WO 01125445 PCT/ US00/ 27029 - 1 FIBRINOLYTI CALLY ACTI VE POLYPEPTI DE 5
Field of the Invention This invention relates to a fibrinolytically active
met al | oprot ei nase of non-naturally occurring sequence, to conbinant

met hods f nufacture and 10 to its use in treatln thro sis in
Vi vo. Bac&%r%%ﬁg of the Invention Fibrolase is an enzynaF %@Wwﬂgﬁtlve
pol ypeptide (specifically, a netall oproteinase) conposed of 203 am no aC|d

residues that was originally isolated by purification fromthe venom of the
Sout hern Copper head snake; United States Patent No. 4,610,879, issued
Septenber 9, 1986 (Markland et al.); and Guan et 20 al., Archives of

Bi ochem stry and Bi ophygigg Y, g%?%%?@tlc g?ﬁ?g??L%PEB?Q?E 197-207 (1991).

The enzyne exhibits direct fi rttle or no
henorrhagi c activity, and it dissolves bl ood clots made either from
fibrinogen or fromwhol e blood. 25 The am no acid sequence of fibrolase has
al so been&Sdeterm ned, wth ngtiledds odeshei bededfioton econbi nant  producti on
in yeast and use for the treatnment of thronbenbolic conditions in vivo;
Randol ph et al. 30 Protein Science, Canbridge University Press (1992),
pages 590- 600, and Eur opBafi PAY®ELmHSIEHES0RONS. LHbBIBO Tobiqallenzuel a et
al .), publi shesttliney mb2al18880t x4 M%mmusa@w?saauﬁm@mmry of the

I nvention Thi s %@V%@te' PRoPESKLHES 2 ARl ML 2 "RURLESRL IS, 3R A

t he non-nat ural occurrin I'near array of "‘amno aci n SEQ I D
NO. 1, alldo ﬂé?éﬁﬁé@sﬁolﬁeté?ﬁtkﬁg ﬁhﬁﬂﬂbquﬂ WG whrembol ytic" (or "NAT").
Al'so provided are nucleic acid nol ecules, such as the one of SEQID NO 2

and variants thereof Background of the Invention

Fibrolase is an enzymatically active
15 polypeptide (specifically, a metalloproteinase)
composed of 203 amino acid residues that was originally
isolated by purification from the venom of the Southern
Copperhead snake; United States Patent No. 4,610,879,
issued September 9, 1986 (Markland et al.); and Guan et
20 al., Archives of Biochemistry and Biophysics, Volume
289, Number 2, pages 197-207 (1991). The enzyme
exhibits direct fibrinolytic activity with little or no
hemorrhagic activity, and it dissolves blood clots made
either from fibrinogen or from whole blood.
25
The amino acid sequence of fibrolase has also
been determined, with methods described for recombinant
production in yeast and use for the treatment of
thrombembolic conditions in vivo; Randolph et al.,
30 Protein Science, Cambridge University Press (1992),
pages 590-600, and European Patent Application No.
0 323 722 (vValenzuela et al.), published July 12, 1989.



10 encoding NAT. The term"mature" is used in its conventional sense to
refer to the biologically active polypeptide which has been enzymatically
processed in situ in the 15 host cell to cleave it fromthe prepro region.
Because Qgglgi/ssqhd Prinolytic activity, NAT is useful in pepgseasng bl ood

cl ot Iy5|ng agent to treat thronmbosis in a manmal (including rats, pigs
and 20 humans). The NAT pol ypeptide of this invention provides advantages
over naturally occurring fibrolase as a 2therapeutic agent (i.e., the
fibrinolytic polypeptide 25 found in snake venom). Native fibrolase is
known to contain several alternate N-termni: QORFP, EQRFP and ERFP (in
whi ch "E" designates a cyclized quta .roglutanlc acid). Mre
specifically, starting with SBHM s conpoused of QQRFP, the fibrol ase
nol ecul e 30 under goes degradation to result in two isofornms, having

N-terninal sequences OfTﬁ%nvaeml%BFgm{&éQ@cyf@&%olﬁ%onbl nant

fibrolase as produced in yeast typicall ds a m xture of, all three of
t hese forn® aﬁ@tﬁéloPﬁ%%e¥RﬁsQNﬁﬁﬁigﬁéGH§ n@@eniﬁ%§§%}¥n°%ﬂurr¥?€urnaI of 35
Chr omat ogr aph)la_nBaEGerWg:ES A A2 4310598941 cbbd ey eSEQ D (ND':23445

PCTI USQQI 27029 1 .3, .k De, yGld %lee%eqnus@m\ﬂgvafs%,gyfn%eaﬁlaragalﬁ,ﬁ bl ocked
N-term nus whitch nakes sequencin n_cont rast reconbi nant
NAT of this SOKnVEﬁben pﬁ%ﬁﬂ(ﬂﬁ?ﬁid§ﬂngré BpeEPES : 2BHE YIOREWNSEer ni nus i s
typically pr OtébAQ:ﬁdasT’aﬁermldf is®O gmeaber 2harggeaei dntcoftidiecgnd product
conpar ed gﬁ reco aﬁ fibrolase whi ch is beneficial when nedical
appl i cations TR ﬁ@ ehded end use. 10 Brief Description of the Figures
FIGURE 1 depicts in linear fashion the full am no acid sequence of NAT

(SEQ ID NO 3), consistiRE term "mature" is used in its conventional
sense to refer to the biologically active polypeptide

which has been enzymatically processed in situ in the
15 host cell to cleave it from the prepro regiom.

Because of its fibrinolytic activity, NAT is
useful in vivo as a blood clot lysing agent to treat
thrombosis in a mammal (including rats, pigs and

20 humans).

The NAT polypeptide of this invention provides
advantages over naturally occurring fibrolase as a
therapeutic agent (i.e., the fibrinolytic polypeptide

25 found in snake venom). Native fibrolase is known to
contain several alternate N-termini: QQRFP, EQRFP and
ERFP (in which "E" designates a cyclized glutamine, or
pyroglutamic acid). More specifically, starting with
an N-terminus composed of QQRFP, the f£ibrolase molecule

30 undergoes degradation to result in two isoforms, having
N-terminal sequences of EQRFP and ERFP, respectively.
Recombinant fibrolase as produced in yeast typically
yields a mixture of all three of these forms and is
thus not homogeneocus. See Loayza et al., Journal of

35 Chromatography, B 662, pages 227-243 (1994). Moreover,



15 of the "prepro" region (underscored), which includes the "signal"
peptide, and the mature pol ypeptide (non-underscored). Detailed
Description of the Invention 20 NAT may be produced by reconbi nant

expressi o f e nucleic acid nolecule of SEQID NO 4 'éﬁ% ncodes
the full %ﬁ@%i d sequence of NAT (SEQ ID NGO 3), incIlPﬁ\ﬁuﬁ ? prepro
region fromnucl eotides 1-783 25 and mature pol ypeptide from nucl eoti des
784-1386, in a suitable host. Follow ng gxpression, the prepro region is
enzymatically processed off in the host cell to yield the mature active
pol ypepti de ( ) Y | Y. Fs_produc §§O binantly in
yeast, as mﬁIﬁgggE&%%%%?%e%l€%ME?§%§%%B6%Fh?éEF%?Fh%? gb@?%a/ cgbnature
pol ypepti de (SECSrDiNgs Mhigh i RrreSq@Eiengisagpinggedidohay or may not have
an am no term nal WO 01/ 25445 PCT/ US00/ 27029 - 4 nethioni ne, dependi ng on
the manner in which it iLs repared. .Typi cal a 1.no_term nal

net hi oni ne residue wil }[nbcégrbt?g Bt Rﬁ%ﬁetcﬁg&égﬂ}geﬁg%d%fi $Hroduced
reconbi nanbl y linveatpon- seeyidesp ictedd spefiee:gonlE. omeil) strain as the

host. Besi des pherR46|i8i £sachsh &l BE R RcedEQ the NLuPy A S0 utilizable
are degenerate seguences t her eof i,ch $@que t he sane olngptide. The
&F hhE &

present 10 i m&FA6h SPEBIEHDT BE REPEUREI SOWPREEHR may  encode
addi ti onal anmmeoabidanesttduweslddankiligh He benedicBal pealndn amsliefalt he

r egi on_encodi ng.hieawRLHE Carp A HDeRIddieSUER B8csequences encoding -
alternative pré/pro regions (1.e., sequences responsible for 15 secretion
of the poFQpeptide t hrough cell nenbranes) in place of the "native"
pre/pro region (i.e., fomddfnpenattipaliby OFfcthe imignifridar ol ase). The
addi ti onal

FIGURE 1 depicts in linear fashion the full
amino acid sequence of NAT (SEQ ID NO: 3}, consisting
15 of the "prepro" region (underscored), which includes
the “signal” peptide, and the mature polypeptide
{(non-underscored) .

Detailed Desgcription of the Invention

20
NAT may be produced by recombinant expression

0of the nucleic acid molecule of SEQ ID NO: 4, which
encodes the full amino acid sequence of NAT (SEQ ID NO:
3), including the prepro region from nucleotides 1-783

25 and mature polypeptide from nucleotides 784-1386, in a
suitable host. Following expression, the prepro region
is enzymatically processed off in the host cell to
yield the mature active polypeptide (SEQ ID NO: 1}.

30 Preferably, NAT is produced recombinantly in
veast, as will be explained in greater detail further
helow.

The mature polypeptide (SEQ ID NO: 1) which
35 1is thus produced may or may not have an amino terminal



sequences may al so be noncodi ng sequences, including regulatory sequences
such as pronoters of transcription 20 or translation, depending on the host
cell. NAT can be prepared using well known reconbi nant DNA t echnol ogy

met hods, such as those set forth in Sanbrook et al., Mdlecul ar C oning: A
25 Labor att? V&&Kual , Col d Spring Harbor Laboratory Pres&CTUSHIZI08,, | ng

Har bor, NY (1989) and/or Ausubel et al., editors, Current Protocols in

Mol ecul ar Biology, Geen Publishers Inc.,and Wley and Sons, New York
(1994). A DNA nol ecul e encodi ng the pol ypeptide or truncated 30 version

t hereof may be_ qht.ai ned, f.or exanple screeni,ng a.genom ¢ or cDNA
library, or by“%§§i°néﬁ6riFF83?$Bﬂ§ ?%)éﬁﬁamﬁ?ﬁﬁrn68|33&g§c%8 ol ecul e

encodi ng fi br cdzepareldol | B¥pichyly epiacarem tefrmihel medbhsnimeodi ng t he
N-term nal amngQsikicd wiesi BHesr X B3t hid %QEﬁeioQ&déeig ne (§).
Alternatively, a nDIe%gLe encodji ng NAT may e,gre ared py chem cal WO
01/ 25445 PCT/ l%’dﬁ%ﬁ@ﬁe@ 1RIRTHesHy AW SFETREAEIWRRFER to the
skilled amtisén,g.such apltihoseraoscas ek byskngel s et al. in Angew. Chem
Intl. Ed., Volune 28, pages 716-734 (1989). Typically, the DNA will be
several hundred 5 nucleotides in |length. Nucleic acids |arger than about
one hundred nucl eoti desBeghdpe ShntpEsieicy agd Sapdesprles phghEdtE usi ng

t hese same nethmds ardsbhetilagabhé sars aleddiRrahe kiegabndes ogigdhayr to form

a_nucl eotide sequence of Lhe deslrsdbengtiy, 10 The DNA pl ecul e i s

inserted into an —appropriate expr n-vector for expression in a
suitabl e Hést FBentipme ajeet BRPFaceR|mdlada ¢id mpdreuilonathath ndwe

particul ar hoséndeld IERkeyadl (dmeno ddid heieRledr flankoAPathdle Wi th the
host cel |l nachlrnejr,y, o %uch tggttexpr ession ofo t.he % can occur). The
pol ypepti de may be &XFraSEEdCFntHF kET Y3t i E e RSt | ure
polypeptide, such as sequences encoding alternative
pre/pro regions (i.e., sequences responsible for
15 secretion of the polypeptide through cell membranes) in
place of the "native" pre/pro region (i.e., found in
naturally occurring fibrolase). The additional
sequences may also be noncoding sequences, including
regulatory sequences such as promoters of transcription
20 or translation, depending on the host cell.

NAT can be prepared using well known
recombinant DNA technology methods, such as those set
forth in Sambrock et al., Molecular Cloning: A

25 Laboratory Manual, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY (1989) and/or Ausubel et al.,
editors, Current Protocols in Molecular Biology, Green
Publishers Inc. and Wiley and Sons, New York (1994). &
DNA molecule encoding the polypeptide or truncated

30 version thereof may be obtained, for example, by
screening a genomic or ¢DNA library, or by PCR
amplification, to obtain a nucleic acid molecule
encoding fibrolase, followed by replacement of the
codons encoding the N-terminal amino acid residues QQR

35 with a codon for serine (8). Alternatively, a DNA
molecule encoding NAT may be prepared by chemical



i nsect (bacul ovirus systens) or eukaryotic host cells, although yeast is
preferred as will be explained in 20 greater detail further below The
vectors used in any of the host cells to express NAT nmay al so contain a 51
flanki ng sequence (also referred to as a "pronoter”™) and ot her expression
25 regul at'@Y&8ment s operatively linked to the DNA to BENUSIR®Esed, as
wel | as enhancer(s), an origin of replication elenent, a transcriptional
termnation elenment, a conplete intron sequence containing a donor and
acceptor splice site, a signal peptide sequence, a 30 ribosone binding site

el ement, a pol nylation s ence pal yl i nker regi.on for inserting the
nucleic acid ngg %ﬁ% Kﬁﬁrfg arﬁegz%é) O{;’s’el’wtta%th émm};%e?h%?%}fﬁérhrﬁ?é Each of these
el ements is diagtassad petlovias 351anst idesairipedt he Frgebs emyalal s@ contain a

T USDn 27020 o g o e ol ynept | de- cod

- ocat e Qr end o e, pol ypept i de-codi ng
sequence that‘éﬁ@gaes ﬁ%?§$$ Ys §¥mh3%éﬁig? %?vaﬁﬁbﬁﬁﬁﬁggﬁhll

i mmunogeni B sequérotigsscin abertdigh.c- Mpecledre hebdgglatgew relepi tabpet f or

whi ch anti bodiggs, hankPed Ush MeJORRE BAl LANELRPHLES, @7 & GRLGI al |y
avai lable). This taganII,be expressed al on and can serve as an

W t h_NAT,
affinity tag FOPIPSPERI LRITIERASe 3ame Betypent e FRom I sdst cell .
Optional ly, then tagncha Sldpsesflienddathee rentves &romldwecipeified 10

pol ypepti de by %%PHSEEEEHQ’déé¥réﬁ“¥3%g%h.“‘th use of a selective
a

pepti dase. The nki'ng sequence nmy be the native 5 flanking
sequence, 18r it may be honol ogous (i.e., from 15 the sane species and/or

strain as the host cell The BN®r@iegaile (s enseltod tnspeasi es other than the
host cell Spegi es nﬁggr%|n9e5§ybr|d | Errd conbination of 5 flanking

0
sequences frommore. than sourocne)‘fecor syntﬁ}é?’f%?sﬁ% Codtce of the 5

fl anki ng sequevedalpdy host cell. The vector is selected to be
functional in the particular host cell emploved (i.e.,
15 the vector is compatible with the host cell machinery,
such that expression of the DNA can occur). The
polypeptide may be expressed in prokaryotic, yeast,
insect {baculovirus systems} or eukaryotic host cells,
although yeast is preferred as will be explained in
20 greater detail further below.

The wvectors used in any of the host cells to
express NAT may also contain a 5' flanking sequence
{also referred to as a "promoter") and other expression

25 regulatory elements operatively linked to the DNA to be
expressed, as well as enhancer{s), an origin of
replication element, a transcriptional termination
element, a complete intron sequence containing a donor
and acceptor splice site, a signal peptide sequence, a

30 ribosome binding site element, a polyadenylation
sequence, a polylinker region for inserting the nucleic
acid encoding NAT, and a selectable marker element,
Each of these elements is discussed below.

35 Optionally, the vector may alsc contain a
*tag" sequence, i.e., an oligonucleotide sequence



20 be any unicel lul ar prokaryotic or eukaryotic organism any vertebrate
or invertebrate organism or any plant, provided that the 5 flanking

sequence is functional in, and can be activated by the host ceI

machi nery.wggy 2838 origin of replication elenent is typlqgﬁ gt of
prokaryotic expression vectors purchased commercially an alg |n t he
anplification of the vector in a host cell. Amplification of the vector

to a certain copy nunber can, in sonme cases,; be 30 inportant for optinal
expression of NAT. If the vector of choice does not contain an origin of

replication sid®teanatmaiebs: chen caidyy o%y&hae%z?gep@ﬁ@ét@éaﬁag known
sequence, and then Ilggheg égéo éhe ve&%_ £ %ﬁ ptlon
?yplca??fsl of ésugg ?ﬁe t’/ t%e pol ypepti de

termination el BTNt or
WO 01/ 25445 - dhotmer/S@@@lzﬂmmmnqgﬂnrq;s&gm@anee(andhsesvéhetmrMynwn nat e

transcription oxofhema@ mlyséﬁédape t h;%zt Wﬂ%ﬁr laﬁusadigé m nation el ement
i n prokaryatic, | 1

I'S oly T sequence.
Wiile the ele d§n§ @8@??%0%?%ﬁﬁﬁ‘ %5 IPE?aF?mﬁ?r%V%%ﬂburchased
comerci al | y asrgideble) .a Vets orag mllcﬂarbealanprleesedeaﬂoﬂzg witth heep,zed usi ng

known met hods Lef uCLelGe AETeh YIHNAYS call 8 Seleckables Jprder gene

el ement encodes a protein necessary for the surv and gho of a host
cel | grown |rlQ?%ﬁep€éﬁpﬁétéﬁ?t{ﬁQﬂrﬁ?ﬂ|hﬂStTFﬁﬂéal 035%%%%1 rfdtker genes
encode pr ot ei :d hat s(Bieqaaf€ly b siaicaree f'fr@maﬂhbbp@i-iftﬁe@r ot her

t oxi ns, a o i an n.for
prokaryotlc ﬁ%g&5 F%ée ﬂ%océ#&#éﬁ’%ﬁ%&? ﬁ%%iggaﬁpsg and néﬁﬁiéﬁ% for
manmal i an hosta(ﬁﬂﬂ@§t1U8)P€EH%¢%%%ﬂt auxotrophic deficiencies of the cell;
or (c) supply critical nutrients not avail able from conpl ex nedi a.

Preferred 20 sel ect abl g mg keps, hor, pse L BLoKaIVRLT 6, SRLESS U

flanking sequence, or it may be homologous (i.e., from
15 the same species and/or strain as the host cell),
heterclogous (i.e., from a species other than the host
cell species or strain), hybrid (i.e., a combination of
5' flanking seguences from more than one source), or
synthetic. The source of the 5' flanking seguence may
20 Dbe any unicellular prokaryotic or eukaryotic organism,
any vertebrate or invertebrate organism, or any plant,
provided that the 5' flanking sequence is functional
in, and can be activated by the host cell machinery.

25 The origin of replication element is
typically a part of prokaryotic expression vectors
purchased commercially and aids in the amplification of
the vector in a host cell. Amplification of the wvector
to a certain copy number can, in some cases, be

30 important for optimal expression of NAT. If the vector
of choice does not contain an origin of replication
site, one may be chemically synthesized based on a
known sequence, and then ligated into the vector.

35 The transcription termination element is
typically located 3' to the end of the polypeptide



are the kananycin resistance gene, the anpicillin resistance gene, and the
tetracycline resistance gene. The ri bosone binding el enent, commonly called
25 the Shine-Dal garno sequence (for prokaryotes) or the Kozak sequence (for
eukaryotesé(j is necessary for the initiation of translation of nRNA. The
el enent i YOMHEal Iy located 3' to the promoter and 5 FETURY2Bdi ng
sequence of the pol ypeptide to be synthesized. 30 The Shine-Dal garno
sequence is varied but is typically a_pglypurine (i.e., having a high A-G
content). Many Shi ne- Dal garno sequences have been identified, each of

which can be reagllys synthesized using petbods.sele forth.aboygaand used in
a prokaryotic vector:. e 0zaK sequence yplcé?ly |néiuabs Sequences
i mredi ately béf he BRNP af tsuatiy i thei areangereioien Aqymifmaties WO 01/ 25445

- 8 PCT/ USO0k2&Me8: Koz ale layRNER 8108iENAlGLS 280 Aalg@ad th a high
efficiency of |$ét|a i.on of Hraqslatlon at t@gﬁﬁuggistqé%%ggfon. 5 in those
cases where i £OFsCHRSi AR PHr NEFIEBFG pepl s t D éf fromthe
host cell,5a shghdy cheperfoemey librasgdort cevén apirdisesesbl ypeptide out of
the Post ge! ! cpﬁﬁéﬁc%&iﬁ éé’fﬂa@%s:co%ig- VEM}%f?lIthcérlﬂeals% Gea sequence 1s
positioned in .codi ng region of | nucl ei ¢ acid sequence, .or directly a
the 5 end ofrFﬁglf% e QQwPsﬁﬁﬁyk§P§ﬂaTegﬁﬁgéﬁﬁgéIﬁﬁ9ﬁlﬁeen
identified, aadidnygymfhédiesn that are functional in the selected host cel
may be used here. Consequently, the signal sequence nay be honol ogous or
het er ol ogous to 15 the pol ypeptide. Additionall t he signal sequence may

Yy
be chenicaPly synt hesi ZeFERRGTHFHE HBTSCF cO8Re Rl $REN R IRRAONSA Ber t he
vect or has beemoccenstnecéeshmndor tde Buelevrel agnd digsyeast iangested into

the proper sitg;of LG, VAL se1ldl® 162 TRLEEEHe VRS Al MG JfiSerted into a
selection marker genes encode proteins that: (a) confer
resistance to antibiotics or other toxins, for example,

15 ampicillin, tetracycline or kanamycin for prokaryotic
host cells, zeocin for yeast host cells, and neomycin
for mammalian host cells; (b} complement auxotrophic
deficiencies of the cell; or (c) supply critical
nutrients not available from complex media. Preferred

20 selectable markers for use in prokaryotic expression
are the kanamycin resistance gene, the ampicillin

resistance gene, and the tetracycline resistance gene.

The riboscome binding element, commonly called

25 the Shine-Dalgarno sequence (for prokarvyotes) or the
Kozak secuence {for eukaryotes), is necessary for the
initiation of translation of mRNA. The element is
typically located 3' to the promoter and 5' to the
coding sequence of the polypeptide to be synthesized.

30 The Shine-Dalgarno sequence is varied but is typically
a polypurine (i.e., having a high A-G content). Many
Shine-~Dalgarnc sequences have been identified, each of
which can be readily synthesized using methods set
forth above and used in a prokaryotic vector. The

35 Kozak sequence typically includes sequences immediately
before and after the initiating codon. A preferred



sui tabl e host cell for anplification and/or polypeptide expression. 25 As
menti oned, host cells may be prokaryotic (such as E. coli) or eukaryotic
(such as a yeast cell, an insect cell, or a vertebrate cell). The host
cell, whether it be yeast or sone ot her host, when cultured under

appr opri at¥®YUB#5t i ons can synt hesi ze NAT, which 30 can EGENSHEND|y be
collected fromthe culture nmedium (if the host cell secretes it into the
medium) or directly fromthe host cell_producing it (if it is not
secreted). After collection, NAT polypeptide can be purified using nethods

such as nol ec ar 5| eve 35 chromat affini chr gmat hy, and the
ke Vo 01/ 255ReS e il oPr (s tdt afrorTab 4 e R T i 1 |
depend in | aleéélpaﬁncr)nomiktéiraﬁm wEnteanEhaphbthat NehehdsiG cell is able
to "fold" NAT4:Bt@ Lb8opmati ve secondary and tertiary structure (e.g.,
proper orientation of 5 disulfide bridges, etc.) such that biologically

active material is prepared by the cell. However, even where the host
cell does Bot synt hesi zen bilob s iczaldsy waetrevét it éesihtablid fiay Nag " f ol ded”

after synt hes?%l?%bﬁgldépﬁ%’é'@&e%@%mf%}n Eﬂédhééé’“éelf“@ ﬁgm%'ies t hat

are 10 known ose ski er case proper fol ding
can be inferr S§PFBALt RRY fRR tU%ShtEC KildEsEi E8P QOM?E’/‘@%t%’r‘i &F has been
obt ai ned. Sui ttalel BobastelEldisers inelils Isnymheeayebe typ e}, amecel |'s,

such as Chi nesy y. QEQE? el ection of
sui tabl e gﬁg?iﬁgé?é}%{@%l%&;ﬂﬁ t 9%‘0 %rgﬁé#éq J%]g?em% O%gul ture,
anpl i fi caﬂpon n@éﬁé@nﬁﬁgdaﬁﬂq\ﬁﬁ%cpr SHEEGELY oAt able put i Nt £ dMeare known
in the art. 2QdJ3iher regibabl emamnmgxﬁrl %@hhehb@@sh@d’r@ Bdn nonkey COS- 1

and CCS-7 cell, ne nd_t Fur ther. exe Iar mammal i an
host cells i né.ldeaaé: %ie an ny o]f Ct%em t'h " are Eunct:l.on %

selected host cell may be used here. Consequently, the
signal sequence may be homologous or heterologous to

15 the polypeptide. Additionally, the signal sequence may
be chemically synthesized using methods referred to
above.

After the vector has been constructed and a

20 nucleic acid has been inserted into the proper site of
the vector, the completed vector may be inserted into a
suitable host cell for amplification and/or polypeptide

expression.

25 As mentioned, host cells may be prokaryotic
(such as E. coli) or eukaryotic (such as a yeast cell,
an insect cell, or a vertebrate cell}). The host cell,
whether it be yeast or some other host, when cultured
under appropriate conditions can synthesize NAT, which

30 can subseguently be collected from the culture medium
(if the host cell secretes it into the medium) or
directly from the host cell producing it (if it is not
secreted). After collection, NAT polypeptide can be
purified using methods such as molecular sieve

35 chromatography, affinity chromatography, and the like.



cell lines and rodent cell lines, including transfornmed cell |ines.
di ploid cells,

Nor mal

cell strains derived 25 fromin vitro culture of primary

tissue, as well as primary explants, are also suitable. Candidate cells
may be genotiﬁlcally deficient in the selection gene, or naé contain a

donlnantl

selection gene. Still other suitable K&

P29 el |

lines include but 30 are not limted to, HelLa, nouse L-929 cells, 3T3 lines
Swiss, Balb-c or NIH mice,_ BHK or HaK hanster cell |ines.
Al so useful as host cells are bacterial 735 cells. For exanple, the various

AL It B: (50 8 L R 1L 10

derived from

strains of E.

WO 01/ 25445 PCT/ USOQ 27

bt™dt echnol ogy

Various strailergef pBrtsant vhesherrddel orapmes dppwhiochhthe Bast |delsl spp. ,
Streptonyces Sppap1andot heoiakemmtcallst% l?x%t%%' egegndé‘@yléﬁ@nally, many

strains of ye
avail abl e as

i nventi on. 5Al stisulliede bdédgesd, etnsectuatelthatmiiobegiitally eactasrénost

cells. See,
pages 277-298
"transfection

ast 5 cells known tp those skille the art_are al so

ﬁﬁ??lééVl§tFBFt%&%r éqcﬂ13ﬁ°gﬂﬁé°rﬁﬁp§55b?Pd% of the present

T g4 aPk e, oMb ls By Alhe JEANSLT GoRRGLRCELIAY i VoI ure- 8,
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Suitable host cells or cell lines may be
mammalian cells, such as Chinese hamster ovary cells
{(CHO) or 373 cells. The selection of suitable
mammalian host cells and methods for transformation,
culture, amplification, screening and product
production and purification are known in the art.

Other suitable mammalian cell lines are the monkey COS-
1 and C0O8-7 cell lines, and the CV-1 cell line.

Further exemplary mammalian host cells include primate
cell lines and rodent cell lines, including transformed
cell lines. Normal diploid cells, cell strains derived
from in vitro culture of primary tissue, as well as
brimary explants, are also suitable. Candidate cells
may be genotypically deficlent in the selection gene,
or may contain a dominantly acting selection gene.
8till other suitable mammalian cell lines include but
are not limited to, HeLa, mouse L-929 cells, 373 lines
derived from Swiss, Balb-c¢c or NIH mice, BHK or Hak
hamster cell lines.

Also useful as host cells are bacterial
cells. For example, the various strains of E. coli
({e.g., HB10l, DHS5a, DH10, and MC1061l) are well-known as



25 artisan. The nedia will usually contain all nutrients necessary for the
growm h and survival of the cells. Suitable nedia for culturing E. coli
cells are, for exanple, Luria Broth (LB) and/or Terrific Broth (TB).

Sui tabl e Raslhdsi@r cul turing eukaryotic cells are RPM 3Qc4RAGhn7A46M DVEM
all of which may be supplenmented with serum and/or growth factors as

required by the particular cell line being cultured. A suitable nedium
for insect cultures is Grace's nmedi um suppl emented with vyeastol ate,
| act al bum n hydrol ysate and/or fetal calf 35 serum as necessary. WO

01/ 25445 PCT/ Yo 28028 mlﬂ,heTﬂmmldfy,m@&e@ﬂhb@b ic @ér%th"@r conpound

useful for sel ctlve g o% h};e tr nsf.or nred cel ghéf s added as a
suppl enent to THEAEAPE Th@ B %eéldt?éwﬁ}éédsﬁﬂr B ctated by the
sel ectable 5 Bw@émsebpnents’pr%MYm tspe .pl asdi thei Lhkehirgdy t he host

cel | was transetlerm hﬁé&rmlz@ddM%f‘altl?e maBleetabl £ NBE kel &l enent s
kananycin reS| st o the culture rredl umw || be

oun
kanamyci n. ??BGWP BP A %r%ﬁﬁg&ﬂi iR the ABSt2E.I#1SRan be eval uated
usi ng standar cavailabde kaomnstncelies ot expuebstiehhofsthacl ude, w t hout

limtation, vesigie peR bt ofné‘}llé’:#:.ses%gf RUSKRTEE. AThGga JCung g0t T ophor est s,

non-denaturing g | ectrophore se aration
i munopr eci pi t‘%ﬂﬁl(?ﬁd'ahaﬁﬁf:ta%ﬂ%t@abé%%léaéﬁdaésd"ﬂ&t betisg gel shift
assays. |f NATKdes Feer ekefiplepmiliehasi aQel,| seakbee EhfanedFBig negative

bacteri a, tohem e:ctrggngg%gslbgel 98 2 9%% found in the cell culture nmedi um

I f NAT is secrete amnegalve acterla it wll to sone degree be
found in the periplasm |If NAT is not secreted, it will be present in the
cytoplasm 25 For intraggkbdtadn Nedisd h@f@&@dcebl gsare typically first

g;z;;g:gglngfgrnlca |¥ Elonhmgihﬁﬁ%éﬁéfectggahgl3%”Lﬁe|8§ctéé”}né% ther

the selected host cell may be accomplished using such

15 methods as calcium phosphate, elect:0poration,
microinjection, lipofection or the DEAR-dextran method.
The method selected will in part be a function of the
type of host cell to be used. These methods and other
suitable methods are well known to the skilled artisan,

20 and are set forth, for example, in Sambrook et al.,
above.

The host cells containing the vector may be
cultured using standard media well known to the skilled
25 artisan. The media will usually contain all nutrients
necessary for the growth and survival of the cells.
Suitable media for culturing E. coli cells are, for
example, Luria Broth (LB} and/or Terrific Broth (TB).
Suitable media for culturing eukaryotic cells are RPMI
30 1640, MEM, DMEM, all of which may be supplemented with
serum and/or growth factors as required by the
particular cell line being cultured. A suitable medium
for insect cultures is Grace's medium supplemented with
yeastolate, lactalbumin hydrolysate and/or fetal calf
35 serum, as necessary.



osnotic treatnent can be used to release the periplasmc contents into a
buf fered solution. NAT 30 pol ypeptide is then isolated fromthis sol ution.
Purification from solution can thereafter be acconplished usi ng a variety
of techni %g(&'s‘ NAT has been synthesized so that it caqntains tag such
as hexahi {ﬂ or other small peptide at either its 356 Qpﬂ%ﬂﬂ or am no
termnus, it may essentially be purified in a one-step process by passing
the solution WO 01/25495 - 12 PCTIUSOQ 21029 through an affinity colum
where the colum matrix has a high affinity for the tag or for the

pol ypeptide directly (i 1cafﬁ§m"55”éﬂ%ik)gQ&'bggybthggrgg g

pol yhi stidi ne binds wt reat affinity and specificCi ni ckel , thus
an affinity cotsffrlofori EREPCELYR HOERWER 1R (Bhé‘géﬁaﬁFéR@Pe@oq:%Hfﬁs) can be

ged forP purlcfrilgahlsoﬁdfiéﬁeiﬁs éoéuﬁ:)@ﬁ&r&. tusubeegiaal . Theedi tors, )
rrent r ot ocol S | e a I O ere on t e ot her
g, ' RocBE Bhed M PMhe AUELs 1O NS Srctiaie

t he pol ypeﬁ) Yde has I and o ot her
wel | know® pr@@‘é@m @éefﬂ@ﬂtpBWWI@:fathOrﬂ@arpll@@méeHltEu’dhlclprmfedures

i ncl udeh Wi t hatgsd |d@lhahhgntré@§fcﬁﬁiﬁétﬁn%@‘o]r5 eQ:E!nEﬁfEt OG%%fgthh@' ecul alr

si eve chronat ogr.a revers ase chr native ge

el ect rophorem%e %%g&ﬁl WQF{(% ?rf‘uerdéllse?ﬁf‘ﬂagg’ En\éesb?ﬁ Tt i

i soel ectric foouwgiowgd afidegr toetheraohl the/d ecdiugue;i 1 Hobé ekasoienitrifi c) . I n
sone cases, 20 two or nDre of these techniques may be conbined to achieve
i ncreased purity. Especi gr eferred for use in the production of NAT

are yeast el s, and nmog e2 St L ARPIITEEe 181 tFﬁeh9%‘és‘fejg]enus known
as Pichia (e.gpn W evedupasfionsing :*.Im-aiee:ei alethbésgkfawerin the

art. Such methods include, without limitation, Western
blot analysis, SDS-polyacrylamide gel electrophoresis,
non-denaturing gel electrophoresis, HPLC separation,

15 immunoprecipitation, and/or activity assays such as DNA
binding gel shift assays.

If NAT is secreted from the host cells other
than gram-negative bacteria, the majority will likely
20 be found in the cell culture medium. If NAT is
secreted from gram-negative bacteria, it will to some
degree be found in the periplasm. If NAT is not
secreted, it will be present in the cytoplasm.

25 For intracellular NAT, the host cells are
typically first disrupted mechanically. For NAT having
a periplasmic location, either mechanical disruption or-
osmotic treatment can be used to release the
periplasmic contents into a buffered solution. NAT

30 polypeptide is then isolated from this solution.
Purification from solution can thereafter be
accomplished using a variety of technigues. If NAT has
been synthesized so that it contains a tag such as
hexahistidine or other small peptide at either its

35 carboxyl or amino terminus, it may essentially be

purified in a one-step process by passing the solution



efficiency of refolding conpared to, for instance, bacterial cells such as
E. coll. Suitable reconbinant nethods of expression for this yeast strain
are 30 described in United States Patent Nos. 4,855,231 (Stroman et al.),

4,812, 405 Wb aidssfst al .), 4,818,700 (Cregg et al.), 4,88 £99) and
4,837, 148 ‘?@é‘é‘g’), the di sclosures of which are incorpo?gt%e ¢ erein by

reference. 35 WO 01/ 25445 PCTI US00/ 27029 - 13 Notably, Pichia cells can
al so be used to express fibrolase with gigm-lar efficiency from DNA
nol ecul es encoding this netal |l oproteinase, and such a nethod constitutes

an additional @sRRfdn ah BReiRLeFeRb LB MRML Ahe BoRLRNhARELLSx BnddI0WN
met al | opr ot ei nase, \/\/mf h hgs PQeen described in the scmlentl flé and patent
SEFRaE Y ;

literature; se® or thY BF PedPTPLENPOIXBEPFESRi on No. 0 323
722, cited abolixechip dal.ky, &hmonéd¢lhrmdlasattidbdiy)expFessedampld, be of SEQ

ID Na 5, 10 %mﬂs%iﬁ'iﬁ%?ﬁgng¥ 1en NG ¢l '&'Ji%yOEngEQpé M6, (o

variants thereof "encodin e sane_anm'no aci sequence) . The expressi on of
fibrol ase i"n s‘ER:H‘Jeeré‘ysgBHFV\FPI af LR 1GP iU OFe N4 © hSrekud®e of SEQ ID
NG 7, which etteodeagen eperél seqlentcs) (duic/eotisdes for5 1-783) in addition
to the "mature” : i de uc tggg 784- . emycally nodified
ver si ons of Niqu]{}%lﬁl%gtﬁht ﬁgg%bl i%/%]ge)pt%l | ]ies’ Iﬁju%%%lt gtaag%()ryrrer or ot her
20 nol ecul e t c*diornsa GeEreRti FECotPcoldam M LRsHilRy BpPépertiies are al so

i ncluded wit higbdhe scope of the present invention. For human therapeutic
pur poses qipeci ally, it may be advantageous to derivatize NAT in such a
manner by]t e attachnent of one or nore other 25 chem cal npieties to the
pol ypepti de noi ety. SucHherkenPtarhepirgrediang, Bdesppbdrredtidemamong

various waternsoldipladPely BBESbodhes Rty TRFaiShetled Benwat Qe11

known procedures for purification can be used. Such
procedures include, without  limitation, ion exchange

15 chromatography, molecular sieve chromatography,
reversed phase chromatography, HPLC, native gel
electrophoresis in combination with gel elution, and
preparative isoelectric focusing ("Isoprime®
machine/technique, Hoefer Scientific). In some cases,

20 two or more of these technigues may be combined to
achieve increased purity.

Especially preferred for use in the
‘production of NAT are yeast cells, and most
25 advantageously those of the yeast genus known as Pichia
(e.g., Pichia pastoris), because of the greater
efficiency of refolding compared to, for instance,
bacterial cells such as E. coli. Suitable recombinant
methods of expression for this yeast strain are
30 described in United States Patent Nos. 4,855,231
(Stroman et al.), 4,812,405 (Lair et al.), 4,818,700
{Cregg et al.), 4,885,242 (Cregg) and 4,837,148
(Cregg), the disclosures of which are incorporated
herein by reference.
35



soluble so that the NAT polypeptide to which it is attached is mscible in
an aqueous environnment, such as 30 a physiol ogi cal environnment. The water
sol ubl e polyner may be selected fromthe group consisting of , for

exanpl e, Qﬂtm@%ﬁ*lene gl ycol, copol yners of ethylene ﬁE? fi[py! ene
gl ycol, carboxynet hyl cel | ul ose, dextran, polyvinyl alco pol yvi nyl

pyrolidone, 35 poly-1, 3-dioxol ane, poly-1,3,6-trioxane, ethylene/nalelc
anhydri de copol yner, pol yam noaci ds WD-01325415 PCTI US00127029 -- 14
(ei ther honopol yners or random or non-random copol yners (see further bel ow

regalr dijng ;us: on rml ecuﬂi@@ébl}f\ncblcdﬁ?ét lean1ar chﬁ' ?tiﬁo \@@M{Lsed to

pyr ol i done) po co col honopo S,
polypropylene ?é?ﬁ?¥ ‘%%ﬁbépﬁﬁi66|§ﬁﬁis%956¥ gﬁ%ﬁated

pol yol's, pol ys'tqlleenéﬁal eratt@darrgj ol sy wierppll labroheinas®pl arel lgradne gl ycol
prOP'0”a|de”h%@ﬁb%ﬁycBﬁ¥€1t@@%@Qﬁ@Qﬁ§itﬁoﬁ@ﬂugéﬁééﬁ'aﬂ éﬁ@*ﬁféééﬁ% stability

in water. 10 The pol yner any nol ecul ar and nmay be

branched oP uriBF&ERCRER: Fot %hﬂ%ﬁﬁlﬁﬂ En&n °§Fy@8Fal}?ﬁéﬁﬁ?ﬁQﬁﬁ%uj mol ecul ar
wei ght s bet wtdrhahast beén kdésdaldeghsn( kBa) sahdnabbik 0D geldentt he term
“about * 15 | “Cﬂl%%?a%r&haéeé rkﬂ(f&%ﬁf“étﬁ%ﬁ of R8! ¥eEGYLENG %0' Some

nol ecul es wi | | an 'the “state nDIecu ar melght)
for ease in hmmﬁ’@taﬁﬁ N‘PranQuf:‘e?ei F32ng Citederbevees Tyt dl lsedhedependi ng
on the deS|raﬁjﬁhaaaaeublﬁepﬁxﬁﬁégsdﬁawgla baeodusadi om 0d: ) sustai ned

release d |regic%h seng§ i‘%ﬁ EH] éﬂﬁA blglogical Vhﬂ%«)tQ@ ease in
e

handl i ng, Fed geni Cli her kKnown ‘effects of
the polyet hyl@revgtryé@t:smh‘ar@%rmmn@ rﬁh@t egpme . apnqracifinber of

pol ymer nol eclRmesRedt t athe dexpibas MY ofAkdb@BeasKi 1heshdm £ he art will be
able to system will typically involve a DNA molecule of SEQ ID
NO: 7, which encodes "prepro" sequence {nucleotides
15 1-783) in addition to the "mature" polypeptide
{nucleotides 784-1392).

Chemically modified versions of NAT in which

the polypeptide is linked to a polymer or other

20 molecule to form a derivative in order to modify
properties are also included within the scope of the
present invention. For human therapeutic purposes
especially, it may be advantageous to derivatize NAT in
such a manner by the attachment of one or more other

25 chemical moieties to the polypeptide moiety. Such
chemical moieties may be selected from among various
water soluble polymers. The polymer should be water
gsoluble so that the NAT polypeptide to which it is
attached is miscible in an agueous environment, such as

30 a physioclogical environment. The water soluble polymer
may be selected from the group consisting of, for
example, polyethyvlene glvycol, copolymers of ethylene
glycol/propylene glycol, carboxymethylcellulose,
dextran, polyvinyl alcohcl, polyvinyl pyrolidone,

35 poly-1,3-dioxolane, poly-1,3,6-trioxane,
ethylene/maleic anhydride copolymer, polyaminoacids



ascertain the effect on function. One may nono derivatize, or may provide
for a di-, tri-, tetra- or sone conbination of derivatization, with the
same or 30 different chemical noieties (e.g., polyners, such as different

wei ght s o{voqﬂ}ayﬁghyl ene glycols). The proportion of polysBisdiRicgsul es to
NAT pol ypepti nol ecules will vary, as will their concentrations in the
reaction mxture. In general, the optimumratio 35 (in terns of efficiency
of reaction in that there is no excess umr-eacted pol ypeptide or pol yner)
will be WO 01/ 25445 PCTIUSOQ 27029 - 15 determ ned by factors such as the

desired deQre?e?éheﬁeﬂdﬂﬁﬁdIQ%bk@nerrQndoﬁD@@,néh -pardddmr coPolyihershe

nol ecul ar wei ht of tgn Ig%% sel eﬁ whet her t he epgl yer i's branched
or unbranched, Sﬁﬁd YHe S O Y8R HEPE | DREL O TGS AlI” #5Peti es shoul d
be attached t dexiiddn véit lpalonisi-gengdi pproliddhepslymtiviiese glakodr

anti geni c dongl s, olad 19y ROl BERELASymERE! codl oA duaber of attachnent

nmet hods avai | to tho art”.” See, for exar;irp EP 0 401
384 (coupl$ ngoxPee/ BRGSO i4ied CRRPPEYRETSI PO RGBS TRIEEeY Henat ol ogy,

Vol ume 20, pagesydd23-ddBks yk@Mdhmaleaepoahdngole melg)dlatahad .of GW CSF
usi ng tresyl %5 chlaﬂ}fjhggg 1%o%§r%%1§h598&%ﬁ%&8% Q‘lé(;eet hyl ene gl ycol may

be covalently Boun rou resi S VI reactive group, such
as, a free anﬁﬁ@aatagﬁﬁb@&ywan%ﬁQﬁﬂﬁrleaéﬁﬁvEOg%%ﬁuﬁ?%%%Qlﬁﬁbéé to which an
actlvated pokyethyl ene gl ycol nolecule (or other chem cal noiety) 20 may
be bound. ahe amno acid residues having a free anmino group may include

| ysi ne re% dues and the Ntermnal am no acid residue. Those having a free
carboxyl group may i nclThle rshare oaachg pEspaviasolegtiaamied - d resi dues,

and the C-ter g pal3Mhe oAk che?b dresintanchull hyssy | params e al so be
used as a reagtive ofoun fof. Attaghng fhe polyst ] &S Al Ghoue
2 kilocdaltons (kbDa) and about 100 kDa (the term "about"”
15 indicating that in preparations of polyethylene glycol,
some molecules will weigh more, some less, than the
stated molecular weight) for ease in handling and
manufacturing. Other sizes may be used, depending on
the desired therapeutic profile (e.g., the duration of
20 sustained release desired, the effects, if any on
biological activity, the ease in handling, the degree
or lack of antigenicity and other known effects of the
polyethylene glycol on a therapeutic protein).

25 The number of polymer molecules so attached
may vary, and one skilled in the art will be able to
ascertain the effect on function. One may mono-
derivatize, or may provide for a di-, tri-, tetra- or
some combination of derivatization, with the same or

30 different chemical moieties (e.g., polymers, such as
different weights of polyethylene glycols). The
proportion of polymer molecules to NAT polypeptide
molecules will wvary, as will their concentrations in
the reaction mixture. In general, the optimum ratio

35 (in terms of efficiency of reaction in that there is no

excegs unreacted polypeptide or polymer) will be



nol ecul e(s) (or other chem cal noiety). Preferred for manufacturing
purposes is attachnent at an am no group, such as at the N-termnus or to
a lysine group. 30 Attachnent at residues inportant for receptor binding

shoul d bewaygi if receptor binding is desired. One ma inbhsgal |y
desire NNtermnally chemcally nodified derivatives. Us¥ﬁ§l%§@(23&gt§hyl ene 35
glycol as an illustration, one nmay select froma variety of polyethylene

gl ycol nol ecul es (by nol ecul ar WO 01/ 2544% PCTI US00127029 - 16 wei ght,
branching, etc.), the proportion of polyethylene glycol nolecules to

pol ypepti de njocidfSied Byl RECESAET &Qh M X L adshe kY RE Qéepsgy' ation
reaction to be_perforned, and the nethod of obtaini ngFS ?he sel ected

N-terminally RAEFARAPY TRed met ASRP ofdt obtt&tAir nGEEne - NER®r i nal |y
pegyl at ed pr epasldudmr wedght sépehatpdeigridd Saleiceley, f whathéhethe

nonopegyl at ed el [ S B, rificarlqp. t he
N-telrom'g%al I% p%g@l Iat.eg%n%%gggg\gaf%x}%a popu zﬁygﬁﬁokglfog%éggf%ed NAT
e

mol ecul es. | €40 oS-t er mi nal chenical nodification may be acconplished
by reductive alkylation which exploits differential reactivity of

different types of pri 1LNO oups_.(J ysipe rsus he, Nz:term nal)
avail able for derivati 22 I Q%Eegégng#gﬁ%&a%’pIslh(‘:)é‘lt\ilﬁo%%V\f)tg%?EiQS? publ i shed
April 25, 1996VAT Wdedy coneidpprbhbei st eltratisorncduartional oxubstantial ly

sel ective der:a:@&ﬂg?éiﬂco@oﬁgihlé\goattmepoll‘lbpltegﬂn’d@us %&Beﬁaﬁéwonyl group
N torm iy SRS RRTAEUTERF OPHoRE e eie of Bhoss THEWREh all ovs
one to take advarittegexsf. Ske.PRar ekdfptend@s bdidiedAst isoShimao group of
the lysine repigugs adrhNabngf MhDEx ds@MEIN0 QR 1REnLRE N-terninal
resi due of the golt}/ eptide. . ll%efsggh 25 sel eCtBI-ﬁrQ %erl atization, attachment
of a polymer t&F% @ﬁtﬂp%ekfﬁl i 60 cRITT 18 5 céﬁ%ﬁ@étl on with the
(reporting the pegylation of GM~CSF using tresyl
15 chloride). By way of illustration, polyethylene glycol
may be covalently bound through amino acid residues wvia
a reactive group, such as, a free amino or carboxyl
group. Reactive groups are those to which an activated
polyethylene glycol molecule (or other chemical moiety)
20 may be bound. The amino acid residues having a free
amino group may include lysine residues and the
N-terminal amino acid residue. Those having a free
carboxyl group may include aspartic acid residues,
glutamic acid residues, and the C-terminal amino acid
25 residue. Sulfhydryl groups may also be used as a
reactive group for attaching the polyethylene glycol
molecule(s) (or other chemical moiety). Preferred for
manufacturing purposes is attachment at an amino group,
such as at the N-terminus or to a lysine group.
30 Attachment at residues important for receptor binding
should be avoided if receptor binding is desired.

One may specifically desire N-terminally
chemically modified derivatives. Using polyethylene
35 glycol as an illustration, one may select from a
variety of polyethylene glycol molecules (by molecular



pol ymer takes place predom nantly at the N-term nus of the pol ypeptide and
no significant nodification of other reactive groups, such as |ysine side
chain am no 30 groups, occurs. Using reductive al kylation, the polymer my
be of the_type described above, and should have a single reactive al dehyde
f or couplvﬁéﬁpg“?he pol ypepti de. Pol yethyl ene gl ycol prBpFEiM2ABRyde,
containing a single reactive al dehyde, may be used. 35 WD 01/ 25445

PCTI US00127029 - 17 NAT or chenically_nRgLfied derivatives in accordance
with the invention may be fornmulated for 1n vivo adm nistration, and nost

preferably via intra-_thronbus (i.e., via localized d%yi very directly to
the 5 site of w?hélh% ol#a}nﬁ: lﬁlg’b%(t):gd \’/egiél%IPr%?%?tfm(% cat heter).
Systen ¢ del i petyetkyirnangilvgodomopeciidpeeto pkvnepttide ndleicuhiesd t hat

innate a2 MaCEAQLROWddbiibn W& tUSBET 8heClitall & i ULy 6RTPl X with NAT to
prevent interactipn % fibrin or fibrinogen, thus i i ri,ng 10 cl ot
lysis. HoweveFS2ther? &%?qrﬁgﬂﬁ(@esam& € IF%'?}S%‘? %’f@& PINAT can be
used whi chs extbedsehectad Mtleatiing llgvpksybita® NRLr ogitebuleithodt bfis

enabl i ng SysEBE!aEnfx@é“éﬂétﬂ—%@xﬁﬂnéﬂﬂyﬂs%%yféﬂed I geneldlo, (gngonpassed

within the invention are 1Phar maceut i ca conposi tions conprising

ef fective anoGRPETRFINATIIHIXIREY WPR PRASHEERARIA aF S cept abl e

di l uents, praestevhds viel neaiadarti)zeny, benoy spiitefissa adinivw@nthe and/ or

o b B SOPRLD T e, WERAL My Syl o ot
whi ch ef#@ct pepyinkedNAhanadiasyd e8l ot SeleerbYe Mdistgrinaleshemicalypical |y,
NAT wi || be i folli ghtyt i ifdvetbe? ackompl i 8REA Ay dmid@ceUt i cal conposition
boLnd Ut 55 SR UE M SR 0 B pBRr IR, PSRy el For
different types of primary amino groups (lysine versus
the N-terminal)} available for derivatization. See PCT
15 application WO 96/11953, published April 25, 1996.
Under the appropriate reaction conditions,
substantially selective derivatization of NAT at the
N-terminus with a carbonyl group containing polymer is
achieved. For example, one may selectively
20 N-terminally pegylate NAT by performing the reaction at
a pH which allows one to take advantage of the pKg
differences between the g-amino group cof the lysine
residues and that of the o-amino group of the
N-terminal residue of the polypeptide. By such
25 selective derivatization, attachment of a polymer to a
polypeptide is controlled: the conjugation with the
polymer takes place predominantly at the N-terminus of
the polypeptide and no significant modification of
other reactive groups, such as lysine side chain amino
30 groups, occurs. Using reductive alkylation, the
polymer may be of the type described above, and should
have a single reactive aldehyde for coupling to the
polvpeptide. Polyethylene glycol propionaldehyde,
containing a single reactive aldehyde, may be used.
35



menbranes. 30 One skilled in the art will be able to ascertain effective
dosages by admi nistration and observing the desired therapeutic effect.
Particul ar effective doses within this range will depend on the particular
di sor der stion being treated, as well 35 as the § g,,_%&gz “ggner al
heal t h of t%e reC| pi ent, and can be determ ned by standar I nical
procedures. Wiere WO 01/ 25445 - 18 PCTIUSOO 27029 possible, it wll be
desirable to determ ne the dose- resporsa7cdrve of the pharmaceuti cal
conposition first in vitro, as in bioassay systens, and then in useful

ani mal nodel syst errg i NNXTVOr pcﬂiuﬁﬁlddlltyeﬁddﬂglieﬂ 5ebﬂ~l?@ﬂ§ve§' hen skijl | ed |
practitioner, considering. t her apeuti c_context, t i sorder under
treatment, arffq Otrﬁlchgpgf‘% At FRE r§:r1 i etf%"lmé % g%? t&fn proper
dosi ng wi t houtvined adménif srrat fymi cald ynosa: pmeéetrhblmneiavwmtréadm ni ster the

NAT corrposn tl Odhxtmduls 9. él d%@&@d&fﬁ@dﬁ%ﬁ%kﬂ@bk@&@&t@@ t?i?é' red
ef f ect i bl pod .cl The conposition

adni ni steréd ags1 néjﬁ’@ ﬂﬁgié ‘?)rtlhes??]ﬁ?dorveﬁﬁ'ﬁ '+ HoYes "(‘%\Tm/}éh may or may
not contain tmats}mmnnuﬂm‘oémqaoiqﬂpezranydé)s avemal lyenoorpoefarxeat | nUOUS

basis. 15 NAT qmy & %aebﬁiyéﬁghé@amq&ﬁa%t 'uao LEPogl Su@fHOrgance wth
st andard net hods. The anti bodi es %ie ona m)noc onal ,

r econbi nant , ctm%&ein@ralsf:ﬁﬁ?‘él%tﬁé?rh “&\Yd $p¥aFhi VAT ck@ DORYeT#pr ove t he
20 |ikelihood ioftepeedichngiah fibwire dreHidisaogbhe aRusoimp&iigpquence of

NAT can baoRnaliged L d deRbidYer PALILANSG] 1N IRLECUL Syl Y De

associ at ed wi t reased | munogent cit ani no aci d
sequence may b]@rﬁ?(ﬁ é‘ﬁPéHtﬁo‘)@oq%t@n é?ﬁal%dswhéCQSGF%ﬁ@l tRe surface
epi topes, suclviasulatdaeoleeste of tdp rate-dgmbbbadial thpe ansbivads,

Proceedi ngs of tJLemlc administration and delivery. In general,

encompassed within the invention are pharmaceutical

15 compositions comprising effective amounts of NAT
together with pharmaceutically acceptable diluents,
preservativesg, solubilizers, emulsifiers, adjuvants
and/or carriers. By ‘“effective amount” is meant amount
sufficient to produce a measurable biological effect

20 {i.e., a thrombolytically effective amount which
effects lysis of the blood clot or clots being
treated) .

Typically, NAT will be in highly purified
25 form, and any pharmaceutical composition being used as
the delivery vehicle will normally be presterilized for
use, such as by filtration through sterile filtration
membranes.

30 One skilled in the art will be able to
ascertain effective dosages by administration and
observing the desired therapeutic effect. Particular
effective doses within this range will depend on the
particular disorder or condition being treated, as well

35 as the age and general health of the recipient, and can
be determined by standard clinical procedures. Where



Nat i onal Acadeny of Science USA, Vol une 78, pages 3824- 3828 (1981). 30

Various procedures known in the art can be used for the production of

pol ycl onal anti bodi es which recognize epitopes of NAT. For the production
antib i ous host animals can be i muni zed by with the

polypept|3Q¥ |§@%ud|ng but not 35 limted to rabbits, nlggh%%@Pgﬂgetc

Various adjuvants WO 01/ 25445 PCTTUS40nD29 - 19 may be used to increase

t he i mmunol ogi cal response, dependi ng-omg8the host species, including but

not limted to Freund's, mneral gels such as al um num hydroxide (alum,

sulrface act | V%;o%aslat dﬁlanw@lﬁypb B c’éé:&%@l%c:tbhlﬁateﬂnﬁi@ntﬁe m&%ol S,

pol yani ons, i des oi n eyhol e enoe

di ni t r ophenol é%ﬁﬂ?“ﬁ&t8ﬁf¥%l$€ %E féhaqﬂﬁgf té&ﬁécgﬂ?305§ﬁk ﬁ%ﬁnl | e

Cal met t e- Guer i in aridrCor gaebacherasgay systems), a0dFohen hién prsplriati on of

monocl onal anghgagueﬁodglrgﬁg@@hgQﬂ@ﬁgﬁMAgrlggytgegQgtgHg #?lch provi des
[

for the production of ant nol ecul .es by conti nygus, ce lines in
culture may be™WedF: FOReexShpled RIRCHLSLFSK: d6RBSEERRIASGUE D i gi nal |y

devel oped by Kdtdrempeanmdc &bhséfkrlwwpeﬂbﬂ didesderbafgdeén teéarmentVol une 256,

pages 495- 497E£%?7§%§e Pﬁgié %fet oz ‘HﬁCB ni g fe térg%éggp% B- cel

hybri doma techni que nnunolog
4, page 72 201P$§83)do&hﬁgtﬁétﬁﬁﬁtHybﬁﬁﬁéﬁﬁoﬁéchﬁyaaéalBYpr%duce
monocl onal antpmle;iodescmbeda&thﬁaxetth@I NAmncomﬁ/b@Q@i&ﬂalnﬂrlti bodi es

and Cancer jThey apy o N Bacnbh Suad s PAL3 17280, {19500 gr e al
useful for ™ preparatiof of nbnocl ona i i 68% REALCOT dAncE with 25

this inventlonU-Fhe éwﬁhﬁoﬁfesh%fbl¢ﬁ@;QLﬁ¢ént|6hecaﬁmB@SLE¥Qh may
t herapeutical lpe SAEhigdseteabhadatoiand RRLDYr as two or more

doses {(which may or may not contain the same amount of
polypeptide) over time, or on a continuous basis.

15
NAT may also be used to generate antibodies

in accordance with standard methods. The antibodies
may be polyclonal, monoclonal, recombinant, chimeric,
single-chain and/or bispecific, etc. To improve the

20 1likelihood of producing an immune response, the amino
acid sequence of NAT can be analyzed to identify
portions of the molecule that may be associated with
increased immunogenicity. For example, the amino acid
sequence may be subjected to computer analysis to

25 identify surface epitopes, such as in accordance with
the method of Hope and Woods, Proceedings of the
National Academy of Science USA, Volume 78, pages 3824-
3828 (1581).

30 various procedures known in the art can be
used for the production of polyclonal antibodies which
recognize epitopes of NAT. For the production of
antibody, various host animals can be immunized by
injection with the polypeptide, including but not

35 limited to rabbits, mice, rats, etc. Various adjuvants

ay Vol une



neutralize or inhibit excess anpbunts of NAT in vivo 30 after

adm ni stration. The antibodies can further be used for diagnostic

pur poses, such as in labeled form to detect the presence of NAT in a body
fluid, ti npl e or other extract, in accordance w i agnostic
met hods. 3?%%31/ 25445 PCTI US00/ 27029 - 20 Descripti ontpggh%gdgg? iC
Enbodi nents The invention is further illustrated in the follow ng
exanples. 5 Exanple 1 Derivation of NAF $ggdence 10 An effective way to
produce fibrolase is to express it initially as preprofibolase in which
cl eavage by th@yret aasa keXircOsLdd il ihiRnbuBgital réépéhes"prepro” and
"mat ure" regions t%i iel)rcll tf—?i Or|10 ically. acti.velrrﬁterigl ("mature"
fibrolase). 1 FEOMtH 8 des?gnc,’ I"Féoes%/llrﬁ%eé'flg a angr ‘é‘és%?'ﬁg of the

prepr of i br ol asenligads tooFseenat $ ormigfensdt wed sf sbrebl asealimiwat he cul ture

medi um The aqiuflox3@8UERSEMR! dkeradd QARMAYd YOBLLAACES buch TAP. LAORF. . .).
20 Kex-2 is a ease fhat cleaves after wo adj acent €a5| c am no

en opr,oi_k t X
acids, in Phi sYERIEHTE e (RISEHRYT RHRS . RRLYPELPPHr oPERELISSr essed from
DNA havi ng t heilalkowd sirenti okevhehe ukimpetr degakgdntiihat the expected
N-termnal gl WallldigphGhol eSkitiSbathl hilart,s2ruy Nt gANEy dation and
cyclization to generate  pyroglutamc acid (E).. This chemtTal nodification
was deemed urfEd Pébﬁé?lgiﬁc‘ga}}é%‘ﬁ%”é?%lﬁha&ﬁ RorerrPR&FSTEYR| i zed
gl utam ne (pyrggwiizam ¢ acid) residue fail to react in the Edman
degradat i QR pr ocedure for amno acid 30 sequenci ng. Accordingly, both of
the glutamne (Q residues at the N-termnus in the sequence for mature
fibrol ase were del et ed, FP&stlei REEPF AR M tofr mopgrclonal antibodies

directed toward NAT, any technique which provides for
the production of antibody molecules by continuous cell
lines in culture may be used. For example, the

15  hybridoma technigque originally developed by Kohler and
Milstein which is described in Nature, Volume 256,
pages 495-457 (1975}, as well as the trioma technique,
the human B-cell hybridoma technique described by
Kozbor et al. in Immunology Today, Volume 4, page 72

20 {1983), and the EBV-hybridoma technigue to produce
monoclonal antibodies described by Cole et al. in
"Monoclonal Antibodies and Cancer Therapy", Alan R.
Liss, Inc., pages 77-96 {1985}, are all useful for
preparation of monoclonal antibodies in accordance with

25 this invention.

The antibodies of this invention can be used
therapeutically, such as to bind to and thereby
neutralize or inhibit excess amounts of NAT in vivo

30 after administration. The antibodies can further be
used for diagnostic purposes, such as in labeled form
to detect the presence of NAT in a body fluid, tissue
sample or other extract, in accordance with known

diagnostic methods.
35



arginine (R) residue. Since kex-2 cleaves after two adjacent basic am no
acids as nentioned, it was 35 anticipated that the sequence (...KRRF...)
woul d WD 01/ 25445 PCTI USOQ 27029 - 21 present an anbi guous site for kex-2
cl eavage. _ Accordingly, the N-termnal arginine (R residue (shown

under | i ned" & was replaced with a serine (S) residu®FFPEEM: in the
sequence (...KRSF...). The 5 choice of serine was based on the need to
introduce an amino acid which facilitat kex-2 cl eavage when it occurs
on the Ctermnal side of the hydolysis site. Rholamet al., European

Journal of Biochem stry ol une, 227 es 707-714 _(1995). 10 As a result,
t he DNA sequence for pP%%é%&?%ﬁ%ﬁ?%%ggﬁégéééﬁfggéag%9§%¥%e-directed

nmut agenesis at the N-termnal coding region for mature fibrolase to
substitute the codons fehe" QFFentidd & Farefden:ithsthredSidGtRe St andard
PCR protocol,fths .resul ti i n preproNAT having the am no acid sequence
of SEQ ID NO *8. ?Wéngl?§%Wéi%%btides used to prime the PCR reactions are
| i sted bel 8w, and their honology wth the target sequence is al so shown.
Initially, two 20 PCR reactions were,gathised out using oligos 1 and 4 as
one primer pair and oligos 2 and 3 as another prinmer pair, both with DNA
of the parent gene as the tenplate. The DNA products of these two
reactions (601 and 815 nuclbestiveesonnot emmgt eowsre=epuri fi ed by agarose gel
25 el ectrophoresis and conbined to serve as a tenplate in a second round
of PCR using oligos 1 and 2 as the priner pair. This final PCR product
(1372 nuch8otides in | BAgehfeqkive ey de wreAuresfiPerlave elddiucl eases
Xhol and Noti .expiesdi gesinvesalBpr{y erdpzedivblBs30iphenddn chl or of or m and
DNA precipitated. A poyti of __the recovered DNA was_Jligated.into the
pl ashi d_pPl G2 LSRRIt PRGERS RERT T FA2 EREAT BGe Kot MY IOEISHHE whi ch

' of the "prepro" and "mature" regions to yield

biologically active material ("mature” fibrolase).
15 From this design, the synthesis and processing of the
preprofibrolase leads to secretion of mature fibrolase

into the culture medium. The actual sequence at the

cleaved junction is (...TKRlQQRF...).

20 Kex-2 is an endoprotease that cleaves after
two adjacent basic amino acids, in this case lysine(X)-
arginine(R}). Mature fibrolase expressed from DNA
having the above mentioned sequence revealed that the
expected N-terminal glutamine (Q) residue had in fact

25 undergone deamidation and cyclization to generate
pyroglutamic acid {(E}. This chemical modification was
deemed undesirable, since peptides with an N-terminal
cyclized glutamine (pyroglutamic acid) residue fail to
react in the Edman degradation procedure for amino acid

30 sequencing. Accordingly, both of the glutamine (Q)
residues at the N-terminus in the sequence for mature
fibrolase were deleted, resulting in an N-terminal
arginine (R) residue. 8Since kex-2 cleaves after two
adjacent basic amino acids as mentioned, it was

35 anticipated that the secuence {...KRRF...} would



had been simlarly cleaved with restriction endonucl eases XhoX and Not |,
enzymatically 35 dephosphoryl ated, and deproteinized with WD 01/ 25445 - 22
PCT/ USOQ' 27024 phenol /chl oroform Al subsequent steps were carried out

accor di ngwPorl@fs! Nvi trogen Pichia Expression Kit nanua f299€en
Corp., Catal og Ng K1710-01). The ligation reaction pr o%lﬁf:’?@%gre

transfornmed into E. 5 coli by electroporation and selected for survival on
zeoci n-containing solid nedia. The plasm2d was isolated and the
profi brolase region was confirmed by DNA sequencing. The plasm d was

l'inearized by ﬂ@.@éﬂtn%n %&:ﬂgﬁ@ﬁéréfﬁé%ﬁﬁ@{l@d&%‘%—a énel and then
transformed 10, i nto. Pi SOISGS 5hi s+. eS;S %tral%
normal Iy his, AFYHETE "g& @p TR AP RSy (R ZRSEOPRat PR i th a

DNA source carm}detgl:tde@i wibodel ypes vepkaad ofitthe legdngen8) Alternatively,

a his' strain r&ﬁh&%ﬁ e&btr@su@@ Eﬁnﬂﬁé%@&déhéé oM. | RRISET, 090 Gopp- (X-33 15
cell line, Catal og No 80-00). Integrants were selected as

zeoci n-r esi%st aMOTHt G §§mé§nHF‘Ba]P%S | Fhddaudeed fqudBlrpruce an
met hanol - cont aamimy awd ahiehdfatbei baodid ks 2ax9apedgbowh®ATiPr oduct i on on

4-20% PAGE,  ugl 2 € SLaRiL0g- s 28 %}55 %%eﬂﬂ%%lpg%ugiéé’“ des used

for site-directe tageneS| S Were as

5' - TACTATTGCCAGTAIICETIGE13  EBEePeEn NEyug)al @f gféoghemlstry, Volume

5' - GCAAATGCCATTELA CASAESC77-G2EQ(LBaHNO, 9) digo 3 (SEQ ID NO 10)

5' - TCCAATT, CTTGACTAAGAGATCTTTCCCACAAAGATACGTAC-3" digo 4 (SEQ I D NO
11) 5 -GT ATCTTTGTGGGAAAGATCTCTTAGICAAGITTAATTGG 3' The | ocati on of

t hese oligonucl eotides i a result, the DNA sequence for

preprofibrolase was modified by site-directed
mutagenesis at the N-terminal coding region for mature
fibrolase to substitute the codons for "QQR" with a

15 codon for "S8", using a standard PCR protocol, thus
resulting in preproNAT having the amino acid sequence
of SEQ ID NO: 3. The oligonucleotides used to prime
the PCR reactions are listed below, and their homology
with the target sequence is also shown. Initially, two

20 PCR reactions were carried cut using oliges 1 and 4 as
one primer pair and oligos 2 and 3 as another primer
pair, both with DNA of the parent gene as the template.
The DNA products of these two reactions (601 and 815
nuclectides in length) were purified by agarose gel

2% electrophoresis and combined to serve as a template in
a second round of PCR using oligos 1 and 2 as the
primer pair. This final PCR product (1372 nucleotides
in length) was cleaved with restriction endonucleases
XhoTI and NotI. The digest was deproteinized with

30 phenol/chloroform and DNA precipitated. A portion of
the recovered DNA was ligated into the plasmid pPICZo
{(Invitrogen, Carlsbad, CA, Catalog No. VIS5-20), which
had been similarly cleaved with restriction
endonucleases XhoI and NotI, enzymatically

35 dephosphorylated, and deproteinized with



shown below in relation to the doubl e-stranded DNA 35 sequence (SEQ I D NG
12 codi ng or sense strand, SEQ I D WD 01125445 - 23 PCTI US00127029 NO 13
conpl ementary or antisense strand) and corresponding am no acid sequence

(SEQ I D N@odrhssfdf fibrolase (including the prepro regi ?E%mgﬁiﬂ nodi fi ed
to create NAT. The N-termnal and Ctermnal regions 5 of mature |broI ase

are indicated by underlining of termnal am no acid sequences (QQRF and
LNKP). The N-termnal region (QQRF) is 2he one being nodified (to
substitute S for QQR). For oligos 3 and 4, below, dashed |ines are

inserted to dgﬁ@h@ﬂ&ﬂéﬂ%ﬂr@n @Jnt B@bé@%r@@h&t%p‘@m eeedieRrg for
resi dues QQ i %&k e erm nal | on. of br ol ase
ATGAGATTTCCTT ﬁﬁ‘*”l’?&%:‘f&"fe@r BERT R A RAESrder Kit

----------- +- manual - {]nvxbrogen-eozpaj Cataleg No - -KH21-0—~01-)-.- - Th&5

TACTCTAMGSAETFAMAA LT%%%%QQ@%E%%W RFPSIF

CCAGTCAACATTACRACAPA RV HARREEEACR AR R CERERT e dorGraa Mt ©

--------- +- - - geoein~eontainingtsolid- medta- - - Tha -pHaami-d was +

OT CAGT TGTGAT G LG (I CTACT Q0BT AGEFEACTT QRAGTAGIAP Y N T T T E

DETAQI
TACTCAGAT T TAGENECEEIITTEGONGT TheT SHsnadceas Thersncaschdrast eaving

---------- +- - with- restrictionr emdbnuclease- Pmef -and -ther tranmsformed

E QD F DV AP PG P4 S SRR 108 - TACPATTELACORIeCTES 3

AACGGGT TATTGT TPATANNAT mﬂﬁqmmmwwm
--------- +- - - transfdrmation with o DNA- sdurce-car J the 'w?'*ld NY% LLE

TTGCCCAATAACAAATATTTAT, gAi}TP J{f%GGT Aég%?ACGATTT T(gl'

TTI AS | ARR'EPE 6i/\é ] SERES FERET SR Mstdain
can be obtained commercially from Inv1trogen Corp. (X-33

15 cell line, Catalog No. C180-00). Integrants were

selected as zeocin-resistant colonies. Candidate
clones were induced in methancol-containing media, and
the broth was assayed for NAT production on 4-20% PAGE,
using Coomassie gtaining.

20
The oligonucleotides used for site-directed
PCR mutagenesis were as follows:
Oligo 1 57 ~TACTATTGCCAGCATTGCTGC-3" {SEQ ID NO: 8)
25
Oligo 2 5' ~GCAAATGGCATTCTGACATCC-3¢ {(SEQ ID NO: 9)
Oligoc 3 (SEQ ID NO: 10)
5/ -TCCAATTAAACTTGACTAAGAGATCTTTCCCACAAAGATACGTAC-3
30

Oligo 4 {SEQ ID NO: 11)
5' -GTACGTATCTTTGTGGGARAGATCTCTTAGTCAAGTTTAATTGG-3

The location of these oligonuclectides is
shown below in relation to the double-stranded DNA
35 sequence (SEQ ID NO: 12 coding or sense strand, SEQ ID



Xhol TCTCTCGAGAAAAGAGAGGCTGAAGCTTCTTCTATTATCTTGGAATCTGGTAACGTTAAC
--------- I i c I R e I 5
AGAGAGCTCTTTTCTCTCOGACT TCGAAGAAGATAATAGAACCTTAGACCATTGCAATTG S L EK R E A
EASSI | LESGNVN
GATTACGAABPIBAIHAT CCAAGAAAGGT CACT CCAGT TCCTAGGGGT GCTGT TCARGHHS 002029

CTAATGCTTCAACAAATAGGT TCTTTCCAGT GAGGT CAAGEGATCCCCACCGACAAGTITGGT DY EV V Y P
RKVTPVPRGAVQPI15

AACT ACHAGAT QECATEAAT ACBAATT CANCET TANCAGTGAACCACTIGTCTTGOAC

TTCAT&TFTUAC@?IW@QTW@FT@@WW@A@AC@G oK YEDAM Q
YEFKVN Sfﬁﬁ)l\és\é L(J.Hcag.dn.ng the p:r:epro reglon) belng modlfled

AACCTTTTT |b|(3|qn @E@TMG@@&@\G&MM@M% LEKNKG
LFSEDY Stél‘l-'l-ﬁYa%lJ.%O acid se ences (]Q

GGTAGAGAAATTACTACTTACCCAT %AA A?CTA TGGTA

_____________ N-terminal region (QQRF} _ 15 e _czrze____;lg_ znp____lt_eq {to

CCATCTCT TTAAT%'W@@CQQETCF ASTOAOAIEABCERECEATE:TAG, 30 GR E I T T

YGAAPAALCSAEGBTE‘A%&%?&%% TR ARG I F e

_________ _.omitted ,codons enceding_ for residues Q0 jin the + 35

CTTTTGCT ACGA@F@&EI’MBAG&WQ@CCAAACT TCCCAGTAAAGE NDADS T
ASI SACNGL KGHF

AAGT TGCAAGGT GAAATGT. ACT TGATTGAACCATTGGAATTGT CCGACT CT GAAGCCCAT 40

TT@A%TT&A&W&&WW@?WMW&&W KLQGEMY
LI EPLELSDSEA H’WO‘J_'/‘254'45 'PCTT‘USOOTZ?O‘ZQ*““ZS‘“*

CGACAGATGT TCAEGRT T TECAGCT T bl@mchql |@G®GITT£IACACA£CACAA
CCAGTCAACACTACAACAGAAGATGEAAACGGCACARATTCCOGCTGAAGCTGTCATCGGT
20 ——mmm——— Fm—mm——— o ——_—— o dmmme Fmm——— —— e — +
GGTCAGTRGTGATGTTGTCTTCTACTTTGCCGTGTTTAAGGCCGACTTCGACAGTAGCCA

P vV N T T T E D E T A Q I P A E AV I G
25 TACTCAGATTTAGAAGGGGATTTCGATGTIGCTGTTTEGCCATTTTCCAACAGCACAAAT
--------- ot e e s s i e e o o o e e i e e e e o e e e e

ATGAGTCTAAATCTTCCCCTAAAGCTACAACGACARAACGGTAAAAGCTTCTCGTGTTTA

Yy s p L. EGDF¥F DV A VL P F S NS TN

30
Oligo 1 5+ -TACTATTGCCAGCATTGCTGC-3
AARCGGGTTATTGTTTATAAATACTACTATTGCCAGCATTGCTGCTAAAGAAGARGEGGTA
————————— o e e e et e e e e
TTGCCCAATARCAAATATTTATGATGATAACGGTCGTAACGACGATTTCTTCTTCCCCAT
35

N 6 L L, F I ¥7TT1I a§§ I A A2 KEE G V



AVYKYENVEKEDEAPKMCGVdigo 35’

TGEGTTTTGACCCTTAGTATACTTGGT TAGT TCTTCCGGAAGGT TAATTTGAACTGATTC ol i

3' - GGTTAATBRAHTGATTC 15 TQNWE SYE P | KK
AGA- - - - - - TCTTTCCCACAAAGATACGTAC- 3'

- TCCAATTAAACTTGACTAAG
ACCCAAAACT GCGAATCATATGAACCAAT CAAGAAGGCCTTCCCAATTAAACTTGACTAAG 10

A F Q ECNUB00R7§

AGACAACAAAGATTCCCACAAAGATACGT. ACAGCT GGL TQTCGT TGCT GACCACCGT ATG

go4

TCTGTTGITTCTAAGSGTGTTTCT. ATGCATGT CGACCAATAGCAACGACT GGT GGCATAC 20 TCT------
AGAAAGCGTGITTCTATGCATG S RQORFPQRYVQLVI VADHRM

AACACTAAATACAAC(JSGTGA

GACAAAATCCGT CAATGGGTGCACCAAATCGICAAC 25

TTGT GATTTATGT TGCOKCTGRGAGFGTT‘I’ TAGCCAGTTACCCAEGTGEGTTTAGCAGTTG'N T K'Y NG D
S D K| R VEGEGHAICTTTPCRETRQGACTTCGAAGAAGATAATAGAACCTTAGACCATTGCAATTG

ACCATTAACGAAAT CTACAGACCACTGAACATCCAATTCACTTTGGT TGGT TTGGAAATC
--------- t---8 1+ E-R_®R _E-A E-a-s5-s-1tr-up-E-stew-vnwt
TGGTAATTGCTTTAGATGTCTGGI' GACTTGTAGGT TAAGTGAAACCAACCAAACCTTTAG 35 T I N E I

RPL NI
TGGTCCAA

M@%ﬁ&%ﬁ&%ﬂ&&%@%@

Y

A@@T@T%WWMW@WW@?@WM WSNQDL
| TVTSVSH17 TL ASF W 01/25445 PCT/ US00127029 - 26
%TMCTGGCGTGAAACCKEA@CVG@'G@GTKIECNACGT@AWAAC@T@AAUGCEG

TGGCGATAGCT GAAGCTGCCACT. ATGACAACCAGACCGAATGCAACCACCGT ACACAGT T

20

25

30

35

40

KY BED AMOQOQY E F KV N S E P V V L H

TTGGAAAAARRCAAAGGTTTGTTCTCTGARAGATTACTCTGAAACTCAT' TACTCCCCAGAT
————————— Fo e e b e —
AACCTTTTTTTGTTTCCAAACAAGAGACTTCTAATGACGACTTTEGAGTAATGAGGGGTCTA
L E XK N K G L F S E D Y 8§ ETH Y S P D

GGTAGAGAAATTACTACTTACCCATTGGGTGAAGATCACTGTTACTACCATEETAGAATC
————————— e e e e b b e —
CCATCTCTTTAATGATGAATGGCTAACCCACTTCTAGTGACRAATGATGGTACCATCTTAG
G R E I T T™Y P L G EDHCY Y HGUZRI

GAAAACGATGCTGACTCCACTGCTTCTATCTCTGCTTGTARCGGTTTGAAGGGTCATTTC
————————— et e Tt T T TS U
CTTTTGCTACGACTGAGGTCACGAAGATAGAGACGAACATTGCCAAACTTCCCAGTARAG
E N DAD S T ASTIT S A CNGULI KGHPF

AAGTTGCAAGGETGARATGTACTTGATTGAACCATTGGAATTGTCCGACTCTGAAGCCCAT
————————— i it TP R S p——

TTCAACGTTCCACTTTACATGAACTAACTTGGTAACCTTAACAGGCTGAGACTTCGGGETA

XL Q G EM ¥ L I EPLEUL S D S E A H



TAI DFDGDTVGLAYVGGMCQ
CTGAAACATTCTACTGGTGT TATCCAGGACCACT COGCTATTAACCTGCTGGTTGCTCTG

---------- I I PR TSI S X )

GACTTTGT AYNHEARSACAAT AGGT CCT GGT GAGGCGAT AAT TGGACGACCAACGHGAGshordfodd S T G V
| QDHSAI NLL VAL

ACCAT GGCACACGAACT GGGT CATAACCT GGGTAT GAACCACGAT GGCAACCAGTGTCAC 20

TGGTACCGTGTGCTTGACCCAGTATTGGACCCATACTTGGTGCTACCGTTGGTCACAGTG T MA HE L G
HNLGMNHDGNOQCH 25

TGCGGT GCAAACT m&wmm&mmme&%mmm

AWWTT@W@W&W@E%%EX@%C GANSCV

MAAML
TCCGACT AAGAAAGACT ACCAGACCT TCCT GACCGT TAACAACCCGCAGT GTATC

AGGCCTGACGAGATTCTTTCTGATGGTCT GGAAGGACT GGCAATTGTTGEGOGTCACATAG 35 S D C S K K
DYQTFLTVNNPQCI Notl 1 Oligo 3 5'-TCCAATTAAACTTGACTAAG
CT GAACAAACCGT WA@IEH @E@@ﬁé&ﬁ%@ﬂm 40

GACTTGTTTGGCAEW ﬂ; L NKP* AAA
SFLEQKLXSEEDWLOI BT F%t %i? Q%g@;g[éc
CTGAATAGOGCOGT CGACCATCATCATCATCATCATT

CACTT AT COOGCCAGET T AGTAGH AT ABT AGHANE T GANACAT GOGAMATCTGTACTG 5 L N S A V D
HHHHHS* VCSLRHD
TGTTCCT CAGT T CABGFF GoBCAGTTACBAGHE

ACAAGGAGT CAAGT TCAACCCOTGAAT GLTCTTCT CRCCAGAACCGATCTAAGATTAGITC,.C S SV Q V G

AGGATGTCAGAAT ST TRRTRSIRRER ECicEa i T e

—————— AGAAAGGGTGT TCTATGCATG-

R ¢ 0 R F P ¢ RY V QL V I V A D HIRM

AARCACTAAATACAACGGTGACTCTGACARAATCCGTCAATCGGGTGCACCAAATOGTCAAL
25 e S — N fomm e fmm e R +
TTGTGATTTATGTTGCCACTGAGACTGTTTTAGGCAGTTACCCACGTCETTTAGCAGTTS

N T K Y N GG D S5 DK I ROQW YV HOQ I V N

30 ACCATTAACGAARATCTACAGACCACTGAACATCCAATTCACTTIGGTTGETTTGGAAATC
————————— o e e e e b b ——— e}
TGGTAATTGCTTTAGATGTCTGGTGACTTGTAGGTTAAGTGAAACCAACCAAACCTTTAG

T I N E I ¥ R P L ¥N I Q F T L V G L E I
35

TGGTCCAACCAAGATTTGATCACCGTTACTTCTGTATCCCACGACACTCTGGCATCCTTC

————————— e e — b ————————

ACCAGGTTGGTTCTAAACTAGTGGCAATCRAAGACATAGGCTGCTGTGAGACCGTAGGARG

40 w s M ¢ D L I T VvV T §$ V 8 H D T L A S F



TCCTACAGTCTTACGGTAAACGGACTCTCTACGT CCGAAGTAAAAACTATGAA, A. AL AATAA
CCTACAGTCTTACGGTAAACG 5 digo 2 RMSECHLPERCRLHF* YFFI1 20
Exanpl e 2 Expression of NAT in Pichia pastoris 25 Wen attenpts were nade

to expresgdfidsidA for NAT in E. coli, very poor refol d%&ﬂu@t@ﬁ?ﬁs)
requi renent for dilute conditions reduced the purification efficiency.

These and ot her 30 considerations led to the usage of Pichia pastoris, a
yeast species, as the host cell. A cult{we -of selected clones of Pichia
pastoris which had been transfected w th prepro NAT cDNA (SEQ I D NG 4)
was i nocul at ecerantmecEddasdceadcTchecceotdcanbagciracriaatrenacgsarst h medi um 35
WO 01/ 25445 5_.1Q.PCTLUSQO127029 -_28,-_Per_liter _of _bhatch_rnedi um Yeast

extract 30. 0 gcﬁggﬁﬁggﬁigrﬁﬁé%@ EEA&HCQ@&G%}}JCA@T&T%%%&S%Q%%AQ Bi otin0.004 g

Waterto 1 liter Pho ric acid, 85% o0 adjust pHto e transfected P.
pastoris cells were _incubated at 30C in a shaker for about 30 to 32 hours.

About 1% (W v§ &F ¥ h8 Festi @iy tul®t ufe e Hséd Yo i%holultate a 10-liter
fermentor. The fernmentor contained sterilized basal salts and gl ucose
(bel ow). 15 THRECEBATGEACTIEGACGRECATACTATIEGICTEICTRANN TERICEEATGRTMAAI S a trace
nmet al s sol ut i en--ceont-at+H-Rg-CuprH-e-suhfat-e--pent-ahydr-at e,--sodisum i odi de,
manganese sul #@iceaTAGCTGAAGCTGCCACTATGACAACCAGACCGAATGCAACCACCGTACACAGTT
10
T A I DF DGDTVGULATYUYVGEGGEGMTC Q

CTGAAACATTCTACTGGTGTTATCCAGGACCACTCCGCTATTAACCTGCTEGGTTGCTCTG
--------- Bt atale T T T L
15 GACTTTGTAAGATGACCACAATAGGTCCTGGTGAGGCGATAATTGGACGACCAACGAGAC

L K H S T™G Vv I Q DH S A2 I NILILVYV A L

ACCATGGCACACGAACTGEGTCATAACCTGGETATGAACCACGATGGCAACCAGTGTCAC
20 e o e m e ——— tmm—————— tmmmm————— +
TGETACCGTETGCTTGACCCAGTATTGGACCCATACTTGGETGCTACCGTTGGTCACAGTS

T M A H E L G HNILGMM®MNUHEDGUNQ C H

25 TGCGGTECAAACTCCTGTGTTATGECTGCTATGCTGTCCGATCAACCATCCAAACTGTTC
————————— D ettt S B it (T T TS
ACGCCACGTTTGAGGACACAATACCGACGATACGACAGGCTAGTTGGTAGG T I'TGACAAG

¢ 6 AN S CV M A AMUL S D QP S KL F
30

TCCGACTGCTCTAAGAAAGACTACCAGACCTTCCTGACCGTTARCAACCCGCAGTGTATC

————————— it R It T T T SRS

AGGCTGACGAGATTCTTTCTGATGETCTGGAAGGACTGGCAATTGTTGGEGCGTCACATAG
35 S p ¢ s K XDp Y ¢ T™VF L TV N NP @ C I

NotI

|
CTGAACABACCGTAAGCGGCCGCCAGCTTTCTAGAACAAAAACTCATCTCAGAAGAGGAT

40 e fmmmmmmmr o Fmmme——— - frm——————— +
GACTIGTTTGGCATTCGCCGECEETCGARAGATCTTGT I T TGAGTAGAGTOTTCTCCTA

L N K P * A A A § F L E § K L I § E E D



nonohydr at e, sodi um nol ybdate di hydrate, boric acid, cobaltous chloride
hexahydrate, zinc chloride, ferrous 20 sulfate heptahydrate, d-biotin,
sulfuric acid and purified water) were added per liter of batch nedium
after fer terilization. The fernentation growth e was
30C. The @#@Eﬁ%r pH was controlled wth anmmoni um hydro %gﬂog'tr’\dﬁ
phosphoric acid at pH 6.00. 25 Zinc fromthe zinc salts added to the nedi um
becones incorporated into NAT as part- af7 t-he netal | oprotei nase structure.
Basal salts 'oer liter of batch nmedium 30 35 Phosphoric acid, 85%26.7 ni

Cal ci um sul fate0. 93 g Potassium sul fatel8.2 g Magnesi um sul fate-7H2014.9 ¢
Pot assi um hy defRisheiRtcd@ocAON N REABCRCI11dRe e f AR TTackdardacucose 30.0 g

Vater to 1 liter _The batch culture was_grown,until_the glucose 5 was

conpl etely cops #%&GE&%:A &C%QA&&QB%&%‘AG{%%%%S&%%%&%‘} %&j&@f@, was initiated.

The fed-bat ch phase e consi's °PTM4 salts per
liter. TH® induction feed consisted of gI ucose, 25% nethanol, and 12 ni
of PTM4 sal tstpdr $iferV. At H nfultifon? the* 1§ t‘-"er’rﬁerLatlﬁré‘ R the reactor
was shifted to 20C. The induction phase |lasted 60 to 75 hours. The

condi ti oned perhcaronereaharncestedrsmrdciiracoesirtricaraciecmaroms di scar ded.
15 Exanple 3 Pwification_ of {NAT fraomPichia,nastoris_The_yeast broth

(condi ti Ogﬁd R And R 85120t e didh fccdePidr8dcchbRRcRx @R ArrdeMs clarified

and the and conductivity were adjusted to 6.5 and 10-20

¢ 8§ S vV g v HL R EUDIZ RSGSC * I L I K

AGGATGTCAGRATGCCATTTGCCTGAGAGATGCAGGCTTCATTTTTGATACTTTTTTATT

15 e i ———— tmmm————— tmmm————— o o e e e o ——— +

TCCTACAGTCTTACGGTAAACGGACTCTCTACGTCCGAAGTARAAACTATGAARRAATARL
CCTACAGTCTTACGGTARACG-5' Oligo 2

R M 8 EC H L P ERCRILUHUF * Y F F I -

20
Example 2
Expression of NAT in Pichia pastorisg
25

When attempts were made to express the DNA

for NAT in E. coli, very poor refolding and a
requirement for dilute conditions reduced the
purification efficiency. These and other

30 considerations led to the usage of Pichia pastoris, a
yeast species, as the host cell. A culture of selected
clones of Pichia pastoris which had been transfected
with prepro NAT cDNA (SEQ ID NO: 4) was incculated into
500 ml of the follawing inoculation growth medium:

35



nS/cm respectively. The broth was | oaded onto an immobilized netal
affinity resin that had been charged wth copper (Cu) and equilibrated

wi th phosphate 25 buffered saline (PBS). The resin was washed with PBS and
eluted with an_im dazole gradient (0-100 mm) in PBS. Fractions

cont ai ni ngYOM#%%e" NAT (SEQ ID NO 1) were pool ed and FTHSEW R i1 the
conductivity was less than 1.5 nS/cm pH 6.4. The diluted pool was | oaded
30 onto an SP Sepharose resin (Anersham Bgatnmaci a Biotech, Inc.,

Pi scataway, NJ) that had been equilibrated with 10 MV

2- (N-nor phol i ’#Qreﬁg g?sgkfggj:g,hiﬁg il ég/ES) The colum was washed with MES
and eluted wt mV) in MES. Fractions containing NAT
35 were pool ed and stored. WO 01125445 PCT/ USCQ/ 27029 - 30 - Exanple 4

Thronbol ysi s iveAgUle&tThEenMbosi s of Rat 5 Caroting Argery, Conparison of NAT

wi th Uroki nasePTo dermns%lr atg %haﬁg1 ‘mat ure” NAT QSEQBI DNO 1) is

bi ol ogically a1 A PRORRER 6ha Jrkf/a?fhcf que, acut har macol ogy studi es
wer e conduét ed®liurasgt s where 10 focal injury to28n€ of the carotid arteries
was created by;&pEpR! ying anodal current. This II@] gby Qroduces an occlusive
t hrombus which_generally fornms within fifteen Once the thronbus
was forned, t ery was observed for a per|58 Ef %ﬁ??"ty mnutes to
assure that 15Phdeplrarict rRdidccBB%i on was st abl etoThdhubheppti o ahd0 aspirin
were adm nistered intravenously to prevent further propagation of the

t hronbus. The animals were then treated with an intraarterial i nfusion of
test matéddal. Bl ood f 8% ERFBEHRCERE TalRSIP*dEt ERYLH#a¥SDPD® noni t or ed

during the deljy&amawia ta%SBoP@tﬁ{ 'a'i"sh%@:egrhﬁbr 8HEGESSH Wo Cinthduydl.s coul d
be detected and the tinme at ich clot lysis gccurred could be noted. The

per cent age of %%B?|1r%er{ﬁ’§v\)\h8?et]8?o¥e$%ﬁl§l%é’é‘&rtﬁl§& Was uAeEetC and group
means were cal tadatledd ar 10nlytehoBermentor. The fermentor

contained sterilized basal salts and glucose (below).
15 Twelve milliliters per liter of PTM4 salts {PTM4 is a
trace metals solution containing cupric sulfate
pentahydrate, sodium iodide, manganese sulfate
monohydrate, sodium molybdate dihydrate, boric acid,
cobaltous chloride hexahydrate, zinc chloride, ferrous
20 sulfate heptahydrate, d-biotin, sulfuric acid and
purified water) were added per liter of batch medium

after fermentor sterilization. The fermentation growth
temperature was 30°C. The fermentor pH was controlled

with ammonium hydroxide and phosphoric acid at pH 6.00.

25 Zinc from the zinc salts added to the medium becomes
incorporated into NAT as part of the metalloproteinase
structure.

Basal salts per liter of batch medium

30
Phosphoric acid, B85% 26.7 ml
Calcium sulfate 0.93 g
Potassium sulfate i8.2 g
Magnesium sulfate-TH,0 4.9 g
35 Potassium hydroxide 4.13 g



25 experinments where clot lysis was successful. As a neasure of the
henorrhagi c potential of the test material, any blood that was shed from
the surgical site was collected with gauze swabs. The swabs were placed
in a deterge lution to solubilize red blood 30 cells_and rel ease

henogl obi R‘%%‘i‘ﬁ was then quantified spectrophotonetri SSFW(.’U?%W‘gd

henogl obin was used to calculate a volune of blood |oss. Test data are
reported in the Table bel ow. WO 01/254455,9 31 Table 1 PCT/USOD127029

I nci dence of Clot Lysis, Tine to ot Lysis and Surgical Blood Loss (Mean
std. dev.) 5 %yg%gggCETINE TOBLOOD LOSS CFLYSIS#@E%é%n1) (%) (mn)

SALI NEO%N AO. n=6) (0of 6) 0.23 Uroki nase33%5. 31. 06 25U/ m n(50f 15) 15.9
1.59 (n=15) UWMgkERase86%83.51. 43 250U/ mi n( 13o0f 189 45l8texr 45 (n=15) NAT
2nmg78%6. 30. 96 (n=14)(11of14) 5.8 0.77 These studi es establish that NAT is
bi ol ogically active in | el el_of in vivo clof | ysi.s. Further,
clot lysis was achi eved@ﬂ%agaétn%nﬁir Kel yrer g&ﬁcgﬁo‘gnm'ﬂ%?l%%tq?‘? r??“é’r?&ew th |less
bl ood | 0ss5frews chepterglyatonsuned i(37csepdPi bowrsd t h Theskisdsd- Thus,

thte_ acEIVI t?/ wan:FI ﬁlﬁ@ée'\{@%_s tcm_ i tigs t Bt |1 gﬁ!é' %Qédbéff&'infpl%é?e Qﬁeliiﬁ@ nogen
activator class of r.onpo | C_agen represente ur qki nase) in

t hat cl ot |ysic§r\ﬁ1§%ems?—? glucose %nc'} %.2 ml( o%pP’I‘M salts yperci € )
The induction feed consisted of glucose, 25% methanol,

and 12 ml of PTM4 salts per liter. At induction, the

lcer.

10 temperature of the reactor was shifted to 20°C. The
induction phase lasted 60 to 75 hours. The conditioned

media were harvested and the cellular debris was
discarded.

15 Example 3
Purification of NAT from Pichia pastoris

The yeast broth (conditioned media less

20 cellular debris) from Example 2 was clarified and the
pH and conductivity were adjusted to 6.5 and 10-20
mS/cm, respectively. The broth was loaded onto an
immobilized metal affinity resin that had been charged
with copper (Cu) and equilibrated with phosphate

25 Dbuffered saline (PBS). The resin was washed with PBS
and eluted with an imidazole gradient (0-100 mM) in
PBS. Fractions containing "mature® NAT (SEQ ID NO: 1)
were pooled and diluted until the conductivity was less
than 1.5 mS/cm, pH 6.4. The diluted pool was loaded

30 onto an SP Sepharose resin (Amersham Pharmacia Biotech,
Inc., Piscataway, NJ) that had been ecquilibrated with
10 M 2-(N-morpholino)ethanesulfonic acid (MES). The
column was washed with MES and eluted with a NaCl
gradient (0-500mM) in MES. Fractions containing NAT

35 were pooled and stored.



occurs nore rapidly and with reduced henorrhagic conplications. The
fibrinolytic activity of NAT is conparable to 20 that of fibrolase. In
addi tion, as nentioned above the stability of the N-term nus of NAT results
in a nore [ 25445 PCTI US00/ 27029 - 32 honpbgeneous en upon
reconbi nar‘lyg)[g)% ssion, which is a distinct advantage (i gg}%&?ﬁgg
N-termnus wll not change over tinme resulting in a mxture of different
forms, thus nmaking the pol ypeptide nore 3pgstable). WO 01/ 25445

PCTI USO0/ 27029 - 33 CLAIMsS 1. Afibrinolytically active polypeptide 5
havi ng the am no acid sequence of SEQID NGO 1. 2. The pol ypeptide of claim
1 which has been nade by reconbi nant expression in yeast. 10 3. A nucleic
aci d nol ecul e encoding the polypepti%d&e €eQ ID NO 1. 4. The nucleic
acid nol ecul e of claim3 which has the sequence of SEQ ID NO 4. 15 20 5.
An expression vector QPRLLSIPY s PRI ONLeaulat ary eﬁ fent s operatively
linked to a nucleic R%_ﬁﬁ%ﬁmﬁ‘ngﬁﬁgm‘nrg—g' An expressi on
vector accérdi ng £3:etid Artenyy Gamparifen of|NMAR with) Unokisase has t he
nucl eoti de sequence of SEQ ID NO 4. 7. A host cell transformed or

transfected 25 with th nagrhgﬁdtracte% trH)Iteq,u \%fﬁ“chg#nkgE%ngﬁtransforned
ic

or transfected host cel according ai m otic or
eukaryotic celd). igobiologically active and functionally unidue,

acute pharmacology studies were conducted in rats where

10 focal injury to one of the carotid arteries was created
by applying anodal current. This injury produces an
occlusive thrombus which generally forms within fifteen
minutes. Once the thrombus was formed, the artery was
observed for a period of thirty minutes to assure that

15 the carotid occlusion was stable. Then heparin and
aspirin were administered intravenously to prevent
further propagation of the thrombus. The animals were
then treated with an intraarterial infusion of test
material. Blood flow through the carotid artery was

20 monitored during the delivery of test material so that
successful clot lysis could be detected and the time at
which clot lysis occurred could be noted. The
percentage of experiments where clot lysis occurred was
noted and group means were calculated for only those

25 experiments where clot lysis was successful. 2As a
measure of the hemorrhagic potential of the test
material, any blood that was shed from the surgical
site was collected with gauze swabs. The swabs were
placed in a detergent solution to solubilize red blood

30 cells and release hemoglobin, which was then quantified
spectrophotometrically. Shed hemoglobin was used to
calculate a volume of blood loss. Test data are
reported in the Table below.



9. Atransformed or transfected prokaryotic cell according to claim$8
which is a yeast cell. 10. Atransfornmed or transfected yeast cell 35
according to claim9 which is Pichia pastoris. WO 01/ 25445 PCTI USOQ' 27029 -
34 11. Awsagsfor the production of NAT, conprising gpbidéeFseehost
cells containing a DNA nol ecul e encodi ng said netal |l oproteinase
operatively |linked to regulatory elenents for stinulating the 5 expression
t her eof under conditions such that the-IDMA - nol ecul e i s expressed, and

i solating the expressed netalloproteinase fromthe host cell culture. 12.
The method of claim 11l in which the BAB1e10 nolecule is of SEQ I D NO 4.

13. The nmethod of claim 11l in which the host cells are yeast cells. 15 14.
The nethod of claim 13 in which the vyeast cells are of Pichia pastoris.

15. A method for the pFosRandn off CdotnbralsopFineitrasidt brinol ytic agent
selected fromth LOKP [ n TaeG ORI i sing
culturing Pichi aqh%%tsggga gﬁ%%%i:%% n]?%%&% Iﬁ\ﬁ% gb&%%glu?egtgﬁcod‘?ngpsal d

met al | opr ot ei nase operati vel y | i nked to r egul atory el enents for

stinmul ating the gXpression TR OTTE t he DNA

nol ecul e is 25 eppressed, ang |s€#ﬁat| ng thgggﬁ ?%ss g rrebt P?E-rot ei nase
fromthe host celll culture. lGOFTﬁgsﬁ%t Hod &FSE&Fai n] 15 i(Alhhi ch the Pichia
host cell is PicHia pastoris| 30 (. A et heglihpr the treat nent| of

thronbosis in a [y corptStagachi-H-ster-hg tc +Hhre—rerrral—a
t hronbol ytically 5%%&% ve apount H%f NAT. SNi§ ant Ob; y adai nst the
pol ypeptide of dl@=amil. WO pP1/254456PCTI LT800127029 + 0.23

Urokinase 33% 55.3 1.06
25U/min {5 of 15) t 15.9 + 1.59
(n=15)

Urokinase 86% 33.5 1.43
250U /min (13 of 15) + 15.3 + 1.45
{n=15)

NAT 2mg 78% 6.3 0.96
(n=14) (11 of 14) £ 5.8 £ 0.77

These studies establish that NAT is
biologically active in an animal model of in viveo clot
10 1lysis. Further, clot lysis was achieved in a markedly
reduced amount of time and with less blood loss from
the surgical site, in comparison with urokinase. Thus,
the activity profile of NAT can be distinguished from
the plasminogen activator class of thrombolytic agents
15 (represented by urckinase) in that clot lysis with NAT

occurs more rapldly and with reduced hemorrhagic
complicatiens.

The fibrinolytic activity of NAT is comparable to
20 that of fibrolase. In addition, as mentioned above the
stability of the N-terminus of NAT results in a more



- 35 19. The antibody of claim17 which is a nonoclonal antibody. WO

01/ 25445 PCT/ USOQ 27029 -1 SEQUENCE LI STI NG <110> Boone, Thomas C. Li,
Huimn Mann, M chael B. <120> FI BRI NOLYTI CALLY ACTI VE POLYPEPTI DE <130>
A-596 <140> 09/411 329 <141> 1999-10-01 <160> 20 <170> Patentin Ver. 2.1
<210> 1 XOWLSHB; <2105 PRT <213> Artificial Sequence BSBESINI®I3
Description of Artificial Sequence: NAT (anal og of fibrolase of Agkistrodon
Contourtrix) <400> 1 Ser Phe Pro G n Argsjyr Val Gn Leu Val Ile Val Ala
Asp Hs Arg 1 5 10 15 Met Asn Thr Lys Tyr Asn Ay Asp Ser Asp Lys Ile Arg

Adn Trp Val n_Thr Qu lle Tyr Arg Pro

Leu Asn Ile %’g’mﬁg ?fg gl; &}%& E@% rﬁcoml%lnagé eﬁnéesﬁ’ °Ber Asn G n

Asp Leu |le 5®ich dég ¢hﬁl%in%ra®@nwe Sér eHhsthgpN:FmrﬂlmusN a Ser Phe

Gy Asn Trp 6GH110né® 8HakkE &Féhr T&HmeA&résLae_lhh ulﬁrg MG EFo ¥ g Hs Asp

Asn Ala dn Le 85 9 5 Leu Thr Ala}< tj 89 Anghr Val Ay
1ng the polypeptide ‘mor

Leu Al a Tyr VAL EEEgER 050y thus ma
stable).



Gy Gy Met Cys A n Leu Lys H's Ser Thr Gly Val Ile @n Asp Hs 115 120
125 Ser Ala Ile Asn Leu Leu Val Ala Leu Thr Met Ala Hs Gu Leu Ay 130
135 140 His Asn Leu Ay Met Asn His Asp Ay Asn An Cys Hs Cys Ay Ala

145 150 1550} 01/ 25445 PCT/ USD0127029. -2_ ASn Ser GySiiln
er

Met Leu Ser Asp n Pro Ser Lys Leu 165 170 175 Phe Ser

Ala Al a
Lys

Lys Asp Tyr A n Thr Phe Leu Thr Val Asn 180 185 190 Asn Pro A n Cys Ile
Leu Asn Lys Pro 195 200 <210> 2 <211> $83- <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Encodes NAT
(anal og of fibrolase) <400> 2 tctttcccac aaagatacgt acagctggtt atcgttgctg

accaccgt at gaacact aaa60 t acaacggt gact ct gacaa aat ccgtcaa
t gggt gcaccaaat cgt caacaccat t aac120 gaa%ﬁ%%agaccact gaa catccaattc
actttggttggtttggaaatctggtccaacl80 caagatttgatcaccgttac ttctgtat cc

cacgacact ct ggcat cct t cgg aact ggR40- ;64! ?@ggggg9c EQ%QC;?of
cat gat aacgct caact gct gaccgct at c300 gacttcgacg gat act t%gtict ggct
t acgt t ggt ggcat'GVreaiie gRERAIHE FAWENGSt §Et F@c%gﬁocchﬁccgct
attaacct gct ggtt gct ct gaccat ggcad420 cacgaact gggt cat aacct gggt at gaac

cacgat ggcaaccagt gt cact ggggt ggkg% q[y%ae Leatotgt %%%gci gwcmﬁq,écctsgt cc

gat caaccat ccaaact gt t ct ccgact a gaaagactaccagac gacc
gt t aacaacccgcRGEF: BEEet PhataAEDRaigFFPression in yeast.

10 3. A nucleic acid molecule encoding the
polypeptide of SEQ ID NO: 1.

4. The nucleic acid molecule of claim 3
which has the sequence of SEQ ID NO: 4.

15
5. An expression vector comprising
expression regulatory elements operatively linked to a
nucleic acid molecule according to claim 3.
20 &, An expression vector according to claim

5 in which the nucleic acid molecule has the nucleotide
secuence of SEQ ID NO: 4.

7. A host cell transformed or transfected
25 with the nucleic acid molecule of claim 3.

8. A transformed or transfected host cell
according to claim 7 which is a prokaryotic or
eukaryotic cell.

30

9. A transformed or transfected prokaryotic

cell according to claim 8 which is a yeast cell.

10. A transformed or transfected yeast cell
35 according to claim 8 which is Pichia pastoris.



<210> 3 <211> 462 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Native pro-NAT (anal og of fibrol ase)
<400> 3 Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala Ser Ser 1
5 10 15 Aypp a Ala Pro Val Asn Thr Thr Thr G n Asp aGIn 20
25 30 IIe Pro %jdg‘lGlu Ala vVal Ile Gy Tyr Ser Asp Leu Gﬁq@g&,&g&b

40 45 Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu 50
55 60 WO 01/ 25445 PCTI US00/ 27029 -3 Phe 34e- Asn Thr Thr Ile Ala Ser Ile Al a
Ala Lys Qu Gu Gy VvVal 65 70 75 80 Ser Leu Gu Lys Arg Au Ala Au Al a

Ser Ser Ile lle Leu G Lm_Ser A &2t9849504 Mhé\slsra@icm Aspnhty, G u Val Val
Tyr Pro Arg k}és Val _Thr 100 %105 110.Val Pro Arggu% Alla Val Gln Pro

Lys Tyr BMRAF 5 W C(H uﬁ}rng PEL1561 155c et 4 Asn Ser Qu
Pro Val VaI Lagleisle eena@dingy saAsnmet 3Dl 4850 idihdses d@araltawePge Ser d u

Asp Tyr Ser Ghiynjlbs t&ssr a%%rr}P@@e{f\éﬁtsléérlé@u&ﬁ%& % Gy Arg G' utle
Thr Thr Ty% Pro Leu € yr 165 1/0 1/5 H s y Arg

lle Gu AS AEﬁP’A?%S uﬂl‘iérs%Pnil%El‘@é? MCh thes tos PYR q/s Asn
Ay Leu Lys Gunpléfsléhis Lqp$rlea$e@ nagtlyi&blabditg Tohe ledipreb@28200 205 Il e

Au Pro Leu GuiletnSeie Lol Gl cAbanbls Al Vali e Lys

12. The method of claim 11 in which the DNA
10 molecule is of SEQ ID NO: 4.

13. The method of claim 11 in which the
host cells are yeast cells.

15 14. The method of claim 13 in which the
yeast cells are of Pichia pastoris.

15. A method for the production of a
metalloproteinase fibrinolytic agent selected from the
20 group consisting of fibrolase and NAT, comprising
culturing Pichia host cells containing a DNA molecule
encoding said metalloproteinase operatively linked to
regulatory elements for stimulating the expression
therecf under conditions such that the DNA molecule is
25 expressed, and isclating the expressed
metalloproteinase from the host cell culture.

16. The method of claim 15 in which the
Pichia host cell is Pichia pastoris.

30
17. A method for the treatment of thrombosis
in a mammal comprising administering to the mammal a
thrombolytically effective amount of NAT.
35 18. 2aAn antibody against the polypeptide of

claim 1.



215 220 Tyr Qu Asn Val Gu Lys Qu Asp Clu Ala Pro Lys Met Cys Ay Val
230 235 240 Thr A n Asn Trp Qu Ser Tyr Qu Pro Ile Lys Lys Ala Phe @ n
245 250 255 Asn Leu Thr Lys Arg Ser Phe Pro Gn Arg Tyr Val @n Leu

MWPorRys270 Val Ala Asp His Arg Met Asn Thr Lysplyfus@isiofdly Asp

Ile
Asp
Au
Au
Ser
Leu
I'le
Leu
Val

395
410
425
440
460

Lys
I'le
Ile
Hi s
Leu
Asp
Al a
Ile
400
415
430
445

275 280 285 Ile Arg A n Trp Val Hs Gn Ile Val Asn Thr Ile
Tyr 290 295 300 Arg Pro Leu Asn Ile @ n Phe Thr Leu Val Ay
Trp Ser 305 310 315 320 Asn3%&i+ Asp Leu Ile Thr Val Thr Ser
Asp Thr Leu Ala 325 330 335 Ser Phe Ay Asn Trp Arg G u Thr
Arg Arg A n Arg H's 340 345 350 Asp Asn Ala A n Leu Leu Thr
Phe Asp Ay p .Thr Val. 55 360, 365 1/ 25445 PCT/ US00/ 27029
Tyr val @ ylésy ']%Lgt a&%b&éﬁ Eguci?’smk?rvf"%&czf*rﬁrs &y 370 375
Guanpsporis Berib@dy .l e Asn Leu Leu Val Ala Leu Thr Met 385
Ala Hs Qu Leu Gy Hi's Asn Leu Gy Met Asn Hs Asp Ay Asn Gn
Cys Hs Cys Ay Ala Asn Ser Cys Val Met Ala Ala Met Leu Ser Asp

A n Pro Ser Lys Leu Phe Ser Asp Cys Ser Lys Lys Asp Tyr dn Thr
Phe Leu Thr Val Asn Asn Pro Gn Cys Ile Leu Asn Lys Pro 450

<210> 4 <211> 1386 <212> DNA



<213> Artificial Sequence <220>

<223> Description of Artificial

Encodes pro-NAT (anal og of fibrolase) <400> 4 atgagatttc cttcaatttt
tactgctgtt ttattcgcagcatcctccgcattagctget 60 ccagtcaaca ctacaacaga

agatgaaacgv @% att ccggct gaagct gt cat cggt 120 tact cagatt
tttcgatgtt‘g éggttgccattttccaacagcacaaat180 aacgggtt at

tactactatt gccagcattgctgctaaagaagaaggggia240 tctctcgaga
tgaagcttct tctattatcttggaatctggtaacgttaac300 gattacgaag
aagaaaggtc actccagttcctaggggtgctgttcaacca360 aagtacgaag
atacgaattc aaggttaacagtgaaccagtt gt clbgeacd 20 higgaaaaaa
gttctctgaa gattactctgaaactcattactccccagat 480 ggt agagaaa
cccat t gggt gQaagabemct gidvastcaccat ggt agaat c540 gaaaacgat g
tgcttctatc tctgett gludmibggttt gaagggtcatttc600 aagttgcaag
cttgattgaa ccat tggrattgdreétdact ct gaagcccat 660 gct gt ct aca
cgt cgaaaag g g acccaaaact
tgaaccaatc'%gg%ggg%@%?%@%%ﬁ?&gggﬁgéa%%%%%gﬁgmagatctttcc
cgt acagct g ghbatacgéd gct gaccaccgt at gaacact 840 aaat acaacg
caaaat ccgt caat gggt gcaccaaat cgt caacaccatt 900 aacgaaat ct
gaacat ccaa {#eadir4iggsiyygt t t ggaaat ct ggt cc960 aacccagatt
tacttctgta tidécadéhuadaciict ggcat cctt cggt aac1020 t ggcgt gaaa
gcgtcgccaa.%%%c% gat aacgct caact gct gaccgct 1080 atcgacttcg
tgttggtctg ¢ i gt tggt ggcat gt gt caact gaaall40 cattctactg
ggaccact cc gehatd.eaaghoel-gaf tgct ct gaccat g1200 gcacacgaac
cctgggt at g aaccacgat ggcaaccagt gt cact gcggt 1260 gcaaact cct
t gct at gct g 4230yt caaccat ccaaactgttctccgacl320 tgctctaaga

t agaa a
PGEOSAYES
aaagagaggc
ttgtttatcc
at gccat gca
acaaaggttt
ttactactta
Ctgactccac
gt gaaat gt a
agt acgaaaa
gggaat cat a
Cacaaagata
gt gact ct ga
acagaccact
t gat caccgt

Sequence:

ccgacct gct
acggt gat ac
gtgttatcca
t gggt cat aa
gt gtt at ggc
aagact acca

gacctt cct g edéytalaacaacccgcagt gt at cct gaac1380 aaaccgl386 WO 01/ 25445

P . .
EggGi7SCEyzzﬁ§§Z§%%giiglSé%%%56203 <212> PRT <213> Agki strodon contortrix

<220>

<223> Description of Artificial Sequence: NAT (analog of

fibrolase of Agkistrodon Contourtrix)

<400> 1
Ser Phe Pro Gln
1

Arg val Gln Leu

5

Tvyr val Ile

10

vVal aAla asp

Met Asn Thr Asn Gin

30

Ser Ile

25

Lys
20

Tyr Gly Asp Asp Liys Arg

Gln Ile val Thr

35

His Asn Ile Asn Glu Ile

40

Pro Leu

45

Tyr Arg

Gln Phe

50

Thr val Leu Glu Ile

55

Leu Gly Asn Gln

60

Trp Ser Asp

Thr
65

vVal Thr Thr Ala

75

Ser His Leu Phe

70

Ser val Asp Ser Gly

Glu Thr Leu Leu

85

Asp Arg Arg Gln Arg His Asn Ala

90

Asp

Leu Thr Ala Ile

100

Asp Phe Thr Val Ala

110

Asp Gly Asp

105

Gly Leu

Gly Gly Met

115

Gln Thr val Ile Gln

125

His Ser

120

Cys Leu Lys Gly

Ala
130

Ile Val

135

Ser Asn Leu Leu Ala Thr Ala

140

Leu Met His Glu

Met Asn His

150

His Asn Leu

145

Gly Gin His

155

Asp Gly Asn Cys Cys

His
15

Arg

Trp Val

Asn Ile

Leu Ile

Asn Trp

80

Gln
95

Leu
Tyr Val
Asp His
Leu

Gly

Ala
160

Gly



<223> Native fibrolase of Agkistrodon contortrix <400> 5 Gn Gn Arg Phe

Pro dn Arg Tyr Val Gdn Leu Val Ile Val Ala Asp 1 5 10 15 His Arg Met Asn
Thr Lys Tyr Asn Gy Asp Ser Asp Lys Ile Arg Gn 20 25 30 Trp Val H's @n
Ile Val Asn Thr. lle Asn Qu Ile Tyr Arg Pro Leu 35 40 45 Asn Ile G n Phe
Thr Leu VAYO¥Z445%u Qu Ile Trp Ser Asn G n Asp 50 55 6BCIREOYITRITh, val
Thr Ser Val Ser His Asp Thr Leu Ala Serr2Phe Gy 65 70 75 80-Asn Trp Arg
Gu Thr Asp Leu Leu Arg Arg G n Arg His Asp Asn Ala 85 90 95 G n Leu Leu
Thr Ala Ile Asp Phe Asp Ay Asp Thr Val Gy Leu Ala 100 105 110 Tyr Val
Gy Gy Met Cys A n Leu Lys Hs Ser Thr Ay Val Ile @n 115 120 125 Asp
HS Ser Al asll A, L Rt Mahs A Lot 30 » G180 S Gdingd 30 135 140
Leu Ay H's Asn Leu Ay Mt Asn H's Asp (o Adn Cys s Cys 145 150
155 160 Gy Ala Asn Ser Cys Val Met Ala Ala I\/bt Leu Ser Asp G n Pro Ser
165 170 175PhgSet dgpFve Sar Ly pyOpse Sorr Eins Thy Shagige @InAFhr Phe Leu Thr
180 185 190 Val Asn A@H Pro G n Cys 13% Leu Asn Lys P 195 200 <210> 6
<211> 609 212>, Qj?}lA §1[> Agkiystrodan contortrix <220> <223> Encodes
native fibr8rase’ GhoAgki S o SEREortrix WO 01/ 25445 PCTI US00/ 27029 - 6
<400> 6

<210> 2

<211> 603

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence: Encodes NAT
{(analog of fibrolase)

<400> 2

tettteccac aaagatacgt acagetggtt
tacaacggtg actctgacaa aatccgtcaa
gaaatctaca gaccactgaa catccaattc
caagatttga tcaccgttac ttctgtatcc
cgtgaaaccy acctgctgeg tegccaacgt
gacttcgacg gtgatactgt tggtctggcet
tctactggtg ttatccagga ccactccget
cacgaactgg gtcataacct gggtatgaac
aactcectgtg ttatggctge tatgetgtece
tctaagaaag actaccagac cttcocctgacc
ccyg

<210> 3

<211i> 462

<212> PRT

<213> Artificial Segquence

<220>

atcgttgctg
tgggtgcacc
actttggttg
cacgacactc
catgataacg
tacgttgatg
attaacctgc
cacgatggca
gatcaaccat
gttaacaacc

accaccgtat
aaatcgtcaa
gtttggaaat
tggcatcctt
ctcaactgect
gcatgtgtca
tgattgctct
accagtgtca
ccaaactgtt
cgcagtgtat

gaacactaaa
caccattaac
ctggtccaac
cggtaactgyg
gaccgetate
actgaaacat
gaccatggcea
ctgcggtgeca
ctocgactge
cctgaacaaa

<223> Description of Artificial Sequence: Native pro-NAT

{analog of fibrolase)

<400> 3

Met Arg Phe Pro Ser Xle Phe Thr Ala VvVal

1 5

Ala Leu Ala ala Pro Val Asn Thr Thr Thr

20

Ile Pro Ala Glu Ala Val Ile Gly Tyr Ser

35 40

Asp Val Ala Val Leu Pro Phe Ser Asn Ser

50 55

10

25

30

45

60

Leu Phe Ala Ala Ser Ser

15

Glu Asp Glu Thr Ala Gln

Asp Leu Glu Gly Asp Phe

Thr Asn Asn Gly Leu Leu

60

120
180
240
300
360
420
480
540
600
603



caacaaagat tcccacaaag atacgtacagctggttatcg ttgctgacca ccgtatgaac 60
act aaat acaacggt gact ct gacaaaat ccgt caat ggg t gcaccaaat cgtcaacacc 120
at t aacgaaat ct acagaccact gaacat ccaattcactt tggttggttt ggaaatctgg 180
t ccaaccaagat tt gat caccgttacttctgtatcccacg acactctgge atccttcggt 240
aact ggcgté’é’a‘ﬂ@gﬁ%cct gct gcgt cgccaacgt cat g at aacgcet ca act gB¢ g@”@%
gct at cgact t cgacggt gat act gt t ggt ct ggctt aeg -t t ggt ggcat gt gt caact g 360
aaacat t ct act ggt gt t at ccaggaccact ccgctatta acctgct ggt tgctctgacc 420
at ggcacacgaact gggt cat aacct gggt at gaaccacg at ggcaacca gt gtcactgc 480
ggt geaaact cet oL gl L2l gactact alogl Obeeqal G aageal ocqa, aglallope 540
gact gct ct aagaaagact accagaccticct gaccgtta acaaccryca gt gt atccag. 600
aacaaaccg609 <210> 7 <211> 1392 <212> DNA <213> Agki strodon contortrix
<220> <223zerCodi npu 3€€6UeB0E uOk1aNgll A0 a [He@- fd DI Dd ase 1eh dgksat r odon
contortrix <400> 7 atgag&bttc cttcaatttt Sactgctgtt 95
ttattcgcagcat cctccgeattaget gct 60 ccagt caaca_ct acaacaga_agat gaaacg
gcacaaattcc%]@{cf‘ﬁhé{%c@gg Pc’%@'t ?L]vaf“hg"géarﬂét P71 A5 &YY q% 'ﬁl“t gﬁht gtt
gctgttttgeccattttccaacagcacaaat 180 aacgggttat tgtttataaa tactactatt
gccagcat t gcyHcbanagaagaaggogti1adh pte gk 0801 P80 a0A0RE diGaaget t ct
tctattatcttggaat ctggt aacgttaac300igatt acgaag ttgttikat cc aagaaaggtc
act ccagtt cct aggggt gct gt t caacca360 aagt acgaag at gccatgca atacgaattc
aaggt t aacagfyabes &Yt Vgt ASPgRICEPD Fre Jgadidabenlanagytdr st 8ttt gaa
gattact ct gaaacttht t act ccccagat 430 ggt agagaaa tt4ttactta cccattgggt
gaagat cact g}d}sagg@%g@tpggt&ga@ﬁcﬁéép 1§ ARACHA Sn.LHYAGLECAE fQchlctatc
tct gctt gt aaggyt tt gaagggt cat {4c600 aagtt gcaagsyt gaaat gt a ctt ga t gaa
ccattggaattgtccgact ct gaagcccat 660 gctgtctaca agt acgaaaa cgtcgaaaag
gaagat gaagcebc amaGat gilgt gt Tt T20 Paedeastiactlyggadiiedva Tywyadecaat
aagaaggcctt ccaatt aaactt t aag780 agacaat’daa gattcccaca ¥agat acgt a

cagctggttat ﬁ_gs:[ EQ&%QS‘%%C&% gsgrggs%) Ala Asp Ser Thr Ala Ser Ile Ser Ala
180 185 190

Cys Asn Gly Leu Lys Gly His Phe Lys Leu Gln Gly Glu Met Tyr Leu
195 200 205

Ile Glu Pro Leu Glu Leu Ser Asp Ser Glu Ala His Ala Val Tyr Lys
210 215 220

Tyr Glu Asn Val Glu Lys Glu Asp Glu Ala Pro Lys Met Cys Gly Val
225 230 235 240

Thr Gln Asn Trp Glu Ser Tyr Glu Pro Ile Lys Lys Ala Phe Gln Leu
245 250 255

Asn Leu Thr Lys Arg Ser Phe Pro Gln Arg Tyr Val Gln Leu Val Ile
260 265 270

Val Ala Asp His Arg Met Asn Thr Lys Tyr Asn Gly Asp Ser Asp Lys
275 280 285

Ile Arg Gln Trp Val His Gln Ile val Asn Thr Ile Asn Glu Ile Tvyr
290 295 300

Arg Pro Leu Asn Ile Gln Phe Thr Leu Val Gly Leu Glu Ile Trp Ser
305 310 315 320

Asn Gln Asp Leu Ile Thr Val Thr Ser Val Ser His Asp Thr Leu Ala
325 330 335

Ser Phe Gly Asn Trp Arg Glu Thr Asp Leu Leu Arg Arg Gln Arg His
340 345 350

Asp Asn Ala Gln Leu Leu Thr Ala Ile Asp Phe aAsp Gly Asp Thr val
355 360 365



aacact aaat acaacggtga
accatt aacg aaat ctacag
t ggt ccaacc aagatttgat

ggt aact ggGy@h@RaaCCcIa
accgctatcg acttcgacgg

ct ct gacaaa atccgt caat gggt gcaccaaat cgt caac900
accactgaac atccaattcactttggttggtttggaaatc960
caccgttact tctgtatcccacgacactctggcatccttcl020
cctgcetgegt cgccaacgt cat gat aacgcet caggishdnpkf80
tgatactgtt ggtctggcttacgttggtggcatgtgtcaalldo
ctgaaacatt ctactggtgt tatccaggac cactccgttattaacctgctggttgetctgl200

accat ggcac acgaactggg tcataacctg ggtat gaaccacgat ggcaaccagtgtcacl260
tgcggt gcaa actcctgtgt tatggctgct atgctgtccgatcaaccatccaaactgttcl320
tccgactgct ctaagaaaga ctaccagacc ttcctgaccgttaacaacccgcagtgtatcl380

ct gaacaaac @@i3®2 m216x 8a1 €2l Ly HMet c212Pn DBA 1213 Ak irhi cigl Sequence WO
01/ 25445 -7 <2208 <223> Descri3gbion of Artificisadl Sequence:

d i gonucl eoti de PCTI USO0/ 27029 <400> 8 tactattgcc agcattgctg ¢ 21 <210> 9
<211> 21 <é’ ?;13@%@%@1%@;?31@%@ Bbehcey JB20b= kopdlr ﬁcri ption of
Artificial guence: digonucleotide <400> Cctacagtct tacggtaaac g 21

<210> 10 <2113534%10<Bll @1 P $24 Aty LibCinah 1B80AENESR, 582 BTn <223>

Description of ArtificiakosSequence:

410

415

Cys His Cys Gly Ala Asn Ser Cys Val Met Ala Ala Met Leu Ser Asp
425

420

430

Gln Pro Ser Lwys Leu Phe Ser Asp Cys Ser Lys Lys Asp Tyr Gln Thr

435

440

445

Phe Leu Thr Val Asn aAsn Pro Gin Cys Ile Leu Asn Lys Pro

450

<210> 4

<211> 1386
<212> DNA
<213>

<220>
<223>

455

Artificial Sequence

pro-NAT (analog of fibrolase)

<400> 4

atgagattte
ccagtcaaca
tactcagatt
aacgggttat
tctetcgaga
gattacgaag
aagtacgaag
ttggaaaaaa
ggtagagaaa
gaaaacgatg
aagttgcaag
gctgtctaca
acccaaaact
agatctttee
aaatacaacyg
aacgaaatct
aaccaagatt
tggcgtgaaa
atcgactteg
cattctactg
gcacacgaac
gcaaactcct
tgctctaaga
aaaccg

cttcaatttt
ctacaacaga
tagaagggga
tgtttataaa
aaagagaggc
ttgtttatce
atgecatgea
acaaaggttt
ttactactta
ctgactcecac
gtgaaatgta
agtacgaaaa
gggaatcata
cacaaagata
gtgactctga
acagaccact
tgatcacegt
ccgacctget
acggtgatac
gtgttatcca
tgggtcataa
gtgttatggc
aagactacca

tactgetgtt
agatgaaacg
tttecgatgtt
tactactatt
tgaagcttct
aagaaaggtc
atacgaattc
gttctcotgaa
cccattgggt
tgcttctatce
cttgattgaa
cgtegaaaag
tgaaccaatc
cgtacagety
caaaatcegt
gaacatccaa
tacttctgta
gecgtegecaa
tgttggtctyg
ggaccactcce
cctgggtatyg
tgctatgctyg
gaccttecetg

ttattcgcag
geacaaatte
gctgttttge
gceagecattg
tcectattatet
actccagttc
aaggttaaca
gattactetg
gaagatcact
tctgettgta
ccattggaat
gaagatgaag
aagaaggcct
gttategttyg
caatgggtge
ttcactttgg
tcccacgaca
cgtcatgata
gcttacgttg
gcetattaacce
aaccacgatg
tcecgatcaac
accgttaaca

460

Description of Artificial Sequence: Encodes

catcectecge
cggctgaagc
cattttcecaa
ctgctaaaga
tggaatctgg
ctaggggtgc
gtgaaccagt
aaactcatta
gttactacca
acggtttgaa
tatccgactc
ccccaaagat
tccaattaaa
ctgaccaccyg
accaaatcgt
ttggtttgga
ctctggcatc
acgctcaact
gtggcatgtyg
tgctggttge
gcaaccagtg
catccaaact
acccgcagtg

attagctgcet
tgtcatcggt
cagcacaaat
agaaggggta
taacgttaac
tgttcaacca
tgtcttgcac
ctceccagat
tggtagaatc
gggtcattte
tgaagcccat
gtgtggtgtt
cttgactaag
tatgaacact
caacaccatt
aatctggtce
cttcggtaac
gctgaccgcet
tcaactgaaa
tetgaccecatg
tcactgeggt
gttctccgac
tatcctgaac

60
120
180
240
300
360
420
480
540
600
660
720
780
g40
900
60
1020
1080
1140
1200
1260
1320
1380
1386



A i gonucl eoti de <400> 10 tccaattaaa cttgactaag agatctttcc cacaaa
45 <210> 11 <211> 44 <212> DNA <213> Artificial Sequence <220>
Description of Artificial Sequence: O igonucleotide <400> 11 ggt

S00/27

gata cgtac
<223>
taatttg

aactgattchmﬁbggggaggg tgtttctatg catg 44 <210> 12 <211>_1620 ﬁ%}2> DNA

<213> Agkl's contortrix <220> <221> nisc_feature <39

Conpl ement ((1)..(1620)) WO 01/ 25445 PCFSQO 27029 <223> Conpl enent ary

(sense) strand of antisense strand (See SEQ I D NO 13) <220> <22
sequence of native pro-fibrolase of Agkistrodon contortrix <400>
atgagatttcctigaaittttactgctgtt ttattcgcagcatcctccgcattagctgct60
ccagt caacactagaag@gaagat gaaacggcacaaat t ccggct gaagct gt cat cggt 120
tactcatattt agmaggggatttcgatgttgctgttttgccattttccaacagcacaaat 180
aacgggtt at t gettarsgdatadbacatdrgeagcat t gct gct aaagaagaaggggt a240
aaagagaggct gaagcttcttctattatcttggaat ct ggtaacgttaac300
gattacgaagtf@ihj f Gcaagaaaggt cact Cag}%pctagg%%t ctgttcaacca360
aagtacgaagafgcca&béggtacﬁ%a??éhad%??aéﬁgﬁfﬁhaccﬁg tgtcttgcac420
tt ggaaaaaaaca@aggtttgttct ct gaagattact ct gaaact catt act ccccagat 480
ggt agagaaat tac tcas tirgcreaticg g gaagatcaat gid ael aacatiggiagand asd0
ctgactccactgcttctatctctgctst gtaacggtttgaagggtcatttc600 15

His Arg Met Asn Thr Lys Tyr Asn Gly Asp Ser Asp Lys Ile Arg Gln
20 25 30

Trp Vval His Gln Ile Val Asn Thr Ile Asn Glu Ile Tyr Arg Pro Leu
35 40 45

Asn Ile Gln Phe Thr Leu Val Gly Leu Glu Ile Trp Ser Asn Gln Asp
50 55 60

Leu Ile Thr Val Thr Ser Val Ser His Asp Thr Leu Ala Ser Phe Gly
65 70 75 80

Asn Trp Arg Glu Thr Asp Leu Leu Arg Arg Gln Arg His Asp Asn Ala
85 90 95

Gln Leu Leu Thr Ala Ile Asp Phe Asp Gly Asp Thr val Gly Leu Ala
100 105 110

Tyr Val Gly Gly Met Cys Gln Leu Lys His Ser Thr Gly Val Ile Gln
115 120 125

Asp His Ser Ala Ile Asn Leu Leu Val Ala Leu Thr Met Ala His Glu
130 135 140

Leu Gly His Asn Leu Gly Met Asn His Asp Gly Asn Gln Cys His Cys
145 150 155 160

Gly Ala Asn Ser Cys Val Met Ala Ala Met Leu Ser Asp Gln Pro Ser
165 170 175

Lys Leu Phe Ser Asp Cys Ser Lys Lys Asp Tyr Gln Thr Phe Leu Thr
180 185 190

Val Asn Asn Pro Gln Cys Ile Leu Asn Lys Pro
195 200

<210> 6

<211> 609

<212> DNA

<213> Agkistrodon contortrix

<220>
<223> Encodes native fibrolase of Agkistrodon contortrix

3> Codi ng
12

tct ct cgaga

gaaaacgat g



aagt t gcaaggt gaaat gt act t gat t gaaccat t ggaatt gt ccgact ct gaagcccat 660
gct gt ct acaagt acgaaaacgt cgaaaaggaagat gaagccccaaagat gt gt ggt gt t 720
acccaaaact gggaat cat at gaaccaat caagaaggcctt ccaatt aaactt gact aag780
agacaacaag@fhifsgsacaaagat acgt acagct ggtt at cgtt gect gaccaccgtﬁ@fﬂ%@(gzvozs
aacactaaatacaacggtgactctgacaaaatccgtcaat ggt gcaccaaat cgt caac

accat t aacgaaat ct acagaccact gaacat ccaattcactttggttggtttggaaat c960

t ggt ccaaccaagatttgat caccgttacttctgtatcccacgacactctggcatccttcl1020
ggt aact ggcgt gaaaccgacct gct gcgt cgccaacgt cat gat aacgct caact gct g1080
accgct at cgactt cgacggt gat act gt t ggt ct ggct t acgt t ggt ggcat gt gt caal140
ct gaaacat t ctaed>ggt gt t at ccaggaccact ccgct att aacct gct ggttgct ct g1200
accatggcaca@gaa@@gggt@a@aaﬁwt YFGU et aU@a@gapggUaaUBGQQg&gavmaﬁo60
tgcggtgcaaa@F CE%F Sf%§§€d§$6%ﬁﬁa% F?%ES?DlZU
tcogact get AR % c%‘f“rz @:@ @ L 0
ctgaacaaaccg& g&%ﬁ% 300

ct gaat agcgcg@&%@@&msﬁc@&g@a &%tge@gt:g@t@tg é@t«.@%@&&@ga@aﬂ&g 89 360

t gt t cct cagt taeaagttgoacantt @tgagasgace ggicot taeh agatiaiaattgaagbadd 420

aggat gt cagastrgowattd geciugeigag iagc gt 4tmwaetdact gerbacaacta tatgt¢at 629 4€210> 13
<211> 1620 99P9RSaPNACKIEISALAGIGEGEFATE oFFIEBFHAGF tFFCRatepaPActabipisc 540

mi sc_f eat ur #ASHESSE ARG (L7 T (L6 PO FOXI2 REARIPF R AEAT UG §@ bisense)
strand of sénsSe stfand (See SEQ ID NO 12) <220> <223> Anti-codi ng

sequence of native pro-fibrolase of Agkistrodon contortrix <400> 13
aat aaaaaagt aze@aaaat gaagcct gcat ct ct caggcaaat ggcatt ct gacat cct 60
ctt gattagaat@iigédadyaccggt cttct cgt aagt gcccaactt gaact gaggaacal20

gtcatgtctaa

e al¥hact caat
~9 PCT/ USOQ/ Z#2 89556 EPPt

gtttgttcag 249,.

<223> Coding sequence of native pro- flbrolase of
Agkistrodon contortrix

<400> 7

atgagatttc
ccagtecaaca
tactcagatt
aacgggttat
tectetcgaga
gattacgaag
aagtacgaag
ttggaaaaaa
ggtagagaaa
gaaaacgatg
aagttgcaag
getgtetaca
acccaaaact
agacaacaaa
aacactaaat
accattaacy
tggtccaacc
ggtaactggc

accgctateg,

ctgaaacatt
accatggcac
tgcggtgcaa
toccgactget

~ctgaacaaac

<210> 8
<211> 21
<212> DNA
<213>

cttcaatttt
ctacaacaga
tagaagggga
tgtttataaa
aaagagaggc
ttgtttatcc
atgccatgca
acaaaggttt
ttactactta
ctgactccac
gtgaaatgta
agtacgaaaa
gggaatcata
gattccecaca
acaacggtga
aaatctacag
aagatttgat
gtgaaaccga
acttcgacgg
ctactggtgt
acgaactgogg
actcctgtgt
ctaagaaaga

cg

R

tactgctgtt
agatgaaacyg
tttegatgtt
tactactatt
tgaagcttct
aagaaaggtc
atacgaattc
gttetectgaa
cccatcgggt
tgcttctate
cttgattgaa
cgtcgaaaag
tgaaccaatc
aagatacgta
ctetgacaaa
accactgaac
caccegttact
cctgcectgegt
tgatactgtt
tatccaggac
tcataacctyg
tatggctget
ctaccagacc

Artificial Sequence

ttattcagcag
gcacaaattc
gctgttttge
gecageattyg
tctattatct
acteccagttce
aaggttaaca
gattactctyg
gaagatcact
tetgettgta
ccattggaat
gaagatgaag
aagaaggcct
cagctggtta
atccgtcaat
atccaattca
tctgtatccc
cgecaacgte
ggtetggectt
cactccgeta
ggtatgaacce
atgectgtccy
ttcctgaceg

catcctecge
cggctgaage
cattttccaa
ctgctaaaga
tggaatctgg
ctaggggtgce
gtgaaccagt
aaactcatta
gttactacca
acggtttgaa
tgtccgactc
coccaaagat
tccaattaaa
tcgttgetga
gggtacacca
ctttggttgg
acgacactct
atgataacgc
acgttggtag
ttaacctgct
acgatggcaa
atcaaccate
ttaacaacce

attagectget
tgtcateggt
cagcacaaat
agaaggggta
taacgttaac
tgtteaacea
tgtettgeac
ctececagat
tggtagaatc
gggtecattte
tgaagcccat
gtgtggtgtt
cttgactaag
ccaccgtatg
aatcgtcaac
tttggaaatc
ggecatccttc
tcaactgcetg
catgtgtcaa
ggttgctcty
ceagtgtcac
caaactgtte
geagtgtatc

at gat gat ggt cgacggcgct att cagl80 WO 01/ 25445
fgagtt tttgttctag aaagctggcg gccgcettacg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1352



gat acactgc gggttgttaa

gaacagtttg
gt gacact gg
cagagcaac

tt gacacat

cagcagttga
gaaggat gcc
gatttccaaa
gttgacgatt
cat acggt gg
ctt agt caag
aacaccacac
at gggcttca
gaaat gaccc
gattctacca
at ct ggggag
gt gcaagaca
t ggt t gaaca
gttaacgtta

gat ggt t gat
ttgccat cgt

cggt caggaa
cggacagcat
ggttcat acc

agcagcttaa tagcggagtg

acgt
gcgtt at cat
agagt gt cgt
ccaaccaaag

t.ggj.gcaccc

LeSAC 3L d18R AR G 1 £ 28 0b el de -

aagccagacc
gacgt t ggcg
gggat acaga
t gaat t ggat
at t gacggat

ggt ct ggt ag
agcagccat a

caggttatga
gtcctggata
aacagt at ca
acgcagcayg
agt aacggt g
gt t cagt ggt
tttgtcagag

ttt aabig@audaAgeeieet ctt gattggttca

atctttgggg

cttcatcttc

4efc§gaca attccaatgg
gﬁ@ﬁﬁ ey PIAEEEGchga

t ggt agt aac
tagd-gagttt

agtgatcttc
cagagt aat ¢

aeiggkbicac tgttaacctt

geBC OBk ag

gaact ggagt

cBbYaPridac Hgasement

cttttcgacg
tt caat caag
gat agaagca
acccaat ggg
tt cagagaac
gaat t cgt at
gacctttctt
agaagcttca

tctttcttag
acacaggagt
cccagttcgt
acaccagt ag
ccgt cgaagt
tcggtttcac
at caaatctt
ctgtagattt
tcaccgtt gt
t gt gggaat ¢
tatgattccc
ttttcgtact
tacatttcac
gt ggagt cag
t aagt agt aa
aaacctttgt
t gcat ggcat
ggat aaacaa
gcctctettt

agcagt cgga 300
ttgcaccgca 360
gtgccat ggt 420
aatqgtttcag 480
c G5 AFeYYT540
gccagttacc 600
ggtt ggacca 660
cgttaatggt 720
atttagtgtt 780
tttgttgtct 840
agttttgggt 900
t gt agacagc 960

cttgcaactt 1020
catcgtttt 1080

tttctctacc
ttttttccaa
cttcgtactt
cttcgtaatc
t ct cgagaga

1140
1200
1260
1320
1380

ataacccgtt 1440
aat ct gagta 1500

tgttgactgg 1560

taccccttct E%g&}agcag caat gct ggc aatagtagta tttataaaca

atttgtgetg thgdaaaglg, 0eaaaacans; aagakedana tecectteta
accgat gaca gctt cagifdudratidgtgc cgtttcatct tctgttgtag
agcagct aat gcggaggatg ctgcgaataa aacagcagta aaaattgaag gaaatctcat 1620

<210> 14 <za00» 540 <212> PRT <213> Agki strodon contortrix <220> <223>
Xaa in posi t9cerRoles tacpg8aads] g and 536 correspond to stop codongl <220>
<223> Native pro-fibrolase of Agkistrodon contortrix <400> 14 Met Arg Phe
Pro Ser Ile Bhg Thr Ala Val Leu Phe Ala Ala Ser Ser 1 5 10 15 Ala Leu Ala
Ala Pro Val Asq. kEbr Thr Thr AQu Asp Gu Thr Ala A n 20 25 30

<212> DNA
<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence:

Oligemacleotide

<400> 10

tccaattaaa cttgactaag agatctttcee cacaaagata cgtac 45

<210>
<211>
<212»
<213>

11

44

DNA

Artificial Sequence

<220>
<223> Descriptiocn of Artificial Sequence:

Oligonucleotide

<400> 11

ggttaatttg aactgattct ctagaaaggg tgtttctatg catg 44

<210>
<211>
<212>
<213>

12

1620

DNA

Agkistrodon contortrix

<220>
<221>
<222>

misc_feature
Complement ((1)..{1620})



Ile Pro Ala u Al a Val

Asp
Phe

95 WO 01/

Pro
Tyr
Val

Tyr
Thr
du
Leu
Pro
Au
240
250
260
275
290

Val

Al a Val

Ile Asn Thr Thr
80 Ser

Arg
Au
Val

Ser
Tyr
Asn
Lys
Leu
Asn
Thr
255
265
280
295

Lys Val Thr
Asp Al a Met

Leu Hs Leu Qu Lys Asn

d u<{5y'>

Pro Leu (@ee

Asp Ala Asp Ser Thr AI a Ser
G y<M® Phe Lys Leu Gn Ay Gu Mt Tyr
d u<tex Q&ln

val du PgEsH

Asn gLgls,

270 c¥adtchdd

285 tAsyrabigts

300 aacgggttat
tctctcgaga
gattacgaag
aagtacgaag
ttggaaaaaa
ggtagagaaa
gaaaacgatyg
aagttgcaag
gctgtetaca
acccaaaact
agacaacaaa
aacactaaat
accattaacg
tggtccaacc
ggtaactgge
accgetatceyg
ctgaaacatt
accatggcac
tgcggtgcaa
tocgactget
ctgaacaaac
ctgaatageg
tgttecteag
aggatgtcag

<210>
<211>
<212>
<213>

13
1620
DNA

<220>
<221>
<222>
<223>

{See

<220>
<223>

misc_
Complement{(1).
Complementary {antisense) strand of sense strand

Ile Ala Ser

Pro
an Tyr

E2d) 1ASH

Cys

Tyr Tyr

I'le

Leu

FemagoaqyaF rrciagwtVadctbk g t@ rraktieccvag

tgtttataaa
aaagagaggc
ttgtttatce
atgcecatgca
acaaaggttt
ttactactta
ctgactccac
gtgaaatgta
agtacgaaaa
gggaatcata
gattcccaca
acaacggtga
aaatctacag
aagatttgat
gtgaaaccga
acttcgacgg
ctactggtgt
acgaactggyg
actcetgtgt
ctaagaaaga
cgtaagcggc
ccgtogacca
ttcaagttgg
aatgccattt

feature

SEQ ID NO:

tactactatt
tgaagcttcet
aagaaaggtc
atacgaattc
gttotctgaa
cecattgggt
tgcttctate
cttgattgaa
cgtcgaaaag
tgaaccaatc
aagatacgta
ctetgacaaa
accactgaac
caccgttact
cctgetgegt
tgatactgtt
tatcecaggac
tcataacctg
tatggctget
ctaccagacc
cgccagettt
tcatcatcat
gecacttacga
gecctgagaga

Agkistrodon contortrix

. (1620)})

12)

Agkistrodon contortrix

<400> 13

gocagcattyg
tctattatet
actccagttc
aaggtbtaaca
gattactctg
gaagatcact
tetgettgta
ccattggaat
gaagatgaag
aagaaggcect
cagctgatta
atcegtcaat
atccaattcea
tctgtatcee
cgccaacgte
ggbctggctt
cacteccgcta
ggtatgaacc
atgetgtecg
ttcctgaccg
ctagaacaaa
catcattgag
gaagacceggt
tgcaggctte

ctgctaaaga
tggaatctgg
ctaggggtge
gbtgaaccagt
aaactcatta
gttactacca
acggtttgaa
tgteccgactc
ccccaaagat
tecaattaaa
tegttgctga
gggtgcacca
ctttggttgg
acgacactct
atgataacgc
acgttggtgg
ttaacctget
acgatggcaa
atcaaccatc
ttaacaaccc
aactcatctc
tttgtagecct
cttgctagat
atttttgata

anti-coding seqguence of native pro-fibrolase of

aataaaaaag tatcaaaaat gaagcctgca tctctcagge aaatggceatt
cttgattaga atctagecaag accggtctte tcgtaagtge ccaacttgaa
gtcatgtcta aggctacaaa ctcaatgatg atgatgatga tggtcgacgg

Ile L
Asn Asp Tyr
100 105 110 Vai®Pro Arg Ay Al a
115 120 125 d u Phe Lys Val
130 135 140 Lys Ay Leu
n&)lg;yé‘nt% (Eér%ef‘%ra&éﬂgf %ngéée ]&Qaﬁ y
165 170 175
Ile Ser Ala 180 185
195
aggice i nariye P -Arrolate vr Lys
A ES TR a Pro Lys Met Cys Ay Val
Gn<@§dll_ﬁ GQu Ser Tyr Au Pro Ile Lys Lys Ala Phe A n Leu

Eﬂ%ﬁa@%ﬂlt(ldktgiﬂbtewﬁkaE*ﬁbcEE(bagiékcéﬁéiéIYégéV@&t en
YedcallgyaAsqatbbhaachr grabkdatAsS egdbirgabys

Ile Ay Tyr Ser Asp Leu Gu Ay Asp Phe
Leu Pro Phe Ser Asn Ser Thr Asn Asn Qy Leu Leu
Ile Ala Ala Lys Gu Ju dvy Vval

g,&%{gshi/s Arg Gu Ala Gu Ala Ser Ser

0 PCTIUSQUN7029 @y Asn Val

Val
Asn
Phe
Arg
Hi s
190
200
210

Adn
Ser
Ser
du
Ay
Cys
205
215
225

thycarbsdr
CAGTRCEBZL
agaaggggta
taacgttaac
tgttcaacca
tgtcttgecac
cteceecagat
togtagaatc
gggtecattte
tgaagcccat
gtgtggtgtt
cttgactaag
ccaccgtaty
aatcgtcaac
tttggaaatc
ggcatectte
tcaactgctg
catgtgtcaa
ggttgectetg
ccagtgtcac
caaactgtte
gcagtgtatc
agaagaggat
tagacatgac
tctaatcaag
cttttttatt

B it

35 40 45
50 55 60
65 70 75
85 90
Tyr

Lys
Pro
Asp
Thr

I'le
Ay
Au
Tyr

235
245
Leu

al
Pro
du
du
Ile
Arg
Asn
Ile
220
230

@y
LB®
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

ctgacatcct 60
ctgaggaaca 120
cgctattecag 180

Asp Ser
Asn G u



Tyr
320
330
345
360
375
Ile
Hi s
Al a
Lys
Thr
Al a
Asn
Leu

Arg Pro Leu Asn Ile A n Phe Thr Leu Val Ay Leu Qu Ile 305 310
Trp Ser Asn A n Asp Leu Ile Thr Val Thr Ser Val Ser H's Asp Thr

335 Leu Ala Ser Phe Gy Asn Trp Arg Qu Thr Asp Leu Leu Arg Arg G n
3O Ahbugkl S Asp Asn Ala G n Leu Leu Thr Ala Ile gﬁmg’%ﬁm‘ﬁp Ay Asp
365 Thr Val Ay Leu Ala Tyr ValgGyGIy Met Cys n Leu Lys H s Ser
380 WD 01/ 25445 PCT/ USOQ 27029 =11 Thr Ay Val Ile A n Asp H s Ser
Asn Leu Leu Val Ala Leu 385 390 395 400 Thr Met Ala Hs Qu Leu
Asn Leu Ay Met Asn His Asp Gy 405 410 415 Asn A n Cys H s Cys
Asn gBBktceYst YadatBietAt Bl @alyBiaabbtbged 26 cddadd Qregrthsp 2ebn Pro
Leu grbscaSedc AS¢:tOysaaSesotbygrabygytAsinthyrtctdBO:tdd Chgdddcgha 30ir Phe

Val gAsrrofstro Prooa@tortCywakhecal cagcAgeraty sacRraggadb (- td88°cd8d 3%ha Al a
Ser 9PHRFACEY GF%FCG:‘FF‘:L CERERCE| @29QEFALER (FCRYCAEp ItA6TR4TD 43495 480
Sex wg;@ c gﬁagam oIt %“FlF 93P 2R aagwa EJECIEEPT 485 490,

gt aag a
A g Jhsaghe Seralars BlocValac @Zytégb& b cﬁgﬁcé% 500
Arg gsﬁéga §c tht &t ggbalth&n Y§gt ghatkt g@ﬁ ddc8a legbl Pro
525 daktichbga @ysaoéh@gLeghaHt@gaEh@:t}(a@thyI‘ctBth«'Rhe ngtEaatEBO 7385 540
<2ttgacOBr tebRacRRATLgAtRIAt Ao tagad orracoaitar tatickagt@RO 380

Leu
495
505 510
515 520
<210> 15

catacggtgg
cttagtcaag
aacaccacac
atgggcttca
gaaatgaccc
gattctacca
atctggggag
gtgcaagaca
tggttgaaca
gttaacgtta
taccecttet
atttgtgctg
accgatgaca
agcagctaat

tecagcaacga
tttaattgga
atctttgggyg
gagtcggaca
ttcaaaccgt
tggtagtaac
taatgagttt
actggttcac
gcacccctag
ccagattceca
tctttageag
ttggaaaaty
gcttcagccg

gcggaggatg

taaccagetyg
aggeettett
cttcatcttc
attccaatgg
tacaagcaga
agtgatcttc
cagagtaatc
tgttaacctt
gaactggagt
agataataga
caatgectgge
gcaaaacage
gaatttgtge
ctgcgaataa

tacgtatctt
gattggttca
cttttcgacg
ttcaatcaag
gatagaagca
acccaatggg
ttcagagaac
gaattcgtat
gacctttett
agaagcttca
aatagtagta
aacatcgaaa
cgtttcatct
aacagcagta

tgtgggaate
tatgattecc
ttttegtact
tacatttcac
gtggagtcag
taagtagtaa
aaaccttitgt
tgcatggecat
ggataaacaa
gectctettt
tttataaaca
tceectteta
tctgttgtag
aaaattgaag

tttgttgtct
agttttgagt
tgtagacagce
cttgcaactt
categtttte
tttctctacc
ttttttecaa
cttcgtactt
cttcgtaatce
tctcgagaga
ataacccgtt
aatctgagta
tgttgactgg
gaaatctcat

840

$00

360

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

<210>
<211>
<212>
<213>

14

540

FRT

Agkistrodon contortrix

<220>
<223> Xaa in positions 465, 493,

to stop codons.

516 and 536 correspond

<220>

<223> Native pro-fibrolase of Agkistrodon contortrix

<400> 14

Met Arg Phe Pro Ser Ile Phe Thr Ala
1 5

Phe Ala Ala Ser

15

val Leu
10

Ser

Ala ILeu Ala Ala Pro Vval
20

Thr
25

Asn Thr Thr Glu Asp Glu Thr Ala

30

Gln

Ile Pro Ala Glu Ala Val
35

Ile Gly
40

Leu Glu
45

Tyr Ser Asp Gly Asp Phe

Asp Val Ala Val Leu Pro
50

Phe Ser
55

Asn Ser Thr Asn Asn

60

Gly Leu Leu

Phe Ile asn Thr Thr Ile
65 70

Ala Ser Ile Ala Ala

75

Lys Glu Glu Gly val

80
Ala

Ser Leu Glu Lys Arg Glu ala Glu

85

Ile Ile Leu Glu

95

Ser Ser Ser

90



<223> Native fibrolase of Agkistrodon contortrix <220> <223> Xaa in
position 1 represents the chem cal conpound, pyroglutamc acid. This

chem cal conpound is referred to in the specification as the letter "E".
<400> 15 ¥fmfebfdsArg Phe Pro G n Arg Tyr Val G n Leu Val pdlBsodphozdl @ Asp 1
5 10 15 H's Arg Met Asn Thr Lys Tyr Asn éily Asp Ser Asp Lys Iqe Arg Gdn 20
25 30 Trp Val Hs @n Ile Val Asn Thr T%-Asn Gu Ile Tyr Arg Pro Leu 35
40 45 WD 01/ 25445 -12 PCTI US00/ 27029 Asn Ile A n Phe Thr Leu Val Gy Leu
GQu lle Trp Ser Asn A n Asp 50 55 60 Leu Ile Thr Val Thr Ser Val Ser H's
Asp Thr Leu Ala Ser Phe Ay 65 70 75 80 Asn Trp Arg Qu Thr Asp Leu Leu
Arg Arg A nch¥ gsirival Asp #AsNTA @lu 831 9198:Gero hey vewalhthrAlbae | | € Asp Phe
Asp Ay Asp Thr Val G% Leu Ala 100 165 110 Tyr Val &y Ay Net Cys G@n
Leu Lys Hs Ser Thr Ay Val Ile dn 115 120 125 Asp His Ser Ala Ile Asn
Leu Leu Val V&t Ertézqgﬁ?g' M VA §irifge ar T¥381‘1§‘8p1:é Eu®H ¥¥H s Asn Leu
Ay Met Asn Hs Asp" Ay Asn An CyS Hs Cys 145 1 155 160 Gy Ala Asn
Ser Cys Val cMetendigsAla Abl sled198roAM REINLEL @i Saleu BTN/ @sd 75 Lys Leu
Phe Ser Asp Cyssber Lys Lys Asp3dyr A n Thr Phesbeu Thr 180 185 190 Va

Asn Asn Pro A n Cys Ile Leu Asn Lys Pro 195 200 <210> 16
Lys Gly Leu Phe Ser Glu Asp Tyr Ser Glu Thr His Tyr Ser Pro Asp

145 ‘ 150 155 160

Gly Arg Glu Ile Thr Thr Tyr Pro Leu Gly Glu Asp His Cys Tyr Tyr
165 170 175

His Gly Arg Tle Glu Asn Asp Ala Asp Ser Thr Ala Ser Ile Ser Ala
180 185 190

Cys Asn Gly Leu Lys Gly His Phe Lys Leu Gln Gly Glu Met Tyr Leu
195 200 205

Ile Glu Pro Leu Glu Leu Ser Asp Ser Glu Ala Hig Ala Val Tyr Lys
210 215 220

Tyr Glu Asn val Glu Lys Glu Asp Glu Ala Pro Lys Met Cys Gly Vval
225 230 235 240

Thr Gln Asn Trp Glu Ser Tyr Glu Pro Ile Lys Lys Ala Phe Gln Leu
245 250 255

Asn Leu Thr Lys Arg Gln Gln Arg Phe Pro Gln Arg Tyr Val Gln Leu
260 265 270 ‘

Val Ile val Ala Asp His Arg Met Asn Thr Lys Tyr Asn Gly Asp Ser
275 280 285

Asp Lys Ile Arg Gln Trp Val His Gln Ile Val Asn Thr Ile Asn Glu
290 295 300

Ile Tyr Arg Pro Leu Asn Ile Gln Phe Thr Leu Val Gly Leu Glu Ile
305 310 315 320

Trp Ser Asn Gln Asp Leu Ile Thr Val Thr Ser Val Ser His Asp Thr
325 330 335

Leu Ala Ser Phe Gly Asn Trp Arg Glu Thr Asp Leu Leu Arg Arg Gln
340 345 350

Arg His Asp Asn Ala Gln Leu Leu Thr aAla Ile Asp Phe Asp Gly Asp
355 360 365

Thr Val Gly Leu Ala Tyr Val Gly Gly Met Cys Gln Leu Lys His Ser
370 375 380



<211> 202 <212> PRT <213> Agki strodon contortrix <220> <223> Native

fi brol ase of Agkistrodon contortrix <220> <223> Xaa in position 1
represents the chenical conpound, pyroglutamc acid. This chenical

conpound referred to in the specification as the letter "E". <400> 16
Xaa Arg Ph%) BdHey n Arg Tyr Val Gn Leu Val Ile Val A a B\E'Huﬁﬁ"’éz 2 5 10 15
Arg Met Asn Thr Lys Tyr Asn Ay Asp SerlAsp Lys Ile Arg Gn Trp 20 25 30
Val Hs An lle Val Asn Thr Ile Asn Gu Ile Tyr Arg Pro Leu Asn 35 40 45
WO 01/ 25445 PCT/ USOQ 27029 -13 Ile GI n Phe Thr Leu Val Ay Leu Qu Ile Trp

Ser Asn val., Thr, Ser Val hH S Asp Thr Leu
Al a Ser Pheﬁ%lgs%l g% ggn %g Gg‘[sr aaI rl”El,lhrr-mALsFﬁl : AIE 0érg Arg @n

Arg H's Asp Asn Ala G n 85 90 95 Leu Leu Thr Ala lle Asp Phe Asp Ay Asp
Thr Val Gy TheweAl &laTyts cLhOQel By HIG Mad L& w1E NecMedn @S a6brelkeu Lys Hi s
Ser Thr Ay Val IIe GI n A8y 115 120 1254 s Ser Ala |l e4A8n Leu Leu Val
Ala Leu Thr _Met du 130 135 140 d H is Asn Leu Ay Met Asn
Hs Asp Gy ﬁﬁn‘“@‘ﬁ’ﬂg F£3 &§1G}§Fn j.glg'aci%dai %Mﬁ%rf‘eger Cys Val
Met Ala Ala Met Leu Ser Asp Gn Pro Ser Lys 165 170 i Leu Phe Ser Asp

Cys Ser Lys se¥SasAS@inl¥fo €6 riBrLeBhmhel 8¢ Ebf cVal ser1BR 185 a390myr
435 440 445

Gln Thr Phe Leu Thr Val Agn Asn Pro Gln Cys Ile Leu Asn Lys Pro
450 455 460

Xaa Ala Ala Ala Ser Phe Leu Glu Gln Lys Leu Ile Ser Glu Glu Asp
465 470 475 480

Leu Asn Ser Ala Val Asp His His His His His His Xaa Val Cys Ser
485 490 495

Leu Arg His Asp Cys Ser Ser Val Gln Val Gly His Leu Arg Glu Asp
500 505 510

Arg Ser Cys Xaa lle Leu Ile Lys Arg Met Ser Glu Cys His Leu Pro
515 520 525

Glu Arg Cys Arg Leu His Phe Xaa Tyr Phe Phe Ile
530 535 540

<210> 15

<211> 203

<212> PRT

<213> Agkistrodon contortrix

<220>
<223> Native fibrolase of Agkistrodon contortrix

<220>

<223> Xaa in position 1 represents the chemical
compound, pyroglutamic acid. This chemical
compound is referred to in the specification as
the letter "E".

<400> 15
Xaa Gln Arg Phe Pro Gln Arg Tyr Val Gln Leu Val Ile Val Ala Asp
1 5 10 15

His Arg Met Asn Thr Lys Tyr Asn Gly Asp Ser Asp Lys Ile Arg Gln
20 25 30

Trp Val His Gln Ile Val Asn Thr Ile Asn Glu Ile Tyr Arg Pro Leu
35 40 45



Asn Asn Pro A n Cys Ile Leu Asn Lys Pro 195 200 <210> 17 <211> 538 <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Anal og formof native pro-fibrolase of Agkistrodon contortrix
<400> 17 MadosgysPhe Pro Ser Ile Phe Thr Ala Val Leu Phegfi‘t@sﬁlﬁoﬁer Ser 1
5 10 15 Ala Leu Ala Ala Pro Val Asn Thr_.,othr Thr G u Asp u Thr Ala dn 20
25 30 Ile Pro Ala GQu Ala Vval Ile Ay TVF'Ser Asp Leu Qu Ay Asp Phe 35
40 45 Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gy Leu Leu 50
55 60 Phe Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Glu Qu dy Val 65
70 75 80 W&l 25445 sRETNISEY 271029y reldsiterid et Ged AsyiScv gsfd u Ala G u
Ala Ser Ser |le50le Leu Au Ser5585 90 95 Ay Ash Val Asn Asp Tyr G u Val

Val Tyr Pro_ Ar s Val Thr Pro 100 105 110 Val Pro Arg Ay Ala Val Gn
Pro Lys Ter%g %ﬁbr Aed e S E Hetryer HHB’*SPZ'B“ Lew gy Sp-Phhe Val Asn Ser
Gu Pro Val Val Leu H's Leu u Lys Asn 130'°135 140 Lys Gy Qeu Phe Ser

G u Asp Tyrasehnidaby BiG MrsAsLyLeﬁ%u Rr9 A%Peinl %@Q asbidy Arg Qu
Ile Thr Thr Tyr Pro Leu @y G u Asp His G@gs Tyr 165 gs70 175 Hi's Ay
Arg Ile Gu Asn Asp Ala Asp Ser Thr Al a Ser Ile Ser Ala 180 185 190 Cys
Asn Ay LeuSlygeglieu F}Iﬁg Phelleyssn &he @%gg @yyrAgg Ghivivel 1%%’ ksuyAla

Tyr Val Gly Gly Met Cys Gln Leu Lys His Ser Thr Gly Val Ile Gln

115 120 125

Asp His Ser Ala Ile Asn Leu Leu Val Ala Leu Thr Met Ala His Glu
130 135 140

Leu Gly His Asn Leu Gly Met Asn His Asp Gly Asn Gln Cys His Cys
145 150 155 160

Gly Ala Asn Ser Cys Val Met Ala Ala Met Leu Ser Asp Gln Pro Ser

165 170 175
Lys Leu Phe Ser Asp Cys Ser Lys Lys Asp Tyr Gln Thr Phe Leu Thr
130 185 190
Val Asn Asn Pro Gln Cys Ile Leu Asn Lys Pro
195 200
<210> 16
<211> 202
<212> PRT

«<213> Agkistrodon contortrix

<220>
<223> Native fibrolase of Agkistrodon contortrix

<220>

<223> Xaa in position 1 represents the chemical
compound, pyroglutamic acid. This chemical
compound is referred to in the specification as
the letter "E".

<400> 16
Xaa Arg Phe Pro Gln Arg Tyr vVal Gln Leu Val Ile Val Ala Asp His
1 5 10 15

Arg Met Asn Thr Lys Tyxr Asn Gly Asp Ser Asp Lys Ile Arg Gln Trp
20 25 30

Val His Gln Tle Val Asn Thr Ile Asn Glu Ile Tyr Arg Pro Leu Asn
35 40 45



195 200 205 Ile Qu Pro Leu Qu Leu Ser Asp Ser u Ala H's Ala Val Tyr Lys
210 215 220 Tyr Qu Asn Val Qu Lys Gu Asp Qu Ala Pro Lys Met Cys dvy Val
225 230 235 240 Thr @ n Asn Trp Qu Ser Tyr Gu Pro Ile Lys Lys Ala Phe G n
Leu 245 Asn Leu Thr Lys Arg Ser Phe Pro An Arg in Leu
Val Ile %01%5270 Val Ala Asp H's Arg.Met Asn Thr LysP y@s&@gozg y Asp
Ser Asp Lys 275 280 285 Ile Arg @n Tr'gl3\7al Hs An lle Val Asn Thr Ile
Asn Glu Ile Tyr 290 295 300 Arg Pro Leu Asn Ile G n Phe Thr Leu Val Gy
Leu u lle Trp Ser 305 310 315 320 Asn G n Asp Leu Ile Thr Val Thr Ser
Val Ser H s Aspeibhehd ebr Aed va3281,386: 338 19erTBhee:Chyn ASA aEbPLAr 9 G u Thr
Asp Leu Leu Arg sarg A n Arg Hi s 55340 345 350 AspstAsn Ala G n Leu Leu Thr
Ala Ile Asp Phe Asp Gy Asp Thr Val 355 360 365 Ay Leu Ala Tyr Val Qy
Ay Met Cys BenThreVel Jar 1568 ‘@%r Serhiisgage Ty heg7ilager \WBR (BLy 25845

PCTI USOQ) 27028 -15 Val Ile @&n Asp His Ser APa Ile Asn Leu L%u val Ala Leu
Thr Met 38 9 i Var i S5 Y, t Asn His
Asp Ay Asn5ré§ nzgrgig% 21:%8 A%%?%%u%tb gé; Gg’o‘y“% Izlisﬁﬁb IJSB%? Ag;‘?‘sc;l\l};alil Met Al a
Ala Met Leu Ser Asp 420 425 430 A n Pro Ser Lys Leu Phe Ser Asp Cys Ser
Lys Lys Asp Geprldy BhiTAta I185AspAthedAse Bhe AspurtithvalvValy Asn 3Asntro G n Cys
Ile Leu Asn Lys Pro X&8°Ala 450 455 48D Ala Ala Ser PAR Leu Gu G n Lys

Leu Ile Ser \gluGlg Hl}ﬁ%&gt I'C%g ﬁ%nLeuzlgés %ZQ SAéZSTh4r881y Val Ile Gln Asp
115 120 . 125

His Ser Ala Ile Asn Leu Leu Val Ala Leu Thr Met Ala His Glu Leu

130 135 140
Gly His Asn Leu Gly Met Asn His Asp Gly Asn Gln Cys His Cys Gly
145 150 155 180
Ala Asn Ser Cys Val Met Ala Ala Met Leu Ser Asp Gln Pro Ser Lys
165 170 175
Leu Phe Ser Asp Cys Ser Lys Lys Asp Tyr Gln Thr Phe Leu Thr Val
180 185 190
Asn Asn Pro Gln Cys Ile Leu Asn Lys Pro
195 200
<210> 17
<211> 538
<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sedquence: Analog form of
native pro-fibrolase of 2Agkistrodon contortrix

<400> 17
Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala Ser Ser
1 5 10 15

Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gln
20 25 30

Ile Pro ala Glu Ala Val Ile Gly Tyr Ser Asp Leu Glu Gly Asp Phe
35 40 45

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu
50 55 60

Phe Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Glu Glu Gly Vval
65 70 75 80



Ser Ala Val Asp Hs Hs Hs Hs His Hs Xaa Val Cys Ser Leu Arg 485 490
495 Hi's Asp Cys Ser Ser Val Gdn Val Ay Hs Leu Arg Qu Asp Arg Ser 500
505 510 Cys Xaa Ile Leu Ile Lys Arg Met Ser Qu Cys H's Leu Pro Gu Arg
515 520 5 rg Leu Hs Phe Xaa Tyr Phe Phe Ile 530 < > 18
<211> 602@3% <213> Agki strodon contortri x <220>P%i§‘§§@27&r9agrrent of
fibrol ase of Agkistrodon contortrix <4004-18 tact attgcc agcattgctg

ct aaagaaga aggggt at ct ct cgagaaaagagaggct ga60 agcttcttct attatcttgg

aat ctggtaa cgttaacgat tacgaagttgtttatccaagl20 aaaggtcact ccagttccta

9999t gct gt LAACH AR} L&A RIALIGCALI5RALAL13Q, CHaatiLaag gk tagcagt g
aaccagttgt cttgcacttg gaagmaaacaaaggtttgt$@40 ctctgaagat Bactctgaaa
ctcattactc cccagatggt agagaaattactacttaccc300 attgggtgaa gatcactgtt

act accat gg tcdgadshcidarmadsplyc t@aclalciel GeB60otArgt atscVel Tgctirgt aacg
gtttgaaggg tcatttcaag®k gcaaggt gaaat gttt 420 gattgaaéth ttggaatt gt
ccgactctga ggecgat get ot ¢f acaaghacgaa acg%4i&;8ucz%aa 1ggaa gat gaagccc
caaagat gtg tggt gttﬁcgc aaaacf‘gggaazcoa At gas 40" dccal £aag aaggccttcc
aattaaactt gactaagaga tctttcccacaaagatacgt600 ac602 <210> 19 <211> B16 WO

01/ 25445 FCELEIEe0rA 7024 asn Ber <Ah2ercD ¢21 32uAgli 5du QUOMygazhort ri x
130 135 140

lys Gly Leu Phe Ser Glu Asp Tyr Ser Glu Thr His Tyr Ser Pro Asp
145 150 155 160

Gly Arg Glu Ile Thr Thr Tyr Pro Leu Gly Glu Asp His Cys Tyr Tyr
165 170 175

His Gly Arg Tle Glu Asn Asp Ala Asp Ser Thr Ala Ser Ile Ser Ala
180 185 190

Cys Asn Gly Leu Lys Gly His Phe Lys Leu Gln Gly Glu Met Tyr Leu
185 200 205

Ile Glu Pro Leu Glu Leu Ser Asp Ser Glu Ala His Ala Val Tyr Lys
210 215 220

Tyr Glu Asn Val Glu Lys Glu Asp Glu Ala Pro Lys Met Cys Gly Val
225 230 235 240

Thr Gln Asn Trp Glu Ser Tyr Glu Pro Ile Lys Lys Ala Phe Gin Leu
245 250 255

Asn Leu Thr Lys Arg Ser Phe Pro Gln Arg Tyr Val Gln Leu Val Ile
260 265 270

Val Ala Asp His Arg Met Asn Thr Lys Tyr Asn Gly Asp Ser Asp Lys
275 280 285

Tle Arg Gln Trp Val His Gln Ile Val Asn Thr Ile Asn Glu Ile Tyr
250 295 300

Arg Pro Leu Asn Ile Gln Phe Thr Leu Val Gly Leu Glu Ile Trp Ser
305 310 315 320

Asn Gln Asp Leu Ile Thr Val Thr Ser Val Ser His Asp Thr Leu Ala
325 330 338

Ser Phe Gly Asn Trp Arg Glu Thr Asp Leu Leu Arg Arg Gln Arg His
340 345 350

Asp Asn Ala Gln Leu Leu Thr Ala Ile Asp Phe Asp Gly Asp Thr val
355 360 365

Gly Leu Ala Tyr Val Gly Gly Met Cys Gln Leu Lys His Ser Thr Gly
370 375 380



<220> <223> Fragnent of fibrolase of Agkistrodon contortrix <400> 19
t ccaatt aaact t gact aagagat ctttcccacaaagata cgtacagctg gttatcgttg60
ct gaccaccgt at gaacact aaat acaacggt gact ct ga caaaat ccgt caat gggt gc120
accaaat cotw@agagsat t aacgaaat ct acagaccact gaacatccaa ttca ho
ttggtttgga aatctggtccaaccaaatcttgatcaccgly tacttctgta tcccacgaca240
ctctggcat cctt cggt aact ggcgt gaaaccgacct gct “gcgt cgccaa cgt cat gat a300
acgct caact gct gaccgct at cgacttcg acggtgatac tgttggtctg gcttacgttg360
gt ggcat gt gt caact gaaacattctact ggtgttatcca ggaccactcc gctattaacc420
t gct ggt t gct ct gaccat ggcacacgaact gggt cat aa cct gggt at g aaccacgat g480
gcaaccagt gt daétgegiirgtemits Set gilgt Tiat g Legdeat Pt gla tegathe ast540
cat ccaaact gt3et ccgact gct ct ad§laagact acca gacdéftcctg accgtt ask’4600
acccgcagt gt . aaac ccqgc cittctagaa cagaaaact ca660
tct cagaagag%g% g%%i‘i@aﬁ%g%%?‘?%?%@a%%a?% Eﬁ%ﬁsga}ﬁ%a%pt g%g%rigg 8720
gccttagacat gact gttcctcagttcaagttgggcactt acgagaagac cggtcttgct 780
agatt ct aat caggaggatgt chgadd gesadelirt 086 #¥2402a20a Matlien k34 Rs5212> DNA
<213> Agki strodon coné®ftrix <220> &223> Fragnent ofi3fi brol ase of
Agki strodon contortrix <400> 20 tactattgcc agcattgctg ctaaagaaga aggggt at ct
ct cgagaaaagééﬁgpd:(?t oot (el FREt & i SYTerggYaaret i 28 GobtRacgat
tacgaagttgtttatccaagl20 aaaggtcact ccagttccta ggggfgctgt tcaaccaaag
t acgaagat gcaakotaaial bl agaakhcaddetl EaAGAILGLAAGCARE bBY xehtbgacttyg
gaaaaaaacaaaggt4sogtt 240 ctct gaaapat tactctgaaa ciepattactc cccagat ggt
agagaaat tact acttaccc300 attgggt gﬁa gatcactgtt actaccatgg tagaatcgaa
aacgat gct ga@tlgc%ﬁét SRE3ETR PF‘éFggcﬁ tLlﬁcP?‘gtIéaé‘qr it Gader) Lee aont caag
tt gcaaggt gadargt act t 420 gat t*d8acca ttggaatt dt'>ccgact ctga agctat get
gt ct acaagt a%@%ﬁcﬁélllggp His His His His His His Xaa Val Cys Ser Leu Arg

485 490 495

His Asp Cys Ser Ser Val Gln Val Gly His Leu Arg Glu Asp Arg Ser
500 505 510

Cys Xaa Ile Leu Ile Lys Arg Met Ser Glu Cys His Leu Pro Glu Arg
515 520 525

Cys Arg Leu His Phe Xaa Tyr Phe Phe Ile
530 535

<210=>
<211l>
<212>
<213>

18

602

DNA

Agkistrodon contortrix

<220>

<223> Fragment of fibrolase of Agkistrodon contortrix

<400> 18

tactattgece
agcttettct
aaaggtcact
cgaattcaag
ctctgaagat
attgggtgaa
ttctatetet
gattgaacca
cgaaaaggaa
accaatcaag
ac

<210> 19
<211> B16

agcattgctyg
attatcttgg
ccagttecta
gttaacagtg
tactctgaaa
gatcactgtt
gcttgtaacg
ttggaattgt
gatgaagccce
aaggccttcc

ctaaagaaga
aatctggtaa
ggggtgctgt
aaccagttgt
ctecattacte
actaccatygy
gtttgaaggg
ccgactctga
caaagatgtg
aattaaactt

aggggtatcect
cgttaacgat
tcaaccaaayg
cttgcacttyg
cccagatggt
tagaatcgaa
tcatttcaag
agcccatgcet
tggtgttacce
gactaagaga

ctcgagaaaa
tacgaagttg
tacgaagatg
gaaaaaaaca
agagaaatta
aacgatgctyg
ttgcaaggty
gtctacaagt
caaaactggg
tctttcecac

gagaggctga
tttatceaag
ccatgcaata
aaggtttgtt
ctacttaccce
actccactge
aaatgtactt
acgaaaacgt
aatcatatga
aaagatacgt

60

120
180
240
300
360
420
480
540
600
602



cacaaaggaa gat gaagccc
accaat caag aaggccttcc
acagctggtt atcgttgctg
cacc
gttg
ttctgtatcc cacgacactc
t cgccaacgt cat gataacg

tggt ct ggct tacgttggtg
ccactccgct ajiaagat gc

aat ccgt ca
catccaattc

gggt at gaac
tatgctgtcc
cttcctgacc
t ct agaacaa
tcatcattga
agaagaccgg

acC

aattaaactt
accaccgt at
aaat cgt caa
gttt ggaaat
tggcatcctt
ct caact gct
gcatgtgtca
t ggt t gct ct

caaagatgtg tggtgttacc
gact aagaga
gaacact aaa
caccattaac
ct ggt ccaac
cggt aadPgg
gaccgctatc
act gaaacat
gaccat ggca
eangakdfygsaroase aghgd@aict gcggt gca
gat caaccat ccaaactgtt ctccgactgc
gtilracaacc cgcagtgtat cctgaacaaa

caaaact gggaat cat at ga540
tctttcccacaaagat acgt 600
t acaacggt gact ct gacaa660
gaaat ct acagaccact 0
caagatttgatcgggﬁFﬁﬁgééo
cgt gaaaccgacct gct gcg840
gacttcgacggt gat act gt 900
tctactggtgttatccagga960
cacgaact gggt cat aacct 1020
aactcctgtgttatggctgcl080
t ct aagaaagact accagacl1140
ccgt aagcggccgecagett 1200

a3%ict TRErtntc A fAgERIgas 1aft e Epdon cegte A€ at cat cat cal260
g%§£g£@gcc ttagacatga ctgttcctca gttcaagttgggcacttacgl320
Leda0tda308 b &laRB £ARGRU0ALAL LR BAUL0LLRE LS JEd3 Edery

ctgaccaceg
accaaategt
ttggtttgga
ctctggeate
acgctcaact
gtggecatgtyg
tgctggttge
gcaaccagtg
catccaaact
aceccegeagtyg
tctcagaaga
gccttagaca
agattctaat

<210>
<211>
<212>
<213>

20
1373
DRA

<220>
<223>

<400> 20

tactattgece
agcttcttct
aaaggtcact
cgaattcaag
ctebgaagat
attgggtgaa
ttctatctct
gattgaacca
cgaaaaggaa
accaatcaag
acagctggtt
aatcegtcaa
catccaatte
ttetgtatcee
tcgecaacgt
tggtctgget
ccactecget
gggtatgaac
tatgctgteco
cttcctgace
tctagaacaa
tecatcattga
agaagaccgg

tatgaacact
caacaccatt
aatctggtcc
cttcggtaac
gctgaccget
tcaactgaaa
tctgaccatyg
tcactgcggt
gttctccgac
tatcctgaac
ggatctgaat
tgactgttcc
caagaggatg

agcattgctg
attatcttgg
ccagttceccta
gttaacagtg
tactctgaaa
gatcactgtt
gettgtaacy
ttggaattgt
gatgaagcce
aaggecttec
atcgttgcetyg
tgggtgcacc
actttggttg
cacgacactc
catgataacg
tacgttggtg
attaacctge
cacgatggca
gatcaaccat
gttaacaacc
aaactcatct
gtttgtagece
tcttgctaga

aaatacaacg
aacgaaatct
aaccaagatt
tggcgtgaaa
atcgactteg
cattctactg
gcacacgaac
gcaaactcct
tgctctaaga
aaaccgtaag
agcgccgteg
tcagttcaag
tcagaatgce

Agkistrodon contortrix

ctaaagaaga
aatctggtaa
ggggtgetgt
aaccagttgt
ctcattacte
actaccatgg
gtttgaaggg
ccgactctga
caaagatgtg
aattaaactt
accaccgtatc
aaatcgtcaa
gtttggaaat
tggcatcett
ctcaactgect
gecatgtgtea
tggttgctet
accagtgtca
ccaaactgtk
cgcagtgtat
cagaagagga
ttagacatga
ttectaatcaa

gtgactctga
acagaccact:
tgatcaccgt
cocgacctget
acggtgatac
gtgttatcca
tgggtcataa
gtgttatggce
aagactacca
cggecgecag
accatcatca
ttgggcactt
atttgc

aggggtatcet
cgttaacgat
tcaaccaaag
cttgecactty
cccagatggt
tagaatcgaa
tcatttcaag
agcccatget
tggtgttace
gactaagaga
gaacactaaa
caccattaac
ctggtccaac
cggtaactgg
gaccgcectatc
actgaaacat
gaccatggca
ctgcggtgea
ctecgactge
cctgaacaaa
tctgaatage
ctgttcetea
gaggatgtca

caaaatccgt
gaacatccaa
tacttctgta
gegtegecaa
tgttggtctyg
ggaccactcc
cctgggtatg
tgctatgctg
gaccttectg
ctttctagaa
tcatcatcat
acgagaagac

Fragment of fibrolase of Agkistrodon contortrix

ctcgagaaaa
tacgaagttg
tacgaagatyg
gaaaaaaaca
agagaaatta
aacgatgctg
ttgcaaggtyg
gtctacaagt
caaaactgygyg
tcttteccac
tacaacggtg
gaaatctaca
caagatttga
cgtgaaaccg
gacttcgacg
tctactggtyg
cacgaactgg
aactcectgtg
tctaagaaag
ccgtaagcgg
gccgtogace
gttcaagttg
gaatgccatt

caatggatgce
ttcactttgg
tceccacgaca
cgtcatgata
gcttacgtty
gctattaacc
aaccacgatg
tccgatcaac
accgttaaca
caaaaacktca
tgagtttgta
cggtcttgcet

gagaggctga
tttatccaag
ccatgcaata
aaggtttgtt
ctacttaccc
actccactge
aaatgtactt
acgaaaacgt
aatcatatga
aaagatacgt
actctgacaa
gaccactgaa
tcaccgttac
acctgctgeg
gtgatactgt
ttatccagga
gtcataacct
ttatggetygce
actaccagac
ccgccagett
atcatcatca
ggcacttacg
tgc

60

120
180
240
300
360
420
480
540
600
660
720
780
816

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1373



