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the Invention._ The conpositions of the invention relate to the .
field of proteins which 5 inhibit serine protease activity. The

i nvention also relates to the f @ljn (ﬁxkﬂﬂ‘fﬁ eic acid constructs,

vectors and host cells for pro UC|ng serine protease inhibiting
prot et ns, pharnmaceutical conpositions containing the protein, and nethods
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descri bed (revi ewec1e by Scott et al., Ann. Thorac. Surg. 50: 843-851, 1990).
20 Protein Serine Pr ot ease | nhi bitor Aprotinin, a bovine

serine pr eaggc Pfﬁy tid nitz famly is the active substance
in the ne |carrent rasy err] Kprotlnln (Trasylol ) has been

reported as b?l’ﬂ@le& drassed i n r educi ng perioperative blood | oss (Royston
et al. LanCGBld)dd 1058 §Pa detfdus ¢ caBoﬁtdf'tﬁﬂoPngenes %ﬁ&{ &S open heart
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Thorac. Surg. férta signifiAn®4fropBition wf teansfused (dd2@8)blood. Blood transfusion
15  carries risks of disease transmission and adverse reactions. In addition, donor
blood is expensive and demands often exceed supply. Pharmacological
methods for reducing blood loss and the resultant need for transfusion have
been described (reviewed by Scott et al., Ann. Thorac. Surg, 50: 843-851, 1990).

20  Protein Serine Protease Inhibitor
Aprotinin, a bovine serine protease inhibitor of the Kunitz family is the
active substance in the medicament Trasylol®. Aprotinin (Trasylol®) has been
reported as being effective in reducing perioperative blood loss (Royston et al.,
Lancet ii: 1289-1291, 1987; Dietrich et al., Thorac. Cardiovasc. Surg. 37: 92-98,
25 1989; Fraedrich et al.,, Thorac. Cardiovasc. Surg. 37: 89-91, 1989); W. van
Oeveren et al. (1987), Ann Thorac. Surg. 44, pp 640-645; Bistrup et al., (1988)
Lancet I, 366-367), but adverse effects, including hypotension and flushing
(Bohrer et al., Anesthesia 45: 853-854, 1990) and allergic reactions (Dietrich et
al., Supra) have been reported. Use of aprotinin in patients previously exposed
30 toitis not recommended (Dietrich et al., Supra). Trasylol® has also been used
for the treatment of hyperfibrinolytic hemorrhages and traumatic hemorrhagic
shock.
Aprotinin is known to inhibit several serine proteases including trypsin,
chymotrypsin, plasmin and kallikrein, and is used therapeutically in the
35 treatment of acute pancreatitis, various states of shock syndrome,
hyperfibrinolytic hemorrhage and myocardial infarction (Trapnell et al., (1974)
Brit ]. Surg. 61: 177; ]. McMichan et al., (1982) Circulatory Shock 9: 107; Auer et

1

SUBSTITUTE SHEET (RULE 26)



Lancet |, 366-367), but adverse effects, including hypotension and flushing
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yper 11 br i Bk b UARE RERFocESe) 357 Sher (077 ATE O, 5Rectl 139,06

Apr ot i ni n Schneideanr(1976)i, Auteneims Siirschi 26; d606)e Ihisgerasally theeighdithat t rypsin,
chynot rypst t‘f%syl&@%‘@liﬁcégﬂob&%éskﬁt%% 204 hﬁxﬂﬁﬂﬂ%ﬁgﬁﬁﬂgﬁ}& ' ! y in the 35
Q 0C

treat nent acutf pancreatiti s, vari ous tates

hyperfi br |I~'|46F‘}‘Pi‘°c und thataprotinin (3-53, Argls; Alal7 $e&3hexmbens al .
(1974) 5 Md@hﬁnﬁ&almexﬂﬂubﬂm%ﬁ&ms &mphred folitiie &{o%ﬁt ory

v 57/ 3309elt (WO 8/10074)

PCT/ U897/ 03894 al., (1979)Atta Neurochir. 49: 207; Sher (1977) Am J.
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Lgﬂ [ zkapre:)';] | #ﬁyg%?gr%‘ha&%ﬁg?/%@;é % re b?%ﬂr?attg:tbgdag O‘IﬂBEOA(ﬁﬂn{H asmal f

(VO 89/ 10#41): tional eqmpal@ of a lower risk of arpghylaxis,apr ot i ni n
is of bOVIWGuRikaﬁbsthi%@ﬁﬂahﬂdbsiﬁablét@l{dv&k of i nducing

Aprotinin is also nephrotoxic in rodents and dogs when administered
repeatedly at high dose (Bayer, Trasylol®, Inhibitor of proteinase; Glasser et al.,
15 in“"Verhandlungen der Deutschen Gesellschaft fur Innere Medizin, 78.
Kongress", Bergmann, Munchen, 1972 pp. 1612-1614). One hypothesis ascribes
this effect to the accumulation of aprotinin in the negatively charged proximal
tubules of the kidney, due to its high net positive charge (WO 93/14120).
Accordingly, an object of the present invention is to identify human
20 proteins with functional activity similar to aprotinin. It was also an object of the
instant invention to identify human proteins, that would be less charged, yet
exhibit the same, highly similar, or improved protease specificities as found for
aprotinin, especially with respect to the potency of plasmin and kallikrein
inhibition. Such inhibitors could then be used repeatedly as medicaments in
25 human patients with reduced risk of adverse immune response and reduced
nephrotoxicity.

Brief Summary of the Invention
The instant invention provides for a purified human serine protease
30  inhibitor which can specifically inhibit kallikrein, that has been isolated from
human placental tissue via affinity chromatography.

The instant invention provides a newly identified human protein herein
called human placental bikunin that contains two serine protease inhibitor
domains of the Kunitz class. In one particular embodiment, the instant

35 invention embodies a protein having the amino acid sequence:
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affinity chr NIRFEREY. ENPPLPLGSK The instant i nvent i on provides B7dhew y
identified hysgm 15 M@ spyherein cal l ed human pl acental bikunin that
contains _two serine prot ase inhibitor dormai ns of the Kunitz class. In
one part|1§uI ar enbodi nrent, the instant 35 invention enbodies a protein

having the am no agi @neeasigdrtethe biological activity of the protein of the instant

2 invention is that it can bind to and substantially inhibit the biological activity of
trypsin, human plasma and tissue kallikreins, human plasmin and Factor XlIa.
In a preferred embodiment, the present invention provides for a native human

20 placental bikunin protein, in glycosylated form. In a further embodiment the
instant invention encompasses native human bikunin protein which has been
formed such that it contains at least one cysteine-cysteine disulfide bond. In a
preferred embodiment, the protein contains at least one intra-chain cysteine-
cysteine disulfide bond formed between a pair of cysteines selected from the

25 group consisting of CYS11-CYS61, CYS20-CYS44, CYS36-CYS57, CYS106-
CYS156, CYS115-CYS139, and CYS131-CYS152, wherein the cysteines are
numbered according to the amino acid sequence of native human placental
bikunin. One of ordinary skill will recognize that the protein of the instant
invention may fold into the proper three-dimensional conformation, such that

30 the biological activity of native human bikunin is maintained, where none, one
or more, or all of the native intra-chain cjsteine—cysteine disulfide bonds are
present. In a most preferred embodiment, the protein of the instant invention is
properly folded and is formed with all of the proper native cysteine-cysteine
disulfide bonds.

35 Active protein of the instant invention can be obtained by purification
from human tissue, such as placenta, or via synthetic protein chemistry
techniques, as illustrated by the Examples below. It is also understood that the
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ADRERS| HDF WOIERRERC RASVMPRWAYN VTDGSCQLFV YGGCDGNSNN 50 KK
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f ormed 40ch humani bikumih proteiat withast least aqyortionnef thes hative sijgrsall peptiddoond.

In a sequence intact. Thus one embodiment of the invention provides for native
human bikunin with at least part of the signal peptide, having the amino acid
sequence: '

15 AGSFLAWLGSLLLSGVLA -1
ADRERSIHDFCLVSKVVGRCRASMPRWWYNVTDGSCQLFVYGGCDGNSNN 50
YLTKEECLKKCATVTENATGDLATSRNAADSSVPSAPRRQDSEDHSSDMF 100
NYEEYCTANAVTGPCRASF PRWYFDVERNSCNNFIYGGCRGNKNSYRSEE 150
ACMLRCFRQQENPPLPLGSKVVVLAGAVS 1798

20 (SEQIDNO:2)

In a prefered embodiment the instant invention provides for a native human
placental bikunin protein with part of the leader sequence intact, having the
amino acid sequence of SEQ ID NO: 52 with an intact leader segment having
25 the amino acid sequence:
MAQLCGL RRSRAFLALL GSLLLSGVLA -1
(SEQID NO: 53)

In another embodiment, the instant invention provides for bikunin
30 protein with part of the leader sequence intact, having the amino acid sequence
of SEQ ID NO: 52 with the intact leader segment having the amino acid
sequence:
MLR AEADGVSRLL GSLLLSGYLA -1
(SEQID NO: 54)
35 .
In a preferred numbering system used herein the amino acid numbered
+1 is assigned to the NH2-terminus of the amino acid sequence for native
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preferred enbodiment, the protein contains at |east one intgparaRehdisos
cyst ei ne- WO oj ne di sul fide bond forned between a pair of cysternes
sel ected fromthe 25 group consisting of CYS11l-CYS61, CYS20-CYS44, .
CYS36- CYS57, CYS106- CYS156, CYS115-CYS139, and CYS131-CYS152, wherein
the cysL el nehulﬁtﬁ placlemallnbﬂ{)nﬁdn_ d .awérvg%lngaa]@i)lyt ié&ogﬂl@}(@lfdnéfilﬁﬁﬁnpﬁbtﬁfn
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I n a nostS pref er r 0 embetibastimenththepproteinnob the frstant invention comiprisessa
properlyfolﬁ&%nq&qt' { L4 OR&Ks YA
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i nstant i nvefiengionah Kunitmtike rdomain, fiving dhei amino aciq sgguaneeuof inative,
'S|U|Ch ?S f' gc h'iifn?an (ygt’éﬁlaﬁ bf%ﬁk;ﬁhl &nﬁ@aaaglmwp Igéréﬁ\afteé caﬂﬁahmmn (s

|3 ustra eV\D%%)/’Qggg.Bsa{We fistant invention embodies lélnpreortgitnolgtavitnga%l'ae at%ino acid
PCT/ US971®388équence: protein of the instant invention nmay be obtained using
nol ecul ar bi ol ogy t echni ques, where self-replicating vectors are capabl e

of expressing the protein of the instant invention fromtransformnmed
cell's. Such FHDFELVIKNVERCRASMPRIGVYNVINGSCOIFNVBIGECDANSNecreted f8ns from

S e A O A s S S S5 e

cells, to enhance t uncti ona IRI\?/
NYEEYCTANAVTGPCRASFPRWYFDVERNSCNNFIYGGCRGNKNSYRSEE 150
15 ACMLRCFRQ 156

(SEQ ID NO: 3)

where the amino acid numbering corresponds to that of the amino acid
sequence of native human placental bikunin. Another functional variant of this

20 embodiment can be the fragment of native human placental bikunin, which
contains at least one functional Kunitz-like domain, having the amino acid
sequence of native human placental bikunin amino acids 11-156, bikunin (11-
156)

25 CLVSKVVGRCRASMPRWWYNVTDGSCQLFVYGGCDGNSNN 50
YLTRKEECLKKCATVTENATGDLATSRNAADSSVPSAPRRQDSEDHSSDMF 100
NYEEYCTANAVTGPCRASFPRWYFDVERNSCNNFIYGGCRGNKNSYRSEE 150
ACMLRC 156
(SEQ ID NO: 50).

30

One can recognize that the individual Kunitz-like domains are also
fragments of the native placental bikunin. In particular, the instant invention
provides for a protein having the amino acid sequence of a first Kunitz-like
domain consisting of the amino acid sequence of native human placental

'35 bikunin amino acids 7-64, hereinafter called “bikunin (7-64)”. Thus in one
embodiment the instant invention encompasses a protein which contains at
least one Kunitz-like domain having the amino acid sequence:

5
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transl ated protein, or to aid folding of the bikunin protei r},qﬁ&r |
na pglr"?:}l'scg)?} -of

si gnal PAHBI%¥e sequences may be added to the NH2-term

t he native human bi kuni n protein. . In one enbodi nent, the

i nstant invention thus provides for the native 10 human bi kunin protein
with at least a portion of the native signal peptide . Sequence i ntact.
Thus one enbodi nent of the invention provides for native human bi kuni n
with at | easEHREFLVSKWREBCRAGHERWEHVIRSS i HGCCRENSNNno aci @Y

sequence: 1y TRSSCLAWEEDALSGVLA 64

-1 ADRE%%@M GRCRASMPRWAYNVTDGSCQLFVYGGCDGNSNN 50

YLTKEECLKKCA " ATSRNAADSSVPSAPRRQDSEDHSSDIVF 100

NYEEYCTANAVTGPCRASFPRWYFDVERNSCNNFI YGGCRGNKNSYRSEE 150

ACM_RCFRQEN . . . . )
In a pref eregﬁ%% %‘ﬁgﬁa\eé?? n%lflgr?te i (éonrtrfe%oxbc}sogcla déga%f%et}géﬁagt‘ﬁh\ge ﬁirra)n
pl acental bi Bequenqerafiraitive\liuman placental bilkunisadaothes foun of the paetein ahtheng
the am Ssedft fRRBYRARAR befa BEPK BN ke %oﬂﬁﬁﬂg\%i_%é%ﬁ‘_&ﬁ%&%%%ﬁﬁo ae@rent

havi ng 25 the am no aci d,  sequence: - | . AF| _
GSLLLSGVLA - sequence fmtive Ramargplacental bikunin amingrafigde 1163 chikuminr (11 he

I nst ant i@ve@q%'onaﬂhg\fhggﬁﬁﬁghdlaigéq%ﬁce’s_’o protein with part of the |eader

sequence I ntact, having the am no dcid sequence of SEQID NO 52 with
the intact |eader segnent having the am no acid sequence:
M.R AEADGVSRALVERWICHEHASMPRWW YNV TTRIEQJIEFWNGGCDENSBN 50

YLTKEECLKKC ' 61

(SEQID NO: 5)
15
The instant invention also provides for a protein having the amino acid
sequence of a Kunitz-like domain consisting of the amino acid sequence of
native human placental bikunin amino acids 102-159, hereinafter called
“bikunin (102-159)”. Thus one embodiment the instant invention encompasses a
20  protein which contains at least one Kunitz-like domain having the amino acid
sequence:

YEEYCTANAVTGPCRASFPRWYFDVERNSCNNF IYGGCRGNKNSYRSEE 150
ACMLRCFRQ 15¢
25 (SEQIDNO:6)

where the amino acid numbering corresponds to that of the amino acid
sequence of native human placental bikunin. Another form of this domain can
be a Kunitz-like domain consisting of the amino acid sequence of native human
30  placental bikunin amino acids 106-156, “bikunin (106-156)” having the amino

acid sequence:
CTANAVTGPCRASFPRWYEF DVERNSCNNFIYGGCRGNKNSYRSEE 150
ACMLRC 156

35 (SEQIDNO:7)

Thus one of ordinary skill will recognize that fragments of the native

6
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I n a prefergaslgimipdper i ng system used- herein the am no aci d neCDAISET03894  +1
is assigned to the NH2-ternminus of the amino acid sequence for native 7
4 WD 97/ 33996 . :

PCT/ US97/ 03894 - human pl acental bikunin, One will readil ¥ T ecogni ze
that functi ofsman Silunain proteim gas hesmase woidsWilletetaioat Inast semeaugbithe

pl acental bi kdfyB éthbﬁh bYélbkical acti®itd! 8ubh Fragaents Par talsd beheobiledDical
activity of hu acent al in,, and act Frot ease

i v man ) bi ku as, serin
Cohi bitors, Gifferent HeprARCRGH deltiple [Sa BBt 1 RrREide Son ALtePRETS | on
conprises a proteingigikith dftainasome df the spines @2t mbord ibiolvgical vdutivitycofitie ns

at |l east pne__.. unctiﬁﬂ(e .K rl1_ éez-l | ke domai n, having the am no acid
sequence Of Rafye fuman prn Hht al bi kunin ami no acids 7- 159,

herei nafter cal | e©ridiillrieadily recogniZesthiat bidlogicallyeadtivet proteinmfeheiinstant
?ﬁ%ﬁ%@&%ﬂﬁ%ﬂ%ﬁﬁb@%@%&& tREIHEAFE Kypitz-like domains in
YL TKEECL KKCATomENnaGomA MeithraddSicsd PKraisrEbivestiomaips from other sources.
oY R ARG I AR T R |
that of i®e Ahe isstantjKunitz-like domains in combination with additional protein
domains from other sources with a variety of biological activities. The
biological activity of the protein of the instant invention can be combined with
that of other known protein or proteins to provide for multifunctional fusion
proteins having predictable biological activity. Thus, in one embodiment, the
15 instant invention encompasses a protein which contains at least one amino acid
sequence segment the same as, or functionally equivalent to the amino acid
sequence of either SEQ ID NO: 5 or SEQ ID NO: 7. .
An open reading frame which terminates at an early stop codon can still
code for a functional protein. The instant invention encompasses such
20 alternative termination, and in one embodiment provides for a protein of the
amino acid sequence:

ADRERSIHDFCLVSKVVGRCRASMPRWWYNVTDGSCOLFVYGGCTGNSNN 50
YLTKEECLKKCATVTENATGDLATSRNAADSSVPSAPRRQDS 92
25  (SEQIDNO:8)

In one embodiment, the instant invention provides for substantially
purified, or recombinantly produced native human bikunin protein with an
intact segment of the leader sequence, and at least a portion of the native

30 transmembrane region intact. Thus one embodiment of the invention provides
for native human bikunin, with an intact leader sequence, and with at least part
of the transmembrane domain (underlined), having an amino acid sequence
selected from:
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éequence of watdrdssspunan pl acental bikunin. Another functi onalcrygdorasdes Of
enbodi ment can be the fragment of native human placental
contains at | east one functional Kunitz-Iike donain,

this 20
whi ch

amno acid

11-156, biku )
CLVSKVVGRCRA
YLTKEECLKKCA

NYEEYCTANGVT Gy GBAERBK RED)

156

i ndi vi dual

pl acent al

protein
consi sti

'

ani no aci ds

enbodi ment ”@N‘yﬁﬂc’t&hmﬁ\f;@&m@'@ RAFHTRARSSRra vBEQY! BldhsRESGD 16gNt ai ns at
| east one Kurd)NZeEydeena OMRPORATFY | R FORERNENEIRNG T SRENLPREEE 150
I5WD D RYBBOSBNA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 150

PCT/ US97/ 03894
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20

30

35

40

45

bi kuni n,

havi ng t he.

sequence of native human pl acental bikunin am no acids

ﬁZS 11- 156) 25 MLR AEADGVSRLL GSLLLSGVLA -1
MASHCRE RRSRAF LALL GSLLLSGYpA -1

BRIV -2

ngYPﬁféEl%%F oCAé'a?ﬁNPé“éq%?ééNPe‘p as‘afasagmnmgﬁmgsvmeo»

2 2 HEER e

1) ACMLRCFRQQ ENPPLPLGSK VVVLAGLFVM VLILFLGASM VYLIRVARRN 200
2)ACMLRCFRQQ ENPPLPLGSK VVVLAGLFVM VLILFLGASM VYLIRVARRN 200
3} ACMLRCFRQQ ENPPLPLGSK VVVLAGLFVM VLILFLGASM VYLIRVARRN 200

1)QERALRTVWS SGDDKEQLVK NTYVL ) 225
2) QERALRTV¥S FGD 213
3)QERALRTVXS SGDDKEQLVE NTYVL _ 225

[ A
WERINZRNING sskirRa b BehR q‘é&mnsg:i"AWLRC
( SEQ)ADRBK31HDO) CLVSRVVGRC RASMPRWWYNNPTIRRBQLISC QEEHDERS
KUN IRDRERS THOF (LLYEKYISRAT RASMPRIGVYN vTDAscagrvenéacoafisinhe spat i ve
bikunin. In particular, the instant invention provi des for a

atgat he

donmi n

RFAPRRONR &Mt 35 bi kunin
uﬁ?‘f?sﬁwyﬁ HERDMF i18%0ne

where sequence 1) is EST derived consensus SEQ ID NO: 45, 2) is PCR clone
SEQ ID NO:47, and 3) is lambda cDNA clone SEQ ID NO:49. In a preferred
embodiment a protein of the instant invention comprises one of the amino acid
sequence of SEQ ID NO: 45, 47 or 49 wherein the protein has been cleaved in
the region between the end of the last Kunitz domain and the transmembrane

region.

The instant invention also embodies the protein wherein the signal
peptide is deleted. Thus the instant invention provides for a protein having the
amino acid sequence of SEQ ID NO: 52 continuous with a transmembrane

amino acid sequence:
EST VVVLAGLFVM VLILFLGASM VYLIRVARRN
EST QERALRTVWS SGDDKEQLVK NTYVL
(SEQ ID NO: 69)
a transmembrane amino acid sequence:
PCR VVVLAGLFVM VLILFLGASM VYLIRVARRN
PCR QERALRTVWS FGD
(SEQ ID NO: 68)
or a transmembrane amino acid sequence:
AcDNA VVVLAGLFVM VLILFLGASM VYLIRVARRN
AcDNA . . QERALRTVWS SGDDKEQLVK NTYVL
(SEQID NO: 67) .
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| HDFCL VSKVVERCRAIMBRVWAYNVTDGSCQL FVYGGCDGNSNN 50 PET/URFHIBBMKCATV
64 (SEQID NO 4) 5 where the am no acid nunmbering corresponds to
that of the am no acid sequence of native human pl acental bikunin. '

Anot h f f ' t i nst il nyention can be first
coni 1o 11 e o Tie BREEE Rrihe p2 sequerichs bR the IAMERUnSohioB dlfacfiyteah
human pl acerorel obthe arhthenappropridte nuclels acidi saquenced whith ca@lhé usediing
Lhe am no achisERHIEREY techniquds (! RSTICE AR PROBIAY SPRE RS RN TR n%('“.gEQ
ID NO 5) 1Fhus, one embotiment nfathe instant invendlosoppovidesider ionudejer adidi n

having the %Eg Ené€ wihich en&RILCIHCa (chrﬁaﬁ(‘ﬂicﬁfﬁx{ iﬂﬁ%ir?é’ fEHJﬁ N oGQBRL ! WAQB
the am no aci sequertjg:e of 3 (SEQn%t I ve human _phacentlgt BIkunin-am no aci ds
102- 159, heSEAKEREE Pt FAgVEY Bi N&i ), whigh tsanslatesrinto dhe asniisodacidnt
the instant sequendd for rakiveManan placedlal Hik@hidl Seqhedof Pigidé BISEO ITPRRS: one
2 SO Al b AL koot sy Rolan i gvides foncarcnotmesus

159 25 ( SEQudribl@cid)sequence of FigutddCa(SEQ X NONBIParHith earbdes fondn t o
ot 106 APPERSTE dayencs SRRERAD e N Mg Pl acental brkam

In a preferred embodiment, the instant invention provides for a nucleic
acid sequence which encodes for native human placental bikunin having the
DNA sequence of Figure 4F (SEQ ID NO: 48) which -encodes for the protein
sequence of SEQ ID NO: 49. In an another embodiment, the instant invention

15 provides for a nucleic acid sequence of Figure 4E (SEQ ID NO: 46) which
encodes for a protein sequence of SEQ ID NO: 47.

One can easily recognize that certain allelic mutations, and conservative
substitutions made in the nucleic acid sequence can be made which will still
result in a protein amino acid sequence encompassed by the instant invention.

20  One of skill in the art can recognize that certain natural allelic mutations of the
protein of the instant invention, and conservative substitutions of amino acids
in the protein of the instant invention will not significantly alter the biological
activity of the protein, and are encompassed by the instant invention.

The instant invention also provides for pharmaceutical compositions

25 containing human placental bikunin and fragments thereof that are useful for
the reduction of perioperative blood loss in a patient undergoing surgery.

The present invention also provides methods for reducing perioperative
blood loss in a patient undergoing surgery, wherein an effective amount of the
disclosed human serine protease inhibitors of the present invention in a

30 Dbiologically compatible vehicle is administered to the patient.

The present invention also provides for variants of placental bikunin,
and the specific Kunitz domains described above, that contain amino acid
substitutions that alter the protease specificity. Preferred sites of substitution
are indicated below as positions Xaal through Xaa32 in the amino acid

35  sequence for native placental bikunin. Substitutions at Xaal through Xaa16 are
also preferred for variants of bikunin (7-64), while substitutions at Xaal7
through Xaa32 are preferred for variants of bikunin (102-159).

9
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be a Kunit zwg de@agggnai n consi sting of the am no acid sequenceCTSITaR894e
human 30 placental bi kunin amino acids 106-156, "bi kunin (106-156)" having
t he am no aci d sequence: ) :
CTANAVTGPCRASFP VERNSCNNFI YGGCRGNKNSYR 150

156 35 ( SEQ DNO 7)“1515)us the e presentpnyeniop e,mgeﬁmsna{:gﬁegk.hpym AR ?@é’é@;rﬁ%‘é

t hat fragnentseqaénéde native

SUBSTI'TUTE SHEET (RULE 26) 97{ 33996

PCT/ US97/ 038942 Asp ATg @i B’Fﬂktfﬁ'r'nnﬁr HR&i Asedfebe made which will%etain at

| east some ofcylsheeu Vallai;é:\/e;#)l\/ﬁl@(aﬂzbcm aghtalysactivity. Such fragnents can
al so becnbl e n ept, oki ent QUs or mul tiple combinations to
provi de for gr% sl\}/%as%’a;g{ao? r9 & ?ﬁpré’f M some of, the ¥ame, or
mor e bi ol ogi dall Tt iAspt §loket h?esa:lnnaéu \Pdaetwnéﬁ bi kuni n pr ot ei n.40

One will read@lryxgaenoglﬂ,z&stﬁgtlzb*agllgg*‘%ahlyeraggﬁ\ﬁﬁ protein of tgbe I nst ant

i nvention may conprjse oné or nore of e instant Runitz-like domains in
conbi nat i on VVEhX2afti Thoriges RmPly Gyskesudbyailye from ot her sour c¥s.

Cys Ala Thr Xaal® Thr Glu Asn Ala Thr Gly - 70
10 Asp Leu Ser Thr Ser Arg Asn Ala Ala Asp 80
Ser Ser Val Pro Ser Ala Pro Arg Arg Gln 20
Asp Ser Glu His Asp Ser Ser Asp Met Phe 100
Asn Tyr Xaal? Glu Tyr Cys Thr Ala Asn Ala : 110
Val Xaal® Gly Xaald Cys Xaa2® Xaa2l xaa22 Xaa?3 xaa24 120
15 Zaa2% Trp Tyr Phe Asp Val Glu arg Asn Ser 130
Cys Asn Asn Phe Xaa26 Tyr Xaa2? Giy Cys Xaa28 140
Xaa29 Xaa30 Lys Asn Ser Tyr Xaa3l ser Glu Glu 1590
Ala Cys Met Leu Arg Cys Phe Arg Xaa32 Gln 1690
Glu Asn Pro Pro Leu Pro Leu Gly Sar Lys 170
20 wval val val Leu Ala Gly Ala Val Ser 179

(SEQ ID NO: 11).

where Xaal - Xaa32 each independently represents a naturally occurring amino

acid residue except Cys, with the proviso that at least one of the amino acid

25  residues Xaal-Xaa32 is different from the corresponding amino acid residue of
the native sequence.

In the present context, the term "naturally occurring amino acid residue”
is intended to indicate any one of the 20 commonly occurring amino acids, i.e.,
Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser,

30 Thr, Trp, Tyrand Val '

By substituting one or more amino acids in one or more of the positions
indicated above, it-may be possible to change the inhibitor specificity profile of
native placental bikunin or that of the individual Kunitz-like domains,
bikunin(7-64) or bikunin (102-159) so that it preferentially inhibits other serine

35 proteases such as, but not limited to, the enzymes of the complement cascade,
TF/FVHa, FXa, thrombin, neutrophil elastase, cathepsin G or proteinase-3.
Examples of preferred variants of placental bikunin include those

10
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Bi ol ogi cal o swispase protein of the instant invention nmay coREFUSENSE¥ or
nore of 10 the instant Kunitz-like domains in conbination with additional
protein dormai ns from ot her sources with a variety of biological
activities. The i ol ogical activity of the protein of the instant

i nvention cwiepeincyant Avangmifo acid repishuesrelested fratdhn gIPUPARSHINGrfi ei ns
to provide £, QUL tPEINALE, OVdll of L0t partic P WehdYeid Xeal ds FIRMGLCPAD!

bi ol ogi cal acti vi té.ﬁ Jhus, in. one .agrbo]txy neégi, %&g 15 .instant inyventio
enconpassesWheERi: §RA° MhARAREIR aFifiresidyecselected fram;the foRR C°n5‘5t‘§‘§q‘lfje]nce
segnment th ]?Vah BhraAspp Pro,ubirg, TyraGly, Aty Lys)iapartiouldseviareiroXas? i Val or .
sequence O Lt her . . SEOQ | D.NO. 7. en readi ng
frame wh chrﬁgrﬁfn‘gﬁggda‘&%% elgr#)y a r}? gslgooﬁesdgﬁes ql?‘ftEd froéﬂéﬁg §81P,
functional gomsistimg of Aegj Prsy, dle; Leny/Fh, im partictdamarhersin Xaaf i®Arg ok Peoyat i ve
termnatio ;] b ' : 0J5QM4. de, | Jhnd ot m no
ol d sequenyiiéis &aQA&E@%EQMEeE&%’%@@%&%&MM%

50 YL TREECLKR @AM/ Fenslopin particuios suimseizRX@RS is Arg or Lys; or wigzeins
(SEQI DNO. 8) Xaa5 is an amind Hcifi@sRITROSKIEREA frdthé RFbap ohSHAREI AR, @) des
for substantlaI_II%F, H#p,umfle , Qr regonbi nant produced ndtive hungn

bi kuni ntGr oASPn TR+ iR particular wherein Xaad s f\lager whereinKaa® isanamiro agdd at

| east a por tdsidiu@kelebted frbiry the3@rodp adssistiry afiSer, Il Cleu, Wais Aege

|, @yr) ABR
onbot o, o AR B s r A AR Bl ™

domai n (undeesidue delectesi/frog Hre group cansistisg ofiMete Phe, lle sGligdiead Thr and
Val, in particular wherein Xaa is Met or Ile; or wherein Xaa8 is an amino acid

15 residue selected from the group consisting of Pro, Lys, Thr, Gln, Asn, Leu, Ser
or Le, in particular wherein Xaa8 is Pro or Ile; or wherein Xaa?9 is an amino acid
residue selected from the group consisting of Arg, Lys or Leu, in particular
wherein Xaa? is Arg: or wherein Xaal0 is an amino acid residue selected from

the group consisting of Val, Ile, Lys, Ala, Pro, Phe, Trp, Gln, Leu and Thr, in

20 particular wherein Xaal0 is Val; or wherein Xaall is an amino acid residue
selected from the group consisting of Gly, Ser and Thr, in particular wherein
Xaall is Gly; or wherein Xaal2 is an amino acid residue selected from the
group consisting of Asp, Arg, Glu, Leu, GIn, Gly, in particular wherein Xaal2

is Asp or Arg; or wherein Xaal3 is an amino acid residue selected from the

25 group consisting of Gly and Ala; or wherein Xaal4 is an amino acid residue
selected from the group consisting of Asn or Lys; or wherein Xaal3 is an amino

acid residue selected from the group consisting of Gly, Asp, Leu, Arg, Glu, Thr,

Tyr, Val, and Lys, in particular wherein Xaal5 is Leu or Lys; or wherein Xaal6

is an amino acid residue selected from the group consisting of Val, Gln, Asp,

30 Gly, He, Ala, Met, and Val, in particular wherein Xaa 16 §s Val or Ala; or wherein
Xaal7 is an amino acid residue selected from the group consisting of His, Glu,

Pro, Ala, Lys and Val, in particular wherein Xaal” is Glu or Pro; or wherein
Xaal8 is an amino acid residue selected from the group consisting of Val, Thr,

Asp, Pro, Arg, Tyr, Glu, Ala or Lys, in particular wherein Xaal8 is Thr; or

35 wherein Xaal? is an amino acid residue selected from the group consisting of
Arg, Pro, Ile, Leu or Thr, in particular wherein Xaal? is Pro; or wherein Xaa20 is

an amino acid residue selected from the group consisting of Arg, Lys, Gln and

11
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7 wi7/33%83996 PCTIUS9.7!03§94

PCT/ US97/ 03894 1) EST M.R AEADGVSRLL =~ 7
GSLILSGVLA -1 2) PCR MAQLCGL RRSRAFLALL GSLLLSGVLA
-1 3)[err] cDNA CGL RRSRAFLALL GSLLLSGX& 5 1)
ADRERS| HDF Seavsmmlm‘sbpmm is anzymmo

ADRERSI HDF a@i&ﬂ@ﬁﬁ@@efé‘éﬁéﬂz’w st ﬁNN&séOThr or G ; in
ADRERS! HOF_ QLASIONVGRE Bas .
1) YLTKEECL RRTER EiR- ébﬁﬁmmbaﬁ}é residue

2) YLTKEECL KitecrstfEBATHE Fioh I%@HIBQ SEEIMVWal,OAr or Phe, in

NVEEYC %@%@@%@%&ﬁim S84 3448 aming abl

NYBEYCTANA rﬂ@e&e@&ﬁm@g&mwﬂ%oﬁ%ﬂﬁﬂmmmH.exﬁ)muaﬁ\t:TANA

ENPPLP ok \VIAELEURIOL T SRRV PR rog herel) KRR K aRaeino

ENPPL PL GSX agid resigueselected fromihe growy sprsisting of Pro, WAMR@R@%@PL PLGSK
VWLAG.FVMgék Id: & 2Mpdrt it \WR¥reif0Xaa24 is Pro or Ile; or wherein Xaa25 is an

10 amino acid residue selected from the group consisting of Arg, Lys or Ley, in
particular wherein Xaa25 is Arg: or wherein Xaa26 is an amino acid residue
selected from the group consisting of Val, Ile, Lys, Leu, Ala, Pro, Phe, Gin, Trp
and Thr, in particular wherein Xaa26 is Val or Ile; or wherein Xaa2” is an amino
acid residue selected from the group consisting of Gly, Ser and Thr, in

15 particular wherein Xaa27 is Gly; or wherein Xaa28 is an amino acid residue
selected from the group consisting of Asp, Arg, Glu, Leu, Gly or Gln, in
particular wherein Xaa28 is Arg; or wherein Xaa2? is an amino acid residue
selected from the group consisting of Gly and Ala; or wherein Xaa30 is an
amino acid residue selected from the group consisting of Asn or Lys; or

20  wherein Xaa31 is an amino acid residue selected from the group consisting of
Gly, Asp, Leu, Arg, Glu, Thr, Tyr, Val, and Lys, in particular wherein Xaa31 is
Arg or Lys; or wherein Xaa32 is an amino acid residue selected from the group
consisting of Val, Gln, Asp, Gly, Ile, Ala, Met, and Thr, in particular wherein
Xaa32 is Gln or Ala.

Description of the Drawings

The invention will be better understood from a consideration of the
following detailed description and claims, taken in conjunction with the
drawings, in which:

30 Figure 1 depicts the nucleotide sequence of EST R35464 (SEQ ID NO: 12)
and the translation of this DNA sequence (SEQ ID NO: 13) which yielded an
open reading frame with some sequence similarity to aprotinin. The translation
product contains S of the 6 cysteines in the correct spacing that is characteristic
for Kunitz-like inhibitor domains (indicated in bold). The position normaily

35 occupied by the remaining cysteine (at codon 38) contained instead a
phenylalanine (indicated by an asterisk).

Figure 2 depicts the nucleotide sequence of EST R74593 (SEQ ID NO: 14),

12
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20 1) WOERABS¥E\\\S SGDDKEQLVK NTYVL ) PCT/USYIOIEI4
2) QERALRTWS FGD 213 .
3) QERALRTWIS SGDDKEQLVK NTYVL 225 25 where

SEQ 1D N S S Sl E IS TN, ﬁ%@“kgé%é?ﬁ@@)mﬁ% o945 29

enmbodi ment %P%# éﬁé‘ﬁm&)ffatnh% withthemolagyetn ithe Keunips anéer@ne tpréoteaseno
acid. %%Elﬁ?&ﬁd@ﬁma?x@'m@ &stlé@o zo&ﬁctﬂc%nmﬁée Imc B8npg H{ ﬁwc&a&tbeen

cleaved in gi.on between Kum tz domain .and

the trans ne‘-'rﬂﬂ%‘?‘& t§® 1sr qur@ﬁtenshc for indisatgd in

enbodi eg t hsold).oHeweveRcthds fedding &ractﬁalse uenceﬂﬁ@l'&.ﬂdég stdp d@di@h@dt cddews 3t he
i nstant inven n provides for a prot ei n havi ng t he am no acid

sequence of 1D NO 52 continuous with a transmenbrane am no acid
sequence: EFigure 3 depicts ¥\dddifded\Ahclkik Ldcid>8edhandel GBVARRNMN placental

25 o e (BT B sy i e e
VWLAGL FVM pratein amdnd agid sequerganlabeled “translated2(REQID NEZR10). Also as
IQIEDRQIC_)R-EGS &ﬂ?panson are shown the n#clexc acr%d sequence foﬁ g%g‘g H94519 ( EQ ID NO:( SEQ
VWLAGLPVM 1) NEBEBSRARPIVARAQ), R7456 &E%l I3 p%5: 14) anidegae6s (SEQ BERRRRTVS
SCODKEQLVK 190)Y¥the underlined nucleotides in ##5cotfensus sequence corfespendRoNBe 67) .
8 site of PCR primers described in the Examples. Underlined amino acids in the
translated consensus sequence are residues whose identity have been
15 confirmed by amino acid sequencing of purified native human placental
bikunin. Nucleotide and amino acid code are standard single letter code, “N” in
the nucleic acid code indicates an unassigned nucleic acid, and “*” indicates a
stop codon in the amino acid sequence.
Figure 4A depicts the original overlay of a series of ESTs with some
20 nucleic acid sequence homology to ESTs encoding human placental bikunin, or
portions thereof. Shown for reference are the relative positions of bikunin (7-64)
and bikunin (102-159), labeled KID1 and KID2 respectively.
Figure 4B depicts a subsequent more comprehensive EST overlay
incorporating additional ESTs. Numbers on the upper X-axis refer to length in
25 base pairs,.starting at the first base from the most 5’ EST sequence. The length
of each bar is in proportion to the length in base pairs of the individual ESTs
including gaps. The EST accession numbers are indicated to the right of their
respective EST bars.
Figure 4C depicts the corresponding alignment of the oligonucleotide
30 sequences of each of the overlapping ESTs shown schematically in Figure 4B.
The upper sequence (SEQ ID NO: 51) labeled bikunin represents the consensus
oligonucleotide sequence derived from the overlapping nucleotides at each
position. The numbers refer to base-pair position within the EST map. The
oligonucleotides in EST R74593 that are bold underlined (at map positions 994
35 and 1005) are base insertions observed in R74593 that were consistently absent
in each of the other overlapping ESTs.
Figure 4D depicts the amino acid translation of the consensus
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WD 97/ 339 %0 97133996 - PCT/U 597)’03_894_ o
PCT/ US97/ 03894 The protein am no acid sequences of the instant
i nvention clearly teach one of the art the appropriate nucleic acid-
sequences whi ch can be used i nnlecular_biologécggéhniques t 0 produce

the protei Rligenugieetinh segeence dorhikugin depictecrin Eiguss BHLDY: 49 t he
instant inventi Gigf@uBidepi@s thenngtiebtidecséquénce BEQCHD \WI:h4eneages for

a human bi kuni n_hayi ng_the consensuys.. uence of , Fiqure.3 (SEQ ID
N0 5y whfBeRpoAdiY aiiie A kAR (SEQD NOUEAHA bl Bl BiFHOE R ran
pl acent al knkoding seepueace thatfwis derived frofr@ hubnbfd placentalldD)NA librargtbyer
enbodi ngnt , | ced tion provides for a consensus nucl ei c
acid sggueg(@g#%?g%&gﬂﬁngQ I D NO 51) which encodes for an 10 am no
aci d sequence ofFigugaird depiseheDnmicectitle. sequence (SEQI HD aNpr:e48) rardl
enbodi nent | i :d ' angLCiai AL uence
whi ch encoggisﬂtggpagg@%éﬁ ﬁﬁeﬁnaﬁﬁﬁﬂ;%ﬁﬁggg WnNﬁwév‘%‘sﬁg&ft ﬁenatuféch%ﬁ%‘?ﬂ
sequence ofPlarestakbikuninescogingclong) thatiwas isolatgdlsompa huran Rlaegntal
sequence oﬁaﬁs@alc@mlimrybyc@m@nw;mmdi ment, "the instant invention
ue

encoteddt or a pHIBERS AGcHRmBRTes TAEGHAIRER! 4 the Smind acyiEapslaecl|
recogni ze idligonueldotide seiquehces forplidentst bilumincobstairtedddy EST overlay (SEQ
Sttt PR ), PR BBl (iinBaSECP VTR 7i kg EeReRudbR e
i nstant i nwetoriyohybrdizatos (BEQJIKI NO:#fl).t he art can recogni ze that certain
e <! LR 9500 o of puc e ok IS kN =0
i nst an#di nRlagarsal tipsye afder §mmﬂfer Jéﬁﬁwﬁmwn{ "hae pie) légmc%ver?ay of theivity
of the protgrbteintion prefileanpresadedly OR 280 aind (Yolid Wed)f a@ivity of eluted
protein in a trypsin inhibition assay (% inhibition shown by circles), and
activity of eluted protein in a kallikrein inhibition assay (% inhibition shown by
squares).
20 Figure 6 shows a graph which plots the purification of human placental
bikunin from placental tissue using C18 Reverse-Phase Chromatography. The
plot is an overlay of the protein elution profile as measured by OD 215 nm
(solid line), activity of eluted protein in a trypsin inhibition assay (% inhibition
shown by circles), and activity of eluted protein in a kallikrein inhibition assay
25 (% inhibition shown by squares). '
Figure 7 depicts a silver stained SDS-PAGE gel of highly purified
placental bikunin (lane 2), and a series of molecular size marker proteins (lane
1) of the indicated sizes in kilodaltons. Migration was from top to bottom.
Figure 8 shows the amount of trypsin inhibitory activity present in the
30 cell-free fermentation broth from the growth of yeast strains SC101 (panel 8A)
or WHL341 (panel 8B) that were stably transformed with a plasmid (pS604) that
directs the expression of placental bikunin (102-159).
Figure 9 shows both a silver stained SDS-PAGE (left panel} and a
Western blot with anti-placental bikunin (102-159) pAb (right panel) of cell-free
35 fermentation broth from the growth of yeast strain SC101 (recombinants 2.4 and
2.5) that was. stably transformed with a plasmid directing the expression of
either bovine aprotinin, or placental bikunin (102-159). Migration was from top
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The i nst ant wonwmaseséon al so provi des for pharmaceutical conmpoBfTUSAHO38%
cont ai ni ng human pl acental bikunin and fragments thereof that are useful

for | the reduction of perioperative blood.loss in a patient undergoi ngi
surgery. to The present invention also provides nethods for
reduci ng per &ﬁMl bl ood loss in a patient undergoing surgery,

wherein an eff ectFlgararrﬁuata photdya h whithsstioveed silvenstsiaed BDSPAGESS

hi bi I I bl e
veht ol o1 o AU BREBRA blacET Hilinl'1b2°150) HaRe iRl ptebTRR hglekutas,
al so provi dedz¢ onankar mnt&ns)(lapleaidaftmle ibidicatéd sizes in Kibodalhens pdigration

Kuni tz dgm'wﬁsﬂ%ﬁ?{a}? e, that contain amno acid substitutions
that alter the protedse specificity. Preferred sites of substitution

are indicated belBiguse 1p4dsaphatogrant whick showxihe results: of-Nerthesn Alots ofs
sequence f OrmMA\f?orBN%ﬁiﬁsaﬂmhbhlﬁ%bﬁes t?lé'?ﬂdst}t}fb'tﬁﬁie&io {&P]ia?éléalém&aa

16 are referred for variants
substituti or'B"°§le g&‘é’fﬁng eithgr,plaggnt 33(3%521‘%5} @q;rgﬁ)r(:?é@e dLA) 01 aneedipg
bi kuni n ( 102p1ab&htal bikunin (1-213) (panel 11 atxon was from top to béttom. The

670358

SUBSTI T HEE LE 26 33

SCT Ush AP0 3 dumbets 0 fhe fight of each )(’\ﬁ% @’n&‘e sizein kijgbasas.of the adiacent,
havi ng an anRNe\ avirkers. Theswrgans frmm whxchAnhRNQ@ warderided &rdesseibed! wnder

)c(;as[ )e(;;]?) gpeapﬂ%ne of the blot. 2%0 Cys Leu Val Ser Lys Val Xaa2
Figure 12 depicts an immunoblot of placental derived placental bikunin

with rabbit antiserum raised against either synthetic reduced placental bikunin

15  (7-64) (panel A) or 102-159 (panel B). For each panel, contents were: molecular
size markers (lanes 1); native placental bikunin isolated from human placenta
(lanes 2); synthetic placental bikunin (7-64) (lanes 3) and synthetic placental
bikunin (102-159) (lanes 4). Tricine 10-20% SDS-PAGE gels were blotted and
developed with protein A-purified primary polyclonal antibody (8 ug IgG in 20

20 ml 0.1% BSA/Tris-buffered saline (pH 7.5), followed by alkaline phosphatase-
conjugated goat anti-rabbit secondary antibody. Migration was from top to
bottom.

Figure 13 depicts a Coomassie Blue stained 10-20% Tricine SDS-PAGE
gel of 3 micrograms of highly purified placental bikunin (1-170) derived from a

25 baculovirus / Sf9 expression system (lane 2). Lane 1 contains molecular size
markers. Migration was from top to bottom.

Figure 14 depicts a comparison of the effect of increasing concentrations
of either Sf9-derived human placental bikunin (1-170) (filled circles), syrithetic
placental bikunin {102-159) (open circles), or aprotinin (open squares) on the

30 activated partial thromboplastin time of human plasma. Clotting was initiated
with CaClj. The concentration of proteins are plotted versus the -fold

prolongation in clotting time. The uninhibited clotting time was 30.8 seconds.

Detailed Description of the Invention

35 The present invention encompasses a newly identified human protein
herein called human placental bikunin that contains two serine protease
inhibitor domains of the Kunitz class. The instant invention also encompasses

15
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5

Val

Xaa[err] Xaa[err] Xaa[err] Xaa[err] Trp TrerAiko74¥85% . .
Gy Ser Cys @ n Leu Phe Xaa[err]

Tyr Xaa[err] Ay Cys Xaa[err] Xaa[err] Xaa[err] Ser Asn Asn
Tyr Xaa[err] Thr Lys Au GQu Cys Leu Lys Lys

Cyphétmadéutid@at@mppsiionsGantAaingl platentaB bikunin and fragments

Seﬁ‘%gﬁf @\%f aﬁ? 35%@5 f%r tg\eéggué‘gcgﬂ ﬁ% g égﬁeranve blood loss in a patient

Aspndergoihg sHrgergsor @ith rﬁepr Aaumst Phe

Asn Ty

VaI

Xagf‘éﬁﬁ%géé%/m%&f er r 59@0$§ ?‘éé\ﬁ%ﬁ% f@% er ru]w%a%?éo B’ge Xaa24

Ipsp iy patieat nadesgningisurgary oxshiedermajor trauma, wherexn an

qﬁe&ﬂe Agfolthe ol(atft@ %IMbsé@%{t_ﬂi_héﬂ\ s@rbhe ?O%Wﬁ\hlbléors of the
ééseé;’i]%’é?néer r k@g glmlij(/a rﬁp m@a %e,?se gdrmmstered to the

uuéﬁn Pro Pro Leu Pro Leu Gy Ser Lys

al

Val, Vval . Leu, Al a,.d

O P FRpfered AbBlChod 'y YiheeRBl) bikupinisolated, dominen s y

repr estht sotheravariahts i éanthe neductioro of blood dossl residtidgefrenc eaun@yor with

the provis
di fferent
sequence.

H s,

Il e,

Bubdialy, flad 2500 Bl o B A Blfle 2oluf b Uiy d 406232 1o

am no acl

methods and cqmp@smom mg oz glimdirate theaeed far wihgladenonbloedur ri ng
am no aci deog E%&l'groducts, ﬂx@réH}t@Bﬁﬁﬂxgt el df%f‘ecﬁaﬁ 208%tRér ddvrergdsigenmonl y

occurrlng

2

ets

no a

Cts| s WRBPS tie ost f SurBSEy. %8 meAf%ﬁﬁls arg Bwswf\gﬁa regncing

By subss i t Bloaw xdssancz{ormi Pabight3pi. é.f;thiﬁe inot eGffefihg TRorR ifornsr gthet prens

i ndi cat ed abov

prof i e of opeatye eGBéndEs B St oFiear Sk JEgh e i R

Kuni t z- | i kas @orediuetion in blood loss during surgery , as reduced post surgical drainage

20

25

30

35

or both. Preferred surgical applications include but are not limited to use in
thoracic and abdominal surgery, total and partial hip replacement surgeries
and surgeries to treat a patient having an epithelial lesion of the eye. Preferred
thoracic surgical procedures include but are not limited to aortocoronary
bypass, excision of cardiac and aortic aneurysms, and surgery for esophageal
varices, and coronary artery bypass surgery. Preferred abdominal surgeries
include but are not limited to liver transplants, radical prostatectomy, surgery
for diverticulitis of colon, tumor debulking, surgery on the abdominal aorta and
surgery for duodenal ulcers, and repair of liver or spleen trauma. Preferred use
for the treatment of trauma include but are not limited to the use in
stabilization of severely injured patients at accident sites suffering from e.g.,
limb loss or major thoracic /abdominal wounds. In case of use for the
reduction of blood loss resulting from surgery it is preferred to administer the
placental bikunin, isolated domains, or other variant prior to and during
surgery, whereas in case of use in trauma settings the placental bikunin variant,
isolated domain or other variant is to be administered as rapidly as possible
following injury, and should be contained on emergency vehicles traveling to
the accident sites.

Factor XII (also known as Hageman Factor) is a serine protease that is |
found in the circulation in a zymogen form (80 kD) at approximately 29-40
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o resi due sel ec

——

bi kuni n(7-64) or bikunin (102-159) so that it preferentially inhibits other

serine 35 PR §3585%6 such as, but not limted to, the enzynespOfusdrmigsd. .
conpl ement cascade, TF/ FVIla, FXa, thronbin, neutrophil el astase,

cat hepsin G or proteinase-3. Exanpl es of preferred variants of
pl acental bi kunin include those _

10 pg/ml (see Pixley, et al. (1993) Meth. in Enz., 222, 51-64) and is activated by

+ PCT) US971038%ssne al plASchd B likrein,  OREL s&eyaiea[ % participAls 31 G jAkhAkic

e group consi st
or Lys, in papathwayrofnhloas ﬁo%ﬂlﬁélpi‘] I'§"—1I-"1| is astivatesd when bloggepripldsmar

ll'?l anAg‘m ng a@é%af:&sé dﬁﬁ'&lgﬂ"e@i‘ Sﬂl&\?_@ghffaé 90?%[&':@ d&lﬁgﬁte\%tq 'FA@tdi’b)((Ha caiv{&henl

r p, ro rg u, rtlr cul ar er n a |

T Ao T Sleant aniadtivae achubsh ok other Bidskia rteases Jnchling Jac -q%e%f

;El(r ng A Coﬂﬁéplsélhﬁfhxﬁf aAHOC1 R¥fothel ¢em lauentT‘slystemn Tausi Factar Xihenai be
aa | S r g or r,O:

fromthe gr ou’d'l g"i‘i & Fﬂﬁs%$%P°?eW6e rq_a)t,‘txogﬁ al @gﬁaﬁdqfﬂﬁ%é?gue(%ﬁ ?Lg%ed
wherein Xaa4 kiniAogemreleasing bradyaniai (see Colman1984) ]aﬁlmrfnmta‘%,d%%m due

sl et 7o 11 Seaug VLI WaPhaflfs o6 o e b
resi due sH) ecendofoximor lipogolyspechanidesiPs) Brpesure of Fe;tOTWH tAERS resats ival |
Arg, Phe ihd ac@@éﬁdﬁ gk Bhctep m'p}%ag«.{e amglt séﬂ e \?f]ntfy flavelsy b8is'bf

Xaa[err] is an am no res

of Met, Phe, fntgavag aquaagthnaw may\ai$o #uséptqcsuﬁgfrag\lé%éiasm &iﬁ?gl s

Met or le; or L\P@rSégx&ﬁ&k &aﬁﬁ'eﬁm feora b attdral xhe@dmaﬁ@lxeabﬁshit@armithe
w.group consi st

part cul ar. h&FeRn ISWL8YETR yagrulaF lsisfariike aH 19 arteaL fresie dfin2

15 common cause of death in intensive care units in the United States, where
seventy five percent of the patients that die from septic shock have a persistent
hypotension (see Parillo, et al. (1989) Ann Rev. Med., 40, 469-485).

Adult respiratory distress syndrome is characterized by pulmonary
edema, hypoxemia, and decreased pulmonary compliance. The pathogenesis of

20 the disease is currently unknown although the proteolytic pathways of
coagulation and fibrinolysis are believed to play a role {see Carvatho, et al.
(1988) J. Lab Clin. Med., 112: 270-277).

The proteins of the instant invention are also a novel human Kunitz type
inhibitor of kallikrein, an activator of Factor XII. Thus another object of the

25 current invention is to present a method for the prophylactic or therapeutic
treatment of systemic inflammatory reactions such as septic shock, adult
respiratory distress syndrome (ARDS), preeclampsia, multiple organ failure
and disseminated intravascular coagulation (DIC). The therapeutic or
prophylactic administration of the peptides of the instant invention would

30 result in the modulation of these inflammatory conditions and be beneficial to
the patient. '

Plasmin plays an important role in extracellular matrix degradation and
the activation of matrix-metallo protease (MMP) cascades. Collectively these
proteases mediate migration of and tissue invasion by both endothelial cells

35 during angiogenesis/neovascularization, and cancer cells during metastasis.
Neovascularization is essential to support tumor growth and metastasis is a
process which mediates the spreading of tumors and which is associated with
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resi due selected fromthe group consisting of Arg, Lys or L%n&

particular WO RP¥rein Xaad is Arg: or wherein Xaa[err] is an R4 crd
resi due selected from the group .consisting of Val, Ile, Lys Al a, Pro,
Phe, Trp, An, Leu and Thr, in. 20 particul ar wherein Xaa[err] is Val; or
wher ei n Xaa[?gﬁ.g]neq ghg,q)t °g1§5| due sel ected fromthe group

consi sting of particul ar wherein Xaa[errl Is Ay;

or wherein Xaa[ e?éP}’eﬁ! HFP%W??A SJBfiéFSr guggasd that dunite dikenpemipe proteageoup
consi sting ehhibitorsAwgth @ otc%!de dperifiérty similapatc kprofhinvaes aisefuiaaker r|

the 25 " gf BASEOMERE] Ry ceﬂce&{; %ﬁ%ﬁmﬁ& rGREY ipRAaiof BV ang no.
acid resd duenvasxo;\sewn-ht n'_ctréasatrh tumogrmeeposisnsheh i admiristésed o hymisters
vher oL, xaoEBaihe g i Rive Rty AR BLgAhEY SR i
particul ar whamanaryxearkisonha i(batnexebal. J_@974)o Bruh&aricar 30af®67;] Latner and an

' i d f , 30
Gy Te TR RTICBE). CRfti B8 RBa8p Plctheriford, alfhunistyiod ot
or wherein 200,00 00QKHT of apratigin i hB gbﬁéﬂéé@ Suemale miceandayml 14 pest
consi st 109 Qﬁo&ﬂu&hoﬁwhth Lew;s ca%ﬁhoxﬂaféemnfédvﬁbd pulmbaizy ﬁiéta%'taéé@ﬁrl n

sel ot el 11O ﬂ@@%ﬁ&@&&?@%&ﬁ@ ppimasy Baha st IR o B 150 i
G u, Al a or (arxer;18: ammmap&mmm ad}fﬁaismaﬁbnlcsf 107000 IQIUS@ ondaehafn Xaa
Pro, 116,  LEITsorig PERHKE BleRdrComLy R s il Podh Vlaler s Shpbinest, ™ ©
Xaa[err] is pulmorgm'yametasfa&ﬁs(zby 86%dwithout @éfegdngrtbmprkmagy @umarcgmmsthl ng
3&) 39,93 %g%s (UStsufnék al., (1992), Jpn. ]. Surg. 22: 429-442). In this same stidy,
PCT/ US97/ 03@siministration of plasmin or kallikrein with the same dosing schedule was
argued to increase the number of pulmonary metastases. These results
prompted the authors to suggest that perioperative administration of aprotinin
to cancer patients may reduce the likelihood of metastases. Black and Steger
20 (1976, Eur. J. Pharmacol., 38: 313-319) found that aprotinin inhibited the growth
of the transplanted rodent Murphy-Strum lymphosarcoma in rats and
suggested that the effect involved the inhibition of the kinin-forming enzyme
system. Twice daily i.p. injection of female ddY mice with 10,000 KIU of
aprotinin for 7 weeks to mice each bearing a single autochtonous squamous cell
25 carcinoma resulting from 3-methylcholanthrene treatment reduced the growth
rate of the primary tumors by 90%. In some animals tumor regression was
observed. While all vehicle treated animals had died within the seven weeks, all
of the aprotinin treatment group remained alive. Reduced tumor growth was
associated with hyperkeratosis (Ohkoshi, Gann (1980), 71: 246-250).
30 Clinically, a surgically cured group of 26 patients who received aprotinin
i.v. exhibited a 70% survival two years post surgery with no recurrence of
tumors whereas a placebo group of 26 patients at the same time exhibited only
a 38% survival with a significant rate of tumor recurrence (Freeman et al. Br.
Soc. Gastroenterol. (1980) supplement A: 902). In a case study (Guthrie et al., Br.
35 J. Clin. Pract (1981) 35: 330-332), administration of bromocriptine plus aprotinin
to a patient with advanced cancer of the cervix caused remission. Aprotinin was
administerd both as a 500,000 KIU i.p. bolus every eight hours concurrently
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Ser, in particular wherein Xaa[err] is Arg or Lys; or wherein R{”g &Sis
an amno  WORIIP¥esi due sel ected fromthe group consisti nd’c&(" '
Thr or Ay ; in particular wherein Xaa[err] is Ala; or wherein Xaa[err]
is an am no acid residue selected fromthe group consisting of Ser,

lle, T As ninPa S
or Arg: or Wt e?%“SYﬁJ“’é‘éﬂ € iffusiOf of Wprotinin s s LEFOO U IRIT pRPEFE (b7 '
group consi saitatal i seven chms ongeca r@nth I Trgatnyremt wagl ended ayahe énd of the
particul ar Wag{reh ﬁxaﬁﬂ?cﬁxé ﬁ) t'?t@%lé?fel jxﬁenpéf é’i’i‘@l‘l&g{t %ﬁ&?&\ féaﬁipt&'ﬁ‘l rIQIore

acid residue selected fr groug consi st nngf u,
an, SeFecgnt gyidency arfwtbex #pdersepracha plasthinasa tanget kst theker e

')A(\aaZSLl S s;|n %ﬂects@%pfbtﬁﬁh@ﬁﬁgta@%e§el ect ede rom-t heAgr oup consi sti n?( Of26
N an i o acia e, msshBRlsth 3o Shest Sveiots Rula e plathos i R oract WAk
IXI e,26L_ys, VLF aproiirtin Blocks fecinv@sive potential of eartter bell lings (I&utGQltk at., tef.ei n
aa is Va e a
Sotacted fromAnse? T1od, B eFLB0RE HWrhecRB il g, protells, ??f*%iﬁfﬁagal ar
wher ei n Xaazim\r&ntﬁbly arer alshepotent Xahdisitoes of }ﬂasmmeandjkaﬁﬁudem they are
I
sel ectedqro er % rgﬁ%ggos%a g8 abclcoP S fentt! for Saitolk By Sekcoferfblbted”

parti cul ar resi due
sel ect ed frofen uee in blpcking Q@F‘Fﬁg bémog gtowrtb by aestmmwmae@vascxw{zmqn,. s
an am Npritfisy ARALFIRSRINSIEH BloRRing RetisRiR dRRIIPiNSitioh ditilsaE
Lys; or 20 | réi.,n Xaal er I S ad1amn aC|d residue hectedfromthe
group consi st r3jion. ecf?‘]"PRé*& SR admipistered logally (@ tumers Ofs

in particul ag mmaean Xda3a pseferred ﬂi@d@roﬂ_y&,atmlénmmeeIploiéaﬁ3ﬁ'dlﬂdabe

pop. G yiS réaﬂiﬁas@%bfﬁéﬁ w5Vl Fuflhg R gediiRarty rihifisg resrisk b, |
or Ala. 25 metasiasis iptsuch wtegie, theblond sPanng propertiesiof thevempoundi | |
be better “”%dﬁhloglé’ r?fgrd?ﬁbﬁaelﬁp QaVARE na%&bﬁ? i fo@?%mg a clEQ}Jr%girg&aﬁ?fe?d lgtd

description an I.n CQ cfio

which: 30  view. Anqther preferred; Iepéetqfeadmguémﬁ% w&déaec@s @fcomnmgnszl
(SEQ ID NGO iH¢rapy with either MMP inhibitors or chemotherapy. An additional preferred

20 mode of administration would be as a locally administered gene therapy
designed to achieve selective expression of placental bikunin within the tumor
cells, or their associated stroma and vascular beds.

Preferred types of cancers targeted for therapy would be vasular-
dependent solid tumors such as breast, colon, lung, prostate and ovarian

25  carcinomas which exhibit a high metastatic potential, and those for which local
delivery of a high concentration of the protein is feasible such as lung cancers
through pulmonary delivery, colon carcinomas through hepatic delivery to
liver metastasis, or skin cancers such as head and neck carcinomas or
melanomas through subcutaneous delivery. Since the proteins of the present

30 invention are of human origin they would be less likely to be associated with
allergic or anaphylactic reactions of the kind observed by Guthrie et al., supra,
upon reuse.

Additionally, the proteins of the present invention are contemplated for
use in the reduction of thromboembolic complications associated with

35 activation of the intrinsic pathway of coagulation. This would include -
prevention of pulmonary embolism in late stage cancer patxents, a frequent
cause of death (Donati MB., (1994), Haemostasis 24: 128-131).

19

SUBSTITUTE SHEET (RULE 26)



and the translation of this DNA sequence (SEQ ID NO 13) whi i an
open readi ng*PPHM%i th sone sequence sinilarity to aproti ni%&%gz}u%g' -

transl ation product contains ; of the 6 cysteines in the correct
spacing that is characteristic for Kunitz-1like inhibitor domains

(i nfli cat e? itn bgl Cﬁ%erﬁb%fﬂ?@! $ﬂaﬂﬁl_aﬂ8{§ﬁi}&il>’c&a is 9&5&{3?1&?&% tdialt 'c{iﬁggb
cystel ne at codon,, cont al he In cead a nyl a ni ne | 1 ca Yy
et k) aumand Brafr of Sgial coPd ity Stigke. BrAPRk PeRSniR eribsa b ARE ST
%489?3 g ggaQ | subMRackAdid hemhorrhage, surgery {(including open heart surgery), infectibis

7 .

PCT/ US97/ 03sgiseases sugh as encephalitis and gienipsitis, gragylomarops, diseases surhayo
15) whi chbyi Sateoideand focabpediffisedarindmasyandiis b cootmibatgy to the highdevéltaf

| : . e oy . Lo
go(rjlltS zi gedsgr Ic‘“?f% nésgl?iﬁ dteﬁtet.‘ g‘%@r@c% eg&%@?hggﬁa{%ﬁ ?2§c€%¢‘ggtt§ﬁst |ic for
Kuni tz-1ike i%#eitipedbragrearsier experimentadlyi (EFrsenwepé)L, (11 Heurarpdiolegiadi ng

frame sequencas:igsc] 0oslaghittie Rt aRd IS RIAGS Murdchir., 118153-38), and infusion of
Fi gure 3 depicts, 3 .deduced nucleic acid se,%;ence of, atércra ﬁl_acenta
t

bi kuni n ( SEQ PAWing} idpelRey intemmadnearotids atery: dn e eeems 13t oo
protein a0 nosporitdnésusle togpdridisivedrats (SHR) 3ubjictdSBE cobulion dadptid Alrseryas
o P 16y oRE88 TR KR0S NipBbielid CHEEE Ze By S kg
(SEQ I D NO  levels1@f bradykinirderé fountl inuektracellidar fluids éolbowing srammeimance
CormePons ol vl iyl SR 50, 65800 0 (99 ROk
resi dues whos®7: ¥en?8Qyand\ie plagma and tissue from rats with brain edema resulting
15 from cerebral ischaemia (Kamiya et al., (1993), Stroke, 24: 571-575). Bradykinin
is released from high molecular weight kininogen by serine proteases including
kallikrein (Coleman (1984) J. Clin Invest., 73: 1249), and the serine protease
inhibitor aprotinin was found to block the magnitude of brain edema resulting
from cerebralschemia in SHR rats (Kamiya, (1990}, Nippon Ika Daigaku Zasshi.
20 57:180-191; Kamiya et al., (1993), Stroke, 24: 571-575) and rabbits subjected to a
cold lesion of the brain (Unterberg et al., (1986}, J. Neurosurgery, 64: 269-276).
These observations indicate that brain edema results from local
proteolytic release of kinins such as bradykinin from high molecular weight
kininogen, followed by bradykinin-induced increases in blood brain barrier
25 permeability. Accordingly, placental bikunin and fragments thereof are
contemplated as medicaments for the prevention of edema in patients at risk
for this condition, particularly those of high risk of mortality or brain injury.
This would include head and spinal trauma patients, polytrauma patients,
patients undergoing surgery of the brain or spinal cord and their associated
30 vessels or other generalsurgeries including open-heart surgery, patients who
have suffered from a stroke, cerebral or sub-arachnoid hemorrhage, infectious
diseases of the brain, granulomatous disease of the brain or diffuse or focal
carcinomas and tumors of the brain or any conditions such as multiple sclerosis
involving breakdown of the blood brain barrier or patients suffering from any
35 other inflammatory processes of the brain or spinal cord. Patients would
receive an administration of placental bikunin either as an infusion or bolus
injection, intravenously or intracranially. Additional doses of placental bikunin
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15 confirmemoby3ssse no aci d sequencing of purified native huRENUBITAS8R4t al
bi kuni n. Nucl eotide and am no acid code are standard single letter code,
"N in the nucleic acid code indicates an unassi gned nucleic acid, and

"*" jndicate top .codpn in the am no aci uence.

i gur o an eRPRld be asibReEred tnearitiendy odes B EUREIREERE tp thresawgelss
nucl ei ¢ aci dDusquevels Wmﬁdlm&eﬁm&ﬁﬁa&nﬁ@rdﬂ@tmgm@hmﬁbhslm ekéaspiof, or
PO byt Ol eireREN b RoubBliet ERFAHENSIT REshRRY NPk B sl other ™ "
Fi gure 4B depiastactive peptifesnformed thoopgle thesactiorEST sevine pyoteases, and

55 ek " SuFER, R 3 eebT SRS B RGPRE bf AR oRBHR, dhpediat "
sequence. Thadmindatration in s cautsemfrtherapynwould oot lead tosdevelopment of an

b
nﬁﬁgef? ;f eoiﬂ%&a g%ﬂc}[ﬁgﬂ 'thgﬁem. padheafzh mmngﬁa%xaém@m’égﬁﬁg? froilign

Figure 4C de cF%nmp)&S? deﬁepﬁ@%ﬁpyr@remoahﬂaﬁ@sm el @sefort !—1§I% igo

sequences of coatinatidr avithe bt imed Rahtertts O¥icls Cie elur6 fdrapelitics O8hE 4B.

The uppeﬁ se%& nce %qgl D NO 51) | abel ed bikunin represents the consensus
ol i gonuc %ot efiRtSyeri ved fromthe overl appi ng nucl eoti des at each

posi tion. The nuniRecent eviience (Dameﬁdena ROA. tatad., (1995), WMEBES‘? g452he
90435 ana. 1056 ravh, U . Poflacl G o, Pt Bty FonffEto el
‘consi st ent | y pathegenesis of arthritis langf ammlmtandrthav kallixpeinrighitgtors may be of
E'Bgur e 4b d\e/\%hg it 333%6@&{&& ACtStdiAGS bRblease ﬁ{hlﬁﬂsrscmrﬁé'éent invention
PCT/ US97A93g@ae contemplated according to their capacity to inhibit human kallikrein, as
medicaments for the treatment of arthritis and anemia in humans.
Treatment of male non-insulin diabetic (NIDDM) patients with aprotinin
significantly improved total glucose uptake and decreased the metabolic
clearance rate of insulin (Laurenti et al., (1996), Diabetic Medicine 13: 642-645).
20  Accordingly, the human proteins of the present invention are contemplated for
chronic use as medicaments for the treatment of NIDDM.
Daily treatment of patients at risk of preterm delivery with urinary
trypsin inhibitor for two weeks significantly reduced recurrent uterine
contractions (Kanayama et al., (1996), Eur J. Obstet. Gynecol. & Reprod. Biol. 67:
25 133-138). Accordingly, the human proteins of the present invention are
contemplated for use in the prevention of preterm delivery.
Aprotinin has been shown to stimulate differentiation of mouse
myoblasts in culture (Wells and Strickland, Development, (1994), 120: 3639-
3647)), a process that is inhibited by TGFb. TGFb exists as an inactive pro-
30 polypeptide which is activated by limited proteolysis. The mechanism of
aprotinin action has been proposed to involve inhibition of proteases which
process pro-TGFb to the mature active form. TGFb has been shown to be up-
regulated in various fibrotic lesions and has long thought to be a potential
target for anti-fibrotic therapies. In a rat model of pulmonary fibrosis for
35 example, TGF-b concentrations paralleled the extent of bleomycin-induced
inflammation. Furthermore, plasmin levels in the alveolar macrophage
coincided with mature TGF-b levels, and the addition of the plasmin inhibitor
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ol i gonucl eow&l@,ﬁgﬁuence for bikunin depicted in Figure 4C (poirdonedied. 45) .
Fi gure 4E depi c{s the nucl eotide sequence (SEQ ID NO 46) and

corresponding amino acid translation (SEQ ID NO 47) of a placental bikunin
encodi ng sequence that was derived froma human placental cDNA |library by 5
PCR-based aumfl-afiiphisirdin.abrogated the post hgamﬁamﬁ\zdaanvaaonlmé pnuéﬂ‘ Gk bylehe

"D NO 49) GrORhts (el AR, (1906 Aih:ERASEITE ANMBE HiEl o) 52%“%#* T, e
i sol at ed fr chata shggest thadcelasmin contnbatebd@ tEN\forimation pfbgptnm BeYDb by
hybri di zat QT’veolQT macrogfxﬁ%@“&ﬁd 4%’9%2‘5@8%@% centl 5‘?&1&1 ic 3o tHQ aci d

transl at ed |gonu ‘ide _sequenc nin o alned by
EST over Pay blegmaycin-induge ‘S‘flam%sed cloning (SEQ I D NO. 47) and

conventional |antfgi ht of tﬁ@éé)BUséWbﬁéﬁH ?@Adeﬁ'@al(ﬁﬁ@nhpah@ frﬁ?dxents thereof
Figure 5 shows a ur fi cat human acenta uni n, from15
pl acent al ti&¢ lf@“g?‘?“‘%htSE}pgsr &’%%aPS“ fﬁ I"laF‘é’Hso rth'ﬁe dﬁq;?ierg ‘é‘ﬁl iBB| ay
of the f ptull ehepatm;repabénd denﬁalr(sdswdad fibkbsi§0 nm (sol i dhl i ne),
activity of "elute sn| n.assa nhi.bi tion
shown by circl es)lgergﬁﬁxzea anab{“I‘\/ sb? ?)Crto?‘r’y‘}ﬁ of H“ﬁe%&fg r‘gftﬁ

i nhi bi ti10n deday ddses ndfi eﬂthexomfhmnm b;tus or pammym?uuQQOvcharenR% gnde 6
rom bl ageniarie 32[5‘8"“8‘2‘?%* WesBieh (IR0 AT, PATEE P esipp, of eI
is an over| &g V@lonm@nb%faéa emoxrhagic rsnph@p@@mamm@ amorgzalg@gonrﬁ
sggai were BRE ridtéd ¥ith adtosilized Bt:hﬂhﬂrbéthké?ﬁ Eﬁw (%

(sol id i ne)bo@cwb%
hi bi t I d ty of d t
ol 1 Fkr o1 ifnithfes drpsRrugbioss, es&l%é‘m”waﬁx%nsme% vy otiyerdot "ard

Fi gure 715depogitemplatedvay tidrapeeticsSES Pﬁ@gebsmaimrgmeyatpdrmﬂmdza‘hke

pl acent al blﬂgg{#n (lane 2), and a series of nolecular size marker proteins
(1 ane $he indicated sizes in kilodaltons. M gration was fromtop
to bottom The human placental bikunin, isolated domains, and other variants of

the invention are contemplated for use in the medical/therapeutic applications

suggested for native aprotinin or aprotinin analogues with other inhibitory

20 profiles, in particular those which necessitate usage of large doses. These

would include diseases for which use of the human protein is indicated by

virtue of its ability to inhibit human serine proteases such as trypsin, plasmin,

kallikrein, elastase, cathepsin G and proteinase-3, which include and are not

limited to: acute pancreatitis (pancreatic elastase and trypsin), inflammation,

25 thrombocytopenia, preservation of platelet function, organ preservation,

wound healing, various forms of shock, including shock lung, endotoxin shock

and post operative complications; disturbances of blood coagulation such as

hyperfibrinolytic hemorrhage; acute and chronic inflammatory reactions, in

particular for the therapy and prophylaxis of organ lesions, such as for example

30 pancreatitis and radiation induced enteritis, complex-mediated inflammatory

reactions such as immunovasculitis, glomerulonephritis and types of arthritis;

collagenoses in particular rheumatoid arthritis; types of arthritis caused by

metabolism-related deposits (for example gout); degeneration of the elastic

constituents of the connective tissue parts of organs, such as in atherosclerosis

35 (serum elastase) or pulmonary emphysema (neutrophil elastase); adult
respiratory distress syndrome, inflammatory bowel disease, and psoriasis.

A major unexpected finding was that the synthetic peptides encoding
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Figure 8 sh%y},%g%armunt of trypsin inhibitory activity prepéepusytssdac. 30
cell-free fernentation broth fromthe growth of yeast strains SCL01 (panel
8A) or WHL341 (panel 8B) that were stably transforned with a plasmd-
(pS604) that directs the expression of placental bikunin (102-159).
Figure 9 shbﬁblxﬁot(ﬁ-@)mﬂd/@kuaira(lﬂédSSDSoBkmeref fobd ingb)thamdrmct three-
Vst ern bl oty; | A5

cell-free 3 ﬁ#“%%‘af?én br%ﬁéu aQ@xQ/%Wg; Egéefag ea&lbﬁP%aQ@ b}'bk%f

(r econbi nan{Examplegmd and 1, Qe%vﬁcw%\'w)mbl@os\t%dwg,re@ﬁ fofrthege iragmants| efsni d

directing tBgkeni andesReR a reducﬁ‘éﬁ R 'mERVONE ARSOLAIN, boristPhPRN fle

?|4ku nin g10g.12 ;ngxggggac . Icaosr&]a, g? tiu-ee mtrac?\am disulfide bonds between six cysteine
PCT/ US97/ 038@sidues of éarhbfragient. Another sur prising Sinding Sis ahabahe tithi ch

h | d .SDS; hi f K
(105150, ( FRRUSSE GREAIEBIATnd7-64) bikian g 4 s Fortl fe "
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the blot. blood loss, or for-any other condition where inhibition of plasmin and/or
15  kallikrein would be beneficial. '

Furthermore, we showed in this disclosure (Example 10) that placental
bikunin (1-170) is a potent inhibitor of factor Xla and a moderate inhibitor of
factor Xa. Factor Xla plays an essential role in the intrinsic pathway of
coagulation, serving to interconvert inactive factor IX into active factor IXa.

20 Thus, Placental Bikunin inhibits two key enzymes of the intrinsic pathway,
kallikrein and factor Xla. Consistent with these observations, we also showed
that placental bikunin (1-170) is a potent inhibitor of the activated partial
thromboplastin time, which is a measure of the speed of coagulation driven by
the intrinsic pathway. On the other hand, we showed that Placental bikunin (1-

25 170) is an extremely weak inhibitor of the tissue factor Vlla complex, suggesting
that it is not important in the regulation of the extrinsic coagulation cascade.
Based on these unexpected findings, placental bikunin is contemplated as a
medicament for diseases in which activation of the intrinsic pathway of
coagulation contributes significantly to the disease mechanism. Examples of

30 such diseases would include post-traumatic shock and disseminated
intravascular coagulation.

A significant advantage of the Kunitz domains of the present invention
is that they are human proteins, and also less positively charged than Trasylol®
(Example 1), thereby reducing the risk of kidney damage on administration of

35 large doses of the proteins. Being of human origin, the protein of the instant
invention can thus be administered to human patients with significantly
reduced risk of undesired immunological reactions as compared to

23

SUBSTITUTE SHEET (RULE 26)



Figure 12 depi i mmunobl ot of placental derived pl acentghy y/,;dgugg
w th rabbi t%g(hgf’%gg‘{]m rai sed against either synthetic reduced placental

bi kunin 15 (7-64) (panel A) or 102-159 (panel B). For each panel, contents
wer e: nol ecul ar size markers (lanes 1); native placental bi kuni n

| ated f ®:
I(§o62) e(l a[}%xﬂﬁﬁ?ﬁi‘aﬂ%ﬁ%@hﬁﬂar doséd amsas?fbo} SYF&RﬁéfxﬁoRJ @@@gg%ﬁaﬁgﬂ n

3 I C kuni n )
Trici.ne 10- (;U hist ]EWGéB ef’ék‘%é‘?‘e&b&gt fed bd]ﬁﬂmn (1- 1@\@?6’;&5@ IWRRRY fROYe| n
A-purified Qﬁét@ﬁf msittmsl sfplasmatiiaiigiebein ﬁxalﬂgrﬂagﬁd@ R0 (E)Eﬁmﬁlel‘o%i and

con] ugat ed- gHlt TEHE ik (%’ngéa%a o3 thEHS0h a0 SXRRGFLo R TRREe FHER ¢ o
_tIJ_ottom gDS %z;ogaztlowdhngglbh)olﬁlodem aBer&sCoormSS| e Blue s';al ged 10- 20%

. r. e
o kunin (1. 170) s elcnrlof, SR RGP onli g Bind UL
(lane 2). L f1txerﬂntoapmevrdﬂ acsupra sormal plasmarleeels. For ghet prophydactic om

top to bott q@gyuction 0{ bleeduEé Qs anéé?ﬁ Q’Bllgvgr\% CS%H% 'a%?ﬁc ¥ gg's% %?Ix%@

i ncr easi ng concentr at eri ve hurran ®
bi kuni n ( 1- 1{e)B @,.memoam&péﬁ)emgmmqn@onmay pased inpl aﬂemfr'ﬁrwlol

(102- 1|5%%oh( Oﬁgﬂe%kﬁ{ ﬁ'%to a0t thé Hif&r@ﬁé@ﬁ h@,s)nwuw of QQastngI@ ¥t ed
W CacLl erPyameg in e Foicioht dreg Seffiencer iidaﬁ& [3Bngotan, Sresol® o o
pr ol ongat i onsupplein@ht mgirieﬂye wiltth thepatidnit in b sdpineoposition, tthmboa/diﬁ dos&of
mvent on enkB asséisﬁ%“ﬁéva%%ﬁn?h%’"%&%%ﬁ%5%€§.&‘?en stowly oY4F B o7
human pl acen2(btt0 &Okmnntasmftec dnductien fanesthesm pubpeasdo sterndtomybi Tor
dOITB.I NS &f tPEndflldl fothl 88Se of Berast ahdut BMEBIKAT (ﬂlﬁﬂréﬂqm@%mts)
and 8 X106 KIU will be used, depending on such factors as patient weight and
the length of the surgery. Preferred loading doses are those that contain a total
of 1 to 2 million kallikrein inhibitory units (KIU). When the loading dose is
complete, it is followed by the constant infusion dose, which is continued until
20 surgery is complete and the patient leaves the operating room. Preferred
constant infusion doses are in the range of about 250,000 to 500,000 KIU per
hour. The pump prime dose is added to the priming fluid of the
cardiopulmonary bypass circuit, by replacement of an aliquot of the priming
fluid prior to the institution of the cardiopulmonary bypass. Preferred pump
25 prime doses are those that contain a total of about one to two million KIU.

The proteins of the instant invention are employed in pharmaceutical
compositions formulated in the manner known to the art. Such compositions
contain active ingredient(s) plus one or more pharmaceutically acceptable
carriers, diluents, fillers, binders, and other excipients, depending on the

30 administration mode and dosage form contemplated. Examples of
therapeutically inert inorganic or organic carriers known to those skilled in the
art include, but are not limited to, lactose, corn starch or derivatives thereof,
talc, vegetable oils, waxes, fats, polyols such as polyethylene glycol, water,
saccharose, alcohols, glycerin and the like. Various preservatives, emulsifiers,

35 dispersants, flavorants, wetting agents, antioxidants, sweeteners, colorants,
stabilizers, salts, buffers and the like can also be added, as required to assist in
the stabilization of the formulation or to assist in increasing bioavailability of
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neutrophils and macrophage involved in inflammation may be aided by

20 entrapment of the drug in liposomes.. It should be possible to improve the
selectivity of liposomal targeting by incorporating into the outside of the
liposomes ligands that bind to macromolecules specific to target organs/tissues
such as the GI tract and lungs. Alternatively, im. or s.c. deposit injection with
or without encapsulation of the drug into degradable microspheres (e.g.,

25 comprising poly-DL-lactide-co-glycolide) or protective formulations containing
collagen can be used to obtain prolonged sustained drug release. For improved
convenience of the dosage form it is possible to use an i.p. implanted reservoir
and septum such as the percuseal system. Improved convenience and patient
compliance may also be achieved by use of either injector pens (e.g., the Novo

30 Pin or Q-pen) or needle-free jet injectors (e.g., from Bioject, Mediject or Becton
Dickinson). Precisely controlled release can also be achieved using implantable
pumps with delivery to the desired site via a cannula. Examples include the
subcutaneously implanted osmotic pumps available from ALZA such as the
ALZET osmotic pump. ' : '

35 Nasal delivery may be achieved by mcorporatmg the drug into
bioadhesive particulate carriers (<200 mm) such as those comprising cellulose,
polyacrylate or polycarbophil, in conjunction with suitable absorption
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i nfection duéuﬁgexp,sde{lélqregnterxc coate capsules esxgned to release the drug into the
15  colon where digestive protease activity is low. Examples of the latter include
the OROS-CT/Osmet™ system of ALZA, and the PULSINCAPTM system of
Scherer Drug Delivery Systems. Other systems use azo-crosslinked polymers
that are degraded by colon-specific bacterial azoreductases, or pH sensitive
polyacrylate polymers that are activated by the rise in pH in the colon. The
20 above systems may be used in conjunction with a wide range of available
absorption enhancers. Rectal delivery may be achieved by incorporating the

drug into suppositories.

In its preferred medicinal application, for reduction of perioperative
blood loss, the preferred mode of administration of the placental bikunin

25 variants of the present invention is parenterally, preferably by i.z. route
through a central line.

The amount of the pharmaceutical composition to be employed will
depend on the recipient and the condition being treated. The requisite amount
may be determined without undue experimentation by protocols known to

30 those skilled in the art. Alternatively, the requisite amount may be calculated,
based on a determination of the amount of target protease such as plasmin or
kallikrein which must be inhibited in order to treat the condition. As the active
materials contemplated in this invention are deemed to be nontoxic, treatment
preferably involves administration of an excess of the optimally requxred

35 amount of active agent.

Additionally, placental bikunin, isolated domams or other variants may

be used to isolate natural substances such as its cognate proteases from human
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Camor growt b andOREPRRR o bR FHRIETROABIORe b dAroBitalin
of tunors and wielentedsnuleioaickd saquences were R35464 (SEQ ID NO: 12) and R74593 (SEQ
17 ID NO: 14) that were generated from a human placental nucleic acid library.
20 The translated protein sequence in the longest open reading frame for R35464
(SEQ ID NO: 13) was missing one of the 6 cysteines that are critical for
formation of the Kunitz-domain covalent structure, meaning that the nucleic
acid sequence of R35464 could not yield a functional inhibitor. Similarly, the
longest translated open reading frame from clone R74593 (SEQ ID NO: 15)
25 contained a stop codon 5’ to the region encoding the Kunitz like sequence,
meaning that this sequence, could not be translated to yield a functional
secreted Kunitz domain. The significance of these sequences alone was unclear.
It was possible that they represented a) the products of pseudogenes, b) regions
of untranslated mRNA, or ¢} the products of viable mRNA which had been
30  sequenced incorrectly.

Discovery of Human Bikunin
To specifically isolate and determine the actual human sequence, cDNA
primers were designed to be capable of hybridizing to sequences located 5’ and
35 3 to the segment of cDNA encoding our proposed Kunitz like sequences found
within R35464 and R74593. The primers used to amplify a fragment encoding
the Kunitz like sequence of R74593 were:

27

SUBSTITUTE SHEET (RULE 26)



WD 97/ 33996

PCT/ US97/ 0389® 9733996 extrenely poor patient prognosis. PCTms’"émaer at
preclinical studies suggest that. Kunitz |ike serine protease

inhibitors with a protease speC|f|C| ty simlar to aprotinin are useful as

nedi canent s fOGARGCATC APCTECURAGCRECAGATE { Eﬁ%ém&hmms%&d S

bearing & i GH9 1Ph$E38aL andLAGEAECTAGACA éﬁ@é&&%&& (e

mal i gnant 5'pmwlm§@mam@55@mmog4 al ., (1974), Br. J. Cancer 30:
60-67; Latner and

Furt hermore, adm e ﬁl-#é%%dy efe’ HSQ%W‘BBBERPW&@ fqu?ﬁ?}% ?&(ﬁ%aﬁeopalr

C57B1/6 Cb nijduute foomday s hhmmlfplpoemtal1QDNr\ochbaanyonfmmh CERmtechung
carci noma ce t,ast 0

effect on prld\&A unor rrassq?gﬁléﬁ AB%S é?’?‘?e"j?ﬂﬁ%mégge@ ?ng K% Cancé

13: 1321- 1323¥hicBi was subgloned anto theamphSIéf arg, s@puerced iwigh the Téammer
days 13-16 p | @&ﬁ] ] ,%h

i nhibited %ﬁhal ae?%é@rretléa?&’%es % Sggiﬁs i a g{x\?&%‘&? tﬁ@hla%m%ty
tunor growth 0}?3 ineditsing pukprimers was ff?l‘enﬁ em the @&pgncezlzstedzg Q)i PR

this samggst hta base forQdnE R7E893.0Mn arﬁlcéiﬁﬁn Buf rngbksa%éql]lcféxﬁiencdmhihédﬁ%s ame
nunoper o

o015 SChea] ol S L B b ot b BAE o e
peri oper at i vesegtinerti exicoding the Kuatzlike isaquence (Figuenger Thetinsartiornaf an
Pharmacol '343?&%&9@93@"‘%%%? o foudh §§?ﬂﬂﬁ‘g e e o Kt
t he transpl ardemainddeat bagerpain 11 ofithe mynpméaeqmeufnr RZ4393a Kigure 3).
suggest edst hat  t hes@icbfint quer) ¥ thd SEEST iRk i@iteS holfUloSb M 5 (it -
like peptide sequence of R74593 yielded H94519 derived from human retina
library and N39798. These sequences contained a Kunitz-like sequence that
was almost identical to the Kunitz-like domain encoded in R35464 except that it
contained all six of the characteristic cysteines. Overlay of each of the
20 nucleotide sequences with that of R74593 (corrected by the insertion of G at b,p,
114) and R35464 was used to obtain a consensus nucleotide sequence for a
partial human placental bikunin (SEQ ID NO: 9; Figure 3). The translated
consensus sequence yielded an open reading frame extending from residue -18
to +179 (Figure 3; full translation SEQ ID NO: 10) that contained two complete
25  Kunitz-like domain sequences, within the region of amino acid residues 17-64
and 102-159 respectively.

Further efforts attempted to obtain additional 5 sequence by querying
dbEST with the sequence of R35464. Possible matches from such searches, that
possessed additional 5’ sequence were then in turn used to re-query the dbEST.

30 Insuch an iterative fashion, a series of overlapping 5’ sequences were identified
which included clones H16866, T66058, R34808, R87894, N40851 and N39876
(Figure 4). Alignment of some of these sequences suggested the presence of a 5
ATG which might serve as a start site for synthesis of the consensus translated
protein sequence. From this selected information, it was now possible to

35 selectively screen for, and determine the nucleic acid and polypeptide
sequences of a human protein with homologous function to aprotinin.

Re-interrogation of the dbEST revealed a number of new EST entries
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Wi th e conti nisfience (Figure 4D) in the bikunin encoding frame yielded a g Bfactifal’
hr for abilgindn that W@séargsa%B@n@aoa%hmn ﬁm@ah@ﬁtswnﬁaga aminphe

end of the  acids) encoded from the original consensus (SEQ ID NO: 1), and was
' terminated by an in-frame stop codon within the oligonucleotide consensus.
15 The size increase was due to a frame shift in the 3’ coding region resulting from
removal of the two base insertions unique to EST R74593. The frame shift
moved the stop codon of the original consensus (Figure 3) out of frame
enabling read through into a new frame encoding the additional amino acid
sequence. The new translation product (Figure 4D) was identical to the original
20 protein consensus sequence (SEQ ID NO: 1) between residues +1 to +175
(encoding the Kunitz domains), but contained a new C-terminal extension
exhibiting a putative 24 residue long transmembrane domain (underlined in
Figure 4D) followed by a short 31 residue cytoplasmic domain. The precise
sequence around the initiator methionine and signal peptide was somewhat
25 tentative due to considerable heterogeneity amongst the overlapping ESTs in
this region.

Analysis of the protein sequence by Geneworks™, highlighted
asparagine residues at positions 30 and 67 as consensus sites for putative N-
linked glycosylation. Asparagine 30 was not observed during N-terminal
30 sequencing of the full length protein isolated from human placenta, consistent

with it being glycosylated. '

Cloning of Human Bikunin
The existence of a human mRNA corresponding to the putative human
35 bikunin nucleotide sequence inferred from the analysis of Figure 3, was
confirmed as follows. The nucleic acid primer hybridizing 5’ to the Kunitz-
encoding cDNA sequence of R35464 (b.p. 3-27 of consensus nucleotide
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t umor debul %Fﬂ'g&(g » rﬁxﬁeﬁ’@gtﬁgmr?ﬂmgg consengys Y 18@‘?8‘? spauencerencadiggne,

e ot 000 R plgcata ik unimoseuenbeof Figneed (Shown sbsindabal pdFigRBal)y
v us i i dj . surdi | - Vi, ,
preferr gd node 01% %g‘ﬁldangllg%r%% 52‘5’5%"&8 4 38AUENCH I’I‘B%ﬁ3§?%ﬂ"at 1s X\&q ﬁ@r%ﬁ?
with eiflfer themputativeATSs stagt sithdisoussedabpveAshedai scheneadticatlgfinFigdre20A

A it . . G ; |
desi gned to ﬁﬁaﬁr P10 Pyt e SarE 3 Primner 16T 803 A0 b3 pBREY, VR poiRRA
t uror y 8ifragmaent & lasdech hymargplacentat libzaryofithe expected

Preferred typas(pproRmeately 77 ag? pedieted P ESPYoveRldy dSREW st Rlatically in

dependent s\(’)é%i d fumors such as east, colon, lung,“prostate and ovarian 25
car ci nomas hibit a high netastatic potential, and those for which

local 15 del i veéSequehcingofithe 872enpt &tdgoneraf siidieed iOt@icBntinf faslebligesuch
as lung can I Lver carcipomgs_ t hrough
hepatic del fs\?g%er}toc orfé%bSﬁlgi\}\eé) wng%ﬁgigtlgstsg}boo? %%‘ ﬁgzﬁ;c%? 4S9\ ER aas“cﬂéeﬂj and
neck carci néi@stoop42 of thereonsensus seguenaghfos placardalebikunie linferred flSmadet he
proteins of g BRSO is i(BY €{Hhi an e:4Qfa ho]
| ess likely tgolipgg 85%&;:?:@15 (\M t UeeB); éﬁtgre'g%qg?hg%gph%&é%%cem%éaa%#gns
of the ki nd SOE¢aneda gjw?' e dpmain gpeqged by plaggatal bilgarin (102-159).
20 To obtain a cDNA encoding the entire extracellular region of the protein,
the following 5 PCR primer:
CACCTGATCGCGAGACCCC (SEQID NO: 36)
designed to hybridize to a sequence within EST R34808 was used with the same
3’ primer to EST 74593 to amplify (30 cycles) an approximately 780 base-pair
25 cDNA product from the human placental cDNA library. This product was gel
purified, and cloned into the TA vector (Invitrogen) for DNA sequencing by the

dideoxy method (Sanger F., et al., (1977) Proc. Natl. Acad. Sci (USA), 74: 5463-
5467) with the following primers:

30  Vector Specific: GATTTAGGTGACACTATAG (SP6) ({SEQ ID NO: 37}
TAATACGACTCACTATAGGG (T7) (SEQ ID NO: 38!

Gene Specific: TTACCTGACCAAGGAGGAGTGC {SEQ ID NO: 39)

AATCCGCTGCATTCCTGCTGGTG (SEQ ID NO: 40)
35 ' . CAGTCACTGGGCCTTGCCGT (SEQ ID NO: 41)

The resulting cDNA sequence is depicted in Figure 4E together with its
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Addi tional | yo 4p8eger Ot €i ns of the present invention are contmryUss7asssfor.
use in the reduction of thronboenbolic conplications associated with 35
activation of the intrinsic pathway of coagulation. This would include
prevention of pul nonary enbolismin | ate stage cancer patients, a frequent
cause of dedransiddomprode:t, Attbenycleptidadevelsthe sequenaBexidbited only minor

19 \Wixf3rére3%Pom the consensus EST se i 4D). '
PCT/ US97/ 03894 s ensus Pl seguence (Figure 4D), Transiation of the

conpl i cat i orfeABEDIY Yiskded afoding sequanes crataipmman in-Sgmeiniiaion AT site,
stroke, ceregadl peptideisnd eeitals Placeidal bikuris tsegﬁéﬁ&mehd tRAREIREMBR

' di hear t , f di se,
ancophal Pt | oifat T Gankiated SENkckIAf e TR eroduct ven Tassiog thedasold and

f ocg! d'O{ di faimgm aarc%ct irfulid’a_és fﬁ?ﬂ the @tﬁpmsfrﬁgtﬂdiﬁaﬁ'p_as E&dﬂg@@uéx@dtéebf the t
norbidity an a ol,l owj ese even radyki ni n is. kpown tq, u
the bl ood brcg'\oﬁgeoé{' ?‘i%"rmé&%‘;&\er@ ATHReT FOF &R ﬁmﬂﬁ%gf’“d@@fﬁf’m oy B 1P
Neur or adi ol qepimer (desigBed basetDon thihsequieacedf RF4593) WoR2lso rispensiblefoe ithe . |,
115; 53-59),; RIS . AT e Lot ern i
arery | nau SEREEFRKL Shatasnal SIOR Ehiaior ot il ool Flon 211 B
subj ect 48 t dransiated RGRoderived sequence. Thecﬁ!@%k?%pﬂ?ﬂ@ﬁﬁ%# framamnslatiomon
| ka  Dai gak ofAns TR flagmeritQrdPsomewhsVaifReent to thhCdfthe ST @&&lﬁsn' nare

{raomat | zed 1 at  SHPraptahcy Sl iemgfh pldcerabBiuni RV o RERCK derived
975- 980) , ar?kqdutt KFigaire 4B) dvds gelurifi@iund i@edi thlisdla® InGAPTR based Fullg 15
]ICB: gg]yﬁieafﬁr alen'g?l(tz hc"ilgx% are{:)rKé"‘s@n)ﬁ%\geghg lbikux(i}\ggg tienscter & P&ﬁ dgz?i%- 7: NA
15  sequence was labeled with 32P-CTP by High Prime (Boehringer Mannheim) and
used to probe a placental cDNA Library (Stratagene, Unizap™ A library) using
colony hybridization techniques. Approximately 2 X 106 phage plaques
underwent 3 rounds of screening and plaque purification. Two clones were
deemed full length (~1.5 kilobases) as determined by restriction enzyme
20 analysis and based on comparison with the size of the EST consensus sequence
(see above). Sequencing of one of these clone by the dideoxy method yielded
the oligonucleotide sequence depicted in Figure 4F. The translation product
from this sequence yielded a protein with inframe initiator methionine, signal
peptide and mature placental bikunin sequence. The mature placental bikunin
25 sequence was identical to the sequence of the mature protein derived by
translation of the EST consensus although the signal peptide sequence lengths
and sequences differed. Unlike the PCR derived product, the cDNA derived by
colony hybridization contained the entire ectodomain, transmembrane domain,
cytoplasmic domain and in-frame stop codon. In fact, the clone extended all the
30  way to the poly-A tail. The initiator methionine was followed by a hydrophobic
signal peptide which was identical to the signal peptide encoded in the PCR
derived clone. Subsequently we expressed and purified a soluble fragment of
placental bikunin, bikunin (1-170), from Sf9 cells (Example 9), and found it to be
a functional protease inhibitor (Example 10). Furthermore, we isolated from
35 human placenta a soluble fragment of placental bikunin which was also an
active protease inhibitor (Example 7). Both the natural protein and the form of
the protein expressed in Sf9 cells are probably glycosylated at the asparagine
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~is rel eased Jv[)‘}%%}? gh nol ecul ar wei ght kininogen by serine ppet@ssassss .. -
i ncl udi ng I'krein (Coleman (1984) J. din Invest., 73: 1249), and

the serine protease i nhibitor aprotinin was found to bl ock the
magni t ude of brain edema resulting fromcerebral schema in SHR rats
(Kami ya, (19@8jdud\appositibked(Chaspdkon Has sétioverids oSPTH—&ﬁriﬂx&htid@ﬂhMﬁg@U -al .,

T N i
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ki ni ﬁﬁgén SiEe 3“8 keSS st AR B LS .
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cont enpl at edKaniHRIIAMEE kﬁswntm&g? %ﬂ%ﬂc  (HORERIA ooffeilcfﬂﬁt‘%é ri sk

for this condtlon particularly those rain
injury. ﬁ‘?’é‘%@ﬂé membrage Asseciated o3, msampﬁam‘xgatmf@mmf yhe auna
patients, Yloid PrécursOf Praein @riieddaPP75T (EdeR IY i d)., P19901) iSeidne€ O248: and

open. hoart Céﬁ%ﬁ}%a&ﬁéﬁf? r a%%'ﬁret%ivif‘%&? 4 A5l Chem, 356 BoRfacose).
cerebrall0or sub- afContact actireation lisge prooésscwiicts is acnvaebdseb@ses $utehof
a6l hotme. aHATHERe YasERE Cofacel® 18" QlpBhefls b NFectodiiBlion ersgage
sclerosis Angiogenesisrig drpeacessvthet mrv@ Iygso becaragtivation iofr plasmuiat iaént s
suffering fr@ﬂaaﬂmfa'i surpédésrrhefd;ﬁm sbfp@(ae&&a?wa;mhhsn&f@é 'bt@élﬁ?' nal

cord. Patients woul d rec mni'stration o uni n

ei ther as anc3PAQY B?]aBFh‘Pfo'FQJEe surfaces,;suggesinthat the physiolegiy fynctions of
i ntracras al transAtghbtamsls glaamtaf Bikﬁﬁﬁ'ﬂtrﬁllazjbidﬂﬁtlé‘ rtefulatlon of contact

20 activation and angiogenesis. SUBSTI TUTE SHEET (R

The amino acid sequences for placental bikunin (7-64), bikunin (102-159),
and full length placental bikunin (Figure 4F) were searched against the PIR
(Vers. 46.0) and PatchX (Vers. 46.0) protein databases as well as the GeneSeq
20 (Vers. 20.0) protein database of patented sequences using the Genetics
Computer Group program FastA. Using the Genetics Computer Group
program TFastA (Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:
2444-2448), these same protein sequences were searched versus the six-frame
translations of the GenBank (Vers. 92.0 with updates to 1/26/96) and EMBL
25 (modified Vers. 45.0) nucleotide databases as well as the GeneSeq (Vers. 20.0)
nucleotide database of patented sequences. The EST and STS subsets of
GenBank and EMBL were not included in this set of searches. The best matches
resulting from these searches contained sequences which were only about 50%
identical over their full length to the 58-amino acid protein sequence derived

30 from our analysis of clones R74593 and R35464.

Isolation of Human Bikunin
As mentioned above, synthetic peptides corresponding to bikunin (7-64)
and bikunin (102-159) as determined from the translated consensus sequence
35 for bikunin (Figure 3), could be refolded (Examples 2 and 1, respectively) to
yield active kallikrein inhibitor protein (Example 4 and 3, respectively). We
exploited this unexpected property to devise a purification scheme to isolate
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could be admnistered intermttently over the follow ng one to three weeks.
Dose | evels woul d be.designed to attai n circulating concentrations in
excess of E)xse reaét red Eg utral | ze elevations in plasma |evels or
br adyki ni n Ve plasental bi TROHSSHEs formed through the action of

serine proteasesUgiig a ﬁﬂta‘caabﬁntctt@né adhich eﬂtpra ed mﬁktrbﬂx-ﬁpt{a&bge' S

f h f
would not 1 A cﬁﬁwgmnt\w LhiseSldp hﬁﬂxwfef Pave potens Kok,
Pl ace Et al biifhibitor anas {sodaped nThe tisolatedf nativel kiman bth&mrohin% £ 1tdt=.ﬂﬁczﬂ_d\:1-h

t her a conmbi nat i

other el oAU AERet By et alifl ve ety theseRBRGE Bledifie by
Recent eV| déhe ¢rariddatiortaddhe dRnsensus natlegc ycld seguenaSigure 9) atdfio 4]
h d FS@F&; &g,fﬂﬁ{,
p:tshegelngglt ?g Png%t* ?Stﬁ S a%ghﬁgm a, and t a%l@ﬁf%ﬁﬁh?ﬁﬁggﬁ?%ﬁs& %gy be
of t heraarmﬁl nativedaiikreininhibiton igplated frome humanplagentsr s of t he
present inventi orKddwneKanfeilkHoaiAfls %%@Hﬂgelbﬁr tliB%idué‘saBél?éJe)d {cPbe

I nhi bit _human kal li krein canment s ment
arthritit8 aﬁﬂagﬁ‘&ﬁ%ﬂﬁ?t r’mﬁﬁn@fset pr&eases af?r%@ﬁ%fasrﬁﬁ §P%ﬁl- Fﬁg{ﬁs"n
d: abetic ( Ni(BOM/ yrddriined). V\tfhbseapmtdutlnrrrestdues ampamedwélﬁomafﬂlféﬂ Folﬁ_t al
gl ucose upt ake crease cl earance rate of insulin
(Laurenti pﬁ?‘?icrf'% %fea q&%‘gﬁbm%%aaﬁbelﬂ‘g 642-645). 20 Accordingly,
t he human prote| ns of the present I nvention ag (in enpl at ed for

f

chroni c jgse as 'fﬂé‘di cament 7?be t reat ment - bal |y
treatment of patients at r|s pretermdelivery Wth ufinary trypsm

i nhi bi tor fol)tIRPFREERES VS CHERNSMERN tHYIVTIRSEHR dd VIEEDR AR UTRFECNBKKCATY
contract i ons 24 Kagy-a gt Gﬁtmsséﬂ@%bmasen i 1eB& Rl - KISV REERC mrcRRET Od.

Biol. 67: 25 133 138 Accordin t he human proteins_ of the resent
i nvention aré’ - 55‘%‘&“&115 %P&H"? FEYLETRORE (EFEY RERSRECH th
delivery. 4) -PDFCFLEEDP GICRGYITRY FYNNQTKQCE RFKYGGCLGN MNNFETLEEC KNICEDG
20 S) -PSWCLTPADR GLCRANENRF YYNSVIGKCR PFRKYSGCGGN ENNFTSKQEC LRACKKG
§) -AEICLLPLDY GPCRALLLRY YYRYRTQSCR QFLYGGCEGN ANNFYTWEAC DDACWRI
7) -PSFCYSPKDE GLCSANVTRY YFNPRYRTCD AFTYTGCGGN DNNFVSREDC KRACAKA
8) -KAVCSQEAMT GPCRAVMPRT TFDLSKGKCV RFITGGCGGN RNNF ESEDYC MAVCKAM
9) RPDFCLEPPYT GPCKARITRY FYNAKAGLCQ TFVYGGCRAK RNNFXSAEDC MRTCSGA
25 10) ----CQLGYSA GPCMGMTSRY FYNGTSMACE TFQYGGCMGN GNNFVTEKEC LQTC
11) VAACNLPIVR GPCRAFIQLW AFDAVKGKCY LFPYGGCQGN GNKFYSEKEC REYCGVP
12) -EVCCSEQAET GPCRAMISRW YFDVTEGKCA PFPYGGCGGN RNNFDTEEYC MAVCGSA
13) ----CKLPKDE GTCRDFILKW YYDPNTKSCA RFWYGGCGGN ENKFGSQKEC EKVC
14) -PNVCAFPMEK GPCQTYMTRW FFNFETGECE LFAYGGCGGN SNNFLRKEKC EZKFCKFT
30
Where sequence number 1) is Bikunin (7-64) (SEQ ID NO: 4); sequence 2)
is Bikunin (102-159} (SEQ ID NO: 6); sequence 3) is Tissue factor pathway
inhibitor precursor 1 (SEQ ID NO: 18); sequence 4) is Tissue factor pathway
inhibitor precursor 1 (SEQ ID NO: 19); sequence 5) is Tissue factor pathway
35 inhibitor precursor (SEQ ID NO: 20); sequence 6} is Tissue factor pathway
inhibitor precursor 2 (SEQ ID NO: 21); sequence 7) is Tissue factor pathway
inhibitor precursor 2 (SEQ ID NO: 22); sequence 8) is Amyloid precursor
protein homologue (SEQ ID NO: 23); sequence 9) is Aprotinin (SEQ ID NO: 24);
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Aprotinin has been shown to stinulate differentiation of no 97/03894. ..
myobl asts i WQRT¥MWée (Wel s and Strickl and, Devel opnent, (1@5‘{5 15(?: 3639-
3647)), a process that is inhibited by TGb. TG-b exists as an-inactive
pro- 30 polypeptide which is activated by limted proteolysis. The

mechani sm Ofsequence )35 Weﬂ-o@ﬁgbﬁ’ﬁ\ i RAOPr R ABP ISED 1D NDHOH séc%mrtg tion
of proteases _which rocess,. pro- TG-b to ture active for GFb
has been shdwh it g“f?é'%’ﬁl psin ‘W@W&@W?Wrﬁégmﬁéﬁrﬁsi gequencgni)aisd has

| ong t houghtAingldigl preaisriprotein (SEQURD BHED: 7)) seytbhed 13)i9iAdldgBAIAB(ED. | N
a rat nodel of “pul fihrosis for 35 e{anﬁﬁ, T(%Qg[ﬁ:o rat |g§s
paral | el ed tmgcwg%fy[w&) AR SAHeRE ) 1s HKIES, ) zglsll’t her nor e,
plasm n bevel s i ritichn bel seenlthat Placenah Bijfeunin (7-62pand i(1823159)tdachtiaviecthtG-- b
Izivel s, and Luc AdtHEdr PxPhink Qﬁaaé%%g‘ﬁ}f{ﬂ%n %@es (aﬂli If:m%c} in members, of
97/ 33996  the Kunitz class of serine protease inhibitors. The precise bondir@rofJgsstep@394
S antinl ;. . ) ) 7 b
e ISR el ddstn 8 WSl TR )
252- 259. ) Tf?g previgushy kneyge Kunitzofamily members (Laskowsks Metahe 1980, dimon of
active FGFD Haw. Biochénea9:593.626). Babedon hilkhOwh YoMdind HaReAs aRH NS fact

"n [iont of ‘PREL Solding of Pisrenia) BIkuRELT AR HOHFS) inigrasiive Pioseass
are cont enplinhitsiters is hedomnparied byl dmags rédwion donsistent drittotteformationl ofdi ng
three intrachain disulfide bonds (Examples 2 and 1), it is highly probable that
the disulfide bonding within the Kunitz domains of Placental Bikunin occur
15 between cysteine residues: C11 and C61; C20 and C44; C36 and C57; C106 and
C156; C115 and C139; C131 and C152. Furthermore, this pattern of disulfide
bonding is highly probable in larger forms of Placental Bikunin containing both
Kunitz domains since such forms of the protein are also active serine protease
inhibitors and because N-terminal sequencing (Example 7) of native Placental
20  Bikunin for 50 cycles yielded a sequence that was silent at positions where the
cysteine residues were expected.

The placental bikunin, isolated domains or other variants of the present
invention may be produced by standard solid phase peptide synthesis using
either t-Boc chemistry as described by Merrifield R.B. and Barany G., in: The

25 peptides, Analysis, Synthesis, Biology, 2, Gross E. et al., Eds. Academic Press
(1980) Chapter 1; or using F-moc chemistry as described by Carpino L.A., and
Han G.Y., (1970} J. Amer Chem Soc., 92, 5748-5749, and illustrated in Example 2.
Alternatively, expression of a DNA encoding the placental bikunin variant may
be used to produce recombinant placental bikunin variants. |

30 The invention also relates to DNA constructs that encode the Placental
bikunin protein variants of the present invention. These constructs may be
prepared by synthetic methods such as those described in Beaucage S.L. and
Caruthers M.H., (1981) Tetrahedron Lett, 22, pp1859-1862; Matteucci M.D and
Caruthers M.H., (1981), . Am. Chem. Soc. 103, p 3185; or from genomic or

35 c¢DNA which may have been obtained by screening genomic or cDNA libraries
with ¢cDNA probes designed to hybridize with placental bikunin encoding
DNA sequence. Genomic or ¢<DNA sequence can be modified at one or more

34

SUBSTITUTE SHEET (RULE 26)



pul nonary, atic renal and dermal (scleroderma) fibrosis. per 397,03894 N
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erfibrin e r | n
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exanmpl e 30 vqﬁmrf@amrgswmf placantad hikundn vagiants ard wiell, kmpuaxher@m at ed
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respiratory vadanssef stl;mq:mamt imfdraiomatiatycarobel ushdséa:sehe grdditionascs s.
A M8j OF J1eXRREhinahP P AdeNBt Bikdhnih VarbaiNCW GRERY' 8P LoENERUHNs of
expression vector and host organism exist which can be used for the production
of the placental bikunin variants. Suitable host cells include baculovirus
infected Sf9 insect cells, mammalian cells such as BHK, CHO, Hela and C-127,
bacteria such as E. coli, and yeasts such as Saccharomyces cervisiae. Methods
25 for the use of mammalian, insect and microbial expressions systems needed to
achieve expression of placental bikunin are well known in the art and are
described, for example, in Ausubel F.M et al., Current Protocols in Molecular
Biology, John Wiley & Sons (1995), Chapter 16. For fragments of placental
bikunin containing a single Kunitz inhibitor domain such as bikunin (7-64) and
30 (102-159), yeast and E. coli expression systems are preferable, with yeast
systems being most preferred. Typically, yeast expression would be carried out
as described in US patent 5,164,482 for aprotinin variants and adapted in
Example 5 of the present specification for placental bikunin (102-159). E.coli
expression could be carried out using the methods described in US patent
35 5,032,573. Use of mammalian and yeast systems are most preferred for the
' expression of larger placental bikunin variants containing both inhibitor
domains such as the variant bikunin (7-159}.
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showed 15 jnvention.

Example 1
Preparation of synthetic placental bikunin (102-159)
Materials and methods/Reagents used. The fluorogenic substrate Tos-
20 Gly-Pro-Lys-AMC was purchased from Bachem BioScience Inc (King of
Prussia, PA). PNGB, Pro-Phe-Arg-AMC, Ala-Ala-Pro-Met-AMC, bovine
trypsin (type III), human plasma kallikrein, and human plasmin were from
Sigma (St. Louis, MO).
Recombinant aprotinin (Trasylol®) was from Bayer AG (Wuppertal,
25 Germany). Pre-loaded Gln Wang resin was from Novabiochem (La Jolla, CA).
Thioanisole, ethanedithiol and t-butyl methyl ether was from Aldrich
(Milwaukee, WT).

Quantification of functional placental bikunin (7-64) and (102-159)

30 The amount of trypsin inhibitory activity present in the refolded sample
at various stages of purification was measured using GPK-AMC as a substrate.
Bovine trypsin (200 pmoles) was incubated for 5 min at 37%C with bikunin (7-
64) or (102-159), from various stages of purification, in buffer A (50 mM Hepes,
pH 7.5, 0.1 M NaCl, 2 mM CaCl3 and 0.01% triton X-100). GPK-AMC was

35 added (20 uM final) and the amount of coumarin produced was determined by
measuring the fluorescence {ex = 370 nm, em = 432 nm) on a Perkin-Elmer LS-
50B fluorimeter over a 2 min. period. For samples being tested the % inhibition
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t hereby redu
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35

performed in 84.6% trifluoroacetic acid (TFA), 4.4% thioanisole, 2.2%
ethanedithiol, 4.4% liquified phenol, and 4.4% HO for 2 hours at room
temperature. The crude peptide was precipitated, centrifuged and washed
twice in t-butyl methyl ether. The peptide was purified on a Dynamax 60A C18
reverse-phase HPLC column using a TFA/acetonitrile gradient. The final
preparation (61.0 mg) yielded the correct amino acid composition and
molecular mass by Electrospray mass spectroscopy (MH+ =6836.1; caled =
6835.5) for the predicted sequence:

YEEYCTANAV TGPCRASFPR WYFDVERNSC NNFIYGGCRG NKNSYRSEEA
CMLRCFRQ (SEQ ID NO: 6)

Purification. Refolding of placental bikunin (102-159) was performed
according to the method of Tam et al., (J. Am. Chem. Soc. 1991, 113: 6657-62). A
portion of the purified peptide {15.2 mg) was dissolved in 4.0 ml of 0.1 M Tris,
pH 6.0, and 8 M urea. Oxidation of the disulfides was accomplished by
dropwise addition of a solution containing 23% DMSO, and 0.1 M Tris, pH 6.0
to obtain a final concentration of 0.5 mg/ml peptide in 20% DMSO, 0.1 M Tris,
pH 6.0, and 1 M urea. The solution was allowed to stir for 24 hr at 25°C after
which it was diluted 1:10 in buffer containing 50 mM Tris, pH 8.0, and 0.1 M
NaCl. The material was purified using a kallikrein affinity column made by
covalently attaching 30 mg of bovine pancreatic kallikrein (Bayer AG) to 3.5 mls
of CNBr activated Sepharose (Pharmacia) according to the manufacturers
instructions. The refolded material was loaded onto the affinity column at a
flow rate of 1 mi/min and washed with 50 mM Tris, pH 8.0, and 0.1 M NaCl
until absorbance at 280 nm of the wash could no loriger be detected. The
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potent inhibitors of plasma kallikrein than Trasylol in Vipenstsam e 3. 4

and 10WO Im3aW6bi kuni n and fragnents thereof are expected to be nore
effective in 5 vivo at |owering blood | oss in patients. - The
anount of serine protease inhibitor adm nistered should be sufficient

o provi de 8 kR A BBl LR TRILENS |eackQlr 0B HEAROMLACHEE 4 g gna AOAUCE T OF

of bl eedin sur

(CABG), th cpwetfeamwqum@qqlﬁ;? (agg {ag{o])%m%ﬁ\mw Qféheu selation qﬂ;ustedcw
Trasyl ol ? 5. e h&t&&iﬂ' Wk &ﬂ&&lﬁﬁ%ﬂ%ﬁ td A& fiafcf@fﬁ@%&%el-ﬁhé%@tcﬁﬂﬁﬁn ég he use

of Trasylo ysi ¢j.ans Desk Reference ]r)

listing foﬂnﬁ% 23 Cm%%‘b‘ﬁgéﬁérheeﬁ equjilirated in22.5% acetonitx ]SH{‘ 01y

3Upl ne s)osrntlaﬁon Séﬂs@rdmﬁdm dekievedl using Al Haeat egraaielﬂwmzzns;gdmmt
omai n or other vari.a over m nut es,

after | ndueEromiEHe ol eTFA But %r%h over A inmACti iactiogs et %

total dose p@blé&ﬂ%f@hlﬁb@}kd%&dl@éd i1 .18 TFAK ahdistoretdrat -20¥Coantdlrneeded! s)

and 8 X106 KIU wi be used, depending on such factors as patient weight

and the length of the surgery. Preferred | oadi ng doses are those that
contain a total Resultsof 1 Symthetid placentak dlikikire(192+¥59) wasorefolded: asifgl U) .

When the | 9 PAISOSE i oxxdxmr%%ﬁéﬁ%? de%%’xﬁéi hpbveWhd ;Rmﬁfszg rﬁ&t@?

i nfusi on dose which 1s contin rgery 1s-conple

pati ent | eduifiGationopratesal ag showmbetgws o yield an activerypsisintybitesi(Sab ]Goses

are in the yrpglgR)of about 250,000 to 500, 000 KI U per hour. The punp
prime dose is added to the primng fluid of the * cardi opul nonary bypass
circuit, by replacenent of an aliquot of the primng fluid prior to

;he i nstit able 1of the cardi opul nonary bypass. Preferred punp 25 prime
The.pr ave URciAdh 82 Bt thelobiabibn, S eyBeBilc Blshfyl biRufild gt
conposi t | ons for nnfggmrﬁwe—nﬁmm—lmﬁﬁ-he—aﬁ—%mnpom tions

contain active i ngeedLan a V=S aT S0 a VA=W a ] aB=T 1 ~Ya¥= : accept abl e
carriers, diluents, p nts, 1e’é’l‘ependl ng on

the 30  adnini st [Af ndé™¥4nd dosage form o {8 o anpl es of
therapeutical ly i n&GMUnar a8 c 013757 ganitsl car0| er s Oknown to those skilled
in the art |ﬁm1m%t32‘are payal i mis.ed th’»,ﬁaajozase Wrn starch or
derivatives ther eOKallikrein 98 00099 009 15700 170000 97
affinity
Cis 30 0013ab 004 11,964 300,000 74
aProtein determined by AAA.

bProtein determined by OD280 nm using the extinction coefficient determined
20 for the punfxed protein (1.7 x 104 Lmoll an1).

€One Unit is defined as the amount of material required to inhibit 50% of
trypsin activity in a standard assay.

Chromatography of the crude refolded material over an immobilized

25 bovine pancreatic kailikrein column selectively isolated 6.0% of the protein and

97% of the trypsin inhibitory activity present. Subsequent chromatography

using C18 reverse-phase yielded a further purification of 2-fold, with an overall

recovery of 74%. On RPHPLC, the reduced and refolded placental bikunin

(102-159), exhibited elution times of 26.3 and 20.1 minutes, respectively. Mass

30 spectroscopy anailysis of the purified material revealed a molecular mass of

6829.8; a loss of 6 mass units from the starting material. This demonstrates the
complete formation of the 3 disulfides predicted from the peptide sequence.
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other o “eterBfiad by uRBA SthsRRE SRt BRRmerd ity ot RS Hhk Riksatior,
sel ect ed axdistance of stiedlards varsusrthetooatespondingtpls. With bris dechiniqaeythegilt abl e
node known : .S led ' . .

adm ni st raté@%gp&ngg}egﬂﬁur{‘clﬁ&%i—?g??r‘gﬁ?gﬁégﬁ%rllg%.t b? JB.(;’ ! 1% 3 gc u% a%\xgtgﬁgth(tg . ),
i nt r apdPi t oradue predisted fromy the eming acid sequencen slewer than thewvalueafous

adm ni straty;n seibliiPedSRE e PPoRi dpratiniie d(g\gﬁyiaat o8], Ol oRE K cta Ph)dzﬁbﬁsmi

concentrations ,0of _t rug as mght "be nee . Alternatively, the drug

can be adnmidfR8deld i%ri desired rate continuously by i.v. catheter.
Sui tabl e vehi cl es include sterile, non-pyrogeni ¢ aqueous dil uents,
such as steéi | e %er 15 for injection, sterile-buffered solutions or
sterile salF¥enP resul ting conposition is adm nistered to the
pat i entl5pr i Peepacation of sydthetigplacenial pikynin (7-64)

Placental bikunin (7-64) was synthesized, refolded and purified
essentially as described for placental bikunin (102-159) but with the following
modifications: during refolding, the synthetic peptide was stirred for 30 hr as a
solution in 20% DMSO at 25°C; purification by C18 RP-HPLC was achieved

20 with a linear gradient of 25 to 45% acetonitrile in 0.1% TFA over 40 min
(1ml/min). Active fractions from the first C18 run were reapplied to the column
and fractionated with a linear gradient'(60 min, 1 ml/min) of 20 to 40%
acetonitrile in 0.1% TFA.

25 Results. The final purified reduced peptide exhibited an MH+ =
6563, consistent with the sequence:

IHDFCLVSKV VGRCRASMPR WWYNVTDGSC QLFVYGGCZG NSNNYLTKEE
CLK#CATV (SEQ ID NO: 4)

30 .
The refolding and purification yielded a functional Kunitz domain that
was active as an inhibitor of trypsin (Table 2 below).
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Medi j ect or Bec }‘ 7ty Dok i ns . Preci se‘l ’ cortPf of I.ed el ease can al so
be achi eved usi Mww !E e-iprery—t-gdhe- desired site

via a cannul a. -2 "7%?3% ~tFptent ed osnotic
punps avai l abl e OTTAEZA~ST 5 = gsmotTe—purT 35
Nasal delivery nay be achi eved by |ncorporat|ng the drug into

bi oadhesi ve parhe ?Hrﬁﬁéa fefold& rété%@@xt%i e&”ﬁ{‘ m#h%& QWI%E& .
cel lul ose, its L eha ? tXe%éSuceriﬁ)e t%lfea'l'?u |trr1tcoa‘ C,ftllc(i)xn W t ui tabl e
absor pt i oHnits less than for P s emons ates thap gefolding cau
97/ 33996 the formation of at least one appropriate disulfide bond. PCT/ US97/ 03894.
The pl of placental bikunin (7-64) was determined using the methods
employed to determine the pl of placental bikunin (102-159). Placental bikunin
10  (7-64) exhibited a pl that was much higher than the predicted value (pl = 7.9).
Refolded placental bikunin (7-64) migrated to the cathodic edge of the gel (pH
9.5) and an accurate pI could not be determined under these conditions.

Continued Preparation of synthetic placental bikunin (7-64)

15 Because the synthetic placental bikunin (7-64) may not have undergone
complete deprotection prior to purification and refolding, refolding was
repeated using protein which was certain to be completely deprotected.
Placental bikunin (7-64) was synthesized, refolded and purified essentially as
described for placental bikunin (102-159) but with the following modifications:

20  during refolding, the synthetic peptide (0.27 mg/ml) was stirred for 30 hr as a
solution in 20% DMSO at 25 C; purification by C18 RP-HPLC was achieved
with a linear gradient of 22.5 to 50% acetonitrile in 0.1% TFA over 40 min (1
ml/min).

25 Results. The final purified reduced peptide exhibited an MH+ =
6567.5 , consistent with the sequence:

IHDFCLVSKV VGRCRASMPRW WYNVTDGSC QLFVYGGCDG NSNNYLTKEE
CLKKCATV (SEQ ID NO: 4)

The refolding and purification yielded a functional Kunitz domain that
<30 was as active as an inhibitor of trypsin (Table 2B below).
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Scherer Drumhafeel i very Systens. Ot her systens use azo-crosslinked pol yners
that arg degraded by col on-Specific bacterral azZoreductases, or pH
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;Sn ;SlheI \éol on. Tﬁﬂ‘%@“ré’@aﬁff W?&Fé’tﬁ%ﬁ’é\éb%anihﬂ}’cfoﬁjééﬁxgi b G tTRASS vmpde
raﬂge 01(‘j zg\nmultsaleb_ ethan forahe mdudedrp?hh‘ nThissdenkistatestbht ¥foldingvalkseed I

ve | ositories. n

EatcsI Sr ef er?/tgg%n%élggl{)ﬁ;okﬁgep%*ﬁe&%dl g‘ﬁ #‘%P@%%E@#‘F%n of perioperative
bl ood | oss, the Phepdrofaefolded piacental biksnint(7-64) wfast detepiimeh usingbtheuni n
25 vanpant ' | i t ; f lws . V.
Toute 9 _*ﬁ??%;%ﬁeeaﬁéfbﬁﬁ Rt 10 (MeXBhiniRe 'che PPl S flafenday MG ERH0S-199)! -
phar maceut i Refoldediplacenial hikkunipd7-$dpexhyibitedalpl of 8.85, slighthyhigher than the pi ent

and the corlglietdigedb,ql\m@[rﬂggd. The requi site anount may be
determ ned ‘W t hout undue experinentation by protocols known to 30 those

skilled in the art. Alternatively, the requisite amount nay be cal cul at ed,
Example 3

15 Invitro specificity of functional placental bikunin fragment (102-159)
Proteases. Bovine trypsin, human plasmin, and bovine pancreatic
kallikrein quantitation was carried out by active site titration using p-
nitrophenyl p’-guanidinobenzoate HCl as previously described (Chase,T., and
Shaw, E., (1970) Methods Enzmol., 19: 20-27). Human kallikrein was
20 quantitated by active site titration using bovine aprotinin as a standard and
"~ PFR-AMC as a substrate assuming a 1:1 complex formation. The Ky, for GPK-
AMC with trypsin and plasmin under the conditions used for each enzyme was
29 uM and 726 UM, respectively; the Ky for PFR-AMC with human plasma
kallikrein and bovine pancreatic kallikrein was 457 uM and 81.5 uM,
25  respectively; the K, for AAPR-AMC with elastase was 1600 uM. Human tissue
' kallikrein (Bayer, Germany) quantification was carried out by active site
titration using p'nitrophenyl p'-guanidinobenzoate HCl as previously described

(Chase, T., and Shaw, E., (1970) Methods Enzmol. 19: 20-27).

30 Inhibition Kinetics: The inhibition of trypsin by placental bikunin (102-
159) or aprotinin was measured by the incubation of 50 pM trypsin with

41

SUBSTITUTE SHEET (RULE 26)
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As the active materials contenplated in this invention.are deened to
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human and the change in fluorescence as above) was mgﬁltored The iNEbR{OR 3996
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i nj al;a,tlon t hods
“well as to ehvpEman ahsmeﬁnée acenta? g“E‘HB f# ég a%ap tiningwas E%{spnaéed
to expl o t{éthj ﬁsuﬁnqsspM)mﬁd placenitd] bmmmenmL1599u(wuo M) orf apRbtinie oal

i st nci hunﬁﬁ% ) o bitea Soenate SO AR RER L (o 7.5), o b eGSR B2
deduced Ij ol | tmomgx-aOﬂnlA]ﬁex 5 mainy sncubationeat BFCe 28 nd dluféﬁ mM GRK-AMC was
e s SRHBBAAne EreSE DRERBHEE mb SR, SRR T iaon S VoBhan,
10 al gorl t hpia(smat\isarlhlceusgg ipdacendall bikinip (k931583 or @prq'@mm wgedetermmedhod
of Eiﬂ EilliRrein(33%M) %nd%lhc&ltﬁl' b&ﬁﬁm Emfaf Q?rgtﬁ{m |

I
dat . ‘B‘;'ste' e;(%ﬁémMgﬂn Sorar M A Sionqmﬁ andﬁ&ﬁf*’?of&itow-aoqaase

was exani nedAfffdr Sutincat BERC 35qtiefmM PFR-AMC was added and the change in
fluorescence monitored. The inhibition of bovine pancreatic kallikrein by
placental bikunin (102-159) and aprotinin was determined in a similar manner
15  with kallikrein (92 pM), placental bikunin (102-159) (0-1.6 nM) and aprotinin (0-
14 pM) and a final substrate concentration of 100 pM. The apparent inhibition
constant K;* was determined using the nonlinear regression data analysis
program Enzfitter software (Biosoft, Cambridge, UK): The kinetic data from
each experiment were analyzed in terms of the equation for a tight binding
20  inhibijtor:

Vi/Vo=1-(Eo +Io +Ki*-[(Eo +1o +Ki)? -4 Eolo]1/2)/2E, (@)

where Vj/V, is the fractional enzyme activity (inhibited vs. uninhibited rate),
25 and Egand I are the total concentrations of enzyme and inhibitor, respectively.

Ki values were obtained by correcting for the effect of substrate according to the
equation:

Kj=Ki*/(1 + [Sp)/Km) | @3)

30 ‘ ‘
(Boudier, C., and Bieth, J. G., (1989) Biochim Biophys Acta., 995: 36-41)

For the inhibition of human neutrophil elastase by placental bikunin

(102-159) and aprotinin, elastase (19 nM) was incubated with placental bikunin

(102-159) (150 nM) or aprotinin (0-7.5 uM) in buffer containing 0.1 M Tris-HCl

35 (pH 8.0), and 0.05% triton X-100. After 5 min at 37%C, AAPM-AMC (500 pM or

1000 uM) was added and the fluorescence measured over a two-minute period.

Ki values were determined from Dixon plots of the form 1/V versus [I]
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CE 00 . RRRERAS il o R T 63 i 20 M TR 90
i ko sequendhl o HeGhand,@4% BOA. Alfter 5 min. at 37°C, 30 ul of 20 mM LGR-AMC 57
15 (Sigma) was added and the change in fluorescence monitored. The inhibition of
human urokinase (Sigma) by Kunitz inhibitors was measured by the incubation
of urokinase (2.7 ng) with inhibitor in a total volume of 1 ml buffer containing
50 mM Tris-HCI (pH 8.0), 50 mM NaCl, and 0.1% Triton x-100. After 5 min. at
37°C, 35 ul of 20 mM GGR-AMC (Sigma) was added and the change in
20  fluorescence monitored. The inhibition of Factor XIa (from Enzyme Research
Labs, Southbend, IN) was measured by incubating FXla (0.1 nM) with either 0
to 800 nM placental bikunin (7-64), 0 to 140 nM placental bikunin (102-159) or 0
to 40 uM aprotinin in buffer containing 50 mM Hepes pH 7.5, 100 mM NacCl, 2
mM CaCl2, 0.01% triton x-100, and 1% BSA in a total volume of 1 ml. After 5
25 min at 37 C, 10 ul of 40 mM Boc-Glu(OBzl)-Ala-Arg-AMC (Bachem Biosciences,
King of Prussia, PA) was added and the change in fluorescence monitored.

Results: A direct comparison of the inhibition profiles of placental

bikunin (102-159) and aprotinin was made by measuring their inhibition
30 constants with various proteases under identical conditions. The K; values are

listed in Table 3 below.
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WO 97/ 33996 )
CT/US97/038%4 .
PCT/ US97/ 033¥97133996  oGAAGCTTCATCTCOGAAGCTCCAGACG (t he 3 prlT mer wth a

Hindl Il site; SEQ I D NO 33) and AGGATCTAGACAATAATTACCTGACCAAGEA (the
5'primer with an Xbal site; SEQ ID NO 34). These prinmers were
used to anphizbye Yy PCR (30 cycles) a 500 base pair 5 product from a human
placental cRikathédict the ihhfBition dFVagivhs proteas M BEHYRKRR (162115851 400348,

Cl ontech Laboratories, Palo Alto, CA), P ﬁi ch”was subé]f-é%nlesgwi nto

Bl uescri pt - B - nasef err]

Kit Ver Si ONesemGammSikiiitag i&;‘é SR obt ai ned
usi ng our pr § e differg | sted irtg@e dbEST 10
data base fo on @74593: - adon? e cont ai ned an

e new sequenc

addi ti onal re) S AT AC (0/B.mMY P but 5" to
he S eUFRH =y .", ne — A . . "e
i CH) oty st )

i nsertion ofgglie Pancreaticl i n PPR-AMI0S R R
frame for thgallikini(g2.0 pMp domain (G at base pair 114 of the corrected
sequence f ol B3, ﬂ%ﬂae 3)03 1o 19.0 e dbEST
for sequenceKallikmeinl(250M8 to the Kunitz- | i ke peptide sequence of
R74593 yi el dBum@REBs®inder | ved 4 om hunken rem%mﬁm‘mwgs.
These seque i ne nitz-like sequence that _____ was_al nost

i dent i cal toé-ﬁﬂ’é“%ﬂ? Pl e 3t n B ded AATMAMEEA0 @M ept Mhat it

cont ai ned alF E'ﬁ?( ¥"Whe characteristic cysteines. Overlay of each of the
20 nucl eoti&@t@%ences wi_t $0PRat 320009459 BFRAME @2t M by t WB5i nserti on of
G at b, p, Human 4issuend R35464.Mas G884d t o FPRAMC A0pMrsens¥Bhucl eoti de
sequence f orKallikrein (0, : [ kuni . Figure
3). The tranéckr &y
extendi ng fromtesidue 18
NO. 10) that-=ESH8SE qod iy
within the r&§
respectivel y=

en Ndhading frame

fia3 i N . ‘%ﬁon SEQ | D
s—K e O ces,
Hes 17 Boan M P59 |

5 Placental bikunin (102-159) and aprotinin inhibit bovine trypsin and
human plasmin to a comparable extent under the conditions employed.
Aprotinin inhibited elastase with a Ki of 8.5 uM. Placental bikunin (102-159)
inhibited elastase with a Ki of 323nM. The K value for the placental bikunin
{102-159) inhibition of bovine pancreatic kallikrein was 20-fold higher than that

10  of aprotinin inhibition. In contrast, placental bikunin (102-159) is a more potent
inhibitor of human plasma kallikrein than aprotinin and binds with a 56-fold
higher affinity.

Because placental bikunin (102-159) is greater than 50 times more potent
than Trasylol® as an inhibitor of kallikrein, smaller amounts of human

15 placental bikunin, or fragments thereof (i.e. placental bikunin (102-159)) are
needed than TrasyloI® in order to maintain the effective patient doses of
inhibitor in KIU. This reduces the cost per dose of the drug and reduces the
likelihood of adverse nephrotoxic effects upon re-exposure of the medicament
to patients. Furthermore, the protein is human derived, and thus much less

20  immunogenic in man than aprotinin which is derived from cows. This results
in significant reductions in the risk of incurring adverse immunologic events
upon re-exposure of the medicament to patients.
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Further efforts attenpted to obtain additional 5 sequence Ryraio4yishs. ..
dbEST with YVF?@"@%’aﬁence of R35464. Possi bl e matches from such searches,

t hat possessed additional 5 sequence were then in turn used to
re-query the dbEST. 30 1In such an iterative fashion, a series of
over | appi nggaamprggiences were identified whi ch incl uded cl ones H16866,

T66058, R34808,  R87894,, NA0851 and 9876 ..., (Figure 4). Alignnment of
some.of th V%mm%e%egg\éeﬁf&ﬁlﬁam’ewtw f&lmnent) (7-64ATG whi ch ni ght
serve as a star tIrS}éitﬁo fs ﬁgism:mfmh&knfhh&wﬂm@mtilr simirahe(¢-64)b\ivas -
protein segyence. om s sel.ect i of ormatd on, it S, no sible to
sel ecti vel &lé(e,f’é‘é?ue &anga#be mtg?ﬂfsn%na Hﬁeﬁ\?’dse?scdﬁftﬁrﬁ%gnﬁ‘ M%@B}Pl&%
sequenc®s dofbawehurman protein with honol ogous function to aprotinin.
Re-interrogation of the dbEST reveal ed a nunber of new EST entries

28 WD 97/ 33996

PCT/ US97/ 03894. ResultsshownThe tabiebeloay shows the gfficacyt Bf placenta pikunin (7hese

addi tional &STs A indiitor of var&&xsts%gﬁ%ﬁéét%%s P oD d&?ﬁ%ﬁ%ﬁ%@tgisg\?ﬁ%d

ol i gonucl eot I'de sequence, (F) gure ) .Lhat extende Nd 3

beyond t he %ﬂlﬁﬁ?tW%mgﬁﬂW%dﬂm&Oﬂ using eppher Placemtal bikusin. | n

fact, tipe rg .qgg);%(‘a?g@ﬁmh ﬂsy[@@th 1.6 kilobases 5 extended all the

way to the 3" poly-A fail. The increased nunber of overl apping ESTs at

each base-paiJ, position along the sequence inproved the | evel of

confi dence ﬁ%ﬁ@ ' ch as the sequence, gverl a g‘i“ng with the 3
n

n regiqQnps,su
end of REY W?Qgﬁh‘( gT‘BBP*éO‘BPf vagous RIF"'G%#SI ‘b)bbﬂﬁ!j“E this region

corrobor at B 74593 (l ocated
as bold und 584 | 10 Figure 4C_map positions 994 and 1005).

Transl ati on Rsfteaske new condekuning/-64) Aprotinin bikunin (102-159)
_(_concentration) Ki (EM) Ki {(rM) Ki (nM)
Trypsin (48.5 pM) ___ 0.17 0.8 04
“Bovine Pancreatic 04 0.02 04
Kallikrein (92.0 pM)
Human Plasma 24 - 190 03
Kallikrein (2.5 nM)
Human Plasmin 3.1 13 18
(50 pM)
Bovine chymotrypsin 0.6 09 0.2
{5 nM)
Factor Xlla >300 12000 >300
elastase >100 8500 323

15 .

The results show that the amino acid sequence encoding placental
bikunin (7-64) can be refolded to obtain an active serine protease inhibitor that
is effective against at least four trypsin-like serine proteases.

Table 4B below also shows the efficacy of refolded placental bikunin (7-

20  64) as an inhibitor of various serine proteases in vitro. Refolded placental
bikunin (7-64) was prepared from protein that was certain to be completely
deprotected prior to purification and refolding. Data is shown compared
against data obtained for screening inhibition using either placental bikunin

(102-159), or aprotinin (Trasylol®).
25
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sequence (F| ure 4D) in the bikunin encoding franme yiel ded -pcraisdaizes

pl acent al 97’8?9? nin that was |arger (248 am no adds) than the mature~
sequence (179 am no aci ds) encoded fromthe orjginal consensus (SEQ ID
'NO 1), and was term nated by an in-frame stop codon within the

ol i gonucl eoThHR g4®Nsensus. 15 The size increase was due to a frane shift

in the 3' CRivaluésWrehe ifBilitioADI VaiBus proté2e® b refildet dikuRid 6564)
i nsertions unique to EST R74593. The frane shift noved the stop codon

of the ori gTABLE4BONSENSUS. (FIl gure 3) out of frane enabl i ng read

Chr ough | hE PR AT e AR G A OB T sequence.
The new t r a@@ehe@tirationpr oductKi(®yur e 4K)nMhs | dEithMgal to the original 20
protei n conSspsingoppyuence E%EQ TD N8 1) betwe®n resi dues +1 to +175
(encodi ng th uni t | new nal extension

exhi bi ting HumarBlama 24 rdbi due Iongl9t0r ansrren%?ane dOITB.I n (underlined in
Fi gure 4D)_ ..h{v:‘:a.ié, s ho 3 S qLLe G oplasm c-donmain. The preCISe

sequence ar gggé i ni ti at¥r et hi on E)nal pepti de was sonewhat 25
tentative actor ,\ done

SR HY—a ms—t—-t—he—everl appi ng ESTs in
this regi ORg s Xia 0.1 aM) WWI y GeneworksTM
sites for pﬁmﬁkxﬁe

ojop as consensus
I nked glycosylatlon Asparaglne 30 was not

observed daring Ntermmal—30 sequenci ng of the fult—1ength protein
I sol ated from human pl acenta, consistent with it being glycosyl ated.

Cl oni ng 5)1(‘]I _Human stﬁ' um lacental bikmﬁﬂq7@@) %ﬁ'ﬁ\%rf) ot?erﬁltﬁﬁﬁ a?i’%m at
correspondi ng .t 0. ni eotide se )
inferr gd fr Hﬁ?‘%’ﬁb“%ﬁ ll:—lfagﬁ r\ﬁla%ﬁeasq ‘E‘@ﬁf 1} lﬂiﬁﬁé{n The
nucl ei ¢ aci mlpbltlmr'nmslerdadh zimg that ptacéxhkl Kiknirtiz (7-64) is aednasd'aﬂgffew as
sequence of ag%%% (ugnpg i vitho Qfsszﬂ%n IRASHA: e RaLId ®xpect better or similar

29
potency in vivo.

»

a i
O v,

10
Example 5
Expression of placental bikunin variant (102-159) in yeast
The DNA sequence encoding placental bikunin 102-159 (SEQ ID NO: 6)
was generated using synthetic oligonucleotides. The final DNA product
15  consisted (5’ to 3") of 15 nucleotides from the yeast a-mating factor propeptide
sequence fused to the in-frame ¢cDNA sequence encoding placental bikunin
(102-159), followed by an in-frame stop codon. Upon cloning into a yeast
expression vector pS604, the cDNA would direct the expression of a fusion
protein comprising an N-terminal yeast a-mating factor propeptide fused to the
20 58 amino acid sequence of placental bikunin (102-159). Processing of this fusion
protein at a KEX-2 cleavage site at the junction between the a-mating factor and
Kunitz domain was designed to liberate the Kunitz domain at its native N-
terminus.
A 5 sense oligonucleotide of the following sequence and containing a
25 HindlIII site for cloning was synthesized:

GAA GGG G.TA AGC TTG GAT AAA AGA TAT GAA GAA TAC TGC ACC
GCC AAC GCA GTC ACT GGG CCT TGC CGT GCA TCC TTC CCA CGC
TGG TAC TTT GAC GTG GAG AGG (SEQ ID NO: 42)

30
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VO 97/ 33996 01 oraaoae PETASB65X3894
sequence in QgEFrEss) - GGTCTAGAGGCCGGGTCGTTTCTCGOCTGACTGEGA  (a™ 5!

prinmer derived from R35464 sequence with an Xbal site; SEQ ID NOG. 35),
and the nucleic acid prinmer hybridizing 3' to the Kunitz encodi ng sequence

of 5 R74593 (b.p3 ﬁﬁﬁsem@ oligotaeietiddof the felbiviley Sefiieore anarhoﬂtﬂmxeg 3),
was used to sd:’a%_ﬁnﬂ fly froma, C ont ech human ac.egijAI library,
fragnent of PPHR2 e forrclonigigangd 25t0 Yap p consensus

nucl eoti de sequence encodi ng t he placental bikunin sequence of Figure
3 (Shown schemic¢eal INcd A oUT@ 445 GAA GCA GCGUSAW GAD' GOAI BBC CTC
hybri di g ngctre aacRqcOw T E8TF884 Tt It | ATH26Ck. £ dan 18cct hecpuied i ve

ATG start sigaer dbaRUSTEd AbPVEcA (sbaws e heont tael load 6T ONAR #4a ccaat
b.p. 110) plgg the same 3' priner to R74593 as used above, it was possible

to anpliidep af nggnegy) froma Contech human placental library of the

expect ed sl ze (approximately 872 b.p) predicted by EST overlay (Shown
schematically in Figure 4). 15 Sequencing of the 872 b.p.

f ragmenig showed iThé oligpririsotides! w@tredhssolvedsﬁgtmandrﬁ@&mféh 80 b. p.

110 218 of 89 h
consfagsus soaﬂgﬂgﬁrﬁﬁ ”‘S‘I‘?J%#‘aﬁgﬁ ]%rjﬂgr? p‘?légP e i‘aﬁlsa com ’@@?t%f\‘%rl ay
anal ysi s (obréught o 8)25MiiNaCls Te' hybritlizg the ati omxclemﬁedeva'eqimmred by

t d
(102-155) . - Fpiltte 18 s onc SNGAER 1 AT (8B CPUARD ?%?%x?é}t%%‘hf
regi on of tK¥verlapswere extendedasing theiKegow frpgpangt iané,d1gested with HdeII

CACCT GAJ§COGNE B4R FHR rebuiag & Ested dmﬁﬁ@ Is&raaaeangfhémdw&@ cldhed into
sequence V\ntt&a ST R34808 was e sane r to EST

74593 1o amPUSY) a8d EAEFRE S i o R SOp B e Pnt of the correct

sequence was digested with BamHI/HindIll to liberate the bikunin containing
fragment with the following + strand sequence:

20 GAA GGG GTA AGC TTG GAT AAA AGA TAT GAA GAA TAC TGC ACC
GCC AAC GCA GTC ACT GGG CCT TGC CGT GCA TCC TTC CCA CGC
TGG TAC TTT GAC GTG GAG AGG AAC TCC TGC AAT AAC TTC ATC
TAT GGA GGC TGC CGG GGC AAT AAG AAC AGC TAC CGC TCT GAG
GAG GCC TGC ATG CTC CGC TGC TTC CGC CAG TAG GGA TCC (SEQ

25 ID.: 44)

which was then gel purified and ligated into BamHI/HindIIl cut pS604. The
ligation mixture was extracted into phenol/chloroform and purified over a S-
200 minispin column. The ligation product was directed transformed into yeast
30 strains SC101 and WHL341 and plated on ura selection plates. Twelve colonies
from each strain were re-streaked on ura drop out plates. A single colony was
inoculated into 2 ml of ura DO media and grown over night at 300C. Cells
were pelleted for 2 minutes at 14000x g and the supernatants evaluated for their
content of placental bikunin (102-159).
35
Detection of expression of placental bikunin (102-159) in transformed yeast
Firstly, the supernatants (50 ul per assay) were evaluated for their
capacity to inhibit the in vitro activity of trypsin using the assay methods as
described in Example 1 (1 m! assay volume). An un-used media only sample as
40 well as a yeast clone expressing an inactive variant of aprotinin served as
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25 CcDNA product fromthe human placental cDNA library. Thi gﬁ@g&%\/\@s

gel pUWPPTREI6 and cl oned into the TA vector (lnvitroge

sequenci ng by the di deoxy nethod (Sanger F., et al., (1977) Proc."

Nat!|. Acad. Sci (USA), 74: 5463- 5467) W|th the foll ow ng priners:

S RS TR S ind Y i s
TTACCTGACCAPGsHwEsaontzol asiks showoforapmparison.
AATCCGCTCCATTCCTERE G nd SREAbE tQQuatitify Pracental bikunin (102-159) X fesgion

CAGTCACTGGGCCTT
s e q uence is® t@ﬁééﬁq( %E%ly aogah E’W%‘b@@ﬂ EPARFX ﬁql%‘%t “the synthetxc peptide to

5 H@rﬁ?dr?»ﬁ'&gﬁccumulanon of the recombinant Eepnde usm We stern blots
PCT/ us97/ 03 uct.. At t nucl e evel

tr
sequence exﬁ'?‘ﬁﬁ strdigs v gﬁg?ﬂ% ‘I’ane‘g Q“S% Mtk Jecom m@ﬁ% W§@n Iom E@"F‘n
sequence (FBQa0%, diike fhesepradiced gredter inhibitoey urtisdtyy tiedrd edcambirdingg

30

seqguence cog%ﬁgpa% thaﬂ\wmf nitiator ATG site, si gnal peptide and
u

mat ure pl ac Al N sequenceé and transnenbrane 5. domain. The

transl at ed sequefoeprodudectirrCRADY, dwec 6-8vareeki cidi Ngwt Zealared White femaderi no

choi co o S ?%%?*??%5%?*?‘ S ol PRIV ef P d) P AU flzed ".t@g%ﬁf%f%e

3' PCR “BF 7oP pgcaf g eéa&%g\?% d synrthetigpiacental bilumios(102
responsi bl eJopfiplebeFreund’s adjuvant, followed by boosts on days 14, 35 and 56 and 77

each with 125 ug of the same antigen in Incomplete Freund’s adjuvant.
Antiserum used in the present studies was collected after the third boost by

15  established procedures. Polyclonal antibodies were purified from the antiserum
over protein A.

Colonies 2.4 and 2.5 from transformation of yeast SC101 (Figure 8) as
well as an aprotinin control were grown overnight in 50 ml of ura DO media at
30°C. Cells were pelleted and the supernatant concentrated 100-fold using a

20  Centriprep 3 (Amicon, Beverly, MA) concentrator. Samples of each (30 yul) were
subjected to SDS-PAGE on 10-20% tricine buffered gels (Novex, San Diego, CA)
using the manufacturers procedures. Duplicate gels were either developed with
a silver stain kit (Integrated Separation Systems, Nantick, MA) or transferred to
nitrocellulose and developed with the purified polyclonal antibody elicited to

25 synthetic bikunin (102-159). Alkaline-phosphatase conjugated goat anti-rabbit
antibody was used as the secondary antibody according to the manufacturer's
directions (Kirkegaard and Perry, Gaithersburg, MD).

Purification of placental bikunin (102-159) from a transformed strain of SC101
30 Fermentation broth from a 1L culture of SC101 strain 2.4 was harvested
by centrifugation (4,000 g x 30 min.) then applied to a 1.0 m! column of
anhydrochymotrypsin-sepharose (Takara Biochemical Inc., CA), that was
previously equilibrated with 50 mM Hepes buffer pH 7.5 containing 0.1M
NaCl, 2 mM CaClp and 0.01% (v/v) triton X-100. The column was washed with
35 the same buffer but containing 1.0 M NaCl until the A280nm declined to zero,
whereupon the column was eluted with 0.1M formic acid pH 2.5. Eluted
fractions were pooled and applied to a C18 column (Vydac, 5um, 4.6 x 250 mm)
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introduction of an artifactual S to F nutation at.am no aci quﬁéﬁJq}o%‘@Z,l_l
of the 10 WQNEPMbed PCR-derived sequence. The signal peptide deduced from
transl ation of the PCR fragment was somewhat different to that of -the
- EST consensus. To obtain a full length placental bikunin cDNA,

|t2§| g’feR gea g&@dxousl QHBedted AV 8. 14@)rm8aﬁ&lrem$érgsfgﬁt§?339§ ﬁgﬁ??%%’n
sequence. é@t@g%eq/@d%ﬁﬁe%‘mgégﬂgﬂc)é Ife éﬁ@%‘%@’ﬁ“@@? zegntal,
El gh Pri (m;t (b3hahm (102-15%)nwieee poo Emﬂgnd re-dleothdtogiphied wm‘!mﬁaﬂp%b 0 ﬁigNAt

i brar r i br ridization
t echni éues %@%ﬁﬁ%?@ﬂ?agﬁﬁﬁge @”‘ﬁ’?’&&&é ‘gentln%ﬁ?éﬁ:\r%nt y3 rounds of
screeni n§ and plaque purification. Two clones were deened full I engt h

1.5 kil ob d d

on compar ?ﬁ%ﬁst el Bt Bighails HEZhblceht B e 4EvEy enﬁ‘iﬂﬁe&stg 58 eBSZ)e
Sequenci ng sPlenies derived from thetrapgformationé eagh néstmms $Ci0Yand
ol 1 gonuc! eotyKiereARISAG g%ﬁ?hﬁftﬁﬂwe%ﬁkﬁﬁi 6 fast IRAN'IA0E kARl cPRHﬁ{

fromthis seggence Y Initiator on| ne,

roteln me
si gnal Py B e paCoR) BREINALRRION bad ke ability e pradcs 2
pl acent 30 bigtibgtantedl aﬁﬁﬁmefbf&r nl GRIBItGY attivity QOBGUWENLS thle AéFativd ur e

t d f t EST I
S onal pept 1498 L;e?g§é@feeo€ z@fm owed 5 3 &%%8&@&%‘&&%&%& i PoR
d d teforérelatoiro wpessipn of cifi bt irdihe albikanired
tﬁél\éﬁuféo Jeeo e e gno a specifionyhibjtor qﬂamt o ond
e et SRR RN, oy WIS S IR
poly-A tail mmmalrtrypancnhtbatomy aqtividyvilisfroay beeortelated by thoghwbgrowth
si gnal peptigise &%%ﬁ“fgé%%erttﬂekgﬁdﬁ?%g%ﬁ@?g%? de encoded in the PCR

derived cl one. sequent y We expresse a sal uble fragnent of

pl acental bi kuni nFlgbﬁrR Inshows RAG@@SFJQW@&EF% apalysisfahe)yeashdCiQlind
it to be  supernab&hisOnSillver @tﬁe\&a SWE-PAIGE 6% h]«gat&ﬁis diﬂxl’vét?fffah? ve
g ;o

Lo e o3 S8 % 260 UL L RANE bl Rl B L
nat ural protfrom she ybeastf expmes‘smg aprotimirpyieided axproteiseband ﬁixShmgl Ias are
probabl ya9l yagsshdhatedt KDY BrREPEIING to the size expected for each recombinant
Kunitz inhibitor domain. Western analysis showed that the 6 kDa bands
expressed by stains 2.4. and 2.5 reacted with the pAb elicited to placental
bikunin (102-159). The same 6 kDa band in the aprotinin control did not react
with the same antibody, demonstrating the specificity of the antibody for the
25 placental bikunin variant (102-159).

The final preparation of placental bikunin C-terminal domain was highly
pure by silver-stained SDS-PAGE (Figure 10). The overall recovery of broth-
derived trypsin inhibitory activity in the final preparation was 31%. N-terminal
sequencing of the purified inhibitor indicated that 40% of the protein is

30  correctly processed to yield the correct N-terminus for placental bikunin (102-
159) while about 60 % of the material contained a portion of the yeast a-mating
factor. The purified material comprised an active serine protease inhibitor
exhibiting an apparent Ki of 0.35 nM for the in vitro inhibition of plasma
kallikrein.

35 In conclusion, the accumulation both of a protease inhibitor activity and
a protein immunochemically related to synthetic bikunin (102-159) in
fermentation broth as well as the isolation of placental bikunin (102-159) from
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31 WD 97/ 33996 : T peTd
. - 97/03894
PCT/ US97/ 0389@97/33996 resi due at position 30 based on the rec%%ﬂrj? es of

PTH am no acids during N . term nal sequencing (Exanples 7 and 9).
Based on the above observations, it seens that full |ength placental

bkanioh ; . . Long .

of 5 cort $aDHAPRAor RSN pRYided pRATTIRAMEI 8 Bafe St bl

t hat _ cont ai in the recopbinantiysnst sicains deserthed heseim aboyingfartthelfirst ime the

processing ikility 3 JeMed ik e productiin bR RaPSIdu AR RE g SOC at ed for s,
et f the ol r

These inclu 8_rms ? A recursor otein terned APP751
(Esch F., et al. Adqdunal gonstiusts were preparedoin apoeffortdo mrrgment trang

ct i vat | oh L e & Wikl placental bik&RiY 72,
vascul ar sur]'% c%gweﬁcf‘sc@ﬁﬁfﬁ’?é?ﬂ @‘ecﬁfleidn&t E‘E%ﬂﬁl ‘X’ctgéﬁe CEegi ¥ -terminus. We
Angi ogenesi shypothegizad titt thdittermirtdl vesidliecal plaedrtabikanriro1 001 SE(VEE Y-
endot hel i al )gﬁlﬁ @?‘8% r%%ﬁ %ge&;gé%{éte{ gl %(%%nt al 1bi kuni n?%?g it%es ﬁ#éat ive
capacity togﬁg)éifﬁ g;a g;;: e,ug% 15 }ghgfo’fp{é’- gt Yeméti ons
of 15 tran proteasp| rengynpicRlyi rennoyes yast ton pmoakgitont act
activat iygn L0 ' gheg i
pl acent allg bBﬂerf? f]&f‘7?gﬂ%?é€aigrg§n¥ %as 1%‘?%%5?“ 2 ugﬁd@ﬁﬁfg’?gﬁggﬁéﬁ g(f:ent al
bi kuni n (Fi gripeenta} hikuains 483-452 (Nedermisus: ofo EBYR.), 101-159:(I¥-tezminys ofd
Pat chX (Ver NYEEY)).) Rhd! 98159 ADNMEPEFERE.. ! tg ubéeres-
20.0) protein data ?ase ofﬁs&ed se%geegg(cy\?{s oliglélr'] foﬁgﬁz ng??ag *
Conputer Gr (ﬁ.‘xﬁr‘b‘r"a‘gﬁnﬁrﬁrf—ea -~ TR ee tecd Qe pite@ RptHEmest 35 levels of
pr ogr am TFasfeéofBixtaretprotein expression, W ado Wdedche Maast. praferted Ssdons\isneds:
15 than mammalian preferred codons in preparing some of the constructs

described below. The constructs were essentially prepared as described above

or placental bikunin 102-159 (defined as construct #1) but with the followin,

for p fined g

modifications:
20 Construct#2 placental bikunin 103-159, yeast codon usage
A 5’ sense oligonucleotide

GAAGGGGTAA GCTTGGATAA AAGAGAAGAA TACTGTACTG
CTAATGCTGT TACTGGTCCA TGTAGAGCTT CTTTTCCAAG
25 ATGGTACTTT GATGTTGAAA GA (SEQ ID NO: 55)

and 3’ antisense oligonucleotide

ACTGGATCCT CATTGGCGAA AACATCTCAA CATACAGGCT

30 TCTTCAGATC TGTAAGAATT TTTATTACCT CTACAACCAC
CGTAAATAAA ATTATTACAA GAATTTCTTT CAACATCAAA
GTACCATCT (SEQ ID NO: 56)

were manipulated as described for the production of an expression construct
35  (construct #1 above) for the expression of placental bikunin 102-159

Construct #3 placental bikunin 101-159, yeast codon usage
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2444- 2448)’3‘;‘%&3‘?#&% protein sequences were searched versusc¥f67Rigeafl . ane
transl ation e GenBank (Vers. 92.0 with updates to 1/26/96) and EMBL
25 (nodified Vers. 45.0) nucl eotide databases as wel|l as. the GeneSeq
(Vers. 20.0) nucl eoti de dat abase of patented sequences. The EST and
STS subsets of As'gfﬁ{},&migoﬁﬂaeﬁy& were not included ih this set of
searches. The best natches resulting fromthese searches contai ned
sequences which were only about 50% i dentical over their full length

to the 58- aIGAAGBGEHTAA NCEITCCATACA | VAAGQAATIQ?A@UFGWAS‘NCT

renti oned aSIECRGRe hdR. TGETREIRGTe GOTTATO TR hageTagTTT ™

and bi kuhi n TACAAGATGS TR EFTGATG TIGAAAGA (SEQ IRING: $Onsensus sequence
35 for bikunin (Figure 3), could be refol ded (Exanples 2 and 1,

respectively) to yield active kallikrein inhibitor protein (Exanple 4
and 3, respectiveind thegame 3’ antigense pligonuleotide apusedbrmonstruct#2,overmyi se

gzpuri ficatifg Sf@i 43 HefrMed for the production of an expression construct

PCT/ US97/ os&&nﬁ*m rﬁﬁqvﬁéf% the expressignof placeptal bilunin 021158 ue.

Usi ng aipurification schenme which enpl oyed kallikrei n-sepharose

affinity chr hy as flrs te urified native potent
kal li krein eonﬁttﬁ?ﬁt%at or vvag g‘? gﬂﬂﬁ‘ﬁii%cﬁég SPARBUSEEE hurman bi kuni n
had an identical A’ Sensedigunuakeotidequenced for 50 amino acid residues) as

t he sequence predicted by the translation of the consensus nucleic

acid sequence (Fi %re 3) amino acid
GAAGGGGTAA GCTTGGATAA AAGAGATATG TTTAATTACG

15 AAGAATACTG TACTGCTAAT GCTGTTACTG GTCCATGTAG
AGCTTCTTTT CCAAGATGGT ACTTTGATGT TGAAAGA (SEQ ID NO: 58)

and the same 3’ antisense oligonucleotide as used for construct #2, were

manipulated as described for the production of an expression construct
20  (construct #1 above).

Yeast strain SC101 (MATa, ura 3-52, suc 2) was transformed with the
plasmids containing each of the above ¢cDNAs, and proteins were expressed
using the methods that were described above for the production of placental
bikunin 102-159 with human codon usage. Approximately 250 mi of each yeast

25 culture was harvested, and the supernatant from centrifugation (15 min x 3000
RPM) separately subjected to purification over 1 ml columns of kallikrein-
sepharose as described above. The relative amount of trypsin inhibitory activity
in the applysate, the amount of purified protein recovered and the N-terminal

sequence of the purified protein were determined and are listed below in Table
3 7.
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resi dues +1 to +50 Exanple 7). This confirnmed for the first t]
exi stence of W gsnovel native kallikrein inhibitor isolat ﬁﬁ%&ﬁg‘ﬁ’aﬁm

pl acent a. Known Kunitz-like domains are .listed bel ow. Residues

believed to be 10 nmaking contact with target proteases are highlighted as
of speci al iTdlsledst (bol d/underlined). These particular residues are

named positiRelati¥eaprrdddtivn levels ufedifférent potebine eoﬁ&xﬁhiy\/ﬂ'\bﬂ-ké}hﬁhaxaa

bel ow: Kumtzmﬁnam of placental bikunin 11 " 111

1 15 2 3 456789 01 234 5

- AEl CLLAODY #2PCRAI0B{15%/ YYRYﬁﬁmt@:LYCBEG\blﬁNNFYTV\Eﬁ@eDDACV\RI no express:ﬁ'l)
- PSFCYSPKDE _GQLCSANV]]

A GPOM Y FYN Qv (GANFVTE 11)

VAACNLPI VR <§P - AFDA%%&G%} GNKFYSEEE% so«ﬂl 12)
- EVCCSEQAET MRV YFDVTEGKCA PFFYGGOGGN  RNNFDTEEYC I\/AVCGSA 13)
-- -~ CKLPKDE GT ILKW YYDPNTKSCA RFWGGOOGN _ENKFGSQKEC EKVC 14) -

Wher e seXfuence nunber 1) is Bi kuni n (7 64) (SEQ ID NO 4); squeiivee 2)

i's Bikunin (102-159) (SEQ ID NO 6); sequence 3) is Tissue factspPrresy hway

i nhi bitor precursor 1 (SEQ ID NO 18)' sequence 4) is Tissue f&E¥Dat hnay
I nhi bi tor pr ' ' ! way
35 inhibitor precursor (SEQ ID NO 20) sequence 6) is Tissue factor

pat huay 5 'y”h' Phé FestE SHoROtat PlaleRediDilinir? tagnitll 08 hfrllertIeniRUe

factor pat hwa
that contain the C-terminal Kunitz domain show wide variation in capacity to

express functional secreted protein. Constructs expressing fragments 101-159
and 103-159 yielded little or low enzymic activity in the supernatants prior to
purification, and N-terminal sequencing of 0.05 m! aliquots of each purified
30 fraction yielded undetectable amounts of inhibitor. On the other hand
expression either of placental bikunin 102-159 or 98-159 yielded significant
amounts of protease activity prior to purification. N-terminal sequencing
however showed that the purified protein recovered from expression of 102-159
was once again largely incorrectly processed, exhibiting an N-terminus
35 consistent with processing of the majority of the pre-protein at a site within the
yeast oc-mating factor pro-sequence. The purified protein recovered from
expression of placental bikunin 98-159 however was processed entirely at the
correct site to yield the correct N-terminus. Furthermore, nearly twice as much
protein was recovered as compared to the recovery of placental bikunin 102-
40  159. Placental bikunin 98-159 thus represents a preferred fragment length for
the production of the C-terminal Kunitz domain of placental bikunin by the «-
mating factor pre-pro sequence/ KEX-2 processing system of S. cerevisiae,
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I nhi bitor pmasemmess 2 (SEQ | D NO 22);
protein honol ogue (SEQ I D NO 23); sequence 9)

sequence 8) is Anyl.oi ®CFUSTISH
Is Aprotinin (SEQ ID NG

24) ; 33 WD 97/ 33996
PCT/ US97/ 03894. sequence 10) is Inter-a-trypsin inhibitor precursor
(SEQ I D) NCg."aM? 6sequence 11) is Inter-a-trypsin inhibitor precursor

(2 %EQ I D N@Al?e%l'ati?@(i}égl@f&ur%rﬁrgas\; expreasion d precursgr Q|olr<[.'J)t<ei n (2 g)EQ I DdNO
, sSegquence IS , agen, .a- A . recur sor ) ;. an
; et 3 PBdMGP(%% derjved From the |Pf7(4é§% t@@sggm ploguct

squence 14) is H
Pl acent al Bramaiso ¢ PER amplifietifRonbsitherable REF894{RBL593 PCR PFBIALN6Hed Si X)

acental B . . _ 789474393 PCR pAEAREHHGed
ol ase ofd sole RETA yaGdkAE Ity Frodih, S5 L ﬁ§c¢‘§%gﬁﬁﬁﬁ%%ﬁum§épﬁgo%" tz
resi dues tohtignan iplecemtabe DN adfhe amplified iDNA@rsiuc wilbwonsist of 19

! oS . ! . . M
ot i 1opflclgotidefgionl (R VRt aataip Al e Bhn PR ol BRSS!
bondi ng pat sequengeawihieh icades for the YBEY-HeFRQ (B8 tessdups)asmas 40 Bakeithe
(7-64) and (rhodiateN gfda&taﬁt&afﬁe,m&kmﬁn an aiJ&Htmg'PJc;dm&ﬁ&)HB ifgd by

a mass [educti.on consistent with the for i on of three intrachaln

di sul fi bg‘men(m?'sﬁmi é@‘e?mnffﬂ“%c% arﬁwgﬁwni)? &sxA dleayage which wilk

di sul fi de blibdtate the Khinitzt demkndtties s Naeghimisacent al  Bi kuni n occur 15
bet ween cystei ne residues: Cll and C61; C20 and C44; C36 and C57; Cl106 and
C156; Cl115 and Cl139; C131 and C152. Furthernore, this pattern of disulfide
bondi ng i s hi ghl {her Sieenise aligonactpotideowinictotoftains at Hindilk sité fox clondngi ng
bot h K%ilt&n@ﬂmh@%ﬁ&@ﬁ?gmnwrm of the protein are also active

e

seri ne proteas
GCCAAGCTTG GATAAAAGAT ATGAAGAAT ACTGCACCGEI CAACGCA

(SEQ ID NO: 30}

The 3' antisense oligonucleotide contains a BamHI site for cloning as well
as a stop codon and is of the following sequence:
20 GGGGATCCTC ACTGCTGGCG GAAGCAGCGG AGCAT (SEQ ID NO: 31)
The full 206 nucleotide cDNA sequence to be cloned into the yeast
expression vector is of the following sequence:

30

35

CCAAGCTTGG
TGGGCCTTGC
ACTCCTGCAA
TACCGCTCTG
ATCCCC (SEQ

ATAAAAGATA
CGTGCATCCT
TAACTTCATC
AGGAGGCCTG
IZ NO: 32)

TGAAGAATAC
TCCCACGCTG
TATGGAGGCT
CATGCTCCGC

TGCACZIGCCA
GTACTTTGAC
GCCGG3IGCAA
TGCTTCCGCC

ACGCASTCAC
GTGGASAGGA
TAAGARTAGC
AGCAGTGAGG

After PCR amplification, this DNA will be digested with HindIII, BamHI
and cloned into the yeast expression vector pMT15 (see US patent 5,164,482,
incorporated by reference in the entirety) also digested with HindIIl and
BamHI. The resulting plasmid vector is used to transform yeast strain SC 106
using the methods described in US patent 5,164,482. The URA 3+ yeast
transformants are isolated and cultivated under inducing conditions. The yield
of recombinant Placental bikunin variants is determined according to the
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i nhi bitors and because N-term nal sequenm ng (Exanple 7) of p%@g@,?%

Pl acent al 20VO9EB¥B%i n for 50 cycles yiel ded a sequence t hat M -at

positions where the cysteine residues were expected. The
pl acental bikunin, isolated domains or other variants of the present

ent o T BRSPS B sy, AR S RRaRER BT e
The 25  pepiptrpatantal gusrstin®y nsingsthe iBiwlropssayp m@mdsdsscrdnechlabpvsds
Acadermi ¢ Pr qse%memaéifo%%t@apé Qlentyi ﬂg]ef%'t "Wogb- i, Fdte Sk xggéwgg&g' bed

by Carpino L. A 749,
a%d i | Fust ra?‘&?fﬂﬁt@a‘ﬁﬁhénfﬁtered fhﬁptlghrﬁapﬂvﬂ'}e}\ a@xzprﬂé%§’f tm, dilutedin

encodi ngst hecdﬂcﬁ?c@ﬁﬂi OPV‘S%'snaﬁérgﬂ!teﬂ% pH 3 witd difeclaia. WH@%E& le is

el ates Lo RSNEREA phrarbed RRES a0 BH of Srispbrsase fastflow (Phasmasta)in S0 ndd n

variants of ddwunt eiteate pH\Gead @titremﬁﬁEGOCmmt Mhetgel iMyubsquentlypwasitedd by

ruther & %@%%?ﬁ%@%%é Il o o S iR ?%S%fﬁééftgﬁw THier and

Car ut hers MHCL pH®10;, 200 mMnHBH’E—SrpI-Bérﬂ Tha,waslikisgel isrtransfergpenintoca or

i brari a9 Sttty iR Bﬂ%‘f‘%ﬁe s Modl BRRITIIM Sl Ragae

bi kuni n encol 2&;mM HEPE&I&?I‘S 64 quwtaxamganszétm drypsin imhibitory

modi fied at guHviff afPfien pooled and further purified either by a) chromatography o¥8r
WO 97/ 33996

PCT/ US97/ 03gd£olumn of immabilized anhyidroyrpindressatially 2a feseribed in Example d
substi t uti onz); b) byfalhebinatsgraphy oves arcohafiniof imbicsbilizelbosne &allikrein; or c)

15 a combination of conventional chromatographic steps including gel filtration
and/or anion-exchange chromatography.

Example 7
Isolation and characterization of native human placental bikunin from
20 placenta

Bikunin protein was purified to apparent homogeniety from whole
frozen placenta (Analytical Biological Services, Inc, Wilmington, DE). The
placenta (740 gm) was thawed to room temperature and cut into 0.5 to 1.0 cm
pieces, placed on ice and washed with 600 ml PBS buffer. The wash was

25 decanted and 240 ml of placenta pieces placed into a Waring blender. After
adding 300 ml of buffer consisting of 0.1 M Tris (pH 8.0), and 0.1 M NaCl, the
mixture was blended on high speed for 2 min, decanted into 750.0 ml centrifuge
tubes, and placed on ice. This procedure was repeated until all material was
processed. The combined slurry was centrifuged at 4500 x g for 60 minutes at

30 4°C. The supernatant was filtered through cheese cloth and the placental
bikunin purified using a kallikrein affinity column made by covalently
attaching 70 mg of bovine pancreatic kallikrein (Bayer AG) to 5.0 mls of CNBr
activated Sepharose (Pharmacia) according to manufacturers instruction. The
material was loaded onto the affinity column at a flow rate of 2.0 ml/min and

35 washed with 0.1 M Tris (pH 8.0), 0.1 M NaCl until absorbance at 280 nm of the
wash could no longer be detected. The column was further washed with 0.1 M
Tris (pH 8.0), 0.5 M NaCl and then eluted with 3 volumes of 0.2 M acetic acid,
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The instant invention also relates to expression vectors conpgiriiseipsbde -
DNA const r ucYQ9%%i ng the placental bikunin, isolated domains or other 5
variants of the present invention.that can be used for the production of
reconbi nant pl acental bikunin variants. The cDNA shoul d be connect ed to a

su : f abl e pr wgpczmt?ggs é@mtshuﬁ %llkieﬁlir‘isng‘ﬁ{d ltextypamlmﬁmo\f (gfjée Beldif) t ) ggst
signal . The ac%vxtycw &0 g%fnta © QR?‘&FZ kﬁ{ﬂcﬁn%%ﬁlgﬁ?‘ c‘é{ﬂs %Fsed
t(E))Ni t50 3 |n gerpdmfmrlt btyegkl)-fxltﬂaaton/\nchlronﬂsugia iy tﬂcﬁn r@t&upkx@éﬁtoﬁgdlo)m{l he
?ec ogni zed bﬁ%ﬁﬁ\%ﬁl@%b@t?ﬁﬁ%ﬂ§%\ﬂ Eo $§§8§%§§§$ mGSPQ%sFeéﬂ h&ﬁy(:el |,
the signd peyetdotlemaawas equilibrateddn{hl M Triss0.45 M N, arld 0.1% Tritor3&1@0 i n
full length 26601 3ke Bt HWmWﬁpBﬁfﬁ@ﬁH&&&s gi’etéﬂg%%ﬂ%tgﬁ'ﬁ@l 0.ml

vectors for expression o n vari nown i'n the

art 15 and of 8.1 M éaéarﬁ!ﬁes Qand injectedrorgentheogel-filtration cmmnuna'mﬂul

Cloning: A bo Rl I 3Pé°d"’

The i nstant alx? 6@ 'F% %nr el at egofo&%rlggg‘ (E}?lr)rel_%{&c)a%fa cont altﬁl 9%%

DNA const r uck itory astivityntAf aRtions wese &P@ifddéﬁﬁlthé °6G%r
vari ant sjgof sdslatmh ted Y28 by ladaltadn 66TFAC Tiethaterialiss directicipplied! 20

excpr ossi on v gDk R R g T Rl R0 6 B ”ai\bq%“!mﬁﬁeen
production equilibfatetianiA08c ecatahittileimi.b %”BFAa r&paraﬁimt whab ac}heséd asinlgsa
| ncl ude baculfXA Weadient of 396! AeShariBAE indEA%OTE B0 i {,gersg@h as

BHK, CHO He teria such as coI h as
Sacchar onycemlméteﬁl aftee anninitiah 20ominete wash %I:saﬁ%f amm:iam 0.1%eTFAand

T Cr Obi a5 SXPERASENREm)RERIELINRRAPEd Sssayed fap&ggyﬂ APKAIRIAR nﬂg\buP ry

pl acental bikunin are known |n | escrib
exanpl e, in B ﬁfaﬁﬂ"é‘ﬁs avntalmgrm itoryt actdyily wergpiaskentgated using a

Bi ol ogy, Johspédid-eyc dorfentratdrySavantfangisabjetfed toaV-témiiiatsiduente RAAGSI! al
bi kunin containing a single Kunitz iInhibitor domain such as bikunin” (7-64)

and 30 (102-159), yeast and E. coli expression systens are preferable,

W th yeast Puncwmay%fard’mtab&kmned Typi cal |y, yeast expre55| on
woul d beygarried 'Riﬁa\hﬁcanoﬁ%f%ﬁgﬁdrﬁ‘ffalé&n{ﬁ;b%rﬁﬂtwés Qc%ev‘&%%f& é' nin

vari ants and_ adapfe
its ability to inhibit bovine trypsin and human plasma kallikrein. Trypsin

inhibitory activity was performed in assay buffer (50 mM Hepes, pH 7.5, 0.1 M
NaCl, 2.0 mM CaCl2, 0.1% Triton x-100) at room temperature in a 96-well
microtiter plate (Perkin Elmer) using Gly-Pro-Lys-Aminomethylcoumarin as a
25 substrate. The amount of coumarin produced by trypsin was determined by
measuring the fluorescence (ex = 370 nm, em = 432 nm) on a Perkin-Elmer LS-
50B fluorimeter equipped with a plate reader. Trypsin (23 pg in 100 ul buffer)
was mixed with 20 pl of the sample to be tested and incubated for 10 minutes at
25°C. The reaction was started by the addition of 50 ul of the substrate GPK-
30  AMC (33 uM final) in assay buffer. The fluorescence intensity was measured
“and the % inhibition for each fraction was determined by:

% inhibition =100 x {1- Fo/F1}

35 where Fo is the fluorescence of the unknown and F1 is the fluorescence of the
trypsin only control. Kallikrein inhibitory activity of the fractions was similarly
measured using 7.0 nM kallikrein in assay buffer (50 mM Tris, pH 8.0, 50 mM
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Exanple 5 of the present specification for placental bikuni pctdQemehedd). ..

E. coli WeRHP¥88| on coul d be carried out using the nethods descri bed |n |
US patent 35 5,032,573. Use of mammualian and yeast systens are nost
preferred for the expression of |arger placental bikunin variants

cont ai i g R, 0 M BbY%-100) and 8 126 heRAcg AMEHsiARbskaliln 1 (7-159).

35
PCT/ US97/ 03894 DNA encodi ng variants of placental bikunin that

possess am Mt@:‘iﬁﬂtahonoﬁﬂh‘é%'zﬁ%'s@'@cﬁf&?ﬁ plateital bAdIA Sequence can be
prepared for expg. si.on ? fﬂ? npl nant protein usi ngadtg nmet hods of
Kunkel T.A., (19 g')e JetroNgReCiligity jof nativesjurpan placen INIE; (VRS y
the DNAZ ohaetemixggdznsz the mhterials and anetididsdised éscriviedainditte pm@dtng)phage
vector such_as n oti ann

changed and 7&@8 APV ‘Sg%@?f‘%‘g% Fg% bﬁ%‘? §X&C?‘69 ?‘Fﬁaggﬁﬁﬁﬁ‘@gamﬁ
stranded DNA lamiwra:dacemtmaﬂlm of trypdirdusings GBWCM;I &substrateito/mgpitor

t echni ques.g]' frﬁ BSH%I yg, gformed into an appropriate bacterial host
and verifie oxynuc eot' i‘de sequenm ng. The correct DNA is then

cl oned 10 |nto the expression plasmd. Alternatively, the target DNA may
be 107Ut PG5Hi% B8 y,,cs,‘,ggfindard PCR techni ques sequenced, and i nserted

par i cul ar exanpRe LG HorRORaIRgS e we3 trdtcad 12300 i volume i d
limtation, SpeedeVaqi 1o fahrettheanriopntebforgshicsobesnteThe sainpleewanshemt 15
| NVeNtion. ,aded onto a Hewlett-Packard miniature biphasic reaction column, and
washed with 1 ml of 2% trifluoroacetic acid. The sample was sequenced on a
15 Hewlett-Packard Model G1005A protein sequencing system using Edman
degradation. Version 3.0 sequencing methods and all reagents were supphed
by Hewlett-Packard. Sequence was confirmed for 50 cycles.

Results. Placental Bikunin was purified to apparent homogeniety
20 by sequential kallikrein affinity, gel-filtration, and reverse-phase
chromatography (see purification table below):

Table 5
- Purification table for native Placental Bikunin (1-179)
"TABLES
“Step Vol(ml) OD 280 OD280 Units? Units/OD 280
(/ml) o)
“Placenta 18000 a7 75060 3000000 400
Supernatant _
Kallikrein 200 017 336 16,000 4,880
Affinity pH 4.0 _ _
Kallikrein 10.2 045 4.56 12,000 2,630
Affinity pH 1.7 I
Superdex 7 15.0 0.0085 0.13 3,191 24,546

A0ne Unit is defined as that amount which inhibits 50% of trypsin activity in a
standard assay.

The majority of the kallikrein and trypsin inhibitory activity eluted from
30 the kallikrein affinity column in the pH 4.0 elution. Subsequent gel-filtration
chromatography (Figure 5) yielded a peak of kallikrein and trypsin inhibitory
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Exanmple 1 97};%?9& ation of synthetic placental bikunin ($02aE59)38%4 .
Materi al s an ods/ Reagents used. The fluorogenic substrate Tos- 20

G y- Pro-Lys- AMC was purchased from Bachem Bi oSci ence I nc (Ki ng of
Prussia, PA). PNGB, Pro-Phe-Arg-AMC, Al a-Al a-Pro-Met-AMC, bovine

trypsin (t ypeh#ﬂty with ammolephis veeight tarigeesfrid tod RMBEI xfd Yaseirelardom

From Bayer AUSUSIEFIte bysrunging ReTe e Weighlas neN ‘553@! ifedidr om
No;/ﬁb: ogPﬁ(ranrcpn mnnst) aRe\@m;nIa-phase Ctalohammstﬂgr: phy l(Bigede 6hiyidided d pelaakutqflon o
Fﬁnc%/l onal p acentg H%tftg% wht tl‘&)lﬁaétd%gg é‘@?’)‘%oﬁ‘ appr&fﬂ'{}hélgr %guo}rl]t of

trypsi n 9nhiasetomitrilge {fhe; %g’h )és"éﬁ@(:latedt mth &heftrstl peakplocelute fram €ABi ous

stages of p%frhéﬁ&@@PékMBftedrﬁﬁ%‘xﬁiﬁQ SpuieRite SliR2 WAPHINS LR 1 of the

Bovine trypsin (2 was 1 ncu I_kuni n

(7- 64)Pfs¢1ctefg2§‘1®@?c ok SSREDER P B@C%lita Rikugin (ADRER: o3 SEQ IDINOsdhf er A
(50 MM Hepeand was idéntical to. iﬁﬁe&s éi@t@lf&r 50 %@bsoo@%%gaéﬂéégi&% i

;)(r éggledﬂ( gg?‘ﬂamﬁﬁg’a“ﬁggﬂd %'m)é I nal")Flrﬁﬁ‘%é@E é’?’\’éag‘pugl!s SePRNEM em
= 432 ni onstretdbewlere siténtes exPected for Sé dxﬂchrgcﬁmudtzedv;ﬁbtanzrm Bysteiel od.
ggr sanpl es\ﬁ%qg.%i?gégﬁi tmd Bdshib 11 8Rd 20 of mature placental bikunin were
PCT/ US97/ 038ater identified from sequencing of the S-pyridylethylated protein whereupon
PTH-pyridylethyl-cysteine was recovered at cycles 11 and 20.
Interestingly, the asparagine at amino acid residue number 30 of the
15  sequence (Figure 3) was silent showing that this site is likelv to be glycosylated.
Fraction 29 yielded one major sequence corresponding to that of placental
bikunin starting at residue #1 (27 pmol at cycle 1) plus a minor sequence (2
pmol) also derived from placental bikunin starting at residue 6 (SIHD...). This
shows that the final preparation sequenced in fraction 29 is highly pure, and
20  most likely responsible for the protease inhibitory activity associated with this
fraction (Figure 6).

Accordingly, the final preparation of placental bikunin from C18
chromatography was highly pure based on a silver-stained SDS-PAGE analysis
(Figure 7), where the protein migrated with an apparent Mr of 24 kDaon a 10 to

25 20 % acrylamide tricine gel (Novex, San Diego, CA) calibrated with the
following molecular weight markers: insulin (2.9 kDa); bovine trypsin inhibitor
(5.8 kDa); lysozyme (14.7 kDa); f-lactaglobulin (18.4 kDa); carbonic arthydrase
(29 kDa); and ovalbumin (43 kDa). The above size of placental bikunin on SDS-
PAGE is consistent with that predicted from the full length coding sequence
30 (Figure 4F). :

As expected based on the N-terminal sequencing results described
above, the purified protein reacted with an antibody elicited to placental
bikunin (7-64) to yield a band with the same Mr (Figure 12A) as observed for
the purified preparation detected on gels by silver stain (Figure 7). However,

35 when the same preparation was reacted with an antibody elicited to synthetic
placental bikunin (102-159), a band corresponding to the full length protein was
not observed. Rather, a fragment that co-migrated with synthetic bikunin (102-
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for each was cal cul ated according to equation 1; where R erwpcrnsotsses.at e

of f1 uoMETEAPE i ncrease in the presence of inhibitor and Rl err] is the
rate determ_ ned in the absence of added sanple. One unit of activity
for the inhibitor is defined as the anmpbunt needed to achi eve 50%

i nhi bi tion 19 dsfeap;&sﬁmatei kDa&vas olssenvied. lmfeesmleiesmér}h@@hnon of theSe

Synt hesi o BRSGE Shatshe E\’F}f e PrEbonhad wpderrane Aegratiation sphseasgnt o
Blh g?nygt rerrs to gririficlidrpaplyicld ay g»f—lnatmml fregmentNdenpHEIhg- tfhm:N-termmaE]
ofora ) EbmARCRLH® 3??5*8?‘%@&“43 Prabatert < Bicts s?'ﬁgeﬂ&%a skfiahg), doulaiil
depr ot ec®i of\ssuming thattbe fragment reagivecagainstiandisenuo do ipdacental hikenin (74, 49
thi oani sol e 4?i286void of the @ﬁﬂhﬁﬂél%nd 8f ﬂ\@ﬂtﬂﬂﬁh@éﬁﬁtéﬁ@ﬁ” the aﬁ@‘h‘fs‘k%

H2[err] for 2 hours at room 1 terrperature
preci pi t at edvo %@W@W%W)’a Oftwice in t- butyl rret hyl et her.
The peptide was [FTabld 5.5bl6w teRéy 61 v:tmmhﬁﬁﬁbﬁ%f%@ﬁﬁs'ﬂ@hﬁe

colum using a, TFA/ acetonitr adient.” The fin ar.at i, on, 61 0
o el Ged hrRteasss Py plaatatab biafiing Hiate ar¢ compatad with thBf Gbfined Hi
El ectrogpr aya ﬁmxﬁ(n‘eagyﬂa@).opy (MH+ =6836.1; calcd = 20 68355) for the

predi cted sequence: YEEYCTANAV TGPCRASFPR WYFDVERNSC NNFI YGGCRG
NKNSYRSEEA Tﬁhl RCFRQ (SEQ I D NO 6) Purification. Refolding
of pl acent al 2- erfor ordi t.he met hod of
Tam et al ., ??ééﬁ]méa?)‘m{@gl %xgge)as&})ypac tgﬁb‘g‘r’{’\ Bn of the
purified peg ;.-: Sracimacc X pH
6.0, and 8 = GOttt iy
dropwi se adqidnk&Nira@ény@ sOI utloan:?‘m )and 0.1 MTri s, pH®6.0
to obtain a final. concentratlono 85rrg/n1 peptide in 20% DVSO, OlM
Tris, “Trypsin (485 pM) 0.13 08

Human Plasmin 19 13

(50 pM)

15

The results show that placental bikunin isolated from a natural source
(human placenta) is a potent inhibitor of trypsin-like serine proteases.

Example 8
20  Expression pattern of placental bikunin amongst different human organs and
tissues '

A multiple tissue northern was purchased from Clontech which
contained 2 pug of polyA+ RNA from human heart, brain, placenta, lung, liver,
skeletal muscle, kidney, and pancreas. Two different cDNA probes were used:

25 1) a gel purified cDNA encoding placental bikunin (102-159); 2) the 780 base
pair PCR-derived cDNA (Figure 4E) liberated from a TA clone by digestion
with EcoRI and gel purified. Each probe was labeled using 32P-dCTP and a
random priming labeling kit from Boehringer Mannheim Biochemicals
(Indiana), then used to hybridize to the multiple tissue northern according to

30 the manufacturers specifications. Autoradiographs were generated using
Biomanx film with an 18 hr exposure time, and developed using a Umax Scanner
and scanned using Adobe Photoshop.
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30 pH 6.0, w@§9yds0h4 Uurea. The solution was allowed to stir fpCT/RSIMOISHL

25[err] C after which it was diluted 1:10 in buffer containing 50 nM
Tris, pH 8.0, and 0.1 M . NaCl. The material was purified using a
kal i krein affinity columm made by covalently attaching 30 ng of

bovi ne pancreat i cResults. kr ei The patern afdjissue eXpPession observed uhdgy a placentl ed
Seoh o , : y , o
el ol ded” mat ARAART (Fo-FEA rbBpigtet 1£ATBP I fRe (i dipuadifitly B Rileg | °
of 1 nl/m n domainssofplagental bikunin (Figure piB)ovas essantially the samk as mightibei |
absorbance adxpftedMRé PlARNMABIKERI hIIQA %g‘?ﬁ Hiﬁ{cﬁﬁ'gg - paitgeas and
37 . SUBSTI TUTE SHE ULE , )
PCT/ US97/503gplecenta. Significarddewris were ag@d? BFVesbin lﬁ?ﬁfk@xwang ddpeywhileeach
gf | 0. )2 M gctejfgiv@eﬂﬁﬁbélstvﬁéi‘eﬂo&e?@l ih lge_art ?n% ﬁ«géﬂ, ‘dﬁdftleégnﬁliu;?a\s%{@dé??&ﬁﬂe( see
el ow) an e 0 e.salution adjusted to . . _The eria S
directly appit %1891?@5 én%ghﬁ anSFPLHZe wasL- 23 kilohases in all cases, in C&QG X
é 5 cm t whi ¢ hagredmentwith thé preditied size 80platereakbbikuinin _';ibdui:étz Bc;ﬂt%rﬁm ESFA.
epar ati on [ | . \ 9
acgt onitril 2@?%@%%1% %%KH gg%?ﬁgl #1'%21&ﬁnﬁﬁge%brﬁ%mﬁgg?@glgfsgﬁﬁﬁ%ns wer e
pool ed, 10/0phi | i Z&He broad sissme/disttibuijon of e mRNA showrsdlatiplaceafat bikudiant i |
needed. is broadly eXpredsdet Since the'Prbels G1sBlBRERRSS 184ded eHubd@it Woltla"es

ref ol ded usi ) . ]
have ample exposure to the human immune system, requiring that it become

recognized as a self protein. Additional evidence for a broad tissue distribution
of placental bikunin mRNA expression was derived from the fact that some of

15 the EST entries with homology to placental bikunin (Figure 4B) were derived
from human adult and infant brain, and human retina, breast, ovary, olfactory
epithelium, and placenta. It is concluded therefore that administration of the
native human protein to human patients would be unlikely to elicit an immune
response.

20 Interestingly, the expression pattern of placental bikunin is somewhat
reminiscent of that for bovine aprotinin which is found in high levels in bovine
lung and pancreas. To further elucidate the expression pattern of placental
bikunin, RT-PCR of total RNA from the following human cells was determined:
un-stimulated human umbilical vein endothelial cells (HUVECs), HK-2 (line

25 derived from kidney proximal tubule), TF-1 (erythroleukemia line) and
phorbolester (PMA)-stimulated human peripheral blood leukocytes. The probes
used:

CACCTGATCGCGAGACCCC (sense; SEQ ID NO: 59);
30 CTGGCGGAAGCAGCGGAGCATGC (antisense; SEQ ID NO: 60),

were designed to amplify a 600 b.p placental bikunin encoding ¢cDNA
fragment. Comparisons were normalized by inclusion of actin primers to
amplify an 800 b.p. actin fragment. Whereas the 800 b.p fragment identified on
35 agarose gels with ethidium bromide was of equal intensity in all lanes, the 600
b.p. placental bikunin fragment was absent from the HUVECs but present in
significant amounts in each of the other cell lines. We conclude that placental
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10 20% e oxidizing agent as described above, andegpmidshosdaly a
i Pt -

2-step cation protocol as shown below, to yield an active
trypsin inhibitor (Table 1 bel ow). Table 1 15 Purification
table for the isolation of synthetic placental bikunin (102-159)

TABLE 1 pikunin is not eXprddse@Fhia@Neast@bome ERdHthelifbcells H{t'd)k%[xﬁ?%srer% )§HA

Yi el d Step. . . m

8.0MJea Spmeleukoce populatiops. (o : 0 ; 20% DMSO
32.0 0.47a 15.0 16,162 1,078 100 Kal likrein 98
0. 009b o.qg} 184700 170,000 97 affinity

C18 APP€ Iy 013[err] 0.04 11,964 300,000 74 aProt ei n

det ermi nBd Murification and [pPoperties afRlacentabBikyniaRATONhighly purified from
extinction f Lasisa {gfé%ﬂegﬁﬂn?s%g@r the purified protein (1.7 Xx
err[)x

10[err] Lnol-Terr] Ccnt e Unit is defined as the anmount of
materi al requi r edd dargerfragmentsobPlacental bikunipgiontaining beth Kunitzstomaiasd

: t ] i an
mobi |1 zeq Blacenyal BIKAUR B470PWas bypidfscd i 560 beells S IOMOWE,) Placeifl 20
6. 0% of t he bikwais ¢DYAyobtained by (% (Kigure 4Ehand containgd ert}ua@t‘f/& iviegtor

]pr etsEnt 10 SUR?&QP%‘E%O&B ][Euzﬁ;lﬂlﬁé W&fﬁtlri]beratedlbymlﬁﬁ%xﬁ Uieh gﬁ\?@lﬁsa}dfﬁ:}de& a
urther purifi,cation o - oyer a , 4 A %
RPHPLC, t he Yﬂéﬁmar}m%tr@e&&% A0 Xbal St a3, Hindllf Sigg bths Sapment

exhi bi ted elwas gel purifiedand@hénaclonéd iftortine MI3mpes vectorv@ew Biyglando
2b2. b, o | LGB Befedy, M0 TiViklor iR dlies s (IR R, TUIRPRISE RS ©f
denonst r at edAcdek Sci. USA 82114881492} wragsausedto genetale 3 Rtk sité 3 dtesther éoilsited
from thgspepjii e 528HENBEL 5’ to the sequence encoding the ATG start site, natural
placental bikunin signal peptide and mature placental bikunin coding
sequence. The oligonucleotide used for the mutagenesis had the sequence:

5 CGC GTC TCG GCT GAC CTG GCC CTG CAG ATG GCG CAC GTG TGC
20 GGG3 (SEQIDNO: 61)

A stop codon (TAG) and Bglll / Xmal site was similarly engineered at the 3’
end of the cDNA using the oligonucleotide:

25 5 CTG CCC CTT GGC TCA AAG TAG GAA GAT CTT CCC CCC GGG GGG
GTG GTT CTG GCG GGG CTG 3" (SEQ ID NO: 62).

The stop codon was in frame with the sequence encoding placental bikunin and
caused termination immediately following the Lysine at amino acid residue
30 170, thus encoding a truncated placental bikunin fragment devoid of the
putative transmembrane domain. The product from digestion with Pstl and
Bglll was isolated and cloned into the BacPac8 vector for expression of
Placental bikunin fragment (1-170) which contains both Kunitz démains but
which is truncated immediately N-terminal to the putative transmembrane

35 segment. '
The expression of Bikunin by Sf-9 insect cells was optimal at a
multiplicity of infection of 1 to 1 when the medium was harvested at 72 h post
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38 WD 97133096 . PCT/USYT/03894 . ..

PCT/ US97/ 03894 The isoelectric points of the purified,
ref ol ded synthetic pl acental bi kunin (102-159) was determ ned using a
Mul tiphor Il Electrophoresis System (Pharmacia) run according to the

manuf act ur erinfectipyes Aiftesharvesiengighelachlgyirus cell giliurgsupernatind (2l waecast -
Anphol f
nphol i ne : h&&aals?é@ té 3511{38 8 By the @d&ifigﬂe O ﬁ-‘i{él smuﬂnfvrg]sspuﬁfﬁfear%)(

st ai ni ng, m gr at | di st nce fromt

the di f f er enfhIOMBAOBFARRY HSINERR Sl DOVaRE P%emlc %ﬁﬁ Agin mmow as
get ter m nedf by révigﬁﬂ desaistd Shcm(a memfbgtm@l ﬁimﬁcd!icﬁi opfna‘m@ plagesdal on
I Stance anqgar rsu rre I n nlqe
the pi S BRGHE Fmpladeiia, Efptedaes) WathdiusBaorsid 45 3%3 ae,
agreenment Wi Sll!b}'eu!edlfb chﬂdmetqgraph tord afCI8neévars se 26luUnAS@UERZS chil)i S

I's | ower than th% ue. of, 15 séf,p g r th i:ll‘Ot |n
Tenstad e Sauibri@s 'S, ace 508 5 PRLAERSH o B e By |
(2| igs gr IeEar hikumnwawMWlmgfs}ﬂlmeangmdxéntlofriIOrto(Sblﬁdc)etothde in0.1% TFArm °
P t 64

esggﬁtnl gl I yI as descrl %c#@éfﬁ?ﬁﬂéﬁﬁwaeﬁggog h?%g’gga{)gs{ﬂ&%tlﬁ%%m

fol | owi ntp = HepesdpH Za)ilhM &ﬂ.ﬁibﬁ €6C&:ﬁgd Qh"é teiyon xek00z apd stored atas

stirred for 3fpolrurmgl rieeded. méﬂﬂceﬁuhﬁo%%%@xﬁan?&kah{rl Qasraéz érhifid! on
by C18 RP- HPbC Wa,s ach eved 20 th | i near gradient of 25 to

acetonitril e®¥ éﬁs40 m n

Results. - Recombinant bikunin was purified from baculovirus cell
15 culture supernatant using a 2-step purification protocol as shown below, to
yield an active trypsin inhibitor (Table 8 below).

Table 8
20 Purification of recombinant bikunin from transformed culture supernatant
. TABLES L
“Purification Vol OD280/ml OD 280  Unmits Specific
Step (ml) total ()] activity
- {U/OD)
“Supematant 23000 90 20700 6,150,000 297
Kallikrein 2.0 017 176 40,700 14,746
affinity
<8 04 3.3 154 11,11 72,150
reverse-phase

Chromatography of the crude material over an immobilized bovine
pancreatic kallikrein affinity column selectively isolated 0.013 % of the protein
and 0.67 % of the trypsin inhibitory activity present. The majority of the

25 trypsin inhibitory activity present in the starting supernatant did not bind to
the immobilized kallikrein and is not related to bikunin (results not shown).
Subsequent chromatography using C18 reverse-phase yielded a further
purification of 5-fold, with a recovery of 0.2%. The final preparation was highly
pure by SDS-PAGE (Figure 13), exhibiting an Mr of 21.3 kDa, and reacted on

30 immunoblots to rabbit anti-placental bikunin 102-159 (not shown). N-terminal
sequencing (26 cycles) yielded the expected' sequence for mature placental
bikunin (Figure 4F) starting at residue +1{ADRER....} , showing that the signal
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(1nl -/ mn). v@ﬁ%}"#&gzract ions fromthe first C18 run were reaga?mr?qmw,‘_tbe

col um tionated with a linear gradient (60 m n, [ mn) of
20 to 40% acetonitrile in 0.1% TFA 25 Resul ts. The fi nal
purified reduced peptide exhibited an M+ =~ 6563, consistent with the

sequence: tideNPECEMPINy MORERAGVRIS S WIIWTDGSC QLFVYGGODG  NSNNYLTKEE
CLKKCATV (B8

I D NQ, 4) 38, o The refol.ding and purification
yi el ded a functi B’Héqlﬁkérﬂl?cf%rﬁ}‘lﬁmcfhgpm g% csbgsél&emm@?agasanymﬁmeﬁhﬂor of
trypsin (TakilRylatbd) GWBr digested and then sequenced without resolution of the
39 .97/523996

PCT/ US97/ 03883UItNg fFagmgnts. Sequencing for20 cycles yielded the folloping Netgrminiin of
syntheti B placental bikunin (7-64)

Sequence Amount Placental bikunin residue #
LRCFrQQENPP-PLG-~-~~ 21 pmol 154 - 168 (SEQID NO:63)
ADRERSIHEDFCLVSKVVGRC 20 pmol 1 - "20 (SEQIDNO: 64)
10 FNYeEYCTANAVTGPCRASF 16 pmol 100 - 119 (SEQID NO: 65)
Pr--Y-v-dGs-Q-F-Y-G 6 pmol 25 - 43 (SEQID NO: 66)

Thus N-terminii corresponding to each of the expected four fragments were
recovered. This confirms that the Sf9 expressed protein contained the entire

15 ectodomain sequence of placental bikunin (1-170). N-terminal sequencing (50
cycles) of an additional sample of undigested Placental Bikunin (1-170) resulted
in an amino acid sequence which at cycle 30 was devoid of any PTH-amino
acid (PTH-asparagine was expected). A similar result was obtained upon
sequencing of the natural protein from human placenta (Example 7) and is

20 consistent with this residue being glycosylated as predicted from the amino
acid sequence surrounding this asparagine residue. Furthermore, the cysteine
residues within this region were also silent consistent with their participation in
disulfide bonding.

25 Example 10
Inhibition specificity of purified placental bikunin derived from Sf9 cells.
The in vitro specificity of recombinant bikunin was determined using the
materials and methods as described in Examples 3, 4 and 7. In addition, the
inhibition of human tissue kallikrein by bikunin was measured by the
30 incubation of 0.35 nM human tissue kallikrein recombinant bikunin in buffer
containing 50 mM Tris (pH 9.0), 50 mM NaCl, and 0.01% triton x-100. After 5
min. at 37°C, 5 pl of 2 mM PFR-AMC was added and the change in fluorescence
monitored. :
Inhibition of tissue plasminogen activator (tPA) was also determined as
35 follows: tPA (single chain form from human melanoma cell culture from Sigma
Chemical Co, St Louis, MO) was pre-incubated with inhibitor for 2 hr at room
temperature in 20 mM Tris buffer pH 7.2 containing 150 mM NaCl, and 0.02%
sodium azide. Reactions were subsequently initiated by transfer to a reaction -
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TABLE 2A Purification Vol ng/ mM ngy Units SpA Yield

[ err] (m o s7/33996 (YU (U ng) PCIEEMABba~ 8.0
2.5 20.0 .0 _ 7 20% DMMBO  64.0  0.31
20.0 68,699 3,435 100 Kallaffinity 11.7 0. 10 1.16
43,333 36,110 62 [err] H4.0 . Kall affinity 9.0

5.8 49753(ster38&bmpnsmg the following mlmal mmepanent corgentrations4tPA (9.506

2 é69322 Ho¥h), ifiibitot 0 © 6.6 WM, Dlle- Ll?roqlﬁ"ggngtr aéuﬁnp (1808 28 w4 Fis 7, 937

cooh 7 butr PSS containing QOPATs (vAGHTRER 1D sad)0 008" oﬁx LGl an M =

demonst r aéﬁé% Mif}a&@h%g(#—lgﬂt@aﬁﬂﬁ(é was dgl'gﬁﬂﬁlri;eﬁrf]g@fh: tha AﬁPstnb h%@éﬁreﬁ?? 64
appro i.su e bon e pl of placental bikunin
was d ter H@’d“&é‘i"ﬂg’qlﬁé‘wf%&‘zm enpl oyed to determine the pl of

pl acent al bi kuThetabléBeldWOshowithe efficaty of fedoibirddht Hikukif)aseathinhiliiest a pl

bl acen: a Thy RS bk pbrbaEs ROHR. aetx"iat%ﬁ*aé% AR spinga B
9.5) and cbtamedirfaresqreening dnhibition dsingr either! recambindnts bxbmam,tarons

Cont i nued, brenaration of synthetic placental bikunin (7-64) 15
Becauge t synt'hetic placental bikunin (7-64) may not have under gone

conpl'ete 4 (gectlon prior to purlflcatlon and refolding, refolding was
r epeat ed &%\W Iy e d
Pl acent al n'; a%éféﬁ’?ué\ﬁip i‘@ % é?&f ed éﬁéﬁsupg&%g&ggyﬁm lally
as Riiiua) é‘a ¥ F @9) but with the follow ng
modi i catirpss - gde (0.27 mg/m)
WaS St I reser=iey > na AL\ ey C, purification
by C18 RPgk E 3R) ' ombm m;h a m‘r grad| ent of 22.5 to 500%
acetonitrile in 0.1% TFA over 40 mn (I
sin {48.5 pM) 0.064 0.8

ﬂlutmn Plasma 0.18 19.0

Kallikrein (2.5 nM)

Human Tissue 0.04 0.004

Kallikrein (0.35 nM) _

Bovine Pancreatic 0.12 0.02

Kallikrein (100 pM) _

Human Plasmin 0.23 _ 13

(50 pM)

factor Xa (0.87 nM) 180 __5% Inhibition at 31 UM

factor Xla (0.1 nM) 30 288

ﬁs:iue ;la(s;r;_’innﬁgn <60 no inhibition at 6.6 UM

activator (7.

Tissue Factor Vlla 800 no inhibition at 1 UM

15
The results show that recombinant bikunin can be expressed in insect
cells to yield an active protease inhibitor that is effective against at least five
different serine protease inhibitors. Recombinant bikunin was more potent than
aprotinin against human plasma kallikrein, trypsin and plasmin. Surprisingly,
20  the recombinant bikunin was more potent that the synthetically derived
bikunin fragments (7-64) and (102-159) against all enzymes tested. These data
show that recombinant bikunin is more effective than aprotinin, using in vitro
assays, and that one would expect better in vivo potency.
Besides measuring the potencies against specific proteases, the capacity
25 of placental bikunin (1-170) to prolong the activated partial thromboplastin
time (APTT) was evaluated and compared with the activity associated with

63

SUBSTITUTE SHEET (RULE 26)



mi/ min). dwéﬁ,"mg‘: Resul t s. The final purified redupeguserisssie

exhi bite 6567.5, consistent with the sequence:
| HDFCLVSKV  VGRCRASMPRW WYNVTDGSC QLFVYGGCDG NSNNYLTKEE CLKKCATV
(SEQ ID NO 4) The refol ding and purification yielded a

12 unct Logghgéwm I6RiBlict Whadildled in28 M Teis! MEFASPRTY.2 QBhEHiﬁg{g pbotr yp\s/\fl)n
Tabl e a2 mi Rl and 0.02% sodium azide and added (0.1 ml) to a cuvetteeanigingd 03gon
Tabl e 2B withifuaif Mia i Blactta® | 800f Autdinatic SObagulationf Tisnelt bedgulopeteent al
g'p /I;u nin ( zl\tpe@%ql &.abgﬁﬁé& é%tomaﬁopg,rlln]::.', ?’rﬁta')sgl'{!tville\,/ ?\ILY.). ’?Ré {P\st%ent vle Qlf tU/S mg)
8.0 M &r eset to APDT made with 20380 sed activation time and2@¢ BipBlicate mode39. 0
5 oo o Mt o s A NS et il 2,
0.24 701666185 d)slengLaboraionies, Beaumertz TX), the APTT reagend (pwtpmased
refol ded (PTeilBt 2925485 REnPOrihitor Tk%dk® CdrpS: Dirta898) and 25 mM
CaCl2 were automatically dispensed to initiate clotting, and the clotting time
10 was monitored automatically. The results (Figure 14) showed that a doubling of
the clotting time required approximately 2 uM final aprotinin, but only 0.3 pM
Sf9 derived placental bikunin. These data show that placental bikunin is an
effective anticoagulant, and usefull as a medicament for diseases involving
pathologic activation of the intrinsic pathway of coagulation.
15
Although certain embodiments of the invention have been described in
detail for the purpose of illustration, it will be readily apparent to those skilled
in the art that the methods and formulations described herein may be modified
without departing from the spirit and scope of the invention. Accordingly, the
20 invention is not limited except as by the appended claims.
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units | ess wWasmdsese t he reduc denonstrat es t RET/USRT/EBM ng-
caused the formation of ﬂmmmmamuam-m ﬂue di sul fi de bonds.

The pl of refolded placental brkufint ( was determ ned using the 10
met hods enpl GWEACLAIMEet er m ne t he pl of' pI acent al bi kunin (102-159).

Ref ol ded pl acental bikunin (7-64) exhibited a pl of 8.85, slightly higher
than the predi cted value (pl = 7.9). Exanple 3 15 In vitro

specificity df. fun&tmbsthnﬂkl&pqmmﬁedilmmem. fhaag rﬁerhié)%)rw&)se inhibitory

A ?53%1%9@%9?“'*‘%% [oF BBty snstyof,

ni t r ophenyl pNhg:hmmpn the Ifbiloumg)am!nmwd)sequenNSDﬁte Fmoinosacids of and
Shaw, E., (194 b@ﬁ@hm |

guant i tat ed gsy agw/e Ssite ra |l(J)e(r?1i lﬁ%ﬁéi%m&w&@%ﬁ&%g@%%ofd
and PFR-meabummphcsat sig)vanznixgwmp Foin whichthe N-terminal,
for GPK- ém d for
each enzyme vvas e"gét{bﬁ{elﬂ M an l726 D respe Ivgﬁirab?QﬁgﬁéK?h for
PFR- AMC wi t h human pI asma kaI |1 krei n and bovi ne pancreatic kallikrein
was 457 [gyrl] W€ SRBGc for R- AMC
with el astaseMV\/as 1600 | Hurran tlbgsue ﬂﬁh&mr réglfpn (BaCﬁd:

Ger many) quan¥yTEES:Ho BT PLATFRYAND SFVERAPRYQ DSEPESSDMF it 28] j on usi ng

p’ mtrophenylmzvem Wamdﬁﬁm&mmemsﬁmﬂmn bed 1s¢ (Chase,
T., and Shaw, &970& hods Enznol. 19: 20-27). 30

I nhibition Ki ﬁ?ﬂ"ﬁ tion of trypsin by placental bi k&?}?n (102-
159) or apr ot (SEeNIDED: nﬁ;ms;ured by the incubation of 50 pMtrypsin with

41 15

MAQLCGL RRSRAFLALL GSLLLSGVLA -1
ADRERSIHDF CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSNN 50
YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDMF 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 150

20 ACMLRCFRQQ ENPPLPLGSK VVVLAGLFVM VLILFLGASM VYLIRVARRN 200
QERALRTVWS SGDDKEQLVK NTYVL 225

(SEQ ID NO: 49);

ADRERSIHDF CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSNN 50
25  YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDMF 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 150
ACMLRCFRQQ ENPPLPLGSK VVVLAGLFVM VLILFLGASM VYLIRVARRN 200
QERALRTVWS SGDDKEQLVK NTYVL 225
{SEQ ID NO: 70);
30
AGSFLAWL GSLLLSGVLA -1
ADREASIHDF CLVSKVVGRC RASMPRWWYN ~TDGSCQLFV YGGCDGMSNM 56
YLTEEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDMF 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 150
35 ACMLRCFRQQ ENPPLPLGSK VVVLAGAVS 179

{SEQ ID NO: 2);
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WO 97/ 339 7133996 PCT/US97/03894

PCT/ USo7/ 09850 ll!l!llumulﬂlmuldmn (102-159) (0-2 nM or aprotinii
(0-3 nM in buffer Aih &tdta? s *volune of 1.0.m. After 5 min. at
37[err]C, 15 [err]l of 2 nmM GPK- AMC was added and the change in
fluorescence (as above) was nonitored. Mih@EAPGWSBLL iGSRLIHGVLA  fAuman pl asmin

by pl acent %Rﬁwmncxﬂvls%é@wﬁw%mt Wiiic&ﬁicﬁfs ned Sgowi th plasmn
(50 pM and gl acental bikunin (102-159) nM or aprotinin (0O- 4

nM in buf f& | PATYGESAT G RAATSREAANCES PP&R%PSEIU*SWM Nadl ,1%nd 0. 02%
triton x- 1Qﬂaaféqtm mmsymﬁmm SNFI PSSR LingiRst®r 1] OisoZO v

GPK- AMC_was and the chan in fl yorescence noni tored. The
i nhi bi t Pon W‘iﬁ?@ﬂ ENPPLP%%%W%& VEWW%V&EWW bi kurf® (102-159)
or aproti nigernesrviiet seppkeeovklOtyvasi ng kal li krein (2.5 nM and2sl acent al

bi kunln ( 5 0-3.NnM or aprotinin (045 nM in 50 MM Tris-HC1L (pH
8.0), %ﬁéélﬁbé d;%‘OZ%trltonx 100. After 5 mn. at. 37[err]C 15

[err]1 of 20 M PFR- AMC was added and the change in fl uorescence
noni tored. The inhibition of boving, %%Er% A3l Jzér..liﬁ..gb\ﬁ.,aby ., Placental

bi kunin (102-159) and aprotinin was determned In a stmlar manner 15 wth
kal | i kA8 n ADBBRGIDF GLVSKEVER] RAFMEBWIN VIRSECQLEY YGGCDGNENMN) andsOapr ot i nin

(0- 141 pideciket SatvrRRATd UREickald §§&%ﬁ8ﬁﬁ@b‘sﬁz§h§%&n100 [e{do] M The

apparent inhibition const ant lL'Nerr * was determ ned using the

nonl i near PEFEESEPBNVIERCEA ST RIS DYERNS C’L’EIBQ?WYRF’F% sof ¥Rar e
(Biosoft, Gambrérkpe entoLrLdhe vimbetrw datiFLEAMvyLIRARREN expsgyoi nent were
anal yzed i Wﬂ%gffﬁle equation for a tight binding 20 i nh%1 itor:
Vierr]/V]er err] + I[err] + Klerr]* - [(E[err] + 107+ Ki*)[err]
-4 E[ eb] / 28Ear g No: {D); where V[err]/V[err] is the fractional enzyme

activity (inhibited vs. uninhibited rate), 25 and E[err] and I[err] are
the total concentrations of enzynme and inhibitor, respectively.

ADRERSTHDF CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSHM 50
YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDMF 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 150
20 ACMLRCFRQQ ENPPLPLGSK VVVLAGLFVM VLILFLGASM VYLIRVARRN 200

QERALRTVWS FGD 213
(SEQ ID NO: 71);

IHDF CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSNN 50
25 YLTKEECLKK CATV 64
{SEQ ID NO: 4};

CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSNN 50
YLTKEECLKK C 61
30 (SEQ ID NO: 5};:

YEEYCTANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GHENSYESEE 150
ACMLRCFRQ 159
{SEQ ID NO: 6);
35
CTANAVTGPC RASFPRWYFD VERNSCNNFI YGGCRGNKNS YRSEE 150
ACMLRC 156
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Ki val ues w¥@9%38% ned b he effect of subs?gwgy'@@%d.mg
to the equati on: ﬂ"ﬂl“ﬁﬂg"ﬂ!gl,& ] */ (I + [S[err]lI/Kerr])

(3) 30 (Boudi er, C., *and Biet 89) Bi ochi m Bi ophys Act a.
995: 3641) SEO. ID NO: .”For the inhibition of human neut rophi | el ast ase by
pl acental bi K& A © 77'(102-159) and aprotinin, elastase (19 nM was

I ncubated with placental bikunin (102- 159) (150 nM or aprotinin

(0-7.5 [err] r, (pH 8.0) «nand 0. 05%
triton X- 1OOMDXJ ?%\%&g&%cnﬁg%ﬁ%%ﬁg,ﬁc %Xka/g *G?SWI@ 8?) pM was ’
added and th@WEWs@WW%@MW@rS%WWRmWESWi od. 75 Ki

val ues Wl e aieQefiNACOTHCRASAY RAVFIVERKS éﬁnﬂﬂ%cﬁ%ﬁ%&{réézﬁer Sus 1bs |
42 SUBSTI TUTE SHEET (RULE 26)

97/ 33996  ACMLRCFRQ PCTA8%97/ 03894
perfornmed at(degorsliNok esignt substrate concentrations (D xon et al., 1979).
The inhibition of human tissue kallikrein by aprotinin, placental bikunin
fragnent (7-64) or placental bikunin fragnent (102-159) was neasured by the
i ncubat i on ofLv@x@ERTMVRIEMPRWWYN YTDESAQRAFV i Yacebenswint h pl dcent al bi Boini n (7-64)

(0- 5 ﬁ%’ n alac %%NQH( R(N]u?g IR or apr,qLinin
(0-0.5n :\Q]L'Igé’i" & reacﬁ%ﬁs vol une c%ﬁ%?ﬁ?%‘&g Tri 318§—|C1 buf fer
pH 9.0, 50 nFNERYCIANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 150

ACMLRC 156

{SEQ ID NO: 50);

15 ADRERSIHDF CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSNN 25
YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDMF 75
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFIYGGCR GNKNSYRSEE 125
ACMLRCFRQQ ENPPLPLGSK VVVLAGAVS 179
{SEQ ID NO: 1l};: and

20
ADRERSIHDF CLVSKVVGRC RASMPRWWYN VTDGSCQLFV YGGCDGNSNN 50
YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DS 92
(SEQ ID NO: 8}.

25 2 A protein as in claim 1, wherein said protein is glycosylated, or contains
at least one intra-chain cysteine-cysteine disulfide bond, or is both glycosylated
and contains at least one intra-chain cysteine-cysteine disulfide bond.

3. A pharmaceutical composition for inhibiting serine protease activity,
30 comprising a protein of claim 1 or claim 2 plus a pharmaceutically acceptable
carrier.

4. An isolated nucleic acid sequence which encodes for a protein of claim 1.
35 & A self-replicating protein expression vector containing a nucleic acid

sequence which encodes for and is capable of expressing a protein of claim or
claim 2.
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The Km for | THIS uman tidsué kil IM krlei m under the conditions -
enpl oyed wag 5.7 REPLA 1h nhi biti on of human factor Xa (Anerican

Di agnosti ca,~Tnc, G eenw ch, CT) by synthetic placental bikunin
(102-159), conbl L ed
(102,159)  82OTDAGikuple b Bk WBfe rorease SEA SbRANERolBERHES

of i nhibitor SE¥NB@ETOsRaseINithiaf ﬁféeqwerﬁmwn§0€ pHleastpne proteip of q?axma@:pr and
0. 1% BSA. Aftgfime.mn. at 37[err]C, 30 ul of 20 mM LGR-AMC 15 (Sigma) was
added and_t he change in fluorescence nonitored. The inhibition of

human ur oRi nase (Sigma) by Kunitz inhibitors was measured by the incubation

:ggeg o rllae%i%gg&kl ﬁalm gndfﬂum ﬂ&mﬂl’ﬁ"m’ugi egcgwce noni toﬁ%.

of ;Jr oki nase 7 2.7 Aaﬁéttwd: fbﬁc tiedtin ﬁ 8'cohditéori of %kax‘x‘\oé d %a}r@ratééeeﬁa,
containin - an % Trij.to
Sonealning  spultiple Sdtdsis ekl Sellopsriiiyasio B, septic Shetk and

t he change i fil0sisf Idxsemcaswexamdnwnh@hthﬁlmgm riﬂobdt caxguii’a&acdrodo!ﬁ

£ o (0 1 POy fRuGH stroks. EeRbral B iiduldiy ace%‘?ﬁ?“@? %@W@*' 0

140 nM pllfcerhrainpiinflamatiooe qf5g;1eospmal cordo gerebpyvab pinfection, |¢erbhraler
5

2100, "and 1 %%%ﬁsw?ﬂ%%fﬁ%éﬁ%“f SRl e%afmm%‘%?% et Sy 07

ul of 40 mMV EBRSITIE LGATEAT) CRFVICA} SANRET. (0% PTENERtEBCPE fBetastasis comwgsmg

Prussia, PA) abfiirisiéethgafra bhibjeehRadAgischlaleimEaORGAT 8édtive’ Aflount of the
Resul t s: A direct c |so of the i nhi bition profiles of placental

bi kuni n (102- a@%‘nﬁ&?ﬁgﬁ) aMfas made by measuring their inhibition 30
constantd5wi t h vari ous proteases under identical conditions. The Ki val ues

are lstgd i nr @l &n3d0%6F EWim 7 wherein said condition is brain edema, spinal
cord edema, multiple sclerosis, ischemia, perioperative blood loss, sepsis, septic
shock, fibrosis, disease associated with pathologic blood coagulation or
clotting, stroke, cerebral or subarachnoid hemorrhage, inflamation of the brain,
20 inflamation of the spinal cord, cerebral infection, cerebral granulomatosis,
spinal infection, spinal granulomatosis, or open heart surgery.

9. The method of Claim 7 wherein said condition is gastric cancer, cervical
cancer, or prevention of metastasis.
25 '
10. A method for the preparation of a medicament for the treatment of brain
edema, spinal cord edema, multiple sclerosis, ischemia, perioperative blood
loss, sepsis, septic shock, fibrosis, disease associated with pathologic blood
coagulation or clotting, stroke, cerebral or subarachnoid hemorrhage,
30 inflamation of the brain, inflamation of the spinal cord, cerebral infection,
cerebral granulomatosis, spinal infection, spinal granulomatosis, open heart
surgery, gastric cancer, cervical cancer, or prevention of metastasis.

11. A method for preparing a protien of claim 1 or claim 2 using
35 recombinant DNA technology.
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PCT/ US97/ O% Table 3 Ki val yes for the inhibition of vari ous
prot eases by bi kunin (102-159) TAB(H3 - Pr ot ease bi kuni n
Aprotinin Substrate Km (concentration) (102-159) Ki

K.
(Tp;\//{)si n(?ZSE“Wﬁf’”) 0. 4(m\/p 0.8 GPK- AMC (0. 03 | (nM . 022

Ll e o A Rl

Kal li krein 19 0 FR- AMC
(3rrM R35464 %sccsccc&aiddshcﬂda; CXccaTOdMC GacTrdidte rddréscEaR 100

br® WwGPK- AMCo (085 MR s 1 073D F 50 pM s x Husmn
Neutrophl I 323.0 8500. 0 AAPMAMC (1.0 [err]M 1.6

El ast ase (:lQﬁﬁﬂ&& GGTGGTGGGC AGATTCCGGG CCTCCATGCC TAGGTGGTGG TACAATGTCA 150
vV v G R ERA S M P R W W# Y NV T 50

R35464 CTGACGGATC CTGCCAGCTG TTTGTGTATG GGGGCTGTGA CGGAARCAGC 200
ORF D G S €Cc Q L F V Y G 6 CD G N 5 66

R35464 AATAATTACC TGACCAAGGA GGAGTGCCTC AAGAAATGTG CCACTGTCAC 250 .
ORF N N ¥ L T KUE B CL KKCA T VT 83

R35464 AGAGAATGCC ACGGGTGACC TGGCCACCAG CAGGAATGCA GCGGATTCCT 300

ORF E N A TG D L A T 8 R N A A D § § 100
R35464 CTGTCCCAAG TGCTCCCAGA AGGCAGGATT CTTGAAGACC ACTTCAGCGA 350
ORF v P S A P R R Q D S * R P L Q R 116
R35464 TATGTTTCAA NTATTGNAAG AATAATTGCA CCGNCAACGN ATT-=—=~-—- 393
ORF Y v § * I * R "I I A P * T = 130
KEY

R35464 = Nucleic acid sequence of EST R35464 (SEQ ID NO: 12)
ORF = EST R35464 Open Reading Frame Translation (SEQ ID NO: 13)



Factor Xl la >300.0 12,000.0 PFR-AMC (0.2 [err]M 0. 35

Human Ti ss¥&? 9733996 0.13 0.004 PFR- AMC (10 [err] M PCT/USIT(HISYA - -
Kallikrein (0.35 nM factor Xa (O. 827/4q|\/9 274 N I. LCR- AI\/C_
(0.6 mMv) N. D. at3 [err]M

ur oki nase 11000 4500 GCR-AMC (0.7 mM - N.D

factor Xl a (5@%2 288 E( OBz) AR- ANC 0. 46

(0.4 ental blkunln 102 159) and aprotinin inhibit

bovi ne trypsf %ﬁdwfntf{ﬁrgﬁr 5 GIMATCRGECACTER R er 59 he
condi t i on}s/perr% oyed® Apr o%ﬂ in i bl tng & aktdbe Rith § ¥ of7s. 5

[err]M Placgiisah Aideashsrd E0Rcokad '
323nM  The Korsval ue £ ok tde al aﬁ:%n%'agcﬁ LfninbAé&eG’%lﬁ% %ﬂﬁﬂ gfl on of
bovi ne pancreatic kallikrein was 20-fold higher than that 10 of aprotinin
i nhi bition. RM593nETICTSICCGA AGRITCSCAD IARGETAGGAT O TEARIACCSACTOIREEGADOL St

i nhi bi tor of 8uman® plcas?ra Kal$iBreRn Rhah Bpr&i Bi rp alid 8§ nds oM t hsa
56-fold RJ’I gg it Because pl acental bikunin
(102-159) is ,gﬂ"' t% ﬁéégf‘csé &t ms&j‘fﬁ FEHPESHTI PR 1] as
an inhi b|tor of Kkal rern, sma er armun s”of hufar’ 157 Cbl Bcént af?

bi kuni n, or ﬁfﬁgmrbdﬂﬂfceﬁirddcamc REOFXITreS AvGHEdidAc(deréefho 3¢

needed t han ORFasyl olR iR axrder tP0 Rui Wt arnet he efhf eetirve gpats egt dosgs of
inhibitor in KIU. This reduces the cost per dose of the drug and reduces

h | PR RPT ‘r“%"@fﬁsﬁﬁ f‘é@%é%n@'@cé B®0 of th
t he |k’eﬂt_ c&‘g‘ ggrep‘ 238 KGNSS LB 0 e

medi canent to pat Fuft her Yr &t N nSi s huhar® detfbed, and
thus nuch | aggs39 rsab&i%&&g?&ﬁc &gec@wa&mdasmﬁr Gecdlesiyed from
cows. This re@ultse g AN 8 ghitklgant URLI qSql e thg Tg'S hhgurring
adverse i munol ogi ¢ events upon re-exposure of the medicanent to
patients. R74593 TGCCCCTTGG CTCAAAGGTG GTGGTTCTGG CCGGGGCTGT TTCGTGATGG 400

ORF P LG S KV V VLA GAV § * W 133

R74593 TGTTGATCCT TTTCCTGGGG AGCNTCCATG GTCTTACTGA TTCCGGGTGG 450
ORF C * 8 F §S WG A S M VL L I PG G 150

R74593 CAAGGAGGAA CCAGGAGCGT GCCCTGCGGA NCGTCTGGAG CTTCGGAGAT 500

ORF K E E P G A C P A X R L E L R R * 187
R74593 GACAAGGGNT 310
ORF Q G 169
KEY

R74533 = Nucleic acid sequence of EST R74593 (SEQ ID NO: 14)
ORF = EST R74593 Open Reading Frame Translation {SEQ ID NO: 15)
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pl acent al
functi onal

materials a

Resul t s: e bel ow shows the efficacy of placental bikunin (7-
64) as an inhibitor of various serine proteases in vitro. Data is shown
conpar ed aasa i nst CWCESHACEE n’é‘i!:‘fﬁ'é‘ic'f&ﬁ@m TG FRFEETACcan It hed
pl acent al gafh 10 102- (S:f%} t| nﬁéﬁﬁgs’!’% FEFICCTC TCT Ce 28 A
Ki val ues f 74E§% i nhi bi Th(FETeageTCe 47
cor:. ALY Ap——
TABLE 4A G%F@éﬂﬁl.%ﬂ?ﬁ%ﬁéﬁﬁﬁ%& %@?&&cm ke so
(102-159) tzan f&%ﬁ“t Al §o L G -
Trypsin (48.5 BOV|ne Pancreatlc
0.4 0 ;@3454 -rs@ce‘bcccs Adéshdsulosecmc(aaacﬂb GETTCTGCC TGGTGTCGAA 100
N39798 TGG-CGGCCG ACCGAGAACG CAGCATCCAC GACTTCTGCC TGGTGTCGAA 77
H94519 NGG-CGGCCG ACCGAGAACG CAGCATCCAC GACTTCTGCC TGGTGTCGRA 96
R74593 corx. -
Consensus TGG-CGGCCG ACCGAGAACG CAGCATCCAC GACTTCTGCC TGGTGTCGAA 99
Translation L A A D R E R S I H R ECL ¥ 8 K 15
R35464 GGTGGTGGGC AGATTCCGGG CCTCCATGCC TAGGTGGTGG TACAATGTCA 150
N39798 GGTGGTGGGC AGATGCCGGG CCTCCATGCC TAGGTGGTGG TACAATGTCA 127
H94519 GGTGGTGGGC AGATGCCGGG CCTCCATGCC TAGGTGGTGG TACAATGTCA 146
R74593 corr.
Consensus GGTGGTGGGC AGATECCGGG CCTCCATGCC TAGGTGGTGG TACAATGTCA 149
Translation ¥ ¥ 6§ B CRA S MR R B ¥ X N Y I 32
R35464 CTGACGGATC CTGCCAGCTG TTTGTGTATG GGGGCTGTGA CGGAAACAGC 200
N39798 CTGACGGATC CTGCCAGCTG TTTGTGTATG GGGGCTGTGA CGGAAACAGC 177
H94519 CTGACGGATC CTGCCAGCTG TTTGTGTATG GGGGCTGTGA CGGARACAGC 196
R74593 corr. - GC 2
Consensus CTGACGGATC CTGCCAGCTG TTTGTGTATG GGGGCTGTGA CGGAAACAGC 199
Translation R G S C Q L E Y I g 8§ € np &€ N8 s 48
R35464 AATAATTACC TGACCAAGGA GGAGTGCCTC AAGRAATGTG CCACTGTCAC 250
N39798 AATAATTACC TGACCAAGGA GGAGTGCCTC AAGAAATGTG CCACTGTCAC 227
H94519 . AATAATTACC TGACCAAGGA GGAGTGCCTC AAGAAATGTG CCACTGTCAC 246
R74593 corr. AATAATTACC TGACCAAGGA GGAGTGCCTC AAGAAATGTG CCACTGTCAC 52
Consensus AATAATTACC TGACCAAGGA GGAGTGCCTC AAGAAATGTG CCACTGTCAC 249
Translation N N ¥ L T K E E € L K K C A T VvV T 65
R35464 AGAGAATGCC ACGGGTGACC TGGCCACCAG CAGGAATGCA GCGGATTCCT 300
N39798 AGAGAATGCC ACGGGTGACC TGGCCACCAG CAGGAATGCA GCGGATTCCT 277
H94519 AGAGAATGCC ACGGGTGACC TGGCCACCAG CAGGAATGCA GCGGATTCCT 296
R74593 corr. AGAGAATGCC ACGGGTGACC TGGCCACCAG CAGGAATGCA GCGGATTCCT 102
Consenasus AGAGAATGCC ACGGGTGACC TGGCCACCAG CAGGAATGCA GCGGATTCCT 299
Translation ENA TGDUL A TS RNA A A D S S 82
R35464 CTGTCCCAAG TGCTCCCAGA AGGCAGGATT CTTGAAGACC ACTTCAGCGA 350
N39798 CTGTCCCAAG TGCTCCCAGA AGGCAGGATT CT-GAAGACC ACTCCAGCGA 326
H94519 CTGTCCCAAG TGCTCCCAGA AGGCAGGATT CT-GAAGACC ACTCCAGCGA 345
R74593 corr. CTGTCCCAAG TGCTCCCAGA AGGCAGGATT CT-GAAGACC ACTCCAGCGA 1S1
Consensus CTGTCCCAAG TGCTCCCAGA AGGCAGGATT CT-GAAGACC ACTCCAGCGA 348
Translation v P 8§ A P R R Q D s E D H S §$ D 98
R35464 TATGTTTCAA NTATTGNAAG AATAATTGCA CCGNCAACGN ATT----=~-- 393
N39798 TATGTT-CAA CTA-TG-AAG AATACT-GCA CCGCCAACGC AGTCACTGGG 372
H94519 TATGTT-CAA CTA-TG-AAG AATACTGGCA CCGCCAACGC ATTCACTGGG 392
R74593 corr. .TATGTT-CAA CTA-TG-AAG RATACT-GCA CCGCCAACGC AGTCACTGGG 197
Consensus TATGTT-CAA CTA~-TG-AAG AATACT-GCA CCGCCAACGC AGTCACTGGG 394
Translation M F N Y E E Yy € T A N A V T G 113

Y

7/ 33996
394 Exanpl e 4
bi kuni n fragment (7-64)
human pl acent al

PCT/US97/03894 .
unctional -

In vitro specificity of

_ ) 3/41
bi kunin (7-64) was
ds as described in the Exanples 5

In vitro.specificity of
det erm ned using the
above.




Human 19.0 . 03 Kallikrein (2.5 nM
Human Pl as%?m:’g% . 1.3 1.8 (50 pI%CTfUéW/‘)Ml ne -
chynotrypsin 0.6 0.9 0.2/31 (5 nM Factor Xl la
>300 12000 >300 el ast ase >100 3500
323 15 ' results show that the am no acid sequence encodi ng
pl acent al HGU&%E&E’N'TBM) can be refolded to obtain an active serine
prot ease i nhjbitor that is effective agal nst at |east four
trypsin-1li i ne pr ‘ﬂB"beT‘ovv-aI so-shows t he
NGACE TRACACA 21

o1} Peacy orSREd oea o GEAAE b?@a¥“5‘?@°§%§g§%”? LA
Various Serijigspl ¥:2as eRrhBodr Coarah] r—cace HOGABA Thch 254
was prepar etbnisemsaspr ot mc&rﬁd&@rs@r@@ﬁ@ BeAdhcREGE AR GAE TGGAGA~GGA 440
depr ot ect edrqansbatibo pur i €i cat Ron andrr ef el ck ng. {)at g | D sowg CRNPEY efly

agai nst data obtained for screening inhibition using either placental

bi kuni n
45

N39S

H94S519
R74593 corr.
Consensus
Translation

R35464
N39798
H94519
R74593 corr.
Caonsensus
Translation

R35464
N38798
H94519
R74593 corr.
Consensus
Translation

R35464
N39798
HO94516
R74593 corr.
Consensus
Translation

R35464
N39798
194519
R74593 corr.
Consensus
Translation

R35464
N3979%8
H94519
R74593 corr.
Consensus
Translation

KEY

R35464 = Nucleic acid saquence of EST R3S5464 (SEQ ID NO.:
N39798 = Nucleic acid sequence of EST N39798 (SEQ ID NO.:
H94519 = Nucleic acid sequence of EST H94519 (SEQ ID NO.:
= Corrected version of (SEQ ID NO.:
Consensus = Nucelic acid sequence for human bikunin {(SEQ ID NO.:
Translation = Amino acid Translation of Consensus (SEQ ID NO.:

R74593 corr.

R3 ggg)z 159) , 0T~ Y Ot -t Trasytui-y=—25 -

ACTCCTGCAA
ACTCCTGCAA
S C N

TAACTTCATC
TAACTTCATC
N F I

TATGGAGGCT
TATGGAGGCT
Y 6 6 C

GCCGGGGCAA
GCCGGGGCAA
R G N

-

TAAGAACAGC
TAAGAACAGC
K N S

-— -

TACCGCTCTG
TACCGCTCTIG
¥ R § E

AGGAGGCCTG
AGGAGGCCTG
E A C

CATGCTCCGC
CATGCTCCGC
M L R

TGCTTCCGCC AGCAGGAGAA
TGCTTCCGCC AGCAGGAGAA
C FRQG QE N

-

TCCTCCCCIG
TCCTCCCCTG
P P L

CCCCTTGGCT
CCCCTTGGCT
P L G S

CAAAGGTGGT
CAAAGGTGGT
K v v

- > - - -

GGTTCTGGCC GGGGCTGTTT
GETTCTGGCC GGGGCTGTTT
vV L A G A VvV s

-

CGTGATGGTG
CGTGATGGTG
* W C

TTGATCCTTT
TTGATCCTTT
* § F

TCCTGGGGAG
TCCTGGGGAG
§ W 6 a

CNTCCATGGT CTTACTGATT
CNTCCATGGT CTTACTGATT
§ M vV L L I

CCGGGTGGCA
CCGGGTGGCA
P G G K

AGGAGGAACC
AGGAGGAACC
E E P

- -

TCGGAGATGA

ICGGAGATGA
R R *

- -

CAAGGGNT
CAAGGGNT

e G

AGGAGCGTGC
AGGAGCGTGC
G A C

CCTGCGGANC GTCTGGAGCT

CCTGCGGANC_GTCTGGAGCT
P A * R L E L

12)
1
16)
14) G at b.p. 114
9}

10)

423

293
490
145

343
540
162

393
590
179

443
640
195

493
630
212

51t
708
217
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Table 4B WOXiB39% ues for the inhibition of various proteasBSTHSIHEEM ded

bi kuni.n (7-64) TABLE 4B Pr ot eas_ﬁ bi kunin (7-64)
Aprotinin bi kuni n (102-159) (conce trat | on) Ki (nM Ki (nM

Ki (nM nguﬂ@idnA.SO pM 0.2 0.3 Human Pl asnma
0. 0.7 Kalllkreln (02 nM Human Pl asm n

3. 7 ' 1. 3 1.8 (50 p Factor Xlla not done

12, 000 Scherpatic deépioting Xthe( (bweniap of ES8Ts beash homolléégy

Humen Tissue the cBINA, seauencd Biboding latdntah: BUIMLpr ot i nin a

i nhibiting human plasma kallikrein, and at least simlar in efficacy as a

pl asm n inhibitor. These data show that placental bikunin (7-64) is at
| east as effective as aprotinin, using in vitro assays, and that one
woul d expect better or simlar potency in vivo. 10 Exanple 5
Expressi on of placental bikunin variant (102-159) in yeast The
DNA sequence encodi ng pl acental bikunin 102-159 (SEQ I'D NO 6)
[ H87300 1L T47439 ]
[ H94519 Rl R32676 i
{ . N39798 IR H02982 ]
ATG )
I R34808 | [ Ho4873 | f R73968 |
z
[ H16866 } |  R34701 ]
P
| Tee058 | L RS3776 - |
— | R87894 I P R74593 |
—>
t R35464 i
CR FCR

YL L /A 670 bp
& [ A A 872 bp

| KD 1 | | _KiD2 |

1 L I 1 t Rl 1 1
0 200 400 600 800 1000 1200 1400

Base pairs



was generated using synthetic oligonucleotides. The final DNA product 15
consi st ed WO'978398' ) of 15 nucl eoti des fromthe yeast a-mat FR§ e
propepti de sequence fused to.the igzifame cDNA sequence encoding .
pl acental bikunin (102-159), followed by an in-frane stop codon. Upon
cloning into a yeast expressi on vector pS604, the cDNA woul d direct
the expression of a fusion protein conprising an N-term nal yeast
a-mating factor propeptide fused to the 20 58 am no acid sequence of

pl acental bi kunin (102-159). Processing of this fusion protein at a
KEX- 2 cl eavage site at the junction between the a-mating factor and

Kunitz domain was designed to |iberate the Kunitz domain at its native N

t erm nus. A 5" sense oligonucl eotide of the follow ng sequence
and containing a 25 Hndlll site for cl§gi H:synt hesi zed: GAA
GGG GTA AGC TTG GAT AAA AGA TAT GAA GAA GCC AAC CCA GIC

ACT GGG CCT_T1CC

(SEQ I DN 4339 30
SUBST! TUsiua

GCA TCC TTC CCA COC TGG TAC TTT GAC GIG GAG AGG

. 1750

§ h1 6866.gbxest1 »
sy r34808.gbxest2 »

§ t66058.gbxest2 »

m n57450.gbxnew »

§ h84519.gbxnew )
n39798.ghxnew »

» .gbxest? p

r74593.gbxest2 »

a r34701.gbxest2 4
j h02982.gbxest) p

g h95233.gbxnew ¢
h39841.gbxest1 4
B n30199.gbxnew 4
B t52966.gbxest2 p
B n29508.gbxnew 4
n26919.gbxnew ¢
i n26910.gbxnew <
h16757.gbxest1 4
n27732.gbxnew 4



A 3' antiseng® oqfsag@ggnucl eotide of the follow ng sequence and y@ﬁfﬁ@lﬂ@j@g
both a BanH site for cloning and a stop codon was synthesi zed:

GGA TCC CTA CTG GCG GAA GCA GCG GAG CAR/g¢fA GGC CTC 5 CTCAGAGCGGTAGCT'

GIT CTT ATT GCC CCG GCA GCC TCC ATA GAT GAA GIT ATT GCA GGA GIT CCT
CTC CAC GIC AAA GTA CCA GCG (SEQ I D NG 43) 10 The

ol i gonucl eoti des were dissolved in 10 MM Tris buffer pH 8.0 cont ai ni ng
1 mM EDTA, and 12 ug of each oligo were added conbi ned and brought to

0.25M Nadl . To Wb9BERze4Cthe ol i gonucl eotides were denatured by

boiling for 5 minutés and allowed to cool from 65] erAaJCS"co roomtenp over 2
hrs. e‘?il"‘égﬁ% mre“&%&@ﬁ@éﬁcﬁ§mﬁﬁcﬁ%fﬁ@?§ﬁ%% n‘?%t and di gest ed
with HindlIl f5° shnd ‘BarfEfR eFﬁ@“?“é%GF‘i“F’ﬁg“H? =0 ‘8‘01' stranded fragnent
was cl oned i nt® :acig) - pUETD %ﬁﬁ‘%“éﬁ]ﬁé‘ﬁ‘&‘é’ FIREG. " RMTBhe containing the
fragment of t reect 5 gest "BanH /Hindl Il to

| i berate the tyg i A CONt Al cﬁf%gg ce T% “F?Gﬁb‘ng“ﬁ &é c? %Mﬁ ol l owi ng + strand
sequence: GGG 'GTA A& TTG GAT "ABA’ AGA TAT GAA"GAA TAC TGC ACC

GOC AAC GCA Gﬁ{;,&g GO0 CCT T6E OB LA ncgcg;gm% TGG TAC TTT

GAC GTG GAG AWsARC. TCC TGC AAT 'AAC TTC ATC TAL. QA GC TGC GG GEC
CAG TAG GGA TGeushSEQ 25. 1D ;.. Cagy whi ch. was then.gel purified and

................................

ligated into Raswsh/ Hi ndlll cul .pS60Q4...The, ....... li.gation.mxture was
extracted i nt @aepbenol..chloraf arm. and, .purified. . over..a.3.. 200 m ni spin
col umm. The | irggles on..pr.oduct..was.. di. recI ed tr.ansf.or.ned. lnto yeast

R31730 .......... eebessraes sdasrevaes baestrenae aresseres

RIGTOL i iiiatenmes sanseecsne svsvanacas radenccsan svavsnooae

HOZ88Z . .iiciniine tosaennnes savssncens savsannsos snrsvovesan

RIZ2E76 it nercas sicestames sasasnostes sassesaness sssasnaaan

TAT4I9 i vvitinnie oesvsomene srensestss saasssccss sennuasens

RT396B . iivutins cessoneses otvesanoas scatedunee cubasasass

H39B40 L cntrinun csusnaonas srsensnsor saneanrssss esvesasnas

HI5233 Lo vveenine svasueooes sssscesoss ensasecons ssestsanns

HI9B4Y i vviinres csensavsoce sevosonnde seonmsesns svoanosnss

N30199 . ineivnnes savsostacs esssancnns teessesres smseansan

T52966 .. vuvnnne savennsons sssessones sceosssven sovscasnns

N29508 . .ieiennee concveseanse nsaansrnes roses neess areens reos

NZ69L9 . ivivcunnr vrroaoonss sracsssves ssosnssces ssdasasans

N2B920  iivinuvess vovovanace avsavnnnns voorvonsess soncavanss

HLB757  intnevves eonvavnnse ssososenes rossatunes assansaves

N2TT32 it iittcers vanssanvves svovvasons sosanrrsee sessnasora

SUBSTITUTE SHEET (RULE 26)



30 strai nsvﬁ)C%?%?ﬁ%nd WHL341 and plated on ura selection pl g@Fusetidsioy e ..
"~ col oni es each strain were re-streaked on ura drop out plates. A

si ngl e col ony was inoculated int8/4L m of ura DO nedia and grown over

night at 30[err]C Cells were pelleted for 2 mnutes at 14000x g and

t he supernatants evaluated for their content of placental bikunin

(102-159). 35 Det ecti on of expression of placental bikunin (102-159)

in transfornmed yeast Firstly, the supernatants (50 ul per assay)

were eval uat ed Fo9uFfei4C (CordSdacity to inhibit the in vitro activity of

trypsin using the &ssay nethods as described in Bfanple 1 (1 m assay

vol ume) . An BHEns e BVAEEFS WTE%. EECCRE GRBPOCRHAT (GAGRASCASA east ¢l one

expressi ng ar'*P83hc PRSI TTEATEOTEF CMGTITEIA ICFEOSHET SHCCATEAS

47 MS@? / CCG TTGAGTGTCG CAGGCGGCGA GGGCGCGAGT GAGGAGCAG:

PCT/ US97/ 0389478 - - - ratrat TTHETTNR HAGFECCA SOGRORAET SAEATAN br essi ng nat ur al

aprotinin ser ’(j: aé"‘fi‘mgtc Tpr‘é“gf‘frlc‘flé"c@fﬁ?f’lﬁoﬁ&gﬁc GE “‘% &\%@‘gf or conparison.

The ‘second miiEh (" quant 1Ty pracentar brkini n: (85-18Y) expr essi on

expl oi t ed useuspj%a P el Atrc bt b Ot ol thdialcablie Synt heti ¢ pepti de
umul at 1 on of the reconmbl nant pepksde using . Western

oooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooo

---------

t he pAb, two @10 week..Qld New. Zeal.and, Wi i.e. fenal.e........
RI4593 it vtereone svacseasos snenonnnes a9 teerseer seeven DU
RI1730 s iiinnnnrs sevnronses sosnanssss asossenvse snsovsavas
RI4T0D  tevievnnee stnvasnnen sansesnons sonnnanse W eeecenenes
HO29B2 . iiiovvnss voneseonns satoasoose sssonrtoane seasenmsns
RI2BTE  mcseunnses ssasenrase ssanasones seovssonns onstosnean
TET4IY i veevnate sosasesses sasvotoves 2atosessns easasse e
RTIIFEB c v vvuviovs csensvvons sossosnvis sarvecoman sosevesnne
HITBG0 4 iieninese soncraense sarsnaoses sosssnoros ossrcteson
HO5233 i oeatuis sevasanone sndsossers sosssscane snssesnsos
H39B4) i ivvenons soovtooncs svassonrses sosetvcecs messsvane .
NWI0199 o ictivetr covncvanns sssnssanse snsnvsvsas sscosssvon
TS2966 . vvevunvves savaccnone ssnensivets sesastorrs sonbvesvrs
N29508 . cvertnan tevaroones cousevanon sscssatsar sationvess
N2B910 it iiunne seonotosns soomseance etsasocnos sansosssna
N2BG0 Lt it icuve sovonsuste conearsnie sossasmoss aoovnannce
BIB7ST i iivueens cosasamnrs tootnconss sosevensas sensoronnn
N27732 ,.... fetre saseteeces saavescere vessetesar sreneevaso
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10 rabbits n Research Labs, Denver, Pa) were inmuni %@@‘ zero
with 250 ug g&éﬁ#’?l ed reduced synthetic placental bikunin ﬁ%éﬂf )

Compl ete Freund's adjuvant, foll owed by/?ﬂosts on days 14,35 and 56.and 77
each with 125 ug of the sanme antigen i 17 conpl ete Freund' s adjuvant. :
Antiserumused in the present studies was collected after the third boost
by 15 established procedures. Polyclonal antibodies were purified fromthe

anti serum over protein A Colonies 2.4 and 2.5 from
transformati on BA9pEast 46Cc163opdure 8) as wel | as an aprotinin
control were growni8vernight in 50 M of ura DO nedia & 30[err]C

CelI's were p@tweieCREFAHECESHERCTREUNFCE FRTEMCPMAFRACTERS- fol d using a 20
Centriprep 3 Y4AMLc SRCACESM e PISFSCORIR) AMEYMEEH STECTAC WMTATES of each (30 [err])
wer e s ubfA8R e FCtAGE ARSI RS AT PAFRE- %%“F?"i‘:ﬁ’i‘f'f'e%?"f’%ﬁ‘ed gel s (Novex, San
Di ego, CA) 8784 s i CFRE ﬁ‘ifﬁ‘iﬁcﬁfﬁtwga"gr“ﬁ%‘ﬁm’egc i cate gels were

ei ther devel 0 RGGCATC CCRCRECPAFAAGYG. 646 ‘F°§ %d Separation

BFSwi
Syst ens, Nant?;(;g% ﬁﬁ?‘“‘é‘i“"’t PERST e AT Bec “ccc?f’\i Cose and devel oped
with the puri p01 t1:0nal i"bd el o} nt hetic bi kunin
(102-159). AR ;fj‘n%”p%ﬁfﬁ?}&‘ fcé%c&g B gcf‘éc che &cﬁbl t ant| body
was used as tlie gecondary ant| accor e.ppp.U_f acturer’
directions (K, %ga@r.d..anﬂ.l?e.r.r.x. Q@I..t.h.e.r.S.by.r.g.... > R Pur i cati on of

placental bikeyghgy (102-159). from.a transforned strain, of SC101 30

oooooooooooooooooooooooooooooooooooooooooooooooooo

....................

by centrifugaiisen (4..000.9.x.30.m N.)..then.appl.ied. £o.a.1.0 n col um of
anhvdr ochynot gxp®i n-sephas ose..(Takara . .B.ochenical .lnc..,..CA), that was
previ ously eqessbdrbr.at.ed..w th.50."M.Hepes.huffer..pH . 7. 5.containing 0.1M
NaCl, 2 mM Cadsi#szand..0.01% (.v/x)..triton..X-.100...The..col.um was washed with
35 the sane smaéfser..but..cont.ai.ning..1.0.M. NaCl.unt i.l..t he..A280nm declined to
zero, whenepon. the.coel.um.nwas .el.ut.ed .w.t h.0.LM for.mi ¢ acid pH 2.5.
El ut ed f k74888 ons -wer €. pool-ed and-.appl--ed.t.0. a.-Cl8.col um (Vydac, Sum
4.6 X 250 MT)HIBBI0 coveriiinr viriiinnis chntiiiiie sriiiiaes caesaees 48

H95S233 i cvenatece cavasnnnon ssnasenrass sonoatsnes sananansse

B39B41 . iivicvnesr svsraosecs stovaunsass sostesnsrs savesnsace

N301I99  toivinrsns cuvsovaces noossasens ssosesocne sonnaovnna

TS2966 .. .uvervas covesarsss ereswestss sosectatns sosssosans

N29508 .ouvvveucs suvesscsos sesssssess sesnnsctos sassscanna

N269LT  teuvesencs cencrsenne samoncnsre snscnsasas sossesanas

R269L10 . invesnons svvurnosss orntsnonse soavenanrus sranranmnss

BLB75T i ieieensns sacosssnon smosnsenss torssonasss sonsoosase

B27732  teinensns sreocantne cestncnsnn seeresases tesaverens
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WD 97/ 33996 ' : . -
PCT/ US97/ 0368997733996 1 ovi ously equilibrated with 0.1% TEA o el ured with
a 50 mn. linear gradi ent of 20 t Qo BP0 acetonitrile in 0.1% TFA :
Fractions contai ning pl acent al bi kunin (102-159) were pool ed and
re- chr omat ogr aphed on C18 enpl oyi ng elution with a linear 22.5 to 50%
acetonitrile gradient in 0.1% TFA. 5 Resul ts. Figure 8 shows the
percent trypsin activity inhibited by twelve col oni es derived fromthe
transformtion JieEaEs HC stlCAMI$)SCI01 and WHL341. The results show
that all twelve col¥dies of yeast strain SC101 transfofffed with t he
trypsin i nhi Fitkugis pFRAMGEFRAG | TTISEREGPR RETEACASET 1958CATEST CEITerS i ity to produce a
10 subst ant i A8 SrTMARCSERAC (TESFBEICFE FITHIDTE o Gé‘E?FT\?F‘iZ?“E‘Efnpar ed to the
negative NENE r DPAECHDE HTIFCRG EHCEATREY ‘f%‘xﬁbi‘:?‘i?gycfzo i nhibit trypsin.
The activity R34 GAMMGIEGARTACCRCHRE] TRTEHMTD FHEAMEXPLE of a specific

i nhibitor in f’h‘é‘Wf%?F TBERERGE N T TTOCCACT 5FGG ‘fc‘,i FE5SXEY) transforned
cells. The yeéﬁ“ “\?ﬁffc%‘ﬁr?ﬁ'fcg%‘cﬁcoﬁvﬁ‘fcﬁ‘éca GcccﬂcjﬁjE rér CZ ypsin inhibitory

activity. Thi %gjg@ """ IR IN ;gg;'g&%g;gﬁm% observed with this
strain under 0 ) 9 shows the
SDS- PAGE and \t'&gsgﬂgrn anaélq\gztlrs of‘?%/ﬁéuglcé%csrtw%%ﬁfr < Gg*%ﬁrpernat ants. Silver

------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooo

and 2.5 expregsdsgg pl.acental  bikunin (102-159),as well,. as fromthe

----------------------------------------------

yeast expressiggpgoapl Qti.ni.n yielded a. protein band.cunni.ng at 20
appr oxi mat ed @746b¥, . Gor.responding. ta.the..si.ze.expect.ed.for each reconbi nant
Kuni t z i nhi bi geradonmai n... Vestecn. anal.ysis shawed.t.hat.the 6 kDa bands
expressed by stabns.2.4...and.2.5.react.ed..wi.th.the .pAb.elicited to placental

BO29B2Z i ivctones testaasois sraasevroes soveatsross sesovronns

RIZETE 4 huntasns roesnosnas sassvessse ravsesnssss nasanvrnose

b o 1 -

RTIIFEB .o vnavesr cvvnscoses sasunersss seenrsovser savsamsncs

HI0B40 L it vesnee cvwsonnsses seasnrssiaes avsconnsvoe snssansasa

BO5233 i ieewonns snsscorsss sscavusves srtveonvene savissnesne

H39B4) L ivveuceve vovoanvoer uuennoonss ossosaosar sssevonsass

NI0LBT Lttt nenncs asasvntess ssacssnsenrs avveaassas avanadasan

TH29E6 o e v cvevvae svnvsosacs sbosarsane suotatnens sotsasnose

N29508 . ucivanass sesvensnns saseasecas ssvessanss nesonmense

N2EBOLIS i ivveevncs rocesatnes sovesvasas ssorasovnss sasransnve

N2B9Y0 L i urvvvess soasvaseas esavesonce sossasasace sabosernse

BLBTST s ivevnrure ersssvsver snvsoossnse sosssesans sovtaessan

N2 7732 i seunturons stacosonans bresnecsns hessscancsr sansamoecs
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bi kuni n (103y%9%399d he sane 6 kDa band in the aprotinin cont PCI/USPTOIAN. .
react with the sanme anti body, dej'rio strating the specificity of the
anti body for the 25 placental bikuni /8L i ant (102- 159). The
final preparation of placental bikunin Cterm nal domain was highly

pure by silver-stained SDS- PAGE (Figure 10). The overall recovery of broth-
derived trypsin inhibitory activity in the final preparation was 31%

N-t er m nal Figygencfg (Poat®) purified inhibitor indicated that 40% of
the protein is 30 2ebrrectly processed to yield the ca#sfect N-term nus for
pl acent al bi kispainm CQPYECCTGA ACCCGRAGHE ORPHAFISCH BETGESTHG FEeECTThe materi al

cont'ai ned a pPYPESE 0ASHICFRAFERRICS £TFRATIGRR) COTSCTNIGAAEWECTIThe puri fi ed

mat eri al conpPPEEd CERIAEETA YECRDERCE (FECHFIGET STECHTRIG 1HPFFFTTC exhi biting an
apparent Ki d¥B?7%4 3559TMFDY AMOHRECCR SFIPTIFCT AFTPHRTTISoMSEF<TIF asma

kal i krein. 3866 .GECAGOIGA-RGERAERSF SRSCATIFES SETCEATIACatTHCBOt h of a prot ease

i nhi bitor act}$1°fy CERTHCCTCA ACCEEARICH (CIPAT ISR AFIOTIIRT B4 elated to synthetic
bi kuni n (102-T8%f" CFFCAcCTer PEPRRTT ATTOR BT ot HCRET CE% 3t he isol ation of

ol acent al _bi l{gm C‘i‘ﬁﬁgcf‘gb lr :. GEG CTCCATTGCG CGTGCGTIIG «AGGGGCTTC

119 7374 GGCACCTGA GC. CTCCATIGC. COTGCATTING .AGGGGLTIC )
PCT/ US971/ 38 5‘-:‘ *WDT 97733996 Uttt oheé "ot “tte tahsformed |ines

oooooooooooooooooooooooooooo

provi ded proqf At €Xpression of ‘placent’al "bi'kuni'n""""""1'h the reconbi nant

-------------------------------------

yeast strainsgdgscribed herein, 'show'ng Toi 'tHe first tinme the utility

ooooooooooooooooooooooooooooo

I

-------------------------------------------------

Addi tional cofstseucts were prepared. i.n .an effort to. agugnent the 5

--------------------------------------------

expressi on | eseterof.. f.he . Kupitz.domain. contai.ned. W thi.n,.pl acental bikunin

102- HO29B2  tiveuonnne vessraocns sncssusans sesasssvis senneannoes
RIZETE Lt vtvtaeae ortveanoss sonvaesons ntnsoarssy anssssonee
TAT430 L it irinve crveresose soasbsrssne soornacsar ouvasesmes
RTIFGEB it evvrenr sessavsnre rsasavisns smersacave serasatane
B9800 ittt itns eestsctnet sacavenata mevenscdes srecsasaas
HO0233 i iviveesnse seerossoce sootavasar toasmasacs ssnsaanoss
B3984l . inivrinte sossonones socaomsnsee coaaenssas sonssenaas
NA0199 L. concinme vavvesnose sonsanvoss sassoscnss soorbossen
PBZ96E ot i tevronce svtecvstos vostenseoas svtswanoans soynmmesss
N2O508 L iiueuvnate vvsvstsnce amatnencns sadosesecs ssatontens
N269010 ittt vveves satscoeoar srssavamas socosstacs sonsessenn
N26310 i iinuvces enacodnete cosnrovsenss scsnonsnss svensvasse
BLIETST i vvacncoe sonsaveres sasvvoones  eviseshass ssacasuace
N27732 (i iuncveas saseeansns sasanssnss Nuvososnves secnonsons
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159, as. wel '1‘0@'5975999'6”” ease the yield of protein with the copcefissrniges.
N-t er m nus. hypot hesi zed that tjhggf\-term nal residues of p acent al

bi kuni n 102-159 ( YEEY- - ) may have presented a cleavage site that is
only poorly recogni zed by the yeast KEX- 2 protease that enzymically
renmoves the yeast a-factor pro-region. 10 Therefore, we prepared yeast
expr essi on constructs for the production of pl acental bi kunin 103-159
(N-term nus of ark 481 a$ Sn Ay term nus of NYEEY...) and 98- 159

( DMFNYEEY. . ) in or 8 1to mod e P subsites Suppoundi ng the KEX-2

cl eavage sitegJa, aE&&RH&E éﬁc@é&%i@’l’ccata&%d 83486 ScRfac 1c cock €COMbDI Nant protein
exXpressi on, Weyads$ O cetefdds ldfreRRSE REREREF B6tcERERNEcfAtREr 15 than

mamal i an pr ef@547€d cERARNT ArBcdRAAP AtNMELCEP BB cOkoichRefoiRE N UCE S _

descri bed bel awrssd heckrd o Atetctadhe IcBcAEEEN bdmRb Jeyrcdcepat®e as descri bed
above f orgi1pdsac etticader i knatdchcat @2eahbddctf dexhe. oot @Sreaemst ruct #1) but with
the fol |l owm ng rRasscs pErdcr Gakicesscac c2Ehacdsonsémsecbrstiée. Te.cocpl acent al  bi kuni n
103- 159, yeastTéeasdoncars®yeas ATCGCGAGAC cccardsabt caremsercodd. troemac| eot i de

GAAGGGGTAA GCINFGEAT AFScREAGIRGEAACAT ACTETHRCT &166.coTcGREARTGET GT TACTGGTCCA
TGTAGAGCTT CT RFTCCANSSESTIRIBCTAGRT FCOATETT GIAR Caft ¢CSEIFCD NO 55)

and 3' antiserrS@&d| i-gonuci-eot-tdes«r cans ACTSGATCCE CATTGECGAA AACATCTCAA
CATACAGCECT 30 HPGFTCAGATC: TGIAAGAAT T - TTFTATTACET: - GFACAACCAC CGTAAATAAA
ATTATTACAA GAAPTPETTT- - GAACATCAAA +« <++- SFACCATET - {(-SEQ -B-NO  56) wer e

mani pul at ed as®®¥8cribed-f-or--the produeton--of--an expressi on construct 35
(const ruct #1‘35§9e) for-the ‘expression -of -plracent al'**bi kuni n 102- 159

..................................................

RI4701 .......... e eenesaaias beaesasies bessssstne seressasen
HOZ9B2  oiviuenuns cuvvsenens secesnsoss sasesacnse crsessases
R32676  ouuvucnene suvnnenross secsonsens sonstnsees sosersases
T4743% .......... e erereeas tesaereese seesrresse seenesases
RYIIOBB  ourvrvens sunvcnnsnes soesnacecs sootoncsce srvenresne
BIBBA0  tieiuvuans consvasnns sresssores setsvancrs srverevens
H95233  10iiieeuns sonenneecs satbianses setitecsas masevsiens
HIBBEL  t.veveienr srscossnns sussernars sosriacave possrerans
N30199  tuiveeirns sousiascer seorosasse soveanarnn veesenanns
TS2966  ..eiiuiais sescnieane snvescesse tsressries saveneanes
N2950B  ..ieuievuss tnenvsnnes svsersosss srsensanes sessvarase
N26918  tuiiureus wencensons waoeeronte bereesrace cresssenes
B26II0  turucnvrne soversescn suseornsns sessssoncs seveenrnes
HI6757 iivivnivns sanenennne oo Feereres duserieses seaniesees
N27732  iiiiiiiins teeitience soaniences cesestnine crevenvans
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Construct #3ygoumdsggent al bi kunin 101-159, yeast codon usagePCY/USITIO38Y4 ..
50 WO 97/ 33996

PCT/ US97/ 03894 A5 sensenéflllgonucl eoti de . GAAGGGGTAA .~
GCTTGGATAA AAGAAATTAC GAAGAATACT GTACTGCTAA TGCTGITACT GGICCATGTA
GAGCTTCTTT 5 TCCAAGATGG TACTTTGATG TTGAAAGA (SEQ I D NO 57) and

the sanme 3' antisense oligonudeotide as used for construct #2, were

mani pul at ed as Rispurdedd or{Coind tr oducti on of an expressi on construct
(construct #1 abovejeif or the expression of placental bisunin 102-159. 10 )
Construct #4 sikunipl| BCEIGEEE AstkERacA TEBECABO , STPEFASHC FOTMGIT €5age A5
sense ol i gonuskest | TRTCCECTE ARAGBACTHSS CCTTGGATAA AAGAGATATG TTTAATTACG 15
AAGAATACTG TAETEDT AT TS RFICREE CTGOARCT AGTGCCNGAGTRFETT | T CCAAGATGGT
ACTTTGATGT TGARASA TSECFITE AREITCASEY TGGCGCANT. GTTNC.@HGE Te¥MeSCséhe 3' anti sense
ol i gonucl eot | 4E588% TRSEFCFTE rACETFISEH BROFCCANT. GREFRCNSC T.GAEMFDuUl at ed as

descri bed for R¥4%8® pFBERTETTE RCTEFSEh TERFAET SFTETF - €35F Fe AT S

T66058 TC.TCGGCTG AGCT.GGCCA TGGCGCANT. GTTGC.GNGC T.GAGGC.GG
N57450 TC.TCGGCIG AGCT.GGCCA TGECGCANT. GGTGC.GGGC TTGAGGE.GG
N57374 TCCTCGGCTG AGCT.GGCCA TGGCGCANT. GGIGCCGNGC T.GAGGCCGG
RIS464  cevrnrenas covnonanee = Cerercaee seseseveas .. GECCGE
H94519 ...... fier aeeesenns G ererrenene s Ceeeneen e cevenres
B3079B  vuvvvrnree cennovanss one cevien o v rraesas seseerares
HBII00 i cecenene svases tver sereseraan stessoaees smes cennen
RT4503  tuunevunne smennvanns sonsosnnee sons ceears eene PN
RILTIO L eneseeses avestsnsee sosnavsrns san cesrroe evessen con
RIEGTOL s evcvnnene vrovrassos savncosans wv Weetense xesssawean
HO29B2 ..o vivtcesnsr coseves err ene Feswoss eteasbvesves swesbeevar
R32676 vevvrnnnns vvenranns  eheeeaebes wereereees saessseen
TATE35  cererienr aueneneene sreesesens saseesnsen seseeneens
RTIF68  oeivvnnns sovvnnense mevaceoves seesasenas saens eenn
B39BAO  ovinevrens wnrnsnanns sacnansers savnnonone o ereaaen
HO5233  ceevnenenn snnvenenes frvaanans C eeseriaiie envens e
R398B41 ., ..civenne ctcannas be sessssmens sresevesse vesw “erteen
N30199  tvvureienn vnevenen te eneanennes PUTU trar eeenenanen
TH2966 .rrvrrines corrncrane senns ceeen Ceeereine beeene vaas
N29508 ..enverene ones Ceretr avreeneeee aeees ceree s ceenens .
N26919 ......... e v enenass eesseaenee ceeinreaey seeseses ..
N26910 ........ ee eeee ferene ven P Ciee eareaenees
HLBT57  teieeeenos asesenaves vasussmsos sansrnasann soa YT .
N27732  oevrernene saenossnsne seonnnenns sens bevans remeens vee
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20 (constrwfgwﬁ;, bove). Yeast strain SCL01 ( MAT@CTRrsy7/03884, .. suc
2) was transfornmed with the pl asm ds contai ni ng each of the above
cDNAs, and proteins were expressedl14/41 using the nethods that were L
descri bed above for the production of placental bi kunin 102-159 with
human codon usage. Approxinmately 250 ml of each yeast 25 culture was
harvested, and the supernatant fromcentrifugation (15 mn x 3000 RPM
separately subj @qlRid 0 40uUriigbgathon over 1 m colums of kallikrein-
sepharose as descrifged above. The rel ative anmount of tyypsin inhibitory
activity pidufinl R RBRLYSahfored NG ARTUBL RlcPbY kicbReProtei n recovered
and the N-terg.,gal acc. sequence of the purified protein were determ ned
and are |isteghdgl oW, IcBuctPRi@cd&. derrectces ATTCECTIGE TTCCTNICTG
o1 R34808 ACGCGONCG. . TTTTTTCONURPIdcTddd rRielzd. (fibhckcrd6)

766058 ...CGGNCG. .TTTTCTCG. CC.TGCTGGG A.TCGCT.GC T.CCTCTCT.

NS7450 ANN.NGCCG. ..TTTCTCG. CC.TGCTGGG A,TCGCT.GC T.CCTCTCT.

N57374 AG..GGCCGG ..TTTCTCG. CCTIGETGGG A.TCGCT.GC T.CCTCTCTG

RI5464 .....GTCG. ..TTTCTCG. CCTBGCTGGE A.TCGCT.GC T.CCTCICT.

A94519 .GCNGCGCG. ..TTRNTCG. CN.TGCTGGG A.TCGCT.GC A.CCTCICT,

N39798  tuvucervns mosvesrens ooes CTGGE ANTCGCT.GC T.CCTCTCT.
HBT300  tvuuvervvr meotensnan snessseane sesannsose sonsosennn
RT593 s oivnvnver sesssvunce sovsoovane annsenenss nseoswonon
RILTI0  touvencrvs evasacenns nneconnnsce soosasaves soavonvces
R34701 ....... tee teesecaree sebsacseee sesessases eveaeanees
HOZ9BZ  vovvvvrnns veseavenes sosvasnnss svessunsse sonenasans
R32676 4urevnirens vroananers oon febaere sebaseanes aearesaven
T47439 ...... Cees emrereene  etemereee measeranne sabensions
RTIDEB v ovenvvess snesscacss seanssnnne sonsrmannn saanssssas
HI0BAO . .uivusnues senvroacns sesvsesone ressranves anesssses
HO5233  tevurervee tnseconnne aovesenoss sosnsonses sosenssens
HIYB4L  wuvvvennns renvvesansy snoans fers veaeresene srevareees
N30199 ..... Ceeas deesibesat asresenses saeerennse srevraveen
TH2IE6  vevnnansas sunnnsonss sacssansas fetsraeene teeseatann
N29508 ...... Cene eatersasee eikreraars sarsesacers essrreeeca
H2Z6919  ouseinunen anvnnensse somnoncane sannsonnes sasssnonss
N2B910  avnvvnres sntsnenvns sovsnsosss soosonnane aans ferens
H16757  tuiannnre seveennenn veansonncs 2ossasssas seasensans
N27732  etnnsunes seevsovoss snnenesses sesrsavens sanonnenon
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WO 97/ 33996 wo 97/33996 PCT/US97/03894 .. .
PCT/ US97/ 03894. Table 7 lﬁgﬁati ve production | evels of different
proteins containing the Cterm nal Kuni-t z domai n of placental bikunin

5 TABLE 7 Construct Rel ative conc. N-term nal

sequenci ng: Comment s of inhibitor in anount
sequence appl ysat e (prmol) 10 #2

103- 159 norrigietectdti (Coa’tlone none no expressi on
#3 101-159 @5 % inhibition none noneso | ow
expressi on 13ixusil ceee 3874 59 cosceca c@8 clhas tai dTh treo AccACTTIED DVFNYE-
good EXPHEWSE OFECCITCCIC GOIFETEA PICHAES CA.GCA. TH] AAGAATEDX- 159 82 %

i nhibition RAUPOB GGGGTTC.TC GARIEGRGIA NCGA.GANG IRARGSA OMIC BFGA2™

acti ve T66058 GGGG.TCCTG G..CGGCCGA CCGA.GAACG CA.GCA.TCC ACGANTT.CT

i ncorrectl y ¥57450 GGGG.TCCTS G..CGGCCGA CCGA.GAACG CA.GCA.TCC ACGACTT.CT

processed NS7374 GGGG.TCCTG G..CGGCCGA NCGAAGAANG CA.GCAATCC ANGAATTNCT

protein 25 R3S464 GGOQHECTE SoEPFECA PR ML CAICACER ASRACTi Runi n fragment s of
different | eng?“ﬁ? GGGG. TEHG {S- (GFCEN FEoR 1FAAE- et TRAPREITFY2 domai n show wi de
variation in %13381‘[:&“?’:1’6"‘ G. - CORELH EX-SMUT T BRI SERFBLEd protein.
Constructs exffa8y; g fragment s 101159 * -+ rand* 103159 yielded little or
| ow enzynic a Hj ty tm the sapernatrant s privr-to """ ""purification, and
N-terminal sedldnti tig ot °0.°05 il al 'qUot’s of "éach "purifi‘ed

H02882 .....c0000 saserssen sresos vaee easssanery ssreveseen

R3ZE76  oevvvrnnnn suvrenenns evnnnnnne seneenenas remnnanes

T42439% .. eianen Cesesaeas ts seesraveer v Seresrer evvsrbevas

R7IIIBB . eieivtvns savosrtsen teseusonne vaen treers sekeseranre

HI9840 L vuvvonens vovsueonsens svsenasres ssocvcancs srwossasss

H95233 snvrnnnnns vae erreee cveverenne ves eereer veeeerennn

H39B41 ..ienrnene aeven seses srreseeas + satssavees svevesanas

NI01IT it ereens sonseconss vasonarnna sreane toere sevsessres

T52966  ovrernrnnr sennncren vevaeseane ns ceeenan  eeraneees

N29508 ...covvens Pesasteean aevruseres seese teess amvsesares

N26919 . .iviinue vusronvnas snmnsnsron ons teretes asemes coee

N269L0 ..iviivvure cocoanonae soncnans vr o eaen eraas eesseesnes

BLBT57 L tviiannns cnnnesatss sasnssntsas sravaenans assorsneen

N277132 ,.... Weeer EEsseraNEE Sevebstdade heseesrda smaseveval

SUBSTITUTE SHEET (RULE 26)



30 fracti gp?%j”gg d undet ectabl e anobunts of inhibitor. O pdguSiThesahand
expression elther "of placental bikunin 102-159 or 98-159 yi el ded
signi ficant anounts of prot easi'sﬁgcti vity prior to purification.
N-term nal sequencing however ted that the purified protein
recovered from expression of 102-159 was once again largely
incorrectly processed, exhibiting an Nterm nus 35 consistent with
processing of tipgguiedr iaty @Eohhe)pre-protein at a site within the
yeast a-mating facte@f pro-sequence. The purified protejgt recovered from
expressi on obiahac&otmbichi kiadded AGrcddRerho viiee e rgcacessed entirely at
t he corrmgbesSicke to yield the correct NNterm nus. Furthernore, nearly
tw ce as nuchreéoss memwewrncsas recovered as conpared to the recovery of
pl acent al bi keatkse kO&rcerbD. ccadds®.ccPicazent al bi kunin 98- 159 thus represents a
preferred frasarent ceomeichr FENMAGTTCS TetdranApT ochscdccrmeaaénctdae C-term nal Kunitz
domai n of pl ar¥smesalcctrickIsni ACABSCTLAGETGEGCAGATT CCOFRICETIOCATET 6 pre- pro sequence/
KEX- 2 pr ocessHigls \LtIeaicdi CRACRE eCCIERITAGMIG CCGGEABTC CATGCCTA.G
52 N39798 GCCTGGTGT. CGAAGGT.GG TGERCAGATG CCGGG.CPYD TATECEBO96
PCT/ US97/ 038987300 ..... Bxanpt-e- G-+ -+ Ceeseen vusaens bea seenvasses

R7T4593  4iuiuiiace cavionsone swonsnsans sassrannes savesasues

RIZTIO  iiivrveer sosconnvas Creeruerrs sebssescce seceevsren

RI4T01 .. vvnnnens vevesaseen tassecsen * seesrennse cveaen ross

HD29B2 iunvvnann sevenonnes Creetveens sreuressce sessesreen

R32BT6  ccvnvreier ascsvorsos sosennanne soos sesuse esean eesee

TA47439  iivenvnss dsnacessas Heonomsses soasmnsene sesceroane

R73968 .......... e bsauense seseensacs resrbesass Eesseevasw

BI9B40 . inviines tessscrons sessnerrte vesnsvenes srsevarras

HO5233 i ivitceve aeroessace saravesase ovraonneae 2esscenavs

H39841 ..iiinciien oo Badscbes crseretais sesemesees resssesves

NICLI9F . vuivnnves sousarenns 2sen resrra baun tveaas vsarsevees

b 2-F3-11-J e ber seenansans

NZBB08 . iveennoene vvrsocress sooacrsnne soevesnu Ve veeessonan

N26319  ouvivnnnon nnsensons sases Cress sraeisasss evecseannn

N26910 ........ be eesesaaee aas Cereter seessesnee canrunes .

H16757 ..... Cires aen Cereaie seencsiere thsrsesens sevssinios

N27732 o isvvennns aasessonss o taesetetie stastasnars ssserssess
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Al ternative wooeesise for yeast expression The. 58 PEATUSS7/03804] ...
peptide derived fromthe R74593 transl ati on product can al so be PCR
anplified fromeither the R87894- R743924PCR product cloned 5 into the TA
vector[err] (Invitrogen, San Di ego, CA) after DNA sequencing or from
human pl acental cDNA. The anplified DNA product will consist of 19

nucl eotides fromthe yeast a- natlng factor | eader sequence nated to the
R74593 sequBhgBTr®hi €6 ctRRR'$br the YEEY--CFRQ (58 residues) so as to
make the transPF®ti on product in frane, constructirf§®an a -nmating

f act or/ Kuni tz“d!iﬁ‘m ﬁ TEEF F‘iIs’f%f*F‘?P‘St"éi‘%“’“%é“%?%’Fél We¥&d\i®nce al so contains
a kex 2 cl eavzﬁq THCTRPTT| ANAATGINAR | TIAANGRTTC £ i 15T Rin at its native
Nt er ni nus. S46d G - TGGT . §H AAMGTGAR JEAGFATED ATTFEIE TR WE*IHTEh cont ai ns a

Hindl 11 site f8F*22| Brichycet i"""""Wf‘i"‘f: eI TTREECTB bt/ﬂ‘rﬂ; sequence: 15
GOCAAGCTTG GATARBRAGAT “ATERAGART " ACTEEARCEC CAREECA™ ™ M T SEQ 1 D N0 30)
The 3' anti sense, | fgonucl ebti'de "¢contarvs™ a’ Bar“rf—ﬂ Sirt'ée’for cloning as well
as a stop cod d’i's*of "t he ' Tol'T owi g "Sequénce:” 20" CEGGATCCTC ACTGCTGECG
GAAGCAGCGG A(%ﬁ SEQ'ID'NO "31y" "ttt CTHET U I“206 nucl eoti de cDNA

TP AAEY AR ETERAB A FSEEPEEN N

sequence to beﬂog; Qned' info the yeast’ expression vector is of the

" SeErsvse s

foll owing sequghngg: .. 25... CCAAGCTTGG.  ATAAAAGATA” TGAAGAATAC TGCACCGCCA

otatooooo. Yo esBanese oo w SANI PO e ses s

ACGCAGTCAC 14140 C3CCTTCC | CGTCCATCET . TOCCACEETG T GrAd err] TTGAC

LR ET ISR RN E IO ER)

GIGGAGAGGA rR13R6TCCTGCAA TAACT TCATC TATGGAGECT. GCCEGEGCAA TAAGAAA CAGC

e R

TACCGCTCTG  AG#haEGCCTG .CATGCT.OOGC | . TGRITOOGRE . . AGCAGTGAGG ATCCCC ( SEQ
I D NO 32) 30 neszaz ..... L After PCR applificatian,. t.his.DNA will be digested
With HndlI1 Bamth ..ooviovry coriiiiins ceirienins creevnannn eeeeranes

MI0189 .t iviriins esasscnane soavarsnss seassovoce srossacenn

T52966 ..cieinres sreses bees sesssesece eresaveers saressecns

M29508 i veverves essnesanns osnsonssre ssnsaronnes ouvs AN

V26919 s iiceanas soenssncns ssnsosens v eseaesenes assasanes .

NZ6910 o tvionoes tevrevasas savsaentss vsoasnsnane soone veeen

H16757 .. iviinton cvvoroance sacannenes terecsense ansne vesen

N2TT32 ot icivns nesnrssnsas savssonnss s2ssssvsnss aveavvnoss

551 €00

Bikunin GGGGCTGTGA  CGGAAACA GCAATAATTA CCTGACCAAG GA GGAGTGC
NS7374 GGGGCTNTTA AACGGAAANA .CAATAATNA CCTGACCAAA GAAGNAAT..
RIS464 GGGSCTGTGA . .CGGAAACA GCAATAATTA CCTGACCAAG GA.GGAGTGC
H94519 GGGGCTGTGA ..CGGAAACA GCAATAATTA CCTGACCAAG GA.GGAGTGC
N33798 GGGGCTGTGA ..CGGAAACA GCAATAATTA CCTGACCAAG GA.GGAGTGC
HB7300 GATTCGGCAC AGGGGAAACA GCAATAATTA CCTGACCAAG GA.GGAGTNC
RI593  ivnriinns sevnnnnans GCAATAATTA CCTGACCAAG GA.GGAGTGC
RI1730  oenvnrvrs mrenneneen aovenenses tonnneence cvranseann
RI470L ...... teee merenennes eearrente tareresene sevevenens
HO2982 .....eve.s eeeeanans e vreaen aan Cererer eesieannes
RIZETE  evrennerns corneresns crvensnnse sossnosone senmenenne
TETA39 oo ereree areeaiaene eareeereee sareaans e tereranaes
RI3D6B  eererenne vovrunenns sonevonece tanseneres veonnsenns
HIDBE0 v uvreener erernenens soneunrnne seracrennn searnennes
BI5233  4iiivniiniar teenenents cntenrenes ceetacesns senrveenea
BI9BA1  .uirirvnrn varnninens sararereen e e eee ereeeaenns
HICLO9 o veueuenns meveeunrue covuosnnce anonnsane vaveasnnns
T
N2950B  4evurnrner wevneennes onsntetone meveentece saseeeanan
N2ZE9IG  o\urvnvnsn enenennnnn cavensonre svossronee senencenns
NZEOLO  oeveuecens cavennonee sevscncnne o e erieens seeeraeans
HEETST  vvevnvnnee senoeninse enneounsnns sosnesnone sevanennns
N2T73Z  toeeevneine eernaenens seveans b ee teebaeresn taeneanens
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and cloned iwbd¥7kRResYeast expression vector pMI15 (see US papéntushraies 482,
i ncorporated by reference in the entirety) also digested with HndlIl and

BanHl.. The resulting plasm d vector itﬁﬁgsed to transformyeast strain SC
106 35 using the methods described in patent 5, 164,482. The URA 3+ yeast
transformants are isolated and cultivated under inducing conditions. The

yield of reconbi nant Placental bikunin variants is determ ned
according to therigure 4C (Con’t) 53 WO
97/ 33996 601 sso PCT/ US97/ 03894.

amount of tryfginhs | EfRARRAAG le¥ecBkdhb bicKaabiMd tocaEdsTdl hedrestchd) the cul ture
supernatants QySiks t tmRachilr REcctit@cr Ehckdabin® cbntedtTEREdTegtcstescri bed above.
Ferment ati on ReghHScrrrerne Rtdacicigrecheadacihd QdcAcpdtré atcradétcid nut es. The

super nat ant i sad7eencrichichar eticctivraucltagckir LctArestra abcrdsckmr rI mfil ter,
diluted to a Jsr3c0nchesicrasT togucokeTdt Srcmmcara reicrdgeons hectadcoapH 3 with citric
aci d. The sanpir4393 SCTCAAGAMALR [GBGECIRAETC PRCAGASINT [RECheadrr® A&O6caadc of S--sephar ose
fast flow (Phasyagi a)-.i-A--50-piVee.. -.. sodi-um-ei-tr-ate-pkt-3-and stirred for 60
m n. The gel iR3¢’8ubsegquent|y--washed------.--sequentt akl-y-wth 2 L of each of:
50 nmM sodi um @Pi%¥at e -pH-+3- 0= 50 mVE Frisge-r «-oe HCL pH-9-0; 20 nM HEPES pH
6.0. The wash@R&€l -4-s -t ransf-erred into-a 10> sut taple-eol umm and el ut ed
with a |inear T§Hd¥i ent:-of--0-t0°1- M sodi-rum chi-ori-de+<+-+-<in 20 nM HEPES pH
6.0. Eluted fr&$% ons containmi-ng i m-vitro trypsin- rrhibrtory activity
are then pool &%hd- furtter -purifi ed either by -a) "chronat ogr aphy over

a colum of iMA07 |t zed anhytrottypsin’(‘esserntt-at 'y -as tdescri bed i n Exanpl e

‘ ., LS LA CI ] . (N >, o« ) e -—s - o 4 M M

2); b) by chr@ﬁi@?grapﬁy over g tolunti*of 1'miobi'l i'ze€d bovi ne kal I'i krein; or
c) TS2966  <eiirceiar covaronern srwnesacee sas Ceriene resranenes
N2B508  eesvuvnuee oovsrenros caonnsnsse smeerssace sronannens
N2E9LF  tivvrvvens saunnaenns svnensas te ereieiiaes meesanenes
N2B310 wovnevsnur sacusocnss sanssocors snny tesser aessasnsve
HISTST  ruiicases eomsrsscne svseraance vssenacson sevsarnens
N2TT32  tctneensesr seansssotvs sstassncss savsona Ces suseeneaan
651 700

Bikunin CAGCAGGAAT GCAGCGGATT CCTCTGTCCC AAGTIGCTCCC AGAAGGCAGG
R35464 CAGCAGGAAT GCAGCGGATT CCTCTGTCCC AAGTGCTCCC AGAAGGCAGG
H94519 CAGCAGGAAT GCAGCGGATT CCTCTGTLCC AAGTGCTCCC AGAAGGCAGG
N39798 CAGCAGGAAT GCAGCGGATT CCTCTGTCCC AAGTGCTCCC AGAAGGCAGG
HB7300 CAGCAGGAAT GCAGCGGATT CCTCTGTCCC AAGTGCTCCC AGAAGGCAGG
R74593 CAGCAGGAAT GCAGCGGATT CCTCTCTICCC AAGT.CTCCC AGAAGGCAGG
b i
R34701  ....ccheee L eeedasarers resseceans srresevens sevsvesews
H02982 ........ch oo 14944 a seeraeesss senecatese sessvensane
RIZETE L ivnvvnues soveocuore sovevonses sassnnnnea aaw taraere
TA7439  ttvavnrane aeseteanns sreraasnse "ressetecs verrtarres )
R73968 . ivivrnenr etessvions ssoensases sososnnsas sossorvonan
BI39840 o.iveisvvnn veresmensn cnnnnenien ann srsases sesrran ves
H85233 ..... treee eserresers ssaviesers seekessan s beeecerean
B394l ....ciivne auaen #reue cermsteata secemsecne o veennrnas
N30199 .. ieinner vannaans e et tectsess saatntenes tvesaecane
TO2968 L uvnvnrine asssvertns covunrerin sesaevsen “ ceeeransne
N29308 ... ..iiner trrreanennirrannsaces sonosnn Vaa serescanes
N26919 ....... Fee eeedtedaus cevvsreras eesersaese ssvrreenns
N2E9L10 L iiivviers mesvencnns avovrnonss vabnrosase sasans seee
HIBTST i ieiiienes vonvscoans vovenssnse sonns trese evavescont
N2FT32 i inirene sorsvacrer sovssennsses sesscnsoae sevnsovnan
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15 a conbi RgbloBseeé conventi onal chromat ographi c steps i ncl ROTAGITHIBIA. ...
filtration and/ or ani on-exchange chronmat ogr aphy. Example 7 _

| sol ation and characterization of .natgyye human placental bikunin from 20
pl acent a Bi kunin protein was purified to apparent honogeniety
from whol e frozen placenta (Analytical Biological Services, Inc.

WI| m ngton, DE). The pl acenta (740 gm was thawed to room tenperature
and cut into O0.5Figuie0 4@ (Comftkces, placed on ice and washed with 600
m PBS buffer. The wash was 25 decanted and 240 ml of phacenta pieces

pl aced i nt o aBiWéwih ngriot cmtesccackbdaerceararerr adabicray I0MemiTacxt buf fer consi sting
of 0.1 M Tris a3pdds 8 ADEcTIeAAGOACOACTTdRE MaBIATGTTT REANTATTGH KRGMATAATE Was bl ended on

hi gh speed f ores®sipi ATTCTHGAASNACSRETEGAE CCHBOGTD. AMCTTN{G ANGAAJERCTG t ubes, and

pl aced on i ce.N3T1p s APICHERGUICSARERNG CORRATATE o CAATTAT]. .CaMNGAATARTEr | al was
processed. TheleeWabPTHEECACUREACTORAS CORIATITE { GRETRTALC MPSBIGATGY for 60 m nutes
at 30 40C. THE9paTIRACMT ACRAICIF |CORTAEH Tt RMSTATR-CCHERTECTE| ot h and t he

pl acent al RBPRunt n e purei ficed: using -a--kal tickrein--afftnicty col um nade by
coval ently R34 t aching 70 ng* uf -bovine- pancreati<c kal'li krein (Bayer AG
to 5.0 mls of B¢ - r-acvtivated: Sepharose:(-Pharnacta)y -"according to

manuf acturers 3if1';s;§rm:‘t'r'dn‘.’ The = **meatert al*"was* 1 vaded "onto the affinity

colum at a fIR ‘sgat"e”(‘)‘f"‘z. O M /i nand 35 "*washed" Wth'0.1 M Tris (pH
8.0), 0.1 M NgGlg,until absSoibance &t 280 hiiof "fhe  """*"" wash coul d no
| onger be detegigd. Thé 'Col UM 'wds Turther "washéd Wih'U'1 M Tris (pH
8.0), 0.5 M NgBLeiand. LGN, el U 8el i h 3 Vol jfes ot 0;2 Macetic acid,
24 N30199 .......... b sasasress sesevessws sesevEEres ssesecaven

TS2966 . ioviviens cediresnas aaresens tes aererevess srsersacus

N28508 .. .uunnnr veconnosss sosssrsness ssnsavennss tsssenmvooe

N2B31D  tecevteunn aacovnsnes avmantonns acvosessns stovasnans

N26910 theriunrne cuecnrnnse senennes e eeeitaiien eeeeeanenn

HLE757 ineecuncs snvsssnsns sanma Cienn vasenee sev meastasess

N27732  civinnoser snsuesesss sossansnnse sosatacras noromscaes

751 800

Bikunin  CACCGCCAA CGCAGT CAC IGGGCC TTG CCGTG CAT CCTT CCCAC
R35464 GCACCGNCAA CGNATT
H94519 GCACCGCCAA CGCATT.CAC TGGGCC..TG C.GTG.CAT. CCTT.CCCAC
N19798 .CACCGCCAA CGCAGT.CAC TGGGGCCTTG C.GTGGAAT. CCTTTCCCAC
RE7300 .CACCGCCAA CGCAGINCAC TGGGCC.TTG C,GTGGCATN CCTT.CCCAC
R74593 .CACCGCCAA CGCAGT.CAC TGGGCL.TTG CCETG.CAT. CCTT.CCCAC
RIVTI0 i iieuuvuns sneevansas entnnsocse sasensente sasononans
2
HO29B2 . .iuiiiees vvnernnnes envoan Cees aeecutrene sasads P
R3I2676 ...... Sets serreerert seseastses resssdenta srareacess
T47439  tuiciinnnns viseseees e veeraear sasserases sevenne ‘oo
R73968 . .uencvire cocovenans coaesnnssen sanssane s cesserenns
H39840 ......, Pre savsenadns ersestevics svereatecie soeaw severs
H39233 L .iiitiets cenrenrrens saeessases sevanenc e srerecrenas
HIBBAL oottt tiveeniens aiseseaes ssernessas ressesrvas
N30L93 . iiiiuiein smeteronse cunnosnass nvsnsnosos sovsnsoanos
752966 ........ Pe sescseanad trtseasres rsesessses sesenervan
N29508 L ioiiints verertanss crsnsnnens sreacarien sevassacss
N2691T L iiitinies satertrens ventsanaan resesrenns cessavanas
BZ26910 L ttiitinne cirerennes cntaianraes ssassnaves sevassnnns
B .
B2TT32  iiiiiienne semannsese ssvsonrass tesavronns soncosssns
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WD 97/ 33996 .
PCT/USYT3894, ..
PCT/ US97/ 03@5 97133996 pH 4.0. Fractions containing kal likrein an trypsin

i nhibitory (see bel ow) _activity were pooled, frozen, and |yophilized.

Pl acental bi kunin was further ég ¥ied by gel “filtration chromat ogr aphy
usi ng a Superdex 75 10/ 30 (Pharmacia) colum attached to a Beckman
System Gold HPLC system Briefly, 5 the colum was equilibrated in 0.1 M
Tris,- 0.15 M Na ad %, Lrift, X-100 at a flowrate of 0.5 ml/ mn.
The Iyoph| Ilzedﬂgr‘ﬁa e \%acg §85‘n§?|tuted in1.0m of 0.1 MTris, pH
8.0 and inj eqh el Ortchedility 45 ma.; b EALARRC G W B0 der 1l

al i quot s. 3 AL e+l m assaye ™t or trypsin and

kal I'i krein | n SB YARVARE-TeX Y \fkéaé.‘cnécéﬂ;\é! ad ractions were pooled, and the pH of

the 10 sol ut hpfeooa ol Rdr Oaderacalih, b icQibcRirad Efrcarthg Mat er! al was
directly appl bRgss cereckitrd 1 VekERAEACSCARME (BE T RIIRS EreRlckn (5 nicron, 0.46 x

Q.ﬁ
| =g 4 =4

25 cm) which hadyeen,...... . equilibrated in 20%.acetonitrile in 0.1 %FA
Separ ati on wagssaghi gved, ysi.ng.a... ....! l.inear.. gradj ent,, of .20 to 80%
acetonitrile kdrofd 1% TEA.at.. 1, Q.40 éaTbdRadt¢ @hc . 2RATAA cTTcRHcRAtt €S after an

initial 20 m s wash.at.. 20% acetonit.rile.in.Q.d%%tFAaal5 Fractions (1n)
were col |l ectedsrand assayed.fac..trypsin.and.kall.ikrei.n..inhibitory

activity. Fraetissens..cant.aining...nhibitory .act.ivity.were..concentrated using
a speed- vmedoconcentr.at.or.. {.Savant.).. and .subj.ected.t.0..N-t ermi nal sequence
anal ysi s. #s52RuUNGt i-0nat -assaysf or- Rl acentak..Bi kunin:..20

| dentificati o384t functi-enal--pl-acent-al-- bi-kuni-p- -was--aehieved by neasuri ng
its ability t&9%¥hibit--bovi-ne: t-rypsi-p--and -hwran-plasra-kal likrein. Trypsin
i nhi bitory acfi?9%% y--was--perforned in-assay -buffer -(56-mv Hepes, pH 7.5, 0.1
M NaCl, ¥2%0%nrMv-€aCi2; 0:-1% Tritonx-100) at* room-tenperature in a

96- wel | P‘ﬁ‘éi' oti't er-pt ate- (Per ki Efmer)using::ccee

G y-Pro-Lys- AR 6 rre‘t hyl coumari - -as -a*25 " 'sabstrat e:**The "anount of coumarin
produced by tg% |n WS det'erm h'e‘d"b'y """" Wgasuaring the fl uorescence (ex =
370 nm em =

851 oo

Bikunin GGAGGCT GC CGGGGCAAT AAGAACAG C TACCGCTC T GAGGAGGCCT
H87300 GGAGGCTTGC CGGGGCAATN AAGAACAGNT TACCGCTICTT TAGGAGGCCT
R74593 GGAGGCT.GC CGGGGCAAT. AAGAACAG.C TACCGCTC.T GAGGAGGCCT
RILII0 .t oeivininns wvesrectcas ovosane G.C TACCGCTC.T GAGGAGGCCT
RIGTOL  tiriieeine cerecrrone sossavavass asvovasrne stacseonda
H02982 GGNGGCT.GC CGGGG.ART. AAGAACA.NC TACCCCTC.T GAGGAGGCCT
R3I2676 CGAGGA..GC CGGGCCAAT. AAGAACAG.C TACCGCTC.T GAGGAGGCCT
TAT439  tiiitisens tetesesere shavensees semsacrass sees NGGCCT
R73968 .......... heesteanes Sesersrkte sbbvesenne sessrsaess
HI9B40 4. iieniinr cieeretnss soaraterne rrseevescs cnssrcnces
HI5233  ciiinnione srevnnvnes samrunerss sesessedse cavvansean
HIG841 . iiinines cvetrrnate vernsvsres sevartenrss sacetavsoan
B3I0193 L iunriiues avevensnne savennsose vassosatre sossnnsnns
TS2966 o civeierer snunsesans sestueiire seeerscbne erssemesen
R2I50B .. i.uivire maetanncns sansssnacre seoncvearse sanvencres
NZEILY  ittivinnr anevrosocn snsunsrose sasesortan soeanvovan
H2BOA0 Lt iinits thttratsne crvstvenin sravecnrae sscennnoen
HLIB7ST  uviininns tencnocnin vooononons saoveontns erseensans
BZT732Z i eeiiinrr thernserens tasesacsos voaunstsas sairasvans
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-50B fl uori meesraaope pped with a plate reader.
was mxed with 20 [err]l

[err]] buffer)

i ncubated for 10 m nutes at
addition of 50 [err]l

assay buffer. The fluorescence intensity was neasured
i nhibition for each fraction was determ ned by:
inhibition = 10Figyxe KW Fiton3%) where Fo is the fluorescence of the
trypsinssnly control.

unknown and F1 is tdee fluorescence of the
Kal i krei n i mipubist ocgr agtre eedrgerodc &he fracti ons wasa seaged arly
using 7.0 nM ketbéa ksser.m..i.n.assay buffer
.GCA.TGCTC caerecTree 6¢. SUBSTI.TULE .SHEEALcEABEA E 26)

55 R74593
PCT/ US97/ 0389431730

[ err] M Pr o- Ph&3ipglg- AMC- a3+ a- sut¥stq ed-e.---

(50 MM Tri s,

pH 8.0, 50 mM

Trypsin (23 [ erci/ysa7e3sa0.

of the sanple to be tested and
221pr] C. The reacti-on was started by fhe-
of the substrate GPK- 30 AMC (33 [err]Mfinal) in
and the %

%

neasur ed

WO . 9FTAS RGFECTTCC 6C. . NaCl, . .0..1%:t r.eA.e¢pcsx 100) and 66. 0

oo vennPet-er-pAAgERsEON of the

invitro

speci ficity of928¥2acErR-AFCTHICRUFRGIACC GCTCICTGTT CICTRREAGE [§CA+LEAGEA specificity of

nati ve hunman

met hods as de&t#I%eFATETHECTFEEEAFNgr -« =- <novrerees

R73968
H3g9840
H95233
H39841
N3019%
T52966
N29508
N26919
N26910
116757
N27732

Bikunin
R74593
R31730
R34701
B02982
R32676
T47439
R73968
H39840
H95233
H3sg4l
830199
152966
N29508
N26919
N26910
H16757
N27732

G B AR CIRNS S ISP EELrePE S kEmiV O

“axvseecbanse

cesass vy

Aecascsansne

seess e

seresvenea

sermcsave

semetuy e s

seces e
*sece s

srenvvesaar

951

GAA TCCTCC
GAA . TCCTCC
GAA.TCCTCC
ARANTCCTCC
GAA, TCCTCC
GAA,TCCTCC
GAA,TCCTCC

LI A A

LR R N

Csresreree o

LI NI I A

LE R R RN

s3sessenan

tssersrs0e

"o dvsreanss

tevsrsansan s

IR R R R I

st e sy

sesemrrere

R R Y

Car s

*r e v v san

esvsmeanas »

CCTGCCCCTT
CCTGCCCCTT

CCTGCCCCTT
CCTCCCCCTT
CCTGCCCCTT
CCTGCCCCTT
CCTGCCCCTT

svavec s ans

(RN EEERY

sesacomwer

D N I e e

TErvrEes e s ensAr

st 0 e et

GGCTCAAAGG
GGCTCAAAGG
GGCTCAAAGG
GGCTCAAAGG
GGCTCAAAGG
GGCTCAAAGG
GGCTCAAAGG

srsses sy 3esears

vla s s

*esesaceany

sesseect enrn

DR R WY

D S AR E

sasseerans
tseceasrnan
seeasarasy
res et i
ssseseanse

PR I I APy

TGGTGGTTC

TGGTGLTIC.
TGGTGGTTC.
TCGTGGTITCC
TGGTGGTTC.
TGGTGGTIC.
TGGTGGTTC.

» esscsnreresas

L L ]

ssravo 0t an

Teserre v

creas s e

LRI N Y

Testre e

srveaneres

Pes s s s e

" eresecsseane

“sresesrss vy

.CA,GCAGGA

PR N
cassvserr e
srevssvean
LN N I A
PR
ErenpavrEs
*Pes sran e

hRemosvenner

1000
TGG CGGGGC
TGGECGGGGC
TGG.CGGGGC
TGG.CGGGGC
TGG.CGGGGC
TGG . CGGGGC
TGG.CGGGGC
+ + + CGGGGT

R

*Rsvsssare
vres s s reran
svurarsase

te st v etena
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exanpl es a a,\ba”ﬁg%gcent al bikunin was quantified by active mg, dged | on

agai nst wn concentration of trypsin using GPK-AMC as a substrate
to nonitor the fraction of unbound trypsin. 10 Protei n Sequenci Rg
The 1 m fraction (C18-29 Del ari a)22/8% reduced to 300 m in volume, on a
Speed Vac, to reduce the amount of organic solvent. The sanple was then

| oaded onto a Hewl ett-Packard m ni ature bi phasic reaction colum, and

washed with 1 of 2%¢tLif etic acid. The sanple was sequenced on a
15 Hewl ett - P::\g&’k% \ifsh I\/b%iél @%'g%cpr ot ei n sequenci ng %éstem usi ng Edman

degr adati on. i}‘/er:h?l bé@‘;‘ 5&8&‘%&%'}9 ,,ngl_tm s.3n ﬁ?flcl:" (& gents were supplied

by Hew ett - 'pr 1:92? Eiac cc.i’ui »
Resul ts. Eni'@rlr Jé’t?%&ﬂ@? LY, ic:&c@oqpé%tae'eé hompgeni ety 20 by
sequenti al " 28, cofn wstrym% o ﬂxfé @3ty @lflcgrkEVer se- phase
chromat ogr aph,xz §e’?crl?L!:rci'c Ar il & Bef@Wiscer co.ar | e 5
Purification gahl erér?rcaﬁﬁtic\ﬁt ARGENL @JrccB‘r Mok (ck Ak - TABLE 5
Step T47430 MW, Jsfﬂa)rcc%r 280r . Q28 Qe WakdrSdcCired1c, Uni t s/ CD 280
(/m) r73968  Tdrt)ceron 1ecfdrédAentar.crree rocs.acd@ AR, Aocre, 41. 7 75, 060
3,000,000 A4Qaskse ....Supematant... .....Kallikrein. ......... 20.0 0.17
3. 36 16, 0G@s23s .4.880.. .......... Alfinity.pH 4.0 ....... Kallikrein
10. 2 0. 459841 ....4..56 .....12.,.000........2 B830.... oo Affinity pH 1.7
Superdex 75 w3eiss 15.0.... ...0.0085.....0.413......3,.191....... 24, 546

TSZ966 evrvrnene veveneses T eeeeteeirs vereneeree vresenenens

N29508 .vuvevnnns o evees ee ereresens seees ceerh aenan

N26919 eevneneer vuns vveore s eereenen o teeertee tereeneaes

N26810 ..vevnn.n. et ettt haneneee serarrrere eeenes

BIET57 o aernnnen vnsesanses toeoseeann voeeeennn aereaaeens

N2 32 et auross soadeassnn sroosnsonn sedosdetos coasvennes

1051 1100

Bikunin TACC TGAT <CCGGGTGGCA CGGAGG AAC € AGG AGCG TGCCCTGLSE
R74593 TAC..TGATT CCGGGTGGCA AGGAGG.AAC C.AGG,AGCG TGCCCTGCGE
R3I1730 TACC.TGAT. CCGGGTIGGCA CGGAGGGAAC C.AGGGAGCG TGCCCTGCGC
R34761 TACCCTGAT. CCGGGTGGCA CGGAGG.AAC CCAGG.ANCG TGCCCTECGC
HO02982 TACC.TGAT. CCGGGTNGCA CGGAGG.AAC C.AGGGAGCG TGCCTTGCGN
R32676 TACC.TGAT. CCGGGTGGCA CGGAGG.AAC C.AGGGAGCG TGCCCTGLGC
T47439 TACC.TGAT. CCGGGTNGCA CGGAGG.AAC C.AGG.AGCS TGCCCTGOGC
R73968 TACC.TGAT. CCGGGTGGCA CGGAGG.AAC C.AGG.AGCG TGCCCIGCGC
H39840 ....ciciie tonerennss 1o GGG.AAC C.AGG.AGCG TGCCCTGCGC
H98233 ......ihlh e tvesras aessrvarres avea besess sexseosnn e
H39841 ......... 4 eseerEtets arsasitres sessenenns wansevmean
NI0I%T  octiiiiree ecvenernnn s GAGGAACC C.ANG.AGCT TCCCCTGCGC
TI2966 . iuvienrnne cvrsntcnnes 2eavarerns tesvareans revesesans
N29508 ..ecivnuns vesanss er tesesirace essennses t saseneanss
N26919 L .iiivaes sieusnvare sreecnsass serserocne srovsvenes
N26310 ..iovervos avvan et at secsasnaas aseves teer crassresane
HI6757 ..veuennns wecnee Fete ereemrevas trsresstenss vresvessrane
B27732 ..vesen vae sessean et dureseacts seserrines csvveviras
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aOne Unit i wolefswed as that anmount which inhibits 50% of trp@EEUSI7TAIRMV-tY -

in a st andard assay. The majority of the kallikrein and
trypsin inhibitory activity elutegsfom 30 the kallikrein affinity colum
in the pH 4.0 elution. Subsequent gel-filtration chr omat ogr aphy

(Figure 5) yielded a peak of kallikrein and trypsin inhibitory

56 WD 97/ 33996 _

PCT/ US97/ 03894 g3 gurePClibVi fdoi £ @ nol ecul ar weight range of 10 to 40 kDa
as judged by a stangdgrd curve generated by runni ngsgol ecul ar wei ght

st andar ds ung@g&aindQaBéd €lc caccrcedA tintdr@iAsc ReNRE&E-BRRR C18 chromat ogr aphy
(Figure 6) yighsad acpfabsScmbrrccca daffabibd ey activity with the nost potent
el uting at apgioi KBietdtcs3Bhclocboca ARBIACHALE ErdcRscTdErcMm@hacyi ty associated with
the first peassstn okt eerfe emefcddda careaciabs asdehaeies? Spasexdel. bi ted an am no acid
sequence st ariozieg Wedditand exacredsdl chraabaatd eaccaceregdI@ANGe ced am no acid
sequence of pikmaesniaats. pirkalcicorctdiaitacarse ShuChdeicd\Qcarbiac. and was

i dentical to thespmedh.otrercamenpueacaTdacsed OrarEhes . WAAGERGUENCT NQY

(underlined ammi3pes ACTUECTINGASCTFOFED GBTGACKEPS t BCREE TSR SIGAASARS. Wi t hi n t hi s
sequence 10 &wErOt ARCOARITES SACCTSRECARITRIRICE (- BRFAGCEEC sToMmeareci ng of oxi di zed
protein. The &pgPej.Ae:--«-. -r-esi-dues-at--am-ng-actd-posrtid-ons 11 and 20 of
mat ur e pl acent3a@p4ipi-kuntn-were:--«-- --bater- i-dent-f4 ed-f-rom sequenci ng of the
S-pyri dyl et hyFAt¥d ABFTE: T SATRIFERFOTNACAMG . ISEAECIOH, ( TGNy | - cyst ei ne was
recovered at 84fes 11 -and 20t -+ +oeee-eee simteresticngly,; the asparagine at
am no aci d r e¥’e ‘nunber- 30 of-the* 15 sequence (Frgute 3) was silent

showi ng t hat gjﬁg sittei's °REly tove gt yeosylrated:
H1€757  iieiionne soasancose osvnsnss 44 reescsewre seesesasns

N2TFT32  ticanntras saavtsnecss evaesanane tasasvreans Stassossar

1151 1200

Bixunin ACATATGT € CIGT GACCG CCCTGT CGC € AAGAGG A €T GGGGAA
R31730 ACATATGTIC CTGITGACCG NCCTGTTCGC C.AAGAGG.A TIGGGGGAA.
R34701 ACATATGT.C CTGT.GACCG CCCTGT.CGC C.AAGAGG.A CT.GGGGAA.
#02982 ACATATGT.C CTGT.GACCG NCCTGTTCGN C.AAGAGG.A CTRGGGGAMA
R32676 ACATATGTIC CTGTTGACCG CCCTGTTCOGC C.AAGAGGGA NIGGGGGAA.
T47439 ACATATGT.C CTGT.GACCG CCCTGT.CGC C.AAGAGG.A CT,.GGGGAA.
R73968 ACATATGT.C CTGT.GACCG CCCTGT.CGC C.AAGAGG.A CT.GGGGAA.
H3%840 ACATATGT.C CTIGT.GACCG CCCTGT.CGC C.AAGAGG.A CT.NGGGAA.

H95233 .. ..iinvir conns Ceebe rereaes tes trsbasae sreessenrs .
H39841 .......... . cesrina C. CCCTGT.CCC CCTRAAAGG.A CT.GGGGAA,
N30199 ACATATGT.C CTGT.GACCG CCCTNT.CGC C.AAGAGG.A CT.GGGNAAA
TS2966 L iertiens siernveres sesiessnes rsavenne s saraeane ‘e
V29508 ....c.vins venesva CC. CCCTNT.CGC C.AAGAGG.A CTI.GGG.AA.
N26918 ...coviven crnecrenne snne hesess esenuraven srsssssass
N26910 ...ouiuiuve tovvnevans anne Vessan srsssteneass seevacrenrs
HIET57 L .vtvnnese vocasosans cnsovassss svrscarve ' resesennes
N27732  siiiisnnsr wsnarasece avsssssane sorvansse *r seen resenn
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Fraction 2@yifisgd one maj or sequence corresponding to thacCraisspossent.al

bi kunin starting at residue #1 (27 pnol at cycle 1) plus a mnor sequence
(2 pnol ) al so derived fromﬂﬁient al bikunin starting at residue 6
(SIHD...). This shows t hat e final preparation sequenced in fraction
29 is highly pure, and 20 nost |likely responsible for the protease

I nhibitory activity associated with this fraction (Figure 6).
Accordingly, theddigl 4@ eRebarieyn of placental bikunin from C18

chr omat ogr aphy was;ski ghly pure based on a silver-stakssgd SDS- PAGE anal ysi s
(Figure 7), peheie harcficohtictard Ofcdt@benirttrranaapaaiens M of 24 kDa on a
10 to 25 20x$mscrybantdeatri ci ne gel (Novex, San Diego, CA) calibrated
with the rashal | Gedogscmabaeearl @r rosagdet tovrkessa.ansulin (2.9 kDa); bovine
trypsi n i nhi bezber scceacesgS aththideg.; rdrym oy merddan/adeBa) ; B-1| act agl obul in
(18.4 kDa); emisix0rcecassrey demsarisT 1671da2HT kiberrrrasmsiraccaédoum n (43 kDa). The
above size ofimpiacentratcshirbAsmc. oTeT RS CT 71772r PAGE TREA. aBnsi stent wit h t hat
predi ct ed fr ermiéche.charcécsl aGrFrAT. €.OTHT I . ®2 qUEMT.cA3H. TAGA-iagur e 4F) .

As expected bmeed GreARtRg. INGACTATIRG .NEAT. G eWD SMTHINGAN &SRéA. ssédescr i bed

above, the paeid ed.prot-ei-n--keact ed.wti:.h -an-anti body--el-icited to placental
bi kuni n (7- 64398410 EERACERCE MMERAT-Gvi THT- AAMRST JATRET MM fHRGUFE 12A) as observed

f or
7).

correspondin
f ragnent thay2§§
57

116757

cccccccccc

However , 73366 when -the *same-pr

elicited to §}ﬂ‘t§?%e‘c‘f‘i“°m‘ MM Rrc e TR AR AT (- A0 2:%9)%¢ 3 band
6

B the ful't “rength protefn was
M grat'éd W't i syhtheti'¢ Bl Rurih (1022

t he NPaPe f {SEEPCHiCe PEACEAT HNTA PeEE SATBH -YePSMBY -S§i | ver stain (Figure
arat'ron-was-reacted-w th an anti body

'not - dbserved. Rat her,

vOeverErsvy PN er » trevecave sesa sra 0 0a

P(:T/lJS*;?/()35353f132 "VW)'EY?/Z33E§9E§"' Cemevscsar seerseeste aean cevoes

8ikunin
R32676
T47439
R73968
H39840
H95233
H39841
N30199
T52966
N29508
N269149
N2&9310
H16757
N27732

Bikunin
T47439
R23968
H39840
H95233
H39841
N30199
152966
N29508
N26919
N26910
H16757
W271732

1251
GATTGACTIC
GNTTGANTTIC
GATTGACTC.
GATTGACTC.
GATIGACIC.

GATTGACTC.
GATTGACTC.

GGATTIG A GT GATC A
GGGNTTTTNA GTTGATCCAT
.GGATTTG.A GT.GATC.A.
+GGATTTG.A CGT.GATC.A.
+GGATTTG.A GT.GATC.A.
........ 4o vessecsans esssesraP
LGGATTTG.A GT.GATC.A.
+GGATTTGGA GT.GATC.A.

1300

TTAGGG CT GAGGTCIGY
TTAGGGGGNT GAG

TTAGGG. .CT GAGGTCINTT
TTAGGG, .CT GAGGTCIGTT
TTAGGG. .CT GAGGICTGTT
TTAGGG. .CT GAGGTCTGTT
TTAGGG. .CT GAGGTCIGTT
TTAGGG. .CT GAGGTCTGIT

sessr sy st rrnrress v

TTAGGG. .CT GAGGTCIGIT

P

--------------------------------------------------

--------------------------------------------------

1301

TCTCTGGGAG
TCTCTNGGAG
TCTCTGGGAG
TCTCTGGGAG
NCTCTGGGAG
TCNCTGGGAG
TCTCTGGGAG

GTAGGACGGE
GTAGGACGA

GTAGGACGGC
GTAGGACGSC
NTAGGACGGC
GTAGGACGGC
GTAGGACGGC

TGCITSC ¢ & TC TGGCA

TGCTTCL . TG GGTCTIGGCA
TGLTTICC. 26 G.TC.TGGCA
TGCCTTICCTG 6., TC.TGGCA
TGCTCCCCTG 6. TC.TGGCA
TGCTICC. TG G.TC.TGGCA

................................ TC.TGGCA

TGCTTCA.TG G.TC.TGECA

1350
GGGATGSG

.GGGATGGGS
+GGGATGGG.
~GGGATGGS.
-GGGATGGS.
+GGGATGGG,
.GGGATGGS,
.GGGATGGS.

--------------------------------------------------

------------------------------------------ tHEeran.

............................. G G.7C.TGGCA

-------------------------

.GGGATGGG.

CCCTC GGTCCTGNCA AGGNATGGGG
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- 159) of apprweismassby 6 kDa was observed. The sinplest inter PCEAEHOTHR89b1.

t hese

degr adati on subsequent
conprising the N-term nal

the C-term nal

domai n.
anti serumto placental

5

results is that the purified preparation had undergone

to purifieBéhon to yield an N-term nal fragnent

domain and a C-term nal
Assum ng that the fragnent
bi kunin (7-

64)

of the full |engtigeretedd, (densiyge (24 kDa)
state of gl ycosyl at y 1.
vitro inhibi taieehi®f ri@rdroIdSc AATERE T aceaseHy Cdre@S&e Arys pd @cent al  bi kuni n.

Dat a are conpansds Writh.drimt coabicirt athceadstr dddecrammeatrcaseerté Trasyl ol [err]).

Tabl e 6
bi kuni n
Aprotinin

Tabl e 6. bel ow showset he potency of

fragment conpri sing
reactive agai nst
I s devoid of the C-terninal

end

woul d suggest a high

in

Kizsewal wers.drome dabmrearbiThisbAcorr odrcaracdcoarsc.pe.0t eases by pl acent al
HABLE ©rre.cTTTGRy.8AAZCLSE T.AGGAGGET ccTeeT.cdel steent.aé Bi kuni n
53§88 DN CTRIATEASOT PAANCCHC T. AGKAGSETIRATCCT.CGC ATEG.CC. 1S K|

(nM

Trypsin (485 199 TTT6.CEBIG G.AAATCCIC T.AGGAGGCT CCTCEFTESC ATGG.CC.FEiman Pl asmi n

1.9

that pl acent alN2¥5ok URTTR. GTIS| RARNICITE GRACEAGEER CRTSFT-SROLATE® CC. 16
is a potent i MREBPt or--of  t-r ypsi-n-t i-keCAEFT FECH-EACHSEST 16

Expressi on patig&ih

ti ssues H16757
N27732

Bikunin
R73968
#39840
H95232
H39841
N3019%
TS52966
N29508
N26919
N26910
H16757
N27732

8ikunin
R73968
H39840
H95233
#39841
N30199
152966
N29508
N26319
N26910
H16757
N27732

of-- [

TERE STIMMITCF KeAFeFS -C4§i FFELent

TTTGCCTTIG G.AMANCCTC T.AGGAGGCT CCTCCT.CGC ATGG.CC.TIG
TTTG.CTTTG G.AAATCCTC TTAGGAGGCT CLTCCT.CGC ATGG.CC.TG

1401

CAGT CT GG
CAGT .CTNGG
CAGT.CT.GG
CAGTICT..G
CAGT.CT.GG
CAGT.CT.GG
CAGT.CT.GG
CAGT.CT..G
CAGT.CTTCG
CAGT.CT..G
CAGTNCT.GG
CAGT.CT.GG

1451

TTT CCTCCA
TTTICCTICCA
TTT.CCTCCA
TTT.CCTCCA
TTT.CCCCCA
TTT.CCTCCA
TTT.CCTCCA
TIT.CCTCCA
TTT.CCNCCA
TTT.CCTCCA
TTTACCCCCA
TTT.CCICCA

CAGCAG CCC
CAGCANCCCC
CAGCAG.CCC
CAGCAG.CCC
CAGCAG.CCT
CAGCAG.CCC
CAGCAG. .CC
CAGCAG.CCC
CAGCAG.CCC
CAGCAG.CCC
CAGCAGACCC
CAGCAG.CCC

GGTAG AGT
GGTAAGAATT
GGTAG. .,AGT
GGTAG. .AGT
GGTAG. .AGT
GGTAG. .ACT
GGTAG. .AGT
GGTAG. .AGT
GGTAG. .AGT
GGTAG. .AGT
GCTAG. .AGT
GGTAG. .AGT

CGAGTTGTIT
CGAGTTTITT
CGAGTTGTTT
CGAGTIGTTT
CGAGTTGTIN
CGAGTIGTTT
CGAGTTGTTIT
CGAGTIGTTT
CGAGTTGTTT
CGAGTTIGTIT
CGAGTTGTTT
CGAGTIGTTT

TTTC ITIG
TITCITIT

TTTC.TTTG.
TTTC.TTTG.
TTTC.TTIGC.
TTTC.TTTG.
TTTC.TTTG.
TTTC.TITG.
TITC.ITTG.
TTIC.ITTG.
TTTCCTTTGN

L L 2ol '~
TTIL.TTTG.

CC TCGCTIG
TCCTTCGCTG
+CC.TCGCTS
»CC.TCGCTG
+CC.TCGCTG
+LC.TCGCTG
.CC.TCGCTC
.CC.TCGCTG
LC.TCGCTG
.CC.TCGCTIG
.CC.TCGCTG
+CC.TCGCTG

CTTATGTTGA

CITATGTIGA
CTTATGTTGA
CTTAIGTIGA
CTTATGTTGA
CTTATGTTGA
CTITATGTIGA
CITATGTTGA
CTTATGTIGA
CTTATGTTGA
CTTATGTTIGA

*. 1450
ATC GATTIC
ATCCGATTTC
AIC.GATTIC
ATC.GATTTC
ATC.GATNTC
ATC.GATTIC
ATC.GATTIC
ATC.GATTIC
ANC.GATTTC
ATCGGATTIC
ATC.GATTTC
ANC.GATTIC

1500
ATTCCATTGC

ATTCCATTIGC
ATTCCATIGC
ANTCCATTGC
ATTCCATTGC
ATICCATTGC
ATTCCATTGC
ATTCCATTGC
ATTCCATIGS
ATTCCATTGC
ATTCCATTGC

SUBSTITUTE SHEET (RULE 26)

TS2966 TTTG.CTTTEZR.AAATCCTE TORGEMARCT] GETCCT.CGC ATGG.CC.TRe results show

(human pl acent a)
Exampl e 8 20
human or gans and



A multiple twesussonerthern was purchased from d ontech whi chpCTAUSYMIAgY4aI_Ned
2 [err]g of polyA+ RNA from human heart, brain, placenta, lung, |iver,
skel etal muscle, kidney, and pancr Two different cDNA probes were used:
25 1) a gel purified cDNA encoding placental bikunin (102-159); 2) the 780
base pair PCR-derived cDNA (Figure 4E) liberated froma TA clone by
di gestion with EcoRI and gel purified. Each probe was | abel ed using
32P-dCTP and a Figurendd@n pidomi’rtg | abel ing kit from Boehri nger Mannhei m
Bi ochem cal s (t9edi ana), then used to hybridize tostthe nultiple tissue
nort hern accowisintg ¢TI0 cridamcacramrbmataaTasrATeneet fittsatd @ns.  Aut or adi ogr aphs
wer e gener at ed®3%83¢ NErCTTIT.CT BIATAACRGAS GTGATORFAGHAAZGSTTIRT ITRTCEKBESUre ti ne, and
devel oped usi Mg5233 URRERTTSCAPATIACACAR GTGATRITGSCAMIFRETECT STTRYTTARObe Phot oshop.
58 WO HQ9BA R JCAFETTT.CT CATCACAGAA GTIGATGTTGG AATCGTITCT TTTGITT.GT
PCT/ US97/ 03894139199 CTCTTTI.CT CATCARIGAA, FTGATGTTGR w@% T (T&TAT0FT t i ssue expression
observed usi ng-"%?‘Pl SREEHT f CATCACAGH) Em?‘ﬁ::zl’d‘?" Z BYOHeSY Fi gure 11A) or a
| arger probe &8t ‘tht%’%Eﬁ‘fM ‘Z’f"m F:ZQT f‘,Tent al bi kunin
(Fi gure 11B) \Né‘““% °f‘ SfpaTegzse Ypected. The

I'GG, A T

pl acent al bi k%ﬁi_, ; @h ‘g mﬁn l}gﬁ and. 5 placenta.
| 3f @ an

Significant | (6 N - ¢ ki dney, while
417 earfi e“!a" |ver “Yand the ARNA was

| ower | evels wereé o serve |n
nuscl e. The transcript [ was 1.95

undet ect abl e skeletal
ki | obases in ﬁLiM&a Srrrild £ ce,g\g&q;nwﬂgaé £ predicted size of
pl acental bi KyRig, d gﬁmgﬁ ﬁ, overlay ‘and cloning of full

s “’5&’
rcsl ’i ‘_‘é T,

bl

<0
0

TT AAG

e O

| ength cDNA dgs&hi @fia-iﬁararce%ﬁ‘ﬂt?ﬂafﬁw%Amrm

H39841
N30199
152966
N29508
N26319
N26910
H16757
N27732

Bikuain
H95233
H39841
N30199
TS2966
N29508
N26919
R2€310
H16757
N27732

Bikunin
H39841
N30199
T52966
N29508
N26919
N269%1C
816757
N27732

CTGATTTATG
CTGATTITATG
CIGATTTAIG
CTGATITATS
CTGATTTATG
CTGATITATG
CTGATTTATG
CTGATTTATG

1601

CTGARAGAAG
CTGAAAGAAG
CTGAAAGAAG
CTGAAAGAAG
CTGAAAGAAG
CTGAAAGAAG
CTGAAAGAAG
CTGAAMAGAAG
CTGAAAGAAG
CIGAAAGAAG

1651
CTTTIAG AAT
CTITAA.
CTTTAG.AAT
CTTTAGGAAT
CTTTAG.AAT
CTTTAG.AAT
CTTTAG.AAT
CTTTAG.AAT
CTITAG.AAT

G..ITTTT2T
S..TTTITTY
G..ITTTTIT
G..TTITTTIT
G..TTTTTTT
G. . ITTITIT
G. . TTTTTTT
G..TITTTIT

GARAGTAARA
GAAAGTAAAA
GAAAGTAAAN
GAAAGTAAAA
GARAGTAAAA
GAMGTAAAA
GAAAGTAAAA
GAAAGTAAMA
GAAAGTAAAA
GAAAGTAAAA

ARARAAAAAA

AAA

NAAAANAAAA
AAATITCACC
AAAAAAAAAA
ABATTTCAGC
AAAAAAMNAAA
AAAAAAAAAA

AAGTATAAAC
AARGTATAAAC
AAGTATAAAC
AAGTATAAAC
ARGTNTAMAC
AAGTATAARAC
AAGTATAAAC
KRAGTATAAAC

TGTACAAGTT
TGTACAAGTT
TGTACAAGTT
TGTACAAGTT
TGTACAAGTIT
TCTACAAGTT
TGTACAAGTT
TGTACAAGTT
TGTACAAGTT
TGTACAAGTT

AAAAAAAAAL

AAGGGTS

ATGTGCTITIC
AAAAAARAAA
ATGTGCTTTC
ARNAAAAAAR
AAAAAAAAAA

AAMAGTTTIT
AAARAGTTTTT
AAAAGITTTT
AAAAGTTETT
AAAAGTTTTT
AAAAGTITTIT
ARAAGTTITT
ARAAGTTITIT

TAATAAARAG
TAATAAA

TAATAAAAAG
TAATARRAAG
TAATAAAAAG
TAATAAAAAG
TAATAAAAAG
TAATAAAAAG
TAATAAAAAG
TAATAAMAAG

1689
ARAAAAAAA

AR

A

AAAAAA
AAARAN
AMAAAAAAA

TATTAGCATT
TATTAGCATT
TATTAGCATT
TATTAGCAIT
TATTAGCATT
TATTAGCATT
TATTAGCATT
TATTAGCATT
TATTAGCATT

1650
GGGCCTTCCC

GGGCLTTCCC
GGGCCTTCCC
GGGCCTTCCC
GGGCCTTCCC
GGGCLTTCCC
GGGCCTTCCC
GGGLCTTCCC
GGGCCTTCCC

SUBSTITUTE SHEET (RULE 26)



10 ad tissue distribution of the nRNA shows taqiygehasent al
bi kuni n Vﬁ;ggggggoadly expressed. Since the protein also contains a | eader

sequence it would have anpl e expegyie to the human i nmune system
requiring that it becone recogni zed as a self protein. Additiona

evi dence FIGUREABad tissue distribution of placental bikunin nmRNA
expression was derived fromthe fact that sone of 15 the EST entries with

h I t I tal bikuni Fi 4B i f h
2Lt ancESh Pansenn RERREADHYS MurGrEbtse: PR RRit FERYARYY carrandiy 40
epi thel i un,. and, pl.a sbd reGRRBekUdRH ALk ABE: ALFLI 7g on of

t he uman protern to man patients wo unltkely to elicit
an i Munegsr con$&PARSSSVPEAP RRQDSEDHSE NDMENTEEYAT) ANAVIGPERE SFERBYEDYE P t ern
of placental bikunin is somewhat rem ni scent of that for bovine

apr ot i ni nEsthicohsérss RYSCNNFIXG [GCRANENSYR| SEEAGMBRAF RQQENPPLPL (GSEVEHAGHAPY eas.
To further elucidate the expression pattern of placental bi kuni n,

RT- PCR of B4 canseieA VA GRHGFENAT, PNESRREER VBN o d: 245
un-stinul ated human unbilical vein endothelial cells (HUVECs), HK-2 (line
25 derived fromkidney proximal tubule), TF-1 (erythrol eukema |ine) and
phor bol ester (PMA)-stinul ated human peri pheral bl ood | eukocytes. The probes

used: CACCTGATCGCGAGACCCC (sense; SEQ ID NGO 59); 30
CTGGCGGAAGCAGCGGAGCATCGC (antisense; SEQ ID NO 60), were designed to
anplify a 600 b.p placental bikunin encoding cDNA fragment.
Conparisons-were normal i zed by inclusion of actin prinmers to anplify
an 800 b.p. actin fragnment. \Wereas the 800 b.p fragnent identified on 35
agarose gels with ethidiumbrom de was of equal intensity in all |anes, the
600 b.p. placental bikunin fragnent was absent fromthe HUVECs but
present in significant anounts in each of the other cell lines. W

concl ude that placental 59



WD 97/ 339 : 7/ 03894

bi kunin i gvgﬁc?f”%%?gressed In at | east s?weﬂendot helial cell sgggf‘}é; 03894 - .
expressed in sone | eukocyte popul atr'ons- Exanple 9 5 Purification
and properties of Placental Bikunin (1-170) highly purified from a
Bacul ovi r FEGURE $Eexpr essi on system A | arge fragment of

Pl acental bi kunin containing both Kunitz domains (Placental Bikunin
1-170) wasDMkpressed in Sf9 cells as follows. Placental ckunin cDNA
obt ai ned BYaTRR LM gure 4E) and contained within a TA vector 1F (s¥e

previ ous | es) | i | ] ndl | Xba

yi el ding §,1iaqves qﬁ@*\%gﬁ %%gcﬁcﬁb%&#%%égﬁéﬁﬁé 'cggg%ﬁé- .1§@1i s

f ragnent was gel purified and then cloned into the ML3npl 9 vector (New
Engl and c<pNa Bi ol abscr®soanrs yGCAUASCTAT GRGAGOIGASI IGEGeN®TcE §ddmitetcdl 183,
(1985) Proransation L A AMad. ASc@. WUSA, &2:L488-4R2)s was aserl 1o myerderate a
Pstl site 3" to the Xbal site 15 at the 5 end, but 5 to the sequence
encodi ng EAA ATG, st &FFTAGTEEC ATEEHTGHTC CTCTCHEGRS AEGTCORAREIFCAC | 1¥ept i de
and nat ur SFRFEERN Bi Knfn SodPnd ¥ Sefudhce® Pherol PgoRudt eot itde used

f h ' - ' G GCcC
o chG ARSR o A B ol e Ay codon

(TAG and Bglll / Xmal site was simlarly engineered at the 3 end of

t he cDNA uwila’]g t he GGCMCG ACTAGGTGGT GGTACAATGT CACTGACGGA TCCTGCCAGC 253
translation A S M P R W W Y N V¥ T D G § € @ L 38

cDNA TGTTTGTGTA TGGGGGCTGT GACGGAAACA GCAATAATTA CCTGACCAAG 303
translation F Vv Y G G C D G N s N N Y L T K 54

cDNA GAGGAGTGCC TCAAGAAATG TGCCACTGTC ACAGAGAATG CCACGGGTGA 3583
translation 8 E ¢ L K K ¢ A T ¥V T E N A T G D 71

cDNA CCTGGCCACC AGCAGGAATG CAGCGGATTC CTCTGTCCCA AGTGCTCCCA 403 -
tranalation L A T &8 R N A A D § 8 v P 8 A P R 88

cDNA GAAGGCAGGA TTCTGAAGAC CACTCCAGCG ATATGTTCAA CTATGAAGM 453
translation R Q D S E D B S s b M F N Y E E 104

cDNA TACTGCACCG CCAACGCAGT CACTGGGCCT TGCCGTGCAT CCTTCCCACG 503
translation ¥ C T A N A V T G P C R A 8 F P R 121

¢DNA CTGGTACTTT GACGTGGAGA GGAACTCCTG CAATAACTTC ATCTATGGAG 553
translation ¥ ¥ F D VvV E R N S C N N F I ¥ G G 138

cDNA GCTGCCGGGG CAATAAGAAC AGCTACCGCT CTGAGGAGGC CTGCATGCTC 603
translation C R G N K N S§ ¥ R § E E A C ML 154

CDNA CGCTGCTTCC GCCAGCAGGA GAATCCTCCC CTGCCCCTTG GCTCAAAGGT 653
translation R ¢ F R Q Q E N P P L P L G § K ¥ 1711

CDNA GGTGGTTCTG GCGGGGCTGT TCGTGATGGT GTTGATCCTC TTCCTGGGAG 703
granslation ¥ ¥ L A & L F ‘'Y M ¥ 1 I L F L G A 188

cDNA CCTCCATGGT CTACCTGATC CGGGTGGCAC GGAGGAACCA GGAGCGTGCC 753
translation S M Vv Y L I R V AR R N @ E R A 204

¢DONA CTGCGCACCG TCTGGAGCTT CGGAGATGA 782
translation L. R T V W S F G D 213



.25 5 CTC&%%I GGC TCA AAG TAG GAA GAT CTT CCC CCC GGG @epmnss7/03894G .GI' T
CTG GCG " (SEQ ID NO 62). The stop codon was in frame with
t he sequence encodi ng. pl acental bi kuni?3/4hd caused term nation

i mmedi ately followi ng the Lysine at am no acid residue 30 170, thus
encodi ng Gm&?ed pl acental bi kunin fragnment devoid of the put ative
t ransnenbr ane domain. The product fromdigestion with Pstl and Bgl |

was i sol akesa and cl @CBOGAQGTIG GIASGBERASACECGGETCTS AROGCAOTOA cBIGCOATTHA 50

Pl acent al cPfkuni n f rEEGREIRAGE1C GGy EFCASTRRGT ASCREAQICKUFROAZCERIPAR S but
whi ch i s cP¥hcat ed i’%?__" I Lﬁ@i@%&ﬁ@éﬁ%’#ﬁ&n@?‘hne 35
Seg.rmnt' DNA G -“%gu. GE Ci ‘=th { i’gg%%c 2 S
optinal a EAGRACAR { dcera Tt &1 &itcRée Bckte SHEa Rdizjian was

5h
harvest edcgfa 72 h pagkscscase
WO 97/ 33996anslation M A Q L
I nfection. After harvesting,

TGTGCGGGCT GAGGCGGAGC CGGGCSTTTC TeacccracP (50
€ 6L R RS RATF L a PCHUSPy/ 03894

t he bacul ovirus cell culture supernatant (2L)

was

affinity ¢ m as

. c .
purificatig e DA
et o B BT b

was adj uste

recadbaRbh
VR

adpist ed t 0 GFPABEASTECTOGECERRG EFBRECEFCC GEECHICESA BIAMGRERGTAQ 400
purified byanslatieq offatDgrtaphy dsitg 57 mk bbvi de Pafcr ehtifc Rallikfein
0

H SR by tieadl SRR ol

.
agen Fgfcgd 4§gat eri al

subj ected to chromatography on a

Cl18 rever ggnphase colrcoerachr (Gerc2BACnN) TGTCACTEARIIGGADTCTGed AcTrideesT 500
acetonitrtksndlatborl® TFARat Wa W oW Mat eVoff 10 Bm &. CThe

CDNA
translation

CDNA
translation

cDNA
translation

cDNA
translation

cDNA
translation

cDNA
translation

¢DNA
translation

cDNA
translation

cDNA
translation

cDNA
translation

cDNA
translation

cDNA
translation

GTATGGGGGC
Y G G

GCCTCAAGAA
L K K

ACCAGCAGGA
T 8§ R N

GGATTCTGAA
D S E

CCGCCAACGC
A N A

TTTGACGTGG
F D V E

GGGCAATAAG
G N K

TCCGCCAGCA
R Q Q

CTGGCGGGGC

TGTGACGGAA
€C D G N

ATGTGCCACT
C AT

ATGCAGCGGA
A A D

GACCACTCCA
D H § §

AGTCACTGGG
v T G

AGAGGAACTC
R N §

AACAGCTACC
N S Y R

GGAGAATCCT
E N P

TGTTCGTGAT
F.Y M

L F Vv

ACAGCAATAA TTACCTGACC AAGGAGGAGT

S N N

GTCACAGAGA
v T E N

TTCCTCTGTC
§ § vV

GCGATATGTT
D M F

CCTTGCCGTG
P C R A

CTGCAATAARC
C N N

GCTCTGAGGA
S§ E E

CCCCTGCCCC
P L P L

GGTGITGATC
¥ L I

Y L T

ATGCCACGGG
AT G

CCAAGTGCTC
P S A P

CAACTATGAA
N Y E

CATCCTTCCC
s F P

TTCATCTAIG
F I ¥ G

GGCCTGCATG
A C M

TTGGCTCAAA
G § K

CTCTICCTGG
L _F L G

K E E C

TGACCTGGCC
D L a

CCAGAAGGCA
R R Q

GAATACTGCA
E Y C T

ACGCTGGTAC
R W Y

GAGGCTGCCG
G C R

CTCCGCTGCT
L R C F

GGTGGTGGTT
Yy v . v

GAGCCTCCAT

L A_G L

GGTCTACCIG
vy. Y L

ATCCGGGTGG
I R VvV A

CCGTCTGGAG
v W S

GTCCTGTGAC
v L »

CTCCGGAGAT
$§ G D

CGCCCTGTCG

CACGGAGGAA
R R N

GACAAGGAGC
D K E @

CCAAGAGGAC

CCAGGAGCGT
Q E R

AGCTGGTGAA
L VvV K

TGGGGAAGGG

-A_S .M

GCCCTGCGCA
A L R T

GAACACATAT
N T Y

AGGGGAGACT

40

53¢
57
600

73

650
90

7060
107

150
123

800
140

850
157

900
173

950
1%0

1000
207

1050
223

1100
225
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bi kunin was eluted with a linear gradient of 10 to 80% acetonitrile in 0.1%
TFA over Ag mn. Active fractions vvere%%?ol ed, lyophilized,

redi ssol ved in @;MMFd@ﬁpﬁ (pH 7.5), 0.13WH&&C , 2 nM CaCl2, zfrﬁ:a‘f'éﬁ9ms94..w
triton x-100, and stored at -20[err]Cuntil needed. The concentration
of reconbi nant B¥uni n VagcH&ler m ned by am no acid anal ysi s. '

Resul ts. Re i nant i, CORT TR AR Gf&rom bacul ovirus ‘cel | 15

cul ture super t usin erdrrre T3t govvn bel ow, to
yield an acti w@nh! YPSi N Toduichs ™8 f %‘%@s GAGTGATCA 115
Purificati on ebngeconbi rﬁmcud@n"‘ Gocasea TAGEAGH9 Eggé?ﬁﬁrcantzo 0
TABLE 8 Puwa f i cat | GFTTSRNAT ¢ T CTdeC o TGAT§GA R85
Step tona ATGG”“%@&GTAG(@G?TGGAAT Y CATTGoepas 2300
(U OD) nat ant aap . nc: pinic TEIT GRor f 1350
Kal I'i krei n 8.0 0.12TTC CAGrafGrrg acADT carrcrehis 1aef

C 18 0.4  3.84 154 Ticanana TCCCCTITAG 150
rever se- phase Chr omat ogr aphy of the crude mater over an

i mmobi |i zed bovi ne pancreatic kallikrein affinity colum sel ectively
isolated 0.013 % of the protein and 0.67 %of the trypsin inhibitory
activity present. The majority of the 25 trypsin inhibitory activity
present in the starting supernatant did not bind to the imobilized

kallikrein and is not related to bikunin (results not shown).

Subsequent chromat ogr aphy usi ng C18 reverse-phase yielded a further
purification of 5-fold, with a recovery of 0.2% The final preparation was
hi ghly



ure by SQ?B,S@%”%H gure 13), exhibiting an M of 21.3 kDa, pidudonasis’d.Qn

I mmun o rabbit anti-placent aI Py(unl n 102- 159 (not shown).
N-term_nal sequenci ng (26 cycles) yiefded the expected sequence for
mat ure pl acent al bi kunin (Figure 4F) starting at residue +1(ADRER ...)
, showi ng FIGURE4G si gnal 61
WD 97/ 33996 PCT/ US97/ 03894

peptide WaspCOidsnll ¥ processed in Sf9 cell smir azangvsriy Biidscofla pl-acent al
bi kuni n f reeE Sfdhecel | s (100 pnol ) was pyrixtost.sRsrRaFLALL @bkntlsatred, -CNBr
di gest ed QednA haeneequenced wi thout resol BAQLEGLOARSRABLALL GSLIZSGVLA NGl

fragnments. Sequencing for 20 CZC| es y| elded the followng NNtermnii: 5
Sequence EST consens ADRERSIHDF C Mﬁ%ﬂa?%sgmrm@m# 50
L RCFr QQENIBSRpggne  ADRERSIHDE C gw%a RA. SNN 50
ADRERS| HDPEPVS &R APRERSTHDE, GL B ras R VD* F g 59

FNYe EYCTAWS?%HM@ECL&K éﬁrmmu's D%Q'Psmaiégséﬁgg §é’_ﬂassnus 100
Pr--Y- V- dgorQfoné G YLTKEECLKK CATM@NATG DZATSRNALAD {$Vpchp EOMESDME 100 Thus
N-t er m ni iAcoRK rdaspsnzhmgzcmueammrm@mmdSMmamgmﬂssomrmo
recovered. This confirns that the Sf9 expressed ote| n contai ned the

entire 15 Esécﬁﬁggﬁﬁlw Mcgrﬁﬁ’c F‘%m VERNR ﬁm E’Fggﬁ al
sequenci n rﬁg Mnﬁﬁﬁ, cent al
Bi kuni n (%E‘%)cl"@ T t| N an am no aci d Sequence %g yele 30

was devoi %s@fc&!l%nE’Ttbﬁ.ﬁbMQ ENPPLPLGSK RVARRN 200
PCR clone ACMLRCFRQQ ENPPLPLGSK RVARRN 200
ACDNA clone ACMLRCFRQQ ENPPLPLGSK RVARRN 200
EST consens QERALRTVWS SGDDKEQLVK NTYVL ' 225
PCR clone QERALRTVWS FGD 213

ACDNA clone QERALRTVWS SGDDKEQLVK NTYVL 225



acid (PTH-a ara i ne was expected). A simlar result was ol};-[]élii mg@gn_w ‘
sequenci n¥ natural protein fromhuman pl acenta (Exanp and is 20

consistent wt h this residue being-glygps ated as predicted fromthe am no
aci d sequence surroundi ng this asparagi ne residue. Furthernore, the
cysteine residues within this region were also silent consistent with
their participation in di sul fide bonding. 25 Exanple 10

I nhi bi-tion specificity of purified placental bikunin derived from Sf9
cells. The in vitro specificity of reconbi nant bi kunin was
determ ned using the material s and net hods as described in Exanples 3,

bi i n' s moaeiicaion OFPlacepral A HELAL SURBRIE 17 TR REkalitht " ™

kal I'i krei n reconbi nant bi kun| nin buffer containing 50 MM Tris (pH

9.0), 50 nmM mm—at—37iQ r|C, 5
[err]] of 2 nM FR-AMS-V\@gmﬂded and the change'l 0 fl uorescence

noni t or ed. I nhibition of tiss pl asm-,nogen acti vat dr (tPA) was
al so deter mgr}«fasd as--@b-- f & Trowis Inhibiivh ( si ngl cha:l n ’Eo m from hurmgn pel anoma
cell cultur rom Sigma Chem cal Co, Lq'w s was pr e-fr n¥Qibat ed
Wi th inhibitor for-wFhr &StKallilbgminhibition t enp Tr| s Quffer pH
7.2 containing 50 mM NaCl, and 0.02% Reacti dns were?2
subsequently% tiated by transfer to a rfea

_Lum{;m d

3
62 D7/ 33996 €
PCT/ usw/ 03894. ;
8 3
0.05+ L 40 ;a:
®
o-/\/\/ /J ;' L 20
]
cg H
00 . OQ E
-0.05 T T _E.SE -7 T 0
S " = = bS] 4 =
Retention Time

FIGURE §



system conpri SYQ§733986 fol lowing initial component concentrati O?W}SF@%?. 5
nM, inhibitor O to 6.6 [err]M Dile-Lpro-Larg-pNtroaniline ( % M

Tris buf fer pH 8.5 containing 0.0043/4(Vv/v) triton x-100 and 0.005%
(v/v) sodium azide. Formation of p-Nitroaniline was deternmined fromthe
A405nm neasured 5 foll ow ng incubation at 37 C for 2hr. - The
t abl e bel ow show the efficacy of reconbi nant bi kunin as an inhibitor
of various serine proteases in Vitrey a i s shown conpared agai nst data
obt ai ned for screening i nhibition usingeither reconbi nant bi kunin, or
aprotinin. 10 & Table 9 Qgrrpari sons of Ki values for the inhibition
of various prot&#};es by recanbl nant .pI acent af, bi kunin (1-170) or
aprotinin ABLCE 9 Protease IRPcorrbl Fant
Aprotinin (goncent r Sh=on)y Bi kuni n Ki nM Trypsin
(48.5 pM 0. 064 0.8 B 3118
19.0 Kallikgein (2.5 nM ofjos4 §
0. 004 Kalli krein (0.35 nV reatt c 0.12%°
0.02 Kal | i kfein (100 pM 50f23 2
13 (50pM factor o 6 | nhi bi tion
at 31 [err]M factor Xla (0.1 nM o 28% tissue
pl asm nogen < pO no i nhi b|t|on JefriMg
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activator (7.5 nM Ti ssue Factor Vila 800 _ no

i nhibition a{? é r] M 15 The results show that -reconbi nant-- ~
bi kuni n can QgJ essed in insect 4iel s to yield an abETEs Wﬁ?“ease
inhibitor that is effective against at % east five di fferent serine
protease inhibitors. Reconbi nant bi kunin was nore potent than

aprotinin against human plasma kallikrein, trypsin and plasm n.
Surprisingly, 20 t he reconbi nant bi kunin was nore potent that the

synt hetically derived bi kunin fragments (7-64) and (102-159) agai nst
all enzynes tested. These data show that reconbi nant bikunin is nore
effective than aprotinin, using in \Flgure 7 assays, and that one would
expect better in vivo potency. Besi des neasuring the potencies
agai nst specific proteases, the capacity 25 of placental bikunin (1-170)
to prolong the activated partial thronboplastin time (APTT) was

eval uated and conpared with the activity associated with

63 WD 97/ 33996

PCT/ US97/ 03894. aprotinin. | I’IFII bitor was dil aed in 20 MM Tris buffer
pH 7.2 containing 150 MV NaCl and 0. 02%: sadi 'm azi de. ind-added (0.1 nl)
to a cuvette contained Wi thin an: IVLA Ele ' u-onatlc Coagul ati on
Ti mer coagul onet er ( Medi cal - L. +*lnc., Pleasantville,

N.Y.). The instrument was 5'- set-,_,_

a 300 sec g_ctlvatlon
time and the duplicate rmde i
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Fol | owi ng ad | nof 0.1 mM of plasma (Specialty Assayed R Iasma
| ot g &1%?&6 Hel ena Laboratori m eaunont , t he iﬁ%
( Aut omat ed APTT-1 ot 102345, fro Sanon Tekn| ka Cor p., Durhan, NC)
and 25 nv . automatically dispensed to initiate cl otti ng, and
the clotting tfﬁ@ﬁ&%@ nmoni tored automatically. The results (Figure 14)
showed that a doubling of the clotting tine required approximately 2
[err]M final aprotinin, but® pnly O [err]M Sf9 derived placent &l
bi kuni n. These data sH®w that al bikunin is an e$ Tve
anticoagul ant, and useEul 402 a anment for diseases involving
pat hol ogi c act i vati ongf the intri of coagul ati on.
Al t hough certain enbol nent s] p
detai| for the purposeof dol
t hose skill ed in the ar]
herein may be nodifiedE

t he invention. Accordlglgl y20 1 he 20

t he appended cl ai ns. > 1
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64 SUBSTI TUTE SHEET (RULE 26) WO
97/ 33996 WO 97/33996 PCT/ US97/ 03894 WE CLAI M pCTIUSYT038eY
substantially purified protein, having serine protease inhibitory

activity, selected fromthe group of proteins consisting of materials each
of 5 which conprises one of the foll owd&fdiam no acid sequences, the am no

aci ds of sai d sequences being nunbered in accordance with the am no
aci d sequence of "native human pl acental bi kunin shown in figure 4F in

whi ch the N-term nal resi due generated by renoval of signal peptide is
desi gnated as residue 1: _

Figure 9B

Figure 9A
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10 ADRERSI HDF CLVKVVGRC RASMPWAYN VTDGSQLFV YGGDGSNN 50

YLTK EECLK waBwsieeN DLATSRNAAD SSVPSAPRRQ DSEDESSDIVF PEPUSITI03894 T
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFI YG3ZRAXGNKNSYRSEE 150
ACMLRCFRQQ ENPPLPLGSX 170 (SEQ
ID NO 52); 15 MAQLCGL RRSRAFLALL GSLLLSGVLA

-1 ADRERSI HDF CLVSKWGRC RASMPRWWN VTDGSCQLFV YGGCDGNSNN 50
YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDVF 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFI YGGCR GNKNSYRSEE 150 20
ACMLRCFRQQ ENPLPLGSK VWLAG.FVM VLI LFLGASM VYLI RVARRN 200
QERALRTWW\S SGDDKEQLV( NTYVL 225 (SEQ
I D NO 49); ADRERSI HDF CLVSK%@& N VTDGSCQLFV YGGCDGNSNN
50 25 YLTKEECLKK CATVTENATG DLATSR PRRQ DSEDHSSDMF 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFI YGGCR GNKNSYRSEE 150
ACMLRCFRQQ ENPPLPLGSK VWLAGLFVM VLI LFLGASM VYLI RVARRN 200
QERALRTWWS SGDDKEQLVK NTYVL 225 (SEQ
ID NG 70); 30 AGSFLAW. GSLLLSGVLA - ADRES| HDF CLVSKVVGRC
RASMPRWAWN VIDGSCQLFV."YGECDGNSNN .~ 5 0 1YLTKEE K CATVTENATG

DLATSRNAAD SSVPSAPRRQ, DSEDHSSDIVF
RWYFDVERNS CNNI YGGGR :G\IKNSYRSE
VWLAGAVS -

100 .7 NYEEYCTANA. VTGPCRASFP
15@_;_35 . ACMURGFRQQ: ERPPL PLGSK
Co (SEQ D NG

SUBSTITUTE SHEET (RULE 26)
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M.R AEADGVSRib o kISG\/LA -1 ADRERS| HDF - CLVSKWWGRC RAS@Q&%%R%{ -
VTDGSCQLFV YGGCDGNSNN 50 YLIGERECLKK CATVTENATG DI

SSVPSAPRRQ DSEDHSSDVF - 100 NYEEYCTANA VTGPCRASFP RWYFDVERNS

CNNFI YGCR GNKNSYRSEE 150 5 ACMLRCFRQQ ENPPLPLGSK VWVLAGLFVM

VLI LFLGASM VYL| RVARRN 200 QERALRTVWB SGDDKEQLVK NTYVL

225 ° (SEQ ID NO 45); MAQLCGL
RRSRAFLALL GSLLLSGVLA ~ -1 10 ADRERS| HDF CLVSKVGRC RASMPRWAYN VTDGSCQLFV
YGGCDGNSNN 50 YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ
DSEDHSSDH 100 NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFI YGGCR

G\KNSYRSEE 150

® . L - Sealoued o
o~ f founni
o " opsn g @

Boiw e
- A

g: o Bju0R|d ™
B o o

Figure 11A
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ACMLRCFRQQ ENPPLPLGSK VWLAGLFVM VLI LFLGASM WALI R- ARRN 200

QERALRTWWS 097733996 - BrusHmnesa( SEQ
I D NO 47); ADRERSI HDF CLVSKVWGERC RASMPRWWAYN VTDGSCQLEV _
YGGCDGNSN ERR] | 50 YLTKEECBRK4ICATVTENATG DLATSRNAAD SSVPSAPRRQ
DSEDHSSDIVF 100 NYEEYCTANA VTGPCRASFP RWYFDVERNS' CNNFI YGGCR
GN\KNSYRSEE 150 20 ACMLRCFRQQ ENPPLPLGSK VWLAG.FVM VLI LFLGASM
VYLI RVARRN 200 QERALRTWS FGD
213 (SEQ ID NO 71); | HDF CLVSKVWGRC RASMPRWAYN VTDGSCQLFV
YGGCDGNSNN 50 25 YLTKEECLKK CATV
64 (SEQ I D NO 4); CLVSKWWGRC RASMPRWAYN VTDGSCQLFV YGGCDGNSNN
50 YLTKEECLKK C 61 30
(SEQ ID'NO 5); YEEYCTANA VTGPCRASFP RWYFDVERNS CNNFI YGGCR
GNENSYPSEE 150 ACMLRCFRQ
159 (SEQ ID NO 6);
<
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35 CTANAVTGPC RASFPRWYFD VERNSCNNFI  YGGCRGNKNS YRSEE 150

ACMLRC WO 97/33996 - 156 .
66 WO 97/ 33996 . PCT/ USEA ¥59393894
(SEQ ID NO 7); | HOF CLVSKWGRC & PRWAWYN VTDGSCQLFV YGGCDGNSNN

50 YLTKEECLCKK CATVTENATG DLATSRNAAD SSVPSAPPRQ DSEDHSSOVF 75 5
NYEEYCTANA VTGPCRASFP RWYFDVERNS %%G\IKNSYRSEE 125

ACMLRCFRQ 159 ( SEQ
ID NO 3); CLVSKWGRC PASMPRWAYN VTDGSCQLFV YGGCDGNSNN

50 10 YLTKEECLKK CATVTENATG DLATSRNAAD SSVPSAPRRQ DSEDHSSDM 100
NYEEYCTANA VTGPCRASFP RWYFDVERNS CNNFI YGGCR GNKNSYRSEE 150 ACM_RC
156

1 2

45 kDa
29

18
14
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(SEQ 1.D NO .. 15 ADRERSI HDF CLVSKWGRC RASMPRWAWN VT FV
YGGCDGNSNN wg@”"”ﬁ’g YLTKEECLKK CATVTENATG DLATSRNAAD gg@’% 894 - . ~
DSEDHSSMF 75 NYEEYGTANA VT@PERASFP . RWYFDVERNS CNNFI YGGCR
GNKNSYRSEE 125 ACM_RCFRQQ ENPPLPLGSK VWWLAGAVS

179 (SEQ ID NO 1); and 20 ADRERS| HDE CLVSKVWGRC' RASVPRWAYN
VTDGSCQLFV YGGCDGNSNN 50 YLTKEECLKK CATVTENATG DLATSRNAAD
SSVPSAPRRQ DS 92 (SEQID NG 8). 25 2. A protein as in
claiml1, wherein said protein is glycosylated, or contains at | east

one intra-chain cysteine-cysteine disulfide bond, or is both glycosylated
and contains at |east one intra-chain cysteine-cysteine disulfide bond.

3. A pharnmaceuti cal conpositi onFﬁgurim]mbi ting serine protease activity,
30 conmprising a protein of claim1Tor claim2 plus a pharmaceutically
accept abl e carrier. 4. An isol ated nucl ei c acid sequence

whi ch encodes for a protein of claim1. 35 5. A self-replicating
protein expr esgi_wr‘f arcaontaining a nucleic acid ——sequence which
encodes for an s capabl e of expressing a protein of ¢laim of claim
2. 4
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shock, fibrosis, disease associated with pathol ogic bl ood coagul ation or

clorting stroke., cerebr " mﬂﬂ d henorrhage, inflanmation of the

20 brain, inflamation B“‘mumm cerebral spinal infection,.

cer ebral gr anukontt osi &, Spi naI | nfection, spinal

granul omat osis. or open heart surgery 9. The et hod of

claim 7 wher&in sairgetberhfirgnhabiting Styaxstpmtcasean@étv coperisingaontaciing

cancer, or psasinemprotease ovithan effective amount of @-east one protein of dgm 1 oM\ net hod f or

the preparatclamdf a nedicanent for the treatnent of brain

edema, spinal cord edema, multiple sclerosis, ischema, peri operat I ve bl ood

| ess sepsis, 7sept AQnahea:ibn}idﬁaﬁﬁgscnﬁxﬁm&rwema,tmm pat hol ogi ¢

bl ood edema, nft ﬂykaéxbge iSdhemta b aﬁ{ewiﬁmgsegéa%aéeﬂé subar achnoi d
hermorrhage, ghoc, fi ré ,,dxé %Eﬂi?izécﬂﬂftﬁ’{nﬁxﬂl% R'bat cdahlbA@nal | on of the

spi nal chorl l ﬁﬁl CHk ar subarachnoid hehﬁfr%ﬁ%:‘ ah rc@'lhc

granul o i do%é?ﬁ é%ai ét?dr&,l%&&ﬁ%u af ﬁ@éce ?Swa%%“

heart sur gefgran&%ﬁm{dsfs %ﬁxﬂaﬁ%&cr&%{ spindl rdndlbndtosiOlo

net asti si s, t of a

|ve a
protein of cﬁmﬁ ARSI ’E% Rcet, o provent 'ﬁet et% é"%ﬁu oe[err]tical
carier or ex 1gtoasub; having such a co ncnanA* B {)ﬁrf:apari ng a
proein OIS c| BIPHIM o552 LeRP8imdi ng ' reconbi nant DNA t echnol ogy.

3 The method of cleim 7 wherein said condition is brain edema, spinal

cord edema, multiple sclerosis, ischemia, perioperative blood Joss, sepsis, sepric
shock, fibrosis, disease associated with pathologic blood coagulation or
clotting, stroke, cerebral or sibarachnoid hemarrhage, inflammaticn of the

20 brain, inflammation of the spinal chord, cevebral spinal infection, cerebral
granulomatosis, spinal infection, spinal granuiomatosis, or open heart surgery.

9, The method of claim 7 wherzsin said condition is gastric cancer, cervical
cancer, or prevention of matastisis.

10, A methed for the preparation of a medicament for the treatment of brain
edema, apinal cord edema, muitiple sclerosis, ischemia, perioperative blood
Iess, sepsis, septic shock, fibrosis, disease associated with pathologic bload
coagulation or elotting, stroke, cerebral or subarachnoid bemorrhage,

3¢ inflammation of the brain, inflammation of the spinal chord, cerebral spinal
infection, cerebral granulomatosis, spinal infection, spinal granulomatosis, open
heart surgery, gastric cancer, cervical cancer, or prevention of metastisis,
comprising combining an effective amount of a protein of claim 1 or claim 2
with a suitable pharmaceusical carrier or exocipient.

35
1L A method for preganng a protein of claim 1 orclaim 2 using
recombinant DNA technology.
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