METHODS OF GENERATING AND SCREENING FOR PROTEASES WITH ALTERED SPECIFICITY
BACKGROUND OF THE INVENTION 5 Enzymes are used within a wide range of applications. An
important group of enzymes is the proteases, which cleave proteins. Many processes cleave target
proteins specifically at defined substrate sequences. This tendency for specific cleavage by proteases
is refereed to as substrate, or substrate sequence, specificity. Substrate specificities associated with
different members of the diverse families of proteolytic enzymes can be attributed, in 10 part, to
different sets of amino acids within the binding domain, that are utilized by each enzyme family for
substrate recognition and catalysis. A rational approach to engineering mutant enzymes has been
successful for sevERIHOPSSOT SENBRUTINGINDISCREENINCFOXPROTRASES
crystallographic data to reside within{ygpmdnaeeispf SphiETovEsghanged to one of several

different amino acid residues. The resulting enzyme 15 derivatives showed dramatic changes in
specificity toward substrates with increasing hydrophobicity and amino acid size (Wells, et al., Cold
Spring Harb. Symp. Quant. Biol., (1987) 52: 647-52.). Another bacterially encoded serine
endopeptidase, a-lytic protease, has also been rationally altered by changing methionine 192 to an
alanine. The resulting mutation within the active site of the enzyme appears to have increased
structural flexibility 20 of the enzymeggiiyasstieuNIegespliipavyiicitetease derivative has a broader

substrate specificity towards larger, more hydrophobic targets (Bone, et al., Biochemistry, 1991, (43)

10333-98), 1 The seting, Braleasadiean euRRsMel adied [l af teiaiedepdgpeptidases,

characterized by their so-called catalytic triad: Asp His Ser. Within a family of similar” proteins, the
regions of consEREREHiS ST esehIdry briertEe R Rt Mere REYpEeSi e RYS d2rgsb a&Htte s involved in
the active site(speamivial} asiethed rebitturstapacRNIasastiNdy:Hor SexBeNevifeomambais of the
catalytic triad are far apart in the primary structures (amino acid, seguence) of serine proteases, but
theas residucs &S Bttt I O B e g A mo i FRETES of
these proteins. Géritidprotaesseberiité thn divesiyamibebstrndesdyfifansames ognitanproisdriles: some

afethig;‘M@peﬁé&(@@?ﬁﬁ@%ﬁ%@%@%ﬁ%ﬁ&?@f@;‘?ﬂﬁﬁgiﬁﬁ?ﬁg|%<Si%iat§_,rt§am?eiﬁ%ﬁ%@?}19agﬁ’mpéement
system); some are only partially specific (i. e., the mammaljan digestive proteases trypsin an
chymotrypsin): SRFBHHERDHS SISHRERc L PRl SAREES, A e B h BRI HE SETEERRE Despite
these differencesitans pagifieit hatHeaatadyticiridohsaven phiserse Hroteases snivelhadnssdved,

consisting of a @f?ﬁHQE%Q?MﬁMMﬁg&&BﬁE data to reside within the binding cleft, of

subtilisin was changed to one of several different amino acid residues. The resnlting enzyme

15 derivatives showed dramatic changes in specificity toward substrates with increasing
hydrophobicity and amino acid size (Wells, et al., Cold Spring Harb. Symp. Quant. Biol,,
(1987) 52: 647-52.). Another bacterially encoded serine endopeptidase, a-lIytic protease, has
also been rationally altered by chang.ing methionine 192 to an alanine. The resulting
mutation within the active site of the enzyme appears fo have increased structural flexibility

20 of the enzyme active site. The resulting o-lytic protease derivative has a broader substrate
gpecificity towards larger, more hydrophobic targets (Bone, ef al., Biochemistry, 1991, (43)
:10388-98).



correctly positions the scissile peptide in the active site with five hydrogen-bonds. Once the 15 peptide
is bound, a hydrogen-bond network between the three invariant residues of the catalytic triad
catalyzes the hydrolysis of the peptide bond. This large family of proteases can be broadly divergent
in their sequence specificities despite being highly conserved in their mechanism of catalysis. 20
SUMMARY OF THE INVENTION The present invention is drawn to the generation and screening of
proteases that cleave proteins known to be involved in disease. The resultant proteins may be used
as agents for in vivo therapy. The invention is broadly drawn_ tg the modification of proteases to alter
their substrate 25 seque&n CHitSEs, 8o ThaF e ﬁ&%&%f%@%ﬁ@@%ﬁ%ﬁﬁaﬁ?&tem which is
involved with orlcaardeszadiatlicivgy-chllehearighotinde Asp HiscS env@Vitikin atRisilyadifiediprotease is a
serine protease, In another er ng%ggggal'gqﬂ{ fion, 4hi £98Céi[ﬁ 2d pr se s a cysteine
protease. One gmbodi’mente%z‘gthe invention i vo’%jlgrg generfg?i'ng a ﬁ?&g};%#%praﬁé?g%%ﬁugﬁces 30 to

be used to scredl§ F8TifHstImEd sfote s tina Fitrétnes welbasrethamaesiduseitanertant teleiiety. SKrstrate
sequence. 3n ongAspeckeHibissernbpadimantygashmestbesnthedibRanis anRcrleasaesatiold with a
number of mutations m dte to, eachtmemq)ergrthe Iitg?aﬁ?/. AqZﬁPr teaseg%agolgfas the same or a
similar sequencs 10 4 Khown Protease i BHEERBEHTSRT, Treal Ssia boud fer s fsiaree
another embodibyahe iy rrshtie ot ivddisghfidkidss proysteine protease. The cleavage activity of
each member of the liggaty ﬁ&é@%&?ﬁiﬁ%@%Mﬁ%&&é&%@é&&é@&éﬂ-&%ﬁ%@é@& dgsited target

protein. As a result, 5 proteases with the highest'cleavage activity with regard e desired substrate

sequence are derdiably prafisdicr Hsrrotaetn s Bbient epreniaionand the irseeits made to the
protease Hraffalohipldmenbsietem®, sdnd aieohip phtkigsiecBicli.8, homkmanabiges®g. 10, 11, 12,
13, 14,15,16,17,18, 19 or 20). 10 In another aspect of this.embodiment, the known protease scaffold
can include the pgﬁ%sgsa I Slsge%q%(_e%gg] 0 _Sﬁ@h%éﬁg/@negi’r%gisnu?%%g% é?ﬁaﬁl{lr%l%r&pﬁ@ﬁfﬁ?nin, Factor
Xa, urokinase t§{7eDisbiposeI et geritnihayy diskimetasnirotisityathy sty Agchraisinrafie type
serine proteasesd {4 p2Bakds & RIWBRAvEL ARANRE Y AHANE MnlrsissRnd Wivase. papain,

neutrophil elastase, plasma kallikrein, urokinase type plasminogen activator, 15 complement factor
serine protease%?%g&l\msgﬁl,s %?&?%L%%%&ﬁﬁ&g%&%@aﬁ|§}§fr%‘ﬁ& P ERggaponds. Once the

15 peptide is bound, a hydrogen-bond network between the three invariant residues of the

catalytic triad catalyzes the hydrolysis of the peptide bond. This large family of proteases can
be broadly divergent in their sequence specificities despite being highly conserved in their

mechanism of catalysis,

20 SUMMARY OF THE INVENTION

The present invention is drawn to the generation and screening of proteases that
cleave proteins known to be involved in disease. The resultant proteins may be used as
agents for in vivo therapy. _

The invention is broadly drawn to the modification of proteases to alter their substrate

25  sequence specificity, so that the modified proteases cleave a target protein which is involved
with or causes a pathology. In one embodiment of the invention, this modified protease is a
serine protease. In another embodiment of the invention, this modified protease is a cysteine
protease.

One embodiment of the invention involves generating a library of protease sequences

30 tobe used to screen for modified proteases that cleave a desired target protein at a desired
substrate sequence. In one aspect of this embodiment, each member of the library is a

protease scaffold with a number of mutations made to each member of the library. A
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In another aspect of this embodiment, the target protein is involved with a pathology, for example, the
target protein causes the pathology. The pathology can be e.g., rheumatoid arthritis, sepsis, cancer,
acquired immunodeficiency syndrome, respiratory tract infections, 20 influenza, cardiovascular
disease, or asthma. In another aspect of this embodiment, the activity of the detected protease is
increased by at least 10-fold, 100-fold, or 1000-fold over the average activity of the library. Another
embodiment of the invention, involves generating a library of substrate sequences to be used to

screen a modifiedbgrotea?E |£ order to detect which substratte 2%15e uenceés) {Qe modified protease
e?F-O B.Sﬁ scatiold has the same (ﬁ]a ar seguence 8 a OWEI groéea S, One . .
cleaves most efficiently. The'members of the ilgrary ate”made up of randomized amino acid

sequences, andmheditesnithis stefiinl] wloashemmishis: & thetiisanpdiitient pfdhe aseitioncthisured.

Substrate sequenggiWhichaiGolead MaslcrilgiRI R BeRRIGAREREE 8 14N another
aspect of this embodiment, the substrate sequencein a library is 4, 5, 6, 7, 308, 9, 10, 11, 11, 12, 13,

56
14, 15, 16, 17, FE2Per0 P oinedhiiAEteiR ishee fratsaeRdrom fedssradieasipodiiiferts ebstrate
sequence s a [pasicaiad tdty e pigieinciEhisstoagelipretginganihe dnvalvee isnbspathelagcdae example,
the target prote%gté%te%ne which a causes a pathology. In another aspect of this embodiment, this
pathology is 3 rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency syndrome, respiratory
tract infections, infludnzacbararpoeicel fizis askodiment hethwebairarvintenigpeds tofthaprelssisodiment,

the efficiency ofgleavage, of she detected: suBstraleseasienee dineeasesliy@aglgasi 1QJold, at least
100-fold, or at least 1000-fold over 5 the average activity of the library. In yet another embodiment, the

invention includés Bm&théd fol &5ty a patient having a pathology. The method involves
administering to the patmentlaprpeasé ithatoleadesna terfeiprgpienamohifddeith tvtpathelogy, so

that cleaving the,IRlGIH UERIBIDEARNAIGHIN IR AeaRSI AL STBCITEN hERatigloay can be

rheumatoid arthritis, sepsis, 10 cancer, acquired immunodeficiency syndrome, respiratory tract

infections, influBRXRAHIRPRERINAB NS HEROBIESth HUf PHABIREERIEXE S (R4 e meBliA%ent, the
protease can beypa setiieereteieaseMIsIDihesembodigent-aht e, inventionMhittoedibeghpseiease is

a cysteine protease. In another.aspect of thi badiment, the target protein causes the pathology.
15 The pationt FERAR S AP S0 P (RS KUY S Lo B P DU BP AL THCBntion can be 4
mammal,}dr moenpiament Sjors¢rinn areisaseh ARAMEPEG tshtreedpbrotidaeynapréising&rprorein can be

tumor necrosis §aGiah,

In another aspect of this embodiment, the target protein is involved with a pathology,
for example, the target protein causes the pathology. The pathology can be e.g., theumatoid
arthritis, sepsis, cancer, acquired immunodeficiency syndrome, respiratory tract infections,

20 influenza, cardiovascular disease, or asthma.

In another aspect of this embodiment, the activity of the detected protease is increased
by at least 10-fold, 100-fold, or 1000-fold over the average activity of the library.

Another embodiment of the invention, involves generating a library of substrate
sequences to be nused to screen a modified protease in order to detect which substrate

25  sequence(s) the modified protease cleaves most efficiently. The members of the library are
made up of randomized amino acid sequences, and the cleavage activity of each member of
the library by the protease is measured. Substrate sequences which are cleaved most
efficiently by the protease are detected.

In another aspect of this embodiment, the substrate sequence in a library is 4, 5, 6, 7,

30 §,9,10,11,11,12,13, 1«4, 15,16, 17, 18, 19 or 20 amino acids long.

In another aspect of this embodiment, the substrate sequence is a pért of a target

protein. This target protein can be involved in a pathology. For example, the target protein is

one which a canses a pathology. In another aspect of this embodiment, this pathology is
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tumor necrosis factor receptor, interleukin-1, interleukin-1 receptor, interleukin-2, interleukin-2
receptor, interleuln-4, interleukin-4 receptor, interleukin-5, interleukin-5 20 receptor, interleukin-12,
interleukin-12 receptor, interleukn-13, interleukin-13 receptor, p- selectin, p-selectin glycoprotein
ligand, Substance P, the Bradykinins, PSGL, factor IX, immunoglobulin E, immunoglobulin E receptor,
CCRS, CXCR4, glycoprotein 120, glycoprotein 41,.CD4, hemaglutinin, respiratory syncytium virus
fusion protein, B7, CD28, CD2, CD3, CD4, CD40, vascular endothelial growth factor, VEGF receptor,
fibroblast 25 growth factar, endothelial growth factor, EGF receptor, TGF receptor, transforming growth
factor, Her2, Cd%ﬁ‘%?@%ﬁ?@r@m’ BRGSO ARG SERIFKRB.- B2ty clin
dependent kinasefe2 t{oa idjiuenay cliridepentie dikisase-dtladk-4). Unless otherwise defined, all
technical and scientifi erein have the same aning as,commonly understpod by one of
ordinary skill in the artqé)%\{}vr%?gﬁgt |g(t|}n0\}ie;atlhnlt5|;(:?%111%%{1 gf%gg.e%ﬁl%nﬁ ﬁrﬁieeﬁgégcgn r#jg SF?a%)s similar or
equivalent to thGdesHescageaedpdnseasebby s deihthiolshad deastdOfefrldpottirass id98rbidwontion,

suitable methodmanpatesaisaendesestped below. All publications, patent applications, patents,
and other references g]]pegntion d heqrﬁin are incorporated by reference in_their entirety. In the case of

conflict, the 4 present e&i?f&(geh PTRCRY- ARt DR Re gt ir Brr PR Rliertals,
methods, and éxamplestirdaiystativestoly iand asadohistenged thehetimitingotahiealtyas and
advantages of the.i (0B Wi t oyyi | iption and.claims. 5
BRIEF DES_CRI?D%I% o%\ﬁﬂg%%%%%%%sg fg%%%@? 1%@%&%‘2%@%%%%%%@ %’ceiﬁasﬂg%?ﬁ%ce of
caspase-3, and a tabld® EBhEsRsHtG s smRsisgat<be nahelo o cachrdemnagitpioiie sepsikigure 2 is
a diagramifrom é@x{@@t,@tly;sﬁ@dlﬂﬁgﬁﬂﬁ!ﬂwﬁlﬂ'ﬁwﬂ&g 59@156&&%&9@?@!&%%@;&%&@%&%&” the )
inactivation sequence clegve 199AJIN218A grapzyme B, algng with a diagram showing the amino
& C arcgseXse or astlélma. %%r%ot%g}/aﬁpect o%\%égggﬁﬁxﬁagg%ﬁ)éﬁpgsg R"’g%EZiN

acid sequence of t g‘e)‘lzﬁsac Ivation sequence Si € enzyme sa
series of bar gradsiesshpRitigethin supbesembplinifeigf dfvifcaips, Giampdifiedmersgdsthe substrate

specificity of 199AdNZ1 B S5 ZM B8 M BigecP oF BR¢leRhodkadaigEA B S HR A daRlegontaining
kinetic data deriv@efg from the graphs in Figure 3A. Figure 4 shows a series of graphs from MAT DI

mass spectromé’ 24 peptide corresponding to the inactivation sequence in caspase-3 in the
presence &f wild-type @helpiS8AMN2I8A prankymne:g. the patient treated by the methods of this

invention can be a mammal, or more particularly, a human.

In another aspect of the embodiment the target protein can be tumor necrosis factor,
tumor necrosis factor receptor, interleukin-1, interleukin-1 receptor, interleukin-2,
inferleukin-2 receptor, interleukin-4, interleukin-4 receptor, interleukin-5, interleukin-5

20 teceptor, interleukin-12, interleukin-12 receptor, interleukin-13, interleukin-13 receptor, p-
selectin, p-selectin glycoprotein ligand, Substance P, the Bradykinins, PSGL, factor I¥X,
immunoglobulin E, immunoglobulin E receptor, CCRS5, CXCRA4, glycoprotein 120,
glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus fusion protein, B7, CD28,
CD2, CD3, CD4, CD40, vascular endothelial growth factér, VEGF receptor, fibroblast

25  growth factor, endothelial growth factor, EGF receptor, TGF receptor, transforming growth
factoi‘, Her2, CCR1, CXCR3, CCR2, Src, Akt, Bel-2, BCR-AD, glucagon synthase kinase-3,
cyclin dependent kinase-2 (cdk-2), or cyclin dependent kinase~4 (cdk-4).

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention

30 belongs. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In the case of conflict, the
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Figure 5 depicts a SDS PAGE gel showing bands for cleavage products of caspase-3 20 small
subunit by wild-type and 199A/N219A granzyme B. Figure 6A shows a graph plotting caspase-3 activity
over time in the presence of wild- type granzyme B and 199A/N219A granzyme B. Figure 6B shows a
bar graph showing the Vmax of the activity of caspase-3 in the presence of wild-type and 199A/N219A
granzyme B. Figure 7A shows a bar graph plotting apoptosis in cell lysates as measured by 25
caspase-3 activity in the presence of I99A/N218A granzyme B. Figure 7B shows a bar graph plotting
apoptosis in cell lysates as measured by caspase-3 activity in the presence of wildtype and increasing
concentrations SFISFATRES{isAtigPa kB pdebEifions pHIDEWOR R RGN GRHE MEHNAIE NEIDNEPrior to

setting forth theznyexdiapidn Aeinistearisisnleuns #6ac harainavihaidefiped. 30 The term "allelic
variant" denotes any O(Sﬁ\{\é? Qrmore al%ﬁrnative f%t s of a gene, occupying the same chromosomal
locus. Allelic variation afses Ratirany reugR i EfnY SR HILDeaarent Brevbefolop@morphism
within populatiofgtaidrisserintionsiclaine silent (no change in the encoded polypeptide) or may
encode polypeptides having altered amino acid sequence. The term "allelic variant” is also used
herein to denote a protein encoded by an allelic variant of a gene. 5 The term "complements of
polynucleotide molecules” denote %?#ig % molecules having a complementary base sequence
and reverse orientation as compa% 0 aﬁg %@&%ﬁ&ﬁ%@m& , the sequence S'
ATGCACGGG 3'is complementary to 5° CCCGTGCAT 3'. The term "degenerate nucleotide
sequence" denotes a E%%h%&%ﬂ@ﬁ%%%ﬂ@qwﬁmw exspagnS dadarteblite codons (as
compared to a refatedniog thelyninolecitideqmalaceteashat ensedepaveniypeptide). Degenerate codons
contain different triple otides. but encode the same amjno acid residue (i.e,, GAU and GAC
triplets each encode‘,@%&%&é)eﬁl%g orilxé#gg%' SASI 5?%&5%%%%?%0&% FIRRBET O SRR DNA
molecule that BrsiHess egnnshvstismmnaacoonisaed aniPRARI UA drimaymaBnavmptidund in nature.
15 DNA constraigyishayiag emihialdwnamaninyialionaanddne LdeslRngs srdolbgrconies of
manipulated m%ﬁc(#:ﬁ?h% NA segment” is a portion of a larger DNA molecule having specified
attributes. For example, a' DNA segment encoding a specified polypeptide is a portion of a longer

DNA molecule, such Szerpldsshicvor ptaissid tragradnisbainydhe sutsastéramt et donhe-§pe0
diection, encodagihe:sesHenc Rl ARIRR-ABASRI NG FRRCHISTSROMRSRULS, Th BT, Eypression
gmen .

vector" dellgotesFa DNA construct that comprises a Segme
1gure 3B shows a table contaming kinetic data derived from the graphs in Figure 3A.

Figure 4 shows a series of graphs from MALDI mass spectrometry of a peptide
corresponding to the inactivation sequence in caspase-3 in the presence of wild-type and
199A/N219A granzyme B.

Figure 5 depicts a SDS PAGE gel showing bands for cleavage products of caspase-3

20 small subunit by wild-type and I99A/N219A granzyme B,

Figure 6A shows a graph plotting caspase-3 activity over time in the presence of wild-
type granzyme B and I99A/N219A granzyme B. Figure 6B shows a bar graph showing the
Vmax of the activity of caspase-3 in the presence of wild-type and I99A/N219A granzyme B,

Figure 7A shows a bar graph plotting apoptosis in cell lysates as measured by

25 caspase-3 activity in the presence of 1I99A/N218A granzyme B. Figure 7B shows a bar graph
plotting apoptosis in cell lysates as measured by caspase-3 activity in the presence of

wildtype and increasing concentrations of [99A/N218A granzyme B.
DETAILED DESCRIPTION OF THE INVENTION

Prior to setting forth the invention in detail, certain terms used herein will be defined.
30 The term "allelic variant™ denotes any of two or more alternative forms of a gene

occupying the same chromosomal Tocus. Allelic variation arises naturally through mutation,
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encoding a polypeptide of interest operably linked to additional segments that provide for its
transcription in a host cell. Such additional segments may include promoter and terminator
sequences, and may optionally include one or more origins of replication, one or more 25 selectable
markers, an enhancer, a polyadenylation signal, and the like. Expression vectors are generally
derived from plasmid or viral DNA, or may contain elements of both. The term "isolated", when applied
to a polynucleotide molecule, denotes that the polynucleotide has been removed from its natural
genetic milieu and is thus free of other extraneous or unwanted coding sequences, and is in a form

suitable for use At GEABtEEMERRIpAVEIR B ST RRRElitanSy Sensmiaiipniemid molecules
are those that agBesepar dieshdio M bRibRAPERIRRNTOINRRY shcbiagoldp-cENALanR gaeasaic clones,

as well as synthetic polynucleotides. Isolated DNA molecules of t resent invention may include
.am& elz}gfe aﬂelﬁc vanant 18 af; 5 er%w&%gﬁﬂ?ﬁea% gfgteme )

naturally occurfing 5 and g URtAnSIated regions auch as promoters
identification 6 chestudmtedatbdiovesislidie gareent to one of ordinary skill in the art (see for example,

Dynan andsTijan, Natur&%&@ﬂéﬁ;%n}&%%fEfé{@ﬁ&%ﬂﬁ@%mea.%@ts&aomméiéﬁaéed" indicates

that the protein is found in a condition other than its native environment, such'as apart from blood and

animal tissue. IFPEIBTEIR PEY1E AT RTEBHAB ATD MBS IS ETREN P ERBE B SFUPRABEIAS,
particularly otheefieteinsqi-asinbdasginpll, hgiefesed TUIGUIdeGha pritedmislanbighty purified
form, i.e., at Ieaac%g/%&reig,referably greater than 95% pure, more preferably greater than 99%
pure. The term "operably ﬁh ed", when referring to DNA segments, denotes that the segments are
arranged so that they Fhscaon ifceonseeirferenbieirnerrace genpissescaugned ofmaplsetifeithanhitiates in

onotes & pOpaanCE o Bt B e P, Wl el
enotes a polypeptide oy protein obtaiped from one species that is,. the functional counterpart of a
polypeptide or p éﬁﬂcﬂ%er%aé’%fwgp&%gp%ﬁ&?%%&ﬁ%oﬁecoﬂw& COUARIAS foS?S 8$'ebﬂiie result
of speciation. 15nkhdettmsdipoymmolsndideidde tiote SAEimglds AT tinlsiesstionaedepdymer of
deoxyribonucleotide opripapycleatideagempeat HomithemdS e 5P Ry BAASRHAGS Include

RNA and DNA, and may be isolated from natural sources, synthesized in vitro, or prepared from a

combination of MR ASPAREFSSTAREHE MENAfeDbe fEAJMRRCISIIR MRS dehTBYEE R Ren herein
in terms of huclentidesdabkieviated intunbasa2hpairmkabalevisiethdep)ndhetesmerRupleotides” is
used for both sigg&géne%nqagg&pll%stﬁgnded molecules where the context permits. When the term is

S,

applied to double-stranded molecules it is used to denote overall length and will be understood to be

equivalent to the term #baddA segment" is a portion of a larger DNA molecule having specified attributes.
For example, a DNA segment encoding a specified polypeptide is a portion of a longer DNA
molecule, such as a plasmid of plasmid fragment, that, when read from the 5" to the 3'
20  direction, encodes the sequence of amino acids of the specified polypeptide.

The term “expression vector™ denotes a DNA construct that comprises a segment
encoding a polypeptide of interest operably linked to additional segments that provide for its
transcription in a host cell. Such additional segments may include promoter and terminator
sequences, and may optionally include one or more origins of replication, one or more

25  selectable markers, an enhancer, a polyadenylation signal, and the like. Expression vectors
are generally dertved from plasrmd or viral DNA, or may contain elements of both.

The term "isolated", when applied to a polynucleotide molecule, denotes that the
polynucleotide has been removed from its natural genetic milieu and is thus free of other
exiraneous or unwanted coding sequences, and is in a form suitable for use within genetically

30 engineered protein production systems. Such isolated molecules are those that are separated
from their natural environment and include cDNA and genomic clones, as well as synthetic
polynucleotides. Isolated DNA molecules of the present invention may include naturally

occurring 5' and 3' untranslated regions such as promoters and terminators. The identification
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pairs". It will be recognized by those skilled in the art that the two strands of a double- stranded
polynucleotide may differ slightly in length and that the ends thereof may be 25 staggered as a result
of enzymatic cleavage; thus all nucleotides within a double-stranded polynucleotide molecule may not
be paired. Such unpaired ends will, in general, not exceed 20 nt in length. The term "promoter"
denotes a portion of a gene containing DNA sequences that provide for the binding of RNA
polymerase and initiation of transcription. Promoter 30 sequences are commonly, but not always,
found in the 5' ngn-coding regijons Qf genes. A "protease’. is an_enzyme that cleaves peptide bonds in
proteins. A "profb 2SO iER TrE0RSE Y PEISHIER) haRtOE TEIRTETIHE Bribs ARt SRamBlty becomes
activated upon Bjeavagé Tijsa iGihes pro{ERSS, i THID. t&Vihe spphietoryapemahsaguanctiscendtes a DNA
sequence thal qngades 4. RRIVRGRILIE (Aaa8 plansRERISE) dahA%.A ComRRNeIL LA lRLger
polypeptide, directs the largerpolypeptide through a secretory pathway of a cell in WhiCh Ttis

synthesized. THPA SR plogdaptisimaldisnmolng prefvied formoihe i kiedgueidropswstadielburing
transit 5 thpougf-tBR SaEER IR ERAIDMUEY AR 8P MBSt ersRaURNSE  HengiesasRaevRR that is

specifically targeted for, cleayage b rotease. The term "target projein” denotes a in that is
cpeciically cloTETRIE B b R LIRNER 2 E: R RIS BT LAY e
residues in a proweasedieablyakeeptthe ¥ swate sequence binding pocket. They are numbered
sequentially from the r?&é’&ﬂﬁioébéﬁﬁl 1&&@1%&%@fﬁgwsfﬁ&§g§gg@gnd. The terms

"P1-P4" and "PI'-P4™ refer to the residues in a peptide to be cleavedthat Specifically interact with the

S1-S4 residuesSEHrats BEEgep s dhanfrsHBiac et Sos thsdtintendetRIERRES M 84 are the
positions o0 theshhterimioalisida-QfithRegiRavagtasiorosdasansiti-td atathe pesitiangdo the
C-terminal side O%hea%eavage site. (See Figure 2). The term "scaffold" refer to an existing protease

to which various mutations are made. Generally, these mutations change the specificity and activity of

the scaffold. An "isolatEes termparfidas pbpiepdaelrpopisten polsiolobjinty fHutvepmaiiss S8 tiereof is
substantially fregoficRiidial faaiesishPboiheL RPN FNGIPIRIRINSHeRNIBcRY. BEdissie source

from which the %r tease protein is derived, Qr subﬁggtia%r,ee from chemical precursors or other

chemicals wher ERERREARPSURAENE 2B St &°€aE®antially free of cellular material” includes
preparatiorfs of protea¥bepeotelipslimwiviahie" denotes a single- or double-stranded polymer of

deoxyribonucleotide or ribonucleotide bases read from the 5' to the 3' end. Polymcleotides

include RNA and DNA, and may be isolated from natural sources, syntbesized in vitro, or
prepared from a combination of natural and synthetic molecules. The length of a
polynucleotide molecule is given herein in terms of nucleotides (abbreviated "nt") or base
20  pairs (abbreviated "bp"). The term "nucleotides” is used for both single- and double-stranded
molecules where the context permits. When the term is applied o double-stranded molecules
“it is used to denote overall length and will be understood to be equivalent to the term "base
pairs”. It will be recognized by those skilled in the art that the two strands of 2 double-
stranded polynucleotide may differ slightly in length and that the ends thereof may be
25 staggered ag a result of enzymatic cleavage; thus all nucleotides within a double-stranded
polynucleotide molecule may not be paired. Such unpaired ends will, in general, not exceed
20 nt in length.
The term "promoter" denotes a portion of a gene containing DNA sequences that
provide for the binding of RNA polymerase and initiation of transcription. Promotér
30  sequences are commonly, but not always, found in the 5' non-coding regions of genes.
A "protease" is an enzyme that cleaves peptide bonds in proteins. A "protease
precursor” is a relatively inactive form of the enzyme that commonly becomes activated upon

cleavage by another protease.



the protein is separated from cellular components of the cells from which it is isolated or 25
recombinantly-produced. In one embodiment, the language "substantially free of cellular material"
includes preparations of protease proteins having less than about 30% (by dry weight) of
non-protease proteins (also referred to herein as a "contaminating protein”), more preferably less than
about 20% of non-protease proteins, still more preferably less than about 10% of non-protease
proteins, and most preferably less than about 5% of non-protease 30 proteins. When the protease
protein or biologically-active portion thereof is recom inantly-émg{g?ced, it is also preferably

substantially free of cUGFEPheBRIRPTY S1nAl SR SERATTS B PEqns#has S8 2006, more

preferably lesspblapeatide{z1'G8tredmgl papise ) nbber abdyctessoiian cfladatzbOpodftéeidg|diretoiithe
. . o ; N
protease prOte%?B&S%@Ha@&%ﬁgﬁ‘g%?&gq?ﬁmg& M@T%Q%EFWMSQ%&E,% other

chemicals" includes “preparations of protease proteins in which the protein is separa rom chemical

precursors or GiFESF BAYRMRES iheamaromy eIRAvEd dotFraneyh the sretston préde ftipesBSbodiment, the
language “substastialinéree:efehemmealprecursors or other chemicals” includes preparations 5 of

protease proteins ha less than about 30%,(/[3 dry wei h? of chemical precursors qr,,non-protease
chemicals, more pre;g% ms%u%g%ea%ﬂﬁ?nfﬁo ogé}?g%?csa%& 8 5%?)%3 R ﬁ%&%&%éﬁ%micals, still
more preferablyliessghbmnagiyotse£0% chemical precursors or non-protease chemicals, and most

preferably less than apgUi.nyeLhemicat RFERNSErS BloRARrqleasahamicaledll ienigaent

invention is drawn to methods for generating and screening proteases to cleave target proteins at a
given substrate*&¥§IehE% 2 PF#s%es are protein-degrading enzymes that recognize an amino acid or
an aminoi@cid substraiResefuctsieSafthife ctdaligetgidaiein.a Ppeasctagniienpiihabihstate
sequence, prpteases catalyze the h lysis or cleavage of a. peptide bond within a.target protein.
e myaroas P B B B R B e bona
within the contésewibehéofth-fitn gfiredeplenedhstsaisalabged-sequence. The specificity of proteases can

be altered through pratgin-eRgHEePNtind @ PLRICART5:6 B NASIES 10 19ePENIZEe R slRiRiRS€quUence

ithin a target protej roteins that I) alter the function |. inactjvation of the target
\;,)Vrlottlain(s) ugponSpfﬁlgﬁg‘é eﬁ%ﬁt‘fﬂ@%ﬁ%ﬁ%gé%@gﬁ Oﬁlﬂffj(al?.)f‘lfﬁ‘e }Iif?lége)éelpqﬁ&?ﬁ%fé?lﬂgef eogn?lzed or 20
unrecognifed asiptistssefinaiect laP 4rerienptisitifos engbethttamtisbadecd fdisieasess, siten the
engineered pro{aase b PIAGIARRYIGIEHRGLH IR & RIRIGOl SissMadiatRd nacivalion pyaRt 1)

. particular, proteases can be engineered to cleave receptors between their transmembrane and

cytokine binding domditfs!eTthe SER e GRETL AN BRI T REYEES AR SEERS SRUBHORS B°t@dGurface
of a cell or loopGegiaiis,abesthmrediont shangrabteghdeifivith endlettivhy dbiraindiivida
An "isolated" or "purified" polypeptide or protein or biologically-active portion
20 thereofis substantially free of cellular material or other contaminating proteins from the cell
or tissue source from which the protease protein is derived, or substantially free from
chemical precursors or other chemicals when chemically synthesized. The language
"substantially free of cellular material” includes preparations of protease proteins in which
the protein is separated from cellular components of the cells from which it is isolated or
25  recombinantly-produced. In one embodiment, the language "substantially free of cellular
material" includes preparations of protease proteins having less than about 30% (by dry
weight) of non-protease proteins (also referred to herein as a "contaminating protein"), more
preferably less than about 20% of non-protease pr(;teins, still more preferably less than about
10% of non-protease proteins, and most preferably less than about 5% of non-protease
30  proteins. When the protease protein or biologically-active portion thereof is
recombinantly-produced, it is also preferably substantially free of culture medium, i.e.,
culture medinm represents less than about 20%, more preferably less than about 10%, and

most preferably less than about 5% of the volume of the protease protein preparation.
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25 polypeptide chain. In one embodiment, the target protein to be cleaved is involved with a pathology,
where cleaving the target protein at a given substrate sequence serves as a treatment for the
pathology. In one embodiment, the protease cleaves a protein involved with rheumatoid arthritis. 30
For example, the protease cleaves the TNF receptor between the transmembrane domain and the
cytokine binding domain. This cleavage can inactivate the receptor. Rheumatoid arthritis is thereby
treated by inhibiting the action of tumor necrosis factor (TNF). 9 The protease cleaves the same
targets as activated protein C. This cleavage can attenuate the blood coagulation cascade. Sepsis is
thereby treated by supPfeAvenash Mestaily Seprbcirmical Berstesi ierhsaialFsinsiidemolecules

that are respongibjerftibisTarigraieiptorERraveinghiieseerRdphoatcesarOkexamprueieavage of
cell surface molecules can. i ivate their ability, to transmit extracelrular signals, e ecialglcell
proliferation sig%rﬁs.e\ﬁ%&ngﬁ%%g%aﬁdﬁ‘é [is‘:ega{%)({:heerbgg 59 gnéégﬁﬁg?%’réf%%%%n%ﬁ%i e of the

invention couldatmseeforabstaniidly fecerebtteariod pivuswthercispebendatli Bolblrdipreraratimprotease

could cleaye any jsaatopRIRindRR S EsPeRsIs.iI0N AP ISPHORAIATGE! 10

protein involved in cell cycle progression could inactivate the abilitoy of the protein to allow the cell
cycle to go forn PP SPEREBID PRI wa fhep ARor A0 Fheamsad BEREFFSES BFoliferate.
Therefore, the pratpasesoflibeinieistimoneke:bisdestatisraborrioss. drennathecemnhodiment of the
invention, the proje : rane fusion_.prateing found man immunodeficiency virus
(HIV), Respiraté?éegﬁr%:%gaeﬁ{ i%ﬁ]l%%g&gfngi{sp%%ﬁﬁ eqr?g%, i %?ﬁl%&@é%%m\}ﬁ?ugmaﬁ?ftgﬁnfect cells.
Without these rAghiBpiseests@igalsthese viruses would not be able to infect cells. Therefore, the
protease gould be useqad@-sasmi iavaieMeERiGRIRCHORNOCE YorRenéAkiaE iRzl RORIRE! to

embodiment of the inventjon, the protease cleaves the same target protein as plasminogen activator.
By cleaving the" 5?5%’(35%56%S%1ﬂ%a§earﬁggﬂ\f§l?gﬁafeﬁéew&%% ng%% %8?5%\18@@@%@ “¥ffthe case
of a stroke or héaitrettgoiee ansudnbyrcidobo enl aridnp tedpndismse scquetie withih asagtigatieant for

cardiovascular gisease. i aRPHIshAIRAdTRL QLIS IMRRLON. IS BIOISARS SRS GYIRIIRgS or

receptors that are jnvolved in inflammation as a treatment for asthma or other pathologies associated
with inflammatiBfPs RISV b RREIEFRIEr R Bio s pdbede L FPIRACHRAIAIIE S bignaling
cascade ihvolvéeparitiinmemihénidamiomié pepidchasbsitinatproisnsect dn thtrkbydbs:queaek tertreat

inflammation ang, @l‘%&?gem&lo qil?eSSpeciﬁciw of proteases can be altered through protein engineering.

If a protease is engineered to recognize a substrate sequence within a target protein or

proteins that would (7. alter the function i.e. by inactivation of the target protein(s) upon
catalysis of peptide bond hydrolysis and, (7.) the target protein(s) are recognized or

20 unrecognized as points of molecular intervention for a particular disease or diseases, then the
engineered protease has a therapeutic effect via a proteolysis-mediated mactivation event. In
particular, proteases can be engineered to cleave receptors between their transmembrane and
cytokine binding domains. The stalk regions which function to tether protein receptors to the
surface of a cell or loop regions are thereby disconnected from the globular domains in a

25  polypeptide chain,

In one embodiment, the target protein to be cleaved is involved with a pathology,
where cleaving the target protein at a given substrate sequence serves as a treatment for the
pathology. '

In one embodiment, the protease cleaves a protein involved with theumatoid arthritis.

30  For example, the protease cleaves the TNF receptor between the transmembrane domain and
the cytokine binding domain. This cleavage can inactivate the receptor. Rheumatoid arthritis

is thereby treated by inhibiting the action of tumor necrosis factor (TNF).



In another embodiment of the invention, the protease cleaves signaling molecules that are involved in
various signal cascades, including the signaling cascade responsible for the regulation of apoptosis.
For example, the protease cleaves a caspase. This caspase can be, 30 for example, caspase-3. By
cleaving a protein involved in a signal cascade, the protease can be used to inactivate or modulate
the signal cascade. 10 In some examples, the engineered protease is designed to cleave any of the
target proteins in Table 1, thereby inactivating the activity of the protein. The protease can be used to
treat a pathology associated with that protein, by inactivating one of the target proteins. 11 Table Y

Target Indicatioone_ Mibtatnieaesadenvis- e supringssimactixeriherotein f1L Tigs slstivaga tafammation,

Cytokine Rheusni@iigatishy deysdlbod@iihidsRAstbMafatakingetl deakle b2 Rpiningipdical disorders
Cytokine IL-4/IL-AR Asthma Cytokine TNF/TNFR Asthma, Crohn's disease, Cytokine HIV Infection,

Inflammation, pE&HAsE PHREFHTatoid arthritis CCRSICXCRA4 HIV infection GPCR gp120/gp4l HIV
Infection Fusion proteifhe@Bckét\tlerestinii Reeptorickiden dgititiniredpbindiriz dotrtfentidpredicision protein

RSV fusiorsprotgin Ray, iﬁ%@ﬁh%&’%}ﬁl@eﬂ%Qxﬂﬁgag%%ré}ngélp&ﬁ}a PRieluRRegnior

rheumatoid arthritis, transplant rejection, diabetes mellitus IGE/IgER Gratt-v.-host disorder, Receptor
transplant rejecifNtEEe ke ateliv te et srvcrbs B el rasatbr celpreifantinsisignels; psoriasis,
Without these signals, cancer cells often cannot proliferate. The protease of the invention
could therefore, be used to treat cancer. In another aspect of this embodiment, the protease
could cleave any target protein that is responsible for the spread of cancer. Cleaving a target
10 protein involved in cell cycle progression could inactivate the ability of the protein to allow
the cell cycle to go forward. Without the progression of the cell cycle, cancer cells could not
proliferate'. Therefore, the proteases of the invention could be used to treat cancer.

In another embodiment of the invention, the protease cleaves membrane fusion
proteins found on human immunodeficiency virus (HIV), Respiratory Syncytial Virus (RSV),

15 orinfluenza, inhibiting these virus’ ability to infect cells. Without these membrane proteins,
these viruses would not be able to infect cells. Therefore, the protease could be used to treat
or prevent infection by HIV, RSVm or influenza.

In another embodiment of the invention, the protease cleaves the same target protein
as plasminogen activator. By cleaving the target of plasminogen activator, the thrombolytic

20 cascade is activated. In the case of a sivoke or heart attack caused by a blood clot, the
protease can be used as a treatment for cardiovascular disease,

In another embodiment of the invention, the protease cleaves cytokines ot receptors
that are involved in inflammation as a treatment for asthma or other pathologies associated
with inflamnmation. By cleaving the cytokine or receptors, the protease can inactivate the

25  signaling cascade involved with many inflammatory processes. The protease can thereby be
used to treat inflammation and related pathologies.

In another embodiment of the invention, the protease cleaves signaling molecules that
are involved in various signal cascades, including the signaling cascade responsible for the
regulation of apoptosis. For example, the protease cleaves a caspase. This caspase can be,

30  for example, caspase-3. By cleaving a protein involved in a signal cascade, the protease can

be used to inactivate or modulate the signal cascade.

10



IL-21IL-2R Autoimmune disorders, Cytokine graft-v.-host disorder, rheumatoid arthritis
VEGF,FGF,EGF,TGF Cancer Cytokine Her2/neu Cancer Receptor CCR1 Multiple sclerosis GPCR
CXCRS3 Multiple sclerosis, rheumatoid GPCR arthritis CCR2 Atherosclerosis, rheumatoid GPCR
arthritis Ste Cancer, osteoporosis Kinase Akt Cancer Kinase Bcl-2 Cancer Protein-protein BCR-AbI
Cancer Kinase GSK-3 Diabetes Kinase cdk-2/cdk-4 Cancer Kinase The protease scaffolds are also
any of the proteins disclosed below in Table 2. Table 2 Code Name Gene Link Locus 501.010
granzyme B, GZMB 3002 14g11.2 human-type 501.011 testisin PRSS21 10942 16213.3 501.015
tryptase beta 1 TPSBInzene a@pides, e ongorsaplanoietil is30ded toalldereianylo5 HE k455125818
1913 3- 613 4 56301 a5 LUBRARLLIRALSU 020 blkiainh2 KRB 3013,5
801.021 g13.4 DESC1 protease 28983 4913.3 501.028 tryptase gamma TPSG1 25823 16p13.3 1
501.029 kallikreih et rpthplesy @é@)ﬁtfgdfgl #hat protein, by inactivating one of the target proteins.

L
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g13.4 801.033 hyaluronan- HABP2 3026 10g25.3 binding serine protease (HGF activator-like
protein) 501.034 transmembrane TMPRSS4 56649 119g23.3 protease, serine 4 501.054 tryptase delta
TPSD1 23430 26p13.3 1 (Homo sapiens) 501.074 marapsin 83886 16p13.3 501.075 tryptase
260429 homologue 2 (Homo sapiens) 501.076 tryptase homologue 3 (Homo sapiens) 501.077
tryptase 21q chromosome 21 (Homo sapiens) 501.079 transmembrane TMPRSS3 64699 21g22.3
protease, serine 3 501.081 kallikrein hK15 55554 19g13.41 (Homo sapiens) 501.065

Mername-AAO031 peptidaggédeduced from ESTs by MEROPS) 801.087 membrane-type 84000

mame-AA038

11923 mosaic serine Prg -
T arget indication Molecule class
IL-5/IL-5R Asthma Cytoldne
L-ALR Asthma, Inflarnmation, Cytokine
Rbeumatic disorders
IL-134L-13R Asthma Cytokine
H-12AL-12R Immunclogical disorders Cytokine
IL-4/iL-4R Asthma : Cytokine
TNF/TNFR Asthma, Crohn's disease, Cytokine
HIV infection, inflammation,
psorissis, eumatold
arthritis
CCRSBICXCR4 HIV infaction GPCR
ap120/gp4d HIV infection Fusion protein
Chd HIV infection Receptor
Hemaglhutinin Infiuenza Infection Fusion protein
RSV fusion protein  |RSV infestion Fuslon protein
B7/CD28 Graft-v.-host disarder, Recepior
rheumatold arthritis,
transplant rejeclion, dishates
mallitus .
lgEAgER Graft-v.-host disorder, Receptor
transpliant rejection
CD2,CD3,CD4,CDA0 (Grafiv.-host disorder, Receptor
transplant rejection, psoriasls, -
L-2M1L-2R Autolmmune disorders, Cytokine
) grafi-v.-host disorder,
jtheurnatold arthrits
VEGF,FGF EGF, TGF |cancer Cyftokine
Her2/neu Cancer Receptor
CCRt Multiple sclerosts GPCR
CXCR3 Multiple sclerosts, theumatoid GPCR
arthrifls
CCR2 Atheroselerosis, theumatoid GPCR
artiwifis
Sre Cancer, ostesponosis Kinase
g\kt Cancer Kinase
cl-2 Cancer Protej i
BCR-Ab Cancer NnazgpmtEin
GSK-3 Diabates Kinase
cdk-2/cdk-4 Cancer Kinase

i1

The protease scaffolds are also any of the proteins disclosed below in Table 2.

Table 2
Code Name Gane Link Locus
801.010 granzyme B, GZME 3002 l4qgll.2
human-type '
g01.011 testisin PRSS21 10942 16pl3 .3
801.015 tryptase beta 1 ] TPSBE1 7177 16p13.3
{Homo sapiens)
(111}
801l.017 kallikrein hKS KLK5 25818 19g13.3-
_ ‘ ql3. 4
501.0189 corin 10689 4pli-pl2

12




peptidase 501.098 Mername-AA128 peptidase (deduced from ESTs by MEROPS) 501.127 cationic
P1(561 5644 7935 trypsin (Homo sapiens-type) (1 (cationic)) 501.131 neutrophil ELA2 1991 19p13.3
elastase 501.132 mannan-binding lectin- associated serine rotease-3 501.133 cathepsin G CTSG
1511 14911.2 501.134 myeloblastin PRTN3 5657 19pl3.3 (proteinase 3) 13 501.135 granzyme A
GZMA 3001 511-g12 501.139 granz e M GZMM 3004 19p13.3 501.140 chymase (human- CMAl
1215 14811.2 type) 501.143 tryptase alpha TPS1 7176 16p13.3 (1) 501.146 granzyme K GZMK

3003 5g11-q12 5
16923.2 g23.3 5(

07,

021

Odod A2 granzyme oA MH. 299
tic ELA1.1990 14

xagpl1.7 50T 3 beZ €Nymotry.
501 154 pancr

gl3 elastase

5B e TRB111504
36.12

DESCl protease

28583

4g13.3

endopeptidase E

291,

028

tryptase gamma
1

TPSGL

25823

16p13.3

80L.

029

kallikrein hKl4

KLK14

43847

18¢g13.3-
qi3.4

80%.

033

hyaluronan-
binding serine
protease {(HGP
activator-like
protein)

HABP2

3026

10g25.3

501.

034

transmembrane
protease,
gerine 4

TMPRSS4

56649

11923.3

850%L.

054

tryptase delta
1 (Homo
saplens)

TPSD1

23430

16pi3.3

S01.

074

marapsin

B388B&

16p13.3

503,

075

tryptage
homologue 2
{Homo sapiens)

260429

501.

076

tryptase
homologue 3
(Homo sapiens)

801.

o077

tryptase
chromosome 21
(Homo gapiens)

21g

s0l.

Q78

transmenbrane
protease,
serine 3

TMPRBE3

1

64658

21g22.3

30Q1.

081

kallikrein hKis
{(Homo sapilens)

55554

19413.41

501.

0gs

Mername-3A031
peptidagse
{deduced f£rom
ESTs by MEROPRS)

801.

087

membrane-type
mosale serine
protease

84000

1lg23

801.

j12:43]

Mername-AAD3 8
peptidage

5031.

ges

Mername-A3128
peptidage
{deduced from
ESTs by MEROPS)

501.

1z7

cationic

crypsin (Homo
sapiens-type}
(1 {cationic))

PRESL

5644

TFg3h

501.

13%

neutrophil
elastase

ELAZ

1881

19pl3.3

501.

i32

mannan-binding
lectin-
associated
serine
proteage-3

561.

133

cathepsin G

CTSG

1511

lagll.2

sol.

134

myelobklastin
{proteinase 3}

PRIN3

5657

19p13.3
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501.155 pancreatic 63036 12 elastase Il (1l1A) 501.156 enteropeptidase PRSS7 5651 21821 501.157
chymotrypsin C 11330 1 501.159 prostasin PRSSB 5652 16 11.2 501.160 kallikrein 1 KLK1 3816
19913.2 13.4 501.161 kallikrein hK2- KLK2 3817 19913.2- (Homo sapiens) q13.4 501.162 kallikrein 3
KLK3 354 19813.3- q13.4 501.174 mesotrypsin P9..SS3 5646 9p13 501.191 complement DF 1675
19 factor D 501.192 complement C1R 715 12p13 component activated Cir 501.133 complement cis
716 12p13 component actlvated CIS 501 194 complement Cc2717 6p21 3 component 2501.196

complement BF 6PS6p2E B - odmy WHR3P I-5648-3g27rp2fstectin
associated serin B?otea?se 1 5 M@@@@Mplememzﬂﬁ 3426 4924«25 Tactor [hedaZ(3b pancieatic
ELA3B 23436 1p3 é"le%?wdopept@?é@eSE fBIRTE (S 1215 4qit.2
801.143 tryptase alpha | TPS1 7176 . 16pl3.3
' (1)
S801.146 granzyme K GZMK 3003 S5qll-gl2
501.147 granzyme H GZMH 2999 14gll.2
S01.152 chymotrypsin B | CTRB1L 1504 i6g23.2-
G23.3
S01.153 pancreatic ELAL 159¢ 12g13
elastapge
801.154 pancreatic 10136 ip3e6.12
endopeptidase B
(8)
801.158 pancregtic 63036 12
‘ elastase II
{IIA)
501.156 enteropeptidase | PRSST 5651 21g21
S01.157 chymotrypsin C 11339 1
801.159 prostasin PRSSE 5652 16pll.2
S01.L60 kallikrein 1 KLKL 3816 : 19g13,.2-~
gl3d.4
501.161 kallikrein hEK2 | KLK2 3817 19gi3.z2~
{Homo sapiens) ' @l3.4
501.1e2 i kallikrein 3 KLK3 354 1%gl3.3-
gi3.4
S801.174 mesotrypain PRSS3 5646 9pl3
501.181 complement DF 1675 19
factor D
501.182 complement ClrR 715 ’ 12pl3
conponent
activated Clr
501.183 complement cls 716 izpl3
component
] activated Cls
501.124 complement cz 717 6p21.3
component 2
801.196 complement BF 629 Ep21.3
factor B
801.198 manpnan-binding | MASPI 5648 3g27-g28
lectin-
associated
serine protease
1
801.185 complement IF 3426 4g24-25
factor I
501.205 pancreatic ELA3B 23436 1p36.12
endopeptidase B
form B (B)
501.206 pancreatic 531032 12g13
elastase II
form B (Homo
sapiens) (TIB)
8$0l.211 coagulation Flz ' 2161 5g33-gter
factor XIla
501.212 plasma KLEBY 3BiE 4935
kallikrein
501.213 coagulation FL1 2160 2q3s
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501.206 pancreatic 51032 12913 elastase Il form B (Homo sapiens) (11B) 501.211 coagula_ltion 912
2161 5g33-gter factor Xlla 501.212 plasma KLKE1 3818 4935 kallikrein 501.213 coagulation 911.
2160 4935 14 factor Xla 501.214 coagulation F9 2158 X827.1-g27.2 factor IXa 501.215 coggulatlon
F7 2155 13934 factor Vlla 501.216 coagulation F10 2159 13934 factor Xa 501.217 thrombin F2 2147
ilpll-q12 501.216 protein C PROC 5624 2g13-q14 (activated) 501.223 acrosin ACR 49 22813-qter
501.224 hepsin HPN 3249 19g11-g13.2 501.228 hepatocyte HGFAC 3083 4p16 growth factor

activator 501.229 manman-bindmg MASR 210747 11p36-3-p36-2lectin-assecialed—serne-projease 2
501.231 u-plasmincggenzRi AU 5328 HagZdoraClivaey 501. 232 TpHiagminogenP t@ﬁ@?&"‘&ﬁi’!
i Blasmin-PLC 5348582 EXa
activator 501.233 [S01.215 ’éoagulation F7 2155 13g34
factor Viia
801.216 coagulation F10 2159 13g34
factor Xa
501.217 thrombin F2 2147 llpli~gl2
S61.218 protein C PROC 5624 2gl3-gi4d
(activated) '
801.223 acrosin ACR 49 22gl3-gter
501.224 hepain HEN 3249 19g1l-gl3.2
501.228 hepatocyte EGFAC 3683 4016
growth factor
activator
S01.228 mannan-binding MASP2 16747 ip36.3-p36.2
lectin-
associated
serine protease
2
S501.231 u-plasminogen PLAU gi28 10g24
activator
£01.232 t-plasminogen PLAT 5327 Bpl2
activator
501 .233 rlasmin PLG 5340 6g26
801.236 neurosin, KLK§ 5653 13g13.3-
ql3.4
£01.237 neurotrypsin PRS512 8492 4925-g26
501.242 tryptase beta 2 § TPSB1 VEN N 16pl3.3
(Homo sapiens)
(1)
S0L.242 tryptase beta 2 ] TPSB2 64459 16pl3.3
(Homo sapiens) -
(2)
801.244 neuropsin KLX8 11202 13gi3.3-
Gl3.4
501,246 kazllikrein hK10 | KL¥10 555 19g13.33
{(Homo sapiens) )
801.247 epitheliasin TMPRES2 7113 21922.3
501.251 prostase KLK4 5622 19g13.3-
gq13.4
501,252 brain serine 64063 16p13.3
proteinase 2
201256 chymopasin CTRL 1506 16g22.1
S501.257 kallikrein 11 KLK1L 11012 12g13.3-
gil. 4
S01.258 anionic trypein | PRESZ 5645 79535
({Homo sapiens)
(IX)
501.251 LOC144757 "1 12g13.13
peptidase (Homo
saplens)
801.292 Mername-AR169 4gl3.1
peptidase
501.294 Marname-AA171
peptidase
501.298 Mername-AR174 154754 7g34
peptidase
S503.29% Mername-32175 8p23.1
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501.236 neurosin KLK6 5653 19913.3- g13.4 501.237 neurotrypsin PRSS12 8492 4g25-q26 501.242
tryptase beta 2 TPSBI 7177 16p13.3 (Homo sapiens) (I) 301.242 tryptase beta 2 TPSB2 64499
16p13.3 (Homo sapiens) . (2) S 01.244 neuropsin KLK8 11202 19913.3- g13.4 501.246 kallikrein
hKIO KLK10 5655 19913.33 (Homo sapiens) 501.247 epitheliasin TMPRSS2 7113 21822.3 501.251
prottase KLK4 9622 19913.3- g13.4 501.252. brain serine 64063 16p13.3 proteinase.2 301.256
chymopasin CTRL 1506 16g22.1 501.257 kallikrein 11 KLK11 11012 19813.3- 13.4 501.258 anionic

trypsin PRSS2 5645 7(35 (homj)pxeggiggy; (561291 -0€ 447571291313 peptidase-tHgmo
sapiens) S01.292{Merremne-AALlGR4813. dorpepilfage 501.294 IJ/Immme-/-\Al Topeptitase 901.298
Mername-AA174 154754 7834 p slicE 9%.299 Mername-AAL75 8p23.3. 1bgq13.4
S01.301 trypein-like 5407 4gql3.2
enzyme,
resplratory
- {Homo sapiens)
S01.302 matriptase ST14 6768 11g24-g28
8501.306 kallikrein hK13 | KLK13 26085 15gl8.3-
) glo.4
801.307 kallikrein hKS | KLK9 23579 19¢g19.3~
(human_ 1ygle.4
numbening)
301.308 Mername-AR035 164656 22g13.1
peptidase :
501.309 umbelical vein 11088 1lgl4.1
) proteinage )
501.311 LCLE proteinasge
(LCLP (K-
terminus})
501.313 spinesin TMERSSS 86975 1lg23.3
S01.318 Mername-AA178 1
peptidase
s01.320 Mername-ABLBO 1ipi5.3
peptidage ‘
501.322 Mername-AA1lBE2 12pla.1
peptidase
501.414 Mername-AA122
peptidase
(deduced from
ESTs by MERCOPS)

Ergineering proteases.

Virtually every aspect of a protease can be re-engineered, including the enzyme

substrate sequence specificity, thermostability, pH profile, catalytic efficiency, oxidative
5 stability, and catalytic fimction.

Existing proteases are used as scaffolds which include various mutations which
change their subsirate specificity. Scaffolds can largely include the amino acid sequences of
trypsin, chymoirypsin, substilisin, thrombin, plasmin, Factor Xa, urokinase type plasminogen
activator (uPA), tissue plasminogen activator (1PA), granzyme B, clastase, papain, cruzain,

10 membrane type serine protease-1 (MTSP-1), chymase, neutrophil elastase, pranzyme A,
plasma kallikrein, granzyme M, complement factor serine proteases, ADAMTS13, neural
endopeptidase/neprilysin, and furin or combinations thereof, Preferred scaffolds include
granzyme B, MTSP-1, chymase, neutrophil elastase, granzyme A, plasma kallikrein,
urokinase type plasminogen activator, granzyme M, chymotrypsin, thrombin, complement

15 factor serine proteases, ADAMTS13, neural endopeptidase/neprilysin, furin, and plasmin,
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peptidase 501.300 stratum corneum KLK7 5650 19g13 33 chymotryptic g13.4 enzyme 501.301
trypsin-like 9407 49q13.2 enzyme, respiratory (Homo sapiens) 501.302 matriptase ST14 6768
11924-g25 501.306 kallikrein hK13 KLK 1 3 -26085 19919.3- g19.4 S01.307 kallikrein hK9 KLK9
23579 19919.3- (human g19.4 numbering) 501.308 Mername-AA035 164656 22q13.1 peptidase
501.309 umbelical vein 11098 71814.1 proteinase 501.311 LCLP proteinase. (LCLP (N- terminus))
501.313 spinesin TMPRSSS 80975 11g23.3 501.318 Mername-AA178 1 peptidase 501.320
Mername-AA180 lIpl5.3 peptidase 501.322 Mername-AA182 12p12.1 peptidase 501.414
Mername-AA122°EBRARS & QIBEHAR SPASRICERS PRIV S ERYH ETR FPrdteateSHVirtually

every aspect of ggitiviadseheanthve siteprbtheeashiaek tihgdhitenzyinte RS mitdseguense
specificity, therrggp%}gg 'slﬁtlysd%lt_elz Eerc?gielgdeq%as!xgl% ggfsigsi,e &%Yé g)ﬂgcgﬂe{te any) interaction between the S1-
54 pockets of the active site, such that each pocket appears to recognize and bind the
5  corresponding residue on the peptide substrate sequence independent of the other pockets.
Thus the specificity determinants may be generally changed in one pocket without affecting
the specificity of the other pockets.

For example, a protease with low specificity for a residue at a particular binding site
or for a particular sequence is altered in its specificity by making point mutations in the

10 substrate sequence binding pocket. In some cases, the resulting mutant has a greater than 10-
“fold increase in specificity at a site or for a particular sequence than does wild-type. In
another embodiment, the resulting mutant has a greater than 100-fold increase in specificity
at a site or for a particular sequence than does wild-type. In another embodiment, the
resulting mutant has an over 1000-fold increase in specificity at a site or for a particular

15  sequence than does wild-type.

Also contemplated by the invention are libraries of scaffolds with various mutations
that are generated and screened uvsing methods known in the art and those detailed below.
Libraries are screened to ascertain the substrate sequence specificity of the members,
Libraries of scaffolds are tested for specificity by exposing the members to substrate peptide

20  sequences. The member with the mutations that allow it to cleavé the substrate sequence is
identified. The library is constructed with enough variety of mutation in the scaffolds that
any substrate peptide sequence is cleaved by a member of the library. Thus, proteases

specific for any target protein can be generated.

25  The Process
1. Choosing A Scaffold _

In another embodiment of the invention, scaffold proteases are chosen using the
following requirements: 1) The protease is a human or mammalian protease of known
sequence; 2) the protease can be manipulated through current molecular biology techniques;

30 3the prot_ease can be expressed heterologously at relatively high levels in a suitable host;
and 4) the protease can be purified to a chemically competent form at levels sufficient for
screening. In other embodiments of the invention, the scaffold protease to be mutated cleaves

a protein that is found extracellularly. This extracellular protein is, for example, a receptor, a
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5 stability, and catalytic function. Existing proteases are used as scaffolds which include various
mutations which change their substrate specificity. Scaffolds can largely include the amino acid
sequences of trypsin, chymotrypsin, substilisin, thrombin, plasmin, Factor Xa, urokinase type
plasminogen activator (UPA), tissue plasminogen activator (tPA), granzyme B, elastase, papain,
cruzain, 10 membrane type serine protease-1 (MTSP-1), chymase, neutrophil elastase, grauzyme A,
plasma kallikrein, granzyme NI, complement factor serine proteases, ADAMTS13, neural

endopeptidase/nepril sn and furin or combinations thereof. Preferred scaffolds include granzyme B,
MTSP-1, chymﬁ?é) 1511 SIASEOk g dpe BORITRASOR- Afetift é”é‘}miﬂ%smmogen

activator, granzapwmﬂvttscdr@moﬁmﬁws tifisoxfiold poaimpte ave ke dchifiad ter s cPratephbicthsasisAR&M TS 13,
neural e”dope%ﬁéﬁﬁ&?x%ﬂ)&%{[}mﬁw R'?o%'ﬁlé‘ &@a@%‘ﬂ%‘?@ S Rf3ubs! %E%&%S 41ce

Bffd
specificity in serine proteases come from the S1- S ositions in the activé Slt ere the protease is

in contact with therphe puerdsdgg s T@Fﬂﬂ@%@ﬁ?ﬁé%w%s@dh%ﬁwaﬁ? sbsaleaprfomliedtiat litte (if
any) interagtiongpeiyéeBethesive 4R el S0l ithraac ive 1sieyRUEh dhahadslh pankelapraass to

recognize and the 5 corre sidue on the ence |nd endent of the
other pockets. Qi'{t]w%es oéegspeeaésﬂgffnqdbﬂfgré OaRISRSS rgﬁ%ﬁdéf‘%}wgﬁgﬁ% gRE 18 t without
affecting the spéeﬁmmmmﬂpmggﬁm&xmpwowm%awwﬂpatbobgpemﬂmty for a residue

at a particular bindinggitg, 0, i95 aRarticular sequence is altered in its specificity by making point
mutations in the 10 substrate sequence blndlng pocket. In some cases, the resulting mutant has a

greater than 10- fold iFtrReerFrnsEmerhtbs QYE”SP?@F%’E%%%@P&F%@HE&H@@“L%‘E&& ##d-type. In
another embodgﬁmﬁdmeyresuﬁmgémmﬂﬁbﬁgxﬂgfﬁatﬁrHﬁﬁﬂﬁx@&éﬁdﬂﬁ@@ﬁ%ﬂﬁ@ﬁﬁﬁiﬁﬂy at a site

e tobo o b Fce 00985 K MRG A0ARL S MARHTERLAIE. ToRulRg inrt as o0

over 1000-fold increase In specificity at a site or for a partic sequence than ia- -type. Also
contemplated b@bﬁ@ﬁmﬁh@ﬁlé}‘e%ﬁ&ﬂ&ﬂm Heemeies hﬁtﬁ%ﬁb@@%ﬁﬁ%ﬁ@ﬁ‘s@m%@genermed and

screened usingdaiefsls kreRdd the Betardibasarsietalasd helawnsldhrtiessigrmiarped to
ascertain the SLibStliat qr% nce CIfICIty of, %members |br§ §s of scaffolds are tested for

specificity by expos LB AALS Bl BY Qe edookTie ThERASSY S itfPthe
mutationslfhat m &eavbﬁmee subsﬁat& stihugnoecidaigentifie dirdfieditheayisoconstafatasd with

enough variety of fuitationnfhe seafelds that AW SHREUAE: REQLHSSSIURNG S &&?&V%Pv a

member of the library. Thus, proteases _specific for any target protein can be generated.
example, a mutation at position 99 in the S2 pocket to a small amino acid confers a

preference for large hydrophobic residues in the P2 substrate position. Using this process of
selective mutagenesis, followed by substrate library screening, proteases are designed with
20 novel substrate specificities towards proteins involved with various diseases,

The serine proteases are members of the same family as chymotrypsin, in that they
share sequence and structural homology with chymotrypsin, The active site residues are
Asp102, His 57, and Ser 195. The linear amino acid sequence can be aligned with that of
chymotrypsin and numbered according to the B sheets of chymotrypsin. Insertions and

25  deletions occur in the loops between the beta sheets, but thronghout the structural famity, the
core sheets are conserved. The serine proteases inferact with a substrate in a conserved
f sheet manner. Up to 6 conserved hydrogen bonds can occur between the substrate and the
enzyme,

Cysteine Proteases

30 Papain-like cysteine proteases are a family of thiol dependent endo-peptidases related
by structural similarity to papain. They form a two-domain protein with the domains labeled
R and L (for right and left) and loops from both domains form a substrate recognition cleft.
They have a catalytic triad made up of the amino acids Cys 25, His 159 and Asn 175. Unlike
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25 The Process 1. Choosing A Scaffold In another embodiment of the invention, scaffold proteases
are chosen using the following requirements: 1) The protease is a human or mammalian protease of
known sequence; 2) the protease can be manipulated through current molecular biology techniques;
30 3) the protease can be expressed heterologously at relatively high levels in a suitable host; and 4)
the protease can be purified to a chemically competent form at levels sufficient for screening. In other
embodiments of the invention, the scaffold protease to be mutated cleaves a protein that is found
extracellularly. This extracellular protein is, for example, a receptor, a 17 signaling protein, or a
cytokine. The re¥SiaRfcRI PFaces BRIqh treqizeaid crotolsetivitrarideppéeisity f afatfermilies of scaffold

proteases are desgdhastibere MRy aisER ,,E&%‘%ﬁlﬁﬁﬁo@mQs.f}?clﬁ{é%‘iyéﬁlc{%b%ﬁ‘fé&%or the
protease is available, Also, it al?sgr%referre that there be knowledge of the Initial su t

A : substrate specificity of
the protease. It {S'A1a8 FHERASIEYRL S EPPSRsIR i cosmen Aacera Bidhn RAtB1aA@@at knowledge

of macromoleculerrpaddiatirsP bithiduprioieate areavaiable. Also, proteases are preferred which

cleave targgts that ar ' tholo .0, Inactivatin tein effectors of pathology.
“rie A0 AU BAARIN 8L, ACVAUAY PIAIS w0

Serine Proteases. In another embodiment of the invention, serine protease Rhtkeiee at'éafs%ciﬁcity are
10 generated by*4EHICRIFEBaded Hdirhbapie emine widseplatdelinvingsspasel psibeniapaicids that
line the active stiemiegi): FadeT I ST LORPAIII. 1D SHASHR Sl ROMENGMEIDE, Shymatrypsin

family, the backbgne interaction between the sybstrate and enzyme are completely conserved, but
i e g

the side chain interactions vary coner BHGRBLE RO Y Lokl il dstemengmith® acids

ons vary consiaerabry 1h
that comprise tH@sifBidypockets of the active site 15 determines the substrate specificity of that

particular ppcket. Graffipo.the-aminRAEiSs of 9 r ‘ ther of the same modifies
the specificity of one to the other. For, e@mple@ﬁ%&?ﬁ%ﬁﬁﬁﬁ%@?ﬁ fﬁfec %%%r}l;ét\;t%kga small
amino acid confért: & BrERReH TBFAgEFR RRHsb R csameletn diverepesitiencrsasoistgon. Using
this process of seibetiveamtiagernddisrdolPeSh) SHassAAdibIHMSTEERNRBPOIEATES A€ designed
with 20 novel sy ificiti roteins involyed with. vari diseases. The serine
proteases are me%gt?e&%f&gfgt%%%&gn&gggﬁ@ as? chymo c'r131/|%‘)55}|/1r(13 Ef rﬁfﬁatvf é%l{i%gp rk&ﬁ@ﬂi‘g%ﬁd
structural homofSR§PUfRRRER] WER9Aash s mbtvesiishe 2ipessiblcantiop 024 1i5v6ig mtthBer 195. The

linear amin® acitheegtyesrca apoube-aligaadywhithatof chymotrypsin and numbered according to the

(3 sheets of chymotryBsin. lln rtions.and 25 deletions occyr in the Joops between the beta sheets, but
1 : .
throughout the structur veral m}?;; stl?_legﬁiclty was gmost 1denncal%etween the cathepsins, with Arg and Lys

being strongly favored while small aliphatic amino acids were tolerated. Much of the
selectivity was found in the P2 position, where the human cathepsins were strictly selective
for hydrophobic amino acids. Interestingly, P2 specificity for hydrophobic residues was
20 divided between aromatic amino acids such as Phe, Tyr, and Trp (cathepsin L, V), and bulky
aliphatic amino acids such as Val or Leu (cathepsin K, S, F). Compared to the P2 position,
selectivity at the P3 position was significantly less stringent. However, several of the
proteases showed a distinct preference for proline (cathepsin V, 8, and papain), leucine
{cathepsin B), or arginine (cathepsin S, cruzain). The proteases showed broad specificity at
25 the P4 position, as no one amino acid was selected over others.
Substrate recognition profiles
To make a variant protease with an altered substrate recognition profile, the amino
acids in the three-dimensional structure that contribute to the substrate selectivity (specificity
determinants) are targeted for mutagenesis. For the serine proteases, numerous structures of
30 family members have defined the surface residues that contribute to extended substrate
specificity (Wang ef al., Biochemistry 2001 Aug 28:40(34):10038-46; Hopfner et al.,
Structure Fold Des. 1999 Aug 15;7(8):989-96; Friedrich ef al. J Biol Chem. 2002 Jan
18;277(3):2160-8; Waugh ef al., Nat Struct Biol. 2000 Sep;7(9):762-5). Structural
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core sheets are conserved. The serine proteases interact with a substrate in a conserved (3 sheet
manner. Up to 6 conserved hydrogen bonds can occur between the substrate and the enzyme.
Cysteine Proteases 30 Papain-like cysteine proteases are a family of thiol dependent endo-peptidases
related by structural similarity to papain. They form a two-domain protein with the domains labeled R
and L (for right and left) and loops from both domains form a substrate recognition cleft. They have a
catalytic triad made up of the amino acids Cys 25, His 159 and Asn 175. Unlike 18 serine proteases
(which recognize and proteolyze a target peptide based on a (i-sheet conformation of the substrate),
this family of pretersesadeomatines provelbalefintsddde fatse Mratpsinaie IRGAYBIIAN HAR WaIN
substrate recogpjti . ! id, , (compared to the P1 residue,in serine proteases).
5 The S2 pocke%%%%@%ﬁ%@%&%%%%ﬁ% egr%(%%nzedp ‘S?ltﬁé%}%?%rgg%céfggtg’é SFEJ%Sgnition
sites. It is defind8oRpitfe Bl Bt sming ecidt indhepopatasqasitense(fpaimantoberngkiss, 67, 68,
133, 157, 160 ares 205, Ppaition206ielan:180le sonder :pazitos @89 39, e Aepagwioleases- a
residue buged %tn 3184%)%%[8 éﬁféh&%ﬂ;t tgtﬁ%%tg?%mines the specificity. 10 The substrate specificity
of a nUMbET of &YStRINa proteases (FUmAn JooR/bgeween £y 68 3pd fysh Rk 214 25 9 Tiere
profiled using a ¥éntPibte diverse positional scanning synthetic combinatorial library (PS-SCL). The
complete library consists of P1, P2, P3, and P4 tetrapeptide substrates in which one position is held
fixed while the other three positions are randomized with equal molar mixtures of the 20 possible
amino acids, giving a total 15 diversity of--160,000 tetrapeptide sequences. Overall, P1 specificity was
almost identical between the cathepsins, with Arg and Lys being strongly favored while small aliphatic
amino acids were tolerated. Much of the selectivity was found in the P2 position, where the human
cathepsins were strictly selective for hydrophobic amino acids. Interestingly, P2 specificity for
hydrophobic residues was 20 divided between aromatic amino acids such as Phe, Tyr, and Tip
(cathepsin L, V), and bulky aliphatic amino acids such as Val or Leu (cathepsin K, S, F). Compared to
the P2 position, selectivity at the P3 position was significantly less stringent. However, several of the
proteases showed a distinct preference for proline (cathepsin V, S, and papain), leucine (cathepsin
B), or arginine (cathepsin S, cruzain). The proteases showed broad specificity at 25 the P4 position, as
no one amino acid was selected over others. Substrate recognition profiles
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To make a variant protease with an altered substrate recognition profile, the amino acids in the
three-dimensional structure that contribute to the substrate selectivity (specificity determinants) are
targeted for mutagenesis. For the serine proteases, numerous structures of 30 family members have
defined the surface residues that contribute to extended substrate specificity (Wang et al.,
Biochemistry 2001 Aug 28;40(34):10038-46; Hopfner et al., Structure Fold Des. 1999 Aug 15;

7(8):989-96; Fri

edrich et al. J Biol Chem. 2002 Jan 18;277(3):2160-8; Waugh et al., Nat Struct Biol.

2000 Sep;7(9):762-5). Structural 19 determinants for various proteases are listed in Table 3, along
with a listing of thaPXimtrE SR shrsal detesprnsatsiforwarians etatnd sedemorr sterpsand dielinded
specificity. For serine proteases, the falorespemiiigeubsigatnsfireificitiary sequence are determinants
of specificity: 195, 102, 57 (the catalytic triad); 189, 190,191, 192, and 226 (PI); 57, the loop between

58 5 and 64, and 99 (b2)i;s%d2,?’i["?‘f?’?@ﬂ%‘)“ﬂﬂté!‘l'@iwp between Cys|68 and WyskGppaaand 97 to
2

3 . . .
100 (P4). 20-Fable-3-Fhe-structuralidelorntinants forivarods-serin

corresponding suhsttate Spadificses " R&Liqles T

ine and-cysteineprateasesiand their
Sotetthik Shecificity Subgtr et b"Spde JF iclty S4

yg 60's

S3 $2 51 IS 4B0 ™18 'GvaLL 102! 216805 he&¥1G0.1 226 CHirpze Pl P2 b1 Pryd'

| §ravermg.

Granzyaeg-tott

1
Granzyme M Arg [ Ser
4.2

Asp L val L Met | Phe | st L Leu | Arg T~ Asp § ser | oty yae Granzyme A | lle | Ala A )
byt Gl Ty oS- M thE 6 S Sal e 46 Gitinzy nesdh i MedR '8 Granny

]

| Granzyme A , Phe A15 Lli.ys ‘_K'ggl Ley P ,a\ :Ixéa“ Pro ‘_\Fro yos GI‘P&ZYI‘I?:JI’
A Asn ValW et pie 4 T EL ree A ter LASP ISR vgﬂlp, S Prenye/Ane wiet

e phC-Asp ArB

GrenzynaWl B SeLNEI Rot 1p[Lye AT L g8l 150 A ETEPTT yES, Graj

ST v

ceviStEM hepsin G

c
Arg

phe Ser G|FyrT3 Lys Sar ligHis 6 Ale At DILNGJUNep.G XX Vakph: reo L MTESPEHLOU Sin

Met Trp 13 GlRASEPNH. s [ ASP SeT| Y NESIV| TSRF ATERD[3eT| Ar¢chiAraxd

astase Gl | Ala

FLNeetrephli Meet,

Ala Tyr

hO rc al. Proxsiriedts 4 +:Tyed BheGlydlee His|H |Gy MaliAgp.ves Else, ae Met GIUJAIaJAlG Chynase

Phe ArB Gift*Ti* 124 vz Sevi Phl His 6-ber Ak Aia [No Ghyrebes Xssla X Phe

bet a<Fr yp! ase

Tyr e | Mat | Trp 23 Lye | Giu | Thr His L] Asp | Ser Gty yas

fi)]

chymstrypeie { Trp | Arg | Met | Trp | 43 pMet | Sar | va | wis | 7 | ser | ser | Giv ] yes Ghy"’{‘"“yps b3 X ;;'::, :;’:
Easter Tyr | Bar | Gin | Pha 18 Arg | Thr | @In | Hig 14 Asp | Ber Sy Yes Easter ‘f;; Ei: t’:l' Arg
Collagenase | Tyr | e | — |Phe | 12 [aeo [aa | ne {Hs | 6 Jay | The |asp | ves Gollpenas Arg
Fastor Xa Ser | Phe ] Met | Trp 13 Gle | Gle | Tyr His & -4 Asp | Ale | Giy yeu Facter Xa X X Gy Arg

Protelr & Mot § Asn | Met | Trp 13 Giu | Glu | Thr His ] Asp { Ala | Gly | ves
it L orye Lain | met [T | 43 {arg [ Pre | #he | tis |11 | aen | Ale | Ata ] yes wrema | owy | x '."'r*;f Arg
Pl asmin Qlu } Arg | Gty | Trp 15 Gln | Leu | The His 11 Azp | Ser Gty vag Pl asmin Lys X ;L; Lys

Trypsin Tyr § iys | Met | Trp 13 Gtn § Tyr Lew | Hizx -] Asp { Ser | Giy yas
Throsmin Thr e | wat | Trp 43 Giv | Glg | Leu § His b1 Asp | Ala | Giy yes Thrombin 523 X Pro Arg
tPA Lew | The [ et §Ten | ¢8 [ oto fLee | Tye | Wis | 11 Jasp | Ao | Giy | yes 1PA x | Foe g;{ Arg
T uPA His | Sor | Mat § Tep 8 Glr | Arg | His His i1 Asp | Ser Gty yes uPA X ::,:: i?; Arg

10

15

Granzyme B is a member of the family of chymotrypsin fold serine proteases, and has
greater than 50% identity to other members of the granzyme family including granzymes C-
G, cathepsin G, and rat mast cell protease II. The protein is a sandwich of two six stranded,
anti-parallel B-barrel domains connected by a short o-helix. The catalytic triad is composed
of Asp102, His 57 and Ser 195. The surface Joops are numbered according to the additions
and deletions compared to o-chymotrypsin and represent the most variable regions of this
structural family. The determinants of specificity are defined by the three-dimensional
structure of rat granzyme B in complex with ecotin [TEPD], a macromolecular inhibitor with
a substrate-like binding loop (Waugh ef al., Nature Struct. Biol). These structural |
determinants of specificity include 1le99, Argl192, Asn218, Tyr215, Tyr174, Leul72, Arg226,
and Tyr 151, by chymotrypsin numbering. Interestingly, the other members of the granzyme
family of serine proteases share only two of these amino acids with granzyme B. They are
Tyx 215 and Leu 172, two residues that vary very little across the entire structural family,
This suggests that while the sequence identity of the granzymes is high, their substrate

specificities are very different.
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Ala Tr al phattrypt use Tyr lie Met Trp 22 Lys GIU lle His 9 Asp Ser Gly yes beta Tr yplace Tyr llp too
Trp 22 Gin GOP Val HIS 0 Asp 5er GOT yes beta-Tryylase Tyr It. Met TIP 22 Lye Gin Thr His a Asp
Ser Gly yes ohymttrypnin TIP Ara Met TOP 13 Met Ser Val His > Ser car W, yes Chymotryp X X Vei
she in Pro T Doctor Tyr car Gin Rho 16 ArB Thr Gin His 14 Asp Gar Gly Yes East et VoH. CUP | Ala
taU ArB Cell .anew Tyr lle - Ph. 12 Asn Al. lle His 6 Gly Thr Asp Yes 0.11.0.... Are Fattorxs Ser Phe
Met Trp 13 Gin GIU Tyr His 0 Asp Al. Gly Yes Factor Xe X X Gly Arc ProtelU G Met Asn Met Try 13
GIU Gin Thr His 6 Asp Ala Gly yes (111 Plasm Tyr Gin Mel Tyr 13 Ar Pro she His 11 Asp Ala Ala P1.
ph. 1 YU.lg a P Yes Kallkasternx g rolerpffthasa smiBh pds i xtrgeabsosisificiey, TP Mid1219%8sp Sr Gly

yes P] ..Me Lys iR ks TR TrvRaliddaly M ahTiPad 3 QhRider &k Qht HUR AR RSl by ves
ThromMn Tyr lle Me GIU GJU Lest His 16 Asp Ala Gly yes Throntln POP_LOU X Pro Are tPA

tTIP 1 J
LOU Thr Met Tlfp'i%‘i@fﬁslf% SROPRRSTY NSRS e e 1P 2o X eEig & BndSEr KA 9BA His Ser Met
Trp i5 GIn ArB Hisdificilyt AsphSetdGiy YesdaeAvds TofiBandin B Grainynt Buissadrdivhey of the family
of chymotrypsin i S r than 590% idegntity.to.other members of the
granzyme %amil;?%gﬁgign%%ggrﬁgﬁ%%% %H%%% 8%%%%%&%%%%9 lr t r%ggety%hgl pr%'ieecéscelr%?i .O?Frﬁe protein is

a sandwich of tRESAsSTPRFraERSS tetmsiomiveriGsarrificibhthnmediferiioes o et dpRAURIENZ, The

catalytic triad is specapasest @iRspéMRioHs R PRALREE 108 2Hie Su1lis 6atleRRSI A IMbRFSH
according to the addi%oaes @%?ﬁgleﬂons compared to a-chymotrypsin and represent the most variable
y.

. . ¢ CXTCIH . 51ies, . i s . . .
regions of this s Rt tami Kedeterminants of specificity are defined by the three-dimensional
10 structure of rat grafzythe 1B and8inplesitesitmeetoms HEPRD] 74 Aratfmolcoul2i8dhilbsor with a

substrate-Jke bigdingclon Aiaugh s%%akichf{yés RIS RIRW) TRe58 SHetNA fﬁé%{li@gams of
specificity include 11e99, Argl192, Asn218, Tyr215, Tyrl74, Leul72, Arg226, and Tyr 151, by
H

chymotrypsin niPRBEIEAALE A SHh S 1@ Dt mRmapidr Comtine PR sakrisToreRieipioteases
share only two afzhesdathinmdeidse\sittifidiyzy PR Bosidad i etddngd e Rtmenthl @ik, a0Ad) residues

that vary very ”tﬂ?a%ég %ﬁ&ﬁ%&@%&é‘sﬁ%ﬁ%@'ﬂ%@ﬂ% .in the mutant, The overall activity (kcat/Km) of
the mutant is less than 10% below the wild type activity toward an ideal wild-type substrate,
15 N-acetyl-lle-Glu-Pro-Asp-AMC (7-amino-4-methylcoumarin) (Ac-IEPD-AMC).

A much more dramatic effect is observed at the P2 subsite (See Table 4, below). In
wild type granzyme B, the preference is broad with a slight preference for Pro residues. 199A
narrows the P2 specificity to Phe and Tyr residues. Phe is now preferred nearly 5 times over
‘the average activity of other amino acids at this position. Within the chymotrypsin family of

20 serine proteases, more than a dozen proteases have a small residue at this structural site,
either an asparagine, serine, threonine, alanine or glycine. From this group, two proteases
have been profiled using combinatorial substrate libraries, (plasma kallikrein and plasmin),
and both show strong preferences towards Phe and Tyr. These two results suggest that any
serine protease that is mutated to an Asn, Ser, Thr, Gly or Ala at position 99 will show the

25 same hydrophobic specificity found in plasma kallikrein, plasmin and the I99A granzyme B
mutant,

The understanding of the P2 specificity determinants may be expanded to the
contrasting mutation and substrate preference. Nearly two dozen chymotrypsin-fold serine
proteases have an aromatic amino acid at position 99. Four of these proteases have been

30  profiled using combinatorial substrate libraries: human granzyme B, tissue type plasminogen
activator, urokinase type plasminogen activator, and membrane type serine protease 1. All

but granzyme B have a preference for serine, glycine and alanine amino acids at the substrate

P2 position.
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This suggests that while the sequence identity of the granzymes is high, their substrate specificities
are very different. 21 To determine the role of these amino acids in extended specificity, 11e99,
Argl92, Asn218 and Tyrl74 were mutated to the amino acid alanine. It was determined that 11e99
contributes to P2 specificity, Asn2I18 and Arg192 to P3 specificity, and Tyrl74 to P4 specificity. Each
modified protease was profiled using a combinatorial substrate library to 5 determine the effect of the
mutation on extended specificity. Since the PI specificity of a protease represents the majority of its
specificity, the modifications do not destroy unique specificity of granzyme B towards P 1 aspartic acid
amino acids but modulate specificity in the extended P2 to P4 sites. For the P3 and P4 subsites,
mutations at Tyrl74, Arg192 and Asn218 pigiieat dihsigaiiaantinatiagt the specificity (See Table 4,
below). Y174A increases the activity towards Leu at P4, but the rest of the amino acids continue to be
poorly selected. RI92A and N21 8A both broaden the specificity at P3. Instead of a strong preference
for glutamic adid, Ala,lSet, Glu aifd GIn are similaf§ preferred$a the mutant. Tisa overall activity
(kcat/Km) of t 7% {ens e L0 Egtowvisie wid tuge astiviystowarchan @eqtgyiditype
substrate, 15 N-acetyl-lle-Glu-Pro-Asp-AMéE-([7-amino-4-methylcowsarin) (Ac-|[EPD-4AdvIC). A much
more dramaticleffect ig obsgrved at the PR1gubsite (See{Table 4, below). In wild type=gsanzyme B, the
preference is hroatiniin-e glight] preferenceidol Reoj resiques. TRYA salrewssine 52| Speciicity to Phe
and Tyr residues.*Fhe jidaowrpreferr¢dvneady [SHar)essoy etheth eiayepagesadisaty &5 ¢ther dmino acids
at this position| WAthin theschpmpypsitr farilyl af2D serinéiproteasds, nsgresarva [do¥en| proteases
have a small resi#¥fe at this| shfuctBital Sitd, ‘ithéran‘asparagints isefing Sthiéenire, lal&nink or glycine.
From this group,t# prdfédses [helvd hedn'profied tding Evmbihatdridl Yubserdiédibraites, (plasma
kallikrein and pla&ifin)| ‘dhd Both Show'sirofig ipteferEicedtowdtds PheHndcETyir Thede two results
suggest that ahySeYine"ftatease Ihat 1€ mitateti®a XA Astt Sét Tht. GRYdrAla 48 podRioh 99 will
show the 25 samie-avdraphodie si8ckichy Huddth i makallieirt plddmiftahfthe H09A granzyme
nding’of (e PY sndbificly dARmiani®mal hbWxpihdaH {o Me [contrasting

B mutant. Th ”E:éiéer ai.l.’]dl gln <] T i
mutation and s 17 3 ! g1§‘;‘| v 1;1‘\‘;\1 A%, LA Jlr:r}anf )Zr'% inFolH Zerit® | Afbtedle have an
1) is

. . 4 A A Ser.f | . . .
‘aromatic amm(}@g% a=NHAY: f%gsé_;ptgisﬁnas%\%_h@#gb%e bﬁ b EOfi PA{[P] sing combinatorial

. f N2 ad | Tyr ‘%Iu' Tyr | 14 a2 | Al is ) Ser | Arg Ny

substrate libratiesg human dranzyme B, tissueitype|plasminogen |activator,  urokinase type
plasminogen actwainl; asshmemeiedypesering piatense-t-aflut-nzymegnaye-d preference
for serine, glycinesd jalanine amino|acids at the spbstrate _
RI1G2ZE/MN [ Leu | Tyr { Glu [ Tyr | 14 | Glu | Ala fie | His 6 | Gly | Ser{ Amg Mo

.. 218BA
5 Table 5. Effects on Specificity
Specificity Profile
Mutant P4 P3 Pz Pi
Wikdtype flefval Glu X Asp

159k fla/Val Gly X Asp
1984, Hlefval Gly Phe Asp
198K flaival Gy X Asp
N218A Itefval X X Asp
N21BT lie//al Alal X Asp

Ser
N218V He/Val X X Asp
R192A Ne/Nat Glu X Asp
Rig2E lieNal Lys/ X Asp

Gin/ )

. Ser

Y9i74A lleival Gy X Asp
fLeu

Y174V Hefval Gilu X Asp
198AMNZ1 Phef Alal Phe Asp

8A let Ser
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P2 position. 22 Table 4. Granzyme B Mutations S4 S3 S2 S1 Mutant 171 174 180 215 Cys 192 218
99 57 60's 189 190 226 Cys 168- Loop 191- 182 220 Wildtype Lau Tyr Glu Tyr 14 Arg Asn lie His 6
Gly Ser Avg No 199F Lau Tyr Glu Tyr 14 Arg Asn Phe His 6 Gly Ser Arg No 199A Lau Tyr Glu Tyr 14
Arg Asn Ala His 6 Gly Ser Arg No 199K Lau Tyr Glu Tyr 14 Arg Asn Lys His 6 Gly Ser Arg No N218A
Leu Tyr Glu Tyr 14 Arg Ala lle His 6 Gly Ser Arg No N218T Lou Tyr Glu Tyr 14 Arg Thr lle His 6 Gly
Ser Arg No N218V Lou Tyr Glu Tyr 14 Arg Val lie His 6 Gly Ser Arg No R192A Lou Tyr Glu Tyr 14

Ala Asn lie His 6 Gly Ser Arg No Ay Gt Ty 34-Gl-Apatie-His-6-Gly Ser Arg No Y174A
Lou Ala Glu Tyr 14 Arg Asn lle His%s VAo NU RN AV ERt-Viat- Sl Arg Asn lie His 6 Gly

Ser Arg No 199A/N21 Lou Tyr Glu Tyk 14 Avg Ala AdsvHig| 6 Gly Ser Arg No SA R192AJN Lou Tyr

Glu Tyr 14 Ala Ala lie His 6 Gly Ser Arg No 218p RE82E!IN Lou Tyr Glu Tyr 14 Glu Ala lle His 6 Gly
Ser Arg No 218A 5 Table 5. Effe¢ct&®8rNSptsdificity Specificity Profile Muagant P¢ P3 P2 P1 Wildtype
lle/Val Glu X Asp 199F lle/Val Glli X#Bsp 199A llleNa# Gly Phe Asp 199K lie/Val Glu X Asp N218A

lle/Val x X Asp N218T lleNal AlalX AspiSer N218V*fle/Val x X Adp

10

15

From Tables 4 and 5, the determinants of specificity selected to be altered in rat
granzyme B are as follows: Ser195, Aspl02, His 57, Alal89, Ser190, Phel91, Argl92,
Arg226, Ser 58, Gly59, Ser60, Lys61, Tle62, Asn63, [1e99, Gin217, Asn218, Glu169, Serl170,
Tyrl71, Leul71A (note the one amino acid insertion as compared to chymotrypsin), Lys172,
Asnl73, Tyr174, Phel75, Aspl76, Lys177, Ala178, Asnl79, Glul80, Ile181, Tyr215, Lys97,
Thr98, 1199, and Ser100.

For the cyst_eine proteases, the amino acids selected to be modified are less well
described. The 82 pocket is the most selective and best characterized of the protease substrate
recognition sites. It is defined by the amino acids at the following three-dimensional
positions (papain numbering): 66, 67, 68, 133, 157, 160 and 205. Position 205 plays a role

similar to position 189 in the serine proteases- a residue buried at the bottom of the pocket

| that determines the specificity. The other specificity determinants include the following

amino acids (numbered according to papain): 61 and 66 (P3); 19, 20, and 158 {(P1).

Table 6. The structural determinants for various cysteine proteases and their

corresponding substrate specificities.

|

Resld ihstrat Sificity
e‘s ues tha‘( Det?r mln? Spec‘lf lelty 1 l Substrate Specificity

Attive Slte Residuss 83 52 s1

25_159 176 | 64 | 88 | 68 | 433 {167 [160 266 19 | 20 f4¢s P4 P3 p2 P1

Cathapsin L Cys | His | Asn [ Glu { Gly | Gly | Ala | Met Gy [ Ala | Gin | Giy [ Asp Calhepsin L X X Trp Arg

i
Lys

GathepslnV | Cys | His | Asn | GIn { Gly | Gty | Ma | Lew | Gy | ata § @in Lys | Asp | |cCathepsnv{ x | PTe T?;,Tyr X
e

Cathepsin K Cys | His [ Asn | Asp | Gly | Gly | Ata | Leu | Ala | Leu Gln i Gly | Asn CathepsinK § X X Lew | Arg

Pro Lys

Cathepsin§ | Cys | His | Asn | Lys [ Gly [ Gy [ Gly | val | Gly {Phe | @n | Giy | Asn | | Catnepsing | x | Arg jvel teu Arg

v |
X Mal

Cathepsin F Cys | His | Asn | Lys | Gy | Gly | Ala | e | Ala. Met | Gla | Gly | Asp Cathepsin F X X Leu Arg

I

Catheps B | Cys | His | Asn | Asp | Gly | Gly [ Ala { Gly | Ala | Giud6in ]Gy | oy | |Cathepsing| x | X80 | vy | Ar8

Lys

Papain Cys | His [ Asn @ Tyr [ Bly | Gly val | val | Ala | Ser | Gin Bly § Asp Papain % Pro | Val | Arg

X |Phetyr] Lys

Cruzaln Cys | His | Asn | Ser |Gty | Giy | Ala | Leu | Gly | Glu | Gin Gty | Asp Crizaln X Arg | Lew | Arg

X JPhelyri Lys




R192A lleNal Glu X Asp R192E lie/Val Lys/ X Asp Gin! See Y174A lleNal Glu X Asp /Leu Y174V
lleNal Giu | X Asp 199A/N21 Phe/ Ala! Phe Asp BA Lou Ser 23 llielVai R192AIN lleNal Ala! X Asp
218A Gin! Ser RI 92E/N lleNal Arg X Asp 218A Lys Ala From Tables 4 and 5, the determinants of
specificity selected to be altered in rat granzyme B are as follows: Ser195, Aspl02, His 57, A1a189,
Serl90, Phel9l, Arg192, Arg226, Ser 58, G1y59, Ser60, Lys6l, 11e62, Asn63, 11e99, G1n2l7, Asn218,
G1ul69, Serl70, 5 Tyrl71, Leul7lA (note the one amino acid insertion as compared to chymotrypsin),
Lysl72, Asnl73, Tyrl74, Phel75, Asp176, Lys177, Alal78, Asnl179, Glul80, llel81, Tyr215, Lys97,
Tbr98,11e99, and SerlOO. For the cysteine proteases, the amino acids selected to be modified are
less well described. The S2 pocket is the most selective and best characterized of the protease
substrate 10 recognition sites. It is defined by the amino acids at the following three-dimensional
positions (papaift f%ﬁf?géﬁ?fé’)%é:"@ﬁcﬂg?’f o485 160 and 205. Position 205 plays a role similar to
position 189 in the sernedtoteatessexliesititebyiet atdb efoiiem wbthe odatidhagetermines the

o papain: b1 s L e e B L R e AR AR, Varous
cysteine proteadedivaferthial e eprakisaiienindpsms smbedispentifiéifhe suRetit e satuntiodeter mine
Specificity Subshiig:GRasHicHN e/ RUeRREMERR R3iRE (S lining the pocket is mutated to each of
the 20 possible amino acids. This can be accomi;lished using the Kunkle method (Current
Protocols in Molecular Biology, John Wiley and Sons, Inc., Media Pa.). Briefly, a mutagenic
10 oligonucleotide primer is synthesized which contains ejther NNS or NNK-randomization at
the desired codon. The primer is annealed to the single stranded DNA template and DNA
polymerase is added to synthesize the complementary strain of the template. After ligation,
the double stranded DNA templafe is transformed into E. coli for amplification.
Alternatively, single amino acid changes are made using standard, commercially available
15 site-directed mutagenesis kits such as QuikChange (Stratagene). In another embodiment, any

method commonly known in the art for site specific amino acid mutation could be used.

3. Express And Purify The Variant Protease
The protease may be expressed in an active or inactive, zymogen form. The protease
20 may be in a heterclogously expressing system such as E.coli, Pichia pastoris, S. cerevisae, or
a baculovirus expression system. The protein can either be expressed in an intracellular
environment or excreted into the media. The protease can also be expressed in an in vitro
expression system. To purify the variant protease, column chromatography can be used. The
protease may contain an C-terminal 6-His tag for purification on a Nickel column.
25  Depending on the pl of the protease, a cation or anion exchange column may be appropriate.
The protease can be stored in a low pH buffer that minimizes its catalytic activity so that it
will not degrade itself. Purification can also be accomplished through immunoabsorption, gel

filtration, or any other purification method commonly used in the art.

30 4. Synthesis Of ACC Positional Scanning Libraries
Those of skill in the art will recognize that many methods can be used to prepare the
peptides and the libraries of the invention. In an exemplary embodiment, the library is
screened by attaching a fluorogenically tagged substrate peptide to a solid support. The
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------------ 26 166 176 61 66 66 133 157 160 206 19 26 166 P4 P3 P2 P1 Cathepsin L Cys His
Aso --___ly Ala Gin Gly Asp Cathepsin L X X trp Lys Cathepsin V Cys His Asn ly Ala GIn Lys Asp
CathepsinPro Trp Tyr Cathepsin K Cys His Asn la Lau Gin Gly Asn Cathepsin K X X Cat hepsin S Cys
His Asn iy Pha GIn Gly Asn Cathepsin S x to Val Lou Arg % Met s Cathepsin F Cys His Asn Ly s Sly
Gly Al alie Ala. Met 01A Gly Asp Cathepsin F X X Lau Arg ------------- Cathepsin B Cys His
Asn Asp Gly Giy Ala Gly Ala G4 It Gin Gly Gly Cal hepsin B X Lou Vol Lra Y Pepsin Cys His Aso Tyr
Gly Gly Val Val Ala Ser Gin Gly Asp Pepsin X Pro Val Arg X _Phetyr Lys Cruzai, Cys His Aso Ser Gly
Giy Ala Leu GlyfBfioginicing viap anriy SRmos by e piids IX syhibasirad ey condensiegag@hEsiecOf The
Scaffold ProteasguiiRidlese.6hans aciaa-sub Rl enia ey snsa Rl Acgiveinsithsiis (SlzpNafor a given 5
amino acid, the ecigxcgi’% determinants that line_the binding pocket are mutated, either_individually or
in combination. % %%%Qrﬁ%%E%Ffﬁé?ﬁéngmcégﬁ?ﬁ%ﬁﬁﬁuﬁ?ﬁ&fﬁ’éﬁE’é@Té\@ﬁPﬁﬂue is used in
which the residusfsitiialrgd e gidedetmmomsidtedtbeaciplod the@yinssibiehamine datdsaiddis,can be

lished ugi : ; t R IS, Bi J Wj d
S 4 e e A U

. Briefly, a mutagenic 10 oligonu

either NNS or NRRIAsHirswoRsp Reiet reniuste creba SiraTebmibe relidmearstotoaltrnstingly,stranded

DNA template aihd fbiAedpobsmnpings isiaseed tRewathasigsihe tomplementary strain of the template.
After ligation, the double stranded DNA template is transformed into E. coli for amplification.
Alternatively, single arg'll}]ug’ (ol cﬁ nges tg%aﬁ%?ﬂb éi%ﬂ{?ﬁ?ﬂt, RS PRRTE SR e&\?&fﬁﬁﬁ\‘édfg |

erred ent
site-directed m@@ﬁ%%%m&gﬁﬁ;@MMﬂW@ﬁmm&mmy
method commonykaawe)ip-themg 1ots e 3Reallic IR A5 U BNRIRNEALA BEHARY tankedPress
And Purify Th e Variant Protease . . .
fo a solid suppert; (b) contacting the first conjugate with a first protected amino acid moiety
and an activating agent, thereby forming a peptide bond between a carboxyl group and the
amine nitrogen of the first conjugate; (c) deprotecting, thereby forming a second conjugate
having a reactive amine moiety; (d) contacting the second conjugate with a second protected
15  amino acid and an activating agent, thereby forming a peptide bond between a carboxyl
group and the reactive amine moiety; and (e) deprotecting, thereby forming a third conjugate
having a reactive amine moiety.
In a preferred embodiment, the method further inclndes: (f) contacting the third
conjugate with a third protected amino acid and an activating agent, thereby forming a
20 peptide bond between a carboxyl group and the reactive amine moiety; and (e) deprotecting,
thereby forming a fourth conjugate having a reactive amine moiety.
For amino acids that are difficult to couple (Ile, Val, etc), fiee, unreacted amine may
remain on the support and complicate subsequent synthesis and assay operations. A
specialized capping step employing the 3-nitrotriazole active ester of acetic acid in DMF
25  efficiently acylates the remaining aniline. The resulting acetic acid-capped coumarin that
may be present in unpurified substrate sequence solutions is generally not a protease substrate
sequence. Pl-substituted resins that are provided by these methods can be used to prepare
any ACC-fluorogenic subsirate.
In a further préfexred embodiment, diversity at any particular position or combination of
30 positions is introduced by utilizing a mixture of at least two, preferably at least 6, more
preferably at least 12, and more preferably still, at least 20, amino acids to grow the peptide
chain. The mixtures of amino acids can include of any useful amount of a particular amino

acid in combination with any useful amount of one or more different amino acids. Ina
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The protease may be expressed in an active or inactive, zymogen form. The protease 20 may be in a
heterologously expressing system such as E.coli, Pichia pastoris, S. cerevisae, or a baculovirus
expression system. The protein can either be expressed in an intracellular environment or excreted
into the media. The protease can also be expressed in an in vitro expression system. To purify the
variant protease, column chromatography can be used. The protease may contain an C-terminal
6-His tag for purification on a Nickel column. 25 Depending on the pl of the protease, a cation or anion
exchange column maY be appropriate. The protease can be stored in a low pH buffer that minimizes

its catalytic actiW§SE e RAFPRGOA GtEEHLFE iR AtRkinetn iy efsstnmasidnéd through
immunoabsorptigixrgelinfifiatprate raidy ot ieswwifisaiDndnReteadicRIyNAN HsadRfhaart. 30 4.
Synthesis Of A CC Pasitianal Scanning.Libraries Those of skill.in the art will recognize that many
methods can belsf%g'éﬁ%rﬁ%%rgrles he ’%géhﬁtfagsféﬁ‘a"w ﬁﬁ?ﬁﬂ@%“gﬁhﬁ%bﬁ?\?ﬂm‘%gaﬁﬁié’%hﬁﬂary
embodiment, theehiestadysectisoy vdere d BsrattadhiMg Wifikior dgen Hathatbigg¥d Bk dliatghpapida to a solid
support. The 25 futoroanpisiraving g yp; gy substrate peptide is synthesized by condensing an

N-Fmoc coumarin derivative, to acid-labile Rink linker to provide ACC resin (Backes, et al. Nat
Biotechnol. 2000 Feb:>PEERbiseRensde-shuberinin vhich B fedemind eminpreidedtheseauensatsral and
modified amino steiclsdanbmssubles:ipshdaning bybigheatn bedalohoratedehyBithacmplingsof
additional amin ids. After the synthesis of the peptide is complete, the. peptide-fluorogenic moiety
conjugate can k?gchiga&\?e%ﬁ?r%ﬁﬁﬁtﬁeg rseo?ﬁegljlf)%&a??#r)f Herhatven ,e Ege:%aﬁﬁag%e&fghﬁ ?8%%? hered to
the solid supportf tsgpscseniimveationp resferispias s seliithphasasppresiere idsseritichbyBuieksaadnethod of
preparing mfluoregemispsptideriaraniesislimluding 3 JupiaaerisRepidanIheMead;10 includes:
(a) providing a fﬁst]conj Ee g afl , moiety covalently bonded to a solid Support; (b)
contacting the frrsi?-g%%'jyggte; A SR S VBB rrgsanEMrierindeRgdit, thereby
forming a peptictcadmudyeeasbhYa, daB0payd Grewptan dl il Rince itaiiers afthesidi tsidcah Pigate; (C)
deprotecting, INeighY EYBAGLRETRNATANIERILLRIIPGEA NG AP ALK (19 gaplacting the

~second conjugate with a second protected 15 amino acid and an activating agent, t y?orming a
peptide bond b&XREEH S CARSHARGRetRHEhedevilravearalE Hilate prddenasinteting, thereby
forming a 1hird coibzigafendavindaCeheiiggmine moiety. In a preferred embodiment, the method
further includes: (f) copta ti?tgcﬁ 'rdf cogjulg t .Witq%la third protected amino acid and.an activating
agent, thereby forming a %O pe;lgétl?r eﬂﬁ%ﬁgebeﬁwgeoe%r%% ?68%15% %uﬁsgﬁ%%rgg%actﬁem% e moiety;
and (e) d eproteﬁﬁf@?ﬁs chemistry. The side chains of Asp, Ser, Thr and Tyr are preferably protected using

t-butyl and the side chain of Cys residue using S-trityl and S-t-butylthio, and Lys residues are

nih , Gifngs. an

preferably protected using t-Boc, Pmoc and 4-methyltrityl. Appropriately protected amino

20 acid reagents are commercially available or can be prepared using art-recognized methods.
The use of multiple protecting groups allows selective deblocking and coupling of a
fluorophore to any particular desired side chain. Thus, for example, +-Boc deprotection is
accomplished using TFA in dichloromethane. Fmoc deprotection is accomplished using, for
example, 20% (v/v) piperidine in DMF or N-methylpyrolidone, and 4-methylrityl

25  deprotection is accomplished using, for example, 1 to 5% (v/v) TFA in water or 1% TFA and
5% triisopropylsilane in DCM. S-t-butylthio deprotection is accomplished using, for
example, aqueous mercaptoethanol (10%). Removal of t-butyl, t-boc and S-trityl groups ié
accomplished using, for example, TFA:phenol:water:thioanisol:ethanedithiol (85:5:5:2.5:2.5),
or TEA:phenoliwater (95:5:5).

30
5. Screen The Protease For Specificity Changes.

Essential amino acids in the proteases generated using the methods of the present

invention are identified according to procedures known in the art, such as site-directed

27



thereby forming a fourth conjugate having a reactive amine moiety. For amino acids that are difficult to
couple (lle, Val, etc), free, unreacted amine may remain on the support and complicate subsequent
synthesis and assay operations. A specialized capping step employing the 3-nitrotriazole active ester
of acetic acid in DMF 25 efficiently acylates the remaining aniline. The resulting acetic acid-capped
coumarin that may be present in unpurified substrate sequence solutions is generally not a protease
substrate sequence. P1-substituted resins that are provided by these methods can be used to prepare
any ACC-fluorogenic substrate. In a further preferred embodiment, diversity at any particular position
or combination BRBEERRS 96 S itPuesPeyswHliehg sitmirsifeenf latthedseteniocipraferablidueseast 6,

more preferablysai deastnb a0 e RrefasbbestithAHaa YeRpariRQacidsd.gravdhedeaptide

chain. The mixtures of agﬂno acids cai?rf include qf an usg%[eam_ount of a particular amino_acid in
combination with B SN ST ARIETE ARSP AR EREAaTE ik 6oIEHE AR 2 56 IFSaRRPpreferred
embodiment, thbegeindurczisiaiien KBS 206 iRird ¢, Hvibnoane igec{ficiniix bifthéneapitirppratmtatios to

allow for egual rr Vi GUMRER isqkinetic mixture s in.the molar ratios of
amino acid%suhas@gie@éen(%%éj%lﬁgqu{sa%éed on the%géggﬁqg%%ggfb%%%egﬁ(&%gﬁSﬂg%ﬁt?/\{ﬁﬁ %, J. H.,
Hamashin, V. T2 §aFee & 48 TAAS. AY84 PTEIB0NAMBrs 34, 1681-1689). Solid phase peptide
synthesis in which theNGrigiRinaha apRGaHthalSagLR 6 BBl aghe thiowmisgrldde support
followed by squk%rtgial %?déﬂ nc?g Jlgg rem igé &l 'naoac%(rj]g in the seﬁijeh(ﬁgdifth%ﬁe,ferred method
for preparing th8 pepiide backbona oFthe compounds of ey[ggeé HETHVERTSH. >FEERARITRSE for solid
phase synthesiSaré e sckiigiidnpBainmddatet (Pie A d\-8dIRHPHSABPEDIRAIE 1S§ntBe%is; pp. 3-284
in The PepgdespAnRy s AuMNE el RGN0 Wb e fiah Pk myphesis, Part A.,

Gross and Meienhofer, eds. Academic press, N.Y., 1980; and Stewart et al., Solid Phase Peptide

Synthesis, 2nd BFIEIBE 2 BHRRRPEIS, SBERHRS /G Wﬁ%@%%é?e%&wmw&% by
reference. Solidmphaseisinbiestptidanbsieasiiysibeapeplishost witweblosuentiadynaupéiaible peptide
synthesizers 15 _utilizing - ISEEM ; icul ferr de%rlp odj eptide
synthesis is perpgyrf%g' u@#\yﬁﬁ%&ﬁ ?y%’ttﬁgel‘z% E%%ml%%€£%ﬁ%%%§%%§%§ ’gf sp({b%%}rr%ﬁﬁ?‘{agrfd Tyr are
preferably prote?d8% d2fy -1 Falpuranisedideiesham ég@%?ek‘?@% &M glsdmm eard G3-Batylthio,
and Lys residuascas233eferahlye ppore chadicising WB 0o/(fsminag aHad«kitedixirindapieprately

protected amin e(%baghqr rggﬁfr&% are.commere %/r aval Iq?l@%o,;: fg,}] Fgeg g}r_epared using art-recognized
methods. The use of multiple brotecting groups allows Selective deblocking and coupling of a
Mutaggnesis methods as disclosed above can be combined with high-throughput,
automated screening methods to detect activity of cloned, mutagenized polypeptides in host
cells. Mutagenized DNA molecules that encode proteolytically active proteins or precursors
20 thereof are recovered from the host cells and rapidly sequenced using modern equipment.
These methods allow the rapid determination of the importance of individual amino acid
residues in a polypeptide of interest, and can be applied to polypeptides of unknown

structure.

25 Screening by Protease Phage Display
In one embodiment protease phage display s used to screen pools of mutant proteases
for various affinities to specific substrate sequences as described in Legendre ef al, JMB,
2000: 296:87-102, and Corey ef al., Gene, 1993 Jun 15;128(1):129-34. The phage technique
allows one to provide a physical link between a protein and the genetic information encoding
30 it The protein of interest is constructed as a genetic fusion to a surface coat protein of a
bacterial virus. When the viral particle is produced in a bacterial host, the protein of interest
is produced as a fusion protein and displayed on the surface of the virus, and its gene is

packed within the capsid particle of the virus. Phage-displayed random protein libraries are
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fluorophore to any particular desired side chain. Thus, for example, t-Boc deprotection is
accomplished using TFA in dichloromethane. Fmoc deprotection is accomplished using, for example,
20% (v/v) piperidine in DMF or N-methylpyrolidone, and 4-methyltrityl 25 deprotection is accomplished
using, for example, | to 5% (v/v) TFA in water or 1% TFA and 5% triisopropylsilane in DCM.
S-t-butylthio deprotection is accomplished using, for example, aqueous mercaptoethanol (10%).
Removal of t-butyl, t-boc and S-trityl groups is accomplished using, for example,
TFA:phenol:water:thioanisol:ethanedithiol (85:5:5:2.5:2.5), or TFA:phenol:water (95:5:5). 30 5. Screen
The Protease FerSpetiivdindbiztndusdetiredtiaizainindbasids chrbrsplwitesel gegerated using the

methods of the RigseakidBURIANAIR HERHRAARICNAIRRIEEHIES JRMMHIRR A-eSHEh as

site-directed 27 mutagenesis or saturation mutagenesis of active site residues. In the latter technique,
residues that fOTRGAEIPE Re5p drnewpd o Rrestidesh Shliner ard disdporigve cromsled Tarte of

specificity are rauitshciotpeasyiprshitime i ined gesithie nalivasoiiftesamnbiogiaateador example,
i

Legendre, gt at, IMB (3000).206:. 87102 Subaifate spedificils eliheresuling,mutanis il be
determined using the p%sitlonal scanning libraries and %y single dubstr Inetic "assays (Hatrris,

et at. PNAS, 2000tapey Foncrample. KhgltAsust a9 o sciopsisbat i 4o Aedatexinade winl peefrin osing known

methods of MutReRREFIRARELEFHEENINGLSH Bibas thasssiacIRsaddly ReitldaamisQr Rt Rauer
(Science 241:53-57 19881) or B%Wietﬁnd S@uer Proc. Natl. A% d. Sci, USA 86;2152-2156,1989). 10

Briefly, these a T g raisase Acksrieds ppd g SABSHLR TRAA ARG B? WopePtsssfigns in a
polypeptide, selerimtpfendurnstiomidiptiypeptiderandnthed sbsebneiigehe mutagenized polypeptides
to determipg the specmgjngllgw W, sHbstitions at each position. Other methods that can be used
include phage display (e.g., Legendre et at, JIMB, 2000: 296:87-102; Lowman et al., Biochem.

30:10832-10837, 1991 FapiAe; qbodiment offhefuvrpsion, s method of prsayirafer Bigtiesanen sl
92/06204) and reginnatizaktackniryeinesFhd Retndshith kot Canec-d6: WiambeitNepetate DNA
7:127, 1988). Mutagenesis methods as disclosed above can be bined with high-throughput,
utomated scre 3 B B B e R

Mutagenized DNPORRsiEELAE potnses dectsioteigueal g@%%ﬁmﬁ%m&@i@e thereof are

recoverediom Widesie alsRBdanidys serurptasysing inassmesidnmai kbkshmgthods allow
the rapid determination of the, imgﬁ)}gance of indé idual amino_acid, residues in polyptlaeptlde of

interest, and caR Db ABPIEF R DS REBIIRLRP ﬁ‘l%r?wamalgf active protease m the safuple.

This method of the invention can be used to assay for substantially any known or later
discovered protease. The sample containing the protease can be derived from substantially
any source, or organism. In one embodiment, the sample is a clinical sample from a subject.

20  Inanother embodiment, the protease is a member selected from the group consisting of
aspartic protease, cysteine protease, metalloprotease and serine protease. The method of the
invention is particularly preferred for the assay of proteases derived from a microorganism,
including, but not limited to, bacteria, fungi, yeast, viruses, and protozoa.

Assaying for protease activity in a solution simply requires adding a quantity of the

25  stock solution to a flucrogenic protease indicator and measuring the subsequent increase in
fluorescence or decrease in excitation band in the absorption spectrum. The solution and the
fluorogenic indicator may also be combined and assayed in a "digestion buffer" that
optimizes activity of the protease. Buffers suitable for assaying protease activity are well
known to those of skill in the art. In general, a buffer is selected with a pH which

30 corresponds fo the pH optimum of the particular protease. For example, a buffer particularly
suitable for assaying elastase activity consists of 50 mM sodium phosphate, 1 mM EDTA. at
PH 8.9. The measurement is most easily made in a fluorometer, an instrument that provides

1

an "excitation" light source for the fluorophore and then measures the light subsequently
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structure. 25 Screening by Protease Phage Display In one embodiment protease phage display is
used to screen pools of mutant proteases for various affinities to specific substrate sequences as
described in Legendre et at., JMB, 2000: 296:87-102, and Corey et at, Gene, 1993 Jun 15;
128(1):129-34. The phage technique allows one to provide a physical link between a protein and the
genetic information encoding 30 it. The protein of interest is constructed as a genetic fusion to a
surface coat protein of a bacterial virus. When the viral particle is produced in a bacterial host, the
protein of interest is produced as a fusion protein and displayed on the surface of the virus, and its
gene is packedsmiitid the mapsithpasaticlengfhth€ormpisistinagib-alisplayidddiamdosalpioseielinpaties are 28
screened for bingig@ HmeRUARAIROBH I IREAIES QL RA0R LN SRS0.RIRAELRIESENING an

individual mutant) are sorted for enhanced affinity against the target. Serine protea aVe been
displayed on thelsttidied B Wﬁ%ﬂ%ﬁﬂ%&?@&%@%’m@%m@%ﬁm@%@@ dehnique,
is used to genergie af dhapsanditarysOiREGRASEM B FTBcTHORIRBINMUGH isalocied may be one
related to ather E)teuglf}:la&)plication of the protease. For example, the target sequence is present in an
endotoxin, Or a vmflrpro?ein, or a bacterial wall protein, or a native blood-born peptide related to an
auto-immune conditionVhile dettetiqarofdbs Brontactétcmnpesddniarreatrhbrionethde by dainainistering
the pepide, e.9.fuyolibiay RS AN HALARRd 9B LS SHARHERIRRRL W Screening

Using Fluorescence In angther eubodiment of the invention, a method of assaying for the presence of

f
an enzymaticalPEERiFPIoRRea Hdvhdif sEamelsarRey iR s cmitip bsvigibleprotease, in

such a manner wieekhythsfidmsofencyric eiynidybledsed fiarctopepilesikaiaieeq@uenge upon
iLS.whether the

action of thg prog ; In rescen iety: and ohservin
sample undergoe%%}qacé&?egé;t%%}l%ﬂg %%%éé% l%?}éls%%. é%r,g]t%g) gg?g%?g(f?fea%ﬁ%ﬁ eeaggeyisr]\% Fn Rdication of
the presence of WEZM§ Hider e ae iRfepestbissedigitiver oavibrs impgs rratiriippiyNerinvReitotivtan be

used to assay fonsp bRy enon ik AR FIHEGR aRE PItarendkhrisatie. containing the

protease can be _derived from substantiall source, or organism. In one emhodiment, the sample
is a clinical sample from'a subject. 2011 ﬁ%ﬁ%ﬁ%ﬁ%‘g W@ﬁﬁffgj’yﬁe"&?&a@% SHBYSaB€ted from
the group consistignglohasdartiordrd wegmtegsitdipnouteg mdticpedysiasesend Fenizmbtease.
The methog of theinneRtighisPatlisRdraiarackBibarssanakrielassesdervgd roma
microorganism, including, but not limited to, bacteria, fungi, yeast, viruses, and protozoa. Assaying for
protease activity? i ¥86ffion simply requires adding a quantity of the

Thus, for example, a basic assay for protease activity of a sample involves suspending

or dissolving the sample in a buffer (at the pH optima of the particular protease being

assayed), adding to the buffer a fluorogenic protease indicators, and monitoring the resulting
20 change in fluorescence using a spectrofluorometer as shown in Harris ef al., J Biol Chem,

Vol. 273, Issue 42, 27364-27373, October 16, 1998, The spectrofluorometer is set fo excite

the fluorophore at the excitation wavelength of the fluorophore and to detect the resulting

fluorescence at the emission wavelength of the fluorophore. The fluorogenic protease

indicator is a substrate sequence of a protease that changes in fluorescence due to a protease
25 cleaving the indicator,

In an illustrative embodiment, the invention provides a library useful for profiling of
various serine and cysteine proteases. The library is able to distinguish proteases having
specificity for different amino acids.

In another illustrative embodiment, a library is provided for probing the extended

30  subsirate sequence speciﬁcity of several serine proteases involved in blood coagulation, in
which the P1 position is held constant as either Lys or Arg, depending on the preferred P1-
specificity of the protease.
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25 stock solution to a fluorogenic protease indicator and measuring the subsequent increase in
fluorescence or decrease in excitation band in the absorption spectrum. The solution and the
fluorogenic indicator may also be combined and assayed in a "digestion buffer" that optimizes activity
of the protease. Buffers suitable for assaying protease activity are well known to those of skill in the
art. In general, a buffer is selected with a pH which 30 corresponds to the pH optimum of the particular
protease. For example, a buffer particularly suitable for assaying elastase activity consists of 50 mM
sodium phosphate, 1 mM EDTA at pH 8.9. The measurement is most easily made in a fluorometer, an

instrument that providdbe &% itariony aiewsdurte femdod fwitspirrarindichof prateadiiies the light
subsequently 29, aauitiedahennasticiiriivayriro et Fompa iRy iihaca0 gl incicaiansalution

lacking the protease provides a meas¥re of the_protease activity. The actjvity level may be precisely

quantified by geRaYAtiy 4 SR P ERITEIEr RS e HEaRn LT ERMBHEE S HAMARICIE 3ate of
change in fluorésgerigeophdticeching peateagecsolutinms ot fanowinl activisy deoraeteypipei-fidile
detection of the I ' ' mpli using a_fluerometer, detection
may be accgom piglysdk{ljeea%gﬁg)eéH 6‘1& \%%r&l%%% %%%?ﬁg%&r%%&%g%v%ﬁ?%&%@%g?h?)gs%e% g?gkallﬁ%a%%e art. Thus, for
example, when SHBSHissTOPhRf B EsHRT HavatinaRie voat ol epyrasicdaeerdmariyaséedaply by visual
inspectiOfn of _flumf@iﬁeﬁm@@aﬁeﬂ?&%ﬁﬁﬁ%ﬁ%%m*f%f&ﬁ@poﬂﬁ&ﬁ&ﬁemmﬁ&ﬁﬁtbe by
means of an image a system utilizing a yideo camera interfaced,to a digitjzer oy ofher image
acquisition system. Dr;"?é%%%ﬂ ?sgl%aﬁsgﬁﬁ%ﬁ%ﬁféﬁsﬁﬁ%?gﬂﬁﬁ?e tﬁdﬁgﬁzg@%#&e?%t{fﬂifo?% ence
microscope. Thenventrossepe weiildoo dictectingigdentifiat gsasihephptifzing| meshtymihiz: o jserglor.
Alternativgly, the, sighalanay RedesetaemHa bRAGIeS RRINEHN by SingAng damanalyals system. The

signal 15 may also simply be quantified in real time using either an image analysis s\zgtem ora

photometer. Thd& s ApRilyng e Juerradt Rroitndbeatx APBra 8 ip ermRsle4 suspending or
dissolving the samopissihmebeiffer (ot dhapidl Thiisamplt taa paréiglidrigkaieastulieugh asbipdd), adding

to the buffer a fl Qr&g}g%nmgep{gaggas%ﬂ%gigﬁggﬁs, and monitoring the resulting 20 change in fluorescence

using a spectrofluorometer as shown In Harris et al., J Biol Chem, Vol. 273, Issue 42, 27364-27373,

October 16, 1998. TheSstreuingtiitnsicataars SeqaonseSwecifdtfdsraphore at the excitation wavelength

of the fluoggphore andripdetiesitornes.tivadtiuatescencrisdbere RizsioRvryaleaghefthe _
fluorophore. The fllé&rgaqleml%;)rotegse indicator 'S(%%g?&%efo%e%uence of au[))rrotease that changes in

fluorescence du®t6a prgtréasveasf . e%‘:’ﬁﬁ‘éeﬁ?g’ e axl enzymatically active protease.

The method includes: (a) a random peptide library containing an internally quenched-
fluorophore, where the flucrophore is e.g. o-aminobenzoyl and the quencher is e.g. 3- |
nitrotyrosine; (b) a peptide substrate sequence corresponding to the sequence targeted for

20 cleavage, which also contains an internally quenched fluorophore where the fluorophore is
e.g. Cy3B and the quencher is e.g. Cy5Q; (c) mixing the random peptide library and peptide
substrate sequence at a 1:1 ratio; (d) exposing the mixture to the mutant protease and then
quantitating the ratio of Cy3B fluorescence to o-aminobenzoyl fluorescence. If a protease is
selective for the target peptide, it will cleave only the target peptide and not the random

25 library, and thus there will be a high ratio of Cy3B fluorescence to o-aminobenzoyl
fluorescence. (Meldal and Breddam, Anal. Biochem. (1991) 195: 141-147; Gron, et al.
Biochemistry (1992) 31: 6011-6018)

In another preferred embodiment, these methods are used to determine the sequence

specificity of an enzyme, and preferably of an enzymatically active protease. The method

30  includes: (a) contacting the protease with a library of peptides of the invention in such a
manner whereby the fluorogeric moiety is released from the peptide sequence, thereby

forming a fluorescent moiety; (b) detecting the fluorescent moiety; and (c) determining the
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In an illustrative embodiment, the invention provides a library useful for profiling of various serine and
cysteine proteases. The library is able to distinguish proteases having specificity for different amino
acids. In another illustrative embodiment, a library is provided for probing the extended 30 substrate
sequence specificity of several serine proteases involved in blood coagulation, in which the PI position
is held constant as either Lys or Arg, depending on the preferred PI- specificity of the protease. 30 The
PS-SCL strategy allows for the rapid and facile determination of proteolytic substrate sequence
specificity. Those of skill in the art will appreciate that these methods provide a wide variety of

alternative librasgdesmatd. thoopepiidenptmetiztnthéebPR4posititg the peptidgedqyeticpipebificinino acid may
circumvent prefs;&%gq;fiﬁlgeé?o%ggavage by papain-fold 5 proteases and lead to proper register of the
substrate sequence. Determination and consideration of particular limitations relevant to any particular

enzyme or method of B@saiared sppedsr i ddirclipiresribedinsthed. Arrmethed 81ihef of those of
skill in the art. InnRRdEOEIQHSEHASSe YN dSitenBiasoneR ] qopieaiatiRnzbaethe method of the

i tion is_al f detecting, ideptifyi d tifyi i ple 10 (e.g.,
orotease). Tnis, in antiTEr e lRAt S BOHPRERC T e G AT ORI TR RS E]
quantifying the ffaotesvbsttntisibtynyhertiayecqd anttfysh puhis prefymbly (Gputivoesss) gesieat in the
sample. The Saﬁ%@%%ngp&n@a@%m% Pt stoha s Rlond » SR HING LB S oFHilk OF Semen

Screening Using Protease Se%ue.nce Specificity Assay 15 In anotherpreferred embodiment, these

methods are usSY SRR 4808 A5 Aremsbstantathcaiy Ereaiss pedae-dagaetiiaiehtbpreferably for
an enzymaticallyxaetwisgegtaasens) eripifiaties) chietas rlana fandand gepiite libsaneRartining an
ntemall genchet fuaionhers.ietedle iRt s s aninoheniprl anpe rencher
e.g. 3- nitrotyrosine; B?a ept%e supstrate sequence corresponding to the sequence targéeted for 20
cleavage, whichPatisiecknaingcash asas Andperesnad fluorophore where the fluorophore is e.g. Cy3B
and the quencher jsRbA Sk c1Mixing the random peptide library and peptide substrate seguence

at a 1:1 ratio; (d) exposjng the mixture to the mutant protease and then quantitati e ratio of Cy3B
fuorescence (0 b-mi B EFOB I TR B ACE T DR L SEILRA 6 A B PR t wi
cleave only the targiiopeptideclativitytattrectantibre 26 ilsdbindampsthaiteth B2 RYjlkiveFa-highaatio of

Cy3B fluofgscenge {onrAMiRCRRRARY biliatesrance(Maldal and AirddpdeARA rBi el 991)
195: 141-147; Gron, et at Biochemistry (1992) 31.: 6011-6018)h . .
site (S1-S4) function independently of one another, such that modification of specificity at

one subsite has little influence on specificity at adjacent subsites. Thus, engineering substrate
specificity and selectivity throughout the extended binding site can be accomplished in a
step-wise manner.

20 Mutant proteases that match the desired specificity profiles, as determined by
substrate libraries, are then assayed using individual peptide substrates corresponding to the
desired cleavage sequence. Variant proteases are also assayed to ascertain that they will
cleave the desired sequence when presented in the context of the ftﬂl—length protein. The
activity of the target protein is also assayed to verify that its function has been destroyed by

25  the cleavage event. The cleavage event is monitored by SDS-PAGE after incubating the
purified full-length protein with the variant protease.

In another embodiment, mutant proteases are combined to acquire the specificity of
multiple proteases. A mutation at one residue of a scaffold, which produces specificity at one
stte, is combined in the same protease with another mutation at another site on the scaffold to

30  make a combined specificity protease. Aﬁy number of mutations at discrete sites on the same
scaffold can be used to create a combined specificity protease. In one specific embodiment, a

mutation in the granzyme B scaffold at position 99 from isoleucine to alanine was combined
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In another preferred embodiment, these methods are used to determine the sequence specificity of an
enzyme, and preferably of an enzymatically active protease. The method 30 includes: (a) contacting
the protease with a library of peptides of the invention in such a manner whereby the fluorogenic
moiety is released from the peptide sequence, thereby forming a fluorescent moiety; (b) detecting the
fluorescent moiety; and (c) determining the 31.sequence of the peptide sequence, thereby
determining the peptide sequence specificity profile of the protease. In a preferred embodiment of the
above-described method, the method further includes, (d) quantifying the fluorescent moiety, thereby
quantifying the pitteasstagomarpesiden?l 8 afhspitgna tpelotsarid @ratsdtiérmentsisdisfertifidigreinabove,

the protease cgp.asubsiarialix aRkRrALeRSE ISR PVLISRIE RN ARaLtic protease,

cysteine protease, metalloprotease or serine protease. The protease assayed using a method of the

invention can be derivEgRTEHeddtiskg a8 B RARTAR aMetEc Tot he-fellawéne sillmisials (e.g.
humans), birds,ljehtimsidiisie disppahis pitngdan dthetke st prafeicechd grewibodinaentidhie protease
is derived ffom icreorganism. mcluding, but not Jimited to,, bacteria, fungi,.yeast, viruses, and

protozoa. g Ite aot?(q)%norgﬁpl ng‘e'%@(iﬂﬁ hgalr]nn%ihgg i%glgef%%[é?gdj i et?g%(\%/lg@i %Va ggél)tfe%ﬁl 8 elédrﬁ%ﬁt“ﬁ‘?gtease that

has the desiredlikpiadeiey i dusetioniipaeeasrovifindxendeeidis dinidouiiitey B2, P3, and P4. In
some 15 casesoluHalionadR-sesingRRIRRaRA have showdithaheashid thaeanbaitgs that form the

active site (S 1-S4) function independently of one another, such that modification of specificity at one
subsite has littldSHHER SRS St araifly id afSeendenn Smaturpiie noh i ReBARY Bbhelises) Becificity
and selectivity theeughedtiheexiended:iod nmaie padibtcactgsiplish ¢thdseaegitapwmsadmanner. 20
Mutant projeases, tgg Fn ' ificity profiles.as determin substrate libraries, are
then assayed usin %t%r?/ii%dua .p%éiﬁgé&%u %‘?%eigs éggﬁeg&siﬁgﬁé?ﬁéefcﬁﬁ@ﬁge%# aé?eggegage%glq?%sence.
Variant proteas8¥ite Hlksdyiadeapsivaie e pertain Hstdmayinknose fnstipe ddetvadestquence arhen

presented in the gQméRitafdhe thlligmoib Rinieine ThenReathiturtdhe:taten) orately isdso assayed to

verify that its functiegsgs Qeen destroyed py 25 the cleavage event. The cleavage event is monitored
by SDS-PAGE BR&FEBERR tREmSH @ Hiftiength protein with the variant protease. In another
embodiment, mutant protectberscrts doreinbth¢anaedinre tthgespetiiicssiskdoaliiphs irotedses. A

mutation g% 0neﬁ%ﬁ%ﬂﬁ&&%ﬁéﬂﬁi&@@ﬁ%@%&%&?Eﬁ%ﬁgé YRGS 26 REYILRRA In the same
protease with apother mutation at another sité on the scaffold to
mvariant histidine that is part of the catalytic triad in a serine protease is mutated to alanine,
rendering the protease inactive. A histidine in the proper position in the target protein could
fimction as a hydrogen acceptor, in effect playing the same role as the mutated histidine in
the protease, thereby restoring catalytic activity. However, this places a stringent
20 requirement for having a histidine in the proper position in the substrate sequence (P2 or P1°).
-A single mutation in the substrate sequence binding site of the protease can alter its
-specificity and cause it to have a change in substrate sequence specificity. Substrate
sequence specificity can be altered using a small number of mutations,
Using the methods disclosed above, one of ordinary skill in the art can identify and/or
25  prepare a variety of polypeptides that are substantially homologous to a protease scaffold or
allelic variants thereof and retain the proteolytic properties of the wild-type protein. In one
embodiment, these scaffolds comprise the amino acid sequences of trypsin, chymotrypsin,
substilisin, thrombin, plasmin, Factor Xa, uPA, tPA, granzyme B, granzyme A, chymase,
MTSP-1, cathepsin G, elastase, papain, or cruzain. Such polypeptides may include a
30  targeting moiety comprising additional amino acid residues that form an independently
folding binding domain. Such domains include, for example, an extracellular ligand-binding
domain (e.g., one or more fibronectin type III domains) of a eytokine receptor;

immunoglobulin domains; DNA binding domains (see, e.g., He et al., Nature 378:92-96,
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30 make a combined specificity protease. Any number of mutations at discrete sites on the same
scaffold can be used to create a combined specificity protease. In one specific embodiment, a
mutation in the granzyme B scaffold at position 99 from isoleucine to alanine was combined 32 with a
mutation at position 218 of asparagine to alanine to create the combined specificity protease
I99A/N218A granzyme B, the properties of which are detailed herein. Proteins targeted for cleavage

~ and inactivation are identified by the following criteria: 1) the protein is involved in pathology; 2) there
is strong evidence the protein is the critical 5 point of intervention for treating the pathology; 3)
proteolytic cleavd§@ortiatptereiandithe kst Tebtrolyheptifrsting, die duts sfdidwidpalyaegttiproteins
are identified byib@ehilaningalitesiasiddthasae located on the exposed surface of the protein; 2)
they are located in regions that are devoid of secondary structure (i.e. not in O sheets or a helices), as
determined by q;pwégsgtﬂgﬁgﬁt?ée%tructure prediction algorithms; (these regions tend to be 10 loops
on the surface of proteins or stalks on cell surface receptors); 3) they are located at sites that are

likely to inactivate the Rred8/PsRRIBRE-ORIHS AW ITERGHPhchIRAGIR BEALRREARANE R SmiQHT

residues inéength. o match the extended substrate specificity of many serine proteases, but can be
longer or sRortet AT oL SR Ao (AU AR Vbt 2L R oA R e sed to
15 generate proteasesBpauifiotion altargadt{eoienuidnt targeigntqieinaassistefivdatel ysiglutdyenagvariant
histidine that is pagt,f fhe catabgicHagdmin SN A Al6RRSIS Y UIR'GAHR AlaRins udrnigling the

protease inactive. A histidine_in the proper position in the target protein could function as a hydrogen
acceptor, in effdHRyRYa s & pretake et rddeins Ao Rrseretiisee 4ad physidngiselstoring
catalytic activityfuderwayes; ifimiasaFapsitingraed leqyiremendabbariag, mbistdineninoter-proper
position in,the s%%grgﬁgsgfr%u%gggf(@g or tlgalgg. S%éﬂ[qgl rgru}gtion in the substrate sequence binding
site of the protease can alteris specn‘Pcny and catse | lfo Rave a change in substrate sequence
specificity. Substrate Hegpnerdeadpeichieivyria that amsescktipintgaseshiiafomariendnchidenantions. Using
the methods disglasedRexe e08uef Ardinam:tdbitife AieaRJasRUM AN AR MARALS a variety of

polypeptides that are substantially. homologqus to a protease scaffold or allelic variants thereof and
retain the prote SRt BrBIRIEY 3'%%%%‘% d{%ﬁi‘aﬁ%t@? Sf"af’ﬁﬁ%‘é%lgfﬁﬁ’é’ﬁif‘ﬁ QRIS Ais.comprise

the amino acid seuyhiznbetvettrpsinsidambtngpsient palishilisinydh cartibipogsibidingiof Faaiog X UPA,
tPA, granzyme B, QrRDANMEE relYIASRenMI Bide. CRIFERSIN, Goi8 A ARG AARAILAY, Ghuzain. Such

polypeptides m% include a 30 targeting, moiety _comr%rismg additional amino acid residues that form an
independently SIS B FOROGTBRHAINY Sodheinming fAeride ricenaisns, he whtirennige

ligand-binding conservative substitution as defined above.

One aspect of the mvention pertains to isolated proteases, and biologically-active
portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided are
20 polypeptide fragments suitable for use as immunogens to raise anti-protease antibodies. In
another embodiment, proteases are produced by recombinant DNA techniques. Alternative
to recombinant expression, a protease protein or polypeptide can be synthesized chemically
using standard peptide synthesis techniques.
Biologicaliy—actiﬁe portions of protease proteins include peptides comprising amino
25  acid sequences sufficiently homologous to or derived from the amino acid sequences of the
protease proteins that include fewer amino acids than the full-length protease proteins, and
exhibit at least oné activity of a protease protein. Typically, biologically-active portions
comprise a domain or motif with at least one activity of the protease protein. A
biclogically-active portion of a protease protein is a polypeptide which is, for example, 10,
306 25,50, 60,70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230,
240, 250, 260, 270, 280, 290, 300 or more amino acid residues in length.
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domain (e.g., one or more fibronectin type Il domains) of a cytokine receptor; immunoglobulin _
domains; DNA binding domains (see, e.g., He et at., Nature 378:92-96, 33 1995); affinity tags; and the
like. Such polypeptides may also include additional polypeptide segments as generally disclosed
above. Protease Polypeptides A polypeptide according to the invention includes a polypeptide
including the amino 5 acid sequence of a protease whose sequence is provided in any one of the
scaffolds described herein. The invention also includes a mutant or variant protease any of whose
residues may be changed from the corresponding residues shown in any one of the scaffolds
described herein, whilMatitivenedainbiclogictBjratiiat puaiiieing i spreitcase/lbck vitiesranenplhysiological

functions. or a fiiaclional lrauRianh barBelIp . e/sLieh e el e sl

T
S1-S4 regions of the protease as detaile rein. I general, a protease varian fia preserves

protease-like fuFttF®ATIAE Hastions) aciviten chamaiiie peafierses at a particular position in the sequence

have been substitutedi®yy eisampnoEsiisecand iy ihenins/ude La.aRsSPIY AiiRsesHREaN
additional rgsidee or.brgﬁldues betW(E:'}g two residg%s of the Eé'irent protein as well as the possibility of
STmor S ﬁ?ﬂ%’é

deleting onie 156 More rasidiE SN STh IR BErHY L8y P S RTRIe SRt SiteR#H AL  rtion, or

deletion is encompeismadty thve ofibnsiwiioldsfdesoribblicheistunrsianctdictinatanty ol thtiemnffohls,
conservative Sufisiludion & G ARAYE, ONEAR0RE QLINEHNTRIBRRSIA IR I8 S0lIey proteases,

and biologically-active portions thereof, or'derivatives, fragments, analogs or ologs thereof. Also

provided are - ﬁ%ﬂ%ﬁd@%%@@ﬁ%f& fof Yrianediss aabediment dinsetsase

antibodies. In anatljeisenahadimentiqraiease staasninaiiaschhyrerepiinanieRNAJdesaniques.
Alternativ%to reg xpi t expressio rotease,protein or polypeptide can %]%s ize
chemically using%gr? agrp %eeg{%‘% Ss??ﬁ??%%% ac eﬁii%ﬁggl. ig%g%%fy%f%%(gor |3§é}%’f%r3f§ase

proteins includefeipd dessfeartionidintiramieione s brseffidn dess st bonthohom oo usitantraderived

from the amino aeistegEIENEes REthRANAIRARR-R QIR BRoibak nGldRdeseraming Adgsthag:the
full-length protef:\set ote%s)}, nd. exhibjt gt least one_activity of a protease protein. Typically,
biologically-active pSRionS 8(??%’54?%‘5 HonF-ARIBP ASSTSARFISS REL%E SRl SRR It & TdEase

protein. A biologks&Hyed ctiviediortiontinf projeete asepitetain isxdnpebjp sptidacwititadssfort@sample, 10,

30 25, 50160, 7R, 0B Arhfho 2Rt skakrld0s HR0AR0 s LARIASY, 108nAQ0:240s 220, 230, 240,
250, 260, 270, 28%, 290, 300 or more amino acid residues in length. 34

embodiment, the protease comprises an amino acid sequence at least about 99% homlogous

to the amino acid sequence of one of the scaffolds.

Determining Homology Between Two or More Sequences

20 To determine the percent homology of two amino acid sequences or of two nucleic
acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal
alignment with a second amino or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then compared.

25  When a position in the first sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second sequence, then the molecules are
homologous at that position (i.e., as nsed herein amino acid or nucleic acid "homology" is
equivalent to amino acid or nucleic acid "identity").

The nucleic acid sequence homology may be determined as the degree of identity

30 between two sequences. The homology may be determined using computer programs known
in the art, such as GAP software provided in the GCG program package. See, Needleman |
and Wunsch, 1970. J Mol Biol 48: 443-453. Using GCG GAP sofiware with the following

settings for nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP
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Moreover, other biologically-active portions of a protein, in which other regions of the protein are
deleted, can be prepared by recombinant techniques and evaluated for one or more of the functional
activities of a native protease. In an embodiment, the protease has an amino- acid sequence of one of
the scaffolds 5 described herein or one of the mutants of the scaffolds. The protease protein is
substantially homologous to one of the scaffolds described herein or one of the mutants of the
scaffolds, and retains the functional activity of the protein, yet differs in amino acid sequence due to
natural allelic variation or mutagenesis. Accordingly, in another embodiment, the protease comprises
an amino acid sedusivpepetdkpsf Aoth:458mp erpimwgdiis iadbeoamnincacitiiQuaaeieneanisane of the

scaffolds descrieg \GTeil LD, e ARS8 SeRalds, A JSiaigRIne. i

6i(9n§g90tivity of
one of the scaffolds described heréin or on e mu the sc s. In‘apreferréd "™

embodiment, th%gﬁﬁo?ég%%-compr_ises an amino acid sequence at least about 90% homlogous to the

amino acid sequence DhorRaO R ERR TR N FBRRAN SRR eshamRoHRRmIbERRIsASE
comprises an amiggg agiéi squence at.IéFas%ﬁbout 95% 15 homlogous to the amino acid sequence of
P anoth &

one of the 3caff8f P R P S A58  ATRiTR R T5rat e Bes BB SR FrEigmefd
sequence at leasmaiaoigord IPheorm Spousntige bé saquinocadichSing iecdeubiaty obtharhoafiaids.

Determining Hogginghy BEINGRANURA MR iESRERRA0R0 A UBIRIRRID RLRIGRN hpmology of

two amino acid sequences or of two nucleic acids, the sequences are alignéd for optimal comparison

purposes (e.qg., BEORs Bhishthsddetipshmlelasidbrse 6% isTomifiotharion fersare afid sequence
for optimal aligmnoisit seitls)amsaes hobath Rquendid et ROKL SREHIRP6E naldR BROIRDAS givesidues or

nucleotideﬁ)atc e Bnrdé?%at%in aci itions or, nucleoti ositions are then compared. 25
When a position&l% tﬁ% first se%queercmp eofégggsgg |ea?8§/alt gnél%r%(geg(r%?ﬁgngé? feStdde °?f§3?@83’31e as the

corresponding (6itiBa Wndew siedrnd sypliiniringtive mesudt hiyol 8 thedcdddhdpamohtagmud seqieatposition

(i-e., as used hemifgMIHe A6 ‘ALREIBIT ReifiUNRAOYerSH) AHIAISRhIA8HAR BEid or nucleic acid
"identity”). The n i determined as the degree of identity 30

leic,acid sequence homolggy may he
between two seﬂ%c n‘%:"é%‘?“gﬁéeﬁtﬁ?ﬁ%‘?o& 't eepgi?@’rﬂﬁ?\%% G EoTAStBMSFolrbRs #deafh in the
art, such as GAPRU geftmsreprovladnttherSEdlpro dran B p pekageidGeiy MNdediensdrio aggdMensch,

1970, IMQsBI0lARi A% AGRISOR RS SR SUMRIEH LBNSIoIpUiD, SElipgR fgp uclelc acid

sequence comparison: GAP creation penalty of 5.0 and GAP 35 extension penalty .3, the coding

region of the anSIHTHGS SHHMERE Q70 LEBRAIEE Fefisired to above exhibits a degree of identity
preferably of at least 70%, 75%, 80%, 85%, 90%, 95%,

Chimeric and Fusion Proteins
The invention also provides protease chimeric or fusion proteins. As used herein, a

20 protease "chimeric protein” or "fusion protein" comprises a protease polypeptide
operatively-linked to a non-protease polypeptide. A " protease polypeptide” refers to a
polypeptide having an amino acid sequence corresponding to one of the scaffolds described
herein or one of the mutants of the scaffolds, whereas a "non-protease polypeptide" refers to a
polypeptide having an amino acid sequence corresponding to a protein that is not

25  substantially homologous to one of the scaffolds, e.g., a protein that is different from the
scaffolds and that is derived from the same or a different organism, Within 2 protease fusion
protein the protease polypeptide can correspond to all or a portion of a protease protein. In
one embodiment, a protease fusion protein comprises at least one biologically-active portion
of a protease protein. In another embodiment, a protease fusion protein comprises at least

30 two biologically-active portions of a protease protein. In yet another embodiment, a protease
fusion protein comprises at least three biologically-active portions of a protease protein.
Within the fusion protein, the term "operatively-linked" is intended to indicate that the

protease polypeptide and the non-protease polypeptide are fused in-frame with one another.
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98%, or 99%. The term "sequence identity" refers to the degree to which two polynucleotide or 5
polypeptide sequences are identical on a residue-by-residue basis over a particular region of
comparison. The term "percentage of sequence identity" is calculated by comparing two optimally
aligned sequences over that region of comparison, determining the number of positions at which the
identical nucleic acid base (e.g., A, T, C, G, U, or |, in the case of nucleic acids) occurs in both
sequences to yield the number of matched positions, dividing 10 the number of matched positions by
the total number of positions in the region of comparison (i.e., the window size), and multiplying the
result by 100 to e epherefereeprhisniiissonbp&seidetbipNfombamer Suissurinsatfdespigtesss used
herein denotes gogfRiARigristic of a polynucleotide sequence, wherein the polynucleotide comprises a
sequence that has at least 80 percent sequence identity, preferably at least 85 percent identity and
often 90 to 95 percen &8%%%@%88%%%5}%8%%%&% %ﬁ%ﬁ%?%%%&%?@éﬂ%%@@mty as
compared to a peferenceqseqpee acelied tattoNanidorn of ¢he s T HigheaibiamdSHumiciariedteins The
invention aig0 PLaYIdE PRIRATE A HEHGOL IR BB ARLI e G RIgIgRSe chimeric
protein” or "fusion_protein” comprises a protease polypeptide operatively-linked to a non-protease
polypeptide. A 'Pﬁ}ﬁéﬁé‘@bolypeptide" refers to a polypeptide having an amino acid sequence
corresponding to one of dherseakiaiesdesceibeadsiberitenr io g ofilisnmisanis ot thewsaaffolds, whereas

a "non-protease _polypeptide. refers.to olypeptide having an . amino acid ence corresponding to
a protein that issr%‘tlé%esgl%e’é%% éﬁﬁﬁao%‘(:gf-&g]c%sso?o 3r?é} 8 %aén sc%ﬁ%@%?&?&%q%?or&eiﬁc‘f t is different

from the scaffolisiemproteingsatdrive dofsasethphenmeodyramifforepirtes anigrm. Within a protease fusion

protein thq protease palyReRIAEARUEREIRCAGiSA AbBRHANOHHARLOf FALRICARGRIQIGIN. In one

embodiment, a protease fusjon protein comprises at least one higlogically-active portion of a protease
protein. In anottggfeé B TR P BRe I TGSt if GO %%%Fﬁ%%ﬁ'%@%%ﬁ%‘?&@?ally-active
portions of a presdasexretsion md/et anotier einbodinent ba proteaddhiogibngpralein-coodfines at '
least three biolog'%%gilgéﬁz%%%_portions of a protease protein. Within the fusion protein, the term
"operatively-linked" is intended to indicate that the protease polypeptide and the non-protease

polypeptide are fused fhPiifies KR effeos fsiRg prair AEh i Riene e isdptridE amtmlised to the

N-terminussor Créestibnustabie ipthiease. PoivRepiReDN/OReamkodingRtthR:fsioRMArotein is a

CST-protease fygion pratein,in WhICh. e, PIRIEaRS SRREASES AtRdiRe S R ki nus of the GST
(glutathione S-tran asef .

techniques, e.g., by employing blunt-ended or stagger-ended termini for ligation, restriction

enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as
appropriate, alkaline phosphatase treatment to avoid undesirable joining, and enzymatic

20  Hgation. In another embodiment, the fusion gene can be synthesized by conventional
techniques including automated DNA synthesizers. Alternatively, PCR amplification of gene
fragments can be carried out using anchor primers that give rise to complementary overhangs
between two consecutive gene fragments that can subsequently be annealed and reamplified
to generate a chimeric gene sequence (see, e.g., Ausubel et al. (eds.) CURRENT PROTOCOLS IN

25 MOLECULAR BIOLOGY, John Wiley & Sons, 1992). Moreover, many expression vectors are
commercially available that already encode a fusion moiety (e.g., a GST polypeptide). A
protease-encoding nucleic acid can be cloned into such an expression vector such that the

fusion moiety is linked in-frame to the protease protein.

30  Protease Agonists and Antagonists
The invention also pertains to variants of the protease proteins that function as either
protease agonists (i.e., mimetics) or as protease antagonists. Variants of the protease protein

can be generated by mutagenesis (e.g., discrete point mutation or truncation of the protease
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5 sequences. Such fusion proteins can facilitate the purification of recombinant protease polypeptides.
In another embodiment, the fusion protein is a Fe fusion in which the protease sequences are fused to
the N-terminus of the Fc domain from immunoglobulin G. Such fusion proteins can have increased
pharmacodynamic properties in vivo. 10 In another embodiment, the fusion protein is a protease
protein containing a heterologous signal sequence at its N-terminus. In certain host cells (e.g.,
mammalian host cells), expression and/or secretion of protease can be increased through use of a
heterologous signal sequence. A protease chimeric or fusion protein of the invention can be produced
by standard 1% reteorbimeazoDib Aftthetprideres pRdrieramipidn B Raibely dresaoudinng fobskieodifferent
polypeptide sequeneesREeAgaL RIRNBHIMIATHSIRRAGEAMISRE WHBCOBNRAHONA iRciyigues, e.q.,

by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme digestign to provide
for appropriate Y& fAGRTCTATIRITT Com Bt SRYSTaRo8 Sh Fap AR IanCl e BiBE N atadE e Rent to
avoid undesiraliftieipicgaaitoaiz py dice2Anliglalicl e vingihe heteanmpagivteintadiie hrsiersgene can be

synthesized by conuengnal techniges nrlveing autoraled DA SIlhesizeIS Allsaivaby POR
amplification offgene - fragments can be-carried out using anchor primers that give rse to

complementaryfenaionafgonbemhadimend termwatole yhisetradmantsahbaviagesubss §hdmtly be

annealed and rggaplifieg4Gane iate AR SHGHSNESBIMORESLISR B sTowdtSubsiBlin(eds.)
CURRENT PROTOCOLS IN 25 MOLECULAR BIOLOGY, John Wila(fﬁ Sons, 1992%, Moreover, many

expression vectBrSHEIRER MR ATameE VAL e i R Me B8 ¢ IR R RS8N &Y., a GST

polypeptide). A protease-encoding nucleic acid can be cloned into such an expression vector such

that the fygion maiety is linked in-frame to the protease protein. 30 Protease Agonists and Antagonists
The invention also pertains to variants of the protease proteins that function as either protease
agonists (i.e., pbihibifsgdeertagonists. Variants of the protease protein can be generated

by mutagenesis (e.g., AlischeiR @it fRuaanar demneakan phitiengraieassis A piatein)alén agonist of
the protease pr%%in can rretaai%té‘?ggﬁq&g% i:tl]a? same, hqrdglv%ybset ?fa tgea%i T{gggc%lugCtiVitieS of the
naturally occurrmg‘%rm%f’%e protease pro 7 AN antagonls?po e ﬁlr ease prgteln can inhibit one
or more of the aethelscoonitionsulnipistaming vetoirmsobetievpristaaisanst sresridbiatropadleabinire,
cleaving the Sagﬁﬁém%x&ﬁﬁ@aﬁﬁamm%ﬁp%ﬂﬂe A sResHichialogicatafferds can be

elicited by treatment with a variant of limited My(:‘%on. In_pne gmbodlm nt, trea(tgﬁ% EJ fg&g{;bject with

a variant havin d’%?%?ibg ?%F){ﬂ%ls 1s characterize to, several events.
cell junctions and microvilli, the cytoplasm condenses and nuclear chromatin marginates into

ut not Iimite

anumber of discrete masses. As the mucleus fragments, the cytoplasm contracts and
mitochondria and ribosomes become densely compacted. After dilation of the endoplasmic

20 reticulum and its fusion with the plasma membrane, the cell breaks up into several
membrane-bound vesicles, apoptotic bodies, which are usually phagocytosed by adjacent
bodies. As fragmentation of chromatin into oligonucleotides fragments is characteristic of
the final stages of apoptosis, DNA cleavage patterns can be used as an in vitro assay for its
ocourrence (Cory, Nature 367; 317-18, 1994).

25 In one aspect, the invention provides a method of treating or preventing an apoptosis-
associated disorder in a subject in need thereof by administering to the subjecta
therapeutically effective amount of a protease-inhibitor so apoptosts is inhibited. The subject
can be e.g., any mammal, e.g., a human, a primate (e.g.human), mouse, rat, dog, cat, cow,
horse, or pig. The term "therapeutically effective” means that the amount of protease-

30  iphibitor, for example, which is used, is of sufﬁcieﬁt quantity to ameliorate the apoptosis-
associated disorder.

An apoptosis associated disorder includes, for example, immunodeficiency diseases,

including AIDS/HIV, senescence, neurodegenerative diseases, any degenerative disorder,
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biological activities of the naturally occurring form of the protein has fewer side effects in a subject
relative to treatment with the naturally occurring form of the protease proteins. 10 Apoptosis Methods
of Inhibiting Apoptosis Also included in the invention are methods inhibiting apoptosis. Apoptosis, also
known as programmed cell death, plays a role in development, aging and in various pathologic
conditions. In developing organisms, both vertebrate and invertebrate, cells die in 15 particular
positions at particular times as part of the normal morphogenetic process. The process of apoptosis is
characterized by, but not limited to, several events. Cells lose their cell junctions and microvilli, the
cytoplasm condisrisasia i mersidosioneolieithraeuts restesint wn infiyelitf visorktealiss sod. s the
nucleus fragmefgg, the cytoplasm contracts and mitochondria and ribosomes become densely
compacted. After dilation of the endoplasmic 20 reticulum and.its fusion with the plasma membrane,
the cell breaks up into™M&verRaheds B A BHE MR e TR st irabed Arrh rc e,
phagocytosed by adjakdia dtidiemcAsifradnnantatiai-dftchienhbiadnetaligaimaieotidas: fragments is
characterisgic off 0the Hgg staffgglse f aBOI%tcl);isdD A cI;gaf/r%gcee %t&]%ré S I&:%? etigcggegl as an in vitro assay
for its occurrencen?&ory, Ri&ture 367 gl‘?-laéf 1 593“9 firone aspect, the ivention 1|EJrova'e's a
method of treatifbeargrravesttisgdaredip piodimehodderansasurbu dpenivusde Brse citomsant. thdvwof by

administering tos{hensiikigehditd Rgraneu iealk atirclivaamesit 6f sobpateassnin i ase.aRepPtosIs is
inhibited. The s;#grj\gct can he e.q., nmrﬂ%mmal, e.d., ij;x human, a primate (e.g.human), mouse, rat,
t

dog, cat, cow, STBPSIG iR SRR SRR el Lare Pefr Aot of protease
39 inhibitor, for @m@b’pwﬂq'@ph i&;@ﬁdﬂ@@uﬁﬁﬁé@ﬁqt@ﬁ}tyﬁﬁmnﬁh&aﬁ@h@m@s- associated
disorder. Ag ap%ﬁ@%ﬁ@éﬁ%&l&%%&ﬁ%@&&ﬁﬁwﬁﬁvL?foﬁ.%‘f‘iﬂﬁJ%yHI‘é}.‘é! '}:99;%%%%8&&@3@@?%2

including AIDS/HIV, senescence, neurddegenerative diseases, any degenerative disor

ischemic and rePértsitydet déath, s iserbufEchisive Fﬁ@ﬁﬁ%@\%ﬂﬁ@H@%ﬂ#@ﬁl HAESastike.
Many methods frUnRasyraich apigaiinnsitgingwhaise siRacivedareivaedaalTda-theakilled
artsan ncludng L eVek i e cliesemaliots hENA Rl S I gLy
electrophoresis and of morphologic examir Ation y electron mlcroscgpy. & more recent and readily
used method fofendeteeimpEpkssrbsiididsaane eyromegn Booelopdmessapeariirofapittasid lguantitative
measuremgnts gecaRERIMGSEEREy Mamkiiaei-Hew oM eikstheaihadstordhe assassinent of

apoptosis in cells haye been describe . . . . .
Pop actn%ty, an early ma%ger og cells undergoing apoptosis and kits for performing this assays are

commercially available (Nicholson ef al., Nature 376: 37-43, 1995).

A protease can be administered to cleave a caspase thereby inhibiting its activity. Ina
preferred emboidment, the protease can be administered to cleave caspase-3, The protease

20 can also cleave other proteins mmvolved in zipoptosis e.g., human cytochrome ¢, human Apaf-
1, human caspase-9, human caspase-7, human caspase-6, human caspase-2, human BAD,
human BID, human BAX, human PARP, or human p53. By cleaving these proteins, the
protease thereby inactivates them. In this manner the protease can be used to inhibit
apoptosis.

25 In another aspect apoptosis is inhibited in a cell by contacting a cell with a protease in
an amount sufficient to inhibit apoptosis. The cell population that is exposed to, i.e.,
contacted with, the protease can be any number of cells, i.e., one or more cells, and can be
provided in vifro, in vive, or ex vivo. The cells are contacted with the protease protein, or
transfected with a polynucleotide that encodes the protease.

30
Methods of Inducing Apoptosis

Also included in the invention are methods of inducing apoptosis. In one aspect

apoptosis is induced in subject in need thereof by administering a protease in an amount
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(Darzynldewicz et al., Cytometry 13: 795-808, 1992). Most of these methods measure 10 apoptotic
changes in cells by staining with various DNA dyes (i.e. propidium iodide (P1), DAPI, Hoechst 33342),
however, technigues using the terminal deoxynucleotidyl transferase (TUNNEL) or nick translation
assays have also been developed (Gorczyca et al., Cancer Res 53: 1945-1951, 1993). Recently,
rapid flow cytometric staining methods that use Annexin V for detection of phosphatidylserine
exposure on the cell surface as a marker of apoptosis have 15 become commercially available. The
newest flow cytometric assays measure caspase-3 activity, an early marker of cells undergoing
apoptosis and kinsffsreptidonducmpthisass dlscatdjamnies cigl\aryaiabial Nishelae et al., Nature 376:
37-43, 1995). ARIRIES E‘QQ‘JQ{S I a,caspase ther inhibiting its actjvjty. In a
preferred emboidmentﬁ%og?o%é%gase’caﬁ %‘Bé.}? éq&%ﬁ’igtpgr%d It%%Bfggl\llseaélgjs?f)%ggg-%?b}laﬁtelgpsr%st%?ggi 0 can
also cleave othdf STBTENTE IR Bar s HINESE e.9., human cytochrome ¢, human Apaf 1, human

caspase-9, human caspafiftedseltd i wERSHEREH Wil NOMEASRAGR 1B BURNRINR B bimat BID;
human BAX, human P%Réanicoéohu@:%'?i Eﬁ'fy cleavinqsthese Eroteins,,the_ protease thereby
inactivates them. I 1h1s MANTGr the Proteass R ARy hib FagBpkdtse hihiomether aspect
apoptosis is inhitnidermlzdestied grovrtclstiteg intsbilowitHibrprbisakeived groath dundSufiisiontao inhibit
apoptosis. The GellnaRIAIANRHEEARAHREL, hSursoniasied i heopsiease can be any number

. 3 T,
of cells, i.e., one or more cells, and can be provided in vitro, in vivo, or ex vivo. The celfs are

contacted with tHE BPEBISSKER BiER ot lpkpsrugrionmrduciiip pratsdil éntrriqukindd@sninsanrotease.

30 Methods of | pdiysitifié paytimisyitsasniihibad:)a thasewaoiionaigraenads alidaging apoptosis. In
one aspegly APORISISIS Insuce in.need thereof by administering a protease in an amount
39 sufficient to i%c@tg%optosis. Thﬁe&g& je%}t%aé%l%)én g.zge.l?’aééa% an?rgﬁé%fzg?’p%r? g 4 human),

mouse, rat, dogS¥REAE; Prélsblaspasriylsarbenylsfompsdieliialiiimds mgissedptividottoancer or an
autoimmune disesgesin® PR tEsedsan VEGE PNt mewihAManiiapgiggenic compound. Examples
epdermal derhed ot T THIETLR: B BROBRaS LU T A B Bt cerived
growth factor inkftsiesurzd nfaninnie tdlibprattesp4vivé)ripdibito indndd iensia Miobkaedaierferon alpha,
interferonnduciala;ralei) INRHRH Rl Re HRs AR L UAUIRIRSHElPRYGF RaBE hibitor, &
nonsteroidal an%g%l&glg}r:g%t y N,Sd'g\(lzgtgixgl, vincristin, vinblastin, nocodazole, téniposide, etoposide,
adriamycin, epothilone, navelbine, camptothecin, daunonibicin, dactinomycin, mitoxantrone,
amsacrine, epirubicin or idarubicin.
In another aspect, apoptosis is induced in a cell by contacting a cell with a protease in
20 anamount sufficient to induce apoptosis. The cell population that is exposed to, i.e.,
contacted with, the protease can be any number of cells, i.e., one or more cells, and can be
provided in vitro, in vivo, or ex vivo. The cells can be contacted with the protease protein, or
transfected with a polynucleotide that encodes the protease,
Some disease conditions are related to the devel()pmeﬁt of a defective down-
25 regulation of apoptosis in the affected cells. For example, neoplasias result, at least in part,
from an apoptosis-resistant state in which cell proliferation signals inappropriately exceed
cell death signals. Furthermore, some DNA viruses such as Epstein-Barr virus, African
swine fever virus and adenovirus, parasitize the host cellular machinery to drive their own
replication. At the same time, they modulate apoptosis to repress cell death and allow the
30 target_cell to reproduce the virus. Moreover, certain disease conditions such as
lymphoproliferative conditions, cancer including drug resistant cancer, arthritis,

inflammation, autoimmune diseases and the like may result from a down regulation of cell

death regulation. In such disease conditions, it is desirable to promote apoptotic mechanisms.
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10 cyclooxygenase-2 inhibitor, carboxyamidotriazole, tetrahydrocortizol, combretastatin A-4,
squalamine, 6-O-chloroacetyl-carbonyl)-fumagillol, thalidomide, angiostatin, endostatin, troponin-1, an
antibody to VEGF, platelet factor 4 or thrombospondin. In some embodiments, the protease is further
administered with a chemotherapeutic compound. Examples of chemotherapeutic compounds
include, but are not limited to, 15 pacfitaxel, Taxol, lovastatin, minosine, tamoxifen, gemcitabine,
5-fluorouracil (5-FU), methotrexate (MTX), docetaxel, vincristin, vinblastin, nocodazole, teniposide,
etoposide, adriamycin, epothilone, navelbine, camptothecin, daunonibicin, dactinomycin,
mitoxantrone, amsacrine, epirubicin or idarubicin. In another aspect, apoptosis is induced in a cell by
contacting a cell with a protease in 20 an amount&%&hg) induce apoptosis. The cell population
that is exposed to, i.e., contacted with, the protease can be any number of cells, i.e., one or more
cells, and can be provided in vitro, in vivo, or ex vivo. The cells can be contacted with the protease

protein, or trangeeiesievilPa-paifvalapddehal erpadeshepriease. Some disease conditions are
related to tlge developqlﬁnt 9 %gglefective dow(% 25 rggglation of apoptosis in the affected cells. For

example, neoplasias regilt &t 1E5SF I BRR f Shi R Hisbpts srenush ts destabed wwrirusly S @ iferation
signals inappropiate ABExdeRY (261):3231-27573)s. Thaftltrwingaoaama DA Wens 68 B0

Epstein-Barr virys, dlisais suladons (a4 3 ARS 38R0V, Rasasiles e flostegiarmachinery to

drive their own replication. At the same time, they modulate dpoptbsis tb repress ¢ and allow

-

the 30 target ceHEHEDHFGE GeBirRedPY Scunenaimgayithorizipreiie duss A0A0MG IR AQE reasons,

lymphoproliferativioeeddjiaassfeanaaii m&ﬁk&@m%@ﬁﬁ@d&%%@fﬁ'{fﬂ%&%@ﬂ%ﬂ?”’
autoimmupge dis&g§e§x%ngsst1he Iikg: may r%sullbfrom a down regulation of cell death regulation. In such
disease conditions, it I 0BSIrAbIS B Promote ShEtbliams sraitenically P ambvss deseahedie 1.

Preparation and@stesderorikbype Graraymyn ERaHaseichly JBEA P& 2yBhe BaRprrayt was prepared
as described previousid il SdlmlBinc 99 AR 1304213 T3), L [ Wipg point mutations
8V, ,19

were introduced inéci) the pP|CZczA plasmid: N218A, N218T, N218\ 9F19YR, Y174A,
Y174V. Each it %&@E&Wﬁﬁ?ﬁi&’ﬁ%‘éﬁ%@ﬁ&ﬁﬁ%ﬁﬁﬂﬁ%@?@% (R4 primers riitmdikeregions,
followed by trangfolpaatiantiritm X8R deits add-aalec TTAVGDEZEAT A AmvitauencLaciota-E01cA).

Expressiopsand M@f'@g&oﬂ@r}ﬁ@gﬁ%r@%%\gﬁsg € t}%gj troathe re@%tsa( Ad{e?é({:éri)?ﬁ[—ng"fh od for wild
type rat granzyme B (Harris, et al., JBC, 1998, (273)! i 3). The prote % Hyme B was
mutated at lle gmgmﬁ‘@ggi ﬁ&tﬁé&'f"f ATA CGC TGG (SEQ ID NO:5). A polymerase chain
reaction was made containing the wild type double stranded DNA, the two prhﬁers
overlapping the mutation, a reaction buffer, INTP’s and the DNA polymerase. After 30
rounds of annealing and amplification, the reaction was stopped. The enzyme Dpnl was
20 added to digest the wild type DNA containing a modified base pair, and the resulting nicked
DNA strand is transformed into bacteria. A selection against Zeocin ensures only positive
clones with grow. The mutation was confirmed by sequencing the granzyme B gene, The
same protocol was used to make the remaining granzyme B mutants, with appropriate
changqs in the mutagenic primers.
25 The DNA containing the variant granzyme B proteases was fransformed into Pichia |
pastoris X33 cells by the published protoco! (Invitrogen) and the positive transformants were
selected with Zeocin. The colony was transferred to a 1 L liquid culture and grown fo a cell
density of greater than OD600= 1.0. Protein expression was induced by the addition of 0.5%
methanol and held constant over 72 hours. To purify the variant protease, the culture was
30 centrifuged and the supematant collected. Gravity based loading flowed the supernatant over
+ & SP-Sepharose Fast Flow cation exchange column. The column was washed with 50 mM
Mes, pH 6.0, 100 mM NaCl, and more stringently with 50 mM MES, pH 6.0, 250 mM NaCl.
The protein was eluted with 50 mM MES, pH 6.0, 1 M NaCl and the column washed with 50
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QuikChange (Stratagene) method of site directed mutatgenesis. DNA primers to introduce the 199A
mutation were: Forward primer: CCA GCG TAT AAT TCT AAG ACA GCC TCC 15 AAT GAC ATC
ATG CTG (SEQ ID NO:3) Reverse primer: CAG CAT GAT GTC ATT GGA GGC TGT CTT AGA ATT
ATA CGC TGG (SEQ ID NO:5). A polymerase chain reaction was made containing the wild type
double stranded DNA, the two primers overlapping the mutation, a reaction buffer, ANTP's and the
DNA polymerase. After 30 rounds of annealing and amplification, the reaction was stopped. The
enzyme Dpnl was 20 added to digest the wild tg(?e DNA containing a modified base pair, and the

resulting nicked™SNESBH S & S Sr6AARY O I0%0E T Msibtng Aralgasnses s98% mAguEs only

positive clonesifhpesnse e sretation wasesniirned by Seaue g she aransyme B.aene. The
same protocol was used tpcrgake the remaining granzyme B mutants, with appropriate changes in the
e

mutagenic prim&raeF5rhe DNA containing the variant granzyme B proteases was transformed into
Pichia pastoris X33 céllistigtinadyp tiilished profeetbilrathogemitars gnenpoditivey irbsmsbenoeantts were

selected wigh Zegsin, {Ji%(ﬁ»q%&é WesHANSIaHed 0id Jvild&%‘éigc%k&{mﬁﬁ QEQM‘anpPeﬁSUslge nsity of

greater than OD600= 1.0. Protein expression was induced by the addition of 0.5% methanal and held
constant over 793 TP BRMSH 4R G hRART prolbmed Mie- dil Ok arAh 080 ad Alr) gad sieradakd

supernatant coltggted. Gravity based loading flowed the supernatant over a SP-Sepharose Fast Flow
cation exchange column. The column was washed with 50 mM Mes, pH 6.0, 100 mM NaCl, and more
stringently with 50 mM MES, pH 6.0, 250 MM NaCl. The protein was eluted with 50 mM MES, pH 6.0,
1 M NaCl and tsaokinh Waethesdswid SoresningiMES Busidhoatigarpias diler @83V NaOH. The
resulting pipteagenag. @2 pamiys- The final protease was exchanged and concentrated into 50mM
MES, pH 6.0, 100 mM_NacCl for ,storage at 4 T. Alternatively, following purification, each variant was

quantitated by absorb4Hca°8*E AT EBSTEGEH Ries REARaTSd i ARed eidh ARMRRS BEEEBet or M84D
ecotin as previoastic gaderitiefinecliarigodintmentufict-afehiO aril MBS, 415 6athahdHid.on28aCl and

stored at 4 C. Example 2 Synthaeis aadSereepingoh 4G RestionahSeanning hikratisy ah0 A

CCResin Synthesis 7-Fmoc-aminocoumarin-4-acetic acid was prepared by treating

7-aminocoumarifditionefireeiens (7RR rhotbesolomprssatrdmifiua éstkatcmrd fnocC B8 B7Bmol) and

H20 (22813nl) were mmixtwdNabiisO3i{B Hidigg 450 thrvahswasiaddug isenal kperiansdolaied by the

addition of acetgriz (228 ). The, solulian 25,2901 1D A0SR AR A0 oRS (1040

resulting gummy solid was collected by filiration and washed with several portions of bexane.
ACC-resin was prepared by condensation of Rink Amide AM resin with 7-Fmoc-
aminocoumarin-4-acetic acid. Rink Amide AM resin(21 g, 17 mmol) was solvated with

20 DMF (200 ml). The mixture was agitated for 30 min and filtered with a filter cannula,
whereupon 20% piperidine in DMF (200 ml) was added. After agitation for25 min, the resin
was filtered and washed with DMF (3 times, 200 m] each). 7-Fmoc-aminocoumarin-4-acetic
acid (15 g, 34 mmol), HOBt (4.6 g, 34 mmol), and DMF (150 ml) were added, followed by
diisopropylearbodiimide (DICT) (5.3 ml, 34 mmol). The mixture was agitated overnight,

25  filtered, washed (DMF, three times with 200 ml; tetrahydrofuran, three times with 200 ml;
MeOH, three times with 200 ml), and dried over PoOs. The substitution level of the resin was
0.58 mmol/g (>95%) as determined by Fmoc analysis.
Pl-Diverse Library Synthesis

Individual P1-substituted Fmoc-amino acid ACC-resin (~25 mg, 0.013 mmol) was

30  added to wells of a MultiChem 96-well reaction apparatus. The resin-containing wells were
solvated with DMF (0.5 ml). After filtration, 20% piperidine in DMF solution (0.5 ml) was
added, followed by agitation for 30 min. The wells of the reaction block were filtered and
washed with DMF (three times with 0.5 ml). To introduce the randomized P2 position, an
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15 41.5 mmol) was added with stirring over the course of | It The ice bath was removed and the
solution was stirred overnight. The acetone was removed with rotary evaporation and the resulting
gummy solid was collected by filtration and washed with several portions of hexane. ACC-resin was
prepared by condensation of Rink Amide AM resin with 7-Fmoc- aminocoumarin-4-acetic acid. Rink
Amide AM resin (21 g, 17 mmol) was solvated with 20 DMF (200 ml). The mixture was agitated for 30
min and filtered with a filter cannula, whereupon 20%piperidine in DMF (200 ml) was added. After
agitation for 25 min, the resin was filtered and, washed with DMF (3 times, 200 ml each).

7-Fmoc-aminod SRS ARETERE Ereeg-fEng 2kt foimeb B 99 &y ek Fmearareeiti el % mi)

were added, foliaveechia-OdiSpy Bpiicanpirtifindie, (8T (b-3 miT3HOMNDE;, Frhecrbfi(Pe-Bap agitated
overnight, 25 fil vash IEthree ti with, Aetrahydrofuran, imes with 200 ml;
McOH, three tirél?(}éiée g\'/lt’h ogﬁ%?grriég t@rie%’g\%r%?gé %égét?fgﬁgﬁ gﬁ&o&%ﬁe?%gﬁn%&as 0.58

mmol/g (>95% FH Het<PRhiddd ByaciedHn ARSi Some Bl 1419: S vp(Bsia) 108 ek Fimoc-
P1-substitgted fypasrEMNFAGKIPACOHESH Fr2se -89 18 31waR))-v@t03Badded 1@ wallsof a

MultiChem 96-well reacti ratus. The resin-containing wells were. s ted with DME (0.5 ml).
After filtration, )S%fﬁ%?%@%%aﬁgﬁ"%éﬁéﬂ%o@ﬁ%@#&%%&%ﬁ%@#gg%@; dﬁ%"ﬁé’ﬁ"\frg 0 min.
The wells of thd iddotimplsiaivatetefitEEd @90 nyashmwecholi i D B tagas v_nizhtol)ﬁ DNFTO
introduce the raagQmZ a2 BRsI1BS ) w2 SAKING LEMBAHSARE MaE ARG AR kS mmol. 10 eq

per well; Fmoc-amino acid, mol %: Fmoc-Ala-OH, 3.4; Fmoc-Arg(Pbf)-OH, 6.5; Fmoc-Asn(Trt)-OH,
5.3; Fmoc-Asp@siitsthorth Silbicred,id wishes il g (Buse ﬁfﬂ%‘t“@%fﬂ-f o dheaadomiedGly-OH,
2.9; FmoqoHis(@3tynd By positionsaeftcidodmctated ifr thoeahRUnbirerd Ohd Paase- by s{BPeiifahb £i4; Fmoc 5
Nle-OH, 3.8; Fmgc-Phe-O : Fmoc-Pro-QH, 4.3 ->er(O-t-Bu):QH, 2.8: Emoc- . .

Thr(O-t B0 oL B B St T ST S E i D s D R ) s
preactivated withDICe{39appingselien)ofarPHOBO®Y 8- hiomellb HRSIPH) DR 1onell). apde solution
Wi DV (hree e B e P B et e o i the
came manner. OGS DPPH LAl R (LT DAL e P SEPASHEb it DMF
(three tim&$ witkpBiomdf 8H2 et T AVITES/BSmAfiEnicabpiiog GollificheobidO-bldkE0MLobenrdhol), .
HOBt (340 mg,&égﬂ@%@'bﬁ%&&?b&é@% 1Mo MG LLQ . AR S RfA0ELAN, the resin

was washed with. DMF (three times with 0.5"'ml) and CH2C12 (three times with 0.5 m&,{ian treated
with a 15 solutiPHEies st PA ik e o lsedrnrialsatrnraarertrite sebiioneeldivie opened

substrate-containing wells was diluted with EtOH (0.5 inl) and concentrated twice. The
contents of the individual wells were lyophilized from CH3;CN/H20 mixtures. The total

20 amount of .subsu'ate in each well was conservatively estimated to be 0.0063 mmeol (50%) on
the basis of vields of single substrates.
B1-Fived Library Synthesis

. Multigram quantities of P1-substituted ACC-resin could be synthesized by the

methods described. Fmoc-amino acid-substituted ACC resin was placedin 57 wells of a 96-

25  well reaction block: sublibraries were denoted by the second fixed position (P4, P3, P2) of 19
amino acids (cysteine was omitted and norleucine was substituted for methionine). Synthesis,
capping, and cicavage of the substrates were identical to those described in the previous
section, with the exception that for P2, P3, and P4 sublibraries, individual amino acids (5 eq
of Fmoc-amino acid monomer, 5 eq of DICI, and 5 eq of HOBt in DMF), rather than

30 isokinetic mixtures, were incorporated in the spatially addressed P2, P3, or P4 positions.

Preparation of the complete diverse and P1-fixed combinatorial libraries was carried

out as described above. The library was aliquoted into 96-well plates to a final concentration
of 250 uM. Variant proteases were diluted in granzyme activity buffer (50 mM Na Hepes,
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and placed on a 96-deep-well titer plate and the wells were washed with additional cleavage solution
(twice with 0.5 ml). The collection plate was concentrated, and the material in the substrate-containing
wells was diluted with EtOH (0.5 ml) and concentrated twice. The contents of the individual wells were
lyophilized from CH3CN/H20 mixtures. The total 20 amount of substrate in each well was
conservatively estimated to be 0.0063 mmol (50%) on the basis of yields of single substrates.
PZ-Fixed Library Synthesis Multigram quantities of P1-substituted ACC-resin could be synthesized by
the methods described. Fmoc-amino acid-substitutedACC resin was placed in 57 wells of a 96- 25
well reaction blqdk 8y ibraiié a0y 6.0k Geckhy? the sencndrfiiat pasitians(FM Bad PRMOfAfiamino

acids (cysteine was.amitted and %e_ggb[ﬁe )Qéléal& Sy S cﬁ{ r. methionine). Synthesis, capping, and
cleavage of the subs%rages were]%%ntlca fo those es%ﬂ%% %’t“&“&’é"&%ﬁé cgé% ?or?%,i\?\ﬁtf?t(ﬁge

exception that f@PIoxipgtelnenpa o M mvandd tirairtanaming aErpsticpcsvitnio taMindsacid

monomer, 5 eq| ThHCHeR kS QAo SAORINDIMFY, Jall cthamaN ISeHi SIS MR EnaYe
incorporateéi in the 'all\ﬁggdgfgsed R2, P3, or Péé)gsitié)ns. Pre arz&tion of the complete diverse
and PI-fixed corlBiAtcrRT SRS SRS ST BErNLEa5AAb 2T 4B 08" FRemtRest 6i¥s aliquoted into

96-well plates to a final concentration of 250 MM. Variant proteases were diluted in granzyme activity

buffe (50 MM NECHARS, 5586 fufh RARAE N a1 s FSsg: 20 sgnoentations Detueen 50
' {

nM and 1 pM. Initial activity against Ac-IEPD-AMC was used to adjustthe variant protease

concentration to one ZEYHAAN SIBRRICHEAI ISR WeRR PeRE pdrgiRge yRss - Dalatic activity in the
Pl-Asp library wasasseyetion prehe w943k matmcstﬁgﬁd%@edm i@wéas}%fﬂ’fe(ﬁompar;y 5
name). Exgjtatio d emission were measured at 380 nm and 460 mn, respectively. Example 3.
Incividual Kinetib Mo BESHRIRER ST RO (o MSSHE BTN GRS AT A Rlre
performed usingrvarS pideisé th/isetidet a0 Hhorvoeter Each piele aseanad Bilsitesh to/brtywesn 50 nM and 1
XM in assay buger. ALI .1gGéCC v%gbr%tor% es yere dggt%g'wéth Mesgﬁto be&ween.S and igoﬁ’t\é%vvh”e
AMC substrates were éllfutedv%” Between 20 and 2000 pﬁ. (=08 Xcallss%} oA S UTERBY MeSO.
Enzymatic activitf3f8smenitieareveryetivebe frrdsteipeslitivnitsd Shvssivrwemveidogikd inf 380

rim and 460 nmjsespgstively, for a total of 10 minutes. All assays were performed in 1% DMSO. 15

This methpgd was used. {qQ screen I199A granzyme B, 199A granzyme was profiled in a positional
scanning ggmbinatoria ﬁﬁﬁﬁé‘i{%‘ﬁﬁsrg?%dt?é%h%ﬁ FEEHEE bt R SRRAERE “PAETREIER s

prepared as degeistizdsboreingdoatituutetlintbsOsaiitapjate detormiinabe effect of the mutation.
The Iibrary was prepared as described above and aliquoted into 96-well plates to a final

concentration of 250 pM. The variant protease was diluted in granzyme activity buffer (50
mM Na Hepes, pH 8.0, 100 mM NaCl, 0.01% Tween-20) to concentrations between 50 nM

20 and 1 uM. Initial activity against Ac-IEPD-AMC was used to adjust the variant protease
concentration to one approximately equal to 50 nM wild type rat granzyme B. Enzymatic
activity in the P1-Asp library was assayed for one hour at 30 °C on the Spectra-Max Delta
fluorimeter. Excitation and emission were measured at 380 nm and 460 nm, respectively.
The profiles of the granzyme B variants were compared to the wild typ'e profile and the

25  differences determined. For the I99A mutant, for example, the specificity at the P2 amino
acid was markedly changed from the wild type. The former broad preference with a slight
preference for proline is replaced with a strong preference for hydrophobic residues such as
Phe and Tyr. The selectivity of the variant protease was also changed. The wild type was
promiscuous at the P2 subsite, hydrolyzing substrates that contain any amino acid at that site.

30 The I99A protease is much more selective. A Phe at the P2 site is preferred to a much higher

degree than any other amino acid (See Table 5, above).
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concentration of 250 pM. The variant protease was diluted in granzyme activity buffer (50 mM Na
Hepes, pH 8.0, 100 mM NaCl, 0.01 % Tween-20) to concentrations between 50 nM 20 and | pM. Initial
activity against Ac-IEPD-AMC was used to adjust the variant protease concentration to one
approximately equal to 50 nM wild type rat granzyme B. Enzymatic activity in the PI-Asp library was
assayed for one hour at 30 C on the Spectra-Max Delta fluorimeter. Excitation and emission were
measured at 380 nm and 460 mn, respectively. The profiles of the granzyme B variants were
compared to the wild type profile and the 25 differences determined. For the 199A mutant, for
example, the sp & tReoteplyfisintsaratd avddmetiketibn cifanged frerosbenwild HMaGwHae former
‘broad preferencgéu}migﬁﬂg,lgtrwﬁ;@@nce for proline is replaced with a strong preference for
hydrophobic resigues such as Phe and Tyr. The selectivity of the variant protease was also changed.
The wild type w ecﬁ%’r’h‘fé%ﬁ’ﬁﬁ% at the P2 subsite, hydrolyzing substrates that contain any amino acid

at that site. 30 The 199Pxshiptdadatid neutbphibr@sRipelive rdvRhG®IdthE PR SigisR 6 RMES 184 Much

higher deggee thag gﬁ%qmﬁrm%ﬁ%}ﬁ%ee Table 5, abgve). .44 Example 4. Proteolytic cleavage
and inactivation of tumor necrosis factor an A cubaicd warh 3t FOREBIBRpS AL Broteafgavage.

Freshly isolated RESHIDHHitleBniny sieref TalsBé wa SHBR 18 el s i ImiRAMLBASA 2537ite,0.2%

fetal calf serum preSjednminsHbaiackwila wAsGN B ARERAN APRS OHBIAISRSamSPEgific for the stalk
region of TNF-R| O&TNF-RZ. @;te%?l 1R%2Eﬁ m?#incubation at 37 C, pro(t%(?aisﬁg}?ialﬁf?l 8Srgcpv%/léttr°§léedded to

stop the reaction and the AMOUnT oF T Fétégg‘él?ﬂnto the media was quantitated using ELISA

(Roche). TNF cléd¥adervene251-TNF (40,000 cpm) was incubated with varying concentrations of

protease amd then sarfplesneiEopeilethinvelR:RAG mple. buffer and examined on a 12%
polyacrylamide gel. Gels were@élried a{%d }ex osed 1o ﬁ@fﬁgﬁwgﬁﬂﬁe& a’?ﬁn&{’ﬁﬂ{fﬁeﬁﬁqd‘% assay.

1251-TNF or PMISWWETRIHCBERAHH SRS sl i axdsrominsdsms ES6ve. 15 The binding

of 1251-TNF expoisedomidrgelseSde werdakd Wbl cgioia RRANSLNREME) 1254 TVF to PMN
exposed to protgggegmmg g&%{gtitated using scintillation. Briefly, 105 cells were incubated with
varying concentrations,of 1251-TNF in 96-well filter plates (Millipore) in the presence of protease
inhibitors. Cells were thén V& SEEYEN eereineb sy it vanyampiationtsiots bepr@B:pisaf seisiilation fluid

(Wallac) wias adedsiadeaalf WelinSeinihtion waribansaunishonavalias Misrgbetasgintillation
counter. (Adapt%lg'gr@h\éﬁn Kelsed etal, J. . .
0 exposed 10 proteases, was quantitated using scintillation. Briefly, 10° cells

were incubated with varying concentrations of **I-TNF in 96-well filter plates (Millipore) in

the presence of protease inhibitors. Cells were then washed three times by vacuum aspiration

and then 30 pl of scintillation fluid (Wallac) was added to each well. Scintillation was then

20 counted on a Wallac Microbeta scintillation counter. {(Adapted from van Kessel et al., J.
Inmunol. (1991) 147: 3862-3868 and Porteau ef al., JBC (1991) 266:18846-18853).

Example 5. Selection of Enzymes Capable of Peptide Sequence Specific Target

25 Cleavage Using Protease Phage Display

The phagemid is constructed sach that it (i) carries all the genes necessary for M13

phage morphogenesis; (if) it carries a packaging signal which interacts with the phage origin
of replication to initiate production of single-stranded DNA; (iii) it carries a disrupted phage
origin of replication; and (iv) it carries an ampicillin resistance gene.

30 The combination of an inefficient phage origin of replication and an intact plasmid
origin of replication favors propagation of the vector in the host bacterium as a plasmid (as
RF, replicating form, DNA) rather than as a phage. It can therefore be maintained without

killing the host. Furthermore, possession of a plasmid origin means that it can replicate
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Immunol. (1991) 147: 3862-3868 and Porteau et aZ., JBC (1991) 266:18846-18853). Example 5.
Selection of Enzymes Capable of Peptide Sequence Specific Target 25 Cleavage Using Protease
Phage Display The phagemid is constructed such that it (i) carries all the genes necessary for M13
phage morphogenesis; (ii) it carries a packaging signal which interacts with the phage origin of
replication to initiate production of single-stranded DNA, (iii) it carries a disrupted phage origin of
replication; and (iv) it carries an ampicillin resistance gene. 30 The combination of an inefficient phage
origin of replication and an intact plasmid origin of replication favors propagation of the vector in the

host bacterium daigpshssniief (he e fiFiens plisatitibelprons fatibh) atitierhihamids BypHiageoftsan therefore be

maintained withgplikillingthg.hos gé{rm%%emg%%gﬁﬁﬁg \ plasmid origin means that if can
replicate 45 indgﬁgnde_nt of the ef |gient phage-like propagaﬂﬁ%@h@%ﬁ%ﬁ%ﬁﬁ?ﬁ% \%?ﬁ]légo the
ampicillin resistahEEFERENAR Bhnee 2ATBEmplified which in turn increases packaging of phagemid

DNA into phage particlsidnugiaie pfdiespipinaseigRnhipaiteoibeneena:3 058 sRk8.M Axgoat
proteins cag be ted usin dard clgni hods. (Sidhu, Methqds in Enzymology,
2000, V328§, psé%n%%%%%ngﬁ%ﬁ?‘ﬁé‘%ﬁ%&m& 1\‘}8%3%%@6%% éhaé%‘é‘ Em%%%oa%&é%% is then
displayed on thé3tifach smkirgtagsh libuiorefyenpGHithpsiv tenecatplinteilnsaseapataikeh against an
immobilized, a|d&ﬁﬁéﬁé&@ﬂﬁﬁ%ﬁﬁ‘a@@@ﬁQﬁ@%@ﬁ&%@ﬁ'&é%fb‘?Iﬁﬁrﬂﬂﬂ%ﬁ’%’frg%ﬂ iﬁ‘éfefesté&r he

nd Ofthe protease,

aldehyde moiety will inhibit th ility of the protease to cleave the scissile

abilit 0
however this moﬁ%ﬁlséggénﬁgf’??ﬁé’?%%W%FBP@%?&%@EB%EHW%@%W%F&WV%G of
protease-displayefgrpiageewitelplecficityyfetiiiishibindehitag samepraenide millbing teitaiget peptide

coated plaigs, WRGSHEASHONSRES HGPRRge Ml ed_away. Thrgugh consecutive rounds of
panning, proteases with eqrﬁjoance’d specificty tow%ﬁglg g%él%}lgg %rgcmgl QTRAK BRIEUHERBA I Me target

sequence can tRERHE syt patrwrismlard pirgsdeihapeaficits Sintbeliphepiicativpdiested for

specific hydrolyigepfitbeviibjitideo thyarpphe® chhesYRNS WA AMREESGRDER-3E SR Al lihraries. A.
P1-diverse Libr Ve (jfhrs tQ%%L%QZ Jgdi\liig@d#JalfPl-wbstituted Fmoc-amino acid ACC-resin (ca. 25
mg, 0.013 mmol) was ad)g{ghé M ERER B SRR FE T ARG ed srgeifiphygtowards

to wells of a

resin-containing™eEsetsrausnsk eae dsittiani FIIG. Buget jedu@cpipbeidirayntiMicdoltion (5 ML)

was addedsfollavegyay aaitaierdphag Rifvd hewyelsBlile IARIOR blogkwsts.filtered and washed
¢ )

with DMF (3x 0.5 mL). In order to introduce the randomized PZ position, an‘isokinetic

Example 6. The synthesis and fluorescence screeming of libraries.
. A. Pl-diverse Library
A(D). Synthesis
20 Individual P1-substituted Fmoc-amino acid ACC-resin (ca. 25 mg, 0.013 mmol) was
added to wells of a Multi-Chem 96-well reaction appatatus. The resin-containing wells were
solvated with DMF (0.5 mL). A 20% piperidine in DMF solution (0.5 mL) was added
followed by agitation for 30 min. The wells of the reaction block were filtered and washed
with DMF (3x 0.5 mL). In order to introduce the randomized P2 position, an isokinetic
25  mixture (Ostresh, J. M, ez al., (1994) Biopolymers 34: 1681-9) of Fmoc-amino acids (4.8
mmol, 10 equiv/well; Fmoc-amino acid, mol %: Fmoc-Ala-OH, 3.4; Fmoc-Arg(Pbf)-OH,
6.5; Fmoc-Asn(T1t)-0H, 5.3; Fmoc-Asp(O-t-Bu)-OH, 3.5; Fmoc-Glu(O-t-Bu)-OH, 3.6;
Fmoe-GlIn(Trt)-OH, 5.3; Fmoe-Gly-OH, 2.9; Fmoc-His(Trt)-OH, 3.5; Fmoc-He-OH, 17.4;
Fmoce-Leu-OH, 4.9; Fmoc-Lys(Boc)-OH, 6.2; Fmoc-Nle-OH, 3.8; Fmoc-Phe-OH, 2.5; Fmoc-
30 Pro-OH, 4.3; Fmoc-Ser(O-1-Bu)-OH, 2.8; Frmoc-The(O-+-Bu)-OH, 4.8; Fmoc-Trp(Boc)-OH,
3.8; Fmoc-Tyr(0-1-Bu)-OH, 4.1; Fmoc-Val-OH, 11.3) was pre-activated with DIC] (390 pL,
2.5 mmol), and HOBt (340 mg, 2.5 mmol) in DMF (10 mL). The solution (0.5 mL) was
added to each of the wells. The rgacﬁon block was agitated for 3 h, filtered, and washed with
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25 mixture (Ostresh, J. M., et at, (1994) Biopolymers 34:1681-9) of Fmoc-amino acids (4.8 mmol, 10
equiv/well; Fmoc-amino acid, mol %: Fmoc-Ala-OH, 3.4; Fmoc-Arg(Pbt)-OH, 6.5; Fmoc-Asn(Trt)-OH,
5.3; Fmoc-Asp(O-t-Bu)-OH, 3.5; Fmoc-Glu(O-t-Bu)-OH, 3.6; Fmoc-GIn(Trt)-OH, 5.3; Fmoc-Gly-OH,
2.9; Fmoc-His(Trt)-OH, 3.5; Fmoc-lle-OH, 17.4; Fmoc-Leu-OH, 4.9; Fmoc-Lys(Boc)-OH, 6.2;
Fmoc-Nle-OH, 3.8; Fmoc-Phe-OH, 2.5; Fmoc 30 Pro-OH, 4.3; Fmoc-Ser(O-t-Bu)-OH, 2.8;
Fmoc-Thr(O-t-Bu)-OH, 4.8; Fmoc-Trp(Boc)-OH, 3.8; Fmoc-Tyr(O-t-Bu)-OH, 4.1; Fmoc-Val-OH, 11.3)
was pre-activated with DICI (390 pL, 2.5 mmol), and HOBt (340 mg, 2.5 mmol) in DMF (10 mL). The
solution (0.5 mIYMEES.tivkded. JordacTod thelweitsd PhemdRétionitidos kovamagitaisiddor Rdwafiltered, and

washed wih 46, (3,65 i o G RIVSKLE A ELE APASHODS WSS psSigied inthe

same manner. The Fmoc of the P4 amino acid was removed and the resin was washed with DMF (3x

0.5 mL), and tréated b adfeatidrddib iy s sharsmminpabition sHAOD 30 weh;S R340 mg,
2.5 mmol) and BICH{BA0 G, 225 MBI PELINRGIRIE0YDLY). Aligioh h ogragiation, e gsissvas washed

with DMF (3x 0.5 2C12 (3x 0. L), ted wit Lgti f95:2.5:2.5 TFA/TIS/H20.
After incu bgtinga%lrahgﬁ’t & TeACtion %?glé v‘%@%@é %#@a@@ﬁ@@%%@g-%&ﬁ?& YAt& and
the wells were washdéidnfid e diddnar B He e shftstioreybatid il )h THeacsoliectibukptae was

concentrated; agghiag sihliais o0 RRIcWA IR VAR dildad Wil Bk fihhandicangentrated

twice. The contents of 10 the individual wells were Iyophilized from CH3CN:H20 mixtures. The total

amount of subsSEEH LRIV Raon v SeNealion FRTEE (81587006 89 L FYBts based upon
yields of single suiaindigselifiiycferiimedticith SRy il shnahaiheosontanidatian. oT Rrotenhticoenzymes
was determine . . SHl-S. C.. et 989) Anal Biochem
182:319-2%. Tﬂ%%ﬁ%%g%ﬁ&gﬁ %ata%/sf%)gjl yﬁ%eélt%e t%gﬁrginl(ﬁqu a%%ﬁeff%%{,’%o%ﬁg&and -

chymotrypsin wEstahitseel Wllkay eonpe vativelioesimgiov bba0OMUTRM G (Pabmsedp@. W., et at,
(1973) Biochemyggilideisinale hadstfids117). Substrates from the PS-SCLs were dissolved in DMSO.
Approximately 1.0x10-9 ma], 20 of each Pi-Lys, Pl-Arg, or P1-Leu sub-library (361 compounds) was
added to 57 wells of a’%@%@'ﬁy ﬁﬁf’éf%ﬂ%%‘?’&ﬁéb(ﬂ%ex Technologies, Chantilly, Va.) for a final
concentration of 0.1 MhAppeExirattel plipMedytio nolndscashdftndiveddy stipdbisnaeyr(B86@4 at

compounds) wasgaddediip SLwellsiot meS-wall Bﬁk@éﬁﬁ%ﬂ@?&é@p%@@%ﬁ&@é@o@ LM pach

compound. Hydrolysis reactions were initiated by the addition of enzyme (0.02 nM-100 nM) and 25

monitored fluordEHEEMI R R BURIR RSl s BB T Hiaotenes Spratrtiad buagve-site

titration with MUGB or MUTMAC (Jameson, G. W, et al., (1973) Biochemical Journal
131:107-117).
Substrates from the PS-SCLs were dissolved in DMSO. Approximately 1.0x10”° mol

20 ofeach P1-Lys, P1-Arg, or P1-Len sub-library (361 compounds) was added to 57 wells of a
96-well microfluor plate (Dynex Technologies, Chantilly, Va.) for 2 final concentration of 0.1
uM. Approximately 1.0x10™° mol of each P1-diverse sub-library (6859 compounds) was
added to 20 wells of a 96-well plate for a final concentration of 0.01 pM in each compound.
Hydrolysis reactions were initiated by the addition of enzyme (0.02 nM-100 fx_M) and ’

25  monitored fluorometrically with a Perkin Elmer LS50B Luminescence Spectrometer, with
excitation at 380 nm and emission at 450 nm or 460 nm. Assays of the serine proteases were
performed at 25 °C. in a buffer containing 50 mM Tris, pH 8.0, 100 mM NacCl, 0.5 mM
CaCly, 0.01% Tween-20, and 1% DMSQ (from substrates). Assay of the cysteine proteases,
papain and cruzain, was performed at 25 °C. in a buffer containing 100 mM sodium acetate,

30 pH 5.5, 100 mM NaCl, 5 mM DTT, 1 mM EDTA, 0.01% Brij-35, and 1% DMSO (from
substrates).

B. Profiling Proteases with a Pl-diverse Library of 137.180 Substrate Sequences
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excitation at 380 nm and emission at 450 nm or 460 run. Assays of the serine proteases were
performed at 25 'C. in a buffer containing 50 mM Tris, pH 8.0, 100 mM NaCl, 0.5 mM CaC12, 0.01%
Tween-20, and 1% DMSO (from substrates). Assay of the cysteine proteases, papain and cruzain,
was performed at 25 'C. in a buffer containing 100 mM sodium acetate, 30 pH 5.5, 100 mM NacCl, 5
mM DTT, 1 mM EDTA, 0.01% Brij-35, and 1% DMSO (from substrates). B. Profiling Proteases with a
“Pl-diverse Library of 137.180 Substrate Sequences 47 To test the possibility of attaching all amino
acids to the Pl-site in the substrate sequence a Pl-diverse tetrapeptide library was created. The
Pl-diverse library congsteaitihosstidiin of hitk o heniib-pasitiontis Blstermeafhealiishetd constant as
all amino acids;_excluding.cystein IRgluding no ines T ., Qsitions egnsist of
an 5 equimolar mixture o éi%gﬁfﬁgegg%éﬁ%%jgﬁtotal c%e é%%lggdéu@%g%e{%a%g%é% |93ey well. 5S@everal
serine and cystaielis pratbishesly el rontiiprdssatematica B rgrstatiasi B amige acib® identification
of the optimal Pk aming aridide Bymatnmsineiewest (hEre FRep dnéPe ¢ifisityosdasaedydrophobic
amino acids. Trypsin and thrombi'n fhowe(gépﬁigierence fotrePl-Ba jc.amino acids éAr >| ys). Plasmin
also showed a SHREINACETEPE QLRI AmMIRG 3458401 B TR A-G) IR RIS BEME BRiy Riown
mammalian serBwgpabtedseatal psteifel phepassp sciftgity ity tehtatdistiplitaprbfe o tiie Hbrage fartic acid

over all other amingsagids, sincleding he A Peranidicamiag Ack Sinathr Phe@fider human

neutrophil elastase has the canonical preference for alanine and valine. The cysteine proteases,

papain and cruZRRsiSsiEferdares brdegiobicuBaeatidse Jrgrte B dtmukiabe ek RsfereRse fRtse
enzymes, 15 althpyghctharoiscaimadestpiePrantie 136 shginide. freferaple f6r Grieening ioikeleavage of

individual substrate fapt proteases, thatmaich the desired specificity of filgas determined by
substrate Ti rari(gE ,sagr‘&e4 Ssaye usﬁr%%'ﬁ%?\%ﬁj%‘l"ﬁ“é’p |ecliuemsxia4{5§sl}r‘% esegg?%agsg% ]X%E%%Sg 20 desired
cleavage sequestseiflithyilont&méigineiaucisrerrefimsaapar e rodet ubipibeazmpeeatdnax Delta

fluorimeter (MolggylafPaear) FRELARIPATE, '@ld.ilqﬂ%iﬁpﬁsmw%a%mpm%m buffer.
All ACC substrates are diluted with MeSi) to betwe§n 5 500 M, while AMC subsérates are diluted

to between 20 aH8 BRI RETRIEE At AIHRE APHLY lﬂ?aﬁ%%dﬁ RSB ER R R A0 ¥ Ronitored
every 15 secondbostedXbithtiokt Rhcubpiissisrq@oyapeidingithtafig8Btvimm fanthes6 @nammanspectively, for

a total of 1Q mi%@&@'kﬂ?@@?ﬂ&egﬁ’ﬁf@%ﬁé}ﬁg &%M'SO. Example S. Screening for cleavage of

full-length proteins Variant proteases are assayed to ascertain that they will cleave the desired
sequence

Example 7. Screening for cleavage of individual substrates
Mutant proteases that match the desired specificity profiles, as determined by

substrate libraries, are assayed using individual peptide substrates corresponding to the

20  desired cleavage sequence. Individual kinetic measurements are performed using a Spectra-
Max Delta fluorimeter (Molecular Devices). Each protease is diluted to between 50 nM and
I pM in assay buffer. All ACC substrates are diluted with MeSO to between 5 and 500 pM,
while AMC substrates are diluted to between 20 and 2000 pM. Each assay contain Iess than
5% MeSO. Enzymatic activity is monitored every 15 seconds at excitation and emission

25  wavelengths of 380 nm and 460 nm, respectively, for a total of 10 minutes. All assays are
performed in 1% DMSO.

Example 8. Screening for cleavage of full-length proteins
Variant proteases are assayed to ascertain that they will cleave the desired sequence
30  when presented in the context of the full-length protein, and the activity of the target protein
is assayed to verify that its function has been destroyed by the cleavage event. The cleavage
event is monitored by SDS-PAGE after incubating the purified full-length protein with the

variant protease. The protein is visualized using standard Coomasie blue staining, by
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30 when presented in the context of the full-length protein, and the activity of the target protein is
assayed to verify that its function has been destroyed by the cleavage event. The cleavage eventis
monitored by SDS-PAGE after incubating the purified full-length protein with the variant protease. The
protein is visualized using standard Coomasie blue staining, by 48 autoradiography using radio labeled
protein, or by Western blot using the appropriate antibody. Alternatively, if the target protein is a cell
surface receptor, cells expressing the target protein are exposed to the variant protease. The
cleavage event is monitored by lysing the cells and then separating the proteins by SDS-PAGE,
followed by visuatittatibngnpy Wswt erdidlebelatemsdivelybite stdublécteskittr ripagead®y proteolysis

is quantified by ﬁ'ﬁl%ﬁymﬁe?ﬂﬁe%@ﬂ%éQ&éQ{BP&é}S%‘R%élf@%t%%f%&&%’é‘?{%ﬁu?”d 2 (FNFsRl and

TNF-R2) were measured using these techniques. Freshly i1so neutroghils (E?Wﬁ\cl vll\}é%

resuspended atRTOPFUEHITAFRRIEsN e 20 aRHP E9sTe Ehecelfesage AYIRAS et b tsiugnith
various 10 conceniratioasdahai eipastnspraitedns hestisle semonnbddibRisenENeRZ After an

incubation Qf | ta40 mi 3 otease inhjhitors were added. to stop the reaction_ and the amount
of TNF-R regleasgﬁe ?ﬁ%ﬁ%"m%%ﬁé’év{\}ggy lﬁ%h#‘é S B TR R RES R RIS UG A 9etion has

been described #i#¥fespect to specific methods of making and using enzymes capable of cleaving

target polypeptide seqygeRsvibyil e ﬁ&%@&%%&%&&%@%&&b%@f%%@%ﬂg "f)ﬂﬁ"‘?ﬂé?may be

made without departing from the invention. Cleavage Of TNF. 125I-TNF cpm) was incubated

with varying contSRtSHEDEPrEigtsechninpies Sstibysmetrdrayaphil GBIA0 1ete BeHeeaded
examined on a B2 ¥ [ Iyt bim RieMD @64T heith @l2% eraidaEtdand @OR)sed exnaa i kagal) at -70
T. 20 TNF,Binding ASsay; = r re.incubated wit Ving. c atjqns of proteases
as above. 1?’he t?inging éoégg-%NFa%%igﬁ%%%ﬁ%%giﬁ%e ooﬁggn%/la% ﬁ%lﬂr or 'g%i ifG°0f normal

1251.. TNF to PRIRPESQRRELtS b st alsts. GvatotiashiniitosimgreaddibivotorBhe fyactiob adhavere
incubated with vaning epTNeRrAlResiehbaRd ldifa edGovwalkiliesnlaresdMifipae) in the 25 presence

of protease inhibitors. Is were washed three times by vacupum aspiration and 30 L of scintillation
fluid (Wallac) was addegﬁii‘(%“gééﬁeﬁé’ i éh&]’ﬁﬁzti‘f% %%&%%fﬂ?g%‘%ﬁlf%t st tedt LEakRgtion
counter. (Adapteddusmacumitessepaiant slavinpamet(iO9aptidire3a62:336Riting Rpdeatiritat, JBC
(1991) 266518846:13828)30 Exandeladuineniification AlaSt RIpIRINS A0 sleavags.sites therein

Proteins targeted for cleaval% and inactivation are identified by the following criteria:
Cleavage Of TNF.

IBLTNF (40,000 cpm) was incubated with varying concentrations of protease,
samples were boiled in SDS-PAGE sample buffer and examined on a 12% polyacrylamide
gel. The gels were dried and exposed to x-ray film(Kodak) at ~70 °C.

20 INF Binding Assay.

12I-TNF or PMN were incubated with varying concentrations of proteases as above.
The binding of ""I-TNF exposed to proteases to normal PMN, or the binding of normal 21
TNF to PMN exposed to proteases, was quantified using scintillation. Brieﬂj, 10° cells were
incubated with varying concentrations of '>I-TNF in 96-well filter plates (Millipore) in the

25  presence of protease inhibitors. Cells were washed three times by vacuum aspiration and 30
uL of scintillation fluid (Wallac) was added to each well. Scintillation was counted on a
Wallac Microbeta scintillation counter. (Adapted from van Kessel et al., J. Immunol. (1 991)

147: 3862-3868 and Porteau ef al., IBC (1991) 266:18846-18853).

30 Example 9. Identification of target proteins and cleavage sites therein
Proteins targeted for cleavage and inactivation are identified by the following criteria:
1) the protein is involved in pathology; 2) there is strong evidence the protein is the critical

point of intervention for treating the pathology; 3) proteolytic cleavage of the protein will
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1) the protein is involved in pathology; 2) there is strong evidence the protein is the critical point of
intervention for treating the pathology; 3) proteolytic cleavage of the protein will 49 likely destroy its
function. Cleavage sites within target proteins are identified by the following criteria: 1) they are
located on the exposed surface of the protein; 2) they are located in regions that are devoid of
secondary structure (i.e. (3 sheets or a helices), as determined by atomic structure or structure
prediction algorithms; these regions tend to be 5 loops on the surface of proteins or stalks on cell
surface receptors; 3) they are located at sites that are likely to inactivate the protein, based on its

known function. Belndrgaosdtyfeneiss.cAiiavesfositesasithiemiptongtinio:roaiehiiha eyigrded substrate
specificity of ma@yilggwcﬁg%q§%ﬁgé ﬁﬁ&?@o@ﬁ%ﬁ%ﬁé@ﬁ%ﬁ L. J umor Necro%bs Itgactor And Tumor

Necrosis Factor Receptor 10 Tumor nhecrosis factor IS a pro-in anmi racitgw frf&%hat is
primarily produc8EPHsy iR ariesadaat ara despidafssceniaty sphboy (bs. iiPeinitiatds Bigs)ahsransduction
by interacting witreithRe@bie s e RURALRSERIQrS] AROL Recrosis factor  receptor
(TNF-RI) anﬁd thq 0p75 tu o%cros's factor receptor Eﬁldlémgga ﬁ%ﬁ’?&g& crz%e%?rna %%?tt?r% the
pathophysiclogy 0T Theumatory arthrie (RATT ShtCRATHEEtafkorBiesniLhmatmrscatahat sifeovium
and synovial fluighatfqsetibeltstoitihckvatcThtpsigrialngedverits kRS iR DIORMEIRNQROIIE! can
pro-inflammators, eysgkiagsl 14zl SR Ases, he production of metalloproteinases such
[

as collagenase and stromptfe{l}ysin, and increases the proliferation and actviy S EEBMsts; all of these
events lead to s?ﬁ?ﬁ?ﬁgsa tREserelonesT Bothed@struction. Both types of TNF receptors are shed from

the cell's surfaceramspv@ia20 Imems ARatrpiain oo e hiRdingapility. These soluble TNFRs can -
neutralize fNF activityhoth in vitro an Oi&ﬁi}@;.and are believed to act as natural inhibitors to
attenuate TNF signaling. VEGER. Vaseular ehd StReh: e v Bt iiedmaildothelial
cell-specific mitdgefi2s biom ety isrotecusldern greimpbgenesiatan thirthut kfgwy Riakiissoaignificant
mediator of angipgenaasiH Fiursiel: of RImakRRS RATRINgIGA B{%i?f? SeiRgluding. tumor
development Tu;ggr vaz%%ggtlon IS a vital process for the progression of a tumor to a stage from
which it can metSSERELETHISE ARGHISAMPEs Rt Risdarirser Y EGENIRZ. BeEimlawmified:
VEGFR-1/Flt-1, #E@Fpu2i DiRpaineh MG R 31frti-dmbbia Hisias erog)] Q) Hbase fageptor tyrosine
kinases thgs funghpn.4s, §IGR34HAG @9&%&?%9%99&%%%&“&%% 19& \e/:gl!s(,) e’%ﬁk ﬁ@ siénlgl[lpng EvFéﬁtZs'
result in the production of other pro-inflammatory cytokines (0-1, 11-6, GM-CST), induces
the production of metalloproteinases such as collagenase and stromelysin, and increases the
proliferation and activity of osteoclasts; all of these events lead to synovitis and tissue and
bone destruction. Both types of TNF receptors are shed from the cell’s surface as soluble
20 forms that retain their ligand binding ability. These soluble TNFRs can neutralize TNF
activity both in vitro and in vivo, and are believed to act as natural inhibitors to attenuate TNF
signaling.
VEGFR.
Vascular endothelial growth factor (VEGF) is an endothelial cell-specific mitogen
25 normally prodnced during embryogenesis and adult life. VEGF isa significant mediator of
angiogenesis in a variety of normal and pathological processes, including tumor
development. Tumor vascularization is a vital process for the Drogression of atumortoa
stage from which it can metastasize. Three high affinity cognate receptors to VEGF have
been identified: VEGFR-1/Flt-1, VEGFR-2/KDR, and VEGFR-3/Flt-4. VEGFRs are cell
30  surface receptor tyrosine kinases that function as signaling molecules during vascular

development.
EGFR AND HER-2.
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50 The ErbB family of receptor tyrosine kinases comprise four members: EGFR (Her-1), ErbB2
(Her-2), ErbB3 (Her-3) and ErbB4 (Her-4). All are essential for normal development and participate in
the functioning of normal cells. ErbB receptors, particularly EGFR and ErbB2 are commonly
deregulated in certain prevalent forms of human cancer. Dysregulation 5 of ErbB signaling occurs by
various mechanisms, including gene amplification, mutations that.increase receptor transcription, or
mutations that increase receptor activity. Activation of the ErbB receptors through the binding of the
epidermal growth factor (EGF) results in downstream signaling through the mitogen-activated protein

kinase (MAPK) and th&ha Evish dspiipifositigeikinasc S kinguixp fathmeaybest BoFRIgHeaing to
cell proliferationz 3 Iigten! BHA afd snaiesanepinatekiehlenbie.CISRRAE RS R, boteoic

cleavage sites for the protelns described above are shown below in Table 7 eavage

sequences for sEléRed drsdniche finstopiaenhaompgsile BhPyecrtegiasaleaditER tshce TNF-a

AEAK loop Rhewmm@peasthiitionlyl difedahisdiy Ketiiaofeiansisiss asBunli asmeatoryskowealidisease,
GTED stal Psongé%BTNF 2 SPTR§¥alk VSTRaétalk STS talk HER 1I%FPD stalk Breast cancer
AEQR stalk EGFRKYAFEARE CGRES Bre3eC B 56 Wﬁ%ﬁ%& gfﬁ PP PR AEBPE IRy, head

& neck cancer 4G EReep 8 SN brcian SR DS ol kM HEG T Fha iQEake statiptR BRYvipp A0itstampfe 11.
Cleavage Profileaf ranzybif et My M e epidermal growth factor (EGF) results in
downstream signaling through the mitogen-activated protein kinase (MAPK) and the -
AXt/phosphoinositide 3-kinase (PI3-kinase) pathways, ultimately leading to cell proliferation,
160  differentiation, and angiogenesis.
Potential Proteolytic Cleavage Sites.

Proicolytic cleavage sites for the proteins described above are shown below in Table

15

Table 7. Cleavage sequences for selected disease related proteins

Cleavage . S
Target sequence - Region Indication
TNF-o ARAK foop | Rheumatoid arthritis,
TNE-R1 ENVK stalk | Cronn's disease,
Inflammatory bowel disease,
GTED stalk | Psoriasis
TNF-R2 SPTR stalk
VSTR stalk
STSF stalk
HER-2 KFPD stalk Breast cancer
ARQR stalk
EGFR KYAD stalik | Lung, breast, biadder,
prostate, colorectal, kidney,
NGPK stalk head & neck cancer
VEGFR-1 SSAY stailk
GTSD stalk
VEGFR-2 AQEK stalk
RIDY joop

20 Example 11. Cleavage Profile of Granzywe B J99A/N218A Mutant
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51 Figure 1 shows the sequence of caspase-3, a protein implicated in the apoptosis pathway of many
cell types. Wild-type granzyme B cleaves caspase 3 between the aspartate and serine at residues
175 and 176 respectively. Mutations at positions 99 and 218 of granzyme B, change the specificity of
this protease to cleavage between the aspartate and 5 alanine of residues 263 and 264 respectively.
Figure 2 shows a crystallographic model of caspase-3 focusing on the inactivation sequence that is
cleaved by 199A/N218A granzyme B at residues 260-265 (SEQ ID NO:2). The specificity of the
mutated granzyme B is shown in Figure 3A with varying residues at the P2, P3 and P4 positions in a
PS-SCL library, PS-SGiigisrdribews thestarmmpieaspisAlp poiaiv nplined 38 dyetpovitbsivild-type and

N218AJ199A gragmumedBans e spbstraig-sprclicihyat eAaBRasiignis plRledhamingasid. The
mutant showed %F‘I ure 38&@ five tlmgﬁs#f?reater preference for phenylalanine at the P2 position over

proline in the wil e RS S (AR A LA SrRTE s MItuiAyRbprEIEs A s Ak including
phenylalanine agcnieuoiit iy By gesificity wihkieptheavd tiylpevaerienalbcmteonpnetaias only
isoleucine and ,%ﬁﬁ’iiﬁgrb?r§}935§2%§£}96’\ﬁ%$@§§é§%¥e ge of the NH2-FSFDAT-COOH (SEQ ID NO:2)

the caspase-3 inactivation sequence, made up of re idues 260-265 of caspase-3, by MALDI mass

spectrometry. The inadtigBtfchssevs e sostlissmrbibaedslelsasponiiansingpendgharmaptica@®nor 1 pM
I99A/N218A for dghaidesinkhi fiestpaneishows ke melasulas weiahi.of Hhe.28speptide aleg. Shown
is a peak represxf,gtifr%%tt}? cogg&g moLec?Ia%’i[ﬁh foré}hﬁe uggﬁaved %eptide. The second panel
shows the results SF e paplide By REa TR §I8EdPigurna B A S pEak "ssyHes FeBresents
the correct moleB &R wididt Hositioeslin el BSSEL ligatid eP SIS6WI hiyrtinat wiktletjpen PraR2yRReABpdoes not
cleave thejgeptidg Ehi H&?g@%ﬁ%ﬂ%&%%ﬁ%&f&&ébﬁ pRRUAG MG Nat GaH29A mutant

granzyme B. Here, the peak 25 has shifte representing a Cleavage product at 538.04, representing

a cleavage prodfRECHfeERIpaRtn S Alofesd TR At dhavrtepeivded e iBhe §nzyme B
efficiently cleaveméhgrpaptipefdigusdob dheayisithng esttPipmnitvieevindinthehy 6RoiNBsERN On an
SDS-PAGE gel. ,Three.indivi tub aini roximately 50.pM of caspase=3 were incubated
nthe 30 presertoebl A e S BB S o PR
199A/N218A. Ealshsaaetitis Rbrositiasiaies By wildtupsesnotiyesosmnediptonyfieetsar adated to

95 'C, andisin omadirteicine gel. The first lane shows caspase-3 alone. The second 52 lane, shows
caspase-3 with wild-type QranZyme B Hg i 4 AN IR 2 Y8 w02 the

caspase-3 inactivation sequence, made up of residues 260-263 of caspase-3, by MALDI mass

spectrometry. The inactivation sequence was incubated with 100 nM wildtype granzyme B
or | pMI99A/N218A for 18 hours. The first panel shows the molecular weight of the
20 peptide alone. Shown is a peak representing the correct molecular weight for the uncleaved
peptide. The second panel shows the results of the peptide being mixed with wild type
granzyme B. The peak, again, represents the correct molecular weight for the uncleaved
peptide, showing that wild-type granzyme B does not cleave the peptide. The third panel
shows the results for the peptide with the N218A/I99A mutant granzyme B. Here, the peak
25  has shifted to representing a cleavage product at 538.04, representing a cleavage product of
the appropriate size (538 Da), for the cleaved peptide. The mutant granzyme B efficiently
cleaves the peptide.
Figure 5 shows the results from three individual reactions run on an SDS-PAGE gel.
Three individual tubes containing approximately 50 pM of caspase-3 were incubated in the
30  presence of: in lane 1: buffer only; lane 2: wild-type granzyme B; lane 3: granzyme B
I99A/N218A. Each reaction was terminatéd by the addition of 2X SDS sample buffer, then

heated to 95 °C, and run on a tricine gel. The first lane shows caspase-3 alone. The second
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mutant granzyme B. The mutant is able to cleave the small subunit of caspase-3. 199A/N21.8A
granzyme B cleaved and inactivated full length caspase-3. Purified caspase-3 (2 M) was incubated
with no protease, 100 nM of wildtype granzyme B, or 1 M 5 199A/N2I8A granzyme B for 18 hours in
granzyme B activity buffer. 10 pL of each reaction was diluted in 90 pL of caspase-3 activity buffer and
caspase-3 activity was assayed by cleavage of Ac-DEVD-AMC. Figure 6A shows a graph of
caspase-3 activity plotted against time. I99A/N218A granzyme B inactivated caspase-3 to a very low
level of activity. Wild- type granzyme B inactivated caspase-3 more than control, but did not have the
effect that the 1Buaavwhaspascchsithseld Gt giynrThis B alte thhoWadHoigkEasHBe-/Rane tgnax of
caspase-3 actiyjty.] W dexived fr e data represented in Figure 6A. Vmax. in the presence of
the mutant graré%%t%]is a %ki?hggtg%%‘rlgg@ﬁaé?glﬁaﬁetﬂﬁifg%lpse&éuﬁ@%ﬁﬂ/ g3 de’ Vmax relative to
control. The mutant gr&f B Bredeared indrnblivaipd feibleset caspratydaldrifisdapoptosis in
cell lysates contaipig-843 pagends dniaue with loPiealed ADEHNES ALIAFA MalSMgmNZYMRB Was
added to cgll Iyﬁﬁ %t%g%t%})g)t%%%r 1% gmurs.‘CaspaseG actjvity was then aSsayed by adding a
fluorogenic substrate (Ac: YRRE Yo 8 BRI BAesS AGF 50 UTead - SaehTEaaeRs the
mutant activate¥cadibied 8 ¥y dledeisgast I hetatthiatifin sehtmpee-(SEQIDWNOidhyaabat high
concentrations Liabibite eRshseers bue0 HgRK e dkibe mglivaronaetance. This. [ 93aNP1on

. C i
granzyme B induces agoptoss at low concéntrations but iRhibits apoptosis Concentrations.

Figure 7A plots ¥38p Z&hvEragasd inertsinlrearseRtas Ry drwdevehes 2givitiu®ildgranzyme
B. As the concespiaiiarrahéTeinuinat-graszsne Bonanincraasthin Gelhdysalenihecasnasts3 activity
decreasedy25 s was induced in.cell lysates by.adding 100 nM of wildtype granzyme B, which
activates coaspa%%_-é_ gyaglcé%\%ﬁ 'a %ﬁacacéévé Va |0|§11§§cfﬁe51ﬁ8ve°?w tﬁiﬁr\?’v ’o‘ﬁ]?‘ﬁ?e‘y A fERafRGuNt of

I99A/N218A graisEyiydhard dscupdhitanithe 18 th eprss@ediadicBreamtiviimaninalsspaeeehby afleavage of

Ac-DEVD-AMC i afacmasaornalizedy akaﬁié@a%fe}wge@ﬁmﬁ.ﬂ&}y&mmg@LQXr}HSﬁ
199A/N218A granzyme B. 100 .nM of wild 30 type granzyme B was added to cell extracts in all

samples, with oFwitRo ?ﬁBFé’éising concentrations of I99AJN218A granzyme B as indicated in Figure
7I(31| As shown in Figurﬂl@u@ﬂ grmnmua;ggmﬁm Hfectiagbniziitithg aﬁp_ﬁecg Miﬁdimg rfanzyme B 3}0
induce  anaptosis B RAR A, EABARR: TIghE 4B rapl ith the fraction of caspase-
53 activity With?/g?gin concengt}rations of mugtgnt%ranzy%lﬁg%%éﬁg%géegcaemgﬂ%%%M wild- type
granzyme B. W}ﬁ?m&ﬁrﬁ%ﬁ‘@&%r‘gmﬁﬁ inefldy giahaphincebaiad fendphourg Caspase-3

activity was then assayed by adding a fluorogenic substrate (Ac-DEVD-AMC) to a final
concentration of 200 uM. At low concentrations the mutant activates caspase-3 by cleaving
at the activation sequence (SEQ ID NO:4), but at high concentrations it inhibits caspase-3 by

20 cleaving at the inactivation sequence. Thus, I99A/N218A granzyme B induces apoptosis at
low concentrations but inhibits apoptosis at high concentrations. Figure 7A plots caspase-3
activity against increasing concentrations of [99A/N218A mutant granzyme B, .As the
concentration of the mutant granzyme B was increased in cell ysates, the caspase-3 activity
decreased.

25 Apoptosis was induced in cell lysates by adding 100 nM of wildtype granzyme B,
which activates caspase-3 by cleaving at the activation sequence, with or without the
indicated amount of I99A/N218A granzyme B, and incubated for 18 hours. Caspase-3
activity was assayed by cleavage of Ac-DEVD-AMC. Data was normalized for the
background caspase-3 activity induced by the I99A/N218A granzyme B. 100 oM of wild-

30 type granzyme B was added f:o cell extracts in all samples, with or without increasing
concentrations of I99A/N218A granzyme B as indicated in Figure 7B. As shown in Figure
7B, the mutant granzyme B antagonized the effect of wildtype granzyme B to induce
apoptosis by inactivating caspase-3. Figure 7B shows a graph with the fraction of caspase-3
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activity decreased below the level it was in the presence of wild-type granzyme B alone.
EQUIVALENTS 5 Although particular embodiments have been disclosed herein in detail, this has
been done byway of example for purposes of illustration only, and is not intended to be limiting with
respect to the scope of the appended claims, which follow. In particular, it is contemplated by the
inventors that various substitutions, alterations, and modifications may be made to the invention
without departing from the spirit and scope of the invention as 10 defined by the claims. The choice of
screening method, protease scaffold, or library type is believed to be a matter of routine for a person
of ordinary skill itiveyawithvithrking\wiadgeratfiotise bmitod premsmid? dritedleermia oﬂm(EnMSﬁrﬁdts

advantages, and,megificatians opasidesetitn B WM HSARECLING IR0 IRY Slgins. o4 CLAIMS:

1. A modified proteasSe, or a biologically active portion thereof, comprising mufatlon n a wildtype
protease scaffola°Hab esreates below ¥ Bty @ﬁ%ﬁegﬁeﬁﬁ@@%?w@oﬁmease for a
substrate sequence in a target protein compared to the cleavage activity and/or specificity of the
wildtype protease, wherein: the target protein is BHQbRreTER Tsease or pathology; cleavage of the
target protein inactivates an activity of the protein; the modified protease is a therapeutic for the

disease or gathology. A;ﬁ&agmmﬁthéﬁﬂﬁmmm{mbhew&ﬁéﬁjﬁbahﬁﬁimmﬂmﬁ&%\é&ﬂ@n activity
and/or specmcmé1 of t@e modi |ed ase for assogbﬁltlg?rt%o?d% n@ncedl%%gtlrﬁggg%?eg ?éea\( e activity

and/or specificity com%a Rd’to rotease sca e Wgut im 1,
wherein the sped@iibitgspciie Wmmoﬁhﬁtm@ dasmbstrit anhepm,sntscom pared to the

specificity of theee&k@fs)s&%do&ma%é&@M%%aﬁm Fodified R QiRasE.AL 3Ry A5 SRURR s Fayherein

the protease scaffold |s selected from among a serine protease cystelne protease, aspartic protease

and metalloprot&aZB3% orhe Y SHRE s ferapiug-frost thespiciyand é%ﬂi’f'p?fs?ﬁg“ﬁ’?ﬁﬁ?&tﬂ?n at an
amino acid positiefirthtlsctatelbintes Thehhotiehdtsade salorktnd, @r&hﬁdﬁ@ﬂiﬁﬂdqﬁﬂﬂiﬁaﬁmé any of

e e RS BrRU AR SE 8T Rlikle AR PR OO AMANGEN VAR B SAMRRIV RS, SHOUISI

thrombin, plasmin, Factor Xa, urokinase type plasminogen activator (u tissue pasm ogen
activator (tPA), McFHIBRSHBcHIHE<serprel Brotia ey TS, 2 §Vg?%2ym@mogrﬁmwsmgiaﬂéyme M,

to be within thé scope of the following claims.
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elastase, chymase, neutrophil elastase, plasma kallikrein, cathepsin G, complement factor serine
proteases and furin. 7. The modified protease of any of claims 1-5, wherein the protease scaffold is
selected from among granzyme B; human-type testisin (PRSS21); tryptase beta | (TPSBI); kallikrein
hK5 (KLK5); Corin; kallikrein 12 (KLK12); DBSCI protease; 55 tryptase gamma | (TPSG1); kallikrein
hK14 (KLK14); hyaluronan-binding serine protease; Transmembrane protease Serine 4 (TMPRSS4);
tryptase delta (TPSDI); Marapsin; Tryptase homologue 2; Tryptase homologue 3; Tryptase
chromosome 21; Transmembrane protease serine 3 (TMPRSS3); kallikrein hK15; Mername-AAQ3I
peptidase; membrane-type mosaic serine protease; Mername-AA038 Peptidase; Memame-AA128
Peptidase; Cationic trypsin (PRSSI); Neutrophil elastase (ELA2); mannan-binding lectin-associated
Serine protease-3; cathepsin G (CTSG); Myeloblastin PRTN3; granzyme A; granzyme M; chymase;
tryptase alHa*§¥aPzyme K; granzyme H; chyrnotrypsin B; pancreatic elastase; pancreatic
endopeptidase E; enteropeptidase, chymotrypsin C; prostasin; kallikrein 1; kallikrein hK2; kallikrein 3;
mesotrypsin; cqn}plemeigt gfeﬂ;p&??ﬁﬁ% ’é]ﬁp f%ié’n?céb‘fﬁlﬁ?éﬁoél\j??f& plEHBREEEMponent
activated CTS}@ %@%& T CTRBINARSS 810 It Tato FISe BRASH BT

lectin-assoth4 r et?berB‘?S £9 PRI O HBTERE SE RS A RS RO SHYBBPEESSe E form
B (B); pancfeliic SREES A Yo Y ehSRAARIAH At Sy ARSI REIKIETR " oagulation factor Xla;
coagulation factoriX asreengataiiois fasteived lia actisgutasiopathotogia; thrombin; protein C (activated);
acrosin; hepsin;hecﬁ)éslat\(])ac t% fgﬁgwtp (fj%\ctr%rt ggtgggéggaggggm%n-bi dig)lgﬂll%ctir%-t%sns,ociated serine protease
2; u- plasminogen activ for (U A%%p sminogen activator %BQI\EY p asm‘?n; nedrosin; neurotrypsin;
tryptase beta 2 (1)theypealstadaier®¢2y;inedhopsieytiaflikrbindivka®)or gplindligsin (TMPRSS2); prostase;
brain serine proteinase 2; chymopasin; kallikrein 11; anionic trypsin (I); LOC 144757 peptidase;
mername-AA169 peptidase; memame- AA171 peptidase; mername-AA174 peptidase;
mername-AA175 tida@}%ﬁﬁﬂiﬁ?dcﬂ??f@&?ﬁ% ﬁiﬁtr&ﬁﬁb%ﬁ‘i%%?“‘}f%i@ﬁliﬁé@ﬁﬁ?ﬁe, respiratory;
matriptase 2KaHiK e/ RKIT<kamki SThthkoogiE SATSOISE HEPIRSR SEHHEfEHP Vil protease;
LCLP protBisdRavagpineiiy wedirmecpliae soammsdde tmermtldizns Rsespeptritdd: mername-
AA182 peptidase and memame-AA122 peptidase. 8. The modified protease of any of claims 1-5,
wherein the protease scaffold is.selected from among papain, cruzain cathepsin L, cathepsin V,
cathepsin K, cath§ sin &iﬂ?gﬁ)%ﬁ‘?ﬁf{ggﬁi?p iﬂ%‘?ﬂﬁ)ﬂ%@%‘i Sﬁaeﬁéiﬁ}%ﬁ of the mo GIRES
endopepti o%fgé?’ﬁ?&ﬂ ubstrate Sequence 1s different compared to the specificity of the wild-type

protease scgf%tjo d.

4, The modified protease of any of claims 1-3, wherein the protease scaffold
is selected from among a serine protease, cysteine protease, aspartic protease and
metalloprotease.

5. The modified protease of any of claims 1-4, comprising a mutation at an
amino acid position that contributes to the substrate selectivity.

6. The modified protease of any of claims 1-5, wherein the protease scaffold
is selected from among of trypsin, chymotrypsin, subtilisin, thrombin, plasmin, Factor
Xa, urokinase type plasminogen activator (uPA), tissue plasminogen activator (tPA),
membrane type serine protease-1 (MTSP-1), granzyme A, granzyme B, granzyme M,
elastase, chymase, neutrophil elastase, plasma kallikrein, cathepsin G, complement factor
serine proteases and furin.

7. The modified protease of any of claims 1-5, wherein the protease scaffold
is selected from among granzyme B; human-type testisin (PRSS21); tryptase beta 1
(TPSB1); kallikrein hKS5 (KLKS); Corin; kallikrein 12 (KLK12); DESCI1 protease;
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9. The modified protease of any of claims 1-7, wherein: the protease scaffold is a serine protease; and
the modified protease comprises a mutation at an amino acid position selected from among amino
acid positions 99, 171, 174, 180, 189, 190, 191, 192, 215, 217, 218 and 226, by chymotrypsin
numbering. 56 10. The modified protease of any of claims 1-7, wherein: the protease scaffold is
granzyme B; and. the modified protease comprises a mutation at an amino acid position selected from
among amino acid positions 58, 59, 60, 61, 62, 63, 97, 98, 99, 100, 169, 170, 171, 172,173, 174,
175, 176, 177,178, 179, 180, 181, 189, 190, 191, 215, 217, and 218, by chymotrypsin numbering. 11.
The modified protease of claim 10, comprising a mutation selected from among 199A, 199F, 199K,
199R, YI74A, YI 74V, N218A, N218T, and N21 8V. 12. The modified protease of claim 11, comprising
the mutation 199A and N218A. 13. The modified protease of any of claims 1-9, wherein the protease
scaffold isrpLese gamamerhelRailibdprbtsiadiol 4 %Kélﬁ]n@&hgoﬂﬂﬁe?éﬁﬁlﬂﬁesgk’@@ase scaffold is
u-PA. 15, THEFRSHIfiIPTBfEaNa T BiyeatcRERY 16 MRBR T Ihapretsalsdta i8Il is chymase. 16.
The mod|f|%ﬂ&BiéhsEfﬁ?tW8mg?&%e%STW‘&H‘OWEEB%%SETM@@?@@%@ protease; and
the modifict pRotReisbrapriPnSes o minaddh A aitine hikerisolibh Meseta-fd¥3among amino
acid posmd??é’ti@asfewk%n%’?y%m%@cfWUiBWWCQWWGWWEGﬁS@Spond|ng to papain.
17. A modiMeaBteAde] RORsHISHG AR HWRRSE b tassw il sistassHELAR its cleavage

activity anmn%éﬁfm%i:%gﬁéﬂ%ﬁé CERATENT HeasEa géf* et WhErSH: M@ﬁ&%@gotem is
involved inERdiSeh $6%9¢ %I@FHWM %h@raéﬁé(ﬂiﬁzﬁ@ﬁfﬁ%zd@é e or
pathology: SHANHE SRABEERGIE qgg@?@cf@@‘ffé‘?’g

epyans; Brissanisidasuptilising plasmin;
Factor Xa; HroRpEEesH) Brg%wbgléﬂi&erﬁvatbrk@ltﬂﬂ?ua%%%% pllikifiB gemmesotrypsin;

complement factor D; complement component activated Clr; compiememt component
activated Cls; complement component 2 (C2); complement factor B; mannan-binding
lectin-associated serine protease 1 (MASP1): complement factor I; pancreatic
endopeptidase E form B (B); pancreatic elastase If form B; coagulation factor Xlla;
plasma kallikrein; coagulation factor X{a; coagulation factor IXa; coagulation factor
Vlla; coagulation factor Xa; thrombin; protein C (activated); acrosin; hepsin;hepatocyte
growth factor activator; mannan-binding lectin-associated serine protease 2; u-
plasminogen activator (uPA); t-plasminogen activator (tPA); plasmin; neurosin;
neurotrypsin; tryptase beta 2 (I); tryptase beta 2 (2); neuropsin; kallikrein (hK.10};
epitheliasin (TMPRSS2); prostase; brain serine proteinase 2; chymopasin; kallikrein 11;
anionic trypsin (II); LOC144757 peptidase; memame-AA169 peptidase; mername-
AA17] peptidase; mername-AA 174 peptidase; mername-AA175 petidase; stratum
corneum chymotryptic enzyme; trypsin-like enzyme, respiratory; matriptase; kallikrein
hK 13; kallikrein hK9; mername-AAQ035 peptidase; umbilical vein proteinase; LCLP
proteinase; spinesin; mername-AA178 peptidase; mermame-AA 180 peptidase; mername-
AA182 peptidase and mername-AA122 peptidase.

8. The modified protease of any of claims 1-5, wherein the protease scaffold
is selected from among papain, cruzain cathepsin L, cathepsin V, cathepsin K, cathepsin
S, cathepsin F, cathepsin B, ADAMTS13 and neutral endopeptidase/neprilysin.

9. The modified protease of any of claims 1-7, wherein:
the protease scaffold is a serine protease; and

the modified protease comprises a mutation at an amino acid position selected
from among amino acid positions 99, 171, 174, 180, 189, 190, 191, 192, 215, 217, 218
and 226, by chymotrypsin numbering.
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activator (tPA); membrane type serine protease-1 (MTSP-1); elastase; chymase; neutrophil elastase;
plasma kallikrein; urokinase type plasminogen activator; cathepsin G; complement factor serine
proteases; ADAMTS13; neutral endopeptidase/neprilysin; papain; cruzain; cathepsin L; cathepsin V;
cathepsin K; cathepsin S; cathepsin F; cathepsin B; furin; granzyme A, granzyme M; human-type
testisin (PRSS21); tryptase beta 1 (TPSBI); kallikrein hK5 (KLKS5); Corin; kallikrein 12 (KLK12); DESCI
protease; tryptase gamma | (TPSG1); kallikrein hKl4 (KLK14); hyaluronan-binding serine protease;
Transmembrane protease Serine 4 (TMPRSS4); tryptase delta (TPSD1); Marapsin; Tryptase
homologue 2; Tryptase homologue 3; Tryptase chromosome 21; Transmembrane protease serine 3
(TMPRS53); kallikrein hK15; Mername-AA031 peptidase; membrane-type mosaic serine protease;
Memame-AA038 Peptidase; Mername-AA128 Peptidase; Cationic trypsin (PRSS1); mannan-binding
lectin-associated Serinehotaaddia! Mgksm el rerieing brizyhg @ngranzyme M; tryptase alpha;
granzyme K; granggmeokda hyenfiiPsiRipaneeadicdiendopeptidase E; enteropeptidase
chymotrypsin C; p%o??tasén' [F%lllikrein 1; kallikrein hK2; kallikrein 3; mesotrypsin;, complement factor D;

comple.:metcom Qﬁéfél.gf &’?fﬁf& 8 %68»%%0% a,?ﬁ%? d pqgitig E gntF:omponent
iéﬁs%é;ﬁg%ﬁ Gl e B R

coagulatior? SBISP 3 2 BRI ®on factor Xla; coagulation factor 1Xa; coagulation factor Vlla; protein
C (activated); acrosin; hepsin;hepatocyte growth factor activator; mannan-binding lectin- associated
serine protease 2, jeurogip, AEHAUYRSIN: INIRSH Rt 201 INRIASE BEIA 2, (@)neyTaRSIn: kallikrein
(hK10); epitheliast g%% P : Dralnserine n % ; ; kallikrein 11;
anionic tryég% }fﬁs)@éég{ 447 pé;g% a’ssf;i rﬁ%ﬁnﬁﬁe-ﬁ&g %% %éﬁh |}j§a’13?e?xr§:§22$nl\%-AA 171 peptidase;
memame-AA 174 peptidase; mername-AA175 petidase; stratum corneum chymotryptic enzyme,;
trypsin-like enzyme, respifataiydi Mal iR kain KBkt keI b SR MemRIBL 43035
peptidase; \gppbidical vein proteinase; LCLP proteinase; spinesin; mername-AA 178 peptidase;
mername-AA180 peptidase; mername-AA182 peptidase and mername-AA122 peptidase. 18. The
modified protease of claim 17, wherein the alteration in cleavage activity and/or specificity for a
substrate sequenqgg is aMmRCreasEiéd ploavRED RSl IEY cRRE/O1 SPeaiiiety: the. pfhenodifigdigrotease of
claim 17, wheygirgthe cleavage activity and/or specificity for a substrate sequence is new to the
protease. 58

14.  The modified protease of any of claims 1-9, wherein the protease scaffold

isu-PA.

15.  The modified protease of any of claims 1-9, wherein the protease scaffold
is chymase.

16.  The modified protease of any of claims 1-8, wherein:

the protease scaffold is a cysteine protease; and

the modified protease comprises a mutation at an amino acid position selected
from among amino acid positions 19, 20, 61, 66, 67, 68, 133, 157, 160 and 2035, with
numbering corresponding to papain.

17. A modified protease, comprising mutations in a wildtype protease scaffold
that alter its cleavage activity and/or specificity for a substrate sequence in a target
protein, wherein:

the target protein is involved in a disease or pathology;
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20. The modified protease of any of claims 17-19, wherein: the protease scaffold is a serine protease;
and the modified protease comprises a mutation at an amino acid position selected from among
amino acid positions 99, 171, 174, 180, 189, 190, 191, 192, 215, 217, 218 and 226, by chymotrypsin
numbering. 21. The modified protease of any of claims 17-19, wherein: the protease scaffold is a
cysteine protease; and the modified protease comprises a mutation at an amino acid position selected
from among amino acid positions 19, 20, 61, 66, 67, 68, 133, 157, 160 and 205, with numbering
corresponding to papain. 22. The modified protease of any of claims 1-21, wherein the pathology is
selected from among rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency syndrome,
respiratory tract infection, influenza, cardiovascular disease, inflammation, asthma,
neurodegenerative disease, ischemic and reperfusion cell death, degenerative disorders, and acute
ischemic injury. 280erRediHarMMEatprednadhsransyias &aithe disepsemaehrineviaredt protein is selected
from among a cytgkingotesepiisiusirnareieingkinasgoapd SorbhoteiReeHRIedh reaaptio(GPCR). 24.
The modifigthprateaseief Xay @bkiainstipddinaarRipcthectaraet pieteinissselastied fsea among tumor
necrosis fagtar seseRtol)inendeide-dpiieHaskifstdecentamaipteyeuldnwg, beraukin-2 receptor,
interleukinAaitrsilgUKiRs RIS GRRRT inlenteskinfokinier epidn,hsasrnion datedRrkinHpsinterleukin- 12
receptor, infereusient $adriesleitdrdidieee RN RFSIESt burSalfetpplveaRrateinigand, Substance
P, the Bradydghinsertaetfy éXhipainogiatpimB inamepoal eb WimbpiasspiarhefsRF; CXCR4,
glycoproteigathfsif B oprataimdlhdd, hamashemin asiraiory SYery RS SiTs fusigrprotein, B7,
CD28, CD2£a03,10PRA1 i R4AQKwascikar @ndothetinhprowihifactian V&G K reseptoscfibroblast growth
factor, FGhregaptotrgnsathakahgnopwtPdacton k18 sapiar KT RN geranth fagter, TGF
receptor, CeRhe@XfdRSs; CRRnRiEbAKb ReludsBERmAR (TPRII sYRiPaSse fiMasaidsoytpchrome c,
Apaf-1, casfiafgin CasPRES YotRAPASE Y, TaIPRASOMCASRRSS, 2 B RiRoBAINRARP, p53, cdk-2,
and cdk-4. BR@bndifibrinedfiadapeaieaseiqfany R shimsal kx2dinthrtlis, afusignonelimeric protein. 26.
The modifipdpigieasehparohgaimsdicfrihebeontiRindordade N 088 FefidisdO, 11, 12, 13, 14,
15, 16, 17, Ni@rrirRr X8 mytpligssoruRareate RSP (PRISE); mannan-binding lectin-associated

Serine protease-3; Myeloblastin PRTN3; granzyme A; granzyme M; tryptase alpha;

granzyme K; granzyme H; chymotrypsin B; pancreatic endopeptidase E; enteropeptidase

chymotrypsin C; prostasin; kallikrein 1; kallikrein hK2; kallikrein 3; mesotrypsin;

complement factor D; complement component activated Clr; complement component

activated Cls; complement component 2 (C2); complement factor B; mannan-binding

lectin-associated serine protease 1 {MASP1): complement factor I; pancreatic

endopeptidase E form B (B); pancreatic elastase 1T form B; coagulation factor Xlla;

coaguiation factor Xla; coagulation factor [Xa; coagulation factor Vlla; protein C

(activated); acrosin; hepsin;hepatocyte growth factor activator; mannan-binding lectin-

associated serine protease 2; neurosin; neurotrypsin; tryptase beta 2 (I); tryptase beta 2

(2); neuropsin; kallikrein (hK10); epitheliasin (TMPRSS2); prostase; brain serine

proteinase 2; chymopasin; kallikrein 11; anionic trypsin (1I); LOC144757 peptidase;

mername-AA 109 peptidase; mername-AA171 peptidase; mername-AA174 peptidase;

mername-AA175 petidase; stratum corneumn chymotryptic enzyme; trypsin-like enzyme,

respiratory; matriptase; kallikrein hK13; kallikrein hK9; mername-AAQ035 peptidase;

umbilical vein proteinase; LCLP proteinase; spinesin; mername-AA 178 peptidase;

mername-AA 180 peptidase; mername-AA182 peptidase and mername-AA122 peptidase.

18. The modified protease of claim 17, wherein the alteration in cleavage
activity and/or specificity for a substrate sequence is an increase in cleavage activity
and/or specificity.

19. The modified protease of claim 17, wherein the cleavage activity and/or
specificity for a substrate sequence is new to the protease.
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scaffold. 27. The modified protease of any of claims 1-26, wherein the protease scaffold is a
biologically-active portion of a protease. 28. The modified protease of any of claims 1-27, wherein
cleavage activity or specificity is increased by at least 10-fold, 100-fold or 1000-fold compared to the
scaffold protease. 29. Use of a protease as a scaffold for preparing a therapeutic that cleaves a
target involved in a disease or pathology, wherein: the scaffold is selected from among trypsin;
chymotrypsin; subtilisin; plasmin; Factor Xa; urokinase type plasminogen activator (UPA); tissue
plasminogen activator (tPA); membrane type serine protease-1 (MTSP-1); elastase; chymase;
neutrophil elastase; plasma kallikrein; cathepsin G; complement factor serine proteases; ADAMTS
13; neutral endopeptidase/neprilysin; papain; cruzain; cathepsin L; cathepsin V; cathepsin K;
cathepsin S; cathepsin F; cathepsin B; furin; granzyme A; granzyme B; granzyme M; human-type
testisin (PRSS21)2 tryptasBesediabuspisaseniaaiohriime K<) .cdiFeRaliikrein 12 (KLK12); DESCI
protease; tryptaselgapisneade (b6 )5 Kadliidemdrkide{kehlif 14); hyaluronan-binding serine protease;

Transmembrane pyoteasg.Serine 4 (TMPRSSA4); tryptase delta (TPSD1); Marapsin; Tryptase
homologue,2; Tr ?&ggﬁﬁgﬁf&% G %Qggﬁ%%if?éﬁ%fig%ﬁﬂl%ﬁ%@ ’r%}é%%?bgjgé;ﬁeﬁ% e serine 3
(TMPRSS?E@E ft ﬁgﬁg‘) RRAPRIHEORAAD S Peplidase’ biane ybel Afosat: Setirfa protease:
Mername- BERXRONBIHEMEIRAT S8 Peptidase; Cationic trypsin (PRSS 1); mannan-binding
lectin-associated Serine protease-3; Myeloblastin PRTN3; tryptase alpha; granzyme K; granzyme H;

chymotrypsin B; gﬁ;{:cre 'ﬁe%Q%ngﬁgﬁggsgqgﬁggpg%ga%% _cllym%%?nsjn C; prostasin; kallikrein 1;

kallikrein hK2; kallikrein 3; mesotrypsin; comp nt factor D; corﬁgfement component activated CiIr;
complement comsameriteetpsaedoliss esiivermanosenspenént 2 (C2); complement factor B;
mannan-binding lectinigasnciairieassiBsiALeasarhMAT R A £AMPERERERLLRagereatic
endopeptidas, ERMp BBl AangsasRa6ta%e 4l foien o8; goagulabion faetanddas coagulation factor
Xla; coagulatigpdastordiasRrasialiynapg factor Vila; protein C (activated); acrosin; hepsin;
hepatocyte growth factor activator; mannan-binding lectin-associated serine protease 2; neurosin;
neurotrypsin; tryptase beta 2 (I); tryptase beta 2 (2); neuropsin; kallikrein (hKI0); epitheliasin
(TMPRSS2); prostase; bragmsedifiedpaieinasef 2nghyonppasin. Kalikieinl ticanignikgypsin (1); LOCI
44757 pepligiased mernamenA kothpepdidaseiiR)eupaine-Act i QERITRSIUMRTBRMEAALT4

syndrome, respiratory tract infection, influenza, cardiovascular disease, inflammation,

asthma, neurodegenerative disease, ischemic and reperfusion cell death, degenerative

disorders, and acute ischemic injury.

23.  The modified protease of any of claims 1-22, wherein the target protein is
selected from among a cytokine, receptor, fusion protein, kinase and G protein-coupled
receptor (GPCR).

24, The modified protease of any of claims 1-23, wherein the target protein is
selected from among tumor necrosis factor receptor, interleukin-1, interleukin-1 receptor,
interleukin-2, interleukin-2 receptor, interleukin-4, interleukin-4 receptor, interleukin-5,
interleukin-5 receptor, interleukin-12, interleukin-12 receptor, interleukin-13, interleukin-
13 receptor, p-selectin, p-selectin glycoprotein ligand, Substance P, the Bradykinins,
factor IX, immunoglobulin E, immunoglobulin E receptor, CCRS, CXCR4, glycoprotein
120, glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus fusion protein, 37,
CD28, CD2, CD3, CD4, CD40, vascular endothelial growth factor, VEGF receptor,
fibroblast growth factor, FGF receptor, endothelial growth factor, EGF receptor,
transforming growth factor, TGF receptor, CCR1, CXCR3, CCR2, Src, Akt, Bel-2, BCR-
Abl, glucagon synthase kinase-3, cytochrome ¢, Apaf-1, caspase-3, caspase-9, caspase-7,
caspase-0, caspase-2, BAD, BID, BAX, PARP, p53, cdk-2, and cdk-4.
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peptidase; memame-AA175 petidase; stratum corneum chymotryptic enzyme; trypsin- like enzyme,
respiratory; matriptase; kallikrein hKI3; kallikrein hK9; mername-AA035 peptidase; umbilical vein
proteinase; LCLP proteinase; spinesin; mername-AAI78 peptidase; mername-AA180 peptidase;
mername-AA182 peptidase and mername-AA 122 peptidase; and the therapeutic contains one or
more mutations compared to the scaffold protease. 30. Use of a modified protease of any of claims
1-28 for the manufacture of a medicament for treating a pathology in a mammal, wherein: the
medicament is formulated for administration to a patient with a disease or pathology; the protease
variant cleaves a target protein involved with the disease or pathology; and cleavage of the target
protein treats the disease or pathology. 31. The use of claim 29 or claim 30, wherein the disease or
pathology is selected from among rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency
syndrome, respiratory tr&hqﬁf@&i%ﬁd PIOLRASS 2T GRIIRS PhaiEak- s dhaidis SEGRIMEEIRMa,
neurodegeﬁ’éﬂ’@iﬁe disease, ischemic and reperfusion cell death, degenerative disorders, and acute
ischemic injury. 32. The use of any of claims 29-31, wherein the target protein is selected from among
tumor necrosis fact rre or |nt uklnl |nt rIeu recepgréC terleukln 2, l%nt} rIeukl -2 receptor,
interleukin- 4 e é;ukln ?,Eﬁﬁ' 1% ﬁﬂn rleukin-12
receptor, inte gi 13; et I%vuk 11531r chptoP: é’él% ﬁﬂuﬁtécé}ﬁ,\& FPBWE b‘?&lf’él’ﬁrl‘i’é%ﬁ‘?& Substance
P, the BraM factor IX, immunoglobulin E, immunoglobulin E receptor, CCR5, CXCRA4,
glycoprotein 120, glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus fusion protein, B7,
CD28, CD2, CD3 40 v cular endo Ila awth GEr ce 1o |broblast growth
factor, FGF re, ?ﬁe %0 gjﬁg‘f\;\& ‘?a }8&%@' yv té?f:? %)rf{?n%g owt tr feactor TGF
receptor, cE CRE Y &I?t f‘zo élé’fe Abl, glucagon synthase kinase-3,
cytochrome c, Apaf 1, caspase-3, caspase-9, caspase-7, caspase-6, caspase-2, BAD, BID, BAX,
PARP, p53, cdk-2y@nd oflkzAn33:AEa FoRaliest BroteRem Rk of clalios L2k Ja Magdnibe
preparation gl & medcauentdeny seilngd patieloay BrarOmRto WhekaIR: the dnedicarmsnt is

formulated fgyadministration to a patlent with a disease or

29.  Use of a protease as a scaffold for preparing a therapeutic that cleaves a
target involved in a disease or pathology, wherein:

the scaffold is selected from among trypsin; chymotrypsin; subtilisin; plasmin;
Factor Xa; urokinase type plasminogen activator (uPA); tissue plasminogen activator
(tPA); membrane type serine protease-1 (MTSP-1); elastase; chymase; neutrophil
elastase; plasma kallikrein; cathepsin G; complement factor serine proteases;
ADAMTS13; neutral endopeptidase/neprilysin; papain; cruzain; cathepsin L; cathepsin
V; cathepsin K; cathepsin S; cathepsin F; cathepsin B; funin; granzyme A; granzyme B;
granzyme M; human-type testisin (PRSS21); tryptase beta I (TPSB1); kallikrem hK5
(KILK5), Corin; kallikrein 12 (KLLK12); DESC] protease; tryptase gamma 1 (IPSG1);
kallikrein hK 14 (KLK14); hyaluronan-binding serine protease; Transmembrane protease
Serine 4 (TMPRSS4); tryptase delta (TPSD1); Marapsin; Tryptase homologue 2;
Tryptase homologue 3; Tryptase chromosome 21; Transmembrane protease serine 3
(TMPRSS3); kallikrein hK15; Mername-AAQ31 peptidase; membrane-type mosaic
serine protease; Mermame-AAQ38 Peptidase; Mername-AA128 Peptidase; Cationic
trypsin (PRSS1); mannan-binding lectin-associated Serine protease-3; Myeloblastin
PRTN3; tryptase alpha; granzyme K; granzyme H; chymotrypsin B, pancreatic
endopeptidase E; enteropeptidase chymotrypsin C; prostasin; kallikrein 1; kallikrein
hK2; kallikrein 3; mesotrypsin; complement factor D; complement component activated
Clr; complement component activated Cls; complement component 2 (C2);
complement factor B; mannan-binding lectin-associated serine protease 1 (MASP1):
complement factor I, pancreatic endopeptidase E form B (B); pancreatic elastase II form
B; coagulation factor X1la; coagulation factor Xla; coagulation factor 1Xa; coagulation
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pathology; the protease variant cleaves a target protein involved with the disease or pathology; and
cleavage of the target protein treats the disease or pathology. 34. The modified protease of claim 33,
wherein the disease or pathology is selected from among rheumatoid arthritis, sepsis, cancer,
acquired immunodeficiency syndrome, respiratory tract infection, influenza, cardiovascular disease,
inflammation, asthma, neurodegenerative disease, ischemic and reperfusion cell death, degenerative
disorders, and acute ischemic injury. 35. The modified protease of claim 33 or claim 34, wherein the
target protein is selected from among tumor necrosis factor receptor, interleukin-I, interleukin-1
receptor, interleukin-2, interleukin-2 receptor, interleukin-4, interleukin-4 receptor, interleukin-5,
interleukin-5 receptor, interleukin-12, interleukin-12 receptor, interleukin- 13, interleukin-13 receptor,
p-selectin, p-selectin glycoproteln Ilgand Substance P, the Bra |n|ns factor IX, immunoglobulin E,
mmunoglo’%ﬁ i Irléc% h Péf@rhe??@?%{fc ifer eB¥etREmaglutinin,
respiratoryrg q? ée‘fﬁ}&aﬁsﬁF&&ﬁ% SWWS‘E‘S@ QH@WI’tlﬁﬁur@@%WégﬁﬂP&P@%thehm
growth fac SeReBtd zﬁbPSBTﬁgflﬁrcm]ﬁﬁk Z:‘H @ﬁi F@é@ﬁ&ﬂs%r@@ﬂﬁg%ﬁ sdARifactor, EGF
receptor, t&ﬁﬁ&%ﬂw@?&ﬂﬁ%&&}lﬁ@ﬁm Hiaear]; eneoRdnmerlls LOMA4B 2, BCR-ADI,
glucagon Syt Q@ﬁﬁ%%wm’é& pﬁ‘F‘i’w&’&%;ﬁﬁé‘é@ E%%Sx@e‘&%}b 7. 8aspase 6,

caspase-2P 19258 R 1dagR: SUANRERDEYES chymotryptic enzyme; trypsin-
like enzyme, respiratory; matriptase; ka’lhkrem hK13; kallikrein hK9; mername-AA035

peptidase; umbilical vein proteinase; LLCLP proteinase; spinesin; mername-AA178
peptidase; mername-AA180 peptidase; mername-AA 182 peptidase and mername-AA122
peptidase; and

the therapeutic contains one or more mutations compared to the scaffold
protease,

30.  Use of a modified protease of any of claims 1-28 for the manufacture of a
medicament for treating a pathology in a mammal, wherein:

the medicament is formulated for administration to a patient with a disease or
pathology;

the protease variant cleaves a target protein involved with the disease or
pathology; and

cleavage of the target protein treats the disease or pathology.

31. The use of claim 29 or claim 30, wherein the disease or pathology is
selected from among rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency
syndrome, respiratory tract infection, influenza, cardiovascular disease, inflammation,
asthma, neurodegenerative disease, ischemic and reperfusion cell death, degenerative
disorders, and acute ischemic injury.

32.  The use of any of claims 29-31, wherein the target protein is selected from
among tumor necrosis factor receptor, interleukin-1, interleukin-1 receptor, interleukin-2,
interleukin-2 receptor, interleukin-4, interleukin-4 receptor, interleukin-5, interfeukin-5
receptor, interleukin-12, interleukin-12 receptor, interleukin-13, interleukin-13 receptor,
p-selectin, p-selectin glycoprotein ligand, Substance P, the Bradykinins, factor IX,
immunoglobulin E, immunoglobulin E receptor, CCRS, CXCR4, glvcoprotein 120,
glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus fusion protein, B7,
CD28, CD2, CD3, CD4, CD40, vascular endothelial growth factor, VEGF receptor,
fibroblast growth factor, FGF receptor, endothelial growth factor, EGF receptor,
transforming growth factor, TGF receptor, CCR1, CXCR3, CCR2, Src, Akt, Bcl-2, BCR-
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Abl, glucagon synthase kinase-3, cytochrome ¢, Apaf-1, caspase-3, caspase-9, caspase-7,
caspase-6, caspase-2, BAD, BID, BAX, PARP, p53, cdk-2, and cdk-4.

33.  The modified protease of any of claims 1-28, for use in the preparation of
a medicament for treating a pathology in a mammal, wherein:

the medicament is formulated for administration to a patient with a disease or
pathology;

the protease variant cleaves a target protein involved with the disease or
pathology; and

cleavage of the target protein treats the disease or pathology.

34.  The modified protease of claim 33, wherein the disease or pathology is
selected from among rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency
syndrome, respiratory tract infection, influenza, cardiovascular disease, inflammation,
asthma, neurodegenerative disease, ischemic and reperfusion cell death, degenerative
disorders, and acute ischemic injury.

35.  The modified protease of claim 33 or claim 34, wherein the target protein
is selected from among tumor necrosis factor receptor, interleukin-1, interleukin-1
receptor, interleukin-2, interleukin-2 receptor, interleukin-4, interleukin-4 receptor,
interleukin-5, interleukin-5 receptor, interleukin-12, interleukin-12 receptor, interleukin-
13, interleukin-13 receptor, p-selectin, p-selectin glycoprotein ligand, Substance P, the
Bradykinins, factor 1X, immunoglobulin E, immunoglobulin E receptor, CCR35, CXCR4,
glycoprotein 120, glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus
fusion protein, B7, CD28§, CD2, CD3, CD4, CDA40, vascular endothelial growth factor,
VEGEF receptor, fibroblast growth factor, FGF receptor, endothelial growth factor, EGF
receptor, transforming growth factor, TGF receptor, CCR1, CXCR3, CCR2, Src, Akt,
Bcel-2, BCR-AbI, glucagon synthase kinase-3, cytochrome ¢, Apaf-1, caspase-3, caspase-
9, caspase-7, caspase-6, caspase-2, BAD, BID, BAX, PARP, p33, cdk-2, and cdk-4.
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