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Background of the Invention

Fibrolase is an enzymatically active
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
al., Archives of Biochemistry and Biophysics, Volume
285, Number 2, pages 197-207 {1951). 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.

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.,
Protein Science, Cambridge University Press (1992),
pages 590~600, and European Patent Application No.

0 323 722 (Valenzuela et al.), published July 12, 1989.
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The NAT polypeptide of this invention provides
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Brief Description of the Figures

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 méture polypeptide
{non-underscored) .

Detailed Description of the Invention

20
NAT may be produced by recombinant expression

of 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
yeast, as will be explained in greater detail further
below. '

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



5 (e.g., E. cols) strain as the host. Besides the nucleic acid nol ecul e of
SEQID NO 2, also utilizable are degenerate sequences thereof which
encode the s3RUESMFpepti de. The present 10 invention al soPESHESMAW nucl ei c
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Har bor Laboratory Press, Cold Spring Harbor, NY (1989) and/or Ausubel et
al., editors, Current Protocols in Ml ecular Biology, Geen Publishers
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polypeptide, such as sequences encoding altermative
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). A
DNA molecule encoding the polypeptide or truncated

30 version thereof may be obtained, for example, by
screening a genomic or cDNA 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 (S). Alternatively, a DNA
molecule encoding NAT may be prepared by chemical



artisan, such as those described by Engels et al. in Angew. Chem Intl.
Ed., Volune 28, pages 716-734 (1989). Typically, the DNA will be several
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suitable host cell. The vector is selected to be

functional in the particular host cell employed (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 vectors 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 also contain a
"tag" sequence, i.e., an oligonucleotide sequence
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pol ypept i de- cqgidifsaa$€quence that encodes pol yH s (such as hS7a0C "
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epi tope, for which antibodies, 5 including nonoclonal antibodies, are
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can serve as an affinity tag for purification of this polypeptide fromthe
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Amplification of ect.or certain copy n can, I'n sone cases,
be 30 inportant f%r® %’pﬁcltﬁ%ﬁ? B?%?’éla:ﬁeon of NAT. If the vector of choice
does not contain an origin of replication site, one may be chemcally

synt hesi zed based on a kngyg §e%%§gngaggq&é}fgg lxriagaﬁgdtﬁé'tzi)atti% yector.

flanking sequence, or it may be homologous (i.e., from

15 the same species and/or strain as the host cell),
heterologous {(i.e., from a species other than the host
cell species or strain), hybrid {(i.e., a combination of
5' flanking sequences from more than one source), or
synthetic. The source of the 5' flanking sequence may

20 be 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 vector
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



35 The transcription termnation elenent is typically located 3 to the
end of the pol ypeptide WD 01/ 25445 PCTI USOQ 27029, 7 coding sequence and
serves tove@ ate transcription of the xRNA UBuaVIy?cPH%mﬁwgﬁscription*
termnation element in prokaryotic cells is a GCrich fragment followed
by a poly T sequence. Wile the elenentgis 5 easily cloned froma library
or even purchased commercially as part of a vector, it can also be readily
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host cell$, awsidgorponad forem midireay posever|purchasedconpl enent

auxp]t rglphi ]? %’egclgag;h_gsggfpgf@ ?:galal Vgggggp){?%{ 3a|1c§d tbecal n]lc.lt rients not

avai | abl e from conpl ex ia. Preferr sel e e Lkers for use in

prokaryoti c i 5?1’“%?%1??1‘5 W&E‘Pﬁ%%@%‘?é g%e%rgélr‘f‘e,l%?ﬁe ampicillin

resi stance geaxeid aydthkeisetracycline resistance gene. The ribosome binding

el emrent, commonly called 25 the Shine-Dal garno sequence (for prokaryotes)

or the Kozak sequence_ (for eu otez}, i s necessary for the_ initiation
ie%F oIy L>c/

of transi®tion of nRNAR #f azrker; gene elemens. encedes By ¢ he
pronot er and Srotein hecessdingfeequencarvivaheand| g ¢f eohpst

synt hesi zed. .§Qlirr%o%i BE- Pakgpi o REPUERGLe| RedBih ed TPidad typically a
pol ypurine (Iégiéctfag ggrﬁegl8Qné§(2ﬁggyéegggte§ggythat: (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 ribosome binding element, commonly called

25 the Shine-Dalgarno sequence (for prokaryotes) or the
Kozak sequence (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-Dalgarno 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



Shi ne- Dal garno sequences have been identified, each of which can be
readily synthesized using nethods set forth above and used in a
prokaryotic Y8345 The 35 Kozak sequence typically incl ud%gr’g%'%@%es

i mmedi atel'y before and after the initiating codon. A preferred WOV25445
PCT/ USCO/ 27029 - 8 Kozak sequence is one ghat is associated with a high
efficiency of initiation of translation at the AUG start codon. 5 In those
sl L 'io?%%'é chdl OESNQ% &PAtth%p% dsci t%)cﬁ “?‘%%Ir gt d ﬁromthe
host cell, a signhal "sequence fray be USed drrec pep I'de out of
the host cell wheEéi¢ienay ﬂfnﬂnét‘rﬁ@epn Bhitzansjatior at5| aF*Uﬁequence i s
positioned in thetgedi ¢wdregi on of 10 nucleic acid sequence, or directly at
the 5° end of the coding region. Many signal sequences have been
identified, and any of themthat are functional in the selected host cell
may be used hBre. Consequéint lthoseheases gimsireséquescdesimpbile fondiadfous or
het er ol ogous to ;élwspméf&%pbbdgecmci If%al l:ue hde %eqaal aSgayenCce my

be chem cally synthesized using rret hods_referre abovy After_the
vector has been ESFRERTR WY Bfduged %P fHasstc EEIWW%% PHEe?t ed int o
t he proper site ahe hhst \k&dtlomherheltarmlamdesézem Mypikelipsethed into a

sui tabl e ost Celliohl AIddCal! o At pAl VRENdlng eXBiEssien. 25 s

menti oned, host ce e prokaryotic _ (such as E.  cail) "qr g_ukaryot iC
(such as a yédst “ugffic 2t meauenesd |oF &H&%ﬁ@bﬂa}% 5ceIeF He*host
cell whet her | coliényecessticor. sMary cdiwgralhestmenben leute &ueed under

appropri ate condijgRPSs LA SWA BRST g8 N ¥WBtChre functional in the

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

15 the polypeptide. additionally, the signal seguence 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 subsequently 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.



30 catn su_bsequentlﬁ be gol | ected fromthe culture medium (if the host cell
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(if it sWOM/25483 ¢ 1 et ed). After collecti gn, NAT pol yﬁeptl esgtg%ﬂ e )
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structure (e.g., proper orientation of 5 disulfi , etc.). such that
bi ol ogi cal | y gé?ﬁ?epa%t% whether,fhs manney, ’t‘hé’ %0?1@5 %]ven wher e

t Pgl QOZE c]galtl 1aoest1ﬁ0¢o swtmmsme- lﬁnabogtsatdt;a.mtsewndHEyeandl it may be
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S nese c The
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are known in t 1a@9 éﬁéiﬁrcaiiwcbﬁhhewﬁ@’lméucﬂﬂ a§9|dne|sl BRatasee t he nonkey
Cos 1 anq- COs- | I nes, the CV;1 ceII J e ri ?gg exenpl ary
mammal i an ﬁostkr{?é”lnl §°| ]E‘P%%Iés &" EBF) 3F} nes Tan %e céll Iines,

i ncl udi ng t r ansfoperedoldehy damée 1Mem¢ddfnp¢rm@%éa|°§ thaf|l strains
derived 25 frqul% b By Calkd e Rl RhbIBRYS théGt@btained.l as prinmary

explants, are so sultable. Candidate cells
Suitable host cells or cell lines may be

15 mammalian cells, such as Chinese hamster ovary cells
(CHO) or 3T3 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.

20 Other suitable mammalian.cell lines are the monkey COS-
1 and COS-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

25 from in vitro culture of primary tissue, as well as
primary explants, are also suitable. Candidate cells
may be genotypically deficient in the selection gene,
or may contain a dominantly acting selection gene.
Still other suitable mammalian cell lines include but

30 are not limited to, Hela, mouse L-929 cells, 3T3 lines
derived from Swiss, Balb-c or NIH mice, BHK or HakK
hamster cell lines.

Also useful as host cells are bacterial
35 cells. For example, the various strains of E. coli
(e.g., HB10l, DHSa, DH10, and MC1061) are well-known as
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above. The host cells containing the vector may be
Insertion (also referred to as
"transformation” or "transfection®) of the vector into
the selected host cell may be accomplished using such
15 methods as calcium phosphate, electroporation,
microinjection, lipofection or the DEAE-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 RPMTI
30 1840, 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.
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NAT produced iIfaFEaRGE: ™2 B G FERRTECIR i 1P T 2RGEr d T8t hods
known in the corpousdchdded herlsthienciuldarenwnefiam Wikl thet ikamamwésnern bl ot
anal ysi s, SDS-pol yacryl am de gel el ectrophoresis, non-denaturing gel

el ectrophagresis, HPLC separation i noprecipj tation, and/ activity
Sseays Sucih as DNA by nahagaR AT NalC BIOBCEd e Ehe Rosl E28H from t ho
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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 orxr
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 techniques. 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
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no tag and no antibodies are available, other well
known procedures for purification can be used. Such
procedures include, without limitation, ion exchange
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,
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
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
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 (Cregy) and 4,837,148
{Cregg), the disclosures of which are incorporated
herein by reference.
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(nucl eoti des sequence). The expression of fibrolase in such a
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 784-1352).

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
soluble so that the NAT polypeptide to which it is
attached is miscible in an agqueous environment, such as

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

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



15 1-783) .in addition to the "mature" polypeptide (nucleotides 784-1392).
Chem cally modi fied versions of NAT in which the polypeptide is linked to
a pol yner or BPUEPS440 nplecule to forma derivative in or d@CTUIEINf y
properties are also included within the scope of the present invention.
For human t herapeutic purposes especi al I_y,ui' t may be advantageous to
derivatize NAT in such a manner by the att'achnent of one or nore other 25
chem cal noieties,t.q.the.pol tide noiety. Such _chem,cal noi.eties my be
| BiEoRt s dom

sel ected from anolfy 8 SFUBFRAYD | SArdiPR T FRAB FSRRIWTERS Ul d be
wat er  sol ubl e sofsdmtfurtthbeNArelmw yeopriiegt Dasdeonc moilecues bt tamshed i s
mscible in an acy8a4ysneBYi in?qc?ygglf&rﬁ, ehPbiralg1gwh onment .
The wat er sol ubl e pol yner Wse eg ed from.the rg%g consi sting of,
for exanple, pol ‘ﬁée@ﬁeg OMOBRoVPHET 5 Rﬁlﬁ@mglf € glycol / propyl ene
gl ycol , car boxynet:hiderelithyl ese, oxidiex coanplyodnw,i ppllyakyetinylatsd yvi nyl

pyrolidone, 35 p - dj,g étﬂﬂf‘eéaeﬂﬁhlé'@ a3 d'l?g,qﬂ 1 afddhdene/ malefic
anhydri de copol y%‘%i,’}"pl%r gmﬁrﬁ.oam s WO 2235145&% 13 00a27029 14 (either

honopol yners or  rBRtsHLeR8 6o RroBh 8PS HEsbydes BaY R Yher bel ow
regardi ng fusi on da=etiages) in anchu fdexutrang ofup oy (Bsvebybility in

pyrol i done) pol yet‘pé/lj' gne glycol, propylene glycol honopol yners,
pol ypr opyl ene 5 oxi del et hyl ene oxi de co-pol yners, pol yoxyethyl at ed

pol yol s, pol ¥ yrenenal eate and pol yvi nyl al cohol. Pol yet hyl ene gl ycol
propi onal denhyde may have Thé\sslyageSmaft bant asiumblgoaler twiight, stability

in water. 10 and may be branched or unbranched. For polyethylene

glycol, the preferred molecular weight is between about
2 kilodaltons (kDa) 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
biclogical 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 vary, as will their concentrations in
the reaction mixture. In general, the optimum ratio

35 {in terms of efficiency of reaction in that there igs no
excess unreacted polypeptide or polymer) will be
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attached tHematology, Volume 20, pages 1028-1035 (1992)
(reporting the pegylation of GM-CSF using tresyl

15 chloride). By way of illustration, polyethylene glycol
may be covalently bound through amino acid residues via
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
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different types of primary amine groups {lysine versus
the N-terminal)} available for derivatization. See BCT

15 application WO 96/11953, published April 25, 1986.
Under the appropriate reaction conditions,
substantially selective derivatization of NAT at the
N-terminus with a carbonyl group containing polymer is
achieved. TFor example, one may selectively

20 N-terminally pegylate NAT by performing the reaction at
a pH which allows one to take advantage of the pKa
differences between the e-amino group of the lysgine
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
polypeptide. Polyethylene glycol propionaldehyde,
containing a single reactive aldehyde, may be used.

35
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encompassed within the invention are pharmaceutical
15 compositions comprising effective amounts of NAT
together with pharmaceutically acceptable diluents,
preservatives, solubilizers, emulsifiers, adjuwvants
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
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accordance Wyy@pjsides Nvention may be fornmulated for in viyayeanmr
adm ni stration, and nost preferably via intra- thronbus (i. €., via
| ocal i zed delivery directly to the 5 site of the clot in the blood vessel,
e.g., as by catheter). System c delivery-imgnormally not preferred due to
the Iikelihood that innate a2 macroglobulin in the general circulation may
pai 111G 10 ol of Lanla s thueuor L hora rabty ¢ doierRink Phe OB, o
i mpairing 10 cl ot Si S. wever ere na ] Wh |
agunts gf NAT caﬂe%eonﬁfeﬁuﬂ?c# est&ee?gam%ce‘étﬁr SOPRESHEYRR SHigtsta2
macrogl obul i n, thim Wit i pg issicamiseyadysnent r andowhendinelsefaly. | n
general,  enconpageRhvdoRbD & dry Gt wwlsﬁog.h%nﬁgsgiﬁgaﬁ% 15
conposi tions %f risin e&gectlye amount s, of ~ together-w th
phar maceuticaldy ‘t“laé’;ig'ab e FFIHRS PrapELkEonaK i FoRsigdering |theers,
emul si fiers, adj utkertepeuand/ contosxty,i eype BF diﬁdﬁﬁ@&:Mﬁdé&ﬁmﬁééﬁyéhtUeant
amount sufficient Juhedu ; ABASUY i [ e _.(i..e., a
t hronbol ytically aeéc?ect i \%e?gprr%lu_nt %mfgﬁlcglé%f g%:ﬁ.gl. r%%sfgiéf&% h%sqﬁr§%&ncl ot
clots being treREWET FOBLRAIFIEhoNATURfRe pefaxnt .hityrigabliri f4 ed 25 form
and any phar rrace@iam&litd.onpnsﬂriilora&ﬁhﬁlﬁtuﬁeﬂueﬁ?{A’I‘E bextn_ﬁeéiﬁ/iﬁﬁy u\hﬁhll;?' e }M I
rmal |y be presteridd.zed:fo . iLLtration r sterile
??I tratiyon %eosrbr%ndecjsﬁaégol,%w{‘ee%%%a é:g‘g?naﬁléebaerst t\'LPVIe| e%’ér%c_%lfa §*© ascertain
ef fective dosages!inf-add¥ftStohttibenbared eketrvi Fhet Aempesitiah mazr apeut i c

effect. Particul dse efdmolsveresrs awsihble tdise,r 3R08sVWekd Slepprd on the
doses (which may or may not contain the same amount of
polypeptide} over time, or on a continuous basis.

or

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 likelihood 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 (1981).

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 1limited to rabbits, mice, rats, etc. Various adjuvants



parti cul ar di sorder or condition being treated, as well 35 as the age and
gener al ‘h § the recipient, and can be determ ned pagd clinical
procedures re WD 01/ 25445 PCT/US00127029 18 possible, 1t wll be
desirable to det erm ne the dose- response curve of the phar maceut i cal
conposition first in vitro, as in biocaskay systens, and then in useful

ani mal nodel systens in vivo prior to testing in 5 humans. The skill ed
practitioner, nﬁ?nﬁédﬁédlg:id hexclrtebfereaﬁnutimwmo@itcat}t )taepehsdisorder under
treat nent, el .ca 1 e scertain proper
dosing wt hout&%ﬁ%’é‘El tthe % %l%%%%g és, u%ca{tc"t%%’t %o%élrt WPHl adni nister the
NAT conpositi damiEed| tqd‘%eta&égemngerébcgeﬁs tewgh é@hﬁémnFMe desi red

effect (i.e. nydyeksaef (éhﬁu)bl @egrakbet et i mcblsoluaﬁYasbe

adm ni st er dﬁ smle do Qr, _as iwo or rrog"y oses %V\/@% may or nmay
not cont ai a58 5{ °n6'8l PRE¥P 1 %ie)P @lm't" , PGP5%%% conti nuous
basis. 15 NATmayeahtmw.uémeegémmpatdlmms in accordance with
standard neth 1t'rr!9ﬁhé£61 b%lideiot@mflgflf%é’é‘ﬂtﬂn"Hmnaﬂoaeﬁ{:{? e rove the

reconbi nant, chiperic hai n and eci

20 |i kel i hood S¥€ pFBd%‘?:‘F’r?glear?allm?ﬁﬁg FBE{) s?é“ﬂS q?éyé‘ﬁi’ﬁﬁteﬁéﬁ"ﬂ sequence of
NAT can be angdayzras.to identify portions of the nolecule that may be
associ ategdgwi th increased inmmunogenicity. For exanple, the am no acid

sequence nmay be subjected tqQ conputer analysis to 25 identi surface
epi topes, such as in actdr é’%"?ﬁati‘ﬂ‘é %ét’?ﬂf’(?c&l" p82k ﬁ%g
Proceedi ngs ofdiiveeteflatowaal NATademy becloiane ovhliSh pYovides780r pages 3824-

3828 (1981). the production of antibody molecules by continuous cell

lines in culture may be used. For example, the

15 hybridoma technique originally developed by Kochler and
Milstein which is described in Nature, Volume 256,
pages 495-497 (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 tc 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 bod& fluid, tissue
sample or other extract, in accordance with known

diagnostic methods.
35



30 Various procedures known in the art can be wused for the production of
pol ycl onal antibodi es which recognize epitopes of NAT. For the production
of anti bodyWwoet?s44tus host animals can be i mmuni zed by | rBCHAIS0MIT028 t h t he
pol ypeptide, including but not 35 limted to rabbits, mce, rats, etc.
Various adj uvants WO 01/ 25445 PCT/ US00127029 - 19 may be used to increase
t he i nmunol ogi cal response, depending on 2he host speci es, including but
not limted to Freund's, mneral gels such as alum num hydroxide (alum,
surface active substancesl28g§eririian |ofcSpgeifig FMDOAIMERES pol yol s,

pol yani ons, peptides, oil enulsions, keyhole |inpet henocyanins,

di ni trophenol, and potentially useful h n_adj uv. acille

Cal nette-Guerin and Corynlg§50¥% ?nﬁt onpég\rlrg’ﬁ{&i &ﬁlﬁk‘\%ﬁgggrggp%?a in of
nmonocl onal ant i bfeflkowingi exampdes oward NAT, any techni que whi ch provides
for the prodsiction of antibody nolecules by continuous cell lines in
culture may be used. For exanple, the_15 h¥bridona technique originally
devel oped by Kohler and M/ stein whi cribed in Nature, Volune 256,
pages 495-497 (1975), as well as the trioma technique, the human B-cel

hybri doma t echni que describedIﬂ%ilggﬁgggaghmgiﬁﬁhﬂghﬁgunoIogy Today, Vol une
4, page 72 20 (1983), and the -hybridoma technique to produce

nonocl onal anti bodi es described by Cole et al. in "Monoclonal Antibodies
and Cancer Therapy", Al an’AR effessivd mey, tpagesdite F8bf0285¢, imrte al |

useful for prepgratiqn ;of ;qpnoe] apals gRLLPosissdde accondance with 25

this invention.

cleavage by the protease kex-2 occurs at the junction
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 (...TKRiQQRF...).

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. Since kex-~2 cleaves after two
adjacent basic amino acids as mentioned, it was

35 anticipated that the sequence (...KRRF...} would



The antibodies of this invention can be used therapeutically, such as to

neutralize or inhibit excess anount gcpysddPtezbn Vi vo 30
after adm nistration. The anti bodies can further be wused for diagnostic

to detect the presence of NAT in a body

bind to angolessdy

pur poses,

such as in | abeled form

fluid, tissue

met hods.

sanpl e or other extract,-i2l accordance with known di agnostic
35 WO 01/ 25445 PCT/USOONn7C29 20 Description of Specific

Enbodi nent s Thprbséﬂﬂtémnaﬂhidhmdsheﬁtélfustkeﬁ{ﬁidhtabhge fol |l ow ng

exanpl es.

5 Exal

R‘?“é&?é 2L ehni NAT gfgfl e ro;?%ﬁgcgéﬂwy to

pr oduce flbrolase |s o ress 1t rniti
cl eavage by th&ngesiiaged W‘? G@éuF?Pﬁﬁc?‘ﬁé"’ﬁﬂh@c ﬁﬁ%’m&f (Bhe "prepro" and

"mature" regl OResiguyi €b drediiln agu thkl Ye@iénde (ML.KRSH. .(}UatThe"

fibrol ase).

preprofibro
medi um The act@mdhosagifrdiich fagdlishtasdeFvhaliegvage when TKR~QORF. .
20 Kex-2 is anRedenr ohease diﬁamahaavsﬁaéféﬁrthé wd@d_yessnh@@m c amno

acids, in this
DNA having th
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~ As 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
codon for "S", 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
PCR reacﬁions were carried out using oligos 1 and 4 as
one primer pair and oligos 2 and 3 as another primer
pair, both with DNA of the parent géne’as the template.
The DNA products of these two reactions (601 and 815
nucleotides in length) were purified by agarose gel
electrophoresis and combined to serve as a template in
a second round of PCR using oligos 1 and 2 as the
primer pair. This f£inal PCR product (1372 nucleotides
in length) was cleaved with restriction endonucleases
XhoI and NotI. The digest was deproteinized with
phenol/chloroform and DNA precipitated. A portion of
the recovered DNA was ligated into the plasmid pPICZC
(Invitrogen, Carlsbad, CaA, Catalog No. VI95-20), which
had been similarly cleaved with restriction
endonucleases XhoI and NotI, enzymatically
dephosphorylated, and deproteinized with

e 1 n which

) -

25 under gone deam dati on and

T I e

gl utai, npag€} ?Qﬁﬁ]ije(ﬁaasbn fact
cyclizatiopgto generate pyroglutamc acid (E). This chem cal nodification



deened undesirable, since peptides with an N-term nal cyclized gl utam ne

(pyrogl utam ' esidue fail to react in the Ednan de |
C"‘@W%‘g %ﬁﬁ%@d’g ut am ne

procedure for acid 30 sequencing. Accordingly, both

(Q residues at the NNtermnus in the sequence for mature fibrolase were
deleted, resulting in an NNterm nal arginige_(R) residue. Since kex-2

cl eaves after two adjacent basic amno acids as nentioned, it was 35

anti ci pated thal S OBHERRSEdem - KRIRE. sullsdfidl Y001/ 464 S RCTLHSOD 27029

21 present an arbi guous site for kex-2, cleavage..  ,Accordingly, _the
N-terninal argi nif ERFOFERIIUE oAV BFREST | ﬁ@&lébﬁmeﬁés&’r &Faced with
a serine (S) resmagivalt QInebttdgdn Cobp. setptaricgy (o. . KRBE0-01).. Tie5 choi ce
of serine was ba n.th tQ i ' [ izch
facilitates kex-?‘%ﬁgé\?%gge%%% gﬂ%&%ﬁ%&%ﬂ@%ﬁg?gﬁ&%ﬂ;;ﬁe of the
hydolysis sit& ¢cl & eleatropoEiatdprannd oipkasitess for ctwer el 0 vol unme
2217, p?_ggs |707'7%dclﬁg§¥:ptaﬂzﬁr&8.s%lﬁ.alsidézﬁialh@h%l&eﬂi@fw&for
preprofibrol ase was ifie sitesdirecte t agepe t

N-termnal codi nglsr°e%%8ﬁ ?%? %}/ﬁ Err@% B??ﬁ%%eegtq]énsgggt%%g%%égggodons f or
"QOR' with a 15 d@domsempencylg. ydhegriasnit sl 1RORaPEDED Y ClEpydng
rfe,sulti nlg i?, premp&%dzeaeﬂ@gi&hﬁi@ashama&wtm aﬂaetrl@i tsaad bslf:arﬁisa 3a The
ol i gonucl eoti des used t.0.prine e actio i sted.be] ow, an

t hei r honol o vt 5P tptﬁé’hgﬁrﬁ%?tosrel(fuggaggﬁs al s@ﬁ%ﬁdo > Isrtn:F ial Té;, two 20
PCR reactions werromwilivelisut sasthg bid gesotypadvas aestomedpbymer pair and

?Ihi g?s 2I a[ld 3 astaipirdefna PLARF1 t 0@l DNADPSSKrd (RPN thd&rin@ @Phegene as
e tenpl ate.

\J

version of the his4 gene. Alternatively, a his’ strain
can be obtained commercially from Invitrogen Corp. (X-33

15 cell line, Catalog No. Cl80-00). Integrants were
selected as zeocin-resistant colonies. Candidate
clones were induced in methanol-containing media, and
the broth was assayed for NAT production on 4-20% PAGE,
using Coomassie staining.

20
The oligomucleotides used for site-directed
PCR mutagenesis were as follows:
0ligo 1 5’ -TACTATTGCCAGCATTGCTGC-3 " {SEQ ID NO: 8)
25
Dligo 2 5’ -GCAAATGGCATTCTGACATCC-3! {SEQ ID NO: 9)
oligo 3 (SEQ ID NO: 10)
5‘ -TCCAATTAAACTTGACTAAGAGATCTTTCCCACAAAGATACGTAC-3
30

Oligo 4 (SEQ ID NO: 11}
5/ -GTACGTATCTTTGTGGGAAAGATCTCTTAGTCAAGTTTAATTGEG-3 !

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



The DNA products of these two reactions (601 and 815 nucleotides in

| engt h) fied by agarose gel 25 el ectrophoresis_and conbined to
serve aswgasgﬁgfate in a second round of PCR using o||5S§“?W3HH 2 as the
primer pair. This final PCR product (1372 nucleotides in |ength) was
cleaved with restriction endonucl eases gxhol and Notl. The digest was
deproteini zed with 30 phenol/chl orof ormand DNA precipitated. A portion of

the recover egPoNA gﬁ%@%!*” gl nvitrogen,

Car | sbad, CK% Catgrgg -2%% g&ﬁlgﬁﬁgﬁggnggkﬁnghlIarly cleaved with
restriction &PIERSEPRELRG aMislo acadnGeAUeReR \HERQ &R

dephosphoryl &#iegolasd (bpeNidEing zhe Méﬁra\&éﬁlﬂﬁ4%19§TﬁUSQﬁi&i’029 22

phenol/chlorqjorg%ggglNﬁybs esttggﬁgﬁ?fg%nvﬁ? %jngnegu&eggﬁg%dlng to the

I nvitrogen PiChia EXpreession al og No.
K1710-01) 5 TiE matyaei bhbrekaas @ﬁepméme%e@/é%e Wéﬂ@ﬂ-ﬁﬁdof- nto E. 5 cols
by el ectr0p0ru'ttztr@.ﬁamném§@é efdi seoliehted| VORI and SNKIP) - COPhai ni ng solid

nmedi a. The pl i spl at nd, th rofl ral ase r.egio s confirned
by DA sequeBaarian oegtr; GRRRltp o3 feuinyed 65
restriction evkstdthtas® FmelQQRid t Fen @l%ﬂ@#(ﬁwﬂaﬁ 10 bRﬁQWPlchla pastoris
GS115hi s". Thi Jraklyifabsddre '1%seQQEHBEbyd&h§te Shd hechksofenpt wpe Was
restored_hy transfornatlon ?NA sour %éig' % the wild type
version df t IfRihtes §8 Epslﬁqc rest ??? €can be obt ai ned
conner0|alIyI%ﬂnnnunaitrqggnl@drﬁ;bX°385Q5 cell line, Catal og No. C180-00).

Integrants were selected as zeocin-resistant colonies. Candi date clones
were induced in nmethanol -containing nmedia, and the broth was assayed for

NAT product i g Q0 rf:c2 xR ACTGCTGTTTTATTCGCAGCATCCTCCGCATTAGCTGCT

--------- e e e
15 TACTCTAAAGGAAGTTAAAAATGACGACAAAATAAGCGTCGTAGGAGGCGTAATCGACGA

M R F P § I F T AV L F A A S S A L A a
CCAGTCAACACTACAACAGAAGATGAAACGGCACARATTCCGGCTGAAGCTGTCATCGGT
20 e Fmmm————— pmm—————— on o e o ————— trm——————— +
GGTCAGTTGTGATGTTGTCTTCTACTTTGCCGTGTTTAAGGCCGACTTCGACAGTAGCCA
P vV NT T TTEDETW AIQI P A E AV I G
25 TACTCAGATTTAGAAGGGGATTTCGATGTTGCTGTTTTGCCATTTTCCAACAGCACAAAT
--------- S Uy g Sy Ay RS USSRV

ATGAGTCTAAATCTTCCCCTAAAGCTACAACGACAAAACGGTAAAAGGTTGTCGTGTTTA

Y s p L EGDVF DV A VL PVF S NS TN

30
Oligo 1 S * -TACTATTGCCAGCATTGCTGC-3 *
AACGGGTTATTGTTTATAAATACTACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTA
--------- BT it ST
TTGCCCAATAACAAATATTTATGATGATAACGGTCGTAACGACGATTTCTTCTTCCCCAT
35 '

N 6 L L F I NTTTIA A S I AAI KEEGUV




usi ng Coonmassi e staining. 20 The oligonucl eotides used for site-directed
PCR nmut agenesis were as follows: Aigo 1 5 -TACTATTGCCAGCATTGCTGC- 3" ( SEQ
I.D NO 8) 25WaUIgE4P 5' - GCAAATGGCATTCTGACATCC- 3' (SEQ | D NRGTASPO2HSY go 3
(SEQ ID NGO 10) 5'- TCCAATTAAACTTCACTAAGAGATCTTTCCCACAAAGATACGTAC-3' 30

Adigo 4 (SEQID NO 11) ©5'-GIACGTATCTTTGI AAAGATCTCTTAGTCAAGTTTAATTGG: 3
The | ocation of these oligonucleotides is $fown belowin relation to the
doubl e- st randed 35 sequence (SEQ ID NGO 12 coding or sense strand, SEQ

| D WO 01125445 PCTPUSC0127029 - 23 NO 13 conpl ementary or antisense
strand) and correspondi ng am no acid sequence (SEQ ID NO 14) of

fibrol ase (i ncl udiCREFCHRAPPBERFCIEYFETICTHEAREPTHDRFCRATEACCTARCAITRAR € NAT. The
N-term nal and C-+-ertirai--fegtoits-5o-of--mat-ture-H+brot-aser-are--ath cat ed by
underlining ofs tmasicradTTATGTCDCCRACTICSARGRRRMERrAGAOBFTAsRctArNKIR TTGThe
N-termnal region (QQRF) is the one being nodified (to substitute S for
QAR). For oligos 3 ang 4 pelgowy gpdashedsl iings arg insgried; tp denote the
| ocation of the 10 omtted codons encoding for residues QQ in the

N-term nal region_of fi b%@gﬁwﬁ&w

ATGAGATTTCCTTCAAﬁ“F?"Fﬁ&G Wﬁ%ﬁ‘ cea
TACTCTAAAGGAAGTT AT AL

TAVLFAASSALAA _

CCAGT CAACACTACAAGAGAABATGAAAECECACARATRT CECRBCTGAACETGTGATEGE@T »

F

15 AAGTACGAAGATGCCATGCAATACGAATTCAAGGCTTAACAGTGAACCAGTTGTCTTGCAC
————————— e i e s e e e e s e e e e

TTCATGCTTCTACGGTACGTTATGCTTAAGTTCCAATTGTCACTTGCTCARCAGAACGTG

K'Y ED A M QY E F K VNS E P V V L H
20

TTGGAAAAAAACAAAGGTTTGTTCTCTGAAGATTACTCTGAAACTCATTACTCCCCAGAT

--------- B e T e T T e N e &

ARCCTTTTTTTGTTTCCAAACAAGAGACTTCTAATGAGACTTTGAGTAATGAGCGGTCTA

25 L BE XK NXKGLUVF S EDVY S ETHY S P D

GGTAGAGAAATTACTACTTACCCATTGGGTGAAGATCACTCTTACTACCATGGTAGAATC

--------- T T O MR ——— "

CCATCTCTTTAATGATGAATGGGTAACCCACTTCTAGTGACAATGATGGTACCATCTTAG
30

G R E I T 7T Y P L GEDHUCY Y HUGURTI

GAAAACGATGCTGACTCCACTGCTTCTATCTCTGCTTGTAACGGTTTGAAGGGTCATTITC
--------- e e i i e i e e e o o e e e
35 CITTTGCTACGACTGAGGTGACGAAGATAGAGACGAACATTGCCAAACTTCCCAGTAAAG
E N B A D S T A S I 8 A CDNGUIL K G HP
AAGTTGCARGGTGAAATGTACTTGATTGRAACCATTGGAATTGTCCGACTCTGAAGCCCAT
40 cemeeeeee Fomm e hmm————— o Fomm o i o e +

TTCAACGTTCCACTTTACATGAACTAACTTGGTAACCTTAACAGGCTGAGACTTCGGGTA

X L. 9 6 EM Y L I EPLEUL S D S E A H



1o [ S U Fommmmm o Fommmm o Fommm e +
GGTCAGTTGEGh CTTCTACTTTGCCGT G TTAAGECCGACT TOGACAGT AGHHAr NTTTE
DETAQI&EEEI'ETAVIGZS otz
TACTCAGATTTAGAAGGGGATTTCGATGTTGCTGT TTTGOCATTTTCCAACAGCACAAAT

ATGAGTCTAAATCTTCCCCTAAAGCTACAACCGACAAAACGGTAAAAGGTTGTCGTGTITTA Y S DL E G
1) FDVAVLPFSNSTN 30 digo 1 5 -TACTATTGCCAGCATTCCTCC- 3

MC%TTATTG&WHW%MW

____________________________________ +_________ .,
TTGCCCAATAA TTIALGATCGATAACCCICGIAACG ;ATJ"[C]"I: T 35 NGLLF
| NTT | CWA"V"E“‘E‘ﬁ‘V“%b‘b‘lfééﬂﬁ“ bﬁ‘%ﬁ%4 Xhol

TCTCT CGA GAGAGGCTGAAGCTTCTTCTATTATCT TGGAATCT GGTAACGTITAAC

_________ +..A V.Y XK Y EN Y E K E D E A P KM C 6 Vy g
AGAGAGCTCTTTTCTCTCCGACTTCGAAGAAGATAATAGAACCTTAGACCATTECCAATTG S L EK R E A
EASSI | LESGNYV N Oligo 3 5’-TCCAATTAAACTTGACTAAG
GATTACGAAGTTGEE ARE TSRS ATRTCAGT A m&@m@ﬁﬁﬂiﬁﬁéﬁﬁé 10

gﬁ@ﬂ@g&g@g@ﬁ%@@@@%@@%@@%@%&% DYEVVYP

AAGTACGAAGATGCCATGCAATACGAATTCAAGGTTR%&G%GA&C@EHAP&WF?

TTCATGCTTUAMAMA?@TW@T?C@A*T@F@C?TC%TMC@G KYEDAMQ
YEFKWNSEPVVLH 20

TTGGAAAAAAACABACSTHTT JRBTESTGAAACT CATTACTCCCCAGAT
--------- +- - - AGACARCANRAGATTCCCACARAAGATACGTACAGCTGEFTATEGTTGOTGACCACCETATE
AACCTTTTTTTGITTLCCAAACAAGCAGAGT TCTAAT (GAGACT T TGAGTAAT GAGEGGET CTA

TCTGTTGTTTCTAAGGGTGTTTCTATGCATGTCGACCAATAGCAACGACTGGTGGCATAC

20 TCTw====m AGAAAGGGTGTTTCTATGCATG~5
R 0 O R F P Q R YV QL V I VA DU HIU ERM

AACACTAAATACAACGGTGACTCTGACAAAATCCGTCAATGGGTGCACCAAATCGTCAAC
25 - rm———————— fmmmmmee e fov e ———— R S — fommee e +
TTGTGATTTATGTTGCCACTGAGACTGTTTTAGGCAGTTACCCACGTGGTTTAGCAGTTG

N T K ¥ N 66 D S DKTIUR QWUVHOQTIUVN

30 ACCATTAACGAAATCTACAGACCACTGAACATCCAATTCACTTTGGTTGGTTTGGAAATC
--------- s e e il T TP PR IS P R %

TGGTAATTGCTTTAGATGTCTGGTGACTTGTAGGTTAAGTGAAACCAACCARACCTTTAG

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

TGGTCCAACCAAGATTTGATCACCGTTACTTCTGTATCCCACGACACTCTGGCATCCTTC

--------- B T . A S S

ACCAGGTTGGTTCTAAACTAGTGGCAATGAAGACATAGGGTGCTGTGAGACCG?AGGAAG

40 w S N 0 DL I TV T SV S HDT UL A S F



25 LEKNKGLFSEDYSETHYSPD

GGTAGA - -
CGTAGK GAAATTACTACTSI‘,‘ACCC_A:I'TGGGT_G_A:AGATCACTGTTA_CT:AC_CfT_G_GT:AGAA‘];STmm e
--- -+ CCATCTCTTTAATGATGAATGGCGTAACCCACTTCTAGTGACAATGATGGTACCATCTTAG 30 G R
EI TTYPLGEDHCYVYHGRI
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Example 2

Expression of NAT in Pichia pastoris
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 inoculated into
500 ml of the following inoculation growth medium:

35
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Exanpl e 2 Expressicoataindif\TsddtiRichiapiast Qailss 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
monochydrate, 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 pE 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, 85% 26.7 ml
Calcium sulfate . 0.93 g
Potassium sulfate 18.2 g
Magnesium sulfate-7H,0 14.%9 g

35 Potassium hydroxide 4.13 g
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of Pichia pastoris, a yeast species, as the host cell. A culture of

sel ected clones of Pichia pastoris whig@ had been transfected wth prepro
NAT cDNA (SEQ ID NO 4) was inoculated into 500 ml of the follow ng

i nocul ation g-,rl(a@olgenedl um 35 WD 01125445 PCT14§00t 27029 - 28 Per
liter-6k bat medi um Yeast extract 30.0 g Potassilum phosphate dibasic
17.2 g 5 GLCYFCF':?E 20.0 g Biotin 0.004 g Watert®o! 13%&%r  phosphoric acid,
85%to adjust pHto 6.00 10 The transfected P. pastoris cells were

incubated at 30C in a ghgkgiedip ARyl Patgr&g‘lg%’?ér‘*@p?’%c%&(W/ v) of

t he resultl ng cul turi was used to _1nocu The
ferment or 2 cHNASACRER EFé}YI‘F%‘éﬂ-‘%éI 755t 30 pmxglucodempal afl- 15 Twel ve
mililiters peitdh phasefwsd Mnitgildted PTilei Sed-bdtdit pHaseamsdsel ution

cont ai ni ng cu&[ q_s%g_hf ?%g%h?&g%g%? a?e 589 ﬂﬁ’[zi %lq;s aelr[lgg ese sulfate

nmonohydr at e, i um o bori‘c aci Sthloride
hexahydr at e, Tﬂ'}%énéHFBFPHefGQ’%r%StEG of| 9hueoarpt2y merhanocd. bi ot i n,

sul furic aci dan%nciz plr bfi E'!!Mdl\laéﬂt)s \fﬁﬁrelilddzed et drddhitieh,baheh nedi um

after ferraent sterlllza}_ The fernentatjon growth
temperature of t e 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 equilibrated with
10 mM 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.
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nmet al | oprotei nase structure. Basal salts ner liter of batch medium 30
Phosphoric acid, 85%26.7 m Calciumsulfaig 0.93 g Potassiumsulfate
18.2 g Magnesium sul fate-7H20 14.9 g 35 Potassi um hydroxide 4.13 g WO

01/ 25445 PCTI USOQ 27029 29 G ucose 30.0 g Water to 1 liter The batch
culture was grown until the glucose 5 was congletely consunmed (17 to 20
hours). Then a fed- batch phase was ini Bxagpdg 4The fed-batch phase nedi a
consi sted of glucose and 12 ml of PTM4 salts per liter. The induction feed

consi sted of gl ucose, 253@@ &B@ s &0 %e”&h?é J‘ 7 per liter. At
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i nduction, the 10 tenper 0C. The
i nducti on phas® | ast &8xebis 21V » g3 RiELnass
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of NAT from Pichi a nastorhg, E gg@t Q cﬁg%ﬁ%%ﬁtﬁﬂid( g s 20

cellular debris) from Exa ar| ed an con uctivity
were adjusted to 6)51%uhﬁqmygéealhxyQﬂﬁlVEE§péc€ﬁVG¢§0naN%¥ MrdeHewas | oaded

onto an inmobili zede&irlyrmalbl BhY Vst fBids Waak basahaa charged 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. As 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.
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(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 vivo 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 compérison with urokinase. Thus,
the activity profile of NAT can be distinguished from
the plasminogen activator class of thrombolytic agents

15 (represented by urokinase) in that clot lysis with NAT
occurs more rapidly and with reduced hémorrhagic
complications. .

The fibrinolytic activity of NAT is comparable to
20 that of fibrolase. 1In addition, as mentioned above the
stability of the N-terminus of NAT results in a more
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reduced anount of tinme and with | ess blood |oss from the surgical site, in
conpar i sqg, \Méigdﬂokl nase. Thus, the activity profile périebnsaayn be

di stingui s?l from the plasm nogen activator class of thronbolytic agents -
15 (represented by urokinase) in that clot lysis with NAT occurs nore
rapidly and with reduced henorrhagic -@smd ications. The fibrinolyti c
activity of NAT is conparable to 20 that of fibr

mentioned above the stability of the N-term nus nmmumﬂmnﬂ a m)re
WO 01/ 25445 PC T/ USQQ 27029 - 32 eoU end pr oduct upons r ecoObi nant
expression, which is a distinct ad (i.e., the Nterminus wll not
change over tine resulting in a mxture of different fornms, thus making
the pol ypeptide mDre Spstahbd eﬁlbrmoaﬂzééﬂﬁyPAHﬁlefoaz@agnaa 1111111
112122 PR et IIIJ* I\/Eeg%?gézéq riolytlcallyactlve
pol ypepti e DBRVHRG ﬁBet?fE"‘é‘?na}ﬁ} 59&“?&636?\ . 2. The

pol ypeptide of claim1l which has been nmade by reconbi nant expression in

yeast. 10 3. A nucl eicyaci dm{g)g%q %pemaedwgciamn PniRaphige of SEQ ID
NO 1. 4. The nucleic aC|d cu of claim3 WhICh has t he sequence of

SEQ | D NO 4.beemn denngﬁ?%l&?%ﬁ%?eﬁﬁhﬁ?l’s‘? RT2S&xpr essi on regul atory
el enents operatively linked to a

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 6. An expression vector according to claim

5 in which the nucleic acid molecule has the nucleotide
sequence 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

S. 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 9 which is Pichia pastoris.



c e Tl - 2CC q -l .. 20 6. An _expression vector _
according to cIa|n1 5 in which the nucl ei ¢ acid nol ecul e has the nucl eoti de
sequence of SEQID NO 4. 7. . A host cell transformed or transfected 25
with the nucleic acid nolecule of claim3. 8. A transforned or transfected
host cell acwontiRsags to claim 7 which is a prokaryotic or PREEUSHZIDC cel | .
36—9——ﬁrtrans+0rﬂed~0r transfected prokaryotic cell according to claim8

. 10. Atransfornmed or_transfected yeast cell 35
acc H m b which is Pichia pastord%= 1 | I11 ~I~IAl R wo
#r029 11111111111111112121: 1 111111 - 34 * CL MS 11. A

nethod for the producti on &t- NAT methefpEPsi Hee HaductAgrnestNA® | s
contai ning a DNA cémAGihe eaTOoHiHGg %okt 681bd |matiaingse mmzerat ively

|l i nked to regul at el.enments.for sti e p ereof
under COﬂdItIOﬂSIgﬁ% “FﬁaFnF%%ﬁﬁﬁwfalﬁgﬁg #%5#:41.%6P§ sg§§§ olatlng
the expressed neliiashiot cegalRt o elenentestor timulating . th@ The met hod
of claim 11 iy whiglyddi cBNEhe ddb iMRIneW 8ohd: fonaEQubR kit 4ehel DuaThe

met hod of claim1l i¢ch the host cells ast cells. 15 14. The
Tothod of ol ai m TPIIPUE S eHeresRa, 58 Fedlatin the RIRRARbr 15 15, A
met hod for the proshaltlicpmobéinaseardirai sheochesnasd if chiltwoeyti c agent
selected fromthe 20 group consisting of fibrolase and NAT, conprising
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
thereof under conditions such that the DNA molecule is
25 expressed, and isolating 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. An antibody against the polypeptide of

claim 1.



ing a oolecule encoding said

met al | opr ot ei nase operatively linked to regulatory elenents for
stinmulating the expression thereof under conditions such that the DNA

nol ecul e is 25 expressed, and isolating the expressed netall oproteinase
fromthe WO912%d48 | cul ture. 16. The nethod of claim 15 PEIASREH2? he Pichia
host cell is Pichia pastoris. 30 17. A nethod for the treatnent of )

thronbosis 1n a manmal conpri sing adn1§gster|ng to the mamual a

t hy fectlve anount of 35 18. An anti body against the:
pol 'mqn & F"m[ im1l. WO 01/25445 PCT/ USOQ 27029 35 - y ~~I|~~~ 111111
Hij I« * CL S 19. The antibody of claim17 which is a

nonocl onal antlbody 19. The antibody of claim 17 which is a

monoclonal antibody.



