DESCRI PTI ON - HOD FOR PRODUCI NG HI G+ PURI TY SOLUBLE THR. A viI BOVICDNLI N
Technical Field "The present invention relates to a nethod for
produci ng a bi ghpurity sol ubl e thronbenodulin substantially not
contai ning a denatured product of soluble thrombono ulin that may be
venerated w der acidic conditions. Background Art

Thronbonodul i n has been known as & 4K¥¢ that acts to

speci ficall ' t i bi o inhibit the bl ood coagul ation
aetivi ty 1 hafebRooihR BROEE S AR NS Gy T drEeRESH U T
pronote the ability of the thronbin to activate protein C

Thr onbenodul i n has al so been knoiimto have strong bl ood

wagul attQpakdiiFRidi ng ac.tion, It has al so been known that
t hronbenodt di n extends the coagulation flute by thronbin, or that it

suppr esses plBieelpeser@gBFEgRN Mateii@ot & bheaDioR, pBae Nt QiglSp@ity soluble
vitam n | cdependent protein that an inportant role in a bl ood

coagul ahicorbofrickitlirmoibythntiallg yot emtaifling belefat@Gell praiitt ofabblcbyirdnft@nastili® that
of thrombin, so that it becones activated. protein C. It has been
known tinax be gracraiet iwnder ecidipeotddiionsC i nacti vates an acti vated Mod

coagul ation factor V and an activated bl ood coagul ation factor VIII

in vivo, and that it is involved in generation of a plasm nogen

acti vatlgr havi@gﬁt hrenbol yti o acti on (Nen-Patent Docunent ).

Accor di adik?,ou? as been considered that thronmbonodulin pronotes the

activation of ' . ' thi.scl sethl,as..
an anti coagulgﬁéﬂ%(rﬁh%huﬁﬂ ?ésn%%fly i e %ngg%ﬁ).s&%%%%tg?% t%%’seg"g‘éagﬁlhl‘é‘%@ﬁ“@albm
in an ngonRdo SXREE HHXEN ' b@,yrqg iqi td re t

or jirevenlion of di sée%ésge%%glgtz%g?dgt ed wiket%% %gcilﬂgrr%g% %%écagggtals I on tly
(Non-  apromote the 4Gty efithé GRahbiy to dchivAePEMRAAO] | ThidaboRe@Nindias 818Y BS@Unown to
and. obtained as a glycoprotein that is pressed on the vascul ar

endot hdlavalstremd blsodfcoagmtationsnhihiiingahetopecitdss aisncheanikngwi ubm n&roasomodulin
typi cal exangl es, - has been successfally cloned. That is to say, a
human t#fafhbaseremlaioptiae by dvpmbaner thant appresses platsietgaregpiéqt dugdo Haembin.

been cloned thiril a.h n lung cONA library by genetic engineering,
and al |fg9fﬁ1é‘ hé E@ﬁ%%ﬁ%ﬁ&ﬁ%ﬁ%%@% AN AP task eple ézhalgtgl%@dco ation

a. resuht. n_amno acid sequence, copsistin f 575 residyes )
cont ai ﬁbﬁ“&"%(ﬁ% Pgna J%%tfllna(: 5 Cﬁvaé%@ gﬁe,a‘ﬂi‘g‘ %ﬁa‘?‘?@%ﬂfbisﬂ%?égﬁdﬁ%%esa}c%vmd
exenpl if.ied)~ h i g J . been )
nonn TRSEC, " Ache8 e K Bhd B8 st o PR et dy b 8RS gion
been cleayedand s SARAE] Blooll 8GHAR 1i I pad intSI9 i
(am no aci dsati- 226: thi soios t he g%ns??ﬁnlvnélggﬁ%ﬁgt@%ﬁlm?ﬁg&g@ﬁg@mn
pept i devfiasplassnuged attivawe Asvisd thedmbdlytRndcion @edrdPdt@s Dddesentand ALSdEIRE it
hol ds talc for other regions), a nmaion having six EG--iike structures
(ami no has bekn @2Fida6@ hat &moMbarkedhliglpyaostyd titiaotivatieniob profamiChby dedrdlsin, and

463-498), a tmsin.enbrane region (am no acids 499-521), and an
yl opl a tays riselihasie aabsaggulstzr aggombolytioacnhe Also; Bhas begh rerioded m an

¢
Struct Fﬁﬁﬁaﬁ i DAL RT PR BHS Q&%ﬁ i téﬁemi%gotog %fﬁ;vgrﬁifé? dbeesstociaed
ot v ooyt derioRLballa bR it e FReuh@REE | ot oL e
Unl ess a sur f@ﬁ@%%ﬁé&@, ﬂg(gﬁlﬁﬁogﬁﬁrg ﬁase&@h %&a@%tﬁdtogmmgﬂb@ﬁeﬁx that

hardly di ssol ved. a surtfactant 1s necessa

pr oduciifngkpiessdar RO MRGb dhdBHERAEALI0@Varidul aGiafdl §Rsks, ifdNRA hisnAb S0ty f
sol ubl e tf??eonbermdul ut, that can be fully di ssol@gldS even hi the -
absencexafiples, asditieazftanias bttresiwotsufalle clohed MidasBdulshy) arfyhabehprepas@din
by renoving at least a part of the transnmenbrane region or the entire
Mat i s ménisiEaeeInedgionhiniEos sigxampbtale lias bhersclbewnfrao raf hunmeduth adNA library by

sol ubl e thront honpdulin consisting of only 3 regions, nanely, an
genetic engineering, and all the gene sequences of thrombomodulin have been analyzed. As a

result, an amino acid sequence consisting of 575 residues containing a signal peptide (in general, 18

amino acid residues are exemplified) has been clarified (Patent Document 1). It has been known
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It has been reported that thronbonmodulin has effects on the therapy

of DR (Non-Patent Docunent 5).In addition to the aforenentioned
intended uses, it is anticipated that thronbonmedulin sili be used in
the therapy and prevention of various di seases such as acute coronary
synuronme rAul fo, thromaxits, peripheral vascul ar obstruction, w

scl er osthat wiphiitesh@nbhomvasiayfiotd shich iineesigranpdptidé 507 hen cRewats! doehpBsdaesr 5
heart surgery, conplication caused by organ transpl antation, angina
pect or i 1§210ns; aarsélvrn N-soheial jegioat(dnaink acitto x-8ad:ahisfis the eopitimmodeferdiir@t attes the
(l'iver venp-oeclusive disease; e.g lininiaft hepatitis, veno

occl usi%ﬁ?@é‘&@ agunped\ig [CoBEE (B rlgri’gn%ﬁ ped resistaes, wad thgvwame holds true for other
transpl antation).. deep ve .t hronbosi s (DVF), dul t respirator

di st reds® g??é’raorr‘?%lo? iﬁfﬁ% ?mwcsi]élﬁﬂ?%s O?E%ﬁ'&ﬁé‘& -ggﬁchglycosyla on
gener at I Nea: - dj W pr.o an regat e nerat

dur' ng o i 6 Ik R P RERS Ml e @Hlbe HE B Ao
( Pat entinfRGPRGHS &nﬁﬂ : 13 1ads: Qug) .

sol ubl e t hromhonodu (l)ﬁn at oa&rl]CKIlsnsdz&sstS!i%r ﬂgge %glpgl%gdeen{fn atlft Dephide, i
phai r maeeuké éadn pbeddet Sinong iudex EaFIReRecnusd g Af 57 nhl ¥ EGF-like structure
chromat ography M which an anti body reacting with t hr onbonodui in is
suppor tredidng framgle Nfteroanal eide &hat s, manimet indd of autivity)athialy hgved the Benpiictiviy as
sol ubl et hr ombonodul i n substantially containing neither serumderived
pr oducttBatgbihe spftredrsai-taeriboadgindfanPeteniloemens3)ehar act el i zed in

that the soh e thronbonodulin is obtained as a pass-through
fraction in %?ps%f\gct%l}tllwfﬁgt’ theenidstlenstiuthrombomedritis bﬁrﬁlyagﬁsalvn@d Bys,

onder GRSt PERLAREAR o RsSOTS iefib@ing Rt RGhatbd ot Riiohs T Gomet there
mel em 30dis3 atBnb ei( f h%@hoﬁ@jr}g@?géanlb@ dﬁl}lﬁ%&ﬁ%}l@%\}éﬁ% Eh%rabsence of a surfactant.

ronboni odulita IS C rze conprises

pr ehm nakisbbRURicHoRBI&i iaRdfyat Leditns el

sanpl e by thronbin- bgﬁndug?h??r%%é chr oHnyg‘%ié’g?iggﬁskgﬁ?{‘ méﬂg\?\j%nﬁe&bme
t he sanmpgobyr ddsinvitotasiicailinegegdphy fesicRgnPI¥ it 04y Bed@Rbdriiemas tP a soluble
adsor bent i)Pat ent Docunent 18). PatentPatent Publication (Kokai) No.
(46219 tixopbodogulipatossistinRorfmint régionkPniRatlgnin Rubiicdtrégion, @Kekian halag six
2- 255699 A (1990) Patent Docunment 3: JP Patent Publication (Kokai)

No. 3- F3338e suctis pd pa Qelketalygprytition regiim (at e sofbls thesatbioorodulin having
(Kekai) No.. 3259084A %\1991 . Pa%ent Docunment 5: SP Patent Publication.

( Kokat N800 seAyenc CPIFQ%?% OpPEI 2t I Atof SEQ B piée:dit can be obtained by

Publ'i %H)l%g ge%%imtbﬁllakionl\‘t%éhn?du%%,%rglg ﬁlaﬁthislrgg)%zbinant soluble thrombomodulin has the same

activity as that of a native thrombomodulin (Patent Document 1). In addition, there are some other

reports regarding soluble thrombomodulins (Patent Documents 2 to 9). Also, a human
urine-derived  soluble thrombomodulin and the like have been exemplified as native
thrombomodulins (Patent Documents 10 and 11).

As recognized in many cases, as a result of spontaneous mutations or mutations occurring
when thrombomodulins are obtained, polymorphic mutations have been found even in human genes.
At present, thrombomodulin genes in which the amino acid at position 473 of a human
thrombomodulin precursor having the aforementioned amino acid sequence consisting of 575 amino
acid residues is converted to Val or Ala have been identified. In a nucleotide sequence encoding
this amino acid, the nucleotide at position 1418 is converted to T or C (Non-Patent Document 4).
However, the two thrombomodulins are completely identical in terms of their activity and physical

properties.  Thus, it can be considered that they are substantially identical.
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Pat ent Docunent 7:.192/00325 Patent Docunent 8; W92/ 03149 Pat ent
Docunment 9: W93/ 15755 Patent Docunent 10: JP Patent Publication

(i Cokal) No. 3-86900 A (19( Patent Docunment 11; JP Patent Publication
(Kokai) No 3-218399 A(1991) Patent Docunent 12: JP Patent Publication
(Kokai) No, 6-321685 A (1994) Patent Docunent 13: JP Patent No.
3007785 Pat ent hidoguiesiortdd thad Brriab@mddulibhd efdcisash bk ehedipy INDIC (Non-Patent
11-171790 A(1999) Patent Docunent 15; W95/ 16460 Patent cunent 16:
JP Pat eRpcugsnt 3922183 afditiemt toDdwu mEntmdntipned) Rn®adedntusdBu bt i is atutivipated that
( Kokai ) 11- 341990 A(19 Patent Docunent 18; JP Patent No. 3745805

Non- Pat %‘FNPEO%H@G\#%W& beppd Usiheulbriapy gas niyemr pldirgiupelispases sudbas peute

ig 365 ig%g%@gg%gr%%n&&? Hﬁﬂéos%j peﬁphgoaméscﬁér' (’)bst%c?i%g, a7rtSei'ibsclerosis obliterans,
vasculitis, functional disorder occurring after heart surgery, complication caused by organ
transplantation, angina pectoris, transient ischemic attack, toxemia of pregnancy, diabetes, liver VOD
(liver veno-occlusive disease; e.g. fulminant hepatitis, veno occlusive disease of liver occurring after
bone marrow transplantation), deep venous thrombosis (DVT), and adult respiratory distress
syndrome (ARDS).

As denatured products of thrombomodulin, an aggregate generated in a freeze-drying
process and an aggregate generated during long-term preservation in a freeze-dried state have been
known (Patent Documents 12 to 16).

Known methods for producing soluble thrombomodulin at an industrial level for use in
pharmaceutical products include: a method using affinity chromatography in which an antibody
reacting with thrombomodulin is supported in a purification step; a method for producing high-purity
soluble thrombomodulin substantially containing neither serum-derived products nor
antibody-derived products, which is characterized in that the soluble thrombomodulin is obtained as
a pass-through fraction in a step of allowing the soluble thrombomodulin obtained by affinity
chromatography to come into contact with a cation exchanger under conditions consisting of a
specific conductivity of 25 to 34 ms/cm and pH 3 to 4 (Patent Document 17); and a method for
purifying thrombomodulin, which is characterized in that it comprises preliminarily purifying a
human urine thrombomodulin-containing sample by thrombin-bound affinity chromatography and
then purifying the sample by adsorption chromatography using hydroxyapatite as an adsorbent
(Patent Document 18).

Patent Document 1: JP Patent Publication (Kokai) No. 64-6219 A (1989)

Patent Document 2: JP Patent Publication (Kokai) No. 2-255699 A (1990)
Patent Document 3: JP Patent Publication (Kokai) No. 3-133380 A (1991)
Patent Document 4: JP Patent Publication (Kokai) No. 3-259084 A (1991)
Patent Document 5: JP Patent Publication (Kokai) No. 4-210700 A (1992)
Patent Document 6: JP Patent Publication (Kokai) No. 5-213998 A (1993)
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Non-. Patent Docurment 3: M Zushi. et al., .1, Blot, Chem 246,
10351-10353(1989) Non-Patentlent 4:0. Z. Wen et rd., Biochem stry;
26, 4350-4357 (1987) Non--Patent Docunent 5: S. M Bates et al., Br.
S. of Pharmaeol ., 144, 1017-1028 n Disclosure of the nventi Object to
be Sol ved by the Invention It is an object of the present

i nvent i Batert ®opurosit AEWOIOBZM | bm produci ng t hr oni bonodi t hn
substantially not containing a denatured product of soluble

t hr onbo%%ﬁ{)ﬁmmlﬁﬁi W@H/%ﬂgﬂiucti vity Means for Sol ving the Object

hi a pr cess of gr d\%,ci nﬂ sol ubl e thronThonodul in at an industri al
evei , or2FH PRI gdWHEP s dtuci ng sol ubl e | hr enbonodul i a conp . si ng

vent of L ERFUHE & R e SR et Tk PP AR BBt “of ' Sl ubi o

t hr onmbopRdiIHB,. I dulinis left
untrjgr aci di ?°§%‘J‘r‘1§‘f?F%%ﬁ?ﬁ‘?@?ﬁ?‘%@éﬂpg%gﬁf&@? oluulblneI e
t hr ombopmehy DoBursdi wh-dpipatesf hibfiEfidh (¥o )iN“E}. Babegks A poosder to

elimnate the denatured product ofthe soluble ihronbratiod.ulin, the
pr esent Pdtent Entwnert 43 18 Padhicdo.3be778se of gel filtration chronat ography
(CGEC), size exclusion chromatography (SEC), and the |ike. However,

t he pr eSasent Dopweent d4: JRRstefitdtnbbicativa(Kokad Npell 141717904kt (1899)chr omat ogr aphy
(GEC) or the size exclusion chromatography (SEC) has small processing
capaci t yAent Preument $5:tWeP54L6460c ol unm vol ume shoul d be i ncreased

I I 2% I [ tipl I . EXTeSSary.
[ s eign o HEReachNle. AEPZRI g of 11 Gl ency, an 1 nor ease 1 n the
I . : hy | . , h
| nor east ook 12 TR PR TRGRS o0 IR TR o BB 1
decr easpd'igﬁ%g@ﬁg@ql&qp@%hg}yo_32%58?§ver, as anot her nethod, an

increase in the concentration e processed protein is also

consi deNedPatti@Wr)taientt 1 Kji make dghs: RS ok (Wbiressio Jf @idmcifk), 3Bl 125, p. 901
addition of a concentration step ihr increasing the protein
concent({l883)on, a decrease in separation capacity caused by high
viscosity due to a high protein concentration, and the |ike, 'Thus,

i n or delNon-Batptdipgemers gt KibGemi ¢trabrblooddul [386-489%099Hdust rial | evel to
be towards_achi eving the aforenenti oned object of the present

i nvent i APt %"@Elgﬁt&%@éﬂ’ﬂ 6tra:-hh§i@dﬁ%mg]e}4édlq3glilﬂﬁ§r(ﬂ%§ﬂ) L 0
ot hod NRUBROH A EHRGH 4oPoa B & pyPOBE IR, f0-SPOtEREh | oned
o oAy SILSAEC RO 9 Dl SRR

novel | ect, e present-inveén di es

Disclosure of the Invention
Object to be Solved by the Invention
It is an object of the present invention to provide a method for producing thrombomodulin

substantially not containing a denatured product of soluble thrombomodulin with high productivity.

Means for Solving the Object

In a process of producing soluble thrombomodulin at an industrial level, or in a method for
producing soluble thrombomodulin comprising a step of inactivating viruses under acidic conditions,
the present inventor has found a novel object that a denatured product of soluble thrombomodulin is
generated when the soluble thrombomodulin is left under acidic conditions and the denatured

product of soluble thrombomodulin should be efficiently eliminated. In order to eliminate the
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regarding w.:ions conditions using various chromatographic carriers,
As a result, the present ceeded in. finding a nmethod thr efficiently
and stably separating a denatured product sol uble thronmbonodull n by

usi ng an ani on exchanger or hydroxyapatite as a carrier and by

determ ni ngconditions suitable for each of the carriers.

Speci f i éaltuyed grbducpoge ndlublevibiotribomotinial, ticegedcheinf altbrois ngidfeelahe nes of gel
['Al]A nethod fbr producing soluble tbrontlx)nodulin substantially

not contldrigmefremefegraptur (éii%a)r gau exclusiont theorsadmrphy ERCOMadtthodilse.i However,

that may. be generated fromthe sol ubl e thyonboi nodulin under acidic
condi ti%’ﬁé’fes i‘E‘F?n@é%ﬁ%E"é‘Qﬁi that the gel) tifiratign 5iggiafogeaply §6F Ghpethe size exclusion

di ronbo i N-,Cco Kan terial that.contain r. i s,suspected,t
cont ai n&g&géﬁéfl Y e@bgﬁ i %PQEP TOPHFENg SiRsIe aflh ?16%35%65 PR Q&Hﬁ‘e éh?‘gﬁiu be
exchangg A Q3 Y R €6 % oht.al ni luhl g

t fuontl X?ﬁ%{ﬁ& I n-contal ni ﬁ%lu@?gjc/t %%ssﬁhg{?mg{g}aes&%%% &jseglg%etsga%?i ttPr"gdm"“’ asa
cont ai Nmathee bfinBle@hdEMEtbic, 2 intrBfe$0tHeinBar VeleAPBOIRGMAh Fraph P8 considered.
separation conditions in Ich the soltible thronmbonodul mcan be

separ at Hdwévegrauah denatdl irethefireatucdlodddy it et sedrofiiase bévaashio MeetuAsed sefaration
[ A2] The nmet hod for producing soluble thronbonodulin substantially not
cont ai n¢aracia. dieatouerees updiduntthod, ah herest shecdnhentiaboroofithe protésatd prawein is
be generated fromthe soluble thronbornodulin under acidic conditions
accor di HYp twsidped| Hpweer tikmethod drrproblsatic (miermas ef apadsfitianeefia pepcenfetion
sol ubl €l hgonbormdulghn under acidic conditions o%?l%y 5 or ]ess: él) a
step of " SUBJ T FHYEaNE STUBP e PHIGAISH: FotfiTsesfethng Iy CRRECIEY icapseq 1yt hugh

cont ai nv?isé%%igj giﬁ%ﬁﬁ%ﬁﬁfoq%?%f}%%a%ﬁfﬁﬁlﬁ%@ﬁtur ed product of the

sol ubl e 't is O ?‘hrough the step (0) above,
to an anion exgRang&Heoh M&fceﬁxﬁeg%ﬁm&%d@g@ attard hl‘agsg?él 1080 3 B WreBed

sol ubl e t hronmbonodul i n-contalning fraction t does

subst antoivalds Yackievihalitie afoetematisHe8totpcodehe Plesdnh@alidtDItR present inventor has
t hronbonodttlin under separation conditions in Wich the sol uble

i hr omborosidéredit daporbet ®epparatt ededatead prodenaf theeduple dduiborabdilirey a method
sol ubl e thranbonodul i n, [A2-21 Thefor producing sol uble

t hr onboBUng Aigupredetivita by yvindt theadmeaemtiongd abjderias bewdachiewetlic tin efder to
the sol uble thropbortiodulin that may be graierated fromthe soluble

t hr onbotfBYS ithe aleeerentencd; rovebABPE HifsPratedbimyicnigr hes parductsd duiensve studies
urifyin

i o f | ubl hr.onmh dul i 0
of | eaviRiipher-Be R, Edtion? Sk i FuH A REEPhE CRATE: catif (v Sis tr PR
5 I - f j i | Wbl .
©hr ook SepAl & e RtSHh AP or IR AR ety sepyaing derpiugpdmgpde
(X) fitaiflthe 19D AEMHEIRIUAE BG lusk ahréﬁioﬁ%k%i%h r{tog W%ﬁ?@gﬁg b0p WML by

i s obtained through the step”(0) above., nger or

hydr ox ydepsdnirtiig; confitfofs2uiteblstoe Pacfof Ollcaiiaisng, a sol ubl e

t hr ombonodul i n-contai ning fraction that does not substantially
contai n a derfedifiedlyphepigednt mferttioe irschldabihe fallomdngafomradst i n under
separation conditions in which the sol uble thronaboi nodulin can be

separ atléd] f r ohingthed et rredusingobidlscthrosfbonedulipsublipesially nohdsotabdug @ denatured

A2-3] Th roguct | t hod according to any one of [Al AZ[ A2_24
<[ib ove], Rm@r‘:g pﬁ&pﬁ@iu%ﬂa tgreom omo ul?n that m%y be gengrated from th[e soﬂuble[thrognbor_nodulin

under acidic conditions, which comprises:

(1) a step of subjecting a soluble thrombomodulin-containing material that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite;
and

(2) a step of obtaining a soluble thrombomodulin-containing fraction that does not substantially
contain a denatured product of the soluble thrombomodulin under separation conditions in which the

soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.
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step of subjecting the sol uble thro.nbonoduiin-eontaining nmate.tial

to an ani on exchanger or hydroxyapatite is a step of subjecting the

sol ubl e throi nbonodulitircontaining material to an ani on exchanger.
[2.-4] The production nethod according to any OMof [Alt [A2], and

[ A21/ above, wherein the step of subjecting sol uble

t hr ombopul i hec omdttaidniferg praaitieing adolube alfrombo@odEMC BER@EaKAIRT not containing a
hydr oxyapatite is a step of subjecting the sol uble

t hant hofg@tridnpmduct of g aeltlde i thtontonteydino that yapathiet genefasgl] Tiven the soluble

productjon et ho acqcfgr ding to .any one of [An to [A24] above, wherein
t he contEroniglulin ypdie pedigentisrarHingso 8044 hovpopiaichiempiissp0g etstep of

i i h bl dul i m sl i al . .
1o i e BhE S ol RubBo RS S s der A oD Sl T BrlmeEn Srsn gt subiccting
i ndi cat . A2:- i .and
T om bagrogete fxbARARd Andonhilre hssd i Lo RO BRE LA A RS A e flurea
means t thﬁu& be tHetsRbRAMIAomoa L, WHHRES oBldERd ;ﬁﬁo&@zﬁl@hﬁg (Qféb%geé ¢ b8 dnion

This ru al so holds tbr the frillow ng descriptions.

pr oduct &xsharget bo dy@cc@patitegarddo(2anystemef obtalnMg a tsblubB2thAinRBQNRlin-containing
wherein of the soluble thronmhonoddin is 90% or nore with respect to
total phestien st dovs nbtesubsdrtibllecdntai nabembodi produat of thé stilutde tiedretsdnaddulin under
t A3-3] The production nethod according to any one of [Ajt.o A2-41
above, YWREFERIhCKEiopy i aichofhetsabiblothrbomadhlbnisenbe skramted 9594 slenatured

MOM " wi t h t .t t al el inth | ubl
t hr onwomﬁ{fﬂ Sﬁtﬁgﬁﬂ‘l‘bj‘?&’?@wgrs I[2\3 4]e 'Sl'geupr gducti on net hod

di . [A ]t 5 b in th t ent, .of
cccordiin 4o #y angok, (Ao, (A0 ore, 6T EL0. A4S, Con e gk
D e Serbfirdi o8RG et SARDURALIIAAN! B AY, TR Ehkiley BOR H®solubie

production nethod according to any one o above, "t

st ep ( 2hrdnsbotnostie ufer GaTYoRitOM ackbriBB o 24 LpsHoed kit b&gp rised: §RYY
gtarlient elution, or gnmient elution i% V\};Ei ch linear gra m%%qm%p()f
el ut i onpurgyiog stiiibie thrambbmsduipy(§ @ gpasti lesvingethetsblable tHOmMdSmbAulRbIndENacidic
an elution fraction containing soluble tkonbonodalin that does not
subst antanditioys efopH &i ov lessd@n atstapeaf spbjodtingta sflubldhrgobantidelin-containing material
anon: nom nod: di m It is to be noted that in a_case in which

ci ted i PEFORGHBEFS spestbiiocaniam adenaturedmrodugieolghe fohfble thipnfbagwluliss which is
i sposeaptinee e e R8s (OrmBars to Al ionc R G DAGaetils: AtGBra step of
such as =21 ] 0,.Cl This rul.e al sg holds, for th ol.l.owi ng .

descti p?BlﬁéIrnlﬁg %}@?ﬁlﬁéh%%bﬁ%gg on et Ho a%@@%ﬂ' gt?aggdof% nﬁ#ﬁ%‘l“?}% f%@‘}m a
to [ A3-dehaRA\Rodud6Y tE Bolbt€ ttibifiPomodulin under separation conditions in which the soluble

thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.

=

[A2-3] The production method according to any one of [A1], [A2], and [A2-2] above, wherein the
step of subjecting the soluble thrombomodulin-containing material to an anion exchanger or
hydroxyapatite is a step of subjecting the soluble thrombomodulin-containing material to an anion
exchanger.

[A2-4] The production method according to any one of [A1], [A2], and [A2-2] above, wherein the
step of subjecting the soluble thrombomodulin-containing material to an anion exchanger or
hydroxyapatite is a step of subjecting the soluble thrombomodulin-containing material to
hydroxyapatite.

[A3]  The production method according to any one of [A1] to [A2-4] above, wherein the content

of the soluble thrombomodulin is 80% or more with respect to total proteins in the soluble

6



is a step of obtaining a pass-through fraction, in which a fraction
cont ai ni ng sol ubl e thronbonodunn that does not substantially contain

a denatured. product of the soluble thm nhonoddin is obtained,

| . A6. 1The production nmethod according to any one of [Al] to [A3-4]
above, wherein the step (2) is a step of can in out ismrade elution

t o obt athronabwneldulin-contdlnidg aetetigin cont ai ni ng sol ubl e t hr onbonodul i n

that does not substantially contain a denatured product of the

sol ubl e t hr onb&. tndedaicd that, ing cassinephidi citadbjesThimigprs fre ixbtatdsl & a range (e.g.
thronboggﬁMiéiﬁontainin material to an_ani on exchanger usin

» . a . .
buf f er (R 1en*lors dssarbad akpve) andii iiepehayings qubjnumbersugh é—b%?‘zg’érdisppifﬂg in
out linegar gradient eluti.on, stepw se gr.adi ent el ution, or, gradi.ent
o ut | on e i Erent e iR EharR I sRBanih el iefop S i dso
gradi e i i . fer solution of pH5 to 9 having a salt
concenP%g%¥g%&ggﬂ%uégngﬁﬁwaég'as_to an elution faction
cont ai njAwg)’S of kSl IR IRIBE iy thRgY oHOGT ANPl BYUDE LB Ghbin the content
contain a denatured product of the soluble titter:fiXing:ode: 1M
ei t her ¢fajheajohdic thiemipasddulions G0Ya of magt ivith Tdspent Whitetl phseis itilhee soluble
t hrombonodul in i s doted has previously been confirned, or (b) while
conf i r nthrgnhohedpliresetagengmatehid. sol ubl e di renbonodul in in the el ution

fraction. [A7-2] The production nmethod according to [.A7] above,
wher ei nl4h# i Thermredrtionsmelppd pesarditeomannend efdml | &) [A@%l Bbatse wheigiibe taent

nmet hod ordin oaboveerein t item(b). is applied fromthe a) or
Gy, SFER" ol TR BR b Hod THECOVER IOKD iyl SRR 1 fhe gluble
[ A34] ygraerein t he st (I') is a step of subjecting the soluble
thronbg@%%@? ST S "ﬁgﬁﬁégﬂial to an ani on exchanger using a.

l'ution [3{3(-‘9;" ﬁéﬁo&c@&vﬁgﬁgﬁa&§&#§8§ﬁggﬁé &t['é.?gtd)gf ]91;] ;abé\% Qfedh B0 ntent

the ste Is’a step o taini ass-t ctionusing a

boi | er sfoihgtdofibledthrithbdnddlif iDL Gr ancidl it @Rp&A S abtal Brodfin inl teOsoluble
0.2 M so as to obtain a fraction containing sol ubl e thronmbonoddi n

t hat doésnteincdulistaniiniag mytedigint ai n a denatured product of the

sol ubl e t hi m. bonodutin, [A9] The production nethod according to any
one of [Al] tBhemetftiabovbyd sverdgigto aheost &fA(] i [AS-44 astvepwhdrein the step (2)
subj ecting the sol ubl e thronmbanodul i ncontaining material to o )
bydr oxy'ipateP eecaingpublinsar gradierf slulipn.ctepoise gRdENt Yuigpnhergradjery elution in which
phosph r |ess; st ep. of,

{ t ti f.mm. nd th t 2) .3
phosphatc CoRSELISLLon ol i et Leser 2t LI SLeD (2l st e
0r 2 enlughit] G Lo R BLART s RTBHAGE e of e

havi ng @npRosphiahacgapcentration of 0 to 0.5 M so as to obtain an
el ation fraction contal ning sol ubl e throinbonodulin that does not

substanti al | yit @0Bt8inBted thheNAtaWagdinbK A6 SitedQfent Mt MbBliRlicated as a range (e.g.
t hronbonoddi n, either (a) after the position of a fraction from which

t he sol [l éo [AF4] ashiesmitied abovesanel antieeh Taepr @vimubkysuble en[ ABD[ ik di3pshed in
or (h) while confirmng the presence of the sol ubl e thronbornothdin

i n the & tangent maasitleat thediket hakleg p sddumttico ot o324 scdodiitad\ Shis rule also

above, wherein the. item(a) is applied fromthe item(a) or :
Vel e ke ing domipidns S 2PP! item (a) or ())

[AS]  The production method according to any one of [A1] to [A3-4] above, wherein the step (2)
is a step of obtaining a pass-through fraction, in which a fraction containing soluble thrombomodulin
that does not substantially contain a denatured product of the soluble thrombomodulin is obtained.
[A6]  The production method according to any one of [A1] to [A3-4] above, wherein the step (2)
is a step of carrying out isocratic elution to obtain an elution fraction containing soluble
thrombomodulin that does not substantially contain a denatured product of the soluble
thrombomodulin.



[ A9- 3] The production nmethod according to [49] above wherein the item
(b) is applied fromthe item(a) or (b), [A 0] The production nethod.
according to any one of [Al] to [ A3-4] above, wherein the step (I) is

a step of subjecting the sol uble throm xi nodul i ntont ai ni ng matenal to
hydr oxyapatite using a huller solution of pH 6 to 9 haying a

phosp haf47]c onﬂmpro@ichamrraﬂxo& atwrdfp foniny bnoof [A6$ &3 [ABnd] dbhres, S\t}erm( e step (1)
is a. step of obtaining a pass-through fraction using a hulle

sol uti o¥ a@ﬁep@f s gtipgiiE aefulde phospimedlivendeiningandtail pfansnion ezdlanawlusmg a
30 as t in a fraction nt ai ni.ng sol ubl e t hronbonodul i n that

does no @P%&m f2 ‘&/toc% Ardhr sap e i el Ay IHaqEtInGRr gradend 6fulipnetepwise

LAl e TR ‘B‘?“%‘%‘ﬁd%lgl AE RRHOELT i Binr PeaREC Sulor” & i Wﬂg pyise
PH of ap. gltd @nf Hﬁ?fer &ﬂﬂfoﬁ'o?én% 59l gpiklg gm %&?ﬁ%ﬁ&l&'&f {'ﬁf so as to

does not substantia contain ature uct o

t hr ombopmgilanrehition lﬂdct‘i’orpéoni&ﬁﬁg scﬁbﬁl@ﬂu&rﬁs‘orﬁédﬁhh%t fdb@chdt %ﬂbs'ﬂﬁﬁalll}eé‘dhtam a
obtai ned, [Al.21 The production nethod according | o any one of

to [Al ﬂ@naﬁiml\/ﬂodlwh iof thei luble praciciddaln, rehéio@) edamhe pbsigonaof a fractlon from
concentration ste nd/or a desalination step, wherein the pH of an

el uti onwhichéhs sgl’ungihuombnnmgtﬂsnls aloted hiahprovibasiy beentchnfithat], adelswhidd confirming
substantially contain a denatured product of the soluble

t hr orrboﬂ’ﬁ(ﬂ’{ﬂs?nﬁePgthﬁéqlu‘é@IFWP'&nQ%ﬂ%che Pptigrelactignt er the el ution

conver L LHD s ?F TP BRBIOAIBTERE Kol AT) PR LEER o ADdh paTled fom the

[A13] Th ?e[ Ec,tlon met hod accordl ng to any one of [AIl to [A 2]
above, e 3 ‘he Mehl of a denatured product of soluble

B e e T T

t hr onbotigadi)lok b)i s 3% or less, [Alt] The production nethod according
to any one of ?)AI] to 141:3-] above, i.atherein the soluble

t hr onbr pA§Jodulheproductitut orivodaciotding okihgoned [ldm [PBrgfabovanbees thsstep (1)
prepared by transfecting host-cells with DNA encoding the am no acid
sequenc# astrerofsitjestigshe scuhlblcﬂ@ombomﬂuhpmmpnmg rlfmtmhwfaoranpn ekéhangeg using a
sol ubl e ronbrmodul itt in _such a way that the solu

t hr onbohﬁb%ﬁls%lﬁ iuPthato %hb\é%ﬁﬁqlteﬂopsyenerétﬂﬂnaﬁfrﬁ) lto (H%Matam 8¢ sippddlie e stsp of

 onboltuEA RANGRGEL Fer o oA OGO ehr Hot, B s R iR of
subj ect hng, @, MISHQ.L fo oibt‘z%t[ ? EQ&i’&h%Qﬁ{LMﬁ 81{]6 %‘gorqgé il flée[g%ét substantially

contains or 1S suspec 0 contaln a ena ured product o

50l ubl ecsribiraERRRG bl O ANAMORRLRRAAR] or hydroxyapatitc, and

(2) a step of ohtalirrng a sol ror nbonodul i meoritaining fraction
that dopso]not Thdied@iibih alethyd eQdtdhdtoany denat W pxod ldt%vepfvhéx’@ﬁ the step (1)
sol ubl e thronbranodul i n under separation conditions in Wi ch

sol ubl eIStahsstqnbﬁmbgHmngltheamldbte theypehoatoddlirf-comaizng enadrial eﬂh)pllr@Qapmlteotﬂsmg a
t he sol ubl e t hrombonodul i mor the purification nethod, wherein, in

the st epfBr selutjreefinthg ta? hadnambpleospintoramerniaiion picbmMaPhiesiganrhihe stpn(2) isa
to an anl on.exchanger, or hydroxyapatite, a buffer solution of th

sol ubl eS'th P%%ammt ilifes SFdignh Fﬁaorhaﬁeewsa@rqdéenb P@B%@a gradicgt FIHEOII in which

| ubl t h th t b t
Gonas ur UAPAE PBRRIE o iR RbusisRi N hufon (w8 B Rt sBquotpH 6 0

pass- dag %Hﬂﬂéf r@g&@g@ conéihiatohlof @%‘o By g&aét @otﬁﬁtaﬂ%%ﬁ%ﬁcﬁ%c&lér?&fxmmg

above, i ch aracteristic feature’according to any one
to [ AlddledoVigombirhSdulifh@atPd R4 et k@itRRAIOAES Ar SinRdreiOprBditt QR %e0£olub1e
[Al]51 above, wherein, the content of a dénatured product of sol ub
thro nbothmﬂnlbdmbduﬁn,tehber |(Byraciei thé pesitithniof atiaedondams whieh tk&ubliib&ﬂhrbﬂibbﬁiodlﬂm is
tithe denatured product of soluble thronmbonmodu inis 3.0%or |ess.

eluted has previously been confirmed, or (b) while confirming the presence of the soluble

thrombomodulin in the elution fraction.

[A9-2] The production method according to [A9] above, wherein the item (a) is applied from the

8



11132] A met hod for producing thronbonmodWn substantially not

contai ning a denatured product. of soluble thronbonmodulin froma

sol ubl e t hronbonodul i a-contai ning material that contains or is
suspected to contain a denatured product of the soluble

t hrom xanodulin that nay be generated himthe sol uble thmbonodtilin
under aterdi® oe(ndi ti ons, which conprises a step of subjecting a

sol ubl e t hroi nbanodul i n-contai nMy material to an ani on exchanger or

hydr oxy &p%B] t €he phéuctipm nathod fabeardisg kufAg mbofe, wheremahaitdre (b) is applied from the
t hronbonods. di n-coataining material is prepared, and the sol uble

t hr mboFHBEIT (Pt hat does not substantially contain a denatured

pr oduct t he, sol ubl.e thrortrmodalin i s obtained ass-t hrough
Pract oHRI01, " T bt o FGHE0 HGR TeBAH O o 1A eleard ot Whes o pep (1
exchanggr ' r ' H 4 .9, and. ste i S

a step %fa gg‘?\??%&% c():gét1g %nsgglﬁle%)%ﬁbé)%%dgﬁﬁf?n n, %Péaﬁ\ﬂaggewdé?f&éﬁ%&e using a
el uf i onpufe: QL@ LRl ' j - gr.adi LI

conbi ned WirtS h st e(g\%i Si{o}[ﬁ aélt ri Iag)r}llp@e %tclb%ér%,ﬁ%uggr?ggg@%ﬁu?tg}é?}%%f ﬁ%ﬁﬂglf @)
pH 5 t 0isQ sa\ifobtaial pasCORKEH fihaldnaRingfa Kt Osokuitivh 0B FH %0 HRaGRL @
thitioEl fraction cont%i ni ng solaublne t raonborrt())dull i ,(1) ﬁatodogs %otpﬁos%Hate
subst antirgtitsaticront aior2 Oanide stedsito ebkajpradeheton afntdidisg sdbhdbiheombomodulin that does
thronbrinodulin, after the position of the elution fraction has

pr evi ouBdtypubiasHalbnentainetlenghrediprddactod tfeisohibleghrombopeddiance of the

el ution ction. [1:14] The production nmethod according to [81]
above, [/éu@ ei H‘@h‘é"ct’@B ”(“?ﬂ)‘oqo aegrdiieels aw @gtdédi iy (ALY abpre WllﬂCh does not

but T or - SATAET BBroL AL TR B R i SRR vise B roiahoriodig

out lin ' [ WL 00N, i j ' gr.adi ent

ol ut § oot Bhf Eh oAZ SOMER AR A8l SE il Mo R B RHEEbr e
gr adi enffte@ kiatel Bidn fidSioahadbddHbb@nego! ution of pH 5 to 9 having a. sah
concentration of 0 to 1 M so as to obtain an elution fraction

cont ai njAlR] s oThdylreductisionbnod adutding tbAag otEgSANDD [AURSban, WwllchYs a production
contain a denatured product of the soluble thronbonodulin, atler the
posi t i omedbd chwpeding & enndentaation srephas/op medesadinstion Hee wheed therpdd of afi elution
While confirmng the presence of the elution fraction. [85] The

pr oduct eRiopseHeaing selgblgithigmbempdid thafisoeenot ipestastiallyacoptairf @ dersbires product

o e B Pacore PAGL natht  Gd EE ne
[ bt ai | ubl h dul i bst.ant i al :
o, SO 8 SR RO BB e o

pass-t hpough. f& L.0on.1 [ 136.] The producti on nethod according to [Bl]
above, I\%\/her eien %}Elltgh@'?aelb (1) is a step of subjecting a soluble

t hr omboprodyl i b@ichbi theBH @Edodling & da\[f,%@éy pRg b 1£12] USRI wheitl heLontent
solution of pH 6 to 9 having a phosphate concentration of 8 Inivi or

| ess, aoftla tHhetstdprofdgt df Sombkt Rfpntfonwdnliry innghe Gulublei thRatbogioadire it does not
el ution, stepw se gradient elution, or gradient elution in which

| i near pbaditieHy centan honlengurcd pividne of wiltte Srepwinsdul adlentles] ut i on,
using a buffer solution of pH 6 to 9 having a ﬁho[sixhate Cancentration
of 0 tol/e% Mheggodustionmsihod aeroadingtoany e Pf Ketlite PA Edwbaven vhgreincdhetilsble

t hronbogodul i n .t hat does not substanti all ontai n_a denat ured )

pr oduct Lhoﬁé’d’élbrf ﬁﬁﬁ@“’?’f’ﬁ“ﬂéﬂﬂ’é‘r i tlf‘?‘in “'é‘i‘sg%?‘a{lttf@ll%l’@? by ransfoctipg host
has preyi I.r whi | e cot :.fi.npi h eset cc of
the el u‘%/‘%”gﬁpé‘gﬁ%ﬁgi?@%%”ﬁ% H%n.tclggho.%l{lﬁggg %@r%ﬂ% toj above,
wher ei nTARe Shepetdd hf RrisfifP BhupRY ﬁh@rﬁ%xﬁ(?ié@gsﬂl €a wa%gthaét the soluble

t hati mbenodul i n-containing niatertal to apat he, usi

buf f er eimbon@duldf dgs nbt §udstntiblly chi@MihRteAatiiita pRITAEE fERNGAM AR hoRtodhlin
to 4 naM and the step (2) is a step of carrying out |inear gradient

that may be generated from the soluble thrombomodulin under acidic conditions, which comprises

(1) a step of subjecting a soluble thrombomodulin-containing material that contains or is suspected to

contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite,

9



[ 138] The production, method according to [32] above, wherein a di:6hr
solution of pH 6 to 9 having a phosphate concentration of 5 to 20
rriMis used, and a sol ubl e thronbonodul i ntontaining material is

subj ected to hydroxyapatile to obtain sol uble thronmbonodulin
substantially not containing a denatured product of the sol uble

t hr omboamt(@) & stepsf sbtaipiag -sbbkuBlnfbbactillBRcontainijg FigioR tRHdES indNsubstantially
met hod according to any one of [131] to [Bl1l above, wherein, after an
el ut i oncdntae & demteathpradust alths sdluilt tirerhionmsiobo diddr sdpatatiant cabd@g®nsot which the
subst ant i é}ﬁgont ain_a denatured product of the sol uble

Ll
t hr omboffSERIF Brorzesnaselin caseasepraded frp@ aslangpred meodaptf thsrsofupledhiostbomedulin
t t H. | i BIG .T j t di .t Y.
onl 131] 5 e PRI R, Warahin G Far St T o SR ine

| ubl - in t ntial i
re e L R T R S
a concesabdiiuih ephtRhing HEsa i ﬁfeb&@d,sélﬁgﬂﬁb }ol%?l'é lrﬂn%%bGHltodl\ﬁh{ ?%Ptdoes not

setting the pH of the elution fraction at ess, SO as

conver t sitbsantidlly ubdn€ait i esRomed Wrbdict @f athe PRAVIR GRUELERbAIRL & bBlained as a
[ 811] The production nethod according to any one of [131] to 101

above, pivetledughtfivetionnt ent of a denatured product of sol uble
t hronbonodulin in the sol uble thronbonodulin that does not

subst antA b3y TeoperHicatiarhmethen aeentding 1 6ALTtabote, sdliekbhas thiycharbdenindalfeature
11131 CRsoRREe s A RRe PRI sPRE: cont ent "of a. denat ur ed” pr oduct. of

cont af nU R GERERTOh bt CSRRLE R vnb if LAIGS TaR0PY: PLeHiR B cdntent
{23301 ! S hadiR PRSAGHGhAE ARLAR AR D DAY Y B liods s bRantianty

[ E1121 above, eln the solu onborn InT1s a pe

obt ai negbrdi e HE@RFEPHEI: o£RML% RESRAERRYIsBINSIESL i Ng host cel | s
wi th DNA encodi ng the am no add sequence shown in SEQLD NGO 9 or 11,

Ef fect [B1]t heAlnndes fooprodingngothashiteinodnki shbefantdie npt eseiting HMeRhir@Nproduct
does not require a concentration step of increasing the concentration
of a prek thpmaiosiadulimfros), a srdeblo fhreheorprdatincoitaningetdiathl Gfat tdreains or is
present invention enables separation of a denatured product of

sol ubl eSYSRICERE® Aoiain pdenatsed prrducs of {ip selublp thaprpberpetlulin that way he Bengrated from
product jvi t regardl ess. of lim.tation by a processed volune. As a.
resul t, h’ﬁ SP%PBHE‘%W’PVO 1Bider peidie d'fvglcé GREPaTE i(él"] §feihek subjecting the
cont ai nj n red product: of the soluble thyonbonodulin n be
obt ai neﬁ‘?‘gﬂ%§’?°%k¥ﬁ“§f§°‘§‘ilﬁ%é?${° 4 S0 R RRTSR Prohy‘ﬂlgxyapg‘j{e and (' 3€p of

obtaining an elution fraction containing soluble thrombomodulin that does not substantially contain a

denatured product of the soluble thrombomodulin under separation conditions in which the soluble
thrombomodulin can be separated from the denatured product of the soluble thrombomodulin.

[B2] A method for producing thrombomodulin substantially not containing a denatured product
of soluble thrombomodulin from a soluble thrombomodulin-containing material that contains or is
suspected to contain a denatured product of the soluble thrombomodulin that may be generated from
the soluble thrombomodulin under acidic conditions, which comprises a step of subjecting a soluble
thrombomodulin-containing material to an anion exchanger or hydroxyapatite, wherein a buffer
solution of the soluble thrombomodulin-containing material is prepared, and the soluble
thrombomodulin that does not substantially contain a denatured product of the soluble
thrombomodulin is obtained as a pass-through fraction.

[B3]  The production method according to [B1] above, wherein the step (1) is a step of subjecting
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The thronbonodulin used in the present invention as been known to

have action to (1) selectively bind to thronmbin and to (2) pronote

the activation of protein C caused by the thronbin, in addition, it

is preferable that the present thrombonodulin generally have (3)

action to extend the coagulation time by thronbin an- (4) action to
suppr ess stlhige flratiginetdubggoegain amtcialised abyn txuhander, msinFd dbffacoluwion of pH 4
t hronmbonmedul in may be referred to as thromttonodulin activity.

As suchta hreodtizentadu®) is asep of earryingr onbioens duddient plusérs stepivse leasdiet elution, or
actions in Wand, (2) bove and nore preferably has all the actigns in
(1) to %r&al nmw ch hnﬂ&r &wfdéenaelml%lwembms%ﬂ SteRwIsg @Fadieat PlgRomfusing a

d h | I,.gf th
bt orot oPyE SRR o S e Eeeitalifo ) @dall s Bl SithARshfen faction
h
B0 e e S 0 S B 1
Pat ent  EiHHIE B@drhInddSRK 3itkr O podifbr@d R éfut(&lg@a%ilon MarRON&Lsly g caFiheR or

to extent the coagul ation tlme caused by thronbin or the actlon to

suppr ess/hilhenglaing kietpraggieeddicicbmios &agd. by t hronbin can al so be

confirmed in the sarne above Malien An exanpl e of the sol uble

di r onbotul i haigsdiciitreheihnd adverdomass ¢Rt | abewd, indimreirsthe skt & a step of subjecting

thronbormdul in that is soluble in water in the absence of a

sur f act aflub mglr%m PrasipEe-penjaiaing msicsiabp ap Heiog ethlmger,tuymgﬁ byiiigtsobigpuy pf @l 4
ind.or more,

t hronborn n.is sol ubi of 1.in
or o in{%‘gtaa theriep @} e of §Aiig o1 BB SOBGP Sl jgé%@%ﬁlunon or

as e+ ERORAUR R g Bosh ARk Bl OEisRA RS yhh RpBlp ePRATbayoS Bing o
nagi t ni bﬁfer %lﬁt?on Aol tom gg)éalf’afnge tRbEo Ry t%ﬁ%@a)é t¢olaif Fg%%orpfrachon

noni , or “nore, Fviinal or rore: a particu

prefer abdmﬁiﬁ @@G[Slh r&homboxﬁsalmn thdt @ BotCABAStiaBP 6bhtHRlallhhtlitel JFBICPSS the
Si) My/ 3111 or nmore, or 100 or nore, In order to determ ne whether or
not sol sddlitde thirdmieomralndie witenthwassitbinssfohe/eatjonaidcton hdsersaduslyl teen confirmed, or
t hr ombonodul i n has been di ssol ved, the sown Observed by the naked

eye, foWhéﬂ}(mqﬁthgdlmmp%me@wﬁmlﬁa@ldmght source, at a. position
oflit-rj htness of appr oxi mately 11;00 | ax. When the solution is

clear aHtPldoeShnprpdecsar aidhadrserdipedo sEE%Js%baﬁ%é@ef%ﬁ byffer sofugign|of pH 5 to 8
be, under st di ol ut f th

Sof ubl oD Ao ABHT P07 5§ Gl (0N 1 s o & E@%s%m@%p&%ﬁlé’em@ng

the soh| f h

Thghggu'n:a%ﬁ%is%&qb]%a?(ﬁ?onallrl(rglrs}lné)nt&fﬂgv l{tetlr(l)g% pr e$P§ qﬁ%’%%n%rl g:'& ﬁmauy o

am no a@drﬁﬁﬁﬁ%&ﬁﬁu&f&&é&&%ﬂﬂeﬁ%m iR SEQ | D o Op;ahéwghﬁﬁc&oﬂ 132.

of the am no acid sequence as s been

known amdjhe mrbalcnmmah@@ a@brdiktero [BI RIEB OsTRedein thasibp W) tsya Bdp JTiBRR ting

t hront honodul i m The ami nti acid sequence of the present

t hr ombomeduile thrérsbanatdufiactritaining mayerial tihlyédxystiteangg adsffetsobtiopof [F€6 to 9

an am no aci d sequence consisting 'no acids at positions 19 to 132 of

t he ani Wyl g@ﬂz@meré;@u@hoﬁ\&ml\d oSGy, |apd M@, step, (2T ksea e plocasypgeit Bnear
i cc .as shown in nino acids at. positions 19 to 132 of the,

t
gggsésd%rg&?mb%lwtﬁbwa% iZgrdiep) Rigyiony or mdlqslé el irapibieh dimesrr grpdipw; ehtiop is

prot of oW RS a B5evhs SRBieR CHSReryTe P ORCOIIBNOT R 0 L FEYTE rhbgephate
is to sgy, irgﬂtloﬁ%gﬂ) @g'l\ﬁi Y5 B6tin a?lgeﬂftl ?Lf#aE@OHQO Ws&%lgﬁuﬁﬁbomodulm

posi tions y conprise a su Ion
addi ti omaofiodNet @ﬁbsfﬁﬁhéllyp&o%taﬁml Ak d profubiof €S REGbIe mnﬁobﬁoamnn @fter the
acid sequence as shown in SEQ ID NO 1. The acceptable |evel

mut at i oelufich fradtiopetat ipesvicaklyybeas cbofivgheds ot Bailatoifeniipt merm@em deh@l@luﬁon
sequencgachas t hrombanodul in activity. The nutated am no acid sequence
tion.

[B7] The production method according to [B1] above, wherein the step (1) is a step of subjecting

a soluble thrombomodulin-containing material to hydroxyapatite, using a buffer solution of pH 6 to 9

11



Thus, the type of the thronbonodutin used hi the present invention is
not particularly as long as it has, at least, an atraris acid
sequence consisting of amno acids at positions 19 to 132 of the

am no acid sequence as shown in. SEQID NG | or 3, or a honol ogous

mut ati on sequence of the aforenenti oned sequence, and it conprises at

| east ahpep i gbospeaw encenttuaiyn g 1tthriondErmduhd sle@d)iiviatsep & @f®ingesht linear
exanpl es of the present thronbonodulin include a peptide consisting

of a sefjddeleclelinms btspwing gotlicantlibomaei dsadint pogipn iromdichdineer gradient elation is
positions 17 to0.132 of the am no acid sequence as shown in SEQ | D NO
Do 3, CotpRined b Fiperse gHGEE: THip o SIB ROHBFOBED A PBLT b BeqUsAGEoSHale
the afo [.one eguence and Vi n t least throm xi ul.in .
acti vi téo% S‘él?) ?fgletsoc@r{?]iog £9 ?‘thPé’E’%E“ ?fgﬂ@tfoéﬁif%sorb?on?ﬂﬁl%sog&qﬁb“%‘f‘bom"d‘ﬂm
POSI LT Ol debstldt Sub3nfifly! Afafl™h RLnAGhS CHoh ibBrmBEn,

NGO | or 3 ig nore pre gr ag e. I%r gaoverp?o(a?a%t anp?%él}lﬁ?m%n{g?rgﬁerré er the
enmbodi nelifion FAGIE Ha8Pret Sy iReRRBAMERd, 8 WRBPEHEBGRNSL HrdsbA@ & th@ elytion
honol ogous nut ati on sequence of the am no acid sequence consisting o
am no aftadisnat positions 19 to 132 oral positions 1.7 to 132 of the

am no acid se%:ljence as shown in SEQ ID NGO | or 3 and haying at |east

t hr onbo¥d actheproguctipm nettodvecording tx {BHeaboh, ovitseri d bhiffer sobgidniof pihe to 9
present_ inventi on}ﬁ%r ef erably conp6ses an am no aci d sequence

consi st M§EsF Phosphise waraiatian @osP0any is gsedoandgosobible theonzheimpgulie cehtaining
hown.in SEQ.ID NO 5. The,t th ,

©hr omboPAGHE: 1 et B DA RERE 1o O Selbl ot roache slisiangiglly not

| noas ! : d _ o ' am

R R g P

ST1O 1 DBYP SThcTHBdARDA A SANBNG g P11 G (899 10 [p U100 AHin Afer an

positions 19 to 480 of the aforenerntion equernice as

shown i eluirQrddRoNebnt&iniiR ¥olaBle HeaRbegiodg nthitioad A6t suBfatiaMgc@Saih b Rastured
action to pronote the activation. of protein C caused by thronbin,
nanel y, pobna obtheeduble thraobérédwin has been obtalned tthepl it the eatiod fiaétuanE& set at
as shows in Sas? IDNO 7, Val that is the amno acid at position 473
of the BA*®leasi d sequence as shown in SEQ ID NO 5 has been

subst i tét@? wi.th The thronbonodul in used in the Er esent invention
al so pr abf§e PiRéyqign nethpdasrcagdingcto ny eiiger dB 1E én BB & tabawe. oFhea,radter an

aci ds at, posjiti.ons 19 to 48 f the amino acjd sequence as shown jn

51 - 0 RO Sontelnhg el Ao LB PPl oEs Bt PR BALY B & patured
particu 171 i t.h le n i No_gci .

seq uencfé@%&n gffgt@ls ‘%lga%@‘z“rﬁ"’g{c‘:&é‘?ﬁ (l:}ésttzae g?)%t%lﬁ%(?’ 5 §S‘If3tr€h8 n %%IB °of g?ﬁqgmuon step
am no  agicthris@ HeNEBuARHIRE MMBH &F tRERtdA f%@m&ﬂ at P 4 or 1865, B a8 T ROGPHS soluble
mutation I's sequence of the stint entioned sequence, and it

conpr i s@sondionhc@iaBi tod [PeRhdco@icslagaente havi ng; thronboirtodulin
activity. Preferred exanples of the present thronmbonodulin include a
pept i de[Bldhsi ‘Shd prgdisfiomnstgdecmediog isingtdnagf @8 1]aoB0] abdeks watrein the content
positions 19 to 480 or at ;Bositions 17 to 480 of the ami no acid
sequenc® &gemhsoth pioguesEd spbleNronoproddlin inthe olybst thehentootorslirs thivydags not

e of the aforenentioned sequence and

R r%$%$§ﬂ§%§8a§132§p@éyqt9fsq}u¢e beprraeBnsr it "o

>t . . . 1 T~ 480
o aitdT oo renrediclin B R&e R iR ok B0 1 ThliTanie yhupbrBprwten
Mor eovegs 5 H&Hahﬂlécg prodR& Sor stqueg*fogx%gg{égﬂ% HP@lte’sotugﬁ%%oﬁloﬁ&hp &a% d?eﬁ Jot

applied a pepti consi st ng ous mu i on sequence 0

am no aﬁib_@taﬁﬁaﬂye&ﬁﬁnqﬁr&ha&ﬁ&@?roaﬁct@mm)@&&diﬁbcﬁﬁom1st1b/9&%es§.- 9 to 480
or at positions 17 to 480 of the ami no acid sequence as shown in SEQ

| D NO BI6t 7Tlangtodatibmghetiod lheasding tanyhmeod (B 1]no fB1A]\abbye, wherein the soluble
thrombomodulin is a peptide obtained from transformant cells prepared by transfecting host cells

with DNA encoding the amino acid sequence shown in SEQ ID NO: 9 or 11.
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In a further enbodi ment, the thibnbonodulin used in the present

i nvention preferably includes an am no acid sequence consisting of

am no acids at positions 19 to 515 of he am no acid sequence as shown
in SEQID NO 9. The typo of the present thronbonodulin in this

enbodi ment is not particularly limted, as long as it conprises such

an ami nbifad bfiths Eyuativee consi sting of amino ac h at positions 19 to

51% of the anmino acid sequence as shown in SEQ ID NO 9: The ami no

aci d sequencelkoprefuntipn gnegfodaati the prssdnd 1vartigoodsies Noingquios @ eor8EBirasiontship of
af orenent i oned _am no acid stﬁguence s shown_in SEQ. |

D NO 9 may. be
honot 0gBTEESPG e LORFTANLD pih §rogessid PREE. o g st OF &%%Ngwﬂpﬁéneﬂwd of the
activat] ei n.C caused hy t.hronbin, ,n hr omhomodul. i
St vt DS lavRR B elhils CBASR0h BY o LOETRL iR el AR TRRin o the
that issdiiige 3G Ay At ol '
et o0 ATARASk e it b Al N 0L 81 PBYSN580%0 volue,
nrom boapaGtsutt] Nhigh ity kokubR RIcEHERbALBVRBLhARAIR hSOcoBlafi x? #Bkdatured product
includes an a nim acid sequence consisting of am no acids at
posi t i onsthd ®lthde thidmtoindihin amibeobanied si xpence as shown in SEQ NO
11. Thus, the type; of the thninthonodulin used in the present
invention is not particularly limted, as long as it has, at |east,

an. am Bo i d sequence consisting of am no acids at positions 19 to
515 of ﬁ%i@}#rﬁ%%@g%ﬁ%ﬁw&n% shosva in SEQIDNO 9 or ii. or

pepti de sequence,. havi n .homgl.ogous nut.ati on sequence of the )

af or enent i ongghestgﬁ‘%‘? dﬁ‘%“%ﬁ;}? ;gfseptelggqn%pﬂwq? KN g@‘ﬁ grtipy to (1)
More pr . .Of e e in 4 ) .
pept i e e SuuApEY ABSf and BF GROEARAL ub HEARBATR MR, ¢ RELUFSy B trombin
posi ti opsadlifiohOit RlfRefe@ble RES el (RESntkBrohBoribauli Ay i

or at positi gns 1%&?8 5%5 of tlﬁe rz;n‘i r?o gnd sgg%eélncewgg S %ﬁ;%lo}lgog)éé%the
I D NO  &agiilafidn, tiaBhbyathpgitih dadep ¥ sdtibAdo GhiprReROR® 0Bt SagitHgatidrOBaused by
sequence of the aforenentioned sequence and havi ng at | east

t hr onbothemuhihi rSwb bietiontof thiorpephadién com bk s¢femgl tohs traeguenakn activity.
consisting of amno acids at positions 19 to 516, at positions 19 to

515, al posi tfAdsishiizomborsadilingetivaly, thesibomedslinteferrblyilss 8f aptimsam{lnond (2)
' add PSR a4 TRrsEgbpiles Sbihepgion S o3 ERert.ed axanpl o, Noreover .

appi i e, & pLab Be o Bl Tt A AL HEE LG AR PG BrO Bttt of
at  posi {98%ntd Pfo%o%e}_@e ta%fvg?@%f;‘ph?ﬁg Lok tfl@pl%#gce BbBRL b Q0% Jtl;%)ﬁtcl%h easily

516, or t positrons am no" add sequence as sho

SEC) | Dod\eohfirrhdd bfa;i%;lﬁﬁg%é 1dsNREBOs diGm3laeQriBedh8hREEATH R MR vn AlblitAfns
t hronbonodul i n of the present invention. Further, a peptide

consi st innigding JR Phefcrubieiisn (Kblak)i 106 c8eque nc@ otd)er RkecrBd thBavidiGo@ktent the
| east thronmbonodulin activity is also another preferred exanpl e of

t he r esemgulatnroiroé nauset hy Gnopeint ardke hdt@mbtth gupmaesh dnoplogetisgaregadon omsed by
sequence :is as described above. Such a peptide g a honol ogous

nut at | oMY eRcEsodlesenfirmer iids sampapye dentdiat may conprise a

i of .one_or nore, nanely; one or

Tl bl o AR EHS BT el B hronhoods aseribeg i shegresest iR By soluble
|t 1.0 > f bl to 5 i | | f bl 1 to 3

10 10y B AL FLERL XL By, 0 BERLEYS gl eLsbly f e )
accept agl %Olhﬁfﬁ? oﬁhcﬁ%@ﬁrlr% gﬂoﬁlﬁorﬂ&flﬂiﬂﬁ'g 5 's&ll#l%]iﬁfyl & 1 fng?éﬁﬁﬁi @S dr q'@gnv\gﬁﬂ or

the peptide has throl utirn activity, e ‘nut at pepti de sh

honol ogyiore in YategaBb@ipleid UishilledRAS; usd &fr @ik addod (YRR, AR a TFRKA range in

preferably 80% or nore, further preferably 90% or nore, particularly

pr ef er afbk yb@5686 afra swbetantanch asRitorpKeflOratiolid @8folnr Swoh eplutslity tifiBrefdbo1 5

aci d sequence level with the target peptide. ex, other
mg/ml or more, or 17 mg/ml or more; more preferably 20 mg/ml or more, 25 mg/ml or more, or 30

mg/ml or more; and particularly preferably 60 mg/ml or more. In some cases, such solubility may

be 80 mg/ml or more, or 100 mg/ml or more. In order to determine whether or not soluble
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The type of the thromhonmodulin LIZItXi in the ?present jnVCfltjon is
not partcuiarlv limted, as long as it has at |east an am no acid
sequence consisting or amno acids at positions 19 to 1.32 of the
shown in SEQID NO :.5 orrtefetable, and a peptide having at | east an
am no aci d sequence consisting of am no acids at positions 19 to 515

of the @Gnimonadilh yeqlienbed adesthovatublo thsizobdnibdNih hs leen diksdlwedmbie €olution is
pref.:in:able. A nore preferred exanple of the peptide haying at

| east afbsaivEhby e ineked spr dpreaamplsdisrilnbelow Wi Hghtaeitds aht Pesosintdfrightness
19 to 515 of the am no acid sequence as shown in SEQNO 9 or | is a
pept i deX'CBREFERAIHY 1&PO%eAW§ﬁ3§e WNSE PiE B daRT A caripidgnspiuble substances
positions, 19 to 516, a ositions 19 to 515, .at. positions 17 t 16

br "t pidh EPorie 7 5 B8 e pRERR 6 a g SBle o 4ESanthn of 4R aeteple
D NGO &rd?ﬁboﬂoduﬁ#r tﬂi‘ﬁ&cﬁf?&g it i&al%d ﬁésk’i'i)ﬁe. t8 [fitlt?a?é f&d 551{1969 ﬁlgqg' cBahH ﬂ?ifﬁresence
each consisting of a. sequénce consisting of amno acids at positions
19 to 5363s@te POskid@ns 19 to 515, at positions 17 to 516, or at
positions 17 to 515 of the am no acid sequence as shown in 813.(1 ID
NO 9 or 11 iSheathsont@ndulieusadep tBx arepdre infentidie prieferamigb osmghises An @initidgcid
present invention, In the case of the aforenentioned m xture,

t he mi x$equencatcdmwished weenina apdptt mheitivhat9 st B2t the @mnp esidtse@rende7anfhown in
the ami no acid sequence as shown in SEQID NO. 9 or 1.1 an

d a.
pept i deSERIP NPadt which das pessi rogm apghe peuabportign eBghe; thpmbomgdplp activity of
50), an refenshl 5 :,65) to (45 55). Mor egver; the jnpki.ng
ratio bﬂqfﬁ@e#"%nB@ﬁ?q%@ ¢ HBE e aeat ol cepgbiths SrFsE 5DEmRgRPdRfia g not
acid se 0 i A 9 []. i at . .
o m nattscy3RuRdr i cad a5 aypRipg g Miudlof BBl bERpipo acias a
(70: 30; 548:Rich999 19)132 OF tHBYPE AR seqadd@d af ShdwdPi 7§%Q RO X! A LffihPacid
of ,11%ept|des can be obtal ned by "a conmon net hod. It 1sto
be ri ot &duédRatcohdifing @TUBIIEES a6:@R St PbiifiensOfo a1 AD o ghdlsbt-de@sibbd @Rsnol &id
to 132 of the am no acid sequence as shown in SEQID NO 1
cor r espaqdanct as thhensef@ADN @ onsibg b mgurally o anificatiydsutatd, poRing iap it $adafion
to 480 of the am no acid sequence as shown in SEQ ID NO 9, and that
t he seq@anemote diesicBvating obprotin G eawsed b thaemposianietmn §irargbanaodgB0 agivitac i That
sequence as shown in SEQ ID NO 5 corresponds to the seguence )
consi st gy sayf the e astd weuece pesisting plsamino g dsgEosilornE ank3A enayogprise a

of arm AR EE- ARelsB oF AP honcies B eR A SHBveR Goer AENCeid
367 1 o FO0EF ot febiite SERUESE, T EhSk A AT oP BN Bt pBC R
the sequepag o6 ansisihReiRkd Wa&&%&fwﬁ& PRShbh®BR0dint 24089 Gfhe thBated
am no acid Sequence as shown in SEQ 1T) NO 7 corresponds to the

sequencen®ensidstdueecfondfting @ f agirdSacal aPeSitioho DBtolIB2teP tHE&hied adidd€equence as
am no aci d sequence as shown in SEQ ID NO 11, Still farther, the
sequencgswedn BEQUITsNEX il shoved hanology @t fod sxatplpddVi oransre) prefeiaBlyof0% bemore,
am no acid sequences as shown in SEQID NOS: 1, 3, 5, 7, 9, and. 11
are al | mpgemeferhly 0% emeorarfortivs preferably 90%as nipes ppitivelarlbheievablt $ré or more,
t hr ombonodul i n used | i nventjon, can, _be obtained from,

d h t
tr ansi niHafestge? F@blf/'r?g‘ﬁ’o oép&%?vé%aah@@nm HEBP FEH TG DA UEh b Ay acid
e el B S BB SRR S BRno M B g Dol e
, i. i | . .ect |1
Wi th { nanod i StabbadeathPbledEEbRlyB0Ey o Do kerldiB PIARINORIRL, ool 1 ©
obt ai ned fromyt thansfiQy A tedkBhdeSashbWRIMIPY) 1 atd:ad, hed inng imgtam@mhad at

with a vector conprising encodi ng the am no aci d sequence s
i n SEQ pd3ith@: 129 obthe binifsped sdquant hy sHohe iDINBEIMDWO: il ha$Skfan substituted with Ala.

The thrombomodulin used in the present invention also preferably includes an amino acid sequence
consisting of amino acids at positions 19 to 132 of the amino acid sequence as shown in SEQ ID

NO: 3.
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NO 10 or 12, respectively) is preferable. is only necessary
that such peptides have the aforenenti oned am no acid sequences.

Thus, a sugar chain nay be or may not be added. Addition of a sugar
chain is not particularly limted, in addition, in genetic

engi neering techniques, the type of such a sugar chain, a 'position

to which a sugars, gbaipe bSthaddeehboaduliaseiay ahe gfesaddinteb@ih th hdteFarticularly
dependi ng on the type of host cell used, and they are not

part i culiatéd as fong esatihas;Tat éealti mdirhihg agd séqueme cofisiging hf aniwagads tidpaitions 19 to
and the_type thereof ate described in .JP Patent Publication (Kokai)
No. 11- 13321/9@@13(3.{199‘9?0% sequenghes shoga Bf SEQ: At hendden # Aogrolagess mutation

present inventi.on, the sane sugar chain may be added to the sane )
hos 1 oIS RESE BlOEITHEL: SHES. AR b FBHPTGA IR (PEBEotFdupge having
describ . . et f bt gl ni th hy omi i li.n, of the.
desor | Offylth oy NS NOSRLEE SRRALIL PR NE TR RTLAIRENL iyl Ll
of obt aiikRghd d18 P égcolilglmﬂ;éqﬁ’ d dcﬂislagp&%ﬁg 1§ 1051391 G dsitns 17 to 132 of
however its a signal. sequencCe that can be used in expression, a

nucl eot thdemsRHRTCQuLHE AT HhBEN ISEQMD MNDACHHB, SRLMpHEEe 66RBlSE bMWh&hologous
amno acid.s at positions 1 to IS of the aforenenti oned am no acid
sequenceugsosiequmce of tBEfoldndNined sequenticind dhvidg adegudneeboenciotn agivithe A
am no aci d sequence consisting of am no acids at positions | to 16 of

the al | piréfeesiissirebofanieneenae Pehsisbegierreina scidghdwesitionsSEQol 182 NGthegymino acid
and. other kno si gnal._sequences such as _the signal sequence of a
human  t f°98%e° B hehn B 9BR RNy bvioh sene B@fea@ia PERYRAR fopgr more preferred
Eg?llhig%&?ifgggg ﬂ%%% %g'ril' alsé Qéj aﬁ]pli)ie(li) %tp%%%gé%}%%bgggxﬁ%&%ﬁg mll}lt%tion sequence of
Il aremh il in:-4.8 1 i I £l

ol o A i Skt QAR O RR o o PR PGB BRED) ¥ 132 o

encodi ngethiiRQIRARERR dsNtBwd N SHEPID M0d1 3r 303 d0haRingl #1801 HrdHFbrdulin
expressi on vector capable of expressing in animl Gas, and then
i nt r odusdtingy.t he -vector into the host cells, Such an expression

vector is a 19 :Intiskannitinni;cant:,sttincntn it:: adding, a
3- sho: AAt n, - . Inhardotler iembpdiMent, RiNAthramborddulit . used ek dmKpresdnn imaintion Arefdeably
pratcdn to ;X : (IITIL:71:9:.:t:, 11S kea-ic tjp,:rat

CM : Cl CFQmEsIses apgming 4qid segpence pensistingafegrnEscidratpositians |19 fariftof the amino acid
ITITMD eel: CY: IV NS Ldby R C. Ml : Acan I l.ci,. YSct,
1/S. k 789UgH59S ihfwgmgﬁ%@r@:é- B.1Pe &/p¢ of tg pesseny thyambemegilip infhig nt
tti. | AvAnk.ttb:inE n: AynAok: gy :01, 387, Acadta-njc Pas: (1983 .
i o it ol iad) i AR i corletih bRt falile bR b amino

Chkt ct e56ids at phdi tio R'2%0 t CC =h o S ceN, .
R
CX:l,, I &M &Ruébnch c%ﬁs@gﬁn%%tam%"&ids ASbENGE 108b: 48U e aforementioned amino acid
eci | s:achAdc1101..a : Afils, WLg celis; and tatitm: 293 cat, 01
tin: A nsequence as shown in SEQ [BXNOAS5 agdy @Xlidnidlogusly , maasdies 1éipdas it has action to
ninthrabn:. Anmong CT tA) calls DilEtc-C HO cas arc non:: prefitrabk,
promote the activation of protein C caused by thrombin, namely, thrombomodulin activity.
In the amino acid sequence as shown in SEQ ID NO: 7, Val that is the amino acid at
position 473 of the amino acid sequence as shown in SEQ ID NO: 5 has been substituted with Ala.
The thrombomodulin used in the present invention also preferably includes an amino acid sequence
consisting of amino acids at positions 19 to 480 of the amino acid sequence as shown in SEQ ID
NO: 7.
Thus, the type of the thrombomodulin used in the present invention is not particularly

limited, as long as it has, at least, an amino acid sequence consisting of amino acids at positions 19 to

480 of the amino acid sequence as shown in SEQ ID NO: 5 or 7, or a homologous mutation
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In a gennfic cog: neting puyAtts.:: -or a kynde nll111111:1:031
pnteit& :SIIChuS ii,cchcrchectenfiWe Oter, |iStd, A ittstntAaA
t:yAl Atcat :a:table thr each pAmess isPren:Inibly usH, AsstniegitanA

dcc Sy::::0lll can be SC.I10tet: IIVet: MI"MIIIIIIT: ell the
deteneAnitnted hnett ettls, AthllITTIMIMIIIIII: geM a, AAenck oc

nt nabnnsdquencengchd adGerMntibhell ekjudaree, anfilis AlsapAscses lekt kipsptidengquence having
11-ttonboneduAk by snch a genetic :::::notkihnilion zet.ttangne haw

been &t Huorgporgoduhn bttty aPieied Naaroples phittief yesegt firamimnboakba dbdiadeoa peptide
nbtain a patiftm product has al so bean known 131' Pkat Pub; Kat: on
( Kokt t i FOrRiSHag ofgusegEne: engigiong of anpuoasisgopesing e 9 | 489 o gt pogisns (190480 of

R R NN R T MR .

e oy EPAR Y. £F A0 RFe RS ltbe bl S EOBP b bR IO iy A

Ni t An peptide consis{in%iaél seqDhick Y,&ﬁs@angq opaxﬁinb |a1:i@ﬁ, ogitioﬁshﬁ) 1'6'486er %1114 &rﬁ@@‘lécid
,&)c . §9 phi ung

FA, 'cc ttcsion : 3831 conprising a tard SV7JTvU2 non:

DNA encediuaige @ shéikiinrigd Ibnvantbant kkintoke pAfaiBlal tMofebverAin Wil :rfbre
con D1151pSV2I M 32) (PERM 1: 3P-55701 : AcAcin the aforcinenthmed sakin
La: : kenreferred deppodingit, Wicrd canAblag Be appliedtadpepde icamakting of a homologous mutation
i nvoof | 3k: A det t AAA and Humari-ilccntc'ott ,:11:wiC_ :99t:: (the
CM M |, saQ¢nce of fhe amingsacid gequeste panviatireref anrigriaads-at gosimn ¢ tad@p or at positions
MCht : O , |.ndependent 4. dantastransie .:.9,111:1103; under .
tat khl | %}{? fggﬂf:tg?\/ﬁ@ﬁl?o%‘?éd seapepge: Ehihpnsie SEQLRIC: chAr 73w having at least
Ai t AN.) n; 0. . x sad ftc thrnAnbei nocinint of the present
.l evt Al ;Igg?o(r%%eagﬁrb?ﬁ%ﬁt}fPart 0 kiowa :1I1I1I1IT1: tmgthenring Kan:cl ue
usi ¢ the DNA pn j IR RCTole) Ra! IHQHHBP' ) r. .

B ﬁ?%gigpe gﬁl [ nmlhsed nt s h?éﬁ%”%@%r&ent Mélg 8%@3@’13'

material, The t ono ( I nventi on nay be prepare
known nelcivaek £ anfino ABE BRfleiREEbNAHAR LS bRBL AR afsitBXa [Pl 1 ﬁt(ﬂ ®he amino acid

present thronbonodulin can be prepared with reference to the

af or enestguaneds stetvhod SBE) IIvan@mt dhetypatof tHe pRat@niiroRbbhbeaiie thi dekinient
No. 61-6219 A (1 989)1 or the nethod described in JP Patent

Publ i catsitohpqri@ialy)linhited, %-124B8998 comnirde8juch Thaminosacidosegagnee eonsisting of amino
human-derived thronbonodul in gene may be subjecit.xl to onetic

ertirt hdds #gosiBonsoivie St iof thenpng\adin sestieng 25 KBoEmMBEQdPEN@y e nte asino
shown in.SEQ TD NGO, .9, far exanple, and it _may be further mpdified, .
as necefEar UCREs CoRIIRE r?gm%a:‘ﬂp‘%so% ,mﬁu%d]@ntoﬁgdgi%agﬁ@eéﬁ?ﬁ?é 2gungyacid

at posi 7 f the i chd._segquence as sho iLbn SEO NQ .9 .
(parti c%ﬁqgé}}c;é/ ,agtsﬁ%wnnlﬁﬁ%?t[ﬁg\e@ﬁ nﬁagg@? %ﬂ(ﬁﬂﬁ%l)sg i Igl\i%ﬁgfj aé??’%ias[  haggetion to
- direct gd a9 [ : o} ?gﬁﬁhhﬁﬂi ' i din
Enzynol glgy, 100@3%%3@(@8@%“?C%0a ghﬁc}ﬁ ress, S ’glg&to obt'al n” DNA

encodi ng the RMhBAmRE &id SRS Ss ABowH WBEQNTSRO: 1P, WD thak ks (hirsfo acid at
specifically consists of the nucl eotide sequence as sho\t in SEQID

NO  12) positon 4% afifileemitdsicidjsegyarichas slowbNA SESEID NMuatas beentshibdtinhaswiiala,
nucl eoti de sequence as shown in SEQ |D NO 132 the nucleotide | at
posi t i ohheliagnksmcguin @efl i) thhi@res¢@ irraptidyealsropre@rabbdinclodeshe amind it sedeence
C, so as t.o,obttai n nutated DNA, for exar}pl e;, . ) The t hus )

pr epar etPPERANG & 3RER ApEY atragitionnhibio Florofdhaamping acidhieawasee Rashomarin SEQ ID
ovary;, ISSESL cells to obtain tonsfidmtuit cells. Such cells are then
sel ected,”"as appropriate. The selected cells are then cultured to
obtain a cult [.uf i qu] 0 [ I .oduced fro
the culture so l%t ?’%n e%/gqu)hhrei Yi r%n{ogﬁglcg%rq%ntge %%S%l.tqﬁvr?gé?ﬁ P ‘?’f’gtpﬁ%'ﬁ.maﬂy
As st at pdit@bayRng bl it ha, R1SECEARL B hlidteduBR-AbRLSTB B LAREdci i

be transte%?ed \Ill\llgthl t he DNAﬁe(SEQ '(I)'D N(f(fum) ené%glgng t%qu?npitgm%%%slgto

sequencel sasf thbamtind dtidSkQudrloe Mshdvn A $EQ MDANO 09 opn 0,#Giephiel fguence having a
t hr ombonodul in used in the present invention is not limted to the
homologous mutation sequence of the aforementioned sequence and having at least thrombomodutin

j=]

activity. More preferred examples of the present thrombomodulin include a peptide consisting of a

sequence consisting of amino acids at positions 19 to 516, at positions 19 to 515, at positions 17 to
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eases where the N-termnal amno acid is nodified such that the
gititainie acid at position 22 could be converted to pyroglittamc
acid. It is preferable that the amno acid at position 17 02' 19
beconme, the N-terminus. It is nore preferable that the LIETEICI O acid
at position 19 beCMIle the bi--term nus. Moreover, inaliother

pr ef er r g, enyqakident 1,7 th15¢5 afithrendnd seidbequesietas Qow/inBSHQ he o0 bhel, and a
N-terininus. Wth regard to the athrenentioncd nodification,

di ver si papéae Pamisting of 3 hanfrdogaseutrsiba sequene of dre SE@mentidded@quidce and having
Furt her m:ire when t he t hronbonodul i n of  the gr esent invention is

pr oduced 1St BEpMORIRARR, FHFIY. he Aertide SPRENG Bhp SHUEIESOBRBING If TECIidS at
NGO 10, the Gterpminal am no i beco i sified,. and_as

N0 D pdlnCrd B BB A1 AEL €Y BREOTS, O B o1 ] SShucDr 385y ot
am no agid resi o% _ : i re ma

be cases 3§§ S%n%%ﬁg&gg?ld a ?gows(?t?%:p%g@ﬁgg%e}r%@?hzn atdﬁﬁioﬁ,am}&uue
C-term {bresf is @RE alptefiredfcthihPer Btdebes i ; | iR
acid can ge lrsmdi fa ipeed. As a ’?lgs ullef[E,kéégé b% a[I)lt6 ?lglte%ﬁ%u%]aﬂ&p\%e%ﬁdﬁ% b Wiere
N- t er mhéanchlariengpiel dpepide CorlsBiBRd 004 seaiitite cdsdiding B amMoxdcldk &t ek @RI to
may be produced. The amno acid at position 515 may preferably

becwr i eStthet Ghsiticat HPras15Mirmeeitiens 17 to ahgtdnet ppsigderit’e Eisboiihrentino acid
the am no acid at position 516 may becone the Gterminuti. Wth

regard te8UeKe agfbpvEmEnBEQNEY Nidilf | damiddwe thiroadis iafsoapietred exxemplet dfethe

sanme holds true for ENA having the nucl eoti de, sequence as shown in
SEQ I D fh@mbfg}o?hﬂm of the pyggen{ HIEMIBmo A A0tsPEdh s IBing 9f @ homologous mutation

Nt or reHGRE PR Pt oS BER Bty FLAD dl Pl cxample of

pepti deg, R’g"% st kaisequence consisting of amino acids at
posi ti ongsl to %@% o'zildt%hlg'ositi ons 19 to 515, at positions 17 to 516,

or at posifi oflpeptilié hhAndd RoMblobNR rAMRA sBieHceSis dH@RERLARLSROWI b SERde
I D NO 9, "Ube 13re:it:I'nt invention provides a nethod for

pr oduci ngyirpod hdvh@ogdub wandhion regqichtealsuipsiudatd pdptile that map Bb@pfideYsidstitution,
denatured product of the sol uble thronbonodulin that nmay be generated

f r om t héelgiohuladditibn ofdnermp thekd, namelgiponear indiltiple andlpiefepatdy seThral (foresemple, 1
production nmethod is not particul arlg/ limted, as Ionf; as it o
conpri S@QO( H!'j’fe@bb’t]etﬁ lgfmgrg[pf@@glplﬁé ey 5,04 gartieularly preferably 1 to 3) amino acids in the
t hrombonodul i n-conhi thi.nci, materi.gl that containps or.is suspected to
cont ai narﬁmﬂé"ﬁ‘gt ﬁ?ﬂ'é"ﬂ‘ci)f’tgl?ct?rgﬁtf pngge.s KACES %%B?Jn‘i;dﬂm?‘i‘f’nt ngh PATCRALLY

mbomoc i R EONCBRRBar e ek BynikRer aBRbR3pRy BoNe bmolgey

denat ur r A I I at i

Condi 1 ona Bopie: A8 o BRETthy TR OTRER; hiort BREETREVED B, Suher
a denat preRehbBr MWW 6F mefe, pAieci8olyulbRrabRrosbenmeie! hdd mb@}bﬁ:‘f&_ﬁbly bk Sor &ore, at
production nmethod preferably conprises (0) a step of [eaving soluble

t hr onbothi adhioi anidisaglencedeved ivith dendittipepsdeof pH 5 or | ess, before the
step (1), and it nore preferably conprises (0) a step of |eaving

sol ubl e t hr ondoreouai dtherymeferredagiadiptes o6 tidi thicorremeflulpHusd dx thegssseatridvention
(*) a step, of purifying soluble throtubonodulin, before the st%gN(l).
The ti nBClHEs mperide ansishng pe ssaespcq (P2 paiino-cid regidusst asisgowpn SEQ ID NO:'14, a

F?}‘Ctginf e Bl Opparuin (PP Ao T BEp o ORE g (R ANO: 8, and a
i o1 B SeU ARG D aRg o8 PP AA FRRER M Elon® BRS¢ wticpere

the presaibet My B4 QPPuliREIHAR okdiPRo B4 B1ogpTAS or |ess, preferably
pH 4 or loss, and nore preferably pH 3 or l'ess. The lower limt of

such pH is, fTle tpadmhethrddhbolnodlin®@ee in PE efeednd blvintinis 2ot PhrtidWAGy 1iAMH, as
nore preferably pH 3 or nore, In addition, the tine required tinder
long as it has at least an amino acid sequence consisting of amino acids at positions 19 to 132 of the

amino acid sequence as shown in SEQ ID NO: 1 or 3. Among others, a peptide having at least an

amino acid sequence consisting of amino acids at positions 19 to 480 of the amino acid sequence as
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The ai bm nentioned purification step is not particularly limted, as
long as it is able to elimnate at |east proteins other than sol uble

t hr ombonodul i n, Exanpl es of such purification step . include a step

of eluting and recovering sol uble thronboino din under acidic orons,
using affinity chromatography in which an anti body reacting with

t hr onborbadul inSEQ@ ISUPOS ved,is prtbrables tepa @éptalk Ihawnp @t lehe as @ik &id sequence
t hrombonodul i n obtai ned by the aforenentioned affinity chromatography

t o cone cPeing ohtmisp agids bt posgamns df tekthahige rminvieid sgnaict ko slsown in SEQ ID
consist%&% of a specific conductivity of 25 to 34 ?than and as to ‘
recover e Yol dbmeretmefeibier nOdute presgred eparle phihe wepiide hawng afleast an amino

(Genat sl BRBAGIPES e S eFRa R P ombIS TS PEIE S A0 euace gxshown
| | h. . | .Qduyct .of

o254 becanagsos oL Ay b1 8, S AER, 105, Bl 5
thror nbegredhilat Posfnt abmb BYs, RGBS A 11750 & 1588k g@éiﬁ(grﬁflg 3¢S ofPle amino, acid

substantially contain proteins other than soluble t onodul ['a and

a denat vegenqeradhioin bf SEGED D UDbe! I hrarkomBeby b inlixtu@N@Ldifddcdh ¥uch R8tides
lower Iimt of the content of soluble thronbonodulin with respect to
total prathaiongsting of a seqeercabbmsisting ofimaino eidls at eesitinirail B ikl 6prattpesitiads 190 515,
for exanple, 50%or nore, preferably 60%or nore, nore preferably 70%
or nmom 2fREstReY 1 ipef eroabl BosBions bt torpdp ef the amiroggidsequenpardsishemsh in SHYBNO:

nore, extr ly preferably 95%.0or nore, a t preferably 99% or

nor e, i?"égg‘}%@%/%ﬁ?fetf X%'ﬁpleeégfggg@g?fﬂomgg RESSEH HIVER{oNof 99, 9%

or nore is pr rabl e.. The. al or enent i oned .content of soluble .

t hr omborodul i E‘Ig‘&% UL ”(‘:eé‘tg %Iéeiat ORI ra§8lbﬁ'8‘fe8n a peptide that starts

t br onbo %ﬁ#ﬂr;]ésﬂiohtﬁ el ONRY SLid sk Bgeoﬁ%i)\gh P rsggt@gﬁ@s 91 11AhEN g%&?&é that

content nmeahs the contents o modul 1 n” and

denat ur edrtpfreid woditi@f 19 heesas Bol: 90§ B U NAd PlekdiablEB8N 65110 (&5 CBge i N

whi ch the content: of solublé thrornbonodulin neans the contents of

bot h sol ubl e Murexvbo tedhixing rativdbawetanapeptiéothpy oahifitesodt gbéiﬁorﬁ@iﬂkﬁ‘t@e amino
t hrombonodulin, the lower linmt of the content of soluble

t hr orrbo Aeid s¢quanasi as shovespeifiQ 1 Nt%dr 1praod eiprgtiderihas trrimirsiek abpasition 516 is (0 :

t hronbonpdt dm contai nMg material is, for exanple, 50% or nore,
pr ef or abPy) tO%b:dP). Aesmaner 05 PRk el &b ). Posa pe (7160) PEIL 1.

preferably 80% or .nore,. rticularl refera 90% or extrenely
preferably 95@’%@%@?" gﬁﬁc%@p%ﬁ%pg? B‘btﬁ‘?e‘g /ﬁ?ﬁ‘mﬁ%ﬁ"é‘g&g‘}i} addi t on.
there May al sq . a b n i.ch the content. of 99.9% or .nore i s

pref er abl e. R iP% l9“11;03&5 atctgg erlqcufi%cﬁtcy?fm%gﬁtogﬁ‘?mgfac %I%B?Séuonselg 10 132 of the
thr omboghy) dofl &aEEnRE 2TBRBMMIE SECSITIICE T A oPnin
anal ytical rever ge npﬁas_e éwﬁlr omt@%grgﬁg,&@w‘?ﬁ@% ﬁﬁﬁ@cgg hlggﬂfn °
I D, x 1lociiit, poSiiemes 6Papi4RO of thllakaino hdd SkR¥ & shARFinISID) Pb Nh: Bhhd that the
anal ytical sanple is subjected at a flowrate of 0,8 rtillmn, using

a nobi | eequbaseonwsting of hmgnoafciddias poditiced 19ad ¢80 cbtht amiviogidsedened as shown in
triflutTiroacetic acid (liquid 1/40 and acetoni nal e

cont rt i AERYID NOr § epaespendsdo tha: saquence consisiinat dfaningedids 2 pasitorB 1PrtoAB@6f the

4 to O : 100 (48 mnutes later). Thereiritei, theal ascirbanee ffi
' 280 mnABHOZRIISEURNES A5 showen IRN®:8nal yzed. 'Elnas, the content of

sotut ak t hronmbonoduyl in can be obtwi.ed.basedon the peak areas of the .
2ol ke ¢ hr onbgTBadRY e ErBTtBE OF BT SRR PHRETD ARy e of (e amins acid
quanti ti r L1 ksl ' thr Mn.ate .
It eaSUIg@f&j:eL% sfoh &sﬁbﬁ@? NS %g ersﬁ(%lé? F‘L %?64%,“%‘%%?%5%?%856%‘% ils at
([Koki i npodNevns 364 13480 8PRe Amikd-3G@hequiet Rahod e SRAtIENMIPN 1 1
sol ubl ep?hr élsnbormdul in cgn be obt a?q#ed.e ? ISth he gelé’e%? the [Equsags
i nvent i consiseihd ef arpigo tacids M P@itioks 1Sk AJ0 & thé @inidoMcRi sdqhiered aaowRds! 9B D
under acidic cerli, 1400113 of pH 5 or css., material containing such
NO: 7 corresponds to the sequence consisting of amino acids at positions 19 to 480 of the amino acid

sequence as shown in SEQ ID NO: 11.

Still further, the sequences each consisting of amino acids at positions 1 to 18 of the amino
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pot assi um phosphat e. Separation conditions kir Separantly,

s Uble lilltanmborikidutiri fromlt denatured product of the soluble

t hronabor nodulin include: |inear gradient elution conditions;

stepwi se gradient elution conditions-, gradient elution conditions in
which linear gradient elution is conthithed with stepw se gradi ent

el tili omgid COhdrcdsla(shdwh in: SHO) IWNIOSH 1. 506 URbeartdnn arban@autal idomdsaneihet et i
froma pass-through hactiort; and isocratic elution cotiditions. O

t hese condi ti daslesctibaebaloypatht itteombahaortilionisedbindiht iposssnt isteafion $an be obtained
gradienépelution conditions, gradient elution conditions in which

l'i near gPadrasomeantcelsrhitsare oreprae &y ingorposttimg PN A egectiigetie neplide Irving the
d dit | i n whi ch sot ubl e i t odyl j thted. :
R L kst T R -
| uti Lt . i di t,eluti |ty .S,
o aci ot COREE S WSWELERACED B A0kPRY 1 10 SRT FRELS i Bt qndthen by

conbi negyrd-h ) o[ e=Tol eg_ﬁ:ﬂ]}og[ﬂi?h bl . . .
epr' et etrllri b %ﬁ%&?ﬁ%&}lﬁg&?@tﬁfﬁeﬁ{%not er e Egpgr}he%gted hgglrlllat:hﬁoérllj%or?%dulm Gbined
L, L Vit b teakfubhet tI hrpheabd whhdfediss Gddt cfllsadi 4 AR cBasSsit lcbd
fraction are :..-)3t1 ?ﬂwgbl e. 9'Sti Il 1%331] ler, there tnay a ]s?gi%%icgamg
case i nthehintio asdematice scomdint SBQIDAN0: poef (spblifically the DNA shoA@ id SEQ ID
txfssitlicough Itaction, there is thtetiOn whifih soluble

t br oi nhBFBAYPT 1. respaseveladspreferdbded on an ardO | Oxchari, ger or

hydr oxyapat i tﬁ .when a sol ubl e thtunboi tiodulin-contamng rnatelial tO
SUCL ; " ani on &xXtRaNgEFessHy A sichppspiidesahavedhe Tiveenaniorsd amign acid sequences.

1) ass-dircrugh fraction ..s riot rbeyl arly.jnnited, as |ongas n does
- subSEnfap R O, B o T AP hec o rdiditonof 3 peah/pRaVR ot pasipularly
For exaj; i a 101 | | GOk vl Seed it 30, col um..

vol u rresl,ugg!r:d' Y, h? " Co [ﬁ?ﬁ&%?o‘i“??r‘%%g‘%é@“ v %‘H%SS glg lt%)%(0? & hed chiingposition to
coudi t i {yhicRS BEn nj 44 j t&nté:é

col um usecd. g f( C. %?H&é%’ ?ﬁéﬂt%li@g%%gﬁﬁﬁ(ﬁ%eerg%% ggfg %ﬁi tt &&%\Mﬂ%ed’

addi ti omd they agt maiganRularly Wiiieh. SOhdibheing Hosiish BOERA bugat Shadh hd @Rltype
paSS-thrOugh 'radian, a boiler solution to he used :ny he

f | ei ennibaredf aradesappadapIP Ketent Ribietidh digolam) Wdel 1041880 @999 |1 Aumin tisedse of the
Specific conditions will be desenbed | atC3- MJ-COver, iSQCratie

condi t | BFEnkaegduiieoifbe masent ingtrtiondke wpisrsogarichdie mag bp edvldil taythe sarhdyensition as
type of ", \\1/ 4an ar exehai ver havin

quat er n@%?c‘%lﬁl%ﬁgﬁ ums y Ogﬁsm%ﬂ?n]ég@&lécafl% S AE@S?%% Ib‘jf?l’)ﬂ.le etipd ﬁli@b’@l%inag the

Bus- Sei §.i ; TLGI3 i S a. . . OXd i or, (.3r:1i: i

coed. - PRSI B e ptestof R R e oot 03 delets g g | i e ca of
o . M _ _ O : |

(1 o ] OO T S B S B

buf fer &l Betised @&&Mhioﬁ,m hicle@€ile L‘ehﬁeno_@%h%a&qg%e algl)nQ) &1&%6@18&{8?0%}1}1%&

butler ;pH 4X a 0,02 M phosphate. ''mni - , or a 0.

buf f er fmind kel ht Astione OnY8 b thealforefierival @bl acllr @icats adsHdeRah $EedD
| sroduct-containing material is subjected to the ani on exchanger.

Bet er e HPut%h annusteotd srvjuence ramoerditm theogtuinb recidt fegueare aonssting afgeninoayids at
be washed with abuffer solution of pH 4 to $ the kind of such buffer
sol ut i oPPSItENfH 40 |6 ¢f the gforementiened gl ac Squerke 4s Hoanar SEQUIXEO: §,pind bther

871 Vil b kB Bo i oLa PrBHTEes elanrAReRp actator i be
t i i j 1 t ed
Gonat ur iy gt Epb QLONRICO el b, o BReBCPRIRHES (KR B 11341990

el ute, "(1byoygpadi ent &Julien with a salt concentration of 0 to 1 M
using a bul'ky S(fiCti0:1 of 5to 9, and preferably of 7 to 8 (the

k:nd of such With @rDIS8lsdduicait bl thrbMbb@eduliti it ifeATRGSHtoehd O2s Mhere is
phosphate buffer (pH 7.3) or a 0.02 MIris buffer (pH SA Separation

preferably applied a method, which comprises incorporating the DNA sequence encoding

thrombomodulin into a vector, and more preferably into an expression vector capable of expressing

in animal cells, and then introducing the vector into the host cells. Such an expression vector is a
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separating sol uble thronthonoduho from a denatured. product of er

sol ubl e tbronthonodul i n and ebating them Exanples of such gradient

el uti on dondintdens ti:nclwdeinliiinedr « gradientquelcut i equeondirtddomng,a ribosome
stepwi se gradient elution conditlons,, and Dar elution conditions in
whi ch | i HERMEgradi eRb Aet (N /brraigice sitBiaRd Profilt 1 st @pyirse gradi ena, a

elution. .in. h_gradi ent el ution t c ntration is set at
prefer ablti/r&ff%{{)g Sf)cglc[f\% @rndimr‘ﬁ%?%doﬁr gg?]g?zg@{]’yd 68;8%51[08 ﬁ}g’% 5([\:}lluu"ﬁile "‘g‘ﬂé’ﬂﬁﬁ'

of a buf firimsie] ditipeiferiss BAmbNcRlelirksGibn 1&102ink V4BV b mpovi@d bt &l esy,ang,
preferably 5 to 26] col um vol unes, When gradi ent el ution

condi t i onsaldPecusddicadsiea st -ep7foP07310t %8l Ni g pANCR1 (GE-Plorpdfiedist P.on. Howley
cont ai ni ng bl e thronmhonodyl jn that does . Substantially

cont ai n égﬂ‘g&%bl‘ﬁ?bé‘a Qe bleside gﬁigﬁé\%‘ "Hbfré“t({b%é}h nnodulin, there is
applied, for exampleor () s $£P=0f QBRI Al DL NG RUGN,. 8] %{i&g i ZRA P s
after the position of a fraction horn ich the solub

t hr onbonbaubiérrovivg (€Hay edshass-preesi aosiyche emroopfliouned, -s or ce(ih)Biak stigp

of obtaining such elution tiaction while confirmng the presence of

t he sol ubMBTtHFEHBGHEUPRIEC PAlstde hanyeri/ohl 4 ¢4 eelisonn addition, examples of such
Speci ficall scribing the step (. t ition of an el ufion
rract | on ehErFIBEE RO Ruledi Pl skl B Blnluiinda sl tethese
sol ubl e thrsonbonBduld Airhasy RLeNIoMs Lypeg! {R%R%Cﬁ@%ﬁ&’ Dafrangh %%lis“m
met hod for confirm ng the ptesence of sol uble throtnbonmodutin an

t hat of aodenetmtled product of the soluble thnm xarrodulin (for

exanpl e, size exclusion chromatography described in Exanple. 7
later), and thi 2TRiF GPRIfERst RIOMSTr tReRiIde aEidpstion Prosess seioveizarlsmOnch kre

ot her ha .speci.ficall escribing the st (13), . while. confirmn
by an anaw ?’Fﬁ’%{%n%’{z ﬁlc’)ec?%'? ﬁse‘gonﬂ’?sﬁ? 8’“ ?W@“bﬁl‘g%&égza&? PG Syl paeierably used
t hr ommhor nedutd e aRGotHalm of & depal WegdicRiaduch 1Qf 8 BEBOHBLE s, A
t hronbonodul i n OW exanpl e, size excl usi on chromatography described in
Exanpl e hrbratcero)luiivhabe ard éh bigberic rdoaghiton tebifai ins bsaldbbe  Examples of
t hot habonodul i n and does not substantially contain a denatured.
product BPHE SEmpsmediline Brekoe weidit Eeminelian fekniquedeys dren disclosed.

contai ni p ol ubl.e .t.hr onpenodul in_a ubst anti al | ot .containing a
er ot or & DPUR0AINSP SR e PSR SHOa 7 R e BER HEteowen Bt
(b) is prefeiabh@iickith addhs iR, sitdd \ 8 es 4. ' hy
step (a)[i S prg{‘)lg]??llg?ne. ) D 6&)6?2%\{513?*9‘5)/ ‘g’g:{'g IG? t(?ﬁgrﬁﬁ’hﬂoﬁr?g%% ?1%9% E’
subst ant ball U387 o893 ontaad Mi3gi7@ devratared producCherhheseabisamsal soebe
obtai ned as a cass-through fraction by substituting a denatured

pr oduct - COMEEIAT Ny ranephedulipived ia Usuiresa] ievebiidf @n bs gradtiedrbyblet bréods
subj ect i uch denatured pjnduct-containirs material to an anion
exchange?&g'ﬁ)éﬁ "’p'g% Pfﬁ?‘b“&ﬁﬂgjﬁ%‘ﬁ °6ﬁy i@ﬁllﬁdsfeﬂﬁl(‘,%’%g 1G9 P‘c‘?’fmé‘g{gurglré‘f‘“
t hromhonodul in is not adsorbed on the ani on exchanger when a sol uble

t hr ombot FREgaiHEelomt A BT haPED i'adisciosessibf et ediatcs! fhi Emindm 1> (AICC

exchanger,, A.diffe e between. so r onmbonmo in and

oot har o SE PN S R Bt B G M LA BTBaBe L h ey P Bofinenats
ulilized oo HSoGREE,. aSqah cg@z;@ns;ﬂmﬁﬁﬁygsv@m@m gm@ef ¢hanhye %vhﬂ%'ﬂfﬂcg
a quaternary ananaetnnin 1SOL:1) 511:11 as SourceQ Q Sepharose 1!

( GE Heahhivcaicatidbed oxGebBtlicees)decpSard ol 0d (:Bar Natidral BistkuKo) Bakcierce and
Mustang (PAIL), which is a strong anion ma: hanger. is preferably

used. A suintaableehdouich e 06} 10t i@y (Usetkin 1Sattohili iIMattay @ f iI/6ivpiced erdabliyl

a buffet solution of oh to 8 hayin alt coneentiation of 0.1 .to
0.2 M Tﬁé‘eR?enH"QFeCé‘ﬂt%'ﬂ%tﬁ“f B‘pe BF%‘f %'P'ét”?’i'dfﬁl‘?tﬁ‘i'tloéd“' o t"éx%‘#ﬂ’itg, of
0.02 M phosphat §radd.228 IMusiediABTohI-or Hd@shi H7chbhie, TaRuBeshuSedalVien, 305,

met hod of inin ass-throut.:th fraction, while coll|--1011P18lI
b.,V "an Jé‘? P‘ii’ A ég%l%%gff&dﬂ%thﬁ” gmefiyE %@@J@%ﬁ%‘l‘fv‘i‘ [Py &) ‘E?éHePare]a bya
EKai npi e khow@ap@iktit Batinedingeletinic@B ufin@aiei MIA e¢Rt@aignte Salitipkiethrombomodulin

as a
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in this case, as hydnaxyapatite, Macro-Prep (R) Ceramc

Hydroxyapatite TYPE 1 (H O RAD) can be used, Ibr exanple. A suitable
buffer solution used in substitution is a buffer solution of pll 6 to
9 having a phosphate concentration of 5 to 20 triM and preferably a
buffer solution of pH 6 to 7 having a phosphate concentration of 5 to
10 ni M ravhmatkiiald of such butler solution is not limited. For exanpl e,
10 nmM phosphat elM sodi um chl oride, pH 7 As a nethod of obtaining a
pass-t hr ough Thealbrangemogiiin asedgnflier presegt iryeriion aney et prepasest biod conehtiamlly

S i
* br omboneHar Wi ek 8 e B SRR SAECmBEAT HE Yo Rimbl) Sy pl A1t BefEnt Publication
Nor eove(Kok'aﬁ Q@@tM%ﬁbuA %wm@%éhwﬁéscn% MBBFb@atgﬁeIS{lbhl:a\tlohh('[ﬁokal) No.

case as ;yell, s to con |t| S may de:en-tine appropri a

withr eianmeumgy adingiis tb Riyl b Gundekdgftdd Fiomb¥RIod Y GnkiRBARSsubjected to
| rgder Which SA Ubir. thrOrghCI hodhlinis eilatxl froma

lsz,,, Smﬁssr(gl@hnrig '@odomen it to DNA enddBingehe Mtinotaoiel squeAetsd sHdbwn in SEQ ID
311Y:110d DI :he DR(1'n; Invention does not conpristt a step of

al | fimNEx§ foh exapile fndis myytheH@ither incaldiedoas reosssay.ni ling ssabl rabdi§cation, a codon
thronboni Jaitinn fin): doe :s riot substantially contain a denatured

pr oduct e‘t?P&H éhesanipg peid o p?%tﬂﬂvo‘}?édfef the, amawpaqldatseaue%% shoam iy SEQ ID NO: 9

BT P B By e
ona or e SPGB By S B A HRTG, Y, 468 oy Wopdinl ng ?T%(ﬁ?ula? Ip qigein
a phar nBF@L@dc&ﬁh% !EEtaﬁﬁrloaécld §e&uén§e N ehRhapseq I?lgtN(t) | ﬂ%ﬁ pectik re%gfcc%fs#sts of

the elution fraction to pH | ess. A preferre

a met hothe aficl@itide fsgeamne as giowai 1ﬁ SEtylmuoo pabk Exnfpl@ M UE€c DNA used for
supernat ant prepared by culturing cells capabl e of producing sol uble

t hr ombomottion thai Ims ¢heseclentideorpanenss showh dn REQJDINGf 13, ktdi micleotidedT stegosifivn
thee nmediumis a purification nethod using, as an i ndi cator,

t hst gi t HESi SHEA F 26 10imay kauesvertedt th éheamcleptide/Cofo 4stp ohbaonmdtated DN, for
pronote protein activation by :l-iron-it:flit, "NNex)le is a

purific “met hod COWS: hg: 1QU g; h puneying a Cal: WO Si Apani atal a

M cti on Lavi nid B8 Berieh B Firdhartptin gir seipes Chigsaiaresr ovary (HO)
| MO 33n: ¢ { N oain 319.%3{ rtm%gt %ﬂls.hﬁ\.lchfc%@sr Ar!e h%h@& l:(r' Iak g}# #a%m ﬂl@ %lected cells

antlbody on an a 0 recover a adtl vin
t hi brbogre Uiéﬂ‘éll]tlﬁe(ﬁ%tdbﬂﬁ ¥ cul R4 4ol Sand it mbES 8N Eadn bE ?r QR ﬂ‘&nli fhe culture

Seplitirose bb used as a eadon- exchange col um; concentrating a

pass- t hyodmgh Hyraeiyionit @osdihpen aswbjrachéthal. t e deslhiodtit isf praftdb@thhtChe
gel filtration to a thronmbonodulin active fraction. Al ter conpl etion

of suchafpenfeniateil dnstWillsbeSRnSerthd mita tthdEBNEHEEQITb N Ce X Bhangding dfe dnfigo acid
present inventiaon, pr ef er ablg%ban ani on exebans2; er a Quaternar

amoni uﬁ?ﬂ%@ps la§E§le % GEA IRitendser ewdmg thgjthrembpodulistuseshi the
25 Nar CESBAEE iy bt Bted P SR fqn%férép & %%R%w%ﬁ%%ﬁ Sorggrpdiin

d ; Kigl i .
1 bes sﬁﬁsﬁ%ﬁf’% | e R 30 LR hPid ol BRentaposy sl o) Simerise, i

thromb Iaﬁ!) b8, tédhﬁldgp?t%ﬁEﬁi %%Hpussﬁésbﬁgd&ﬂ{ﬁqe o?x?&ohﬁ)'alﬂm tahCL@flll[gDSldFlﬁon of

anti-t hr onbanodt di n nono anti ani on exchanger

the presentisdudy et i sthdd! @E %&Qb&m@dﬂﬁr}h&&nb@ﬁﬁ@@ﬁ%{ecﬁé% AG]Avage treatment
guat et nary anmoni um group such as Source() (CE Healthcare

Ri o- Sci W@tgawasmbcesm strong ani on exchanger, is used under
optimal conditions, so that a denatured product of sol uble
When the thrombomodulin of the present invention is produced by the aforementioned cell
culture method, there may be cases where the N-terminal amino acid becomes diversified as a result

of posttranslational modification of protein. For example, the amino acids at positions 17, 18, 19,
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The present invention will be nore specifically described in the

foll owi ng exanpl es. However, these exanple.s are not intended to

limt the scope of the present invention. (Exanple 1) Rough
purification with strong ani on-exchange col unm I n accordance

wi th the descriptions of JP Patent Publication (Kokai) No. 11-341990

A (1999r,22PNAEENEONDNY ntalybeamianibe Atietniseguenne csieewiniaddiSEQthdrOniN@alsd be
was prepared, nodified, and then incorporated into Chi nese hanster
ovary c@pissviisye dehkterainghiiine agif mmpééﬁfﬁ pustidhat e Hepmie agkh & nositien 23 gould
and a culture er nat ant t hen obpt aj ned.. Theni a0;er, 41 of . t he
bt af nelF IR & SUPAH A wnl T PPEFRIG e HIE0 G5 Sop N7 Sl become
[11ter I ; I 1] Theg fli. UL e ant. .
was sublet SHTSE, (e aabRBade B R HELEd SRR HASITHER ppinus
(di anet Breodd, SiMandiflrIftkferd® cAto@indnl he NAGNPSER AAMslHoR Bt By Wbd B the
20 mt4 Tris4-10 butler solution (pH'7.4) containing .150 taM sodi um
ehi ondeN-t&uhasquanil Ygard iethe fdiémentdsedrashigibativh! divésiGedtieATety.OtHeNBS e Oblds
a 20 ai M acetate butler solution containing 180 taM sodi um chl ori de,
and wastriehfiot BiE@ [WaEhdd. wi t h 8 col unm vol unes of a 20 raM Tri s- HCJ
buffer solution. (pH T4) containing 189 inli4 sodium chl oride.

Thercati ers diurthemrrevashenrihe thaaralepryidubn af e ragsentrigeenHon isgprpdhened using DNA

solution (pH. 7.4) containing 300 Enliff sodiu loride. 0.5 colum
vol unestatigathe titlgotitgsseamngs Ao dharg i SEQGHY W(g]u%]f ®&-ErEdUcImmPp Gipd may

aut 11 0, e GBI it e pindh FRERIRES 't pp egliad B one amino

artfirtigr R i ' 0 Qny. i ' .

t he desétlzcﬁtli rﬁtg I ons %? © ﬁ%gdg%{del%%&%ﬁg?géa??l g!nlg’( og.yay bgﬁ%éﬁwfg%}ﬁgﬁ%ﬂn kh‘md N
), an antdsiiah G QERES i CiGRRGIsORAL AR Dhivesl, B @RAhEd LehAQ HUARAcid
| ung-derived throm xtnodul in as an anti gen. The obtai ned

ant i - dniaiberpddificd mMngedsanad pamide bady dwasifieh ehtebhdMesning 2 end Ott@minal
contact with and to react with CN13r-activated Sephatose 4 Fast Fl ow

( GE Heairning acid, dRiagniSwietheresf] mag be pivetcetlhe Thamarhing heid abpsiidu 5 ;i may preferably
nonocl onal anti body was coupled therewith, thereby producing N
ant i - t hpesaBe Mesdutierminksn obossears, dhtnotss praiotrdergmeiasnbsiie ampgsacid-ptgysition

16.5 1 of the elution.fractjon obtaiped in Exanpgle 1.WAs subj eoed
Lo a mokhHORMOZAY HIEEY n%‘gd?géfﬁﬁoéﬂ‘? af&i?ﬂ&ﬂ?orgaiwﬁ.caﬁmshvemﬂ%am
that had_ bgen equil i brat Lth a.20 r.n hosphat e buf f.er, -0

(pht 7. e Rty BleduonaTng ek Puf PR SREBRER s B SRR NG Ty
supplying 6 MR f c t.i.on .
containing O é;ﬂgfch um c%?@%ﬁﬁ%ﬁﬁgﬁgﬁ?rﬁ%%%ﬁg% ﬂ\? (tljerrréusxture
of a 0.VitMinesiral &-Rihihed ard@-tthRis, ( ARk exd Sk 88 hRkure 6f pépli@R WRSsting
initiated with a 0.1 Mbullet solution (pH 3.0) containing 0.3 M

sodi um efd @ljidtes coddistdy ofAeny@sdselbpaditived 19 o Bigpoksitibid Bl torSil Seit besitions 17
decay of the peak of the absorbance at 280 am of the el nate.

Thezt ealot3dp, orat thsbioM phiosphat de buirdoscidseluentors shpwh ih SJQ WadGadded to

the eltiate in an anount of 1/10 with respect to the volune of the )
el uate, So aslheo pewsenti Hvantiopuprevidss & omgfipdnior j progugingy splablg othsemipgragdulin

the flow, rate was set at 760,tallrain ( npl ) Purific ..

ocat | onSIREURIRGEt donafine' 8 Uendirsd TrOBIRIOT g Sp BIE| BOTMsPIERI e be
(pH 2.0 0 t . uri-f.ied sol uti aobt ai.ned i n
o] et RRHGR S JHEE, Thorim it B R PRy, 1 e BB EBalton
solutio ) | : Q. SP- rQs : | et

Bk Sci cnensy 1S APl BNl ST FERAR BN gk TR U2t Sperpg, olube
equi | i bthedresbndiahin-8ofaiding Shtetiay @t @nbitls| s $Obdétadad criddih 3.ddatured product of
containing 03 M Nata The colum stalled to be washed with at 100 niV

gl yci nethe Kolublb ufitbmbosodiulini toan (apidn Ix&)angartr diydiorgapdMe andA( i d dtap, ofAdbtaining a

pass-through fraction was obtained from the initial rise to decay of
soluble thrombomodulin-containing fraction that does not substantially contain a denatured product

of the soluble thrombomodulin under separation conditions in which the soluble thrombomodulin

can be separated from a denatured product of the soluble thrombomodulin. However, this
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10 mM out of the highly purified product obtained in Exanple 3 was
diluted with 30 nil of purified water. 40 ml of the thus diluted

sol ution was subjected to a SourceQ 30 (GE Heal thcare Bi o-Sci ences)
colum. (dianeter 0.5 cm height: 9.8 cm that had been equilibrated
with a 20 rnM phosphate buffer solution (pH 7) containing 0,1 M

sodi um phidortiod enetiidigrefelatiyrconmsisasd8esembf lhavangsllubbmthvooh homeslubh uade? Qcidic
i ni M phosphate buffer solution (pH 7), and it started to be eluted by
0.1 M t eorplitpnspf g dion et hEferd Be step fle.zand garete wrefehbly compuiies ))& 2@ ofiddving

h h ff | ut.i ) .. | i | f 20 |
o e Pty brpmeorelin DR R coR o OT R  SBESA L iR 6 YAy M sstuble
the initj i .of, t.h k of t b h 80 ri f th )
ot o Hethndrha il b iE (RO P, | 1 AR HREA° §iith 653k (L8 srhdput is not
th g . ' ' hdat o »
e Sa[]?élﬁ AR MR thé"@x%dﬁﬁfofl?nﬁ ﬂ?od_zr%fetﬂgh%éﬂtm fidiat hoe ém(%ﬁrp%tg bly

the elution was set at 0.3 raL n. rornatogamis sho

gum 2. ¢t&Xehqliecd)le tepgy@y.i on of denatured product of soluble

t hronbonodul i n by ani on exchanger |inear gradient elution (3)

10 ml out of nheichioghitignguidef ivéithpa dehaairecopiodided sblnblexampibemddw@s may be
diluted with 30 M of purified water. 40 ml of the thus diluted

sol ut i ogengeasedsii dst sethbleothwngvmodeld B0h¢ GEsdHe aiventoariaclRico {@cxemples)H 5 or
colum (dianmeter: 0,5 cm height: 9.8 c t hat had been equilj brated
with a Z65RraEsly sHyletrless, 4 mer erele g}l Tomlessi nil hgloover lingt of sughuphl is, for

o o bafiamie of 0l PrRoRt R eBbR e 4 ok ol G4 e BRIEHTD A P4k gipTy 15 addiipn,
0.3 N . . / . . . e

bt ter D BRACHTAMAL!Ih A0E BnABHL RN BLIAED Yl & R DM hour

An ci trat ;onasnd hagt LRI 2akols Bidord! MorE@le TR Yeﬂlﬁé?éﬁ{r% %B@}eihgtﬁlger such

initial rise of the peak of the absorbance at 280 on o

I't is tacifiie cofitshs i &r ekittplt) @Wmtahperslarel Pefetdb®; | Dadirn@n@f addBors 3 Ebly
and washing was set at 2.2 nil/mn, and that the flow rate during the
el ut i on8¥asr beter. atThe [@verminmirbh suckhempdnstoreis gegresalyi (SCsdrdughet, préfegblyy @°C or
3. (Exanpl e?) Evaluation of contents of denatured products of sol uble

t hr omboRglul fnvsmere EsfEraplyes’Uomhigher.  Undgs ithegafarsmengdngd iacidic @indiéions, soluble

excl usi gn chronpt.ography,. TSK- G EL 03000SWKE, (7,8 mm1.1). x 30 cm
TOSCH) B EORBR T Rsfsol laéh&ma 842 BrEdE ot ﬂ@rsoglble&moelbpwpéwﬁbw@{ﬂenﬁured
in each foﬁf?c hi on -was eval uated. The colum was equilibrated with a

nobi | e B%as ' g‘uch nobi | e phase, a 50 rnM phosphate buffer sol ution

H 7.3 t &, nj i | f f 1.
(Pacti on e SholaRy Hok & OB BhaMASURE ot SRBI bronfA iy the
rate of “@Bhbosdoldfiid sub§19nﬁéll?tnoit toafing R ¥&Bfred frodddiok sQlble tt.lllill‘gmbomodulin”

recovery rate of each fracfion was cal cul ated by neasuring t

absor bapoduat! b2 8 méthdd diftBe présdut inSerdion ExasRiBE 0% Qr Gs@b@rEHeMubly.0% or
the followng -fable 1, Mdreover, with regard to the highly purified

pr oduct lesh eferabBxlaitploeleSs, asd pretidularlytpneferablp 06Xt odessa  denlatver kit of the
product of sol uble throrabonodulin therein was neasured by the

af or emefiPreaatoned cpaant ipQ O ssere., Haveveohisielewhly & datastion bmiber Fe6 The
Under any

Fi 4 f th difi I 4 1.0 6,
hi gt t aFEYERL JFLTETBE M GrtIGRRGHE FEPAHA0! dbiHbjio  MSTBSRAHUR o yocc aeserad by
denat t .of sol ubl.e.thr anbonodul i l.d tai ned at a .
Fecover P arBEPE IRt SRR SR R AR EREd) SRasOR AP By tod iz
d t i t 1 I .
el Ut i one T e e T Ry R A 1S SR LA TR B " il
: 210 mi phaeé opBhb§Matdeu@Br JhiRaisthy Ub@tn SEhitié Qfdnas] 8 dbegbincd at 93Rnm is
SourceQ 30 (CGESci ences) colant 0.5 cm height: 20.5 cn) that had been
equi | i bmassectdwit b Hlodvhtelvd Hphat/mirb ufThes, tisodontenDperdgptigd 3dn boOsHtahdil taged3h the

m | vl sodiumchloride. The colum svas washed with 3 GO Il Enri
peak area of the soluble thrombomodulin.

When 150 pl of an analytical sample is subjected to an analytical size exclusion
chromatography, TSK-GEL G3000SWXL (7.8 mm LD. x 30 cm; TOSOH), using a mobile phase of
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(Exanmpl e 9) ot ai nment O sol ubl e t hrunmbonodul i at cont ai ning cul ture
supernatant by scrumfree culture of Chinese hanstercells, wherein
human- dedyed t hr ombonodul i n gene Which 37 had been prepared and

nodi fied svas incom tutted by genetic engineering techni que

As serum free nmedi a containing no animal ingredients used in the

cul t ur eatpbpspbit difitrngn@ainggd wdiven sfaebodadiysisns theanbhdwiadgt aulldwi ke of 0.9
supernatant, two types of nedia; nanmely, a nmediumfor seeding and a

nedi um FMipet fdensfugnd rraduc o soleble typepamedilin that may be genegataiiefrotothe soluble

prepare the nmedjumfhbr seeding, 5 I/|L of H supplenent (liquid;
cat al og THURB (?d“kllﬂ@éal-eﬁ?ffn%%@f‘% e acidici copdigans) is Qﬁtﬂc"%gatrac Fetentigp time of

200 ni -Q-utimd quid: cata u r; 25030-.081; .
manuf ai\:/%j ﬂl’ﬂrgfl&lyﬁw&lo% %été%% e\f\l/g(r)%&élg 8 %)?]Ig é@f‘% ﬁ“?ﬁ‘ﬁ%a"‘? o QVienghe jegention time
CHO CD (b} iHaud j WIReL: L; cturer...lrvine
Sci ent i £1 o5 SR ioTlons Rl ReppRHRRkely -bhitnce-for TRAMDR b rBnyd 051 o
retri gedataeted @E6dic0oBh&oluid thr MISEInIERBA is dpprodBSatdl @ 8tn@futkd) aFGAR]HhARLIN an
tenperature bath at 36C i medi ately before use. In order to prepare

t he nedelartrdpboreie nfett®i divatwl-PAGE), sdth Seginoéd pSIGHDTCOhAR hpawsienodulin that
1: catal og nutiaber 98688; managacturer: Irvine Scientific). .6 tt of
conmon 8@ s genepsst fim gheadablerterubampdutin of Vigd wesemunenthemdeakeidic conditions
| ndustries, |51t1 . and 4.4 &’POT sodi um bi carbonat e (speci al grade;

T nelOR s B PPt Siab MalEUE MeuDt St of tronbbgodeed It SORRAGE,
disso!vdinanfWL(ﬁt' dionizt dt | ra-lin-cited wat er, anplthe m xed

sol ut i o%uCMS g Pf&é‘é“gwa%a?ﬁﬁe? trated with a 0;24tmfilter (made of
PVDI T; f -ef i . | . i f . ;
Dot i onran PEhdtd or o WlLRE b e BB BRI AR ek Aresant jaypntion,

and usedhich contains or FLspeBtbd tAdnRlh LleR8R %‘H?ﬁc@ b ol OHRRRENRlin that may

capabl e of producing sol ubl e 1 hronmbonodul | JP Pat ent cati1on

( Kokt d) biNgenetate 34RO Acidic (cbn@88s) (her i ftEradtibetviatddUse® dddnBruged 3 Sduct-containing
constant tenperature bath, and the cells were then suspended in a.

medi um fratewal§ @etinex)is notgartithlerlg lisytedisb mgwa s cortains h bigee thr(:AB&8odulin and a
ipira; 2. mnutes, Kokusan Chem cal Co., Ltd), and after elimnation

of a. ceEriedigepdyeperhateiible athesbomsdilint = wadnswspentedof n sud00 soluble
" of .the rreodFi' m for, seed culture, The suspensjon was di spensed

‘nto a sanamerufi-SANAEIE FRAEIay Bkl i heEiagHdh solgpnmbideddere ¢ oulture
car ned SipaEEhbEr nd BRfr Y it Eirade ot sbidhiind AR IrbomAH e soum

density QathRAgidd W cel sl LI S e W ture
reached ap%Jrn%m rrgt el 5# ﬁie{iﬁ%ﬂegl ﬁeis}g? ?q% I%%Jé&%'el F%ﬁav\n%& eeg%lgl éfgélolf GPeY selgble
a seconthGBesndlih ¥hfaining material HBRASEEARALR! @RS d%MhtéM\ﬁioﬂn&) % by
subsequent cultures were carried out as spinner cultures. The scal es
and spi perérmangl & pugfiveisselep ors adcultires RippMetantC plepatt® by asultee@d call ¢RIRS of
are as follows; second step seed citate: 400 m. (a spinner flask

made of pryHesisg sohablatthretbpesdulBhinbatseruSc cenpairkntecofitaating hedipnl b a)serum free
third step seed culture: 1.6 L (a spinner flask made of glass; 38

mai ni t ' BEHiYs andpi hibie faropeheminelby yolutien Jeft wndar awdie candit@p afise dreparing the

cu. 6spurner fl.as
u puafgremen{lonelé culture  supernatant. A more prefered example of such soluble

thrombomodulin-containing solution is a soluble thrombomodulin solution obtained by performing a
purification step on a culture supernatant prepared by culturing cells capable of producing soluble
thrombomodulin in a serum component-containing medium or a serum free medium. Further, in
another embodiment of the present invention, a soluble thrombomodulin solution left under acidic
conditions after preparing the aforementioned culture supematant is preferable.

The aforementioned purification step is not particularly limited, as long as it is able to

climinate at least proteins other than soluble thrombomodulin. Examples of such purification step
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made of gl ass; manufacturer: Siiihata Scientific 'Technol ogy Ltd.).
Thus, the cells were successively subcultured, so that the amount of

a culture solution -teased, Wien the density of floating living cells
in a. seed culture reached approximately 8 x 1 0 oelishnli" the cells
were subculttaral to the next seed culture. in such subculture, a

medi um folnds eettpcef] duting avdsreaddsug sdublhehpmdunodidinmedicumidin doheitisas) @ising
amount as a val ue obtained by subtracting the culture scale before

subcul t 80 Permatpaariylie whishge anieony erectingeidl thmebompgulisis seprioned.ead e step
| na 300 Wayede ThElh o HaingEiriBe poreanpe Sy Shiorogtiphy to
i Tial Ui ld G : Shi Scientific 'Technol ogy. Ltd.) at e
N R Y e i A T R
living peld $4 &E{g/chhﬁ%d;] 18 @,es%dasCtH'rEé&zFr fE3GHBH tﬁf&H{bBiSﬂfoHﬁhP%y ?%taéé thichgh

cells/mt, 2 of seed culture solution was transferre

each of fratiper f usi on culture tat ,ulttere ferm:vets;
manufricturer; B. E. Mrubisbhi Co., Ltd.), and perfasion culture was
then initiatebhe | nfddreemienddusisohbleanthirbabovedilinanspmideat ingeredl  a(denatured
pert-lds:on culture nedium supplied to a perfusion adture tank was

c' arti elfodust-comiinige anplEripgers phpparientarfyadinitedr ; asMtgeras| # fdootains as@uble
of 2 liday, Cell separationperfusion culture was carded out using a

spi n fiﬁgf%‘?boé%o@‘é‘lb‘l %ﬁéd@%ﬂ%gmﬁct&ﬂ the, pelufplg Aompprodyling | Anj ¢xemiple of such

firat o AroREphiaR ot Gals RS a el Gha dopeutar Siobs iy RER el

irst s [ < : SIS
Qo et ol SBLBRI MG aHla g Moo OB shs-Sdlade. obfiRfhin
$0 um SRRoMcalC Bl @her it bf thk béBint VEGIEe tHediHdombiulih i@ r?%k:@t th it(gtﬁl“:ﬂ’roteins

was a. nmesh nade of polyester FRIP (pore dianeter; 10 .t

cat al ogin2BetB&M&ke thiometvuioadalinit @itainiSa biaediial ¥ Sfoexdmple, 50% or moréy rbittablye50%
supernal ant separatedwith a spin filter established, in a pertl ASE013

cul t ur eortraerk, mers praficralrly 7@ %oentroye, fiathey peferdblyo80% e mben karticvdartyh@eferably 90%
pressure in the culture tank by the action of a | evel sensor -
i ndi cat9TigotE, dxrgnEly prefeebly §F Ypor motenandiyeos erefiraldy 89%ecuinmare.e Inadiition, there

o e ey B 8 BB s ocar Gt egeniig et o
fri d | dit Ak fri t C.t C. ..
Condi 1 R 1 EFREmBATR st tBC tdiPls, fiee oBGEr 6F 1B RS teipPeadutipnisels
t enper axgvaﬁe% ntgy@ %ngflgiga §§5&sésoin3meh di.gsebted Qx¥geR: Le¥Ele oF QL Diuble

na p ,8 1o 7,0,

90% a
thrombomodulin and a denatured product of the soluble thrombomodulin. Even in a case in which

the content of soluble thrombomodulin means the contents of both soluble thrombomodulin and a
denatured product of the soluble thrombomodulin, the lower limit of the content of soluble
thrombomodulin with respect to total proteins in such soluble thrombomodulin-containing material
is, for example, 50% or more, preferably 60% or more, more preferably 70% or more, further
preferably 80% or more, particularly preferably 90% or more, extremely preferably 95% or more,
and most preferably 99% or more. In addition, there may also be cases in which the content of
99.9% or more is preferable.

The aforementioned content of soluble thrombomodulin can be measured using
chromatography. For example, an analytical reverse phase chromatography, Asahipak C4P-50 (4.6
mm LD. x 15 ¢cm; Showa Denko K.K.) is employed, and 150 pl of an analytical sample is subjected

at a flow rate of 0.8 ml/min, using a mobile phase consisting of distilled water containing 0.1%
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The perfusion culture was carried out for 30 days. The nean |iving

cell densities during the culture were as follows: the first

peribsion culture tank: 17 x 106 cells/nit; the second perfusion
culture tank: 10 x |Ocells/nth; and the third perfusion culture

tank: 18f%ord8t€ &did 8lgitdA) and acetonfib tot@nBHPELN Bt RBEB QR LAINGHul TOM The
the 3 perfusion culture tanks for a period of tinme between the 36i day
and t hemBtgradayt afuid Aenp ek hidss onireadt taggatefi@n gat: has €d, 10ands khtutes later).
m xture was then filtrated with a 0.2-orn filter (rmade of PVD17;

m nuf actherefenvbelabpobasye atT¥e i bf matlede suhdasured supenbatdnthwashe content of

refrinrateil (2C to 8T), gExaan e 10) Purification with strong )
ani on- eRERSHEEMOSMGHwIN can be obtginerd pasecyer the peakiiecag af therdudeberkrragsiulin and

ot o e, L1 SCATD % 85,40 L, 0., @ SSUUALERR 6 (0 i
t hat h%ﬁ%%@gﬁ LSO 10K 318l Wl g iﬁgg b%%gh%ﬁ‘oﬁﬁ@i@gﬁod @2-9419{95% (1999),

acetate er’solution containing . odi um ¢

Subsequgntdt e cbenCHHENDILBR I WRHLSREA Wch L ddbigRlam vol unes of a 20

i NnM sodi um acetite420 ni M acetate buffer solution (pH 3,8) containing
30 mM sodi umighhopicda; inaadioal aftek pa-tovasngd hewp bhichiiag @dombdhoduliZAniaMcidic
sodi um acet ate40 ni M acetate buffer solution (pH 4,2) containing 140
mM sodi asmilighsortipdie? oleSs, e olatamal wolaimessuwh taombihHEPESdy ubiftens sok ubdpened
(pH 8) containing 10 inM potassium @hosphate was added to an eluate
from t HE PR afienpiuge pduchel gisalupedkrogfoorreulabis ordankle salieggdtor zmanion
of the eluate t colum volunmes, .so as to gbtain .a purifi

ot oduct PP e T RN Ea LRI ERSTR 0D e a SRt ik b hor les.
( Exanpl . t r r.odu of sol ubl e - :
t hr onbolﬁr% Lﬁlr %’fﬁé%%@é‘r g&{?%{aélﬂ ‘?{@It }%{ i’g%&%@%’%aéi%nl el E)b? 60|1W ot limi theﬁe@f 1S
ni | outyoferabRBHPYE hb@AnBIAUEELIOBHRI A8tk RnEXamR! SO WasRT $UPIER! ed
to a I\/Iarz:rr or-aPtr}g)p (R Cer am'ec Hydrg?i . apat r¥é TYPE 1 I’%\reBl O% colinum']

(di aneter: O0.Ib a@atiofah@hine rSquire@ Mhdérhath hadckeanti@gus | bbeatgde W 3 Bods or
20 ai M HEPES butl er solution (pH 7) containing 017 M sodium chl ori de
and 2 Imosdprsiodibynt phosphate andlinereqodfambly Basuwas hede. wi bre6va,gheiemperature
volumes of a 20 rn, M| TEPES butler s.oltition (pH"'7) containing 0.17
M sodi wPbet Wi siedl agidior gomtlisen anop hesphatreom amabesdtinsi wafcwdly tHenor lower,

carded oyt with_4 coljgnt) vol eta 8 rutvi phosphate butl er ,
sol ut i g?ﬂqe ?56&6%}%( ,gi(!%i’rplﬁwi@ TRl Cff ﬁﬁ%t@aeqit}&r?flé fﬁ}eéaﬂg %ﬁir higher,
obt ai ne e initial, rise to de of .the peak o e absorbance
at 280 p%ﬁtﬁ{angﬁ Qeo g enlglé?art @ pgre P%egﬁr%bq%g%%%ﬁ]éﬂle%t the flow nate  set

at 0.4 the cont&nicqofitasdenatured priaduah, f o %Rllngé.e Tﬁl@rﬁ&?g@?@wdksglt is

in the eluate was eval uated under the conditions of LlIxturip

a resul dodivhhenleant entn Qlitbhepdenad yh&ghzﬁésqgll@/ﬁro&i/a HeWd &dium phosphate and
t hronbonodi din was kb t311(1 to be 0.8%or |ess. The colum was

r epr odusédsiwintthogh@e5 NI phosphate buffer solution (pH 7). The
chromatogramis shmth M Figum6. (Exanpurification with strong

ani on- exchanger@aion ¢andifioppior separating golpble thrembethedudiol frour e dsipperdpodet of

bt ai i le 9 sub.:et:red. Ca (. Heal t he ) )
o 2 ot e SOy R Romet e mekdc: irgtsogtdifigi SR 2B eHay SadRdia ution
- ilibnte ith .EnmN\4 ,Thsl | d ., hul,l .uti H 7.7 ) .
T DL o TN g W
hed wi t: : vol: i nNi is- f i o
ey itadifly Ly SRR it TRR: by Bie ol Bihod s Bled ABh Fase Bldlish Hlciion

With a 2Q ibdtkdic Blitthh CoddiRbisf eOf SRk thim;dnB HinésoRb &k D&idd: Snllikbakl sitpwise
sodiumchloride. An einte was obtained front the initial rise of the
peak ofgradient@bsion baniitenat graB8éht ahxioh coriktiodk tatvaich dinar @eddiomn elMedLiIRRSMBSed
a roughly purified product. It is to be noted that the flow rate was

set at Woh pEpwisearadeEx dnpire a0d porRiitiang i aithidbrsowibichthnonielwinkh isaritted ddy a
pass-through fraction are preferable. Further, linear gradient elution conditions, stepwise gradient

elution conditions, and gradient elution conditions in which linear gradient elution
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4.1 found to be 99% or nore. (Exanple ) Hi gh purification and

el imnation of denatured product of soluble thronabonmodulin with
stteng ani on exchanger 75 .tnt, out of the purified solution obt ai ned
in Exanple 13 was subjected to a SOUet:. 30 "al thcare

Bi e- Sciienegsindohitinstéohiiad et flicnt Qhbiogr z'ire, m@ECpRlrfhl€ M) Flkiatmbd iRegbther
equilibrated with a 0.1 M acetate hurter solution (pH 4) contal ning

40 ni M esmhdumm;mbmhh(ms in Zheblselnle vobmbesodtin g Dutdd Mbacetstterdugh dlattion are
sol ution. g % cont ai ning 40 nh4 sodium chloride was supplied to

the col RiffsiablchentilyfigbPutrarevislyredeafcas IpwhicMiseereti agadivans ae pedirali.on

(pH 4) contai 50 in. M. sodiym chloride was sypplied the eto, and
thereafter 3 ’g g’ﬁ?f -(orahdactyn. fespisynft qunpiﬂd’%}bﬁ’a tﬁ %‘BP‘ﬂ}thino‘ﬁ not

hl
that ' RSB Sh had o sRbinCer R Pl 6 o U R FPar SR R
20 mNI.,.,pBegRhat cFéHftI) ShcSlis | )&H Hor'h i@ niig k91d1§f Mcﬁggésl{mough

chloride, so as to obtaln an e ute ron1$% ﬁ£t|al rise of t

of the fahsok t@afacpar@éulz&@ouﬂtwoés 16k as8i Mak ﬁottsﬂbs@ar@l@lhyuéﬁhta\(ﬁ)h H&RSured product of
thereof. It is to be noted that the flow rate during the |oadi ng of

t he sanptoebnasdsiet abr dxanibld, rifiacticand 1tthad colhenflobmesalt © uoiugn volumes, or
washing and elution was set at 0,3 Enlimn. Using an anal yti cal

excl usi bw l@ﬂucdmldghlapﬁwabeKse@L (13000SWK1, (TOSOH), the content of
a denatured pro uct of soluble thronbonmodulin in the eluate was

eval uat ed uno%rra FHe! ‘EtS?HéFP‘E oS eFY EsiepnEes. aSAgpramaé%Gpﬁendlela@néwya@mf a
of the &ﬁa qub

0, 19 RGBT 206y ALl Ry 8 Thf b° EbRBpraPiooth {ehat dplgt in whic
Subst antj gl . KRRl AROAYE & s R QUL tra@bn SObURE Eorb U ATRRIRIM Lo

was obtained. The recovery rate of the efuate was
The chrom@taeham dpﬁro‘ﬁhﬁ’c\é”ﬂég&gﬁ%%bﬁ ﬁlletz)épe of a column used. S{)e&{m &an®Till be
ifficu

anount of proteins in whic types of produc (rmouse
ant t bodyedeived diapr. odMbtcoand ihiane s@uthansbeliticoy amyy del Het@tihadedas appropriate,
product) are m xed i et hod described in JP

Pat ent pidieann thatypKohd Jolwjon used- 341990 A (1999), the el ution
fracti ons of Exanples 13 and 14 were_ eval uat ed. The absorbance at 280
am of each el i“bfﬁ“(?“r%‘@]ﬂfi“@ﬁ AR R ESUEET NaPHE & @EiFrtasy gBpanHEYepyp such as

ansor pattb <t R KA T BRE SR ofRG Taolas HRG VGt ArplrL bl
i ngr edi l@é}&% s(ﬁ?}éttﬂ% %861?&@! fn%ﬁl%? %31'1%_1191201{15%% ql(elélggbéu%lh Zcunoﬁ re&@lganﬁ%n may be

Description o ‘Shosvsa Chromat 0

separ atdqnibeficday denatur &ﬂuﬂaﬁ QdMGtes 6f 2 §19ﬂfé1' Qb@u&h&o@mm&d%k 'Iht@bftsﬁ&l buffer

ani on exchanger linear gradient elution in Figure 2

shows asobhiboneh@dhamdj for sepaslata @nMoécetatectﬁnﬁtat (pHed), pr(ant plebpisad wiltlee (pH
t brombonodul i n by ani on exchanger |inear gradient elution in Exanple

5. 7.3), Fir guf§2 3Vis hiowsbuéice ktoriat ogieam dompseiparddt suoh afiliaratlenat weedured
product of sol uble thronmbonodulin by the ani on exchanger |inear

gr adi erﬁro@lcﬁﬁ?féﬁmpﬁ EXEAP| & Bibjected o thFl Yuee cAchoRgsis %ﬁ@m eiiopsof soluble

i aa Ao Tl
o T S DL e B
el utionyjrp, EXAMPEE B2 0.02 M Tris buffer (pH 8)). With regard to the adsorbed denatured
product-containing material, soluble thrombomodulin may be separated from a denatured product of
the soluble thrombomodulin and may be eluted by gradient elution with a salt concentration of 0 to 1
M, using a buffer solution of pH 5 to 9, and preferably of pH 7 to 8 (the kind of such buffer solution
is not limited; for example, a 0.02 M phosphate buffer (pH 7.3) or a 0.02 M Tris buffer (pH 8)).

Separation conditions are not particularly limited, as long as they are conditions capable of
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Figure 6 shows a chromatogramin elimnation of a denatured product

of sol ubl e thrornbornodulin by the hydroxyapatite stepw se gradi ent
elution in Exanple 11. Figure 7 shows a chromatogramin high
purification and elimnation of a denatured product of soluble

t hrombonodul in with a strong ani on exchanger in Exanple 14. CLAIMS

1. A nesdpedtifigsolphotuanbgnsbliulftoe thlemitmedriptdanctnefithe saltisdt dnmdinabinyduldt and
cont ang1 a denatured parduct of the sol uble thronbonoduiin that may

be genefF&tieH tembm Exendes| abisech: Budisna ghoau| doaditipre inchile dingar gradient " elution

diti . whi ch i.ses: (I st ' i |uble =~
i onahOBUICHT B ARG SHUPEI A IPRD ot GRS P e dURBos: whick dnear
cxchangBr ST AUER, PRINE v8h GotfusC R MIRE Aot M, S

t hr Omom%ﬁémis%&;h regerridf)f b a0t Ratand a8se ngg%ﬁ%#bébﬁfﬁtd% W G20LAIndfa

denat ured product o h ol ubl e di orti under separation

condi t i bifer BbltitioMisedintenios @ 248146 chbir@roR@NAR A iphef&atly B&o SERMRh ¢dlumes.

froma denatured product of the soluble thronmboniodolin, 2. The
nmet hod for pr®decignglisoleiibe dohdidodsome diskd, nassaibep asft dbadihiyig ar elution fraction
cont ai ni n%r_e_d product of the soluble thronbornodulth that may be

gener at ediaifing felile tyembernedulinribattsorpdet| substamidly cerdiidiacdepandidtirohst of the
(0) a step of |eaving the

di laiml, whjch, g ;
b koS 25 B 0 e o e i
Y e e e L

sol ubl e 4 1x.9 I jda3, i j j . . 0

above, (ARG IO b oMl R R bR obedfhi B e of the
obt ai ni gguide SRR LN RRoaRdi dRu&penudai ng fraction that does not
substantially contain a denatured product of the soluble

t hr onberodul | Spedifidely dedbia ithn sepnd), ttheRssition Whisaheltittd S8l @at does not
t hronbonodul i n Can be separated from a denatured product of the

sol ubl esubktpatiatiy wodaihianlenat@ed Flodugiod shidilé tmomidrabiliabeosreiioglt et kaififimed
| or 2, wherein the content of the soluble throat, onodulin is 80% or
nore wi P apedplade neshadofas| copfitiag ke prestrise of ofolibiee thrombomodulin and that of a

Lo any BREUBK PROKAG! SORPINDy remBomp@iiroRICHAIA e GHEUHDR éaomalogphy
o ch 1Rar P TR RkED: B P Bkt B oSBT Feofril T o2 oter
ni ! _ “EBib e i | e

Chr onboraad ey EhBe: Rolfbl ot Faf Ak AN AhRhOReaBs i ntiming the

pr oduct predentd6r ssRbRh@nHBROIRRRE Whd: Bf a dé}au{{ézﬁpr&]g&gyﬁhé bR bomodulin

according to any one of claiml to 3, whereinp o
(for example, size exclusion chromatography described in Example 7 later) that an elution fraction

=

contains soluble thrombomodulin and does not substantially contain a denatured product of the
soluble thrombomodulin, such elution fraction containing soluble thrombomodulin and substantially
not containing a denatured product of the soluble thrombomodulin is obtained. The step (b) is
preferable. In addition, there may also be cases in which the step (a) is preferable.

Moreover, soluble thrombomodulin substantially not containing a denatured product
thereof can also be obtained as a pass-through fraction by substituting a denatured
product-containing material with a suitable buffer solution before subjecting such denatured
product-containing material to an anion exchanger. Such pass-through fraction is a fraction in
which soluble thrombomodulin is not adsorbed on the anion exchanger when a soluble

thrombomodulin-containing material is subjected to the anion exchanger. A difference between
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obtai ning a passthroupJt fraction, in which a fraction contai ning

sol ubl e thronbo todulin that does not substantially contain a

denat ured product of the soluble fthornbono.dulin is obtained. 4. The
production nmethod according to any one of clainms | to 3, wherein the
step (2pldbse @rostRoahliCald Y HAGnLdt prb&RE iRtdoe ifleHhd MMadk@bLARN@RI I ABolumn is
elution fraction, containing solub?e t hronbonodul i n that does not

subst anttiliatd. y lic o1 @is#) aa afl @niah Wk &anPo,cuciniof extit@gadlauinke quaternary ammonium
t hronbonodul in. 7. The production nmethod according to any one of

cl ai ns gowpsucl as wherasd, 1) tadassepl (OF HesltzaresBieP cohcs i BjpadtinchPartheus K.K.)
sol ubk tbrombornortilirancotaining materjial to an _ani on exchange(

usi ng LoursiEre PAdYi BRICHFIS BHIWNE GNyn FRANEHe ISPBETOD) Ui alssulpblgfoufior
carryin ut li.near gradi.ent .eluyti st.epwi adj.ent. elution, ar

o nd) e Pt Ay R et B RR R R PE R S s abr hbertRon of
st epw ihent i i f. uti o 5

hayi ngs(g1 g{i?? hgbn};}gén%bg? ?8%Cﬂg4u?%r ?Oégﬁkl\ldgﬁ%@mgget dt oﬁ(()) %Xzfll?l leagbgll\atqhg??hate’
fracti aneoniim b8os@l wbl €3 thy gerbeut | adt dhdnddatondBasy AQhss-through fraction,
substantially contain a denatured product of the solub%e

t hr onbowmtduwrnifiimingi bshen dhilffic afidierd tlee RoSid eoMusain ehrbhactiaphy HeRAbed in
whi ch the sol uble thronmbonodulin is elated has previously been

conf i r nledmpbr 7 (aby Whit hrecletandiraciom gortthies phevsetheentomotihien sol debd Bot substantially
t hronbonodulin in the elution Unction. 8. The production nethod ,
accor di Wgtain & dgrreheradpcictiahensolpble ghrgmbgmediding sydheliagtiap may) bg gppsopriately
step of %uggecting t he sol ubl e t hromhonodul i ncoataining material to

an aniéw 8hanger using a buffer solution of pH5 to 8 having a salt
concentratio 1 2 N, 4 is,a st f

obtaining a pr}\élglfsef)?%r ‘Sé‘gﬁtp"uﬁlc l‘i’mo%&gds“lior?lg 1§%f§13§ fz%r uSgcci)'l ul?li tglfn‘%' g © pals-| ‘%el% c§u°h
8 hayi ngn@tis@l faf PRCRALNAERLCR Hordridic! QitdZeMenSOt1ASrali@nORERINcAditions and
fraction containing soluble thronbonodulin that does not

subst andohaitibys aataliith @hdehatdaiiechoanady elutddffrinhepseliubhg fraction.

t hromhorn, odulin, 9. The production nethod according to any one of
clains | to 3is whlemenmntitch®lastoeref () Csamicsieporohpaibi ECPE AngBaDSSAD Libbieed,
thr montaining material M hydroxyapatite using a buffer solution of

al 6 to°y &Yy a Bskoe phdietiesne eftebridorPrefucBeasing omaleess thegeig, such

t he st 2) is a st of .cmtyi out |.inear. gradient elution,

st epwi 3@%@%{%&%&1@{ ﬁ?‘f%ﬂlb&te%%&ﬁi%@m‘aﬁ ST GRSl PR IS w@ﬁwn of pH 6 t0 9
gradie | uti i L. it h,stepw se.gradient elution using

ar 20 et SLAL LB LR SRIRLARH ot PSSR 5. SEREt S Pt LT oL 0By
0,5 NI, 18008855 {@c RRHAF Buc@Mu kil @Bn lisrr%? L @8y, ‘BQﬂB@fdﬂb@/ﬂlgscﬁlflebéogltio?s may be

t hr ombonodul i x does not substantially contain a denatured produc

the sol wbd, ot émﬁrensf et lphdsphk tdrem {djunafiiSidet fie 7p0siNiipadspbite @5 mM TRIS,
fraction. fromwhich the soluble thronbonodul in is eluted has

previ ous? Y weem cdondder piéd,7; or2 (b phdsphage, 20 nfNI FHHPAE, 0.he Mpscesendeorafe, pH 7).
t he sol ubl e thronbornodulin in the elution fraction, 1.0.The o
pr oduct £ onifieretohbian &¢ e deertirgd P dashycooiriming mekad! e be @@ tedvih diydonyaphige is a
step (

' f ' [ | ubl e
©hr onbaBRH DAL B %%ﬁ?otalﬁ?af%gq&%}ﬂgmﬁa‘% mPEOUSTngreRrahit 7 g or
luti f pil 61 hayi h t trati f 5t 0
nehi ororeded g e ap e & B0 RUE SRR, Pl G ibeiobre SResperes
fracti o&lﬁ"t-{:'&ltf}mhgf Ifngt%roiﬁoksuglllg&té@c (P8 }gfgtr z Iy%?aYﬁeng BeBROSRNAL & f soluble

concentration of 5°to rnl So as to a fraction contai ni ng

sol ubl emtdaRhEAKN Ql%lh}i'dliéxyhfhiﬂte faese RRkhaubst anhifa! JoyutieRdE BHY & 9 having a

denat ured product of the soluble thronmbornodulin. 11. The production
nmet hod @oeginti agedntragayofohedlor tdsaipnaerdbly & th®] omlesss Andloes: meferably 2 mM or
conprise a step of adjusting the pH of an. elution fraction

cont r . - ledsi (e kindp fsorublféer shlnombiemabdulted buhae fdoesngiotifes sbstcantriagibeysed,

for example: 5 mM phosphate, 0.2 M sodium chloride, pH 7; 1| mM phosphate, 25 mM TRIS, 0.2 M
sodium chloride, pH 7.7; or 2 mM phosphate, 20 mM HEPES, 0.17 M sodium chloride, pH 7).
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13. The production nmethod according to any one of clains 1 to 12,
wherein the content of a denatured product of sol uble thronmbonodulin
in the soluble thronbonodulin that does not substantially contain the
denat ured product of soluble thrombonodulin is 3%or less. 14. The
production nmethod according to any one of clains 1 to 13, wherein the
sol ubl e Wilir sgar omtbel adsorbeil Setahretirodaccohthining abteiah edutie hifombomodulin may be
transfortnant cells prepared by transfecting host cells with DNA
encodi n§eRaFeddFIm 8 deaineds prgdiet o6 thsisolnhleitrrosBEQnp@liNGnd Sheaymalylbe than eluted by
SEQUENCE LASTI NG <110> @sgl%l Kasei Pharpma Kabushi ki Kai sha <120> A

S tf.;/

met hod PGB GHiRS i &P conGriRHeRosbbP Lting RvRs Wl tonef 366 to 9,

Lou' Sty AP CLEE P20 br | PPARACT BOACES 1B o Rk e B0 5 loaa ooy e
conditions capable of separating soluble thrombomodulin from a denatured product of the soluble
thrombomodulin. Examples of such gradient elution conditions include linear gradient elution
conditions and stepwise gradient elution conditions. This gradient elution is preferably carried out
with a phosphate concentration of 1 to 40 mM. More preferably, stepwise gradient elution is
carried out with a phosphate concentration of § to 10 mM, so as to obtain an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin. By further increasing the concentration of phosphate, a denatured
product of soluble thrombomodulin is eluted.

When gradient elution conditions are used, as a method of obtaining an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin, the same method as that in the case of separating soluble thrombomodulin
from a denatured product thereof using an anion exchanger can be applied.

Moreover, soluble thrombomodulin substantially not containing a denatured product
thereof can also be obtained as a pass-through fraction by substituting a denatured
product-containing material with a suitable buffer solution before subjecting such denatured
product-containing material to hydroxyapatite. Such pass-through fraction is a fraction in which
soluble thrombomodulin is not adsorbed on the hydroxyapatite when a soluble
thrombomodulin-containing material is subjected to the hydroxyapatite. A difference between
soluble thrombomodulin and a denatured product thereof in terms of adsorbability on a column is
utilized. In this case, as hydroxyapatite, Macro-Prep (R) Ceramic Hydroxyapatite TYPE 1
(BIO-RAD) can be used, for example. A suitable buffer solution used in substitution is a buffer
solution of pH 6 to 9 having a phosphate concentration of 5 to 20 mM, and preferably a buffer
solution of pH 6 to 7 having a phosphate concentration of 5 to 10 mM. The kind of such buffer
solution is not limited. ~For example, 10 mM phosphate, 10 mM sodium chloride, pH 7 can be used.
As a method of obtaining a pass-through fraction, while confirming by an analytic method such as

size exclusion chromatography described in Example 7 later that an elution fraction contains soluble
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Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Cu Tyr @n Cys 01ln Pro

202530 Leo Asn G n Thr Sor Tyr Lou Cys Val Cys Ala Clu Ay Phe Ala
Pro 354045 Ile Pro Pis Glp Pro Hs Arg Gys A n Met Phe Cys Asn G n
Thr Al a 505580 Gys Pro Ala Asp Cys Asp Pro Asn Thr A n Ala Ser Cys

du Wsthlpolfr%o%dlﬁgl 7248004 |HotSI sMbsTaiﬁ'ﬁalt# doBUinASP dBsRuE Ypribie: Her Qs s-Bhfble
Asp He Asp G G 869095 Cys Gy Phe Cys Ser Sly Val Cys H

Asn LeuhBhiboﬂoﬁulﬂxQQﬂcﬁ@ll&&n-Ehzi H@'h@pl&)ﬂatély&bﬂaﬁe&'«y s Sly Pro Asp Ser Al a
Len Val Arg His He 115120125 SI y Thr Asp Cys 130 <210> 2

Moreover, isocratic elution conditions may also be used. In this case as well, such
conditions may be determined, as appropriate, with reference to gradient elution conditions and
conditions under which soluble thrombomodulin is eluted from a pass-through fraction.

Preferably, the production method of the present invention does not comprise a step of
adjusting the pH of an elution fraction containing soluble thrombomodulin that does not substantially
contain a denatured product of the soluble thrombomodulin to pH 4 or less, after a soluble
thrombomodulin-containing material has been subjected to an anion exchanger or hydroxyapatite to
obtain the aforementioned elution fraction. Moreover, even in the subsequent concentration step
and/or desalination step for converting the soluble thrombomodulin to a pharmaceutical material, it is
preferable not to adjust the pH of the elution fraction to pH 4 or less.

A preferred example of a method of purifying soluble thrombomodulin from a culture
supernatant prepared by culturing cells capable of producing soluble thrombomodulin in a serum
component-containing medium or a serum free medium is a purification method using, as an
indicator, thrombomodulin activity such as the activity of thrombomodulin to promote protein C
activation by thrombin. A specific example is a purification method comprising: roughly purifying
a culture supernatant with Q-Sepharose FF used as an ion-exchange column to recover a fraction
having thrombomodulin activity; purifying the recovered fraction with a mouse
anti-thrombomodulin monoclonal antibody on an affinity column to recover a fraction having high
thrombomodulin activity, purifying the recovered fraction with SP-Sepharose FF used as a
cation-exchange column; concentrating a pass-through fraction; and then subjecting the resultant
fraction to gel filtration to obtain a thrombomodulin active fraction. After completion of such
purtfication with SP-Sepharose FF, the anion exchanger of the present invention, preferably an anion
exchanger having a quaternary ammonium group such as SourceQ (GE Healthcare Bio-Sciences),
which is a strong anton exchanger, or the hydroxyapatite of the present invention such as
Macro-Prep (R) Ceramic Hydroxyapatite TYPE 1 (BIO-RAD), is used under optimal conditions, so
as to easily obtain high-purity thrombomodulin that does not substantially contain a denatured
product of soluble thrombomodulin.

On the other hand, after purification with a mouse anti-thrombomodulin monoclonal
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<211> 396 <212> ONA <213> human <400> 2 atgettgggg toctggtoct

t ggcgsgcet g geccot ggecg gectggggt 1 ccocgaccog 80 tgottsagag coaaot goga

gt accagt gc cagccoctga aocaaactaa ctacctctgo 120 gtotgsgcog agggottogc
gcocattcsc sacgagoogc aceggftoca gatgttttgo 180 aaccagactg cotgtccagc
cgact gcgac sccaacaocc aggctavotg ttagtgocot 240 gaaggstaca toctggacga

cggt t t cattibodyy dogyer axdhenmo gé diegprograt aneggn, BRCErgde b chipotexchggeghgtigy a

coacaaoct o cocggtacct togagtgcat ctg ecc 380 act oggocc

t t gt ocoREEFIEY BEEYABH GEED JHCIBOB Sw&@g %gEdéqaithcq@ %m&qw@w@m = strong

huren <400 S JelLou Sy VB Lau Yol LED Sy Mo Lou g Loy He sy

s G nﬂydn%on?odaﬁt?%:gr%ouse antibody-derived product, and in the case of using a serum-containing
medium, a serum-derived product can be simultaneously eliminated, thereby easily obtaining
high-purity thrombomodulin that does not substantially contain a denatured product of soluble
thrombomodulin.

The high-purify thrombomodulin obtained by the aforementioned method is then subjected
to a concentration step and/or a desalination step in which the pH is not adjusted to pH 4 or less, so
as to obtain a buffer-exchanged, highly purified product. The soluble thrombomodulin obtained by
the aforementioned method can be used as a pharmaceutical material.

Further, the present invention provides a method for purifying soluble thrombomodulin in
such a way that the soluble thrombomodulin does not substantially contain a denatured product of
the soluble thrombomodulin that may be generated from the soluble thrombomodulin under acidic
conditions. ' The present purification method is not particularly limited, as long as it comprises (1) a
step of subjecting a soluble thrombomodulin-containing material that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite,
and (2) a step of obtaining a soluble thrombomodulin-containing fraction that does not substantially
contain a denatured product of the soluble thrombomodulin under separation conditions in which the
soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.
Moreover, as such purification method, a purification method having the characteristic features of the

aforementioned method for producing soluble thrombomodulin of the present invention may be

applied.

Examples

The present invention will be more specifically described in the following examples.
However, these examples are not intended to limit the scope of the present invention.
(Example 1) Rough purification with strong anion-exchange column

In accordance with the descriptions of JP Patent Publication (Kokai) No. 11-341990 A
(1999), DNA encoding the amino acid sequence shown in SEQ ID NO: 9 was prepared, modified,
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Les Ass G n Thr Ser Tyr Les Cys Val Cys Ala Gs Ay Phe Ala Pro
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Il'e Asp G u 859095 Cys G n Asn Gy Ay Phe Cys Ser Gy_VaI Cys Hi s

Asn LouaRt e inbyrpdra@d 08d ChintderhaPlser (Fadrycaly by béretiOysideyndechrAg. Sahe cells

Ala Lee Ala Arg Hl's He 115120126 Gy Thr Asp Cys /30 <210> 4 <211>

396 <21¥<regyiured, and a culture supernatant was then obtained. Thereafter, 41 1 of the obtained culture
supematant was filtrated with a 0.2-um membrane filter (Millipore; Millipak 20). The filtrated
culture supernatant was subjected to a Q-Sepharose (GE Healthcare Bio-Sciences) column
(diameter: 44 cm; height: 26.3 cm) that had been equilibrated with a 20 mM Tris-HCI buffer solution
(pH 7.4) containing 150 mM sodium chloride. Subsequently, the column was washed with 6
column volumes of a 20 mM acetate buffer solution containing 180 mM sodium chloride, and was
further washed with 8 column volumes of a 20 mM Tris-HCl buffer solution (pH 7.4) containing 180
mM sodium chloride. Thereafter, elution was initiated with a 20 mM Tris-HCI buffer solution (pH
7.4) containing 300 mM sodium chloride. 0.5 column volumes of an eluate was obtained as a
roughly purified product from the initial rise of the peak of the absorbance at 280 nm of the eluate.

It is to be noted that the flow rate was set at 760 mI/min.

(Example 2) Purification with monoclonal antibody

In accordance with the descriptions of JP Patent Publication (Kokai) No. 11-341990 A
(1999), an anti-thrombomodulin monoclonal antibody was prepared using human lung-derived
thrombomodulin as an antigen. The obtained anti-thrombomodulin monoclonal antibody was then
allowed to come into contact with and to react with CNBr-activated Sepharose 4 Fast Flow (GE
Healthcare Bio-Sciences), so that the anti-thrombomodulin monoclonal antibody was coupled
therewith, thereby producing anti-thrombomodulin monoclonal antibody-bound Sepharose 4 Fast
Flow. 16.5 1 out of the elution fraction obtained in Example 1 was subjected to a monoclonal
antibody column (diameter: 44 cm; height: 10.5 cm) that had been equilibrated with a 20 mM
phosphate buffer solution (pH 7.3) containing 0.3 M sodium chloride. The column was washed by
supplying 6 column volumes of a 20 mM phosphate buffer solution (pH 7.3) containing 1.0 M
sodium chloride, and then supplying 3 column volumes of a 0.1 M acetate buffer solution (pH 5.0).
Thereafter, elution was initiated with a 0.1 M glycine-HCl buffer solution (pH 3.0) containing 0.3 M
sodium chloride. An eluate was obtained from the initial rise to decay of the peak of the
absorbance at 280 nm of the eluate. Thereafter, a 0.5 M phosphate buffer solution (pH 7.3) was
added to the eluate in an amount of 1/10 with respect to the volume of the eluate, so as to obtain a

purified solution. It is to be noted that the flow rate was set at 760 mL/min.
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<213> human <400> 4 atgcttgggg tcctggtect tggcgcgotg gccotggccg
goctggggtt coccgaccog 50 tgestoagag ccaactgcga gtaccagtgc cagoccotga
accaaactag ctaccictgc 120 gtotgcgccg agggcttcgec gcccattcce cacgagccgce
acaggtgoca gatgttttgc 180 saccagactg cctgtccagc cgactgegao cccascsocc
aggct agot g tgagtgccct 240 gaaggctaca toctggacga oggtttoate tgcaoggaca
t cgeogagt g cgaaaacggc 300 ggcttctgot ccggggtgtg coacaaocto cccggtacct
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e Gy A2 L Mg e St A 005 B T P e

N B T CUPAR AP S ARRE N e
subjected to a SP-Sepharose FF (GE Healthcare Bio-Sciences) column (diameter: 16 mm; height: 12
cm) that had been equilibrated with a 0.1 M glycine buffer solution (pH 3.5) containing 0.3 M NaCl.
The column started to be washed with a 100 mM glycine-HCl buffer solution (pH 3.5) containing
300 mM NaCl. A pass-through fraction was obtained from the initial rise to decay of the peak of
the absorbance at 280 nm, and it was immediately neutralized with a 0.5 M phosphate buffer
solution (pH 7.3) so as to adjust the pH of the solution to pH 7, thereby obtaining a highly purified
product. It is to be noted that the flow rate was set at 3.3 mL/min. As a result of the measurement
by chromatography using the aforementioned Asahipak C4P-50 or the ELISA method described in
JP Patent Publication (Kokai) No. 11-341990 A (1999), the content of soluble thrombomodulin in the
highly purified product was found to be 99% or more.

(Example 4) Separation of denatured product of soluble thrombomodulin by anion exchanger linear
gradient elution (1)

10 ml out of the highly purified product obtained in Example 3 was diluted with 30 ml of
purified water. 40 ml of the thus diluted solution was subjected to a SourceQ 30 (GE Healthcare
Bio-Sciences) column (diameter: 0.5 cm; height: 9.8 cm) that had been equilibrated with a 20 mM
phosphate buffer solution (pH 6) containing 0.1 M sodium chloride. The column was washed with
3 column volumes of a 20 mM phosphate buffer solution (pH 6), and it started to be eluted by 0.1 M
to 0.3 M sodium chloride linear gradient elution with a 20 mM phosphate buffer solution (pH 6) at
an elution volume of 20 column volumes. An eluate was fractionated at a unit of 1 column volume
from the initial rise of the peak of the absorbance at 280 nm of the eluate. It is to be noted that the
flow rate during the loading of the sample and washing was set at 2.2 mL/min, and that the flow rate

during the elution was set at 0.3 mL/min. The chromatogram is shown in Figure 1.

(Example 5) Separation of denatured product of soluble thrombomodulin by anion exchanger linear

gradient elution (2)
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Ser Val Ala Ala Asp Val He Ser Les Lou Les M (fly Asp Sly Sly

65707580 Vval (fly Arg kg kg Len Trp Ile (fly Lou Gn Les Pro Pro Sly
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Sly A aBlO §01él1cgs) 'glol%mﬁl (8181\1(1%{61' %eg crlr_lle helg'lt 9.8 cm) that had been equilibrated with a 20 mM

phosphate buffer solution (pH 7) containing 0.1 M sodium chloride. The column was washed with
3 column volumes of a 20 mM phosphate buffer solution (pH 7), and it started to be eluted by 0.1 M
to 0.3 M sodium chloride linear gradient elution with a 20 mM phosphate buffer solution (pH 7) at
an elution volume of 20 column volumes. An eluate was fractionated at a unit of 1 column volume
from the initial rise of the peak of the absorbance at 280 nm of the eluate. It is to be noted that the
flow rate during the loading of the sample and washing was set at 2.2 mI./min, and that the flow rate

during the elution was set at 0.3 mL/min. The chromatogram is shown in Figure 2.

(Example 6) Separation of denatured product of soluble thrombomodulin by anion exchanger linear
gradient elution (3)

10 ml out of the highly purified product obtained in Example 3 was diluted with 30 ml of
purified water. 40 ml of the thus diluted solution was subjected to a SourceQ 30 (GE Healthcare
Bio-Sciences) column (diameter: 0.5 cm; height: 9.8 cm) that had been equilibrated with a 20 mM
Tris buffer solution (pH 8) containing 0.1 M sodium chloride. The column was washed with 3
column volumes of a 20 mM Tris buffer solution (pH 8), and elution was then initiated by 0.1 M to
0.3 M sodium chloride linear gradient elution with a 20 mM Tris buffer solution (pH 8) at an elution
volume of 20 column volumes. An eluate was fractionated at a unit of 1 column volume from the
initial rise of the peak of the absorbance at 280 nm of the eluate. It is to be noted that the flow rate
during the loading of the sample and washing was set at 2.2 mL/min, and that the flow rate during

the elution was set at 0.3 mL/min. The chromatogram is shown in Figure 3.

(Example 7) Evaluation of contents of denatured products of soluble thrombomodulins of Examples
4-6

Using an analytical size exclusion chromatography, TSK-GEL G3000SWXL (7.8 mm L.D.
x 30 cm; TOSOH), the content of a denatured product of soluble thrombomodulin in each fraction
was evaluated. The column was equilibrated with a mobile phase. As such mobile phase, a 50

mM phosphate buffer solution (pH 7.3) containing 0.1 M sodium sulfate was used. 150 pl of each
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180135190 Tyr Sly [hr Pro Phe Ala Ala Arg Sly Ala Asp Phe A n Ala Leo
Pro 195200205 Val Sly Ser Ser Ala Ala Val Ala Pro Len Sly Lou G n Len
Met Cys 210215220 Thr Ala Pro Pro (fly Ala Val @dn Sly HS Trp Ala
Arg Cu Ala Pro 225230235240 Sly Ala ire Asp Cys Ser Val Uu M Sly
Sly Cys Au H's Ala Cys 245250255 Mh Ala Ile Pro Sly Ala Pro Aug Cys

G n CysfikrtonAva s@jyctad ta th do2feRimed Ohroeatogtaphyhtan ASPratd ¥f OV neRin QbSthat it
Thr Ala Ser Ala Thr G n Ser Cys 275280285 NMh Asp Leo Cys 610 Hi s Phe
Gys Val Wep enalyzepr olnpgddit@nntherieccskyy 28000880 (raction was calculated by measuring the

absorbance at 280 nm. The results of Examples 4 to 6 are shown in the following Table 1.
Moreover, with regard to the highly purified product obtained in Example 3 as well, the content of a
denatured product of soluble thrombomodulin therein was measured by the aforementioned method.
As a result, the content was found to be 7.0% (Figure 4). Under any of the conditions of Examples
4 to 6, a high-purity soluble thrombomodulin that did not substantially contain a denatured product

of soluble thrombomodulin could be obtained at a recovery rate of 76% to 81%.
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Ser Tyr Ser Cys Met Cys Sin Thr Sly Tyr Arg Len Ala Ala Asp A n
305310315320 His kg Cys Qu Asp Val Asp Asp Cys Ile Len G P Pro Ser
Pro Cys 325330335 Pro A n Arg Cys Val Mh Thr An SIy Sly Phe Sin Cys
H s Cys Tyr 340345350 Pro Mn Tyr Asp Leo Val Asp Sly Qu Cys Val AP
Pro Val Asp Pro 355360365 Cys Phe kg Ala Ann Cys G n Tyr Gn eys Gn
Pro LenTaie G n [hr 370375380 Ser Tyr Lau Cys Val Cys Ala Gu Sy Phe

Clhaor ;O[Ef erg :{/2 Sré Al a Asp 40541041%%?@11%@ Zﬁr@m&m“%ﬁ%?nm_
Ser Cys Gn Cys|Pro AQu Sly Tyr Ile podl 5 6 7
Example 4 ”IMdenatLéd product content rate (%) “ (I)__? ._71.:5-__ E E
Recovery rate (%) 80 9 7 4
Exampl_e 5 | TM denatured product content rate (%) 0.0 3.0 35.5 54.7
| Recovery rate (%) 76 10 8 6
Example 6 | TM denatured product content rate (%) 0.0‘—‘ 8.8 '40.2 50.0
Recovery rate (%) 81 9 7 3

(Example 8) Separation of denatured product of soluble thrombomodulin by anion exchanger
stepwise gradient elution

70 ml out of the highly purified product obtained in Example 3 was diluted with 210 ml of
purified water. The diluted solution was subjected to a SourceQ 30 (GE Healthcare Bio-Sciences)
column (diameter: 0.5 cm; height: 20.5 cm) that had been equilibrated with a 20 mM phosphate
buffer solution (pH 7.3) containing 30 mM sodium chloride. The column was washed with 3
column volumes of a 20 mM phosphate buffer solution (pH 7.3) containing 30 mM sodium chloride,
and elution was started with a 20 mM phosphate buffer solution (pH 7.3) containing 0.18 M sodium
chloride. An eluate was obtained from the initial rise of the peak of the absorbance at 280 nm of
the eluate to 6 column volumes. Using an analytical size exclusion chromatography, TSK-GEL
G3000SWXL (TOSOH), the content of a denatured product of soluble thrombomodulin in the eluate
was evaluated under the conditions of Example 7. As a result, the content of the denatured product
of soluble thrombomodulin was found to be 0.0%. Thus, a high-purity soluble thrombomodulin
that did not substantially contain a denatured product of soluble thrombomodulin could be obtained.
The recovery rate of the eluate was found to be 89%. It is to be noted that the flow rate during the
loading of the sample and washing was set at 0.8 mL/min, and that the flow rate during the elution

was set at 0.4 mL/min. The chromatogram is shown in Figure 5.

(Example 9) Obtainment of soluble thrombomodulin-containing culture supernatant by serum
free culture of Chinese hamster ovary cells, wherein human-derived thrombomodulin gene which
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deionized ultrafiltrated water, and the mixed solution was then aseptically filtrated with a 0.2-pum

filter (made of PVDF; manufacturer: Millipore). The thus prepared medium for perfusion culture
was refrigerated (2°C to 8°C), when it is preserved and used.

For initiation of seed culture, frozen cells capable of producing soluble thrombomodulin (JP
Patent Publication (Kokai) No. 11-341990 A (1999)) were rapidly melted in a 37°C constant
temperature bath, and the cells were then suspended in a medium for seed culture. The suspension
was centrifuged (2000 rpm; 2 minutes; Kokusan Chemical Co., Ltd.), and after elimination of a
centrifuged supernatant, a cell pellet was suspended in 100 mL of the medium for seed culture. The
suspension was dispensed into a 225-cm? T flask culture vessel (manufacturer: BD Biosciences) to
start a first step seed culture. The first step seed culture was carried out as static culture in a 36°C,
5% CO,incubator. When the density of floating living cells in the first step seed culture reached
approximately 8 x 10° cells/mL, the cells were subcultured to a second seed culture.

The second step seed culture and the subsequent cultures were carried out as spinner
cultures. The scales and spinner culture vessels used in spinner cultures as seed cultures are as
follows: second step seed culture: 400 mL (a spinner flask made of glass; manufacturer: Shibata
Scientific Technology Ltd.); third step seed culture: 1.6 L (a spinner flask made of glass;
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Ser Tyr su%ce:erssi\eélg SIHCEIUQLS sc')Ar th%t t!ﬁg gmé&r% o&'g% turtr:] R l}tlso%lzvgalszu?creased. When the density
of floating living cells in a seed culture reached approximately 8 x 10° cells/mL., the cells were
subcultured to the next seed culture. In such subculture, a medium for seed culture was added to
the previous medium in the sane amount as a value obtained by subtracting the culture scale before
subculture from the culture scale after subculture, so as to increase the amount of the culture solution.
Spinner culture was carried out in a 36°C, 5% CO, incubator, using a magnetic stirrer (manufacturer:
Shibata Scientific Technology Ltd.) at a stirring number of 60 to 100 rpm.

When the density of floating living cells in the fourth seed culture reached approximately 8
x 10° cells/mL, 2 L of the seed culture solution was transferred into each of 3 perfusion culture tanks
(2-L perfusion culture fermenters; manufacturer: B. E. Marubishi Co., Ltd.), and perfusion culture
was then initiated.

In the perfusion culture, quantitative transportation of a perfusion culture medium supplied
to a perfusion culture tank was carried out using a perister pump (manufacturer: Master Flex) at a
flow rate of 2 L/day.

Cell separation in perfusion culture was carried out using a spin filter established in a
perfusion culture tank. The spin filters used in the 3 perfusion culture tanks were of all different
types. A first spin filter was a mesh made of stainless steel (FP-10; pore diameter: 10 pm;
manufacturer: Fuji Filter MFG Co., Ltd.). A second spin filter was a mesh made of stainless steel
(FP-30; pore diameter: 30 pm; manufacturer: Fuji Filter MFG Co., Ltd.). A third spin filter was a
mesh made of polyester PETP (pore diameter: 10 pm; catalog number: BB-8808571; manufacturer:
Sartorius K.K.),

A culture superatant separated with a spin filter established in a perfusion culture tank was
intermittently removed from the tank via the pressure in the culture tank by the action of a level
sensor indicating a liquid level of 2 L in the perfusion culture tank, when the amount of the culture
solution became 2 L or more.  The intermittently removed culture supernatant was transferred into a
refrigerated vessel, and it was then refrigerated at 2°C to 8°C.

Conditions for the perfusion culture were controlled as follows: the temperature in the tank:

35°C to 37°C; dissolved oxygen level: 10% to 90%; and pH 6.8 to 7.6.
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Culture supernatants obtained from the 3 perfusion culture tanks for a period of time
between the 3 day and the 30® day of the perfusion culture were gathered, and the mixture was then
filtrated with a 0.2-pm filter (made of PVDF; manufacturer: Millipore). The filtrated culture

supernatant was refrigerated (2°C to 8°C).

(Example 10) Purification with strong anion-exchange column

850 ml out of the culture supernatant obtained in Example 9 was subjected to a
Q-Sepharose FF (GE Healthcare Bio-Sciences) column (diameter: 1.6 cm; height: 29 cm) that had
been equilibrated with a 20 mM sodium acetate-120 mM acetate buffer solution containing 30 mM
sodium chloride. Subsequently, the column was washed with 12 column volumes of a 20 mM
sodium acetate-120 mM acetate buffer solution (pH 3.8) containing 30 mM sodium chloride, and
elution was then initiated with a 20 mM sodium acetate-40 mM acetate buffer solution (pH 4.2)
containing 140 mM sodium chloride. 1/5 column volumes of a 1 M HEPES buffer solution (pH 8)
containing 10 mM potassium phosphate was added to an eluate from the initial rise of the main peak
of the absorbance at 280 nm of the eluate to 2 column volumes, so as to obtain a purified product.

It is to be noted that the flow rate was set at 2 mL/min.

(Example 11) Separation of denatured product of soluble thrombomodulin by hydroxyapatite
stepwise gradient elution

20 ml out of the purified product obtained in Example 10 was subjected to a Macro-Prep
(R) Ceramic Hydroxyapatite TYPE 1 (BIO-RAD) column (diameter: 0.5 cm; height: 9.7 cm) that
had been equilibrated with a 20 mM HEPES buffer solution (pH 7) containing 0.17 M sodium
chloride and 2 mM sodium phosphate. The column was washed with 6 column volumes of a 20
mM HEPES buffer solution (pH 7) containing 0.17 M sodium chloride and 2 mM sodium phosphate,
and elution was then carried out with 4 column volumes of a 8 mM phosphate buffer solution (pH 7)
containing 10 mM sodium chloride. An eluate was obtained from the initial rise to decay of the

peak of the absorbance at 280 nm of the eluate. It is to be noted that the flow rate was set at 0.4
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thrombomodulin was found to be 0.8% or less. The column was reproduced with a 0.5 M

phosphate buffer solution (pH 7). The chromatogram is shown in Figure 6.

(Example 12) Rough purification with strong anion-exchange column (2)

5.2 1 of the culture supernatant obtained in Example 9 was subjected to a Capto Q (GE
Healthcare Bio-Sciences) column (diameter: 1.6 cm; height: 26 cm) that had been equilibrated with a
20 mM Tris-HCI buffer solution (pH 7.7) containing 150 mM sodium chloride. Subsequently, the
column was washed with 15 column volumes of a 20 mM Tris-HCI buffer solution (pH 7.7)
containing 0.18 M sodium chloride, and elution was then initiated with a 20 mM Tris-HCI buffer
solution (pH 7.7) containing 0.3 M sodium chloride. An eluate was obtained from the initial rise of
the peak of the absorbance at 280 nm of the eluate to 2 column volumes as a roughly purified

product. It is to be noted that the flow rate was set at 10 mL/min.

(Example 13) Purification with monoclonal antibody (2)

A monoclonal antibody was produced in accordance with Patent Document 2. 72 mL out
of the elution fraction obtained in Example 12 was subjected to a monoclonal antibody column
(diameter: 5 cm; height: 11 cm) that had been equilibrated with a 20 mM phosphate buffer solution
(pH 7.3) containing 0.3 M sodium chloride. 6 column volumes of a 20 mM phosphate buffer
solution (pH 7.3) containing 1.0 M sodium chloride was supplied to the column, and thereafter, 3
column volumes of a 0.1 M acetate buffer solution (pH 5.0) was supplied thereto, so that the column
was washed. Thereafter, elution was initiated with a 0.1 M glycine-HCI buffer solution (pH 3.0)
containing 20 mM sodium chloride, so as to obtain an eluate from the initial rise to decay of the peak
of the absorbance at 280 nm of the eluate. Thereafter, 15% by volume of a 0.3 M phosphate buffer
solution (pH 7.3) was added to the eluate, so as to obtain a purified solution. It is to be noted that
the flow rate was set at 9.8 mL/min. As a result of the measurement by chromatography using the
aforementioned Asahipak C4P-50 or the ELISA method described in JP Patent Publication (Kokai)
No. 11-341990 A (1999), the content of soluble thrombomodulin in the highly purified solution was
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370375380 Ser Tyr Lao Cys Val Sys Ala Qu Gy Phe Ala Pro lie Pro H's
G u 385390395400 Pro H's AN Cys A n Mat Phe Cys Mh G n Thr Ala Cys
Pro Ala Asp 405410415 Cys Asp Pro Mh Thr O0ln Ala Ser Cys Cu Cys Pro
Slu Oy Tyr He 42025430 Lou Asp Asp Gy Phe He Cys Thr Asp lie Asp

0ln

Cys G u M 435440445 Sly Phe Cys Ser Gy Val Cys H's Mh Len Pro

Cly Thr fRhd thaPyer M&0455450 Ile Cys (fly Pro Asp Ser Ala Lou Ala AN
Hs Ile Ay Thr Asp Cys 465 470 475 480 <2/0) 8 <211> 1440 <212> DNA

<213> human

(Example 14) High purification and elimination of denatured product of soluble thrombomodulin
with strong anion exchanger

75 mL out of the purified solution obtained in Example 13 was subjected to a SourceQ 30
(GE Healthcare Bio-Sciences) column (diameter: 0.5 cm; height: 20.5 cm) that had been equilibrated
with a 0.1 M acetate buffer solution (pH 4) containing 40 mM sodium chloride. 2 column volumes
of a 0.1 M acetate buffer solution (pH 4) containing 40 mM sodium chloride was supplied to the
column, then 4 column volumes of a 0.1 M acetate buffer solution (pH 4) containing 50 mM sodium
chloride was supplied thereto, and thereafter, 3 column volumes of a 20 mM phosphate buffer
solution (pH 7.3) containing 30 mM sodium chloride was supplied thereto, so that the column was
washed. Thereafter, elution was initiated with a 20 mM phosphate buffer solution (pH 7.3)
containing 0.18 M sodium chloride, so as to obtain an eluate from the initial rise of the peak of the
absorbance at 280 nm of the eluate to 6 column volumes thereof. It is to be noted that the flow rate
during the loading of the sample was set at 1 mL/min, and that the flow rate during washing and
elution was set at 0.3 mL/min. Using an analytical size exclusion chromatography, TSK-GEL
G3000SWXL (TOSOH), the content of a denatured product of soluble thrombomodulin in the eluate
was evaluated under the conditions of Example 7.  As a result, the content of the denatured product
of soluble thrombomodulin was found to be 0.1%. Thus, a high-purity soluble thrombomodulin
that did not substantially contain a denatured product of soluble thrombomodulin was obtained.

The recovery rate of the eluate was found to be 71%. The chromatogram is shown in Figure 7.

(Example 15) Evaluation of amount of proteins in which different types of products (mouse
antibody-derived product and Chinese hamster ovary cell-derived product) are mixed

By the ELISA method described in JP Patent Publication (Kokai) No. 11-341990 A (1999),
the elution fractions of Examples 13 and 14 were evaluated. The absorbance at 280 nm of each
elution fraction was measured. The results obtained by evaluating such elution fraction based on
the mixed amount per absorbance are shown in the following Table 2. The mixed amounts of

ingredients could be simultaneously decreased.
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(400> 8 atgottagga toctggtoct tggsgogctg gocctggccg goct ggggtt
coccgcacco 60 6 goagagccga agccgggtgg aagacagt gc gt cgagaacg

actgcttcgc getctacocg 120 ggccccgcga cattcatcaa tgccagtcag atctgcgacg
gact gcgggg ccacotaatg 180 acagtgcgct coteggtggc tgcogatgtc atttccttgo

t act gaacgg cgacggcggc 240 gttggccgcc ggcgcotctg gatoggcctg oagot gocao
coggct gdgde 2gacaccaag 300 ogcct cgggo coot gagegg ottocagtgg gttacgggag
acaaceacac cagctal ‘gggcao ggot cgacct oaatggggct occotctgecg
goccgttgtg cgtcgcet es@Ebedyedseiverbprgduny g c c@bingte l@umtsag@gsagpllcdr@awd:p@ggpt
aggagcagca gtgcgapgt g 80 aaggCCgatg gcttcetctg cgagttacac ttcccagcca

cct uaggcC actggotgﬂ&ggﬂb gagoCcggcg ccgcgy kgccgtctcg at cacct acg
gcacccce g @g? occgc 600 ggagoggact tcoaggogct gocggtgg agctocgocg
cggt ggc gctta 660 cagctaatgt gtaccgcgco goccgga @8 gt ccaggggc
act gggce gcgccg 720 g ttggg actgragcgt ggagaa ggct gogagc
acgtgtgEﬁgn 989 gatccot 780 gggggtcooc gctgccagtg cccach%gg_gccqccctqc
aggcagacgg gcgotoctgc 840 acogcat cog ogaogcagt c ctgcaacgac ct ot gogagc
acttctgcgt tccoaaoccc 900 gaocagccgg gctoctactc gtgcatgtgc gagacoggot
acoggot geief DEcHSRAGRMe IHvRgoCcIJt gog aggacgt gga tgactgcata ctggagcoca

gt ocgt gt oc gcagcgotgt 1020 gt oaaoacac agggtggott cgagtgcoac

t got accct a acF@agacothoggt gghedgnogkfOing agiagitigh 9ff agdeegteddproduct of soluble
ccogtgottc agagcoaaot gcgagt acca gtgocagcco 1140 ctgaaocaaa

ot agct ateembangesiytio by the goiog agdigeter {iogo godicattelitvodoBragage 4.200
ocgoacaggt gocagat gt t ttgcaacca act gectgtc oagocgactg acoccaao

12?0'[ accoag%g]f;l&wijo gthgHEt § Bese t a : t product of soluble
catc gcg}éc acat g @% ?]P%aaaa é_ggﬁjggc g) €gggg

t gt gcca 56 9y h%&@ 3 aﬂ’ act og

gccottgcco gcgiggl%t gg%b gg@% 1440. <2191au§ e51lgre§21%> PRTe lubl
<213> human <4 RAF LOu >V A otl ,g]mé ?_ ROUDI
A8 G Y ihatbddiddiid 8L nERe q%@e%eé\me&ggadﬁb 9&?@ Pro Gy Oy

Ser G n Cys Val Eyl202530 i S tae gﬁll_lgg lénlgro Ay Pro

Al'a Thr Phe LEiguMslﬂ“% tBS Aldi%s obtained by measuring the content of a denatured product of

soluble thrombomodulin in the highly purified product obtained in Example 3.

Figure 5 shows a chromatogram in elimination of a denatured product of soluble
thrombomodulin by the anion exchanger stepwise gradient elution in Example 8.

Figure 6 shows a chromatogram in elimination of a denatured product of soluble
thrombomodulin by the hydroxyapatite stepwise gradient elution in Example 11.

Figure 7 shows a chromatogram in high purification and elimination of a denatured product

of soluble thrombomodulin with a strong anion exchanger in Example 14.
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Ser Gnto Cya Asp Ay Leu kg (fly H's Lou Met Thr Vol Arg Ser 505560
Ser Val Ala Ala Asp Val He Ser Lou Lou Lou Asn Gy Asp Cly dy 65 70
75 80 Val Ay Arg Arg kg Lou Trp Ile Gy Lou Gn Lou Pro Pro Ay Cys
859095 Gy Asp Pro Lys kg Lou dy Pro Lou Arg Ay Phu @n Trp Vol Thr
100105110 Gy Asp Asn Ash Thr Ser Tyr Ser kg Trp Ala Arg Lou Asp Lou
Asn 115120125 Ay Ala Pro Lou Cys QGLAMS Leo Cys V31 Ala Val Ser Al a
Ala du 130135140 Ala Thr Val Pro Ser Qu Pro He frp (flu Au @n dn
Cy3 G n Vol 145150155160 7 Lys Ala Asp Ay Phe Lou Cys Gu Phe His

Pha Pr OI.AI a hnrlet}%/ds fo%goducing soluble thrombomodulin substantially not containing a denatured

product of the soluble thrombomodulin that may be generated from the soluble thrombomodulin
under acidic conditions, which comprises:
(1) a step of subjecting a soluble thrombomodulin-containing material that contains or is suspected to
contain a denatured product of the soluble thrombomodulin to an anion exchanger or hydroxyapatite;
and
(2) a step of obtaining a soluble thrombomodulin-containing fraction that does not substantially
contain a denatured product of the soluble thrombomodulin under separation conditions in which the
soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.
2. The method for producing soluble thrombomodulin substantially not containing a denatured
product of the soluble thrombomodulin that may be generated from the soluble thrombomodulin
under acidic conditions according to claim 1, which comprises: (0) a step of leaving the soluble
thrombomodulin under acidic conditions of pH 5 or less; (1) a step of subjecting a soluble
thrombomodulin-containing material that contains or is suspected to contain a denatured product of
the soluble thrombomodulin, which is obtained through the step (0) above, to an anion exchanger or
hydroxyapatite; and (2) a step of obtaining a soluble thrombomodulin-containing fraction that does
not substantially contain a denatured product of the soluble thrombomodulin under separation
conditions in which the soluble thrombomodulin can be separated from a denatured product of the
soluble thrombomodulin.

3. The production method according to claim 1 or 2, wherein the content of the soluble
thrombomodulin is 80% or more with respect to total proteins in the soluble
thrombomodulin-containing material.

4. The production method according to any one of claims 1 to 3, wherein the step (2) is a step
of carrying out linear gradient elution, stepwise gradient elution, or gradient elution in which linear
gradient elution is combined with stepwise gradient elution, so as to obtain an elution fraction
containing soluble thrombomodulin that does not substantially contain a denatured product of the
soluble thrombomodulin.

5. The production method according to any one of claim 1 to 3, wherein the step (2) is a step of
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185170175 Pro Lou Ala Val Go Pro ely Ala Ala Ala Ala Ala Val Ser He
Thr 180185190 Tyr Sly ihr Pro Phe Ala Ala Arg SIy Ala Asp Phe G n Al a
Leo Pro 195200205 Val Sly Sar Ser Ala Ala Val Ala Pro Len Sly Leo GO
Leo Met Cys 210215220 Thr Ala Pro Pro Ay Ala Val Gn @y His Trp Ala
Arg Gu Ala Pro 225230235240 Gy Ala Trp Asp Cys Ser Val Qu Asn Gy
Ay Oysolgpipingjagpagy-throgyls fird®R502BECVA fiattan| doataipmg @ujvleAhJI@mermoAréng Byisdoes
260265270 Leo G n Ala Asp S er S
_CI:IIhp A|ql anré}?bs%l!ga@lw%n@!nﬁa @g’?tu@ grosive of thggolyble thrombomocPulin isy obtaiged. &

6. The production method according to any one of claims 1 to 3, wherein the step (2) is a step
of carrying out isocratic elution to obtain an elution fraction containing soluble thrombomodulin that
does not substantially contain a denatured product of the soluble thrombomodulin.

7. The production method according to any one of claims 1 to 3, wherein the step (1) is a step
of subjecting the soluble thrombomodulin-containing material to an anion exchanger using a buffer
solution of pH 4 to 9; and the step (2) is a step of carrying out linear gradient elution, stepwise
gradient elution, or gradient elution in which linear gradient elution is combined with stepwise
gradient elution, using a buffer solution of pH 5 to 9 having a salt concentration of 0 to 1 M, so as to
obtain an elution fraction containing soluble thrombomodulin that does not substantially contain a
denatured product of the soluble thrombomodulin, either (a) after the position of a fraction from
which the soluble thrombomodulin is eluted has previously been confirmed, or (b) while confirming
the presence of the soluble thrombomodulin in the elution fraction.

8. The production method according to any one of claims 1 to 3, wherein the step (1) is a step
of subjecting the soluble thrombomodulin-containing material to an anion exchanger using a buffer
solution of pH 5 to 8 having a salt concentration of 0.1 to 0.2 M; and the step (2) is a step of
obtaining a pass-through fraction using a buffer solution of pH 5 to 8 having a salt concentration of
0.1to 0.2 M, so as to obtain a fraction containing soluble thrombomodulin that does not substantially
contain a denatured product of the soluble thrombomodulin.

9. The production method according to any one of claims 1 to 3, wherein the step (1) is a step
of subjecting the soluble thrombomodulin-containing material to hydroxyapatite using a buffer
solution of pH 6 to 9 having a phosphate concentration of 8 mM or less; and the step (2) is a step of
carrying out linear gradient elution, stepwise gradient elution, or gradient elution in which linear
gradient elution is combined with stepwise gradient elution, using a buffer solution of pH 6 to 9
having a phosphate concentration of 0 to 0.5 M, so as to obtain an elution fraction containing soluble
thrombomodulin that does not substantially contain a denatured product of the soluble
thrombomodulin, either (a) after the position of a fraction from which the soluble thrombomodulin is
eluted has previously been confirmed, or (b) while confirming the presence of the soluble

thrombomodulin in the elution fraction.
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Asn Asp Leu Cys Gu H'S Phe Cys Val Pro Asn Pro Asp G n Pro Gy

290295300 Ser Tyr Ser Cys Met Cys G u Thr Sly Tyr Arg Leo Ala Ala Asp

G n 305310315320 Hs My Cys Qu Asp Val Asp Asp Cys Ile Leo Qu Pro

Sar Pro CYs. 325330335 Pro G n Arg Cys Val Mh Thr Gn Sly Sly Phe Oh

u Cys Hs Cys Tyr 340345350 Pro M Tyr Asp Len Val Asp S! y Qu Cys

Val 0l ullero Va¢ pradpetipn ;e858360865g CymyRine ofclgin latoh wByisinGhel stEy (1)@ M step

Cys @n Pro,Leo Mh G n Thr 370375380 Ser Tyr Leo Cys Val Cys Ala Qu

Sly PheCiapubisstieg fheesabitle tirembprgodis39n30sgonatpry i kydmxyamyite Ging Mebuffer

Phe q/ssoli{llﬂﬁoglaor:g pI-I:lhg to@ I?av%/gsa E}{ogptélteacoﬁcszgltration of 5 to 20 mM or less; and the step (2) is a
step of obtaining a pass-through fraction using a buffer solution of pH 6 to 9 having a phosphate
concentration of 5 to 20 mM, so as to obtain a fraction containing soluble thrombomodulin that does
not substantially contain a denatured product of the soluble thrombomodulin.
11. The production method according to any one of claims 1 to 10, which does not comprise a
step of adjusting the pH of an elution fraction containing soluble thrombomodulin that does not
substantially contain a denatured product of the soluble thrombomodulin to pH 4 or less, after the
elution fraction has been obtained.
12. The production method according to any one of claims 1 to 11, which is a production
method comprising a concentration step and/or a desalination step, wherein the pH of an elution
fraction containing soluble thrombomodulin that does not substantially contain a denatured product
of the soluble thrombomodulin is not adjusted to pH 4 or less after the elution fraction has been
obtained, wherein the production method is used to convert the soluble thrombomodulin to a
pharmaceutical material.
13, The production method according to any one of claims 1 to 12, wherein the content of a
denatured product of soluble thrombomodulin in the soluble thrombomodulin that does not
substantially contain the denatured product of soluble thrombomodulin is 3% or less.
14. The production method according to any one of claims 1 to 13, wherein the soluble

thrombomodulin is thrombomodulin obtained from transformant cells prepared by transfecting host
cells with DNA encoding the amino acid sequence shown in SEQ ID NO: 9 or 11.
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405410415 Cys Asp Pro Mh Thr 0ln Ala Ser Cys Gu Cys Pro Qu Sly Tyr

He 420425430 Leo Asp Asp Sly Phe He Cys Thr Asp He Asp Qu Cys Qu M
Sly 435440445 Sly Phe Cys Ser Sly Vol Cys His M Leo Pro Sly Thr Phe
G u Cys 450455450 He Cys Sy Pro Asp Ser Ala Lou Val Ara Hs Ile Ay
Thr Asp Cys 465470475480 Asp Ser1 Sly Lys Val Asp Ay Sly Asp Ser Sly
Ser QY An Pro Pro 485490495 Pro Ser Pro Thr Pro Sly Ser Thr Leo Thr
Pro Pr OS&'UENC%@ISTIM y Len 500505510 Val H's Ser Sly 515

<110> Asahi Kasei Pharma Kabushiki Kaisha
<120> A method for producing a highly purified soluble thrombomodulin
<130> F107165

<160> 13
<210> 1
<211> 132
<212> PRT
<213> human
<400> 1
Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Gly
1 5 10 15
Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Glu Tyr Gln Cys GIn Pro
20 25 30
Leu Asn GIn Thr Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro
35 40 45

Ile Pro His Glu Pro His Arg Cys Gln Met Phe Cys Asn Gin Thr Ala

50 55 60
Cys Pro Ala Asp Cys Asp Pro Asn Thr Gln Ala Ser Cys Glu Cys Pro
65 10 15 80
Glu Gly Tyr Ile Leu Asp Asp Gly Phe |le Cys Thr Asp lle Asp Glu

85 90 95
Cys Glu Asn Gly Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly
100 105 110
Thr Phe Glu Cys lle Cys Gly Pro Asp Ser Ala Leu Val Arg His |le
115 120 125

Gly Thr Asp Cys

130
<210> 2
<211> 396
<212> DNA
<213> human
<400> 2
atgettggee tectggtcoct tggcgegetg gecctggoog gectggggtt coocgaccog 60
tgottcagag ccaactgega gtaccagtge cageccctga accaaactag ctacctctge 120
gtotgegecg agggottoge goccattcce cacgagocge acaggtgcca gatgttttge 180
aaccagactg cctgtccage cgactgcgac cccaacaccc aggeotagetg tgagtgccot 240
gaaggetaca tcctggacga cggtttcatc tgcacggaca tcgacgagtg cgaaaacgge 300
ggottetget ccgeestgte ccacaacctc cocggtacet tcgagtgcat ctgegggece 360
gacteggecc ttgtccgeca cattggoace gactgt 396
<210> 3
Q211> 132
<212> PRT
<213> human
<400> 3
Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Gly

1 5 10 15

Phe Pro Asp Pro Cys Phe Arg Ala Asn Cys Glu Tyr GIn Cys GIn Pro



<210> 10 <211> 1548 <212) DNA <213) human <400> 10 atgcttgggg
tectggtect tggcgcgctg gscrftggscg gecstuggit cccogcaccc 60 gcogagccgce
agccgggt gg sagccagt gc gt cgagcacg actuttcgc gctstacccg 120 ggcoccgcga
ccacctcaa tgccagtoag atctgcgacg gastgogggg ocasctaatg 180 acagtgcgct
ccteggtggc tgccgatgtc atttocttgce,tactgaacgg cgasggcggo 240 gttggccgcece
ggcgcact g gat sggoctg cagctgcsac %cggctgcgg cgascceaag 300 cgcctcgggce

ccctgcgegg citcgégtgg gttasggggg acaacaacac gstatags 360 aggt gggcac

auaccact Bt Moneathg  Hotsh & cﬁbéﬁagééeg%@ 885" 480 anggecoatg’

As
aggccactgt 'Y §
gcttcctctg,.s ocas tt ccé cca cctgcagg act gctgtg 540 gagcccggeg
ccgoggcﬁg‘é P% 'E%&‘b %th’éc‘é’gapé@ M@Eﬁ%‘c@@gw‘ (HQ gdstgc 500 ggagcggact
tcsaggo

ccggt gggc ag csgccg cg Sc sctoggctta 660 cagct aat gt
gcaccgc E%Pﬁkﬁédﬁ& kA @@dﬁ@d@&eé cB§ @gé@ggggcg 720 ggcgstt ggg
actgcagc%& ggagaacggc ctgcga c ac t gcaa tgcgat 780 ggactcocc
gct gccaftigilesyagde g%Aﬁbﬁﬁdﬂét @'é@ vhaﬁcﬁﬁ Jeder 8t gc 840 accgcat ccg
cgacgcagts ctgcaacg ctot gcgogc &¢ttctgcgt tsc@aaccec 900 gaccagccgg
gctoct a Y%G'gt'tfdéilgtﬁ@cp@o%cf@ggﬁv Vat 8yrglitsghjo lggPegdbicaa 950 caccggt gcg
aggacgt%ga t gactl§eat a ct ggagocléa gt ccgtecc gdagcgctgt 1020 gt saacacac
agggt ggcint Pregégtlye d & Ctsgélvaltre dsm Saictbec graicklta Aygtiggdoggt 1080
gagt gt gt gg agdécgt gga ccsgtiéttc agagccaat® gcgagtacca gt gcsagccc
1140 ct §vabralea Gg¢ agct acct ct gegt ot ge gccgagggcet togcgeccat
t coccacgagi3200 ccgcacaggt gccagatat ttgcaaccag actgcctgtc cagccgactg
egaccccadd> 1260 acccaggcta gctgtgagtg coctgaaggc tacatcctgg
acgacggK2it> ¢ed ct gcacg 1320 gacat cgacg agtgcgaaaa cggcggcttc tgctcgggg
t gt gccacHaa> Ot occcggt 1380 accttcgagt gcatctgcgg gcccgactcg
gccctt gkde> gaacatt gg caccgact gt 1440 gactccggca aggt ggacgg
t ggcgacago> ggct ct ggcg agccoccgecc cagcccgacg 1500 cscggctcca
cct t gachgettzeRoaeeQt @t 19aGELoE Q@cc@ég%&gﬂg@gg%a‘l&:c&?gli% k4 <211> 516
<2/ 2> P@Etﬁﬁéa%%clamaﬁ Fetrd cMREcck@Nadehhc il othQYot @IIZd-OU Ay Ala
Lou Al aglcokheM2aggh b?"écgaﬂcgél%% acP b eftla%abl@rgh 3sf3 U Pro Gn
Pro G Yafk¥asQr oo t@c %gé@kcgg (AL aggctagotg tgagtgccct 240

gaaggetaca tcctggacga cggtttcatc tgcacggaca tcgacgagtg cgaaaacgge 300

ggottetget cogeggtete ccacaacctc cccggtacet tcgagtgeat ctgegggcce 360

gactecggecc ttgcccgeca cattggeace gactgt 396
<2100 5
<211> 480
<212> PRT
<213> human
<400> 5
Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Gly
1 5 10 15
Phe Pro Ala Pro Ala Glu Pro GIn Pro Gly Gly Ser GIn Cys Val Glu
20 25 30
His Asp Cys Phe Ala Leu Tyr Pro Gly Pro Ala Thr Phe Leu Asn Ala
35 40 45
Ser Gln Ile Cys Asp Gly Leu Arg Gly His Leu Met Thr Val Arg Ser
50 55 60
Ser Val Ala Ala Asp Val Ile Ser Leu Leu Leu Asn Gly Asp Gly Gly
65 10 15 80
Val Gly Arg Arg Arg Leu Trp lle Gly Leu GIn Leu Pro Pro Gly Cys
85 90 95
Gly Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe GIn Trp Val Thr
100 105 110

Gly Asp Asn Asn Thr Ser Tyr Ser Arg Trp Ala Arg Leu Asp Leu Asn
115 120 125



H s Asp Cys Phe Ala Lou Tyr Pro Gy Pro Ala Thr Phe Lou Asn Al a
354045 Ser 5In He Cys Asp Ay Lou Arg ely H's Lou Met Thr Vol Arg Ser
505560 Ser Val Ala Ala Asp Val He Ser Lou Lou Lou Mh Ay Asp Ay Sly
65 70 75 80 Val Sly Arg Arg Arg Lou Trp Ile Ay Lou Gn Leu Pro Pro
Gy Gys 859095 Gy Asp Pro Lys Ajg Lou Sly Pro Lou Arg SIy Phe Gn
Trp Vol Thr 100105110 9 Gy Asp Asn Mh Thr Ser Tyr Ger Arg Trp AlvaI
Arg Len n,Asn 115120125 Pr en Cy Pro Len Cys Va
A a val G@Egﬁ%% gyso%@ %glcliféé’%dﬂéﬁ& rl:egglia IA?ER\, er ChiGI Prghllﬁ Trp
Gn du g %Gpn 14@&5&5 Q’% 6\ p y e Len
A r fal P ersGly Pyollg,lr u In"Gln Cys Glu Va
Cys el 01Eh |2 g Pwdg APa B fii 160
Lys Ata Asp Gly Phe Leu Cys Giu Phe His Phe Pro Ala Thr Cys Arg
165 170 175
Pro Leu Ata Val Gliu Pro Gly Ala Ala Ala Ala Ala Val Ser lle Thr
180 185 190
Tyr Gly Thr Pro Phe Ala Ala Arg Gly Ala Asp Phe GIn Ala Leu Pro
195 200 205
Val Gly Ser Ser Ala Ala Val Ala Pro Leu Gly Leu Gln Leu Met Cys
210 215 220
Thr Ala Pro Pro Gly Ata Val Gin Gly His Trp Ala Arg Glu Ala Pro
225 230 235 240
Gly Ala Trp Asp Cys Ser Val Glu Asn Gly Gly Cys Glu His Ala Cys
245 250 255
Asn Ala lle Pro Gly Ala Pro Arg Cys GIn Cys Pro Ala Gly Ala Ala
260 265 270
Leu GIn Ala Asp Gly Arg Ser Cys Thr Ala Ser Ala Thr Gin Ser Cys
275 280 285
Asn Asp Leu Cys Glu His Phe Cys Val Pro Asn Pro Asp GIn Pro Gly
290 295 300
Ser Tyr Ser Cys Met Cys Glu Thr Gly Tyr Arg Leu Ala Ala Asp GIn
305 310 315 320
His Arg Cys Glu Asp Val Asp Asp Cys lle Leu Glu Pro Ser Pro Cys
325 330 335
Pro GIn Arg Gys Val Asn Thr Gin Gly Gly Phe Glu Cys His Cys Tyr
340 345 350
Pro Asn Tyr Asp Leu Val Asp Gly Glu Cys Val Glu Pro Val Asp Pro
355 360 365
Cys Phe Arg Ala Asn Cys Glu Tyr Gln Cys Gln Pro Leu Asn Gin Thr
370 375 380
Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro lle Pro His Glu
385 390 395 400
Pro His Arg Cys GIn Met Phe Gys Asn GIn Thr Ala Cys Pro Ala Asp
405 410 415
Cys Asp Pro Asn Thr Gin Ala Ser Cys Glu Cys Pro Glu Gly Tyr lle
420 425 430
Leu Asp Asp Gly Phe |le Cys Thr Asp lle Asp Glu Cys Glu Asn Gly
435 440 445
Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly Thr Phe Glu Cys
450 455 460
Ile Cys Gly Pro Asp Ser Ala Leu Val Arg His lle Gly Thr Asp Cys
465 470 475 480
<210> 6
<211> 1440
<212> DNA
<213> human



165170175 Pro Len Ala Val Gn Pro Gy Ala Ala Ala Ala Ala Val Ser He
Thr 180186190 Tyr Ay Thr Pro Phe Ala Ala kg ely Ala Asp Phe G n Al a
Len Pro 195200205 Val Ay Ser Ser Ala Ala Val Ala Pro Len Ay Len Gn
Len Met Cys 210215220 Thr Ala Pro Pro Ay Ala Val Gn ely His Trp Ala
Arg Gn Ala Pro 225230235240 ely, Ala Trp Asp Gys Ser Val Cu W (fly
(fly Cys (flu his Ala Gys 245250255 Mh Ala lie Pro Ay Ale Pro Arg
Cys Gn<&3§6Pro Al a C!y A!a Al a 260265270 Len G n Ala Asp ny kg Ser
Cys Thr a gc&ggsgegrtcﬂg%tcﬂ rtgg(-f;'gcr:]gc ge r.gccc gsgc<:2g7g5c2c§g0g§g8t5c ceccgeacce 60

goagagecge ageccgggtgg cagecagtge gtegageacg actgettege gotctacccg 120

geccocgeoga ccottoctcaa tgecagtcag atctgegacg gactgegggg ccacctaatg 180

acagtgeget ccteggtgec tgccgatgtc atttocttge tactgaacgg cgacggegge 240

gttegecgee ggegectotg gatcggcctg cagcteccac coggotgoge cgaccccaag 300

cgocteggee coctgegege cticcagtge gttacgggag acaacaacac cagctatage 360

aggtgggcac ggctogacct caatgggect cccctotgeg gecogttgte cgtogetgte 420

tcogetgetg aggecactgt goccagcgag cogatotggg aggageagoa gtgcgaagtg 480

aaggccgatg gottcctotg cgagttccac ttcccageca cotgecaggee actggotegtg 540

gagccoggeog cogoggetge cgocgtotcg atcacctacg geoacccoogtt cgeoggecege 600

ggagecggact tccaggeget gocggtggec agetccgecg cggtggctee coteggotta 660

cagctaatgt geaccgegee geccggageg gtccagggge actgggecag ggaggegecg 720

ggcgettgeg actgcagegt ggagaacgge ggctgcgage acgegtgeaa tgogatccct 780

gegectccce getgecagte cccagecgge gocgocctge aggeagacgg gegetoctge 840

accgcatccg cgacgeagtc ctgcaacgac ctcotgeogage acttctgegt tcccaaccce 900

gaccagocgg gotcctacte gtgoatgtge gagaccgget accggetgge ggecgaccaa 960

caccggtgeg aggacgtgga tgactgcata ctggagccca gtccgtgtce geagogotgt 1020

gtcaacacac agggtggett cgagtgccac tgctacceta actacgacet ggtggacggc 1080

gagtgtgtee agoccgtgga coogtgottc agageocaact gogagtacca gtgccagcce 1140

ctgaaccaaa ctagectacct ctgegtetge gocgaggget tegegeccat tccccacgag 1200

ccgcacaggt gocagatgtt ttgcaaccag actgectgtc cagccgactg cgaccccaac 1260

acccaggeta getgtgagteg ccctgaagge tacatcctge acgacggttt catctgcacg 1320

gacatcgacg agtgcgaaaa cggcggettc tgotcegggg tgtgccacaa cotococggt 1380

accttcgagt goatctgegg goccgacteg goccttgtee gecacattgg caccgactgt 1440

Q10> 17

<211> 480

<212> PRT

<213> human

<400> 7

Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Gly

1 5 10 15

Phe Pro Ala Pro Ala Glu Pro GIn Pro Gly Gly Ser Gin Cys Val Glu

20 25 30
His Asp Cys Phe Ala Leu Tyr Pro Gly Pro Ala Thr Phe Leu Asn Ala
35 40 45
Ser GIn lle Cys Asp Gly Leu Arg Gly His Leu Met Thr Val Arg Ser
50 55 60

Ser Val Ala Ala Asp Val Ile Ser Leu Leu Leu Asn Gly Asp Gly Gly

65 70 75 80

Val Gly Arg Arg Arg Leu Trp lle Gly Leu GIn Leu Pro Pro Gly Cys

85 90 95
Gly Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe GIn Trp Val Thr
100 105 110
Gly Asp Asn Asn Thr Ser Tyr Ser Arg Trp Ala Arg Leu Asp Leu Asn
115 120 125
Gly Ala Pro Leu Cys Gly Pro Leu Cys Val Ala Val Ser Ala Ala Glu
130 135 140



Mh Asp Len Cys G n H s Phe Cys Val
290295300 Ser Tyr Ser Cys Met Cys G n Thr Gy Tyr kg Len Ala Ala Asp
305310315320 H's Arg Cys G n Asp Val

Gn
Ser
Cys
Gn
Gn
Phe Al
Cys

Pro Cys 325330335 Pro G n Arg Cys Val

H s Cys Tyr 340345350 Pro

Pro Val

IVh

Lys
Pro
Tyr
Val
Thr
225
Gly
Asn
Leu
Asn
Ser
305
His
Pro
Pro
Cys
Ser
385
Pro
Cys
Leu
Gly
Ile

465
<21

Leu
Gly
Gly
210
Ala
Ala
Ala
GIn
Asp
290
Tyr
Arg
Gln
Asn
Phe
370
Tyr
His
Asp
Asp
Phe
450
Cys

0> 8

Asp Pro 355360365

A o pr il %’r%Sv’fﬂ

nA|

Ala
Thr
195
Ser
Pro
Trp
Ile
Ala
215
Leu
Ser
Cys
Arg
Tyr
355
Arg
Leu
Arg
Pro
Asp
435
Cys

Gly

<211> 1440
<212> DNA

<213> human
<400> 8
atgettggge tcctggteot tggegegetg gecctggecg

Val
180
Pro
Ser
Pro
Asp
Pro
260
Asp
Cys
Cys
Glu
Cys
340
Asp
Ala
Cys
Cys
Asn
420
Gly

Ser

Pro

Ala Asp Gly Pégy

165
Glu

Phe
Ala
Gly
Cys
245
Gly
Gly
Glu
Met
Asp
325
Val
Leu
Asn
Val
Gin
405
Thr
Phe

Gly

Asp

0375
%50 A48

Pro M\h Pro Asp Gn Pro Ay

Asp Asp Gys He Len G n Pro
M Thr Gn Ay Gy Phe Gn
Tyr Asp Len Val
s Phe Arg Ala Asn Cys G n Tyr @ n Cys

é@a@g{aé{o%r 15 B 8T

Asp Ay elu Cys Val

sVaI Cys Ala Gn @y

§Seys Gn Met Phe

Leu Cys GIu Phe HFL Phe Pro Ala Thr Cys Arg

Pro Gly
Ala Ala

Ala Val
215

Ala Val

230

Ser Val

Ala Pro
Arg Ser

His Phe
295

Cys Glu

310

Val Asp

Asn Thr
Val Asp

Cys Glu
375

Cys Ala

390

Met Phe

Gln Ala
lle Cys
Val Cys

455

Ser Ala
470

Ala Ala
185

Arg Gly

200

Ala Pro

Gin Gly
Glu Asn

Arg Cys
265

Cys Thr

280

Cys Val

Thr Gly
Asp Cys

Gln Gly
345

Gly Glu

360

Tyr GIn

Glu Gly

Cys Asn

Ser Cys
425

Thr Asp

440

His Asn

Leu Ala

170
Ala

Ala
Leu
His
Gly
250
Gin
Ala
Pro
Tyr
Ile
330
Gly
Cys
Cys
Phe
Gln
410
Glu
Ite

Leu

Arg

Ala Ala Val

Asp
Gly
Trp
235
Gly
Cys
Ser
Asn
Arg
315
Leu
Phe
Val
Gin
Ala
395
Thr
Cys
Asp

Pro

His
475

Phe
Leu
220
Ala
Cys
Pro
Ala
Pro
300
Leu
Glu
Glu
Glu
Pro
380
Pro
Ala
Pro
Glu
Gly

460
lle

Gln
205
Gln
Arg
Glu
Ala
Thr
285
Asp
Ala
Pro
Cys
Pro
365
Leu
Ile
Cys
Glu
Cys
445
Thr

Gly

175
Ser lle
190
Ala Leu

Leu Met
Glu Ala

His Ala
255

Gly Ala

270

GIn Ser

Gln Pro
Ala Asp
Ser Pro
335
His Cys
350
Val Asp
Asn GIn
Pro His
Pro Ala
415
Gly Tyr
430
Glu Asn
Phe Glu

Thr Asp

Thr
Pro
Cys
Pro
240
Cys
Ala
Cys
Gly
Gln
320
Cys
Tyr
Pro
Thr
Glu
400
Asp
Ile
Gly

Cys

Cys
480

goctgggett ccccgeacce 60



405410415 Cys Asp Pro Mh Thr G n Ala Ser Cys G P Cys Pro Gn ny Tyr
He 420425430 Len Asp Asp Gy [Ma He Cys Thr Asp He Asp G n Gys Gu
Asn Cy 435440445 Ay Phe Cys Ser Ay Val Cys H3 Mi Len Pro Ay Thr
Phe elu Cys 450455460 He Cys Oy Pro Asp Ser Ala Len Ala kg His He
Gy Thr Asp Cys 465470476480 Asp. Ser (fly Lys Val Asp Ay Ay Asp Ser
Gy Ser Ay Gn Pro Pro 4854904 |0 Pro Ser Pro Thr Pro 01y Ser Thr

Lou Thr Pro Pro Al a Val GQ/ feu 500505510
gcagagecge agecgggtgg cagecdgtge gtecgagecacg actgettege getetacceg 120

ggocccgega cottcctcaa tgecagtcag atctgegacg gactgcggge ccacctaatg 180
acagtgoget ccteggtgge tgocgatgtc atttcottge tactgaacgg cgacggegge 240
gttgecogee ggcgoctetg gatcggectg cagotgecac coggeotgegg cgaccccaag 300
cgocteoggge coctgogegg cttccagtgg gttacgggag acaacaacac cagctatage 360
aggtgggeac ggctegacct caatgggget cccctetgeg goccgttgte cgtogetgte 420
tccgeotgete aggecactgt geccagogag cogatctggg aggagceagea gtgogaagtg 480
aaggccgatg gotteoctetg cgagttccac ttcccageca cetgcaggee actggetgtg 540
gagcccggeg cogegeetge cgocgteteg atcacctacg goacccegtt cgoggccoge 600
geagcggact tccaggoget gocggtggege agetcocgeocg cggtgectee cotoggetta 660
cagctaatgt gecaccgegec goccggageg gtccagggege actgeggecag ggaggogecg 720
gecgettggg actgcagegt ggagaacgge ggetgogage acgegtgeaa tgegatcoct 780
gegectocce goetgocagtg cocagecgge gocgecctge aggoagacgg gogotectge 840
accgcatcceg cgacgecagtc ctgcaacgac ctctgegage acttctgegt tcccaaccce 900
gaccagccgg gotectactc gtgeatgtge gagaccgget accggctgge ggccgaccaa 960
caccggtgeg aggacgtgga tgactgcata ctggagecca gtcecgtgtce geagegetgt 1020
gtcaacacac agggtggett cgagtgccac tgotacccta actacgacct ggtggacgge 1080
gagtgtgtgg agocegtgga cocgtgettc agagecaact geogagtacca gtgeccagecoc 1140
ctgaaccaaa ctagctacct ctgegtetge gocgaggget tcogcgeccat tocccacgag 1200
ccgeacaggt gccagatgtt ttgcaaccag actgectgtc cagccgactg cgaccccaac 1260
acccaggeta gotgtgagtg coctgaagge tacatcctgg acgacggttt catctgeacg 1320
gacatcgacg agtgcgaaaa cggeggettc tgoctccggge tgtgocacaa cotccecggt 1380
accttcgagt gcatctgege goccgactcg geccttgoce gocacattgg caccgactgt 1440

210> 9
<211> 516
<212> PRT
<213> human
<400> 9
Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Gly
1 5 10 15
Phe Pro Ala Pro Ala Glu Pro Gln Pro Gly Gly Ser GIn Cys Val Glu
20 25 30
His Asp Cys Phe Ala Leu Tyr Pro Gly Pro Ala Thr Phe Leu Asn Ala
35 40 45
Ser Gln |le Cys Asp Gly Leu Arg Gly His Leu Met Thr Val Arg Ser
50 55 60
Ser Val Ala Ala Asp Val lle Ser Leu Leu Leu Asn Gly Asp Gly Gly
65 70 75 80
Val Gly Arg Arg Arg Leu Trp Ile Gly Leu GIn Leu Pro Pro Gly Cys
85 90 95
Gly Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe Gin Trp Val Thr
100 105 110
Gly Asp Asn Asn Thr Ser Tyr Ser Arg Trp Ala Arg Leu Asp Leu Asn
115 120 125
Gly Ala Pro Leu Cys Gly Pro Leu Cys Val Ala Val Ser Ala Ala Glu
130 135 140

Ala Thr Val Pro Ser Glu Pro lle Trp Glu Glu GIn GIn Cys Glu Val
145 150 155 160



Val Ns Ser 51y 515 <210> 12 <211> 1548 <2/ 2> DNA <213> human <400> 12
atgcttgggg tcctggtcct tggecgegetg gecctggecg gectggggtt cocgcacce 60

gcagagccgc agccgggtgg cagccagtgc gt cgagcacg actgottcgc gactaccog 120
ggcccogcga ccttectcaa tgccagtcag atctgcgacg gactgcgggg ccacctaatg 180
acagt gcgct cctoggtgge tgccgatgtc atticatgo tactgaacgg cgacggcgge 240
gtt ggccgec ggcgoot ctg gat cggectd cagetgeccac coggcetgogg cgaccccaag 300

A Ll Ll e
aggggcg%ngﬁg?T H%dgé%&% A agce gtgcgaagtg

@c@dq%g g gcc actggetgtg 540
gaguccggc t gc. cgcc tot at cacct acg
ggagoggat %'Vﬁgﬁ 5’&“60%6% A%f‘g%*t"c%‘@@ég Y

accccgtt cgoggccogc 600
Y8498 cc cctcggetta 660
cagot a Eg cgo CC gccc cg gtccaggg
96& ¢

actgggccag ggaggcgccg 720

ggcgot t g b&“@d@ % QtLﬁb%W e LatYelgt§caa tgcgat coct 780
ggggctocc ctgcca tg ccd gcog tgc aggcagacgg gogctectgc 840
accgcatEﬂL’EgA edaeden 'thA|@t\fjd: HtPtBtpgﬁgané G"agtat tgcgt toccaacccce

900 gac®dgccgg getoct &t c gtgcatgtg53gagaccggct aé®ggct ggc ggccgaccaa
960 cac®yagtlgdgr gggé)@g&gg\hltﬁgtad@fgéb\/t &lychvgfagdiccdlagbyscgt gt cc gcagegcet gt
1020 gtcaacacac ag@it ggctt cgagt @dcac tgct accofe act acgacct
ggt ggackpgor 14086 PemflvghigtRyg Aag@m:gtrg@)a Rrodgt gitt Ata Algagccaact
gcgagt aoca gtgceéélgccc 1140 ct délaccaaa ctagct2akct ctgcgtotgo
gccgagggotGlt ddge gerc Glat Azcee Cac Jarg A28 dedbadhygdtr Gecagat gt t
ttgcaaccag acfigcct gt c cagcegactg cgaccccadg 1260 acccaggeta
gct gt gaphgisp ded gaaggcHitsarhatcge VgigPacachrgtisp GtaPaod ggacg 1320
gacat cgacq9agt gcgaaaa cgyeggcttc tgctciwgggg tgtgccacaa cctoccoggt
1380 aceirtiygagt cgcmitctygond THCGOgant &F 13000t WgOas gecacat t gg
caccgaciogt 1440 gact cgiggca ageggacgg st ggcgacagc ggmt ct ggcg agccoccgcce
cagccogae tird 399 0L AGOrH G ASSici IR C& ¢16Te9GegPe g@gct egt gc at t cgggce
1548 <210> 13 <21i 3521 <212> DNA35213> Artifichg Sequence <220>
<223> Desclih v ofs of| A%rntvhtle% aly B8ARRNAEG cysHM BR! 1 DNA <400> 13
aat gt ggcgg gcaagggccg a2 345 350
Pro Asn Tyr Asp Leu Val Asp Gly Glu Cys Val Glu Pro Val Asp Pro
355 360 365
Cys Phe Arg Ala Asn Cys Glu Tyr Gln Gys GIn Pro Leu Asn Gln Thr
3170 375 380
Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro lle Pro His Glu
385 390 395 400
Pro His Arg Cys Gin Met Phe Cys Asn GIn Thr Ala Cys Pro Ala Asp
405 410 415
Cys Asp Pro Asn Thr GIn Ala Ser Gys Glu Cys Pro Glu Gly Tyr lle
420 425 430
Leu Asp Asp Gly Phe |le Cys Thr Asp lle Asp Glu Cys Glu Asn Gly
435 440 445
Gly Phe Cys Ser Gly Val Cys His Asn Leu Pro Gly Thr Phe Glu Cys
450 455 460
Ile Cys Gly Pro Asp Ser Ala Leu Val Arg His |le Gly Thr Asp Cys
465 470 475 480
Asp Ser Gly Lys Val Asp Gly Gly Asp Ser Gly Ser Gly Glu Pro Pro
485 490 495
Pro Ser Pro Thr Pro Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu
500 505 510
Val His Ser Gly
515
<210> 10
<211> 1548



<212> DNA

<213> human

<400> 10

atgettggeg toctggtect
gcagagceege agecgggtge
ggececgega ccttcectcaa
acagtgeget coteoggtgee
gttggccgee ggogoctotg
cgoctegege coctgogogg
aggtgeggecac ggetcogaccet
tecgetgetg aggecactgt
aaggccgatg geottectotg
gagccoggeg cogoggetge
ggageggact tccaggeget
cagctaatgt gcaccgegece
gecgettgege actgeagegt
geggectccee gotgocagtg
accgcatceg cgacgcagte
gaccagcegg gotoctactc
caccggtgeg aggacgtgga
gtcaacacac agggtggcett
gagtgtgteg agecegtaga
ctgaaccaaa ctagctacct
ccgcacaggt gecagatgtt
acccaggeta getgtgagtg
gacatcgacg agtgcgaaaa
accttcgagt gcatctgegg
gactccggeoca aggtggacgg
cccggoctcca ccttgactece
210> 11

<211> 516

<212> PRT

<213> human

<400> 11

Met Leu Gly Val Leu Val
1 5

tegeogcgotg gecctggecg
cagccagtge gtcogagecacg
tgccagtcag atctgegacg
tgccgatgte atttecttge
gatcggectg
cttccagteg
caatggggct
gcccagegag
cgagttccac
cgoogtoteg
geoggteeec
gcoocggageg
ggagaacgge
cccagecgee
ctgcaacgac
gtgecatgtge
tgactgcata
cgagtgccac
cecgtgotte
ctgogtctge
ttgcaaccag
ccctgaaggce
cgecgegcttc
geeccgactcg
tggegacage
tceggoecgtg

cagctgccac
gttacgggag
ccoctotgeg
ccgatctegg
ttcccageca
atcacctacg
agctccgeocg
gtccagggec
gegctgegage
gecgeectgeo
ctctgegage
gagaccgget
ctggagcccea
tgctacccota
agagccaact
gocgaggecot
actgcctgte
tacatcctgg
tgctecggss
goccttgtece
gectotggcg
gegctogtec

Leu Gly Ala Leu Ala

10

Phe Pro Ala Pro Ala Gtu Pro GIn Pro Gly Gly

20
His Asp Cys Phe Ala Leu
35
Ser Gin |te Cys Asp Gly
50
Ser Val Ala Ala Asp Val
65 70
Val Gly Arg Arg Arg Leu
85
Gly Asp Pro Lys Arg Leu
100

Tyr

Leu
55

|le Ser Leu

Trp

Gly

Pro Gly

Arg Gly

lle Gly

Pro Leu

25

Pro Ala
His Leu
Leu

75
Gln

Leu

Leu
90
Arg Gly

105

gectggeett
actgcttege
gactgogeee
tactgaacgg
cocggctgeoeg
acaacaacac
gecogttgtg
aggagcagca
cctgcaggec
gcaccecgtt
cgegtggctoe
actgggccag
acgecgtgcaa
aggcagacgg
acttctgegt
accggctegge
gtoocgtgtce
actacgacct
gegagtaceca
tcgcgoceat
cagccgactg
acgacgettt
tgtgccacaa
gccacattgg
agcceecgcee
attcggec

cceocgeacee
gcetctacceg
ccacctaatg
cgacggeggce
cgaccccaag
cagctatage
cgtcgetgte
gtecgaagte
actggetete
cgegegecegce
cctcggctta
ggaggcgcecg
tgcgatcecct
gegetectge
tcccaaccee
ggccgaccaa
gcagecgetgt
getggacgge
gtegccagece
tccccacgag
cgaccccaac
catctgcacg
cctcccoggt
caccgactgt
cageecgacg

Leu Ala Gly Leu Gly

Ser

30

Thr

45

Met
60

Asn

Leu

Phe

15

Gln Cys Val Glu
Phe Leu Asn Ala
Thr Val Arg Ser

Gly Asp Gly Gly

80

Pro Pro Gly Cys

95

Gln Trp Val Thr

110

60
120
180
240
300
360
420
480
540
600
660
120
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1548



Gly Asp Asn Asn

Gly
Ala
145
Lys
Pro
Tyr
Val
Thr
225
Gly
Asn
Leu
Asn
Ser
305
His
Pro
Pro
Cys
Ser
385
Pro
Cys
Leu
Gly
e

465
Asp

Ala
130
Thr
Ala
Leu
Gly
Gly
210
Ala
Ala
Ala
GIn
Asp
290
Tyr
Arg
Gln
Asn
Phe
370
Tyr
His
Asp
Asp
Phe
450
Cys

Ser

115
Pro Leu

Val Pro
Asp Gly

Ala Val
180

Thr Pro

195

Ser Ser

Pro Pro
Trp Asp

lle Pro
260

Ala Asp

2175

Leu Cys

Ser Cys
Cys Glu
Arg Cys
340
Tyr Asp
355
Arg Ala
Leu Cys
Arg Cys

Pro Asn
420

Asp Gly

435

Cys Ser

Gly Pro

Gly Lys

Thr Ser
Cys Gly

Ser Glu
150

Phe Leu

165

Glu Pro

Phe Ala
Ala Ala

Gly Ala
230

Cys Ser

245

Gly Ala

Gly Arg
Glu His

Met Cys
310

Asp Val

325

Val Asn

Leu Val
Asn Cys

Val Cys
390

Gln Met

405

Thr Gin

Phe Ile
Gly Val
Asp Ser

470

Val Asp
485

9

Tyr Ser Arg Trp Ala Arg Leu

Pro
135
Pro
Cys
Gly
Ala
Val
215
Val
Val
Pro
Ser
Phe
295
Glu
Asp
Thr
Asp
Glu
375
Ala
Phe
Ala
Cys
Cys
455
Ala

Gly

120
Leu

e
Glu
Ala
Arg
200
Ala
GIn
Glu
Arg
Cys
280
Cys
Thr
Asp
Gln
Gly
360
Tyr
Glu
Cys
Ser
Thr
440
His
Leu

Gly

125

Cys Val Ala Val Ser

Trp Glu Glu

165

Phe His Phe

170

Ala Ala Ala

185

Gly Ala Asp

Pro Leu Gly

Gly His Trp

Asn
Cys
265
Thr
Val
Gly
Cys
Gly
345
Glu
Gln
Gly
Asn
Cys
425
Asp
Asn

Ala

Asp

235
Gly Gly
250
Gln Cys

Ala Ser
Pro Asn

Tyr Arg
315

lle Leu

330

Gly Phe

Cys Val
Cys GlIn

Phe Ala
395

Gin Thr

410

Glu Cys

I1e Asp
Leu Pro
Arg His

475

Ser Gly
490

140
Gin GIn

Pro Ala
Ala Val

Phe Gin
205

Leu Gin

220

Ala Arg

Cys Glu
Pro Ala

Ala Thr
285

Pro Asp

300

Leu Ala

Glu Pro
Glu Cys

Glu Pro
365
Pro Leu
380
Pro lle

Ala Cys

Pro Glu

Glu Cys
445

Gly Thr

460

Ile Gly

Ser Gly

Asp Leu Asn

Ala
Cys
Thr
Ser
190
Ala
Leu
Glu
His
Gly
270
GIn
Gln
Ala
Ser
His
350
Val
Asn
Pro
Pro
Gly
430
Glu
Phe
Thr

Glu

Ala
Glu
Cys
175
Ile
Leu
Met
Ala
Ala
255
Ala
Ser
Pro
Asp
Pro
335
Cys
Asp
GlIn
His
Ala
415
Tyr
Asn
Glu

Asp

Pro
495

Glu
Val
160
Arg
Thr
Pro
Cys
Pro
240
Cys
Ala
Cys
Gly
Gln
320
Cys
Tyr
Pro
Thr
Glu
400
Asp
lle
Gly
Cys
Cys

480
Pro



10

Pro Ser Pro Thr Pro Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu

Val His Ser
515
<210> 12
<211> 1548
<212> DNA
<213> human
<400> 12
atgeottggee
gcagagecge
ggeoecgoga
acagtgcget
gtteggccgee
cgcoteoggge
aggtgggeac
tocgetgotg
aaggccgatg
gagcccggeg
ggagcggact
cagctaatgt
ggegettgge
ggggctccce
accgeatceg
gaccagoogg
caccggtgeg
gtcaacacac
gagtgtgteg
ctgaaccaaa
ccgeoacaggt
acccaggecta
gacatcgacg
accttcgagt
gactcecggea
cccggeoteea
<210> 13
211> 21
<212> DNA

500
Gly

teotggteoct
agecgggtee
ccttcctcaa
cctoggtgge
ggocgectotg
ceotgogoge
ggctogacat
aggccactgt
gottectetg
ccgeggetge
tccaggegct
£6accgcgce
actgcagegt
gotgccagteg
cgacgcagtec
gotcctacte
aggacgtgga
agggtegett
ageccgtgga
ctagctacct
gecagatgtt
gotgtgagte
agtgcgaaaa
goatctgegg
aggtggaceg
cottgactce

tggocgogetg
cagccagtgc
tgccagtcag
tgcogatgte
gatcggcotg
cttccagtgg
caatggggct
gcccagegag
cgagttecac
cgoccgteoteg
gccggtggec
gCcccggageg
ggagaacggce
cccagecgge
ctgcaacgac
gtegcatgtge
tgactgcata
cgagtgccac
ccegtgotte
ctgegtetec
ttgcaaccag
ccctgaagge
cggoggctte
gecegactecg
tggcgacage
tocggoegte

<213> Artificial Sequence

<220>

505

goceotggeeg
gtcgagcacg
atctgcgacg
atttccttec
cagctgccac
gttacgggag
cccctetgeg
ccgatctggg
tteccagcca
atcacctacg
agctccgecg
gtccaggege
ggctgcgage
googeecotge
ctetgegage
gagaccgget
ctggagccca
tgotacccta
agagccaact
geocgaggget
actgcctgte
tacatcctgg
tgotocgess
gececttgoce
gectctggeg
gggetegtec

510

gectgegett
actgcttoge
gactgeggge
tactgaacgg
coggotgeeg
acaacaacac
gocogttgty
aggagoagca
cotgcaggec
gcaccccgtt
cggtggctce
actgggccag
acgcgtgcaa
aggcagacgg
acttctgegt
accggetgge
gtocgtetece
actacgacct
gegagtacca
tcgegeccat
cagccgactg
acgacggttt
tgtgccacaa
gocacattgg
agCcCCCECe
attcggge

<223> Description of Artificial Sequence: Synthetic DNA

<400> 13

aatgtggegg gcaagggeeg a

21

CCCCECacce
gcotectaccog
ccacctaatg
cgacggcesc
cgaccccaag
cagctatage
cgtegetgte
gtgcgaagtg
actggctgtg
CECELCCCEC
cctecggetta
ggaggcgeceg
tgcgatecct
gogeteotge
tcccaaccce
ggeegaccaa
gcagegetgt
getggacggc
gtgccagece
tccccacgag
cgaccccaac
catctgcacg
ccteocooggt
caccgactgt
cagcccgaceg

60
120
180
240
300
360
420
480
540
600
660
120
180
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1548



