DESCRI PTI ON  METHOD FOR PRODUCI NG HI GH PURI TY SOLUBLE
THROVBOMODULI N Technical Field The present invention
relates to a nethod for producing a high-purity
sol uble thronbonodulin substantially not containing a
denat ured product of soluble thronmbonodulin that my
be generated under aci dDESCBIREIONons. Background Art
Thr onbonodul i n has been known as a substance that acts
t MEIBEID FORBRODYCRIGHEGERPEREI Y SOLYEAE THRONGBGMORUHIN
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time, acts to significantly pronote the ability of
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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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intracytoplasm c region (am no acids 522-557), from
the N-term nal side of the mature peptide. It has
al so been known that, anong the six EG--Iike
structures, the 0, 5 h, and 6m EG--1ike structure
portions fromthe N-termnal side (that is, mninal
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syndrone (ARDS). As denatured products of
t hrombonodul i n, an aggregate generated in a
freeze-drying process and an aggregate generated
during long-termpreservation in a freeze-dried state
have been known (Patent Docunents 12 to 16). Known
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(Patent Document 18).
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Pat ent Docunent 18: JP Patent No. 3745805 Non- Pat ent
Docunent 1: Koji Suzuki, |gaku no Ayum (Progression
of Medicines), Vol. 125, p. 901 (1983) Non- Patent
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step of inactivating viruses under acidic conditions,
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der acjdi ongi ti nd the denatured product of
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Non-FafdnCDocaneht i hKojii Stemki, Haka vie L4yumi [Peogiessise of Mediciasd)oVol. 125, p. 901
has found that the gel filtration chromatography (GFC)
(1983)pr the size exclusion chromatography (SEC) has snall
rocessing capacity, and thus that its columm vol une
Non-lgqt@g

Pacusaent 2+fe (amictal, Bloado- d 39 PNE1Pe: 5% or
ss), or tiple. cyc are, nec ki on,
Non-Bg8HE Dofiiedth M ZHE Bl R S Chmap S i sheiishhe o
R | [ ' : PRl j.der ed.
Non- bl DoAGAG X5 92 ik Py SRR RY 2B S0lessFARPIe” o0
Non-PéRf DREUAES A€ 88 (Bfkslel ol IBE 1 <APRRNBER 1A 10171 GARIS0S) V-
Moreover, as anot her nefhod, an Incréasé in the
concentration of the processed protein is also
consi dered. However, this nmethod is problematic in
Discldserens thefInemntioidi ti on of a concentration step for
. increasi ng the protein concentration, a decrease in
Object xherSelved By gwdaantign caused by high viscosity due to a
hi gh protein_concentratiqn, and.the |ike. Thus,, in )
or &5 a8 BPIEs & e present JYeatario groyRRmeihAd for PRluting thrombomodulin
i strial .l.evel, to be directe t owar ds hieying the ..
substdg N kB e mpier o Bt oo i broSuctviey
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separate a denatured product of the soluble
Mean§ i SERAHFARIObECtOY a method i nvol ving high
producti Vi ty,J by whi ch the aforenentioned object has
bedna pmbese vE prodidingdgolible thevmbeatodealiteat tah éndabteislderd) or Desethod for
novel object, the present inventor has conducted
producing seluble thrernbanesilin 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 thrombomeodulin is left under acidic conditions and the denatured
product of soluble thrombomodulin should be efficiently eliminated. In order to eliminate the




regardi ng various conditions using various
chromat ographic carriers. As a result, the present
i nventor has succeeded in finding a nethod for
efficiently and stably separating a denatured product
of the sol ubl e thronmbonodulin by using an anion
denataed pesiyetr ofdhe holuble tyembemedulinsthe poaent ieventan dadstudied the use of gel
determ ning conditions suitable for each of the

( he
filtratiog chrompatograph {CFC afizeyexclupian ghremaipgraphy €HiOo And the|likge sHowever,
the follow ng.features. .A nmethod far uci ng . .
the Dl VMO BLG 18 ect Bloteidn FpgomBhCEH R osize exclusion
e S r dylin . that
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denat ured product of the soluble thronmbonodulin to an
Howexai, sucheincieasegiarthe linéay dietncity rahott appropeisd He2dusa itsdeefeaseh separation
obtai ning a sol ubl e thronbonodul i n-containing fraction o
capacity a tMerge¥er.ris enethds snethnd, a1 ingreassdm thgicancgnigationofi thegrocessed protein is
rQduc t he sol ubl e thrombonpdul i n under separation .
also BTHAI. o HoveHer THAHO 1 WO EBFS PriFEH 6 dRIAR SR coeeentration
eparat.ed froma denatured duct .of the. sol ubl.e

sep BFFRABARLA PR SRR & BEHEh R orPalfish fapyy causd by bigh
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MBYTHRE 1A DRRE 3 EbdLEL RBLEHIE dEGbEh&dulih M QARG 1eRel to be directed
under acidic conditions according to [Al] above, which

toward aghidvires the (prememionpd object! efathe feskitcin$@itivh)| ®e present inventor has
thronbonodul i n under acidic conditions of pH 5 or

considegaisit infpiytant tg seppratef a danbfussdtpiredyct of thosalillethrombomodulin by a method
t.hr omponodul i n-cont ai ning material that contains or is

involyngs gk treruptévigobt sttehhe)afesmentioned nbingtibas teen ppfdeved. In order to

achiexsé’e? g'% b%fegf}ng%q’gg rrn?)géilasfp?%:l\lg% %%%%Hggégérnfﬂ% éolﬂ(rit?clfl inttelglgive studies
it Aar t f__obt ai ni I

e SRR B0 (R R LA 8 RS e prsen
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v 2 e R Sl B RS RRLRR oh B sy denatyred product

of thewdiuble thivenbealodilirebyt i S¥R6H bt cRarRP gy deBRapatiteoft o dafBr and by
a denatured product of the sol uble thronbonodulin.

deterrhiAihg 2pnditivms seitabledorf cach @i theleariierg sol ubl e t hr onbonodul i n
substantially not containing a denatured product of

t h&pesdfiiaally, hetmesentiavention ingludasshe fnbigwing fegawesr at ed from
[Al] 212 go‘?‘%’%g Iﬁ; P ! Aél?lgb g@g@g Mﬁggﬁéﬁgﬁﬁ&gaﬂ%@ Icérlxtggizg a denatured
produff of Bl e Bormat i Bl o sttt th ok e Brombomoduin

derSQBAI ﬁéﬁﬁ?S ‘be%; .ess; (1) a step of subjecting a
v SO ugFe t r%&%bnn J@%ﬁ%containing material that
1) a sEPf AHNEAIRE a sclutid BRIEAEbIUEN-ERiRhS nidtcRENA Yo fiSins or i cted to
W STtg)t:'l?oduc of "the sol ubl e thronmbonodulin, which is oT 15 Stpe
contain A tdensteed prodwo gfthé betulslé thforihmazlabty @, antagiod Bx¢hah@h or hydroxyapatite;
exchanger or hydroxyapatite; and (2) a step of
and obtaining a sol ubl e thronmbonodul i n-contai ning fraction
t hat does not substantially contain a_ denatured ]
() a gep @i obtaping hgolyblp SPEbeme DR aIIE rehee thal dogy et shstantisly
contaiti %raglllattlllrg grodl?ct ) tlhg Qohtﬂgg th?'c?rlnllajotr)rlxo%ulm under separation conditions in which the

soluble thrombomodulin can be separated from a denatured product of the soluble thrombomodulin.
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t hronbonodul i n can be separated from a denat ured
product of the sol uble thronbonodulin. [A2-3] The
production nethod according to anyone of [Al], [A2],
and [ A2-2] above, wherein the step of subjecting the
sol ubl e t hronmbonodul i n-contai ning material to an anion
[A2] ex cHen grethodr for hyradusinga saluble ethrembonsidelin ofubstaritinliy trioh gcontaining a
t he sol ubl e t hronmbonodul i n-contai ning material to an

denatyyed oprodusk (¥fathg esolutiieashrombamedulino thatc mayn beregenesated from the soluble
ccordin o anyone.of [All, [A2 and -2] above,
tronfhpERal et G SOt Sermispeting 15 A SBire, it comprses (0) a step of
. 0= cont-aj ni .paterj.al t ani o L
i 0 PO R B 5o g A por i
a solitietheshbtRduti CAFREAR Mthd A GONEAtAUNG ; géc'te?ll to'cBntain a denatured
hydr oxyapatite. [A3]  The production nethod according
producOofby sélible HrohBbhodlin] MBicH lis GRAN&) thitfugh Eelstdp®) above, to an anion
content of the soluble thronmbonodulin’is 80% or nore
exchang¢rhon ksivexytpdtite; tand 4P) prsafpesfsbtaining e schablel hremb&modulin-containing
.thronbonodul i n-containing material. It is to be noted
fractignthat dopsingt sebstaatially aphiiainte denatorgd iprasictro teeplublg terombomodulin under

i ndi cated as a range (e.g.. [A] tqg [A2-4] as
Sepﬂﬂ@gc%ﬂ%ansaﬁlovéfﬁéﬁ% selpbl trpmbaippdulingcan hs. sepamted fiame g denatured
- i,s dihsposed in the range, it neans that the
pmd‘lﬁf%f[r%énzsé)ﬂb}?gﬁ?%bﬂgpﬁ@%er such as [A2-2] is also cited.
Ahingar I ha Sﬁl!gﬂ.lﬂg Jaat i L
A2 2?A§?1 S] g&l p{r%go%rg@%co frsr(gglﬂ%d accordi ng tsg&g%%lﬁé nOPSoontammg a
denathredl | prb@uct AF-the  RRMBKE thriABERbdNlih 'BatC BBV ER! gefrattd §rom the soluble
sol ubl e thronbonmodulin is 90% or nore"wth respect to
thrombomadulin wider mddic voriditions abdokbdife to [Al] above, which comprises: (*) a step of
__thronmbonodul i n-containing material. [A3-3] The
purifygageshlide trombominslulizgBba diep gf leaviag flenseluble thainibonwdulin under acidic

above, wherein the content of the sol uble

. A2-
Condlg‘?ﬂs @ulsss (12 sisppb pubjgsting aiselible dhppmbemednlingontaining material

rateins in e sol ubl t hr ombqnoduyl i n- cqnt ai nj n ) o
that ofprns pri .S“SP%@‘:% SRR B GRRIES BIROPE Ohta Soltele Fapmppestlin, which is
. I - bove, wherein. the content
obrail¥A08h B 30,0 ploser 5 B0 il b W Urb i ' @ o sep of
btz e . . . :
o BRI lbbn MBS Ko Ll yox subsntily conin &
denatiped ghixtitt @f o6 Beaboiobdid hdedepaaorodontifibhs faGwhich the soluble
[ A3-4] above, wherein the step (2) is a step of
thrombamodgulingambe separaed frograadthatnted gtadtict@fi the sblebleitsembomodulin.
radi ent elution, or gradient elution in which I|inear
[A2-3] Tp prvductionmegiodiascasding kvt on oALAK] il sod 2] shove, wherein the
t.0 obt ai

elution, so a n an. elution fractijon .
step o?ﬂtbmﬂn hes Stlublf EropmPemedisgaRiaining. Bagisb Btanion exchanger or

antially.contain.a d ture roduct of .the . .
hycroRyPRE R ¢ R W Sl R spEBR B gofgreniiag pfria to an anion
e in which cited itemnunbers are indicated as a
range (e.g. [Al] to [A3-4] as described above) and an
[A2-4] t g% B@uh&ﬂn%eﬂm'aﬁéﬂ?&ﬁ% toSahgTond 8f [A13; [AD], 'afd PABPPsHEUe, Wherein the
the range, it nmeans thaft thé item having a sub-nhunber
step ofusibjeeting AR- 2dlubls tidombombihdii-comfaining tlaterial &0 an anion exchanger or

€XC

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
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hol ds for the foll ow ng descriptions. [A5] The

production nmet hod according to any one of [Al] to

[ A3-4] above, wherein the step (2) is a step of

obtai ning a pass-through fraction, in which a fraction

cont ai ni ng sol ubl e thronbonodulin that does not
thrombpuissitmtongdihiyg oatetiali n a denat ured product of the

soI ubl e thronbonpdulin is obtained. [A6] The

prlbéfetbedeteddbaion aea-gaq)mowlmgh @@daw @ﬁ@bemarmcqicateé as a range (e.g.

(1] 1 (X5 o pREbed BerSaang bR Sf.\ltﬁﬁ% @%% ks disposed in

the ra:{g% af {ne%[%ttﬁﬁ%e ﬁ%ﬂ%g&% gu@-numc}}ehr our egRﬁhih) d; d doﬁﬁs rule also

anta

holds 8PHE RIBwird ulin. 7 [A7] The productl on rret hod
° accordi ng %Heggﬁs&%ﬁe of [Al] to [ A3-4] above, wherein

[A3-2]t MEneSiréductidn methSd Accoidaiy Bfans bl GFTAI NG [AR&)] SBévéDRerein the content
t hr onbonodul i n-containing naterial to an anion

of theesohibien geombarnodylia is 9024 er msm utithorespéct pd tdtak profisinsaimdthe soluble
the step (2) is a step of carrying out |inear gradient

mmwmhmmm@algradl ent elution, or gradient

elution, in which_ linear gradient elutlon i.S. conbj

ed
[A3-3) The g@@m@@%@ﬁ‘ aaPEing R pay pRsof [(d] 19d Ad-4d abaver W erein the contert

n o aving a.salt conc ation of .0
of thepRlible HiuBborBupn S 53y B e byl el 4G (g, Brotets B e soluble
59@ i'ﬁﬁl! t hr ombonodul i n t hat does not
mm&) tﬁtaupn rally g]g ?:lll'n a denatured product of the
[A34F M@M&&ﬁ*@ﬁﬂ@ Qéébfdihg t8Iah{ e c(ﬁ[)&l ot QQ—41] Qﬁov@oﬁhérélﬁ ithe content
of afraction from which the sol ub e throrrbom)du in
of thei solublel tiesnbuasiodulie Vi @934 Yr bese withbdspétedo tetal pidjeinthinl the soluble
confirmng the presence of the soluble thronbonodulin

thrombomodhlin-ednteiniogmétesat i on. [ A7-2] The producti on met hod

according . to | g‘l above, wherein the item (
[A4] aphhs fé@dmﬁ@hw achléimg(ta)anbene(ﬁ)[ml RFA3H] We wherein the step (2)

1S;M&:Btogduct i 0 t hod %‘f%uﬁ;\ﬂ{x %@ﬂ%ﬁ ove, tgraec{l gl}nticl)qnemwhmh
linear %’E@aﬁ] %glg ye‘:%ﬂl é}\ﬁﬂl s%;lzc Ne ?ga%&%u@@rg SO asett) ip)fajanan] elu tl%n fraction
mrﬁrﬁa%?b&l?&l ﬂﬂo&lﬂcﬁn&ﬁhﬂ Ihefp dB%f SRR Jﬂ;o%%g{ 2 deﬁar&Qed product of the

erla to an ani on exchanger usin
solubléstBtodtboidd@lin. PH 5 to 8 having a salt concentration of
0.1to 0.2 M and the step (2) is a step of obtaining
a Ipasste -be moted gimt f ih acdaseoin wisichgjted ifentf dumibessodre! iridivated fas ahhnge (e.g
5 to 8 having a salt concentration of 0.1 to 0.2

[Al] s A4 Etsalemb@d aboere)faaﬂcanu@m lewingai submymber subh as [A3-2] is dlsposed in

thronbonDduI does not substantially
the mn&%db?lﬁ@é ﬁayvn&wbsrmbﬁ 41@? bivdrd hs dpo; Wf[ Aé‘}s rule also

uct on. Jret hod according to any one of [Al] to
hOIdef’ tg‘ %‘Pm PH¥Pein t he step (1) is a step of

5 AR AT RBRIA 1553 Bl Bt g e

isa steF Hf@otilﬁm LtfiGush PAASRE FRIvRich AHaBin c%hia%g%hl%le’fﬁﬂoﬁibomodlﬂm

ess; he step (2) is a step of carrying out
that dokd nive aibsgn'@aﬂlyeaﬁtaﬁlaldbnatmd ploditofte golatde irdmiRIintddubiis obtained.
gradient elution in which |inear gradient elution is
[A6] coltisi mmediciivrt methodaebrlinggo anfi enctof ¢A Lk to gA3-41isbave, wherein the step (2)
buffer saolution of pH 6 to 9 having a phaosphate
is a sigpnebsaryEng owt dsocoitic oelation Ky obiginagnt Qutisivy Feefioancontaining soluble

thromb%lmuohulm t{)ala (t')éso rI]lotc OS{]I s%énrtllaJTyg contain a denatured product of the soluble

thrombomodulin,




sol ubl e thronmbonodul i n that does not substantially
contain a denatured product of the soluble
t hronborodul in, either (a) after the position of a
fraction fromwhich the soluble thronbonodulin is
el uted has previously been confirnmed, or (b) while
[A7] c onFlierpridugtiormethodamnulingdd amhenesdilAb) te [AB+4] albryemiakudin the step (1)
in the elution fractiaon. [A9-2] The production nethod

is  sigp ef)wgeﬁ?l& the f(ﬁ@ﬂle @mm%@nm%%mateeﬁw ) :ﬂ@n exchanger using a
[ ' .. [A9-.3] The. . .

bt RBoBeof B A aor o tﬁ%{?%f D 3 8 o i) L sy sepvise

s L) of oA0E Ll OULAD S SIRAR) i Lok s

gradibrfd3ndibn, 88 8 bubah RGN 51 §159 hn%\ilﬁ% a ba¥t Bn&hRRioAlof 0 to 1 M, so as to

subj ect’ing the sol ubl e t'hronbonodul i n-cont ai ni ng
obtaifrah elutiah frationwahiamitalibleethitshbethoduliPthbf ddes :161 $tibbt@iialy contain a
pH 6 to 9 having a phosphate concentration of 5 to 20
denatoi¢d qroduet of tha rsdlubleghmtrdyompdylin, ieithen (#)t afier dfe misitian i a¢raation from
ass-through fraction using a buffer solution of

P e . pH 6 :
which ghegolyblg thrgmborpediip fisgleted basrmroneushtbeem catfimped, or fh) whilp confirming
SO as 0 in a.fragtion containing soluble
mcp??ﬁ“ﬁ?rﬂ%ﬁ%ﬂﬁ? %tgfq‘?ﬁl‘“r@g%@‘mﬁli‘ﬁeh&% % ally contain a

engt ure roduet ,of the saql.upl.e thrombopgodulin,.[AlJ
(754 o e b oo BTV Rt AR B i @hjsePplic from the
ﬁﬂn%f$gilabove, whi ch does not conprise a step of

djus%ing the pH of an elution fraction containing

[A7-30| THel RoduhieH RemBE B cori t[A??Me,r\ﬂieréiﬂﬁfétiﬁﬂi (bdsl pplied from the
contain a denatured product of the soluble

item @apogbporodul in to pH 4 or less, after the elution
fracti on has been obtained. [Al2] The production

[A8] net Thedreduciondinethod ascendingsm anyodne[ofi[A]] tb GAB-Al kbovabwheesin the step (1)
. Wwhich js. a production_ nmethod conprising . a ) )

s & sigp pEhiePias B o j grodlinensiaining material do ananiogryckanger using a
butfet {RESRECH o B Al St an ot Gt QTY: Dubstep @) is  sep of
ol RSB Skn he  BEn Sk o ] UL ERAH Sl Srccnaion o

0.1 tof 0. 284 508 B %Etaﬂeaeff‘acti&p&ﬁ‘ii:aﬁ}ﬂﬂ%so‘mﬁé Bt dmbolfRdRiPHMOE bt substantiatly

d.
met hod is used to convert the sol uble thronbonodul i n

containa dénatpitd hrodaetef teablubR gbinbdbmoduia3] The production
met hod according to any one of [Al] to [Al2] above,

[A9] whéFheiprodubtionooethahdccondingdo egnarewnf §411 |to fbidrd] atwive, selierdin the step (1)
. thronbonodulin in the soluble thronbonodulin that does
is a sigprof sybjeatingrihe seluble dyambemodilia-cotpiningr mafetial dol hydrogyapatite using a
sol ubl e _thr modulin is 3% or |ess. [Al4 he .
buffensolgn of B %&n&@d&%ﬂiﬁ'ﬁ COBFeRFFOBoE %&M][OAIT‘?SS&E‘Bd the step (2)is a
. rein.the soluble .thr onodul i.n i S . . .
sep f i3y O et R AU SERVIR: S HRE. Bekpdifh'chuion in which
inea R R SR is oL TGlh 3ep RS Froa Ry PPeEr CfficRorom s o

9 haviirsl ® phesphié esbehteiiion WF Of 91019 Mg &b URItE obRIOsP B frhdlioh Rontaining
such a way that the soluble thronmbonodulin does not

solubkufhsdnaboimodlliry thaoribes notasubetmmially edntpihodl dedaheéd poduct of the soluble
sol ubl e t hronbonodulin that nmay be generated fromthe

thrombemadilis, eithenta aftas thel fositiomofy fractionlfromovhich the sokshle thidnshomodulin is

ri ses
elutedC %gsp prev?ously been confirmed, or (b) while confirming the presence of the soluble
thrombomodutin in the elution fraction.
[A9-2] The production method according to [A9] above, wherein the item (a) is applied from the

-

8




(1) a step of subjecting a soluble
t hr ombonodul i n-contai ning material that contains or is
suspected to contain a denatured product of the
sol ubl e thronmbonodulin to an ani on exchanger or
hydr oxyapatite, 9 and (2) a step of obtaining a
item @pbugb).e t hr onbonodul i n-contai ning fracti on that does
not substantially contain a denatured product of the
[A9-Fo| Thel reodustiemetiad ascordingled Ak ehwae.avhestin theritei (bd isspplied from the
. &$éﬁ$ the sol uble thronbonodulin can be separated
Item % denat ur ed product of the sol uble
hr i n; r the purificat.l wher.ein
(10} " FRIREREH S Pecoo jocbitnals oL G AT BTAS abot el the step (1
Ez‘%ﬁ%han er fmﬁﬁgggﬁsggatlte, agﬁgéle% SO ﬁ?ﬁ%2&g¥m¥ﬁgmBUSnga
buffes &1t &f pHY 10 9 rme H:ph BARE EcBAtREoNBE B10i 28! mMor less; and the step (2)
prepared, and the soluble thronbonodulin that does not
is a sep b dlataihing lalpassethiotigh fraction esiag  beffer golatorcéf pdf 6 td®having a phosphate
sol ubl e thronmbonodulin is obtained as a pass-through

coneqnfrazari afi.to RANBM Yo aF beohsain i fiaetioni contaimingl solibledbrombbmgdulin that does
mg@%g% above, which has the characteristic feature

not 2y sgntein agleyrswed Brodpckpf the sejublathigmbampduling A16] The

1] B ROT PSS 18 A2 B 57D Bkl b whieh o o

conﬂﬁﬁ?%ﬁ%%ﬁg%ﬁi|ng?%§wﬁg%es ﬁb% sugngﬁ?lapﬁfmk@%ntapwonwd in that
does hbtSsuBfaAaNY 8shiRh AMAinred proabidtrehd hMPORRMdnduliBto pH 4 or less,
3.0%or less. [131] A nmethod for producing

after thb el fiaioh hik eebsttainéd. al | y not containing a
denat ured product of soluble thronbonodulin froma

[A12} ol Thislpeodubtianrhethathekonding dmangi ane 06[ A te A 1] alidvetwhich is a production
contains or is suspected to contain a denatured _

method eouprisingfa eonscriztion step @nd/on® desslingtion stepawhersip the pH of an elution
.gener at.ed frq

m. the so] ubl e thronbogodul i,n under
fraction pAmIBg, sRiyel Gprem i< JOESHPRATIAIY egaig denatured product
' ' L hro nodyl.i nscont ai ni teriak to
of th STE O bSingh % B RTRA ) BECERt B 7 Ul pp s e
bt i g oL . .
obtaif, R R pRARKbR Rl (181 3P TR B9 SR fmbomoduln o 2
pham@iRBa@icHl Batestl 0duct of the sol ubl e thronbonodul i n under
separation conditions in which the soluble
[A13} hrihetposdnctidn methadadeerdirertanay ext dft[an] toa 1dpataive,rvedkrein the content

product of the soluble thronmbonodulin. [B2] A method
of a depatumdoptoduch 9f selrblettrombiompdulioub sheasalikie Hyombemodulin that does not

subsch%gmipﬁgtg@g Figpea?q%rgglgzgqr)ﬁgﬁ:ﬁe thr?)legI?lloglﬁilnels 3% or less.
SRR B RTLL A TR L S AL STt e s
oron S M RSTRN ol e O SO i o

cells RIADN &R odingthe Bmito 218k Ghid \Bofn RPSER M8 NO: 9 or 11.
t hr onbonodul T n-containing naterial to an anion

[AlSExchanghed dor pydfybgy selable t rombagiodilin dn il € way that the soluble
solution of the soluble thronmbonodulin-containing
thrombpamedulin does npfrsepsantially eomthin & dersitriredoprodudt bf theisoluble dhrombomodulin

t hat does not substantially contain _a denatured . )
that mgy e gepergied fipe the sefuble thrpmﬁembﬂmmﬂquy esmclitippse avhigh comprises

s S e o PSR a3 wpeid

contai?ltaecfén%eﬁ %dﬁ&toif g S{)l]l'lgle thrombomodulin to an anion exchanger or hydroxyapatite,




a sol ubl e thronmbonodul i n-containing material to an
ani on exchanger, using a buffer solution of pH4 to
9, and the step (2) is a step of carrying out |inear
gradi ent elution, stepw se gradient elution, or
gradient elution in which linear gradient elution is
and (2¢ e gtop nfobtathing astlableitsrembpomdddintcostainirigofirctions thatgdogs not substantially
buffer solution of pH5 to 9 having a salt

contaigs 3 dengfrecprpdist of thosalublg thipmbosmagslin wndspeapmation roafitiepson which the
solubl‘%{]j’?glél P c Ofr’%’l Ie?ﬁ;egagﬂfsnl f chhgffl!’i‘eq?gﬁt h'é‘ie; og Po u%%%h{%é%)ﬁg]& tgfﬁ’g‘gomodﬂim
or e B PRLT, Ot BB oGl A lR Rlno G e-consining

awhil e copfirm qg@p&?gigjn h hm{;i iGACH Jubl
maten}[ﬁgéﬁy %ﬁeg%%ghctl rrgl{h a or}fi[’ng !:So B%a]uﬁgbo%fe,cmc soluble
thromMéhesdalifLcdi@nitp SRatdrial 19 Preparsd, GiddGhe Solible GhroMBomadulin that does not
sol ubl e thronmbonodul i n-contai ning material to an anion

substastiatip acgrin o slemtured udduer of ohelt sotubleo thrpibeimodudinSis  alstained as a
the step (2) is a step of carrying out |inear gradient

pass-thepughi frgtiorst epwi se gradi ent el ution, or gradient
elution in which linear. gradient elution is conpined

[A15-ghi The Byrifjsaicnemgihadeesordiag i [Ahv] aheyen §hich hasrthe pharacteristic feature
soondi S O RS AR B & Pon raer o O

v _ , ‘ _
(161 ¢ PTG ethll BedonROED e bRIATE [ALT3 wherein the content
of a dea@utéd pRodub STIHAHE btk Bom&Hlif in thb SrrRtABdrhddRlin Bfat 8026 not substantially

elution fraction has previously been confirned, or

contaitvthie ldenamead prodicd of sohdletheaboteddin ik Be%adridss.on fraction.
[B5] The production nmethod according to [B2] above,

[B1] whAmesthodAobprbfheningstbtambionodolin piistantially 8ot doatainmg adsatured product
concentration of 0.1 to 0.2 Mis used, .and a so| uble

of SOI‘%hlﬂ’ brasahesndplim frew whlhlﬁ_h@lm -CoIHaAIRINgG . thatycogtains or is
suspecligia E‘&Iﬁ%ﬁ? : E%%f{ g 3%‘% et R ”ﬁ%ﬁ'?gy@?e greratd from
e sob SR BRI k0o L ABR o0 PO 0 B v

msoI ub| e{(%ﬂﬁrpﬁ‘%onogyi it(#]-%%ont galieér%lcngg%ua?erii ai Sthou% and (2) a step of
obtainiiy @ eMMePRAdbE corésihig selutkle fhr@hbormddulih tHat dtfes AdT sBbstatifly contain a
havi ng a phosphate concentration of 8 mMor |ess, an

denaturdalepraduepof th¢ solabla tiebrapornddutia uhgdrsepapation Icbmditions in which the soluble
gradi ent elution, stepw se gradient elution, or

thrombpmgdubim eandiesepansied fromttiesiandtinad produgt afithe seluldé thr¢rabpmaglulin,
conbined with stepw se gradient elution, using a

(B2] pufmesthaddpr prodieing thipmbymoguln ibygtarniially nptroaiareee denatured product
o o Gt Oy PR BEhE il p comaosor i
e 50858 u SR LR KGO SR b et om

the sol@bl thrEbbrhadillih AdPABIAR BHAIBHE! WhidE Shmmad b SIBFHF suBfecting a soluble
ile confirm ng the presence of the elution

thromBonawiulieSontdifng mdieiap t® di Ghiof rexoRingerdoraydesuigits, wheRi a buffer
above, wherein the step (1) is a step of subjecting a
solutiopobfithe sotubleritheooddoimodulinesontining gnateriabr isaprepared, and the soluble

hydr oxyapatite, us;ir:]g a buffer solution of pH6 to 9
thrombomagalia gt deposi9h atbsiauitlieneanian oh dspatiedoprpdagy) ofrilie soluble

t he ste 2) I.s a st of .carrying out |inear
ﬂ)rommgoé &he Pt dragioti ent el ution, or

B3] 005 el bGP it e P Ve, PRSI 9 (13 %eb B subjecting

buffer solution of pH6 to ?0 havi ng a phosphate

&




concentration of 1 to 40 M so as to obtain an
el ution fraction containing soluble thronbonodulin
t hat does not substantially contain a denatured
product of the soluble thronbonodulin, after the
elution fraction has previously been conflrned or
a solubli thepnhonfoduliri-ermtaittieg melss@ie @ fion dxehasigert ising a buffer solution of pH 4

fraction. )EB8] The_ productign nmethod according to [B2]
to 9, apbthe stepe wsianstep @fbﬁﬂﬂ&ngw lingap gragientgiption; gepyvis, elution, or

oSN Bl Pl et o s

buﬂ‘ef %}ﬂtﬁ)@o nglétl?ﬁ? E%gﬁﬁé? Qagt?clto frai n 0%)2% 2%\'2“%% I%f%){o%btmn an elution fraction
SR thpbrasbtddulth el Bo&Hoe *&h&tahﬁaﬁ%ﬂfaﬁ% 'déﬁsmﬁéd Broduct of the

pass through fraction. [B9] The proddction nethod
solubRot@irtbon@dilh, aft thnsosition oBitk ehtioh Bttioalay Breviohey Béeh, confirmed, or
after an elution fraction containing soluble
whilet donfumingrthe ptasence bfthe elotion frmtiosubst antially contain a
denatured product of the soluble thronmbonodulin has

[B4] be ebhegmdurtinsymethedbaceerding to Hil ] abawei wherein shetstepr{1) ig a ptep of subjecting
t,a or less. [Bl The roductlon nmet
asol ffc‘BPH}bH%"#é% @L %]t? ar i rs%i]c B esing i léfﬁgr gplution of pH 4

raction ont

to 5, ?{%&r ejslf':ltsl’ton of caliying OHt eg{J Ol UQ;EP ent elution, or

m&ﬁ%ﬁfﬂweﬁﬂﬂ%ﬁﬂfm% v

bu.ﬁ'eﬁécﬂiﬁlonloﬁ H3lth b 4 said doﬁ&ﬂﬁatﬁﬁtcﬁ' 081 M18o RdHo@btatn ¥ elution fraction
elution fraction at pH 4 or less, so as to convert the

contafming iinihéble thirsratineodntin khan does ot plhiatanﬁaibutomaai a dadatrédaproduct of the
B11] The production nethod according to any one of
Solub[eshijomb@m[oaﬂgg afigy dhecpositim o€tha elution facttonrhas prsviopsly been confirmed, or
denat ured product _of soluble t hronbormodul in in the
whilesg pEEpseatie elHtiemEactiomes not  substantially

851 { prisRmeditfor fefod 36ouhng g) (B2 Bbovaw %sma ‘ZJHT?EP‘?IH‘FP“ of pH 5 to 8

havmgzier el n E%g{ag%tggpﬁ %n a den d%g Jpgoc%é ct o ?dl%]f"conmmg
materid] 1@ SGERAU &b hflord efclﬁﬂéey% Sbiafty YRAATRAhbdIN é&aﬁﬁ sg&%ﬁmally not

not sdbstantially contain the denatured product of
contaiiirigidegativt @rodasad teisbluble throffbémodigiaas a pB4-Mrovdhfraction.
producti on nethod according to any one of [Bl] to
[B6] [ Bk padslvotinn méthedeicrortling tes 38 1] bbave, whareinthersteg (1 )iina step af subjecting
pepti de obtained fromtransformnt cells prepared by
a Solqb}e&h@fr@ewﬁ@mwm materiglito hydrpgxapatite using)a bufter gnhltm of pH6 109

uence shown in QIDNQ .9 or 11. 12 Effect.
havinga I?*HEP T FORenBRHon e %]F‘FSOMP iR (DS g 5tep \9f samyipg out linear

A
combireH Swith! Lﬁﬁwﬁée RﬁHﬁtdslﬂlgnan%@P g(g @rt§§gﬁ(é]tngo phosphate

I nvent | enabl es separ’at enatured pr odu
concea@htidl oF Ot 100N B9 Bdiol dbtdid Bielifiéh fr&fon BbiRaining soluble thrombomodulin
t hronbormodul in, with high productivity, regardl ess of
that domnbtadubstmtiauy aommaemmredqudmt of A% splubksthidmbommodulin, after the
Lf?ﬁll purity sol ubl e thronmbonodulin substantially not
elutiop dractiom hasgpravidesha beameehnfimoetl or while cohfimsing gl presence of the elution

t hr ombonodul be obt d.
fl_aj“mro onodul i n can be obtai ne

[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




Best Mbde for Carrying out the Invention The
t hrombonodul in used in the present invention has been
known to have action to (1) selectively bind to
thronbin and to (2) pronote the activation of protein
C caused by the thronmbin. In addition, it is
havingr s phesplistescanertratiore ob it ¢s drrM; land teced(?) ina gep ef abﬂ')yng out linear
have (3) actlon to extend the coagulation tine

gradient chignystepvdscoeradiant eletionoar grdisnipgintionsing wich Iha@aélgéadlent elution is
t t htonbj n,. S
o RS RSB %ﬁl%?%%aeb‘gff% T N

conoGReA 10t 0.8 rVLD e SRR M 28kl plple grabormodutin

o 4 et 1 58 A e

elutioncfdctiad banpelioddlp bedncénfiedets &F Wiilet Jb"nﬁﬂﬁh? the PRsence of the elution
activity level of the action to pronote

fractirgt i vati on of protein C or the presence of absence of

such action can easily be confirmed by apg ng the
(B8] ¢ eshhepsedvetion wribed pcotling to (B4 abavey wheérein q%ﬂesoluﬁon of pH6 t0 9
JP Patent Publication

ha“nlé R ﬁmﬁ,{gl}ﬁ%ﬁ&%’;ﬁ o B0 CQ@B@? 15 5 B¢ & polublg dhrembemprlia-contzining
el ol B S s o
contafrir)g{n s gg(cg f e FSlgﬁltelﬂgrgflﬁ fn&iugJE %gﬁ?m&g&%ﬁ%‘acuon

[BS] destki pkﬂ&ﬂlchéh hﬁ@m@ ra8&sdfihg 'té“él%nbh@ Bf []§1]St9|[B§1 8bove, wherein, after an

t hrombormodul in that is solubl'e in watér in the absence’
elutiop ffrasticnuegohtaitivgalubhs theorisoiaBulie thae déuloesubktantidilg contain a denatured
solubility of such soluble thronbormodulin is a
produsionfiths $Q11tb¥€ thtombomgyinlin luas bawy ebtained, t6 phipfithe dutionrfractor is not set at
ter, for exanple, in distilled water used for
Iﬂ{4$ﬁ?@ctlon (in general around a neutral range in the

(B100 178 FRotpich MelieR SeaNing 15 i pee pt P agpl a5ve oy, s o
elutioff rﬁa%n%n%&u:#gﬁogﬁylyﬁm%bog%dﬁhn %{ & ﬁi § ?fgllrl%;l% 001%1 W denatured

or nor nore

produb@dfitheCsd]udle tHroﬁfb%fn%HﬁfH hés ﬁ&n%faiﬂed,oe[ C(J}{?ﬁlﬁgtr} ﬂr}toécﬁi(% desalination step

cases, such solubility my be

is cariddunwithdut @é’ttu[g&h@ﬂl-l bfithe eRiEi6n frﬁbmiﬁ BESHIY BEleVN&S 386 cotvert the soluble

not soluble 13 thronbonodulin was dlssolved after
thrombbmodidinidh pharmacaticabodtetialn has been dlssolved t he

solution is observed by the naked e for exanple

[BI1]q; dbe progugionsugthgs aceording e ansoenecd (B toé{B;bQisaprQ; mhefein the content

of « & tﬁeﬁﬁ@ ) eiﬁ?%ﬁwom b %ﬁ'qbq hsppcanin that does no
mﬁmw%% rs 00 a§%%&gﬁ ‘§%@§W8 %ﬁﬁpﬁgﬁﬁﬂr%ﬁ'the
o e O O o

of a qeh&6rRA Grodudl oﬁ%ﬁ%&r&ﬁb@n&dﬁﬁh G the sbfpld theResTadE kHdt does not

used in the present invention preferably conprises an

substaatisllycontaindhe denaturd peoducttfisstible thrérhba@iiddutin &CI% 6r 1ads.
positions 19 to 132 of the am no acid sequence as

B 13] s hd¥s productisE ettpdNgrording whanyhoreaxd [Bletn [RiZjvaboess whiarin the soluble
entral .portion of .the thrombonodulin act|V|ty of

throm Ht 8 PERtiAsbtained fioma transfermant cells peaparsd do tonsfeeting host cells
: t. t hr onh d | t linited,
with IR §iRtink Mo HraRe o eabes o in SE RPN O e

consi sting of am no acids at
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positions 19 to 132 of the am no acid sequence as

shown in SEQID NO 1. The am no acid sequence

consi sting of ami no acids at positions 19 to 132 of

t he above-descri bed am no acid sequence as shown in

SEQID NO 1 may be naturally or artificially nutated,
Effechof the hryenfioni t has action to pronpte the activation of

protein caused by thronbin, napely, thronmbonodulin

act 145 prpductign method"of dhesprgsent mavention foes Rptaeativg roprngentration step of

. consjstin f.amno acids, at, positions 19 to 132 .nmm
increfHE R coPchnaioR ot & BRFesed il ; dhis. ope abidierhratheaft pod of the
. |
el U B! € Wl 5RO ESAE GO PGB8 o e
bl HRSmBYmdBdliAR L W hi }éﬁH} e zyﬁ)ces
SouI ong Igtsn[tlhe afore#egﬁtﬂii%uggﬂ%n odgeg% gfsequioﬁlgbg% S sed volume.
As atrdsuheligh guitity BolablkitMbinbomddi@inBubsiritlly AdticBftaidiigth denatured product
sequence consisting of am no acids at positions 19 to
of the @ublyf thtombomuidvlin o ibel obteigednce as shown in SEQ I D NO

I shows honol ogy of, for exanple, 50% or nore,
preferably 70% or nore, nore preferably 80% or nore,

r.ther, preferably 90% or nore, particul arl
Best Q’FEQ’%BV“QQ% ?%Wﬁtf I and m)sltO preferablz 98% or
o B oD BL57 88 85?50 S B R cton o 1)
selectRHPbin® o BRANGN &R 1045) ﬁrﬁ@ﬁ){e' e gxitfvfi‘ﬁcﬁro Cacﬁkgdgmg% thrombin.

am™no aci d sequence ca e easlly procf ce- by a C
In ad@i€i0Rit 8 pRsFerbble @at the preGikthreihBombdulint Rn@ ity Rava €3 Yheti

seq%elncg&gs shown irI?SEQ I D NOm 3, (?g? thy;t i?)%ﬁueonto extend the
coaguationotiae ibgt thtombiio ahd/oi0 (1) ladBoroto sipprasitioplaklet aggeagiion &aused by

as shown in SEQ ID NO._ 1 has been substituted with

mijiny . Sughaction pbirasehsenddilin mep bie fefertet ¢ rthrombombdntiractidty.

al sp preferably jncludes an amno _acid sequence _

orfks ek hepraorsdlie actiiiy dhrambpmedulingveerably b the pctiops in (1) and (2

t he,am no .acid,se nce. as. sho in SEQID NO 3. 14
aboverﬁﬁ%?loﬁ?ée%hlghﬁﬁﬁﬁ%a‘%’m’%‘ﬂ‘g&%’g@%‘@usepl in the

pr . . S . .

P 95 acfh Bkl R A Bl kil B8 ity v of
the adtio ¥ SromBde 1l ackivatldn of potin @lor RRIrEERRDf Akeh of 3 E?E%p can easily

the am no acid sequence as showt in SEQID NO 1 o

be confimiedtynpplyingube \3ttnaithoad cleadpldeiiRdah viriRs types of known publications

. aforenentioned sequence, and it conprises at |east a

inclugsnp R Basers Pyblinatien (Kokai) dNo. 6A621bAIGIRRI).I Marebdvey,ithe/action to extent the
Preferred exanpl es of the present thronbonodulin

co e eauprdolry dheombin 95 et ackion &1 supprstihe mistelgmggtegationgraused by
tronip & 8 2 grepRLine A0S WWHBence a5 shown | SEQ
I D i d | Sti f . o
e i T R———
thrombBAYENFAhARS sdhiid ﬂlgw%&' ih §5dbsdrlak GF R g n A%?it ﬂarér,{geltr%d éample of

peptide consisting of a sequence consisting o

the sABikty o sudhosdlubleothforbdrioBulin’d® a0dohibily 8M Mey/AF bmore, or 10 mg/ml or
sequence as shown in SEQID NO 1 or 3 is nore
more oy whter;, fiplexampil e divitted vater aswlt foeinjeetsns(ipgedbal, afind a neutral range in
enbodi nent, there can al so be applied a peptide
the absenesiof eisndactant suchesdlitsgatid 0¢rar BelidocaneBquBurhesobibilityt isgreferably 15
m no aci d sequence consisting of am no acids_at
mg/mg p-g

BLPPTCoPs! /10e/m) on meres mog PESEDL A me/m of ;01325 s1g/mk gremore, or 30
e/ R PR i B R BT B el o oo pome cash, Bty 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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I n anot her enbodi nent, the thronbonodulin used in the

present invention preferably conprises an am no acid

sequence consisting of am no acids at positions 19 to

480 of the amino acid sequence as shown in SEQ I D NG

5. The type of the present thronmbonodulin in this
thromtereddiimweag dissobredafterthe saluhié trdmybdmadtiebiys besn dissotyed,ghe folution is

conprises such an am no aci d sequence consi sting of

observedhbynthe naked ¢se, dor qyarmple; drestlyl belew whio light seuree, aia psitige pfibrightness
of appg e S BB S o Ve Toe SIRORS Gerod IPSIaR coReR Foplble subsiances
T T T
thromBoRRRuES '&ﬁ aﬁlﬁﬁoxg ﬁgéy Qtﬁlh]?&sibﬁrtg EREafe tPQ ?oltﬁtﬁdrn'oaxlgttd Qdi&ltji?x% r‘%he presence

protein cause onbi n, nanely onod
or absched bfd tedidue. |N the am no acid sequence as shown in SEQ
IDNO 7, Val that is the amno acid at position 473
of THehthromibofrmdakin dsedeie b presans iskativn prafefably) ¢dmpdsts &n amino acid
has been substituted with Ala. The thronbonodulin
sequengs eehsisting pamine seids ati pogidions Bhtoal 32 of hecdneina beig sequencgdas shown in
an _am no aci d sequence consistjing. of am no acids_at

SEQ IRND% il ohich dag beengmogn WEe mﬁmw%@fg dargeboggdulm activity of
i | NO. 7. T. t ..
umary R 1 The capind, 2o Sbeicaof 1Ry pRbsr Fombggodulin is not

'uﬁ%t" a | L e ..as. | [ '!2? :

partic a nﬁé&g& éé Pég%lﬁénwc%ﬁg)gr%% iaélt#%go %ﬁdasﬁg‘%géeam S 5f amifl§ acids at

positioB9 30 b 92 of thel Bnind 3LidWeqiidABe AL IRAARI SEQIBUROCE. aFhe amino acid
shown in SEQID NGO 5 or 7, or a honol ogous mnutation

sequent® cBmNipian E Miind Acidafap pesikais | IN®A 132 gfl eikCshovédebeiibed amino acid
conprises at | east a peptide sequence having

sequenc avsenouSEQ AD ND:i lvingybe mtwrhlyr oradifieicdypiutsed) fis lohgas it has action
present .t hronbonodul i n include a peptide consisting .

to provoptc theeidstie ef BoRE & v b eambio recebshermipgsnioadivit.  That

. 19 to 480 or at positjonst17.to400f..the am acid

is to sayothe amine acld seausRRe FARSiSiERg ¢irgnnies agdspt positionid 940 AS’S{W gomprise a
.consi,gttng of . a.homol ogous ...mut at.i on .sequence qof, the . .

subste iR UL of ma Pt B RES e S By BB REB8 0 B amino acid

sequericd EOSHBOARASEONDAGH! ¥ Uhhe d%ceg@i%&t 1668 of RBHG 1578t Ptilarly limited,
sequence consisting of amno acids at positions to

as long 89 (R afbleReAiBnB® amrotacid SSMERe thad ShrémbiRodulin AefilyD e mutated

or 7 is nore preferable.” Moreover, in a further nore

amino peid baquend condistirlp e ahinotabids at aitions Hotol182 apthk iamihosacid sequence as
pepti de consisting of a honol ogous nutation sequence

showndn SEQIDaNON b shavschosmdpgyrifefor exaiple, i56% wrfmeres meferably % or more,
at_positions 19 to 480 or at positions,k 17 to 48%

f
more prefgrabliBe eanere.dedice Redrahly 36 Rnmore, ety aslynpoefen 1959 or mor,
s RN R, b OB e s S i i

' [ e . ' de ] '
sequenfl, £ EREo B ECh 1PoReli ik saBlol s SRofB ol Shih » muated
amino adi® séjuer | DEI1yASbAL EdHuB éﬂ@'d&@n@ﬁ&' O,
9. Tér%le toye/g%@?}&tg%}e preécogﬁﬁélthro(r)r%%ennggﬁl inin hngﬂuB'O
enhalé eRito adid sdgénce ak tshéwih & BEQI ID'NCE®, VabthapiRghé amiro acid at
conprises such an am no aci d sequence consi sting of
positioa i of tha einite aid woeinté anshowa in SEQID NO: 1 has o substitwied with Ala.
sequence as shown in SEQID NO 9. The amni no
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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aci d sequence consisting of am no acids at positions

19 to 515 of the aforenentioned am no acid sequence

as shown in SEQ ID NO 9 nay be honol ogously nut at ed,

as long as it has action to pronote the activation of

protein C caused by thronbin, nanely, thronbonodulin

actlihus,tthe type dfftbe &momboraedutin sseflignthe prssesthiovention iSShGY particularly

ID NO 11, Val that is the amno acid at position 473
limitegfaslong as #fihas ableast a0 aminarrsis muayh@mmgsém aqds agpositions 19 to

132 qt},ﬁsx A %@%ﬂ%%t%\w% ﬁgégi,?og%%d“' rolgias mutation
e SR S L e o s v
ﬂ]fom% ﬁ innﬂcﬁﬁgﬂ ! 'P)neferﬁ %xynﬁleyb‘f%e h&?erﬁ ¥REmBEmbdifin include a peptide

onodull n use e present invention is
cons1§ﬁ§ bf& WqBEAc consisihy BFamiAs ati@hd paﬁudnk 103s 1328& at ﬁ@e‘iﬁons aMto 132 of
am no acid sequence consi sting of am no acid
the arpias adid ectmedd? ak shovimlia SEQ IDWNOaMions, aad Ia(j)eptﬂﬂltemwngbf a homologous
shown in SEQID NO 9 or 11, or peptide sequence
mmmhmwmgmmMMWﬁhqmmbmmﬂmmmﬂﬂﬁhﬂ@g@b&ﬂthmmﬁmmmﬁmy A
af orenenti oned sequence and having at | eas

Pepﬂc{ewpaﬂ%ﬂrﬁémsmﬁma@mm of RN q@ ﬁbmsmnék%f?pl%’soféhe amino acid
t . |
soauchifeRatyh S IS NEETHE et et €y oy s pfored

bopOSI %I ons M#%e%ﬁp&gﬁé g%ng%%nﬁl(?fi gﬁoﬁ %@g ﬁ'rglfgionf';equeme of

the aﬂu'ﬂ@ aﬁ&kéﬂﬁel%'cgns?ﬁﬁg B 4rfin 9%@?&:@6&{1&3 % 13> NGk pShitRhns 17 10 132 of

1, and pepti de”consi sti ng ogous tation
the a@ﬁﬂ%ﬁk@qﬁéno& e skdval BMSPQ i DN O: 9 66UR BEEhavih Sialéash throMbomodulin
| east thrombonodulin activity. A peptide consisting of
activi. sequence consisting of am no acids at positions 19
to 516, at positions 19 to 515, at positions 17 to
5160 apethert erposlimentinthe ﬂmnbosmélﬂur uselein theriprsentcinvention preferably
uence as, shovvn in SEQ | is partic

| a L
mmPB?egP’é Ao acid |SeUSacH cep%ﬁmg &P W&F’éﬂ a&m&tﬁ%ﬂ% tg 45 Qfghe,amino acid

oS SRR S " o B SR o B RO cmbetimens
A e I e

acids af pdafidhd 1 PRS48D ot ko affd sBducBOSAs shoRA uali‘,EQqﬁBﬁ@ of The amino
the amino acid sequence as shown in SEQ |

acid saqueher eonkiltrigedff anifio atidoatapaitiehe 19 ed48xaihiae efo@émdnﬁened amino acid
t hrombonodul in of the present invention. Further, a

sequepgspasi shewn om SEEX ID@CofS mahberbbmglogeustnmetatednas long)aeitdes action to
t hereof and haV| ng} | east thrombonodulin activity.is

promee the aghaghepet W@fl Gangeddy Ahpmbingpamely, ghrpmberaggulin activity.

el aRoEn 'age@ sqRsBe o “av'éﬁ’%ilaﬁ?%e\%ﬁﬁ@””i%m' Pigo acid at
posm%hmrg}ltﬂeg it rrpr d eédaugﬂcue%g gﬁ'cf&af oy S%(f 'I\Fjé S%S%ee% s%s%ﬂtg{a with Ala.

S tion,
iR fusQNe ﬂa?abgr lids I

Theﬂgglgkéel?abl y severﬂgelr rggégtrqn‘é%ﬁ%?%p& 20, pr@fer (gfh% Sequience
consisling f &dinorieide app:itnah Yo 480 6f the amitih 4281 degfidticd bt Shown in SEQ ID

preferably 1 to 3) amno acids in the amno acid
NO:&sequence of the target peptide. The acceptable |evel

of mutation is not particularly limted, as |ong as

t hdhpe tha type phshe ﬂmnhsmmluhm iupedaiot the ipregent ivention & of particularly
. |de s honol ogy for exanple, .50% or, nore,
lnmte@raé eap It $as; Jfast apgmnEo aﬁ’éﬁ@%‘?@r@ﬁ%ﬁmﬂo amingacigptepositions 19 to

480 o&" Y Qx%fno acid sequence as shown in SEQ ID NO: 5 or 7, or a homologous mutation
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preferably 90% or nore, particularly preferably 95% or

nore, and nost preferably 98% or nore, at the am no

aci d sequence |level with the target peptide. Mreover,

ot her preferred exanples of the thronbonodulin used in

the present invention include a peptide consisting of
sequence e ik efordnddfomdi sequence, chnd ds icdmprdses as leaktoavpeptitle SEfqlience having

ID NO 14, a peptide consisting of a sequence (272
thrombamndulie petivitss | Resapd sxampleswt the rement) tronborgdulininchide a peptide

of . a.sequence (236_am no ac

Comﬂ%g‘g éfdﬂgggé:l%gée' éotﬂléigsﬁlgi aming aoigs Rigposgiony, 1] forf8Q opat p%siﬁons 17 to 480 of
eSCY | in JP,Paten i.cati okai.) No.. 64- 9

the B Rohenl Apeh TSR NG St  eiide Bsiste 2 Homologous

mutaRéP S nok BFRE bfofndnlotl sefthdd dit hq%'b%at'léaﬂi thftfhboflBdutin activity, A
l'ong "as It has at least ah amno acid sequence

peptid® Ot ing \&F Ddeqiicd SorBRiEiSofHmiR® adidd APosidhst10 14 380 8f the amino acid
the am no acid sequence as shown in"SEQ ID NO 1 or

sequice ArGhowo il SES) I NEPSidel amriorgm@ferdbdin s Méeove) th O further more
aci d sequence consisting of am no acids at positions

preferred embadiment; thereecanndlseobe applied ecpeetidecansisting7ofsh bomologous mutation
SEQ%gNO: 5 0or 7 is preferable, and a peptide having .

sequegice Pithe amig agid sadiieaes ¢pnsisigy aminocasidsakpasiignb o Rrf8Aer at positions

achds.at positions 19 to 515 of. t ' cid .
17 1§ 34034 e BBToastihSeciense s FowRein Y I, 35po7 and having at teast
thronoslcRlifPlfvin more preferred exanpl e of the peptide
aving at | east an am no acid sequence consisting of
am 0 AGtheS erbodadit! iR MRrofboinBduirusdll ih ke AELAP ifiEh
sequence aseshovvn t’ln SEQIDNO 9 or 1118 a g_eptl élpreferably
includssnfiaptind\gideqaerte GorRaey 6mshs hiittat PbsiBeHsN9 ta51516f thé amino acid
positions 19 to 516, at positions 19 to 515, at
sequenos ast shows ISEQ 8D BB 9. oThatype ofthe pessit thorhtsniolihlinin thisembodiment
. amno acid_ sequence as shown in SEQID NO 9 or 11.. )
is notrparticmlaplydimited cas deng ag itcopprisesisueh &1 aning weidl sppvondechensisting of amino
..each.congjsti a sequence consisting of am ng .
acics G porie 19 8 51¥ ofbe Bertnecpeih ausies 3o SioWcn SELDLS §Os B The amino
‘ itions 14 to 51 r at i,ti.opns.17 to 515. of . .
acid S s & o s BloRionRiioieh BBy 1 findiofd amino acid
Seq of thse prlcehslzsr];{tzj %%%?ﬁ?%ﬁﬂ?ggggﬁ 0 e mﬁg%l{hﬁs action to
promafe @eRREVHi0R BAStoRIN(C biBed By tBrofbi, ﬁﬂnélgtﬂx@nigsﬁmﬁm altivity.
peptide that starts fromposition 17 of the am no
acild tkeamimoeeidaeqednosvas showhER SHY) RONG: br, Val thanid the amino acid at
_peptide that starts fromposition 19 thereof is (30 :
positig #73 ef the aminozoid, sequeticgasshewn il FEQ 3B NOBEBhastbeer( sifbstituted with Ala.

5)., Moreover, the mxing rati o between a peptide that
The tﬁ'@ﬂ@ﬁﬁ@‘ﬁ@ used indhe presant myention alsp preferably inchidpyansammine aeid sequence

.as shown in.SEQ I D.NG, 9 11.and.a peptide that :
consitie S AL ik T puiot 19 817 5 18 i, 5 Seajencs g6 sheyyn in SEQ D
NoO: gnd maybe (70: 30) to (90: 10), or nmaybe (0: 100) to

30:70). The mixing ratio of such peptides can be

ObtTuE &fle Mbe oA MREMBEAGRM N Usbd trSthe il &foh Behot particularly

t he sequence consisting of amno acids at positions ik
limitedpes 13 Afit Hakjet leasiiaf @rided 2id>REGUDOE SOnSiStirp T WinohedE @ pdaitions 19 to

NO 1 corresponds to the sequence consisting of amno
515 oddhedamiae apid sequcocesas3hidwh in 88Q Iif N(h@ ariilnor peptide sequence having a

sequence as shown in SEQ ID NO. 9, and that the
homologgupeiatiorossavenes efghoafommentiongd seguense apdlivingah least thrombomodulin

. .480 of the am no acid sequence as shown . in SEQ |D NO_ .
activigy. _C%'%E'ﬁ- 1¢) @%@gggqﬂ@ﬁf@éhre&iremg yliggnciydeapeatde consisting of a
sequefi& &%si?&ngpo § ooar&ds%?pct)s?tiodﬁg%% Sfé? Gt positions 19 to 515, at positions 17 to
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am no acid sequence as shown in SEQ ID NO 9. Further,

t he sequence consisting of am no acids at positions 19

to 132 of the amino acid sequence as shown in SEQ ID

NO 3 corresponds to the sequence consisting of am no

acids at positions 367 to 480 of the amno acid
516, osaqueitions Bistosi 6w tHeranBiEQadidsdg@ence s shoveh nFEQGHYMNEhGeor 11, and a

_.consjsting of am no acids at positions 19 to 480 of .

peptide ppnsisingef akqneplagays evwation sequprsgref the afpremenbionggsequence and having

corresponds to, the sequence cansisting of amno agids .
at least hrosphemadii SR o A BEPUGF SoTeistnn i SABAFe CGRiaR Sh Az acids af
y , 1 N et
posisc SIS SERABebD sl e, bt Bobas BERATHEGER 315 or e
enino 58 AR s oSS ESEQUINO S B EIRHY i PubRn, o i
thereofiB @lsh 8 prefdfeddaamaple D ERToRBY &V dnbBert fAiRUREY eIl ctifhBdiment, there
in the present invention can be obtained from
can aldorterespbbedampdptide comsistilipodf @segugrce pensisting vf ammo rapids at posgions 19 to
DNA encodi ng the peptide having the amno acid ) .
516, at pegitine d 948 4 hosirposiiosEL] DS Noor &t pesitigs 17 to$ 15 jof the amino acid

etc. (specificall the nucleotide sequence as shown
sequerics, agspyiHip SEQ IQ;,%TQ;,Hm,A mxiurg thereof |13 &lsa & Pl\?%rryﬁf exgppgle of the

a vector.and then by. transfecting, host. cell.s.with the .
tromiGief S5 82 Pt i | FIRTieE G REINS AnSEE Gt Rbipept mutation

K

sequerfPRILDE o LR 4 1BHSHRATRAEE| vl BRB Mo profep exemple of
the preS&if 88bHBbmddiBn.am no aci d sequence shown in SEQ | D NO

9 or 11 (specifically the DNA shown in SEQID NO 10

or A péptide bavifg b horablpgoussmpitheequiehe is b ddsaribed bbove. Such a peptide

necessary that such peptides have the aforenentioned
havingsanhomolagriud nedajive sepence aldwiscludessuppptide thai mayregmprise @rsubstitution,

. may not. be added. Addition of a_sugar_ chain is not
deletiopegriafditipmef gne or mere, agmely;-ongpamultiple, andyprgterablyi several (for example, 1

engi ri t echni s, .the f, suc . 1.
1020, Gty Lo Bunbiearprebhy b Sinmd fipdins ety 1 laupino acids in e
. I of addij t.i.on di ff [ n: th :
amino 3 B b g S0 s L RO PGS b Briutty
a . [ I » u
limitec, MIohES> (g B R igOma aellin? e AyRBenkieahbius bomology
of, forRx@MmbRASI% or( M2 brefdibly 30931988, bR Prefofably BO%N& more, further
case of the thronmbonodulin of the present invention,
preferablyed(86 nemsteg partiaaly prefambly S&@loradore partimoss pretergbbys 98% onmore, at
as those described in the aforenentioned publication.
the ampme agidsequenesdevehwith thettaraetipeptidled f or obt ai ni ng t he
t hrombonodul i n of the pres ' limted

t SMgeRusy ethe s lrest sxagples ﬁ?fr}%éﬁgggﬁlia ing ‘E%ﬂhﬁ resE invention

. resent thronb dulin eneti c engineering,. i
inchud S conkisBE T erents, G AR S0l S i SEQ D NO: 14,
. i a . .
peptidf EHREH, O sSBE Py i GO FRAREOE R i BECPD AN 8, end »
peptide cdrBistlish & a delifferé E%%%ﬁﬁd e FhsRMR ) 8s fHowdh 1A SBELIS ROA%, which are
shown in SEQ ID 1 9, a nucl eotide sequence encodi hg
describel én I Paremit Publidatioa ek NG @4 952$9 (1989)0L. anmi no aci ds at
positions 1 to 16 of the aforenentioned am no acid
s ethedyeeofdlee thtvovhomodulBERed i thidpregent mamehtion ferot pkrtioarly limited, as
si gnal _sequences such as the signal sequence of a
long agif Rasrat lgasi o aminoasid ssagase eansisting of aminghadids at pesitipns 19 to 132 of the

. (l.nternational Pub|j ' 8/ 9811, and JP Patent,
amio i SEoERte o SR SED NEY 18 do 0 monis ofers, & pepride FiVing 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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(1999) A). Wien a DNA sequence encodi ng t hronbonodul i n
is introduced into host cells, there is preferably
appl i ed a nethod, which conprises incorporating the
DNA sequence encoding thronmbonodulin into a vector,
and more preferably into an expression vector capable
shovaf ind356 83 N ori hisgmetemblecaid = peptidel haviegati ledst amdarinogcid sequence
the vector into the host cells. Such an expression

consisig of amigo geids af gosjionn] Lioud 1S afibe amiso eeidsequeness shown in SEQ ID
o B S R o SRAELE e o s €18 i

ocid Rt B8 o RN S8 pBulls 1P P B e eavgoee s show
in SHE R N@ﬁb'op N QG tﬂie%@ﬁls é@f a &ggeneé QtlsiSting SPARHRY Cf%ﬁis f positions 19

a preferred ani pression vector- inc

to S1BSMZpoXitiba DY toesilﬁb 7ﬁysﬂi@ns Mikd 507R8r aBposlons | PEPSLS Hathé amino acid
Acad. Sci. U.S A 78 2072 (1981)]; and pBP69T (69-6)

sequenepas sheosvnbin SEQ I Ndo @l eyl 1. eFurtéHerrIJCEI'ﬁlEEI ddisre obtained from such peptides
Enzynol ogy, 101, 387, Academ c Press (1983)]. Exanples
each é@nsrmgg Ogeeieq@nﬁmmlsm H eminpeagids at positidoctd tord i@fat mwhms 1910 515,
hanst er, ovary (CHO

ept i q cl ude .Chi nese
at W@Eﬁmﬂ 15; or gpasionsd/[te 31 atrs amineesidEquens a—&mcw in SEQ ID NO:
9o (5u55h o BRSSP i e v
|,
ceﬂ?“ﬁ@b%fég?'ceﬁ“ﬁgm%%@“h%m&fm o ol e BB popide tha sars

fromGokitién 116EHe @iy A seiidrlcs T8 ko r S
mZﬁ 1ng CHO cel I s, DHFSF({%CHB cell Wmﬁ?gl%rggégla%h% peptide that

startslfronapagitiont] meeamgisr(@@r T0)® 00 SE)sandYreferablg i35 B3) to (45 : 55).
production process, m croorgani sms such as
Es dercpwdr; the oxing matie bomeemapsptdlc thist teosinatee att position $1 £ 0f the amino
ocess is preferably used. An

sui tabl e for eac r
B EOUBURATS anl betdsepepdcisisvammstessb nostiop 516 s (0 :

100 Eﬂﬁé [RElE h@é 4 eﬁ!vr'ﬁ%mr@t Uik e o

c throrrbom) in by
suc ageq?nlcrec |na|ont nm?ﬁﬂ@’ﬂg\? g‘%’ﬂ

di 9€1508 8 notel Wik AL @@E&?&Mé’ a&ﬁﬁpﬁgo 4\ positions, 19 to 132 of the

throrrbormdullntoo aln a puri uct “has al'so

aminb g2 as[sHRWPRE IBND: cad AKRK@RE X f
64- 65151,(1319(19%9) A, 2%(?35699 (19%?‘51)2\1, 5- 213998 (fglésés)mgo amino

acidsAf posiodd 7B 4809 3he Aninandid dediehde’4 shd®o &) SBQ IBININ:19, and that the
Biol. Chem, 264: 10351-10353 (1989)]. Accordingly,
sequep%cqmns@rrao@fmm B@id&gemsmm% 19ct0 488 o the anrineadid sequenes as shown in

db t hod bed t
550 15 AR b oo s 5o b Bsions 19 10 480 of e
Q. For .exar fent Publication (Kokai)
(}\g&i u%ﬁgss(hf%gféﬁ(%é&(? Ses the Escherichia coli
< bt 0kl IEE o055 AR 1 g i i
uehBEad sHovm! MMEHG IDINOOTRE dsNo the Sdqf f %B{iﬁo i

ol I DB pSV2'I£?/I 32) ( FERM %P 5570) %‘%2’#"5."%“?’%2‘5 of acids at
positiafiso36Fne 80 afidst ahinaiabidbequehecis shewea e SEQEDD WO: 1} £/ the sequence

former National Institute of Bioscience and

consisingwf aminsharidseg positidne 18uo #8Mbf tietamimeicid smlueﬁcataee slodwn in SEQ ID

Advanced | ndustrial Science and Technol ogy,
NO: W?Ra’@ﬂpné%ﬁet CRRARSIPR MBS IngEOT EFol acid PIRSAZILIS to HE0 of the amino acid

sequé\l/lcwSS i SE%LOLﬁQIESyll Trade and I ndustry

Still further, the sequences each consisting of amino acids at positions 1 to 18 of the amino

e
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(AIST)), can also be used. The thronbonodulin of the
present invention can be prepared by a known genetic
engi neering techni que usi ng the DNA encodi ng the
full-length thronmbonodulin as a 20 raw material. The
t hronbonodul i n used in the present invention may be
acid segnenpes aadhdoyn ia SEONENOSoh AL 5.y7, 9Jand i ared] hdettical teeonemhditbet.
equi val ent thereto. For exanple, the present )
t i\ dessrbriubalow, cha thsembgmnedylin egednint the peesent dnieatierocanhlee obtained
af orenmenti oned nmethod of Yamanoto et al. [JP Patent ;
from tpsgsfpropazt o £18g% BreparRd by mw@n&iﬂg gu5qding; the peptide having the

. met;hod descri.bed .i Nt LPubli i on ( Kokai . .
amino 8 MBESEY 108 i SEE PO NG, T4 7 & W Al SRty R mucteotce
ueric’, ' e ye b bLec [
sequecd a? KAARP S SED) 520 4T BT JEDKR" Lol PRRS fector and then by
uansfee@bgcho%@&u@mﬁ tiRSveSt3R WIS thronfbtrloBllilNiSed Bereth Othrod@iflin obtained
and it may be further nodified, as necessary. For such
from trmstoriiatddlle prepared byl GinsfeRting Hosh gellks thavador aermpglisitis DNA encoding
position 473 of the am no acid sequence as shown in
the amBEQEidsy@med shqvpnint SEANRAMNG:, 9 bhil (sperifiatly the RNA shown in SEQ ID
osjtion 1418) is_subjected to site-directed
NO: 1¢0r RerespestielndeRe®rably t o the net hod described in

hod .in Enz | ogy, 10Q: 468 983), Academ c Press,

S ot 5 St e, el peplies ave R Alofmsmiey Aoua i Geauences.
[ I 1 iC Cifl onsi .

Thus, 8302 Wil by S i - ucibl AahRCdr d G ShafiQioP biticulary
limited” "1 ad onp HYTRUE enplHile THA k) e B o ORH o'sBky chain, o positon to
which Skégal Ehad3s added, drldahdleed] 8Paddition Hiffkr deseading 6f the: fobst cell used,

SEQ I D NO 10 may be converted to the nucleotide C, so
and thegs ateonod lpaaiculariy liatited. [T&, bihding pesitiorpbfsuch mesughushain and the type

gﬂ(}epared DNA is incorporated into, for exanple,
thereoie AessubadandP Batewp\Publjcationokabdiia. 41-8619961(4999) A In the case of the
transfonpant cells. Such cells are. then se|lected, as
ﬂmmt&ﬁﬁ)ﬂal&? preseRipingentipn dhepapg sygar cl@a%m@h%ﬂé@m? mﬁ%ﬁaﬂn%e&omonas
btain. a culture.solution. and thra dulin can.be. . .
those i oteeficii PhbyiRRtont o A RBRE IR e M op Soining the
' t. . . e it
tromtRERRLEH BF ek PRI 0 3 e of WRRP Uifrerig, B e cose of
btainihg eSpresehe throthBdin BNge bi 8lispfalt tha
? a%i no acid sequed*rﬁi(t:i%1 as sl%eg\%m%!’]%%% ?%%K%p&g ls%\gal SB&ence '
can bermséd doexpedssion, aoikledtdd sequénbe endodimgdhe aminbser sequenbe consisting of
. present invention is not linmted to the aforenentioned
amino peitih afcpositions bt b bEthe afreémertionsdanioad atiid sequense dseshown in SEQ ID
extracted and purified also fromurine, blood, other )
NO: 9 pyuglegde,gegyence epepdingsthe antipg, @pigli seguenpe conpisfing|0f gmiro acids at
.. extracted a urified fromtissues oduci
posiiofi i ft it ibreehionss A 201 SAVEDEE SHAHOR Sh PR IDNQ; 9, and other
r | i f .
known Sl iy suct tnd SERTRANBICH ok Bttt e e actygror can be
ed (HRGRAD WAGRnt i : r 11-
e e Avent ?%%Pl‘llbs pr gducggbgy 't Egog?géﬁéehrﬁeqfﬂb?l%%g @F&P} No. 11-341550
(1999l ture nethod, there may be cases where the
N-term nal am no acid becones diversified as a result
of Whas & MéA stqen@naicodingl ifrombdmatulinfis jmtrotheted inté-dwost cells, there is

exanpl e, the amno acids at positions 17, 18, 19, 21
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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or 22 of SEQID NO 9 may becone the N-termnus in

sone cases. In addition, there may al so be cases

where the N-terminal amino acid is nodified such that

the glutamc acid at position 22 could be converted

to pyroglutamc acid. It is preferable that the am no
DNAggiotecale thasss comstituled with 2preotensequente, Nséqendenios addihg a ribosome
. Js nore preferable that the amno acid at position 19
bindigg syerio MRNAN-a PNA} sragence pppasinges profein tmbs: ereprespade Resplicin signal, 2
4 enbodinent,fth am.np acid, at position 17 rmay becone
COMYARAT SRAYCAGE{Iof, EHHSW. N, [GRnatony 3 keplisitione prigin i SaAwa@ce, and others.

| fd ' [ versification, etg. . t nme hol.d .

Exarfiey STl el i diop Rpfibfiuce: BRER X Fgonsd 6°R. €. Mulligan
o Aok S8 Bhne BB SNE RPN (65 CPRGEMEA R M. Howley
et al. BARhbE ih@ngzﬂmmgb,em@-m,rm&ahjmsa pLogjd may become

diversified, and as a result, a peptidé that is

s hoEzampléshufrhostheello tieit nar be peydtih geodoptionnsf sach peptidas indlude Chinese

resi due may be produced in sone cases. That Is, there
hamstggpvery (EEEDwellh §1QS-1 Ieellsa 60%7 adlsd VERO @G COR-8) Bells, BHK cells,

the C-termnus, and it_is further am dated, so

canin?ﬁci&:e'? S PL gl e O-16:ielio ki, e of s

host {635 ey Bl el S cels b oo e Gels,  Ofthese
nGHITOTAS i L

csls THO SIS By ARGl ARBRL BTl DIR.CHO ccls are

morepretértisle. preferred enbodi nent, the amno acid at
position 516 may becone the C-terminus. Wth regard

t 0 Intuegenétivr eginéringnmocesdeh p@&%él\gﬁdudﬂibﬂ Pfdekds] MatkddPghnisms such as
etc., the same holds true for havi ng t he
Escheripsiaceslii agreofenquseth c A hest-stnbmrsystem SE@bleTolNech pihcesEhepreferably used.
hr ombonodul i n obt ai ned by the aforenenti oned net hod

An egionBistemueannecelerted eypn depandieg en theerforsmentiondhbest cells. A
e ASE ' GEE8S FsPoBURER e e o S oot o
£l | 1] fo 516, at Lt .19 515, ..
proa 2 Budn Bl P o8 | bt Bl B b B aicioed

Rt A0l USSR ) TR Bl o en o

[7P Patehtuinlbiicdtion qQRORAP UL, i 63-6239 kqﬁt@?lw, 235569911990 A5 DH S8 1993) A,
denat ured product of the sol ubl e thronmbonodulin that

5-31078Y (b293) g naendaf-@65 176 01995) eA s addu bl Biol. hT ke o o4 ul0351-10353 (1989)].
under acidic conditions. The present production

Accorgiinglin the tronghomedhlin vssilanithe priessint ention danibg pasticed by the methods
descrip) By s, RQrREh o1 FFi o Y FAsHes ok i, Fos cxpmmples P Paten
T TN N —
w08 ol AR RN s
thromboedaint | Al i ELRI AR &ﬁf@ﬁ%ﬁzﬁww GFERMA BPIB%gO)r whetein the

sol ubl e thronbonodul i n under seéparation ‘condition n
aforeméritiohed ktenirs hisibitdes ré-Heéporibdmigh thefornsed N2t dRaA¢ 86 Bioscience and

froma denatured product of the soluble
HumantFeghtisdogyd{tHeicurrentNativeal Instihitesof 2dvapeeddnaisiriahSeietdsadd Technology,
o ol 2 ) i s e
s i B R b i B e s
o PRl S Rd bt
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t hronbonodul i n, before the step (1). The tinme point at
which the step (*) is carried out is not particularly
limted in the production nmethod of the present
invention. The step (*) is preferably carried out
before the step (1). Acidic conditions under which a

raw matenedt ur ed product of sol ubl e thronbonodulin may be
generated fromthe sol uble thronbonodulin in the

fhromhwmduinonsednn thecpsesehioinventignpay, bepnrmresirby 3 egwentionally

eferably pH 4 aor less, and nore preferably pH 3 or
egl 5%%111 eqyivaient theret. Jfpr skpmidle, the preseat thisemiomadyfin can be

PfePﬂI?ﬂ» Bt Fepee oS BN Boner R b YRt 2 & Hp Patent Publication
mongqg&'@e&wn&?igegc& Bl OLIORTP Btk B AR Rok) o

hours™ or prefera nor e

5-21399812 (19587, €@k ¥ t¢ sd}OH him@h-dEfel - thi¥RIbERAYENlin déeh@ may be subjected to
tenperature applied under such acidic conditions is,

genetid eigiresdnioconvadint BINYeergbding thepdrtine meillsyqukbée Brshown in SEQ ID
| ower, and nore preferably 8C or |lower. The | ower

NO: 9 forrexample, gud i ntwdpefmﬂteu medified gasmeceasdry  00r suchmaylifiation, a codon
preferably 2C or and_nore preferably 5C or

encodifg ecaming jaeid at Wﬁéloaf‘%'ﬁé}féhﬁ ape aciceaneace shdiovnda SEQ ID NO: 9

GertieffR %aemieo{i%e”*%ivg‘#ﬁ%'r w@h fsoa%[am%aq é%%ei%égg%eaﬁeammg to
the mefle R i 2 g BBl Bl 108, S b FRA R PR o o oo

t
DNA bRl EE@%%%@ W%‘&SB@%%E%?% 30 i bpaiicaly cqusiss of
the nudkbtile Sequierich aslstlwntin SEQITBSCO! 12)/FeekahPl. | Hsing S{rathietie|DNA used for

3.0%o0r less, nore preferably 2.0%or |ess, tinther
mutatnan thitdma Bie)ﬂu&]eﬁ%ecseqdeam shonsin raSEQ ¢ INGD:| 13, ﬂneaﬁeieraidbyf at position
5% or |less. The lower limt of the aforenentioned
1418 Qf SEQH NOs 16 nepobeconygsted 1o thovigleptidei €, sogs tr ebtainamutgted, DNA, for
etection |imt or less. The content percentage of a
CXamPifenat ured product of soI ubl e t hronbonodul i n can be

sy RS ol foaexa'@ﬁe%%ﬁ%%ym%?fz%m@H0>
cells tc??ft%é]ﬂ ﬁlmgsgo O%u@ﬂg agcs#ﬁe%%c%g Qsoﬁ n 28 pﬁﬁ%"}elected cells

are theR efilu@éd @%’eaﬁi mmress@ﬂmum 25 h{rafhsomedlﬂiﬁ @sh b@ﬁgdﬁoB@ from the culture
absorbance at 280 rimis neasured at a flow rate of

solutiof) by pukifyingnit akiuwding tde knowh emdthader A6 Rtatdeibod) il preferable that the
obt ai ned based on the peak area of the sol uble

aforementiapad bow dellsi be. tramgfected Goh Ithed})NAr(SEQalDyNOc H)) epeodingethe smino acid
subj ected to an analytlcal si ze excl usion

sequengg, ?Soﬁlf‘&%g? 8FRYID NOKIGELA axtvd Sowproducing thehrombonsodyhn used in the

present o Skt lgpﬁqﬁé R SR SPRLPE%  d SARRIR, ShppRmodln
may b&%d%t%@ Exgdf UHS‘? WP{%‘I?%’%JS ol;loo u?&lﬁ}%%]to?rbrg?y @gﬁé‘%&ér ee)thermse it

may aE@B@'éﬁﬁ'&%dfdhﬁ Butifi& Ut%gl?es &ﬁ%&ugﬂg gﬁ%ﬁ%ﬁiﬂdﬂi& b Rftre goluuon of

present invention under aci trons I's detecte
such tigsued) efcet Biiithethé HHIBMBImodALR iRy %ted td feleavage treatment
retention time of the sol ubIe thronborm ulin. (Wen
usingprd»t&sceasaﬁtessary t| me of the soluble thrombonodulin is
ap r oxi mat el m nutes, for exanple, the retention
erpihe thror ingf @p@mgmt inyentignds B]@ﬂmd@y the aforementioned cell

thr nmodul in is approxi mately .8 m nutes
qrﬁligﬁ'ﬁﬁrga)} erf!agﬁ %re Xé -terrm%llal amino al.Jcil;d becc))mes diversified as a result

of posttranslational modification of protein. For example, the amino acids at positions 17, 18, 19,
21



el ectrophoretic nethod (Native-PAGE), such denatured
product of sol uble thronmbonodulin that my be
generated fromthe sol ubl e thronbonodulin of the
present invention under acidic conditions noved, and
it was observed on the high nol ecul ar wei ght side of
or 22 of INEQhIBDINO A Imay . betameShS NPadRinus imwsoine daseant Un edditior theot may also be
was not detected. The kind of the soluble

cases Where W d¥risauineancion eeif iy medified ich dhat theeglutamiciasid 38 pesiion 22 could
soconE it el RS 1l
the N— 5 T f‘ a'gorg Tnge%laﬂg g%k é*g"%g é& g %B(g;}f gﬂ%‘%ﬁgﬁé the N-terminus.

abbrevi a
Moreo'i?@lI e} 'aﬁnljthera% fel® %}nboﬂﬁl P%ﬁﬁl’l& xarity sftlﬂhtlgdmayc‘ Gecome the
Ong as It Onta|nsaso ethro ul'tn and

N-ternfi@izat Wigtegir® e/t aﬂfrerﬁ&lh@@éd&nbdlﬁé&ﬁbﬁ,@d&hﬁéhﬁoﬁ\rbtc the same holds

exanpl e of such soluble thronmbonodulin- contalnlng
true fonSE@ID ANO:i13. a sol ubl e t hronbonodul i n sol uti on obt ai ned
froma culture supernatant prepared by culturin

c diurdhermmabitendhe rambemadylis of the Ipmmrmvmmumwd%cmwu@g DNA

medi um or a serum.free

ser mﬁl\eotﬁgpon&q?lt@ﬁ%gnﬁktﬁaﬂlfﬂmégggg 0,0 S]& (s C-terminal amino acid may

becomfﬂ} SO A BluA PHOE P RS i, PR gophde o one amino

ecid el i Bt PRENRATR ol Bfl ) %ﬁa%@gﬁﬁ9§§%ﬁ“ﬁ%%m° acida

posmoh 131 9 BRQARA Wd Otdrfirs S&qu‘fs%ﬁié?&%ﬂfateﬁoﬂiﬁht%@a-t&ﬁﬂa\l' Binino acid
or a serumfree nedium and a sol uble thronbonodulin

can besbdifiedin Ased tesulce peptide diith divgsified dlhwmathiledmins agidrant OC-terminal
the aforenmentioned culture supernatant. A nore

amino peidfar amestustherpbfemay beprotuced) LiBlemamino acid at position 515 may preferably
t hronbormpdul i n- contai ning solution is a sol ubl e

become plheotriermiansl | Mosever inowmoBier arefrargd snbedimest, thengnigo acid at position

516m€u$| fi Cﬁ&‘gn ste B&Bﬁéewtg&%%ugernata t E]ﬁcgt?r egiverglﬁcauon,
etc, thi HURRI! 1f$rrbILIR f,gnalg hSRIRRNE act QOUBIAR RN 12

serumitr ee

tﬁ%ﬁ‘a’%ﬁ"oﬁ& o on F%##“Iﬁ%%“é@“%%?‘&?’%mgﬁ%ﬁtf Kde mixtue

with didérsiied m@ﬁﬁhwm:@nﬂmg e Ripetiflo Bchnsil u&ﬁx@rmw@de@éonsmng
is preferable. The aforenentioned purification Step is

of a seqencambisting ef atnynd dcidstabpbsitias [ Dtogh 18sat ipbsificns B @515 at positions 17
elimnate at | east proteins other than sol uble

to 516 tanpipesisiontiii to 415 skthephise aoifl sequencerss shopmoiaSERHDNGR). 24
include a step of eluting and recoverlng SO )
t hﬁWﬁ%ﬁ%’ﬁuM‘WWﬁdB‘P"%ﬁ' ot dngthadyifer prrducigg; fpgu%le thrombomodulin
I ni NS onat 1 N an Ll [ e |
substaalt, Yok oo QPR sty pEdhe” oifbls, ERpomBRil' B may be

B orerren?l one% b% 0 c rorra?%gdrld;pﬁ‘%t?do gg%yepllten t production
ethod ¥4aC lifeifth ¢
metho W i it d,Oa@ 16 i€ B3NP Bsmprde (1)09@955 épﬁi’oéecung a soluble

consi s a speC|f|c conductivity ‘of

thrombuokdodnlirseshtditing miaridl, th&@ontgink or isengpected to@nmi alidratured product of
t hrombonodul i n as a pass through fraction. The

the solglfle theomhorhodwid te eh eibe exdhangeb ortindiyapativnansli @) agtep of obtaining a
mat eri al (denat ured product contai ning materia

mlubl%@rorxﬂwqu@m g Frngtion thah dogsaiel substangially @ﬁmamr@sgenamred product
sql 0 ulin and a nat.ur r.odu of the
of the g o Iewgiﬁﬁﬂ&a?f HPAPPAEPE Brwaghfpe solabl hrombomoduln

can be separated from a denatured product of the soluble thrombomodulin. However, this
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sol ubl e thronbonodul i n-containing material is a

materi al that does not substantially contain proteins

ot her than sol ubl e thronbonodulin and a denat ured

product of the soluble thronmbonodulin. Specifically,

the lower Iimt of the content of soluble
produgtionondtaadopteferahlywiotdprisesPex step of leating sobrbbe thrombomodulénrarder acidic

sol ubl e t hronbonodul i n-containing naterial is,

f
conditions gHpH 5 o s, beforrythe step o+ ad dtgngre pudsrally comprises (B petep of leaving
RELE T TR R T
: 0 , | %.Or . .
a0 B T PO A AL 1 B o
partic8y BlftePfn B 8%%%:1'}9&60& of tglé it BventiohD € The IStIe% (*) is preferably

af orenent1 oned content of s bl e t hronborodu
carriedt BERLd tife stelf13.at es the content of sol uble

t hronbonodul'in itself. However, there nay al so be

cadeslid condiionh usdee fwhichnd dertatumebhprodidt @f caloble thismbbmbdidlin may be

sol ubl e thronbonodulin and a denatured product of the
generaigsl figsn dhe solublehibrasehemodulirEipethe present sasrtionrinchide for examaple, pH 5 or

content _of sol uble thronbonodul i n means, the cgntents

less, ¥ RHSOPrptseand posriperivraRly PH herdess  Absiatgr dnt of such pH s, for

examnffy, B b B 5B i O AP RGBTORITPA Wi 1 gt adeitn,
| | U

the tin e o i Rl Rl P, 0 ap o o grferably 1 bour

or mord) ¥h@ imd¥® pexferiblP RERGHA ¥r RIBPA OMdFRSR:, thfeBipRfaftir€ BfiHell under such
70% or nore, further preferably 80% or nore,

acidic partidition lis for\exanpit oo adl tymR2%ue] preffbly ERCI Ider, and more preferably
preferably 95% or nore, and nost preferably 99% or

8°C orowesr. |Thedofelért linin of $uth tempaturz|is gertermally HS€ wr thighe pretferably 2°C or
the content of 99.9%or nore is preferable. The

higherg s} wresrRelsTably Ténerchighast Cuslen recaforementinans acifiicrropdifions, soluble
tromyn b R st AR o aEE Mot R b gp e pley ORCGHP R ind a denatured
produ&:ﬁf' @ (4.6 mml.D. x 15 cm Sh_ovva Denko K._K.) is

enpl oyed, and 150 | of an analytical sanple is

S UGl RA linfi offthd bGerk 3F & &%Im%te? Pfﬂgg&? dF sohiletBrofhbomodulin in the

nobi | e ‘phase consi sting of wat er cont al ni ng

“throntbohfédulab sbstahtial) e 6&itaifing Ghedddnhiuetdl stodbct 8N Sbluble thrombomodulin”
acetonitrile containing 0.1%trifluoroacetic acid

produdediby thedm&hod dfithe presext ingentiah isqpreferably $u0% oessnnhote myefexibB 2.0% or
is linearly changed from96 : 4 to O : 100 (48 m nutes
less, furtherpryferablyhled’s gf leas; and preticatsely prederally 8:5%0@desam Bhie layver limit of the

el yate is neasyred and anal yzed, , Thus, the content, of
aforomegigHse CORFRLGHBE A IHMOFE- o MPWSHSrol iSATvHEably Aeiectm I or less. The

T T T T -
o s 4SS 1 P Do FARHE B i

exclus(oﬂ%ﬁhﬂaté#aph%-%ﬂm G360b3WNE. (7.8 Parh 18, XL IWPerzOTOSOL). OTA mobile

t he sol ubl e ronbonodul i n can be obtained. I'n the

phase pf e phoéphitebafitt contaidihg esdifa rstidatenisngsed, gidethe @bsoktabvd MP80 nm is
t hr ombonodul i n under acidic conditions of pH 5 or

measufedsi 2 flagwmateef 09 mimin aiThis thesootent perantagercai Hei abtaineedtbased on the
contains or is suspected to contain a denatured

peak apsa of thesolgble thembemefdslia- ¢ hr omborodul in is preferably
suQj ect t n_ani on, .exchanger or hydroxyapatite., .
ThlgR D b offang SFERHle s cubiased o ahalytical size exclusion

o BB, B BB shERE 4 EoPL S Bk i e o
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limt thereof is




preferably pH 1 or nore, nore preferably pH 2 or nore,
and further preferably pH 3 or nore. In addition, the
time required under such acidic conditions is, for
exanple, 0.5 hours or nore, preferably 1 hour or
nore, and nore preferably 2 hours or nore. Mbreover,
a phesphat¢ buffe cattaingg segphi adfatenatet aglysis isthenliconduotodiat & Aos rate of 0.9
iis, for exanple, roomtenperature, preferably 15C or

ml/njing gedenatuged proghict of saduble disempbamdutin (teaiapay trhgenewwdrfrom the soluble

l.imt, of ch tenperature js generally QC or higher, .
ﬂmﬁfogf%‘r@b Pﬁtﬂg Erespot pnysaEen under acidie gonditiqns i dgtertedicat grretention time of
A [. ferred salt.used.in.th resent j.nvention . .
appro S opfl e Shon 58 Sese RO E pihoRiquRtEr  (Whei énion time
. it ) . o
o 5k o Bpddll s SR 5P R ER T ron me o
denafat@iRRRIELf (RERALR thRmbeAREIN 949 ﬁha&gp@ﬁﬁ{' i
sol ubl e thronbonmodul in from a dE%Eture pro&%%? anhmnunalnan
electioploretizl mbthed t(NatvERAGEN kidh dengfurédeprothics ®f solghla dinefitbomodulin that
el ution conditions; stepw se gradient elution
may bogaiicrateddiom the solibla threhbemadulio ofithe presers iriventivmi under acidic conditions
|inear gradient elution is conbined with stepw se

movedy 3di TbYES Qbservedsn the bigh molesular weighisideref twerbreodulin.  In SDS-PAGE,
t.hr nmodul i n i ot eluted froma pass-through

SUChfi"Fné‘g\‘ %09%‘83%@393%‘ elution conditions. O these
CONBiatdi R\ Sr the 4 radi el uti.on conditions, : .
st ggive\:/i se %frt%édéoggo?g tgﬁ)ll}?tg) 8{2} ﬁ@%a{ﬁ (':%%,ﬁmgr g‘oﬁsgﬂ&n th Preseg}invention,

whick 86tfiihd @S silsPectld Bl ﬁthiﬂ%adeg&ﬁﬁﬂi B1 f -
combi ned V\A'S_tgest_epvmpse gradi ent “el ut g‘ﬁ?f.ugf%ahﬁmbomoduhnmatmay

be geventdtindasadidic \sbiditons Thetéih&hicr RbBEEINER AY lal ‘ehturdd ?)roduct-containing
eluted froma pass-through fraction are preferable.

matesial? atiianes), is nog partigladyi lemitedesaibngas it comthins ansoluble thtoatbot®edulin and a
gradi ent elution conditions, and gradient elution

denatigd o produes iaf wiluble | ithrembomeditinent  éinut example6 ofs such  soluble

throm P TrgcBlainang PR fHoF & Slie dHBTREPON SOl Apined fom & culture
s S L R S SRR B i s
comﬁhéﬁ%ﬂftﬁﬁﬁ)g gﬁnaiiﬁtﬁe(frea ga'ﬁma#ré{’ g{r%gib é?%eﬁéa %ﬁ) s of such soluble

I socratic nditirons are p a pass-throug
thronfboR@lulRFeontal e naferRl fifichide! AN sdlfblMhhbSRbSRINE solution obtained by
t hrombonodul in is not adsorbed on an ani on exchanger
perfoming \adpurificatiai stee onhe Buléurs Glpddhatant prepared by culturing cells capable of
t hronmbonodul i n-containing material is subjected to
produsipg solubleo thrembrimodglin ima $epun copppEni-tentaifihg nhédion of a serum free
.such pass-through fraction is not particularly )
mediym; andeg solylle |tgambergodulin sglition deft widss meidici eoniiifioasoaflen ipreparing the
t hr onbonodul.i n.. For exa

aloreBep nofird” BPSRaBh |y  BPBOBIERI o SEmE (i Such  soluble
Qs . | d, ;

oo O3l R SO B 58 b o o

pmﬁ%dggg????ﬁ cag%uéi ti oins W itl(mg;gl%ge@%:/rl gegg gf% g%aﬂﬁb cing soluble

thromibaeibdilidrin af @funt 6dtEpdneM@niathing inediumS?|aldehin free medium. Further, in
t hrombonodul in is not eluted froma pass-through
anothén ehiodiment ef the fpresentSoventiony m solublecthtesebdmodylin svdution left under acidic
determ ned, as appropriate, depending on the type of a
conditiofs gf#r RienaEng e antioendiuttire sepemiatant is prefateder i bed
I atrzqra. Mor eover, ispcratic elution, conditions na
det '

y be, .
Qementioned, purification step 1s et peRigHAdY dimitedeast lopg apit is able to
elimirfte At ll%&%ﬁg other than soluble thrombomodulin. Examples of such purification step
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As an ani on exchanger, an ani on exchanger having a
guat ernary ammoni um group such as SourceQ (GE
Heal t hcare Bi 0o- Sci ences), which is a strong anion
exchanger, is preferably used. Before subjecting a
denat ured product-containing material thereto, such
include a stepecfodiatingeandnmgovierng swjublé itiromberdodilinhinglerv anidit conditions, using
colum volunmes of a buffer solution of pH 4 to 9 (the
haorsatogratty i whichan arfiiody regefirigsvithghrombemodulin is supported, and a step
exanpl e, 0,1 M acetate buffer (pH 4), a 0.02 M
of ﬂawaggﬁ%ﬁoy%wbowﬂ&www&y tée 5L.Or5>§wmlqmﬁ§ﬂ®eryfshmmwgraphy to
- r..conpl.eti on of su equi l.i brat.ion, . .
comefid Phbes Yo £ R TRl SN ork oo 28 b il popgpetiviy of
' r [ f :
2 T R0 45110 P SIS trdbRin s ¢ pges through
fractign.buf fer solution of pH 4 to 9 (the find of such
buffer solution is not limted, for exanple, a 0.1M
acellet e afimérhentioggaH 4dluble O tlHEmbémdihdipleaitaininguf hieferialpH (denatured
7.3), or a 0.02 MTris buffer (pH8)). Wth regard to
prodyctreordainiog bawtedalhatsumet! pagticobidyt livdted.aiasi lygrmas eiti edntains  soluble
onodul in may be separated froma

lubl e th
tron3pOmmpdiie e gg‘@&%ﬂbpm_dtm@fé'éﬁ sbwkle thaprobaaersling | An sfample of such
oo 50 St ) o Py i i

’ . . f 1
o A SFRTFSS Y nf o 5, B, Sy
Specigﬁ;?%, i s bt & dEdneint 6%l%leg%lrd?ﬁboﬁ1cﬁuﬁgw% tT&sbéct to total proteins

er (pH 8)). Separation conditions are no
in sughasolublethevibprmotlilir-ethtairde aREalds foh&MmPlee5®A R intokd Preferably 60%
capabl e of 27 separating soluble thronbonodulin from
or maye, degve prefeeablypY@3d o oo, firther pweferablye808Ahoramive ppeticularly arederably 90%
eluting them Exanmples of such gradient elution »
or mQre, s{rernely raterably 8870 ar mecae, agd mpstprefeeblyt 999, or more.  In addition, there

o 3 S U
! . ! ! . . Com L
o] TR B R AL G o st
How%%gﬁéf/[@%r% 8sd Be Casks Yh Vﬁﬁ%l g&heco%elﬁt Sl ﬁleocé)%n{soof both soluble
. a buffe I'n

_ The anount of r solution use
thrombbaibih@ih dnfl adehurd® podhdd 61 thé bR SroRBSmEduBher BinYin 3 chs in which
20 col umm vol unes. When gradient elution conditions
the centent 0f sedyblathrenisdnsglutifi nehhstha icogerah ofbath keloblé taetnb&fodulin and a
cont ai ni ng sol ubl e thronbonodul i n that does not

denaturgd saredhict &F the selrblai thrombomedulin, dbie powetulimit off thecontent of soluble
e S RN -
s B e 25 ok TR0 A 2o o,
preferfl) SOV o] el BBl 295 51 ol RIS inkheril 070 or more
and md3 PRRAAIY, br nfbre. N €in bR thére A%l 4N beRES! ihI v e content of

describing the step (a), the position of an elution

99.9% orandrt ypréfa@bledoes not substantially contain a
denat ured product of sol uble thronmbonodulin has
pr b oafstemebtened c corftént nefdl solobleathrambdrodutin mednhdd  hreasured using
confirnigg t he presence of sol uble thronmbonodulin and
6Y- &or

gxavanle; am gnglytical reverss phaseechsashagegraphy, Asahipak C4P-50 (4.6

chro

mm L <3 Sah Deradk &) 5 SHDiohe M L ! b icalmplesubjecied
ot o SRSt 08 Ay & e Bhtse N opifige Al waly contining 0.1%

whil e confirm ng by an anal)ﬂ_’ic met hod for confirm ng
t he




presence of sol uble thronmbonodulin and that of a
denat ured product of the soluble thronbonodulin (for
exanpl e, size exclusion chromatography described in
Exanple 7 later) that an elution fraction contains
sol ubl e thronmbonodul i n and does not substantially

trifluoroadetia beid fiqiehA) andetepnitds contaihing el % srifluohdaeetic acid (liquid B). The
t hr ombonodul i n, such elution fraction containin

mixingswHeibf Bauidh AcngdigsidcB isineady shapgeckiiom Q611 oot 100 (48 minmutes later),
i psbhoee o 20 S P Ebend s, e coment o
ottt 5 Ry o A e O BB b SE R 5158 R mocutin

enat 'u?e Qgérdggl&'g?@s erdgglfdfgjéér}ggf g’o g{agib%&gllbﬁee ngogl odulin are
measuRA®$ qug%éﬂ{@%éﬁﬁe@m_mﬁﬁhﬂ Puslitdfien éK&éi)@Ld.J ;1%;11990 A(1999),

product-containing material with a suitable bu

so thatSied dohievfldefsolubleshibinboibdidinae be kainddir ed
product -containing material to an ani on exchanger.
Suplthppssent veatiph, dftea peifominga step ofilsaviog thromberhédstin under acidic
sol ubl e thronbonodul i n iis not_ adsorbed on the anion

conditigns-¢faiyé or g A mptasi] enptaining sich Myembernpduiin et contanngr is suspected
o o e o 00 Bl GBS BF hit  ie
et BT BOEd HEP B S B Ln S ALY A or s,

re ﬁéﬁﬁ%@g%{M 81301288 feteh 1%"]}%'1 A%rAedUaTRE RV (IBiEHﬁt thereof is

anmoni u group ‘such as SourceQ” Q Sepharose FF

preferabBEiH D 6emh6reBinOrepedfEaBI® pH 2 @Midre, nd dirth&egrferablypHS b thore.
or Mustang (PALL), which is a strong ani on exchanger,
i dnpadditien,abt yimeseqhired vadértsath ecidio fchbrditions ds, for enampde@.5 hours or
in substitution is preferably a buffer solution of pH

more, preferrbly hbarir arymares an m@@rmfefﬁagla@i herrse moge. 1 Meyeoyen tha temperature
The ki nd of such buffer solution is not limted, For

appliesynden such agidiscopdifipassisniar exampie, mowtmww%@blael% iqr lower,

wa s BSOS SRR Sl ety 07 or g,
oyt | ¢ j [ h h

prefer L B RSB K CoHiglp=l on ST ot 001 aphy

C O ipadfEifedSQ@lt URE il A PRASTOHENS &Ndl cHlBBde. NThe most preferred salt is
substantially contain a denatured product of the
sodiurrs ciiloridee t Tar editionpstefeired plosplintdsria tiydroryapatite e sodium phosphate and
appropriately obtained. Mreover, isocratic elution
potassivorpliosphates nmay al so be used. In this case as well,

such conditions my be determ ned, as_ appropriate,
' lehle, thresboraadylin fropsa dangtured product of

wi YeRanagg ng o1 g0
the mlﬁ%%%%ﬂ&%@gm@% ﬁ{ﬁs%%%xﬁéq%ﬁggo (gn%,l istgp\jvige gr%}iient elution
conl PR M e LR L AR st
gradiert WitRAL &d}ﬁmﬂgﬁﬂ hediuBleofimborRahR U 8 engéoeﬁb g s-through
thereto, suc ydroxyapatite may be equilibrate t

fractios, &M@ iglcrati0 |elifion \cohdiiges. O0Df teldiédn@itiofiq | ibdrQiRadiént Ridtibn onditions,
9 having a phosphate concentration of 8 mM or |ess,

stepwiger gridiem lelugiob codditions, gradient @htionoomditioms fire whizh\lingar gradient elution is
| ess (the kind of such buffer solution is not limted,

combinedt withh gterivaibs erafliant dbatfoneandsesinditionhin whiph selublg shrgmbemedulin is not
xanpl e: phosphate, Q.2 M sodj um,chl ori de H7, ..

cluted m@mﬂ onyfreTpieisrabley Jurpes.olinear geRicat E@aﬁm sppditions,

stepm%l,ﬁz%q;?nra Sﬁh%%%gsw %}1(? grangnt e uugr% IZ([)Ensditio%’s gchﬁ %gel:aru ré}:aldient elution
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A buffer solution of a denatured product-containing
material to be subjected to hydroxyapatite is a
buffer solution of pH 6 to 9 having a phosphate
concentration of 8 mMMor |ess, preferably 5 MM or
| ess, and nore preferably 2 nMor |less. After

is comtyimdde wiithn stefwise ginadéant i dlution asme omprea pebderabilelr eBurthermore, in another
product-containing material is subjected to the

embqeraens,cpaditenstie whish selpble giromberpodylin dag pluted from a pass-through fraction
thr 0 li.n, the hydroxyapatite. be washed with

are P%Pﬂa%q}ﬂ;r? e ?‘E@ b iregna ecsaes 9'@0&1’&“5 ﬁ%&w are preferable.
QORI B s 57 B4 R Yo lepocan s o

¢ . ; : ’ . N

worp B iy D kgt s Qb ot Aot

matefd) 98 Bibjdcted t6 sdchMrdifleéarizbt 8F hilBoxyBpatite. ThEMnd of suc -
phosphate, 25 MM TRIS, 0.2 M )Sg%i um chl ori de, pH 71? ga;lssthrough

fraction isthohparidubesiytimbiezd, #&Qonp\shddeSnotGubstankhloshntsin a denatured product of
chl ori de, FpH 7). 29 Wth regard to the adsor bed

thromhemeduline d For evnple, 8 fnctinmif i go 26 celninalvolusek,ubiod0 column volumes, or
t hronbonmodul i n may be separated from a denat ured

110 10P sefymp velumep ax bE Wishe t hr onbomodul i n and they may be
th | ut ed. by radi ent el ution with a phogphat.e
coreaiet g éapdHiet oy s SefeniBr 45 apidhrfls i g e tpe of a
6 ey f t i on . .
ol 45, O condloP L BE R Bl oo SEPRSARR i i
luble{Binofiod @RIIE hit ARSI £SR3 Pas-Rio imlﬁ%ﬁw&l
o t hrorrborrgdul in froma den?ta%redugl‘r?g%%?’ of the S(«)Jm%P%usedmay
be detehnined esaghbpriate, BeprAdih@en ok tFeOT 2 gblafin@Béd. € ISpkdifd\conditions will be
conditions include linear gradient elution conditions
describad| lster puWMemsowradhioentic eflutionoconditiods triaynde detdrmined, as appropriate,

de %[adi ent@gé:‘gftﬁifgn i's prﬁf g][albl %/Oczlgr im(\e/ld Ic\)/gﬁe with a
&rgfea&a%ﬁ%s ev;n;:se raq%igfqgtgq | ut igon I S carriéglgglg%lpsuchas

Sour iy QT ST B BrhaenL o Mg SR 5805 Ao RyfBusteai proferably used.

o SR, B i Wl DRSO Bl iy b

urt'her ~i ncr easi e conce

equiliBREAWItARverfll QUME vemaad it SIBRAMTPHY 101 it kind of such buffer

el uted. When gradient elution conditions are used, as

solutien isericl dichited; fobéxaimpleng 0alM abatite bofférr(pH4),000.02 M iphdspharg buffer (pH
sol ubl e thronbonodul i n that does not substantially

7.3), eomat &0A M Bam huidiere@Ho 8Dd u dften tompletions of siheequilibration, a denatured
t hr ombqnodul i n, .t he sane nmethod as that in the case of

produgtseaataiying, malerial, iy subjesterhivy torianion exchasen dlsfareuslupn of soluble

oo BGh, BESEER (k0020 2% R0 RO ERARL GERS: o 40 o ki
of m@%ﬁs@dgg#‘ ksé‘Tog Igifng%f g%%kﬁh@g, £0, ﬂ@[%&}:ﬁre %ﬁ%’&gﬁ% ﬁita 0.02 M phosphate

talned as 'a pass-
buffef (FE12.DN 0P 6. I o u enature
ppgguc:?’- c(:)o)r?t gP%?ﬁgTﬁgﬁltb [eig?lg@ﬁm%% gﬁ f;&bir‘%ga (teo glljef errbed d d
produstedontairin ekl solifbl tRohibothodulihmaehadepiratdd from a denatured product of
product-containing material to hydroxyapatite. Such
the sopdbtesthiolmboungtiutinr sand mayrbeiehuter] Hyrgraxdiend elution with & kalt cdaéanbrhtion of 0 to 1
t hronbonodul i n i s not adsorbed on the hydroxyapatite

M, usiggarpufesolution of pkl irte Rrsdwiferably 6 pildl th Bitde iindenf iswdh tufer solution

s nor SO S o R b P e M BB ot ).
Lo terns: dsor babi Li { ..o is utiljzed |

s il 5836 BARLALY 5O, BB ey ¢ BB S o

Hydr oxyapatite TYPE 1 97
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(BIO RAD) can be used, for exanple. A suitable buffer
solution used in substitution is a buffer solution of
pH 6 to 9 having a phosphate concentration of 5 to 20
mVv] and preferably a buffer solution of pH6 to 7
havi ng a phosphate concentration of 5 to 10 nM The
separaking doluble shrambbmédudin fromw b denasared pradoct dfithe sadeble Bgembomodulin and
. exanple, 10 mM phosphate, 10 mM sodi.um chl oride, pH_7 )
cluting Ahere  Hxamples af suchvgradisat sutiohtcenditions Hchde dinear gragient elution

condit%)%g,mi on,e(ewhil.l ei‘ggﬁ]ogern %%)r);ggn ggal)é h%lé%]; g%zﬁgy ich Tinear
. 7. lat.er - . Wt . ' [ | .

sy, AR, AR UL, BGHL A 8B bl oion o s

concefteivh 1 s8Ch BRI 0% 0.5 8 A mdd %%@W%P’ TR&&Hount of a

fraction y be appropriately o

bufferissladradised infdlitioh X1 ©A0EblurNBILHRY, @Hgﬁf&@blyl S @20 ddlurhirtumes.
case as well, such <conditions nay be determ ned, as

apWheprgratient ehitioh doediorenare used, grsaal istep tof edbtdiniog) an elution fraction
conditions and conditions under which sol ubl e

contaiping gelvbladarombampdulinghataiogs net subwantially gentain lardsnafhred product of the
faction. eferably, .t production nethod of th ) )
wlublﬁﬁ@%l@ Frodyedbra i UL ot exa@Risr (24 & sigp of epfaiging sch elution fraction
diustin he. of | ution fragtion.containin .
ater (¥ eiFion O ol s s B8 2o RBpm G H B ppreviousty been
t Qi . of .
contuf31 008 57 PP §58 8l el LR e prcnce of
solublé tHr@BRARMI iMhEAhficH fiichigh, TRt eri al  has been subj ected
to an ani on exchanger or hydroxyapatite to obtain the
af Bpeeifieally dewebing uhé aepf @R cthé Positidd o€ avedluticdv Baction thétedoes not
subsequent concentration step and/or desalination
substagtiadly chutainacienanred prpdidtef sajiikle theombomoodubnbai gréviously teen confirmed

pharmaceutical material, it is preferable not to
by anaalysie method, forgonfipping |the pewere it sobible Brgmbomegiulin @sd that of a

A preferr e le of  a thod of purifying ,sal ubl e
denatit? BEHET i e AARg el e raPible, St e ShrSmptoeraphy
<ul. . | !
a5 e, FAEIR e BERAR ACoMBH} o Qe ot
hand, gai{semgn *IdﬁgE%nC g‘??ﬁ‘{@%&mﬁg‘gﬁ I n glagt I i/alﬁ{ﬂf/’ sugﬁg%gﬁltc ﬂe g the
presen@€ bf 36lible tBfontHon AR - hait Bf 4 GerifudsiDireduRt 6t thé &lible thrombomodulin
activation by thronmbin. A specific exanple is a

(for exampld, siza xausiomedhombtegrapghy i desonibed inoErginiple P latérf thatan elation fraction
culture supernatant with Q Sepharose FF used as an

containsspheble Hapmbomedulinrang sloes peivabstantially contain a Hengtused product of the
t hronbormodyl in actjvity; purifying. the recovered )
solublg hatppeappRnisish SlisiATaCton GomaiB BRI TIRPOmINBk @idubstantilly
ant i.body, on an_affini cal to,recover. a,.fractign .
not cofRrinic & efHored iy sl FHME b Bopiioayfris Aol v siep @) is
ogh&skdy [ ).t < a
pmfer%:bg‘%i gﬁ- ex ciné%ge nga(}l a\li}dr?nbg c%g%gien ?g?llé %tegg El) %ﬁ%@ﬁ?’oygh
f apforddRer, abRiblehBiforitoricaakin Rabstd@allye S8t tamhining’ #Clchatired product
to gel filtration to obtain a thronbonodulin active
thereof r camit ials0. bAf bbtained i e | gass-through C iractivar iyl Gabstiaming &h denatured
SP- Sepharose FF, the ani on exchanger of the present
produgtieomtainingnimaterialf withbd \suitablea bitfier sadwtivmabefere subjactiog such denatured
uc&éat ernary ammoni um group_such as SourceQ (GE . . o
produgiegptaining aatesial -toan aniaasgxchanggs. ¢ Sushs pess-thrpaghyfragiion is a fraction in

which §JUSE oo W e ABpass (%) Tiso Bl pexchanger when & soluble
MW-M nialerial & éu%jegeﬁw‘tg) )the ;jarﬁory gfc(ﬂaﬁlg '€TA 8&‘&&% between
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as to easily obtain high-purity thronbonodulin that
does not substantially contain a denatured product of
sol ubl e thronmbonodulin. On the other hand, after
purification with a nouse anti-thronbonodul in
nonocl onal 31 anti body, the ani on exchanger of the
solublp thssmbemodulie rand erdenggvred prasbitythereofzn itams eX edsartgbility on a column is
havi n quat ernary annnnlun1gr such as SourceQ
uﬂllzezleénﬁ&awﬁ%@c%@ s Sehang %fe§1} aniQgh P@%ﬂlﬂ@r Bavang » AgpteraEy gmmonium

o SRR I95h- 0 G P SADSL s BBk s
o METBLTERV AP PLRChro Bk 16 PSRl D0 e

solutidi@ussd MLSARBBH & prefSablabatEtoltiBL 6 ERY 5 658 hivin leBhdRBtration of

hi gh-purity thronbonodul i n that does not substantially

0.1 to MR MTha kiiRInettsuéleBuffth @elutidn 1Bfnof Bmitkd. € For example, 0.02 M phosphate,
t hr ombonodul i n. The hi gh-purify thronbonodul i n

0.18 M isodiimnearthldoide.t fi# 74f can dewsed. o dech methbd df olstaihingm pass-through fraction,
subj ect ed to a concentration step and/or_ a

while g ¥ i @taéﬁswu methpd chich e sig exelusion chigmatogeaghy slescribed in
e as to optain.a buffer-exchanpged,

Exermfe 7 i gt oo Eﬁ@@&&?ﬂ*ﬂ%éé@a z mﬁd&ﬁw@&?ﬁ ot substantially

contan? k&t (?;enﬁ%%d éx'?ducp the ts&ﬁxﬂj\el ti-n}o%brbod gﬁlﬁnr,]os A bgrﬁ{gye appropnately

armac ical
obtain é(pventl on provides a nethod for purifying soluble
thronbonmodulin in such a way that the sol uble

t v B0 akiafc GRMASH TBhdifitHRSTAY talsB! bey uk@Nt B thitcase as well, such
denat ured product of the sol uble thronbonodulin that

conditivay nky gedserntired, by appropriates olithbdeferdnbé corprudiediélinionucuhditions and

acidic conditions. The present purification method is

condltlm utpﬁ&rwb@h seluble thrg nlin s mtﬁigeé&owa resitbravgle fragtion.
hﬂg of subj ecting a_soluble
thf\a e, Masre-BreRiRyC W&HWWBQWCWE 1{BIQRAL) is used,

for e{s,ﬂwﬁ%m el%ff\g"&nﬁ on alglnﬁa{idegatgrﬁw%odﬁct of t{geal thereto, such
hydroﬂﬁ?éﬂ%%%g gé Hl Hitibrat gvlltiﬁl%%\é ﬁ&n&%)ltﬁﬁ?és%f g'bﬂgfelasoiﬁ%ﬂ %&' ‘f)H 6t09

havingS! X Oﬁﬁfgﬁg ! & &nbdhtraf @GN Moxdl%ﬁaﬁ&f‘e%hpf BH of 1e8], aﬁchﬁmrel preferably 2

ombonodul i n under’ separation condi’'ti ons

mM orleisqthetklil of Sadhibuiffer dohiten it inited) baathe RlowRipduEEEBlutions may be

froma denatured product of the soluble
used, fohexanmiplard daViphosphate (62 Wesodivas cldoride, plil 7; T ixM phasphate, 25 mM TRIS,
nmet hod, a purification nmethod havin

t he
0.2 M gosliwn sblerdes pH. % ook M Bhasphiien 0 n&\ﬂ&%@ﬁ&n@ 1 Nbsodiven ¢hberide, pH 7).

A buqt Og}gﬁ’(qnd#c Lﬁ&gﬂtﬁ% %g}lgg?ttcg{ﬂonbomdm b?ﬁectga é}oxyapaute 1Isa

ot 8190 A0 ARG S95R) B90l ey s
less, ah&‘txﬁ&é%% 1‘;31’&1 %’gﬂx/ltd}ei Coﬂﬁep&%@%&rgﬁﬁﬂh dqiifiBRELR Y denatured

(Exanp purification

pmduo’ﬂ-ﬂbﬁéinﬁécﬂﬁﬁﬁﬂ Qﬁ'sﬁl’ﬂ&tém tAGROT feh tﬁb%re elutlon of soluble
descriptions of JP Patent Publicati opr?h( Kokai )

thromtioindglali®) 9k Kydréxlasidite mBNBe evastediwith 4 bﬁf@mnlﬂﬁomof pH 6 to 9 having a
sequence shown in SEQ ID NO 9 was prepared, nodified,
phosplgite concentration of 8 mM or less, preferably 5 mM or less, and more preferably 2 mM or
less (the kind of such buffer solution is not limited, but the following buffer solutions may be used,
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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and then incorporated into Chinese hanster ovary cells
by genetic engi neering technique. The cells were
cultured, and a culture supernatant was then obtai ned.
Thereafter, 411 of the obtained culture supernatant
was filtrated with a 0.2-pm nenbrane filter

With st ito tho adsortidd Idengnakd @Ojuct- Ebl&alﬁmgtnaml;l solghlé thuwrabomodulin may be
supernat ant was subjected to Q Sepharose (GE

rh @alp@ahgﬁfd)plsducé o€ @)m@bleahmmqupdm@ta@d they/mayrhe then eluted by

he| C that had beneqlllbrated Wi th
mﬁ?’%@? C%leail%o Q - 51%)115@8 At taTier W&“@B@g pH6 109,

mdp@%@ PR T
con AU R AN S0 L s e s

thromBérhsdutie! BiHnlés SOLueh i @alidR Hlufioft)cof @R BE108e iRQr géMient elution

sodi um chl ori'de. Thereafter, elution was initiate
conditidrik landh stg®visdvbridies-chilon lootiditiins S OThi pradiefttition. ighpreferably carried out
contai ni ng 300 MM sodi um chl oride. 0.5 col unm vol unes
with phesphat¢ wancentrion afft laton 40 nald. aMore prefiirsbly, itdphiisedgradient elution is
CaIlwgroduct fromthe initial rise of the peak of the

996 PR rfcRhosphaies eongartestion RE Sctoytl @M, §o a5 t lyaip anrlution fraction

aifyg sp B by ing Rercdogm i sty St eclbalied arduct of the
solubl}gfomﬁﬁglﬁgggr '&ﬂﬁ ﬁ'ﬂ’%’é %‘icré gatpg Yon ?r%do%% ﬁﬂosﬁﬁ%% Mdenatured

produliRR QAN BkorRBRREY js\WaRed repared usi ng hunman

l'ung-derived thronbonmodulin as an antigen. The

obtdien qalaciet ietutib QoHRTRE Wl kedDRACHMABH o8 Bblaiiidyan\elStion fraction

then allowed to come into contact with and to react

containing solGhiBrthrantbomatdol tBatpdoas astesubistirmially Boroain (@@enatured product of the
Heal t hcare Bi o- SC| ences so that the

solublg fhrpmbormesivlin fhel abw%utbmn thg wasetsd sgpargting saduhl¢ depmbomodulin

ﬁ_Omtgerevvlth qrgg'wgg)()ducl antl -thi’gn‘o dl;: |o\r/1v 6.5
ik ﬁ&@nm@ﬁa S5 PR s o
4
thereogqs rat ed%\?vl gﬁﬁ&s%maf?glj%uf er S&I%R]t“gon denatured

produ&tR‘Hnthﬁlk sankial %mga %uﬁaalé HRfEU SIGRO bR s |sHéH‘ denatured

was washed by supplying 6 colum volunmes of "a

produgtvostpiniigembteiidl @6 hgdroxgapatite.( (Buick pass-thonglafadtiog 1§.aGi'aMlon in which

sodi um chl ori de, and then supplying 3 colum vol unes
solublef thrombommiudinet it endpufakisarbesiol on i ¢he ( pydréxy@patite when a  soluble

Ther%ﬁéter .elution was initiated with a 0.1 M
fipgteria s ghbiested ftts. lydreapaitei dy differngg between

solublF ﬂfl?l?"g‘]l’ CH"@B g &@‘ﬁw @H&@%@T 3 nedg% aé)fvggtgpﬁgrn%a column is
t r so%‘%t | onrl%fl%ﬁy%’taﬁ Mﬁoeﬁ&ée@()t@“gﬁ% MY FR)Q%GTYPE 1

(BIO-R.RD’}'EQHB& usd, HrlQaibith AGSRek blgﬁ'hé oqﬁa%slg%’%m sﬁtﬁﬁon isa buffer

eluate, so as to obtain a puri

solutiddeofsH &ctothRdvirighe phosphaté abeiBifion oF 5ab ZWHHH ref&@oly a buffer
(Exanpl e 3) Purlflcatlon with strong cation-exchange

solutianadfipkh 6 Ao 1 .havikg glphosphate dalicehtdtionrof Sab U0inaM. ( fiht Rinf)of such buffer
was added to 193 ml out of the purified solution

solutiogtis pethitetln @t&m@e,ziﬂ el phgsphate ol mit sodive qmrzdﬁ, pEh@ can be used.

e A ot ol ek BB e i

size eygcijusxon ¢ ;ﬁato]ggiapm};rhescgb&l n Example 7 later that an elution fraction contains soluble

—-;
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cm that had been equilibrated wwth a 0.1 Mgl ycine

buffer solution (pH 3.5) containing 0.3 M NaCl . The

colum started to be washed with a 100 mM gl yci ne- HC1

buffer solution (pH 3.5) containing 300 mM NaCl . A

pass-through fraction was obtained fromthe initial
thromboseedplin dadayloesf nohesubstaritially contein abstendtared ep@tiu@86f the soluble

nm and |t was i nmedi at el y neutrallzed with a 0.5 M

thfonﬁwa@& q@mnm%bbmnpmnetp tagrdso as to adj ust
Hof th | to by obt
ht MBioft 1Pt 13%1'9;8 kRt fay WIS %ss& dﬁt rﬁg?gws well, such
cosbYEO1E gt B b, Ly S i o s

condbAY RIABA WA Mfﬂn%lfn gﬁ% 18 Qlo%lut&i?%ﬁ'a?%% t@hﬁ}?ﬁ’mﬂ

descri bed | n JP Patent I catl on

11-B42R80, the(p8@RYion hidethod TR breSidnt HVertiinedoes not comprise a step of
t hronbonmodul in in the highly purified product was

adjusfiogithel pHoo{lae 866 faction centaikifx solyblethdmiSemeinkin ihandoes not substantially
denat ured product of sol uble thronmbonodulin by anion

Conta@k ehdsnglared| praduct of ghedgpluble thrambomedyliny tol HH Qrulessmaﬁ:er a soluble
Oﬂ?g hI urlfledqmouct obtajned in Exanple 3 wa
mgferigly |5PPJEQ}%3§@1“°&GXW°FH@IOW&Paﬂw to
|Iuted o tian . wa ected t.o Sour ce
°‘°‘ﬂ“§ A saprerioed S Oam%ﬁvj‘*oasrr Eren 8 i SPbesent sogeentration step
and/o‘EHl-s gﬂ ﬁ)gte bu?%er SO ut| onﬂfﬁ%tg%ﬁﬁagﬁq‘m ng&é.ﬁ’fmnal’ltls

pmfefabfeqﬂtw @ép}q Bf thd BIRtiGrOfrAbEDn WASH Yaslegd with 3

col um vol unes of a 20 nmM phosphat e buffer sol ution
( pHA @yeferaddexiatnphet off 4 etktHod dfepugilfyie sotiible Ghrdmbbmbdulid. feonMa culture
sodium chl oride linear gradient elution with a 20 nM

superpitars pieparedthyf ¢ubturiag tellsi copablaéf Bpduwing solubld thranthomodulimin a serum

of 20 colum volunes. An eluate was fracti onated at a
compQpenit-ceptaining gnediwm a5 4 gerums fresymegdiam m 2 ipyrifiation masthadnusing, as an
at ,280 .nm

indicfl SR 26t ik P%Wera&f%‘ Btk bl in dﬁrtgﬁb?e protein C
. 1 2. 2

activi il of Rt O SR GRS e? b B porfitG: folBhly puritying

a cult'iﬂ)*é'@@emﬁﬂﬁ Wil OO RGLR T F 161{13{ fmnr‘ﬁ%lepa fraction

Separati on of enat ur e pr oauct O

having hr taroasboRbdbiin Ritivitg] Opuifiiganger debdiRad ﬂécﬁ@he%th a mouse
elution (2) 34 10 "out of the highly purified

anti-thrombiopodwint reorwelbnal ranfibaalypinean sy ahiumit @ctesdveha Aactioh having high
of purified water. 40 ml of the thus diluted solution

thrompgmodulisy aetvitys t purifyise the aeosered @chmalmﬂncSPéepharose FF used as a
Bi 0; Sci ences) colum, (dianmeter: 0.5 cm hejght:

"aﬁofbwhmatco > [seRssnERting | & paskiteerah frastien; 7d than f}}bjﬁg%thé resultant
fctif o gélﬁga B i et Al e TshaiE) R omelgien of swh
Punﬁg’{ngrﬁt eﬁ}?‘é eka.{'ﬁfoﬁ%?L h%{?ée bt tglg E&Eﬁﬂé %%enh%ﬂ,%r&lﬁably an anion

excha@fdrQiat | a| uﬁ@ﬁﬁry@ﬁﬁﬁbﬁﬁfn S élEH aX\’SE 'ﬁ@alﬂlcare Bio-Sciences),
phosphate buffer solution (pH 7 an el ution vol une

whiclofis 20stroap uantony ekdhaiger, &n thel hﬁh‘@xyap&té lofiathd Pt dindéntidn such as
unit of 1 colum volume fromthe initial rise of the

MacrgyBeeip (B) Ceamicdydroxyapatise TWPEAQBIORAID), ishsedimdat eptinkal corglitions, so
to . be noted that the flow rate during the | oading of

as to ieadlysahipn @éhmgmpwgomg@m@etbatadoez npt gubstantially aepatairh &t denatured

th fI wrat ng the elution was set at 0.3
produf 8% o Be i Bomedli

ogramis shown in Figure 2.
On the other hand, after purification with a mouse anti-thrombomeodulin monoclonal
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(Exanpl e 6) Separation of denatured product of soluble
t hrombonodul i n by ani on exchanger |inear gradient
elution (3) 10 mM out of the highly purified product
obtained in Exanple 3 was diluted with 30 nm of
_purified water. 40 nl of the thus diluted solution was
antibedphjthscardoh txchangso of deQu8@n( Evettion) plefeably an anion exchanger having a
Bi 0- Sci ences) columm (diameter: 0.5 cm _height: 9.8
quatezRaly ARERONAER Sroaip suely b Poweeld €GE vilealiheare Biongierpes)swhich is a strong
. _buffer solutian H 8). contajning 0.1 M sodi um
anion, KKAANGRD, 1T ckbéﬂ@ﬁwpﬁa@ FERHARS R 118 2 (et \Rspdiisb ol soluble
1S ffer .sol ution H 8), and.el.ution . .
torfflonffif, Wi by Ser e bl b .o i i Sy contining
ediluln §2endh ALk AL i | 4 uﬁar?egugpﬂ FnfreRY ily obtainin
B solution (pH )prg{iﬁbgncglglﬁﬁlg%n vol uns of °3 f?:%?%ﬂneasﬂy ob &
high-paiity "BSmbbmogblietat e hdt aabdtamiale dothind HHahurf prbduct of soluble
colum volunme fromthe initial rise of the peak’ of
thrombomodbléor bance at 280 rimof the eluate. It is to be
noted that the flowrate during the |oading of the
s anbiedighpirifa Smembpneiulis ebtained By the mforémentipnegimethdabis then subjected
the flowrate during, the elution was_set at_O.

3

1o a qRpyRironHe b HEBRatan siep dnthinh e Bt iguptadjusted to pH 4 or less, so

as to G e e e e i AR Lol gmiemoduli obained by
the a R RO o Bt sl 66 AERIERALEACAT™ 08 PNV, | |

COrfu@thbr, B p?eseiﬁ et @OpBliaeue hebd £ pikkSng soluble thombomodulin in

t hrombonodul in in each fraction was ev at ed.

such @ avay it Wessobhlt thiduitnerdulin Bbes RonBibktftial @6MainASdehtbird product of
nobi | e phase, a 50 nM phosphate buffer solution (pH

the sotuldy theembaeooduliy tigt tnakbe eeinerated fibfmahe solatsle tisadboridilih under acidic
of each 35 fraction was subjected to the )

condifipnsy o kb pressabpurifisatinvernethedsis N9t particalarly dwitedag lopks aitgomprises (1) a

s Ly 508t A e e b B 1 s st
oA et 5 SRR AR T S8 S s
o A SRy S0 s B B AR R B bty

contathed dehatiRd pRidaUE the@blubR!thtbinBorhbiutkann Sbldrtioh B@tgcﬁiicﬁ‘ls in which the

was neasured by the aforenmentioned nethod. As
solubledroinbombdidincan be sdpatated ffomus dertatirdieprédiPof(thé ilitte thrombomodulin,
Under any of the conditions of Exanples 4 to 6, a
Morepiyeg as pishipasifieatipn riethod fa omiicatiod meithodhieing thie dharadteristic features of the
substantial |y contain a denatured product of sol uble
aforemﬂ}he%ﬂws@leﬂifﬂr Brsdvcing, soluhie shrerabomedulin rof the, preyent daventisn may be
appli76%to 81 % 36 Table 1: Fractions 1 to 4 Fraction
eIELr action Fraction pool 5 6 7 Exanple 4 TM denat ured
product content rate (% 0.0 9.3 41.5 53.8 Recovery

rate (%9 80 9 7 4 Exanple 5 TM denatured product
ExampREtent rate (%9 0.0 3.0 35.5 54.7

v

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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Recovery rate (% 76 10 8 6 Exanple 6 TM denat ured
product content rate (%9 0.0 8.8 40.2 50.0 Recovery
rate (%9 81 9 7 3 (Exanple 8) Separation of denatured
product of sol uble thronmbonodulin by ani on exchanger
stepw se gradient elution 70 m out of the highly
and then ﬁncbr;@cbtqﬂ inwhCHinesbhamnste dvary celischyenctis engineafing techmique.  The cells

with 210 of purified water. The diluted sol ution
were ﬂd@ﬂ@uﬁ}de%@%retsyp%mm wes theg oblpined. m&qqa&@rr #1 | of the obtained culture

eSS 3 o SRS 0 e SRR, B e
C‘ﬂ“"g et ey o %§‘H et GRS 3* M rignsee column
(dJamQ{er - A4 2fh; AYbR! m\/%}gj(;) tlﬂéfﬁaﬁ X I&i(lilﬁltaieg gﬂﬂ[dml@ Tris-HC! buffer solution

contai ni ng- 30 um C el ution was
(pH BARéESrREhiHg 180 anMOsodivint CRISRIA Subléh i@l Sk WoluBh Wi Iwashed with 6
7.3) containing 0.18 M sodi um chlori de. An el uate was
colunxchimeschffar2rmMhaceiatel Yuffat sohitive cofitainting 186 akMabdituwechloride, and was
absorbance at 280 nmof the eluate to 6 colum .
furthey wiashed svithBsiohynravelumes| of & 20 M Jiris#H G )buﬁ'usspkuhon (pH 7.4) containing 180
chro o raphy, TSK-GEL G3000SVWKL (T
mM sp ) aT]amglg’goxbw@ﬂQ@@Ie mithcgy Tns—HCl buffer solution (pH

0 ERTES S PO 8 ol AN AR
mugl#ﬁﬁx%%&%&ﬂﬁ&% /ﬂ-gflﬁgi rﬁg E ﬂ)g%ﬁcrn?tpy 030 %Lgi h80 BR%f the eluate.

Itlstdﬁkrd&éam%lﬂonvrak%s&'aﬂ’/mmst antial | y contain a

denat ured product of sol uble thronmbonodulin could be
obtai ned. The recovery rate of the eluate was found
to be 89% It is to be noted that the flow rate during
(Exanyple2) Rurididitivg vath mdrecastphiibadyd washi ng was set at 0. 8
mLfmin, and that the flow rate during the elution

seln aecopdancarwithithe desmaptions ofdP é’gteahl’m icafippvi.okal) MNog dﬂé41990 A

9 tain nt of

. I
(19993% 5 {ATRE H@ale&rl eW% B?Pi”fa‘l‘ aﬁangdymyg Iypg-derived

b 'ea%.ﬁé%* ey TR TR Sl meorliiR piby ves then
 allowdl] RPHEMind G %ﬂ{w{ﬂl &fd &abt%fa{ PRI 5&&4 Rbdes Fast Flow (GE
ec ree | a

engi neering t ni que serum nt al ni
Healtlit@rea Bid"8diericBg) §6litgthe WESthrbmbdhcdulit| fhbidR1chalr antlbody was coupled
obtaining a soluble thronbonodul i n-containing culture
therevsithp drangbly sproducingoantiythembofmodElih mondrtonal yntibady¥eslindrBephdrose 4 Fast
seeding and a nedium for perfusion culture were
Flow. prlépialr oyt of| the gluten ﬁa@mprtémm@ mrfe(améh Urwas snbjsesesti tong monoclonal
suppl enent qlw d; catal nunber :

antibosty G R SIacTRTL (G DETEht: | tm e e mutrid i 20 mM
phospffik bdierd R ”@fqﬁfﬁo i (2 Mo Sy rfﬁ ey Y SR g washed by
Suppl%&%f%f‘.%ﬁl manugjcg ur GWPI\%Ml ent | fpﬂg{j W%h contammg LoM

sodiucBREHY @fd tHeh Su gﬁhgss BHIERAVORIEB df & 01 M acSRE 8| %f‘ (pH 5.0).

refrigerated ( to 8C), and when used, it was heate

Thereafier,alution Wik afitiatédowited a.tl lM glybﬁhtaﬂ{(atbuﬂﬁx@ohﬁﬂﬂ (iR8.6) dontaining 0.3 M
before use. In order to prepare the nmedi um for
sodiumpeghierisieon Apu¢lvate evas 2ehidingg Gbml the GhibalChseAo [dpcapdefi 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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medi um cat al og nunber 98688; manufacturer: Irvine
Scientific), 2.6 g of cormmon salts (special grade;
manuf acturer: Wako Pure Chem cal Industries, Ltd.),
and 4.4 g of sodium bi carbonate (special grade;
manuf acturer: Wako Pure Chem cal Industries, Ltd.)
were added to and dissolved in 1 L of deionized
ultrafiltrated water, and the m xed sol ution was then
(Exampled Purifigation with strosg eatiogrexphangecalumm filter (nade of
PVDF; nuf.ac r.. MLIjpore), The thu ared .
e Ve BB gn e siteine® 2 @omoaded f LEER Goicof e purified
: - It i I Y n . rfnitihatign. .
sotuiofl il obehnd 2.8 95 A ARttt s op Wb oy s Sbtuon was

ST SR DA g b 1

cm) th§tas bedhtequilibRRANAH ®1 BRERcin@ P betuticl (pH 39 cBnthiiiig 0.3 M NaCl.
suspended in a nediumfor seed culture. The suspension

The colvasn sterddr tofhegeathd @i arlfomM gigoinetIdS] buffek sctation@pHri. S)adontaining
Co., Ltd.), and after elimnation of a centrifuged

300 mi¥Netch aapass-thzough| fraciien wes objiredsfiam ednidal; nise 19 deqay obthe peak of
t he nedi for seed culture. The suspensi on was

the abggrianee, ab 450 mimy 284 b as rpmedipelyoRevEEiZEd it Bk phosphate buffer

. f.act urer .. BD, B iences) to rt.a first .e .
sohuioh T80 5% & aietlng pPT b adiot Bt plleini £ Tighly puiied
ut . . ’ e .

pmdu&wgﬁgt%%gé 3en3| t?h%#&f oat | nsgp%?’i?i ng cel lé@?%@@%@@ﬁ rrngettsurement

by chréh@Ber8ffCusiig! the! AerenRAGHRE ABRPAORIPBY 6f the EASA Aethod described in
cell's/'n, the cells were subcultured to a second seed

JP Patent/Puhlicstion TRek:A)Xdand-341290 A& ¢999); the koritent afisblibikethrombomodulin in the

___ subsequent cultures were carried out as spinner
highly putifiedrpesductTives fowrl te be 99d ospiormer cul ture vessel s used

in spinner cultures as seed cultures are as follows:
second step seed culture: 400 nL (a spinner flask nade

ol R 0 ST P e

i gl ass; 38 manufacturer: Shibata Scientific
m#%@ﬁ%@pggy Ltd.); and fourth step seed culture: 6 L (a

S PiO LSt kﬁﬁhu%ﬂﬁ&hﬁéh (fiStah %@ﬁsﬁdr 1813 wad itk vith 30 ml of
Scientﬁ%ﬁc Technol ogy E?g.). Thus, the Eells wer e ©

purified eife@ s IOvAl ¥t thel il lilite dolutidh Wwikdubjebed &P BBircéld 30 (GE Healthcare
culture solution was increased. Wen the density of

Bio-Scidnoss) colgmh i(diameter 613 an;i height: Sefecmthhit hadcbeereeqilébadated with a 20 mM
approximately 8 x 105 cells/nL, the cells were

phosphgterhuiffer sptusion (i} Sheontrining @& 4 sadium ghleridg. n The eplumn was washed with
3 coluph 80 et 1t 25 TERRATRIEH [ SUEN 49hb G el S e aluted by 0.1 M
to 0.3 ROSRBT oo gt At Bt w120 ) RSy Cooltion goH 6) at
an elutff vbRurle M Q? A5G REIAIER YA glfuatE B ﬁ'%fo%%l &%MT column volume

pi nner culturée was carried out in a
from tHe RIS of HePeilPofthdTRSDBEAG af 28T A lof (HERNIALEAC 11US B be noted that the
Shi bata Scientific Technology Ltd.) at a stirring
flow rantuddsing tieflo&lng of tHO@mipleand Waeliing hvas ste ). 2 i frhinf Ardahdt i@ flow rate
living cells in the fourth seed culture reached
during gherelution mias sdt gt 83 mi/mins The tlspmatpgramlis siownhine Figared .
culture solution was transferred into each of 3
perfusion culture tanks (2-L perfusion culture

a3 N2 ShORHF o0 ol Bl PO inigscingr linear

gnxmﬂﬂgﬁfH§¢ n culture, quantitative transportation of a
perruston cul ture medi um supplied
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to a perfusion culture tank was carried out using a
perister punp (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
per sl out of thet highdy puarifies! preduet olftaindd indixifnplecitivas dilppegdswith 30 ml of
JAfirst spin filter was a nesh nmade of stainless steel
punf(eﬁ preas ofthg thas gliluted golyiion yamsvbissted tep Sopgg@ 30 (GE Healthcare

i S i S TS
phUerr z uﬁ%} s‘b"hﬁ:fon (Eeh#]co'illta%l{lg%%) Mégl %&IP Splo @I’P @6%{}1'8{1)91 'Whshed with

3 1%@81&:&‘1%
S o 20 Aoy 85T et et 1

to 0.3®P&iditine chlvidelirRarSghdiertt lelutieh w@tﬁtac?d@ thSSibspHatePbuffer solution (pH 7) at
perfusion culture tank was intermttently renoved

an elfitionrvotune df2A koluina vohuenesr eAs elugte iwas filaetionated wrsqunitadt cblyimn volume
the action of a level sensor indicating a liquid
from |theiitialyise »f thejpgak pfcthe absbrbancsrat 280 omrof theaahlate. witemtot beenoted that the
nt of the culture solution becane 2 L _or, nore.
ﬂOW*ﬁtFe W&W@fﬁ@ﬁij the sappiaand washing was st gt hmLARIn, gekthat the flow rate
tran ferred refriger,ated vessel,, and._it S
orin R e B B P TS RO iy g Fleetd
perfusion culture were controlled as follows: the
tenperature in the tank: 35C to 37C dissolved oxygen
(Exmhﬁu@) Sepeipifoh Of 88 urdstodilc: 6f BhibR: tﬁroﬁlboﬁl%diﬁﬁﬁb?pﬁﬁ(ﬂ@dc%ger linear
culture was carried out for 30 days. The nea I Vi ng
gradiergtlelutice(33i ti es during the culture were as foll ows:
the first perfusion culture tank: 17 x 106 cells/ni;
t helOsmbout of therbighty purified praducteobtaamed: in Eﬂampltaﬁwaseiﬂn'eﬂmth 30 ml of

and the thlrd tBerfu3| on culture tank: 18 x
purified watsr. nL 0 ned of; the thus dietedh selutipnswasisubjested) tof 2 Smrwﬂe 3@ (GE Healthcare

Bio- c%rgg% Z{hture nks }{T%l? %fgoerlg of t| e ﬁ %xéathaZOmM
Tris Yt rs&a@z{pﬁﬁp ap ,I%.Qg?ogﬁeﬁgsr%ﬁ@@@ rﬁ;ghu;gf g{}t RRNAR washed with 3

colurMl Yo1irREY &a 207861 Tiid Edfﬂ%& gﬁt{‘%{ (ﬁlgfsz, a?g Hﬁg ?’f‘?@% ﬁ@lfhted by 0.1 M to

refrigerated (2C to 8C tion

0.3 Mrddiuns EHlerits: IeirQRadioht BARGEwWIDh DOTNS t‘rﬁs Bﬁﬂf&%lu@én (ph¥E8) at an elution
cul ture supernatant obtained in Exanple

volunge dsfj 29cdobinit volamesQ) Aadhetcoowas frdetiGidtede aluhh Qﬁl eolumn volume from the

... Bio-Sci ences colum (dianmeter: 1.6 cm height: 29 cn
Hﬂtla]tl!ﬁatof dlqmbmqgraai@jmwf theglua®. nivisiodiemoted that the flow rate

a etate buffer soI ut| on cont ai ning 30
l%ﬂg%ﬂﬁo they Faami% and dEPéﬁF‘I mb/rpig) i ihatdle flow rate during

theelﬁ@ hedés\/\@f&@3 ol ugl?]gv&? ggs Of1531f‘ ﬂﬁﬁ% |8;Jm

contai ning 30 mM sodi um chl ori de, and eI uti on was
then initiated with a 20 mM sodi um acetate-40 nM

(ExarAfle vmzeahmﬁﬁﬁ Bf o@@nﬁtdfaaaa&&él ﬁro&lcts SF6hble %ﬁ&b&ﬁ@dﬂfk of Examples
sodium chloride. 1/5 colum Vvolunes of a1

4-6 buffer solution (pH 8) containing 10 niV pot aSSI um
phosphate was added to an eluate fromthe initial rise
of Using amsanalytieshkize eiclusioa chiosatdgeapby THK-GBD GRO003WEHA7.8 mm 1.D.

eluate to 2 col um volunes, so as to obtain a purified
x 30 EPOEQE@ 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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It is to be noted that the flow rate was set at 2
nmJm n. (Exanpl e 11) Separation of denatured product of
sol ubl e thronbonodul i n by hydroxyapatite stepw se
gradient elution 20 m out of the purified product
obtained in Exanple 10 was subjected to a Macro-Prep
fractiof Rjas Gahjertadcto ithecfarmensmned ehrdi@beraphyBit @fladDatead 0¥ml/min, so that it
(dianeter: 0.5 cm height: 9.7 cm that had been )
was apalyrefli pinaaddition e recoyerymierefrrach Sigetionr waoFaleuladed by pnepsuring the

contaipnjng 0.17 M sodi chloride and,2 nm\ sopdi i
absorbﬁw&sﬁréﬁﬂel%nm %&S@%ﬂﬁﬁ%@ﬁ%é&oﬂ 8 YOWB| 1 e GRliCuiRgs Table 1.

Ve, ke A M R R B e ot
deat S A B FAG S SHL it G ELS T RSy o

As a résidt SRSléoniBEnE WhPfolitPto bArY.08h ak@e WS tHer @AAHOE of Examples
initial rise to decay of thé peak of the absorbance

4 to 6,24 higl3puritysoliuble hieromboraddulin that idi hod shilstantalyccontait a dématured product
flowrate was set at 0.4 40 nL/mn. Using an

of solubtethrpibombdwinzeuldsbe lobtsined atdtreanvatyoefe ap FAY6 1T83%6.GEL
G3000SWKL (TOSOH), the content of a denatured product
of sol uble thrombonodulin in the eluate was eval uated
under the conditions of Exanple 7. As a result, the
content of the denatured product of sol uble
t hr ombonodul i n was found to be 0.8%or |ess. The
colum was reproduced with a 0.5 M phosphate buffer
solution (pH 7). The chromatogramis shown in Figure
6. (Exanple 12) Rough purification with strong
ani on- exchange colum (2) 5.2 1 of the culture
supernat ant obtained in Exanple 9 was subjected to a
Capto Q (CGE Healthcare Bi o-Sciences) colum
(diameter: 1.6 cm height: 26 cn) that had been
equilibrated with a 20 mM Tris-HCL buffer solution
(pH 7.7) containing 150 nmM sodi um chl ori de.
Subsequently, the colum was washed with 15 col umm
vol unes of a 20 mM Tris-HCL buffer solution (pH 7.7)
contai ning 0.18 M sodium chloride, and elution was
then initiated with a 20 mM Tris-HC1L buffer solution
(pH 7.7) containing 0.3 Msodiumchloride. An eluate
was obtained fromthe initial rise of the peak of the
absorbance at 280 nmof the eluate to 2 columm vol unes
as a roughly purified product. It is to be noted that
the flowrate was set at 10 mm n. (Exanple 13)
Purification with nonocl onal antibody (2) A nonocl onal
anti body was produced in accordance w th Patent
Docunment 2. 72 mL out of the elution fraction
obtai ned in Exanple 12 was subjected to a nonocl ona
anti body colum (dianeter: 5 cm height: 11 cm that
had been equilibrated wwth a 20 mM phosphate buffer
solution (pH 7.3) containing 0.3 Msodiumchloride. 6
col umm vol unes of a 20 nmM phosphate buffer sol ution
(pH 7.3) containing 1.0 M sodium chloride was supplied
to the colum, and thereafter, 3 colum volunes of a
0.1 Macetate buffer solution (pH 5.0) was supplied
thereto, so that the colum was washed. Thereafter,
elution was initiated with a 0.1 Mgl yci ne-HC1 buffer
solution (pH 3.0)
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contai ning 20 mM sodi um chl oride, so as to obtain an
eluate fromthe initial rise to decay of the peak of
t he absorbance at 280 nm of the eluate. Thereafter,
15% by vol une of a 0.3 M phosphate buffer solution
(pH 7.3) was added to the eluate, so as to obtain a
Tableplyri fi ed solution. It is to be noted that the flow

[ rare yWas setat 9.8 momm. As_a resuttof _the ] :
measuf ement by chronmat ograph_/F@@ilwg lttagd | Fraction | Fraction | Fraction
af orefrent i oned Asahi pak C4AP-5 qr t he ELI§SA met/hod
described in JP Patent Publi ¢Bf?on (Koka 6

13- 341990 A (199 th =nt of, ,sol ubl e
Exm}p#r%monoau I pm%'lcﬁ?%wﬁfa%%’; puri Pled sd ufion |watl-s 41 338
f ound kgw '%9??’3 nore. (Exanpleghd) Hijgh g 7 4

purifijcaticon a elimnation/of denaturegd product of

Exanfpd 31 md@ﬁaemagmwomamw(w stropg ani gn exchanggrs 75 547
m. out of the purified solut|{on obtained in Exanple 18

was SJB.}:@Qeﬁ'ﬁdte('}@ a SourceQ 3D (GHEsHeal tlhcae 8 6
Bro=Setences)—cotum{diraneter—0-5—~cm—therght-{-20-5

Examplg 6 t haM demathrdd peiucemutert rale(@) ed - WiDh a (. 188 agetdk® 50.0
buffer solution (pH 4) conta|ning 40 mMi{sodi um
chl or | Becovepy reto(*0hm vol umes  pf a 811 M acet@te |buffer 3

solution (pH 4) containing 40 mvisodi um chi ori de was
supplied to the columm, then 4 colunn vol unes of a

Exangl by ohdenired BpoPoR PHEHE S ooy o Apigh exchanger

SEP‘%SEWBM@AHU@S. of a 20 nmM phosphate buffer sol ution

tai ning 30 MM sodi um chl ori de was supplied

t hemghibut 8£thé Rphly AGHEPhHLt YBRine I BSG i N QALA el with 210 ml of

elution was initirated wth a 20 nM phos hate bufter

purifisdiveter. 0 The difutéd Solutionondsaubiedted . al Soukes O3 ?GE ElBAl®&ard Bio-Sciences)
so as to obtain an eluate fromthe initi rise of the

colungeglansftert 04 cngldwighb 20Gecm) thaBhad been efjuitibrated Iwitht £26 anM phosphate
columm volunes thereof. It is to be noted that the

buffey ﬁ(dwiqna@él 74 p@fﬁg'nmae’)0|ra%sq@mfchloﬁde-séﬂw| ewlugars wee tvaghed with 3
cotungy i) o 20 BEN phesrbata Bifor o HEoR EHLA) AATA AR A0 RO sodurm chioride,
and AR S L AVP RSB et Rl ) it 1 soda

chlortB" Ok R % Abtathel Fflgm?ﬂhé' ifal rSE'Sf ﬁﬁé %Qﬁﬁfetge HAREnde M 280 nm of

condi tions Exanp a resu content of

the elufte 16l @l dolines U G IsingOdn sifalydbdl ize fé&@lﬁﬁ&ff@%ﬁiat&gﬂﬁﬁy TSK-GEL
found to be 0.1% Thus, a hi gh purity sol ub

G3000SWObEIRSOH), the cortet ofla dmﬁmtedqmbthkmﬂsohbleymombbrﬂodlﬂm in the eluate
denatured product of soluble thronbonodulin was
was egifuaiediandler the enditions oEExampie B oAs a tesult theapatentad thealenatured product

of solile Aarrbomog il W QR 65 Do 1ot Hspopusts: Solble dirpishomoduin
that a4y SRR BB RS prod R 5ol irygBortodhi odiid be obtaned
The r%“’%#?“’%"ﬁ@ i S Rl 7 S’%%?Aﬁ%@%gé‘g%i%ﬁ%%w ek Guring the

arfdrﬁééflh Rias Ot oE8 8 TR A8n, bAd ﬁﬁfjthyho‘eﬁra% during the elution

eval uate The absorbance at 280 nmm of each elution
was sétiaB0.4 induminR'S The alsbiatbgrakiie siatihFigeds.ai ned by

eval uating such elution fraction based on the m xed

amount per absorbance are shown in the foll ow ng Table

2. The m xed anounts of ingredients could be
(Example9) an Ebtpinmeny e saluhle thrombomodulin-containing culture supematant by serum

free culture of Chinese hamster ovary cells, wherein human-derived thrombomodulin gene which
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42 Tabl e 2: Muse anti body-derived product Chinese
hanster ovary cell-derived product (ng/0D) (ng/ QD)
Exanple 13 1 102 Exanple 14 N.D. N.D. Brief
Description of the Drawings Figure 1 shows a
chromatogram i n separation of a denatured product of

had bego Iprephred anchmodifiehwahihiampdrgted hseganﬁ@engewcﬁmg@mque near
gradl ent elutign in Exarrpl e 4. Figure 2 shows

FeruBieenedia sepriniag ne nisnal ingrshicatsuised npﬂi@@ul&re &r obtaining a

solubla %KB‘PE(HP cﬁﬁﬂﬂ Onbomndu Mmﬁ eé cﬁg)gg gﬁwe:%‘g?rhgl%rely, a medium for

Swmé'éﬁﬁ%aﬁﬁﬂoé%ﬁi%ﬁwﬁé %Qre%%e@grgﬁﬁﬁﬁt oxchanger 11 near
ar & bemet toetnlléfyére Rhd &eﬁ%ﬁmreseéim{'mﬁeaﬁmh pﬁlehgﬁ (liquid; catalog

results ob ned by neasuring the content o

numbéte NEM080L kit fikerOvit®péi) Bh@ 40 MI 0srIP0UREMITi-Ghitdinihé Giquid; catalog
hi ghly purified product obtained in Exanple 3. Figure
numbd&: 2508, clandfaeitreq rlavitrogeng wene awptiailly ohixed tematuofdS CHO-CD
n ,(gmoduct of soluble thronmbonodulin by the anion
quuie

edigmyeaialeg wpnliesd 1§ bl :ananuictwréroliving Seisutific). e \Ehen preserved, the
ure shows hromat.ogramin elinination of
thus P@@ megwrfbﬁ)sée&@mg Jras sefriganted (Gt AHfonaulphen wyd,twas heated in a
dro tit ent elution in Exanple
constaﬁ/ Ef’é‘f]‘?e% g’agﬂgg\gﬁﬁn%ﬁﬁﬁg%l " in high purification

thronborm ufrn vv| e&uﬂmﬁti&? ng ani on e%%aﬁgé'?@,tﬁﬁﬁénm (powder

mediub %B@log rlithbert 93688 AifRufackurer IR QGenkiBE), RGOS BE bétEmon salts (special
sol ubl & t hronbonodul i n substanti al | y not containing a

grade;ademafadtuest: WakodRlve Chathical iehusies) Did), tunt L4rp ofsuditnt bicirbadate (special
may be generated fromthe sol uble thronbonodulin

grade;umatefacticird Wake Buadi Ghiconcal Industdes, Ethpwers added(th )and dissadped in 1 L of
of subjecting a sol ubl e thronmbonodul i n-cont ai ni ng

deionizgek ¢ m%avtatewmiéhm@v@ﬂ sp @mm&eewp@calbfoﬁim with a 0.2-um

filter (g’ﬂa P}ggﬁﬁ Ct of 9/?']139”23 e?tg&shprl%%ge%(nrg Wg?reqfr@pon culture
e S A AL 3t
prp&qﬁhatﬂfn of B&d%ﬁfn&i@'ﬂ%ﬁﬂ‘&ﬁ?‘ﬁ%ﬁﬂ t‘;ﬁﬁ%{:ﬁ%ﬁhﬁﬁl Rfffoft @Bdulm (P

conditions in which 'the

PatentSRhitaiof Aok aiNb. A8 Bt 99e ﬁ'99 Gher®ragidlf fidteddh& 37°C constant
t hronbonodul in. 2. The net or produci ng sol ubl e

tempetaluro bddly rand thel cellswirs tlentsiispiehdedrin & medivirefon seed calture.  The suspension
denatured product of the sol uble thronbonodulin that

was cepirjfuped GORR rrmied niinwes; Kokusag| Chemical Koo fdhsad | aftar 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% COyincubator. 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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under acidic conditions according to claim1, which

conprises: (0) a step of |eaving the soluble

t hr onbonodul i n under acidic conditions of pH5 or

l ess; (1) a step of subjecting a soluble

thronbonndulln containing material that contains or is
manufassperc Shilata Scientificalenhrelagyridd. ) rand foprthdteptseat culttulges L (a spinner flask

sol.ubl e t hronbonodul in, which is obtained through the
madfspépgle%) rpasg{psturaro Shibatan Seign teﬁscf{a?b@ekogbr Ltd.). Thus, the cells were

succe %%ﬁﬁ@ﬁﬁﬁ 5 e b of # SR setetiR vl Sashsdiy Whef the density

oGP, B, D AR, B g e ot v
subciiidlo ttﬁhene%P 5edB BT CIH’%QEIPQBEMEE& A nduns ERAEAT Qfitufe’ \959 added to

a denatured product of the soluble thronbonodulin.

the preRdupmedivel in@it &Bd hasurtas 8 vatud ebthiGed bpiihrictDp ths culture scale before
wherein the content of the soluble thronbonodulin is

subc18@9s foom therceltwe sdalerafiepaibiultuce, tasab irpreaseshaigmount dfthe culture solution.
sol ubl e thronmbonodul in-containing material. 4. The

Spinnsr gdaes Wesrcamedioptin adede.di%n § mcaba;ormgcﬁf magngligstirter (oanufacturer:

Shlbatm“%%%é pdae Lﬁdﬁtaf%%wn'@arevﬁéeg adbEimcl ot fon, or
Conu ity '““°f%°§&ﬁ§@'°h BF e 2o B Oy gty

el —
(2L foH lc@Rurd rféiﬂiéﬁt%rsoﬁlahlﬁﬁcunﬁﬁ IBJH, mrﬁmmrmﬁ@b 'aﬂd pérﬁ]smn culture

he production net hod according to any one of claim

was then iflifiatefher ei n the step (2) is a step of 44 obtalnlng
a pass-through fraction, in which a fraction
codnﬁknwﬁ@ﬁgmmdwhsqWWﬁUﬂbwhuﬁuMwnamhﬁap@ﬂssmcnbnenmdnmﬂﬁnﬁmmi

tantlally contai.n,a denatured product of the
toa eultueg 3Rk Biep aUTied OWISEB AaReRSSt Pwmp frRnuSicawerc Magigr Flex) at a

t ccording to any one of clains 1 to 3, wherein
ﬂm”%%:qgﬁé Y(2) is a step of carrying out isocratic

o CAPBARPEL 8 S e B 49 SR B it i

perfuSi& bithue Menﬁ{e%f?ﬁfjﬁl%@gééetm e 3 ﬁéﬁ'ﬂﬁﬁn% e tanks were ofall different

t hr ombonodul i n The productio thod according t

typesAny fxgesf fiteRwWaE almbsh AaddVRE sRirlest B (FR1d; Iporé sha?neter 10 pmg
step of subjecting the soluble

manufaetuoerbBujoBilten MFGoD. Alitdi)n gAsedoad spih filter was eamieshnmade of stainless steel
exchanger using a buffer solution of pH 4 to 9; and

(FP-30ppore digpeter) 30 in;zmaméstugdr: Buit FilterFeUEo. Liddar Aghiztipimfilter was a

meshpde PO AP IR (PO B4Rl h cHgloB RBhe, S AR e ranutacturer

t epw se gradient elutlon using a buffer
Smﬁﬁ%ﬁ u#ﬁbn of pH 5 to 9 having a sal t concentratlon of 0

Egrﬁ}%%en%g a t%’glwé‘rﬁ ; Wﬁ?ﬁﬁé tsﬁ%igeg?)n ion culture tank was

internSitt@ily ABinbadd Forf TR ALK vih théi Raduré BOthB cORME tarRTby! A€ action of a level
sol ubl e t hronbonodul i n, her (a) after the position

sensoo indicafingee lidquid leh-elayf2 BNhl thdﬂ péxﬂmomiﬂmln’e eankwhdrbtheasholntof the culture
is eluted has previously been confirned, or (b) while

solutiewbeicame2dcor mate e suenitiantly rémoved bulbiresupbmataitovas trahsferred into a
in the elution fraction. 8. The groductlon nmet hod

refrigerate vefselanddt wanfhenTeftigeraled 8§ 36 2 8%G 3, wherein the

¢ OB e BB Rion IS e dspraodas C S fmaperaureinth ank

35°C BFPRNGROIVAS bReR VMl 16, 10 90%; and pH 6.8107.6.
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solution of pH5 to 8 having a salt concentration of

0.1to 0.2 M and the step (2) is a step of obtaining

a pass-through fraction using a buffer solution of pH

5to 8 having a salt concentration of 0.1 to 0.2 M

SO as to obtain a fraction containing soluble

t hilberpenimstbn| dutture vees calmied outafbr 3@ BayisanThainkan liviomiadli densities during

denatured product of the sol uble thronbormodul in. 9. .
the cults wpro @Ol e rerfisonpdiunzale 141 05 elsenLidhesaeendiperfusion

to 3, wherein the step (1) is a step of subjecting
culturg wgl%-slé)mm & l{lﬁ%ﬁﬂaﬁﬁ&ml w@aﬁle Wﬁ?érlsa?eié@-

hy atite usin buf f.er, sal ution, of to 9. .

R AR Bhaef st bl gRugn Bl R, R gifpd of sime
betwekri'ie 3E | rfusiH it hdae mixture

grag! eﬁ%éﬂ?f&%ﬁ?g%& se gra |entgvee .tlei(-)éra]l,’a{(glrﬂlle . was then
filtratdl #éth @D 28I tHIRP (nBdebF PYDF, BeAufactifeddMaMbord), UtThe Mhlirited culture

conmbined with stepw se gradient elution, using a
superriztant was efigaiated 20 to8PCH6 to 9 having a phosphate

concentration of 0 to 0.5 M so as to obtain an

elution fraction containing soluble thronmbonodulin

that does not substantjally contain a denatured

(Example, ) fprigation, with siropg|apionekFhspersab®i i n, ei ther (a)
af thhe position of a fraction.fromwhich the .
2 oSBT pech  REAHAE bratP UL s bifeied o 2
' [ . Nels fagt
Q-Serift FERSE Rblichle MbrcfnlF LGh Fllhdg: FIOCRETERAE o'chS tat bad
been ehilibrafi WiHLAIHE Mg Sodith Edat8q 8@ il Bkt baie¥ sQiorPlontaining 30 M
claims 1 to 3, wherein the step (1) Is a step of
sodiurf Whogidé.i rRubkdi@ertly] thel colvidly wadaaRdd IWith £D bdlémA ivolimes of a 20 mM
material to hydroxyapatite using a buffer solution of
sodiurp ldc@ate-d 29 mid\acetate ufftrompitian €pld Gr&) entitaiaing @9 mM Sodiwn 2hloride, and
mMV or, | ess; and the step tep of obtaining a

) ) 2) isa s
elution, ses thepripitigtad Mithca 26 mM spdigmeaceigler4dr miyb pestatm bufr spiviien (pH 4.2)
Lo aying.a phosphat oncentratio f .
contaigige 3%‘51 Y sy ﬁﬁan&r o ol vatames q#gqs@ RS buier Soliion (oH1 8)
1 lkn that. does ot. subst ially.contain,. a_ .
contaipie 2RO el i B e i i Y s it A8 o peak
! Purfdsy
ofthe HRp R W80 B0 SR 36 2"l Yoefi oo Sl Ppificeh produc,
It is totte @oRkita the Mo®iritk wWabsdt hEChl MhincoNt ai ni ng sol ubl e
t hronbonodul i n that does not substantially contain a
denat ured product of the sol uble thronbonodulin to pH
4 or less, after the elution fraction has been
(Exampist d1)n8eparation ofhdengiurduprofhest ofesohible foobatiedylin dya hydroxyapatite
one of claims 1 to 11, which is a production method
SEepWige) OB concentration step and/or a desalination

o i bR Bl i 8 Bingl 18 Rbigried to 8 Macro-Prep
®) CFUFRAREL AL OTEE MaflodeRB) B REBRUEL ol B 7 et

had béh! QuilbRfedewith LD HMAHEFER hidlr B8iGfon QI 7 BGfhiniR 919 M sodium
t he production nmethod is used to convert the solubie

chlorideand rEoivD il phésphate. p MEHerGatignit wadwashed ith @ colukdn vdllies of a 20
producti on nethod according to any one of clainms 1 to

mM HEPESWhiffersiohitibh I drioatainingf 0. 7 Mdediatm chiotidp armd2iodM sddium phosphate,
sol ubl e thrombonodulin in the soluble thronbonmodulin

and elytipgrwag dhen cawied ouiwigh Aerlimn volumehefz §imMhphagphata butfersolution (pH 7)

. f | ybl h lin.i % I :
conta.ueiixg chfrthosodﬁn% ¢ or?de? zrﬁ.?l e u%trtrao v%zlle ébrt]ange% m %e imeti%lsrise 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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14. The production nmethod according to any one of
clains 1 to 13, wherein the soluble thronmbonodulin is
t hronbonodul i n obt ai ned fromtransformant cells
prepared by transfecting host cells with DNA encodi ng
the am no acid sequence shown in SEQID NO 9 or 11.
mL/mit6 fUsihg sBBQUFENGEsifd SElusiGn <hdbinatoisaphy, M@ELFEEM]OB&WXL (TOSOH),

Kabushi ki Kai sha <120> A nmethod for producing a hig
the copignt; ofjagignadered proguet iof spliderdaembornodylin imthe sluatgmesaluat under the

condifgpg g5t %%Qli bya \2%?115%1 é wgﬁéﬁééf? e, YA of soluble
throm{sfiiodilif igeY o éitfq?é 5 b J@@@q‘i v Bessts ith a 05 M
ph"sf”&"‘ﬁﬂb‘ﬁegsﬁ‘@“@ o TP hrohtbettt s owiTififs. 3 I Y

G n Met Phe Cys Asn Gn Thr Ala 50 55 60 Cys Pro Al a
Asp Cys Asp Pro Asn Thr A n Ala Ser Cys Qu Cys Pro

(Exanfple 120 RébglBfrifichtion@ith sfrpng ddien-éxehandspoldsp (Bl y Phe |l e
Cys Thr Asp Ile Asp G u 85 90 95 s Au Asn Ay Qy

Ph&2dyof tigeeuligrey supatnat@ytsobitdined g Exampler? @faszlslgbjecmlao 1ao@apt0 Q (GE

110 _Thr. Phe d u S e s d ro Asp Ser Ala Leu
Healthggre Bag-gcigpegs) |q0b1m%/1(1l@mf%?/162rsn h)ég}a ?ﬁmﬁgﬁ t adbeqrogguilibrated 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-HC] 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. 11-341950 A (1999), the content of soluble thrombomodulin in the highly purified solution was
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<210> 2 <211> 396 <212> DNA <213> human <400> 2

atgcttgggg tcctggtcct tggcgecgetg gecctggecg gect ggggtt
ccccgacccg 60 tgcttcagag ccaactgcga gtaccagtgce

cagcccctga accaaactag ctacctctgc 120 gtctgcgcecg
agggcttcgc gcccattccc cacgagccgc acaggtgcca gatgttttgce
foundit8 Be 9¥d@c amact g cct gt ccagc cgact gogac cccaacaccc
aggctagctg tgagtgccct 240 gaaggctaca tcctggacga
cggtttoatc tgcacggaca tcgacgagtg cgaaaacggc 300

cttct cG gggt gtg ccacaacctc cccggt acct tcgagt gcat
(Exarea%saabg%w cHfewiion ol derirehPogK 9§ ealible thrombomodulin

5%2? 396 <210> 3 <211> 132 <212> PRT <213> human
PRMEL Gy val Leu Val Lau Gy Ala Leu Ala

5 et i ko B s 98 050,03 v

|
G it Tk 0 B B e s

with ﬂ).m M/edetdihieufiey solviion (S @) ddittainihg 4G thNb Bodin ckiyEdd”r @ cblugnn volumes
Asp Cys Asp Pro Asn Thr G n Ala Ser Cys Au Cys Pro

of a GbM @céme Bﬂfer GblutiGa (pHI'}) cdnkagnihg d0 Ay sédipmGhjoridh evas |sepplied to the
Cys Thr IIeAs?GIu859095 Cys Qu Asn Ay 4y

collmm @e@ﬂ@@@m volumeygf a @}}é\fl ppefatabyffar é@lumnc(p@‘h) cont@iping 58 M sodium

chlori ngagpsép% t}n?rgo%ps %%oﬁlmnr volumgs E?fe Eri 26| naﬂ\({' pllilosphate 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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Ay Thr Asp Cys 130 <210> 4 <211> 396 <212> DNA

<213> human <400> 4 atgcttgggg tcctggtcct tggcgcgcetg

gccctggecg gectggggtt ccccgacccg 60 tgcttcagag

ccaact gcga gtaccagtgc cagcccctga accaaactag ctacctctgc

120 gtctgcgccg agggcttcgcec gcccattccc cacgagccgce
Tablegcaggt gcca gatgttttgec 180 aaccagactg cct gt ccagc

cgactg gzc Cccaacaccc agyct ag(:t%tgagt gccct—240

gaaggct yedefaved genduetc at| Chingselamstes avary gelbdariyedproduct

cgaaaadg ggcttctgct ccgg ccacaacctc
cccggt dc g‘i‘g/‘sggagtgcat ctgcgggccg‘%@% gact cggccce

ccgcca cattggcgcc gactgt 396 <210> 5 <2 480
Exanl e o han s <4005 & et Lou dy VBE Leu

Exm.% 14ey Ay Ala LgyyAla Leu Alga Ay Leu Ay 5 10 15

Proa Ala Pra Ala"du Pro Gn Pro Ay Ay Sér' Gn
Cys Val Qu 20 25 30 His Asp Cys Phe Ala Lau Tyr Pro
Gy Pro Ala Thr Phe Leu Asn Ala 35 40 45 Ser Gn lle

BriefOéscripion 63 thie DEtwidsg Gy His Leu Met Thr Val Arg Ser
50 55 60 Ser Val Ala Ala Asp Val |ie Ser Leu Leu Leu

AsFigiry Ashov@ ya €hrgmaterait0 iff sefifatiodabf @ ydenihugedApgpdaetg of soluble
Leu Trp Ile Gy Leu Gn Leu Pro Pro Ay Cys 85 90 95
ﬂnorr@oyloszl@lpm hyrtbe a_ry@ echangen Jinghrerlient glgupmngﬁx@nple Fhe G n
Ser 1%]% s 0\95&1 gflo ﬂﬁ‘ggEé’éT%ﬂgﬁg Lsgsaapmﬁﬁsqn OJfASan dc;rnr;;urede rprodyuct of soluble
thrombomodulin by anion exchanger linear gradient elution in Example 5.
Figure 3 shows a chromatogram in separation of a denatured product of soluble
thrombomodulin by the anion exchanger linear gradient elution in Example 6.
Figure 4 shows the results 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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115 120 125 3 Gy Ala Pro Leu Cys Gy Pro Leu Cys Val
Ala Val Ser Ala Ala Qu 130 135 140 Ala Thr Val Pro
Ser Qu Prolle Trp Qu u Gn Gn Cys Gu Val 145
150 155 160 Lys Ala Asp Ay Phe Leu Cys Qu Phe His
Phe Pro Ala Thr Cys Arg 165 170 175 Pro Leu Al a Val
Qu Pro dy Ala Ala Ala AGAMMS Val Ser Ile Thr 180
185 190 Tyr Ay Thr Pro Phe Ala Ala Arg Ay Al a Asp
Phe G n Ala Leu Pro 195 200 205 Val @y Ser Ser Ala
Leu 210 215

L z@ e?"md aﬁéﬁ@ﬁ%@&fw@% S\"Ps@ngl"’%l ot ?P‘Ha%n& a denatured
procugl § G Lolib} dilofpfftui Bel iy B Sepetih 0 158 Soli8 afptbomodulin

der2emdic yAIaProArgq/sG'nQIsPro
Hn Al a é%}ﬁ/&lMcﬁc%@%S 270 Leu Gn Ala Asp Ay Arg

1
e ot 30, s 5

contaifi adeRatoreCoyodd@ 0f 48 5oldble thr&abomyduliber arAnsonMxthabye othydroxyapatite;
Thr Ay Tyr Arg Leu Ala Ala Asp G n 305 310 315 320
and HIS Arg Cys Gu Asp Val Asp Asp Cys Ile Leu Qu Pro
Pro Cys 325 330 335 Pro Gn Arg Cys. Val Asn
2 a@ea o gptaine prielubje thyopbopjodulineontajning ﬁa@m@atstw mpb substantially

e e B R S i el ot
solubl@ﬂﬂo%n@hﬂin%&?bé‘éiéﬂarm ik dbRhturd 8ro%3é oP i 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 thrombomedulin-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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Ser Tyr Leu Cys Val Cys Ala Qu Ay Phe Ala Pro Ile

Pro HHs Gu 385 390 395 400 Pro His Arg Cys G n Mt

Phe Cys Asn G n Thr Ala Cys Pro Ala Asp 405 410 415

Cys Asp Pro Asn Thr Gn Ala Ser Cys Au Cys Pro Gu

Gy Tyr Ile 420 425 430 Leu Asp Asp Gy Phe Ile Cys
obtainikigra pespthrdugh Asipticd, in Whish @ftactisrcofiainingl@mbiktthrotaiomodin that does

Phe Cys Ser Ay Val Cys H s Asn Leu Pro @y Thr Phe
not sustant dpscantstn e prodvel s soluplepbroraherosiin implaeingl

6. <3 e pucisn metioastordng 10,3106 LSS ik e iBe g € i & o
of carfJly g%ﬁ%g%%icgegu%g gctég%%t@g gl%géfg @é%aﬁ gé;ﬁ%:c 7 gg@aﬂg gt}rgr%lﬁ&%édulm that
does nt SOSIARY cGHfidifG H&r&ﬂﬁa%&&fc?&ﬁﬁ@soi&@e thiddHohfol gL

ccttcctcaa tgccagtcag atctgcgacg gact gcgggg ccacct aat g
7. 188 pﬁﬂﬁ@ioﬁ%od%&&rﬂﬂ%&&&nﬁ siedFalafthsC1 &L 3, biebciDGe step (1) is a step

tact gaacgg cgacggctgc 240 “gttggccgcc gecctcctctg
of subjpatigyhe stlgble dacibemnaduliocggainthg gaaterihh acaraden SQbanger using a buffer

_cgccetcggge ccctgegegg cttccagtgg gttacgggag acaacaacac '
solutiapagfcnth etg @; 360 theagient G g astep gpf teagriog outcbrear grdient elution, stepwise
. cccectetgeg gecegitgtg cgt_cggt gtc 420 tccgetgcetg

gradiegtyelution, (0F ralicnt ShEem dn kneay grodigglagfEtirc it mpgd Aty stepwise

. 480 . aaggccgat ttcctc C ttccag, ttcccagcce
ercicl i 3 g el S5 G0RbEa R bugeiibtor 1M som
: CAC tee g, o3P C . .
oing 585051 CARRARE A2 ol S5 p? ity coiin
denate&d £O86d bR RO dulis, %@tﬁ&c(% Gt GRE POAHNTDOf a fraction from
gt cgaggggc actgggccag ggaggcgccg 7 ggcgcettggg

whichaled @hibiCBion{oaedaids elugd bag 519 9i00s) P Eea SbafraRd! ¢ (Bawkikon firming
780 ggggctcccc gctgccagtg cccagccggc gccgccctge

the presgrype atjthe gglulje trombimmiulid ih thaelogmefiatign.cgacgcagt ¢
ct gcaacgac ctctgcgagc acttctgcgt tcccaacccc 900

8. gdbeamdedion aserding gt e ge clgmmul gy eherergeiep o is a step
of subjgeggr?ggtgg cs:gll?blegz ?l'gombomoduljn-containjng 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
0.1 to 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.

45



caccggtgcg aggacgtgga tgactgcata ctggagccca gtccgtgtcc
gcagcgctgt 1020 gtcaacacac agggtggctt caactgccac
tgctacccta actacgacct ggtggacggc 1080 gagtgtgtgg
agcccgtgga cccgtgcttc agagccaact gcgagtacca gtgccagccc
1140 ctgaaccaaa ctagctacct ctgcgtctgc gccgagggct

10. t diegeaination metbahagagink20 Gny ogsfatzggl @8 cedgadigthe step (1) is a step

ttgcaaccag actggctgtc cagccgactg cgaccccaac 1260

of subjectivgdhe selublet n@d m@ﬁmal tchydoaegalty gsing a buffer
cat ctgcacqg. 1320 t cgac aaaa_ ccgcggcttc
solutiqryef; eéfggh@\j%% %sggat%g?r@g 190 320 91? gt ged the step (2) is a

step of g i hdhaR W50  Fuli 05 B pA HES e phosptuce
conceéreh@& of§ & 54 %Ji/},/ 3& T%ﬁ;bg}éﬁp%ﬁﬁﬁr %ﬁdﬁg E&%ml@h‘%&ﬁ@rﬂuﬁn that does

not sugitﬂltlﬁﬂjacﬁté{n Stidhaf@dd frbdcliShe@lubid throgfbodeddth. H s Asp
Cys Phe Ala Leu Tyr 'Pro Gy Pro Ala Thr Phe Leu Asn

11. ATake pidludtibrdbethist adchidingl te afly Snefsfivldany 1 lte W0,AxigckRdes oScomprise a
Leu Met Thr Val Arg Ser 50 55 60 Ser Val Ala Ala Asp

step ofatljusting e pH_ef)ar_elutidre fraction cGhipinigpsoliibje tBrgmbadiodiilin #Et does not
80 Val dy Arg Arg 0%LeuTrg@IIeGI Leu G n_Leu

substaptiglyroptag 9(1@8-@51)19@ of they spluhlehombompduliny tg RERA oglsps, after the
Pro Le e G@n Trp Val Thr 100 105 110 Gy

elut101A§B<m g‘”ﬁ?ﬁ %%’négr Tyr Ser Arg Trp Ala Arg Leu Asp

12, L%e@i‘{;d &ﬁ {}J]eﬁ:n%g g%\?%ln%og‘raogdf#lg%qfstggly %%Productlon

memouz%ofp%%gélgo%ﬁ%ohéfm@& A ddalfAatHor5tBp, Gifrdi $he Pl 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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Lys Ala Asp Ay Phe Leu Cys A u Phe H's Phe Pro Ala
Thr Cys Arg 165 170 175 Pro Leu Ala Val Qu Pro Ay
Ala Ala Ala Ala Ala VvVal Ser Ile Thr 180 185 190 Tyr
Gy Thr Pro Phe Ala Ala Arg Gy Ala Asp Phe G n Al a
Leu Pro 195 200 205 ,Val Ay Ser Ser Ala Ala Val Ala

Pro Leu Ay Leu Gn L1eu Met Cys 210 215 220 Thr Al a

SEOUE q_lg GIyAIaVaI Gn dy Hs Trp Ala Arg Qu Al a

A1 % %40 GIQ/ Al a Trp Asp QIS Ser Val Gu
2 Al

gggi |1 80 265 270 Leu Gin AI a Asp Sy Arg Ser q/s Thr

a Ser Ala Thr G n Ser Cys 275 280 285 Asn Asp Leu
<210> H s Phe Cys Val Pro Asn Pro Asp Gn Pro Ay
<2i>d %) 295 300 Ser Tyr Ser Cys Met Cys Gu Thr @y Tyr
12 ARL Leu Ala Ala Asp Gn 305 310 315 320 His Arg Oys
21D duianasp Val Asp Asp QIS Ile Leu Au Pro Ser Pro Cys
<400> 325 330 335 Pro Gn Arg Cys Val Asn Thr Gn Ay Gy
Met Leph@lyQal Ley daHley @ysAlTyed Abnbewslia @gdewGly Asn Tyr Asp
1 Leu Val %Asp Ay Gu Of8 vVal Qu ProWal Asp Pro 355
Phe Paicispr3dBs Cyofke MecAlarAsn Aya Ghs RyrGyle G EIMPro G n Cys G n

Pro L¥®u Asn G n Thr25370 375 380 3®er Tyr Leu Cys Val
Leu AQyBinAlha S&t ByrGleu GiseVahllas MioGlu @ yFihe AHe §rqd u 385 390

39% 400 Pro Hi s40Arg Cys G n M Phe Cys Asn G n Thr
lle Pl Bis@is PPs disAhiz ByspG1AMet 1) CyE1&sn Dy ThAdpa Pro Asn Thr

53 n Ala Ser C§s GQu Cys Proédu Ay Tyr lie 420 425
Cys Prb38la Asp Cys Asp Pro Asn Thr GIn Ala Ser Cys Glu Cys Pro

65 70 75 80
Glu Gly Tyr |le Leu Asp Asp Gly Phe |le Gys Thr Asp lie 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 |le Gys Gly Pro Asp Ser Ala Leu Val Arg His Ile
115 120 125

Gly Thr Asp Cys

130
<210> 2
211> 396
<212> DNA
<213> human
<400> 2
atpctteegge tcetggtoct tggcecgetg gocctggcoe gectgeegtt cocegacceg 60
tgcttcagag ccaactgopa gtaccaghge cageccctga accaaactag ctacctetge 120
gtetgegece aggrettcge goocaticece cacgagocgc acaggtgeoca gatgttttge 180
aaccagacte cctgtccage cgactgogac coccaacacco aggctagotg tgagtezocot 240
gaaggctaca tcoctggacga cggtttcatc tgeacggaca tcpacgagtg cgaaaacggc 300
ggettetget coggegteteg ccacaaccte cooggtacct tepagtgeat ctgoggegccc 360
gactegscee ttgtecgeca cattggeace gactgt 396
210> 3
211> 132
212> PRT
<213> human
<400> 3

Met Leu Gly Val Leu Val Leu Giy 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 Gln Pro



Leu Asp Asp Gy Phe Ile Cys Thr Asp Ile Asp Au Cys
Gu Asn Ay 435 440 445 dy Phe Cys Ser @Ay Val Cys
H's Asn Leu Pro Ay Thr Phe A u Cys 450 455 460 Ile
Cys Gy Pro Asp Ser Ala Leu Ala Arg Hs Ile Gy Thr
Asp Cys 465 470 475 480 <210> 8 <211> 1440 <212>
DNA <213> hunman <400> 8 atgcttgggg tcctggtcct

tggcg ctg gccctggc gcctggggtt ccgcaccc 60 6
Lau A% ga%eﬁv%r v 52&5%32‘3?&% e Phboagt cag
e Pg @3@?3’@%“?593%9 FEChs i Tadne i 00 coacagcane

gccgce cctct cggcct g cagctgccac
Cys P@cﬁ'@cﬁ% &g@A 5@0 a Qﬁé@)d?" g‘@'c?:ﬂscfdﬂgfg @E‘btgcgcgg
cttccagtgg tacg g:ag acaétaacac cagg gc 360
G'” %Vg[}'(g'd@éﬁ%“@‘géipc 3 e 'éﬁ&l’sg@ggﬁﬁp de E@!‘gcg gccegttgtg
cgtcgctgBe 420 tcc @tg aggccact cccagcgag
ovs 6ioksat Uy gy Pbﬁg@ﬁg%@ﬁg(ga VBt Gegtioheg wsg’ro Ahggecgat g
gcttc®ot g cgagttcce ttcccagcca W@t gcaggec actggetgtg
Thr PAiu Gyagde SugBly rgospder dba byychlgtAre digs dfecacct acg
gcHecccgtt cgcggt¥cgec 600 ggatldggact tccaggcgcet
Gly Thycksgdiygggc agct ccgeccg cggtggetcc cctctgectta 660
I¥agct aat gt gcaccgcgecc gcccggagog gt ccaggggce act gggeccag
<210>dgaggcgeccg 720 ggcgcecttggg actgcagcgt ggagaacggc
211> @get gcgagc acgcgtgcaa tgcgatccct 780 ggggctcccc
<212> @k gccagt g cccagccggc gcggtcctgc aggcagacgg gcgctcctge
<213> $dfin accgcat ccg cgacgcagtc ctgcaacgac ctctgcgagc
{4o0>acttctgecgt tcccaacccc 900 gaccagcggg gctcctactc
atgot (i GO ot 286t ORBARC £IP ¢bocBEe 60 B YR s 3 06 EBERAF0 960
tectt€agAC S A 86 A38RE 0 Gagcb @A Ed BRaiRtA! Ggadageaa@t ccgtgtcc
gtote ke @0EEdt0dec 12801 1Bt CARBACAC a1 AYNYEATGL it BIGRaRYOCAC
aaccadadfy AREEcbRcAREASHAE Choadlic 8P RGO HHEctk0BR:t 6301284 Ot 9
gaaggAGC £t FhHeha CRB L ORE ttEcaBLbatC Eaatdaat3CasthadaE B0@t gCcCagecce
geottctdécogkds 98 (e aRodtt @ @a%&t &b g et LS o flicE S8®I9CT
gacte ﬁ%%%@éca%@&&é@%%t €00 ccgcacaggt gccagat gt t

¢210> st gcaaccag actgcctgtc cagccgactg cgaccccaac 1260
¢211>agscaggct a getgtgagtg coctgaaggce tacatcctgg acgacggttt

<12> ppf ct gcacg 1320

<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 Gliu Pro Gin Pro Gly Gly Ser Gln 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 |le Ser Leu Leu Leu Asn Gly Asp Gly Gly
65 0 15 B0
Val Gly Arg Arg Arg Leu Trp tle Gly Leu Gln Leu Pro Pro Gly Cys
B5 90 g5
Gly Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe Gln Trp Val Thr
100 105 110
Gly Asp Asn Asnh Thr Ser Tyr Ser Arg Trp Ala Arg Leu Asp Leu Asn
115 120 125



gacat cgacg agtgcgaaaa cggtggcttc tactccgggg tgtgccacaa
cctcceccggt 1380 accttcgagt gcatctgcgg gcccgactcg
gccecttgecc gccacattgg caccgactgt 1440 <210> 9 <211>
516 <212> PRT <213> human <400> 9 Met Leu Gy Val
Leu Val Leu Ay Ala Lgu Ala Leu Ala Gy Leu Ay 15
10 15 Phe Pro Ala Pro Ala Qu Pro Gn Pro Ay Ay Ser

Gly A ro eﬁ nglﬁlsgﬁ? Lzﬁ? %ﬁ’he \’ és"&lgﬁéglﬂgop\lﬂfg é::l -(l-ByL
Thr Val Ar
ﬂg ngefai%ﬁ s’g‘é% Stll’au\/:[?\‘lrﬁEF EI,E\SL[% &thv e;Se‘l:l Leu"Leu
70 75_80 Arg A
o A .,%g 6 Bt @ ik rm by 85758

TG\P Leu Pro /2 Arg Gy Phe
Pro L‘t‘a‘u 'Ha G\}él"”’rﬁ‘ry A':Eo’da sAhalﬁiacyag} %&éd'MW Asn Thr Ser
Ala rg Leu As Asn 115 120 125
Tyr G@I g;r,aﬁra PP’? sG'GI"? P?R)P*Leeg'"d}é LewiProal a Val Ser
SAl a Glu 130 5 140 Aa THP Val Pro Ser Au Pro
Val GM €riep Az dladlal Marfrailau @lsley §invgp Met §% 150 155 160 7
210s Ala Asp GV Phe Leu Cys2¥ u Phe His Phe Pro Al a
Thr AtphRrocBya Ghy glawas QIMCEIY Hbs Trr Alalkrg GAldlaBlo Gu Pro Gy
225 Ala Ala Ald3 a Ala Val i Ile Thr 18® 185 190 Tyr
Gly Al@ TroTAsp Oy SerPiid PuaksilGhy AhygCyE §ludlia MsByPhe G n Al a
Leu Pro 24895 200 205 250 255
Asn Ala |le Pro Gly Ala Pro Arg Gys Gln 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 Eis Phe Cys Val Pro Asn Pro Asp Gln Pro Gly
290 295 300
Ser Tyr Ser Cys Met Cys Glu Thr Gly Tyr Arg Leu Ala Ala Asp Gln
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 Cys Val Asn Thr GIn Gly Gly Phe Glu Cys His Gys 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 GIn Cys Gln Pro Leu Ash Gln Thr
370 375 380
Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro |le Pro His Glu
385 390 395 400
Pro His Arg Cys Gln Met Phe Cys 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 fle
420 425 430
Leu Asp Asp Gly Phe Ile Cys Thr Asp 1le 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
lle Cys Gly Pro Asp Ser Ala Leu Val Arg His |le Gly Thr Asp Cys
465 470 475 480
<210> 6
211> 1440
<212> DNA
<213> human




Val Gy Ser Ser Ala Ala Val Ala Pro Leu Ay Leu Gn

Leu Met Cys 210 215 220 Thr Ala Pro Pro Gy Ala Val

Gn dy Hs Trp Ala Arg Qu Ala Pro 225 230 235 240

Gy Ala Trp Asp Cys Ser Val Qu Asn Ay Ay Cys Gu

H's Ala Cys 245 250 255 Asn Ala lle Pro Gy Ala Pro

ArgC,yanC,ys Pro a dy Ala Ala 260 265 270 Leu
<400>g n Ala Asp d y ArgSSerASQ/s Thr Ala Ser Al a ThIrDhG a/

e S
atgctk&s 2 %ﬁg 3 *#F‘é“ gescﬁggﬁ?gog ; g%%@@ﬁ%@@'f’ Ser Tyr
Ecagagg %g;;; °@J’Z ttoge g °L%t6°°,&F 42N a Asp
gg°°°“é°?? °§‘i(f S“‘S%Gt“tﬁi?géc Fay %ggd%cc eVBY Asp Asp
acaglgeect §qteeetesy EPHFAIALD a%ﬁctﬁ%t %ﬂa@zscgsgecgseém Pro G n
gttgg%’d % earEcctele gatgechhs °@°¥°@W°‘@?gﬁ4ég@%°ﬁ§ (HI s Cys
cgcctopgge cogigseegl tiuspete gtiaeseeas, poaptagcacgesiataepdf0 gy G u
aggtgﬂ@&}@ Spsteeagel opatgespst coestctpespsceotetsaptagtyte Phe Arg
tocectarig mepracied acrqgeceps cegatctenss aggpsrasmaEtEwaaghie 48&G n Thr
a8EECBYE FLErclEe cemEfccyy ttqcpagey actyeeecc\astagctatabd0 G y Phe
§agCCoERGE fueeLerize cReastelcs atiaccta@35ag80etd oBezEoedec PO Hi s Arg
geagcgByy) (Goreehgst sPbastaRys apedpceGancEEhgacinic accOggctbr §6QA a Asp
cagetapll eracreders gc@ggagts ptaepareghs artitercag gragkcercSdR0 Cys A u
gecgctlyse Prtgca@al oGigpacEye eidtecgagh?rgddiBead APcdadeccNIP0 Asp Ay
geegctobes ddteccayts cEtmzcolgp etdzecchepanehaga@g gcfituctés840d y 435
accgcatddy chdGgcadih \ctifaece@y stcBereadd yotUetbce®ytecddecd\S00 Leu Pro
gaccagGhbae dchectbite gEaatdlys gddabopdGSactddtagh | ggcdgy&addeyo Pro Asp
caccggBede Mgacgiapn tWadtgohtg ctdgsgcbdacgichatpiidhrgcdpotey 9020465 470
gtcaacdddn ab8ftgectt cgagtgccac tgctacccta actacgacct ggtggacgge 1080
gagtgtgtge agcocgtgga cocgtgettc agagecaact pogaptacea gtgccageocc 1140
ctgaaccaaa ctagctacet ctgegtetge goecgaggect tcgegcccat tccccacgag 1200
cegeacaggt gocagatgtt ttgcaaccag actgeotgtc cagocgactg cgaccccaac 1260
acccaggcta gotgtgagte coctgaagge tacatcctgg acgacggttt catctgoacg 1320
gacategacg agtgcgaaaa cggoggcttc tgotccggge tgtgocacaa cotocceggt 1380
accttcgagt geatctgege goccgacteg gocettgtoe gocacattgze caccgactgt 1440
210> 7
<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 Gln 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 [le Ser Leu Leu Leu Asn Gly Asp Gly Gly
65 70 75 80
Val Gly Arg Arg Arg Leu Trp {le Gly Leu GIn Leu Pro Pro Gly Cys
85 80 g5
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




Asp Ser Gy Lys Val Asp Ay Ay Asp Ser Ay Ser Ay
G u Pro Pro 485 490 495 Pro Ser Pro Thr Pro Ay Ser
Thr Leu Thr Pro Pro Ala Val dy Lau 500 505 510 \Val
Hs Ser Gy 515 <210> 10 <211> 1548 8 <212> DNA
<213> human <400> 105 atgcttgggg tcctggtcct tggcgecgcetg
gccctggccg gcctggggtt ccccgcaccc 60 gcagagccgce

TR A

145
a ccla 18 ct 0tcggtggc
Lvs Afigfspgily E§ & DS @P?’&gé voletd od Rodtoge 240
tg ggc cctctg cct ca ccac ccggctgcgg
Pro L‘g’g%'@q’@é L POBY Kgchis @@ta a3 ﬂg,e 3t ccagt g9
ag acaacaac ctata aggt gggcac
Ty G@gﬁv g4 E? taaé'tag ey Aé%: %HE'teg@g ‘déé&‘g!’f‘gtg cgtcget gt c
420 tco ccact gag ccgat ct ggg
Va Gb(g%fég%a gﬁgﬁag’t’g Lagdly bavgfledgaMat §et cctct g
agttccac tt édcagcca cctgc&ﬁj‘gcc act gct gtg 540
Thr A@a@ed’d:g@ésg%mbadg@m%t Hegydogh et rg Glv A& €raacg gcacccecgtt
225 cgcggeccge 2800  ggagcggaéddd t ccaggeget dé6cggt gggce
Gly Alagbpdegdey Segilglotise G Gyt Gla HH6@1a é¥sgct aat gt
gcaccgcgédr gcccgaagcg 292 ccaggggc actzdyggccag ggaggcgcecg
Asn ATa20e RygGdcjtBy aetlys dirc s Bryatfjaddgdda gtpct gcgagce
acgcgsgcaa tgcgatccdd 780 ggggctaecc gctgccagtg
Leu Glmchager gL Ao SgclyetThe Abg geragiacthy aiedeit Cet gc 840
acrigcat ccg cgacgzmagtc ctgcaacgzms ctctgcgagc acttctgegt
Asn AdpCle0 836 GOE HAOPhe ©YaORAPES Bsh POt Aspt@ARtPEo giygcat gt gc
2qpagaccggct acggggct ggc ggccgamcaa 960 caccggtgceg
Ser TVROSHAQEE MR CysD QW The ol A ToL AGa0fCAIa AJk QgELOL CC gcagcgct gt
305 1020 gtcagmacac agggt ggefd cgagtgccaczjgct acccta
His ACHRQUAQSS VAIORB0RE 396 1108 6 @ash HeaPed cICCCOt gga
cccgt gctshpe agagccaact sgpgagt acca gt gggageccc 1140

Pro Gl 356 FAAGT RRCEHIAGE) o BIROE QLGS MQ‘E?@WQN tcgcgeccat
tcccogggag 1200 cogeacaggt gccaggpgtt ttgcaaccag

Pro Aﬁcfyg%ﬁ QL vé?laﬂs%ctﬂ?célﬁi c? LG VPl pACCCAggCt @
Oé gagtg ccct gﬂgggc: acat CCtﬂ;g acgacggttt cat ct gcacg
Cys P HLBR%S Ata Asn Cys Glu Tyr Gin Cys Gln Pro Leu Asn GIn Thr
310 375 380
Ser Tyr Leu Cys Val Gys Ala Glu Gly Phe Ala Pro Ile Pro His Glu
385 390 395 400
Pro His Arg Cys Gln Met Phe Cys 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 Gys Thr Asp lle Asp Glu Gys Glu Ash Gly
435 440 445
Gly Phe Cys Ser Gly Val Gys His Asn Leu Pro Gly Thr Phe Glu Cys
450 455 480
Ile Gys Gly Pro Asp Ser Ala Leu Ata Arg His |le Gly Thr Asp Cys
465 410 475 480
210> 8
<2115 1440
<212> DNA
<213> human
<400> 8
atgottggge toctggtoct tgmcgegetg geocctggeeg gectgegett ccccgeacce 60

-



gacat cgacg agtgcgaaaa cggcggcttc tgotccgggg tgtgccacaa
cctcceccggt 1380 accttcgagt gcatctgcgg gcccgactcg
gccecttgtcc gccacattgg caccgactgt 1440 gactccggca

aggt ggacgg tggcgacagc ggctctggcg agcccccgcecc cagcccgacg
1500 cccggctcca ccttgactcc tccggecgtg gggcetcgtge
attcgggc 1548 <210> 11 <211> 516 <212> PRT <213>

gcagaqf 18 p cﬂFcca c g c a c ac\{ }l/%ac Lal‘lz r)(; ﬁ: g
ggcccas aa tI5 g g a@i GG cﬁa aI Adu 20
“agt%" ﬁ?tcﬁﬁ "A@ °g cﬁ’t&% %F?ﬁg@ 0 AI a Thr
gtleaqspoe geopochely sAroge %"ﬁ%ﬁt%f?s“s%‘igg‘ég I‘igéc Leu
CECCLORERE %ﬁ"‘ CEfieg qtEiGagles ehiareeeay acap a°§€r°ag Ser Val
aggtgsmf §e Eﬂ@ ogaliBeqarh Cagef LR 890 t{téwg}é@ﬁtg@ 2%5 Ay
tocgotep ag@?sca?@tﬁc"@écga&/ﬁ%a@tﬁg%? ag&?‘@‘aﬁﬁt gE"&Eg“ﬁ I|e Ay
aagecqEgty RStirciey gedtoope tigoqacesas coyaragerc og gg@f g Pro Lys
BagCCORETE (gtREciey ertqtey amagct@aygqaﬁ@czﬁtrpgqaﬁﬁc% hr 100
geagcep@n] Yopprecect @ogEEpEspc ABHICORSTE qagEeEckse oF{geEstdr 6B g Trp Al a
cagolanig) ZoaCreperp erengesrss slcragegaroact papccag) sgaskpeccPr/d Leu Cys
ggcecttrag Mytgragesy agyasacgat egdtecenes acBegteona Aepdagcoet 80 130 135
gERzctea gitecciite ooedscRe® eRarcclicuameagadeg escytpot@ G400 u G n
accgeatiqs @pegc@itn cVgdaaczdel StetE@adeo&rti@ecet Lipscaagcac A8 Ay Phe
gaccagoedg LOysrt@to gliratdties saeceRrtoachleetfiarag@eaccha §60L65 170
caceggl@dy agPacgtdge LgditecatiabteGhascddr ptobiitytcl maghbetesN1B20Al a Al a
gtcaaddedc fgggtzhdte ciimteccd8Dect 8 ctlOM:tacgacct getpgacgee 1080
gagtgtstgs agcecgtega cocgtgottc agagocaact gogaptacca gtgecagoce 1140
ctgaaccaaa ctagctacct ctgegtetge gocgaggeget togeogeccat tccccacgag 1200
ccgeacaggt gocagatgtt ttgcaaccag actgoctgtc cagocgactg cgaccccaac 1260
acccaggcta gotgtgagte coctgaagge tacatcetge acgacggitt catctgeacg 1320
gacatcgacg agtgcgaaaa cggoggettc tgotccggge tgtgccacaa cctecoeggt 1380
accttcgagt gcatotgege gocogactcog goocttgooe gocacattge 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 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 10 15 80
Val Gly Arg Arg Arg Leu Trp lle Gly Leu Gln 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 Ash
115 120 125
Gly Ala Pro Leu Gys 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 GlIn Cys Glu Val
145 150 155 160



Lys
Pro
Tyr
Vali
Thr
225
Gly
Asn
Leu
Asn
Ser
305
His

Pro

Tyr Ay Thr Pro Phe Ala Ala Arg Ay Ala Asp Phe G n
Ala Leu Pro 195 200 205 Val dy Ser Ser Ala Al a Val
Ala Pro Leu Ay Leu Gn Leu Met Cys 210 215 220 Thr
Ala Pro Pro Gy Ala Val Gn Ay Hs Trp Ala Arg Qu
Ala Pro 225 230 235 240 dy Ala Trp Asp Cys Ser Val
GIuAsn Ay dy Cys u Hs Ala Cys 245 250 255 Asn

‘2 %pﬂé'a Z%@apﬁ%s@% ﬁ@%ﬁgﬁ%’?'ﬁ)&g ?ﬁ\? o o e

r Ala Thr 279780 285 Asn Asp
L‘L“ *Ma Rrofy ﬁﬁe‘“é‘gﬁéa 356 e 'A&ﬁ % hrAsp Gn Pro

{ 205 300 Self r Ser % Qfs GQu Thr dy
Ghyy hr/—ﬂ"@ Phedlafla mgaﬁ' a ésmPhe3 5 @iéﬂs 320 Hs Arg
kgGIuAs Val %H SLeu du Pro Ser Pro
Gb,y%eraﬁzs Aéeélaséaj A'PrPcsc’daElh ?eucfg'/lg bewMetn&ys Thr Gn dy
@I Phe Guﬁ@ Hi s Cys Tyr?20340 345 350 Pro Asn Tyr
AV&s o Fia GlmAl |GHus @BAi\aamcﬂlu Abg Brojal Asp Pro
355 360 36430 QIS Phe Arg2# a Asn Cys G Tyr G n Cys
Al@ TrrMsp Cke GerAdal @lmsfﬂﬁﬂy 800 7HU3BE AlBEYs Tyr Leu Cys
Val Cys?4fa Qu Gy PHe0AIa Pro Ile2f0 Hs Qu 385
ABOU0eF95 GA0QAIa ProoAri Gys Mg CByBroGhla QetAlPAE Cys Asn G n
Thr Alsa Cys Pro Al @68sp 405 410 486 Cys Asp Pro Asn
GMhhklaGsp GAY ArgSBer @Pg SThESAlla CyrsAlRr Thr @lo S&t GysTyr 1le 420
4285430 Leu Asp Zop Ay Phe 1185Cys Thr Asp lle Asp
Adpl Leu@ys GG HisABHR s Wal 435 AdIOrodiED GIRAPYo Rhe Cys Ser Ay
29dal Cys Hi s Aggs Leu Pro d yaobhr Phe G u Cys 450 455
T¥O6Skr Cys Met Cys Glu Thr Gly Tyr Arg Leu Ala Ala Asp GIn
310 315 320
Arg Gys Glu Asp Val Asp Asp Cys lle Leu Glu Pro Ser Pro Cys
325 330 335
Gln Arg Gys Val Asn Thr Gln Gly Gly Phe Glu Cys His Cys Tyr
340 345 350

Pro Asn Tyr Asp Leu Val Asp Gly Glu Gys Yal Glu Pro Val Asp Pro
355 360 365

Cys Phe Arg Ala Asn Cys Glu Tyr Gln Cys Gin Pro Leu Asn GlIn Thr

370 375 380

Ser Tyr Leu Cys Val Cys Ala Glu Gly Phe Ala Pro |le 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 Gln Ala Ser Gys Glu Cys Pro Glu Gly Tyr [le
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 Ash Leu Pro Gly Thr Phe Glu Cys

450 455 460

[le Cys Gly Pro Asp Ser Ala Leu Val Arg His lle Gly Thr Asp Cys

465 470 475 480

Asp Ser Gly Lys Val Asp Gly Gly Asp Ser Gly Ser Gly Glu Pro Pro

485 490 485
Pro Ser Pro Thr Pro Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu
500 505 510

Val His Ser Gly
516

<210> 10

<211> 1548



* Ile Cys Ay Pro Asp Ser Ala Leu Ala Arg Hs lie Ay
Thr Asp Cys 465 470 475 480 Asp Ser Ay Lys Val Asp
Ay Ay Asp Ser Ay Ser Ay GQu Pro Pro 485 490 495 s
10 Pro Ser Pro Thr Pro Gy Ser Thr Leu Thr Pro Pro
Ala Val @y Leu 500 p05 510 Val H's Ser Ay 515
<210> 12 <211> 1548 <212> DNA <213> human <400> 12

17> §hPCttgggg tcctggtect tggegegetg gecctgaccg gectggggtt
a1 pGgggcacce 60 gcagagccgc agccgggt gg cagccagtgce
"&Bagcacg actgcttcgc gctctacccg 120 ggccccgcega

<400>

s nde Rl T e
ggcc:cq g&%&% 8_\% ggmté 3%\59% @Q%‘E gtog
acagt%: gto cté & ghtt Eﬁ%&aﬁ cgﬁtﬁgéigﬁ@%& 4 caacaacac
gttggc-(gg !géﬁ%? EFQtreccdy BBt €A CTBRCCHAE ggugct

°E°°t‘2,gé%°c"t°<9¥5jé‘g¢5 Jetcasted e tae ﬁ?ﬁgé‘tﬂ@‘ia&“a& zwgctﬁtaég ctg
ageteaghifc eastIeatct Fosteateh afpotiges &cgﬁésfaﬁ 424t gcgaagt g
tecgoiggly a%&gg’@é [ 250 2 o1 P@&?P@S gozprede 8 cca
aaggcegategeitnytete crgaaibecny ftgccsageca g@s@g feteeetEyE géftt gc
£3gCOGEEREC eAEeaRe s cpgewt et atraguiavec Eetceetd REGRFEESEY %00
ggageggaetgtagegtotct taseestipee eectomoery cagtgpotas st ezgefde §6¢ ggt ggct cc
cagetantetcepgodetacc G Coeeazan) ctmategec grdarsocpereassgerce déigeg
gececyearcaygyecEt aggagec agrtggatryayeatigedd 2@eragerctydéd ggg
gergclmctcgedgedte gyeagaae g gecggmt oy asgaagecaacyegrefead#4@ gcgat cect
accgcat8€k cmoerit otemaget gbataghgr adtegestgigecagece 8t ge
gacca@@ggC agectactc gt gtet gazabeb@et avegtedccargczegas &gt
caccggthEpC MR B dLEa Clizadtgea) A gt pagbia figegstdocragactgt d 0200
gtcaa@ofC AYEREEt Orhdtgdoac ttgotadcgabghgacog aganacgetiogiccggcet ggce
gagt g iFUC SRcRtia Wbkt RE QpEbGast aaaaegiagdacchgactigaat a
ctgaadchSORUERERt HrBdpBitgé ¢EcedRadIC Optftcat OkBscagiiag damacac
cczgcad@B0k@aGtitt CRAGhAE L A6t sb@et AE4p6deactaCgasodas t1260gt ggacggc
acccagdB0zct ety { BE13HagRE § 66283l adzasrg i@ Cdat @R O gmAact
gacatFeCOSH 8ue ha HeBEAYE GEctddefbl tetgccacaa cotocccggt 1380

accttcgagt geatctgcge scocgactcg goccttgtce gocacattge caccgacigt 1440

gactccggea aggtggacge tggcgacage ggotetggeg agoccocgce cagoccgacg 1500

cccgectoca cottgactor toocggocpteg ggectogtge attoggge 1548

<2100 1

<211> 516

<212> PRY

<213> human

<400> 11

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 GlIn Pro Gly Gly Ser Gln 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 |le Ser Leu Leu Leu Asn Gly Asp Gly Gly

65 i) 75 BO

Val Gly Arg Arg Arg Leu Trp lle Gly Leu Gin Leu Pro Pro Gly Cys
85 90 85

Gly Asp Pro Lys Arg Leu Gly Pro Leu Arg Gly Phe Gin Trp Val Thr
100 105 110




» ctgaaccaaa
t ccccacgag
actgcctgtc
gctgtgagtg
1320 gacatcgacg agtquaaaa cggcggcttc tgctccgggg

ctagctacct ctgcgtctcc gccgagggcet tcgcgcccat’
1200 <ccgcacaggt gccagatgtt ttgcaaccag
cagccgactg cgaccccaac 1260 acccaggcta
ccctgaaggc tacatcctgg acgacggttt catctgcacg

tgtgccacaa cctccccggt™ 1380 accttcgagt gcat ct gcgg
gf% ctgt 1440

elip e Cgaﬁé}§98%"5ft§§§°""7?@éﬁag3 tfbeg agecccogee

ac a . cc ct ccgccggt
Stleg iyt ohy reglgegccv?%aéi 5 er@ $561°59°°%9.
13> Artifict Sequence 0> <22 De t f
Thge 1 e SaY Ggeam?eHeeTm@waﬁsncﬁ'ms Tt S‘irs' Pien o

aat gt 1t aagggcce
Ala A;% é%y P%e Lgﬁ:Cysgé%% Phg His Phe Pro Ala Thr Cys Arg

165 170 115

Leu Ala Val Glu Pro Giy Ala Ala Ala Ala Ala Val Ser lle Thr
180 185 190
Gty Thr Pro Phe Ala Ala Arg Gly Ala Asp Phe GIn Ala Leu Pro
185 200 205

Gly Ser Ser Ala Ala Val Ala Pro Leu Gly Leu Gin Leu Met Cys
210 215 220
Ala Pro Pro Gly Ala Val Trp Ala Arg Giu Ala Pro
230 235 240
Ser Gly Cys Glu His Ala Cys
255

Gly
Gly A
Ala
145
Lys
Pro
Tyr
Val
Thr

225
Gly

Gln Gly His

Val Glu Asn Gly

250

Cys
245

Ala Trp Asp

Asn

Leu

Ala lle Pro

260

Gin Ala Asp
275

Gly

Gly

Ala

Arg

Pro

Ser

Arg Cys Glin
265

Cys Thr Ala

280

270

285

Cys Pro Ala Gly Ala Ala

Ser Ala Thr GIn Ser Gys

Glu His Phe
295

Glu

Asn Pro Asp Gln Pro Gly
300
Arg Leu Ala Ala Asp Gln
315 320
Leu Glu Pro Ser Pro Cys
335
Glu Cys His Cys Tyr
350
Glu Pro Yal Asp Pro
365
Pro Leu Asn Gin Thr
380
Pro Ile Pro His Giu
400
Ala Gys Pro Ala Asp
415
Pro Glu Gly Tyr lle
430 ‘

Ash Asp Leu Cys Cys Vai Pro

290
Tyr Ser Met Cys Thr Gly Tyr
310

Val

Ser Cys

305

His Glu Asp Cys lle
330

Gin Gly Gly

345
Gly Glu Cys
360

Tyr Gln Cys

Asp Asp
325

Cys Val

340

Asp Leu

Arg Cys

Pro Gln Arg Asn Thr Phe

Pro Asn Tyr Val Val

355
Phe Arg
370

Tyr Leu

Asp

Ala Asn Glu GIn
375

Ala

Cys Cys

Cys Val Ala
395
Cys Asn GIn Thr
410
Ser Cys Glu Cys
425
Thr Asp |le Asp Glu Cys Glu Asn Gly
440 445
His Ash Leu Pro Gly Thr Phe Glu Cys
460
Leu Ala Arg His lle Gly Thr Asp Cys
475 480
Gly Asp Ser Gly Ser Gly Glu Pro Pro
490 495

Cys Glu Gly Phe
390

Met

Ser
385
Pro Cys Gin
405
Asp Pro Asn Thr
420
Asp Asp Gly Phe
435
Gly Phe Cys Ser Gly Val
450
|ie Cys Gly Pro Asp Ser
465 470
Asp Ser Gly Lys Val Asp
485

His Arg Phe

Cys Gln Ala

Leu ile Cys
Cys
455

Ala

Gly




10

Pro Ser Pro Thr Pro Gly Ser Thr Leu Thr Pro Pro Ala Val Gly Leu
500 506 510

Val His Ser Gly

515
10> 12
{211> 1548
<212> DNA
<213> human
<400> 12
atgetteege tooteggtcot tggogogete gooctgegccg goctggeett ccoccgoacce 60
gcagagocge ageoggeteg cagecagtpe gtegageacg actgeticge getctacccg 120
ggcocogega cottoctcaa tgccagtcag atctgogacg gactgoggegg ccacctaatg 180
acagtgcect cotoggtgec tgcogatgtc atttocttge tactgaacge cgacggogec 240
gttggccgee ggegectotg gatoggooty cagetgecac coggoetgogg cgaccoccaag 300
cgcctogege coctpcgoeg cttecagteg gttacgggag acaacaacac cagetatage 360
aggtgeggcac ggctogacet caatgegect cooototgeg gecogtigte cgtegetgtc 420
tecgotgoteg aggccactgt goocagcgag ccgatetgge aggageagea gtgopaagtg 480
aaggccgate gottoctetyg cgagttecac ttoccageca cctgeoaggec actggetgtg 540
gagcccggeg cogeggotge cgcogteteg atcacotacg peacccogtt cgegeeccge 600
gegageggact tccaggoect gocgetgege agotoogece cggtggctoc cotoggotta 660
cagetaatgt poaccgogec goccggageg gtecagggee actgggccag ggagpcgocg 720
ggogottpge actgeagegt ggagaacgge ggotgcgage acgegtgcaa tgogatcocot 780
geggectooco gotgoocagte cocagoeggs gocgoootge agpgcagacge gogetectge 840
accgcatccg cgacgeoagte ctgeaacgac ctetgogage acttotgegt tcccaaccce 900
gaccagccgg gotoctacte gtgeatgtge gagaccgget accggetgee pgeccgaccaa 960
caccgetgce agpacgtgega tpactgeata ctggagecca gtoocgtgtoc goagegetgt 1020
gtcaacacac agggtggett cgagtgecac tgetacceta actacpgacet ggtggacgegc 1080
gagtetgtge agcccptegga coogtgcttc agagccaact gogagtacca gtgocagooce 1140
ctgaaccaaa ctagctacct ctgogtctge gecgaggget togegeccat tocccacgag 1200
ccgoacaggt gecagatgtt titgcaaccag actgoctgtc cagocgactg cgaccccaac 1260
acccaggcta gotgtzagte coctgaagge tacatcotpg acgacggttt catetgeacg 1320
gacatcgacg agtgcgaaaa cggcggottc tgotceggee tgtgccacaa cetoccoggt 1380
accttogagt goatotgcge gocogactog gecettgece gocacattge caccgactgt 1440
gactccggca aggtggacgg tggogacage ggototggog agooccccgoc cagecogacg 1500
ceoggctooa cottgactoo tocggeogte ggectegtee atteggee 1548
210> 13
211> 21
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic DNA
<400> 13
aatgtegcge goaagggeeg a 21



