WO 2004/031733PCT/US2003/031719 METHODS OF GENERATING
AND SCREENING FOR PROTEASES WITH ALTERED SPECIFICITY
BACKGROUND OF THE INVENTION Enzymes are used within a wide
range of applications. An important group of enzymes is the proteases,
%SQOE)&?ﬁ proteins. Many proteases cleave target proteipsiangeifiealbis
at detined substrate sequences. This tendency for specific cleavage by
proteases is referred to as substrate, or substrate sequence, specificity.
Substrate specificities associated with different members of the diverse
families of proteolytic enzymes can be attributed, in 10part, to different
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proteases. A conserved amino acid residue (glycine 166), known from
crystallographic data to reside within the binding cleft, of subtilisin was
changed to one of several different amino acid residues. The resulting
enzyme 15derivatives showed dramatic changes in specificity toward

substrates with increasigghyvdiophebieity ang amipgaeigsize (Wells,
etal., Cold Spring Harb. Symp. Quant. Biol., (1987) 52: 647-52.). Another
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posiH'B %.scissile peptide in the active site with five hydrogen-bonds.
Once the péptide is bounrl, a hydrogen-bond network between thr three
invariant residues of the catalytic triad catalyzes the hydrolysis of the
peptide bond. This large family of protease& can be broadly divergent in
their sequence specificities despite being highly conserved in their
mechanism of catalysis. SUMMARY The present disclosure 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, hi a first aspect, there is provided a method
producing candidate therapeutics that inactivate an activity of a target
protein that is associated with or that causes a disease or pathology,
wherein: inactivation of an activity of the target protein can ameliorate
a disease or pathology; cleavage of a substrate sequence in the
target protein inactivates the activity of the target protein; and the method
comprises: (a) producing a library of proteases, wherein each
member of the library comprises a mutation or mutations in a wild-type
scaffold protease; (b) contacting members of the library with a
composition containing the target protein or with a polypeptide comprising

a substrate sequence that is present in the target protein; (c)
maeaciirinAa a cleavvane activiitnvy and/or cirithetrate enacificityy of memhere nf




(e) testing the identified protease(s) for cleavage and inactivation of an
activity of the target protein that contains the substrate sequence, thereby
identifying a modified protease(s) that inactivates an activity of the target
protein that is involved with or causes a disease or pathology, whereby
the identified protease(s) are candidate therapeutics for treatment of the
disease or pathology. The disclosure is broadly drawn to the
modrfratron of proteases to alter the|r substrate sequence specificity,
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WO 2004/031733PCT/US2003/031719 rheumatoid arthritis, sepsis,
cancer, acquired immunodeficiency syndrome, respiratory tract infections,
influenza, catdiovascular disease, or asthma. In another embodiment, the
efficiency of cleavage of the detected substrate sequence is increased by
at least 10-fold, at least 100-fold, or at least 1000-fold over the average
activity of the library. In yet another embodiment, the disclosure
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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 WO
2004/031733PCT/US2003/031719 present specification, including
definitions, will controL In addition, the materials, methods, and examples
are illustrative only and are not intended to he limiting. Other features
and advantages of the disclosure will be apparent from the following
detailed description and claims. 5 BRIEF DESCRR'Il FON OF 1 HE
DRAWINGS  Figure | is a schematic of the amino acid sequence of
caspase-3, and a table containing the amino acid sequence olcaspase 3
(SEQ ID NO:1), Figure 2 is a diagram from X-ray crystallography
showing the structure of caspase-3 10focusing on the inactivation
sequence cleaved by 199A1N21SA granzyme B. along witha 41
showing the amino acid sequence of the inactivation sequence site of the
enzyme (SEQ ID NO:2), Figure 3A shows a series of bar graphs
showing the substrate specificity of wild-type granzyme B versus the
substrate specificity of 199A/N219A granzyme B at P2, P3 and P4.
15Figure 38 shows a table containirigkinetic data derived from the graphs
in Figure 3A.
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Figure 4 shows a series of graphs from MALD1 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
Wit Z85DS PAGE gel showing bands for cleavage préUets2083/031719
caspase-3 20small subunit by wild-type and 199A1N219A granzyme B.
Figure 6A shows a graph plotting caspase-3 activity over time in the
presence of wild-type granzyme B and 199A1N219A granzyme B. Figure
eBishowsiilidngtiaptshov ngpthesstmescob thiaetivityiefscadpase-3 in the
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99A/N21SA granzyme B. DETAILED DESCRIPTION OF THE
RKFERTION Prior to setting forth the invention in detail, certain terms
used heseimavihbeddeiinest Sobeecermalie it:vagant paenasses any of two
oLmere altemative forms of a.geng ,wavsﬂgabﬁ}ﬁ%%@argag%mz, 13,
locus. Allelic variation_arises naturally through mutation, W
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encoding a spegified polypeptide is a ion onger olecule,
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{ROIPeptidthe prolhaectRrmeaaxpi e SsicRveatgindancies arbiAveoaskuct
J&%%ﬁ?ﬂ%ﬁs A.segmept.encoding a polypeptide of intgrest operably

linked to additional segments that provide for its trar]scrrl]%tion in a host
cell. ShERPHEUIORErERY HEHES Tk SR BBt AntiGerminator
Sseuiehteld, ahd Inay, dpticnallyl heRidez0amios mpikd®rigins of replication,
one onMArG ZRRIGEIALIe RARKGFS. A RRRADE BinR ROlyadenylation signal,

and the like. Expression vectors are geneially derived from plasmid or viral
PERIR: QAT EEGHEAT T STBIRE HRCO PR &t P2 i 1divh SHebTHfe re GRghprotem is
capphed toeae lyntbldotidemantdeale, denotes thimthsspolfiusitolige has
been removed from its natural genetic milieu and is thus free of other
extraneous or unwanted coding sequé&nces, and is in a form suitable for
use within genetically 30engineered protein production systems. Such
isolated molecules are those that are separated from their natural
environment and include cDNA and genornic clones, as well as synthetic
polynucleofides. Isolated DNA molecules of the present invention may
include naturally occurring 5' and 3' untranslated regions such as
promoters and terminators. The identification WO
2004/031733PCT/US2003/031719 of associated regions will be evident to
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WO g8t s h polypeptide or protein obtained from one speé’ &3HA

segments are arranged so that they function in concert for their intended
purposes, e.g. 10transcription initiates in the promoter and proceeds
through the coding segment to the terminator.  The term ' orth%%g]

1719
functional counterpart of a pqlypeptide or protein from a different species.
Sequence differences among orthologs are the result of speciation. 15The
term "polynucleotide” denotes a srngle or double-stranded polymer of
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the protease protein is derived, or substantially free from chemical
precursors or other chemicals when cﬁemically 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
25recombinantly-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
nrafarahlv/ lace than ahoirit 2004 of non-nNnroteaace nroteaine <till Mmore




10

15

20

25

30

10% of non-protease proteins, and most preferably less than about 5% of
non-protease 30proteins. When the protease protein or biologically-active
portion thereof is recombinantly-produced, it is also preferably
wohstanbally free of culture medium, i.e., culture medium r less
than about 20%, more preferably less than about 10%, ang /%$9&§3/§3ww
preferably less than about 5% of the volume of the protease protein
preparatron WO 2004/031733PaillS20031031719  The language
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precursors or non-protease chemicals, more preferably less than about
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less than about 10%RHENTERFH k618dBE:8hemicals, and
most preferably less than about 5% chemical precursors or non-protease
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inhibiting the action of tumor necrosis factor (TNF) \We
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targets as activated protein C This cleavage can attentatO the blood.
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actiongf protel ase cleaves ce tﬁt}tr ace molecules
th&t arer gon%%llg ¥%mﬁ§§% preven ing the spre%H’so? CaFeer .

RS S R A B Q- P e ol T s e el e Teimagility

to transmrt extracelfular si s, especially cell proliferation signals. 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
cotild he 11ceed tn treat cancer |In annther embondiment of the invventionn the
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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
voooease tleaves a caspase. This caspase can be, 30for exampbessiesiris
caspase-3. By cleaving a protein involved in a signal cascade, the
protease can be used to inactivate or modulate the signal cascade. In
some examples, the engineered protease is designed to cleave any of the

targetpiciinainkabipit sheiehyiinectivalingthaastivitioh e Rroteine

TRAREA g e ssL AL e

protiattedeaasters- afbedtsn pptisiariensr dtalinsiatd dasisddisis roTatite 2.

TahledRdGede Mamezanerkipdad. ocus 901.010 granzyme H, human-type

AT A S R I
melecules having a complementary base sequence and reverse orientation as compared o a
reference sequence. For example, the sequence 5' ATGCACGGG 3' is complementary to 5'
COOGTGCAT S,

The term "degenerate nucleotide sequence” denotes a seguence of nucleotides that
includes one or more degenerate codons (as compared to a reference polynuclectide molecule
that encodes 2 polypeptide). Degenerate codons contain different triplets of nucleoiides, but
encode the same amino acid residue (i.e., GAU and GAC wriplets each encode Asp).

A "DNA. construct” 15 & single or double stranded, linear or circular DNA moleculs
that comprises segments of DNA combined and juxtaposed in 2 manner not found in nature.
DNA consiructs exist as a result of human manipulation, and include clones and other copies
of manipulated molecules,

A "DNA segment” is a portion of a Jarger DNA molecule having specified atiributes.
For example, a DNA segment encoding a specified polypeptide is 2 portion of a longer DNA
molecule, such as & plasmid or plasmid fragroent, that, when read from the 5' to the 3'
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
tramscription in a hest cell. Such additional segments may include promoter and terminator
sequences, and may optionally include one or more origing of replication, one or more
selectable markers, an enbancer, a polyadenylation signal, and the like. Expression vectors
are generally derived from plasmid or viral DNA, or may contain elements of both,

The ferm "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
extranecus or unwanted coding sequences, and is in a form suitable for use within genetically
engineered protein production systeme. Such isolated molecules are those thai ave separated
from their natural environment and include ¢DNA and genomic clones, as well as synthetic
polynucleotides, Isolated DINA molecules of the present invention mey include naturally

oocurring 5' and 3' untranslated regions such as promoters and terminators. The identification

&



(Il 901.017 Kallikrein hK5 IMKS 25010 19q13.3- q13.4 901.019 corin
10699 4 13-p12 WO 2004/031733PCT/1152003/031719 501.020
kallikrein 12 KLK12 43849 28983 25823 19q12.3- _213.4 301.021 DESC1
protease tryptase gamma 1
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of associated regions will be evident to one of ordinary skill in the art (soe for example,
Dynan and Tijan, Natere 516:774-78, 1985). When applied to a protein, the torm "isolated”
indicates that the protein is foend in 2 condition other than its native environment, such as
apart from blood and animal tissue. In a preferred form, the isclated protein is substantially
free of other proteins, particularly other proteins of animal origin. Tt is preferred to provide
the protein in a highly purified form, i.e., at least 90% pure, preferably greater than 95% pure,
more preferably greater than 99% pure.

The term “operably linked", whem referring to DNA segments, denotes that the
segments are arranged so that they funetion in concert for their intended purposes, e.g.
transeription initiates in the promoter and proceeds through the coding segment to the
terminator. -

The term "ortholog” denotes a polypeptide or protein obtained from one species that is
the functional counterpart of a polypeptide or protein from a different species. Sequence
differences among orthologs are the result of speciation.

The term “polynuclectide® denotes a single- or double-stranded polvimer of
deoxyribonucleotide or ribonucieotide bases read from the 5 to the 3' end. Polynuciectides
inciude RNA and DNA, and may be isolated from natural sources, synthesized in vitro, or
prepared from a combination of natural and synthietic molecules. The length of a
polynucleotide moiecule is given herein in terms of nucleotides (abbreviated "nt") or base
pairs (abbreviated "bp"). The term "muclectides” is used for both single- and double-stranded
molecules where the context permits. When the term is applied to double-stranded molecules
it is used to denote oversll length and will be understood to be equivalent to the term "base
pairs”. It will be recognized by those skilied in the art that the two strands of a double-
stranded polynucleotide may differ slightly in length and that the ends thereof may be
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 genera), not exceed
20 nt in length,

The term "promoter” denotes a portion of a gene containing DNA sequences that
provide for fhe binding of RNA polymerase and initiation of transcription. Pmmotéz
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” 15 a relatively inactive form of the enzyme that commonly becomes activated upon

cleavage by another protease.
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TPSG1 4g13.3 16p13.3 301.028 01.029 kallikrein h14.14 KLK14
43847 19913.3- q13.4 301.033 hyaluronan- binding serine protease (HGF
activator-like protein) 8A3P2 3026 10g25.3 301,034 transmembrane
protease, gerine 4 TMPRSS4 56649 11g23.3 301.054 tryptase delta 1

vwkamgesapiens) TP301 23430 16p13.3 $01,074 marapsinpeyiszo03/63:719

The term "secretory signal sequence” denotes a DNA. sequence that encodes a
polypeptide (a "secretory peptide”) that, as a component of a larger polypeptide, dirscts the
larger polypeptide through a secretory pathway of a cell in which it is synthesized. The
larger polypeptide is commonty cleaved to remeve the secretory peptide during transit
through the secretory pathway,

The term “substrate sequence” denotes a sequence that is specificaily targeted for
cleavage by a protease.

The term “target protein” denotes a protein that is specifically cleaved at its substrate
seguence by a protease. '

The texms “S1-54” refer to the residues in a protease that make up the substrate
sequence binding pocket, They are numbered sequentially from the recognition site N-
terminal to the site of proteolysis- the scissile bond.

The terms “P1-P4” and “P1°-P4*" refer to the residues in a peptide to be cleaved that
specifically interact with the S1-54 residues found above. P1-P4 generally comprise the
substrate sequence. P1-P4 are the positions on the N-terminal side of the cleavage site,
whereas P1'-P4” are the positions to the C-terminal side of the cleavage site., {See Figure 2).

The term “scaffold” refer to an existing protease to which varicus mutations are made.
Generally, these mutations change the specificity and activity of the scaffold,

An "isolated” or "purified” polypeptide or protein or biologically-active portion
thereof is substantially free of cellular material or other contarninating proteins from the cell
or tissue souree from which the protease protein is derived, or substantially free from
chemical precursors or other chemicals when chemically éynthasized. The langnage
"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
recombinanily-produced. In one embodiment, the langnage "substantially free of cellular
material" inchudes preparations of protease proteins having less than about 30% (by dry
weight) of non-protease proteins (also referred to bevein as 2 "contaminating protein”), more
pieferably less than about 20% of non-protease prétﬁins, still more preferably less than about
10% of non-protease proteins, and most preferably less than about 5% of non-protease
proteins. When the protease protein or biclogically-active portion thereof is
recombinantly-produced, it is also preferably substantially free of culture medium, ie.,
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,

8
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83886 16p13.3 801.075 tryptase homologue 2 (Homo sapiens) 260429
801.076 tryptase homologue 3 (Homo sapiens) 01.077 tryptase
chromosome 21 (Homo sapiens) 21q 801.079 transmembrane protease,
serine 3 TMPRSS3, 64699 21g22.3 801.081 kallikrein hK15 (Homo

VEARIeNE): 725554 19q13.41 S01.085 Mername-AA031 pepiidasréos/oziTie
(deduced from ESTs by MEROPS)

The language "substantially free of chemical precursors or other chemicals” includes
preparetions of protease proteins in which the protein is separated from chemical precursors
or other chemicals that ave involved in the synthesis of the protein. In one embodiment, the
language "substantially free of chemical precursors or ofher chemicals” includes preparations
of protease proteins having less than about 30% (by dry weight) of chemical precursors or
non-protease chemicals, more preferably less than about 20% chemical precursors or
non-protease chemicals, still more preferably loss than about 10% chemical precursors or
non-protease chemicals, and most preferably less than about 5% chemical precursors or
non-protease chemicals,

The present invention is drawn to methods for generating and screening proteases o
cleave target proteins at a given substrate sequence. Proteases are protein-degrading enzymes
that recognize an amino acid or an amine acid substrate sequence within a target protein.
Upon recognition of the substrate sequence, proteases catalyze the hydrolysis or cleavage of a
peptide bond within a target protein. Such hydrolysis of the target protein may inactivate it,
depending on the location of peptide bond within the context of the full-length sequence of
the target sequence. The specificity of proteases can be altered through protein engineering.
If a protease is engineered to recognize a subsirate sequence within a target protein or
proteins that would (i) alter the function i.e. by inactivation of the target protein{s) upon
catalysis of peptide bond hydrolysis and, (i1} the target protein{s) are recognized or
unrecognized as points of molecular intervention for a particular disease or diseases, then the
engineered protease has a thexapeutic effect via a protoolysis-mediated inactivation event, In
particular, proteases can be engineered to cleave receptors between their transmembrane and
cytokine binding domains. The stalk regions which function o iether protein receptors to the
surface of a cell or loop regions are thereby disconnected from the globular domains in a
polypeptide chain.

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

In one embodiment, the protease cleaves a protein involved with rhenmatoid arthritis,
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 necresis factor (TNF).



i0

15

20

25

30

301.087 membrane-type mosaic serine protease 84000 11923 $01,088
Mername-AA038 peptidase S01.098 Mername-AAI28 peptidase
(deduced from ESTe by MEROPS) 801.127 cationic trypsin (Homo
sapiens-type) (1 (cationic)) PRSS1 5644 7q35 301.131 neutrophil

wipsiaga A2 1991 19p13.3 801.132 mannan-binding leGlinyasarsiaied
senile protease-3

The protease cleaves the same targets as activated protein C. This cleavage can
aitenaate the bicod coagulation cascade. Sepsis is thereby treated by supplomenting the
action of protein C.

The protease cleaves cell surface molecules that are responsible for tumorigenicity,
preventing the spread of cancer. For example, cleavage of cell swrface molecules can
inactivate their ability to transmit extracellular signals, especially cell proliferation signals.
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
protein invelved in cell cycle progression could inactivate the ability of the protein 1o 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),
or influenza, 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, REVm or influenesa, |

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

T another embodiment of the invention, the protease cleaves cytokines or receptors
that are invoived in inflammation as a treatment for asthima or other pathologies associated
with inflammation. By cleaving the cytokine or receptors, the protease can inactivate the
signaling cascade involved with many inflammatory processes. The protease can thersby 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,
for example, caspase-3. By cleaving a protein involved in a signal cascade, the protease can

be used to mactivate or modulate the signal cascade.

16



801.133 cathepsin G myeloblastam (proteinase 3) GT5G PRTN3 1511
5657 14911.2 19p13.3 301.134 WO 2004/031733PCT/US2003/031719
S01. 35 grannynte AGZMA3001 5q11-q12 19p13.3 14g11.2 901.139
granayme MCZMM 3004 1215 .801140 chse (human- type) 801.14
wyptasealphaTPSI7176 16p13.3 801.146 POTISION/G31T1S

in some examples, the enginesred protease is designed 1o cleave any of the target
proteins in Table 1, thersby inactivating the activity of the protein. The protease can be used
to treat & pathology associated with that protein, by inactivating one of the targst proteivs.

11



ranzEl KGZ1K3003 5 11- 12 801.147 granze H=MB2999 14 11.2 901.152
chymotrypsin BCTRBI1504 16g22.2- 23.3 901.153 pancreaticELA11990
elastase 12q13 901.154 pancreatic10136 endopeptidase E (A) 1p36.12
801.155 pancreatic63036 elastase I/ (I IA) 12 901.156
vantesapepitlasePRSS75651 21921 901.157 chymotrypsin&dd stz biirie

901.159 costasinPRESS5652 16 11.2 901.160

Talrle 1
Target indication Molsculs class
H-BL-8R Asthina Cytoldne
HeALIR Asthing, iflanretion, Cytoldne:
Rhsumatic disondars
iL-13AL-13R Asthira Cytokine
H-124L-12R Immunalogleal disorders Cytoking
-4/ 4R Asthma Cytokine
THFITRFR Asthma, Grohn's disosss, Cytokine
MV infaction, infismmstion,
peorizsls, theumatold
arthriils
CORBICKTURA HIV knfacgion GPOR
iop120/gpd1 HY ifection iFuslon protein
oR4 HIV infacion Recepior
Hemaglutinin fenfiuenza Infection Fusion protsin
RSV fusion prolein  [RSV Infection Fusion protsin
BrICD28 Grafi-v.-host disorder, Raceptor
rhewmatold artiitls,
tirenaplant rejction, diabetes
mellitus
IoENgER Grafi-v.-hos! disorder, Receptor
iratispiant rejection
CD2.L03,C04,0D40) { Grattv.-host disorter, Recaptor
transplant rejection, psanaals,
IL-2L-2R Autoimmune disorders, Cylokine
farait-v.-host diserder,
theumatold arthritls
YEGE, FGF EGF, TEF|Cancar Cytokine
Herz/neu Cancer Recapior
CCR1 NMdliiple sclemsls GPCR
COXCR3 Multiple solerosis, heumatald GPCR
anhritis
CCR2 Atharoslerosls, seumatoid GPCR
arthrilis
Sro Caneer, osteoporosis Kinase
Akt Cancer Kinase
Bel-2 Canoer Protein-protein
BOR-AbI Cancer fiinase
GeK-3 Disbates Kinase
ook-2fodk-4 Cancer Kinase

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

Table 2
Code Nams Gana Link Treous
201,020 granzyms B, ZZMB ID02 l4gil.z
human-typs
801,011 testigin PRESZ] 10942 16pl3 .3
801.018 tryphase beta 1 ! TPS8BL 7377 16p13.3
(Homo sapiens)
{TIL}
501.017 kallikrein hK: KUK5 25818 19413 .3~
gl3. &
§01.01¢9 corin 10639 4pl3-pl2

12



kallikrein 1'CLIC3816 19q13.2- 13.4 901.161 liggiaall kallikrein 3KtilC3354
Mal 19913.3- q13.4 801.162 801.174 mesotrsinPR9935646 9p13 801.19
complementDF1675 actor D 19 801.192 complementC1R715 component
activated Clr 12 13 801.193 complementC1S716 component activated Cls

wi2pa8091¥2:194 complement component 2 C2717 6p21.3 90t &603/031719
complement

£01.020 kallikrsin 12 ELK12 43849 18g13.3-
gld. 4

801.021 DESCL protease 28883 4913.3

801.028 tryptaps gamms ; TPSGI 25823 L6p13.3

3

S01.028 kallikrein hXlé | KLK14 43847 19gl3 .3~
gii.4

501.033 hyaluronan- HBBRPZ 3026 10g25.3

binding serine
proteage (HEF
activator-Iike
protein)

5031.034 transmenbrane TMPRESE 56649 iLlgz3.z
protease,
gerine 4

B01.0%4 tryptase delta | TPEDL 43430 16pl3.3
1 (Home
saplens)

501.074 marapain 83884 16pl3.3

80L.075 tryptase 260429
homologue 2
(Homo sapiens)

501.076 tryptase
homologue 3
(Homo papiens)

g01.077 tryptase 21
chromogome 21
{Homo sapiens)

801.0678 transmembrane TMPRSS2 64699 21qgz2.3
protease,
serine 3

v

501.081 kallikrein bXi5 55554 19gi3.41
{Homo sapiens)

Z01.085 Mername -AR031
peptidase
{deduced from
E3Ts by MERCPS)

&01.087 merbrane-type B40GO 1iga3
mogaic serine
preoteage

801.088 Mername-AA03B
peptidase

S0L.058 Mername ~ARLZ8
peptidase
(deduced from
ES8T# by MEROPES)

801,127 cationic PRESL 5644 i-x1
trypsin (Howmo
sapiene~type)

{1 (cationle))}

501.131 neutrophil BLAZ 1991 1%pl3.3
elastase

£¢1.132 mannan-binding
lectin-
asspclated
parine
protease-3

501.133 cathepsin G CTsG 1511 i4gll1.2

801.134 myeloblaskin PRTHN3 5&587 18pi3.3
{proteinase 3}

13



actor B BF629 6p21.3 901.198 mannan-hindin lectinassociated serine
protease 1 PI5648 3927-928 901.199 complement factor | IF3426
4g24-g25 901.205 pancreatic endopeptidase E form B (B) ELA3B23436
1p36.12 801.206 pancreatic elastase 11 form B (Homo sapiens)(11B)
Vi1 822013 801.211 coagulation factor Xl a F12 2161 5¢83+qtevtis2ha
plasma kallikrein 1 3818 4g35 801.213 coagulation

S01.135 grangyme A GEMA 3601 S5gilil-gliz
201.139 granzyme M - | GEVM 3004 19p13.3
801.140 chymase (humen- | CMAL 1218 14gli.2
Lype}
BB1l.143 tryptase alpha | TPS1 7176 . 16pl3.3
(i}
301.146 granzyme K CEME 3003 Sglli-glis
561.147 granzyme H GZEMH 25895 14gl1l .3
g81.152 chymotrypein B | CTRBL 1504 16g23.2-
g33.3
201 .183 pancreatic ELAL 1990 12gl3
elagtase
801,154 pancreatic 10138 ip36.12
endopeptidase E
(&)
561,155 pancreatic 63036 iz
elagtage II
{IIA)
801,156 enteropeptidase | PRSST 5651 21ig2i
$501.157 chymotrypein C 11330 1
801.15% progtasin PRESE BEH2 l6pili.2
8561.160 kallikrein 1 KL¥3 agle 12g13 .2~
gl3.4
5¢1.16% kallikrein hE2 KLK2 3817 18gi3.z-~
(Homo gapiens) ol3d.4
501,362 - { kallikrein 3 fat | 354 19413.3-
gl3. 4
801.174 mesotrypain PREE3 5646 pl3
801.3181 complement nE 1875 19
factor D
501.192 complement CiR 715 ' 12pl3
component
activared Cir
501.193 complement Cls 716 12pL3
component
aptivated Cis
301,184 compl ement 2 T17 6p2l.3
gomponent 2
501.158¢ conplemnent BF 629 6p21.3
factor B
801,198 mannan-binding | MASPL 5648 3g27~g28
lectin-
associated
serine protease
1
501.18% complement IF 3426 4g24-g25
factor I
801.205 pancreatic ELaiR 23436 ip36.12
endopeptidase B
foxm B (B}
501.208 pancreatic 51632 12gl13
elagtase TI
form B (Homo
sapiens) {IIB)
801.211 soagulation Fi2 ‘ 2161 By33-gter
factor XIla
S031.212 plasma KIR1 3818 4435
kallikrein
§01.213 coagulation Fii 2160 4935

14



P11 2160 4935 WO 20041031733PCT/1152003/031719 factor Xla
801.214 coagulation factor /Xa Xg27q27.801.215 coagulation factor Vila
4 801.216 coagulation factor Xa P10 PROC ala 5624 34 11p11-q12 24 80
1.217 thrombin

WO 2084/031733 PCYIUS2003/031719
factor XIa
801.214 coagulation Fo 2158 XgaT.1-g27.2
factor IXa
801.315 coagulation FT7 2185 13qg34
Factor Vila
801.216 soagulation FLO 2159 1334
factor Xa
801.217 thrombin 2 2147 1lpll-glz2
501.218 protein C BROLC 5624 2gii~gld
factivated)
S031.,223 aCrosin ACR 48 22a13-qrer
801.224 hepsin HPN 3243 18qll-gl3.2
501.228 hepatocyte HGFAC 3083 4016
growth factor
activator
801.228 manpan-binding | MASP2 10747 1p36.3-p38.2
lectin-
agsociated
gerine protease
2
801 .231 u-flapminegen PLAU 5328 10g24
activator
S01.232 t-plagminogen PLAT 5327 Bplz
activator
8¢1.233 plagmin PLG 5340 5g26
88lL.236 neurcsain KLKE 5553 18413.3=-
gl3.4
501.237 neurctrypsin PRSS12 8492 4925 26
501.242 tryptaee beta 2 | TPSBL TL77 16pi3.3
{Home mapiens)
(I)
801.242 tryptase beta 2 [ TPSB2 64499  16p13.3
{(Home saplens) .
{2}
501.244 nenrcpsin KL¥B 11202 15g13.3-~
gll. g
501.2486 kallikrein hKLiO | KLEL10 5655 15gl3.33
(Homo sapiens) ‘
2801.247 epitheliasin TMPRES2 7113 21gZz2.3
S0L.251 progtase KLKa 5622 19gl3.3~
gll.4
$01.252 brain serine 64063 16pl3.3
proteinase 2
501.256 chymopasin CTRL 1506 16g22.%
501.25%7 kallikrein 11 KLKi1t 11012 1%9gl3.3-
gl3.4
501.258 anionic Lrypsin | PR3SZ 5645 735
{Homo papiens)
(x1}
501,291 LOC144757 fl3gli.la
peptidase {Homo
saplens}
801.282 Mername-38169 4gl3.1
peptidase
501,254 Mername-AA171
poptidase
801.288 Mername-~ARL74 154754 Tg34
peptldase
S01.29g Mername-RAAL7E Bpa3 1

15



801.218 protein C (activated) 801.223 acrosin la 49 22q13-qgter 01.224
llra HP11 3249 19 11-q13.2 801.228 bepatocyte growth factor activator
3083 4p16 801.229 mannan-binding iectin- associated serine protease 2
tcai 1p36.3-p36.2 801.231 u-plasminogen activator PLAU *fl: 801.232

WO 20041831733 PUTIUSZ003/031719

pepkidase

B01.300 gtratum corneum | XLKT 3650 i8gi3.z~
chymotryptic gl .4
SOBYHS

801 .301 trypsin-like 2407 413.2
AnIyme ,
regplratory
{Homo saplens)

501.302 matriptase 8114 8768 1124 -g28

801,306 kallikrein hE13 | KLKI3 26088 15gls.3-

' ‘ LS. 4

801.307 kallikrein hK2 | KLKS 23579 19g19.3-
{humarn gl% .4
nubsring)

801.308 Merpame-AA035 164656 22g13.1
peptidage

801.308 umbelical wvein 11098 ligl4.l

) proteinase )

501.311 LCLE proteinase
(LCLP (B~
terminus) )

S01.313 spinedin THPRSS5 BGBT7S 1lg23.3

801.318 Mername-ARL78B 1
peptidase

S01.320 Mername-Ail180 1lpls.3
peptidase

S01.3322 Megrmame-AR182 12pl2.1
peptidage

301 .414 Mername~ARL22
peptidase
{dedvced fxom
ESTe by MEROPS)

Engineering proteases.

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

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

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 fype plasminogen
activator (uP A), tissue plasminogen activator ({PA), granzyme B, elastase, papain, cruzain,

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

15 factor serine proteases, ADAMTS13, neural endopeptidase/neprilysin, furin, and plasmin,

16
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t-plasminogen activator PLAT Bpl12 801.233 plasmin PLC 5340 hillaliall.
8492 60926 CM.. 16p13.3 801.236 KLK6 801.237 neurotrj.sin PRSS12
801.242 tryptase beta 2 (Homo sapiens) (I) TPSB1 7177 801.242
tryptase beta 2 (Homo sapiens) (2) TPSB2 64499 16p13.3 801.244

WO 2004/031733 PCT/US2003/631719

Determinants of substrate sequence specificity in serine proteases come from the S1-S4
positions in the active site, where the profease is in coniact with the P1-P4 residuss of the
peptide substrate sequence. In some cases, there is little (if any) interaction between the §1-
54 pockets of the active site, such that each pocket appears to recognize and bind the
corresponding residus 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 packets.

For examyple, a protease with low specificity for a residue at a partioular binding site
or for a particular sequence is altered in its specificity by making point nrutations in the
substrate sequence binding pocket. In some cases, the rosulting mutant has a preater 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
sequence than dees wild-type.

Also contemplated by the invention are libraries of scaffolds with various mutations
that are generated and screened using methods known in the art and those detailed below.
Libraries are screened to ascertain the subsirate sequence specificity of the members.
Libraries of scaffolds are tested for specificity by exposing the members to substrate peptide
sequenices, The member with the mutations that allow it to c}eavé the substrate sequence is
identified. The Hbrary is constructed with enough variety of mutation in the scaffolds that
any substrate peptide sequence is cleaved by 2 member of the library. Thus, proteases

specific for any target protein can be generated.

The Process
L. Choosing A Scaffold

In another embodiment of the invention, scaffold proieases are chosen nsing the
following requirements: 1) The protease is a human or manmmalian protease of known
seguence; 2} the protease can be manipulated through current molecular biology techniques;
3) the protéase can be sxpressed heterologously at relatively high levels in a snitable 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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neuropsin KLKB 19913.3- q13.4 801.246 kallikrein tine (Homo sapiens)
1C1K10 5655 19(313.33 801.247 esitheliasin TMPRSS2 7113 21g22.3
801.251 prostase KLK4 901.252 brain serine pro teinase 2 64063 1506
11012 ligiall 16g22.1 Mal Ml 12913.13 801.256 chopasin CTRL

WO 2904/031733 PCT/USI603/031719

signaling protein, or a cytokine. The residues that, upon mutation, affect the activity and
specificity of two families of scaffold proteases are described here, Preferably, thers is three
dimensional structoral information for the protease is available. Also, it is preferred that
there be knowledge of the initial substrate specificity of the protease. 1 is also preferable that
the protease be active and stable in vitro and that knowledge of macremolecnlar modulators
of the protease are available. Also, proteases ave prefered which cleave targets that are
relevant to affecting pathology, e.g. inactivating protein effectors of pathology.

Serine Protasses,

In another embodiment of the invention, serine proteases with altered specificity are
generated by a struchire-based design approach. Each protease has a series of amine acids
that line the active site pocket and make direct contact with the substrate. Throughout the
chymotrypsin family, the backbone interaction between the substrate and enzyme are
completely conserved, but the side chain interactions vary considerably throughout the
family. The identity of the amine acids that comprise the $1-S4 pockets of the active site
determines the substrate specificity of that partioular pocket. Grafting the amino acids of one
gerine protease to another of the same fold modifies the specifivity of one o the other. For
example, a mutation at position 99 in the 82 pocket to a small amino acid confers a
preference for large hydrophobic residues in the P2 substrate posifion. Using this process of
selective mutagenesis, followed by substrate library screening, proteases are designed with
novel substrate specificities towards proteias involved with various diseases.

The serine proteases are members of the same family as chymotrypsin, in that they
shate sequence and structural homology with chymotrypsin. The active site residues are
Aspl02, His 57, and Ser 195. The linear amino acid sequence can be aligned with that of
chymotrypsin and numbered according fo the P sheets of chymotrypsin, Insertions and
deletions occur in the loops between the beta sheets, but throughout the structural family, the
core sheets are conserved. The serine proteases interact with a substrate in a conserved
B sheet manner. Up to 6 conserved hydrogen bonds can oceur between the substrate and the
ERZYIME.

Cysteine Proteases

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 clefl.
They have a catalytic triad made up of the amino acids Cys 25, His 159 and Asn 175. Unlike
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801.257 KLK11 801.250 anionic trypein (Homo sapiens) (Il) PRSS2
5645 801.291 LOC144757 peptidase (Homo sapiens) 501.292
Mername-AA169 peptidase 801.294 S01.298 801.299 Mername-AA171
eptidase LEMBEIM Mername-AA175 Il 7934

WO 20847031733 PCTUIS2003/431719

serine proteases {which recognize and proteolyze a target peptide based on a f-sheet
conformation of the subsirate), this family of proteases does not have weli-defined pockets
for substvate recognition. The main substrate recognition occurs at the P2 amine acid,
(compared to the P1 residue in serine proteases).

The 82 pocket is the most selective and best characierized of the protease substrate
tecognition sites. If is defined by the amino acids at the following spatial positions (papain
nurabering): 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 subsirate specificity of a number of cysteine proteases (human cathepsin L, V, K,
S, F, B, papain, and cruzain) were profiled using a complete 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 randemized with equal molar mixtures of the 20 possible amino acids, giving a total
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 iolerated, 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
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, §, F). Compared to the P2 position,
selectivity at the P3 position was significantly less siringent. 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
the P4 position, as no one amino acid was selected over others.

Subsirate 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
family mermbers have defined the surface residues that contribute to extended substrate
specificity (Wang et al., Biochemistry 2001 Aug 28;40(34):10038-46; Hopfner ef al.,
Structure Fold Des. 1999 Aug 15;7(8):989-96; Friedrich ef a/. I Biol Chem. 2002 Jan
18,277(3):2160-8; Waugh ef al., Nat Stract Biol. 2000 Sep,7(9):762-5). Structural

19
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stratum corneum chymotryptic enzyme KLK7 5650 19q13.3- q13.4
501.301 trypsin-like enzyme, respiratory (Homo sapiens) 9407 4q13.2

501.302 matriptase 8T14 6768 11q24-925 501.306 kallikrein hK13 1LK13

WO 2004/031733 PCT/US2003/031719

determninants for various proteases are listed in Table 3, slong with 2 listing of the amino acid
in a subset of family members determined to be of known, extended specificity. For serine
proteases, the following amino acids in the primary sequence are determinants of specificity:
195, 102, 57 (the catalytic triad); 189, 190,191, 192, and 226 (P1); 57, the Ioop between 58

and 64, and 99 (P2); 192, 217, 218 (P3), the loop between Cys168 and Cys180, 215 and 97 to
100 (P4). ‘
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26085 19919.3-g19,4 501.307 kallikrein lin (human numbering) 1UK9
23579 19919.3- q19.4 501,308 Mername-AA035 peptidase 164656

22013.1 501.309 umbelical vein proteinese 11098 11g14.1 501.311
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W 93aSHL-318 Mername-A178 peptidase

501.313 spinesin T14PR555 80975
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Table 3. The structural determinants for various serine and cysteine proteases and thelr

corresponding substrate specificities.

| 1 ] oesldues thiat Setermine Speotiiciy | o SuhEirate Bpeclficly
%4 83 &2 81
174 {474 | 100 | 245 g:;::: 192 | 258 | oo | 87 fc‘:’; 189 fi80 | 228 ﬁy"‘:‘l;: e lBs | B2 |
SraezymmB | Lew [ iw | @s | Tw AL ary | Run § Na i & Gty Suy arg [+ Granzyms B &1 Gly k4 Azp
GramzymeA | Aen | val J et | Phe § 97 | Aen | Leu P Arg | MR | 7 T Asp [ Ber | Giy | yes G';’;f;’:? A 33 3‘, : :;'; Reg
GransyemM | Arg { Ser [ Mol [ ena i 18 [bye {Arp {Leu ] HE | & | Ala|Pce 1Pro | ves Gr anzyma 8 ;:‘Zf
Gathepslig | Phe { Ser JGtm [ Tyr | 12 {Lys | Ser f Be § He | 6 | Ala | e f oiu | o Gathepsh & % | x x;;ﬂj;:_
TSP e | Grn aet e | t8 [ SIn fasp [ Pha ) Mg | 16§ Ame | Ser | @iy | gee MTSRS "';f ::Z Bor ;—;——-
Redtrophl Lo~ ~ [ty | 5 [ene| ey |ies | Hu | 10 | oty | Ve | aop | vas Wewcomnt | L | oo | ero 10
Chymnags Pha | Arg [ Gln | Tyr 12 Lys | Ser | Py | Hip B Ber : Ala | Ala he Chyrasa X g} : X Ef::f
inf phaTr yptoee] Tyr lio Het | Trp F+d Lym Giw i Na Hio 3 Asp  Bar Gy vas
BetaTTBLase |yt Ly Twmat 3 Yep | 22 | Gin | e | ve | M | @ amp 1 ser [ ey | oyme
"““‘é,""““ Ty f e Mot | Trpl 22 Ttys JgtulThe | Hw | ¢ | Aap | Ser | Gly | yes
ohymoirypain § Trp | Arg [ mel [ Tro | o fotet [ S0 {va 186 ] 7 ) ser | S0 | wiy | ves Chymatrys| | x et f'r’;:'
Easter Tye J8er [ Gin [ Phe | te | Ac fThe [Gin ] B ] 16 | asp | Ber | Gly | oves gaprar | 0§ E0 {’:‘L arg
Coliagenass | Tw | le | w | Phe | 92 fasn f Mda| ey His | & { iy I Tac | acp | ves C"”?m“ Arg
Factor fs Ser § Phe | Met | Trp 1% Gin | Gty | Ty: His & hsp | Mla | Gy | yas Farntor Xz x X Gly | Arg
Protein G Mel | Asn | Kat | Trp 13 Gly | Giy § Tor Yite 8 Agp | Als § Giy yae
Kr‘il"l:ffh T | Gia | met | T 19 3 Arg | Pro i Pae | M ] tt [ Aep § Ate o Aln ] yex X:arﬂ‘;ﬁh e X ?i;f hey
P asmin Ghu f A | Qe | Tep | 98 Gin f Lew | Tar b Mk | 14 | Rep | Ser | Gly | you ) asain Lys X ;;z Lys
Trypsin Tyr ot hye | Mal { Tep 13 Gin | Yer | Lew | Hie L] Adp { Sar Gly yRE
Throobin § Tar | ha [Met | Tip | 13 | Giu @u | Lee ] Hi | 18 | Awp | Ala | iy | yes hramin | P00 [ ox L oars | ang
Pa Lou | Tor [ Mol frep | 15 | Gleflew | Ty i M | 17 | asp | Ala ] Gly | ves 1PA R
. uPR Hi | Snr { stal | Trp 18 @in § Acgy [ His His | 11 ASp | Ser Gly yei L uPA % ;2; i?; Arg

Granzyme B is a member of the family of chymotrypsin fold serine proteases, and hasg

greater than 50% identity to other members of the granzyme family including granzymes C-

5 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 cr-helix. The catalytic triad is composed
of Aspl02, His 57 and Ser 193, The surface loops are numbered according to the additions

and deletions compared to a~chymotrypsin and represent the most variable regions of this

structural family. The determinants of specificity are defined by the three-dimensional

10 swructure of rat granzyme B in complex with ecotin [TEPD], a macromolecular inhibitor with
a substrate-like binding loop (Waugh et al., Nafure Struct. Biol). These structural
determinants of specificity include He99, Argl92, Asn218, Tyr215, Tyr174, Leul72, Arg22e,
and Tyr 151, by ohiymotrypsin numbering. Interestingly, the other members of the granzyme

family of serine proteases share only two of these amino acids with granzyme B. They are

13 Tyr215and Leu 172, two residues that vary very litfle across the entire structural family,

This suggests that while the sequence identity of the granzymes is high, their substrate

specificifies are very different.
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ESTE by MEROPS) Engineering proteases. Virtually every aspect
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weasRpes;gpecificity, thermostability, pH profile, catalytic gfficigney. 121710
oxidative 5stability, and catalytic function. Existing proteases are used
as scaffolds which include various mutations which change their substrate
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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
same hydrophobic specificity found in plasma kallilvein, plasmin and the I99A. granzyme B
muiant.

The undersianding of the P2 specificity determinants may be expanded fo 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
profiled using combinatorial substrate lbraries; 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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15sequence than does wild-type. Also contemplated by the invention are
libraries of scaffolds with various mutations that are generated and
screened using methods known in the art and those detailed below.
Libraries are screened to ascertain the substrate sequence specificity of
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granzyme family including granzyrnes C245 G, cathepsin G, and rat mast
cell protease H. The protein is a sandwich of two six stranded, anti-parallel
P-barrel domains connected by a short a-helix. The catalytic triad is
composed of Asp102, His 57 and Ser 195. The surface loops are
numbered according to the additions and deletions compared to
a-chymotrypsin and represent the most variable regions of this structural
family. The determinants of specificity are defined by the
three-dimensional 10structure of rat granzyme B in complex with ecotin

[IUD], a macromolecular inhibitor with a substrate-like binding loop
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15Tyr 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. WO
2004/031733PCT/US2003/031719  To determine the role of these
vamuseaeids in extended specificity, 11e99, Argl 92, Asn2}8anshdogrds{s
were mutated to the amino acid alanine. It was determined that 11e99
contributes to P2 specificity, Asn218 and Arg192 to P3 specificity, and
Tyrl74 to P4 specificity. Each modified protease was profiled using a
combinatorial substrate library to determine the effect of the mutation on
extended specificity. Since the PI specificity of a protease represents the
majorlty of its speC|f|C|ty, the modifications do not destroy unique
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ﬂitranom of any other purxﬁcatson method commonly used in the art.

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 atfaching a fluorogenically tagged substrate peptide to a solid support. The
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fluorogenic leaving group from substrate peptide is synthesized by condensing an N-Fmoc
coumarin derivative, to acid-labile Rink linker fo provide ACC resin (Backes, e al. Nat
Biotechnol. 2000 Feb;18(2):187-93). Fmoc-removal produces a free amine. Natural,
wmnatural and modified amino acids can be coupled to the amine, which can be elaborated by
the coupling of additional amino acids. Afier the synthesis of the peptide is complete, the
peptide-flucrogenic moiety conjugate can be cleaved from the solid support or, alternatively,
the conjugate can remain tethered to the solid support.

Thus, in a further preferred embodiment, the present invention provides 2 methed of
preparing a fluorogenic peptide or a material including a fluorogenic peptide, The method
includes: (a) providing a first conjugate comprising a fluorogenic moiety covalently bonded
to a solid support; (b} contacting the first conjugate with a first protected amino acid moiety
and an activating agent, thereby forming a peptide bond between & carboxyl group and the
amine nitrogen of the first conjugate; (¢} deprotecting, thereby forming a second conjugate
having a reactive amine moiety; (d) contacting the second conjugate with a second protected
amino acid and an activating agent, thereby forming a peptide bond between a carboxyl
group and the reactive amine moiety; and (¢) deprotecting, thereby forming a third conjugate
having a reactive amine moiety. .

In a preferred embodiment, the method further includes: (f) contacting the third

conjugate with a third protected amino acid and an activating agent, thereby forming a

peptide bond between a carboxyl group and the reactive amine moiety; and (¢) deprotecting,

thereby forming a fourth conjugate having a reactive amine moiety.

For amino acids that are difficult to couple (Ile, Val, etc), free, unreacied 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
efficiently acylates the remaining anilive. The resulting acetic acid-capped coumarn 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.

Irt & further preferred embodiment, diversity at any particular pesition or combination of
positions is introduced by utilizing & mixture of at least two, preferably at least 6, more
preferably at least 12, and more preferably siill, 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. Tna
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prosently ﬁrefemé embodiment, the mixture is an isokinetic mixture of amino acids (a
mixiure in appropriate ratios to allow for equal molar reactivity of all components). As
isokinetic mixture is one in the molar ratios of amino acids has been adjusted based on their
reported reaction rates. (Ostresh, J. M., Winkle, J. H., Hamashin, V. T., & Houghten, R. A,
(19%4). Biopolymers 34, 1681-1689},

Solid phase peptide synthesis in which the C-terminal amino acid of the sequence is
attached o an insoluble support followed by sequential addition of the remaining amino acids
in the sequence is the preferred method for preparing the peptide backbone of the compounds
of the present invention. Techuiques for solid phase synthesis are described by Barany and
Merrifield, Solid-Phase Peptide Synthesis; pp. 3-284 in The Peptides: Analysis. Synthesis,
Biology. Vol. 2; Special Methods In Peptide Svnthesis, Part A., Gross and Meienhofer, eds,
Academic press, N.Y., 1980; and Stewart ef al., Solid Phase Peptide Synthesis, 2nd ed. Picrce
Chem. Co., Rockford, Il (1984) which are incorporated herein by reference. Solid phase

synthesis is most easily accomplished with commercially available peptide synthesizers
utilizing Fmoc or t-BOC chemistry.

In a particularly preferred embodiment, peptide synthesis is performed using Fmoc
synthesis 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-irityl and S-t-butylthio, and Lys residues are
preferably protected using i-Boc, Fmoc and 4-methyltrityl. Appropriately protected amino
acid reagents are commiercially available or can be prepared using art-recognized methods.
The use of multiple protecting groups allows selective deblocking and coupling of 2
fluorophore to any particular desired side chain, Thus, for example, +-Boc deprotection is
accomplished using TFA in dichloromethane. Fmoc deprotection is accomplished asing, for
example, 20% (v/v) piperidine in DMF or N-methylpyrolidene, and 4-methyltrityl
deprotection is accomplished using, for exanaple, 1 to 5% (v/v) TFA in water or 1% TFA and
3% triisopropylsiiane in DCM. S-t-butylthio deprotection is accomplished using, for
example, agueous mercaptoethanol (10%). Removal of t-butyl, t-boc and S-trityl groups is
accomplished using, for example, TFA:phenol:water:thicanisol:ethanedithiol (85.5:5:2.5:2.5),
or TEAphenol water (95:5:5).

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
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mutagenesis o safuration mutagenesis of active site residues. In the latter technique, residues
that form the 51-84 pockets that have been shown to be imporiant determinants of specificity
are mutated io every possible amino acid, sitber alone or in combination. See for example,
Legendre, et al,, IMB (20006) 296: §7-102. Subsimate spaciﬁciﬁas of the resulting mutanis
will be determined using the ACC positional scanning libraries and by single substrate kinetic
assays (Havrls, et al. PNAS, 2000, 97:7754-7759).

Multiple snino acid substitutions are made and tested using known methods of
mutagenesis and screening, such as those disclosed by Reidhasr-Olson and Sauer (Science
241:33-37, 1988) or Bowie and Sauer (Proc. Nail. Acad. Sei. USA 86:2152-2156, 1989).
Briefly, these authors disclose methods for simultaneously randomizing two or more
positions in a polypeptide, selecting for functional polypeptide, and then sequencing the
mutagenized polypeptides to determine the spectrum of allowable substitutions at each
position. Other methods that can be used include phage display (e.z., Legendre ef al.,, JMB,
2000: 296:87-102; Lowman ef ol,, Biochem. 30:10832-10837, 1991; Ladner et af, U.S. Pat.
No. 5,223,409, Huse, PCT Publication WO 92/06204) and region-divected mutapenesis
(Derbyshire ef al., Gene 46:145, 1986; Ner er al, DNA 7:127, 1988).

Mutapenesis 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
thereof are recovered fiom 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.

Sereening 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 ef al., JMB,
2000: 256:87-102, 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
it. The protein of interest is constructed as a genetic fusion to 8 surface coat protein of a
bacterial viras. ‘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-dispiayed random protein libraries are
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screenied for binding to immebilized tacgets. Libraries of phage (with each phage
1epresenting an individual mutant) ave sorted for enhanced affinity against the target. Sexine
proteases have been displayed on the surface of phage and this technique, coupled with s
suitable mutagenesis technique, is used o generate 2 diverse library of protease variants.

The target which is sslected may be one related to a therapeutic application of the
protoase. For example, the target sequence is present in an endotoxin, or a viral protein, or a
bacterial wall protein, or a native blood-born peptide related to an auto-imunune condition.
Here the protease selected is used in a reatment method, by administering the peptide, e.g.,
by intravenous administration, to 2 person in need of such treatment.

Screening Using Fiuorescence

In another embodiment of the invention, a method of assaying for the presence of an
enzymatically active protease. The method includes: () contacting a sample with a protease,
in such a manner whereby a flzorogenic moiety is released from a peptide substrate sequence
upon action of the protease, thereby producing a fluerescent moiety; and (b) observing
whether the sample undergoes a detectable change in fluorescence, the detectable change
being an indication of the presence of the enzymaticﬁlly active protease in the sample.

This method of the invention can be used o 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 samptle is a clinical sample from 2 subject.
In another embodiment, the protease is a member selected from the group consisting of
aspartic protease, cysieine protease, metalloprotease and serine protease. The method of the
invention is particularly preferred for the assay of proteases derived from a microorganism,
including, but pot limited to, bacteria, fungi, yeast, virnses, and protozoa,

Assaying for protease activity in a sclution simply requires adding a quantity of the
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
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 instrurnent that provides

an "excitation” light source for the fluorophore and then measures the light subsequently
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emitted at a perticular wavelength. Comparison with a control indicator solution lacking the
protease provides a measure of the protease activity. The sctivily level may be precisely
quantified by generating a standard carve for the protease/indicator combination in which the
rate of change in fluorescence produced by profease solutions of known activity is
determined.

While detection of the fluorogenic compounds is preferably accomplished using a
fluorometer, detection may be accomplished by a variety of ether methods well known to
those of skill in the avt. Thus, for example, when the flucrophorss emit in the visible
wavelengths, detection may be simply by visual inspection of fluorescence in response o
excitation by a light source. Detection may also be by means of an image analysis system
uiilizing a video camera interfaced to a digitizer or other image acquisition systern, Detection
may also be by visualization through a filter, as under a fluorescence microscope. The
microscope may provide a signal that is simply visualized by the operator. Alternatively, the
signal may be recorded on photographic film or using a video analysis system. The signal
may also simply be quantified in real time using either an image analysis system or a
photometer,

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 flnorogenic protease indicators, and monitoring the resulting
change in fluorescence using a speciroflucrometer as shown in Harris ef al., J Biol Chem,
Vol. 273, Issue 42, 27364-27373, October 16, 1998, The spectroflucrometer is sef to 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
cleaving the dicator.

In an illustrative embodiment, the invention provides a library useful for profiling of
various setine 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
substrate 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 Pi-
spacificity of the protease.
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The PS-8CL sirategy allows for the rapid and facile determination of proteolytic
substrate sequence speoificity. Those of skdll in the art will appreciate that these methods
provide a wide variety of alternative Hbrary formats. For example, fixing the P2-position as a
targe hydrophobic amine acid may circumvent preferential internal cleavage by papsin-fold
proteases and lead to proper register of the subgirate sequence. Delermination and
consideration of particular Hmitations relevant to any particular enzyme or methed of
substraie sequence specificity determination are within the ability of those of siall in the art,

In addition to use in assaying for the presence of a selected enzyme, the method of the
invention is also useful for detecting, identifying and guantifying an enzyme in 2 sample
{e.g., protease). Thus, i another preferred embodiment, the screening method further
inchudes, (¢) quantifying the flucrescent moiety, thereby quantifying the enzyme {(e.g.
pretease) present in the sample. The sample can be, e.g. a biological fluid, such as blood,
serum, urine, tears, milk or semen

Screening Using Protease Seguence Specificity Assay

In another preferred embodiment, these methods are nsed select for an enzyme that
specifically cleaves a target sequence, and preferably for an enzymatically active protease,
The method mcludes: (2} 2 random peptide library containing an internally guenched
fluorophore, where the fluorophore is e.g. o-aminobenzoyl and the quencher is e.g. 3-
nitrotyrosine; (b) a peptide substrate sequence corresponding to the sequence targeted for
cleavage, which also contains an internally quenched fluorophore where the fluorophore is
e.g. Cy3B and the guencher is e.g. Cy5Q; (¢} mixing the random peptide Hbrary and peptide
substrate sequence at a 1:1 raiio; (d) exposing the mixtore to the mutant protease and then
quantitating the ratio of Cy3B fluorescence o o-aminobenzoyl fluorescence. If a protease is
selective for the target peptide, it will cleave only the target peptide and not the random
library, and thus there will be a high ratic of Cy3B fluorescence to o-aminobenzoyl
fiuorescence. (Meldal and Breddam, Anal. Biochem. {1991) 195: 141-147; Gron, et al.
Bicchemistry (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
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 (¢} determining the
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sequence of the peptide sequence, thereby determining the peptide sequence specificity
profile of the protease.

In a preforved embodiment of the above-described method, the method further
includes, (d) guantifying the fluorescent moiety, thereby quantifying the protease.

Moreover, in each of the aspects and embodiments set forth hereinabove, the protease
can be substantially any protease of interest, but is preferably aspartic protease, cysteine
protease, metalloprotease or serine protease, The protease assayed using & method of the
invention can be derived from substantially any organism, including, but not Hmited to,
mammals {e.g. humans), birds, reptiles, insects, plants, fungi and the like, n a preferred
embediment, the protease is derived from a microorganisim, including, but not limited to, )
bacteria, fungi, yeast, viruses, and protozos.

6. Zteration Of Steps 1-5

The method is repeated iteratively to create & variant protease that has the desired
specificity and sefectivity at each of the extended binding subsites, P2, P3, and P4, Insome
cases, mutations in serine proteases have shown that each of the subsites that form the active
site (§1-54) 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 2
step-wise manner.

Mutant proteases that match the desired specificity profiles, as determined by
substrate libraries, arc 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 full-length protein. The
activity of the target protein is also 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.

In another embodiment, mutant proteases are combined to acquire the specificity of
multiple proteases. A mutation at one residue of a scaffeld, which produces specificity at one
site, is combined in the same protease with another mutation at another site on the scaffold 1o
make a combined specificity protease. Any number of mutations at diserete sites on the same
scafiold can be used to create a combined specificity protease. In one specific embodiment, a

mutation in the granzyme B scaffold at position 99 from isolencine to alanine was combined
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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,

Froteins targeted for cleavage and inactivation are identified by the following criteria;
1) the protein is involved in patholegy; 2) there is strong evidence the protein is the critical
point of intervention for freating the pathology; 3) proteclytic cleavage of the protein will
likely destroy its function. Cleavage sites within farget 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 (e, niot in B sheets or o helices), as
determined by atomic sirmcture or structure prediction algorithms; (fhese regions tend to be
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. Cleavage sequences ate
e.g., four residues in length to match the extended substrate specificity of many serine
proteases, but can be longer or shorter.

In another embodiment of the invention, target protein-assisted catalysis is used to
generate proteases specific for a target protein. In target protein-assisted catalysis, the
invariant 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
function as a bydrogen acceptor, in effect playing the same role as the mutated histidine in
the protease, thereby restoring catalytic activity. However, this places a stringent
requirement for having a histidine in the proper position in the substrate sequence (P2 or P1°).
A single mutation in the subsirate 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
prepare & variety of polypeptides that are substantially homologous fo a protease scaffold or
alielic variants thereof and retain the profeolytic properties of the wild-type protein. In one
embodiment, these scaffolds comprise the amino zcid 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
targeting moiety comprising additional amino acid residues that form an independently
folding binding domain, Such domains include, for exammple, an extracellular ligand-binding
domain (e.g., one or more fibronectin type Il domains) of a cytokine receptor;
immunoglobulin domains; DNA binding domains (see, e.g., He ef al., Nature 378:92-96,
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1995); affinity tags; and the like. Such polypeptides may also include additional polypeptide
segments as generally disclosed sbove.

Frotease Polypeptides

A polypentide according to the invention includes a polypeptide including the ammino
-acid sequence of a protease whose sequerice is provided in any one of the scaffolds described
herein. The mvention also includes a mutant or variant protease any of whose regidues may
be changed from the corresponding residues shown in any oue of the scaffolds described
berein, while still encoding 2 protein that maintains its protease activities and physiological
functions, or a functional fragment thereof. In a prefermred embodiment, the mutations occur
in the $1-54 regions of the protease as detailed herein,

In general, a protease variant that preserves protease-like function includes any
variant in which residues at a particalar position in the sequence have been substituted by
other amino acids, and further include the possibility of inserting an additional residue or _
residues between two residues of the parent protein as well as the possibility of deleting one
or more residues from the parent sequence. Auny amine acid substitution, insertion, or
deletion is encompassed by the invention. In favorable circumstances, the substitution is a
conservative substitution as defined above.

One aspect of the invention pertains fo isolated proteases, and biclogically-active
portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided are
polypeptide fragments suitable for use as immunogens to raise anti-protease antibodies, In
another embodiment, proteases are produced by recombinant DNA techniques. Alternative
fo recombinant expression, a protease protein or polypeptide can be synthesized chemically
using standard peptide synthesis techmques.

Biologically-active portions of protease proteins include peptides comprising amino
acid sequences sufficienfly 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 af Jeast one activity of a protease protein. Typically, biologically-active portions
comprise a domain or motif with at least one activity of the protease protejn. A
biologically-active portion of a protease protein is a polypeptide which is, for example, 10,
25, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 180, 200, 210, 220, 230,
240, 250, 260, 270, 280, 290, 300 or more amino acid residues in length.

34



34

I5

20

25

30

Lys Ala From Tables 4 and 5, the determinants of specificity
selected to be altered in rat granzyme 13 are as follows: Ser195, Asp102,
His 57, A1al189, Ser190, Phel91, Arg192, Arg226, Set 58, G1y59, Ser60,
Lys61,11e62, Asn63, 1199, GIn217, Asn218, G1ul69, Serl70, 5 Tyrl71,
weuloddds(nete the one amino acid insertion as compared tectas2063/0631 7119
chymottypsin), Lysl 72, Asn173, Tyrl74, Phel75, Aspl 76, Lys177,

Alal78, Asnl79, Giul80, lle181, Tyr215, Lys97, Thr98, 11e99, and
Serl100. For the cysteine proteases, the amino acids selected to be
mOdIerdﬁB%%%s eII le Gcrlb daégi@g 8 (l%et is Ehe mo Sm el}%(lztl\j/?g %ggof
best characterizéd of the p%l 228'S0 r cog ition Sites. 1t 168"
defiiattiiie %ﬁlﬁ% %B%Wﬁédfhﬂéﬁmﬁ@%?éé“«@%ﬁ%@ﬁﬁﬁw%@m or
(papaionuedaciig)l Biveiks 68; dide PifadsH0 and 205. Position 205 plays
arole Slrﬂy%{ é&‘&}%ﬁﬁ&p ﬂl@ rogags]eeh%s? g;'z:'ﬂ I{Qta% esueancr es] one [%%ées*,g olds
the bottom of the pocket that determines the spemf ity. other

5 splEsAERs derntinant omte e W%@%W&Eﬁ?@?&%%@mﬂm@
actonttiiega® ipepsit)he icalitld Qo) diRrdd onme d68(RiljnidoTiableaolds,
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corresponding substrate specificities. Residues that Deter muse Specif
cﬂ;?a%b@{?gfe"@ﬁ%ﬂnﬁf PURRTSAKORIGEIRBY 65 ApiRqr smbodiment, the protease

comprises an amino acid sequence at least about 45% homologous to the amino acid

sequence of one of the scaffolds desoribed herein or one of the mutants of the scaffolds, and
retaing the functional activity of one of the scaffolds described herein or one of the mutants of
the scaffolds. In a preferred embodiment, the protease comprises an amino acid sequence at
least about 90% homlogous to the amine acid sequence of one of the scaffolds. In another
preferred embodiment, the protease comprises an amino acid sequense at least about 95%
homlogous to the amino acid sequence of one of the scaffolds. In another preferred
embodiment, the protease comprises an amino acid sequence at least about 99% homlogous

to the amino acid sequence of one of the scaffolds.

Betermining Homology Between Two or More Seguences

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 amine acid or nucleic acid sequence for optimal
alignment with & second amino or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then compared,
When a position in the first sequence is ocoupied by the same amino acid residue or
nucleotide as {he corresponding position in the second sequence, then the molecules are
homologous at that position (i.., as used herein amino acid or nucleic acid "hemology® is
equivalent ic amine acid or nucleic acid "identity™.

‘The nucleic acid sequence homology may be determined as the degree of identity
between two sequences. The homology may be determined nsing 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 software with the following

settings for nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP
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extension penalty of (1.3, the coding region of the analogous nucleic acid sequenoes referred
1o above exhibits a degree of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99%.

The term “sequence identity” refers to the degree to which twe polynuclestide or
polypeptide sequences are identical on a residue-by-residue basis over a particular region of
somparison. 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 whick the identical nweleic acid base (2.2, A, T, C, G, U, or I, in the case of
nucleic acids) cccurs in both sequences to yield the number of maiched positions, dividing
the mumber of maiched positions by the total mumber of positions In the region of comparison
(i.e., the window size), and mubtiplying the resuit by 100 to vield the percentage of sequence
identity. The term “substantial identity” as used herein denotes a characteristic of a
polynucleotide sequence, whersin the polynucleotide comprises a sequence that has at least
30 percent sequence identity, preferably at least 85 percent identity and often 90 to 95 percent
sequence identity, more usually af least 99 percent sequence identity as compared to a

reference sequence over a CoMparison region.

Chimeric and Fusion Proteins

The invention also provides protease chimeric or fusion proteins. As used herein, 2
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
substantially homologous to one of the scaffolds, e.g., & protein that is different from the
scaffclds and that is derived from the same or a different orgenism. Within a 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
two biologically-active portions of a protease protein. In yet another embodirment, 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 polypepiide are fused in-frame with one another.
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The non-protease polypeptide can be fused to the N-termims ar C-terprinus of the protease
polypeptide.

In oue embodiment, the fusion protein is 2 GRT-protease fusion protein in which the
protease sequences are fused to the N-terminus of the GST (giutathione S-transferase)
sequences. Such fusion proteins can facilifate the purification of recombinant protease
polypeptides.

In another embodiment, the fasion protein is a Fe fusion in which the protease
sequences are fused 1o the N-terminus of the Fc domain from immunoglobulin G. Such
fission proteins can have increased pharmacodynamic properties in vivo,

In another embodiment, the fusion protein is a protease protein containing a
heterologous signal sequence at its N-terminus, In certain host cells (e.z., mammalian hogt
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
recombinant DINA techniques. For example, DNA fragiments coding for the different
polypeptide sequences are ligated together in-frame in accordance with conventional
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
ligation, In another embodiment, the fusion gene can be synthesized by conventional
techiiques including automated DNA synthesizers, Aliernatively, PCR amplification of gene
fragiments can be carried out using anchor primers that give rise to complementary overhangs
between {wo consecutive gene fragments that can subsequently be annealed and reamplified
to generate a chimeric gene sequence (see, e.g., Ausubel e af (eds.y CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, John Wiley & Sons, 1992). Moreover, many expression vectors are
commercially available that atready 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 10 the protease protein.

Protease Agerists and Antagonisis
The invention also pertains to variants of the protease proteins that function as either
protease agonists (i.e,, mimetics) or as protease anfagonists. Variants of the protease protein

can be generated by mutagenesis (e.g., discrete point matation or truncation of the protease
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protein). An agonist of the protease protein can retain substantially the same, or a subset of,
the biological activities of the naturally occurring form of the protease protein. An antagonist
of the protease protein can inhibit one or more of the activities of the naturally ocouring form
of the protease protein by, for example, cleaving the same target protein as the protease
protein. Thus, specific biological effects can be elicited by treatment with a variant of limited
fanction. In ene embodiment, treatment of a subject with a variant having a subset of the
biological activities of the naturally occurring form of the protein has fewer side effects in 2

subject relative to treatment with the naturally occurring form of the protease protsing.

Apoptosis
Methods of Inkibiting Apoptosis

Alsc included in the invention are methods inhibiting apoptosis, Apoptosis, also
known as prograramed cell death, plays a role in development, aging and in varions
pathologic conditions. In developing organisms, both veriebrate and invertebrate, cells die in
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 condenses and nuclear chromatin marginates into
a number of discrefe masses. As the nucleus fragments, the cytoplasm contracts and
mitochondria and ribosomes become densely compacted. After dilation of the endoplasmic
reticulum and its fusion with the plasma membrane, the cell breaks up into several
membrane-bound vesicles, apoptotic bodies, which are vsually phagocytosed by adjasent
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
ocowrrence (Cory, Nature 367: 317-18, 1994).

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 subject a
therapeutically effective amount of a protease-inhibitor so apoptosis 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 "therapsutically effective” means that the amount of protease-
inhibitor, for example, which is used, is of su‘fﬁcicﬁt quantity to ameliorale 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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ischemic and reperfusion cell death, acute ischemic injury, infertility, wound-healing, and the
like.

Many methods for measuring apoptosis, incinding those described hersin, are known
1o the skilled artisan ncleding, but not limited to, the classic methods of DNA ladder
formation by gel electrophoresis and of morphologic examination by electron microscopy.
The mors recent and readily used method for measuring apoptosis is flow cytometry. Flow
cytemetry permits rapid and quantitative measurements on apoptotic cells, Many difforent
flow cytometric methods for the assessment of apoptosis i cells have been described
(Darzynkdewicz et ai., Cytometry 13: 795-808, 1992). Maost of these methods measure
apopiotic changes in cells by staining with various DNA dyes (i.e. propidium iodide (PI),
DAPI, Hoechst 33342), however, techniques using the terminal deoxynucleotidyl transferase
(TUNNEL) or nick translation assays have alse been developed (Gorezyea ef 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
become commercially available. The newest flow cytometric assays measure caspase-3
activity, an early marker of cells undergoing apoptosis and kits for performing this assays are
cotnmercially available (Nicholson ef al., Nature 376: 37-43, 1995).

A protease can be administered to cleave a caspage thereby inhibiting its activity. Ina
preferred emboidment, the protease can be administered to cleave caspase-3. The protease
can also cleave other proteins involved in apoptosis e.g., human cytochrome ¢, human Apaf-
1, human caspase-3, human caspase-7, human caspase-6, human caspase-2, human BAD,
hurnan BID, human BAXK, buman PARP, or human p53. By cleaving these proteins, the
protease thereby inactivates them. In this manner the protease can be used to inhibit
apopiosis.

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

trangfected with a polynucleotide that encodes the protease.

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

apoptosis 18 induced ia subject in nead thereof by administering a protease in an amount
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sufficient to induce apoptosis. The subject can be e.g., any mammal, a primate (e.g., 2
huinan), mouss, rat, dog, cat, cow, horse, or pig. In various aspects the subject is susceptible
o cancer or an autoimmune disorder.

A protease can be administered with an anti-anglogenic compound. Examples of an
anti-angiogenic compound include, but are not limited to, a tyrosine kinase inhihitor, an
epidermal-derived growth factor inhibitor, a fibroblasi-derived growth factor inhibitor, &
platelst-derived growth factor inhibitor, a matix metalloprotease (MMP) inhibitor, an
integrin blocker, interferon alpha, interferon-indncible protein 10, interleukin-12, pentosan
pelysulfate, a cyclooxygenase inhibitor, a nonsteroidal anti-inflarnmatory (NSAID), a
cyclooxygenase-2 inhibitor, carboxyamidotriazole, tetrahydrocortizol, combretastatin A-4,
squalamine, 6-O-chloroacetyl-carbonyl)-fumsgillol, thalidomide, angiostatin, endostatin,
troponin-1, an antibody to VEGY, platelet factor 4 or thrombospondin,

In some embodiments, the protease is farther adminisiered with a chemotherapeutic
compound. Examples of chemotherapeutic compounds include, but are not limited to,
paclitaxel, Taxol, Iovaémﬁn, minosine, tamoxifen, gemcitabine, S-fluorouracil (5-FUJ),
methotrexate (MTX), docetaxel, vincristin, vinblastin, nocodazole, teniposide, etoposide,
adriamycin, epothilone, navelbine, camptothecin, daunonibicin, dactinomyein, mitoxantrone,
amsacrine, epirabicin or idarubicin.

In another aspect, apoptosis is induced in a cell by contacting a cell with 2 protease in
an amount sufficient to induce apoptosis. The cell population that is exposed to, ie.,
contacted with, the protease can be any number of cells, /.2, one or more cells, and can be
provided in vitro, in vive, or ex vivo. The cells can be contacted with the protease protein, or
transfecied with a polynucleotide that encodes the protease.

Some disease conditions are related to the development of a defective down-
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. Furibermore, 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
target cell to reproduce the virus. Morsover, certain disease conditions such ag
Iymphoproliferative conditions, cancer including drug resistant cancer, arthritis,
inflarnmation, autoimmune diseases and the like may result from a down regulation of cell

death regulation. In such disease conditions, 1t is desirable to promote apoptotic mechanisms,
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Protease In order to change the substrate preference of a given subsite
¥Si Bddfonggiven 5amino acid, the specificity determinantsthatdines#eris
binding pocket are mutated, either

Ezample 1. Preparation and storage of 1994 Gramzyme B

The wild type rat granzyme B constiuct was prepared as described previously (Harris
etal., JBC, 1998, (273):27364-27373). The following point mutations were introduced into
the pPICZoA plasmid: N218A, NZ18T, N218V, I99A, 199F, I90R, Y1744, Y174V, Hach
mutation was confirmed by sequencing with primers o the 5°AOX and 3'AOX regions,
followed by transformation into 3033 cells and selection with Zeocin (Invitrogen, La Jolla
CA). Expression and purification for each variant was identical to the previously described
method for wild type rat granzyme B (Harmis, ef ol,, YBC, 1998, (273):27364-27373).

The protease rat granzyme B was mutated at e 99 to an Alanine using the
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
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 NC:5). A polymerase chain
teaction was made containing the wild type double siranded DNA, the two primers
overlapping the mutation, a reaction buffer, ANTP’s and the DNA polymerase. Afier 30
rounds of annealing and amplification, the reaction was stopped. The enzyme Dpnl was
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
changes in the mutagenic primers.

~’I"ha DNA containing the variant granzyme B proteases was transformed into Pichia
pastoris X33 cells by the published protocel {Invitrogen) and the positive ransformants were
selected with Zeocin. The colony was transferred to a 1 L liguid culture and grown fo a cefl
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
centrifuged and the supernatant collected. 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 the column washed with 50
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individually OT in combination. In one embodiment of the invention, a
saturation mutatgenesis technique is used in which the residue(s) lining

the pocket is mutated to each of the 20 possible amino acids. This can be
accomplished using the Kunkle method (Current Protocols in Molecular
Biwbogyssiahn Wiley and Sons, Inc., Media Pa.). Briefly, a iuiagemisezi7io
10oligonucleotide primer is synthesized which contains either NNS or
NNK-randomization at the desired codon. The primer is annealed to the
single stranded DNA template and DNA polymerase is added to
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double st%ﬁ%ﬁ%ﬁ%p a?é%@@ns Ql’;}r%eé ﬁ%%lﬁrg%ﬁsﬁo%%srg%%ggﬁ%nﬁe
AItEPRERTOERT® STRTECHTRATD HEiererranges Hre dd S TSy istdn ik e NaCl for
comwreercitdl§Cavailable 15site-directed mutagenesis kits such as

QuikChange (lialReNe L ANRIIRE P o U HIMENE SOmmOn's

known in the art for site specific amino acid mutation'could be used. 3.
ExpeEs EHRPPIPPS Me varidrtrotedBeritep rotdase Yy sectin pratadapsly
in dssaitidecorbingetivep 2ynityenFpmnhi AR projdase PEmay Nednad siored at 4
hetgrologously expressing system such as E. coil, 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
prdfeaspicanSaisbdsie explessathivbAly Pitstiexfiressicingysiemied 0 purify
thesvatipnkPEpigRsg. column chromatography can be used. The protease
may conr%!n an C-terminal 6-His tag for purification on a Nickel column.
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deprotecting, thereby forrning a third conjugate having a reactive’aminé
moiety. In a preferred embodiment, thg,method further includes: (f)
contacting the third conjugate with a third protected amino acid and an
activating agent, thereby forming a 20peptide 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 (lle, Val, etc), free, unreacted amine may

remain on the support and complicate subsequent synthesis and assay
nnaratinne A cnecialized cannina oten emnlovina the 2-nitrotriazole activve
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WO 2004/031733PC1/US2003/031 719 presently preferred embodiment,
the mixture is an isoldnetie mixture of amino acids (a mixture in
appropriate ratios to allow for equal molar reactivity of all components). An
isokinetic mixture is one in the molar ratios of amino acids has been
wdjustecirased on their reported reaction rates (Ostresh, Jpdvyo\Winkde: de
H., Hamashin, V. T., & Houghten, R. A. (1994). Biopolymers 34,
1681-1689).  Solid phase peptide synthesis in which the C-terrninal
amino acid of the sequence is attached to an insoluble support followed

byisesentialadditianeliademainingaming acids RiheRAMERceS 1he v
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o kLS R B IR B8 b SR SR B e i
prétd & FARR DA BRI (418 tommerelh Pk 4itabreeot-& gl and
preparePusinysaniepoghized methotssr Thestimguaion wipleipraleting with
grenps @llowsseleslive %@%@6&%@%&9&&@@@@{ FSIHBrOpNQIS 0,30,

particular desired side chain. Thus, for example, t-Boc deprotection is !
actOHIBHShET A HFRALIN HaShI SHOHBRNRFEEth b & e SFesitiemBiga was opensd
acevimplishek $Siiespfor ety 200 waljspiperidisledr wiiMBdGional cleavage
N-giigtiaylpwaelidane.5aR8. 4rRe IR AR0R R QIREHADIS 966 A RISREHN tme
ugé‘rggs,ﬁfa r exar%%le,wlt 5%Sé¥(ggﬁ%§@i!ntw§3er or 1_% TFA and 5% o Th
tritsopropy i KPS G e Pt LB e ArbhipiSHey The
ustapietro sherdieidog reedls sverrelmpiidrethiro KH OO HRermistratsofhbiatyl,
-REGANGRHINIIOHRS RAGRAMPLSHBE USRIl AXAPIR63 mmol (50%) on

TEAmhenal:water:thioanisokethanedithiol (85:5:5:2.5;2.5), or
Tﬂ%%?ﬁsésn%l?rﬁa Se?ft@%gﬁ%:??@%%f Screen The Protease For Specificity
CHanGes! Bésenardesino acids in the proteases generated using the
methodsvaiiiheprsentdvertianatadd eniifiedinccaniogienasneespins
knx%%oﬂ% 5%%1%%&.5 %8%%%1%6 %g%&%%@gmyéld%cc resin was placed 1n 57 wells of a 96-

2004/031/33PCMIS2003/ 19 mutagenesis or saturation mutagenesis
of %titracéing ek JedbRrisiemar e Righroscreitined aesitrayRta . 829419
paakiatsathit(hainbeencaliowindo heldtapeo rantdeternsi fantz bicaperifivhyhesis,

ar@apgu@tﬁ{a L%&éﬁ@épmil%@g@ P26l GIIReRA0BE QNI GOMBINAHAY-
See for exam egendre, et al., JIM13 $2000) 296: 87-102. Substrate

le, ( 87-1
RN GRS S0 tain eUe) Fm csde e
poditionedagderavid guiibeardes and{BY GirrgibSsubdtrns tKinBiF p sshystifidarris,
eti@ék%&ﬁﬁiﬁ@%@&?ﬁi&%&%@%h?hm% %9&%@.th&@9@§}&%&@ ARare
made and tested u nown methods utagenesis and screening, .
such as%ﬁ’g%%th |58fsoé2egcq‘)%‘§/)yv B ERE daﬂd%%%%?’?@%%%b%q%ﬁT’.%sB‘fégffamed
1988)scleRond aapic SHrdfProTaiNdtuivid driS B w8 A8 2B iRl SGrcentration
198950188 riefhanthese.adthersaliscinsgmehedsfar Il anraNsi Hepes,
randomizing two or more positions in a polypeptide, selecting for
functional polypeptide, and then sequeqicing the mutagenized
polypeptides to determine the spectrum of allowable substitutions at each
position. Other methods that can be used include phage display (e.g.,
Legendre et al., JMB, 2000: 296:87-102; Lowman et at, Biochem.
30:10832-10837, 1991; Ladner et at,U.S.Pat. 15No. 5,223,409; Huse,
PCT Publication WO 92/06204) and region-directed rautagenesis
(Derbyshire et at, Gene 46:145, 1986; Ner et at, DNA 7:127, 1988).

MNMiitaneneacic methnde ac dieclneed abnvve fran be combinead with
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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 WO
2004/031733PCT/US2003/031719 screened for binding to immobilized

wargetssiitmaries of phage (with each phage representing aoindixiciash7is

mutant) are sorted for enhanced affinity against the target. Serine
proteases have been displayed on the surface of phage and this
technique, coupled with a suitable mutagenesis technique, is used to

gepﬁ@be AONEIsEHP %ﬁ&@ﬁ%ﬁ?&é@ﬁ@%&%@&@é&%%&&L&QA&;  Hnitial

selected may be one related to a therapeutic application of the protease.
FoPEXHHsREN the i gerSHGuInicET préshtm arreiierexmroateaivian o ons
protginxonachecelisl staikpritein-ananative:Hoed-hosinepatiteielated Asp
10 80 D DENBR GPRANAR /SO RIPISASCEPIRSIPAIR HBRT (0 Boany

treatment method, by administering the peptide, e.g., bf/ Intravenous
ad MR SEGH RS 8PP SPUSTOMYECA B i S8Rt 460 Serewrmty eising
Fluorescence In another embodiment of the invention, a method of

assauingi) heRlesanes.at M.Srvmalicabac e prglease. The

method includes; (a) contacting a sample with a protease, in such a

manner WHEPEBY SR FOHEHIHE Tt e med 4sirg i RpBptd Qibttrate
sedjuencetzrp Sachotiomeaf thediioié asertrercbydradiucing ia fhioreatental
mojgty and (B eryl %\ﬂg ampl ergoes. ctable
ché?gjési_n quorge%%%rﬁ{é%?étah%e etegt&giﬁtgs%ﬁ%aeﬁaﬁ%ﬁg %%’iﬁ{ f%agt‘l%ir? 8‘1&} m’eates
pré¥an dluET i eieyniatied R tive Brotasssy arthivastingpthan 5%HMRSO.
m@@@a@ﬁdﬁﬁiﬁﬂmm Jﬁ@@ﬁ&&ﬁﬂ@!‘c@_qﬁ&ﬁbﬂh @ﬁﬁ@ﬂiﬁ@&%@@@l@ﬂb Aths
or iISCOuE rotease, sam taining t rotease can be .
b bk Tl e SRS e
thé%@is a clinical sample from a subject. 20In another embodiment,
the proteBsersthahenhesdse eetacifom:theygroBpBonisingRiaERMHRd in a
ProfeanmmFAIGNE RERIEARSAMAAARIRIGAE AU DAOIPARR, TBuon
arly preferred for t

method of the invention is particu f r the assay of proteases
defbRH SR A AIRBT gaAvsrHbsA kg dptitvtdinmad -t brieredes fimyi,
yesasisantuses phiid phdtGheaies ayirgstorgs kitead i activity druai golbtiffer (50
S"%FWN@%H&?;?%!H,‘S@ Mﬂgm@fham ?ééégb .@bﬁte Lyion:tQ:R fIMRAQUEIE nv
prote. 1ICQLOr ana measurin € supsequent Increase In- |
ﬂu%ﬁ@@%ﬁ%&%@&éﬁ‘ﬁ%&&%@%ﬁ%aVﬁ% R S LA seietcab i
Theongsitriimpindth erfitaiogehicdvdivaid nivhwjl ity bé genminddl Eneymatic
assayes i e pigestimnbyie: that eptinizesRcivity -of $hepleadsiax Dein
Bu fers scl,éé}a@ec{t% ass yin é)rotease activig/ 0WeII kg N to those.o
o RS (e BTy el RS g 30 mmand fofms Jespoctively.
cofresspratiles ablen eprosiianRTes tressaniantd ipfstwiddnrardiiampibs a
buslepasticaladyissitabiedorsasaying, elasiaselactyipeconsistems BO.mM
sogit, RNesROAICLDM £RTA AR 8 9] e measurement IS Most, von
easily made in a fluorémeter, an instriment that prowae an "excitation
ligRESBERt o P iTsrBlsrdra it tran nréaus e halinglhe i preidigetg) as
W@a@@@_ﬂ@ﬂ 1@&&%&2@&@%9@@%@@@1& pBaitieidlar e anied @ngthas
Copopasisen With-a £l M&%?g gg@dymge,&%mgimg aagggﬁima&%ma%im
Ity.

a measure of the protease activ he activity level may be precisely
LR B 525 6 R ST ARASH e b e R b et highe
cofnipirrettiomaity wihichntire raid(GfChrbig® shoffelorescence produced by
protease solutions of known activity is determined.  While detection of
the fluorogenic compounds is preferably accomplished using a
fluorometer, detection may be accomplished by a'variety of other methods
well known to those of skill in the art. Thus, for example, when the
fluorophores emit in the visible wavelengths, detection may be simply by
visual inspection of fluorescence in response to 10excitation by a light
source. Detection may also be by means of an image analysis system
utilizing a video camera interfaced to a digitizer or other image acquisition
system. Detection may also be by visualization through a filter, as under a

fluorescence microscope. The microscope may provide a signal that is
cimnhvy vierialized hy the oneratar Alternatinzelvy the cinnal mav he
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various serine and cysteine proteases. The library is able to distinguish
proteascs 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
woaguladions in which the Pl position is held constant as eithenlysnrfngs
depending on the preferred P1-specificity of the protease. WO
2004/031733PCT/US2003/031719  The PS-SCL strategy allows for the
rapid and facile determination of proteolytic substrate sequence
spesifisii 4 hasealakiliyigeAl wilanamciiedrkiese BEHods wmumor
prowde a }N‘ge varle of alternative library formats. For example, fixing
the P52 sp%sn 10N a8 grge hydrophobic amino acid may circumvent
préf@?@fnﬁfmt’emal cleavage by papain-fold 5proteases and lead to

proper regmg@&;&m &Mﬂe@m@x@@&m&%mm%/w in RPMI 1640

cons f particul itation vant to. any p artlcular enzyme or
§ g%g?ﬁfe seq%; gge a§pe§?uﬁ%§ c%%erm‘?ﬁsa (o RTCR %ZI%/W Fase,

abﬁﬁﬁf’@?ﬁ%‘%’@ vrisrnsiep e Hi R oxmomrwemﬁ%mm@mqh@? 'C,

presease Mﬁs@eﬁ@%ﬁmm&;ﬁﬁﬁ methedefthedpventionisrisause it me

for n tifying an enzyme in a sample 10(e.g.,
I&%&g é%ﬁéﬁ&t&%@ g‘sﬁer pref%EI fﬁ(?

protease us, In anot mbodlment the screening method
furfREF sffersges, (c) quantifying the fluorescent moiety, thereby quantifying

the enzyfp{ERY4p/EIRESE) RieseiiMRdheIsAmRmME cditensaRle £R0R8e and
° 508 BASSA . AP AR ST 15 e, Pl Qosemen

Screening Using Protease Sequence ity As sa In another
prEfYPER BT ERE edrtambgecird sethsBlatkediamtendymme that
spénificedii-gleangs a target sequence’, and preferably for an

enzymatical iy Rl leastulis Hathy AHQ&M}%& 5?@%9&&59%9&@0%

lib cOo taln an_internally quenched t uorophore where
uTE e e g T ARRSBLIS BYARE R TRA AR Rt foging of nomal L
nitfaErodiNg! ¢l)casd dptieseb stratpisditienoing ortedpona i Byitdthie’ cells

se%e%&&e&%ﬁé .zisieamanmm 9P 1 0RLRUISEAR: BRI A lipore) in

nched fluo eret orophore is e.g. Cy3B and the
iy S“’ﬂm ﬁﬁfx. ‘éeF ﬂl&%ﬁﬁaﬂéﬂﬁ% Py AR tgietion

quengﬁcer R
supsthee @éqﬂé‘m@etélaa@ fkuréﬁwaﬂdf)}evqa@édwg theashixtlirStintiistimutanthen

e e R B, %a CRCH A .

and thus there will be a high ratio of Cy3B fluorescence to o-aminobenzoyl
fluorescence. (Meldal and Bredatun, Anal. Biochern. (1991) 195: 141-147;
Gr n, et aI B 1992 In ang ther preferred
SeBRTt Q?Ee%gnrﬁgé& g aSZ‘e%‘ PE8§ P(% %ﬁm%ﬁ nce é‘EcTea’“get
sp@éﬂw bplag Bypfoarnclhagg Biaplarably of an enzymatlcally active
proteasertit pRapeatidad-derncidded: {a) RontasiRgIiR: proteasesdthar Mi3
IDERRhAGRUARS B! (13, INRRIORL D oHE L B AARE RIS RdEe & page oign

quorogenlc moiety Is released from the pgﬁ)tlde sequence

it BTRISAERR InERER poy aRter oht e HaaTed LA B é%ﬁaréﬁﬂa(efmpmd phage
de@e@nmﬁmg:hh&%@n@@%@%?g%ﬁﬁ!ﬁﬂ%ﬁtﬁ&ﬂé& sequence of the
peptide %9b@{?&ﬁaﬁ&%%QAGQ&E&:EEH%%L%JBﬁgﬂ?m‘é&%&%%ﬁﬁ%ﬁm‘&ffaﬂ%d

profile of the protease.  In a preferred embodiment of

R LS A G R R AGEOFEEr ThETe e bea‘seawaﬁwﬂ?g%as
fluBFespérmtizmiety, ek nhguamifyinghtize [IrotedisecHi breoienjde edttout
of the-aapadis andembedipanls selfopRhaienabave daarrolgasagan
be substantially any protease of interest, but is preferably aspartic
protease, cysteine protease, metallopratease or serine pmtease. The
protease assayed using a method of the invention can be derived from
substantially any organism, including, but not limited to, mammals (e.g.
humans), birds, reptiles, insects, plants, fungi and the like. In a preferred
10embodiment, the protease is derived from a microorganism, including,
but not limited to, bacteria, fungi, yeast, viruses, and protozoa. 6. Iteration

Of Steps 1-5  The method is repeated iteratively to create a variant
Nnroteace that hace the decired ecneacificityy and calactivvityy at earcrh nf the
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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 full-length protein. The activity of the target
wnokRlxis Blso assayed to verify that its function has been gegigexagdayio
25the 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

Speaici.al 6@&1’%@&0&%@%@%&%{5}5&@%@ Angresidueof.a scakold,

which produces specificity at one site, is combined Ih the same protease
witt PRI BRSBTS B &R E G BN UG 5 g TiTapess packeging of
cophneil SpéeifbityproteasdssAny number of mutaltions at di.s.cr.ete sites
on the sane.ScAHRIkGARARHMIE IR R UG A QURINEH BRI IGNbins can be

protease. In one specific embodiment, a mutation in the granzyme B

scAHBRILe bRt EETHEIRTINBRTIHE: to ML ComBInleEy\RRSP: V328,
2065843 14 s8R &R BPUSSOF M ASntwittidamivtatiommb fiogifiomad8sofs then

aspasagiaedonalaning 1o mieate iesnkined.specificithpigiease
19%%513218A géra}nzy e o

I m %%he roperties of which are detailed herein.

b BRI TA P Y S S TR AR S OB A B closvage of
folloiwirsy diliterideiyfetheiptotalhinbinibhabdiin (fdth ologys2) there iBestriesily
evidgneedbeniQteindadhe aiilicriapait afinterenianJotleating ey of me

patholqgy:;. 3).proteolytic cleav of the protein will likely destroy Its
R e R e ki SOV ety g e
folRGwifR)vaH teipé tor ks peakidd ovsied @laiest ndssqswsndpsoiia pbaet Wil be washed
Praieif; Phthey @&gé@ﬁ@f F@i%&&ﬁ;&@%@%ﬂ@«%ﬁﬁ%ﬂ@b bty towards
structure (i.e. not in f3 sheets.o elices), as determine atomic .
R A o e B S one e
10t5t5peds Anthisolt it asrprdrnrs bfos saesis inesilga piibe residptors); 3)
they are located at sites that are likely to inactivate the protein, based on

SN BEHon IR AIRRSAUENGE S MG R Oy IRy fesidues in length

to match the extehded substrate specificity of many serine proteases, but
caft B&-Brigea st eorter. In another embodiment of the invention, target
protein-afygistectieatalysis is used to 15generate proteases specific for a
target prafeiRsdh FORLARIE NAASSIRiRd.CAIANEI S &inYALRAND BISUAING) was

that,is part of the catalytic triad in_a scrim protease is mutated to alanine,

o AARA L ML HEE 54 FRRSRAD PISHS  B B BB s v
targbrptein IBEEH (Cfhindfion a8 adiprdiboen Btfeploticin(@fedt)playudgethe
SaeIRIPHRS MgiRuiRRAES DG i henReleasteithR ALY ARSIV IRE washed
catal g}w%/. Hggv%/er, this places a stringent 20requirement for,
e e s B B LR S BB AR 3516
13uixtpedipgtesindithition 4h. (AL Bisneltmen dddnte Divlding sisint thids (4.8
praieasecaf it SReaHIF AN oPMBbIohaYE, 3 ANBAGE ARy (PuD)-OF,
sU Int‘i%csws -BRPES! nlttc'-su _t_%_ .'eos~ NGRS .
R S SRR e PO
R TN S o Pl e e ot SRR, 174
vaﬂﬁby-ﬁézpoﬂ;zp@1m&th@d(aﬁe)@mwnﬁmﬁyﬁmtpgmi@@woxaase; Fmoc-
scafioliror flislic varnanis:iieigos and [elan he pIRlsevte P&%g?xﬁgﬁ? -OH,

|
the wild-type protein. In one embodiment, these scaffolds comprise the
amifvd Refd SEGUERBES B 4l Ssme e oSt s snismiedrrshdtial (390 ul,
plasimimcBaotoHRE! GRARIPAS gracly B (iar2y M Aqloyr (ASe L) was
MI5Ex 1, GRINGRAIN Gis ARIASEAARAIR VAL AR UEHROMPERK RS ed witn
may include a 30targeting moiety comprising additional amino acid
residues that form an independently fojging binding domain. Such
domains include, for example, an extracellular ligand-binding domain
(e.g., one or more fibronectin type Ill domains) of a cytokine receptor;
immunoglobulin domains; DNA binding domains (see, e.g., He et al.,
Nature 378:92-96, WO 2004/031733PCT/US2003/031719 1995); affinity
tags; and the like. Such polypeptides may also include additional
polypeptide generally disclosed above. Protease Polypepfides A

nolvinentide acecordina to the invventinn incliidee a nolvvnentide inchiidina the
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In general, a protease variant that preserves protease-like function
includes any variant in which residues at a particular position in the
sequence have been substituted by other amino acids, and further include
the possibility of inserting an additional residue or residues between two
Westduas Utthe parent protein as well as the possibility of deletingoamsi7ie
150r more residues from the parent sequence. Any amino acid
substitution, insertion, or deletion is encompassed by the invention. In
favorable circumstances, the substitution is a conservative substitution as

dﬂﬁmﬁﬂﬁyﬁ} 5 m@nm@%ﬁﬁ‘d&&&é@% @ﬂ@ﬁ'@&%ﬁ%@d&%@&@e@ in the same

protease bIO| y active portions thgre f, or derivative

fragments, §n§3i‘8§8 ommé"%aé" SPESFIRYSS BHOUIY AT s Stgshed with DMF
pdipépude. ﬁa@m%vsth&&@f@f wwmmnmmjén@tbﬁéfs@ 2.5 mmot),

articpoteRseanthedigsanmathss embodimentsnteaaesaresmedyced

byr com nant, DNA techni tern in pression, a
ro%‘ease %%o & orpol y%legb &g?gg%! e anréeﬁ[é %5%"&9 ngf gﬁ@l@ﬁ catedl with

st&rﬁ@ﬁf@ﬂo@kﬁﬁMMlMI@%m&WhM%Qmm!@W&S

prefease:fi pleinsdnelude-neptislas.comprising @mm&%&&%ﬁ%&tﬁﬁ&m

suf{é%L%ntlggpu%@o g@gsg derl eggfrorlntéhe amino ) ence sof
the proFease pr% s tht ?ewe AminG acids % i tﬁn %J?IS
prﬁ?@%@ﬁﬁ&%@?ﬁ@rﬁﬁ@@ﬁm Eﬂ@é@ﬁcﬁé a&.mmfiﬁm%m@ww of
Tﬁﬁ*ﬁﬁﬂm@ﬂ@@lﬁwﬂ?ﬂmiﬁﬁmﬂaﬁ@@mm%ﬁmlm%ﬂﬂ)%wﬂﬁ@t
leastang ANl ihs & f@%%%%%%%&g#até bl %'%b%%% ?@9@@' noLa,
protease protein is a polypeptide which'is for example

707148 YsinglEubseiafo0. 130, 140, 150, 160, 170, 180, 190, 200, 210

220, 2304(@4 Broklr200sa/4),FABA,290, 300 or more amino acid residues

I ety Y OO R 200 O A M 0 O v

biologically-active portions of a’protein, in which other régions of

oA o ol 15245 S e o B PR el
e \ainatebfoirin mdaonim oneof, tdAfubk fisdahactivities ofza quativetal bjease:-site
In@n@mbadineat heRrHeaselas AN @WNQ AL SeAUSRERAEA08.0k
th% t{ol 5 described herein or one of the mutants of the scaffolds.

Thé protease protein is substantially homologous to one of the scaffolds

describettsipéinfomothe B-Hd murgdissoith endSdiold S perodinateliins A~ mol
fu pEtiepah acliyity.atihe ptq’g@lkrsuy@ab%ﬁasﬂ @@ﬁp@ﬁd@p%mu&w Hdfstor s
gral ”e“C a”a{a?n %agnng %gagorgmg] J Pr 2‘%{1&? concgil'xtm‘ti?n of 0.1

|men ro ease comprlse ah amino ‘acl sequence a

aué‘értfﬁme%hﬁﬁiydg@?ug {ORECAMARHG héi@@@ﬁ@qb@wd@ﬁa Renpones) was
scafiedds Hesenibad bewu Qét@lf@ Qf'h@ﬁ:mtﬁﬁiﬁﬁoﬁfamﬁwmﬁﬂéﬁﬂﬁﬁ&pound.
re f ti e of the scaffolds

o BB MRl B\ AT £ PE s ST aue ST
pr@f@gg@%ﬂmﬁ%%ﬂya}%%éﬁ% 8%%%%@%%&@9@%%@ with
hemiegou sttestheaminmzsich sedfilencer 6bbnre. of the sadalfoleitd pranotierere

PrefRtedAmRodiment.he RIRIEASESSANPHSSS AR ATHRRFIGELAUSHEe
é?%?digout 95% 15hom|c;g§us t0 the amino acid sequence of one of the

el YbtRer et et Uitb B ERE e oty REmpHEsRirases.
amn@mm@i mmmﬂm@ab@ﬁ@@% hdfer ogorisite therahsdiacisbetate,
sefuescROLMNeRire:362figlds mbateTAINIRGLBmalO Gy BeIRR O
More S%gﬁences 20To determine the percent homology of two amino acid
sequenc or of two nucleic acids, the sequences are aligned for optimal
compariBofr g Segsay wigap s bdindoe Firoduodd Td iR Sideque fegotas
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 acjg positions or nucleotide positions
are then compared, 25When 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 used 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
2N0beathwween hWwo cearieanree The homolooay mav he determined 1icinn
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10the 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 yield the percentage of sequence identity. The term "substantial
identity" as used herein denotes a characteristic of a polynucleotide
wequengerawherein the polynucleotide comprises a sequerkc&;gggggg@pftw
least 80 percent sequence identity, preferably at least 85 percent identity
and often 90 to 95 percent 15sequence identity, more usually at least 99
percent sequence identity as compared to a reference sequence over a
comparison region. Chimeric and Fusion Proteins The invention also
provides'BrEtReavritiyief shaciing 2 rstamreididq e & hiiteip thy subsiate
20prpiease Poldimesceprptetint GbifysianqpratdinTieoPplices: dipFoieastss of 20
PohaieRlidf aRaRHEDCIOLRAA N0 RIAIPASA DAMRRRUYR AipRlRASe
polypeptide" refers to a polypeptide having an amino acid sequence
OB 5 B B H BB B b HBRRA BB 6P ofen
mutpitsief iaseaffaldsinheitasha tneDsEEass paly prpELRS peferalio a
po [ ' ' [ ' otein
B e R L e L
préteifenSerd mntRaAntmi heeiamer s etpe darmrddir srmaried
sampeificity dif bnga ptgahisin ahthinid. proteas exlitionPrOiRindd Breference for
PreseRng RAMPSAHCIEAR 0" PRRARCIR Bl QLA RUONA A RIIEARE acis

protein. In_.one embodiment, a protease fusion protein comprises at least
on& W5 BRe SRR E 8 T8 B1oyP rARReE 45 steRs PrataB th&eve P1-Asp

e mmmh@m@@téﬁﬁmfuﬁmmm@mi mmmdmatdﬁa&teﬁﬁﬁm acids,
biglogigallYsaGHe REFIARSALAPLEAIESE PIYRIR RYGEARIR phil clastase has

embodiment, a protease fusion protein comprises at least three™ )
biSE T4 BRI BB FISHE B Fb T8 PO RrilRrPRS RASHA Pt
thehtered teperadi Petyulisikediciginte mabeiitayitidiCalawthat fthéhprotegsess,
polyRGRiidsANd heReRIDisASRPRlReptide are fused in-frame with one
another. WO 2004/031733PCT/US2003/031719 The non-protease
polypeptide can be fused to the N-terminus or C-terminus of the protease
poBrsemicd. Seroming fob ddaven hithdifidiolspbetaitess a GST-protease

fusion pratein BieRHRERINeRSE 3R YERFEHRLR HISE A Belbifiined by
N-t rmanfbof the GST S%I%Jta.thlo e S-transferas uences. Such
0 ta

se
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SR B A B TR B B SR e o
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expression and/or secretion of protease can be increased through use o

a RESIBIBYo s Elgraraddtimme R Btbader eifiRbeic brisish prostore
thesiermwdon 'SaPWeéProduced by standard 15recombinant DNA
techniques. For example, DNA fragments coding for the different

p eptid uences are ligate ether in-frame in accordance with
c%ﬁ&%lﬁggﬁ%ﬁ @E%?‘é’%%ﬁ%#‘ﬁ%%%ﬁ%‘ﬁ?&ﬁﬁ%nded or stagger-ended
termini fPIyARBTICAES tie fivsrvehBatrerig duidkeyovBicldeie for dosiordprdatace
texmnénipiiing-dnnahcedinsiver SR dsiasrapiyoRa dalicaline; g sRalaserotin
trq?ﬁ@%&&%@e‘é en?ﬂﬁejfﬁé:'%%@éﬁ glyingd. and eee’a;%’%%tlﬁs%\(?“ anan- I, cleavago

anothef embo usion gene can esized’by convention
teBHfffGREESTHETERI G At oA HRafDRubejne b paieditlrisagiherp oot fhe
amplificationof genedBpmeniniad DengariasoUbHUSIRG BRERALBIMETS
that give rise to complementary overhangs between two consecutive gene
fragments that can subsequently be arfidealed and reamplified to generate
a chimeric gene sequence (see, e.g., Ausubel et al. (eds.) CURRENT
PROTOCOLS IN 25MOLECULAR BIOLOGY, John Wiley & Sons, 1992).
Moreover, many expression vectors are commercially available that
already encode a fusion moiety (e.g., a (liST polypeptide). A

protease-encoding nucleic acid can be cloned into such an expression
vacrtor cirich that the fiicinn moietyv ice linked in-frame tn the nroteace




function, h one embodiment, treatment of a subject with a variant having a
subset of the 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. 10Apoptosis Methods
Wwhnbikiting;Apoptosis  Also included in the invention argmethads,.. - g
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
15particylar positions at, particular times as part of the normal ]
motBREGSHEH %%@%%@%ﬁd&a@w%ﬁmg@ Rothisirg e rpearsyisbut
nottitititéyl tligeserd) cVénterSolistdse theil gelhjunctions, arid enicsaiiklithe
(eRUPPIAS £ODGRATAS AAd Al 5RA SR OTRILMAIRAICR IR Bred by iysing

nug\;‘ber of d(iis rete masseii As the nucleus fragments, the cytoplasm

contratts A RS RIS BHa FIBbSbPHEs BHord ey it

5 Aftéfesitatipiatopibeenetidiip s mic ROratctiunicand iispusidnswithgthetified by
plagsmaanembrane, the cell breaks up into several membrane-bound
vesicles,,@pogtotic llgpgtdies, which are usually phagocytosed by adjacent
bodies. AS HAg@ntAoH BPEHIETRETA b SHgERuC RS Frad Aeht R 2)
charaetaeksticdfithe final sthyescsf BpdprosikiEiNATeblaFRpatternsaanded

be y3eehas: AP B ASAY mﬁﬂtﬁmweﬁf&&@{y@irsm%%z_t;ea?ﬂaviﬁl%m

1994). 25In on ect, the invention provides a method of treating or

e as
e e bt R ek s A
by mebitipstefinty t thia st eCt prdivevaipbibifos yeaffetiivcoamptintekton and the
Profease driibiter SRARCRINHS isciliRiled- AR SUDIEE 580 RE & any

| eq. , imate (e.9.h , . rat, dog, cat, ]
orse, o e T R B BSOS AR Grne

of PretsaREn0NTh isiahlciof dseing leev imdiriptikougisrobs difficlidmt apparent that
15 quasiitistehapelipmio divARaPRS S anspeiakest disardel rom AR iARARLASIS

as?c}ciatedﬁ%' er includes, for example, immunodeficiency diseases,

. &£ . .

inc i [V, senescence, neurodegenerative diseases, any

uﬁfﬂ‘&'A
degenerativaXHSRRA0 oD o (e BT 361 CaNIE LOTSIOBI FES setieatic
anesfgpathisiomniellid epthracu eaapReatie: njd Brathiexdiitys Ywoussishealingie
ang_theyli neth asuli tosis, including those
desgéfit?é%( %eé%%%é?%%ﬁﬁ%ﬁé%%@ él%ﬁ?&%%%ggﬁgf niltﬁir!%, but not limited

20 10, the clZ¥E EHAEHAFDST DNA ladder formation by gel electrophoresis
and of m&p@b@@mmaamma@ﬁ eligctiopingicsaseapyorkhe fReR&RRBEve.
andieaihy SRR ARLIMERANING BRORIPIR M CHIBMIE Y nbrig sy
cytometry permits rapid and quantitative measurements on apoptoti¢ cells.
May d PSR SrAEETe e baifise fﬁé’%é@é%@?ﬁ%ﬁt%?ﬁ%’ob%@?@siﬁ’m
celischiamue! béibvogsg ibad:{Darny ol EWIEE &t 2d-welyiwretnyed THR80R the

25 198%%%9&5&E&@é&ﬁb@t@]@ﬁ’ééﬁ&%@é&'%&%%@é%&@%ﬁ%ﬂ&%ﬁ&%ﬁ 30

staining with various DNA dyes (i.e. propidium jodide (PI), DAP1, Hoechst

3318135 RO EUEP, TBSAES VRS AGHEA B e oo PIEB g unid on'
trafsféacaloratgm Mt astonickutien StaltipaddusaysHssschiz /b &dmmunol. (1991)
devejoper.Heay ey 08:Rhabs Azanae(1Bes &d: kR401%85%, 1993). Recently,
rapid flow cytometric staining methods that use Annexin V for detection of
phosphatidylsetme exposure on the cell surface as a marker of apoptosis

30 hafeargiedofdenEbawiny eidnysat pirdbies apdcinspessitisesgismetric
assays mﬁﬁﬁwd Fﬁgﬁﬁdﬁ%ﬁgﬁaﬁsﬁw&)ﬁ nceamsaay Rhofaaisnng : ﬁ&g&ﬂglgﬁmﬁa:
ap its for performing this assays are cammercially avajlable.
S R L B B B PR o
adPriRt RSB dre artas Husethslanh ) iptesiviy riswesyrf brpepten wil
preferred emboidment, the protease can be administered to cleave
caspase-3. The protease 20can also clé&ve other proteins involved in
apoptosis e.g., human cytochrome ¢, human Apaf- 1, human caspase-9,
human caspase-7, human caspase-6, human caspase-2, human BAD,
human BM, human BA_X, human PAR?, or human p53. By cleaving these
proteins, the protease thereby inactivates them. In this manner the

protease can be used to inhibit apoptosis. 25In another aspect apoptosis
ic inhibhited in a2 call hyy cantactina a call with a Nnroteace in AN amoiint




apoptosis is induced in subject in need thereof by administering a
protease in an amount WO 2004/031733PCT/US2003/031719 sufficient
to induce apoptosis. The subject can be e.g., any mammal, a primate
(e.g., a human), mouse, rat, dog, cat, cow, horse, or pig. In various
asPaslisipasubject is susceptible to cancer or an autoinunpREElisREAS 1o
-A protease can be administered with an anti-angiogenic compound.
Examples of an anti-angiogenic compound include, but are not limited to,
a tyrosine Icinase inhibitor, an epidermal-derived growth factor inhibitor, a

fibr -deri h r.inhibitor, .a platelet-derived grawth factor
e e e e e et Sl

intefPErsAgeriante ey o inertrdisre thr sratred ouiace 96 e rotoingo diesan
polysiabiaits, gaycloexygeBnse dnihitaianenstericiaksntJnflagmatony
(NSAID).. 10cvclooxygenase-2 inhibitor, carboxyamidotrigzole, |
et e & R R, B30 fegions tnd 0 b

3 6-0lerne P dkctlariorsiintorradion thihnedion deepioticstnm arc located at sites
ehnm%n&%%%&&&t&a@%@ﬂﬁgﬁyb@ey%gkﬁﬂmgﬁ&? ChBhpe sequences can
thrgmbhospondin. In same embaodiment rotease.is, further .
ad r?ﬁ’?n%i%g g T ?1@&%&%&%%%%%%%?%&%%%851%?@ Serne
chelfitriErahs Gt bedPREB EREwTHElude, but are not limited to, 15paclitaxel,
Taxoh{aVasiatin, FRResing TiaRoe Nieks9 emeiiatinge«s-fiuorouracil (5-R)),

g ethotre TX inncrisu vinblastin, nocodazole, .

l teniposid)(g,Q%?'E}(gglf?sri0 g,qgcgﬁé ycw’is,aé ot |%§akogg%%g,?c&arﬁ%6t%qﬁlggﬁ
naUHeIERERY, e ERTORRMsR et A RamTSACTINE, ieihiabRigRabiansduction
idatyhisimdingnithehasfeet apapiosiadsRges thipsseethRheanneling a
cellLwih 8 Beisess.a fic] in CENIPR %o IS The cell
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population that is ‘exposed to, I.e., contacted witl roteaSe can'be any
nurfiBEFreEEdbs 2Rl iR f s iiitreintie &prbordod friirohizs
15 vivmpmmenraﬂm oFkie mﬂsﬁeﬁﬂ@@ﬁﬁ&kﬁ&ﬁ wiifadhes prsiaas e B aaiy events
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disease conditions are related to the d opment of a defective

25 G AFRABH G AU HE 8 o Lesree e P E RS S R iRsraases the
respitlifriestid paritfreinsenchpoptib sitheesistant istdte ipnwhidheglssue and
profifgeatian.sigRalsipARRIQRTRIENEERSH Shll ARl ISRl Surfmce 25 solubic

%0 Fur%pnegs ore, some. E%}!\IA a/{jriu%es as#gi Epst?ln-Barr V|rus,_Afr|ca_n swine
fever UL Ana Al SeIsT BAPESTE e Ko SRR R-caRifiSA eV
thehebvii veblicafiorandithvé s anetibdicthe jorrd dt hate s popbdsis ttoattermate TNF
repgmﬁgjl death and allow the 30target cell to reproduce the virus.

Mo%oé(ﬁk certain disease conditions such as lymphoproliferative

conditions, cancer including drug resistant cancer, arthritis, inflammation,
autoinunlfiecHiseadebeliniemethetmAy e sromiatkibinredgpdeifiomisfeen
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POIBLAANADS VREFINITRAYCOH MO INGRPIAAdsRIAsPIH: NA8AY are cett
N218T, N2I8V,199A, 199F, I99R, YI74A, Y1 74V, Each mutation was

30 cotFEABTPEA G R Rt BT TS e Re RIS AeRe eiie,
folldeveldrmertansformation into X33 cells and selection with Zeocin
(Ingkegevhamela 10CA). Expression and purification for each variant
was identical to the previously described method for wild type rat
granzyme B (Harris, et al., JBC, 1998, (273):27364-27373). The
protease rat granzyme B was mutated at, lle 99 to an Alanine using the
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 ALI GGA GGC TGT CTT
ACM ATT ATA CGC TGG (SEQ ID NO:5). A polymerase chain reaction

was made containing the wild type double stranded DNA, the two primers
varlannina the miitatinn a2 reactinn hiiffear ANTP'e and the DNA




DNA strand is transformed into bacteria. A selection against Zeocin

ensures only positive clones with grow. The mutation was confirmed by
sequencing the granzyrne B gene. The same protocol was used to make

the remaining granzyme B mutants, with appropriate changes in the
motagerigzprimers. 25The DNA containing the variant grangyiagBas/ai71e
proteases was transformed into Pichia pastoris 3(33 cells by the published
protocol (Invitrogen) and the positive transformants were selected with
Zeocin. The colony was transferred to a 1 L liquid culture and grown to a

cell density o ter, th n, OD60 1 0. Proteln e [ession was i

by the addi |oéng§%r§% heth and ﬁlﬁnda'se con oger ours &ggﬁﬁ"n’
pu rﬁ@%@%@n?ﬁ%é&@?m@&mﬁ%&%@ 3@@@*&@@@@@@? Spicheiral development
su pﬁf@?&ﬁiﬂfgﬁ@ lectedubnamity mmams@w@ﬁ}@ &B&Eﬁmm%d

a SBs pharose F Flo ion e cha umn. e column

wash d Wlﬁ“lcg%ﬂhl egg\%?%% ‘R}]%%f‘%g an o mg]faéng?ﬁﬁ%enﬁgsf WH%WH
350 [iNATPD Esaling WWQ@OVWWM&@PKWSMWW@BM‘M%@WHS |

M E&aﬂh%&&ﬂ&%ﬂ@&h@ﬁ%{@@m MW iR Wity. Activation of

200, 1733PCT/ 03/0317 pH 6. % N and.0.5

M Néa%%) g?u g%rtg %&%%n\%as <900 purel’g’I %Mﬁrt@ %tlgasséi%é
excHargEerBHpeaHe ﬁ%@%ﬁ%ﬁ%ﬁ@@?@%@%@wm@mor

sto mmmsﬂhamsmdeBaﬁam@mrﬁ@ﬂwm@wdjmﬂﬁm}ewmgaﬂam WalSteration,

10q“aﬂﬁ@é§ﬂ§é@a§ﬁ%§¥éﬁeﬁ 280tmi (e280=13000 M-Icm-1), titrated with

wildtype ecotin or M ecotin as previously described, exchanged into a
buf}%"?ﬁﬁ‘%bpﬁ?ﬁﬂ"ME@‘*ﬁﬁgﬁ@‘%d 100 In.M NaC1 and stored at 4 DC,
Example 2t:Syipthesisvagkficriee tingratiA@e Dbsitiboal SearMngelow in Table
Libraries 10 ACC-Resin Synthesis 7-Fmoc-aminocoumarin-4-acetic
acid was prepared by treating 7-aminocoumarin-4- acetic acid with
Fmoc-C1, 7-Arninocournarin-4-acetic acid (10.0 g, 45.6 mmol) and H20
15(228 ml) were mixed. NaHCO3 (3.92 g, 45.6 nunol) was added in small
portions followggby. @@a@ggétg@&ms%p&%é&%%ﬂa@e fagaqviigRwas

cooled W|th an ice bath, and Fmoc-Cl (10.7 g, 1541.5 mmol) was added

Th ne wa gre% ved wiltPIBteR,
umrﬁ%ﬁlld waseeplledieet bytdittreititin and

f hemanax ACC-sain R RRARIRN Oy, ...,
. Vl regingmith stalk | Psorasis
- 7-Fmocaminoc UM A-ACElC aCRIRINTK 7 mig%/-\ /l resin (21 g, 17

; I+ (2‘9 1). Fhe %.Are was agitated for

cannula, wheyedpon 20% piperidine in
! ﬁ“ﬁm forl2 n.ithe resin was filtered
and washed with DMERZtimes, Zoﬁmact ). stelk | Breast cancer

7-Fmoc-aminogoumarin-4-acetic aéi&{g5 g, 34sia1!mdl), HOBt (4.6 g, 34

mmol), and DMF (15@ar#) were addathfolloyvestdpy | Lung, breast, bladder,

diisopropylcarbpdrimide (DICI)| (5.3wab84 mmehy TH ?rﬁﬁ'i%m?é‘“fﬂ?&@‘ Kidney,
agitated overnight, JeHEETEC, VaSTERIMET TIEE Tmes S tiiiwelsioRnk

tetzahydrofurar, three times wjth 200, ml; MeOH, thrge times with 200 ml),

and dried over P2085—The-subgtitution .e*#e! b *im resin was 0.58 mmol/g

d min&t by Fmok an%%fg. P1- D‘ﬂ?grse Library Synthesis

Individual P! -spbs(j g deid ACSS
was 30 added to wells of a MultiChem 96-well reac
resin-containing wells were solvated with DMF (0.5 ml). After filtration,

20 20%1&5%&%ﬁhwﬂ&%aﬁ%w&é@%@&%ﬁm by agitation
for 30 min. The wells of the reaction block were filtered and washed with
DMF (three times with 0.5 m1). To intro%ce the randomized P2 position,
an WO 2004/031733PCT/US2003/031719 isokinetic mixture of
moc-amino acids [4.8 mmol, 10 eq per well; Fmoc-amino acid, mol %:
Fmoc-Ala-OH, 3.4; Fmoc-Arg(Pbf)-0H, 6.5; Fmoc-Asn(Trt)-0H, 5.3;
Frnoc-Asp(0-t-Bu)- OH, 3.5; Fmoc-Glu(0-1-Bu)-0H, 3.6;
Fmoc-GIn(Tre-OH, 5.3; Fmoc-Gly-OH, 2.9; FmocHis(Tr0-011,3.5;
Fmoc-lle-OH, 17.4; Fmoc-Leu-011, 4.9; Fmoc-Lys(Boc)-011, 6.2; Fmoc-
ENlle-OH 292" Emoc-Phe-OH 2 5 Emnoc-Pro-OH A -




PI-Fixed Library Synthesis Multigrarn quantities of P1-substituted
ACC-resin could be synthesized by the methods described. Fmoc-amino
acid-substituted ACC resin was placed in 57 wells of a 96- 25well reaction
block: sublibraries were denotedby the second fixed position (P4, P3, P2)
efilSawmmsacids (cysteine was omitted and norleueine wassulsstidsnad s
for methionine). Synthesis, capping, and cleavage 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

Fm OC-amﬂ%!%Ci WM%%@%&%@EQ}!&&S@ Q%&&ﬁ l%rzfl??t@& {Irl] tgel\l/l ¥ tosis

rather than 30isokinetic mixtures, were incorporated In the spatia

addtetEEy P rpsedrtmasy Seitione: senerap S aiotroteresed thoerents
anceRissfined coilEnttbnal 1 artes: tvaly ChtiiethouitasstiRaedbadkiaheve.
Theglwexﬁ?m@%ﬂé%gmi%ﬂﬁy AR 19 FenReRYAIN. Ofenl:
g.M. Variant proteases were diluted in granzyme activity buffer (50 rriM Na
lepBEHA RO TOBIR ST PSP 1FRAE58H3/031719 pH 8.0, 100 mM NaCl,
0.01% Twitmme2Chtorconyetatimiois betivbeivoPam\d drdsinpdulilnitiakivation

actiyity 202 imst £ erl bR BAMENAE A58 1028 el 106 LBTIBNERIQIRSSES No2),
congcentratj ntoﬁgaﬁ apgroxmately equalto 50 nM wild type rat nzyme B.

B
EnzithEREEER/ 4 SRATBT AP QU LS for B AOtRedeue e of the
on &S pretrciimxiDeltanAdHENEtEbtcp P LIRme)s ExbitatiorPast-P2-Asp-
10emigsienJueremeasiediRlAR0AMENG A M ESSPecivaly Sxample 3.

Individual Kinetic, Measurements of I99A Granzyme Individual kinetic

e ST RGPS FARP P 2 A i VRIS NS G G v
Eadbngratesiserwicditfedionbelmesn3i: AR/pasitioh oivt imddis ay theffdd-nailk.
10AGE, suhsthales:werasdites Wit MeR9it0ReINMRER RARE:p PR-RyMianine and

while AMC substrates were diluted.to between 20 and 2000 1.1M, Iiach
e e e Rt S S AR A elpiepe xd
15evel$iins seconds at excitation and emission wavelengths of 380 nm and

460 TIM, raspestivaly, focraiala afddnnimges atlbatsaysnyarenefonped
n 1%LMSQ A5THS metiod wassed 0:8G1en 93 ATBNZME By J9PA 1,
granzyme was rot%_l edina posmongl scanning com inatofial substrate
librdPy P aeer rﬁ?ﬁé‘iﬁ@‘@ﬁ%‘éﬁ@lﬂﬁ‘é@ e RgBPRerHE O aE Brap eedvas B
desaribgd Boavezand faliqeatedt.inbe IBsvpetepiates e miralieoncgnitation
of . : ; o e
e B G Gl SR S R e
corRBHtatDIS TSR BRI SHOMRALS 0SNG of 0 Pratie beitR A e ity ild type
Ae-ERD=NC Tha peak oo, anjusttich asiant pudtedseredyic éntitationléeved
0n%@ﬁﬁ&%ﬁ@}@mwﬁ.{ﬁé&a.wwJa(efg%@amyge%nﬁe.Eﬁm%a
activity in_the PJ-Asp library was assayed for one hour at 30 C on the
SpeBE BT BIEHIGAM R O PR BFTAERES e il 267
25 38Cheashifiediol GO eenuting spdmetivedyprdduet pr 6383 oéntvecgliapa piveyBe product of
varigaispraemparRbl, bemuildivpehrafile ancihe. ordifiere RC8 B cienty
detgfery‘ggseg%gggri e 199A mutant, for example, the specificity at the P2
a

amino aci i:1r(§r:ez'arkedly changed from the wild type. The former broad

preferendBapiet sbsigibrstlifdee horegrdiind repfiseetwitra SHoRGCE gol.
preferencaifoflaydiepbahicresignesisurly 36 RherangEyn The seleskivity the
of t lant protease was alse chan The wild type,was promiscugus
0 R e R e RO O
thal N3 hFrob A4St a T HEH Fidie ddidetiob ASD samnlsd e, then
sitehisptedenyed, mdrimueh highepde gneeithamagyyethesamineiaridii®eecond
Table 5, above). WO 2004/031733PCT/US2003/031719 Example 4.
Proteolytic cleavage and inactivation of tumor necrosis factor and tumor
necrosis factor receptor. Receptor cleavage.  Freshly isolated
neutrophils (PMN) were resuspended at 1x107 cells/ml in RP1vll 1640
with 02% fetal calf serum (FCS) and incubated with various
concentrations of protease, specific for the stalk region of TNF-R1 or
TNF-R2. After a Ito 40 min incubation at 37 C, protease inhibitors were
added to stop the reaction and the amount of TNF-R released into the
media was quantitated using ELISA (Roche). TNF cleavage. 101251-INF

(A0 OO0D M) wae incirithatead with vvarvina conceantratinne of nroteace and



were incubated with varying concentrations of 125I-TNF in 96-well filter
plates (Millipore) in the presence of protease inhibitors. Cells were then
washed three times by vacuum aspiration and then 30 121 of scintillation
fluid (Wallet) was added to each well. Scintillation was then 20counted on
aN/alkapdviierobeta scintillation counter. (Adapted from van iassehes/@irio
J. Immunol. (1991) 147: 3862-3868 and Porteau et at, JBC (1991)
266:18846-18853). Example 5. Selection of Enzymes Capable of
Peptide Sequence Specific Target 25Cleavage Using Protease Phage

Displayow gemid js.C ructed suc Lit (i) carries all the., .
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packaging of phagemid DNA into phage particles. Fusion of thetgrotease
gerfE B el ar WidgaNeE 58t B RATT b gt  caifpe i the presence of
5cohsmuietd dressing cstein dppob Glorihgzanes tibdsin(Gidhild-yiethag Sdtves the Vmax
Enzymelagy.e2e00, V328, p333) A combinatorial library of variants within
the gene_encoding the protease is then displa on the surface of M13
as a fusio ?g’ﬂ%“%@%‘?%%e%ﬁs sé’t%%?&ﬁ??ﬁg’ﬁ?ﬁﬁ@@aﬁ&giﬁﬁ% and
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protease to cleave the scissile 10hond of the protease, ever this
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proteesatgts al et pihgdtiptreepseiafmpidee ruknrachiizeertpaspet by cleaving
pﬁrakide a{aliighiﬁd sra;ﬁaihwmmﬁﬁ m@ﬁw @kﬁmomdaﬁﬁ@a@d B?ﬁhﬁmg@yﬁpase& by
P | eq.away. ro rounds ar.pannin .

2 R oaaa e Sl B ol BORNRISH ppiome £ Ahlbdns Btpronis o
isolStEEP PHEIHPEE DU WP HigeceyranEiotsd (e Utialsts caspase-3
15aldehydesardriselaiadcphrgetan bEtRsIRD 0 specifighyoie! s &f the

PeRf NS i ' -3 activi
oo L e Er RS e 2 gy
FmYEE o acid ACC-resin (ca. 25 mg, 0.013 mmol) was added to wells

25 of a MultiAphsosiOGawiathned dticsll appasdiusidic 06 si-cOntdinirg welise B,
wetrgRRIatRRb IR RME &aﬁ%ﬁ@&%@i&@gigy@ﬁ 15 DS QhfiR £0-5
mt.) was deed fol ?%\é r%?ltanon for 30 min. The wells,of the reaction

a S

o PR P (O PE RIS IR SIS iEFBGce

blo&l\cf\%&rea’ﬁf}ere
theaelin@otivessaPs bp sltionesef koRRERcA NI nipta et @wtraBred foMbe et
al. vetRGNRieRplymess sty iafit8 b9tz MOS/AMING A6identd 8 Mmah 10wila-

eq iv/weall' Frn -am; id, ol %: Ernoc-Al éOH .04' . - orensi

0 R R B et R e et ot o
3.5oppREE R e B ALE B s Baimdirered M Firge ot sahyy i Figure
2.97H; mhe erirlis{ Frijrinke 3 Dnthypacet eniifect SA7IRNACHBUTRER B Biduce

F - C)-QH,.6.2; Fmoc;N|e-O 8; Finoc-Phe-01-1..2.5: Fmoc-
OB S o R e s B B e e
Fmoc-Trp(Boc)-011, 3.8; Fmoc-Tyr(0-t-Bu)-0H, 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 mL) was added to each of the
wells. The reaction block was agitated for 3 h, filtered, and washed with

WO 2004/031733PCT/US2003/031719 DMF (3.firnes.0.5 mL). The
randond7ed P3 and P4 positions were incorporated in the same manner.

The Fmoc of the P4 amino acid was removed and the resin was washed
with DME (2v O B tril N\ and treated with O B tril of 2 rannina enhiition nf



A(h). Enzymatic Assay of Library The concentration of proteolytic
enzymes was determined by absorbance measured at 15280 run (Gill, S.
C., etal., (1989) Anal Biochem 182:319-26). The proportion of catalytically
active thrombin, plasmin, trypsin, uPA, tPA, and chymotrypsin was
guErkitatedsby active-site titration with MUGB or MUTMAC gdaroesonsioris
W., etal., (1973) Biochemical Journal 131:107-117). Substrates from the
PS-SCLs were dissolved in DMSO. Approximately 1.0x10-9 mot 200f
each P1-Lys, PI-Arg, or P1 -Len sub-library (361 compounds) was added

e e oo

each s EHGEIE S sUb TSI (BB SEPEsImyS HEREETS B feresta
96-wadifipidterfored Prial domicestitatrorinchOpGteght if wldlysopmpeoyma? alone.
Hydrolysis reactions were initiated by the addition of enzyme (0.02
nM-100 nM) and 25monitored fluck@mstdgaiyigth a Perkin Elmer LS50B
Luminescence Spectrometer, with excitation at 380 rim and emission at
5450 nm ox#GR g BaAssaysebiie-neniae: pretcaseswk-RaH osme thiathdbheen
C.i ini T 0,100 mM.NaC1, 0.5.r
GBS R hIM P bllon 380 TR e D, i
cystefhepstdadsspapddamrats aahaeidiiolme dapotculmyits
bufientaplaining he Gehbaatitmaetabe;Biptd, Blbmtiod ¥ hbEiedidns may
i MO LI ERT, 001 B35, 06 10BIVISO. S0 SutsaleR),

B. Profillng Proteases with a P1-diverse Library of 137.1 strate

WsedBrey Yrei=Eeaids Pt wrerassowsibad Piyets tedttilespbeemiae is
of altthiehidt tp &t ammitier atidetite the: Pdssitefinrdhersuhiliatbesequsinoealddge of

-divgeseiahaneriidelibiansuas ciRatesh-EheRluivesa JBRe, 6008isiS dered
of 20 wells in which og%yﬁ%ehf P1-position is systematically held constant as

all ARREEEL &t YRR M8 including norleucine. The P2, P3,
and P4 positions consist clan 5equimolar mixture of all amino acids for a
total of 6,859 substrate sequences per well. Several serine and cysteine
proteases were profiled to test the applicability of this library for the
identification of the optimal Pl amino acid. Chymotrypsin showed the
expected specificity for large hydrophobic amino acids. Trypsin and
thrombin showed preference for P1-basic amino acids (Arg>Lys). Plasmin
also showed a preference for basic amino acids 10(Lys>Arg). Granzyme
B, the only known mammalian serine protease to have FI-Asp specificity,
showed a distinct preference for aspattic acid over all other amino acids,
including the other acidic amino acid, Glu. The PI-profile for human
neutrophil elastase has the canonical preference for alanhie and valine.
The cysteine proteases, papain and cruzain showed the broad
P1-substrate sequence specificity that is known for these enzymes,
15although there is a modest preference for arginine. 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 fluorirneter (Molecular Devices).
Each protease is diluted to between 50 nM and 1 uM in assay buffer. All
ACC substrates are diluted with MeSO0 to between 5 and 500 !AM, while
AMC substrates are diluted to between 20 and 2000 MM. Each assay
contain less than 5% MeSO. Enzymatic activity is monitored every 15
seconds at excitation and emission 25wavelengths of 380 mu and 460
nm, respectively, for a total of 10 minutes. Al] 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 arqyed 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
@%m:variant protease. The protein is visualized using standard

oomasie blue staining, by WO 2004/031733PCT/US2003/031719 . .
autorabiographyuspdg radieinasartiipip BRI HES\WALIRIAUEE ARG 1 ofa
AL QRriateantinodi Alternatively dithealargatdreieinisaleat suriaeein:
receptor, cells expressing the {%r%et %groteln are ex ngr BE%) th(%s\éasr;la{glrt
protedSaCTREWEA PG BV EHIBREOFEYBY FSIAG the ceils and then
eRAsating the proteins by 81)8-PAGE, followed by visualization by
S5Western blot Alternatively, the soluble receptor rele IS |
AT B LT e 1 T e oS oy 8
uegeptorsid ant 2 (TNF-R1 and INF-R2) were measured using these
technigues. Freshly isolated neutrophils (PMN) were resuspended at
1x107ﬂé%f s?ﬁ(f{iﬁo% %%%640 with 0.2% fetal calf serum (FCS) and
incubdtachwithoiegiolibrroceheditrstfond OF protei e eRE Mol tdstalk
& ‘(Pﬂegfa-lr_l%ﬁﬂ%nqgrrmgé%s%t@Wﬂﬂl@ﬁé‘@@Hfﬂ:ﬂ(pﬁl{bt@@ min at 37 'C,

protease inhibitors were added to stop the reaction and the amount %ftal_ ot
TN A RS M et AR G USHG ELISA (HLRe® tre
AiBpughtaepyepigndashed susleseribedtwidynespedtaio spesificin the target
methods of making and using enzymes capable of cleaving target
WeiyPeptide sequences, it will be apparent that 15various changes and
modificgtiorssoiy: he madeewittiott departingfroaspse finerntiopembers of the
leavage Of TNF. . 15I-TNFE (40 3 with varying
e b e e R carmple
buffer @hdaexaminkdrorretdor polyeemrie GelyTile gErahasa nbers
O%Qﬁle%fﬁ?%qgatt%5\75%&1@%9%)3%%0@@1\??{9-5% B Hﬂ)@ﬁi@t&?S‘@Mhe substrate
1251-ME or PMN were incubated with varying concentrations of proteases
wauabever PRI GIPY1-TNE exposed to proteases to normal PMN,
or the gemgmg%e@&emd%&%&é&swsmvubammmmsegams‘vity of
quanti ied using scintillation. Brief% ,t105 cgzrllcs were 1i)nc%t(%zlatti d} r}%imnvo%r%{g@
(BB PLHISHS B LB PR P Fr S S FRteT STates ‘(Jl\/mlllporeiyln- he
R5pIesenoadhprotersaintilviorsf Cellsrar rerawdstibe thiveolivpés il or causes
vacuum aspijration and 30 !lL. of scintillati ' | r
e e o e Chnias s fo
eounter. (Abapted freompethe Kessel et at, J. Imrnunol. (1991) 147:
3862-3868 grﬁﬁg&gg&n g&éﬁﬁ%’;&%h@@@ﬁ&ﬁ%-w%sy 30Example

9. Identificat_lqn of target proteins and cleavage sites therein Prot%f'cgs,}
targetebbfertivieavedieTmacisit Al oM TRER BB BIP TR 15 ABU0RTG T the
gg@g@émgeﬁgggqminB/ed in pathology; 2) there is strong evidence
the protein is the critical point of intervention for tre%tmga%ggepa%gpvq%og}{a ,%)r
proteofPficde iR JETFRE BrotRRTSVRR WS merease £ Y
HOOHERIARIREIAI BRODAZA 7& 9 tikelftdeBtrayyits function. Cleavage
sites wjthin tagget proteins are identifi ) fallowing criteria: 1) they
are located ﬁ&%g%gg%jggéq%ﬁlﬁ%tg%? ﬁwlgxﬁtr%%i@?) they are located in
regionshthatiaiy deloicspicbetndbeycbtroenin ofahedibrunts epeared fo the

Delic ?fi ,Sggcg?&?m%g; by atomic structure or structure prediction

algorithms; these regions tend to be 5loops on the surfafgg of proteins or

stalks B el Eintare esepttr $2037 tHaUPAYE FOCRREER S RISE S AHY tikaRr o
deingcivals s pietaip varsgporisdmewisnction. Cleavage

Sequences can be four residues in length to match the extended substrate
specificity of many serine proteases, but can be longer or shorter. Tumor
.Necrosis Factor And Tumor Necrosis3actor Receptor 10Tumor necrosis
factor (TNF) is a pro-inflammatory cytokine that is primarily produced by
rrionocytes, macrophages, and lymphocytes. TNF initiates signal
transduction by interacting with either of two surface bound receptors, the

p55 tumor necrosis factor receptor (TNF-R1) and the p75 tumor necrosis
facrctor receantar (TNE-R?2Y TNE nlavve a rentral nart in the nathonhyvecinlaoy



activity both in vitro and in vivo, and are believed to act as natural
inhibitors to attenuate TN? signaling. VEGFR. Vascular endothelial growth
factor (VEGF) is an endothelial cell-specific mitogen 25normally produced
during embryogenesis and adult life. VEGF is a significant mediator of

anglogenesi in,a,4a19,01 ATl and paksslopisabamebssessinlusiige
tumor development. Tumor vascularization is a vital process for the
or prggressigeret a tumor to a stage from which it can metastasize. Three

high affinity cognate receptors to VEGF have been identified:

R oy GRB AL 130 i DEE G MR Asesedlbach
30surface ':Q&%BF(BE% of af fD Binqp g A,/ ERER:3E ¢

fosine inases that function as signalip lecules,,
metifiagyasditardevetopfnkhir EGER m@ﬁ@ﬁéﬁé@fvﬁgﬁﬂ%m&m‘%% '
2004/031733PCT/US2003/031719  The ErbB family of receptor

tyrosine Ichases comprise four members: EGE - B{Hels2)ach
ErbB8& (Her!3y éﬁ&‘@ﬁéﬂlﬁﬁgﬁlﬁ)mﬁ "gfév %%s&%é?%@r%r%g peRoRsae

developmentand iparticifiaté irothedinetioAdrorroimg ke, Ebs 7 & %
@eifl%’rﬁ Rgrficylady EGFR,andErbB2 are commonly deregulated in
ertain’ o

ain“prevalent forms of human cancer. Dysregulation of ErbB siii aling
occurs by various mechanisms, including gene amplification, mutations

that iRcrease, LecapIOstFANSSriation whEsUtationsithaidire e dsahrecdptafional

activity. Activation of the ErbB re or ugh iheindingafith@utagenesis.
EF%WR‘YO?%‘? ﬁﬁ‘ﬁ‘ﬁ ur%%%gl){%ei%ﬁc%nstream signaling through

the mitogen-activated protein thase (MAPK) and the AlcUphosphoinositide
3-kingse (P13:kinagg) Rathwayss Wiimately leadingitotbelkpriiifératiorse is

10differentiation, and angiogenesis. Potential.Prateolytic. Cleavage: Sikesxa:
seesrsofiare é@%@é@ﬁésﬁ@ﬂﬁ%?&efﬁﬁsﬂ §§1gﬁ§gg“§%§;,§ aTe Shown

JRelauin Tablacked 5cable Tulioavage sbyuermses fsisaidcld disBasE™
elated proteins TagRLClsayRge seaenee Beaion adicaton il BABAL:
BB Rifelifiatoid arthritis, Crohn's disease, Inflammatory bowel diseasg, i
cRBeriasis BNF-REENVK GTETPStalR SRk Pr01ee5e :

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); tryptase beta 1 (TPSB1); kallikrein hK5 (KLKS5); Corin;
kallikrein 12 (KLK12); DESC1 protease; tryptase gamma 1 (TPSG1); kallikrein hK14
(KLK14); hyaluropan-binding serine protease; Transmembrane protease Serine 4
(TMPRSS4); tryptase delta (IPSD1); Marapsin; Tryptase homologae 2; Tryptase
homologue 3; Tryptase chromosome 21; Transmembrane protease serine 3 (TMPRSS3;
kallikrein hK15; Mername-AA031 Peptidase; membrane-type mosaic serine protease;
Memame-AA038 Peptidase; Mermane-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; enteropeptida‘.se
chymotrypsin C; prostasin; kallikrein 1; kallikrein hKZ; kallikrein 3; mesolrypsin;
complement factor I complement compenent activated Clr; complement component

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

56



TNF-R2 S PTR VSTR STSF stalk stalk stalk HER-2 KFPD AEQR stalk
stalk Breast cancer EGFR KYAD NGPK stalk stalk Lung, breast, bladder,

prostate, colorectal, kidney, head & neck cancer VEGFR-1 S SAY GTSD
stalk stalk VEGFR-2 AQEK RIDY stalk loop

lectin-associated serine protease 1 (MASPI1) complement factor I; pancreatic
endopeptidase E form B(B) pancreatic elaste Il form B; coagulation factor XIla;
coagulation factor Xla; coagulation factor IXa; coagulation factor VIla; protein C
(activated); acrosin; hepsin; hepatocyte orowth factor activator; mannan-binding lectin-
associated serine protease 2; neurosin; neurotrypsin; tryptase beta 2 (I); tryptase beta 2(2;
neuropsin; kallikrein (hX10); epitheliasin (TMPRSS2); protease; brain serine proteinase 2;
chymopasin; kallikrein 11; anionic trypsin (I1); LOC144757 peptidase; mername-AA16Y
peptidase; mername-AA171 peptidase; mername-AA174 peptidase; mername-AAL7S
peptidase; stratum corneum chymotryptic enzyme; trypsin-like enzyme, respiratory;
matriptase; kallikrein hK13; kallikrein hK©9; mername-AA035 peptidase; umbilical vein
proteinase; LCLP proteinase; spinesin; mername-AA178 peptidase; memame-AALS0

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

9. The method of any of claims 1-4, wherein the disease or pathology 1s
selected from- among rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency
syndrome, respiratory tract infections, influenza, cardiovascular discase asthma,
neurodegenerative disease, ischemic and reperfusion cell death, degenerative disorders and

acute ischemic mjury.

16 The method of any of claims -4, wherein the target protein is selected
from among a cell surface molecule that ransmits an extraceilular signal for cell
proliferation, a cytokine, a cytokine receptor, and a signaling protein that regulates

apoptosis.

11.  The method of any of claims 1-4, wherein the target protein is selected from
among caspase-3, tumor Necrosis factor (TNF), tumor necrosis factor receptor (TNFR),
interleukin-1 (IL-1), interleukiﬁ—l receptor (IL-1R), interleukin-2 (I1.-2), interleukin-2
receptor (IL-2R), interleukin-4 (11.-4), interleukin-4 receptor (IL-4R), interleukin-5 (IL-5),
interleukin-5 receptor (IL-5R), interfeukin-12 (IL.-12), interleukin-12 receptor (IL.-12R),
interlenkin-13 (IL-13), interleukin-13 receptor (IL-13R), CCR5, CXCR4, glycoprotein 120
(gp120), glycoprotein 41 (gp41), CD4, hemagglutinin, respiratory syncytium virus (RSV)
fusion protein, B7, CD28, immunoglobulin E (IgE), immunoglobulin E receptor (IgER}),
CD2, CD3, CD40, vascular endothelial growth factor
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20Example 11. Cleavage Profile of Granzyme 13 199A/N2,18A Mutant
WO 2004/031733PC17E152003/031719 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

(v%l'@#% ]f%x%ébgir@%%&mﬁ ﬁ@t@h&ﬁ@@,ﬂ@@iéﬁf&@@ﬁgity?mlﬁ thisp @@ggéngszzzﬁng
Cleavage getween the as t i a ’ 2,
eroushdiioely OF -Gt PATRG AR EeRnegURsIaRaR ANt 2

5 a crystallographic model of caspase-3
pdecusing ap.thadngativatidinseaddhicitiat iefebvatP i TOSRINIT AT PAse

granzyme B at resid 265 (SEQ.ID NQ:2)« Fhe specificity of the

6, ﬁﬁ?&?@&gﬁﬁ%ﬁ%é@%%%v%ﬁrp ?F\?Qure'SA with varying residues at the ...
P2, P2 and Py pastiony madsiges lidradspis SR RErRHEE T THe form
P4{P3-P2-Asp- 10 AMC were assayed with wild-type and N218A1199A

apﬁpa%%‘?/‘me B and the substrate specificity at each posii:tionsi% A%Ioatgggj by
amindacid. mmm%awdimb%@é% KHGEAIMES Gréeater
prefergnce fop phemyalaningat the Benmsitercovee peokie indfe specificity
Wild_—typ'e_-. Also, the mutant accommodates, large I big amineacids

ofiedudint frRengiatahin 8‘%&6?% naé?gf1 %Lele%;ﬂl p’o%ii%%?%ﬁere the

1 itid-type generally accommodates only isoleucine and 15valine.  Figure
4 shows the cleavage of the NHZ-FSEDAT-GOOH (SEQHDNG: LB a
caspase-3 irré\’&i%at[%ﬁ %%‘an e%ilc;%fiﬁaslc’]e%’p of residues 26092%% of

reasRaserhdyMARDIanass(dfEttdmetry. The inactivation sequence was
incubaged wi 1191%@?'\4 ﬁwg%gva?c@gﬂﬂ;ymefmér%wrﬂsmwzwa\(fﬁr 18

hours. The fir‘sfepane shows the molecular weight of t%f

s g T re0d iheary 20{%6 ;['\Ifgtl %lcc:)rga%ed
Showpris idipeakaepreenttig it eolre SfHSRsIREr Wagt'1er the

gy B The peak. g (enlosos he
corre@mbi@@ﬂlﬁﬁﬁéiﬁ‘ﬁ?fﬁroﬁ?e%ﬁtd%%\}gg Cg ﬁ%ﬁ?g?s\%%ﬂmﬁeﬁﬁ%gwild-type
SUANREDR R 09RsANM eleavtuthe peptidedihe thirdspereidshows the

results for the peptide wjth the N218A/199 ANt Sra0ZYE B dhe
peak SHEE EHERAFTS T SLBRI S g%d\%gge%p%r%%uct at 38.0&?%

FenIesEOtinged cleavagechraduotiaitireaibieropiEthesi RS IEBsBR TG fRPared
cleaved tide. The mutant icienthy-gleaves the peptide.

“P:TB%FE% %%%%v%e?ﬁem?g%ﬁt%%fé%%%%aaﬁﬁﬁfﬁ?gactions run on an ,
SDS-PAGE gék fiktles! ot aived c”eﬁffﬁﬁﬁ%%ﬁ%’ii?ﬁ%fé?f%ﬁ p.M

.of caspase- ' I the opresencepdciiicianand oy,

' gﬁ%V ?XA%&%/%%&%%%E? gﬁ%ne 3: gran me}ﬁB)j‘c 199Ag.N2 A G GE
reactid$ was teeripResOby #a éd‘ﬂh?(’iﬁ"?)?%‘]%g damp éeg]l%erfgt%en. i
heated 4o 95 f,.aRdHsN@RA Gicingrgel-Thehfirstldrershoisodspaseciicity of
alone. The second WO 200%(%31733P0Cél'/8§2959 031719 lane, shows

reepes Gt PRI PE T Zy e B third 1ane shows cas-pase-3 with
the mutant granzyme B. The mutant is able to cleave the small subunit of
easpase-3. 199A/N218A granzyme 13 cleaved and inactivated full
length caspase-3. Purified caspase-3 (2 KM) was incubated with no
protease, 100 nM of wildtype granzyrne B, or 1 KM 5199A1N218A
granzyme B for 18 hours in granzyme B activity buffer. 10 p1. of each
reaction was diluted in 90 L 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. 199A1N218A granzyme
B inactivated caspase-3 to a very low level of activity. Wild-type granzyme
13 inactivated caspase-3 more than control, but did not have the effect
that the 10 mutant has on easpase-3 activity. This is also shown in Figure
68, where Vmax of caspase-3 activity is shown derived from the data
represented in Figure GA, Vroax in the presence of the mutant granzyme
B is approximately zero, wherein the witd-type only halves the Vmax
relative to control. The mutant granzyme B was also effective in inhibiting
caspase-3 activity and 15apoptosis in cell lysates containing caspase-3. In
Figure 7A, indicated amounts of 199AJN218A granzyme B was added to

cell lysates and incubated for 18 hours. Caspase-3 activity was then
accavved by addina a firinrocenice cirithetrate (Ac-DEN/D-ANMC) tn a2 final



which activates caspase-3 by cleaving at the activation sequence, with or
without the indicated amount of 199A1N218A 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 199A1N218A granzyme B. 100 nM of wild- 30type
granzyrne B.wasrdedeehlo sethextracisinlall samplesn@ithrof\wigiget Proten
increasing concentrations of 199A/N218A gran indi dfaroet
ORI HE P BE NS SR SRR TR g e 78 the Crﬁla(t%rﬁ g%%}z%)r%] g %ég%%%gfg zed
pr@?@i@gﬁﬁlk@fm\tﬂdt:yp&gbgnzyma‘fﬁmﬁﬂdi@@@&B}(ﬂﬁfﬁ@%ﬁ‘}' Pgtating
caspase-3. Figure.78 shows a gt i raction of caspase-3 WO
2004/0%1733 @%ﬂh@%b%%‘i%‘i%%g%%gﬁh varying concentrations of
mutant granzyme B in the presence of 100 nM wild-. type granzyme B.
With increasing concentrations of mutant granzyme B, the caspase-3
activity decreased below the level it was in the presence of wild-type
granzyme B alone. EQUIVALENTS 5Although particular embodiments
have been disclosed herein in detail, this has been done by way 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 in the art
with knowledge of the embodiments described herein. Other aspects,
advantages, and modifications considered to be within the scope of the
following claims. CLAIMS: A method producing candidate
therapeutics that inactivate an activity of a target protein that is associated
with or that causes a disease or pathology, wherein: inactivation of an
activity of the target protein can ameliorate a disease or pathology;
cleavage of a substrate sequence in the target protein inactivates the

activity of the target protein; and the method comprises: (a) producing
a library of proteases, wherein each member of the library comprises a
mutation or mutations in a wild-type scaffold protease; (b) contacting

members of the library with a composition containing the target protein or
with a polypeptide comprising a substrate sequence that is present in the
target protein; (c) measuring a cleavage activity and/or substrate
specificity of members of the library for the target protein or substrate
sequence in the target protein; (d) based on the measured activity
and/or specificity, identifying those members of the library that have an
increased cleavage activity and/or specificity for the substrate sequence
or the target protein; and (e) testing the identified protease(s) for
cleavage and inactivation of an activity of the target protein that contains
the substrate sequence, thereby identifying a modified protease(s) that
inactivates an activity of the target protein that is involved with or causes a
disease or pathology, whereby the identified protease(s) are candidate
therapeutics for treatment of the disease or pathology. 2. The method of
claim 1, wherein in step (d): the activity and/or specificity of each
member of the library is compared to the average activity of the library;
and the identified proteases are those that have increased cleavage
activity and/or specificity compared to the average activity of the library. 3.
The method of claim I, wherein in step (d): the activity and/or
specificity of each member of the library is compared to the wild-type
scaffold protease; and the identified proteases are those that have an
increased cleavage activity and/or specificity compared to the wild-type
scaffold protease. S7a



4. The method of any of claims 1-3, wherein the modified protease is a se
le or cysteine protease 5. The method of any of claims 1-4, wherein the
number of mutations of each member of the library in a scaffold protease
is selected from among 1,1-5, 5-10 and 10-20. 6. The method of any of
claims 1-4, wherein the number of mutations of each member of the
'ibfarafbmiﬁ%aa:f;ekqmr@ee@s@pis selected frontcamgngMBEIN UG TE; o,
10, 11, 12, 13, 14,15,16, 17, 18,.19.and ol dd {8y active
widatinsht & HY S HAMAIHS At dﬁ@éﬁ&fﬁﬁetﬁgjﬁ?ggﬁﬂ%gﬁfal sﬁfﬁfuture
pere’éR@ seatioldpreteasgquthat contributed to the substrate selectivity are

targeted for mutagenesis.. . 8. d of apyefclaimskudedulzérein

the ségffold 13?8{3%@8350 i‘g@%}%g ’f?gﬁgg}gng trypsin;.chymotrypsin;

fLssrostitising thiembingelaismint FastiroetittRTESE PISSHTiABGen activator
(uPA&;ltissu |a%nj&@g@aEglqiygt&rcqgﬁﬁ\)g(]mmhﬁmeetmisfeldrm;otease is an
protease-1 ( gP-l); elastase; chymase;neutrophil elasta§0§é£@sma

askatikreinicestepsin @ MOHHTRMSHITH AR SRS Proteases: ADAMTS3:;
neutrgh endopentidase/eniilysianpapain; whezsinthedthepsin ¢ PratAzpaitee
V; cathepsin K; cathepsin S; cathepsin F; cathepsin B; furM; granzyme A;

digpimyAypreyB; granzyme M; human-type testisin (PRSS21); tryptase beta 1
(TPSBY); kallikraiarhBofisLiKE) cGonin] Rallifwire 1 ahARIREDY THESES pubsirate
protease; tryptase gamma }ﬂ gel?{SGl); kallikrein hK14 (KLK14);

S VU bTco vy Selintelin) §8ﬁerlllécpro€egée; Transmembrane protease Serine 4
(TMPRSS4)Tiryptase deltenFE SBIT)s MArap&im e Tl hmsagte 2> P
Tryptase homologue 3:. M0seNe Ads theansgaepmbicane

S?JF’(%{)%Cg%%iE%trfﬁsec %%ﬁé%{g?ﬁi%ﬁﬁ%%qh K15; Mername-AAQ31 ..o four
Peptiddse; nidmbnahedyfams 24icesriit Brott 8 Mehame-AAD3E

all;’}?r%tiagcq&%é ﬁ\d&{g@@pﬁ@@@& Feetidase; Cationic trypsin (PRSS1);
mannan-binding lectin-associated Serine protease-3; Myeloblastin
PRTNS3; tryptase alpha; granzyme K; granzyme H; chymotrypsin B;
pancreatic endopeptidase E; enteropeptidase chymotrypsin C; prostasin;
kallikrein 1; kallikrein 111(2; kallilumin 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 | (IVIASP1):
complement factor I; pancreatic endopeptidase E form B(B); pancreatic
elaste Il form B; coagulation factor Xlla; coagulation factor Xla;
coagulation factor 1Xa; coagulation factor Vila; protein C (activated);
acrosin; hepsin; hepatocyte growth factor activator; mannan-binding
lectinassociated serine protease 2; neurosin; neurotrypsin; tryptase beta 2
(D; tryptase beta 2(2); neuropsin; kallikrein (111(10); epitheliasin
(TMPRSS2); protease; brain serine proteinase 2; chymopasin; kallilcrein
11; anionic trypsin (Il); LOC144757 peptidase; mername-AA169
peptidase; memame-AAl171 peptidase; memame-AA174 peptidase;
memame-AA175 peptidase; stratum comeum chymotryptic enzyme;
trypsin-like enzyme, respiratory; matriptase; kallilcrein 111(13; kallikrein
WO; memame-AA035 peptidase; umbilical vein proteinase; LCLP
proteinase; spinesin; mername-AAIl78 peptidase; memame-AA180
peptidase; mername-AA182 peptidase and mername-AAI22 peptidase.

9. The method of any of claims 1-4, wherein the disease or pathology is
selected from among rheumatoid arthritis, sepsis, cancer, acquired
immunodeficiency syndrome, respiratory tract infections, influenza,
cardiovascular disease asthma, neurodegenerative disease, ischemic and
reperfusion cell death, degenerative disorders and acute ischemic injury.
10. The method of any of claims 1-4, wherein the target protein is selected
from among a cell surface molecule that transmits an extracellular signal
for cell proliferation, a cytokine, a cytoKifie receptor, and a signaling
protein that regulates apoptosis. 11. The method of any of claims
1-4, wherein the target protein is selected from among caspase-3, tumor
necrosis factor (TNF), tumor necrosis factor receptor (TNER), interleukin-1
(IL-1), interleukin-1 receptor (IL-1R), interleukin-2 (LL-2), interleukin-2

racantor (11 2R\ interlearikin-A4 (1l -4\ interlairikin-A4 recantor (11 -AR)\



measuring the fluorescence in the sample; and observing whether
the sample undergoes a detectable change in fluorescence, wherein the
detectable change is an indication of the presence of an enzymatically
active protease for the substrate sequence. 20.The method of claim 19,
wherein the fluorescence is measured using a fluorometer, by visual
inspection, or by using a fluorescence microscope. 2 | .The method of
claim 19 or claim 20, wherein the modified protease is an aspartic
protease, a cysteine protease, a metalloprotease, or a serine protease
22. The method of any of claims*2&T#efein the library is a protease
phage display library. 23. The method of any of claims 1-22, wherein the

NATBRLRIPISIN-ANUDSNAIR SRAYSPRR LOMPIISER PHlIQ0RIIE WRIEN: 2ferEp

The method of any of claims 1-23, wherein the substrate sequence 1S pre-
selected so that its cleavage in $he‘egetisrotein inactivates the target
protein. 25. The method of claim 24, wherein the substrate sequence

O O AN RATINE AND SCREENNE PR SR AT Eate

T A\ S B I P WU o BT s daBEL e

vaiErBE SpRstimiciiifor theRlrgetitlolelalas asey tlemyereginTho seghimpubstrate

stnuention fuitheraistlaseshbagthodsiof usingdhese proteases to treat
diseases in which the target proteins arc involved with. Cleaving certain
target proteins at certain substrate sequences with a protease is a method
for treating pathologies. FIGURE |

FIGURE |
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