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(K1, Thr88- y176; and K2, Asnl77 s261
in connectlon with wvarious thromboembolic diseases is

regarded as having been largely concluded. The main

interest in thrombolysis research is therefore directed

toward the further development and modification of

known  thrombolytics and/or  the improvement  of
15 concomitant therapies.

A thrombolytic which is important for taking as a
starting point for developing new thrombolytics is
tissue plasminogen activator (t-PA), which has a higher
20 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.
25
Tissue plasminogen activétor (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
30 possesses defined structural and functional domains.
Thus, the N-terminal constituent c¢hain comprises the
finger domain (F, Serl-Lysd49), the epidermal growth
factor domain (E, Ser50-Asp87) and two kringle domains
(K1, Thr88-Glyl76; and K2, Asnl77-Cys26l). The C-
35 terminal chain, which includes a serine proteinase
domain (P), comprises amino acids Ser262 to Pro527. By
means of the amino acids His322, Asp371 and Serd478, the
C-terminal chain forms the active center.
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prepar at i onkKonig Sg¥nkapyent Repessexanpl e, of US patent 46 7 K5 and a

| ar ge nunber of publications (e.g. Bodg 5 and Renatus: Tissue-type

pl asm nogen activator: variants and crystal/solutlon structures denarcate
structural determ nants of function, Current Opinion in Structural Biology
1997, 7: 863-8%2) . afadi AGEEM OfeddifoimiAtict Wk Qnds PA ishfNChozqe as Fig.
1. 10 Li ke nost other trypsin-Iike serine proteinases, sct-PA 1S converted
into the tcPrpRaratiPBy ergathgesubiecte| £gvagzampies prads, ratenke bond

bet ween Af937566nd75|$ﬁa7§ 14kger nubder bhephWQ1%B%hB%saW@ bhe@oﬂﬁ|y hel d 15
t oget her_ by a single disulfide bri %ﬁésetmeen seriné 264 and serine

395. Thix né erlﬁﬁnﬁFuﬁhe t TpRSULsLYREe s @6PP@§Bond§cﬁévaFﬁ§b chosen by

Bode and Reaatmantboc and t )crﬁowﬂ/moha&at hegtauébarés Us demadichiter ent
nunberi ng as d define, the_cl eavgge or aCtIV%tIOD site.as R15-116

o Ra1013FE PR RS, det RERLRELS RE O ETRRY | ROGCPHE, RPADIREy 1o not
differ funcStnuathyamrBabﬂogyuﬂaBWy 725Smﬁyﬁkgxuasndnmgemmaofltabor (t-PA

al tepl ase) tQeagct is transforned into

pl asm n. §§r39¥5r 8§ gvb§ % €$€§1 |c 2@ ?hnts that t-PAis only
abl e thhctlvate C|rculat|ng plasn1nogen weakly. The two t-PA forns, i.e.
both the

Like most other trypsin-like serine proteinases, sct-PA
is converted into the tct-PA form by cleavage. The
cleavage takes place. at the bond between Arg275 and
Ile276. After that, the two chains are then only held
15 together by way of a single disulfide bridge between
serine 264 and serine 395,

This numbering of the t-PA cleavage site corresponds to
that chosen by Bode and Renatus (loc. c¢it). However,

20 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.

25 fTissue 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

30 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

35 plasminogen is activated. Accordingly, the thrombolytic
property of tissue plasminogen activator is very
greatly augmented by the presence of fibrin.
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ability of t-PA to be activated by tlbrlnogsn ¥§ conparable to its ability
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control | ed pl&siinGgen ogttavayoby withi bdteamyldid MBAsfibpgRdgés] i vat or
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t he cat al yt¢ompardleke stoh fhat ailli:yactiovabe oracicattesh Wyt hb@tasn nogen
can no Ionqgﬁyi€$?{ pl ace (Bennet W, Paoni NF, Keyt BA, Botstein D, Jones

AJS, Presta rmFM Zoller M High resolution analysis of functional
determ nants in human tissue- type plasm nogen activator. Journal of
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is netabolized rapidly via | veT, Hepatic I nsuf iency 1n a patient
t her ef d0e PRYS k9l 1) asrky hal $nhibitens i he Wit anebasminogen

activator inhibitor I (PAI-1) being the important
antagonist. The binding of ©PAI-1 +to the 1light
constituent chain of the t-PA molecule alters the
structure of the catalytic center such that an
15 activation reaction with plasminogen can no longer take
place (Bennet WF, Paoni NF, Keyt BA, Botstein D,
Jones AJS, Presta L, Wurm FM, Zoller M: High resolution
analysis of functional determinants in human tissue-
type plasminogen activator. Journal of Biological
20 Chemistry 1991; 266: 5191-5201).

Tissue plasminogen activator is metabolized rapidly via
the liver. Hepatic insufficiency in a patient therefore
prolongs the plasma half-life of the substance

25 (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

30 infarction of tissue plasminogen activator produced by
recombinant DNA technology Circulation 1985; 71:
110-116).

Plasminogen activators are developed for treating

35 thrombotic diseases such as cardiac infarction and
stroke. t-PA is currently the only thrombeolytic which
is approved by the Food and Drug Administration (FDA)
in the USA for treating stroke.
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responsibl e_f or ndesirabl e destructi.on I nfusing t-PA
into t-PA- 0%?%%9%&?% gméa\'?@ rlf%%es%roal?]aﬁ gg?sf'ﬁ Eﬁ??or?rs}u ( % &F, Tsirka
SE, Strickttarsl, SinfSisimg PE-PSointno tSBA- He;ﬁuoneﬁﬂ nilices umvep| @sse nogen

activator (iPA) | ses; ana r fo rebr | schem a
in wld- typ%doandi{ﬁgpdef 1@?%%‘?@%%% Ngﬁ TJ\l/gd 1 ?% rﬁ‘%’z It is
suspect ed tHtaiaklage dénl af el | BEi orforaa@ad usG t oLlptonuISdt i d?u&ﬁue he

NVDA- depe“%sn&%iﬁt Sc£§€$@69r Strab bfﬁ@ft?é@eg ned?Bhal ‘4 {Q' n G

Schl euni ng : npi re "bat salivar | 'asm nogen tivator
(desni8pl Afder afeﬁ?&uecﬁﬁﬂ?li%l yECHem Ay nbn t Hﬁilddﬁdspe ndddprighst e
neur odegengfedicientSt m@ke. 20kt B402)1998; 4(2): 228-231). It is
suspected that these enlarged 1lesions are due to
stimulation of the NMDA-dependent glutamate receptors
(Liberatore GT, Samson A, Bladin C, Schleuning WD,
15 Medcalf RL: Vampire bat salivary plasminogen activator
(desmoteplase): a unique fibrinolytic enzyme that does
not promote neurodegeneration. Stroke 2003; 34(2):
537-543). A proteolytic cleavage of the NMDA receptor
by t-PA could be responsible for this effect (Nicole O,
20 Docagne F, Ali C, 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).

25 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-
30 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
35 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.



537-543). A proteolytic cleavage of the NVDA receptor by t-PA could be
responsible for this effect (Nicole 0, 20 Docagne F, All C, Margaill |
Carneliet P, MacKenzie ET, et al: The proteolytic activity of tissue

pl asm nogen acti vator enhances NVDA receptor-nediated signaling. Nat Med
2001; 7(1) KonigSzynkn Mor RAenesSef the present inventi 4R P39 %erefore to
provide a novel therapeutic treatnment f_thronbotic diseases, in particular
of stroke. This object is achieved by using a plasnm nogen- 30 activating
fact or whi cFhexEbidemainapg&i t5e9tPHF nWhiFhi rrenifamctdonaddyed®Brs conpar ed

W th that oftdfufailiye Risaehitiadey achomategoubn atgartieyl ardanm
advant ageous, enbodi nent., her@%fﬁfjn gen activator  exhibits a nodified
P, A
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conpared wildngéhdimf drhenlat ibimd w2Ah Tows af&tihétydomai n can be entirely
or partgally del eted such that the capacity to bind lysine is reduced.
Koni g SZynka von Renesse 46 029 K - 5 The K2 domain, or regions which are
functional |I§n or a st pacticallay lyssentivahtggbons| ogemisodimént , canthe

advant ageo jfi hat_,l.ysj ne_.Lesi S I er hind or only
bind with r@ﬁsﬁ}%ﬁy. §9F%U§98%rthﬂu@r| ycé va%ge%&?lg%gdi rr%\t, t he

pl asm nogeracaandagtasy wittihc kheard niyengipinoyedmodifaedotd®Ace with the
invention is nodified t-PA 10 The significance of the K2 domain, including
the preparation of t-PA K2 deletion nutants, is described in detail in
Horrevd@t s The sHigndigange qfes the K2  domain, including the

preparation of t-PA K2 deletion mutants, is described
in detail in Horrevoets AJ, Smilde A, de Vries C,
Pannekoek H (The specific roles of finger and kringle 2
domains of tissue-type plasminogen activator during in

15 wvitro fibrinolysis: Journal of Biological Chemistry,
269, 17, 12639-12644, 1994).

Because their ability to bind lysine is lacking or
reduced, the plasminogen-activating factors which can
20 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
25 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
30 glutamate-mediated excitotoxicity by subsequently
activating the NMDA receptors. Accordingly, the
reduction, 1in accordance with the invention, of the
ability of the plasminogen activator to be activated by
fibrinogen also leads to a reduction in neurotoxicity.
35
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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f our i sof orns, whi ch can
more closely to the t-PA K1 domain than to the K2

domain and does not possess any lysine-binding sites
(Bringmann P, Gruber D, Liese A, Toschi L,
Kriatzschmar J, Schleuning WD, Donner P: Structural
15 features mediating fibrin selectivity of vampire bat
plasminogen activators; Journal of Biological Chemistry
1995; 270(43): 25596-25603). There are therefore some
statements in the literature to the effect that DSPA
does not possess any kringle 2 domain.
20
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
25 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;
30 264(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).
35

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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264(30) 11947547957 ghDintolhiel S 205 oA UAUAY Ysdd%of! pUELpe of OSPA

I s encl osed as b sh onpari so e amno- aci d
sequence oftIP@ARMaISWlFﬁa?nofaCDSPNi(CBEanDtN:k% inteyacgbonn wikd past, the

ability of foﬁfiﬁ I%'l@ﬂ'lfn' tkEltS’dwa%fou%tntarl' byt e ilgiRifiianal é% {tzs{f'f finger

domai n and 52 e van Zonnenfeld AJ, Veerman H, Pannekoe Koni g
Szynka Won ?Q'é%e ’ 4]62 }2360,7 1995).

Bakker et al. prepared various modifications of t-PA,
for example two deletion mutants which lack either the
kringle 2, the finger domain or the epidermal growth
15 factor domain. These mutations were also combined and
some of them were additionally provided with a point
mutation in the kringle 2, namely involving the
substitution D236N. This selective amino acid
substitution leads to the replacement of the Asp in
20 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
25 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

30 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

35 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.



(1986) Proc. Natl. Acad. Sci. USA., 83: 4670-4674). However, nore recent
publications al so suggest that the proteinase domain P may have a certain
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i nvest i gat iwnisch Bak K@vagtabdle fdampdsidiaged ibiriat. occupati on of the

| ysine-binding site in the K2 donmain by EACA (E-am nocaproic acid) narkedly
30 attenuated the binding of the native t-PA to fibrin. The sane applied to
t he nodPfi cBhe ohmperiarce Bsfp\ihenK2 piosalsupscludingn idbscekysimet t he

attenuat i O, #@fing Gfite BN 410 %ﬁimmmr_wimé@@ﬁéﬁf&éol ely of
the K2 domain and the proteolytic C_term nus, stil .
carried out by Stewart RJ, Fredenburgh JG and Witz JI
(Characterization of the interactions of plasminogen
and tissue and vampire bat plasminogen activators with
15 fibrinogen, fibrin, and the complex of D-dimer
noncovalently linked to fragment E: Journal of

Biological Chemistry 273, 29, 18292-18299, 1998).

In binding studies, Stewart et al. investigated, inter
20 alia, the affinities of t-PA and DSPA for fibrin and
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
25 their investigations, that DSPA is unable to bind to
fibrinogen because of the lack of the lysine-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
30 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),
35 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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denonstrate, on the one hand the inmportance of the F and K2 domai ns as
wel | as t heKopbg $pymba Yop RemesSeleronstrate that the i €02 i¥on of t-PA
of fibrinis not nediated exclusively by the F 5 and K2 domai ns. Rat her,
there is also the function of the LBS%ifA the K2 domain, with the LBS
resumabl onsitpl e S i ngea conf e t-PA
\%. chis ?aggfpgg?aéféﬂ Eg J r%ﬁ“@éﬁ%&Thgfl Caort%é\f:r%é% ‘the domai n

i ncl udi ng i eStigieney Qf nBS%a%Phél h&er apéésmé@ﬁgﬁadéct-llﬁatlgp was

i nvesti gati gBsut CRHH1 fmey't 18Wes! EMBRT tRdt GECHEPRULHBrdGsaRfle kg J!
(Characterization of the int eractlons of plasm_ nogen and tissue and vanpire

bat pl asni nBYBRCRRES v MeFies RAVALLY f?%ﬁcﬁﬁﬁn ini pkhe, RHRFANEE cOhpl ex of
D- di mer 5 nopgeyah entplspalalphad twad rawaﬁt domesal10fs Birgkegi¢al

Chem stry 273, 29, 18292-18299, 192‘1':)? {1 éndl ng studies, St evvart et al.

i nvesti gat ethaRntsPR I oFRe PrRSeRce /% ke IBROGER PAPEERfi brin and
fibrinogen. amyplohe sSicediaerorthe wmffimit I;ﬁwmﬁj]ﬁ)gidhﬂeSt plakrinogehhe
presence or absenge of thefl é‘ﬂe gal ggA in ordertto gnal éée t he

| mportance BYnERR r%”r?@l% deép deferRt SP%& |ng¥§ al'hreES’/ tOnt?tid&8® from 25
their inveseffiiciemsy ohafibBBPA ias wuedlslotoro tm nchato ofi fibndgegebecause of
the la of .1h ) di N phe Kr I efore

attri bqtlb of Eeltlél gﬁ‘?l\%a al}’gsc%fsés(gl?ﬁ]ila f%re t*}igga PI -Em%yo#&feé P&gt o]
fibrin, to Qwillpbihb anpA krimgthe xage of human t-PA.

bi nd

As has already been explained above, the plasminogen-
activating factor which is employed in accordance with

15 the invention is characterized by the fact that its
kringle 2 1lysine-binding site is either absent or
modified. In one embodiment, the kringle 2 is deleted.
However, it is also possible, in another embodiment, to
retain the kringle 2 and to substitute the aspartic

20 acid at position 236 with asparagine. Accordingly, it
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

25 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
30 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
35 (Rijken DC, Otter M, FKuiper 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



30 conbination with the finger domain. The experinmental results reported in
Exanple 1 confirm the different affinities of DSPAal phal and reconbi nant

human t-PA for the cofactors beta-anyloid (1-42), 35 fibrinogen and fibrin.
To obtain these data, the kinetic paraneters kcat and Km and the kcat/Km

ratio, were determned for each plasm nogen activator/cofactor Konig Szynka
von Renessek@gigRzynka gvon RERESRS on. In the absence of 48 &3%a& or, the

ef ficiency of DSPAal phal for plasm nogen activation was about 100 tines
| ower than that of t-PA whereas the-tw® -conpounds were equally efficient in

t he presen0§50inéw£iEkbﬂ-ﬁQ%E?%hgaahﬁw&%éggyﬁbéﬁ3t'&@seigﬁalgffsgtive t han

t-PA in the presence of _the rinogen_or beta- any ol d cofactor.” At a
physi ol ogi AT biRasti nBRERr RonBebm hri Bahkerd Wy vaAes¥OjierdgréeEa ratio for

the efficiepsyn&f §jbsponasrcad agb_nr 6. ¢dm|t af Mdwdl npgesmbon8ht
bet a-anyl oi d_ as cofactor to,be 480 in the case DSPAal phal and 16 in the

f
case of hurRh2$RPMOINR L3CTIVREQHy L&&T BFCHedTab&19 t hECPLE¥Hi nogen-
activatisng 19e3por1whi 299431 Eypl Pyedthis pcess dhgceadd t B Lbuthetsnyantion is

characteri zed. the fact that jt kr.ingl | ysi ne-bi.ndi ng si is either
absent or ﬁ%HEQigﬂgth Bﬁéggnﬁ%aﬁﬁﬁn?Feth ei#?%%1e fq;?n@&%@te ﬁe However ,
it is also pabkfihike !lmahum:hgitenbpd$@ib&e t o r eadmintiseekri nghe 2 and to
substi t ut eylgf%ﬁlgp&;éﬂ Cacz@i\?ﬂcfr alg paz)%chlu%n 236 with asparagine.

Accor di ngl I's”hot cruclal for the invention, according to the
I nvention, of the nodified t-PA for the kringle structure to be |acking but

33: >c/hf Q% then | uS| BRePERHEAY emdtlddimente R4 iHiedmitoyenNahciivafber action,
which can be used in accordance with the invention is
based on one of the amino acid sequences shown in
Figures 3, 11 or 13. Each of these amino acid sequences
constitutes a modified t-PA in which the kringle 2 is

15 deleted and a structural change has been made in the
region of the sequence for the t-PA activation cleavage
site. This change can either only consist in the
replacement of amino acids R and I in the activation
cleavage site (e.g. by HS; see sequence SEQ ID No. 3,

20 Fig. 3) or additionally affect adjacent amino acids
(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.

25 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 wused in human

30 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

35 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,



25 increases the activity of the t-PA, with a cofactor

I's no | onger

possi bl e. In anot her advantageous enbodi nent, the plasm nogen activator, in
particular the nodified t-PA, which is 30 used can be nodified by the
del etion of_ the krinq{e 1 such that the t-PAis no |onger able to bind

receptor. Nenig Saxn

met abol i zed in the native manner via fhe_liver, result

a woh REneSSe pl asni nogen acti vat or 465088 K| onger

ing in the in-vivo

hal f-1ife being prolonged 35 (R jken DC,, Oter M Kuiper J, von Berkel TJC
Recept or - neltheit EGgBRBEEY SKHTs bF dosagedt hrtwaamsthaodar ngde vardr (t- PA)
by liver ceifé. chyreihe Be$agd?90rhupeldvahtabeotd) - sPeletipn ofsthe

kringle 1 Konig, Szynka von Rengesse, 46 9 K
and descri b"é‘?ﬁlglﬁﬁ"}l'e

Mol | endor f dhowrFiigtirig.S,119ponder G (BM 06. 022: A Novel
pl asm nQgen activator. Cardi ovascul ar drug reviews 5 19

this, use is made of nmutants in which am no acids 4-17

IS known fromretepl ase

2 - 10
xEQ| gxample znip ﬁga SBYEACR SEShMDE Naotthe?$ U, von

r econbi nant
93; 11: 299-311). For
6 are del et ed.

Prol ongi ng Rie. 1l f -{Mdketipllees iSequomniedl e Alniqaoment st ersidwes plasnm nogen

activator aév%"?%%q%% 1geltgggnpr ef epx ed Ele&podit

activator can be used i n accordance with the

one of the emborbimerits siaywerasiagicewwiith thieginyendiohl
am no acid sequences constitutes a nodified t-PA in wh
15 del eted and a structural change has been nade in the

RNt (e phasm nogen

'on TS based on
or 13. Each of these
ich the kringle 2 is
regi on of the

sequend@ fckn t ABOLhEM SEBPPUAMERE ACKArAYAI st ethehiinvendiga catsei ther only
consi st in fd1e madgep! 8¢eMENp DisINSeRCidtt iBatt | abn §88i8€édVat On

Figure 13 (SEQ ID No. 5).

It is naturally also possible, in accordance with the

15 invention to use proteins which possess sequences which

20

25

30

35

are homologous with, or partially identical to, the
amino acid sequences depicted in Figures 3, 11 and 13.
Preference is given to homologies or identities of at
least 70, preferably between 80 and 95%. These
homologous or identical proteins exhibit the activity
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 factor
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,
BEenson 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 biclogy of plasminogen
activators: what are the clinical implications of drug
design? Am J Cardiol. 1996; 78 (suppl. 12): 2-7).



cl eavage site (e.g. by HS; see sequence SEQ ID No. 3, 20 Fig. 3) or
additionally affect adjacent amno acids (e.g. replacenent of FRIK with
LHST in the sequence SEQ ID No. 4, Fig. 11). The latter nodification
corresponds to the structure of native DSPA at this point. 25 According to
t he i nvent i ¥omigSF ek ceon ReP&ASL t 0 produci ng, and emHboPi29gKf or stroke
treatnment, a plasmnogen activator Wwhinch, particularly suitably, conbines
t he advantages of native_t-PA, namaI%/, in particular, [ow inmmunogenicity
when used iAsiieafron deleeke’ myfants hetbavRhRagEBOGeN DERPALVARAESY the | ack

of  neur ot ogh £k Yaré Ne@PFoPedoth "BEEoPlahbe wIVENMEhENintBRtidR! 8hhon of the
t-PA kringle 2 is accordi rclﬁ%‘lba/ﬁsel ected such that a transition, region to the
downst r eam 3} 5@ eONLE tREebhi dRdttiRs t P¥n Meaftonodor $28B0Nds to the

35 conpar abdfréttedt macagendSPA. Thestr aitsi &5 0know@i, ONfobebrampléhe _
br 1 dge. 0. aEROR GRS TREy ARSI, e by SPRES MAAPREE | o DSPA,
Koni g SzynkeheonbReddage 461629 Kor- lihet heolsemimegenSKAdct svaboat ed _
real zod, THBHREGT o oh tOE OHE Bald, "andy e SUENGIENS Bl 07 117
Fig. 12 (MwhighetSPdudmoedsAl tgnniivor shewdsa wonphei sdrheset heed, t - PA and
the tvo desgiibedo YMOUIENIG 1L BEELVLROCRMNLN LG dBEN P10 N
anot her enbodi nent according to the invention, dse 1s nade of a plasm nogen
activatlfr aat dehecsanei himg, gthe abildty to Mg Hjactivated by PAI
is decreased. This thereby gives tenecteplase a
catalytic conversion constant Kcat/Km which is
increased 100-fold (in this regard, see also Paoni NF,
Keyt BA, Refino CJ, Chow AM, Nguyen HV, Berleau LT,
15 Badillo J, Pena LC, Brady K, Wurm FM, Ogez J,
Bennett WF: A slow <clearing fibrin-specific, PAI
resistant variant of t-PA (T103N, KHRR 296-299 AAAA).
Thromb Haemostas 1993; 70: 307-312 and Cannon CP,
Love TW, McCabe CH, Kirshenbaum JM, Henry T, Sequira R,
20 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.):
25 1-415).

EXAMPLE 1:

1. Comparative analysis of the efficiencies of beta-
30 amyloid (1 to 42), fibrinogen and fibrin as

cofactors for plasminogen activation by DSPAalphal
and recombinant human t-PA,.

Materials and methods
35
The following substances were used:



It is naturally also possible, in accordance with the 15 invention to use
proteins which possess sequences which are honol ogous with, or partially
identical to, the amno acid sequences depicted in Figures 3, 11 and 13.
Preference is given to honologies or identities of at |east 70, preferably
bet ween 80 REREDFAYIRA: O RERGHFCogous or i dentical profbi RE9eKnhibit the
activity of a plasm nogen-activatingihactor (preferably displayed as the
rel ease of pNA) and cause a blood clot to the lyse in vitro (see Exanple

3). 25 The 7l asASPipdphact | (RTePamRd cPYcafr et us®@tch N¥ecof B with the
invention can bexhweicer zegody, tBampaek afgjt.he fpnggr @xd epiger nal

grom h factor donains. This de ﬁni4i$ substantially reduces binding to the
i ver receptors SHRFGNGE HEHeh ‘*)‘rstﬂ g4 e Hhamd |$¥eF ¥ I REPER  Ti nony

GA, Horgan PG Barorgrdédd tenssbtddn Angusiddl Sionslentrf£cild Rsptein
engi neegi ng of ,novel .pl asm nogen activators with increased thronbolytic
potency™in r abbit ®¥&xat i ve to activase. Journal of biol ogi cal Chem stry
1991; 266: 8156-8161; 35 Smalling RW Mol ecul ar biol ogy of plasm nogen

activators:_wha t.ti;1 lipigal j {{1 jons_of sign? Am J
Cardi ol . 1996; Eﬁfacr ?‘t?plped.nq-’lzaa: 5%— 7;5@ o%éSzyﬁggpgg%gReﬁ sse 029 K - 12
- Aside from delbstticadn Nt ah®2572 he pPamgi nsgen dtssohveds innhi&mlare
enpl oyed in accqirancg Wd Nudtier | 04eRt 8N aCEInad! SRt at g SAt el Y
nodi fi ed by neans g%}'céseﬁte- d%rected ﬁutagenesm. us, It |sl nown, for
exanpl 40 5 f r omIr GFMIFNK (tenecteplase) that three nmutations at the
bi nding site for the plasm nogen activator inhibitor, on the one hand, and
at the binding site by i .
- Human "Glu-plasminogen, purified from human plasma
(prepared by Paion) and dissolved in PCLA buffer
at a concentration of 25 pM.
15
- Human fibrinogen, essentially plasminogen-free,
was obtained from Sigma (catalog No. F4883, batch
12K7620). 25 mg were dissolved in 25 ml of PCLA
buffer to give a final concentration of 1 mg/ml.
20
- Human thrombin (Sigma; cataleg Ne. T7009. Batch
61K7603). 100 U were dissolved in 10 ml of PCLA

buffer to give a concentration of 10 U/ml.

25 - 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.
30
- 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.
35
All reagents were divided into aliquots and stored at

-20°C for no more than two weeks.



which t-PA binds to liver cells, on the other hand, lead to the catalytic
activity being increased while, 10 at the sane tine, the ability to be

i nactivated by PAl is decreased. This thereby gives tenectepl ase a

catal ytic caonversion _constant Kcat/Km which is increased 100-fold (in this
regard, sedORis Szynka or ReDESSBA Refino CJ, Chow AM 4R&g0¢8nKHv, Berl eau
LT, 15 Badillo J, Pena LC, Brady K, _Wigm FM Ogez J, Bennett W: A slow
clearing fibrin-specific, PAl_ _resistant variant of t-PA (T103N, KHRR

296- 299 AARKC Buﬂ?ﬁ%ﬂ%ﬁaﬁ%@h@%ﬂ%ﬁ@@b-%&@ o eatad®g Love TW

McCabe CH, Ng.r fgregum dVosHaNryadcoSeqacrasR c20afsgwend era M1 B ged J,

Cutl er D, Trﬁﬁy R __for gﬂs TIM  investigators. TNK- |ssuecflasn1nogen
activators 4 mbGdar T L4k3 nf SEELA9 (¥PM $0480) Resti®E GaCHRelFifi ti al

gat i elnts i r(PIde)s'l:l gﬂza%@wgl Mo .- 287p1883¢ 11 mmhaagmp@.kimbicg@mkﬂ :

i rcul agi on 5; S : 1-41 LE 1: 1. arative
anal ysi 8 of°% O@ffﬁei‘emgég%bf (ﬁéém 3@'8&5@%’ (ﬁFBOﬁZ) ,cn%%]rc?%ogen. and
fibrin as aaf.adi9ds30fgr pl@sdr mdgen MagsSo,; valikon byFDSRAAl phatat sy
r econbi nant, hu - PA. [ t hods 35 .The fqllow ubst ances
wer e used:tq?dnirggjlétzo%kazd\\//g'%? a'r@s?%@%%’- %aqﬁﬁ?%?‘p\% 9E’r’epar ed by
Pai on, bat dh NG P2DSAQTbate? 8DedEibén,2068221cgntibe 20Y8110 ng of the

substance were dissolved in 10 ml of sterile water in order to obtain a

final concentration of
10 Plasminogen activation assay:

The assay for plasminogen activation was carried out on

microtiter plates at a total volume of 0.15 ml, as

described by Bringmann et al. (loc. cit.). The reagents
15 were added as follows:

50 u1 of plasminogen (0-24 uM); 15 pl of cofactor
(1 mg/ml); 10 pl of plasminogen activator 7.5 nM and
75 ul of Flavigen (2 mM).

20

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
25 8 pM; FlavigenPli: 1 mM and cofactors: 100 pug/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
30 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.

35
Stirring was carried out from time t = 0.



51 nmg/m. - Reconbinant t-PA (Actilyse(r), prepared by Paion, batch No.
102572). 10 ng were dissolved in 10 ml of sterile water to give a final
concentration of 10 1 ng/m . - Human G u-pl asm nogen, purified from human
pl asma (prepared by Paion) and dissolved in PCLA buffer at a concentration
of 25 M 1Konkg:Sx¥nka YOPcRenesS€nti al |y pl asni nogen-fr&é, 0288 obt ai ned
from Sigma (catal og No. F4883, batch 132K7620). 25 ng were dissolved in 25
m of PCLA buffer to give a final concentration of 1 ng/m . 20 Human

t hr ombi n ( FhsreePeigad ogenpity 7669 405 th and K#863pm W5 Weasureas] ssol ved in

10 M of PGQA rbsifsF Gatervel3.camecdpidOn QbndPtibsl at2d99 Hmvi gen. pli
col or reagent (D-%gt-CHT-Lys-p- nitroani |l ine- DHCL), fron1B|%PooI (cat al og

No. 101353 WeFf SPRrpsEes) from the aitd @l danrddiash afo 45 O™ BICR buffer
to give a fordtr t@nekRihimitontié Aiffeélénvéar dudl thettreAmdvaintery ot ei n

1-42 h 1 al H 1368, b h. 0535120) .. di | ved
0 4 P o™ P ET S arfbhi RFnGAPORIBGIES PGE SATFARS Sncdhtrati on of
1 ng/m. 3%hiide respeaits weing deacbegliasminagequathicent rettdioad atd - 20C for
no more thay S ndEelS ackiValor? ¥BKReH2RaREBRSSE 46 029 K - 14

The Km and kcat values were determined (Figs. 4-6).
10
Figures 4

a) Determining the molar extinction of the pNA.

15 b) Conversion of the Flavigen.pli by 10 nM plasmin as
a function of the Flavigen.pli concentration (in

uM) .

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

Figures 5

25 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 pM were used for this

purpose.
30
a) t-PA without cofactor

b) t-PA with beta-amyloid (1-42) as cofactor
35 «¢) t-PA with fibrinogen as cofactor

d) t-PA with fibrin as cofactor



PLC Buffer (Jones 1990): 0.1 M NaCl.2H20 (Acros catalog No. 20779); 0.03 M

NaHCO3 (Acros catal og No. 21712); 4 nmM KA (Fluka, catal og No. 60130);

CaCl2. 2H20

MySO4. 7H20 Xemig Sz

A1969) ;

activation assay: The assay for plasm nogen activation was carried out on
mcrotiter ) at ESBHakPhak HithaWheRWOs nl, as described by Bri ngmann

et al.

pl asm noge
activator

i ntroduced,

.. 0. 0.125, Q.25..0..5 1, 2, 4 d 25 8 pM FI i Pli:
geg%} or gﬁ?&%ﬂ}pﬁ@ wl()"ﬂ]}%)(ﬁlz?&ggps aﬁef’é’%glﬁi%'i d (E- 42), a¥: g(rainnolgen

of

1 nM

(Acros, catalog No. 207780); 1 nM Na2HPO4. 2H20 (Fl uka, 5 catal og
No. 71638); Q.3|ﬂw£§g12.6H20 (Acros, catalog No. 197530); 0.4 mm

(loc. cit.). The reagents 15 were added as follows: 50 pl of

n_(0-24 15 | of cofactor ) /m); 10 R_ of plasm nogen
5 R SERA LBRR it e g e L~ 420

3P ReResPe140): 20 mvl HEPES (App#®cR2® Kcat al og No.
0. 01% Pol ysorbate 80 (Fluka, jgatal og No. 93781). 10 Pl asm nogen

e COfREEOConcent r at i ons
were as follows: plasm nogen activator: (t-PA or DSPAal): 0.5 nM d u-
plasning

nM and
and

fibrin were conpared with the control w thout cofactor. For the

control, t re i DAl C ji.ned _a ther 0.13 units of human
t hr ombi n/ mh'.?’ Di ?%%%ﬁi‘gﬂ%&eyﬁleqalg%% g‘r?, cto‘%%c%%(%r otiter plate was

1

at 25C, into a nol ecul ar device ThernoMax mcroplate reader. 35

Stirring wes; si¥dd gl out fromtinme t = 0. Kbnig Szynka von Renesse 46 029 K

15

10

15

20

25

Plot of a {= ks.kcat.PA.E.P./(Km + P)} against the
plasminogen concentration

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

b) Plots for DSPARAalphalll.38 without cofactors

Results:
Table 1
kcat(s™!) Em(uM) 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 = 0.19%-3 0.853 = 0.316 1304 = 785
DSPA fibrin 0.532 = 0.136 1.098 = 0.382 506 000 x 120 000

Table 1: Values for kcat/Km for the activation of
plasminogen by recombinant human T-PA or DSPARalphal
using beta-amyloid (1 to 42), fibrinogen or fibrin as
cofactors.



The optical density at 405 nmand 490 nm was neasured at regular intervals.
The optical densities at 490 nm were subtracted fromthe optical densities
at 405 nmin order to elimnate the differences due to the novenent 5 of
the liquid. Al the experinments were carried out in three repeats using
each pl asniR9®d@n Seymken Vo ReRegS& pl asni nogen activatoﬁﬁcg%geﬁtration. 10
The Km and kcat val ues were determ pegy(Eigs. 4-6). Figures 4 a)
Determ ning the nmolar extinction of the pNA. 15 b) Conversion of the
Fl avi gen. plibepyreEnlhd AZR 9HveR ag Fhfcfedn of stdndarsidpsniagion
concent r at igfn thiree ﬁhUhp@hdHthéﬁbbﬁiMBﬂtgm pl ot of the conversion of 20
Fl avigen by 10 nMplasmn. The initial rates from Fig. 4b were converted
into pNA/s. Figures 5 25 Curves of the optical density against the tinme for
four diffeareniascodt paissdnd eoftopldebEarmdaen et ipraidiis® arlues0ffrnt or s.
Pl asm npgen cqoncentratiqgns of 8. 4. 2. 1. 0.5 0.25.0.1 and .0. 0625 RM
wer e usgd 19(&;&1 h"i‘%é gﬂr %(}élé:.e 3%‘%)]0{‘- Bﬂa\‘ﬂnelshé'fﬁreco%é@%? %?'af‘ /K'%M’th
bet a- any| omaxiirud? ) pssmiviegeror coiGenirat Pon wi(Bh pM)brwhicienias wasf act or d)
t-PA with Ekg%ﬁ%lgst%pggggor Koni g Szynka von Renesse 46 029 K - 16 e)

W T

DSPAal phal out” cofactor f) DSPAal phal with beta-anmyloid (1-42) as
cof act or

The derivation of the kinetic constants is not on its

10 own sufficient for comparing the efficiencies of the
different cofactors since the reaction rates at
plasminogen concentrations c¢lose to or below the Km
values are dependent on the plasminogen concentration.
For this reason, the reaction rates are calculated,

15 wusing 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 DSPRalphal (Table 2) are
determined on this basis.

20
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

25 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:

30
The prion diseases, i.e. the spongiform
encephalopathies, are fatal neurodegenerative phenomena
which are characterized by an accumulation of the



5 g) DSPAal phal with fibrinogen as cofactor h) DSPAal phal with fibrin as
cofactor Figures 6 0 Plot of a {= ks.kcat.PA E. P./(Km+ P)} against the
pl asm nogen concentration 1 a) Plots for t-PA w thout cofactor or

bet a-anyloid, 15 fibrinogen or fibrin as cofactor 20 b) Plots for

DSPAal phal *Pui®@ Hzyndks vod: Bengsse Results: Table | kcat46s029 Ki-PA ctrl
n.d. t-PA anyl n.d. t-PAfbg n.d. t-pP4 fibrin 0.351 0.35 DSPA ctrl n.d.
DSPA fbg 1.649 0.110e-3 DSPA anyl 0.957 0.199e-3 DSPA fibrin 0.532

0. 136 Km ( BRAcnmadt Agpfoxmy of1 xpe prion protedsofPrE7d in ;amylowigh 1546

0.178 0. Oliepbei®h 00fhe el pPidn BRokeif 1345 1:0.didS ififbq 181 0. 853

0.316 1304, 785 1.098 0.382 506 00Q 20 000 Table 1. Values for kcat/Km
for the acti?y#4¥, bissues, 1in particular 1in the brain, in which

it is concentrated in the synapses. The mechanism of
5 the change in the conformation of PrP° to give PrP*° is

still not well understood and nor is the mechanism

which leads to neurodegeneration by way of Prp°°

formation. A possible mechanism could lie in an effect

on PrP** in connection with the activation of
10 plasminogen by t-PA.

We have already shown, using a recombinant protein,
that PrP can increase t-PA-catalyzed plasminogen
activation 300-fold (Ellis V, Daniels M, Misra R,

15 Brown DR (2000): Plasminogen activation is stimulated
by prion protein and regulated in a copper-dependent
manner, Biochemistry 41: 689%91-6896).

The ability of PrP to stimulate plasminogen activation
20 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
25 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 cells
(Fischer M, Roeckl C, Rarizek P, Schwarz HP, Aguzzi A
(2000): Binding of disease-associated prion protein to
30 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

35 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.



25 pl asm nogen by reconbi nant human T- PA or DSPAal phal using beta-anyloid (1
to 42), fibrinogen or fibrin as cofactors. Konig Szynka von Renesse 46 029
K - 17 The results are given as the nean standard deviation of three

i ndependent experinents. It was not possible to determ ne the preci se val ues

for 5 kcat_.and si.nce thglKn1vaIues wer e hi gher than t

pl asm noged VUYL SFYRKA PR Ren&FSChich it was possibl ed

X|num
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derivation of the kinetic constants—_iggnat on its 10 own suff|C|ent for
conparing the efficiencies of the different cofactors since the reaction
rates at plasm nogen concentrations close to or below the Km values are
dependent @tHdre mEtdrydsrogen concentration. For this reason, the reaction

rates are cal cul ated, 15 using M chaelis-Menten kinetics,

pl asma pl asm nogen concentrations at 2 VM The rel ative

at physi ol ogi cal
efficiencies of the

differ ent @fea @t batorhed adniamgme arséd atn ovhése t i BesntigdSRAss phal

Cono T Thy Hsfre SR CeHRACAE (LSRR ProgOr BB igaft fEiNe RS o 1 0A
816. 3 123.isolpgeAl f E5pmNn E-BCBQG 28e6blowigg0 thksspurafacatdonat@s of
p' asm ”Oger{:l?&?tﬂi@li%fédtf’fp 23 nehysi e Cab1 @4 asﬁbgogigral%ﬁ,g%{maﬂon of

2 M as calculated using the kinetic paranmeters in Tab

the absence or presence of copper chloride, in order to

form either a holo-PrP or an apo-PrP. Aggregated forms

10 of these proteins are in each case produced

by rapid

dissolution in water. The protein was collected by

centrifugation. The material is resistant to proteinase

K digestion. A mutant A51-90 form, which does not

comprise the Cu®’ binding site, was prepared in the same

15 way. The effect of these different forms of PrP on

plasminogen activation by DSPA was investigated by

incubating the PrP (0-100 pg/m) with Lys-plasminogen

(25 nm) and DSPA (0.25 nm). Plasminogen activation is

determined by hydrolysis of the plasmin-specific dye

20 H-d-Val-Leu-Lys-7-amido-4-methylcoumarin 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

25 positive control for stimulation of the t-PA

activities,

and DSPA

The specificity of the plasminogen binding was

determined by competition with DFP-inactivated t-Pa.

30 The lysine analog EACA was also used as a competitive

inhibitor.

Results:

35 The results of the experiments are presented in Table 3

and Figs. 7 to 10.



conmbi nation of the DSPA control is 1. EXAVMPLE 2: 30 The prion diseases, i.e.
t he spongi form encephal opathies, are fatal neurodegenerative phenonena

whi ch are characterized by an accumrul ati on of the Konig Szynka von Renesse
46 029 K - 18 abnornal isoformof the prion protein (PrPsc% in anyloid
deposits. WNanigSzynks voR BeBessk (PrP) is expressed | A6nBAY Kissues, in
particular in the brain, in which [tops_concentrated in the synapses. The
mechani sm of, 5 the change in the conformation of PrP to give PrPsc is stil
not wel |l ufd&-stloodlBnPHOFLIGELATe PEONASCSM 1DEPERAL£¥ESs knsight.

neur odegenerhils O iByreaymgkedr RSkear ORI OPrPA PB6SiPi€alBghagigm could lie
in an effect , .on PrPs in connection with the activation of 1 |"asm nogen

0

by t-PA WRGHVELES hihP sABRn MQUsi RBPA- r ot hadkbrbPEEBPRE T PrP can
i ncrease t-dlearat ahyzecths asypsingebindiihgVvatiten 800+hd dktEhhle 2 Daniels
M Msra R_15 Br (2000).:, Pl.asm. en_actiyvation_i [ mul ajed by
prion psot b dndgggggﬁﬁt eedgsi#tal%%p?é&%%gﬁgﬁ:&enPe{:ﬂﬁﬁﬂeﬁ?gﬁéo istry 41:
6891- 6896) t-Fhg diei linvplwiedRr PabdesBi nul at e pl asm nogen activation 20 was
dependent on the conformation of the PrP, with the conformation being

i nfluenced by the presence or absence of Cue+. The latter formcontains a
| ar ge nunb&eacdioperates,uMt-dsed which correspond to the PrPs isoform and

stimul ate pl asm nogen activati on. mimese datlasagreedP£B it h eXdibiis
observations that, while plasm noge® boundrPt o PrP$Hegi ch was i solated from

Scrapie'inE@Stheﬂgyﬁiqon $1

tPA 7200 1 800 o0OO 2 000 000
DSPA 15.3 9.77 2 000 000
PrP preparation #2
tPA 7020 624 000 2 912 000
DSPA 15.75 162.75 5 565
10 Fold stimulation
minus plus PrP + fibrin
Prp Prp 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

15 (amino acid sequence as depicted in Fig. 11)

Recombinant human DSPA baculovirus

using the

Bac-to-Bac

system

(Invitrogen)

purified virus DNA was transfected into Sf9

20 cells.

was amplified using Sf9 cells.

DSPA (humDSPA)

DNA was prepared
and the
insect
The recombinant baculovirus which was produced
HumDSAP was expressed

using High Five insect cells in serum-free medium in

suspension culture.

The

cell

culture

supernatant



brains, it did not bind to PrP as normal brain cells (Fischer M Roeckl C,
Rari zek P, Schwarz HP, Aguzzi A (2000): Binding of disease-associated prion
protein to 30 plasm nogen. Nature 408: 479-483). Furthernore, our
experinments_have shown that the mechanism of PrP-stinulated plasm nogen
activation XPRH0 SHKRD X REVRSER nding of t-PA to apoPd® 029X prp 35

w t hout Cue+). The structures which_arngq required for this binding have not

yet been evaluated, in detail. However, the binding is specific since it was
prevented FRPEERMRACERGaTEGORPPRANKORFGLSIPN MRSy ¥ F¥8TEsRe 280089 K - 19

O her net hogigt i Tt Redd hadlshastedhita) fwaithdisedrkingegs i nvestigations 5
were in each case derived fromreconbinant nmurine PrP isolated fromE. coli
Following the purification of the His-labeled PrP, the protein folds once
again, in The absEncelbererespereatdntc oppertitdbed i slbowly St dRT én form

ei t her ho] o- r - Pr ed. fqr 10 of. t hese, proteins are
I n each%ba§% %g%gﬁgeggquggﬁ{) e%ﬁ%%%ﬁ%%#o%tiﬁo&gtérg fﬁ%.p o?gyﬁ'mas
col | ect ed Wihe cpreteingaelwhniomhel natk)y iwds i equikilkraied t to ppbt €i fase K
di gestion. A uta 1- : ' es OMY4 t + bi ndi ng
site, was p‘?pie%?gr egbi@ﬁt hg&gg%%Sm,\%g%?a#Eé e %tggfﬁogn{dn%ge %Fh%é?ent forms
of PrP on $RRRIHORR)SH: atAneBIham) bioDSPIChpRrde ntebinyatf 220 byl bedubati ng

the PrP (0-d&fumkdy) ad hwakhed agitROWEN cdRfnd My oA htheRSPA ( 058 S5pim) -

Pl asm nogen actiyvation is detern ned b}{%hydr olysis of the plasmn-specific
dye 20 4 d-3mmoniim |3eetats SRLULIRA 1yThe PRERG REOERAD je$ge l¥hed SPECTRAMEX
Gemi ni - | our g cengLadi € OPb At @- 1 BFFIEIM ammonium acetate, pH 6, over

10 column volumes.

HumDSPA-containing fractions were identified by Western

15 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 ul of

20 eluate (= humDSPA-containing fraction), 50 ul 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

25
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 1is a standard method for determining the

30 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.

35
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.



The controls of these experinents contain sc-t-PA, as a positive control
for the effect of the PrP on plasm nogen activation, and fibrin fragnments,
as a 25 positive control for stinulation of the t-PA and DSPA activities.
The specificity of the plasm nogen binding was determ ned by conpetition
wi th DFP-inactivaied.t-Pa. 30 The |ysine anal og EACA was .al used as a
conpetitiv °ﬂﬁﬁﬁgﬁﬁﬂh? iR NEESSE5” The results of the e%%eﬁﬁﬁeﬁts are
presented in Table 3 and Figs. 7 to 20. -Konig Szynka von Renesse 46 029 K
- 20 Fig. 7, in particular, provides informative insight. This figure
makes clear that PrP specifically only activates t-PA and not DSPA. |t was
further nor @hadeeact bet rhae whe Imesisierdd nih ng diufEeal Hadeirdy itigée 2 5

must, as t ssentjal difference betywyeen, DSPA and -PA,_Dbe i pvpl ved. Tabl e
3 Reacti onkk‘reoaelec’s?flq’l\drl s-cfm&ﬁo%&glﬁpas P?g ﬂ”f [ b?f'ﬁs'%?i" Pr Fp?*iie%/@"rg45
pr epar at i oraldsunHEr? Ilepdd at i on #NaK0l Holld mt i nul at i oplRetnefEp2rmMi on #1 PrP

br epar aki ony i3, AV Jag 1sPA25300 1 800 000 DSPA 15.3 9.77 tPA 7020 624 000

The measurement was carried out in a 96-well plate
using blank values, standards and samples containing

different concentrations of protein.

10
The increase with time in the absorption at 405 nm was
recorded using a photometer. The slope of the linear
portion of the curve was determined using Excel. This
gives the activity.

15

Fig. 14 shows the activities of the fractions
(expressed in S5-2288 activity). The silver-stained gels
can be seen in Figs. 15a and 15b. Figs. léa and 16b
show the Western blots. The protein detected in the

20 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]

25
EXAMPLE 4:

Clot lysis (thrombolytic activity)
The residue of the humDSPA-containing fraction B6 was
30 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
35 was roughly comparable to the catalytic activity of
5 ug of activase/ml.



DSPA 15.75 162.75 5 565 2 000 000 2 000 000 mnus plus PrP + fibrin PrP PrP
Hep tPA 1 250 DSPA 1 0.638562 tPA 1 88.88889 414.8148 DSPA 1 10. 33333
353.3333 2 777 778 130 719 a. Preparing and purifying humani zed DSPA
(hunDSPA) 15 (amino acid sequence as depicted in Fig. 11) Reconbi nant hunman
DSPA bacul &M% S5yake, v é%ﬂ’reéfe using the Bac-to-Bac &$sPéth Kinvitrogen)
and the purified virus DNA was transhgcted into Sf9 insect 20 cells. The

r econbi nant bacgiovirus whi ch. was produced was anplified using Sf9 cells.
HuNDSAP wast & pPdeeed clrbisgWhitgR Mere | heedt wede sdehieed ufPfee® nedi um i n
suspensi on mornall blodie aiple Wdkee HteraatBidr Kotd gvéZey k@ &&¢h Renesse 46

029 K - 21 _containing,the rec | nant, prptejn s frozen af -20 until it
was subj ect@®fS o ?ﬁli"?ﬁerftr\%lr kfn'@irgﬁ? %%eopoé’glwhéﬁﬁfﬁ“ta@ séf)%?% FEE% was t hawed
slow y at Rinton pdlypstpkienendublesn areht cofdggtdted 40@erxk matwrall hour. The
prot ei ngsol ut.i Ak uiJ i br o pH 6.0 ith 50 nmM anmoni um

acetate? Iégggﬁng%%géan maiggghé%%é5%§%q€§n8§§th)PP%% exchange col umm (350

m bed volune) and washed with 5 colum vol unmes of 50 nM 10 amoni um

acetate solyd Oyt NHALY N £#aRcebH! o6 | ol 2HEN sy, O- 100% 1M
ammoni um acetate, pH 6, over
sepharose capture step) was first of all lyophilized.

The residue was dissolved in 15 ml of PBS and
10 centrifuged at 4000 g for 15 min. A sample of this

solution was removed for an S-2288 activity

determination before the blood c¢lot was added. The

catalytic activity of this sample corresponded

essentially to the catalytic activity of 5 pg of
15 activase/ml.

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

20 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
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

remaining clot.

30
Consideration has to be given to the fact that the
fibrinolysis slows down when the clot is no longer
hanging in its own lysate. This is the reason why any
clot at all is still present after 24 h.

35

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



10 col um vol unmes. HunDSPA-contai ning fractions were identified by Wstern
15 blotting; followng protein determ nation, these fractions were subjected
to an activity test, frozen at -80C and subsequently |yophilized. In
contrast to the standard activity assay, 50 Al of 20 eluate S:

hunDSPA- cofienig figymka: o Renesse of 0.2 M Tris, pH 8.0%6af&%180 | of 2 nwv
S-2288 in PBS were wused in this expepgnent. b. Assay of DSPA activity 25
The activity assay er?lo ed is the determ nation of the rate at which a

pl asm nogeruaR kR R c‘bgﬁ%rlﬂéstﬁ‘é bgopgededsd QRSOL fte BBYE o a

col ored pr gt .ofTthe asERY sikeqd Standard nmethod for determ ning the 30
proteolytic activity of plasm nogen-activating factors. The activity is
visual i zed by determining the rel ease of a chronogen (p-nitroaniline, pNA)
by the test substance. The Chronpgeni x conpany offers the chronogen S-2288
for this purpose. 35 In this assay, the rate of reaction is not determ ned
directly (e.g. in catal units); instead, conparison is nade with a standard
which is defined as 100% activity. Konig Szynka von Renesse 46 029 K - 22
The reaction rate was neasured in a buffer having the follow ng
conposition: 25 mM Tris-HC , pH 8/0.1% al bum n/100 MM NaCl /1.1 nM
glycine/1.2 mm 5 mannitol/2.5 nM S-2288. The neasurenent was carried out in
a 96-well plate wusing blank val ues, standards and sanpl es contai ni ng



different concentrations of protein. 10 The increase with tine in the
absorption at 405 nmwas recorded using a photoneter. The sl ope of the

| inear portion of the curve was determ ned using Excel. This gives the
activity. 15 Fig. 14 shows the activities of the fractions expressed in

S- 2288 act iKAnig Szynkasivop. Renesiseed gel s can be seen i A6FP48. K153 and 15b.
Figs. 16a and 16b show the Wstern_bhgts. The protein detected in the 20
Western bl ot corresponds to the protein marked with the arrowhead in the
silver-stained gel. [L = |oad; T ; W= wash; 0-40% B, A2, A3 ..
fractions] 25 EXAWMPLE 4: Cot lysis (thronbolytic activity) The residue of

t he hunDSPA- cont n|n fraction B6 was 30 dissolved in 15 nl of PBS and the
sol uti on c PEGePhit 24PASIIPAE" 18ChiRateRi il PBR s

sel gc; ed sih nce iltysixié-hidlﬁﬁlinfg*'le &mg&eﬂ% puﬁvhhlth An.'LS al quuabewafs arf]rmved alnd
used fop the activit et t|o e c activi Q t I's sanpl e
35 was Eoughl y CSHPREES ént(;l r]:—al 9 c,naa frp%f 'ﬁy

activase/nm . Komh;dﬁbpﬂ@w ﬂaseﬁsness&n4§aﬁ29cKlar EﬁroIbe bIood cIots whi ch
were used were derived froma normal blood sanple taken 24 h earlier and
were in each case formed from2 m of blood which was transferred into

pol ypropyl énhe t (Thes wael avaglitred bndelammt dralcharacterized by a

modification of the plasminogen activator at
10 kringle 2 or domains which are functionally or
structurally homologous therewith.

3. The use as claimed in claim 2, characterized by a
deletion of kringle 2 or domains which are
15 structurally or functionally homologous therewith.

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

20 homologous therewith.

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

25

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.

30 7. The use as claimed in claim 6, characterized in
that the t-PA activation site 1is modified by
deletion or substitution such that no proteolytic
cleavage takes place.

35 8. The use as claimed in claim 7, characterized by a
modification of the amino acid position R15-I16.



5 conditions. The lysis was carried out in PBS. The hunDSPA-cont ai ni ng
fraction B6 (fromthe SPXL- sepharose capture step) was first of all

| yophilized. The residue was dissolved in 15 ml of PBS and 10 centri fuged
at 4000 g for 15 mn. A sanple of this solution was renoved for an S-2288
activity dEngSE¥nksh YRR Renesie bl ood cl ot was added. 46h@29cKt al ytic
activity of this sanple corresponded ogssentially to the catalytic activity
of 5 gg of 15 activase/m . Figures 1/7a to 17d show the results of the
chronol ogi ¢ cdhiesecuse @fe elairedsin flaim 83 icharagetexigeds imafter

addi ng the hunD§fpat Thepkef tadtaich t2bieX P8l LBENt&th B5S@Y | Bneacipomse shows
the control. PBS containing hunDSPA in the above-descri bed quantity is

present in the riSHeNESrd assays. The bl ood cells slowy sedinment out of the
25 disintegrating clot. A type of nmesh, which can al ready be di scerned after
4 h, reqai h. In the edis.say et cﬂgd bl ood, cel I s. were aspirated

after 24 d
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11. A plasminogen activator comprising an amino acid
sequence as depicted in one of the Figures 3, 11
and 13.

15 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.

20

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.



- 24 quantity of DSPA has to be used i rd?{ to dissolve a clot of the
same size. Kdnig Szynka von Féﬁ%%@%?qﬁ}%§§;%< T2%5 patent claims 1. The use
of a plasm nogen activator which has a |ysine-binding capacity which is
reduced as 5 conpared with that of the native t-PA for treating thronbotic
di seases, in particular stroke. 2. The use as clainmed in claim1,
characterized by a nodification of_ the plasm nogen activator at 10 kringle
2 or donmins which are function%QQPQNCEEHQQﬁ¥WﬁaJIy honol ogous therew th.
3. The use as clainmed in claim?2, characterized by a deletion of kringle 2
or domdi < whiféH & ™ structural Iy or functional ly honol ogous t herewit h.
4. The use as clainmed in claim?2, characterized by a nodification of the
kringl e<1£0|3/siPﬁ@-SS}lﬁm%-sﬁ}&tésvat&redbrﬁitnéf%ﬁleweért@%tlrmrur%r}dyrtﬂskap
functi Gfai94F 20 honol ogous therewith. 5. The use as clained in claim 4,
characterized by the substitution D236N or of am no acids which are

honol oo hér%\/\p@n}{ 25 6. The use as claimed in one of the preceding
clainms, characterized in that the plasm nogen activator exhibits an

horol ogyt 45> atPATeER2 0P604i G224 - PA. 30 7. The use as claimed in claim®6,
char act<érdilzed 4494 10Patl % he t-PA activation site is nodified by deletion or

substitution such that no proteolytic cleavage takes pl ace.
<150> DE 103 42 518.7

<151> 2003-09-12
<160> b

<170> PatentlIn version 3.3

<210> 1
<211> 5&2Z
<212> PRT

<213> Homo sapiens
<400> 1

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 19 15

Ala Val Phe Val Ser Pro Ser Gln Glu Ile His Ala Arg Phe Arg Arg
20 25 30

Gly Ala Arg Ser Tyr Gln Val Ile Cys Arg Asp Glu Lys Thr Gln Met
35 40 45

Ile Tyr Giln Gln His Gln Ser Trp Leu Arg Pro Val Leu Arg Ser Asn
50 55 60

Arg Val Glu Tyr Cys Trp Cys Asn Ser Gly Arg Ala Gln Cys His Ser
65 70 75 80

Val Pro Val Lys Ser Cys Ser Glu Pro Arg Cys Phe Asn Gly Gly Thr
85 90 95

Cys Gln Gln Ala Leu Tyr Phe Ser Asp Phe Val Cys Gln Cys Pro Glu
100 105 110
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35 8. The use as clainmed in claim7, characterized by a nodification of the
anmino acid position R15-116. KSHAETSALNELA0rr Rénesse 46 029 K - 26 9. The
use as clained in claim8, characterized in that the activation site
exhibits an LHST sequence. 5 10. The use as clainmed in one of the preceding
claims, characterized in that, in the transition region between the
kringle and the cysteine bridge, the plasm nogen activator exhibits an
am no acid sequence segnent containing SKAT. 10 11. A pl asm nogen acti vator
conprising an am no _acid sequence as depicted in one of the Figures 3, 11
and 13.C195 PRE A 3| HenilfGy &y s &tior | T ehdsie Ry Ao Bt arhy iXF of at
| east 70% prefldPably an identity %0 from 80 to 90% padXicularly
preferably an identity of 95% with a plasm nogen activator as clained in
claim10. 20 13.. A plasm nogen activator as clained in one of clains 10 to
12, cha&ractfet Aa Bylva e Gfisol Ty Araa@ivithy Wik iPans Thic rdas édl aSasonpar ed
with that 16 the native DSPA Is€guence 46029. ST25 ISEQUENCE LI STI NG <110>
Pai on GnbH <120> Pl asm nogen- Aktivatoren mt verringerter Lysin-Bi ndungskap
azitat <130>46 029 K

Gly Ala Glu Cys Thr Asn Trp Asn Ser Ser Ala Leu Ala Gln Lys Pro

145 150 155 160

Tyr Ser Gly Arg Arg Pro Asp Ala Ile Arg Leu Gly Leu Gly Asn His
165 170 175

Agn Tyr Cys Arg Asn Pro Asp Arg Asp Ser Lys Pro Trp Cys Tyr Val
180 185 1%0

Phe Lys Ala Gly Lys Tyr Ser Ser Glu Phe Cys Ser Thr Pro Ala Cys
195 200 205

Ser Glu Gly Asn Ser Asp Cys Tyr Phe Gly Asn Gly Ser Ala Tyr Arg
210 215 220

Gly Thr His Ser Leu Thr Glu Ser Gly Ala Ser Cys Leu Pro Trp Asn
225 230 235 240

Ser Met Ile Leu Ile Gly Lys Val Tyr Thr Ala Gln Asn Pro Ser Ala
245 250 255

Gln Ala Leu Gly Leu Gly Lys His Asn Tyr Cys Arg Asn Pro Asp Gly
260 265 270

Asp Ala Lys Pro Trp Cys His Val Leu Lys Asn Arg Arg Leu Thr Trp
275 2890 285

Glu Tyr Cys Asp Val Pro Ser Cys Ser Thr Cys Gly Leu Arg Gln Tyr
250 295 300

Ser Gln Pro Gln Phe Arg Ile Lys Gly Gly Leu Phe Ala Asp Ile Ala
305 310 315 3290
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<140>PCT/ EP2004/ 010220 <141>2004-09- 13 <b§% g& 03 42 518.7 <151>2003-09-12
<160>5 <170>Patent|n version 3 3EIG>£00771586€7 <212>PRT <213>Homo sapi ens
<400>1 Met Asp Ala Met Lys Arg Ay Leu Cys Cys Val Leu Leu Leu Cys SIy 1 5
10 15 Ala Val Phe Val Ser Pro Ser An Gu Ile H's Ala Arg Phe Arg Arg 20 25
30 Sly Ala Arg Ser Tyr Adn Val Ile Cys Arg Asp Gu Lys Thr dn Met 35 40 45
Ile Tyr Gn An Hs @n Ser Trp Leu Arg Pro Val Leu Arg Ser Asn 50 55 60

Arg Val Qu Tyr QIS Trp Cys Asn Ser SIy Arg Ala @n Cys H's Ser 65 70 75 80

Val Prq, Val er Phe Asn_.Sl Thr_ 85 90 95
Os @ ﬁ‘ %} Ced © %%1 é‘l§e?‘ g’*@%ﬁ%éﬁé ﬁléy)sé‘rlﬂr $18 Fend¥elos 110
Page 1 sequence 46029. Gy Phe Ala Ay Cys Cys Au lle Aissp Thr Arg

Ala Thr Cys Tyr 115 120 125 Gu Asp Gn Gy lle Ser Tyr Arg Ay Thr Trp Ser

Thr Al a _d u_Ser 135 140 Ge)i % % Thr. Asn Trp Asn Ser Ser. Ala Leu
Ala d @lgyglpr&rg e Leu Cys y Gly Ile eu Ile Ser Ser Cys Trp Ile

345 350

Leu Ser Ala Ala His Cys Phe Gln Glu Arg Phe Pro Pro His His Leu
355 360 365

Thr Val Ile Leu Gly Arg Thr Tyr Arg Val Val Pro Gly Glu Glu Glu
370 375 380

Gin Lys Phe Glu Val Glu Lys Tyr Ile Val His Lys Glu Phe Asp Asp
385 350 385 400

Asp Thr Tyr Asp Asn Asp Ile Ala Leu Leu Gln Leu Lys Ser Asp Ser
405 410 415

Ser Arg Cys Ala Gln Glu Ser Ser Val Val Arg Thr Val Cys Leu Pro
420 425 430

Pro Ala Asp Leu Gln Leu Pro Asp Trp Thr Glu Cys Glu Leu Ser Gly
435 440 445

Tyr Gly Lys His Glu Ala Leu Ser Pro Phe Tyr Ser Glu Arg Leu Lys
450 455 460

Glu Ala His Val Arg Leu Tyr Pro Ser Ser Arg Cys Thr Ser Gln His
465 470 475 480

Leu Leu Asn Arg Thr Val Thr Asp Asn Met Leu Cys Ala Gly Asp Thr
485 490 495

Arg Ser Gly Gly Pro Gln Ala Asn Leu His Asp Ala Cys Gln Gly Asp
500 505 510

Ser Gly Gly Pro Leu Val Cys Leu Asn Asp Gly Arg Met Thr Leu Val
515 520 525
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145 150 155 160 Tyr Ser Gly Ar Arﬁg]ﬁPro Asp Ala Ile Arg Leu Gy Leu Ay Asn
H's 165 170 175 Asn Tyr %@1 epAG0&Sp SALg Asp Ser Lys Pro Trp Cys Tyr
Val 180 185 190 Phe Lys AI a Gy Lys Tyr Ser Ser Qu Phe Cys Ser Thr Pro Al a
Cys 195 200 205 Ser u Ay Asn Ser Asp Cys Tyr Phe Ay Asn Gy Ser Ala Tyr
Arg 210 215 220 Ay Thr H's Ser Leu Thr AQu Ser Gy Ala Ser Cys Leu Pro Trp
Asn 225 230 235 240 Ser Met Ile Leu Ile Ay Lys Val Tyr Thr Ala G n Asn Pro
Ser Ala 245 250 255 G n Ala Leu Ay Leu Gy Lys H's Asn Tyr Cys Arg Asn Pro
Asp d gZ?OAs Ala Lys Pro H s Val Leu Lys Arg Arg Leu
Thr Tr%’lYZf ezé ©285*q PT§%1Y%&uﬁﬁyv&%%ﬁ&ys@rlno}éfss&sprmalq?éf@e YLeu Arg
An Tyr 2839295 300 Sex A n PP3%A n Phe Arg Ile Ly4%Gy Ay Leu Phe Ala Asp
Ile Ala 305 310 315 320 Page 2 sequence_46029. ST25 Ser His Pro Trp An A a
Ala Ile Phe Ala Lys Hi s Ar Ser Pro 325 330 335 Ay GQu Arg Phe Leu Cys
Ay 4dyad é"YEeEhm éysef\faée g\snr Fym &euzAder3fzr3d0 ol drasdSPAPETAMEtH s Oys
Phe G R4@ u Arg Phe Pro PréSH s Hs Leu 355 3665365 Thr Val lle L&GOGy Arg
Thr Tyr Arg Val Val Pro Ay u Au Au 370 375 380 Gn Lys Phe Gu Val Gu
Lys Tyr Ile Val H's Lys Gu Phe Asp Asp

Arg Pro

<210> 2

<211> 477

<212> PRT

<213> Desmodus rotundus
<400> 2

Met Val Asn Thr Met Lys Thr Lys Leu Leu Cys Val Leu Leu Leu Cys
1 5 10 15

Gly Ala Val Phe Ser Leu Pro Arg Gln Giu Thr Tyr Arg Gln Leu Ala
20 25 30

Arg Gly Ser Arg Ala Tyr Gly Val Ala Cys Lys Asp Glu Ile Thr Gln
35 40 45

Met Thr Tyr Arg Arg Gln Glu Ser Trp Leu Arg Pro Glu Val Arg Ser
50 55 60

Lys Arg Val Glu His Cys Gln Cys Asp Arg Gly Gln Ala Arg Cys His
65 70 75 80

Thr Val Pro Val Asn Ser Cys Ser Glu Pro Arg Cys Phe Asn Gly Gly
85 90 95

Thr Cys Trp Gin Ala Val Tyr Phe Ser Asp Phe Val Cys Gln Cys Pro
100 105 110

Ala Gly Tyr Thr Gly Lys Arg Cys Glu Val Asp Thr Arg Ala Thr Cys
115 120 125
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385
Ser
Pro
Ay
Lys
Hi s
Asp

Leu
Ay
Tyr
477
Lys L
Arg

390 395 400 Asp Thr Tyr

Asp Asn I Leu Leu @ n Leu Lys Ser Asp
405 410 415 Ser Arg Cys REFUER eﬁ&oégréégP Val Val Arg Thr Val Cys Leu

420 425 430 Pro Ala Asp Leu G n Leu Pro Asp Trp Thr G u Cys
435 440 445 Tyr Ay Lys Hs Qu Ala Leu Ser
Arg Leu Tyr

450 455 460 du Ala H s Val
465 470 475 480 Leu Leu Asn Ar

15,38 0,000, 5.

Cys Ay G n Lys Asp Val Pro Ay

Le§f5>35 Pag) 51t Dg¥ﬁngé§

u*Peu Cys Val Leu Led>Peu Cys
Gln G u Thr Tyr Arg An Leu Al a

Thr Tyr Asn Gly Arg Met Pro
165

His Asn Tyr Cys Asn Pro

180

Arg

Val Ile Lys Ala Phe

195

Gly Lys

Ser Ala Thr

2190

Cys Lys Cys Gly

215

Thr Leu Phe

230

His Ser

225

Gly

Ala Ala Ile Phe Ala

245

Gln Asn

Ile
260

Cys Gly Gly Leu Ile Ser

Phe Gln

275

Cys Glu Ser Tyr Leu

Thr
290

vVal Pro

295

Arg Tyr Arg Lys

Val His

310

Lys Ile

305

Lys Tyr Lys

Ile Ala Leu Gln Leu

325

Asp Leu

%520 525 Page 3 se& énce 46029. ST25

At T aRe ARAO RS TS

Asp Ala Phe
Asn
Thr
200
Leu
Thr
Arg
Ser
Pro
280
Gly

Glu

Lys

A u Leu Ser
Gu Arg Leu
Thr Ser dn
Cys Ala Ay

Hi Cys @n

BEAdB G AUt Thr
“Ple IIe Ser Trp Ay Leu
530 535 540 Val Tyr Thr Lys Val Thr Asn
5 560 Arg Pro <210> 2 <211>
et DOR LRSh Tt A8t AL¢s Thr
éSy Ala Val Phe Ser 1&u Pro

Pro Phe Tyr Ser
Pro Ser Ser Arg Cys
Thr Val Thr Asp Asn Met Leu

Péagvgﬁyé?gg

1510 15

Asn Leu Gly Leu Gly Asn

170 175

Gly Ala Pro

185

Lys Pro Trp

150

Cys Tyr

Ser Glu Ser Ser Val Pro Val

205

Cys

Arg Lys Tyr Lys Glu Pro Gin Leu

220

Ile Thr

235

Gln
240

Asp Ser His Pro Trp

Phe
255

Ser Ser Glu Leu

250

Arg Arg

Val Thr Ala Ala

270

Cys Leu His

265

Trp

Gln Val val

285

Asp Leu Lys Leu Gly

Glu Glu Glu Gln Phe

300

Thr Lys Val

Phe Thr Asn

320

Asp Asp Asp Tyr Asn

315

Gln Ala Gln

335

Ser Asp Ser Pro Cys

330
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20 25 30 Arg Gy Ser Arg Ala 'I;ér Gy Val Ala %és Lys Asp Gu Ile Thr Adn 35
40 45 Met Thr Tyr Arg Arg G nS@% —Tll’sp?zl?e& r59 Pro Au Val Arg Ser 50 55
60 Lys Arg Val Qu His Cys An Cys Asp Arg Ay G n Ala Arg Cys His 65 70 75
80 Thr Val Pro Val Asn Ser Cys Ser Qu Pro Arg Cys Phe Asn Ay Ay 85 90 95
Thr Cys Trp G n Ala Val Tyr Phe Ser Asp Phe Val Cys A n Cys Pro 100 105 110
Ala @y Tyr Thr Ay Lys Arg Cys Qu Val Asp Thr Arg Ala Thr Cys 115 120 125
Page 4 seauence 46029. ST SIi%yréS urlg y An_dy Val Thr Tyr Arg Ay Thr Trp

Ser ThiFA £58 &°P156T13% 1148 9sé! aaly Sv4Y SQLgUoFEQ (G Uadr aTAs Tad i sl nSer  Leu
Leu Thr Arg Arg 143950 155 160 Thr Tyr®Asn Ay Arg Met Pro%sp Al a Phe Asn
Leu Ay Leu Ay Asn 165 170 175 His Asn Tyr Cys Arg Asn Pro Asn Ay Ala Pro
Lys Pro Trp Cys Tyr 180 185 190 Val Ile Lys Ala Gy Lys Phe Thr Ser du Ser
Cys SerNalPTer §e¥alTrP1 BT 66 6l SOFs Usde v e TACE YTHY Tofs YAy 9 dli sadgsLys  Tyr
Lys G u Pro A R2Peu 210 215 220 Hi3$%er Thr Ay Ay Leé¥Phe Thr Asp Iie Thr
Ser Hs Pro Trp An 225 230 235 240 Ala Ala Ile Phe Ala G n Asn Arg Arg Ser

Ser Ay GQu Arg Phe Leu 245 250 255 Cys Ay Ay Ile Leu Ile Ser Ser Cys Trp
Val Le®FEFhiceA &#eA £nq £he Tyr Ser Glu Gln Leu Lys Glu Gly His Val Arg

370 375 380

Leu Tyr Pro Ser Ser Arg Cys Ala Pro Lys Phe Leu Phe Asn Lys Thr
385 390 385 400

Val Thr Asn Asn Met Leu Cys Ala Gly Asp Thr Arg Ser Gly Glu Ile
405 410 415

Tyr Pro Asn Val His Asp Ala Cysg Gln Gly Asp Ser Gly Gly Pro Leu
420 425 430

Val Cys Met Asn Asp Asn His Met Thr Leu Leu Gly Ile Ile Ser Trp
435 440 445

Gly Val Gly Cys Gly Glu Lys Asp Val Pro Gly Val Tyxr Thr Lys Val
450 455 460

Thr Asn Tyr Leu Gly Trp Ile Arg Asp Asn Met His Leu

455 470 475
<210> 3

«211> 480

<212> PRT

<213> artificial

<220>
<223> deletierter Kringel-2, AS 311/312: RI -> HS

<400> 3

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15

Ala Val Phe Val Ser Pro Ser Gln Glu Ile His Ala Arg Phe Arg Arg

Page 6



260
275
290
305
dn
Cys
Leu
dn
Pro
Al a
Cys
Met
Asp
Arg

265 270 Cys Phe A n Qu Ser Tyr Leu Pro G n Leu Lys Val Val Leu Gy
280 285 Arg Thr Tyr Arg Vgleq&%lcﬁr—ésélz? éT§5G u Gu @n Thr Phe Lys Val

295 300 Lys Lys Tyr Ile Val H's Lys Gu Phe Asp Asp Asp Thr Tyr Asn Asn
310 315 320 Asp Ile Ala Leu Leu A n Leu Lys Ser Asp Ser Pro Adn Cys A a
325 330 335 Page 5 sequence 46029. ST25 dJu Ser Asp Ser Val Arg Ala lle
Leu Pro Gu Ala _Asn Leu An 340 345 350 Leu Pro Asp Trp Thr Au Cys Qu
Ser Ay Tyr d OLys H's Lys 355 360 365 Ser Ser Ser Prd Phe Tyr Ser Qu
Leu Lys Gu Gly Hs Val Arg 370 375 380 Leu Tyr Pro Ser Ser Arg Cys Ala
Lys Phe Le Thr 8? 390 395 400 Val. Thr Asn Asn Met Leu Cys
d ;9 Kspl ?h#rﬂr §e§erTYé (ley Jad) & 948584%694%§PT§.1uPPéfSAEﬁlrvé;IlﬂH%tAsp Al a
Gn Ay Asp®Ser Gly Gy Pro Le&© 420 425 430 Val COf$ Met Asn Asp Asn His
Thr Leu Leu Gy Ile Ile Ser Trp 435 440 445 Gy Val dy Cys Ay Gu Lys
Val Pro G VaI Tyr Thr Lys Val 450 455 460 Thr Asn Tyr Leu Gy Trp Ile
Asﬁlﬁsﬁggk’/e 1pi @lEeﬁlS4§§n4$@r4?5’1><@f9>A3“9 Ezmyaés@ek@r% SPRTAsn

Arg Val Glu Tyr Cys Trp Cys Asn Ser Gly Arg Ala Gln Cys His Ser
65 70 75 80

Val Pro Val Lys Ser (Cys Ser Glu Pro Arg Cys Phe Asn Gly Gly Thr
85 S0 g5

Cys Gln Gln Ala Leu Tyr Phe Ser Asp Phe Val Cys Gln Cys Pro Glu
100 105 110

Gly Phe Ala Gly Lys Cys Cys Glu Ile Asp Thr Arg Ala Thr Cys Tyr
115 120 125

Glu Asp Gln Gly Ile Ser Tyr Arg Gly Thr Trp Ser Thr Ala Glu Ser
130 135 140

Gly Ala Glu Cys Thr Asn Trp Asn Ser Ser Ala Leu Ala Gln Lys Pro
145 150 155 160

Tyr Ser Gly Arg Arg Pro Asp Ala Ile Arg Leu Gly Leu Gly Asn His
165 170 175

Asn Tyr Cys Arg Asn Pro Asp Arg Asp Ser Lys Pro Trp Cys Tyr Val
180 185 150

Phe Lys Ala Gly Lys Tyr Ser Ser Glu Phe Cys Ser Thr Pro Ala Cys
195 200 205

Ser Glu Gly Asn Ser Asp Ser Thr Cys Gly Leu Arg Gln Tyr Ser Gln
210 215 220

Pro Gln Phe His Ser Lys Gly Gly Leu Phe Ala Asp Ile Ala Ser His

Page 7



<213> artificial <220> <223> deletierter Kringel-2, AS 311/312: R -> HS
<400> 3 Met Asp Ala Met Lys Al e VaI Leu Leu Leu Cys Ay 1 5
10 15 Ala Val Phe Val Ser Prog%ggeécE éﬁg}éﬁl égf i's Ala Arg Phe Arg Arg Page 6
sequence 46029. ST25 20 25 30 Gy Ala Arg Ser Tyr Gn Val Ile Cys Arg Asp Gu
Lys Thr G n Met 35 40 45 1le Tyr An An Hs G@n Ser Trp Leu Arg Pro Val
Leu Arg Ser Asn 50 55 60 Arg Val Qu Tyr Cys Trp Cys Asn Ser Ay Arg Ala
An W@zgis Ser 65 70 75 ag/OVal Pro Val Lys S LsCys Ser Gu Pro ALY QIS Phe
Asn Gy dy Thr 85 90 95 An dn Ala Leu Tyr Phe Ser AspPhe\%

An Cys Pro Gu 100 105 110 Gy Phe Ala Ay Lys sq/sGIulleAspThr Arg

Tor Xf‘%r@’% y?’lni%@algg 233 %&eﬁf-@ " eggteThPoabior s adhe sgin%e AL Lou

Ala Gn Lys Pro 145 1 155 160 Tyr Ser y Arg Arg Pro Asp A5 | e Arg Leu
Gy Leu Ay Asn Hs 165 170 175 Asn Tyr Cys Arg Asn Pro Asp Arg Asp Ser Lys

gg? ¥LBr%?%h%{éegsgyslégylgﬁyl%9ePE EZEA%ng%ér %S T r 270 %euGS%rPhe Cys

Ala Ala His Cys Phe Gln Glu Arg Phe Pro Pro His His Leu Thr Val
275 280 285

Ile Leu Gly Arg Thr Tyr Arg Val Val Pro Gly Glu Glu Glu Gln Lys
290 295 300

Phe Glu Val Glu Lys Tyr Ile Val His Lys Glu Phe Asp Asp Asp Thr
305 310 315 320

Tyr Asp Asn Asp Ile Ala Leu Leu Gln Leu Lys Ser Asp Ser Ser Arg
325 , 330 335

Cys Ala Gln Glu Ser Ser Val Val Arg Thr Val Cys Leu Pro Pro Ala
340 345 350

Asp Leu Gln Leu Pro Asp Trp Thr Glu Cys Glu Leu Ser Gly Tyr Gly
355 360 365

Lys His Glu Ala Leu Ser Pro Phe Tyr Ser Glu Arg Leu Lys Glu Ala
370 375 380

His Val Arg Leu Tyr Pro Ser Ser Arg Cys Thr Ser Gln His Leu Leu
385 3390 395 400

Asn Arg Thr vVal Thr Asp Asn Met Leu Cys Ala Gly Asp Thr Arg Ser
405 410 415

Gly Gly Pro Gln Ala Asn Leu His Asp Ala Cys Gln Gly Asp Ser Gly
420 425 4390

Gly Pro Leu Val Cys Leu Asn Asp Gly Arg Met Thr Leu Val Gly Ile

Page 8



195 200 205 Ser Au Ay Asn Ser As
210 215 220 Pro G n Phe H's SEF9LY

Segyebiy ot

Gy Leu Arg A n Tyr Ser Gn

Phe Ala Asp Ile Ala Ser H's

Page 7 sequence 46029. ST25 225 230 235 240 Pro Trp A n Ala Ala Ile Phe Al a

Lys
Ile
Phe
Val
Hi s
Leu
Val
Thr
Phe
Ser
Asn
Leu
Asn

Hs Arg Arg Ser
Ser Ser Cys Trp Ile Leu Ser
s Leu Thr Val
u Gu dn Lys
Lys G u Phe Asp Asp Asp Thr

Ser,. As
By Blvette
u Leu Ser dy Ty
Tyr Ser Qu Arg Leu Lys u Ala 370 375 380 Hi s Val
Arg. Cys Thy Se
vednEedvey ian
Hi§6§sp Ala Cys G n Gf}
Asp Ay Arg Met Thr

Pro Pro Hi
Pro Gay 4

€] 1Le eLy
g T

<210> 4
<211> 4
<212> P
<213>

<220>
<223>

<400> 4
Met Asp
1

Ala Val

Gly Ala

Ile Tyr
50

Arg Val
65
Val Pro

Cys Gln

Gly Phe

o8

76
RT

Ala

Phe

Arg

35

Gln

Glu

Val

Gln

Ala
115

r.Adn Hi

Met

Val
20

Ser

Gln

Tyxr

Lys

Ala
100

Gly

artificial

Lys

Ser

Tyr

His

Cys

Ser

85

Leu

Lys

Pro Ay Gu

Le

Leu Val

Arg

Pro

Gln

Gln

Trp

70

Cys

Tyr

Cys

245 250 255 Arg Phe Leu Cys Ay dy lle
260 265 270 Ala Ala Hs Cys Phe dn Qu

2
2

780280 285 Ile Leu Ay _Arg Thr Tyr Arg
§6°295 300 Phe G u VAF®GA u Lys Tyr Ile

305 310 315 320 Tyr Asp Asn Asp Ile Al a
Ser. . Ser, Ar 3 330 335 s.Ala Gn G u_Ser Ser
Br 818 glysizfgnsigssg‘ﬁp%ﬁll_é’ﬁoe@ﬁryl_éfélp $TAsp

7R
§Sé| y 355 360 365 L¥8Hi s Gu Ala Leu Ser

Leu

deletierter Kringel-2,

Gly

Ser

Val

Ser

55

Cys

Ser

Phe

Cys

Leu Cys

Gln Glu
25

Ile Cys
40

Trp Leu

Asn Ser

Glu Pro

Ser Asp
105

Glu Ile
120

Page 9

385 39

AS 310-313:

Cys

10

Ile

Arg

Arg

Gly

Arg

90

Phe

Asp

395 400 Asn
ANE §5Rs pYFhFCRr §5Bel TP405S4259428PGRY

val

His

Asp

Pro

Arg

75

Cys

val

Thr

FRIK

Leu

Ala

Glu

Val

60

Ala

Phe

Cys

Arg

"3

-» LHST

Leu

Arg

Lys

45

Leu

Gln

Asn

Gln

Ala
125

Leu

Phe

30

Thr

Arg

Cys

Gly

Cys

110

Thr

Cys

15

Arg

Gln

Ser

His

Gly

55

Pro

Cys

Arg Leu Tyr Pro
Thr Val Thr
EPAEIGERCAl a
TRsp Ser Gy 420 4385430 Gy Pro Leu VAECCys
Ay Ile

Gly

Arg

Met

Asn

Ser

80

Thr

Glu

Tyr

Leu
Arg
Val

Val

Leu
Val

Trp
Pro
Ser
Asp
Asn
Leu



Page 8 sequence_46029. ST25 435 _440_ 445 | S rp Ay Leu Gy Cys Ay An
Lys Asp Val Pro Ay Val Tyr %gﬁ{ufgge&ééb?ﬁrgﬁ)zl-sg Val Thr Asn Tyr Leu Asp Trp
Ile Arg Asp Asn Met Arg Pro 465 470 475 480 <210> 4 <211> 476 <212> PRT
<213> artificial <220> <223> deletierter Kringel-2, AS 310-313: FRIK ->
LHST <400> 4 Met Asp Ala Met Lys Arg Gy Leu Cys Cys Val Leu Leu Leu Cys Ay
1510 15 Ala Val Phe Val Ser Pro Ser n Qu Ile Hs Ala Arg Phe Arg Arg

20 25 Ala_Arg. Ser Tyr n_Val | A Lys _Thr, G.n_Met 35
40 45 P& BP GO X T GRR SUF WP COY AMG PPB YF [00 A Sh AGR 50 55
60 Arg Val éﬂu Tyr Cys Trp Cys n Ser Gy Arg Ala G'n Cys H's Ser 65 70 75
80 Val Pro Val Lys Ser Cys Ser Qu Pro Arg Cys Phe Asn Gy Ay Thr 85 90 95
Cys A n,dn, A g.Leu Tyr,Phe Ser. Asp Phe Val, Cys.d n Cys.Pro,.d 100 105 110
Gy Ph&X Al ?%?Y&yihay SB FZF| 65Rs pFhEek %lﬂl 3%?‘1®%1ﬂi>’51f§°120 125
Page 91%° 5 55 160

Tyr Ser Gly Arg Arg Pro Asp Ala Ile Arg Leu Gly Leu Gly Asn His
165 170 175

Asn Tyr Cys Arg Asn Pro Asp Arg Asp Ser Lys Pro Trp Cys Tyr Val
180 185 190

Phe Lys Ala Gly Lys Tyr Ser Ser Glu Phe Cys Ser Thr Pro Ala Cys
195 200 205

Ser Lys Ala Thr Cys Gly Leu Arg Gln Tyr Ser Gln Pro Gln Leu His
210 215 220

Ser Thr Gly Gly Leu Phe Ala Asp Ile Ala Ser His Pro Trp Gln Ala
225 230 ' 235 240

Ala Ile Phe Ala Lys His Arg Arg Ser Pro Gly Glu Arg Phe Leu Cys
245 250 255

Gly Gly Ile Leu Ile Ser Ser Cys Trp Ile Leu Ser Ala Ala His Cys
260 265 270

Phe Gln Glu Arg Phe Pro Pro His His Leu Thr Val Ile Leu Gly Arg
275 280 285

Thr Tyr Arg Val Val Pro Gly Glu Glu Glu Gln Lys Phe Glu Val Glu
290 295 300

Lys Tyr Ile Val His Lys Glu Phe Asp Asp Asp Thr Tyr Asp Asn Asp
305 310 315 320

Ile Ala Leu Leu Gln Leu Lys Ser Asp Ser Ser Arg Cys Ala Gln Glu
325 330 335
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sequence_46029. ST25 A u Asp An

Au
Lys
Ay
Cys
Pro
Gn
Trp A
Arg
Al a
Ile
Phe
Tyr
Arg
Arg
Au

dy

Ser 130 135 140 Ay A a EF ﬁ%elﬁtsoﬂgn B Asn Ser Ser Ala Leu Ala
Pro 145 150 155 160 Tyr Ser Gy Arg Arg Pro Asp Ala Ile Arg Leu Ay
Asn H's 165 170 175 Asn Tyr Cys Arg Asn Pro Asp Arg Asp Ser Lys Pro
Tyr Val 180 185 190 Phe Lys Ala Ay Lys Tyr Ser Ser du Phe Cys Ser
Ala Cys 195 200 205 Ser Lys Ala Thr Cys Ay Leu Arg A n Tyr Ser Gln
Leu Hi 15.220 Ser Thr 4 Phe Ala Asp Ile Ala Ser

ﬁe}-il §9r2¥§12§612§59225?rA|\’51| IC%SPIR@LIAIP§°L§)§OHIA§6‘A|A§PA US&lnPILGUGI y
Phe Leu Cys 248950 255 Gy Ay I1P&3Leu Ile Ser Ser OfFF°Trp Ile Leu
Ala Hs Cys 260 265 270 Phe An GQu Arg Phe Pro Pro His H's Leu Thr
Leu A 275 28Q 285 Thr Tyr g Val. val Pro Gy Au u Gu d@n
a E%?{*Se rpz@“@fz@éus@y%%wiﬁul S TVEIL YHTIY 1L (P YGLY SPHE sASH Uadd 2As p
Asp Asn Asp>35305 310 315 320 |1136CAla Leu Leu A n LE&5Lys Ser Asp Ser
Cys Ala A n Gu 325 330 335 Page 10 sequence_46029. ST25 Ser Ser Val
Thr Val Cys Leu Pro Pro Ala Asp Leu Gn Leu 340 345 350 Pro Asp Trp

Cydeg lgjlge@rSerPh@l ¥YFy e ﬁlpyﬁrer $eg YAl §lu 2;3 His Val Arg Leu

Tyr Pro Ser Ser Arg Cys Thr Ser Gln His Leu Leu Asn Arg Thr Vval
385 390 395 400

Thr Asp Asn Met Leu Cys Ala Gly Asp Thr Arg Ser Gly Gly Pro Gln
405 410 415

Ala Asn Leu His Asp Ala Cys Gln Gly Asp Ser Gly Gly Pro Leu Val
420 425 430

Cys Leu Asn Asp Gly Arg Met Thr Leu Val Gly Ile Ile Ser Trp Gly
435 440 445

Leu Gly Cys Gly Gln Lys Asp Val Pro Gly Val Tyr Thr Lys Val Thr
450 455 460

Asn Tyr Leu Asp Trp Ile Arg Asp Asn Met Arg Pro

465 470 475
«<210> b5

<211> 476

«212> PRT

«213> artificial

«<220>
«223> deletierter Kringel-2

<400> b5

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15

Ala Val Phe Ser Leu Pro Ser Gln Glu Thr His Arg Gln Leu Ala Arg

Page 11

Ile Ser T¥r Arg Gy Thr Trp Ser Thr Al a

Adn
Leu
Trp
Thr
Pro
Pro
du
Ser
Val

Lys
Thr
Ser
Val

Thr



355 360 365 Leu Ser Pro Phe Tyr Ser % é%% Lys u Ala H's Val Arg Leu
370 375 380 Tyr Pro Ser Ser Ars&qt’\?é’c?m §é’ Hi s Leu Leu Asn Arg Thr Val
385 390 395 400 Thr Asp Asn Met Leu Cys Ala Gy Asp Thr Arg Ser Ay Ay Pro
Gn 405 410 415 Ala Asn Leu H's Asp Ala Cys A n Ay Asp Ser Ay Gy Pro Leu
Val 420 425 430 Q/s Leu Asn Asp Ay Arg Met Thr Leu Val Ay Ile Ile Ser Trp
Gy 435 440 445 Ag(} y Cys Ay A@n L 3 Asp Val Pro Ay Val Tyr Thr Lys Val
Thr 450 455 460 Tyr Leu Asp Trp II°€ Arg Asp Asn Met Ar3d) Pro 465 470
475 <210> 5 <211> 476 <212> PRT <213> artificial <220> <223> deletierter

Kri ngel - 2 <400> 5 t s Ar eu V Leu Leu
Oys G y1Y158 1%“?5&(% '%S\V%I ngﬁle%é IY*)Li ogé%érgép %Uu%ﬁr ﬁrs irrb M8 Leu
Ala Arg Page 1 sequence 46029. sST28%0 25 30 @ y Ser Ar Ala Tyr An Val A a

Cys Arg Asp Au Ile Thr @n Met 35 40 45 Ile Tyr An Gn Hs @n Ser Trp

Leu Ar% Pro Val _Leu ArgI Ser
le Tyr Gln Gln His Gln Ser Trp Leu Arg Pro Val Leu Arg Ser Lys

50 55 60

Arg Val Glu His Cys Gln Cys Asn Arg Gly Gln Ala Arg Cys His Ser
55 70 75 80

Val Pro Val Lys Ser Cys Ser Glu Pro Arg Cys Phe Asn Gly Gly Thr
85 90 95

Cys Trp Gln Ala Leu Tyr Phe Ser Asp Phe Val Cys Gln Cys Pro Glu
100 105 110

Gly Tyr Thr Gly Lys Cys Cys Glu Ile Asp Thr Arg Ala Thr Cys Tyr
115 120 125

Glu Gly Gln Gly Ile Ser Tyr Arg Gly Thr Trp Ser Thr Ala Glu Ser
130 135 140

Arg Val Glu Cys Thr Asn Trp Asn Ser Ser Leu Leu Thr Arg Arg Thr
145 150 155 160

Tyr Asn Gly Arg Met Pro Asp Ala Phe Asn Leu Gly Leu Gly Asn His
165 170 175

Asn Tyr Cys Arg Asn Pro Asn Gly Ala Pro Lys Pro Trp Cys Tyr Val
180 185 1920

Ile Lys Ala Gly Lys Phe Ser Ser Glu Ser Cys Ser Val Pro Ala Cys
185 200 205

Ser Lys Ala Thr Cys Gly Leu Arg Lys Tyr Lys Glu Pro Gln Leu His
210 215 220

Ser Thr Gly Gly Leu Phe Thr Asp Ile Ala Ser His Pro Trp Gln Ala
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50 55 60 Arg Val du H's Cys Gn ) g Gn Ala Arg Cys H's Ser 65
70 75 80 Val Pro Val Lys Ser &yg-8 Fegﬁgoéﬁosf?é Cys Phe Asn Ay Ay Thr 85
90 95 Cys Trp G n Ala Leu Tyr Phe Ser Asp Phe Val Cys A n Cys Pro Gu 100

105 110 Gy Tyr Thr Ay Lys Cys Cys Qu Ile Asp Thr Arg Ala Thr Cys Tyr 115
120 125 Gu Ay Gn @y Ile Ser Tyr Arg Ay Thr Trp Ser Thr Ala Gu Ser 130
135 1422%«9 Val Gu Cys Th 3Asn Trp Asn Ser Ser kgu Leu Thr Arg Arg Thr 145
150 15 60 Tyr Asn Gy Aré) Vet Pro Asp Al a Phé3Asn Leu Gy Leu 4 RBsn Hi s

165 170 175 Asn Tyr Cys Arg Asn Pro Asn Ay Ala Pro Lys Pro Trp Cys Tyr Val
180

185.190_1le Lys.Ala.d vy, Lys Phe Ser Ser du.Ser.Cys Ser Val Prg Ala Cys
195 Zoglﬁogl%ﬁhﬁygli\l gl?h%lﬁygr@ TBed®Ar efyélfyPlEyér@ 678r &8 hYBeu cHAi/s
210 215 220 Ser Thr G ¢%@y Leu Phe Thr Asp>Pie Ala Ser His Pré6°frp Gn Al a
Page 12 sequence 46029. ST25 225 230 235 240 Ala Ile Phe Ala Gn Hs Arg Arg
Ser Ser Ay Gdu. Arg Phe_Leu Cys 245 250 252 Gy Ay Ille Leu Ile Ser Ser Cys
Trp IlglﬁeélSeF1N SU| A1F SeEySer26yS265P2 R PREU PR GPE 2SBL AT SLEYSPr o Asp
G n Leu Lys Val Vaf®Peu @y Arg 275 2865285 Thr Tyr Arg V&’%al Pro Ay Qu
Gu Gu dn Thr Phe Lys Val Lys

Phe Gln Glu Ser Tyr Leu Pro Asp Gln Leu Lys Val Val Leu Gly Arg
275 280 285

Thr Tyr Arg Val Val Pro Gly Glu Glu Glu Gln Thr Phe Lys Val Lys
290 295 300

Lyg Tyr Ile Val His Lys Glu Phe Asp Asp Asp Thr Tyr Asp Asn Asp
305 310 315 320

Ile Ala Leu Leu Gln Leu Lyg Ser Asp Ser Pro Gln Cys Ala Gln Glu
325 330 335

Ser Asp Ser Val Arg Ala Ile Cys Leu Pro Glu Ala Asn Leu Gln Leu
340 345 350

Pro Asp Trp Thr Glu Cys Glu Leu Ser Gly Tyr Gly Lys His Glu Ser
355 360 365

Ser Ser Pro Phe Tyr Ser Glu Gln Leu Lys Glu Gly His Val Arg Leu
370 375 380

Tyr Pro Ser Ser Arg Cys Ala Pro Lys Phe Leu Phe Asn Arg Thr Val
385 390 395 400

Thr Asn Asn Met Leu Cys Ala Gly Asp Thr Arg Ser Gly Glu Ile Tyr
405 410 415

Pro Asn Val His Asp Ala Cys Gln Gly Asp Ser Gly Gly Pro Leu Val
420 425 430

Cys Met Asn Asp Asn His Met Thr Leu Val Gly Ile Ile Ser Trp Gly
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290
305

Leu
Ser
Leu
Val

Ile
Leu
Trp
Thr
465

295 300 Lys Tyr

310 315 320 Ile Ala Leu L

325
340
355
370
385
Tyr
Val

330
345
360
375
390
405
420

335 Ser
350 Pro
365 Ser
380 Tyr

405415
425 430

Ile Val H's Lys Qu Phe Asp Asp Asp Thr Tyr Asp Asn Asp

Asp Ser
Asp Trp
Ser Pro
Pro Ser
Thr Asn
Pro Asn
Cys Met

ydebarSni've 438 484 46e

470 47%°

Asn Tyr Leu Gly Trp Ile Arxrg Asp Asn Met His Leu

465

age 14

470

dafesstebys SEos

Thr Au Cys Au Leu
Phe Tyr Ser Qu Gn
Ser Arg Cys Ala Pro
Asn I\/EEOLeu Cys Al a
Val H' S Asp Ala Cys
Asn Asp Asn Hi s Met

b Gl R

Page 14

475

Asp Ser

Leu
Ser
Leu
Lys
Ay
Adn
Thr

F AP alise Al

Pro Gu
Gy Tyr
Lys Qu
Phe Leu

Thr
éﬁﬁi;SAsp
Leu Val

Al a Asn
Gy Lys
Gy H's
Phe Asn
Arg Ser
Ser Gy
Ay Ile

Leu
Hi s
Val
Arg
Ay
Ay
Ile
Val
H s

Pro dn Cys Ala Gn

Adn
du
Arg
Thr
du
Pro
Ser
Tyr
Leu



