohol ooor ouoxoop™ p} xsni d_Z] ca]] ca] ca] ca] ca]ca] ca]ca]c
a] ca] cadxa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]calc
a! " pppHqqq, r 8rvr Yuphhs ?sé%ss_s

totttuVuuuuuGvl vvvvVv' wpxsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] calca]ca]c
a] ca] ca] ca] ca] caM=d]Gip MahHisaGoal ga Poa Atsa] pell eraT ipal] eral ea | e ISewvb euamwwwwwix X px r
XXXXX>Y Ayl ydygyj yyyzzz

z>zAzCz} zz} xsni d_Z] ca] ] ca?ca] caj cafga] cal ca] ?:%] ca] ca] ca]ca]ca] ca]ca]ca]calc
aJca] calca]cal calca]ca]lcalca]ca]calcalcalcalcal zzzzz: {{{{{{{{|KIWz||]|}}6}
O} w}}113d ) 0~z~~| wlrsw LéLoaba @ calyd crlC@Id@calycRbIFo Pro Arg Leu

a] ca] ca] ca] ca] ca] ca] ca%ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~
~~~~K g} 6}9} W }}}}}1}028~~ w mhc2¥] ca] ca] cél)ca] ca] ca] ca] ca] cal] ¢

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]caC

Y- @O0% () -1 Fig Bk Adp S8FAIVE ((di &itPRrg Tyr Leu Leu Glu Ala Lys Glu
35 40 45

35
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" 10983& () -t p}n?. S| 109& ()-y-#109%& ()-* 1 10%& ()-f( 1 10%& ()-! @4#10%& ()-f!
1 109%& () - f DU~ —|#1ocy<11&()-| 10% & ()- 10 10

107s! 10%& ()-! 64#10%& () - S110%& ()-U dE~_=!

L109% & () -Y10% & ()-10% & () - '10‘V&()WBL'10°/‘&() #10% & ()- t

a?~ =111 "#109%& ()-z! 11" #10%& ()-

LI 10% & ()-1L!10% & ()-#10% & () - FL'10‘V&() ) WE~ =!114310% & ()-0"! 10% &

v (172" i MR R, s PR SR R 2 O

MLO%& () - 10%& () - F5010%& () - 55

MLOY& () - g10%& ()-y3#109%&' () - b<dE @|)10%& ()-Y(M 109%&' () -

&MLOY&! ()-| %409%&' () - #109& g -Y" M 109%& ( KzaB?%i 10910%&’ ( i;

7L109%& ()-! 6l 1#1098.1le)ThrNa m/&sP)TJWLys &so)P efida (Trp Brs¥9 1 10% & () - @

MLO% & () - ~10% &d)-M 10%-% ()-z 91094 & () - o8 & ()- 10 10 V{dEnN ' !10%
#L10% & 5}) 10%865 7 78 v
YLlO%& ()-10% & () - LI\/[LO%& ()-310% & ()-u5dEnV " 110% |1910% & () -
.10% & () - - 10% Rlef Gl VRO@NRG(H) SIn Ala Val Glu Val Trp Gin Gly Leu Ala Leu
85 90 95
10 Leu Ser Glu Ala Val Leu Arg Gly GIn Ala Leu Leu Val Asn Ser Ser
100 105 110

Gin Pro Trp Glu Pro Leu GIn Leu His Val Asp Lys Ala Val Ser Gly
115 120 125
15
Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu
130 135 140

Ala lle Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lle
20 145 150 155 160

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu

165 170 175
25
Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp
180 185 190
Ala Pro Pro Thr Thr Ala Val Pro Ser Arg Thr Ser Leu Val Leu Thr
30 195 200 205

Leu Asn Glu Leu Pro Asn Arg Thr Ser Gly Leu Leu Glu Thr Asn Phe
210 215 220



)L10% & () - Y9109
7 & f
L GRS L PG OO 0 0w (-teton (- 0
oo e () & ()-162#10%: & ()-: - o
$z#100/§ ) &-1 ?;/o f‘ . ﬁ,l)lbj% :gL:"(')9#;|#$aBb8 ! 159/” %/goo/%/o&&(%) 10% & ()- &3
"110% & ()-f! @#109 -110% & () - MH% & :
: % & ()-y1l . 6& ()-10% & ()-

a0 100N (). 510 () 100tk (12100 & (1oL () S

6& ()-w " ( A 1 109%V&! () - ) 6 & ()-: &8&&
9100 ()1 ((/))}"?bC ! 10 yS109%& ()- 10: 10:
B Sl S Benel) 8 TR

W& ()-1 (1 DREWNE () -y3 #1090& ()-!1
l\/gg/&&(g)F 11335’/& ()" Sf?li’/o?/?)()_m{vl 20M 11 4 W”‘bc 110, #10% & () -
0 M 10M7
1d
Lo (ol | OB MIARDR TR T 0 tqbab it
E10% a(%).“éigz?}“g““avﬂ@' 10 10° 12/& (35" 110% & () - L1008; (&)(;/02001Y
(3z#10%bé&' () - ()-.110% & ()-!6+#10% & () - T(" L10%
Leu Asp Gin lle Pro Gly Tyr Leu Asn Arg lle His Glu Leu él) AGR4p445567"<VK@
270

260 265

10 Gly Thr Arg Gly Leu Phe Pro Gly Pro Ser Arg Arg Thr Leu Gly Ala

275 280 285

e Ser Ser Gly Thr Ser Asp Thr Gly Ser Leu Pro Pro Asn

295 300

Pro Asp Il
290

15
Gin Pro Gly Tyr Ser Pro Ser Pro Thr His Pro Pro Thr Gly Gin

Leu
315 320

305 310

Tyr Thr Leu Phe Pro Leu Pro Pro Thr Leu Pro Thr Pro Val Val Gin

20 325 330 335

o Asp Pro Ser Ala Pro Thr Pro Thr Pro Thr

Leu His Pro Leu Leu Pr
340 345 350

Ser Pro Leu Leu Asn Thr Ser Tyr Thr His Ser Gin Asn Leu Ser Gin

25
355 360 365
Glu Gly
370

30

<210> 4
<211> 209
<212> PRT
35 <213> Artificial Sequence



| (3z#10%Db& ()- '& #10%:& ()-S 10% & ()-

L10% & ()-& ~10% & () - 77@999W a?VK@ ! ; *#10%iu&' () -

810% & ()-%40% & ()-#10% & ()-! 1#109%k& ()-z YMLO% & ()-W:::;
s <<=<><?<dYNC!! 10: 10: 10:6 !10% & ()-4#10% & ()-110% & () -.
10% & () -*#10% & () - ?2<A<1=~==1>9>dEYNC! #?

1 10% & ()-L!10% & ()-3L!110% & ()-#10% & ()-L!10% & () -

| s10% & () - 9>[ >S??@BBzX9YNCY+M 10% & ()-! N #10%&' ()-!S #109%& ()-!;

F#109& ()- ! F#10%& ()- Y10% & () - BOCCDDDDDDzodY: &10% & ()- 10" 10°

10°7M 10% & () -1 1#10%& ()-f! @#10%& ()-f! D #10%& () - yDEEFFOF{ FAEdY: & 10%
& ()- FL10% & ()S24Bv% & () -3

10% & ()-9! 10% 8$93> ! ! lod ARA oY ' i “& ()-S5l 10%
"o () HL0% & () - La100e Py PUERTE o SHRtO RO ER Dt bakehy,
. MLO% & ()-& 10% & () - teronpatpeptige(ST hpman' tontyepigtin. KLMIMVWVWMI] -~ @ 10%
“& ()- 80 10°

10" 710% & ()-96"110% & ()-1#10% & ()-! @#10%& () - MMMMNQO#PVP} [ <j _@L! 10% &
()= 1 #100@& ()-!; #100& ()-!.#10% ;& ()-yT10% & ()-

MLO% & () - vPPPqui‘&iﬂ? @ (L!'10% & () -1 NY%#10%& () -z #910% & () -
10% & () - ! DFy#10ffst & ; 1o i

To% & () 1M 2096 Ly Ly A S a0 o B (1Bl SRy eu, oy Lew

110% & ()-a
UUUUUUVWWA : 1 6#100&' () - ! S#10%66& (10 @ M 10%188 ()-110% & ()- 10" 10°

10
Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu
20 25 30
lle Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu
15 35 40 45
Ala Glu Asn lle Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu
50 55 60
20 Asn lle Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg
65 70 75 80
Met Glu Val Gly GIn Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu
85 90 95
25
Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser
100 105 110
GIn Pro Trp Glu Pro Leu GIn Leu His Val Asp Lys Ala Val Ser Gly
30 1156 120 125

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu
130 135 140

35 Ala lle Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lle



10" 810% & () - WX+Y<Y?YYZa?~\: #109%&' () -

FL10% & ()-10% & ()-F 10% & () F llO‘V& ()-f1; #109&' ()-Zh[[[\Zr[ M A ML
10 10 10! NY. #10%& ()-!1 Y.#10%& ()--10% & ()- 1+10% & ()-' @

#109%&' ()-]1" ~"h dEM?1 10 10 310%W& ()-10%WK ()-3 L!10%v& () -

L 109K ()-y ! 10%&' () - &10%V&' ()-_="aR#bdEMP1 10

10! 109v&' () -1 "1 109V () - #10%v& ()- ! 109%v&' () - zY#L10%W&' () -

910%W&’ () - bb>ccPdddddavK@ 10 10M 10M

10MDS10%VE& () - I\/% %\/& ()-I #109%VIVE! ﬁg-f*: 10%/!%4‘66)-%.0%\/&' ()-dddd

e" e+ea?VK@ 10! @_ & () - Ve ()-! q.O%/V& ()", 10%wK' ()-9y10%v& () -
Y10%VE&' () - +teAePebexe{ e~ er9VK@

10+10%v&’ ()-! 10
LT R L 1t W i e o

165 170 175

5
Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp
180 185 190

Pro Leu Leu Asn Thr Ser Tyr Thr His Ser Gin Asn Leu Ser Gin Glu
10 195 200 205

Gly

15
<210> 5§
<211> 29
<212> DNA

<213> Atrtificial Sequence
20
<220>
<223> Primer EP1 having the nucleotide sequence complementary to
the terminal sequence of EPO cDNA

25
<400> 5
atgggggcac gaatgtcctg cctggetgg
29

30
<210> 6
<211> 20
<212> DNA

<213> Artificial Sequence
35



10! X 6@0%: ()-g'i2 109%& ()-f!f -@O% ()- - GLOYE ()-!" 10%WE ()-'
10988& ()-' ffff&gtgght< 1011SS10% & ()-f!6 109WMVE ()-SI& 10%a& ()-z!K
f10%&' ()-f910%v& ()- 10 10h[ hhhhli Qi }[<< 10! y, 109%& ()-!: F(

109OVME () - S$10%VE. () - S" 109VE () - !

10%m& ()-g! PZ10%& ()-gQ Ti Zi\i]icifigi Bto

10! 1° 109VE ()-1' 109%VE ()- _1' 109%VE ()-

1" 10%w& ()-s010%v& ()-gimqgirixiiiiu]lD
10!_1‘10%/&'()-_;‘%&%&/&'()-1‘10%\/&'()-_1‘10%\/&'()-1‘10%/&'()-iiiiiiij
juT20!  10% 0\ 08297 S109& ()-3! S10%& ()-3 10%' ()- 1010110 710%& ()-
W™ i fihjj42230%Brimer Em/&éﬂih%ﬂle hQ88otide sddifshcé complerétitaty to N

109 ()-hjijoj s;t{bég”_xx@low 1 109% ()- 109 ()-D 1 109 ()- 10% ()-'D
jiiiiijit\< 10% 1thegdering sequapce pf EPOEDNA 1D 100& () -

109%& ()-jjjjijijktX8 1 109% ()- 10%& ()-D 10%& ()- 10%& ()-D
109%&' () skkkk"kl kki H8 1 10 ,t1 109 ()-g > ,109%& ()-! , 109®5& ()- *10%& () -

109 ()-D k1T _JSiIvid 109%& ()-f ySI0%AA& ()-g 10% ()-101010 910%& () -
6f L090NN&' () -yl 19 nT:vud 6"10%& ()-f &I10%& ()-f 109%& ()- |S10%& ()-g
910%E& ()-g 108teedithic dtgdsgyeono] o”o_o o [ NA4101010 4s10%& ()-S
:OnLo%&’ ()-S
20
10
<210> 7
<211> 24
<212> DNA
<213> Attificial Sequence
15 )
<220>
<223> Primer T1 having the nucleotide sequence complementary to the
terminal sequence of TPO cDNA
20
<400> 7
atggatctga ctgaattgct cctc
24
25
<210> 8
<211> 27
<212> DNA
<213> Attificial Sequence
30

<220>
<223> Primer T2 having the nucleotide sequence complementary to the
terminal sequence of TPO cDNA

35



f,109& ()-f +10%& ()- F(L10% & ()-S ocoeohol oooro|[:NA410 *10% & () -
#10% & ()- 10% & ()- s1l0% & ()- ysl0% & ()- 10% & ()-rouoxoop pp|[: NA410
Lz10% (& ()-T 10% & ()-g T1I0O®Wo%& ()-y y-10%& ()-g 810% & ()- 110%

& ()-ppHaqq, r8r|[: NA410 .10% & ()-g *10% $& ()-S @I0% & ()-y !'ylo%t
48 ()-z 10% & ()-S @L0% & ()-f8r>r @A KrLr RrkS741 410% & ()-&0 410%

& ()- 410% & ()- 410% & ()- 410% & ()-ReVrW]rqgrrrsrtrursXkK>1 10 &0 410%
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10% " & () - leW&;m>‘£10W&' ()- ! 10%& ()- 10%&' ()-10 ?sBsss tott|[:+> %1
9'-10%c& ()-g sy 0% ()-f S10%9g& ()-f Xyl0% ()-g YI0%[& ()-S

y10%& () - t t uVuuutiaedcHbégaatagar tebod® ()- 310% )& ()-S Sy/10%& ()-S
+10% / & ()-S y9*109%& () -uuuGvlivvv|[:NA4%0 S 10%& ()-g S10%& ()-f

, S109%&' () - 2 @L10%& ()-S 10%& ()- 109 ()-vvvvvvvw~fJ*s@O0%& ()-s@O0% () -
S@O% ()-s@O0%&' ()- 109%& () -

Y10%&' ()6~ vVVWWWIWEWX X@ @ 0% @ 0% () - s@O0%& ()-1s@0%&' () -s@O0%& ()-&W w*wg
WwWwW ? (@ @0% +Yé W -y 9*10% & ()- ~ $1049 & ()- ! $109& () -

f#10% & ()-s@O‘VéL - ]E)f210% & ()-f210% & ()-f210% & () -

11098 & ()-" .10%BA13- 43

<212> DNA

<213> Artificial Sequence
10

<220>
<223> Primer EL1 for PCR to obtain the desired gene LTP

15 <400> 9
gaggcctgca ggacagggga cgecccacee accacagetg tec
43

20 <210> 10
<211> 25
<212> DNA
<213> Artificial Sequence

25 <220>
<223> Primer EP11 for PCR to obtain the desired fusion gene ELTP
and ESTP

30 <400> 10
taagcttatg ggggtgcacg aatgt
25

35 <210> 11
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1090NN& () - ! 10% "Y109% & () - dygyj ypyrysyyy| y~fJ* +, 10%6 & () -

+,10% & ()-, +, 1624 (DNA,10% & ()- 9*10% & ()-' 109 & O -1yyyyyyyyxx@
+,10%, +,10% & ()-.+, 1090 & .()- + 10% & ()- +, 10% & ()-,yyyyzzzzz SF9

+ 110" 10" 10" 810%&37)%“%@%%9{@ | 210%& ()- 110% & ()- + 10% & ()-zz
z>zAzCzl z|[;SF9 +,1 s@O%W & ()- , 10%W& ()-( 10% & ()-( yl0%w & ()-'
y10%& () 10% & (odzKzLzRzUzVz\z' zsW9 +, s@0% & () -

<223> Primer L2 for PCR to obtain the desired fusion gene ELTP and

ESTP

10 <400> 11
tggattctta cccttectga gacagattc
29

15 <210> 12
<211> 35
<212> DNA
<213> Attificial Sequence

20 <220>
<223> Primer ES1 for PCR shuffling to obtain the desired gene STP

<400> 12
25 aggggaggcc tgcaggacag gggaccctct tctaa
35

<210> 13
30 <211> 27
<212> DNA
<213> Artificial Sequence

<220>



S@AOW & ()-+? s@OW & ()- s@OW & ()-+? s@O% & ()- zazgz{z|z}zzzyX79 +,
S109%&' ()-z 10%l! & ()- s@O% & ()-+? s@0% & ()-
s@O0% & ()-+?zzzz{{{{}]1E)#l 10%! & ()- X #l 10%l! & ()-#l 10%! & ()- F
10%! & ()-  ylov@! @ () -
y1098& () - {{{{{{${8{sW#l 10%# 109! & ()-% 10%! & ()- X 1# 10%d! & () - #| 10%! &
") - X # 10%d! & () -8{9{: { C[{{{i H7#l 10%# 10% 3110%@' @ ()- 3110%& () -
£ *110% & ()-! *1109%& ()-# 10%d! & ()- X {{{{{{{{{vV6# 10% f-10%l! & () -
f-10%! & ()- 10%b& (o, 0d! 96l 0l & ()= :
| 410%! & E § S f/?%?%x &@i‘f"%ﬁ%’ﬂ}ﬂ' 1@&5%&@-‘% @?’80%‘? gepyed gene 3Ta & () -
f-10%! & ()- ,{{|KIWW z| ?2@# 10%9 10% & ()- 10%!;& ()- 10%& ()-
110961 F& ()-1,110%v& ()- f-10%l! & ()-
ZI 111111 kS76# 1a4930%4& ()- X 1109% & ()-110% & ()-XI 1109 & ()-110% & ()-|]|
|| ]]]sX66# 109 f#! 10%& ()-z1 108 & ()-X110% & ()-110% & ()-X110% & ()-|}16
} 9} 2} B} |9\ <66#| 109i0gotatagpatgigitta/aangeee ()- +10% & ()- “( 108 & ()-z (
1098S& () - zp7
‘f#!lO%!I&2()-ZB}C}L}O}P}\/}Z}[}XX@#I 10% Sl y/ ml0% & ()-y/ m0% & ()-Sly/ 0
%& ()-y/ Mo & ()- Sl[}a}u}viwi}}~}}}pcVI#l 10% 10! 10! 10!
| 7109 & ()-y/ m0% & ()-Sly/ m0% & ()-y/ mo0% & ()-}}}}}}}|[:cVi#l 10%
L10% % ()- &109%940%) -7 Vv
10 <211> 25
<212> DNA

<213> Attificial Sequence

<220>
15 <223> Primer S3 for PCR shuffling to obtain the desired gene STP

<400> 14
tacacccact cccagaatct gtctc
20 25



&10%p& ()-z S109%9& ()- 10969&' () -

Sz10989%&' ()-M1}}}~~~~kS71 #1 109 109 %&' () - &X010%\ %&' () - 1096 %&' () - X109 %&' () -
1089 () - ~~~~. ~/ ~0~z~sX7| #| 1098 @

1098& () -z10%%&' () - X109 %&' () - 10%%& () - X109 Y& () - z~~~~~~~~~ vUa#l 10 10%
& ()- 10% & ()-10R$10R$10RS "910%R$B& () -25 - 109B&' () -

-109& ()-~K|[:vU4#l 10 2s!'10% & ()-y y1l0% & ()- S10% & ()- <s!1l0% & ()-z
10% & ()- Y "110% & ()-|[:vU4# 10 2s!10% & ()-y y10% & ()- S10% & () -
A110% & ()- f "10% & ()- S10% & ()- Nornal " "Heading 13]c¢" "Heading 23]c"
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" #$9R' ©) * +, - . (DAQBKY 5EEQ With the carboxy terminal of human erythropoietin (EPO).
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2, The fusion protein of claim 1 wherein the carboxy terminal peptide comprises the
amino acids of positions 176 to 353 of TPO, the sequence of which is described in
SEQ ID No. 1, or parts thereof,

10
3. The fusion protein of claim 2 wherein the carboxy terminal peptide comprises the
amino acids of positions 337 to 353 of TPO, the sequence of which is described in
SEQ ID No. 2.
15 4. Nucleic acid encoding the fusion protein according to any one of claims 1 to 3.
5. A process for preparation of a fusion protein having enhanced in vivo activity of

human EPO comprising cultivation of a host cell line transformed with the

recombinant vector containing the nucleic acid according to claim 4.



