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WD 2009/ 008821 PCT/ SE2008/ 050836 METHOD FOR

PRODUCTI ON OF RECOVBI NANT HUMAN THROMBI N " 644
WA BiGbbs8AL. FI ELD The present application rel at BGT/SE2088/050836

met hod for produci ng reconbi nant human thronbin s

from reconbi nant prothronbin using reconbi nant ecarin.

BACKGROUND OF THE | NVENTI ON Thronbin is a key enzyne

in the coagul ati on cascade. By thronbi n nedi at ed

proteolytic digestion of fibrinogen into fibrin
MERHODPEHOR @RODBICATEON € - REQOMBBRIANT HOMAN THROMBINGH44

is 10 started. Cot formation is the first step in

wound healing. In addition thrombin is a cheno

attractant to cells involved in wound healing, and,
TECERNTOAY FIEIMet wor k fornmed act as a scaffold for

col | agen- produci ng fibrobl asts, increases
ThP PRIGAYIPSLAionPILARL B AREHAIGP %?dc&tcn@%c&hﬁ?@nt%ﬂ@nﬂhrombm

factors thus further supporting the healing process.
frofrmecomalbipasfprethmbifh gsinar¢combimsintieqeindent on t he

concentration of thronmbin and fibrinogen. Because of

the 15 inportant function in clot formation thronbin

n_utilji nber of products intended

BA?§§3ﬁ§gﬁﬂ%F§§I§ij' tlssue seal ants or "glues",

bot h as stand- al one products (i.e. Thronbin-JM) or
Thombig it K8Y FBANG ththe icorgHation eetrde. By iyonis me idlaéed proteolytic
dlg&tﬁ)‘?leo%l eﬁbrrllalggémi?oeh r&ﬁl%ﬁéﬁ * )a ca;rdaﬁe ge?%t%}{ fggdmé 'tc?!:lg?fo%fnatmn is
stanat d]lalcfo&uatg(ﬁr is,thé ﬁt‘smstep 8 u\roglﬁd )hﬁah't%SﬁUhdﬂltlSIU tlgemym is a chemo

oncol ogi ¢, sur pl astic ur ger ht ha
attrgefﬁ@fetwceﬁ@rlelﬁ%las%ﬂ% vaigehap fig rafidd @Paﬁrrg? g b %ﬁ%ﬁ% act as a

fi i

scagtgg@;fro(r) I%ﬁltl%gﬁfﬁ%(ﬁﬁés sl erreglag(sj,gﬁggégeg’ BR% g;t%k'l@ glgrﬁbﬁotes angiogenesis
anddbindvgrwtlt fssue tlsmgftm@er Bupzpoaling d@nh@llmg grogeps. The rate of clot

haenost asi s t he hronb b APRIO ed
forf R RSt erhion B cPoaltiet Bk @b RERek Simosga, Besayse of the
impdrtagt fRtioh P @100 YomiLtieh tRWIbME hid B&@iautﬂiééd Mg a RuASIER of products
derived protein confers several disadyvantages as

mtmdmi ferchagyaptiasip |an¢1/ply atue afadangs eoradessnsbatlyen stasd-plogk products
(i.e, Oft}rS&ﬁﬂlSJNAﬁsbroi comthr%l 1§1§ e\?1tl?qlijorg1r b %he?ncq)ntl&%naé ﬂ( e. Tisseel,

riggering au or mat i on

Hepla@@UCcCejsscal CARRS podastie Aslté odyscf %ﬁﬁhhémuﬂ Ugkift Qrafting, neuro
bovi ne thronbi n exposure has |l ead to significant
SUrBPT e GRIFEACH PU P e MQrAGIE SURERBYN Vas8Blat opeery. 10ngslagle weygery, plastic

sur%%?loggﬁgﬁolgg / s%%&ﬁ%ﬂﬁ%ﬁﬁ: surgery, trauma surgery, head and neck

surgery, gynecologic and urologic surgery, gastrointestinal surgery, dental surgery, drug

delivery, tissue engineering and dental cavity haemostasis.

So far the thrombin in approved thrombin-containing products on the market is derived
either from human or bovine plasma. Using plasma derived protein confers several
disadvantages as limited availability and safety concerns such as risk for transmission of
viruses and prions and the risk of triggering autoantibody formation (bovine products).
Cases where antibody formation due to bovine thrombin exposure has lead to significant

bleeding disorders are known.
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prot hronbi n t hrough the coagul ati on cascade.

wa\edowwesseon t hrough t he coagul ati on cascade i SPCT/SE2008/050836
dependent on the presence of a functional G.A-donain
contai ning 8-10 glutam c resj dues converted to gama-
carboxyglutamate. In vitro, also inconplete
gamma- car boxyl ated prothronmbin can be s converted to

o) i hy: t . r i i .
i SHEOBRAGY 636 0 ALGLILATE BB BV, Shpiin
cascadeerAdhchtien dasughathescdagulatigar oaseady isaddpendenpront hageesence of a
whi ch ¢l eaves. human. prot hrombj n bet ween resi dues
funﬁl@@éoﬁﬁﬁg%sa% cgRigHYng ef?-.lf@i BOHHRIG N FUCS FeprtvqEipd Lo gamma-

carBOyRRRhRAhY%L 6 RF-HCERE 1 iRErhHSHl banind-chi®xBfcdBbioftoMbin can be
nei‘zot hronbi n desF1l and then al pha-thronbin, which is

conviegedrtrt thrambig thiyvke figer oh obthrdmbiniachvatd® sieh asdesatin. Ecarin, a snake

cOo [Ci t hr i n_manuf.acturing process woul d use. a .
BB CHAI™ D BBR “IBF G20 48F PR ot PRRBHBN LA ocEse which
clepVeQtiamsd Protdlefdeh abtwieefi@dUAEd; YL, Wot f&Hétate meizothrombin.

addi tion of aninmal-derived conponents. Further

Fuithagaptosatehtis prengsangecsulsbiishe faprasemahawizotiyomberdesht end then
| ow: a ' f£ficient
PR M 83 SR AR R R L o (o

obtain high yields of prothronbin. Although extensive
ef forts have been spent, obtaining high vyields of .
Angdepl KBS HalHERRbIE SPITUCHHIERIPESRH MO U pSe? BgarPIngAt thrombin

fesi ALY c%lnif’o e Aed 1 hcgl% -without addition of
pre@%rﬁgﬂnu 8 et .lﬁ%i plé‘?[g%ﬁ el 2 JRdiy Idg%{o'41§ fyihout addition o
anigkderivedc aobipoaertts. GEArtiomaicquir@sentpr ebhldortsi moblisg e perdormance,

Wi th recogbi nant ecarin to generate 20 reconbi nant
CONYGRISACS HIAGRWI RSt The productivity of prethronbin at

A RHE@B8ade 96 1B 8RS cdFbin &R AulBh LihroHirS hhltﬁr_oﬂlﬂﬁ’)@%tbeen to obtain
productivity for commercial scale production.

higRexsddtbioh anethroprtoalus ttherghofxteasare ¢ffdrishavk e epent, obtaining high

. described in. WD 01/04146. |In this publication, . .
yieifod bipfaBin PRl iePEtitns Qb Rorl PP, S histnsicaisohes tone
renffindde @OBHYIBASY. PoRirir@n&i Al. ErBtad 135:£0558%1 be0dhyhae used
reconmbi nant ecarin produced from CHO cells. However,
recom@imat gkéngnmaindess msethomsbin deecaise veith feapmbingag ecarin to generate

) Ci . : )
e B B AL R R 0B S s SRS 150
20 rep,oxipich ieis modbatpro@edsity dorh@naaérciabbet: pfodokicrRet@mbinant

effici ently,activqte the r-ecarin are descri
a

i bed in o
ProdB¢tPIp 9b| SRR i s & PoPh el stiRfds thed O38 1 HEt 14 alfti g publication
gerf%?e@ﬁ)ﬁdHf 8. (bmblffs fe&&ﬂbl@tﬁ’éd @9' conversion of recombinant prothrombin

produced in COS cells by a recombinant ecarin produced from CHO cells. However, the
exemplified methods are not suitable for large-scale production and animal-derived

components are used.

Recombinant ecarin is produced as a prepro-protein that needs to be activated. Problems to
efficiently activate the r-ecarin are described in both publications and the suggested

activation procedures are far from optimal.
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Thus there is a need for inproved nethods to obtain
wo ewonotsseaant human t hronbin. During our efforPGI/6E2008/050836
obtain inproved productivity of ganma-carboxyl at ed
human prothronmbin we made tye surprising discovery
that co-expression with ganma-gl utanyl carboxyl ase
(GECX) vastly inproved al so the productivity of

TR L BN S AR By o, Do

ourafficBss obtmrahfprcwelrlirbcjucﬁmﬁ of garmpearbokylardihonfan @rothrombin we

r.econbi nant prothronbln obt ai ned by the expressio
magle RS Rh HCBEY | Al \RS0B0380 1o ReE Ry | carboxylase

(GG@K{? iyt ngqo%d 4186 ERLrea Rl itg B Ror padi&d &f%&?fa%r@thrombm
conbi'n reconbi nant ecarin has nhot previously
@eb@éaﬂﬂ§@a8GbM manuf acturi ng of reconbi nant thronbin.
Further, the procedure for activating reconbi nant
ecarin is new. The nethods descri bed woul d be

Thé prdsaR RvERlonl &dselb @C@Pﬁ)oéék tohe@iekintly gﬂa&ﬁc@ CiuiianN@rombin from
wi t hout the addition of animal-derived conponents. is

recauiARY ERUTHEDINVEIGINGN At céiedi Higrassion ﬁlﬂqﬂ@ﬂd agspedsscribed in
W&O&%Sdl@v?lﬁb&gma %ﬁgﬁqa‘[}cﬁ o?rl‘ﬂ&% Oﬁ%tei?p ;%qgt%d n&othrombm

r'econbi nah romrec
corpbiatd rvﬂﬂ‘btdctoﬂﬁ)hfagt ree@mrrbasnﬁat preeusIn bdaﬁvuse@ foheanufacturing of
sequence SEQ or a honol ogue t hereof. According.

recwélbalaahaﬂtr?@lalna&}@é%r the Bwa?%% é’@ﬁ PiypLing figsOEIbIaGH cpagin is new.
Th® rtﬂéﬂlgd%d dCRABE] YR e GRabRCRYFD f%ngcaﬁeh R Wﬁh&bm manufacturing

according to said netho In co ation wt

wﬁpmanmamkuwmceﬂdmmnMakmepda@mpmﬁmﬁx|ers, vehi cl es and/ or
adj uvants. According to further aspect, an isol ated
DNA sequence is provided coding for reconbi nant

ecarin accordln%,to SEQ I D NO 2 or a honol ogue
SUMMARSF OFpkR: ENTIOASt 80 %identity to SEQID NO

2. 25 Accordlng to anot her aspect, a vector is
provi ded conprising an isol ated DNA sequence coding
Acegiflinge o ibilindntspeetapl ihadevindgiong at ee IDPrYigedy rfora producmg

R % | B8 95 B o s

ha R ThSs2QRBLOSBYID NO 2 or a homologue thereof.

According to a another aspect, a pharmaceutical composition is provided comprising a
recombinant thrombin according to said method, in combination with pharmaceutically

acceptable carriers, vehicles and/or adjuvants.

According to further aspect, an isolated DNA sequence is provided coding for recombinant
ecarin according to SEQ ID NO 2 or a homologue thereof, having at least 80 % identity to
SEQ ID NO 2.

According to another aspect, a vector is provided comprising an isolated DNA sequence
coding for recombinant ecarin according to SEQ ID NO 2 or a homologue thereof, having

at least 80 % identity to SEQ ID NO 2.
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provi ded conprising a vector conprising an isolated
wbhhsesseence codi ng for reconbi nant ecari n aceOI/SEI008/050836
to SEQID NO 2 or a honol ogue thereof, having at
| east 80 %identity to SEQ IP NO 2. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1. FII+G3CX
construct Figure 2. Ecarin construct Figure 3. Exanple
A RE QELAR IR bbddP of Q1 1O BRI RS NG SHipfisi
o B e el I B B A BpRsing an
isolaseldDNA tdypepreeseiiig fdractomignintacadn dcevdrdidg tty (SE@EArNO 2 or a
Fi gure 5. ino acjd alignnent of [nant ecarin
homglagug thegarb V@géﬁleav%\?e"/r%ﬂ@e@ﬁwawdsgﬁﬁg}’é ype ecarin
Figure 6. Graph showi ng the activation of reconbi nant
ecarin during cell death over tine Figure 7.
[ i I I HRA inin cell cultures over
BR@?E%&%%E@E;S%N&?QEgE_ [ §v€§%£ Fi gure 8. Chromatogram
.fro rification of rh-thronmbin. Figure 9.
F@Nghfkgggggggéﬁgﬁgﬁ anal yses of fractions obtained by
FigohdEX Hudfih tossdducon  Detai |l ed description of the
_invention 20 The inventiaon consists in one part of a
Figeeq 3. Exapwleeds Rieersp puding fprehfompin mapviaghringt h a vect or

Flg[(.)lgé gﬂ Irl\?% otfal Cs%ﬁh%%e géél theBf @ We%iﬂa&%ﬁééa)rinaﬁsseﬂc 1nattl€ed present

e contr ences an
invgatioreangl will dtypt ccainboxyl ase (GGECX) associ ated by

.suitabl e contraol sequences. . Control sequences should .
Figye houend S0 eha mﬁ‘}q[d{fﬁ%‘?%l?lﬂa%fﬁ?ré% Ypinin 1§e jpresgRicigygntion and
wilftyfdRariffGCX expression by at least a factor of 10.

The host cell is preferably a eukaryotic cell. 25
Figliygt. daraplh gstwing thesaciivat] ondd redontbizang ceaoin during tceldl deash over time

.insect cells, yeast,.cells, .and lian cells.
Figgo el e 108 912G o s Ratif a5 S Lpise gt T, pssayed by SDS-
paEMal i an cells lines include, but are not limted

~to, CHO HEK, NSO 293, Per C 6, BHK and COS cell s,

Figara. ddrpmatogipas fromH{elEeopurifiqationef enthounbrant t he host

c -&’IA%HE gr?alllylfse% b&acriairs §btai¥1@g bg k&tlﬁkgq%?iﬁcaﬁon
produci ng ce I'ne 1's grown under C ure
conditions optimsed for high yield 30 of prothronbin

di sregardi ng gamma- car boxylation. Vitamn K may or may

Defifled RRs@HiStf $fQhe HiRRnBOAW h medi um

.celd S e
F1gb1feoﬁlf.%\lg 061_ elalrllc

The invention consists in one part of a cell line derived by stable transfection with a vector
(Figure 1) encoding human prothrombin (FII) associated by suitable control sequences and
human gamma-glutamyl carboxylase (GGCX) associated by suitable control sequences.
Control sequences should be chosen so that prothrombin expression is in excess of the
GGCX expression by at least a factor of 10. The host cell is preferably a eukaryotic cell.
Typical host cells include, but are not limited to insect cells, yeast cells, and mammalian
cells. Mammalian cells are particularly preferred. Suitable mammalian cells lines include,
but are not limited to, CHO, HEK, NSO, 293, Per C.6, BHK and COS cells, and derivatives
thereof. In one embodiment the host cell is the mammalian cell line CHO-S. The obtained
prothrombin producing cell line is grown under culture conditions optimised for high yield
of prothrombin disregarding gamma-carboxylation. Vitamin K may or may not be added to

the growth medium.
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wi || be appreciated that the invention is not

wo e®wboossted to a particular prothronbin or PCT/SE2008/050836
gamma- gl ut amyl caboxyl ase or protein encodi ng sequence
of one of these proteins to e co-expressed.
Moreover, and in particular with respect to bl ood
coagul ation factors, s nunerous nutant forns of the
protei ns have been disclosed in the art. The present
invention is equally applicable to prothronbin and

It \gﬂh‘naaglbmtiatwllthaiattheﬁybmienrimtnamrestrimmm aipactiquthir ngothrombin or

natural |y urrln allelic variants, of_ the ei ns
eanygarglpady erhgry g Srp%rot%aﬁm SIS & TS T ﬁ%ﬁﬁitpr?tﬁgls to be
co-tIHBREN OM eV ePeattN g raRtiulg With hre?ﬂl%t W | ¥loddY RBagulation factors,

protein or one wth at least 90% preferably at | east
nuI9§Yus exuientc &rind erit tlteypltdu@nteﬁl@ve bpecradotchhsed i1 Qhe art. The present

. _enbodi ment, se ted.in ble 1 b se

G 1 B B ke S ey mutant

forﬁ@cﬁlc(uB@ﬂtﬁﬁallM&ﬁh%llmanﬁtyt(ﬁﬂﬁ& Pr&l&ifERs 46 is to wild-type
BC013979; SNP ( EMBL# U65896); 2 carboxyl ase BC013979

seqnmsksmesmﬂsodqmtw TBP1EM candBagBlertaling with angovikype protein

or &@{%}(@9%‘[ %g i /g?ﬁr?%}/%%?%? (l)etja%t %@p %a eﬁ-l%gr 71(?6@1%?)‘)’] thereto In another

embodiheh( safiieticeanidied i Mabladicdn bequeinces, are wel | | s
known. Table 2 identifies representative sequences of
wi |l d-type and nutant forns of the wvarious proteins

ThBQQF can be used in the present invention. The term

ganma- gl ut anyl carboxyl ase” or "GECX', as used

herein, refers|dpNa vijtamn K depencent enzynme that |GENE

catalyses carb tid I 1 C.dcid residues. 20

GECX enzynes ai@x del %@Csﬁgr\%mﬁand have been EMBL
PROT@NNd from rram!g(:@ﬁffe(lmﬂT]stNe)c:l es gMITAHONSe bel ugaCcC#

alle ha + AnAf canIc +a||

_\Mqul C m! nhl Ilu + Clr IIS CuULvtuUo, l LAY C UTAU1 | Sh moul'uo C \= | ]
Gluigmatycen (Gﬁ@ﬁ@s gal I 4%),

| hagfRH 3 Rk{k P i RI¢ 1 Us5%98) 2
carbxyR@shoe crab|gchi AFpRbyphenus) , @ﬂﬂ(@ﬁﬁm&Qﬁﬁﬁ) U65896

D g

%.

Le

U

U
L snail Conus textile (Begley et al. 2000 ibid
Bandyopadhyay Bt al. 2002, ibid). Thepprox. 100 SNP's (EMBL#
Prothrombin V00595 1; V00595 AF478696) AT478696

Each of these proteins, including their nucleic acid and amino acid sequences, are well
known. Table 2 identifies representative sequences of wild-type and mutant forms of the

various proteins that can be used in the present invention.

The term “gamma-glutamyl carboxylase” or “GGCX”, as used herein, refers to a vitamin

K dependent enzyme that catalyses carboxylation of glutamic acid residues.

GGCX enzymes are widely distributed, and have been cloned from many different species
such as the beluga whale Delphinapterus leucas, the toadfish Opsanus tau, chicken (Gallus
gallus), hagfish (Myxine glutinosa), horseshoe crab (Limulus polyphemus), and the cone
snail Conus textile (Begley et al., 2000, ibid; Bandyopadhyay et al. 2002, ibid). The

carboxylase from conus snail is similar to bovine carboxylase and has been expressed in
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carboxyl ase and has been expressed in 102644-1 US/ CV
wOE0200882008821 PCT/ SE2008/ 050836 6 COS cel | BCT/SE2008/050836

(Czerwec et al. 2002, ibid). Additional proteins

simlar to GECX can be foung, in insects and

prokaryotes such as Anophel es ganbi ae, Drosophila

nmel anogaster and Leptospira with NCBlI accession

CORT i S0 0, TSROy BRSO o b o

in issgechd vigblarydiee saelr hoxdlopseee gzyniies os@plhély snelanogaster and

LGl ) AN @D S0f g Bo > br DR Sy o628, @
24193%83 1R¢ (BYAd¥painghy &f alt.,ozfd()b?‘fbic‘i)f résB%‘ctiQ’Hl%Eh%oX‘ﬁase enzyme

have wused, and may therefore be used as a
displlay e ranadrkabde woltuhenany wamscevatipneScvEsdd|od tRe inde-htiinfih eszymes have
representative sequences of. predicte rof ej ns
shyGhor B8 RETHERIN o e T ST o el dbE bifen SGCX we have
usc@l hrfil M)y theAdforedRd W& AkSAChlichhatiRe tPthe hieMkn eAXAIY, | on.
Tabl e 2 Species Data base accession #/ 1D Hono sapi ens
(man) NM 000821.2 HUMGLUCARB HUMHGCA B0004422

; i red. on) A
il e T e T
GBS (doated dler( povitnen giNMhZdein e 2sBOMGARPX At iIBRMBGICA

Ovis aries (donestic sheep) AF312035 Rattus
norvegi cus (brown rat) NM 031756.1 AF065387 Mus
Tabiscul us (nouse) NM 019802.1

Species Data base accession #/1D

Homo sapiens (man) NM 000821.2
HUMGLUCARB
HUMHGCA
BC004422
HSU65896
AF253530.1

Papio hamadryas (red baboon) AC116665.1

Delphinapterus leucas (white whale) AF278713

Bos taurus (bovine) NM_174066.2
BOVCARBOXG
BOVBGCA

Ovis aries (domestic sheep) AF312035

Rattus norvegicus (brown rat) NM 031756.1
AF065387

Mus musculus (mouse) NM 019802.1
AF087938

Opsanus tau (bony fishes) AF278714.1

Conus textile (molluscs) AY0044904.1




102644-1 Us/cv AF087938 Opsanus tau (bony fishes) AF278714.1 Conus
textile (nolluscs) AY0044904.1 102644-1 US/ CV WO
wQeM96a33821 PCT/ SE2008/ 050836 7 AF382823. 2 EOTNSE2008/050836
inmperialis (nolluscs) AF448234.1 Conus epi scopatus
(ol l uscs) AF448233.1 Conusy omaria (nol | uscs)
AF448235.1 Drosophila nelanogaster (fruit fly)

NM 079161. 2 Anophel es ganbi ae (m)squi to) XM 316389. 1
Setate ctereate (monocots) SCE31
(comon wheat) AF280606.1 Triti
COMZA@éz%Slzsl(mdtmsc@um vul gare (bar

tIzl CUMT aestivum
cum urar u (nmonocot s)
I&E/448834KEIORDCA

AA

% 4%%%)5[ ces tTrvidans

t rept onyces
d)NNVSNBIBE 2 M crococcus
M._SPCOPER

Mgaky388H479588. 1

2%ﬁ'#‘)lé‘/;\gg}l15612. y
bEs0606.a) AP005937. 1
obhacterial RSY14197

HRE2478) RVE603647
BLYHORDCA
AE011514.1

SC0939109

SC0939124

AF425987.1

Cog{Sr%ftCémtwé@n%lB@Ps)col or (hi gh ot

WW%?. T
i gh amt'bacteria) SLU2289

Dr¥doghit ﬂz@la(nb% r@Eufetayt bacteri g

luteus (hiogh GC Gramt- hnm‘prln\

A”@ﬂeéﬂ%&’dl‘lﬂﬁwd@loﬁ@Mﬁﬂar dtii (gr eer

el ATy CRBTPRY x (bir ds) AFae4:

TriB&Laﬂwémvml(b@tﬁmﬁwe@gm (a-protd

Rhodobact er th::mr ol des (::1 pr ot e

Trigpe prarpobnaneces) i | oti  (a- prot ed
Hor&’_eum vu‘?gare (barley)

Leptospira interrogans (spirochetes)

(high GC Gram+

Streptomyces  coelicolor

bacteria)

Streptomyces lividans (high GC Gram+ bacteria)

SLU22894

Streptomyces viginiae (high GC Gram+ bacteria)

SVSNBDE

Micrococcus luteus (high GC Gram+ bacteria)

MLSPCOPER

Chlamydomonas reinhardtii (green algae)

AF479588.1

Dictyostelium discoideum (slime mold)

AC115612.2

Coturnix coturnix (birds)

AF364329.1

Bradyrhizobium japonicum (o-protoebacteria)

AP005937.1

Rhodobacter sphaeroides (o-proteobacteria)

RSY 14197

Sinorhizobium meliloti (a-proteobacteria)

RME603647
AF119834

Mesorhizobium loti (a.-proteobacteria)

AP003014.2

Chromobacterium violaceum (B-proteobacteria)

AE016910.1
AE016918.1

Pseudomonas aeruginosa (y-proteobacteria)

AE004613.1
AF165882

Xanthomonas axonopodis (y-proteobacteria)

AE011706.1

Human herpesvirus 8

KSU52064
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Chr onobact eri um vi ol aceum ( ( 3- prot eobacteri a)
WOB02085801 1 AE016918.1 Pseudononas aer ugi Nn0osaPCT/SE2008/050836
(y-proteobacteria) AEO004613.1 AF165882 Xant honpnas

axonopodi s (y-proteobacterig AEO 11706.1 Human

her pesvi rus 8 KSU52064 102644-1 US/ Cv WD 2009/ 008821

PCT/ SE2008/ 050836 8 KSU75698 AF305694 AF360120
 AF192756 Eachr of the above-T demnt]i X prot el s

and GGCX proteins from ot her speg$%§ﬂ%an be used as

t he carboxyl ase enzyne in the prlesEBiedhvention. 5 A

second part of the invention is|a cell line stably

transfected with a polynucleoticé“R%wé@%ing ecarin and

associ ated control elements (Fi Jueod)se The ecarin

encodi hg sequence may be optim|sed for expression in

nannalian cells, but is not limted to such sequences.

e BT B S S RBLRSS ger s can

bHS%%.‘jltﬂ%ceﬁlﬂHﬁa% din (R esmk gaMg&Qf, SEQ ID NO 2
eco |ﬁg for cha??%%ﬁ%ynﬁav@gat Ieas? 80% 85% 90%

95% 97% 98% or 99% identity to the sequence SEQ ID
NO 2. The host cell is preferably a eukaryotic cell
Typi cal host cells include, but are not limted to

A bdeoR€ipagedt the MeafionCRI 4 Tellan’ smEBIBkdndfecdl Whh a polynucleotide
Manmal i an cells are particularly preferred. Suitable

enaed MgeChriah 2ad pYsgCipied genirollenaents Fugurg e H@teqarlmetl@uimg)sequence

mag:?? oyh 146“51"’%0{ %E)r ess%)%%? b2l il ceﬁﬂﬁu? 0%1%%' {)%Ucﬁa{% uences.

I'Ves €0 one enbo |nen t he
In iofie tdnebodanzm| éfatheCialventlonnthe GdQuéncel z[l:c@ft&n@lﬁb(&EQTHDt NO 2 or a
prot hronbin and ecarin are prodﬁped fromcel

hOIB?]IOQP‘?I ERETSRY 15 MRt OrPress AT Hh e Remekigue (of pEQ _ﬁﬂul‘éo Zefqding for
ecalﬁglﬁ%}glﬁdvg'a@ 1é£§ty8d%, 85%@0‘%3, 9@%, 9'7"/J,n9§%d011®'% géhﬂﬁfstg the sequence

SEQ ID NO 2. The host cell is preferably a eukaryotic cell. Typical host cells include, but
are not limited to insect cells, yeast cells, and mammalian cells. Mammalian cells are
particularly preferred. Suitable mammalian cells lines include, but are not limited to, CHO,
HEK, NSO, 293, Per C.6, BHK and COS cells, and derivatives thereof. In one embodiment

the host cell is the mammalian cell line CHO-S.

In one embodiment prothrombin and ecarin are produced from cells originating from the
same parent cell line. This cell line origin may be, but is not limited to, Chinese Hamster
Ovary cells (CHO) including derivatives and NSO (myeloma BALB/c mouse) including
derivatives. The purpose of using the same cell line background is to facilitate purification

and evaluation of purity of the thrombin product.

In another embodiment ecarin and prothrombin are produced from different host cell line;

i.e. CHO and NSO, respectively.

In one aspect of the invention use of recombinant ecarin is preferred as this facilitates

detection of non-thrombin product derived components during the thrombin generation
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(nyel oma BALB/ ¢ nouse) including derivatives. The
w@eopoess2df using the same cell |ine backgr ounBICT/SE2008/050836
facilitate purification and evaluation of purity of
the thronbin product. In anajher enbodi ment ecarin and
prot hronbin are produced fromdifferent host cel
line; 25 i.e. CHO and NSO, respectively. In one
e n n of
oggsgf %{rdr g[g tlgé;?itn \ Mﬁ?&bﬁﬁl Pft‘bgltﬁtéts In dagtggégtﬂhgeﬁﬂ%%t%%ﬂlﬁnhﬁt ecarin is
prefioredt ducaobeducpd edkidor ebgroswre do ataqgomie nir oxdu icom@ondnes that may be
t hr ombi n. gener at.i on 102644-1 US/ WO 2009/ 008821
PreRRf ALEOASHal I eg Sgm gha 5?/8%%%&%%#&8?% Cf4riiaiom snake venom is
nol RERARY Hu@foocg&lﬁltvarllaﬂoﬁa&?l%ﬁgd BRBEGLe HELANRHRFALations.
ecarin is preferred due to reduced risk for exposure
to aIIergenlc or toxic conmponents that may be present
cari rived.from snake veno In.a third
T, frE Ao Pro e ARE s EREIRr e s rgre i i Bubahal h® Bidsons hat
all AR Fdrafation offtombiH, k@ch Redeaéritddzs FXan®&as.i Generated thrombin is then
ejt[ggfaratlons 5 The crude prot hronbin and the crude
pur

bynmgthedhilssedbeshia Em@mﬂfa/f etbunder mehads knaysby persons skilled
e aﬁ ‘it&%{%éée}‘?] @ro(%@ro tlﬁ 1' ec%HﬁQ ﬁ%r&%% 1?88’ By Mhethods known

in Ifhietah@dﬂ thesaitddad dbthnEﬂﬁﬁi’ﬁbﬁh. Zrhﬂfmlby mthlaﬁ rpu‘r’Iﬁédl ﬁdﬁl non-product
known by persons skilled in the art. Alternatively
COIpPJRBonbi n and/or ecarin can first be purified by
met hods known io in the art and then m xed to obtain
thronbin. Thronmbin is then purified from non-product
Anceappharitsuitéic éxampinenafufateing mbées ishowldzidin Figure 3.
manuf acturing process is outlined in Figure 3 A

met.hod. i s proyided f roduc conbi han
A fnr#héﬁb nPprkS‘ﬁ%{ ng é’ﬁ%‘ﬁﬁ&%t recf’?} 8 ﬁ‘ tHr EP%'% GH! recombinant
profi@eRB MdkY re@6@binAn@YHABating tikeRyedes S RAN® o a®omologue
a honol ogue thereof. The reconbi nant ecarin can be

theée;@ﬁr Bl eagombinagkecasineeinble expressed and sedreted Pyt Ehéell gemfeining the

oo RSTBIGELA% 5B S e SPOLEPED SR LM A e cros

celBhwhizh@carth ls@cameanﬁﬁﬁo ecidatquecd &kl ©fthmidf evildytpge adin] n.
In the above nethod the reconbi nant protronbin is

ubj ected to reconbi.nant ecari.n, which 20 rec¢onbi nant
19?\6? Iesﬁhogéhq reeqmabipgntipROtERIRRip és $USHSIc4fip gpcombinant ccarin, which

rechﬁBfn%nF&JahH l.8% b€ XBIBIih ARLHRY fo%ft%r cRBl- J:e?lula%%k?regs%r{ By CHO-S

bei ng left to apopt osi s/ necrosis for a tinme sufficient
cellspsaad tellssietngskritdo apaptbsis/necrosis for a time sufficient to activate said ecarin,

whereupon a human recombinant thrombin is isolated.

The recombinant prothrombin can be produced by a cell-line comprising a prothrombin
expressing gene having a nucleotide sequence comprising the sequence SEQ. ID. NO. 1 or
an homologue thereof. A homologue of SEQ ID NO 1 coding for prothrombin may have at
least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity to the sequence SEQ ID NO 1. The
recombinant prothrombin can be a mixture of fully carboxylated prothrombin and
incompletely carboxylated prothrombin. In one embodiment, the recombinant prothrombin
is a fully carboxylated prothrombin and in another embodiment, the recombinant

prothrombin is an incompletely carboxylated prothrombin.



102644-1 Us/cv Wher eupon a human reconbi nant thronbin is isolated.

20

25

30

The reconbi nant prothronbin can be produced by a
wa@edobobssee conpri sing a prothronbin  expressi NECTREE08/050836

havi ng a nucl eoti de sequence conprising the sequence

SEQ ID. NO 1 or 25 an hong ogue thereof. A

honol ogue of SEQ ID NO 1 coding for prothronbin nmay

have at |east 80% 85% 90% 95% 97% 98% or 99%

I

A OBRE biptst Br O RERMSTRGUETS W2 PopfprtfF put SR ARR by he
meﬂfodt h]crom'chng] tandhe inneival e&elbhamacrdnaxgll aditﬁpbsnwn can be designed

r ot hr in. I.n on nent e reconbi n
‘EP%%“F% gmrswml?lga% tﬁmn{@ H@Q;he %aleﬂrocs'tw Giozihg invention,
in b&nﬁﬂ@ﬁ&?ﬁwtﬁ'ﬁﬁ%ﬁ@%ﬁﬂcalﬁrhﬁcéﬁ%mhﬂ?e% Veﬁglégra%dmrocf@lvants The
I's an i nconpletely carboxyl ated prothronbin. 10264
phauBacutivd R0T94008821bPTTNSEROCHOB0836 10 A furt her
aspect of the invention relates to the reconbi nant
t hronbi n obtai ned by the nethod according to the

In loRY eiodinerd tRFFMRBTRCRBELEA! byt AP asictibed id@Rod@an be used in the
desi gned conprising the recombinant thronbin obtained

mapefagiengef hisshcatselinti Gglues’) tihecoppimstion oyith ofhgr proteins, i.e. fibrin
orig BRI Bl et RRACTECRHiLLERL ! i AR R ARG FAGAL e another
e [ d7or A J uvart s rimceuti ca
embodipRsi thr@mbmaprob@cddnb;aﬂleambme&bheﬂfodrdm Behugedeas a stand-alone
enbodi nment thronbln produced by the, described nethod
proglyet, ér@e%f»‘s dded as sHigle Aehss %@wpwgorom £orakigaliafe ¥ithng gon-protein
mafrid e dollifof ggﬂeirg?é hQf MednfboRbRCE: RY 9§rﬁblﬂé‘moﬂ whth other active
rin originating fromr nbi nant cells, transgenic
comporraiss or human plasma. I n another 10 enbodi nent
t hronbi n produced by the described nethod can be used
as a stand-al one product, freeze dried as single
Suidid Wex-&P U@@B@r@ntso&fohlﬂ BeOmhi ﬁaﬁdtQﬁ‘m‘%dt 12, BoIMRn PEIRLR! dbgradable
matrix, or, In solution as single active component or
polymetso wbllutiam, aecomitiibandtoegulatomi {astors anghdibeimpgen frem transgenic or
ra:y#H %)qké in conponents would be, but is not
PIRIFRS UG, ‘col | agen, chitin, degradable polynmers,
cel | ul ose, reconbi nant coagulation factors and
fibrinogen fromtransgenic or reconbi nant sources. . )
Ther@@teaaftﬂeﬁ%@ld%pf ppefdsthefisspgescplgptst (alues s e nymgroypy skin grafting,
neér gllné 13! ):arﬁfa Hl?g}y %ﬁcw §§fggrlyg€£sf ﬁlapgjr%erioo&%ﬂ{g?ﬁ surgery, plastic

Cl C sur

surgenyge)pmhaMnﬂogmgswgesv,r gﬂh(ypedp:l asiey, tBuh@esygery, head and neck
opht hal no] ogi ¢ surgery, orthopedic surgery, trauma
surgefy g 8Y§FCo gg:darginaro g surgery, gastrointestinal surgery, dental surgery, drug

delivery, tissue engineering and dental cavity haemostasis.

A further aspect of the invention relates to a method for obtaining coagulation by
administering a therapeutically effective amount of a recombinant human thrombin

obtained using the method according to the invention to a patient.

Another aspect of the present invention is an isolated DNA sequence according SEQ ID
NO 2 or homologues therof coding for a recombinant ecarin. A homologue of SEQ ID NO
2 coding for ecarin may have at least 80%, 85%, 90%, 95%, 97%, 98% or 99% identity to
the sequence SEQ ID NO 2. SEQ ID NO 2 is a designed sequence that has been optimised
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gastroi ntestinal surgery, dental surgery, drug
wa@ledopwessy] ti ssue engi neeri ng and dental cavi t RCT/SE2008/050836
haenostasis. 25 A further aspect of the invention
relates to a nethod for obtajning coagul ation by
adm nistering a therapeutically effective anount of a
reconbi nant human thronbin obtai ned using the nethod
for Bl Rl Rt Hhe BHEAEL Rt ARAENLERS for RPNy o marmmatian
celbagteansce accordlng SEQ ID NO 2 or honvol ogues ther of
codi ng for a reconbi nant ecarin. A honol ogue of SEQ I D

NO.. 30 codi n for ecarin ast 80%
Actigginids oSt Pesioh wito sompaateEs I3 NG & RhqaratRhpreot i
proviebiOsgid wHetdr! danNR dediSncd Re8i IBGResS neeNdat oN@homologue
been optim sed 102644-1 US/ CVv WD 2009/ 008821

thepa@f/ag@g@@gﬁ@@]@glgg(edj[[gg expmss1g@tcpmm¢l SAPITESS pomittifgecxpression of

ecarm?ﬁrg e% l!)YQ’ §Eﬁrf f\j‘t% err,[cléry UI NG gv%é}l eé))fg%gt?q‘:%l%g I ) th{rd aspect a

hos\l e@ll %mﬁ@d‘ﬂi)g befid ﬂ@:t&ﬁ@pf@ld\i@ tHatCM c ablél”ﬁﬂeﬁﬁﬂé%lﬁé’l&faﬁﬁfencoded by
provi ded. Said vector can esigned to

SE@vIaD Q% 65 agEm9lpewotierest. $hﬁobﬁ§r é@lﬂjés pgef@ﬂé}bbe@feubwotw cell.
I
Ty 1122}1%9)?{ ?&k%&lh&é‘ eo(iiLt bR R oqun? ?e?d t%rlnge%pgélg, gga%gg%ﬁ? %ﬁ(}\ﬁaénmahan

expr eéssi on ecarin enco
celr NBmhﬁHmlnaglle atdﬁ@mﬂarlﬁp@ﬁ&ﬁ’fbdn Suitabl@niahiniadiaasplcting include,

ool ot S 1 VB h TR LS HP g ervarcs

thefof. qn%ﬁgehlgg&'ﬁlehh@ﬂé%%gt ce-mé the rﬂl‘i’cﬁﬁmgl@e{n ce'llslln@rcqﬁ@ r@bly a
eukaryotic cel Typi cal host cells include, but are

not limted to |nsect cells, yeast cells, and

t
AR P o RN Tl BHSGBIiT e P 4P e comprising an
amiHét aced SeqiBhice! én@bd&ido}t QESQH:NOH@KH INRE0188D thBROf dad obtained by

BHK and COS c s, and derivatives thereof. In one
ﬂwéﬁﬁ@ﬂiWﬁﬁ@hﬁhéfﬁ@@mkbélI is the manmmalian cell line
CHO S. According to anot her enbodi nent of the present
i nvention a pol ypeptide conprising an 1s amno acid
Thé eepiRnNEeidentigdtvey SEHAdqleMNGs can b dtdmdimRdagupair-wise computer
t her eof and obtai ned by the nethod described In

alignpagnbapalysis. THing BrpgEeestlet PeytHePHednl t Wep sk dirmealign. The

FR b %ﬁzﬁ&"t%@le?s s 1 &iseO i I Ufmilar/identical
preana ygll1 usi ng pr ogrsarrs E&Iﬁ éS: %st ar g %EE’ 1(%61 crtea
seqoendes aonehdlqugny. sedilok, fr@Q vpﬂﬁﬂi escpdnad alega:’um llt ib @oheraly necessary to

est Fi t. tise, I']l sear chi ng for

periorm F‘%r“ﬂ“aglf{% éq:a‘uon of similar sequences “using suitable algorithms such as
Blast, Blast2, NCBI Blast2, WashU Blast2, FastA, or Fasta3, and a scoring matrix such as
Blosum 62. Such algorithms endeavour to closely approximate the “gold-standard”
alignment algorithm of Smith-Waterman. Thus, the preferred software/search engine
program for use in assessing similarity, i.e., how two primary polypeptide sequences line

up is Smith-Waterman. Identity refers to direct matches, similarity allows for conservative

substitutions.
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database, it is generally necessary to perform an
wO niovjoeds2i denti fication of simlar sequences UBGCTISE2008/050836
suitabl e algorithnms such as Blast, Blast2, NCB
Bl ast 2, WashU Bl ast2, FastA,j,or Fasta3, and a scoring
matri x such as Blosum 62. Such al gorithns endeavour
to closely approximte the "gol d-standard" 25
Exg&h RAE e 0?orithmof Sm t h- Wat erman. Thus, the
erred sortware/search engine programfor use in
Thassessomgild boflualidrtdescribed. by inomistofahfoliaviyg examples which shall

uen es I|n pis t. h- VAt er nman.
notpt@éﬁ r9t63é$ Erdineghessane %@ﬁ%@deﬁg}l%mﬁ-an ty allows
for conservative substitutions. 30 102644-1 US/ CV WO
2009/ 008821 PCT/ SE2008/ 050836 12 Experi nental
section The invention will be further described by
Examphst of the foll owing exanpl es which shall not be

|nterpre ed as I|n1%|ng t he scope of. t he_appended
Q A G NARIN UM A HOLhFQIAbIA 1 £ (heells.

Th ?F?E‘J@élf‘ﬁﬁg ¢ : Bﬁ ﬁ%@%cﬁ"s@ﬁ@'ﬁﬁzr‘ slgi;@l 1?16:‘* gl%’e 1@1‘%111@ the Récleotide

['1ne contaln e construct PN32
seqibgner $EQ 1RAVON g, viregrownl iect ﬁednenterea;p@enhteg ®HQ: In[etHM(d dekgribed in
in a fernentoy acc ing to.the ne
wBRsPABHR. hiind aoREDHEb SR AL ETRBThED st Srom il g g order to
pro@ﬁE@ﬂ[‘%ﬁHmefneﬁ)r OM ﬁlrgﬁgin%ﬂﬂfa&ﬁ _THR defls R¥pd Efoewn either by
r ot mbin for use in thronbin manufacturing.

batele bt perjusrom cgldtgwm@uhoﬁﬁe(rTabkﬁ D) ipad ¢hre amoyne of proitlypnmbun pradeced was

Table 1 nd t.he ampunt of prot
mef BNt kel e 5 SR B Ao Sossatipty, as the
Chﬁﬁﬁ@éni&aﬁs@e@l\fl(ﬂh@ dswesganubiag birifsd plasma-doii @adg@iinprothrombin
assay (Ml ndal, Sweden u3|n§§pur|f|ed | asma- deri ved

(Hasmrégloie dicrimshesios Incrsrmens H§ie aseiardied.-ogi es | nc.
Vernont, USA) as standard. 15 Table 1. Exanples of
yield of prothronmbin in experinental fernmentor runs

TaBR; sBiblor afyfata of bosFa i i sXb B mEpfl fordpepor runs

Exfetifder8IDBat chCuldd8 tethod &§1Viable cells | Prothrombin mg/L
time (million cells/mL)

CC2LC (272-8) Batch, 238 h 5.9 281

CC2LD (272-8) Batch, 238 h 6.2 276

326-11B Perfusion, 259 h 18 722

The fermentor experiments showed that both batch and perfusion culture methods can be
used to produce prothrombin suitable for production of recombinant thrombin (Table 1).
The share of fully carboxylated prothrombin obtained in these fermentor runs was about

55-87 %, the rest being incompletely carboxylated prothrombin.



102644-1 us/cy CC2LD (272-8) Batch, 238 h 6.2 276 326-11B Perfusi on,
259 h 18 722 The fernentor experinents showed that
whoedob/oisaech and perfusion culture nethods can PET/SExe$i050836
to produce prothronbin suitable for production of
reconbi nant thronmbin (Table 5. 20 The share of fully
carboxyl ated prothronbin obtained in these fernentor
runs was about 55-87 % the rest being inconpletely
car boxyl at ed prot hronmbin. 102644-1 US/ CV WO
2009/ 008821 PCT/ SE2008/ 050836 13 Exanple 2
Production of reconbinant ecarin in CHO cells. An
Ex&mpld 1 encodi ng sequence having the nucl eotide
sequence SE ID NO 2 optimsed for s expression in
Proguetien ofgac t\ggayi d and cloned into the
I
An e?é(ﬂ%é&%ﬁfﬁg s%ﬁﬁe ce gequ i Ceenu(%) eoE Eéé gerlé]glg%%)bSE(ﬁﬂP%(b %H}?t%lsed for
5 expreBibni i trlasmnpilas egells i waseitntiaRiztd ahbieclsequiine eheoﬁn\IMrd)gén vector

e ecarin (QG:717090) is seen in Figure 4. As
pCQﬁfo Asdet (Fgwrghlr énsaligineent of dhe .ﬂH%Iﬁ@U@c %uﬁnqesofme r%ombmant
eca?ﬁl'mul;xpﬂlotﬂﬁ Ipfé%eﬂtl?ﬁvenﬁgﬁ f@th@%cﬂwﬁ@&%ﬁ@t QreceWhl %1%@690) is seen
ecarin s construct arin NO. , Was
in Figunesie dstcan bt adzinyin ﬂ@m@ﬁ elus re@bﬁbﬁlanm:dasn (19 Yl Yortegeridgous to the

Ecarip is sec st cell t he .
o P AT YAE AN b F S ED AZeHaER (FER 1D NO. 3), was
10 usc@G8kiaBlyPirAdaet @QIGLBQ:@E&? (IHGMOE&DGE&HFB?FS @@ér@ﬂ%ﬁ bySRFROL el to the
were renoved and m xed with reconbi nant human
extra-otlhtagivbaas, ¢nchiplardertto serem ﬁmlecaruopr@émm&t:homs, ofilture ygpernatant
san&l%lﬁs[ \lger{,eLrﬁllnr(])ag g/na @%%df Vil eco %Man{ féurpar%g Iﬁg@%%(rﬁ]aﬂ) to a final
corftentdtRs itl MEGhFITHE if Bﬁs@?’lbuffelg@maﬁm €ls-PIC1L i@ 7.4 containing 0.1%

action of ecarin present in the sanple was then
BS@&et Ebis éalxwa%ermuwe@\ 2949 ppiruses %It%ﬁ? dihe thrpanbin generated by the

15 act{t}g &?3?3%’? 'p%:o Iﬁrﬁ? Q%Jars héh @et@&&?% 9&&1 gleﬁ'n)l(M solution of
I our eve opnent was noni ore
theshappegtnishironshin tetsiretc s 28R @0YoracEinixc Mxﬁindhl) 'Gn)lour development
estimate the activity of the r onblnant ecan
wa ouitetsd, ang sipged SihGHSBIEAIS, Bn® 2074 4ol fFida fassimpt dhe activity

of ﬁl%trbc‘fdntlﬁﬁnaﬁ’ﬁ@%atﬁ’ry E%ﬁ@&g sﬁil&@e%bﬂlr@erﬁf@g cHRRAWAR a %eé:lared activity

st andar d. t producing cell 1ine obtained
wap pocbhaesd ﬁuqzmtSng@Oﬁd Wised as |stamfim1 The bestqurbdummeg cell liad obtained

20 proﬁ.ﬁ%{dﬁmﬂ%ﬂ@?b&é&%ﬁ%@? 11&8 Sﬁﬂ]ﬁe ﬁ%ﬁag sgglgrsp%kegggl?uergg gro()v%em animal

component free medium.

Activation of recombinant ecarin

The above method produces the recombinant ecarin as a pro protein Thus, activation by
25 removal of the pro-part is necessary for optimal activity. To our surprise, we found that

activation was most conveniently obtained by continued incubation of the culture for at

least 7 days after the death of the ecarin producing cells (Figure 6). The culture medium

used was CD-CHO supplemented with HT-supplement, non-essential amino acids and

Glutamax I (as recommended by Invitrogen for CHO-S), and growth conditions were

30  shaker bottles at 37°C in an atmosphere containing 5% carbon dioxide. Culture samples
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pro protein Thus, activation by 25 renoval of the
w@e@opasstl i s necessary for optimal activity. TBCDSIE2008/050836
surprise, we found that activation was nost
conveni ently obtai ned by con4 nued incubation of the
culture for at |east 7 days after the death of the
ecarin producing cells (Figure 6). The culture nedium
S
e B o P R BRI R B LY AR ke 6. the aciviy of
recombonmesdad ilnycadsed diniregla adtoratiGhpeis)d. and growt h
conditions were 30 shaker bottles at 37C in an
at nosphere contai ni ng 5% carbon di oxide. Culture
Sat%%l_l_ 1P| s 10B644s bkt Wer2QRY/ QPBERZE by SDS-PAGE and blotted to
/ SE2008/ 050836 14 were assayed for activity as
nit@e@lhﬂq)d@edelab@seLab@ﬂlrrgawf the negdmarferwam pér@mmed @/1thtméyclonal rabbit
act nant %arl n increa ur.i n

Ser&‘@tcil’{%{ ﬂwﬁrélﬁ %gedma@ rBIES" P R el easslﬁ}ﬁé‘ﬁlﬂﬂt SH’FE in £. coli

“MMEfE cabsShe %ﬁﬂ@cﬁﬂ’dr%@ﬁ niPRerPASRuaérdHealr t@dayt 6f sanple collection.
nitrocel l ul ose nebranes. Labelling of the nmenbrane was

As e o sersdroun thigye (7ytee rsambiabbeaaringemeins diaplsdpeaore than a week
aft%rﬁ\g?dgﬁh E)Pg‘log‘:% 1§ rfctga{ ion 8 { Gt rn]my AP taEg ?ﬁge ?tﬁlower temperatures,

usi on
fornmdt@eladnowek ghdm Imﬁlkﬁﬁﬁtuw Bunwitbeics réq&ﬁ&rloﬁgbr dﬁll)(es(fbr activation.
sanpl e col |l ectian. can be seen fromFigure 7

Ecgrgptibichatit stebla f@rrﬁevféﬁlﬁp ARONSHSAR FROTR SHMPREFBICHIA AR %Fe%‘é‘éi’( of dead

ho@EIRY T‘hE %ctgﬁ%t \bllplfnalte géhla?l ! it\féuelso(ﬂlt oz? d@&@ﬁée% %YVI‘[Y has
2l S0 ce at eratures, 10 I nstance

notabednowbsalsfed aoepitenpide qtrcﬂmce bfibastitidl ifetionse quihigh temperatures.
f er tlneséfor activation. Ecarin will remin

Efigpis ) EefyPoI8doit<u ROl oD MRS a0H: PRSI 0L e
presence of dead host cells. The activity wll
increase gradually until it levels out. A decrease in
activity has not been observed except in the presence

Exmhpna;terial infections or high tenmperatures. Efforts

ryoS|n for activation of ecarin were nmade, but

N N oif ene,_q_oujgs g8 3 Conversi on of

Th@ %IIM ?mbe&et&)nk&”[@ tHroH%u@ Q@rﬂlazotﬂ?ﬁl‘tﬁﬁ ap nntQﬁﬁ’éc@ﬁé Sorm of
converts proth to mei zothronbin, an internediate

thrcbmbinm tbdt hag thrombimcatdigtic hmsfltthmﬂmr prqrmsaig/mt(nthrombm is achieved

IVIt roc S|n o thromhin i.s achi eved
S6hiadiies! o BBl A Qi ToLdtatia SRS HSed for
cor@@ﬁﬁi@t Rthr&&Binl MtE ‘tﬁrbhh'bﬁl W@@g@ﬁbﬁﬁd £QBN&S bff RGt digests. Different

prothronbln into thrombin, we perfornmed a series of
ampefs off ceprEt-epntabiing epbvie supernatants as obtained in Example 2, were mixed

with 1 mg/ml prothrombin (as obtained in example 1) in PBS buffer (Cambrex). Incubation
of the mixtures was done at 37°C for 1-3 hours. Samples were then analysed by SDS-
PAGE to identify the amount of recombinant ecarin needed for complete conversion of
prothrombin into thrombin. By this procedure we found that the recombinant ecarin was
very potent; one litre of ecarin culture supernatant at 7000 U/L is capable of complete
conversion of 64 grams of prothrombin into thrombin in less than 3 hours at 37°C.
Normally recombinantly produced prothrombin has to be purified in order to separate
fully-carboxylated prothrombin from the incompletely carboxylated prothrombin. However

this is not necessary for the present invention as the recombinant ecarin is able to
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obtai ned in Exanple 2, were mxed with 1 ng/m
w@emblossebi n (as obtained in exanple 1) in PBSPOUSE®DS/ 050836
(Canbrex). Incubation of the m xtures was done at 37C
for 1-3 hours. Sanples were fshen anal ysed by SDS 25
PAGE to identify the anmount of reconbinant ecarin
needed for conplete conversion of prothronbin into
r d t.
efffrc%glggg:dﬁgﬁt%y éag)gfr %Irllé) mtggl? He[rﬁm}'ﬁag&g %@1 glgb: 111&]?1'13‘plete]fy carboxylated
pro#icambinscul t ure supernatant at 7000 UL is capabl e of
conpl ete conversion of 64 grans of prothronbin into
thrombin in less than 3 hours at 37C. Normally
reconbi nantly produced prothronbin has to be purified
Ex. E{ er to separate 30 fully-carboxyl ated prothronbin
#1781 t he i nconpl etely carboxyl at ed prot hronbi n.
However _ this is not necessary for the present
Puilicabignjob irgmbinhe r econbi nant ecarin is able to

ThibAdfd bolaitéd &Y O p2QRA(Q0882ECH SEARNB/ DR 3Mrifika by cation-

efficiently activate both the fully carboxyl ated and
exdhhegd mhmmmt@raﬂw é@fﬂié)xyablageélKTp’r BPhCofﬂﬂE nd¢althcaneplamd4an SP-

L e
o e S .

a qqéducttwetar@f) apRiaxinaglxt e dnFmh T21501ﬁ’wlﬂsWd$ $hitpthogphat M sodium
chlgrlsleél %Eadwn? in Cogll %géﬁ)raq o%et?\ﬁf?eq (ﬁ; g égf 85'@1‘15110%18&%5 ?glgure 8).

jUS
Scleasdlu@ddtivhd yweaé @p@rsmlbyaSﬂSyPﬁGES(mgmreTh)r onidombWagictivity was
eluted with a 1M sodium chlori ient in_colum

cordgiefl by riagybgHom ififdhe ghigmoggnie éhr@ 11%/ 8}@%@ S(%??g‘%@félromogemx
hﬁ%QEL'Selected fracti ons were anal ysed by SDS-PAGE
ure 9). Thronbin activity was confirmed by
i ncubation with the chronogenic thronbin substrate
S-2238 (Chronogeni x, Ml ndal). 15 Exanple 5 Anal yses
Ex@hplids t hrombi n obtai ned. To further anal yse the

obtai ned thrombin, kinetic parameters were determ ned
Anglypespfihhrombin obtained.

To further analyse the obtained thrombin, kinetic parameters were determined using the
chromogenic thrombin substrate S-2366 (Chromogenix). Activity was estimated by
titration with hirudin. The rh-thrombin was for all parameters; Activity, Kia and Vi,
similar to plasma-derived human a-thrombin from Haematologic Technologies Inc.

(Vermont, USA).

Purified thrombin was also subjected to N-terminal sequencing: Reduced thrombin heavy
and light polypeptide chains were separated by SDS-PAGE and blotted to Immobilon P
membrane (Millipor). The excised bands were sequenced by the Edman degradation
method. Heavy chain N-terminal first five amino acids were confirmed to be IVEGS, and

the light chain five N-terminal amino acids were TFGS as expected.
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Activity was estimated by 20 titration with hirudin.

wabmonbssehr onbi n was for all paranmeters; Acti vPCHSEMRE50836

and Vmax, simlar to plasma-derived human a-thronbin

from Haemat ol ogi ¢ Technol ogigs Inc. (Vernont, USA).
Purified thronmbin was al so subjected to N-term na
sequenci ng: Reduced thronmbin heavy 25 and |ight

pol ypepti de chains were sgega(pgd by SDS-PAGE and

blotted to Immobilon P nenbrane (MIIlipor). The

exci sed bands were sequenced by the Edman degradation

net Ao dnethbcbvgor c peidociNgt ezaoitbadant i hlanarf i theonalm N droac i dsombinant

were confirmed to be LVEGS, and .the ht ch

N RGP e ey e T plikatE SrBoBATq 2 or
US/ £3m¥i0:80@2f808821 PCT/ SE2008/ 050836 16 CLAINB 1.

A net hod for produci ng reconbi nant human thronmbin from
reconbi nant  prot hronmbin using reconbi nant ecarin

Havingethpe aewsdiaa éeclgmnl| Bhagemthe recembiesib Pesgias being expressed
t hear?££ec%?d2nbgn$cm &gl%im gﬁgﬁ( gén%gzoﬁlg)rlgm ﬂgg ﬂﬁ{acrl]égﬂﬁr %écﬂlence SEQ

reco ecar

secn}zﬁ\e:ai 2l aahcﬁﬁ(blbgmﬁhbl&bfllmgms cgid) eviteTpdariai ag ahhnino acid
nucl eoti de sequence SE? ID NO 2 or a honvol ogue

t hefEyFNGeFd dat of Wed tyfpsi CA_cari n has an ami no acid

sequence equal to that of wild type ecarin. 3. A

et !&%et‘ﬂ@& %(girﬂ'i‘él% 49l Iﬁ' 1NBrk, Qfhefoin WS Hidhnt gfb%%ﬁ@ R subjected

protronbin Is subjected 10 to reconbi nant ecarin,
whi hrecembimbntrezatinewhich mecsainand lcegradwanisabitddvip deovenform after
after

a ssj,on by S s sai d .

cel PUrE Ry i SERESRENS Bl b L B mecrosi

suf fdrcd emic t@rfiRfht Y@taRtisak daRC 8¢drih, WIREAHIRON hdmAH Eombinant
reconbi nant thronbin is isolated. 4. A nethod

acctwembpig it sokitsd. of the preceding clainms, wherein the
reconbinant is prothrombin is produced by a cell-line

COTR A AHENDSOTRL L A0 GESLON BEOR, DRYLADHP ssombiran

NO. pribtherbﬂu nytroditcddyar chillRignd coraprsind a phehjpnede dkprgssing gene
cl aj ns, mhereln t he reconbi nant = prot hropbin |s(§
mi x BAHRE HRUGERY S SEABEX GIBRTEINHINGSFrUSRER PEGQNEP- NO. 1.

i nconpl etely
5. A method according to any of the preceding claims, wherein the recombinant

prothrombin is a mixture of fully carboxylated prothrombin and incompletely

carboxylated prothrombin.

6. A method according to any of the preceding claims, wherein the recombinant

prothrombin is a fully carboxylated prothrombin.

7. A method according to any of the preceding claims, wherein the recombinant

prothrombin is an incompletely carboxylated prothrombin.

8. A recombinant thrombin obtained by the method according to any of the preceding

claims,.
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any of the preceding clains, wherein the reconbi nant

w@emblossebin is a fully carboxyl at ed prot hr onbPEIT/SE2008050836

nmet hod according to any of the preceding cl ai s,
wherei n the reconbi nant prog/ronbin is an

i nconpl etely carboxyl ated prothronbin. 8. A

reconbi nant thronbin obtained by the nmethod accordi ng

t n . precedi i , .
7008y BuBusictBelt SESEHTRoGRuE MR ook AR kel Rbing 1o
Corrpla'ﬁlh 81 oOnNcabipaticai wigh @hammoadlioahﬂiacddptad)Manrlers, vehicles and/or
acco to claim8, in conbination with

pha?‘{i’é ically acceptable carriers, vehicles and/or

adj uvants. 10. A pharmaceutical conposition according

9. al ﬁia%geeu'l./i@ﬁrc%‘rn?oglﬁ@n ﬁ@d&?&lﬁg td ORI 9, Whcrem @B composition is in
applicable form An isol ated DNA sequence encodi ng
ecafi ppicelle ddrny to SEQ ID NO 2 or a honol ogue

thereof, having at least 80 %identity to SEQ ID NO 2.

a £
HrdfosuARHER R0, efEr B eianit BRI hdbrojB 5 BRI NG 2 or
NO RomologdsStheoY,dat g at agrdosh identibeto S D &D DNA
sequence of any of the cI aims 11 to 12. 14. An am no

tal%i ggd§()ciatee_ir: %)%\I nCOd mg & qlmcE]SH.mqugquh éwﬂ}%nq} %ft identity of at

cl ajpibd-o, 16SEH ﬂy)ﬁb cell according to claim 15,
wherein the host cell is a manmalian cell. 15 20 25

13. A vector comprising the isolated DNA sequence of any of the claims 11 to 12.
14. An amino acid sequence encoded by SEQ ID NO 2 or a homologue thereof.
15. A host cell comprising the vector of claim 13.

16. A host cell according to claim 15, wherein the host cell is a mammalian cell.



