RECOVBI NANTLY MODI FI ED PLASM N Background of the

I nventi on Human pl asm nogen is a single-chain protein

containing 791 anmino acid residues. Activation of

pl asm nogen to plasmn results froma single cleavage

of the Arg561-Val562 peptide bond in the zynogen. The

resulting plasmn nolecule is a two-chain,

di sul fide-linked serine protease with trypsin-Iike °

specificity (cleaves after Lys and Arg). The

am no-term nal heavy chain of plasmn (residues 1-561,

-60 kDa) 'Snﬁéﬁﬁ&Eﬁ@Aﬁerfg\gm)biFﬁ% ?&Q@Mﬁ@s’ each

cont ai ni ng approxi mately am no aci resi dues. The

kringle domains are responsible for the regulatory

Eg{r‘}operties of plasm nogen, such as interaction with
keround ghthednventioly s, e. g., d' ions; with

acti ' [ t i -S-.and_no .04 ide- .
ot YRRl B 8 iff el ARCACCARIE, R, fnino acid
ke | ASivatsoiC O plasrPinagati 10 fliysh ebsals Gom § vingler ddavage of the

fibrin and plasmin_inhibitor a2-antiplasmn. O all .
Argapd -Yalp¢¥g penfidehond gr dha zymogsime The rt-'wgﬂq&)@l@sm| mplecule is a

functiopahe.its lysi.ne-bindi n Vi
oy S ORI B Il PR B n bR, JESGRBFRUA0R her
L rmigp_l asmin and fibrin. See Wnan, B., et al.,

iochim Biophys. Acta 579:142-154 (1979); and Lucas, .

M A Thewmmino-terinaliheavy ditesmof min Agsiipes 1-3010869) kDa) is

The Gitergninal Light chain,of pl.asmn (resj . .
cobiipscly o e Ringld Wolpafls LnCLorRaiiRY Aok FHANSD amino acid
roSiABY. OIS kiifple rdaRsdiny and r&pois#ile i 60 thd @egillAG1 Sroperties of

serine protease catalytic triad: H s603, Asp646 and
plgsninagen, Rugls rs niotgssction nwvidh restivatioi hititotie .4y i@gdensanwith

. gl.ycqosyl.ation sites, on Asn289 and Thr 346. e, . .
v Bbisor g o dPeie RS il i ief and Bt cots
- arlde®ith rbt@ink,esti¢h tas iplasriif (AGsiblofigaTEtbstrate fibrin and plasmin
h&%ﬁttrup-.ensqn, L., et al., Prog. Chem Fibrinol. _
infripitorbiantiplasmio - Ofell fiveokd)gles, kringle ¥ isaepesfk themosy multi-

includes the first three . kringl es and.can be ..isplated.
supiiSontf S R A A B SR AID 76 R sple* iy Fibfin
infeRBBA wWithoeBiMplasmid and AbARS BeOWandan, BNer &DWibénim. Biophys.

kringle and includes residues Val355-Ala440. The 1
Acta 579:142-154 (1979); and Lucas, M.A., et al., J Biol. Chem. 258:4249-4256

(1983).
The C-terminal light chain of plasmin (residues 562-791, ~25kDay} is a typical

serine protease, homologous to trypsin and containing the classic serine protease
catalytic triad: His603, Asp646 and Ser741. Plasminogen contains 24 disulfide
bridges and 2 glycosylation sites, on Asn289 and Thr346.

The limited proteolysis of plasminogen by elastase has been shown to result in
three fragments (Sottrup-Jensen, L., et al., Prog. Chem. Fibrinol. Thrombol., 3:191-
209 (1978)). First fragment, K1-3, includes the first three kringles and can be
isolated in two versions, Tyr79-Val338 and Tyr79-Val354. The second fragment,
K4, corresponds to the fourth kringle and includes residues Val355-Ala440. The
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| ast, C-termnal fragnent (the so-called
m ni - pl asm nogen) i ncludes residues Val443-Asn791 and
consists of the fifth kringle and the serine protease
domai n. M ni - pl asm nogen can be activated in the sane
way as plasm nogen, formng mni- plasmn. Because of
the conplex structure of the full-Iength plasm nogen
nol ecul e, bacterial expression systens have not o
proven useful for reconbi nant plasm nogen production.
Pl asm nogen is produced in the form of insoluble
lasf‘CI E5bAnR0 HagiH e ¢thb Sso-Efffed " ﬁnﬁl%lgﬁgh Saeh) GMILAA! residues
tate. Further, the expression of 'plasmhogen in
Vaﬁ#ﬁa&snﬁﬁl @ed [consists cxfinthé ififtt kdngly andttha(sahlhmpmmase domain.
ctivation of Iasn1no en.into | asmi.n and th . ..
Tgish P%‘?lﬁ@g%‘fa&t C&"W S RIS ‘gﬂ’ ¥ plasmingeey, ?‘?‘%ﬂg i
pﬁﬁﬁ§p1nogen using insect cells is possible, however,
this systemis not suitable for |arge-scale
pr odBetause ofitiee tamplexvstruaing. ofAthe duliilengtly plasmivogdert medecule,
reconbi nant, protein, possessing esirabl e
bagierjal Exprersien SYSteps prigs trHrBY"é’sH%eggg‘gﬁ reRembinant plasminogen
p%?ﬁ&c}ﬁinn Pﬁgﬁﬂ{dg 15‘:1;}8&&3& g{eﬁ%tfbﬁﬁ of &uﬁl%'ﬂ&@&?ﬁ&h& £ is

uction i1 n-bacteria in substantia
nefuaefoliatds, from thiesstarbl Burtionmiee yexpfestibe bhyeasminogen in
According to a first aspect of_ the present Iﬁven_ti on .

mapghadian Ceffp d\%C@afa)llaate%quymsr@P@B#@rdéctwaﬁﬁm iof pigpmynogen into
L HE LTSRN, PRRRBR Y AR B RRed e

inkéke néeﬂl@ais possile, kbivegdre thisosystdat i i8gh® 4uithbienifor ddrge-scale

nati ve human plasm nogen; and a C-termninal domain
prgApetipnidite e low Bigkk 90% i dentical to the activation

Sit eAg&qdﬁl?@ ne n%tﬂh &P SEc qﬁl{[ﬁ&ﬁ ?{1 taﬁ' Bsse 'Hl@ QfE&itable

Accor a secon aspec sen ventl on

cHahﬁiteﬁ‘IstlSs Sf sixdroiachlmifcdey petild ldeking B@faus hé@tlﬂe shagitéristics
N-term nal kringle domain which is at |east 90%

andg beingceapabls eheraduptinn dn tbagierigl icpldy dn pubwmiah qantities, is
d%,%ﬁ ’ﬂ)lﬁe human pl asm nogen; and a G- termi nal domain
is at least 90%identical to the activation site
and serine 2

Summary of the Invention

According to a first aspect of the present invention there is provided a
polynucleotide comprising a nucleotide sequence encoding a polypeptide having a
single N-terminal kringle domain which is at least 90% identical to the kringle 1 or
kringle 4 domain of native human plasminogen; and a C-terminal domain which is at
least 90% identical to the activation site and serine protease domain of human
plasminogen.

According to a second aspect of the present invention there is provided a
polypeptide comprising a single N-terminal kringle domain which is at least 90%
identical to the kringle 1 or kringle 4 domain of native human plasminogen; and a C-

terminal domain which is at least 90% identical to the activation site and serine
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0O protease domai n of human plasm nogen. According to

a third aspect of the present invention there is

provi ded an expression vector conprising a

pol ynucl eotide of the first aspect. According to a

fourth aspect of the present invention there is

provided a cultured cell conprising the expression

vector of the third aspect. The present invention o

provi des a pol ynucl eoti de conprising a nucl eotide

sequence encodi ng a pol ypeptide having a single

Mtéa@é&ﬂrﬁﬁho?hhxﬁ%ﬁlaﬁﬂ% b, honol ogous to a kringle

domai n of native human plasnm nogen; and a C-term na

domaAncadingvatd third aspectant] theepriesant pnendias éhete maipnovided an

hono] ogous to the correspondi.n domai ns i n human
e’mr%%mﬂ% GEOR SO RS APEIBIBNISRE MedE RS 1 o

' mmhbédr&i‘ﬁ tol &/ %61&&1 as & &fﬂl%réfeﬁk ifVehfigh @ bRVERA a

be honol ogous to kringle 1 or kringle 4 of native
cuitmaicolll cesnprisingehe expressomeveetiobotiihethitdgspedte encoded

pol ypepti de |s at .l east.90% 95% .or. 98% identica

t he SRGEERTER WHERPN RIOXHESS |pPRloycleqtide: spmprisigea rieleofide

pep n e
PR ol SR U R g A° SR MY el fin
hamaslopeust thea keingie rioeaih ofmative Sk pRAshokeny and a C-terminal

degenerat e var ions thereo The nucl eoti de sequenc
domagn @pdvsgen ste ﬁrafﬁ susmTetsass slpmen h?fnﬂLog%wOﬁ‘E? C%rqsagrrdéﬂg
n § | &
AT T HARRL PR e b e by RpUial Tl & fomapilived
lysiaemi n activation site and serine protease dorral n
honDIogous to the correspondlng@donalns in . hyma

pI as Finbigerminaifgingle fetingan be fogiolegosa P kriagle df daiacs 4
1¥Qﬁﬁ5%gﬁlg§§tﬂ g%ba single N termnal kringle

rralna %identical to the kringle 1 or

Kri niglsem@ enttdithéntq)ftheaicod@l polpmaptige MIMQM, %W, o 98%
C-ternmnal domain at |l east 90% identical to

lda@tqabgt the yeqyepee shawvrsiay i ]er\é@é’a§§fth‘%¥nﬁ13rﬁn6?dqﬁhﬂ?&ﬁ’epﬁde
caB'b%%gé %ﬁg&ge shJ&}ﬁ xrﬁﬁ‘ﬁﬁ‘iam@%‘ ypeptides can bind

ysSI ne hér aspect, the invention
pr ovrle;te@omluyle e@jue&SoaY polgnadledtideinbadhe sequence shown in

SEQ ID NO:1 or degenerate variations thereof. The nucleotide sequence can encode

a polypeptide having an N-terminal kringle domain homologous to the kringle 1 or
kringle 4 domain of native human plasminogen; and a C-terminal domain activation
site and serine protease domain homologous to the corresponding domains in human
plasminogen. The nucleotide sequence can also encode a polypeptide having a single
N- terminal kringle domain at least 90% identical to the kringle 1 or kringle 4
domain of native human plasminogen; and a C-terminal domain at least 90%
identical to the activation site and serine protease domain of human plasminogen.
The encoded polypeptides can bind immobilized lysine.

In another aspect, the invention provides polypeptides having an N-terminal

kringle domain homologous to a kringle domain of native human plasminogen; and a
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kringl e domai n honol ogous to a kringle domain of
native human plasm nogen; and a 3 Cterm nal donain
activation site and serine protease donai n honol ogous
to the corresponding domains in human pl asm nogen. In
sonme enbodi nents, the pol ypepti des can have an
N-term nal kringle domain honologous to kringle 1 or
kringle 4 of native hunman pl asm nogen. In sone o
enbodi nents, the pol ypeptides can exhibit a
fibri nolytlc activity that is inhibited by
Bl | R aBidkioR sitl&dl ffhe protdlse! &Rddin éﬂ%ﬁ%ﬂog@ﬁ @ Ghe
faster than the rate of inhibition of th
cohekpqndmlgyibmmmu humgryplesminbgen- pl asmi n by
n. Therat of .. inhibitiop by . . .
o 33 diments, e 2oSpede’ PGy b Soffthripaligingle domain
he rate of
e g S e e P
pol yinepine dmbodiarentsi the polypeiiides eancexhipstianfebrin®hic actwity that is

A A L A AL T
Y)ﬁioﬂ% B 1{,1{4%% @ tﬁﬁ?’ f e%—g{aﬁh&% AHRbRYINGS T@}aie of

ySi ne R nces, "East HIls, NY,
inhipionebytoy chntipiadnrin day also de SERRMRDGE IOQfSEPBﬂcIRﬂB,EBO -fold, or 40-

e
I i adi
P b Rpkr GDGAR AR P ol e/ cat Y HemBbllt i he

imiatbilized dgdimdcan be beine ‘tﬁ)ﬁlbd)d:b aeolid supoet maﬂrmp&etﬁctedefmm the
can exhi bit higher binding affini t for ar
£roYI §UsiFting 9f | wmmarqsaelmn?r&l%% I'EGB‘P‘JS‘iﬁa Jypipe-

I
ERVSPILLEE Shelen AL TR R hTsirk W%SP’S%%EM. FHAROSE
(SEPHAROKEN-i§ asrodstlitlked cagarost)asThen ogmobidieed \adineooas iteelysine-
and pl asm nogen serine protease domain, wherein the
SHEHMRO8Edonai n has at | east one residue greater am no
aci n j ' . i -Of
nat Ici\l} S lﬁg %ﬁgﬁrﬂeﬂ& {heé%%tﬁeg Erlr{%t]a B%el‘&?ﬁﬁ%%ﬂ%n& for
filrmbpsethAutie fbuﬂlniagsdfﬁﬁ@_s@ﬁiﬁ fibfiggeh heﬁmnqjmaﬁn ments, it
wi | I be understood that conservative substltutl ons . of

the Inspg [eebpdigneniss therpolymeptidss e grlibie bigher bipding affinity for
partially cleaved fibrin than the binding affinity for partially cleaved fibrin of mini-

plasmin.

In some embodiments, the polypeptides can have a single kringle domain
located N-terminal to a plasminogen activation site and plasminogen serine protease
domain, wherein the kringle domain has at least one residue greater amino acid
sequence identity with kringle 1 or kringle 4 of native human plasminogen than with
kringle 5 of native human plasminogen. For these embodiments, it will be understood
that conservative substitutions of the kringle regions of the polypeptides of the

invention, relative to the native sequences of kringles 1 and 4 of human plasminogen,



invention, relative to the native sequences of

kringles I and 4 of human plasm nogen, 4 0 would not
be considered as differing fromthe native sequences
for purposes of the identity conparison with kringle

5. I'n sone enbodi nents, the pol ypepti des can have the
am no acid sequence as shown in SEQ ID NG 2, and
conservative substitutions thereof. The pol ypeptides -
can have a residue at a rel ative position anal ogous

to that of position 76 of the am no acid sequence

wekl@ Wt bB colildréd MOdifRrihp %ni thePiivE isBfienddd 1B BhrPBes of the

aspect, the invention includes vectors conprising the
1dguityn@mpmbmwhkuhghelﬁe i nvention, and cul tured host

ceII co ri,si,n th vetor Br| ri. t|o t he
erer B ahe P BB o a5 BEHEDR 6 ruches o

she%uﬂeE@j Eﬁm ahll %5nseﬁﬁat1vasdb9ﬂu9afns tR&RLE OIIHétﬂog'peptldes can
cl eavage. - are kringle regions 1-5; and

hase alremdtprawedatfve pleitwinranalbg@us/Ap that ©f pbﬁemam@oﬂf the ke avid
bi ndi Sit ingle 1. Figure 2 is a schematic
S%W%Q&W%W@“Q glﬂé"’éﬁqﬂ “del eti on nutant of
the n N 409 dhd1€ irRRRRo0 t S chpFikigsr
1, aﬂﬁld @ﬁgiv?npng thg éﬁ{etl on d;fﬂ%?ﬁl%@ Uf(g%r?e % g %1\%%' the
pdymckotides ofithednwatoe noé calfurbdihesh cgllsasmprisigg I:he vebtowsi ng

the 19-residue | eader sequence nunbered as -19 to -1,
and the plasm nogen sequence shown as residues 1- 791

Bﬁ?ﬁ‘g ?ﬁb?omédb sequence for human

gen,; t he encoded am no acid
sequtipere, 1 &sa sdhematic meprEsegtanuen f nativerplabrain afierfaetivationsby
are shown, including the follow ng t he del

Pfﬁ‘l"ﬁ’é’ﬁ? (lsguages fldnc are (e mglfetegiong lr i find S&’o & gerinesprotease

d UrkrilodEp Asn289 and
dﬂ%ﬂ&% 6&(#% gsrtﬁggz %tﬁ) p %g’%ﬁl{r}e acti atl ‘on Arg- Val
act i Kglire@issd bchefratic bedreentation olf wsplasenihogeti d&j}etmnt matannof
kringl,e 1 (in underscore and wth specific posit
the iyisaliomByng fegame nemgnslatirp af {fpkisticdle 286 gbtiag the deletion
ﬁ&j‘garl sons between the five kringle

Figure 3 shows the amino acid sequence of human plasminogen, showing the
19-residue leader sequence numbered as —19 to —1, and the plasminogen sequence
shown as residues 1- 791 (see SEQ ID NO:3 (cDNA sequence for human
plasminogen; and SEQ ID NO:4, the encoded amino acid sequence, as shown in
Figure 3). A number of features are shown, including the following: the delta-
plasminogen sequence (shaded); kringle domains 1-5 (double underscore);
glycosylations sites Asn289 and Thr346 (in bold); the plasminogen activation Arg-
Val activation site (in bold); and lysine-binding sites in kringle 1 (in underscore and
with specific position numbering).

Figure 4 shows polypeptide sequence comparisons between the five kringle
domains (1-5) of native human plasmin(ogen). Amino acid residues that are

identical to those of the same relative position in kringle 1 are shown in underscore.
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domains (1-5) of native human plasm n(ogen). Am no

acid residues that are identical to those of the sane

relative position in kringle I are shown in

underscore. 5 Figure 5 shows a 8-25% gradi ent

SDS- PACE of a non-reduced (Lane 1) and reduced (Lane

2) delta-plasm nogen preparation. Activation of

del ta-plasm nogen into delta-plasmn with °

st rept oki nase (Lane 3), tissue Plasm nogen Activator

(tPA) (Lane 4), and urokinase (Lane 5) results in the

f or nBfzhRMs SHowshes-D9 shdem SOSPAGE of & AbSréducad gsafne 1) and

kringl'e 1 (K1) and the serine protease domain (SP) |
reducede(fianel 2 fleltavplasminoged perpatatiodgesctivatigu oé deltg-plagminogen

. qr i ¢ representatian of activation,of . .
inf ARG SR O AR kT b TR ATRSRE AT iTAgT (P
(1488 42068 Gréi@ndde ILANY $)30sulls iR M RRMhAorPbPHEHROLRAN thélecule
PBS Containing 1.0 nM S-2251 at 37C. Increases in
coalsisting afikengle le(Kip aind dreeseringtprategerdomai (RF)econngatedaby two
.chr t.ogr am show ng bi ndi ng of delta-plasm nogen to
d‘F@ﬁﬁEEQS%EPHAROSE 4B: 0.5 ng of purified
Del t fiupledg 7 2 i¥asprafeRtatied dAMhckPRidny§f 88t pHRNRESED
4B coﬁghn (1xgg§ﬂ§ quiIigfated\&tt#17is-b5#?ered Y
ureRiniaste Urpkindse45.8 dyimas pddddeiona valstial of &M delta-plaeminogen
. colum by, a 0-20 mM gradient of s- am hocaproic acid
in(ERSeonaifisd Gmdg Fe 234 ak T Fh clnsrseHe R REOTHICO BRS TP RfRIed
at%??nni:oncentration of c-ACA, as a function of the
effl'uént volunme are presented on the graph. Figure 8
s hoviBigtiertisrgchpdmake pilatr §Hoadng bindary dfalefthptasmindgan yo hgine-
concentrations of delta-plasm nogen were Hgﬁggated
1

SERHARQSE 45 @F g of puriicd Reltaplagpinogenyvas ¢ oRdl lygine-
' ' - .
SEAROEERD DI gl G SR THEMIRR st saling pft 74

Boval pasteid was edaRdWibin thé teetunin Zbsh@ui0-200 meMbatddiont adf c-

37 Cthe I'jquid was renoved and remaining solid clots
amiapeaprele @sister AGAS @s i 1ipgle pgak. dthe absaeaaise 2t S0 fne the
f B NicNg, Fia DI | . i_fd '
oIl S5 aeh an et AR ionbiRE oG PHLERARY ph Qe fGn the
ree of fibrinolysis, which is a result of

el ta-pl asm nogen binding to fibrin, was . .
Figure 8 shows binding of delta-plasminogen to fibrin. Varying

concentrations of delta-plasminogen were incubated with fibrin clots in a microtiter
plate for 1 hour at 37°C. After incubation the clots were washed extensively with
PBS and a 0.lmg/ml solution of tPA was added to each well. After a 2-hour
incubation at 37 °C the liquid was removed and remaining solid clots were
reconstituted with 100 pl of 1M NaOH. The amount of remaining fibrin was
quantified by measuring the 280 nm absorbance of these reconstituted clots. The
degree of fibrinolysis, which is a result of delta-plasminogen binding to fibrin, was
plotted on the graph as a function of delta-plasminogen concentration (solid Iine).

The dash line represents the best fit of experimental data to a binding equation.



plotted on the graph as a function of

del t a- pl asm nogen concentration (solid line). The

dash line represents the best fit of experinmental data

to a binding equation. 6 Figure 9 shows a 8-25%

gradi ent SDS- PAGE of starting delta-plasm nogen under

non-reduced (Lane 1) and reduced conditions (Lane 2)

and final delta-plasmn preparation, also under o

non-reduced (Lane 3) and reduced (Lane 4) conditions.

Figure 10 shows schematic di agranms of plasm n,

M Ni FRLASITRbwST /I3 gtaafem RDSAPAGHEI Rarkth@ A8k plasthfHdgden

with correspondi ng Characterization of enzymatic
ursiet hmi-reﬁu(:é(b(tLaam i) & milodedroesgitions (Ians Apsnd foal dslt@-pﬁtimm

R B6b Aot e (e ) S FgaEEiL R Conlitions”

reprﬁg&r&t %'Qxlﬁwgf o oog&c Rii&as 38 - dMdlassth, |1¥1§h—3}15@fmn mlcro-

retract clots. Each clot (0.8
plasmiactad wlettihphasthimi aloapumith af cmﬁ‘hmolnémgacha:l'aételezmlon of

erpgmaRe aciiii ket S19EKCR MOE RS 0 R BITA o028 A LB Dvetp-
ni E)QIﬁﬁ éjfﬁﬁl’}éﬁn gfr(%p in(hoWEst stef '(ﬂrq)on of the

nven i'on I'n order to provi a Sinple

non- @gmeosylmtaegrapbicempmeﬂtmm@ft hielté-phasmim-irdnced lysis of

anti pl asm n-bi ndi ng properties of ful]-1eng Iasm
el et DIoPA SRS el Blob (- BeST) WE BiSEEH it Al gpoLime

[

offyGHFR SRRERC sl el T) WporafCHRY R of BEML BlafBin (0.4
mahilnandcilet dissalitionevas atlvwedtoaprockadait A7 ROfad byaurs t o

kringle 1 and the activation site is deleted. In one

aspect, the domain honol ogous to the native kringle 1
D%%ﬁ?hnngfthlwgg&tpoltnasm nogen can be directly attached

e serine protease portion of plasm nogen, or an

honoinagaétsto providetd sinle, avatdgcosiiatedafiolevilt having the fibrin-
substantially only the intervening native sequence

anéomtmlzwnﬁgbmd@ao PEaneTties getn flblengtd plgpmigy, tthe meesgnth iygntion
pr? X\Bgr}ieeeﬁl?mqgﬁ% t?gf Hllgglh n% QIL aiﬂ‘tﬂ& qg@lﬂﬁt g&&g‘&g ltn? %exteﬁl as

nven can e ‘characteri

dd@lﬁ@ﬁhﬁﬁgewemgﬂéhst agﬁorﬂl% oPbe Adtivdednhiao Qilcﬁlss'eqﬁermarbetween a
result in increase SpeCIfI C aCt|V|t

P
domaér@ épmplogpliIﬁetoﬂmgleolr angt the agiéyatiopsitg w@g@% ali Q§1ﬁ agp%éhe
oun he, nat i Fi 3 '
do\;\ﬁlatnh %Pﬂlgpo pS o @1e| %a%lvg rk%%g#eglc gﬁlglrgm 3 MInfan B)lasrﬁl?lggérpgﬁ be
directly attached to the serine protease portion of plasminogen, or an homologous,

functional analog thereof, with substantially only the intervening native sequence
containing the plasminogen activation site remaining between the domains.
Delta-plasmin(ogen) according to the present invention can be characterized
by: lower molecular weight (37,198 Da) of delta-plasmin can result in increased
specific activity (per mg of protein); the lack of at least two glycosylation sites found
in the native protein (see Figure 3), combined with the relatively low molecular
weight, can facilitate recombinant production of this protein using relatively

inexpensive bacterial and yeast expression systems; delta-plasminogen can be
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wei ght, can facilitate reconbi nant production of this
protein using relatively inexpensive bacterial and
yeast expression systens; delta-plasm nogen can be 7
O activated by plasm nogen activators tPA, urokinase,
and streptoki nase; the presence of the domain
- honol ogous to native kringle 1 preserves the
fibrin-binding properties of plasmn which can be °
i nportant for thronbolytic efficacy; presence of a2-
anti pl asm n-bi nding sites on the domai n honol ogous to
adfivhi@'b§ plashfogeh! RWvASISIRA BIRRIELE ah8 sBEptbRIRkEY, HRbresence
rapi dl y "by thi's physiological inhibitor of plasmn (a
offthatlomain heniadégomamo pateredmingls leprdbarygs; the Abrigbinding preperéics

f delta-plasmn can facjlitate its. inhibition b
ofpletai SUNG G e FORHEY e CLORPRR e 1 eHin SERgRee of o2
mﬁg)?a%ﬁﬁﬁlgindﬁ%@{eb Gl th WSmfafil RéthyBed® BAtringSe PlcasMiBw ddlta-

particul ar enbodi ments, the absence of Kringle 5,
pladminttorbetiahibied rapiqly ibyethis ghiysidiogipak inhibifooof iphaseuin (a feature

ngdi gested fibrin(ogen), an.al | se, of . " .
Wﬁlgﬁt%npwragfmt e g&u%ﬁlﬁiﬂ é&eePf gﬁH%Plaé‘@"‘P}: Gihdfgate its
. ; n N ¢ O ;
e TR, Rl PEhing" R BB of | gyieeding
cdanplivgliensrretioe td\adtaemlasalint tn pdrécalat erubodiments; the abseice of

seripe protease . donmin, .havin ertain agvant S
kringle;p; yhich getaingithPRmARIBgEA P1c MriRbty Hngﬁs?tef Hibrin(ogen),
- o . »| I .
co bR e B RO B ipfeRlbe Apitioh Rt My RPirBRY
act | Gaderally, shé envaniva provaits neeodmbinma| phiemaddgdn) analecules
sequences N-termnal_to the activation site. )
haxing & siggle eresqmaN-teugnafodhe aghivatign sifeang serins prptease

SHEREHn ST SHLRELS LRLOR 0 RS AET AFhRen e
ddltagilasgiendgen n@llwepddauei thesineéntioni aidy davd oaadridglefregion, as
native plasm nl&lggen) and functional_ equival ents

suchye Netsfmingl, 1 gthei aghivation site, sprae genabodimenty neluds, afditional

I T R O

deriesd fuasthogasfinativeRiihglg rdgiomslof pRishitegen.ng
| ysi ne-binding., Definitigns _The terns, "donai

d
1 ogThsnN-tsrminahsTipge Aqmns o6 tho REFEH RveyHEn e kringle

sequences of kringles 1 and 4 of native plasmin(ogen) and functional equivalents

thereof. In particular, see the discussion below which provides guidance regarding
preservation of function in polypeptide variants, including preservation of residues

participating in or influencing lysine-binding.

Definitions

The terms “domain” and “region” of a polypeptide are generally synonymous
as used herein, unless otherwise indicated to the contrary. When recited together
with well-recognized structural or functional designations such as “kringle” or

“serine protease,” etc., such terms will introduce a polypeptide feature relating to at
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as used herein, unless otherwi se indicated to the
contrary. Wien recited together wth well-recognized
structural or functional designations such as
"kringle" or "serine protease," etc., such terns wl|
i ntroduce a pol ypeptide feature relating to at 8 0

| east sonme characteristic(s) comonly recogni zed and

understood to be associated w th the pol ypeptide °
structures corresponding to such designations. A
"cul tured host cell," as used herein, refers to a

lekdt %Bﬁi%yo@lﬁfaﬁteﬁ%tﬁbbk@rﬁ&%ﬁl? re&dnlzell Al vrABERLATO be associated
het er ol ogous hat ha$S been introduced into the

witke e fojypentide semhees @ngsponéh@io segiodesignaionscal ci um
phosphat cipitatio cnoin'ec i on . .
P o b G sl iPs“Poon i, FeLeElp £ Rioiapiptic or eukaryotic
cell"ﬁﬁ@&ﬁitﬁﬂ@ﬁ&eroﬁ?go% N REh& Hhs FRaM Sntrddlicdll nt® BRNEell by any
natural origin" or representing a non-natural state.
mEars, exanptlestrapbragiooy| daloied pbetphatel precipitatioms ijereigection,
ene der,iVv 1dkf rom anot her organi sm

tr%%qqngg?rhrvpr ipfeshPRA9aiRs k& peci es, that gene is
het e I-th&gl%g W B 83 PRGLint &eﬁﬁ&at“of UlifrereRd MRl %ﬁh‘in" or

and also w't respect to descendants of the cultured
represéntingla nomhnatiratstatey Ronasargplngif aSuitintedrhogt, cell is transformed

"hetero] ogous" refers . to a nucl eotide se e derive
with GhDRWY Gt Qevesh pth Hnother, aEeaiam, BT Clﬁ?f it aiSiher

sp%?é%, etﬁf}f %@%e %glillg:te {) shitPeS§ie o thi: QiR HoRL éHlaAnd also with

erent copy nunber or under th
respeot toHesoéndinfsf @ff ihateutted| lasocell elhéiecry. that penect .‘émﬁlarly,

TR APETE;50ET 1 PBTIEOUA FIBEIFOTIVA BT AT ETIed ipfo the
sageéﬁ'iht&gléc glg?gﬂ gglgg,edr h%l?ty@ icRRP pegéﬂt%ed n&yhétufaf@tatm

ave ne or nore origins

diffefeht emlyinatmbeatdundenthe@onmalrof dsfifdrenst regtﬂntorM’aleIheﬁttle
reconbi nant DNA can, be i nserted Vectors of i]ecg is
convAniveser nmgiesulsyisiinpglee peid mplegal GéE‘i"o a%etﬁé ogous

nu%?ellce GERA Ay BEn ﬁh&?t%@owmcﬁ NOH theff - HE: in é/ede %ﬁiﬂ&bnate

esl stance mon vectors 1 nc asm

cu\ltlufeall h@ge Iaél[rE‘%Bect@ﬁ @réfbfabl}ﬁhade)bnemr)mmtorfgmds @brq)hcatm)l and
"artificial chronpsones." As used her

oneraneiEritst irimathictotieraroratinig IAA qa%f%é r1§3 er ciarg often
heQs! SnS&A4E %gaﬁips) rl%“ﬁg{hg?ls i bR Wetos S WHE R CRecRRN #BMEHhose

sequences an
without, e.g., they encode drug resistance genes. Common vectors include plasmids,

viral genomes, and (primarily in yeast and bacteria) "artificial chromosomes."

As used herein, the term "transcriptional control sequence” refers to nucleic
acid sequences, such as initiator sequences, enhancer sequences and promoter
sequences, which induce, repress, or otherwise control the transcription of protein
encoding nucleic acid sequences to which they are operably-linked.

The term "polypeptide" is used interchangeably herein with the terms

"peptide" and "protein."”



sequences, which induce, repress, or otherw se contro
the transcription of protein encoding nucleic acid
sequences to which they are operably-linked. The term
"pol ypeptide" is used interchangeably herein with the
terms "peptide" and "protein." 9 The terns
"pol ynucl eoti de” and "nucleic acid" are used
i nterchangeably herein, and can refer to any nucleic -
acid that contains the information necessary for the
purpose indicated by the context. That is, the nucleic
aci dTraRerhR CleBMy” afi tdleid] RSIE ak! fRACREErSHan eably
doubl e strande or other nucleic acid, as |long as ?
heyeiny anst cmefmp@bnsenmﬂelc eapldehmomaglﬂ the Héppnaiml TEressary for
i nf ormation .0,, inrelation.,to . engcoded ti
thg RTROsh Indieleddly b ppfleHorat i Beguekicasid ande DR arita,
elﬁfe{' aidic Ashde@Vr GBS @tr&{d'eangls offfer rﬂﬁ%ieﬁ! GcidC 'ag Jong as the
pol yners. The term "variant” a polypeptide refers
pdlpmeniszapabbe oiiepreseing mbea;tﬂnqtnaatfsmﬁahtaaomda syingrlation to an
nor e, am o aci ds. ih vari.ant can have "conservativ
ergpdereptide < indids e Epu M o BT
%g et Ykals 8 n (ﬁ@g %ﬁ@&rtl es, e.dg. repl acenent
e I SO

ucine wt Alternatlvely, a vari ant
can TayterhfemiantbofSe palgpepmfé refessnigem, anting .acid sequence that is

re acenent of a glyci th a tryptophan. Anal ggou
BY 0B PraBatEa %1450 Thecrariaat caf e ge‘?r&elaév‘é?q Gnges,

wﬁérefnnas ﬁfb%ﬁ%g&id £hinb %gﬂ hed suHﬂz%xI defeldhd] Jr%ﬁ%ﬁ:%l Pel'tleﬁ, e.g.,

vari ant peptide is a nctionally equ
rep]!ab@m&ﬂtofCﬂeucmd: veith, isalgnoingpepttemietivdly,ch vasidrit hiahshave "non-
substantially simlar in vivo or in vitro ac IVItyaﬁ)Séous

con@vaRgmshagcsie. g nersrppimiialydne With @fnpliphans An
BT SR R S o . 3

pastididan forth @ a "varemE't piﬂypdptlde el Hundiontlin eqmvaslénthpnlgrpeptgle,
bi ol ogi cal or |nnuno ogi cal _activity can be_ found
I.6ys% YYD Yehas ﬁ%@iwsmﬂlaﬂww PrVivher d yitrogagtivity as

thg\?:?%bﬁr Eﬁ?@%ﬁ &W fﬁv N 3] ARscribB§ - é% gji\%gld%%‘l below.

I'c gui ancé 'S provi

Ghidghdedn ltEtehhﬁﬁngDWﬁiﬂhdﬁiﬁnWabidl msitlhe @httedubgftetedngested, or
which are fully, |ncorporat ed herein by reference. The

delatpdnyithputreliprinating bielpgicalon igymnelaeical petivigvean he fewnd ysing
co%?p%fteqnsgo%agﬁge well-known in the art, for example, DNASTAR software

(DNASTAR, Inc., Madison, WI). Further, specific guidance is provided below,
including that provided within the cited references which are fully incorporated
herein by reference.

The terms “N-terminal” and “C-terminal” are used herein to designate the
relative position of any amino acid sequence or polypeptide domain or structure to
which they are applied. The relative positioning will be apparent from the context.
That is, an “N-terminail”™ feature will be located at least closer to the N-terminus of
the polypeptide molecule than another feature discussed in the same context (the

other feature possible referred to as “C-terminal” to the first feature). Similarly, the
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relative position of any am no acid sequence or
pol ypepti de domain or structure to which they are
applied. The relative positioning will be apparent
fromthe context. That is, an "N-termnal"” feature
will be located at | east closer to the N-term nus of
t he pol ypepti de nol ecul e than anot her feature
di scussed in the sane context (the other feature °
possible referred to as "C-termnal"™ to the first
feature). Simlarly, the 10 O terns "5 -" and "3 -"
teff PO Mipd: hecraﬁrbe ub& Ki8sih WAt Farlafd Rlakive pBQBbds MTSat@es of
eatures of pol ynucl eoti des. e
paledicdeopidess i nogen/ pl asmi n pol ypeptides referred to

e e oSl el e ol cgous Los

Nbfah o%m@%r%&lg%&ds W3 flm‘ﬁgi%rd%ﬁ{aﬁ{ bShdtS hiindh b;%rtn%g) gen”

natlve ringle Ins o asm nogen. Furthe

exhathit m@uashando@muﬁqniahshm'mnt@iﬂtiw eiptilad s natafeekrmgbb damains of
hereln as haV|ng a ter aI us
plpymingeen- 1 Fuihierpithe delip "@gmm PP YQF‘P s stitied 10
nglLe tyl t »
W bt S U Sk 1, 1

clﬁ}aoﬂdﬁstimﬁfﬂﬁaf(wl ﬂlanvadmdgle(laladleﬁstrto ttheoaaentibarshopdypeptides

such as_trans-4-an nonet hyl cycl ohexcgpe 1-carboxylic
caichaye ahigher aféin&&fas wrﬁawoc KPpPRgiceackls @pg fugetignal homologs

su(gH ajg ’tra%s-ﬂ &Bemxﬁg% g’tl r(:)érb%; §g %§1d3§1 élgcg %&h%l than

I ncor porate ere erence, con ons an

krftfghé a0l Sed, 0&.gG OOhd@tg, SYI) af al. ,blBﬁzﬁth@zmﬁ) B80R&8-8271 (1998),
kringle domai n pol ypeptides to 5-am nopent an0| c acid
inegrpompaiahereis- Brrefeisascarier eongfiens( @dAPB@peco salog opypayipen of

oifGng; FEIOGALIALE, Al (O0GAGCT BTLOBNERCAIRE 25 U5

APngRr baxithdhexaid acid {WEEB;)A) Rédoe kanee st o-akinoegprivic acid
domai ns " honol ogous to Kkri r%ge 4" are defined

(8GN a’{rwnolaﬁ@ta@@t%@m%w andizrasthemisepigtyicyclohexane-

t gle 1." That is, they exhibit
1FH§8¥¥1 %gf&sﬁ:ﬁﬁd i-]lt‘ﬁ‘gri stics simlar to kringle I of
nat i Refefb@Nto Kridgld do@eRs ahotictestused abayle. 4 Thes @efined

pol ypeptides al so bind i mobilized |ysine _as
sigilaidy.i 45 swtedabeue regarding the phrase “homologous to kringle 1.” That is,

they exhibit functional characteristics similar to kringle 1 of native human
plasminogen as discussed above. These polypeptides also bind immobilized lysine
as described above.

The polypeptides of the invention bind immobilized lysine. As used herein,
the phrase “binding immobilized lysine” means that the polypeptides so
characterized are retarded in their progress relative to mini-plasminogen when
subjected to column chromatography using lysine-SEPHAROSE as the
chromatographic media. Typically, the polypeptides of the invention can be eluted
from such chromatographic media (lysine affinity resins) using solutions containing

the specific ligand, e.g., eACA, as eluants.
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The pol ypeptides of the invention bind imobilized

| ysine. As used herein, the phrase "binding

i mmobi lized |ysine"” neans that the pol ypeptides so

characterized are retarded in their progress relative

to m ni -plasm nogen when subjected to colum

chr omat ogr aphy using |ysi ne- SEPHARCSE as t he

chromat ographi ¢ nedi a. Typically, the polypeptides of -

the invention can be eluted from such chronat ographic

media (lysine affinity resins) using solutions

cont 9§@9u AfeAs

elugﬁ?ﬁbp%& Eurt mﬁ@mkﬁfgdgltlon ?%@%ﬁﬁﬁg 0ﬁ$beconmﬂmd
bysthpseof shilhir the aftas daeasine avhidheresidnesudan de vahgd bhommsenyhtive

skill in the art to, dete n1ne i.ch residyes
orvam-é?pswatﬂ%%b%%we delsplon ok adafier Bakie 3 &R mutant

Wﬁ*ﬁ?%% tsH(\Slé oﬂf . rEdehP thyRhti EBIL thrﬁsﬁﬁ Ving! e éw glr@f‘eké?l@es

€ scope o e prese I nventi For
proxidanhformitiv feghrding pagtmﬁr&e:emmamf the pativeekringfeodometinothat

regardin partlcul ar residues, of the patjye kring
may R imEoRaAtor bingingofichpainogsrooric sidva th % %.838,103

toaﬁn 5}065‘1 q [ngwitp‘f\{ a%@% 561) '7"5(% gugl?) a? J5i388119ﬁ’ If:EQheMzstry

et’ al. uz’ukl :

4410): 330@1:1066200@ (Zﬁjiediﬂ, 35 reiyal 4]1(Mcﬂ) B&EQZGE(Q) 32{9@21200{)), Lee,
Zajicek, J., et at . Bi ol ., 301&)2) 333-47
H(,ze@ord) . AncheBiockem Peep’a’ﬁ 3A’r563d 3BPHSnE0 lino, F. and S.

VLRI SIS b2 SR e B ot MBRR Gy,
269:322i081324 Gnemon4); 2@9}@%“&32%& (M.994inas, Re«]uantfe BdeRm.,
and M Llinas, Eur. J. Biochem 221( %%@939-

2311DRP-43N(1 99#);PW, ¢ Pater a@, dhepdcsagent. Febrralyses, yg?)s157 -66

BB AR 7~ S50t oM 32l - Fheteny Mghart

alatho@a&ﬁhe}m k>3 sw9 @2)68(71993)8 8Hewed,093)et avh ol mene,t 265
. Biol. Chem, 265 (7):3906-3915 19@)
(7N69Qﬂ¢&%115191990) Nexokhatny; TNy, oiis. Ré@rom@é?(esy 5324352 (1989);

MBE R ey by BineAisiys 2R AR SO Noyokbptny,y V- gt
MB. @zo; 11779921251@226384)1%{’«311,, PL@! ehal F’EEr. J. Biodkem. 5107(1).37,13
Bi ochem, 107(1): (1980) ; Sottrup Jensen

(1880); Fiatigup- @Em, i mncrio|Pr01rhrCE#ﬁfe;o|szrz@e11§itr%@l ‘3151200
578 84 Winey oy p-rlBY At 22 oo SR R i megpeted
hér8in by ebfercABe inf BEIY entirety.

Because the present inventors have recognized that a valuable, simplified
plasmin(ogen) molecule can be prepared having an N-terminal kringle domain
having advantageous functional characteristics (which can be evaluated, in part, by
testing for the binding of immobilized lysine as described herein), the present
invention can encompass other fibrin-binding domains or regions N-terminal to the
activation site. For example, the invention can include polypeptides in which the
serine protease domain of plasmin is attached to a fibrin-binding kringle selected

from a group including, but not limited to, kringle 4 of human plasminogen, kringle
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Because the present inventors have recogni zed that a

val uabl e, sinplified plasm n(ogen) nol ecul e can be

prepared having an N-term nal kringle domain having

advant ageous functional characteristics (which can be

eval uated, in part, by testing for the binding of

i mobi |i zed | ysine as described herein), the present

i nventi on can enconpass other fibrin-binding domains o

or regions NNterminal to the activation site. For

exanpl e, the invention can include polypeptides in

' ki ' Furfd include

zgﬁggﬁhgg%to alﬁleQBHglndlng |nglgrg%?25%§gb§#?gn1%
pcgylmppdemml wilich @, secbin¢ progeéase |dmmald0ﬁ plasrkini in gitachéd ¢é any other

huma no kringle 2., t PA, a i ngl
ﬁ - BoHBBo s pucheks The Spmeey o of A, e SBgRERtR, or
ﬂ% 5%?g95¥ﬁgﬁhlpggﬁéfk gwhich a serine protease

'asmn Ts attached to any other known
fi brInndetlaﬂamgmbmﬂnieﬂﬁ residries as cettain "fositiges 'of dioeri-terroinal
t PA or fibronectin, or the FAB fra nt of

ktma@ﬁ damaigeel felte- lemvgﬁnp%rmqoeﬁﬂr‘éﬁd Baithesiingle 1 of native
gr&@& Jﬁ)%aﬁer'h?é Sﬁe égi?ﬁeso égﬁhgﬂ eesOtiaRk w1th lysine
0 a p

In asm nogen are conserved

blh&dngl andeintladk Pi'd‘lgB&’rd)Mﬁ)t PreltdB Vigr146,) Hmi]Apgmrﬂ" mb@%(posﬁmns
These can be resj dues at p05|t|(§ns asso

nqrglgqr%as oGt HgbigareoP ) neqmie empp mggtspef, ot]clgfaelta-pIasrmnogen of
the r18 L}'I%IO;D/J&&Z&‘%’VE!%% @r &%gﬁbnl}’ﬁ S8, Q)Bfé?'e&ﬂﬁﬁ?ﬁn-ﬁﬁéj Thepetific

enbodi nents o

pdiﬁidn@-df |t1@eSfﬁrﬁéli]fH31dQés cdrheary Bumewharwhitnstiibbeindpgesait in the
position 153. In other enbodi nents, the speC|f
pcﬂmqptm@ S S‘B#“‘Fﬁ’éy Aadrenctienallyangloggs pasifjorsoienFrtive to the

Srfgl1 Fﬁ Opﬁ{enﬁ t@{:l‘l%?lglnhm]lﬂﬁlyt |g§e %p?ptétdaq aﬁs discussed

Iy and fu I'ona analo s positions

atovee. [elsainkVembeaditeets, khé I’Igltﬁnﬁﬁfﬂunﬁngle efgionhef the delta-
N-term nal domai n; see Chang, Y., et al. as discussed

plamm@)gen] pokypemtidsnivsdatnieastsone; Frsidne gredte BErCRyt idgHEy with

W@%? nogq%—mrg g) e ag‘r’%alﬁ %mﬁjga(rsce ({B gﬁ &Y&?tﬁtkrﬂﬁé@%f%t‘mw

h&ﬁﬁﬂgﬁﬁnﬁmgg krlngle 4 of native human plasn1nogen
than with kringle 5 of native human pl asm nogen.

Addi Addmanally, ppmcvlae @n@pdm@deﬁﬂm@ﬁwm@n|h¢\ﬁéﬁ¥ﬁ°@ﬁzed
R B P8, i TRRRBLDY Bl GRS doma
composition, i.e., kringle-serine protease (K-SP) (see Sottrup-Jensen, L., ef al,
Progress in Chemical Fibrinolysis and Thrombolysis, Vol. 3, (Eds: J. F. Davidson, ef
al.) Raven Press, New York (1978)). In preferred embodiments, the delta-plasmin of
the invention exhibits an increased rate of inhibition by a,-antiplasmin, e.g., as much
as about one or two orders of magnitude faster than the rate of inhibition of mini-
plasmin. Further, in particular embodiments, delta-plasmin binds immobilized
lysine (e.g., lysine-SEPHAROSE).

Characterization of the kringle domain of delta-plasminogen as “N-terminal”

means only that the domain is present N-terminal to the activation site and does not
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conposition, i.e., kringle-serine protease (K-SP) (see

Sottrup-Jensen, L., et al., Progress in Chem cal

Fi brinolysis and Thronbol ysis, Vol. 3, (Eds: J. F.

Davi dson, et al.) Raven Press, New York (1978)). In

preferred enbodi nents, the delta-plasmn of the

i nvention exhibits an increased rate of inhibition by

a2-antiplasmn, e.g., as nuch as about one or two °

orders of magnitude faster than the rate of inhibition

of mni- plasmn. Further, in particular enbodi nents,
Jagsals [

g e BT RS SRR Bk O ol ar o
prdmral Furdfer,dbé hampérasudiidagienobesiddestisterpased betweeraths domain
only that the domain js present Nt inal to th .
hogeqlpgaptsi ignkdrgle lapd dlB‘é§°WtS"i“°n1§§teO°te pRsRigeY can be varied

t n t
il depiifibg MBI LS of B, B IEL " EheldT Sklpin the ar
wihbe hislens idetgrmihe sk dfuﬁatmmtthatmnhmde ltimtbmeﬁtstdfeh@l orveiton

NI TAEICHTRS N LW S TIITE Y —_-
PR T I AN g e

sighivathout hadieraperdimenthtidrhdabaiv ent thendis¢lissura dhepeit - indk ¢he
bi ndi ng of co am nocar boxyl iC aCIgij je w t hout
%t

regeawﬁ%ﬁfq dchersin Ergmidanpgregarding kemele b funetion anghstrpgtuse

i op, .Of. ti 0
o BRPAHE BeCTnRBHERL Y B CRUSBALes, pobpopices
reb@fibidlan niditrddi szl pﬁjdl[lemgeﬂfbl poBpeptideg, veabar emteiming the
cited herein for gU|dance reg ardlng kringle 1 function

pmchotld% FKBressiert SYSIFAY 9T, PROHBCINg Ppbﬁentéie%etfggl pytured
reconbi nant net hods
g‘r’d%:%‘ﬁ’%mggﬁ%h &g’k%gggté#&%gs vectors containing the
|00| yAslabra] indef asp¥@] GeSinoentiyiseRis thar palymebleokidg chbwling
eptldes and cultured host cells conprising such
th@>p@¥3@§gmctmd1gglgseédwremsorrmp@larpentﬁledw@m@s%é%rvatt\ﬁ*eammo acid
ti oR i de « »
su;ggc g npc)t %. G g d?ef%?d;é{g H&E&% %ﬁy@&%tgﬁ)gﬁ Juﬂl%o acid

subSGesNsatis Vﬁro&iﬂe”@n aftlote @dﬂaﬂBtlbdlMir.l Onhk tdmer eﬁfbodlment the
Gui dance regardi ng sel ection of "conservative" ‘am no

padpivgleotidgpistPNAt i ons is provide in nore detail bel ow

In FnCanor e?dz{sggct the 1}1]1vent10n relates to a method of making a vector

comprising inserting the polynucleotide of the invention into a vector. In another
aspect, the invention relates to a vector produced by the method of the invention.

In another aspect, the invention relates to a method of making a cultured host
cell comprising introducing the vector of the invention into a cultured host cell. In
another aspect, the invention relates to a cultured host cell produced by the method
of the invention.

In another aspect, the invention relates to an isolated polypeptide of the
invention, produced by a method comprising: (a) introducing a vector comprising a

polynucleotide encoding the polypeptide into a cultured host cell; (b) culturing the
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pol ynucl eotide is DNA. In another aspect, the
invention relates to a nethod of neking a vector
conprising inserting the pol ynucl eotide of the
invention into a vector. In another aspect, the
invention relates to a vector produced by the nethod
of the invention. In another aspect, the invention

relates to a nethod of making a cultured host cell o
conprising introducing the vector of the invention
into a cultured host cell. In another aspect, the

hc%sﬂ ¥anthe rﬂcgrr@écﬁleﬁﬁg tHR pRIfpeblide. e Mofker Slét, &%9%%1?% gélates

e met ho of the invention. In anothér aspect,
toi amethod for predwinesa paypaptide odmpasing dh)ypdiuting ehedfost ¢edl of the

. i nvention, praqduced by a nmethod conprising: . (a )
i PRt R gd%ag@@eﬁ %aqc%ﬁp‘mcgqr g SEPrR e B hepyering the
p(gglge@q'ﬂ@_g the polypeptide into a cultured host cell;
(D) "culturing the 14 host cell; and (c) recovering
t he Inohygiket aghect, Ithe amambien ehpscto, ctlise comisieingi ainleast one
relates ., to a nethod for producing a polypeptide
p‘&lﬂ‘ﬁ'ﬁiﬁ"gflﬁ@&h@a‘}w@m"f’uri ng the host cell of the

i nvent | L t 1 bt
excpr meonS i8R her WIE pbA AR ol Atk fide spquence a
shanat iheSEQSeNQ: 1t Ha dnothenteinbodmedniit the pobypeptides comprises the
contaj ning at | east one ol yhucl eotide of the
amigg @pid; ssauenre 2 W@%%@Qﬁhﬁ)zﬁhe pol ynucl eot i de
conprises the nucl eotide sequence as shown in SEQ ID
NO. 1. In another enbodi nent, the pol ypeptide
conprises the am no acid sequence as shown in SEQ ID
NO 2. Pol ynucl eoti des The pol ynucl eoti des of the
i nvention include variants which have substitutions,

del i (ﬁ_ﬂ%/or addi ti ons which can invol ve one or
rmrghﬁgci%l% [ (%s. The variants can be altered in

codiTig: rggirariotidan-cfodha ginvegii@nsinclade bo#diants which have
Alterations in the codi ng regions can produce

subgtationsatlslgtionsy andder adiions yhish,ean iBYALHeoRg9rgmore nucleotides
T 'éﬁté‘é&aﬁnﬁe aqghe%t P nc%dﬁ{g ??%éﬁris', g{l}%ﬁqﬁtﬁ%{e?‘%ﬁéﬂs}/ or both.

prererred anongd ese are-si
ARéliidrisofis tiRncodigd eédioms canvipraince consdrvaiveesr héiBconservative

an?iglg %%{dt ;u?)gtit%?igns, deletions or additions. Especially preferred among these
are silent substitutions, additions and deletions, which do not alter the properties and
activities of the delta-plasmin(ogen) protein or portions thereof. Also especially
preferred in this regard are conservative substitutions (see below).

Further embodiments of the invention include nucleic acid molecules
comprising a polynucleotide having a nucleotide sequence at least 90% identical,
and more préferably at least 95%, 96%, 97%, 98% or 99% identical to (a) a
nucleotide sequence encoding the delta-plasminogen polypeptide having the

complete amino acid sequence in SEQ ID NO: 2; (b) a nucleotide sequence encoding

the delta-plasminogen polypeptide having the amino acid sequence in SEQ ID NO:2;
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activities of the delta-plasm n(ogen) protein or
portions thereof. Al so especially preferred inthis
regard are conservative substitutions (see bel ow).

Furt her enbodi nents of the invention include nucleic
acid nol ecules conprising a polynucl eotide having a
nucl eoti de sequence at |east 90% identical, and nore
preferably at |east 95% 96% 97% 98% or 99% a
identical to (a) a nucleotide sequence encoding the

del t a- pl asm nogen pol ypepti de having the conplete

' ofhi | of ) ibrtls i
i@ naGleba U cphoRidnldy Wt of (R nBicntide GRhefes in
(ahewgbpgbdsiee am no aci d sequence in SEQ ID NO 2; 15 and
(c) a nucl eotide sequence conplenentary to of th
nucl By & pabmeglgefideaymgp nyclsotige Sffﬂﬁen%@\)s@ﬁ%lély grample, Os%
w ypucleqf i i ALIC j de e _
RGNS Y (RS AR fiRbcHS Rl 2 dBlta-bRBinogen
pdiyisdptiod iidanfaded nioe thocmdicotida wdehdnee phiagnd polgenclectide be
_po[yﬁeptide is intended that the nucl eoti de sequence
idgptidah do g yelarened Seqienefe cxogb Abat the Robynukleotids spqighes can
. C ept. : I C ' u
inffE C o ECBhint Mliatdll PR LMCH O ool ERUEG6: Cétbrence
mitltiae béghesceadncbdiag tef e ptaminsgeh @olypdptidee Jueriee words, to
encodi ng the del t a- pl asm nogen pol ypepti de. Ln_other
ohfgin ops polysuclensidg hvingpe myelgelideosqayanaeadti Isest Do ddeabiealde a
uen | %, i I r-ef

reR G Bide inct o PRLE BR b Rpfded B Y ERence sequence

caliR deRit&T SMiBstRard evitdanotitn naeleditd«s bed nombstdBiiclastides up
wi th anot her nucl eotide, or a nunber of nucl eotides up

tot 39659 e telab nudeetiden je |thorefeencs requRkce eicbe insarted into the
equence can .pe inserted j ;
reR R S TRY oot AR Fl Y of B St LBLRIG UG SATUERES, or
3°t Rfnfial Bbsitidns b MY RFéreRRShidl@tEe WeqtidiRe @ f fiyameR between
nucl eotide sequence or anywhere between those =
thessr fetminkl pesitiense iferspersask eifher dedividpeliie pmpngiinyelgefides \in the
nong nucleotides in the reference s e . Ofy |
ref§otes  SIBGHE] YuBh "G Buru P RIGHOER SP e VAL e BetBiefice
seg@dgnce. As noted above, two or nore pol ynucl eotide
sequences can be conpared by determning their

per cAnnoted aheve, ywo Paenose pelyrecleatideseaesngesseaheneaapared by

i kewl se can — . . _
determiming Shefr percent identity. Two or more amino acid sequences likewise can

be compared by determining their percent identity. The percent identity of two
sequences, whether nucleic acid or peptide sequences, is generally described as the
number of exact matches between two aligned sequences divided by the length of
the shorter sequence and multiplied by 100. An approximate alignment for nucleic
acid sequences is provided by the local homology algorithm of Smith and
Waterman, Advances in Applied Mathematics 2:482-489 (1981). This algorithm
can be extended to use with peptide sequences using the scoring matrix developed
by Dayhoff, Atlas of Protein Sequences and Structure, M. O. Dayhoff ed., 5 suppl.
3.:353-358, National Biomedical Research Foundation, Washington, D.C., USA, and
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be conpared by determining their percent identity. The
percent identity of two sequences, whether nucleic
acid or peptide sequences, is generally described as
the nunber of exact matches between two aligned
sequences divided by the Iength of the shorter
sequence and nmultiplied by 100. An approxi mate
alignnment for nucleic acid sequences is provided by -
the |l ocal honol ogy algorithmof Smth and Waterman,
Advances in Applied Mathematics 2:482-489 (1981). This
nofth@P/clt! B GARLHE MILNIREI! RUISCI M) 87 BEPITR1986).  An
sequences using the scoring matri x devel oped by
impheyieatdtion Af ks alporiPmo fei nucBicamd end pepide Sequentesrie praviided

0. Dayhoff ed., 5 suppl. . 3:353-358, Natjan -
byp; ngtigs ROEPNTE h CEgtn dedisan. 3@% wgtt%w aﬂB?FEF,ITu%%l’fY

ad.: 16 ' i AACY - . .
woffiaioro 7 BERTHAERH ol T DEREG o Eesorid 3¢ Fsconsin
Seghigre i Ailydio Packagk dtrogragi Nzavnal, Pépsival el $EMRIP r(aeslable from

provi ded by the Genetics. Conputer G oup (Mdison,
Gepetics) CompytpeProupedpiisan Wisth ty — appl i cati on. The
def r ' t . i WP
o1 Y oL 80P 52 st 5 MRS AR SR et
thdvid sall imvetdRitednredogiifOthht { darge hahber dftleemudiEio etidesolecules
Comput er Group, Madison, Ws.). O course, due to the
hayiagen seaecont leag Yihe?3% 20%e I7n8Ys ur Y% ddgnticpl fo the
nutfdi é(gt? s?({v.{e A M‘ £ e%%i@%@ ldysefp%il%? %h&\gﬁtlﬁ %IE@Ib%@?I will
RUnber . SFITRE Rucl®el ¢ acid molecur s aving - a

enSRIIUL deRa-BlasinBgtn YoYpeihls 86 Yact, ause8egentrat@Sariants of
identical to the nuclelc acid sequence of the nucleic
thege inycleetifleeseguensav ol engedsitiy samangolypepiifle,| thiserill digeclear to the

ski eldt aarfiPe{nagxrfgnn %glcﬁltltg 8%#&3?%% %Sy ijuﬂ?tfeooﬁ gseskﬁgé: Y %ﬁeasureg}erlts

egenerate vari Se” nuc equences

desitibed detche 15 AR beaudtRERttdiRizet Hh Shevtut lthdefoe Iseelr niiadeit laeid
skilled artisan even without performng any functiona

mejeadsssthat arpagt degeneiatesvargatse f irersengile aypber wil) alpo pecode a

urther. recoqgni .z in the t vorks S ; '
polyBeif e ARG AR o habl” BOalEh iP5 Y BBl e
skillRaaRaR iefullyahare ¥f irhindla3ll @BSRALoR thXCdry RRINriIER likely or
havi ng del t a- pl asm nogen pol ypeptide activity. This is

nop bkely se sighidicansly ¢ffasti peatein Senstion (¢.g replaging encofliphatiggmino
%ci%substétll.lti ons t hat .(%re either less likely or _
acld with a second a 1pha 1C arno acid).

Recently, advances in the synthetic production of longer polynucleotide

sequences have enabled the synthetic production of nucleic acids encoding
significantly longer polypeptides without the use of traditional cloning techniques.
Commercial providers of such services include Blue Heron, Inc., Bothell, WA
(http://www.blucheronbio.com).  Technology utilized by Blue Heron, Inc. is
described in U.S. Patent Nos. 6,6064,112; 6,623,928; 6,613,508; 6,444,422;
6,312,893; 4,652,639; U.S. Published Patent Application Nos. 20020119456A1;
20020077471A1; and Published International Patent Applications (Publications
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not likely to significantly effect protein function
(e.g., replacing one aliphatic amno acid with a
second al i phatic am no acid). Recently, advances in

the synthetic production of |onger polynucleotide
sequences have enabl ed the synthetic production of
nucl ei ¢ acids encoding significantly |onger

pol ypepti des wi thout the use of traditional cloning o
techni ques. Conmmercial providers of such services

i nclude Blue Heron, Inc., Bothell, WA

N@LW@W2P€UW96%'6@A‘T°'WO97E%@[‘RQOM Wd)égossﬂzm all

ron, escribed 1n U S.~ Patent Nos.
inGorpOratclihidreib b 2de19R/8s. 6, 613, 508 6, 444, 422;
6, 312, 893; 4, 652,

639; U S. P d P
Appl © E&PW@?} kisSionsbaisbinyas Al 013%‘3%2@8{?%7‘11}1&0"181?& and

B PSR SR, L MBLECS Gt of e

m‘vﬁ@i&ﬂSiBﬂé&B teaﬂﬁhdéwﬁ@&&mw:hwralahd arme:qﬂqunechuredfoh e:xanple,
ref erence. course,  traditional Zﬁgm ulg olf

C%%cﬁp&cobl 15| Wcu]fﬁ digloed Eg. AHsFD e]r’ pliah 1l and I
t nd "

S} ARG 2 PR OBl PARES M, 2 pain

Caldespyedd HerMLaboghtaryePexy| Goldespring }mﬂmr eNaYr;o[léJSQ), DNA
Current Protocols in Ml ecul ar_ Bi oI m’@l ?Ie %

Cloging: \#| Eracncail Apamclll P. Nigalpyer, r‘6<8$< Lt 85);

ORBHGEL Pl SRS, M SoBESEE" Yol Sl Ao

HERedDaId HiYgibs, &9@9}35), Mse@tﬁm z{m@ TrénsRitival Hamks and Higgins,
proach, D. N. d over | and_l

Vol
ec’gp (198 é#mmalq @ell SpKerseBi 1 Frmhn@y, eéaﬂ? )e&nmegé@@; Cells and
Nucl el re S Eﬁv%% q:leﬁ%tl 0 racﬁ@{l‘”(?m&é‘?o E‘arrespdg r%glgﬁg", the

|on ransi ati on,

seHbQ&Métﬁods 1ﬁd§12y1ﬁé )Acaﬁ@ini’ﬁal’re@;‘ Iic. QWIsH) Gene Rrarsfer Vectors
Freshne ed. (198 I Mmobilized Cells and_ _Enzynes

for Aammalign (@86§ Bpaviller and MpiPa Gales| eds, Gl tS?ﬂng Harbor

L{%%}{scul g %Egertﬁlodts S{%%lpleo?y ?@9%1%?@10 ans eds,

re hoéljs v&@rlsw&mlss N iaBbrpSratedl. hei’élnM/kéférE:nwd M P.
eds., Cold Sprl ng Harbor Laboratory (1987);

and thdﬁul&ﬂlﬁﬁrﬂoﬁ@eﬂsm and Grossman and Wi,

eds "The present invention also relates to vectors which include the isolated

macleic acid molecules of the present invention, cultured host cells which are
genetically engineered with the recombinant vectors, and the production of the delta-
plasmin{ogen) polypeptides by recombinant techniques.

Recombinant constructs can be introduced into cultured host cells using well-
known techniques such as infection, transduction, transfection, transvection,
electroporation and transformation. The vector can be, for example, a phage,
plasmid, viral or retroviral vector. Retroviral vectors can be replication competent or
replication defective. In the latter case, viral propagation generally will occur only in

complementing cultured host cells.
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respectively, Vols. 154 and 155, all incorporated
herein by reference. Vectors and Cultured Host Cells
The present invention also relates to vectors which
include the isolated nucleic acid nolecules of the
present invention, cultured host cells which are
genetically engineered with the reconbi nant vectors,
and the production of the delta- plasm n(ogen) o
pol ypepti des by reconbi nant techni ques. Reconbi nant
constructs can be introduced into cultured host cells
usi pﬁl Hnucllégt‘?&@g tm? BRbiHMER SVEdord®nidtlifg b s8Bstable marker
transducti on, trans |on transvecti on,

foﬁbﬁxphgmﬁnata oul et hbsta@sﬁmkhﬁta p}asmiﬂ‘leeomcm antr@cb,wecbm a
for, exanp a phage, plasmd, viral or re

Precapifais, suqfeb@sf wlsnam R}@@Plaﬁt% p@aﬁ’ﬂs@ RANER
hp?&) "Rehe %cﬁgi: is RCRRC At Lap bggﬁ %ﬁﬁlem Viflotingd %taﬁﬁropnate
case, vira ropagaflon gener a occur in
pacleipilgeoetininiengd chentttanedhcbd fito celbired hdsg célls The
pol ynucl eoti des can be joined to a vector containi 2(? %e

]
sel dEelSBPE AR KEFtoFDr CORIBMEat iHACHTS 2CoPHPt L8 o
S

pofFREteRidelof, Ruddbd Rofobile el aclfil RS 2o bE spplied by the
cuftlirel Thodt, 0@ oyvd thmplenleatige sectb @i shppliéd b eha/emt@'rltself

is avirus, it can be ﬁackaged in vitro using an
14@pyﬂ6ﬂﬂﬂ%ﬁﬁnkﬁéeﬁﬁ@ﬁ %11 line and then transduced

' nngLn Wl L ar edpng: %ien?se b $hi P{eg& ”ﬂ?éj v@EtSrsV?%tvﬁieS for specific

|ng cis-acting cont regirons to
exBRIsY B ChIEeh icghe befinduritde asd/or Aelb typerspadific.t Patiedaty pregerred
actors can be su pplied by the  cultured host,
amnpgpiuck dre@tyrSaar@ dh@ﬁeetnémlblﬁdm@e«tl@mfﬁak dastars deatpye epry to
vect.or [ to the cultured
mzﬁggttlate,l Sﬁlcﬁ as [empepag{llrg aﬁ& {ngtgx[léﬁtt A(ﬁﬂp}ﬁ:lgs regard, the

VeCtmipseshion Wedtord @EefSIPDRC tHel Srese [Hiemtion rinclwd‘e clron@sorhal-,
i nduci bl e and/or cell type- speC|f|c Particul arly

epjsoafebrandavirusrisniyed yesionse e goreciaie detfied 1o d&ae‘iexafﬂepl%%midsa

env.i r.onnental factors .that ni
Rt R e e i BT
ba¥@leliPhses Uﬁﬂfo’#h Virustd) &aBEigREviudesV althbMifuses) Cfowd epox  viruses,

chr onosonal -
pseudorabies viruses and retroviruses, and vectors derived from combinations

tg)ir,] gv\lltlhra charged

thereof, such as cosmids and phagemids.

DNA inserts should be operatively linked to an appropriate promoter, such as
the phage lambda PL promoter, the E. coli lac, trp and tac promoters, the SV40 early
and late promoters and promoters of retroviral LTRs, to name a few. Other suitable
promoters will be known to the skilled artisan. The expression constructs will further
contain sites for transcription initiation, termination and, in the transcribed region, a
ribosome binding site for translation. The coding portion of the mature transcripts
expressed by the constructs will preferably include a translation initiating at the
beginning and a termination codon (UAA, UGA or UAG) appropriately positioned
at the end of the polypeptide to be translated.
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epi somal - and virus-derived vectors, e.g., vectors
derived frombacterial plasmds, bacteriophage, yeast
epi sones, yeast chronosomal el enents, viruses such as
bacul ovi ruses, papova viruses, vaccinia viruses,
adenoviruses, fowl pox viruses, pseudorabies viruses
and retroviruses, and vectors derived from
conmbi nations thereof, such as cosnm ds and phagem ds. o
DNA i nserts should be operatively linked to an
appropriate pronoter, such as the phage |anbda PL
DY ok Gd catt&? ge e&?tessib@%cﬂdo“aﬁgx&ﬁfabw RS &t 1ehft€one
SVv40 ear e pronoters an ronot ers of

seleetablay ImwlkerL'Bash marlﬂaanmwldfeedihyd’toﬁ(dates taditeth$ee or neomycm

pronmoters will be _known to the skilled art.j.san.
reRs{aReE OF SHKAHRIIA Fcquiurg 414 TppRER OF BRPie! 15 Spsistanes genes

fot E@lﬂﬁ-ﬁfg 1@%‘ O JHdt dtﬁ‘ér' &@t cpia’ 5%79&% gﬁ‘v 0 r‘dl& $tppropriate

ransc ed region, for
cultarads hasts (i)lm:ludE;I eut cmie mjpt ﬂﬂnllte(bm offactdnial rcalls;rsmch as E. coli,

transcripts expressed by the ﬂc g
Strspigracabpyd iSAerangda Dri el e %ﬁ? chasiygast cells;
1n?e%9 AN ﬂlg¥l aaIQ %r%s&sﬁf o S'?éﬂ@.g?&d?) R S ilsu%n?fﬁ Such as

t1one of the

ppropriate e en
CIﬁOL m@tarﬁeBbWebenélmmd atldyy. an]iQpl%ﬂt icalls. c aAgstoptidte culture
expression vectors wi ]l preferabl ﬁ i ncl ude at | east

mesHams ged eendifims Torthg abovedipseribed dihqgt gl are known in the

I hydrof ol ate reductase or neomycin resistance for
éukaryotic cell culture and tetracycline or anpicillin

I esi &indng &egoreprefdred fouldserih ngicieiaBncladé inBm @Q}Bﬁo and
bacteria. Representative exanples of appropri

pQErﬁt avfahbkoﬁp@ Qiterrudec., Malengipe CAotpBY weeied, PHAGESCRIPT

w4 TSR R R o0 DA CPHERGA Bt
ﬁd&ﬁ&ﬁta(geﬁé $.aJolian £2G tané phik$9% lpm;zas DpEKIBBIT, @D%mnpRITS
Spodoptera Sf9 cells; anlnal cells_such _as

avarebl@dines Phameasisfnoye Phzer, almj Bieafnfl’Oé@mI‘é) Aﬂgp?%m%d

o oL AP g o
Stﬁ{té H%ESWQS ,IBP\ f}ﬂ\ﬁ@ﬁ&ﬁ&%ﬁgﬂ L u&glable ﬁ@ﬁtﬂﬁhﬁhma Other

i nc ude pQE6O0 and p avai |l abl e from Q agen
sujtatle ve%nse’ﬁtluba readily appmentde therskilledlanE@BCR PT  vect or s,

BL UIEI%S CEI PTp}/oen(l:(gtgrrsssthDI}"_@é’ us% ]‘tﬁg ‘pré%gﬁ %éentﬁwﬁa{i\de the E.

ava
coli lacl and lacZ promoters, the T3 and T7 promoters, the gpt promoter, the lambda

PR and PL promoters, and the trp promoter. Suitable eukaryotic promoters include
the CMV immediate early promoter, the HSV thymidine kinase promoter, the early
and late SV40 promoters, the promoters of retroviral LTRs, such as those of the
Rous sarcoma virus (RSV), and metallothionein promoters, such as the mouse
metallothionein-I promoter.

Introduction of a vector construct into the cultured host cell can be effected
by calcium phosphate transfection, DEAE-dextran mediated transfection, cationic

lipid-mediated transfection, electroporation, transduction, infection or other
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from Stratagene, LaJdolla, CA, and ptrc99a, pKK223-3,
pKK233- 3, pDR540, pRI TS5 available from Pharmacia (now
Pfizer, Inc., New York, NY). Anong preferred
eukaryotic vectors are pW.NEO pSV2CAT, pOHA4, pXTI

and pSG avail able from Stratagene; and pSVK3, pBPV,
pMSG and pSVL avail abl e from Phannacia. O her

suitable vectors will be readily apparent to the o
skilled artisan. Bacterial pronoters suitable for use
in the present invention include the E. coli |acl and

mb@ods. @u@ﬁ‘?ﬁe@ﬁoﬁlls g}nr};%easlﬁbéﬂniﬁ iyt R ElaBoratotP nRbals, such as

pronoter, the PR and PL pronoters, and the trp
Dpvis ent/e BasiSiM ¢thbdsanaddlacylat Biology 21 Editioni(h290de  t he

GO
b)g[a%g@é es’ @a&lr@/i(x{ﬁgé%éd-r‘?% (ijns%nngtﬁgl z?lseﬂhlaﬂ@e? sBduchBinto the

arcoma VI rus ot hi onei n
vaetarnBhleansers St s-astingheements ef DINA, alshialtshatee froml 10 to 300 bp

pronoter. Introduction aof a ézect or cqonstruct jntQ,the
that At iy BareawsTansemmtionapchuity pf apfompterjy a ghyegicyfjred host cell-

| r f - '
ofS3ERBL8 & CARSLES e FETIH3 R, AU Sl on e e
siéd of theappli@tion Prigin’ @rigd LA 100270, ithf egdiegalovinstdagdy prétfoter
0 met hods. Such net hods are descr.ibed in nany standard
erhangst.ather polema Anbancsy On the lafs, §ide of; thg) rephgatiop origin, and

ad}{ﬁ{,\l,]ggsenh%}wygl_ ecul ar Biology, tad Edition (1995).
ranscripti

on of the DNA encodi ng the pol ypeptides of

t he Pdreserttioh rofeht itnslateyl groghe inte Ukalynére st daneli@plasmic
i ncreased by inserting an enhancer sequencg into the
refiedpmy | inpon Hhe crariplasmic ipges @i HYe etheneriacellplapgayironment,

f . '
PR AT o3RRI Rk sl AR e
signilld ¢Hnerd dnAsEentad do-thé plgpeptidaopties cad behdtanigoss signals.
I ncl ude the SV40 enhancer, which is | ocated on the

| at eThes pelypertideneans bp lerprgsed inot ingdities fapn, 196h 126 2 fggion
e
fufbictal regidvh, FREaRMMiceUs regibanedddlitidnal ity etidgnpaficularly
cl{g?gefdtg{ngg;r!agihgdcag rbgta?lilgd 'iontglg I\}-thefmlml:zrsr%rfl ﬂ?f:f p(}lyrr]peeptide to improve
stability and persistence in the cultured host cell, during purification, or during
subsequent handling and storage. Also, peptide moieties can be added to the
polypeptide to facilitate purification. Such regions can be removed prior to final
preparation of the polypeptide. The addition of peptide moieties to polypeptides to
engender secretion or excretion, to improve stability and to facilitate purification,
among others, are familiar and routine techniques in the art. A preferred fusion
protein comprises a heterologous region from immunoglobulin that is useful to
solubilize proteins. For example, EP 0 464 533 Al (Canadian counterpart,

2,045,869) discloses fusion proteins comprising various portions of constant region

of immunoglobulin molecules together with another human protein or part thereof.
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reticulum into the periplasmc space or into the
extracel lul ar environnent, appropriate secretion
signals can be incorporated into the expressed
pol ypeptide. The signals can be endogenous to the
pol ypepti de or they can be heterol ogous signals. The
pol ypepti de can be expressed in a nodified form such
as a fusion protein, and can include not only o
secretion signals, but also additional heterol ogous
functional regions. For instance, a region of

A béa&a'th@f@ St B h ionPBoldif W ﬁa}oﬁgmg%waggeam R use in
acl ds, can be added to the N-term nuS of

thprapy pﬁﬂtdm@okis andphwsveesulss;, i ¢damplano qmprcslleé tpémlmcpknnetlc

t he cul ured durin ur|f| at
P@Hﬁé‘éﬁ {h %a%&r ﬁiﬁ@f atJHH SQITLG U ‘9&‘]’%16% St to be 4 it to
aqiBlThe £ paR ARACE Hiith bludifS S?Eég.%ﬁ’?s%%ﬁ dpficted and puified
infthé advantagéousahanner dezaribed. Ghisdf thehmspwhgpEpporien pidwes to be

addi tion of peptide |et|esto on s taq -
a BRGEREe fo gwetﬁ?raw and dipgnesis, é?f fen’%f% e dpsipn protsjn is

1026 u %é?i Laghd c#ehaito? 1H]H{dn§éaﬁ19ﬁé qh dru%'ﬁ'?sﬁgvé?#r hef %xarﬁ’ﬁl@ human

famTiar and”routine techni ques

prptefiise haved bédss ified withtid pottionpribs ¢ise puipete rod| lﬂglm-ﬂ:lfroughput
region from i nmunog|l obuI in that is useful to
SCEGSTIUNG ASSEXS [(ugh aAsnBILOmeeista iy identifp aptaggnistszal AfL-5). See,

B%r&%paﬂl %Paﬁwﬂ&o%mmecog, Ao §$ﬁss@b§@' aela%h&ﬁaﬁq@ etal,

BI'AS conprising various por const ant

J. 1B2gll Overn. O3 70 1a1946919aPLI1995)10] ecul es toget her with
anot her human protein or 5art thereof. 21 QO In

cas eQeitamlésrm@os%n protein gan b resoveredase purified ﬁa‘%ﬁgﬁ{fiﬁmm

;
SRS RO 80 IO Sl 0
expbrPD& Redréif. Ifalyﬁdibﬁdéﬁ Blﬁmehﬁ‘esiént irﬁflén&ﬁﬂ'ﬁlcltﬁle&latﬁral\lyb phdfied

be desirable to be able to delete the Fc part after
prodects, uprodect ot diemicth Sypllstic exgnedassdandy @f@é‘?fédpfaﬂ‘é‘?ed by

regéjl{lt)lﬁ%ﬁatgtgcﬂnﬁ] eg %HVS}%%?%S&&'(? 0 ot eaﬁ %HOS 1m:1§1d1ng,

N proves rance

fok @xatfifle] bhctdiil, %@afst i ghedtiph@n Gabet aﬁcDmaﬂKrﬁmah eenm ela dddiion,
fusion proteln is to be used as antigen fo

pdlypeptifissarf dhe . meﬁltlQFlu‘gﬂﬂdﬂlé@ oineluge fagy lléstairrwélﬁeﬁuw&ﬂuomne
oot Sy it R Tl St el B LSy s (such as
hl L5-receptor, to |dent|fy antagoni sts of hlL-5). See,
Polypeptides |
The polynucleotides of the invention include those encoding variations and
particular examples of the polypeptides of the invention. For example, guidance
concerning how to make phenotypically silent amino acid substitutions is provided
in Bowie, J. U. ef al., “Deciphering the Message in Protein Sequences: Tolerance to
Amino Acid Substitutions,” Science 247:1306-1310 (1990), wherein the authors
indicate that proteins are surprisingly tolerant of amino acid substitutions. Although

any number of substitutions within the scope of the invention can be obtained by
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Bennett, D., et al., J. Ml ecular Recognition,

8:52-58(1995) and Johanson, K et al., J. Biol.

Chem, 270(16):9459-9471 (1995). Delta-plasm nogen

protein can be recovered and purified from reconbi nant

cell cultures by well-known nethods including those

specifically described in the exanples herein.

Pol ypepti des of the present invention include o

naturally purified products, products of chem cal

synt heti c procedures, and products produced by

| SYOch LEGdRAY 184 BIP DelfiP RMALd gMtling substitutions,

aﬂé’?}&%@fotl c CEI t urelgﬁﬁg)st, In Ieudi % forgexial\ir%pslue?1
the acfernias| citey hain regagivay stplcam¢ and funetien efiidingknirdbmains can

cells. In additjon, . pol ypeptides of the invention can
bf‘aﬂ’%’é“]it‘?ﬁ’clfyﬁ’éoéﬁi“ﬁﬁplﬂieaqmmdi fied methionine residue,

in s & that! adpesdingBHiItRY EteRlh ASES MSexact

Pol yge;r%%lic%?etg& l%ﬁaep’%%‘J(':)‘T%fltnuc}fae’otéii}desfn%rfg the 1 nvention exac
“dositiontl ef tHedemghnt, adiinagionasitie pdridosesine prbtegseadomains af the delta-

exanpl es of the pol pti.des of the_ invention.. For
plasmmeee Plvrpiife san dare éfa%twgmmﬁw%r yaRghons within the scope

| Si | | | b OBl 1 domai

oPAE IR Edehioue, S ExafIE T Erdie QALY b HMIS 1 domain
reldeis s a@ ¢hel detiPittinadite ce qasrstightly Tnd/er thn cequence Wratemaindldtb dhe

Substitutions," Science 247:1306-1310 ( ][9%%) , _Wherejn
kringle 4 domginscan; vagy uieasthn fhus, th gy entiogincludgs surls vadgtipns of

0 ' k.S [ A y :
ok A Mo B, PRl Ui, L B ARy Wbepice
adtivite Ak ideslos@hhéeino Bihnadaity iddudepdslétivat, imsertibnss tiersions,

general principles, for specific guidance regardi ng

regeasstand gubgiitytions; W ingicaied rehoye.caidach crBFSINING gHgh Agno

rACct ' - Kl | NS: C o
o L et it PRIy B i SRR B ., e
albePapiiRehatiRe Nbige dePesteinn§equienédie Toldrdreeita Aseah Acid
the exact "position" of the kringle 1, activation
Swlistitutionn d Seierqerdd 7pP00d3d8 (%P ns of the del t a-
| asqd nogen ! ' ' ' .
P ¢ TG Sl SRREHU oF AfiSe & the BobMltal e SeQ 1o 9O: 2
canBEEMY d11RB in Walche@ R ntore b theasiad atidaadidwas (af., BhS, 8, 10, 15

kringle 1 donmain relative to the activation site_can
oty 3Py ase isgbtitytedyveittbra ceRSCEESE UL BEN-KPISSFYeH n3NINOe a¢if gresidue
AR B oD s, R e o it e
may or may not be one encoded by the genetic code, or (ii) ones in which one or
more of the amino acid residues includes a substituent group (e.g., 3, 5, §, 10, 15 or
20), or (iii) ones in which the mature polypeptide is fused with another compound,
such as a compound to increase the half-life of the polypeptide (for example,
polyethylene glycol), or (iv) ones in which the additional amino acids are fused to
the mature polypeptide, such as an IgG Fc fusion region peptide or leader or
secretory sequence or a sequence which is employed for purification of the mature
polypeptide or a proprotein sequence. Such fragments, derivatives and analogs are

deemed to be within the scope of those skilled in the art from the teachings herein.
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t he del t a- pl asm nogen pol ypepti de whi ch exhi bit

del t a- pl asm nogen pol ypeptide activity as disclosed

herein. Such variants include del etions, insertions,

i nversions, repeats, and substitutions. As indicated

above, guidance concerning which amno acid changes

are likely to be phenotypically silent can be found in

Bowie, J. U, et al., "Deciphering the Message in s

Protei n Sequences: Tol erance to Amno Acid

Substitutions," Science 247:1306-1310 (1990). Thus,

fra e PERIN

RO B BB R R, B A Giv

anﬁﬁo atid sabstingions ititht desiod agmﬂcam@y aff@t the, foRiing or ac115'1ty of the

20) are substjtuted with a co ved . or n-cpnserved
preffiom GOR 9SG, Al HRTBDer G5 4BHiap 26K, bt 4 b s Bpyd

mi&° hg%égih% oGl URREdL, utgﬁﬁldg{eg RsBCHAchBS b6k, BehcPilly
e one nco genetic code, or (il)
spaﬂ@&g ithe Wirnbé (ﬁfmbstttuumsrbr ahy tgh&naiﬁtmlmmgeesppt}memde

i ncludes a substituent gro 3, 5, 8, 10, 15 or
willgiot beporg thay 56,05 39*?%%9&#03{:\’95 PRd-ur e poI ypeptide is
| ncr s’ @ R E achRERGlbecn BUFRANOLAFRARM. ifention

th& aedTedsential B! fiugdtionl cande @dl@tmﬁlebl by cmuetl@ods)lmowasn lthe astyisedh as
the additi onal am no acids are fused tao_ the nmatur

sitpelnppe MueEeneit F HaniasrS R EIITgHSHS (CUTURETap R W ells.
Se egc%%?q@gﬂrl PSSS %lg%%})fl gﬂfé fﬁ%@%ﬁﬁ%ﬁu@ ﬁlﬁgﬂ'@&g &if¥ Glhnine

Ion O

mBRlMREREVES rédiR iAtkPmoleene. Thguesniing rﬁlwaﬂt rﬁohguﬂemm then
derivatives and anal ogs are deened tqQ be wthin

testertbfoe baglogindlstivity, |4 2das shopmandhe exampley PF@V@@Q@HT%SS“@S
th%ez{fﬁe Iﬁlgtl;lca}] ﬁqrd}ggnﬁmd%% &t ?s% "be ?E{fﬂl?ﬁedaqfsnrﬁrcﬁfrﬁ gﬁ«kﬂwis Qich

SUC as conservati ve a

as %Qﬁa‘llhiaﬁbh Q{t‘élefaf"ﬁhhgﬂkﬁcﬁéﬂon&mc@ﬂ:lrfphémﬁfﬂnytyaﬁehﬁg (Slhﬂzh etal,
ding or activity of the ‘})rotel . O cou

I B ot 4D oS sk g PGy e Scighaa 4’5E5d30<§r?t]|23§|992))

d f
ERIET B SuBo0r ean iy o Bah - bbb RS Reults
in SHESHbdtdnl &N Rsé OF oﬁe)brgchm%nbl@ﬁigioa} PhRsohd of € protein, other
pol ypeptide wll not be nore than 50, 40, 30, 25, 20,

bidlegicalactisities ca stifhbarstaznsdds i n t he del t a- pl asni nogen
pol yIP 15 slodc%n emplar{'t E{a ypeptﬂl Eéﬁﬁnin production of the “isolated

polypeptides™ of the invention can produced by solid phase synthetic methods. See
Houghten, R. A., Proc. Natl. Acad. Sci. USA 82:5131-5135 (1985); and U.S. Pat.
No. 4,631,211 to Houghten et al. (1986).

The polypeptides of the present invention can be provided in an isolated

form. By “isolated polypeptide” is intended a polypeptide removed from its native
environment. Thus, a polypeptide produced and/or contained within a recombinant
cultured host cell is considered isolated for purposes of the present invention. Also
intended as an “isolated polypeptide” are polypeptides that have been purified,
partially or substantially, from a recombinant cultured host.
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that are essential for function can be identified by

met hods known in the art, such as site-directed

nmut agenesi s or al ani ne-scanni ng nut agenesi s

(Cunni ngham and Wells, Science 244:1081-1085 (1989)).

The latter procedure introduces single alanine

mut ati ons at every residue in the nolecule. The

resulting nmutant nol ecules are then tested for o

bi ol ogi cal activity, e.g., as shown in the exanples

provided herein. Sites that are critical for |igand

bi ndpg éf)ﬁﬁesaillai’?rﬁﬁl Qﬁﬁl%rdadq&qu%eﬁffraﬂ%ldi&ﬁéd PEBN Sdentity

such cryst zat1on, nucl'ear nagnetic resonance
too# rpfw.tmafaﬁmnm tagid ah;eiencwg of Snidltz-pledmiabgen pdlypdphide can be

Biol.. 224:399-904 992 nd de Vos, ence
defemingglg nsing 29@2§h§3 ) Biing compuier- 6?%136?%! 8??3145%5 frffcated
o P BRI SN el Pl iy Llin

aﬁdwm@:tﬂaﬁﬁalsguﬁfastaheﬂﬁrrmbkemde sighertces I thiedgiegaing disciissian. e@ne
can still be retained. |t is_also conte Iated t hat

ofpail) jathe gk wilk apenenizs thato st POIGCRIP a5 B TAgFUlptegndpoints
de%sye%e RS ?ﬁﬁ@ftnuagotic{ég %m’ er%'glé O&ip%@%ﬂf %g ughch %nérﬂéﬂrg; the

ase syn

coﬂ&hlbondﬁig’idse &€ buchUpbthdds ahd ]pngraﬁns (ﬂ:ﬂ&E)ypept[&d: ahaBsis.  For
Pat . . 4,631,211 to Houghten et al 86) . &

%mp}q;élpﬁ el serrediiony issussed regshna B(HW#OBQE ity dgand

3’. nlil d{ti‘ Ul (iielc a(t): a0 R thd Ssglg@t (?igmﬁg’i Xp@ﬁf 'bg rechghized as

a po rtde renmoved fromii na

a@ﬁ‘eﬂiﬁl@fﬁmft&mﬂl@ﬁ C-@erﬂmh)o}f@plypekﬁld@ﬁ o d u C ed an d/ or
contained within a reconbinant cultured host cell .is

consTlmre rleamtlgm am@maé%es wlwo@lé%mapgftrh POopERledas which are

BRI Do el durbBaf MG R, ¢ 2 br LSRN R} fiion

p}ﬁfs JsoHistion)t érﬁidhﬁon f de@ivaizdtion OB kawh uolettiigrblobidag . grawps,
Ypeptldes haV|ng an am no aci d sequence of an
prpm todehvpes; dialesd wemn patibody anelepue oF ofice caylapligandg erc.

ASEBERRBRRAL s AR AR A R

nERAR! Bit- AstSlimied P bRRis chéiﬂicﬁlabl%dvag%bw _ydrgen drogide,
pol ynucl eoti des. Pol ypepti de am no acid sequences are

trepsigi lesdnotepding opgraitedsS] Ltrenss B¥ eprokrashudlaBbls geeetylation,
RERBRS e R, HIGEAR DR B I, 48 e of
mmh@@ah,a&c_endpoi nts

Additional post-translational modifications encompassed by the invention
include, for example, e.g., N-linked or O-linked carbohydrate chains, processing of
N-terminal or C-terminal ends), attachment of chemical moieties to the amino acid
backbone, chemical modifications of N-linked or O-linked carbohydrate chains, and
addition of an N-terminal methionine residue as a result of vectors and constructs
adapted for expression of delta-plasminogen polypeptides in prokaryotic cultured
host cells. The polypeptides can also be modified with a detectable label, such as an
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di scussed for polynucleotides will have direct anal ogs

when considering the correspondi ng use of such

nmet hods and prograns for pol ypeptide anal ysis. For

exanpl e, the manual corrections di scussed regarding

pol ynucl eotides refer to 5 and 3' endpoints of

nucl ei ¢ acids, but the sane discussion will be

recogni zed as applicable to NNtermni and Ctermni o

of pol ypeptides. The invention enconpasses

del t a- pl asm nogen pol ypepti des which are

. . pigh s . . .

s R e PR R S s b
ofahe p@tdin, derivatizati on by known protecting/bl ocking

groups, proteolytic cleavage, |linkage to an anti body

nol ecul e or other cellular Iigand, etc. Any of

nu ' bt ' ied out by

oA RS Conlldr§ i YBn6RT P PrafhEh e,

s pechéltacpladiginicpah) chredeapanbiyitedyfonahanpdutionisdein accordance

trypsin, chynotrypsin, papain, S  aureus V8 protease,
withBhe : mebeds) jagd i gpmposttigngdesetibgd, i iR1at(08(P012778 Al and
o . i S ;
NESRMBRYSL, oL 2E i YOIER 3 Tol£3) B Bborpors

hef@fl ity feldréRs BRCOmAGHS e 1dw-pHh g fiony aldut S td RBbwE), low-
for exanple, e.g., Nlinked or O|linked carbohydrate

buffering sapasity butfer qa befused\for &rmuationof delta-plasmiva| Addienally,
tta nt 1 cal ietd .00 i.d- .

o AR oS PRLE HR G, AEACa e v

pl&rhih ke -planiahyei/ad Micbplditmin e beadstid! tooforalilatnthe delta-
N-term nal nethionine residue as a result of vectors
plesminob thetinyntion ferdhgrapentic@dmanipradiosi on of

del ta . | ' des i : _
nost THeieTE PR GaP AR BEHAETR e PRI SE b BLYE e

or&oH&itiBad, FY & alnPRE hecosdiBH tPthedkthalfs 8 @eyoMbEd én U.S. Patent No.
fluorescent, isotopic or affinity |abel to allow for

6,381,243 iavd pabldshied 4/ 8t Patent Applidatiop Nasels§. 2003/0026798 Al; US

P ut i cal . Conposi ti ons,and. Met hods _of T .
A e e L G
phaiBadeltie FOHMEARIRs Apblibhbld® deabiRskeniaNdelGasTRNSint da@gso be
described in US 200370012778 Al ; and Novokhatny, V.,
adgtiniatered therapeutivally biiaeetheds, kiows) i theary for epomle, thesenthat

méy e? é rPeBﬁ% %xdacticed with plasmin, mini-plasmin, and/or micro-plasmin.

EXAMPLES

Expression Vector Design

The amino acid sequence for delta-plasminogen is shown in SEQ ID NO:2.
A putative sequence encoding delta-plasminogen was codon-optimized for E. coli
expression and mRNA stability to produce the DNA sequence as shown in SEQ ID
NO:1.
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herein by reference. For exanple, a | ow pH (from about
2.5 to about 4), low buffering capacity buffer can be
used for formulation of delta-plasm n. Additionally,

ot her methods and fornul ati ons known to those of skil
in the art, as practiced with plasmn, mni-plasmn,
and/or mcro-plasmn, can be used to fornulate the
delta- plasmn of the invention for therapeutic °
adm ni stration. The delta-plasm n(ogen) can be used to
treat a variety of thronbotic diseases or conditions,

TP SR SRR o et R
m&mﬂmmatsnmﬂ\axomapm@laﬂ@éaw 9BT2&b(+}JB\Io@@6:&/Midi5@ﬁMI)

all incor orated herein by reference. as.
ingrdos loHRIOSSSHRISELC FRiFfiec bliS ICoRTch PFHS’I“&?% fa-plashinogen

wittPPdd aga(‘aer b, g&{ haiw ag 4% ggrqmnagehkauﬁhgé ’Féﬁb ghso Ber

adm ni er apeut y net the
Expidssioh @yseup®Iy Catt No S'H)%EﬁtEMDameﬁemes rIam; vaagen Brand,

practiced with plasmn,_ mnj-plasm nd/.o
Midieqry. Pilashs rhitppowPieEElbiaskishesssoBh DK rm%é@ﬁfgw Phgtion
re%%ﬂgBﬁmsf&qg\&stere £8in %%Et&é)p' asm nogen is shown in

I ve“sequence encodi ng

del ta- pl asm nogen was codon-optim zed for E. col
expression and nRNA stability to produce the DNA
seqURdltacPlasminagen Expresion ad Rgification Thi s DNA was

"t o En NGO Eal sk (el s BARMARA b s
va¥iest of célls] 388 (photeinNoveage presdibud ifslluvwin¥Vihdudtion dj;d emM dPTG

produce cytosolic protein. This construct produ
(lsaplropal lpﬂt@rilﬁhmgbiﬁmpwaﬂﬂsré@ weri pralyzed| by 8BR- P@GEV eCel1 type

w550 B3 TR AR bRET 20t s B BORESTEE co

tRMVsQﬁﬁihg%laHf% 11e VBl IS weMhised &8 production of delta-plasminogen.
t p: /1 vimw. endbi osci ences. com product information

s ectHr@ductm ¢h ddqtmglagﬁmoggbwwwortf@md li; largqy sp4lp ggpression in
|
B Mo A SR SRR AR ] b e
exhmaiedl By NSUSIPAGE 2 BL21(DE3) RIL cells produced significant delta-
plasminogen protein in the form of inclusion bodies. Expression estimates were 50-
80 mg/L cell culture. |

The following typical protocol has been used for expression of delta-

plasminogen:

A single colony of BL21(DE3) RIL cells containing the delta-plasminogen
vector was used to inoculate 5 ml of LB/ampicillin (100 pg/ml) /chloramphenicol
(50 pg/ml) and was incubated for 8 hours at 37°C on a shaker. After that, a 50 pl-
aliquot was taken form the cultured bacterial suspension for further growth in fresh
media. The procedure was repeated after 16 hours with 6 ml of bacterial culture and
250 ml of the media. Cultures were grown at 37°C with shaking to an OD600 nm of
~ 1.0, and IPTG was added to 1 mM final concentration. Cultures were grown for
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variety of cells, and protein over-expression

follow ng induction by 1nMIPTG

(i sopropyl - bet a- D-t hi ogal act opyranosi de) was anal yzed
by SDS-PAGE. Cell type BL21(DE3) RIL (Stratagene, La
Jolla, CA) cells, engineered to express rare E. col

t RNAs coding for Arg, Ile, and Leu, were used for
production of delta-plasm nogen. Production of o
del t a- pl asm nogen was confirnmed in |larger scale
expression in which cells were Iysed and both sol ubl e

pz{d%g%léﬂ.bi@uﬁ ("ZJP(S%;: 'ﬂ%ﬂﬁ& &)B‘ty aﬁ@% Qts >0 g;gﬂi cell

edeistv@ere pisestédiadOMmPT DiepH 8. mcdrimimfng oho¥ EDTAwsd drozen at
bodi es. Expression estimtes were 50- 80 ng/L cel
—8G ure. The fol l owi ng typical protocol has been used

for Eﬁﬁ{“@ %eﬁgngafs ﬂﬁggé celll ARG Wfﬁlg“éd%m Bl B CRId8N Yntil

’conttal ni n

théi %bhﬂmﬁ' P61 {1inB Og&N appiﬁﬁ‘h(ﬂtel 2(ﬂthe|!]iatt of it @ugmtab c511 rdulture
of LB/anpicillin (100 Qﬁz / chl or anpheni col
volume. )Aﬁworhwaéyspm% 206 4ddedh oga fiptlreongentration of Oé “mg/ml and

th% S%F%WSIE?A]C bR rtah%’y at 4°E0for 10a gﬂﬂbut\éﬂﬁﬁeﬁk?ﬂto%hokmﬂbr@as

suspension urt her growt

adde® &1 %Rl Goncaﬁ?atﬁih%ﬂ dtfringnevmtineqieft atothért K mi DNAse 1
hours with 6 of bacterial culture and 250 m_ of

(Ot0Aengfed) and Mgcma S weer@ adsled and SBV@%\M‘!SWHWW@ 4t for

|
S THESCSrABHE P, FIRctuE o b BRef e sfton s
ceBBhEddoR aPC For BUNF: at ©8]006 xViLdnd thesuRetabmt sz discarded.

centtifugation at 5,000 x g and_cell pellets were
di s sl’.h rieHet2gasashed ﬂlrgﬂ—tnaei)wetb ieash ﬁ@lﬁgomfﬁorﬁWEmH(ﬂ

o it casiiae 30 P R do Bt Ky B, b Bt ThPARER, i ina

pebef Whi BRsIPeLTE40 RS oﬂ@ﬂmﬁbm&eﬂm@mmmtmng he mM
original cell culture volune. After that, |ysozy

EREA, 20aed RBT.cand thd semidianHiCl) awshsteted gt 4 ﬁ?-gwﬁnnahfd After

he C lls wne‘ﬁ‘%t‘lie%‘hﬁﬁgef% ggimntta%% f50(5001)5 g do %eg?ove solids

an%_qge %Mm?%ﬁrﬁoﬁy Added 9o SRNEIURE dolitioANSD heM Tfs-HCI,
pH 8.3, 3.5 M guanidine HCl, 0.5 M arginine HCI, 10 mM EDTA, 3 mM GSH, 0.3
mM GSSG) while stirring at 4°C. The refolding procedure was carried out at protein
concentration of 0.03 mg/ml or less.

The refolding solution was kept for 2 days at 4°C undisturbed and then
dialyzed against an 8-fold volume of 0.1 M Tris-HCI] pH 8.0 containing 10 mM
EDTA, 0.15 M NaCl, 0.15 M arginine-HCI, over a period of 8-10 hours with
frequent changes of the buffer solution.

The protein solution was then removed from dialysis and concentrated using
AMICON filters with the membrane cut-off of 10 kDa to approximately 10 —20 ml
and dialyzed overnight versus a 100-fold volume of 0.1 M Tris pH 8.0 containing 10
mM EDTA, 0.15 M NaCl. This material was centrifuged to remove particulates,
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(0.05 mg/mM) and MyA 2 (2.5 M) were added and

stirring was continued at 4C for 30 mnutes or until
the solution was no | onger viscous. The final solution
was centrifuged at 4C for 30 mn at 15,000 x g and

t he supernatant was di scarded. The cell pellet was
washed three tines with wash solution (50 mM Tris-HO ,
pH 7.4 containing 10 mM EDTA, 1 % Triton-X-100, and °
0.5 Murea), and the final pellet was dissolved in 40
m of extraction buffer (PBS, pH 7.4 containing 10 nM

Cp%os@clo 0@%@"{% afpfini®y MeiHa (i WiRSEIFIARGRE FBOT Athefdham

ver ni After 716 hours, the solution was
Biosdiéricies, L[gmzhtemmy B0). nDehh@iasannog@n G068 elutgd tfomr Breogsin using

T b a6 Rl B n s i0R Vi AmipCgrrae asdyeifa)

g s B e

cutoacad utDemgasuld de ehatsl inhe ysinpSEPEIAR OSD cbhmntatagrapbiy step.
0.03 ng/mM or less. The refolding solution was kept
for 2 days at 4C undi sturbed and then dialyzed

agail 0.1 MTris-HCO pH 8.0
cgntlgakﬁ)h g %’5%@%&%&%5 M Nadl , 015 M.
ar gi mirited Hidlta-xseinagene appearedf a8 a 19ndie Uraad wint the 35-40 kDa
f requent chan es of the buffer solution. The t
region 1 SHSRACE Heybie r?é\refglcf:ﬁi &M}ap@r?@?ge%ﬁ ad Soreteluced
I : -
ERETEH B s bR Bt iy R 1 s
spaétedrivetg way 87,089 M, vy slose & the Bxected mhiemfémps (lDal |v|

Tris pH 8.0 containing 10 nM EDTA, 0.15 M Na
mat eFa aestwalsetb@rntidtamlgmnpgﬁnr éﬁg)ecqsm thec athaia@g mt%ieba-

pl%sElge/\& ﬂe@?z%@%g&% %SI A& aaftg )ﬁglr glzdg:é él.lOOO molar ratio), and

thEikgeisa e YeridprotchR) 4cﬁvﬁ§/ a&mnﬁtﬁﬁﬁfemnehmg the fiardabein
resin using ris-buffered saline, pH 8.0 containin

the rate Mféh3?2$lohydaplysie d&22561 « BeYd-k p-nifxpanidide, 91anEfma
G@pg&ci, %lquﬁl%%} p ezzag%éndigull%% glg)l 18&5 ellhtagﬁvity

%8l RR- tRERJONEPEeadHoANGH AdivaRblY (Sfnedken 1E’fd@ﬁ%rtddeﬁxt@factxve
enzyllnte a(lg)I 2nsdm r;ggyen‘r:e cleaves the chromogenic substrate (2)) is observed.
Activation of delta-plasminogen to delta-plasmin was complete within 3 minutes
under these conditions. Very similar results were obtained with tPA and
streptokinase.

The kinetics for the urokinase activation of delta-plasminogen were
compared to those for full-length plasminogen using the method of Wohl et al.
. (Wohl, R.C., Summaria, L., Arzadon, L., and Robbins, K.C.; J. Biol. Chem. 253:
1402-1407 (1978), fully incorporated by reference). For this purpose, 5.8 nM
urokinase was added to solutions containing various concentrations of plasmin

species in the presence of 1 mM S-2251 substrate at 37 °C, pH 7.5. The increase in

absorbance at 405nm was monitored and the accelerating rate of $-2251 product
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Purified delta-plasm nogen appeared as a single band

in the 35-40 kDa region by SDS-PAGE anal ysis of
reduced (dithiothreitol-treated) and non-reduced
protein (See Fig. 5). Its exact nolecul ar nass,

determ ned by MALDI mass- spectronetry, was 37,089 Da,
very close to the expected value of 37,198 Da. To test
whet her del ta-pl asm nogen (APg) could be activated o
into delta- plasm n, delta-plasm nogen was i ncubated

wi th urokinase (1:1000 nol ar ratio), and the increase
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etﬁﬂieﬁcy, ) iKeappriindabdle ml'rel )same for activation of the natural and

recombinantly-modified plasminogen species by urokinase. Thus, these data indicate
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that the presence of a “foreign” kringle 1 does not considerably affect the activation
properties of the serine protease domain in delta-plasminogen.

In yet another activation experiment, delta-plasminogen was incubated with
streptokinase, tPA, and urokinase and analyzed on reduced SDS-PAGE to observe
the conversion of the one-chain delta-plasminogen molecule in two-chain delta-
plasmin (See Fig. 5, Lanes 3-5). In all three cases, two chains (~12 kDa kringle 1 and
the ~ 25 kDa serine protease chain) of delta-plasmin could be seen, suggesting that
delta-plasminogen indeed can be activated by all three plasminogen activators.

As expected, delta-plasminogen bound to lysine-SEPHAROSE via kringle 1
and could be eluted from the column by the gradient of eACA as a single peak (See
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Del t a- pl asm nogen 30 +/- 5 80 +/- 10 2.67 Pl asm nogen
1.2 +/- 0.1 2.34/-0.3 1.92 Full-length plasm nogen was
activated well by urokinase, with Kmvalues simlar
to those found in the literature (1.7 M Whl, RC.,
Summaria, L., and Robbins, K C; J. Biol. Chem
255(5): 2005-2013 (1980)) and equi val ent kcat val ues.
Km val ues for urokinase activation of 0
del t a- pl asm nogen were approximately 30-fold higher
than for plasm nogen, possibly indicating a | ower
: I Al t - t
Figie Mo, Thouniity OFeRa L Y BnOpotd bl e SE PR OSE
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queadiiifg of the tgPriphsn 1(esﬁﬁed<x%1ck afdgirteof thalysine bieling ffe. kDa
serine protease chain) of delta-plasnmn could be seen,
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the gradient o as a single peak (See
exkitgtivne wayelelgta abi2b8iy afd mef @hdsidn d\eh\teéqut}am Mﬁ)gfm in a

to _bind Iyﬁl ne- SEPHAROSE _ i ndi cat e kri
FldABOMAK flperesssnes gpestiophofppister | ¢ 301?16 ¥RP & t b oy,

afteY Bl % dd}RLo'ﬁ FIACA Ul ociuflbjﬂ #sr)é?( Atd o 16&9*1{1})22&% Pﬁ%ll no further

conlrmt unctlonaltyo ringle ng of
chafgeA ih Bluorescence were observed.

The resulting fluorescence values were corrected for dilution and plotted
versus the concentration of eACA over a range of 0 - 50 uM ¢ACA. Data were
fitted by non-linear regression to obtain a K4 of 11.1 +/- 2.3 uM, in good agreement
with literature values for kringle 1 aftinity for eACA of 3.2 uM (Matsuka, et ¢l.) and
13 uM (Douglas, et al.).

One property of plasmin is its ability to bind fibrin. In order to determine
whether delta-plasminogen retains the ability to interact with fibrin, its fibrin-
binding properties were tested in a microtiter plate assay in which binding of delta-
plasminogen to fibrin was assessed by its subsequent activation by tPA and resulting
clot lysis. For this purpose, 100 pl of 5mg/mi fibrinogen was polymerized with
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del t a- pl asm nogen was neasured by nonitoring the
associ ated changes in protein fluorescence as
descri bed by Matsuka et at (Matsuka, Y.V., Novokhatny,
V.V., and Kudinov, S. A, Eur. J. Biochem 190:93-97
(1990)) and Dougl as et at (Douglas, J.T., von Haller,
P.D., Gehrmann, M, Llinas, M, and Schaller. J.,
Bi ochem stry 41:3302-3310(2002), all incorporated o
herein by reference). Binding of eACAto kringle 1 of
del ta- pl asm nogen results in a decrease in
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agr eenen erature val ues for

Kringk &edn ah legll 8.,y tHeObin@ing o elBi-Pladvhinbdrs uk dibriat foﬁb)!vs a
and 13 M (Dougl as, et at One property of plasmn ?
cla&sgsa qnfisﬂ bdiig gurvepr (Uping ﬁluér@ﬁéay,tlé Wek doonthat delte-
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1tn géht l%ﬁ!l% ﬁﬁrﬁ)ﬁ %ﬁ?ﬁ%&mpﬁ%ﬁbﬂg t dﬁtﬁgdl Fl)%rég{ ?ltasmmogen
mmn@ cgoe@fttﬁié ihferadtion CY0% LhBHs &@ﬁ@aﬁlé sathe K offfibeiR-binding of
bi ndi ng of delta- plasmnogen to fibrin was assessed ,

fublylength phsinéengee fhucasViv/at Frattobl..Jt, pnd MeKaeeB .1 4. Rjol. Chem.

2550 dTiadoe b P SRR Rerh g g BFllgmigeen con

bid¢iBrinel | of a mcrotiter plate. Various
concentrations of delta- plasm nogen were added on top
of tTHeusf ithe interatidors ofirglta-miastanagent with IysinePEBHARQSE, its

ability to bind sACA with the expected Ky, its ability to bind fibrin, its ability to be

activated by all major plasminogen activators, and the potency of delta-plasmin
toward the chromogenic plasmin substrate S-2251 all indicated that this molecule
was produced in the E. coli system in a fully functional form.

Delta-Plasmin Purification and Formulation

Delta-plasminogen, dialyzed against 0.1M Tris buffer, pH 8.0 containing 10
mM EDTA and 0.15 M NaCl, was activated to delta-plasmin using urokinase
immobilized on SEPHAROSE 4B essentially as described previously for plasmin
(Marder, V.., et al., Thromb Haemost., 86(3):739-45 (2001), incorporated by
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The plate was washed extensively with PBS while the
fibrin clots were still intact and attached to the
wells. After washing, a 0.1-ng/m solution of tPA was
added to each well and the plate was incubated 2

hours at 37C. As a result, sonme of the clots were

conpl etely dissolved and sone were partially

di ssolved, while wells with very |ow anmounts of °
del t a- pl asm nogen and control wells renai ned
practically intact. The degree of fibrinolysis was
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krivipte FEQfldfo| Thewen bﬁi&ist aapbésaﬁmhﬂ!oghgraddﬂlcai yrathcagal r'thdi serine
0.1M Tris buffer, pH 8.0 containing 10 nM EDTA
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Because delta-plasmin, s1m11ar to full-length plasmin, is prone to auto-

degradation at physiological pH, pH 3.6 was chosen for the final formulation
(acidified with acetic acid-saline). As shown previously for plasmin (Novokhatny,
V. et al., J Thromb Haemost., 1(5):1034-41 (2003), incorporated by reference) and
confirmed in experiments with delta-plasmin, this low buffering-capacity, low pH
formulation not only allows safe storage of active plasmins for prolonged periods of
time, but is also compatible with parenteral administration of these direct
thrombolytics. When mixed with plasma or neutral pH buffers, delta-plasmin is
quickly re-activated.
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whi ch varied frombatch to batch (typically 1-2

g/ m ), incubation tinme was 30-60 mn. Upon

conpl etion of activation, when the S 2251 activity
reached a pl ateau, urokinase- SEPHAROSE was filtered

out and active delta-plasm n was captured on

benzam di ne- SEPHARCSE ( Pharmaci a). Del ta-plasm n was
eluted fromthe resin wusing | owpH buffer (0.2 M o
glycine, pH 3.0, 0.3 MNad, 0.2M cACA). The protein
concentrations and 5-2251 activity in elution
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simlar to fulT-length plasnn, is prone to auto- .
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OL ¢ §ering Profegse AR own previ ously for plasmn

( Novokhah OBt inhybitiBh ol delta-plaERhi® B d-aei@edlobulin was measured
1(5):1034-41 (2003), incorporated by reference) and
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Collen, Eur. J. Biochem. 84:573-578 (1978)) in which plasmin and o,-antiplasmin
are mixed then assayed for S-2251 activity at specific time points (Table 3). This
value is comparable to reported values for plasmin of 2.5 x 10" Ms? (from
Anonick, et al., Thrombosis Res. 59:449 (1990)).

The same experiments conducted with micro-plasmin revealed op-
antiplasmin inhibition rates of 1.8 x 10° M s™ and 3.1 x 10° M s in two separate
experiments. The rate of ap-antiplasmin inhibition of mini-plasmin (mini-plasmin

i

domain composition, K5-SP) was determined to be 2.4 x 10° M5!, These data are

in reasonable agreement with literature values for micro- and mini-plasmin and show
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The ami dolytic activity of delta-plasm n was exam ned
using the plasmn substrate
D Val - Leu- Lys-p-nitroanilide (5-2251) (D aPhanna, West
Chester, OH). At pH 7.4, 25 Cin PBS buffer, the
M chael i s- Menten constant (Km) for 5-2251 was found
to be 138 M (Table 2). The kcat for the preparation
was found to be 510 min-'. Using 4-nitrophenyl °
4- guani di nobenzoat e hydrochl oride (pNPGB) titration
(Chase, T. and E. Shaw, Methods Enzynol .
thltgiﬁh%ﬂlc%af]d%ﬁ -gia’snﬁl][‘@y REMRHMsnfh is 4001 FRRAhaAGhE MBibition
tes was foun be’ 67% Correcting kcat for percent
oﬁetthew enird-pasmina ok cahi-plasizins Thus, $esaresults yadicate that delta-

det er s ver cl.os 0,t he val ue
Dlag B PP TAP EemGiife S Bay i peom g che e e et frinele
1}71161 T.{,? emn-1 and for mcro-plasmn (lacking all
1ve Kkri ngI es), 795 +/- 24 min 1 (See Figure 9). These
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deI ta-plasm n by a2-nacrogl obulin was neasured using
the nethod of Anonick et al. (Anonick, P., et al.,
T anbradsstReskindl: getfndieR® fof 18196)s) plashhia spatiehivitheubstrate

rate was fougd to, be 7.05 +/- 0.6 x 105 M's 1 at 22 C
S-235 by, P of inhibition of

del t a- pI asmn by az- antlpl asmn was determned to be
1.1 x 167 —s—usyngthe_nethod of —Wman_and—Cottien

(Wnan, B. and D. | Coll enKeEur . J. | Bi oche}’iﬂat 84:573-578

(19781 —+h~—whi-eh-plasmra—and—a2—anti-ptasma—arenj xed
t hen| plasmjted for S 225M03act FwiMy af sPeci/ 23 niinfre
poi nts—(Tabl e--3)—Fhis—val ueis-cprparable—teo

of phaeryBmiM2. 5| x HA7/Mdsint f riom
Thronbosis Res. 59:449 (1990)).  The
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r epof tgdl-pladntigs f
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sane| gxperiERLS condygsed i Ny N ‘rwqyﬂsmmlﬁtéveal ed
a2- antipllasmn i h|b|t|on rat es of .8 x 105 M1 Is'

d B. 105 M .| Th
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(mnr-plasmn domain conposition, K5 SP) was

TARL 87 IS Rl vatiohs :bﬁld%rr% %&ie&-anlhﬁﬁﬁit&@%r@ﬂ&enﬁiﬁed

reasonabl e agr eenent Wi th terature val ues for mcro-
at@Q6C i PBS pufieryipH A4d show 34

oz-macroglobulin ap-antiplasmin
plasmin 6.5 +-0.5x 10° M's™ 2.5+/-0.5x 10" Ml (lit)
mini-plasmin 7.5+-03x10° M5 24+/-05x10°M's?
micro-plasmin | 7.8 +/- 0.6 x 10° M''s™ 1.8 +-02x10° Mg
delta-plasmin 7.6 +-0.6x 10° M s 1.0 +- 0.1 x 10" M's™

Literature values are taken from Anonick, et al., Thrombosis Res. 59:449(1990). All

rates were measured according to the methods published in Anonick, et al.
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that inhibition of delta-plasmn by a2-antiplasmn is
40-fold faster than the inhibition of either

m cro-plasmn or mni-plasmn. Thus, these results
indicate that delta- plasm n should be rapidly

i nhibited by a2-antiplasmn due to the presence of
kringle 1 inits structure. Overall, the data
presented in this section show that the enzymatic and -
i nhibitory properties of delta-plasmn are simlar to
full-lTength plasmn. Table 2. Steady-state kinetic

par agEb RFSTIYmBA @Em@é@?m n species with substrate
S-2251, in PBS burfer 4, 25 C. Km kcat plasmn
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del t a- pl asmin 7.
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I'tro I Cl ency onmbol ytic
clefffit cghtyy (D)fS ﬂélchﬁ filha averagedaseipizstfeit ¢lotsavasi~3.6vg.t r o

OOt 0SS EuTe it BT  REA: e
intd 'GR" cﬁ&r 9%112? aPYrinfd. e TRRCHAts WodrB InduldGtell Fot MW at 37°C in a

exper i
THELCO laboratory oven (Jouan, Inc., Winchester, VA). After the incubation, the

clots were placed again on the sieve to remove the liquefied material and the weight
of the digested clots was measured. The extent of clot lysis was determined from the
difference between the initial clot weight and the weight of residual clot and was
expressed as a percent of clot weight reduction.

Figure 10 shows the results of the lysis experiments with delta-plasmin in
this model. The infusion of single 0.44 mg {(equivalent to 1 mg/ml of plasmin on a
molar basis) dose of delta-plasmin resulted in 36% clot weight reduction within 60
min. At the same time, the weight of the clots infused with saline decreased only by
4%. Plasmin (1.0 mg) resulted in 50% clot weight reduction in the same period.
Thus, these data show that delta-plasmin exhibits thrombolytic potency and can be

used as a direct thrombolytic agent.
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protocol. Fresh whol e human bl ood was collected into
20 x 0.95 cmglass tubes and allowed to cl ot
spont aneously w thout additives. Tubes were incubated
for 20 hr at 37Cto allow full retraction. Retracted
clots were separated from serum using USA Standard
testing sieves D16 with 14 nesh, and their weights
were determined. Blood clots were transferred into °
smal | er dianeter glass tubes in which the retracted
clots fit tightly (0.8 x 7 cm). The averaged wei ght of
Cfaﬁkﬁs‘:' ots was -3.6 g. Single 1-nm doses of acidified
saline, plasnmn, or delta-plasmn were injected into
the clot using a syringe. The clots were incubated for
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haﬁn%fj % fsﬁ‘%{?eN%ﬁ%ﬁQ 18 dBMainh@hith§Y eat &t %%\fﬁeﬂtfbﬁl to the

mat er1 al d the weight of the digested
krivighd ¢ ovakrimgiasiu demiamTh’é natiteehtmad pldsotindgesj andvasC-terminal

deter ed fromt ren e between .t he |n|t|al
a%m St o QAR (B GORERIED SO g dotease
do anBS%éhent of cl ot wei ght reducti on.
|gure ows the results of the |lysis experinents

wth delta-plasminin this rmdel The |nfu5| on of
single 0.44 ng (equiyval ent to on a
2.0l & eoap@hglycl&% A gag 1p) W ?ﬁew nkguml H“ B%HS to
[ greduction within 60 nmn. At the same
mﬁl&}lhi@l Wei ght of the clots infused with saline
decr eased onIy by 4% Plasmin (1.0 ng) resulted in

50% cl ot reduction in the same perio Thus, .
3.1 hes’éheda?lanwﬂmdph%fi claant k95| astherelx H}ebpchﬂed poTypeptlde

o P SEDA SSRGS, TG G ol 4B

sub§timtiorsl Ng a nucl eoti de sequence encodi ng a
pol ypepti de having a single N-tenninal kringle domain
which is at |east 90% identical to the kringle 1 or

4 Kri 0 p

4.C 1 o Ry ARl e O, BB i oF 4R DL 36 ol P, B0 krRoded
pliRpadd is\ublcaQ90%i identdvalitesthie batfeptehoaadn SEQE NOop.

human pl asm nogen.

5. The polynucleotide of any one of claims 1 to 4, wherein the encoded

polypeptide is at least 95% identical to the sequence shown in SEQ ID NO: 2.

6. The polynucleotide of any one of claims 1 to 5, wherein the encoded
polypeptide is at least 98% identical to the sequence shown in SEQ ID NO: 2.

7. The polynucleotide of any one of claims 1 to 6, wherein the encoded

polypeptide comprises the sequence shown in SEQ ID NO: 2.

8. The polynucleotide of any one of claims 1 to 7, wherein the nucleotide

37



2. The polynucleotide of claim1, wherein the
pol ypeptide binds to immobilized |ysine. 3. The
pol ynucl eotide of claim1l1l or 2, wherein the encoded
pol ypepti de conprises the sequence shown in SEQ ID
NO 2 with no nore than 50 am no acid substitutions.
4. The pol ynucl eotide of any one of clains 1 to 3,
wherein the encoded polypeptide is at |east 90%
identical to the sequence shown in SEQ ID NO 2. 5.
The pol ynucl eoti de of any one of clains 1 to 4,
[
sEIR R ORI AARRAE cOBIRER ey ol R8O T 1 o
a déyengateynriantabérede of any one of clalns 1 to 5,
wherein the encoded polypeptide is at |east 98%
identical to the sequence shown in SEQID NGO 2. 7.

The
vvher‘gl n ‘Zéﬁ%&é’ﬂ@ém‘% ﬁgpt [ %ﬁmﬁl%ﬁphﬁgy dbﬂlaﬁr which is at
least Q9@ C kleaticaol theSEﬁhglE) NG@r Rringle 4 hdenpaid ynfunzttmat halean

LA W o
ac%%%'&{]%i and g@?e 15}8@;% dpola?ﬁ}pof 5611 %@srﬂﬁggé}ler ate

vari an pepti onprising a single
N-term nal kringle donmain mhlch is at | east 9096
identical to the kringle or kringle g#gonaln
1Gat | Ve pelipaptidp I0§§1ﬁlfﬁ%g éﬂwr% the-patyneptife Risds & iangbilized
gﬁlch Is at least 90%identical to the activation
y '¥'e and serine prot ease domai n of human pl asm nogen.
10 The pol ypeptide of claim9, mhereln t he
ol ypepti de binds to i nmobilized ysine. 11. The
Em y polypentide aif xilaino® ¢F 190 whegsiy ﬁxerpqlmspséff eramea dhe

SSEPB RO LESER NI BB R A o ebiae

polypeptlde of any one of clains 9 to 11, wherein the
£oly eptide is at |east 90% i denti cal to the sequence
15 howkhg polwrptiipoRimry one afxlaimse fodily pasteinitheprlpaptidsy at

leSst 961%.81dg1§t10a1 {()C{hé[ géqu\é\l'fl]c%rs?lown nli] gEﬁcﬁyﬁé%' de is at

13.  The polypeptide of any one of claims 9 to 12, wherein the polypeptide is at
least 95% identical to the sequence shown in SEQ ID NO: 2.

14.  The polypeptide of any one of claims 9 to 13, wherein the polypeptide is at
least 98% identical to the sequence shown in SEQ ID NO: 2,

15.  The polypeptide of any one of claims 9 to 14, wherein the encoded
polypeptide comprises the sequence shown in SEQ ID NO: 2, optionally

comprising one or more conservative amino acid substitutions.

16.  The polypeptide of any one of claims 9 to 15, wherein the polypeptide
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| east 95% i dentical to the sequence shown in SEQ ID
NO. 2. 14. The polypeptide of any one of clains 9 to
13, wherein the polypeptide is at |east 98% i denti cal
to the sequence shown in SEQ ID NO 2. 15. The
pol ypepti de of any one of clains 9 to 14, wherein the
encoded pol ypeptide conprises the sequence shown in
SEQ ID NO 2, optionally conprising one or nore
conservative am no acid substitutions. 16. The
pol ypepti de of any one of clains 9 to 15, wherein the
l.ypentl 38 "a Iceact Lyl ty that
iR Bty Rt b Cinhletel W, 2isfRhil b'a '@ of
inhibitidai thitOs at [aét 5-Folt faéte;aﬁlbn fhe fatd of ihlabiton dfhkafibigolytic
rate of inhibition of the fibrinolytic activity of
activity opmird rplasny byo2- amtiplasmiBni n. 17, The pol ypept i de
of any one of clains 9 to 16, wherein the rate of
inhibition is at least 10-fold, 20-fold, 30-fold, or

1A0- fméjp(flﬁ%bﬁﬂe bm@ ddeoficaif@s Ofto Ilﬁhwbd:rt:incthe gfie offinhibition
plasm n. 18. The %fﬁe;tlde of any one of clains 10

IStat) lenst, 10nfrdd,cd0nfoldy e30i- toir |40Aeld! faptgs thes therate of inditdemet
Hg SO|Id support matrix selected fromthe group
of |ysine-agarose, |ysine-hydrogel, and
IyS|ne cross I i nked agarose. 19. The polypeptide of
any one of clainms 10 to 18, wherein the i mobilized
18. yS| e p@yp%p@ﬂﬂ@f any ovs of icliias IQqarUs avhegain thghnmobilized

S VSR S50 S S R LR, b
oft)l#@ﬁé— B/E‘iﬁ@-hﬁ!ﬁh%g@l' ﬁhﬂi RSinafctdstilinked &arosk] bri nogen

m ni - pl asm n. he pol ypepti de of any one of
clains 9 to 20, mhereln the polypeptlde exhibits

i gher bi.ndin afflnlt ar | eav bri.
19" anTherB0RRspliEn G any ot g Slai oL, 18] igFaY Bk, iyotflzea
1y£1h9{s'19s1ﬁ’é c%selllnké@égar&e 22 The pol ypeptide of any one
clalns 21, Wherein the polypeptide retains an
arglnlne reS|due at a relative p03|t|on anal ogous to
ositioon 76 of the am

2qt Eats,a%f p%ymud of any one of claims gotoafé wherein the po? V\Pde

exhibits a lower binding affinity for fibrinogen than the binding affinity for

fibrinogen of mini-plasmin.

21.  The polypeptide of any one of claims 9 to 20, wherein the polypeptide
exhibits higher binding affinity for partially cleaved fibrin than the binding affinity

for partially cleaved fibrin of mini-plasmin.
22.  The polypeptide of any one of claims 9 to 21, wherein the polypeptide

retains an arginine residue at a relative position analogous to that of position 76 of

the amino acid sequence shown in SEQ ID NO: 2.
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39 23. An expression vector conprising a

pol ynucl eoti de of any one of clains 1 to 8. 24. A
cultured cell conprising the expression vector of
claim23. 40

23.  An expression vector comprising a polynucleotide of any one of claims 1 to

8.

24. A cultured cell comprising the expression vector of claim 23.

40



