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Koni g Szynka von Renesse 46 029 K

"Pl asm nogen activators havin mwwmﬁmwmﬁm apacity to

bi nd IyS|ne The i nvention reI dvanta eous
KondgoBzynka| YOR REJe/S8cti vators amusotl ai ns th

priority of German patent application 103 42 518.7,
the_content of which is hereby incorporated by,

r EPAAEMEROYER2EBEINATPERNBAYIRG 2 hFedeeedcapakity to
therapy option 10 inpgpanegsiga”W th various

t hromboenbol i ¢ di seasés TS regarded as havi ng been

| argely concluded. The main interest in thronbolysis
ﬂheselarmirerit&dzherﬁmteesii rest edn tﬁﬂﬂhdtbﬁeo&grlth@‘e of

evel.opnent i.catian nown .t hr anhol yiti cs
Pl RERORBIRE | ASTAVENERE ofnls CAAEn AR CRaRR. of
thmammpqﬂanx\M@p1n¢a¢10qxﬁ03n42fblBt&klhgeasoatent of
whi2h! 139nRAEBY GAEoBYELERNE @gi\gabaggﬁol ytics is
Issue p asn1 ogen a |vator ch has a

hi gher 20 fibrin selectivity and a superior activity
Tg% é%%HBﬂléHHbﬁ%thSEh%BhB%U9§§§‘Hsuéokhaéﬁﬁy'gﬁilon

el etion nutants reteplase and | anot epl ase, .as™ wel
ipe RRuNgfEQn With fdﬁm&u%ewmeo%mﬁf@eases Te

rrélga&gﬁaogsg arawmﬂj Obﬁeﬁ5 ﬂam Plodndinaean athé Vfﬂaﬁ!n
t- 1.S Sl N cnal n prot ose

s prant, i, HEORbAIYSS Zesarannia, SHbreatire iydotea
towagide- thalnf@sthefwodesetbpmamﬂ bqndrnmndﬂﬁgnatnonn(bf

Gtat - P PA 0SS ned g
structurgllrr(]J ﬁ%%lonékdégﬁh ngt%epThusi ﬁéMQHt

cRncemitaat @Bﬁ§?Pﬂ8ént chain conprises the finger
donain (F, Serl-Lys49), the epidermal growmh factor

@é Ser 50- 87). and two krlngle domaj ns  (Ki,
ATpFhEe 91¥8ican Ash1 FRRSFE26E) | I9Fe ERkEng as’ a
starfiingl pbans, !\brchdemeluplmga sew i NEhiwnbBeliyiaisss is

tissue plasminogen activator (t-PA), which has a higher

fibrin selectivity and a superior activity in
comparison with streptokinase or urokinase. The
deletion mutants reteplase and lanoteplase, as well as
tenecteplase, are further developments of this
plasminogen activator.

Tissue plasminogen activator (rt-PA) is a single-chain
glycoprotein composed of 527 amino acids. The molecule
which is initially single-chain (sct-PA) is cleaved by
proteolysis into a two-chain form (tct-PA). t-PA
possesses defined structural and functional domains.
Thus, the N-terminal constituent chain comprises the
finger domain (F, Serl-Lys49), the epidermal growth
factor domain (E, Ser50-AspB87) and two kringle domains
(K1, Thr88-Glyl76; and K2, Asnl77-Cys26l). The C-
terminal chain, which includes a serine proteinase
domain (P), comprises amino acids Ser262 to Pro527. By
means of the amino acids His322, Asp371 and Ser478, the

C-terminal chain forms the active center.
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domain (P), conprises am no acids Ser262 to Pro527. By
means of the am no acids Hi s322, Asp371 and Ser 478,
the C-termnal chain fornms the active center

Kond@o 52y nkan VODSRERRESEon Renesse 46 029 K - 46 029pK

and its reconbinant variants,. and their preparation,
are the subject, for exanple, of US patent 4,766,075
and a |l arge nunber of publications (e.g. Bode 5 and

tRepat ugndli ss¥s- ty?éc@hﬁﬁﬂhﬂegenvaflaﬂaéPf a@' | RSir
and crystal/solution structures demarcate structura

PYEPEEH rs A e SUPIeEur FOR AMRIGy i9f US patent

4St766G1005aland @ mgw%mb%r &5- ;&ﬂi-’l)lca‘\:ﬁrfwr@éng)f Bditﬁa
structure of t-PA. S en osed as, Fi 1. 10 L|ke

Bfher %Sﬁ | i K SSHATRYBS ot & 0% - PACTS J's,"""t°r'
variaatised amd 0 thpstal/ E%Alﬁ’owm by sctlremtalg-es Thdemarcate

| : h
SRR, RS iRl SN 0L SR TR A
SIS“FG@@?ReﬁHﬂ}Q&ﬂ/kﬁ9%»s7h9865d8%%0f|6edbﬁ9§gm of the

Q%h@%%&e o2 it0pa264 a8ne188kuN8s3PRg.Thi s numbering of
-PA cl eavage site corresponds’to that chosen by

Bode and Renatus (loc. cit). However, 20 other authors
ke aoditf fetimrit ﬁtlyﬁsa.rd-ngk@s sediafd privveiiafddie éd&e—pA

I 1 t 5-11 R310-
BovEVRPer ER AR SAPcnEST e Re Gl PH ( RLESU38G- dgihe
crle*avdigief etakes ciplacel | yt orthet rhondra:idt;we_e% Arg30B and

?57%‘ n zactt.l’xa\’@t OEhét i é}la{ PA !tgeﬁ‘b'o%l 'Yeld

vat e asm no rans orne

tpmstrmew bao\waur oﬁ ta| §1@\gl@erfilwbﬁ4<k¢ noridgeorkatwaen
seltdhet 264 andoBeYiabl 8950 activate circulating

This numbering of the t-PA cleavage site corresponds to
that chosen by Bode and Renatus (loc. cit). However,
other authors use a different numbering as a basis and
define the cleavage or activation site as R15-I16 or
R310-I311. However, the sites which are defined in this
way do not differ functionally or structurally.

Tissue plasminogen activator (t-PA; alteplase) is able
to activate plasminogen, which 1is transformed into
plasmin. However, it is evident from kinetic constants
that t-PA is only able to activate circulating
plasminogen weakly. The two t-PA forms, i.e. both the
single-chain molecule and the two-chain molecule,
exhibit what are in principle the same pharmacological
properties. However, fibrin-bound plasminogen is
activated with a catalytic potency which is three
powers of +ten higher +than that with which free
plasminogen is activated. Accordingly, the thrombolytic
property of tissue plasminogen activator is very
greatly augmented by the presence of fibrin.
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pl asm nogen weakly. The two t-PA fornms, i.e. both the
30 single-chain nolecule and the two-chai n nol ecul e,

exhi bi t at are_in r|nC|pIe the sane pharmagol ogj ca
KBP&BeF’FWWEa VBReU‘@Pe fPbri n- bound pl asmi nogenggs‘?% K

activated with a catal yticspatency which is three
powers of ten higher than that w th which frge
pI sactebgerf | £xam i vAPedto Addftbi A yreppeted for the

rehaeivel yEibripr ogelégtbfr:at'yb ssolf pt e nomenf av%ztubalia}ttmc
i,S very eat nent.e esence o i,brin
ekZRLE Lola ohic poRbeod Ty aanrdc TS 1REpRapk o "ot
pﬁasmiﬁaeenoahﬂﬂ&atonwwnﬁheuetaeethOldehﬂ|ﬁmbﬁndngen
Tﬁ%‘ i :}SY 8F L Ba Jé‘ebsata%'tﬁwa‘iedeftgf‘”fig?@ng' 8] RS
I'ncrease I nteraction of ~ plrasm nog activarar
canphrbbie- a‘qtyl dits opbfilbtynogenbes Fnsixbitedt yoyf heta
ahg Pg actlvated by fibrinogen is conparable to its
[

ity to be activated by beta- anyloid. The effect
of plasm nogen activator is controlled 10

TRBY S e¥'fegitCalofy l§>)Z|.ds|i’rﬁ|n X@W S adMﬂv'&tI%'raS rﬂsn Oththtrol led
or.tan

cti,vator. i bit belngt
PBREAGIRBLEa I Re. bPNAl nd THBARES /| o MIEN | DRLasRinogen
activhtorentinhlibitoaf tThe (PARALNDI deulng alﬁhe;r S inprtant

afLaBGHYEE O Alle CRLALXRLC GEN epasugh that 8RS ;g

|va FON reacti on W plasnlnogen can no | onger
coaktitpeate ¢Bamnet of\F, tiraom-RME, mlecle Buolitsnrs n the

s%?ﬁ‘é%u@és d:fesf,ﬁel—’ c\“‘_ﬁ EMe Z@énﬁ:{fﬂv‘ S that an

resol ution anal ysiI s nctlonal etermnants In
agiANAtires aeacwse Ml&§wpr4@§@ﬁnasepvge@r nojd@negr drake

pﬁeebogl(gahneeo whem sabyi 1994, 2:6&g| td 51nl, g@iOste'ﬁrﬁﬁllf
ge ivato abal.i.zed r.a via. the
gf‘?ér Bgle gtr & PnsSuf u&'f"e:?g{l Q1dE5a ﬁ'{ ql%err 4-1on
aplaalysmgs ¢f1e fpnasiwnadl fdétémnﬁamm smbshamae Zﬁssue—
[ ) en ﬂﬁﬂ J at i
ggr }nlga%m(); q glsue"hptp cﬁMsm ﬁgggﬁ%c:?@at eﬁr:lolloglc"i1
Chgmggtry 1991; 266: 51 201)

Tissue plasminogen activator is metabolized rapidly via
the liver. Hepatic insufficiency in a patient therefore
prolongs the plasma half-life of the substance
(Emeis JJ, van den Hoogen CM, Jense D: Hepatic
clearance of tissue-type plasminogen activator in rats,
Thomb Haemostas 1985; 54: 661-664; Tiefenbrunn AJ,
Robison AK, Kurnik PB, Ludbrook PA, Sobel BE. Clinical
pharmacology in patients with evolving myocardial
infarction of tissue plasminogen activator produced by
recombinant DNA technology Circulation 1985; 71:
110-116).

Plasminogen activators are developed for treating
thrombotic diseases such as cardiac infarction and
stroke. t-PA is currently the only thrombolytic which
is approved by the Food and Drug Administration (FDA)
in the USA for treating stroke.
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Thonb Haenostas 1985; 54: 661-664; Tiefenbrunn AJ,

Robi son AK, Kurni k PB, Ludbrook PA, Sobel BE. dini cal
phar macol ogy in patients with evol ving myocar di a(I! 30
Kopigr SEY8kaovop; BeRESSPasni nogen activator prd8uldd Ky
reconmbi nant DNA technol ogy 4Crcul ati on 1985; 71:
110-116). Pl asm nogen activators are devel gped for
Nevexthedesss t ARBRBEIPRS di kAR ed IGIFARSRE cARdi BRe past

tithﬁfta}:]b %:iq?; abstewkene t ofd mgagrerxteaﬁtﬂi\ést Zceleogé ected
r.onbol ytic iC j s appr.ov y. the Foo n ug,
pREEAVE | st nEaatysic | SBRBYEEA T | FORRPRELEP, pRELth
tifeaitdngzyohke vetrdlanesde 46s028n K the 4otheverhdmd esslso
suspi ci.ons have increased _in-the t hat , ile
rp8ERNE1BIRe S AlndTERnBARL S rACSEtuct il " gl tikane-
Thiase ntiol fus ingeff-6RA sinto corRBedebfncienh miceatgave tiicse
tro i f.1S r h | so res ol e f
tg)n unlfl gg%rabl ) _eés{%%rl{%n Q?ﬁ??@sueﬁ.’Thug%&?n usi négﬁ’
Strpakiland €,PAtderd cPEnt Seréénga\RE r i bepten Fargdiissue
ﬂ%%&ﬁ&ﬁbb@ﬁs A tdr Tebhla Sereaddd chbabdnsl HdRie

, Soriranpo SG, Lipton SA; Tissuge pl.asm nogen
afteryafesalt serq ad8ShABIRONR NATEgEYPS aphd, tPA-
dedGelicntr ahicé. | Meltenméedi nowig;d-4ype: ang-PB1). It is

deficient nice. t Med 1998; 4(2),: 228-231). It,is
SEDRELRRY ENAL « NDES on CligEaathe IS oI REE ( (S to
sttimulbatioon of the NIMDRA-dbmmemdent ghluaambter avmmEprors
N e , Bl gL 8: & Schl &y )
(%LELE%SF‘? B%E: G\%m_??ggggt A%él ié%?“%l a%shi.nogen&%%:l:/}%/atj‘&(ﬁ'
Medeadsit Qﬁ-l=a§b?)mpla?%r#ﬁﬁesﬁ:ﬂBVﬁﬁﬁl Piasmdaegen tathlatar
(desmeite h8eUINASENSS aF i BRinSLy ke EABPne34hdt does
537-543). A proteolytic cl eavage of ti}% r.ecggto .
ngF 1 PERTIONE o NRNTOSEGRRSTA Sy (THEOKE f ABON ot &) °
53,7-3@3Docagnprétedlyt s Miegwiagle lof CaheeNMOR R eceptor
MagKenzi e T, et T r RYA¢ i Mty 0
o SRR i e lontib I ¥ M el (thiote o,
DocagpeoF-,neAll it §d Margaill I, Carmeliet P, MacKenzie
ET, et al: The proteolytic activity of tissue
plasminogen activator enhances NMDA receptor-mediated

signaling. Nat Med 2001; 7(1): 59-64).

The object of the present invention is therefore to
provide a novel therapeutic treatment of thrombotic

diseases, in particular of stroke.

This object is achieved by wusing a plasminogen-
activating factor which exhibits a capacity to bind
lysine which is reduced as compared with that of the
native plasminogen activator. In a particularly
advantageous embodiment, the plasminogen activator
exhibits a modified kringle domain, preferably a
kringle 2 domain which is modified as compared with
that of the native t-PA. This latter domain can be
entirely or partially deleted such that the capacity to
bind lysine is reduced.
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signaling. Nat Med 2001; 7(1): 59-64). 25 The object

of the present invention is therefore to provide a
novel therapeutic treatnent of thronbotic @ ag
KPﬂlgaSFNEHPaV°BfR§PF8E€ This object is achie gd i@ K
using a pl asm nogen- 30 actsi vating factor which
exhibits a capacity to bind lysine which is reduced as
Thenphd e GORAAR t hQ¥ ~ dregiams n‘dg%‘aﬁ @%wﬁHBﬁ’éﬁonallY or

s%tihlc\tatraalyl n aspahtiguiqr! Yhorﬂdl/@@éﬁ@eouﬁo enbingj merdan
the asn1ng§e actiyv tor |Q?E§ modi fied kringle
RICLHE Vogl %eﬁrﬁﬁﬁl ordi S fhiTgF jdues” no
16&@@&!bdnaSOeoanayeﬁlndthlthhabwoaffhﬁlﬁyt|ve t - PA.
This latter domain can be entirely or partially
del eted such that the capacity to bind lysine is
Ineduaed. pKohigubayhka vadvarbaegseusi6 (Oftbddimertt, Theche
[ or ' re ct ipgnal .
ofpsfiiFlotn, | 2L EIAEy | VURICH © SC B blpfbvea  in
agdeaaageowsth béenEEVﬁnééoguéﬁ mﬁd#fﬂ§§|hePAeS|dues
no longer bind or only bind with low affinity. 5 1n a

rticul arly advantageous enbhodi rent,, the Iaaninoqﬁn
Tg@tl@&ﬂ@ﬂ figRagecaftbe ta%pI &fed P2 idycor 1N nthe

ptrbgatrawahl | 6-PRAKRI eib]teﬁa/bn hﬁu{{hﬂts; gaisf i dxase bald
.t he K% mai n, . ncl udi Eg % ratlg % t\PA K2C

ige| 8FBAL mA ANt rﬁ%y%ﬁacr ad SPdLgs: i ries ©,
Paanekoekt & MheSmpled:eipr deldsi eﬁ ¢ indeanrmgidodriiglEhe

d%&%glnfl of Qé? @é 11;# o ]éé%}glké l chvaQEIP' ?%rqfnig in

trssue-t asm vat duri ng 1
ViitEo nbi §¥8°1YJ%H$ halJQﬁrrEﬂol edi c&}omﬁwelr;ﬁhen@@:w,

256, 136392%3644263994h99Bgcause their ability to bind
l'ysine'is lacking or reduced, the

pl asm nogen-acti vating factors whi ch can 20 be used in
memlséanthe:w'rt fakilei iynv eot | binéxHiys inean isel taekEng or

red c Selﬁgtbﬁ %%1%%8eﬁ ESQESSQlﬁ@'fJé%éféb%hlch can
be used in accordance with the invention exhibit an
elevated fibrin selectivity and a reduced ability to be
activated by fibrinogen or beta-amyloid. This reduced
ability to be activated by fibrinogen is probably the
cause of the fibrin selectivity. The possession by the
plasminogen activator of a high fibrin selectivity is
of considerable importance in connection with treating
stroke, in particular, since, for example, the native
t-PA can be activated by the fibrinogen which overcomes
the damaged blood-brain barrier and then stimulates
glutamate-mediated excitotoxicity by subsequently
activating the NMDA receptors. Accordingly, the
reduction, in accordance with the invention, of the
ability of the plasminogen activator to be activated by
fibrinogen also leads to a reduction in neurotoxicity.

The importance of the lysine-binding sites on the t-PA
kringle 2 became clear, in particular, as a result of
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activated by fibrinogen or beta-anyloid. This reduced
ability to be activated by fibrinogen is probably the
cayse of the fibrin selectivity. The posse33|£€ $¥ t he
‘291§I§§ﬂPHGg¥R“aBFP9§FSr of a high fibrin sel®&tt 7%

is of considerable inportance in connection with
treating stroke, in parriéukar since, for exanple,

Wﬁtgagaw,% tir?fe&ﬁibiﬁcﬁfé | vged ttwe t hs&ué&wsgen en and

OVEer cones damaged bl ood-brain barrier
funet iongdy |dm@sm§o Lﬁ%t%ﬁ nﬁﬂ!"aﬁéﬂdek’étbopéﬁ%l tRSPA

1§y %ﬁbsﬁmdﬁﬁihﬁgeﬁCt@6¥Md&1dﬂﬂ3wﬂiﬁhreﬁﬁﬁtokﬁlglnally
ord| nggly t he redug % i,n _accordance wit dh
é‘ﬁ'FIdo @ YARP1Le PRty SALivRe (Hhshiggeggard, see
usctlpra&téﬁttosbeoacoiwat edpby 3Mi3builtggen EdE | eads the
ti.on n neur.o OXICIt 35 .The of t e
1F§§Pg§ bi b %uglfgg SHthe%F S& {h %g?@agaﬁ%ia
ptiepatredi repambioahaély asingr €80l ceblsKoni g Szynka von
Renesse 46 029 K - 6 conparative investigations of
the structural and functional donmins of t-PA as
Iooqeartag@st the DSFER, OSPRR OBly PRE&sONEodeingde domain.

IWi'sthc‘AﬁénQr'c%'r%%b%ndbsohﬁicﬁgﬁr{ﬂ@ agRi'" SR{cAHd M
(in thys regard, see atent 6, 008, 019; EP0383

meTe) . cmllfaﬁcbethﬁsoif‘a?%dlﬁ n PBURIRsdtAths Eoof thi &2
domBAal p&t&k doesbenotpr ppasedsr wb&paﬂhéybmadmggcrﬁtes
eIIs ontr tog t-P Aonly asoeklngl
gﬁ‘an % *Thi g;sré'g in cﬁ?frre T fu%(:tl oﬁ‘gls l)i/l and%
Kshkuscmmahly noiSehdlegsdhnyg t WD, he DonPerKi Fdondtrudiaral

f%%thQ%sK%megfggi aqu? &S £0iedP %ﬁféfuber E?mglre bat

i he-bi nding ringmann I ese A
pi@gmmogen }QC:StlZ@@I‘PFfﬁr STOUS@F\‘llelﬂf rﬁg-qADgllg@Hné}hqmstry

1§t9r5uct2rf%4431)5 lfsasgsegsar@@lyat it rlel béi-d_ﬂ s8keetbykt die
SEPSRBGTER Cholhe i CoRRSaT & Tt a3 AbkSDsBhaF, DS
dokesr aocar poskessf ang koivglet at domais.in the literature
to the effect that DSPA

Furthermore, DSPA is always present as a single-chain
molecule since a plasmin activation site as in t-PA is
lacking. As compared with t-PA, the activity of DSPA is
stimulated about 45 000 times in the presence of fibrin
whereas, according to Gardell SJ, Duong LT, Diehl,
York JD, Hare TR, Register RB, Jacobs JW, Dixon RA,
Friedman PA (Isolation, characterization and c¢-DNA
cloning of a vampire bat salivary plasminogen
activator: Journal of Biological Chemistry 1989;
264(30): 17947-17952) this value is 205.

A diagram of the structure of DSPA is enclosed as
Fig. 2. Fig. 2b shows a comparison of the amino acid
sequence of t-PA with that of DSPA (SEQ ID Nos. 1+2).

In the past, the ability of t-PA to bind fibrin was
attributed functionally to the finger domain and
kringle 2 (van Zonnenfeld AJ, Veerman H, Pannekoek H:
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does not possess any kringle 2 domain. 20 Furthernore,
DSPA is al ways present as a single-chain nolecule
since a plasmn activation site as in t-PAis
Kopdg §Fynka ¥empBReBEsfeth t-PA the activity 8f B2baAK
is stinmulated about 45 QOG tjmes in the presence of
fibrin 25 whereas, according to Gardell SJ, Duong LT,
(398K, Pxeek NatlHar dced: st &15ARB, §a¢olbko YIn4674).
HBWwEYR rRAmork irddEt RAHIRYEIONAN a ITATARJ RIdZ AHAN the
and c-DNA ¢l onjng of a vanpire bat salivary )
PEPXeAPASGe HOBRER v &t oPaY J RSl 20fCa3i iR igYi E§levance in
tﬁherzn'oﬁqardé%ﬁénna—e% 2 ?ﬁes O%c'itlt7)9.47rli€ 9%%)Fl)cAt_mbﬁsv@Jlfu eclhe
S, : i.agram o e structure o I S. encl ps
in31Vayal, " BAgIRs e F oG Aon OV SAhah B
Bakker a#fyenc8acblinPA wEth t HedernindPSREYHGEEFd{) NOD.,
t2) . [ t t LLEt % QL= PA. i .
vpiRes e, I (e None OF  EPbKICHihihar Bk, Blbissue

typeai mlasninegémghetivatan Zonnsheel ihtacsiaomawith a

oeK; - ; Kol zy e : st 3 e
FTRARE° b LG HIdTIsRLHAT GHIBR6165108T Faepisery
20Qweddn, 143P8-1436Ar pABBIcati ons al so suggest that
the proteinase domain P may have a certain rel evance

i this regard (Bennett | oc. cit.&. The functigns of
BaRKeS it 9F oy CREREMN I HARNS, RQILELAAFHORS | PhactedP-
foy eBalipde Ao debetior mutaMéenwhgelNelbekf fedfthel. ,the

i J T | - Bi ndin i ti

k3BaTel L e gl fometY ol s CBpdubEny, (g
facterngidmnayr.n Ehese Judatabnsi waing ogleal combhnedr yand
sbhe? @k 2hemlida 12380¢1d73P1y ?@'@Viﬁe@t v th PheRY &
variQus nodi fications, of_t-PA, or exanple two

mYEREEPBN Mt arftle wFERRIR K &7t hBAMeR¥ Wnvidvdang thhe
shbsgetudaoni N o236Ne epimidsnal s@lewtived faglidlo  acid
sU0TR Rt DG5S E SRS QNS HET G230 eF MR "SE AL asp in

position 236 with asparagine and thereby to the

deletion of the 1lysine-binding site (LBS in the K2
domain). For the preparation of the mutation, the
reader 1is expressly referred to the abovementioned
publication by Bakker et al including the references
which are cited therein.

In their investigations, Bakker et al. demonstrated
that occupation of the lysine-binding site in the K2
domain by EACA (e-aminocaproic acid) markedly
attenuated the binding of the native t-PA to fibrin.
The same applied to the modification of the LBS by the
D236N substitution except that +the attenuation was
less. Even the deletion mutant, which consisted solely
of the K2 domain and the proteolytic C terminus, still
bound to fibrin if only to a slight degree. It was only
the K2P mutation, in which the LBS was deleted, which
no longer exhibited any fibrin binding.
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some of themwere additionally provided wth a point
mutation in the kringle 2, nanely involving the
substitution D236N. This selective am no acid
Koppg: SzyrkanvPBaBEREESEhe repl acenent of the $&p92%h Bo
position 236 wWth asparagige_and thereby to the
deletion of the lysine-binding site (LBS.in the K2
Whédgi nFhessr Fﬁ%uzF%paﬁ%m?%ﬁt6¥t?he PRt dthen,onee hand,

th@aq(ﬁibdr%a‘?%:@r ess| ¢hé ef eahad K20 dé}ﬁaﬁb@vsgremewng@ the
ubllcatlon Eg Bakker et al |nclud|Fg g references

B iR dfe ar EDEY &d SOn AN S § TG FRAE 1 FBEt i igUsTRRE 1on

oFakkem Af ?m;dmmm tiiet ﬁﬂe%bﬁﬁdoegumgbngglpf byh&he F

si_ne- bl ndl ng SLt Int .ao n .

2ol X Y “kefuet o PBefE, 50 Sl nkafaguprgion of

thbnnBBginfthbeKﬁadomaim—Pmﬁmm'MHaﬂDBS pieswmeaibdy being
' t 3N

rBRRehE iRt 8 0%, BRIy £ coRE kA by BE RS Phea
whieh tihefdauvpeabda ﬁgrahlndmhgcﬁlbﬁhsbsted soIer of

the K2 domain and the proteolytic Ctermnus, still 35

bound to fibrin if onl% to a s|ight degree. It was
The| ympordaese RE athen K2 (fopaidh tReledNgadtaelgtsdme-

b\.M’iH(ihg athonaer 22561 biekead made fdlwarm vy ndivest ieions

CREKDRG ke, D SERBAEho R and e BRE o ATAS of L o I

(ahdraétdnmaansoas ol [thas thEerbaﬁlonsKZthipiasmrnmgen

aﬂﬁm’c'l gh%t d'xt exc?l{‘}g& ée Pﬁ&%aﬁghgﬁﬁngﬁ;eh P%Q&ato RL! Ri'th

at €
fﬂzbrhepgenherefnsrm,so Phd fmmu ogosplemhe o8BS |Dn-d1m@r

nK%cElQH%Hth t hl‘trh@ed—BStBr eSfE%é/n@e' R I ESPPRSL bl &f
for stabilizing rmation of the t-PA which is

Biglgripre FBFmBFHH¥n§7?rb??n 1&%9%hé8?%%or{%%%b of the

K2 domain including its |ysine- blndlng site has al so

A g L S
aldhar ddteerafhinbpies pﬁetrﬁﬂbrandl@@?Hﬁfqﬂaéwbnmgemnd
fibrinogen. In +the studies, the affinities were
investigated in the presence or absence of the lysine
analog EACA in order to analyze the importance of the
kringle-dependent interactions. They concluded, from
their investigations, that DSPA is unable to bind to
fibrinogen because of the lack of the 1lysine-binding
sites in the kringle. They therefore attribute a
function, which is essential for the ability of t-PA to
bind fibrin, to LBS in the t-PA kringle 2 in
combination with the finger domain.

The experimental results reported in Example 1 confirm
the different affinities of DSPAalphal and recombinant
human t-PA for the cofactors beta-amyloid (1-42),
fibrinogen and fibrin. To obtain these data, the
kinetic parameters kcat and Km, and the kcat/Km ratio,
were determined for each plasminogen activator/cofactor
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and tissue and vanpire bat plasm nogen activators wth
15 fibrinogen, fibrin, and the conpl ex of D diner
noncoval ently linked to fragment E: Journal of
KBpdpo§rynkacren Bepgsses, 29, 18292- 18299, 1946)929 K
bi ndi ng studies, Stewart et al. investigated, inter

20 alia, the affinities of 9t —PA and DSPA for fibrin

cRRHbpRIGAOI M | nehle abUdhes. die ATl BokRRICHC! © the

iga N the presence or a .sence 0
eaiﬁab@gnéacqfi pSEAddphes deal pzl@sm@qgmnoratcam@tofom has

g;%'u@gllgbd ERRHRLCA byl %‘iﬁ‘ﬁt 't‘Pi%?t o'Eh BP0 %Lca]‘%?a%ot{) ?wo

heir investigations, DSPA |1s una
COBPORNEE| RS ISRy Fffhelﬁaékﬂdf the presence of

£hweiAe- tnmarn)hﬂ t asi B/ kB()ngiﬁnesThﬂésthiﬁéHﬁve
attri bute a nction, which I%h%fsfttlal for th

then it FRf1B- i‘fé & PrEFRFe i of B9¢heOf- rbﬁta'
altylegde Zcofactdk conhtnatd onphysholbgitahgerpinminbgen

Th t It t.ed Ex le.l f
PRECEEFRERER! O3f A W S BRI BRET And FdPoBindie
ehaunmehe?Aoﬁomnﬂnanxﬁsunoﬁantmmatanﬁhatdo@lﬁﬁnnlnagen
& Y22 G fadr Bfageo nbé hggs chati)%h‘éase of

netic rarreters cat an and the mrati o,
Dﬁ@i\élﬁéﬁérﬁflﬁeélﬁféfl éh@hcﬁﬁasﬁf nbaBan t-PA.
activator/cofactor Koni g Szynka von Renesse 46 029 K -
combi n n the bsence of a cofactor,

ati
71 (148 ChLEeRtY DBBRRI AL A gTEd| Sas R0 Ehen AlARR ingpen-
awmivaﬁhﬂgtfﬂaidMIﬁﬁidKWWﬂ éﬁpho?édtlﬂfath&dWh@Ee&&th

e two ouynds t .
<3S il 0ln SRR SPGB BAETddh ! P s
kirégglef f @ct ilyeinehhnndlm |$11t¢ie s esmitcheenf abmeent or
m&iﬁ& BRYER nO rﬁfté}nbc?d’%é}i@ COA@CkPing b 2 is deleted.

ySI ol og i cal asm nogen concentrati on of M t hese
H@HPHeglrvéta 1|Saiai1§°r PessiPleef fincjaniphhedt mgdiment, to

r@Qfaa.ﬁt Ofhé O xirialglef 2i kmdnogen sUbsAithaied- 8R! ca Axic
cqof.actor _to.pe 48Q.in the case_ of DSPA% hal 16
2Rl cREBtBfoRudds vk “aSafagine’’ AcBeTaifgly” e
is not crucial for the invention, according to the
invention, of the modified t-PA for +the kringle
structure to be lacking but only for the lysine-binding
site to be modified such that an interaction, which
increases the activity of the t-PA, with a cofactor is
no longer possible.

In another advantageous embodiment, +the plasminogen
activator, in particular the modified t-PA, which is
used can be modified by the deletion of the kringle 1
such that the t-PA is no longer able to bind receptor.
As a result, the tissue plasminogen activator is no
longer metabolized in the native manner via the liver,
resulting in the in-vivo half-life being prolonged
(Rijken DC, Otter M, Kuiper J, von Berkel TJC:
Receptor-mediated endocytosis of tissue-type
plasminogen activator (t-PA) by liver cells. Thromb.
Res. 1990; Supel. X: 63-71). Deletion of the kringle 1
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As has al ready been expl ai ned above, the plasm nogen-
activating factor which is enployed in accordance with
15 the invention_is characterized by the fact that |ts
Konigy Szypka, yome ReNRESRy site is either absent6oP29

nodi fied. In one enbodinent, the kringle 2 is deleted
However, it is also poss%bﬂ@ -in anot her enbodi nent,

110 sl £ erm.?gége 2aA80 b3Sl e ditmple, by

aspartic aci d osi t1on asparagi n
Mﬁmtémdlhgl%adqrt R,i §Qi't§t Eor JiehnextorU  eon iN@hiendorf E,

FAGCHed BY (Spbhider | GV E[HM 006 . @fzzt hep ”ﬂ@kf@'ledréccf’xﬁnfﬂ’ént

the kringle ~structure to be |acking_ but only f
Hlﬁﬂ%@%ﬁ%l rr"th%‘H‘é”f-o beardaPYREAULREN CRNT anre"l"‘lws

1i9r9tqur aat: It ﬁmsm}lqht Fori wleqslafsd higs aﬁdé/ldﬂ/ Iﬁflftdrhﬁs in
- PA, W a cof actqr no | opger n

w%ﬂ’rﬁphef‘mﬁﬁearﬁca]g%oug'é:zgod?%nt e%ﬁ%‘é—*pdfﬂ a ﬁ?ﬁBﬁgﬁng the
hadtfi-ldtfer, makpartiTwul arpddsdbiedi f ted tadAinwkteh i sthe

p%% Sug%g%%QaQQ %%QIE ad By Lhgsdel etion of the kringle

A'T's no Tonger able to bind
receptor. As a result, the tissue plasm nogen

TAC! évﬁﬂféﬁé@ elnBHQfﬁeH@t ahﬁlé Z?Qabﬂlhgﬁeﬂata{é’@ivator

manner Vvi a liver, resl t1ng

whdich. |gane bei H§epr @%r@&pwqw j %&hh pthegingiengion is
pédee od, o %’keheTJﬁnlncReQﬂMd)rs@dbﬂbég shown in

endo% (é;c,,l 511 of tl}:ﬂsu% tc%iﬁ pl asm nor%f%%:{:é %p&u%ces
codstifutesl & |mdnf1edhetkPAnane wih idni ghéiz;mkagﬂmn 2 is
RIS 57 fpuctieds; Sl RAT LEIEP ARfe DI ihe

pfuthmrﬁqmlqrmedeﬁorr rhe Fﬁ%e&cisvasrsmmsrl@\(m

SQQeOZZThésNoﬁﬁbnbécOHthaélthéfasﬂhﬁggeaoﬁgiéﬁﬁﬂfﬂ the
Car.di ovascul ar ugPreV|em5 1: 299-311 For

replacefent; OIpaBiRe AFEAS Ri ANdwH chd afPgo aefb‘?h‘éatmn
Aebibger & idad e{edg. Pbol @isgi nged heeghiehde | BEQ Makaso) t3,

RSl eoto 2gH Pl SHM14 N e RS THAIHELAEO LNRST 251k
{e.g. replacement of FRIK with LHST in the sequence SEQ
ID No. 4, Fig. 11). The latter modification corresponds
to the structure of native DSPA at this point.

According to the invention, preference is given to
producing, and employing for stroke treatment, a
plasminogen activator which, particularly suitably,
combines the advantages of native t-PA, namely, in
particular, low immunogenicity when used in human
patients, with the advantages of DSPA, namely the lack of
neurotoxicity. In one embodiment of the invention, the
deletion of the t-PA kringle 2 is accordingly selected
such that a transition region to the downstream structure
is created, which transition region corresponds to the
comparable structure in DSPA. The transition region
between the remaining kringle 1 domain of the modified
t-PA and the downstream cysteine bridge is accordingly
advantageously formed by the sequence SKAT. In DSPA,
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10 In a preferred enbodi nent, the plasm nogen

activator which can be used in accordance with the
invention is based on one of the am no acid sequences
Komdgn Szynkp; yoreRenesse or 13. Each of these 4fi Ad9 K
aci d sequences constituteg;a_nodified t-PA in which
the kringle 2 is 15 deleted and a structural change
thes sreyenrrleSKAT: Hes legabadofetieesegiled c krisgleheand

thePAcpstbYAbl WBr fd§eyaddissi b%vaﬁ'ﬂh%e%ﬂ@ngéftféétﬁféheIs
onlly tonsist in the replacenent of "am no acids R and

reall 2ede afa.\ﬁafé}rwe'cwerav‘a@% spauepge(SERy IgNased as

shomeiae FegQ hP.No. 3, 20 Fig. 3) or additionally
affect adjacent amino acids (e.g. replacenent of FRIK

with LHST in the sequence SEQ ID No. 4, Fig. 11). The
Fligt.t ae rmdMuilttatpilm C GegEmaeds Hlagdmerﬁi)ructsmﬁvsaf a
native DSPA p 2 corgding fo t he
Bbatioon  pBererelcoten; e o theot kiR, dprprived
egpoddpieng sf an sccokdanceawntht the ipveshiinogen
activator which, particularly suitably, combines the
advant ages of native t-PA, nanely, in particular, |ow
ht c?F?OQHEQnEs@@CpﬁdﬁaﬂaﬁxBOtbﬁtﬂ@Nﬁ@tlﬂmbhuse

ilshemadyansfges qhzm% r%agela\éttlbatb&ckagf depicted in
oail

neurotg§|0|%§ [n_one_e ment of the invention, the
Flouge; h&Pt Npa Qﬁlngle 2 is accordingly sel ected
such that a transition region to the downstream

ortoiabues P17 RTSGS nelhitld O0F, EEPHPEAbE "wasn cne
iTiventtiensitio miser qicdeinsetwhdarh tpas mmaqxgenqemgﬂelcih

a‘}%”aﬁamgigﬁg@s madid, edort pAY- U 1 £ LRI qan}or ne

cysteine bridge I's accordingly. antageous
ap\j noh @cdely RafuengesT depi ¢isph, iKoRiguse§nka \;lén and 13.

PR/TRTeRCce0 1@9gi§ren s m{f@n&mwc& SMnt&th_é}ﬁaqu at
he c e br |1 S

bet wee he nd i.dg
l§8§§ntad§b spﬁ? E?B i betvesh P rapde gﬁﬁle These
hicime Logguen cax SEthbltxlal @mﬂ:elstsovwmhxbft gthel.adkivity

of a plasminogen-activating factor (preferably
displayed as the release of pNA) and cause a blood clot
to the lyse in vitro (see Example 3).

The plasminogen activator which can be used in
accordance with the invention can be characterized by
the lack of the finger and epidermal growth féctor
domains. This deletion substantially reduces binding to
the liver receptors and once again prolongs the half-
life (Larson GR, Timony GA, Horgan PG, Barone KM,
Henson KS, Angus LB, Stoudemire JB: Protein engineering
of novel plasminogen activators with increased
thrombolytic potency in rabbits relative to activase.
Journal of biological Chemistry 1991; 266: 8156-8161;
Smalling RW: Molecular biology of plasminogen
activators: what are the clinical implications of drug
design? Am J Cardiol. 1996; 78 (suppl. 12): 2-7).
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Fig. 12 (Multiple Sequence Alignnment) shows a

conpari son between t-PA and the two descri bed

enmbodi nents in accordance with the invention. 10 [ n
K&ndohSrYBkBoYPReRENGEESr ding to the inventi on46u829 Ks
made of a plasm nogen actiygtor as depicted in Figure
13 (SEQID No. 5). i It is naturally also possible, in
Asdder £xoe dplert iome mutBntsye e P kasRiNOgaptagtivators

wWibﬁhaE'@S%'ﬂgﬁ UGRC @ cMHdeh @ St RO Gy tion Wan
artiall ical to, the _am no acid sequences

aa§s| cbed K pyngsagely) BAGLALed Pt BEEREe PL fitar
dtleefb%al Qm&ﬁgé&feslchggt Tﬁt@ﬁsgﬂ: als kﬁ%ﬁh7Qolr example,
rerera n an 0 Se onol ogous or
8 oA of PR REBERSEhe LhAG VTS oRasations at
thleas nbvodiemg actsiicet i nflof acttdre ( ppehemahbyendi squtawattor
h el egs f ) e 0 I th
ifhbIRQLl) B Tl SENARS, SAHETaR MR idIhg (e by
waetchvatﬂﬁ’A V\hmmcdrp bélugéd ¢¢lllsa.cc@ndatrtma wnthhrt Heand,

LERHCTS aonE SRR ITRRCe v, ot o dnPrbathy, dhile,

er and epj gr owt tor domains
agel (ﬁ?@ﬂﬂﬁ#%ﬁw|%@¢ya?éﬁhéﬁst9|ﬁ&lﬁ@aF61VPW€¢|hﬁﬂPAI

1‘530%&%&@81 on@ﬁlggaltmle&wyong@nw@ h@bﬁeaee hkBe a

Bar on on
%§aIXEéﬁs L%°HEFB§HQH1rec9%§t§?5te|% %ﬁé%?mxﬂwnﬁgk of is
1metebspaaamumﬂm33zmﬂn\MﬂiﬂSraghhdynseeasa&o Paonl NF,

ng ggolyégg t@gcy N§§%§5'V to |vas

ar nal’ o |tal
Badiddal Piing P}tma I\/bll»(écul Bradh’ol @by dfuxm asﬁl‘lnog@lgez J.

paghktat RFS: wWat sabg ther&dii g&al fllm?hhca éemﬁef drpsgy
design? AmJ Cardiol. 1996; -7

up ) -
rREAS aBiyﬁ‘[@d:J\Pd’rF rRhetsBA 46(12)12093(1‘1« EH}I% 22§r889f PRAR) .
Thebib ORaBlbaehs, 1He3pl azot nogem-zmn vaddr camtuieh cp,

(308 A B SIS A ST kR v v,
Schweifer M, Breed J, Cutler D, Tracy R, for the TIMI
investigators. TNK-tissue plasminogen activators in
myocardial infarction (TIMI) 10: Results of the initial
patients in the TIMI 10 pilot - a phase 1,
pharmacokinetics trial. Circulation 1995; 92 (suppl.):
1-415).

EXAMPLE 1:

1. Comparative analysis of the efficiencies of beta-
amyloid (1 +to 42), fibrinogen and fibrin as
cofactors for plasminogen activation by DSPAalphal
and recombinant human t-PA.

Materials and methods

The following substances were used:
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directed nutagenesis. Thus, it is known, for exanple,
5 fromrt-PA-TNK (tenecteplase) that three nutations
at _ the binding site for the plasm nogen activator
KPHF\QbﬁFBP?‘ao?‘PghEeBﬁésﬁand, and at the bindi n$® P42 Ky
which t-PA binds to liver ¢ells, on the other hand,
lead to the catalytic activity being increased whil e,

-10 aPSPhalehad t(RRePangd aBY| iRatany peatRlctQratddPARL -
F’A{ llhspdéémﬁéﬁed;zomi,s t?aﬁ%e% gil}ozs t ereaigepl 88€ ahe
cata I C conversion.consta . KC |1 C IS
ner elbEEaRgn. FEFR RARSOAVES: dharh Mo b bs Bty Mater
Keyt iBA, oRdeirnot6J, obltawnAVa Nfuyel Héonkerntaaitiloh LF
Badi )l’kl @pzwpena LC, Brady K, Warm FM Qgez J, Bennett
WF:

tlearing fibrin-specific, PAl resistant
variant of t-PA (T103N, KHRR 296-299 AAAA). Thronb

Hae v (0:p307- d +Ca e
—I\/bCanggé%?I?}%gﬁghegB%A’jm(jﬁ i—)énry'T,nIg%g%%%% LR@'/Z(?EWOH’
Schweiteh Mo -Brld@$72) -Cutd erg Dverracdisvokvad t he TOVML

i nvegki gake@ile Witeld SYIegDI&Sal POHRN ohickak¥atioR of
myocar di infarction (TIM) 10: Results of the

I
initFaT“g?Béti ents in the TIM 10 pilot - a phase 1,
phar macoki netics trial. Crculation 1995; 92 (suppl.):

25 1-415). MPLE 1: 1. Conpar.at.iv nal ysi s_of the
e 11 BRBRE; ST Pinaminoggng I r ve ( Fam) Rupafl miime
and {pbepared &yf ak4ioms) f endplddssiolvgen Tct PCaRi dufifier
DSPAql pha i pangc h nt-PA Mterials and
netﬁggsg1L§gégﬂg£$g?€§m§ﬁgﬁgu@g?ances wer e used: Konig
Szynka von Renesse 46 029 K - 13 DSPAal pha

2002, sanple .10). 10 of th ubst ance r
di s5BPS e FBEA LIS ERAM 31974 o (gafafog No. Fi883, baten
12K7620). 25 mg were dissolved in 25 ml of PCLA

buffer to give a final concentration of 1 mg/ml.

-(prepamgd b¥iBziap eh@thésH@-ntaa@i\gla plednRRyde free,

- Human thrombin (Sigma; catalog No. T7009. Batch
61K7603). 100 U were dissolved in 10 ml of PCLA
buffer to give a concentration of 10 U/ml.

- Flavigen.pli color reagent (D-but-CHT-Lys-p-
nitroaniline-DHCL) from Biopool (catalog
No. 101353, batch 1512016). 100 uM were dissolved
in 50 ml of PLCR buffer to give a final
concentration of 2 millimolar.

- beta-Amyloid protein (1-42) from Bachem (catalog
No. H-1368, batch 0535120). 4 mg were dissolved in
4 ml of 0.1 percent ammonium hydroxide to give a

final concentration of 1 mg/ml.

All reagents were divided into aliquots and stored at

-20°C for no more than two weeks.
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in order to obtain a final concentration of 5 1
mg/ M . - Reconbinant t-PA (Actilyse(r), prepared by
Pai on bat ch No. 102572). 10 ng were dissolved in 10

KepigoBz¥pkai yen BReBESES give a final concent rd®i®29 K
10 1 ng/m . Human QG u-plasyg nogen, purified from human
Pglasna (prepared by Paion) and dissolved in PCLA

Gr Puffegt (Jopgsc 0t dir oM 2GIM2HE AGERS catalog
Nbi bponegen, essenti aldncal agatpegencdt£rog WS 21712);

obtai ned fram Sigma _(catal og No 4883, _batch
2255055 UG moPataiodol Naa S 5E) ni loRMpCEAC e - 26,0
(ﬁdfée;t taatgi Mgy anNbi nab7a®0¢|¢nt1r atM o#aggpm.ggémh.(m(mka,
n 0 ; scata : at c
CE*E%BES) .°‘r11870ﬁ§ @ef'rgg%d?s V@%Ci\? %Bm C P acatalog
Nouf 187580) gi ve (o Lanttent MgE0pn7Hi0 10 (Fhihka 25 - catalog
| ayi pl hacal,0 g - < - P .
Ng; Ea 8 | nEPD@ELgEF?ém? AppiIohi; kst SatNo. ) 21969)
Ob8ighPebysonbate180 pRiwsre eatabdyclio. iMHBEYL N of

PLCR buffer to give a final concentration of 2
mllinolar. 30, beta-Anyloid protein (1-42) from Bachem
Plasmipegen\gctivatpan #43%8¥%:0535120). 4 ngy were
dissolved in 4 m of 0.1 percent ammoni um hydr oxi de
concentration

i fi | f /. |
The  JaRay fior . BAPSTABR IR ACKLMALIPD ARG SREElgdaput on
mi@fGtiver nlatres t ladn avvotcvmk?.volMMieg Sfyrﬂ<3105/m11, as
40..029. - 14 _.P B r n :
aREEEPREY By (8¥ i Rgmanh et P PYLE! GIRGSE HENkeadohtl

werer addedt as ofohbows1712) ;

50 ul of plasminogen (0-24 puM); 15 pul of cofactor
(1 mg/ml); 10 pl of plasminogen activator 7.5 nM and
75 ul of Flavigen (2 mM).

The final concentrations were as follows:

plasminogen activator: (t-PA or DSPAal): 0.5 nM; Glu-
plasminogen; 0.0625, 0.125, 0.25, 0.5, 1, 2, 4 and
8 uM; FlavigenPli: 1 mM and cofactors: 100 pg/ml.

The cofactors beta-amyloid (1-42), fibrinogen and
fibrin were compared with the control without cofactor.
For the control, the reaction mixture contained a
further 0.13 units of human thrombin/ml.

Directly after the addition, the microtiter plate was
introduced, at 25°C, into a molecular device ThermoMax

microplate reader.

Stirring was carried out from time t = 0.
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4 mM KC1 (Fluka, catalog No. 60130); 1 nmM CaCl2.2H20
(Acros, catalog No. 207780); 1 nmM Na2HPO4. 2H20 ( Fl uka,
5 catalog_No. 71638); 0.3 nmM MyCl2. 6H20 (Acr os,

KoRig §3YDM3. VOU7BSBESSE 4 nM MySO4. 7H2O (FI ukdé 029 K
catalog No. 63140); 20 nW%yEPES (Applichem catal og
No. A1969); 0.01% Pol ysorbate 80 (Fluka, catal og No.
mg7&9t1q®1 PeBsi hhgan 4045 vt | ahd a498y nMTIwa s JReAS YRR

| asdgOge N Ackiyal 50N Tes &;%iéa?ﬁ QdhsPRied %rtoué@rnm
plates at a taotal vol¥pe of , as, descrijbed

wBLEn St agted fromyt ecﬁpialcaﬂhéi%%zgfeﬁﬂss a 154%r‘1§“ Din
o&@@@df ftﬁﬁiéﬁrﬁm( e?ﬂu@'dﬁllgfléi:éffsﬁéﬁoﬂﬁﬁ Q- %d\/{mowﬂ?nént
OT acCl or. ; .0 asm nogen actj vator
of s Cibics nPoPhe eppaiiRealanperss Samaled e s
thoeee Memtdtensusiie aachoblasminpgesnmcoygentacitioat arid
_PA = Q. . 0. 0625,
pgepindelcact tyhiol olfbathut sBuash EOCT onPi: 1

mV and cofactors: 100 g/m . The cofactors beta-anyloid
Tht &f) anb ElE'af&OgﬁﬂuégdweEbebEe%EBeao'(FQF;SQ't ﬁ%k'}‘.t he

control wi thout cofactor For the contro

reaction m xture contained a 30 further 0.13 units of
rFiduest grombin/m . Directly after the addition, the
mcrotiter plate was introduced, at 25C, into a

nol ecul ar devi ce ThernmoMax mcropl ate reader. 35

aSt i r Deftgrmdniagr thedmoltrf eatihcttoh sf0th&opNg.Szynka
von Renesse 46 029 K - 15 The optical density at 405
nm and 490 nm was neasured at regular intervals. The
bopt | Canverndon of &he4Fd avhgenerd isdnt rlidetndt Hlragmitheas

opt i gal e elesidd essate i05r N&v i fen ogsggr cbacewtwe%ﬁ t(%

di fferences due to the novenent the |iquid.
the #¥derinments were carried out in

c) Michaelis-Menten plot of the conversion of
Flavigen by 10 nM plasmin. The initial rates from
Fig. 4b were converted into pNA/s.

Figures 5

Curves of the optical density against the time for four
different combinations of plasminogen activators and
cofactors. Plasminogen concentrations of 8; 4; 2; 1;
0.5; 0.25; 0.125 and 0.0625 uM were used for this
purpose.

a) t-PA without cofactor

b) t-PA with beta-amyloid (1-42) as cofactor

c) t-PA with fibrinogen as cofactor

d) t-PA with fibrin as cofactor
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three repeats using each plasm nogen concentrati on and
pl asm nogen activator concentration. 10 The Km and
kcat val ues were determned (Figs. 4-6). Figures 4 a)
Konig Hzynka vied REMESSExtincti on of the pNA. 46 829 K
Conversion of the FlavigenyglL by 10 nMplasmn as a
function of the Flavigen.pli concentration (in SM c)
eNl ch®8PAalphade witheutocofRet@dnver si on of 20

FI avi gen by 10 nM pl asm n. The |n|t|al rates from

Fig. 4b were convert dinto ures 5 25 Curves
Bt STARLEDAT Matd PPtagamy Bbithe redy’ A5, Spfartor

dlfferent combi nati ons of plasm nogen activators and

cofa IS gen.concentration ;2 1
g1 eado 5 1 T bR 4060 der SO3o8t For 1t hi s
purpose 30 a) t-PA without cofactor b) t-PA wth

hBeta éTﬁ%ag #%% %ﬁb%?%a%% cof%%t%%thPA W th

i brirnogen~¥as “cofact or rin as cofactor
Koni g Szynka von Renesse 46 029 K - 16 e) DSPAal phal

:éuy%g gcof actor f) DSPAal phal with beta-anyloid
%? 42) as cofactor 5 g) DSPAal phal with fibrinogen as
cof actor h) DSPAal phal with fibrin as cofactor

Hlictur e6£ 6 @ FkoksOkcat{ PAKE. kCﬁKKﬂAeEPP}/(@@atdgﬁ the

inst the plasm en concentration 1 a) Plots for
é¥£§$ﬁH99ﬁHuF°@5P3' 83 8P bet a- anyl oi d,

a) Plots for t-PA without cofactor or beta-amyloid,
fibrinogen or fibrin as cofactor

b) Plots for DSPAalphalll.38 without cofactors

Results:
Table 1
kcat(s™) Km (M) kcat/Km
t-PA ctrl n.d. n.d. 1272 = 224
t-PA amyl n.d. n.d. 9307 + 579
t-PA fbg n.d. n.d. 10204 + 1546
t-PA fibrin 0.351 = 0.35 0.178 = 0.017 1 990 000 = 327 000
DSPA ctrl n.d. n.d. 12.5 + 0.9
DSPA fbg 1.649 =+ 0.110e-3 2.465 = 0.426 690 + 181
DSPA amyl 0.957 = 0.199e-3 0.853 = 0.316 1304 = 785
DSPA fibrin 0.532 + 0.136 1.098 = 0.382 506 000 = 120 000

Table 1: Values for kcat/Km for the activation of
plasminogen by recombinant human T-PA or DSPAalphal
using beta-amyloid (1 to 42), fibrinogen or fibrin as
cofactors.
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15 fibrinogen or fibrin as cofactor 20 b) Plots for
DSPAal phalll. 38 without cofactors Results: Table 1
kcat(s-1) t-PA ctrl n.d. t-PA anyl n.d. t-PATfDb
Kendg Szppkp ypp Rengsse o 35 DSPA ctrl n. d. fﬁ%ﬂg?bﬁ
1.649 0.110e-3 DSPA anyl19.957 0.199e-3 DSPA
fibrin 0.532 0.136 Kx(I kcat/Km n.d. 1272 224
Thed resydrs sy Given 1990khe ) pegnp + Ag-anglagd; dewigion

090@nréé’ idd@peRdentléxperm8nds465 0.426 690 181
0.853 0.316 1304 785 1.098 0.382 506 000 120 000

Tabl e 1: Values for kcat/Km for the activation of 25
Ipl #agl nogepdssibdeonds kidtle riiinen thePAraicildsPAallnfed for

using beta-anyloid (1 to 42 fibrinogen. fibrin
kESFaMSI_%“ KSAPG e s2yttka ox)aﬂtélﬁéssvéer% %Jz‘gﬂ‘?(r -%i‘? “he
makémnms \plissmireogen econsenhrahkan ($t aMdarwhidgvi ati oas

A e.l.n endent experinments. It was not possible
pg%ségggrﬁ?ngg?ﬁe preci se values for 5 kcat and Km

since the Kmval ues were higher than the maxi num
T?%aﬁg%ﬁﬂgﬁﬁxﬁpn&§n£ﬁétk@ﬁe%§cM%dM§ﬁHhﬂ§ ¥@SnoPOSHl g
own sufficient for comparing the efficiencies of the
different cofactors since the reaction rates at
plasminogen concentrations close to or below the Km
values are dependent on the plasminogen concentration.
For this reason, the reaction rates are calculated,
using Michaelis-Menten kinetics, at physiological
plasma plasminogen concentrations at 2 uM. The relative
efficiencies of the different cofactors for plasminogen
activation by t-PA and DSPAalphal (Table 2) are
determined on this basis.

Table 2

cofactor DSPAal t-PA

none 1 101.8 = 17.9

DSPA amyloid 27.3 = 7.7 744.6 = 23.6

DSPA fbg 29.8 = 5.0 816.3 + 123.7
DSPA fibrin 13 560 = 2360 12 880 = 1360

Relative rates of plasminogen activation at the
physiological plasminogen concentration of 2 uyM, as
calculated using the kinetic parameters in Table 1. The
combination of the DSPA control is 1.

EXAMPLE 2:
The prion diseases, i.e. the spongiform

encephalopathies, are fatal neurodegenerative phenomena
which are characterized by an accumulation of the
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The derivation of the kinetic constants is not on its
10 own sufficient for conparing the efficiencies of
the different cofactors since the reaction rates at
Kepig SA¥BEA ¥BRCREREEEPONS close to or bel ow $H0¥KMK
val ues are dependent on 1hggplasni nogen concentration.
For this reason, the reaction rates are cal cul ated, 15
absprpal éBQEPFE. MENtBA RFAGR| BEOtEinpkP5PGIoginc Amyloid

d@FB%EEsD' a9 Gﬁﬁ%mlcgﬁﬁf@ﬁrﬁkb%&nat( P%Pw? 18e &@rdldavd
ficiencjes of the fferent caofactors

ip| FeRYndgeisuesort i ¥Rt Péﬁtﬁ(}utlaPAlé‘noUt?s%?bﬁal ipTahich
i2) iaf ecofleértrated dm tthe Bgnapsed() Teid emacﬁ@ﬁagfnorof

the7hanss 1as 3E SR TR OF Bri10 G JiR HPteis

stibli md el 236&ei:3t686 a:&som aﬁ.'svetheit mzchfanlsm

oBin 1833% Cokcld b od ool OB P o 20e Lo PRE™
fphe\aknneti & ms&mé:tl@r SﬂQQhEIfB}lﬂHe qouh?helleombl nat |e<frfe@ft

hheﬂsﬁé CO_i.rHrOL:ohﬁeJ:tlgﬁANP&-ﬁl‘? $@eThe ot Jﬁ‘9 ion of

i seases . spongi form encephal opat hi es, are
Pﬁaﬁaﬂnﬁaeﬂobﬁgbngbatlve phenomena which are
characterlzed by an accunulatlon of the Konig Szynka
VO Renes 029 abnormal isoformof the

Whr i Q’Pr %%?,‘)mr n W%I 8 TREYEPIRANtHProLein,

thatonRrRﬂecan(Pm%are&s&mpteBBedatahyﬂaﬂy tHlasuE hogeh

BREVRELLE 200 PR BLL, ) Cbadiede pEncanaAl o,
BcgwnoDRatﬁm(bf PPPasmgngger RCsyatgonstis| srtomuﬂ.@ltled

YN P OPr8PdiROTard +BEuIRELANIIHM a copper-dependent
manner, Biochemistry 41: 6891-6896).

The ability of PrP to stimulate plasminogen activation
was dependent on the conformation of the PrP, with the
conformation being influenced by the presence or
absence of Cu®*. The latter form contains a large number
of beta structures which correspond to the PrP®*°¢ isoform
and stimulate plasminogen activation. These data agreed
with earlier observations that, while plasminogen bound
to PrP°® which was isolated from scrapie-infected mouse
brains, it did not bind to PrP°® as normal brain éells
(Fischer M, Roeckl C, Rarizek P, Schwarz HP, Aguzzi A
(2000): Binding of disease-associated prion protein to
plasminogen. Nature 408: 479-483).

Furthermore, our experiments have shown that the
mechanism of PrP-stimulated plasminogen activation also
encompasses the binding of t-PA to apoPrP (i.e. PrP
without Cu?*). The structures which are required for
this binding have not yet been evaluated in detail.
However, the binding is specific since it was prevented
by DFP-inactivated t-PA.
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whi ch | eads to neurodegenerati on by way of PrPSC
formation. A possible nmechanismcould l[ie in an effect
on PrPSC in connection with the activation of 10
KopignSAygka NPn: RPAeSHE have al ready shown, udbnf§28 K
reconbi nant protein, that,& P can increase

t - PA-catal yzed pl asm nogen activation 300-fold (Ellis
V, Daniels M Msra R 15 Brown DR (2000): Pl asm nogen

oRGkhrVakit8ddss Stimnmulated by prion protein and
regul ated in a copper-dependent manner, Biochem stry

41: 6891-6896). The ability of PrP to stinulate

Thea PPN @dThas! WMhdldhower?) ussl diap ety mémgauons
confarmati on of the, Pr. the ¢

P
YEREI dshcRECRy CRRE SedddRck %’?0“‘ aB?Sﬂ@EOBPn @Prlﬁﬁeg"rp

isalaeedf of romomt.aiced ia | Bohkowimyertheof phetification of

o] IS U 601 | 88000 ded i e STFSCah 88" ol 18"

ashi‘nogen "act irvati on ese
tWethbganbEeprOME@ﬁﬁapﬁomﬁ me@enMﬂhhyqﬂdﬁsmunxﬁnﬂer to

fB%n%lt%%foé’%wlﬁb VW85 hAOLRLes b, o'ﬂﬁ&re}?atgd forms

scrapi e-infected nouse brains, it did
offy fhese nBFARE1RF aipkecell) seaghi Safg RFoRweR%| by, rapld

dRarsba_akngn Sehvweiatdl. AgeZZprbte(200Rhs Beodie@red by
soc a&g ton photeln ta 30 Iasn1no en
R E1E 70510070 HE R o i e
Khadnegehbmnnt haa trhetamtec AB1i-9d off olPmP- s(vhnuhatdades not
0 b I
BnB7IR°FEE S5, S e c VRTINS Vhme
wayr ucthe eefifieicdh afe thasned r ddfferenthi foxmadiofy RuRe on
pRAkmifbgBRCNAEYaYHRIEH | By dSbShA. wipwei«rwesxfbffated by

b|n|n is specific since it was prevente
lDFPbPﬁ&BBw thed BB (OrdA0g Mg ik aviBh ﬂéh%s% %L ien

(E5 nml9ad3hBBPnEquQ$ nﬁheF%fhﬁmdﬁ$@5nmﬁb%ﬂvﬁﬁﬁ6n is
n thq§e L NVES ation n.eac

diRefmifen By HPEERINAE °0F, chelhiatlifo8heiEte ave

HedFNalbehohwﬁg7thalggrﬂ#meahybqoomarln at 37°C using
the SPECTRAmax Gemini-lourescence microplate reader.
The controls of these experiments contain sc-t-PA, as a
positive control for +the effect of +the PrP on
plasminogen activation, and fibrin fragments, as a
positive control for stimulation of the t-PA and DSPA
activities.

The specificity of the plasminogen binding was
determined by competition with DFP-inactivated t-Pa.
The lysine analog EACA was also used as a competitive
inhibitor.

Results:

The results of the experiments are presented in Table 3
and Figs. 7 to 10.
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the Hi s-labeled PrP, the protein folds once again, in
t he absence or presence of copper chloride, in order
to, formeither a holo-PrP or an apo-PrP. Aggregated
KOBigs SEynkp VRBsBePLSEEi ns are in each case pt®dleddK
by rapid dissolution in_wpger. The protein was
collected by centrifugation. The material is | |
Figsi dpanint PPotB pise PROYILGESt | bhformativet iAsigy.
thesM £Y§LE8 ARBEedOlcl N PRhae tb?PQ@?‘e@iﬂﬂéé‘m i tghly
was prepared in the sane_15 way. The effect of these
aGEAVBLER HHhoabf MO CASBRY adhi iten CHEEPEEPPSR Mpde
cDeBA velsat nthet | Dps tdebyindegibatiteg dhe thieP k9ingle 2

[m) with s- pl asm.naogen .. n an PA ( nm..
mgﬁ.?rgm ﬁageﬁﬂ%cﬁ%ﬁﬁqt&rﬁi sdlgiggF%ﬁedgﬁ%s Gar g?%@? srg&d
ttRa, pbesinvoiped. f Tabdige320

H d- Val - Leu- Lys- 7- am do- 4- net hyl coumarin at 37C usi ng

t he SPECTRAmMax Genini-| ourescence mcropl ate reader.
Rehctdomnt rekesef Mt-A8sd experiments contain sc-t-PA as

a positive control fomimhe ef fpdes of t hBrPr¥ on fibrin

pl asm nogen activationPx®nd fi PxPn fragnBeps, as a 25
ngs'};vaq_,aggg#rﬂ for stinmulation of the t-PA and DSPA
actTVitles. the specificity of the plasm nogen bindi ng

was determn ned byPRonp@00ti on B8R THP-i nacti vat e@ 000 000
t-Pa. 30 The |ysi pgpanalsQg EACA .was al so used as az 000 000
conpetitive ipnhibitor. Results: 35 The results of the

PER pRFSRARAELOR #2 presented in Table 3 and Figs. 7 to

10. Koni g Szynka w®n Remesse 46202060 -229012 KHoy. 7,

in particular, prqyides dnfor Lve.i nsi gh Thi s

figure makes cl ear%%%gaflsP?E sggf?.bf?%m I ygo%?‘ril

activates t-PA and not DSPA. It was furthernore made

FoL82ktiikdh akli®n! YSi ne-binding site of the kringle 2 5

must, as the essential differe bet wee A and iy s
t - PA, be invol ved. Tabll‘:ei'.':,%ts Pilis BrPSP fibrin

PrpP Hep
PrP preparation #1
tPA 1 250 2 777 778
DSPA 1 0.638562 130 719
PrP preparation #2
tPA 1 88.88889 414.8148
DSPA 1 10.33333 353.3333

EXAMPLE 3:

a. Preparing and purifying humanized DSPA (humDSPA)
(amino acid sequence as depicted in Fig. 11)

Recombinant human DSPA baculovirus DNA was prepared
using the Bac-to-Bac system (Invitrogen) and the
purified virus DNA was transfected into Sf9 insect
cells. The recombinant baculovirus which was produced
was amplified using Sf9 cells. HumDSAP was expressed
using High Five insect cells in serum-free medium in

suspension culture. The «cell culture supernatant
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Reaction rates, MIs-1 mnus plus PrP + fibrin PrP
PrP Hep PrP preparation #1 tPA 7200 1 800 000 DSPA
15.3 9. 77 _PrP prg@gration #2 t PA 7020 624 000 % 8%5
Kond 9p8aXnks yon KeneESE 565 10 Fold stinulati$ 0¥
000 2 000 000 m nus plus_PplP = fibrin PrP PrP Hep PrP
preparation #1 tPA 1 250 DSPA 1 0.638562 PrP o
condgdndindothe Yeoembmpsspuotein gvag BEpgen £ 3RBL

313333 was AMibE e3ted 167 f4F8he20wbERiAg Bpeparing and
purifying humani zed DSPA ( hunDSPA) 15 ?am no acid
sequence as depicted in Fig. 11) Reconbi nant hunman

msPB Aé&agldxn\ﬂﬂw sﬂ%l gtz awa:epﬁsed:gawmgslldeﬁ_ 1:y_ at RT on
ac- t,0- Bac m nyli t.r.oge n uri.freq v rus
‘3'DI\§‘§/¥2§1‘33r t?%§¥?é§9e&q"ﬁ?&f‘§%§a na%c%bgg ’ég‘?l §orre hour.
'Imecquueamt smicuﬁmn r(ls Swhi)c iwasaeqriddibostedvaso pH 6.0
AT | fs%f‘izﬁi‘s!é}&ncﬁﬁﬁuxﬁe' ééﬁ&@gf"%fo%égex%%ﬁs.e%n . SP-
using "H gh Five insect cells Th serumfree medi umin

sephpeesieoX e UANgrshame iqd lexallange aipemat3hht mdortres

voAuRied VandRepsesaed 4G, 49 'coa%mncogiﬁhﬂégg &he 50 mM

reconbi nant protein was frozen at -20 i
ammonium acetate solution. The bound protein was eluted

in a gradient of 0-100% 1M ammonium acetate, pH 6, over
10 column volumes.

HumDSPA-containing fractions were identified by Western
blotting; following protein determination, these
fractions were subjected to an activity test, frozen at
-80°C and subsequently lyophilized.

In contrast to the standard activity assay, 50 pl of
eluate (= humDSPA-containing fraction), 50 pl of 0.2 M
Tris, pH 8.0, and 100 pl of 2 mM S-2288 in PBS were

used in this experiment.
b. Assay of DSPA activity

The activity assay employed is the determination of the
rate at which a plasminogen activator converts the
colorless substrate S-2288 into a colored product. The
assay 1s a standard method for determining the
proteolytic activity of plasminogen-activating factors.
The activity is visualized by determining the release
of a chromogen (p-nitroaniline, pNA) by the test
substance. The Chromogenix company offers the chromogen
S-2288 for this purpose.

In this assay, the rate of reaction is not determined
directly (e.g. in catal units); instead, comparison is

made with a standard which is defined as 100% activity.
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until it was subjected to further working up. The cell
cul ture supernatant was thawed slowy at RT on 5 a
shaker and then centrlfuged at 4000 x g for 1 hour,.
kpndgpSsyeka ¥ePuRPBASEE 5 1) was equilibrat ed460038 K
6.0 with 50 M amoni um aggtate, |oaded onto an SP-
sepharose XL (Anmersham ion exchange colum (350 ni

bed volune) and washed with 5 colum vol unes of 50 nmM

The FERAIGH aELtat Ga§0|m'éh's%'?:ed'rhﬁ1 boupd FRE®! g iMRS the
eluted 1n a gradient of 0-100% 1M ammoni um acet at

felilewigger COBPESLLAANY O u%%smMHun%F% Beht ai rﬁ’}hge/ed 1%
allbamingngovweme i denti fivaed A1y, Wed ern 15 @lypiindi.2 mM

follgghgg Br e|n 9? erm nation, these fractions were
manpr -Po™¥n558¢P8rty test, frozen at -80C and

subsequently Iyophlllzed In contrast to the standard
cti el e (

ﬁ ni)%éég%%%ﬁal ni ng ‘J'I‘ rggtﬂrg%ﬁ é@E I} G, Zgﬁ/l ‘ﬁa?‘% te
ugifg adpbarlo0 viatluefs,2 shasH2P@8 iandPBSamples mdtamlng
diFieBrBHRCLL AR rbr 188 Y0P BERANACT i Vi ty 25 The

activity assay enpl oye eterm nation of the

rate at which a plasm nogen activator converts the
mel QH&%%S%U Retvrateine 2288that absoephkabad al@;f mtnm s
i.s a standard nethod for_determnin
TR gE B0, (IR PR TSRSk FOBe R LAB0 Vif | fige. Linear
pbac:tmhs .of Ttike acuirvet wass d/esexahirx@di hyidgt @xeiedi.ngrhis
%hga§ Ptg chronogen (p-nitroaniline, pNA) by
he St 65 ¢e. The Chronpgeni x conpany offers
t he chronogen S-2288 for this purpose. 35 In this

f%%sah th%h&@!r,e ofhd CaGdtAR S 3Ot det erphed fractions
i'rectly in catal units); instead, conparison IS

(REBECRFER s Saidita ARHISH HY9) -0dHih cth ie gy ined gels
cagt ive t geellONiy Biyskalvan Hedelse. 467029, K6a 3Ad 16b

show the Western blots. The protein detected in the

Western blot corresponds to the protein marked with the
arrowhead in the silver-stained gel.

[L = load; T=flow-through; W = wash; 0-40% B, A2, A3 ..
fractions]

EXAMPLE 4:

Clot lysis (thrombolytic activity)

The residue of the humDSPA-containing fraction B6é was
dissolved in 15 ml of PBS and the solution was
centrifuged at 4000 x g for 15 min. This fraction was
selected since it exhibited the highest purity. An
aliquot was removed and used for the activity
determination. The catalytic activity of this sample
was roughly comparable to the catalytic activity of
5 ug of activase/ml.



10

15

20

25

30

35

The reaction rate was neasured in a buffer having the
foll ow ng conposition: 25 nmM Tris-HCL, pH 8/0.1%

al bum n/100 mnm NaCl /1.1 mMglycine/1.2 mM 5

Kenigi S3¥pkasvap §e22889 The neasurenent was cifrPed K

out in a 96-well plate wusp#so-blank val ues, standards
and sanples_containjng different concentrations of

Theotkiepd 1619k8 |Wb’r“e}hsé’eﬁﬁt H$§GreveRet HEENRS pErem a
n@?:mtﬁ%5 bllﬁb\da%amiﬂ@?&@&@nuﬁmgl @aﬁ*l@.@i“%trgi twe'E*”ée i5l aRgeh
0 i near orti e curve s determ
CSEngreER XA 2 il o0t  AoRE: | WHASH 185K ansferred
1&|&6\N5pd]hﬁpr&i§y]&érte esubést laadf rwagwm*cecﬂ expdessathtiural
%2%8 acti é The |Ivgr églne g I§ can be seen
cppaz J&"e15 Y338 18892805188 FBRow t he
V@stern bIots The proteln detected in the 20 Western

t 0 i d t
THEO EABEERDENHEaLAILC BHALELG b el Mo e so-
svﬁhaéﬂsﬁhmmwrwv&t%\athwag 4@%93 <A12 aA3 1lyophilized.

rheaClieidue?d @ Whksdo16bat livsi sif trﬁl’[ ongel ybiag  and
activity) The residue of the hunpPSPA-cont ai ni ng

cepsEifyreds Has 14U & sSoFvelP iMiAS R SATPRS oRE (s
s®QuitibAn Waas Ceeimovieded Ford00Gmx g d-@28ib mMdvtiWity

f ti t ed t ted the. high

dB B RAKHOR, PELGF L™ oFingsd afdofsclePoradqe-  The
catailyittig deteiwityti oof Thehisit alsanwlect icornesdonded
eEQbﬁtiQﬁRgf %g Wahe OWIRM yRaEPAL, '1%1%9;t3>95k ajf/ glrgyt 'dt

activit of activase/ m . Konig Sz
aRéﬁ@§§e /nd.029 K - 23 The blood clots which were
used were derived froma

Figures 17a to 17d show the —results of the
chronological course of the clot lysis at 0 h, 3 h, 4 h
and 24 h after adding the humDSPA. The left-hand
experimental assay in each case shows the control. PBS
containing humDSPA in the above-described quantity is
present in the right-hand assays.

The blood cells slowly sediment out of the
disintegrating clot. A type of mesh, which can already
be discerned after 4 h, remains after 24 h. In the
assay, detached blood cells were aspirated after 4 h
using a syringe in order to view the structure of the
remaining clot.

Consideration has to be given to the fact that the
fibrinolysis slows down when the clot is no 1longer
hanging in its own lysate. This is the reason why any
clot at all is still present after 24 h.

It is not possible to quantify this reaction. However,
the humDSPA exhibits a marked increase in activity as
compared with native DSPA since at least 4 times the



normal bl ood sanple taken 24 h earlier and were in
each case forned from2 nl of blood which was
transferred intg polypropyl ene tubes and coagul at ed
KGH&ErSHXPgPaV°“SRﬁgﬁE gions. The lysis was caf®i@89 ot
in PBS. The hunDSPA-contaipang fraction B6 (fromthe
SPXL- sepharose capture ste é was first of al],
APPBEREY| odq DEFR s cheie vhsedi 180P788TI o1 slimsave a
ckBe apdthe samer sfidged at 4000 g for 15 min. A sanple
of this solution was renoved for an S-2288 activity
determ nation before the blood clot was added. The
catalytic activity of this sanple corresponded
essentially to the catalytic activity of 5 g of 15
activase/m . Figures 17a to 17d show the results of
the chronol ogi cal course of the clot lysis at 0 h, 3
h, 4 h and 24 h after adding the hunDSPA. The
| eft-hand 20 experinental assay in each case shows the
control. PBS containing hunDSPA in the
above-descri bed quantity is present in the right-hand
assays. The blood cells slowy sediment out of the 25
disintegrating clot. A type of mesh, which can already
be discerned after 4 h, remains after 24 h. In the
assay, detached blood cells were aspirated after 4 h
using a syringe in order to view the structure of the
remai ning clot. 30 Consideration has to be given to
the fact that the fibrinolysis slows down when the
clot is no longer hanging inits own lysate. This is
the reason why any clot at all is still present after
24 h. 35 1t is not possible to quantify this reaction.
However, the hunDSPA exhibits a marked increase in
activity as conpared with native DSPA since at |east
4 tinmes the Konig Szynka von Renesse 46 029 K
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- 24 quantity of DSPA has to be used in order to
di ssolve a clot of the sane size. Kdnig Szynka von
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position R15-116. Konig Szynka von Renesse 46 029 K

4. The use as claimed in claim 2, characterized by a
modification of the kringle 2 lysine-binding sites
or domains which are structurally or functionally
homologous therewith.

5. The use as claimed in claim 4, characterized by
the substitution D236N or of amino acids which are
homologous therewith.

6. The use as claimed in one of the preceding claims,
characterized in that the plasminogen activator
exhibits an homology of at least 75% with t-PA.

7. The use as claimed in claim 6, characterized in
that the +t-PA activation site is modified by
deletion or substitution such that no proteolytic

cleavage takes place.

8. The use as claimed in claim 7, characterized by a
modification of the amino acid position R15-I16.
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- 26 9. The use as clained in claim8, characterized
in that the activation site exhibits an LHST
sequence. 5 10. The use as clained in one of the

Konage §z¥gke| yoms RenefgPacteri zed in that, in #4e029 K

transition region betweenyghe kringle and the
cysteine bridge, the plasm nogen activator exhibits

9an affbeo uee dasscimes stgneieidond ai FhAgackarized in

11. anahkasnRe9eRAGHAALH COTRET Sidith it nanacimhsT
sequence as depicted in one of the Figures 3, 11 and

13. $S9YENCR-p| asni nogen activator, characterized by
an identity of at |east 70% preferably an identity

gegr?lﬁy%%f; %%%%igﬁ%;i.cul ar | ydgr%fezgl?ﬁb‘i}%‘i%nga claims,
cl ai ehdraoteirdamil Oin 28hit, Alpl &3 nogansitionatmsgiam
cl ai %@Iwe% ong, o krf{n@igsa}lﬁ 1% 26 gl?é‘i St 8L 7 gé%’cfe

thro act i'S |nc eased as co
vmthgllaatnln@gemhe aedtivisgddSPAexhibits an  amino acid

sequence segment containing SKAT.

11. A plasminogen activator comprising an amino acid
sequence as depicted in one of the Figures 3, 11
and 13.

12. A plasminogen activator, characterized by an
identity of at least 70%, preferably an identity
of from 80 to 90%, particularly preferably an
identity of 95%, with a plasminogen activator as
claimed in claim 10.

13. A plasminogen activator as claimed in one of
claims 10 to 12, characterized by a thrombolytic
activity which is increased as compared with that
of the native DSPA.



