WD 2004/ 031733 PCT/ US20031 031719 METHODS OF GENERATI NG AND SCREENI NG FOR
PROTEASES W TH ALTERED SPECI FI CI TY BACKGROUND OF THE | NVENTI ON 5 Enzynes
are used within a wide range of applications. An inportant group of enzynes
i s the proyeas@msi7hi ch cl eave proteins. Many proteasespE¢ayRosaiget
proteins specifically at defined substrate sequences. This tendency for
specific cleavage by proteases is referred to as substrate, or substrate
sequence, specificity. Substrate specificities associated wth different
menbers of the diverse famlies of proteolytic enzynes can be attributed, in
10 part, to different sets of amno acids within the bindi ng domain t hat

are utilized NsEPACDS OFPENERA ”rm@m%imtmp EAbpg! al ysis.
A rational approach to engl 3%3 tsf’ﬁ éﬁ? .?gs been succes for
several proteases. A conserv am n resi | yci ne 166), !nown from
crystal l ographic data to resi de within the binding cleft, of subtilisin was
changed to one of several different am no acid residues. The resulting
enzyme 15 derivatives showed dramati c changes in specificity toward
substrates with increasing hydrophobicity and amino acid size (Wlls, et
al., Cold Spring Harb. Synp. Quant. Biol., (1987) 52: 647-52.). Another
bacterially encoded serine BAGKGROUNDIQF THE ENVENTION ease, has al so been

rational ly altered by changing nethionine 192 to an al anine. The resulting
nut ationsw t hi n - gRanae ble\iSedSiittin Q%d%%g@@i%ﬂﬁcaﬁ&&e% Eendﬁ@g&%uﬂ&cr eased
structural flexibil'ity 20 of the enzyne actfive site. e resulting a-lytic
prot ease deroupandsstheproteasepvichalcats proteingt Mamsprateases elpavy targsharotrdns| ar ger ,
mor e hydr ophgbiifcalifhidRfised sEQRSte sCluettls.  THR ALY 18 dp¥eifid Navagd ByDroteases

: 10388-98) . WO 2004/ 031733 PCT/ US2003/ 031719 Thé serine proteases are an
ext ensi vel y iSTetiaied & saphstytesw sybstrale saquensel SprRoicityaSubstrate peeificities assqsiatedy  hei r
so-cal | ed cajifd M&ér@utfnfehfb@rs of &R dfYeRe faldilies W prbieBlyRc &@ifinkycaflbe BttiButed!in

pr ot ei ns the re IOI’]S of conserved prinary, secondar and_terti ary structure

tend to Pncirggeo nr‘»@éﬁ(ﬁ&@maﬁ\%wgaﬂ}e&w%dserta}n«@atsqrm@yd%%acw| as

ot her resi dl&ﬁyﬂé‘ﬁﬁﬂ? ﬁﬂ%uﬁs&atafécbg»fﬁﬁdﬂ anEéHtalﬁlse)@?-ﬁﬁblﬁl aﬁﬂ&ﬁcﬂﬁi’éﬂ@:ﬁ&rﬁﬁ the
catalytic triad are far apart in structures (am ng acjd

sequence) of U PRRIMSH B%séa%ve%lcccﬂlq?rﬁe%e@q?@éaﬁaeé cqpservst s Ec &esigie hi n bond
form ng di St(glryelﬁel , knb@n EiBitckytalloghphitCdath't6 rdside whtBindhdgihdingéleft,dese proteins.
Serine prote di fg"rﬂ r kedl |ns strate seg @ger COﬂItIOI’]
properties: m‘ﬁa}sé gg‘ﬁ%}m%ﬁéf grenfaming AEd Fesidnes, Jhe rSYfRE SPEYRS n bl ood
coagu:c atlis?n cﬁﬂﬁhtivb@shbmmema& chaxipps ﬁrﬁp@tﬁc&ymf&submr&mamenmkmg partially
specific (i

chynot rypsi H)Ymaf‘@%‘iyﬁa%]n??‘feg ‘%ﬁ@&lliéie %Fﬁrcpide%é#fggy no@@ﬁtsgml ar e

(1987) 52: 647-52.). Another bacterially encoded serine endopeptidase, a-lytic protease, has

also been rationally altered by changing methionine 192 to an alanine. The resulting
mutation within the active site of the enzyme appears to have increased structural flexibility

20  ofthe enzyme active site. The resulting a-lytic protease derivative has a broader substrate
specificity towards larger, more hydrophobic targets (Bone, et al., Biochemistry, 1991, (43)
:10388-98).



conpl etely non-specific. Despite these differences in specificity, the
catal yti c mechanismof serine proteases is well conserved, consisting of a
substrate sequence-binding site that correctly positions the scissile

pepti de i nwhhgomsiisye site with five hydrogen-bonds. Oyqddi6ospizreptide is
bound, a hydrogen bond network between the three invariant residues of the

catalytic triad catalyzes the hydrolysis of the peptide bond. This |arge
fam |y of proteases can be broadly divergent in their sequence

specificities desl\ﬁnte being highly conserved in their nechani sm of
catal ysis. 20 SUNRReringmprofreases|appAaNFiemivehhdudinddamily of related eadopentidasds,awn t o t he

generation aaﬂxa%ﬁﬁé‘e%fﬂ?(he res&?&tcﬁﬁﬁﬁéulaﬁ%&? I §&VW191§IP%§15§§ ok} to be

i nvol ved in di sease tant “protein be ‘use gents for in
vi vo t her apyproteins, thewpgions efrronssrvgd priary, semdmmi mwmuﬂnemdut@mcbde

prot eases toth@késﬁmestml&edqﬁ'matamb@m g%s%ﬁusaﬁ&rés%% |nﬁ%f¢o Byt o L N

nodi fi ed proteases cl eave t ar get otein which is |n d W th or causes
a pat hol dgy. cxamplenthe mebens ﬁﬁﬂi@ lewdrféaii 3¢ & ppagtrin theprimarystinétizssl(apinstasidlse is a

seri ne_Prot egafencl)br 8k BRieaSANRH B sidlbs kb Brob i RINIAR bordd YortuifiP Al ihlc8

protease is a cysteine protease. One enbodi men the i nvention I nvolves
gener ating aby thesfiayy grchraforfoldingedthepemreteing0 to be used to screen for

modi fied proteasegihdifbteades aifer ﬁmﬁw InGHbstrate S&herRE %@gg%&{]prgpe%@ & he

substrate sequence. In one aspect of” this enbodi nent
library is aarepighlyesnesificas the proteases fnvalved inthlgod geagwiation anditke immtae t o each

menber ofg t hébﬂ;héiﬁ&i Yysteft); %o%ﬁ@a%%%’ﬁﬁi&ﬁ??peg’ﬂ (zléséﬁ%dn%hl&& edilyOt €ase

scaffold has the sang or simlar ‘sequence protease. In one
enbodi nent, PIgtedses EypsinAng CP@IMGEM h@cysheé% B&%bul!w,ahmtﬁ@} PrelepsSAPrent of the

i nvention, tginSpletst§ abi- ﬂJteﬁbSD@spﬁyﬁlE&'cﬁ‘Eerﬂ{céﬁlﬁéfe%rﬁ ?%e@aﬁﬁ)ﬁé‘%clﬁﬁfsﬁl\ﬂft y of
each nenber of ‘the librar nmeasur ed u5|n t he desired substrate sequence

from the desPsiBgPlokassls moe#eﬁved,/s@nsashpggtﬂ% statep%teé%?slégdlwflﬁthahe hi ghest

cl eavage act pofiebity pdsftidnd @6 siddild ﬁbph&eem@sﬁbﬁmltwhﬁm@m@%ﬂu&m@ ©€0fdelhe
detected, In angther aspect of this enbodi menf, the nunber_ of rrut ations nade

to the pHot R e@@&%# qur%gea-boad nstyork petwoen the thyee dpvariant residyes of e 5 6, 7,
8, 9 or 10), caﬂytﬂc(ln&ﬂcamyzgs m&ﬁydral}sls dfdhe peptide blaf}d e lars@ fardily of%&tea&e% o 20).

10 I n anot her aspect, of this enbodi ment,, the known protease scaffold can

i ncl ude the bebrsly %E(‘f?f&ené Byheinteguegpe iPP?ﬁ%‘F?f' degpify H‘EW bigidly qonseryprbimithefts 1y

t hronbi n, pl aeelafismlBEdalysis<a, uroki nase type plasm nogen activator (uPA),
ti ssue plasm nogen activator (tPA), nmenbrane type serine protease-1
(MISP-1), granzyne A, granzyme B, granzyme M el astase, chynase,

20 SUMMARY OF THE INVENTION

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

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

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

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

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

protease scaffold with a number of mutations made to each member of the library. A
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papai n, neutrophil elastase, plasma kallikrein, urokinase type plasm nogen
activator, 15 conplenent factor serine proteases, ADAMIS13, neural
endopepti dase/ neprilysin, furin, or cruzain. In another aspect of this
enbodi mentwobhResspet protein is involved with a pat hgd@a@kaoozfoginnexanpl e,
the target protein causes the pathology. The pathol ogy can be e.g.,
rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency syndrone,
respiratory tract infections, 20 influenza, cardiovascul ar di sease, or
asthma. In another aspect of this enbodinent, the activity of the detected
prot ease i s Aeteasespatipld has the sanpecos a similar seguepee toadnpwn protegse. IHOW- f ol d over t he

aver age act ieyjbbdineht, thikecaftdid ﬁraxé?ﬁrérisg&a%. 18 Ahtstir @ﬁ%diﬁénttohﬁt;ne i VURIdh (RS
(0]

i nvol ves generating a library substrate sequences to be used to screen a
nodi fi ed pr oeadteldis B gyseingprotegsed Ehexleavageiativity b each memborpfdhedibvarrtis(s) t he

nodi fied prohRane shpaNedesithbdblesejueitle!om M &esBIBRESRtin! ASakdsEary are

made up of random zed anmino aci d sequences, and the cl eavage activity of
each menPer Rsfteasesweth the highest eloavagecachyitytvathgesardtothadesired subsiats sequence aequences
which are clRpweg nost efficiently by the protease are detected. In another

aspect of this enpbodinent, the substrate sequence in a library is 4, 5, 6,
7, 30 8, 9, 10, Imapothenaspecy of thiy empodimqn, the pumbeyofygutations madetg themprgtepsaci ds

long. In an%&l‘ﬁﬂdﬁﬁ?@@%e@fz, §,hlj&5?@@%@@}8;7,%,@0&9}2% [RIE3eMIeNae, i35 a part

of a target protein. This target protein can be involved in a pathol ogy.
For exanpl e, 4 ke18:digkh 1HPA%i n is one which a causes a pathology. In

anot her jgspect Ofn {ditier RPRLEF MR RMbodifbs, RSk IWnQEtedss scaffi@cALBANE e 33
PCT/ US2003/ 031719, rheumatoid arthritis, sepsis, cancer, a ired

. ( acqu
i munodef i ci#@Hegacid ssavesrrof '%%i°P>a%lmsi{1’rsa'amiswﬁr@mneﬂgﬁmmﬁﬁaFta@ﬁaza,
car di ovasculaskishis$ §p8 flasiihogas hétiBtor (WP AR HBdud PlasBmBEstac@atdr (tPA), AiEhdeingENt , the

efficiency of cleavage of the detected  ,substrate sequence is increased by
at |east 10-%Rs sgrineroteased{(MIGE-lp.grapzyms Aggranzyme B, grapgyme Ml slagipeey chymagen o
average act ipapdiy, neiitrdpBR elatiNe Afl¥smaliallikRin, doRinkie typd FReslindRunlactivalt, | nvention

I ncludes _a nethod for treating a | havi a pat hol ogy. . The net hod
ol vedSadr PP SR ot S5 A RS SRAVALS)? gieuial P peRroRsp SR, HiipefF gt
protein i nvaddrivam. Wi th the pat hol ogy, so that cleaving the protein treats the
pat hol ogy. I n one aspect of IS odi .nen he, pat hol.ogy .can he. rheunat oi d
arthritis, sepsi &2 “E?B?ﬁt,@#t,%‘sg g@%‘&»ﬁﬁfﬂﬁ?ﬁﬂ%ﬁ‘df@ﬁ%‘ﬁi‘vﬁm logy,

respiratory fof éanplenthe tkdeoprdtein dafidesitha pathologa 'The patasiogy can belk.gohdmmateid ast hna.
| n anot her a%ﬁﬁﬁt of.this enbodémant ttlf1e r ot ease can
| rf IR

pr ot ease. b FEPPISSHPOTRBWE Brmrode A fne’trﬁﬁpératﬁg'otfa?ﬁ ii%‘r’ti?ggt ease is
a cystaone ipfwhessadiovascularalisesse, magai. of thi s enbodi nent, the target
protein causes t El?another aspect of this embodiment, the activity of the detected protease is increased
by at least 10-fold, 100-fold, or 1000-fold over the average activity of the library.
Another embodiment of the invention, involves generating a library of substrate
sequences to be used to screen a modified protease in order to detect which substrate
25  sequence(s) the modified protease cleaves most efficiently. The members of the library are
made up of randomized amino acid sequences, and the cleavage activity of each member of
the library by the protease is measured. Substrate sequences which are cleaved most
efficiently by the protease are detected.
In another aspect of this embodiment, the substrate sequence in a library is 4, 5, 6, 7,
30 8,9,10,11,11,12,13, 14,15, 16, 17, 18, 19 or 20 amino acids long.
In another aspect of this embodiment, the substrate sequence is a pért of a target
protein. This target protein can be involved in a pathology. For example, the target protein is

one which a causes a pathology. In another aspect of this embodiment, this pathology is

3



pat hol ogy. 15 The patient having a pathol ogy, e.g. the patient treated by
the nmethods of this invention can be a mammal, or nore particularly, a
human. I n anot her aspect of the enbodi nent the target protein can be tunor

necrosi s f\gehefsos17eymor necrosis factor receptor, intergdqu<26u3b31719
interleukin-1 receptor, interleukin-2, interleukin-2 receptor,

i nterl eukin-4, interleukn-4 receptor, interleukin-5, interleukin-5 20
receptor, interleukin-12, interleukin-12 receptor, interleukin-13,

i nterl eukin-13 receptor, p- selectin, p-selectin glycoprotein |igand,
Subst ance P, thewaateid gelitisniensis, cpusey, acqpised imymupodeficiensy, sieAyprae, aespimtery tract

i MUNOG! 0bUl jufecBoris SRR, carfioRSioultr {idde, @aytRARY Ot €i N 120, gl ycoprotein 41,
CD4, henmgl uti nin, resplrator syncytiumyvirus fusion protein, B7, CD28,

CD2, CD3, CD4, CDBeuotyssasnsetal Aigentathe gHisinney 9fsdoawaee offbesteteciade pt or |

i brobl ast 2 ubStrad¥eQudnadis Micreaiddy abmedst 80-follf, Qwédat m%mr or dE st ORERIver TG
receptor transformng gromh.  factor, Heft, CCR1, CXCR3, CCR2,. Src, Akt,

Bel - BER AH?awﬁﬂﬁé§E@H°§9ﬁﬂﬁ§§k ki nase- 3, cyclin dependent | dnase- 2
(cdk 2), or..cyclim ye@RemseRbolinRAS fie vtk itluded nERSd L BEHNE & Batldaf | ned, al |

t echni cal and SC|ent|f|c terms used herein have the sane meani ng_as
comonl y undB#véesdathelpgsn Ehegnethodinyplyey adipinisteringtorthepaieat apgotease @ht olggyes

i nvention 39t£%kﬁa&§xm%wéa%amgﬁtﬁm§§ 5O tfht aeavafgltﬁéﬁro&hmda@%eq;atheﬂgy val ent
e

to those descr d herein can be used 1n the practlce or testing of the

present inventi orfdoBgA%ess PEhitEmbedimentfhe patholosy sprbeshenmarid aririisciepds ow. Al |
publ | cat (NS canbi] @QkireABhiaHeF oy s, oopilisly Rid1AiTiBILLANSRE  TENti oned

herein are incorporated by referenc the|r entiret t he case _of

conflict, thedio %%dwﬁﬁs’lorswm&ssm@ﬁwe éé&m’ 9@@&%? @ROF on,

i ncl udi ng deh sdiink profsse. %hﬁoﬂfeeahba&menwfta@lﬂbéﬂneﬂ,tm& hRdified prloteadeSs a Met hods,
' i.nt ended t.0 be I|n1t|ng

AN TGRS (R M TR e R s N L
fol | ow ng dpitedlogd descri pt i on and claims. 5 BRI EF DESCRI PTI ON OF THE
RSV SRR A SN LR I R I S
Figure 2 is mvdltﬁgbaméarxﬁmnﬁ{alrayn&é paticalarlg o pday. showi ng t he structure of
capase 3 10 O R o A SRS S SN B A0 200
i nactivati onummqua:ms& fadtdrarec@ptot, ligtertoakiy+TpintefI&HKa)-1 BcbfiidbrRinterPuldn2ze 3A shows a
series of baEnteqfelallp 5 rgcrégt\c/)\% %erieﬁ%nﬁu ? lﬁcm-4 re@ Ir],c fngerlg '1(1)-t5, 1¥1¥Ierlléjuiﬂtnyﬂo €
20  receptor, interleukin-12, interleukin-12 receptor, interleukin-13, interleukin-13 receptor, p-
selectin, p-selectin glycoprotein ligand, Substance P, the Bradykinins, PSGL, factor IX,
immunoglobulin E, immunoglobulin E receptor, CCRS5, CXCR4, glycoprotein 120,
glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus fusion protein, B7, CD28,
CD2, CD3, CD4, CD40, vascular endothelial growth factdr, VEGF receptor, fibroblast
25  growth factor, endothelial growth factor, EGF receptor, TGF receptor, transforming growth
factor, Her2, CCR1, CXCR3, CCR2, Src, Akt, Bcl-2, BCR-ADbI, glucagon synthase kinase-3,
cyclin dependent kinase-2 (cdk-2), or cyclin dependent kinase-4 (cdk-4).

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention
30  belongs. Altﬁough methods and materials similar or equivalent to those described herein can

be used in the practice or testing of the present invention, suitable methods and materials are

described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In the case of conflict, the
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granzynme B versus the substrate specificity of 199A/ N219A granzyne B at P2,
P3 and P4. 15 Figure 3B shows a table containing kinetic data derived from
the graphs in Figure 3A. Figure 4 shows a series of graphs from MALDI nass
spect r onet ptide corresponding to the inacti cein
caspase-3 fvﬁzt%r‘\‘é@grggsence of wild-type and 199A/ N219Avlggrf£ﬁ§z}§)/(r§'r@g%%Fl gure 5
depicts a SDS PAGE gel showi ng bands for cleavage products of caspase-3 20
smal | subunit by wild-type and | 99A/ N219A granzyme B. Figure 6A shows a
graph plotting caspase-3 activity over tinme in the presence of wld- type

granzyne B apresepippreifigation inghudingydefinitions yil) gentrob Hngfdivien, shetsaaterigtsappihediow ng

the Vmax OfaﬂdQﬁmﬁﬂééaYé ﬁmsﬁav&aﬁp&a%r&d&t&lﬁ%m@ﬁﬁ%g of wild-type and
| 99A/ N219A granzyne B. Figure 7A shows a bar ge pl 6tting apoptosis in
3P

cell lysates as @b@éﬂaéeeswydz@vaefasqgaé‘@cmmopwli arepicdiom te Ellowingf

| 99A/ N218A 0§t BEcibtiohafd/é1BméB shows a bar graph plotting apoptosis in
cell lysates as neasured by caspase-3 activity in the presence of wldtype
and incr@asing concentrations of |99A/ N218A granzyme B. DETAI LED DESCRI PTI ON
OF THE I NVENTION Prior to setting forth the invention in detail, certain

terms used herein will bepraEFTDESCRIBIICNOEEHARDRAWENGS Vvari ant " denot es
any of two or nore alternative forms of a gene occupyi ng the sane

chronmbsomal | ocus.. gell Ec a(r)l SEs ne%geu(rﬁa o&JgQ nmut ati on, 5 WO
2004/ 031733 PCT/ CEBB0LFGSTAIRH 8t the'shulo pcid oy °ﬁse‘;nz‘oet 7 3PEE By nor phi sm
w thin populamiammgth&maomdaﬁqumSoﬁaspakneB(SEQ@rNOﬂho change in the encoded

polypeptlde) or eRt 1 des vin Ite no..aci d_sequence.
The term"alleli E:I:a%/1 rllasr?t ag?"m%?né‘ %e‘éfs‘%? ﬁyfqmwg’éno%e a perotgf:asf’aﬁsegencoded
by an al10el i focusingcaribe maicuaatgaarse;ueﬁ:emeveﬂbﬂﬁ%mnﬁh@mzyme Bf alpng withiec | eot | de
nol ecul es” d glg 'PQH 0, ;25 base
sequence and&r veriléog&ﬂnl en B Eﬁgeqéwnce%{;%{%eg 6nn5%?l?ef1§ersl£ce seq e%ce For
exanpl e, the(SEéle@ﬁ),S' ATGCACGGG 3' is conplenmentary to 5' CCCGTGCAT_ 3.
The term " degenergy g, UG GRS %‘?es%?ﬂﬂ fs sh ghl?ﬁ.m@su%t% g%ﬁ{, EH‘@;&‘O“ des

that 10 includes ohe or nore egener codon as conpar erence
pol ynucl eot i grenzymledceksys thelsehstratn spedifisitynofI9A/NSIRA gtex)zynD@gaé ﬁé.rPétaed Bédons

contain f(i.‘l_f fe?irgﬁ%&ﬁ sﬁ&vgJ e93nteﬁ %Eﬂéﬂc‘%ﬁﬂe@é froﬁﬂ:ﬁ? Aamno acid

resi due tr| s each enco ' Construct” is a
single or double Fsmﬁdws aIWmafth(ﬂOmcMAbmwwﬁe@Wfamdeconpr| ses

segrent s of Dbk Al AACvhU BRRAS balpde TRME prodiibe SOHRMhybuaRat ure. 15

DNA constructs exist as a resu unan nani pul ation, ficl ude cl ones
and ot her colf94N219A granzyme B.

Figure 5 depicts a SDS PAGE gel showing bands for cleavage products of caspase-3
20  small subunit by wild-type and I99A/N219A granzyme B.

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

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

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

wildtype and increasing concentrations of I99A/N218A granzyme B.
DETAILED DESCRIPTION OF THE INVENTION

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

occupying the same chromosomal locus. Allelic variation arises naturally through mutation,

5



of mani pul ated nol ecul es. A "DNA segnent” is a portion of a |arger DNA

nol ecul e having specified attributes. For exanple, a DNA segnent encoding a
speci fied pol ypeptide is a portion of a | onger DNA nol ecul e, such as a

pl asm d orwglgswsfhsf ragnment, that, when read fromthe Se@bdddRsie 20

di rection, encodes the sequence of am no acids of the specified polypeptide.
The term "expression vector" denotes a DNA construct that conprises a
segnent encodi ng a polypeptide of interest operably linked to additional
segnents that provide for its transcription in a host cell. Such additional
segnment s nayatdiedyuekaltin phepetipic pelpmerphisth withivpopddigus des mlaatbnsmybept i onal | y

|l ude one 18 haed i inolack GRlcpal) g{hﬁgoﬁﬁgﬁﬁ#%d%qﬁéﬁﬁﬁﬁpr essi on

vectors ar ealg@neméquyenﬁerTheeemf 'laBeliciyheant!i islaler used herein BNIgnote praggin cont ai n

el ements of hotlay } %gﬁ !efr‘f' when applied to a pol ynucl eoti de

nol ecul e, denotes hat pol'ynucl eoti de has been renoved fromits natural
genetic ilieu aﬁlale‘tgmt"mrspkfm@és prommﬁdeemk@he'b@w@$m0@d codi ng
sequences, | [

engi neer ed gir%g]telellﬁﬁﬂgro %g{@c}%ﬁtﬁegﬁg &ld\g% ate eég?d&gxare t hose

t hat are sepesfesgnselseqpengen It%examnlmﬂwequemq\ﬂ AMGGGQrﬁﬂmcnmplqmntww and
genomi ¢ cl onggrgagoMdid, as synthetic pol ynucl eoti des. |solated DNA

mol ecul es of the present invention may include naturally occurring 5 and
3' untransl at ed rihgitesms'deggadrate guglgotidexeayencel denotesayequanagrof nuciietides that

i dentifi At | BB1uRes B 81019211? ﬁ GE%QﬁFWﬁ%?g J‘%ﬁt&fc S wie%&qmﬁ%gieons

will be evident to one I nar exa

and Tij an, hﬁl@t@@@iepqlmm) 1©weratvmnwptamecbfftrent@@ttsmfequnleotme buter m
"isolated" iRdadhit Gmmetabfdto Jcmegmt(ﬁé remaﬁwﬁe Jﬁbt@eaﬁﬁ’&%&é% yOot her than

Its native environnent, such fal’t romb and aninmal tissue. In a

preferred form th&DNAGpastrag" | ﬁra@tne er9r ﬂ@bwssqdaﬁtlmsﬁnoymsmtar BN Agpoleguite

proteins, paph &utpﬁgésxe@tehe rofpmtcehﬂaﬁle&&dqmttﬁ%ed% a Hiafiner hét fhihdf fingE " €d tO
provi de the rotein in ]Iﬂgtpurlfledfor I..e., at |east 90% pure,
P

pr ef er ably &t@ﬁsq“ﬁta ﬁmefa% W@aﬁp@f%mdyn%atws 3 gfherappies ur e.
The term "Opefxﬁmlﬁhla{téd'ikﬁgculesmen referring to DNA segnents, denotes that the
segnent s are arranglsd so that th el% funiqu on_i.n concert for their intended

pur poses, NAfegRenptis HPPTioR of p Jarges ONA malecy] ?'eﬁmgépecaﬁ?&aﬁwa'éeeds

t hrough the F&cuxﬁtﬁpls Q@Nﬂ%egh&nid%@odﬂg&@ﬁbdiﬁéd%lypéﬂﬂﬁe isaIpdttionlof ARngg DNJeNoOt s a
pol ypepti de or rote| n ob al one speci %‘8 he_functi onal
UL erpart BB SR Hs APaBSE PSR Gt 8r Fea o e hAtied  Sequance
9| fferenmes ampgl,eﬁdoheﬂtﬁmq@hee dfamidoasidb bf thé spe¢ified milypeptidel5 The term

pol ynucl eoti de Qermesexp?"esglolrll 9ec?or" genotgso il1J B}\IS c%}lsltrggtqgaq cgnqtl)r}/sggg segxl:nent

encoding a polypeptide of interest operably linked to additional segments that provide for its

nan

transcription in a host cell. Such additional segments may include promoter and terminator
sequences, and may optionally include one or more origins of replication, one or more

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

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

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

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

6



deoxyri bonucl eoti de or ribonucl eotide bases read fromthe 5 to the 3' end.
Pol ynucl eoti des include RNA and DNA, and nay be isolated from natural
sources, synthesized in vitro, or prepared froma conbination of natural
and synt hefpGodmspss! €s. The length of a pol ynucl eoti depdiphEgdslosi7ie 9i ven
herein in terns of nucl eotides (abbreviated "nt") or base 20 pairs
(abbreviated "bp"). The term "nucl eotides" is used for both single- and
doubl e-stranded nol ecul es where the context permts. Wen the termis
applied to doubl e-stranded nolecules it is used to denote overall |ength
and wi |l be ofrseocistedaetions wikbeeyidenttioone oftcpdindreskilbinthe ftises fopexampte, 1t wi | |

be recogni ze fisdukd A8.7740 ”Wlfﬂieﬁ ; t St " ndoubl e-
st randed pol Bﬁﬁ%‘la;elg? ?%é may %lgf7?£7§’???§ht y ?érl*&;ﬁ’gatﬁreag%&h ?%g]? l%’)(ﬁaetgdends
t her eof may indica®s thattheproten infound inagohditienf othen thanits native envirenment, sudhes al |
nucl eoti des W tJH 'aﬁﬁ:ﬁ'Hi’&E]éj et | . pot  be
paired. SuchW’;ua#p’%‘ltflﬂlrl(’?al?i((;ti(:a)&rilll s wlil, |'ﬁgag%gérrép?&4r?bﬁg éasg%tgggl&%isglfﬂg%u%ngt h.
The t er m3' pr frapefmther proteinsaparticulady pihorpretfing ofipoineal oxigin.alt is preferBilAe progidences
that provid . BicTall A Lt At i %
transcripti oﬁl.efplgﬁ%ﬁrr%fa e@gggﬁ@giagfgor@% "%?%X%gmﬁﬁe%}g%ﬁtgb%e?{eg%%{ P¥8und in
the 5' non- cogreargefeably grestenthagy@iesure. A " protease” is an enzyne that cleaves
pept i de bonds 1 n Qi Bferatfly i, SASErofoRi DRGL sephiuud bRl aV b Y | naCt | ve
me that co n

formof the enzy beconmes activated upon cleavage by anot her

prot ease. 7 WRURWSArCEZIRES sehay ion Bricpneprt fantheix intepded putposes.vgy  si gnal
sequenceyy degodeidn HilSGHHS drd13hd FHOEREERY & YOAERY laglﬁm(t%diéecretory
peptide") that, g‘z’é 3 conponen?ﬁgl% aqf‘aﬁrger poloy eptiyde, s Irects the larger

pol ypept i de toRnivalgh a secretory pat hway of a cell in which it is
synt hesi zed. The Tﬂe@é&efonﬂﬁby'l%ﬁﬁtéﬁepoly%e%ﬁﬁmbﬁém%ﬁﬁ:\ééﬁoanmé %?Xﬁhit'?se

secretory peptide during transit 5 throu the secretory pathway. The term
"substrate s@qé@}eéeml eruatstnag ofa plypreHdeor Prgin from a differant $pseiesy Segiepest ed f or

cl eavage by giffeat3am®ng JritR1dgs @ ihelraduft®F spebitdddl " denotes a protein that is
specifically cleaved at its suhstrate sequence by a protease. 10 The terns

"S1- 54" Fefer to Thedermegphpcleotide” dengiesasingle- orfopblanieandedpolymeg o§ ypst r at e

sequence bi n_dédi?ﬁm&lﬂé‘&tide SHEB6nid 16t BAAEY 1851 FR0IHE Blth #el3Yerkd! POl infdRofidg0OgNI ti ON
site N termnal to the site of proteolysis- the scissile bond. The terns "P
| - P4" and " pcludpRNA gnd DINA, apd sgwbe iselpted fram npfural sourses, snthegizeddn Wraefed t hat
speci fi cal | ypiepired f6ih a\Wbhbintioa oBhatsidl 4n@ SrheaS mbRewlsh. ahekagthbfa P4 general |y

R et e pelgmgfeotdmelpeuly 8 BEeICyerein i terms of suclontads (abbreviai s or base
20  pairs (abbreviated "bp"). The term "nucleotides” is used for both single- and double-stranded
molecules where the context permits. When the term is applied to double-stranded molecules
it is used to denote overall length and will be understood to be equivalent to the term "base
pairs". It will be recognized by those skilled in the art that the two strands of a double-
stranded polynucleotide may differ slightly in length and that the ends thereof may be
25  staggered as a result of enzymatic cleavage; thus all nucleotides within a double-stranded
polynucleotide molecule may not be paired. Such unpaired ends will, in general, not exceed
20 nt in length.
The term "promoter" denotes a portion of a gene containing DNA sequences that
provide for the binding of RNA polymerase and initiation of transcription. Promotér
30  sequences are commonly, but not always, found in the 5' non-coding regions of genes.
A "protease" is an enzyme that cleaves peptide bonds in proteins. A "protease
precursor” is a relatively inactive form of the enzyme that commonly becomes activated upon

cleavage by another protease.



whereas P I'-P4' are the positions to the C-termnal side of the cl eavage
site. (See Figure 2). The term"scaffold" refer to an existing protease to
whi ch various nutations are nade. Generally, these nutations change the
speci fi ci tyoagshdpisvity of the scaffold. An "isol at ed"p@fyshisiosiHsd”

pol ypeptide or protein or biologically-active portion 20 thereof is
substantially free of cellular material or other contam nating proteins from
the cell or tissue source fromwhich the protease protein is derived, or
substantially free from chem cal precursors or other chem cals when

chemical | y synt hd®p tesm "sepretory signglisegeence sigpaiesaPNA sequenioedlat erfcodesa| ul ar

material" i dEiRicRE GRAERLY fth! 42 CSS EonRitYr & iAdSer | Ligd s rotein
I's separat e(rlk%:‘l#om ggl %ﬁa@c‘%ﬂn%dg?e%s of the cce_bFFs_ %ﬁgWP%dﬁcgsgeol sol ated
or 25 reconblaerrolxpeptidsdhroush a speretorypathivey of aeH in whigk itfissygthesiped Thebst anti al | y
free of celliyodf polyiRptiieiidlomniddfy diEISS BEGRRE leiseistoR pepRuBARERLP! € NS

havi ng | ess tf%gllr’]poa@g%t e?I,O‘J?c)(byﬁjdry wei ght) ofS noﬁl?gfﬁ ease protlei ns (al so
referred5t o theough the seprefory psthvativi nating protein"), nore preferably |less than
about 20% of non-mRL AGRSHsEtOleBiddSe” dahdtds eRﬁaQ's"s@@cl?ﬂ' i lign about
10% of non- prot ease protelsns, 2'?163 nost praeS rea(f)ly Fe S tl !'}r'\ a c?u?&S% of

non- pr ot eas ecl@yaggrbytadiretease.\\hen t he prot ease protein or biol ogically-active
portion thereof igetd &&F%g'* Al Ve AWeRn thal is bibciicsl )

substantially freeeo{ﬁcu ufr%g rregfum . e., {claFg%ﬁre, og{agrﬁggérué%ugﬁfts | ess
t han about 2®%genpbya prpiedser ably | ess than about 10% and nost preferably

| ess thajy about 53 plont A8 YOI LER, e rbdiicPAlRaSRe Mathae hp BeSRRAE! ON. 8 WO
2004/ 031733 PCT/ us2.00_350317155 The elrarllgaagetp?_sﬁ%eétant?dgl p eI O cheni cal
precursors ofeqemprebindingpacket] dhey asepuhsred sequertially fromdheyecognidipr sittdN-pr ot ei ns i n

whi ch the pr@bghd] wb fhe SRAF PRIl BELGRRMDGA! Precursors or other chenicals
that are involved in the sg‘g’t Hesis of the protein. In one enbodi nent, the

| anguage " subst arfe irmg “RI-R4S apd “RIAEA cefer to thecesiduss in agreptiderie be depved thatl s

i ncl udes pr egREALINY Ateract With X 19058siMle® Fh @b NE VP 1184 @SRl baiprRb@rt 30% (by
dry weight) of chem cal precursors or non-g}rot ease, chemcal s, nore

pref er abldy | @bstratassguensss JH-PAgus the pesitions omthe Neferaninal sige of theyeleaypgnsitts e

chem cal's, SihdrbasPP!-Pa’RESHEPRIoHs foFRSC-lenBRBRRYE the QI ta38 BieC e BigRfUySOr s OF
non- prot ease chemnicals, anddrmst preferably | ess than about 5% chem cal

precursors or nome Bt c Frdsrtean existingpretsase to which yarjons witations afednade-aun t o

et hods for GefReNip! théd ntidfioss dhiRye tRGpsVifitite afesctiliy oftheRNold.ar get proteins at
a given substrate seguence. teases are prot gradi ng enzynes that

Prot e .ei n-de
recogni ze an ami HQP"é%ﬂl"d“'dSPr'a’Hng‘?ﬁ ROWYBRPHEe A pEEin gF Holo@sirmclvafortiitn a t ar get
Er gt e: n.20 Up&ere?ﬁgagm ﬁt'iaglfﬂfr@é oﬁo@?ql&liﬁh%érfd B agéras_utﬁ:ﬁw &t tmgpﬁm@t Sﬁ’ﬁ;tﬁé\&e%ﬂ yﬁe t he
yarolysis or cCleavage,_oO a. eptl de ona w In a targe roteln. uc
hydrol ysis off e SPUFeem wibich dieprotease Ptz i5 gertvadsiof ?ubifsnt&élpsgfﬁﬁfrwg on the
| ocation of gRpfidalisredtvddel odiothBi dheinltals whed enidally yatheéitddl Thengidagsequence of

"substantially free of cellular material" includes preparations of protease proteins in which

the protein is separated from cellular components of the cells from which it is isolated or

25  recombinantly-produced. In one embodiment, the language "substantially free of cellular
material" includes preparations of protease proteins having less than about 30% (by dry
weight) of non-protease proteins (also referred to herein as a "contaminating protein"), more
preferably less than about 20% of non-protease pro'teins, still more preferably less than about
10% of non-protease proteins, and most preferably less than about 5% of non-protease

30  proteins. When the protease protein or biologically-active portion thereof is
recombinantly-produced, it is also preferably substantially free of culture medium, i.e.,
culture medium represents less than about 20%, more preferably less than about 10%, and

most preferably less than about 5% of the volume of the protease protein preparation.
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the target sequence. The specificity of proteases can be altered through
protein engineering. |If a protease is engineered to recognize a substrate
sequence within a target protein or proteins that would (i) alter the
function iw?-z @ﬁﬂ,ﬁ@d i vation of the targetprotein(s) s26@fosd7ysi s of
pepti de bon ﬁy rolysis and, (ii.) the target protein(s) are recogni zed or
20 unrecogni zed as points of nolecular intervention for a particul ar di sease
or diseases, then the engineered protease has a therapeutic effect via a
prot eol ysi s-nedi ated inactivation event. In particular, proteases can be
engi neered to cl &avangege substantiplly frecfi cheimi¢al precuasosnerothen cheminal” inclptieski ne

bi ndi ng dommgy : | ' Al or . |

recept or s 1 o OBk ate bSO &P plodich etk ool Rl et e
from the gl otnether cheovalsiikat are invopsd prthe syothesisief thegrptein. Imongrembeditvenk rent , t he
target prot efaﬁguta A . 1.8 oH .t L QO cl eavi ng
the target pro e&ngg?s%&%tlgl\q{% N ogfj eglt‘fcrq{al%4 g&?\ggsdgﬂ%ee%é@@es a‘sﬂm}ie\e?%ég?%gt for

t he pat fol oefiprotease prateing lrivang leesithan abons 3piedbyedry aveight af ehemicappreduasiors arnvol ved
wi th rheumat gi d oLt beidnd IE“QEI ?egpﬁ’& b SlB t he TNF
receptor bet V\élgﬁ tie tra}{?\%sr’rl\%}.ﬁga anea@gmal n aarll)gn&t %’g&cgli?%ﬁfr?\ée |(r3?§i ng domai n.
Thi s cl eavageondueiedsp ghemicaly, atill mere prefesgblitless timabeni tl 0Yo¢hemic# precimsors ps t her eby
treated by ipnilRikisdOhdniReid Rkt fefelaifas k 504/ R0 Vo

2004/ 031733 PCH U206 %317% Tﬁgéﬁﬁag@as‘égﬁg%g@b?? ofil slé’%mis:%%‘gts as
activat ed presneireiease chemiienlss| eavage can attenuate the bl ood coagul ation
cascade.p5epsi s e LRELERY ﬁ%%ﬂmﬂxm%%mﬁ b idd8credfild rotein
C. The protease cl ggvesn.cef‘ft{?sur ace nol ecul ggaltﬁg?g ar ecfr espéoﬂr?]éslfﬁasetgfor

t unor i geni ci ¢lgave tasgehproteinitel hgivernwbsiyglesaqrense. Brotragss arepspteindagrpling enzymesvage of
cel | surfacempRb&ehlEm MmAho adid@GhiaioGcidRskat® Bddubick whtRin'a"t#B& Phdtein.

extracel lul ar. signals, especially cell proliferation signals.” Wthout these
si gnal s, can¥Ren Eeagpision of the, sUbsFAtR e qysPes, PIotspses eatalyzedhshygrolusisor eleavagrof a

i nvention cpukige §dA@ Wit s Rarghi§rotsindSuch hidrERis 66HE Bfget ;%ratem@;yhﬁarcﬁaé@gct of
t hi s enbodi nent, ,thistge: otease could cleave any tar agé%ﬁ)rotel n that is

responsi Bl e fependingondhs legation pf pepidediond within the rgntgxtiof lepeth segpencaof nvol ved
in cell cyclge &&&egeﬁﬁ&tcaméd#ﬂ&imﬁw%@c&m@ afiddtd thiongPhrotehenPinsdr@pn t O
cle tq go

allow the cell cycl orward. Wthout the progression of the cell
cycl e, cancelf2pmifase is GRgiREcrrgo repPeize £ Sibsirate seapece FiRiB 2 ATBL P @ases of the

i nvention Coﬁbﬂinbﬁlatlﬁ&ﬂd 19 altérQRd fuficliof €&, by ifdcdAR G theRediroEings) §ont he
| nvention, t

e prot easge eaves_ nenbragne. fusi on roteins found on human
i munodef i ci SARIFSAf pERiide ﬁﬂ"\?)ah,yﬁﬁ%ﬁi@‘i\?’b)r@e ?ﬁ?&?‘ﬂegﬁ(sﬂeﬁ&‘?g@@é\?ﬁ 15 or
i nfl uenzz, | idtedojzhikddths pbiasef molethslar itbriveritiol fdra phitibelar diseadelod disdabdsex thé hese

Terbrane brOLel s s LNESS Nl L HSes oW, noL 0 ARl Ll S asSS LeRe m

particular, proteases can be engineered to cleave receptors between their transmembrane and
cytokine binding domains. The stalk regions which function to tether protein receptors to the

surface of a cell or loop regions are thereby disconnected from the globular domains in a
25  polypeptide chain.

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

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

30  For example, the protease cleaves the TNF receptor between the transmembrane domain and
the cytokine binding domain. This cleavage can inactivate the receptor. Rheumatoid arthritis
is thereby treated by inhibiting the action of tumor necrosis factor (TNF).



or prevent infection by H'V, RSVm or influenza. In another enbodi nent of the
I nvention, the protease cleaves the sane target protein as plasm nogen
activator. By cleaving the target of plasm nogen activator, the thrombolytic
20 cascadewpSoaiikidsted. I n the case of a stroke or heggdpahb@mpsigaused by a
bl ood clot, the protease can be used as a treatnent for cardiovascul ar

di sease. | n another enbodi nent of the invention, the protease cleaves
cytokines or receptors that are involved in inflammtion as a treatnent for
ast hma or ot her pathol ogies associated wth inflammation. By cleaving the
cyt oki ne or recepkh§Proteass@deayesthesame taragts aspgtivated pratein fe This clepypgardnng cascade
i nvol ved W t RudiRdiy 5oRBL g%%g A dnBE y be used
to treat |nflannat?%gﬁg%d rgagﬁgg&%ﬁfho o&?gfﬁbfﬁagﬁgﬁﬁgf ennod'ﬁgnt of the
i nvention, tPdioppbrretsind.c| eaves signaling nol ecules that are involved in
various signal Caﬁﬁ%ﬁﬁ&seél%le%h@&féc@ﬁmﬁbtﬂ&%dt@ﬂr%%&%@fo&&&ﬁ@éﬁ%e for the

regul ati on of apoptosis. exa e protease cleaves a caspaSe. This

caspase can BEventiog %FP‘E%@&’(%%“ ggmh@leamge@f@ﬁ%ceanw&m i nvol ved in
a signal casgagfatelis B S328snbiPkiradd UPhSlifeftifPdiLRL € the
signal cascade. 10 WD 2004/031733 PCT/USZ 3/ 03 719 In sone exanples, the
engi neer ed pMothewdkese denalsscagp gelisolien eanpet peplifergie. Thecprotggsg ef thpingentions | n

Tabl e 1, thec&iymbrRRed, by el Ewﬁéah&n@&tln\éh&uer%pewmﬁg &hdinent AR pptQis£ase can
be used to treat a pathol ogy associated with that protein, by 'inactivating

one of the t&oWbeleaye Wetmgt Pr%&mmt s aeyRynsiple fortheepreadio ermesro Slepios  tagast o 1
Target | gl CafotedindtedGrbén @hl@%ﬁ)grekéwﬁohfd it fitd e @iﬁ?s ke Eroltéﬂl blalibw 1R

Ast hma, | nf | ammat i on, Cyt oki ne euretlc disorders |L 3R Ast hma

Cyt oki ne | Lthfzilmcmzs? fomtiardy Bdthew thegregsissien of thy tellicysle camsr oelp coptd 18t hnm

Cyt okl ne  TNpolifdie. Attiefefore, GiebteBebif HRABRNLdRYIBKIDE sedth Medt Bin&t | ON,

| nf | ammati on, psor|a1£ %heunat id, arthritis CCR5/CXCR4 H V Infectlon GPCR
er embodiment of the invention, the protease cleaves membrane fusion

proteins found on human immunodeficiency virus (HIV), Respiratory Syncytial Virus (RSV),

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

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

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

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

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

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

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

be used to inactivate or modulate the signal cascade.
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gpl 20/ gp4l HN Infection Fusion protein CD4 HV Infection Receptor

Hentagl utinln I nfluenza Infection Fusion protein RSV fusion protein RSV

I nfection Fusion protein B7/CD28 GreftV-host disorder, Receptor rheunatoid
arthritis,woboamsphsant rejection, diabetes nellitus | g@ﬁ,@gﬁﬁﬁgﬁﬁbv - host

dl sorder, Receptor transplant rejection CD2, CD3, CD4, CD4

G env- hostdi sorder, Receptor transplant rejection, psor|a5|s, I L-2/1L-2R
Aut ol mmune di sorders, Cytokine graft-v.-host disorder, rheumatoid arthritis
VEGF, FGF, EGF, TGF Cancer Cytokine Her2/ neu Cancer Receptor CCR

Ml t ] pl esol emal s IGRDR ex@}OIRY th engingsiresl pateasoisidssignet tnrlevoiny dERERagedt st | | s

CCR2 At her 0s h i's

G nase Akt g faeld £ UAFRY it i e ) et ot TGP by EPRAEE

| Ghase GSK— Stotieatincathology assedated with thatqaidtein, banpctvating eresd thettarges posteinss e
scaffolds are also any of the proteins disclosed belowin Table 2. Table 2
Code Marne Cene Link Locus 501.030 granzynme B, &ZMs 3002 14ql1.2

human-type 501. 011 testisin PRSS21 10942 16pl13.3 501.015 tryptase beta 1
TPSB1 7177 16pl3.3 ‘

11



(Hono sapiens) (I111)

S01. 017 kal l'i krein hKS KLKS 25818 19¢13. 3- 13.4

801. 019 corin 10699 4p13-V1i2 12 WD 2004/031733 PCT/ US20031031719 801. 020
kal l'i krein 12 KLK12 43849 19813.3 13.4 SO01.021 DESCl protease 28983 4 13.3

501. 028 t rypleaR;gasmMa
43847 19813.3- 13.4 501.033 h
protease (HG- activator-1like
11923. 3 protease,

yal ur onan-

TPSGL 25823 16pl 3.3 1 501. 029 kaddideo@onidl4 1U4KL4
HABP2 3026 | Og25.3 binding serine

protein) 501.034 transnenbrane TMPRSS4 56649

serine 4 301.054 tryptase delta TPSD1L 23430 16pl13.3 1

(Hono sa iens) 301. Qﬁﬁeﬁarapaln 83886 16 13.3 501.075 tryptase 260429

honol ogue 2 (Hono sa

501. 077 tryptase ZL-:“

I-1L-1R

IL-13/IL-13R

IL-121L-12R Immunological disorders

IL-4/1L-4R Asthma

'TNF/TNFR Asthma, Crohn's disease,
HIV infection, Inflammation,
peoriasls, rheurnatold
arthritis

CCRS5/CXCR4 HIV Infaction

gp120/gp41 HIV Infection

CD4 HIV Infection

Hemagiutinin Influenza infection

RSV fusion protein  |RSV Infection

B7/CD28 Graft-v.-host disorder,
rheumatoid arthritis,
transplant rejection, diabetes
mellitus

IgE/IgER Graft-v.-host disorder,
transplant rejection

CD2,CD3,CD4,CD40 |Graft-v.-host disorder,
|transplant rejection, psortasts,

IL-2/IL-2R Autoimmune disorders,
graft-v.-host disorder,
Frheumtold arthritis

VEGF,FGF,EGF, TGF jCancer

Her2/neu Cancer

CCR1 Multiple sclerosls

CXCR3 Multiple sclerosls, theumatold
arthitis

CCR2 Atherosclerosis, theumatoid
arthritis

Src Cancer, osteoporosis

Akt Cancer

Bel-2 Cancer

BCR-Abl Cancer

GSK-3 Diabetes

cdk-2/cdk-4 Cancer

Cytokine

Cytokine
Cytokine

GPCR

Fusion protein
Receptor
Fuslon protsin
Fuslon protein
Receptor

Receptor
Receptor

Cytokine

Cytokine
Receptor
GPCR
GPCR

GPCR

Kinase
Kinase
Protein-protsin
Kinase
Kinase

Kinase

3 (Hono sapi ens)

1

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

Table 2
Code Name Gene Link Locus
$01.010 granzyme B, GZMB 3002 l4qll.2
human-type ]
$01.011 testisin PRSS21 10942 1l6pl3.3
§01.015 tryptase beta 1 | TPSB1 7177 16pl13.3
(Homo sapiens)
(XII)
$01.017 kallikrein hKS KLKS 25818 19ql3.3-
ql3.4
S01.019 corin 10699 4p13-pl2
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501. 079 transnmenbrane TMPRSS3 64699 21822.3 protease, serine 3 501.081

kal | i krein hK15 55554 199l 3.41 (Hono sapi ens) 501. 085 Mernane- AAO31

pepti dase (deduced from EaTs by MEROPS) 501. 087 nenbrane-type 84000 11923
nosai ¢ senwg§oddfodirepse 501. 088 Mer nanme- AAO38 e ti dasecaiis2008831719

Mer nanme- AA128 peptidase (deduced from ESTS by MEROPS) 501. 127 cationic
PRSS1 5644 7835 trypsin (Hono sapiens-type) (1 (cationic)) 501.131
neutrophil ELA2 1991 19p13.3 el astase 301. 132 mannan-bi nding |ectin-
associ ated séBvNe620 Pr Ol PRAtiktesdUilz LPALKIAL NEPSI [k3erdI1SG 191dq134-11.
501. 134 nyel otla':tagiln PRTN3 5657 19p13. 3 (protejnase 3) 13q¥R42004/0B1733

PCTf US2003/ 031 : 5 MA-300112898% 1o [4g13.3
S01.028 t tase mna TPSG1 25823 16pl3.3
1
S$01.029 kallikrein hKl4 | KLK14 43847 19gl3.3-
ql3.4
501.033 hyaluronan- HABP2 3026 10g25.3

binding serine
protease (HGF
activator-like
protein)
501.034 transmembrane TMPRSS4 56649 11g23.3
protease,
serine 4
S501.054 tryptase delta | TPSD1 23430 1lepl3.3
1 (Homo
sapiens)
S01.074 marapsin 83886 16p13.3
$01.075 tryptase 260429
homologue 2
(Homo sapiens)
§01.076 tryptase
homologue 3
(Homo sapiens)
501.077 tryptase 21g
chromosome 21
(Homo sapiens)
$01.079 transmembrane TMPRSS3 64699 21g22.3
protease,
serine 3
$01.081 kallikrein hKi15 55554 19gl13.41
(Homo sapiens)
5$01.085 Mername-AA031
peptidase
(deduced from
ESTs by MEROPS)
$01.087 membrane-type 84000 11g23
mosaic serine
protease
g801.088 Mername-AAQ038
peptidase
$01.098 Mername-AA128
peptidase
(deduced from
ESTs by MEROPS)
$01.127 cationic PRSS1 5644 7935
trypsin (Homo
sapiens-type)
{1 (cationic))
$01.131 neutrophil ELA2 1991 19p13.3
elastase
801.132 mannan-binding
lectin-
associated
serine
proteasge-3
§01.133 cathepsin G CTSG 1511 14gll.2
$01.134 myeloblastin PRTN3 5657 19pl13.3
(proteinase 3)

)
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501. 139 granzymre M. &ZW 3004 19 13.3 801.140 chymase (human- CMAt 1215
14g11.2 t e) 801.143 tryptase al pha TPS1 7176 16p13.3 (1) 501. 146 granzyne
K GZMK 3003 5qgl1-gl12 501.147 granzyme H GZMH 2999 14 11.2 801.152
chynot r ypswo 25bafed 383 1504 16823.2 23.3 501. 153 pancr egidGudzbodbsbaP0 12913
el astase 501. 154 pancreatic 10136 | p36.12 endopeptidase E (A) 801.155
pancreatic 63036 12 elastase Il (Il1A) 501.156 entero a tidase PRSS7 5651
21 21 301.157 ch tryp5| n C 11330 1 501.159 prosta5| n PRSSS 5652 16 11.2

801. 160 kal | i kiggg st KERFgransid AL IO 1P amat o & Isb01 01 RaTiskIesiy K2y KLK2
3817 19913. 2- [choA®s Sapi fashzed 31 4 S0 &zMdoZ2 Kal [ | o€l N 3 KOKgpi3oA 190[L3. 3-
gl3.4 501.174smese sin| ARS8 86udB- g3 501. 1Pp®R1sonpl engntqiDz 1675) 19
factor D 301. jw%%q corppRent—act -\ 3t-ed- D1.193
conpl enent C1$°716*12p13| (G8HP vated d 5 ' pa3-
S01.146 granzyme K GZMK 3003 5gqll-ql2
S01.147 anzyme H GZMH 2999 14gll.2
$01.152 chymotrypsin B | CTRB1 1504 16g23.2-
g23.3
S01.153 pancreatic ELAL 1990 12q13
elastase
501.154 pancreatic 10136 1p36.12
endopeptidasge E
(a)
801.155 pancreatic 63036 12
' elastase II
(IIA)
501.156 enteropeptidase | PRSS7 5651 21q21
$01.157 chymotrypsin C 11330 1
$01.159 prostasin PRSSS 5652 16pll.2
S01.160 kallikrein 1 KLK1 3816 15ql13.2-
gl3.4
S01.161 kallikrein hK2 | KLK2 3817 19gql3.2-
(Homo sapiens) ql3.4
801.162 - | kallikrein 3 KLX3 354 19ql3.3-
gl3.4
501.174 mesotrypsin PRSS3 5646 Spi13
$01.191 complement DF 1675 19
factor D
$01.192 complement C1R 715 ) 12p13
component
activated Clr
£01.193 complement Cls 716 12p13
component
activated Cls
$01.194 complement c2 717 6p21.3
component 2
801.196 complement BF 629 6p21.3
factor B
501.198 mannan-binding | MASP1 5648 3g27-928
lectin-
associated
serine protease
1
S01.199 complement IF 3426 4gq24-q25
factor I
501.205 pancreatic ELA3B 23436 1p36.12
endopeptidase E
form B (B)
§01.206 pancreatic 51032 12ql13
elastase II
form B (Homo
sapiens) (IIB)
§01.211 coagulation Fl2 ' 2161 5g33-qter
factor XIIa
501.212 plasma KLKB1 3818 4g35
kallikrein
501.213 coagulation Fl11 2160 4935
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501. 194 conpl enent C2 717 6p21.3 conponent 2 801.196 conpl enent HF 629

6p2l .3 factor S 501.198 nmannan- bi ndi ng MASP1 5648 3g27-928 lectin
associated serine protease 1 S01.199 conplenent |F 3426 4q24-q25 factor |
801. 205 pawer.8alosfr3fLABB 23436 1p36.12 endopepti dase BpdgstuddosBye 501. 206
pancreatic 51032 12913 elastase Il formB (Hono as iens) (I1B) 501.211
coagul ation F12 2161 5q933-qter factor Xlila 801.212 plasm KLKB1 3818 4q35
kal I'i krein 501.213 coagulation Fit 2160 4qg:35 14 WD 20041031733
PCTJUS2003/ 031719 factoafiad- 3@t 24 coagut-at Tom FO 21582719273 2
factor | Xa 501| #i=i1e0agul|@baduiatidn 215Fs13034 T aeiser VITa [ddz.2187.2
coagul ation Fl 2159 13qdfactond®er Xa 801 . 217 thronhin F2 2147 |1 114 12

501.218 prot ei pF%&PROC 5qZBBHLAM14 | Tact i vat edf*>® 13q34
S01.216 coagulation Fl10 2159 13934
factor Xa
801.217 thrombin F2 2147 1lpll-gl2
S01.218 protein C PROC 5624 2q13-ql4
(activated)
S01.223 acrosin ACR 49 22gl3-gter
S01.224 hepsin HPN 3249 19gll-gl3.2
S01.228 hepatocyte HGFAC 3083 4plé6
growth factor
activator
S01.229 mannan-binding | MASP2 10747 1p36.3-p36.2
lectin-
associated
serine protease
2
$01.231 u-plasminogen PLAU 5328 10g24
activator
S01.232 t-plasminogen PLAT 5327 8pl2
activator
501.233 plasmin PLG 5340 6Q26
§01.236 neurosin KLK6 5653 19q13.3-
gl3.4
S01.237 neurotrypsin PRSS12 8492 4g25-q26
S01.242 tryptase beta 2 | TPSB1 7177 16pl3.3
(Homo sapiens)
(1)
S01.242 tryptase beta 2 | TPSB2 64499 1l6pl3.3
(Homo sapiens) .
(2)
S01.244 neuropsin KLK8 11202 19q13.3~
gl3.4
801.246 kallikrein hK10 | KLK10 5655 19g13.33
(Homo sapiens) '
801.247 epitheliasin TMPRSS2 7113 21g22.3
S$01.251 prostase KLK4 9622 19q13.3-
ql3.4
S01.252 brain serine 64063 16p13.3
proteinase .2
S01.256 chymopasin CTRL 1506 16g22.1
$01.257 kallikrein 11 KLK11 11012 19g13.3-
ql3.4
S01.258 anionic trypsin | PRSS2 5645 7935
(Homo sapiens)
(11)
§01.291 L0C144757 " 12ql3.13
peptidase (Homo
sapiens)
S501.292 Mername-AAl69 4gl3.1
peptidase
501.294 Mername-AAl71
peptidase
501.298 Mername-AAl74 154754 7934
peptidase
§01.299 Mername-~AAl75 8p23.1
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501. 223 acrosin ACR 49 22 13- tar 801.224 he sin HPN 3249 19g11-913.2

501. 228 hepat ocyt e HOFAC 3083 4pl6 growh factor activator 501.229
mannan- bi ndi ng MASP2 10747 1p36.3-p36.2 lectin associated serine protease
2 501. 231 Y- Rpgen PLAU 5328 10g24 activator S501.534; } nogen
PLAT 5327 ‘38?5@%?8??vat or 501.233 plasmn PLG 5340 G 26 8%%‘8}20%%’%neurosi n
KLK6 5653 19913. 3- g13.4 801. 237 neurotr sin PRSS12 8492 4q25-q26 501.242
tryptase beta 2 TP8B1 7177 16pl13.3 (Hono sapiens) (1) 501.242 tryptase

beta 2 TPSB2 64499—16pl3-3—fHoro—sapters—(2—T864244—heuopsin—KEKE 11202
P n‘_.Lvu 1 |p§lt§'dase Ll Y )\ s W W~ Ve Vo L] ||J
19813. 3- 13. 4 BRI %40 Kat|lt&KIEh ol SeegUI3—S3 1\9%35@ sapl ens)
801.247 a ithe]liasin TMPRSbworddBc21q22. 3 801. 251 prost asjennKlsK4 9622
19813. 3- 13.4 p0O1 252 hrgiepzygerine 64063 16pl 3. 3 proteinase 2 501. 256 ch
asin CTRL 1506|%882%. 1 qulyggﬂrlw likrein 11 KLRPT 11012 |P9¢13. 3-
respiratory
(Homo sapiens)
S01.302 matriptase ST14 6768 11q24-g25
S01.306 kallikrein hK13 | KLK13 26085 19919.3-
ql9.4
501.307 kallikrein hK9 KLK9 23579 19g19.3-
(human ql9.4
nuwbering)
801.308 Mername-AAQ35 164656 22g13.1
peptidase
501.309 umbelical vein 11098 11ql4.1
) proteinase )
S01.311 LCLP proteinase
(LCLP (N-
terminus))
S01.313 spinesgin TMPRSS5 80975 11g23.3
sS01.318 Mername-AAl178 1
peptidase
$01.320 Mername-AA180 11pl5.3
peptidase !
501.322 Mername-AA182 12pl2.1
peptidase
501.414 Mername-AAl122
peptidase
(deduced from
ESTs by MEROPS)

Engineering proteases.

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

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

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

10  membrane type serine protease-1 (MTSP-1), chymase, neutrophil elastase, granzyme A,
plasma kallikrein, granzyme M, complement factor serine proteases, ADAMTSI13, neural
endopeptidase/neprilysin, and furin or combinations thereof. Preferred scaffolds include
granzyme B, MTSP-1, chymase, neutrophil elastase, granzyme A, plasma kallikrein,
urokinase type plasminogen activator, granzyme M, chymotrypsin, thrombin, complement

15  factor serine proteases, ADAMTS13, neural endopeptidase/neprilysin, furin, and plasmin.
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g13. 4 501. 258 anionic trypsin PR582 5645 7935 (Hono sapiens) (I1) 501.291
LOC144757 12913.13 peptidase (Honpo sapiens) 501.292 Mernanme- AA169 49g13.1
pepti dase 501. 294 Mernane- AA171 peptidase 501.298 Mername- AA174 154754
7934 peptwoasr/n3¥3s 299 Mer nane- AAL75 8p23.1 15 WO 2004 cdaAistdid 031719
PCT/ US20031031719 peptidase 501. 300 stratum corneum KLK7 5650 19qg13. 3-
chynmotryptic g13.4 enzyne 501. 301 trypsin-like 9407 49ql3.2 enzyne,
respiratory (Hono sapiens) 501.302 matriptase ST14 6768 11g24-g25 501. 306
kal I'i krein hK13 KLK13 26085 19919. 3- 19 4 501.307 kallikrein hK9 KLK9 23579
19919. 3- ( huRERTYIRIOL Sphefwe Smerre Srssifishuinerins ricasssome fomdbeShb$413. 1 pa
tidase 601. 39&itbAPR theattive/ Sie)wHetdBS prbiedseds th cohtadt ith 5P 198 Lreidules bithe
r ot ei nase
P peptide substrate sequence. In some cases, there is little (if any) interaction between the S1-
S4 pockets of the active site, such that each pocket appears to recognize and bind the
5  corresponding residue on the peptide substrate sequence independent of the other pockets.
Thus the specificity determinants may be generally changed in one pocket without affecting
the specificity of the other pockets.
For example, a protease with low specificity for a residue at a particular binding site
or for a particular sequence is altered in its specificity by making point mutations in the
10  substrate sequence binding pocket. In some cases, the resulting mutant has a greater than 10-
fold increase in specificity at a site or for a particular sequence than does wild-type. In
another embodiment, the resulting mutant has a greater than 100-fold increase in specificity
at a site or for a particular sequence than does wild-type. In another embodiment, the
resulting mutant has an over 1000-fold increase in specificity at a site or for a particular
15  sequence than does wild-type.
Also contemplated by the invention are libraries of scaffolds with various mutations
that are generated and screened using methods known in the art and those detailed below.
Libraries are screened to ascertain the substrate sequence specificity of the members.
Libraries of scaffolds are tested for specificity by exposing the members to substrate peptide
20  sequences. The member with the mutations that allow it to cleave the substrate sequence is
identified. The library is constructed with enough variety of mutation in the scaffolds that
any substrate peptide sequence is cleaved by a member of the library. Thus, proteases

specific for any target protein can be generated.

25  The Process
1. Choosing A Scaffold
In another embodiment of the invention, scaffold proteases are chosen using the
following requirements: 1) The protease is a human or mammalian protease of known
sequence; 2) the protease can be manipulated through current molecular biology techniques;
30 3)the prot'case can be expressed heterologously at relatively high levels in a suitable host;
and 4) the protease can be purified to a chemically competent form at levels sufficient for
screening. In other embodiments of the invention, the scaffold protease to be mutated cleaves

a protein that is found extracellularly. This extracellular protein is, for example, a receptor, a
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(LCLP (N termnus)) 501.313 spinesin TMPRSS5 80975 11g23.3 501. 318
Mer nanme- AA178 1 e tidase 801. 320 Mernane- AA180 S1pl5.3 peptidase 501. 322
Mer name- AA182 12pl12.1 peptidase 801. 414 Mernane- AA122 peptidase (deduced

from ESTSyoyvoMm3e3®) ENngi neering proteases. Virtually gygoshosssdesd of a
prot ease can be re-engineered, including the enzyne substrate sequence

specificity, thernostability, pH profile, catalytic efficiency, oxidative 5
stability, and catalytic function. Existing proteases are used as scaffolds
whi ch include various nutations which change their substrate specificity.
Scaf f ol ds cafigpalipgpiotein, aes exiekinen dhe rrsidues shat. dperpuiatiens affest the aotiyiy pnd

Chynot r ypsi Ngpegifibity o tive dnilidsiot XTBLIA prdtéad M HesdrBEd Rire. Refe b Kth&le Ry PE
pl asm nogen _activator (uPA), tissue plasm nogen activator (tPA), granzyne

B, el ast ase, dimepdrnsl structysal informationfonthe proteateyis,evailable. fisg, itds prafsmed that\rsp- 1) |

chymase, neUtreRM3ikhowledtloR 812 inifikl ANGEHAE sidcifici) FIRPpré@ast| 1 iLilsd prdérié e M
conpl enent factor serine proteases, ADAMIS13, neural

endopept i Has SEPEReass Yesacve and gtalrlg in vitrg and thatknoydedes o€ masramalggular modplatopse
scaf f ol ds i ngf #égrotefdcRnZatiitabR. mﬁmkamsm?ﬁgﬁndmkﬁm thrg@tk ARl /S €,
yp!

granzyme A, plasma kallikrein, urokinase pl asm nogen "acti vat or,
granzyme M ERyate %mpm%ﬁtﬁ-&Paé%W@fﬁtﬁPef@W@eﬁﬂ%‘Mi ne proteases,
ADAMTS 13, neur al g2nd®pabdskdase/ neprilysin, furin, and plasmn. 16 WO
20041031733 PCT/ US20031031719 Determ nants of substrate sequence
specificity in sepjapehsepbediment of deinvention scree prateases withhalterqdspeeificiy alge acti ve
site, Wheye LoARMBIIVyQaREctrs-bhddd A8Endphroddh! Bach pfotdade 14 a &Rk StiEind4cidshe

pepti de substrate sequence. I.n sone cases, there is little (if anﬁ’)ﬁt ]
eac

i nteraction Hetkedhe acHye s pocket and make direst coniget with the subsirate, Thigughout

pocket appeatkynictrypsit Rty ZBe Bdtkbdak Meridfitn Betw & tRSABAMieEd BRFmEWR ON t he
pepti de substrate sequence.i ndep n%gnt, of the other, pockets. Thus the
etﬁg t ees1§ee

specificity QUPRIFHRY ST indpteractions, v epnsiderably thoongheut thei ¢ hout

affecting family. The identity of the amino acids that comprise the S1-S4 pockets of the active site
15  determines the substrate specificity of that particular pocket. Grafting the amino acids of one
serine protease to another of the same fold modifies the specificity of one to the other. For
example, a mutation at position 99 in the S2 pocket to a small amino acid confers a
preference for large hydrophobic residues in the P2 substrate position. Using this process of
selective mutagenesis, followed by substrate library screening, proteases are designed with
20  novel substrate specificities towards proteins involved with various diseases.

The serine proteases are members of the same family as chymotrypsin, in that they
share sequence and structural homology with chymotrypsin. The active site residues are
Aspl102, His 57, and Ser 195. The linear amino acid sequence can be aligned with that of
chymotrypsin and numbered according to the B sheets of chymotrypsin. Insertions and

25  deletions occur in the loops between the beta sheets, but 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 occur between the substrate and the
enzyme.

Cysteine Proteases

30 Papain-like cysteine proteases are a family of thiol dependent endo-peptidases related
by structural similarity to papain. They form a two-domain protein with the domains labeled
R and L (for right and left) and loops from both domains form a substrate recognition cleft.
They have a catalytic triad made up of the amino acids Cys 25, His 159 and Asn 175. Unlike
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the specificity of the other pockets. For exanple, a protease wth | ow
specificity for a residue at a particular binding site or for a particular
sequence is altered in its specificity by making point mutations in the 10
substrat e waahRRsHsPI ndi ng pocket. In some cases, the rsWwdhbi@sifg ant has a
greater than 10- fold increase in specificity at a site or for a particular
sequence than does wild-type. In another enbodinent, the resulting nutant
has a greater than 100-fold increase in specificity at a site or for a
particul ar sequence than does w ld-type. In another enbodi nent, the

resul ti ng nuseaine pioteases (whichenecopi2@arfdgiretedlyre a daxget peptide pased 6n cp-sheetit a site or
for a partic n I by the
nvent | on ar SRl R MHERGEREL R, ARRTo M CbVRE: n iR AN BRR bR, 0

gener at ed antbr subsendognitiong Themkio sebstratomrognition kecusyat thed amiroseiddet ai | ed
bel ow. Libragrj r I n the substrate sequence
specificity - %E&‘{O%hrfbsﬁ r%ﬁﬁ\%qn%)e%ngﬁrégﬁ%g scaffolds are tested for
specificiky by exkhesSkmpgckehie theandstrekctive andibst chatacterized of the pRicassagbstiatees. The

aonti £ cd. FRop Rt s bk ) b ol o LE R Bl Bl PhE cBR O, | °

t he scaf f ol dsumbesing): 6667, H8bE3r Hi7el(dapd 2efe Pgsqam"ﬂﬁeolays a edlesimgar thpositionenber  of

the library.

gener at ed. Zé&;&g&elgr octe@géa%és &%g@g%%&ﬁigggaw F]%%g%l%gﬁér eerr%iﬁ%l&r?fcgnt of
t he inventi oppecificifif.f ol d prot eases are chosen usi ng the follow ng
require ts: 1) N wn
equence’ 2) ¢ e Ty BERL ARl ofh B b o R B bl SR ViR

bi ol ogy t echBi¥;lepapaidoard)cruzyie) wrep@ébéuelama pranpdste diverseppsitionad segmigpus| y at
relatively higieheydtlimadiaPistit RRSCONIRE comBbidibhinyBiidll GPEASLPS, 3 D

1
purified to chem cal rm at eve} s sufficlent for  screening.

I n ot her eantHremmd gﬂq@smmmqnenommesh%ﬁw}ml lp thstoghes tree positongyt at ed

cleaves a PLRLRIIBmiBRvith SqubOHAE EXfuf SEME 8 Adskikle a&ﬁho%cﬂ%‘%’iﬁ% bt ar protein
s, for exanple, a recegtor a 17 WD 20041031733 PCT/ US2003 1719
si gnal | n¥p pr Bivessity oforl 60,000 tetspppfide sefenceSesi dues t hat, upon nutation, affect

the activity and owpfCP{ sgebiiVityastafosf ﬁmdcal%aweén e é‘fitﬂéﬁknﬂs, mmt,asgﬁﬂ&yar e
descri bed here. Preferably, there is three djinmensiagnal _ structural

i nformation PYPE ftieaely fayored aulp small aliphatis paimo gpidg, were folerated, - Mpely ofdhe t hat  t her e

be know edge s@dctilifewisThinddh the PR pbsittinSwRRSHE Bﬁrﬁéﬂdﬁt}@%mﬂs%r@{ hptgasisotive t 1S
al so preferable that 5 the protease be active and able in vitro and that

know edge of %&&4%%9@@@%&@014%{9@&%@ PP spepifigity,fop pydzepbobie esidiesiwaspl e. Al so,
prot easez ar Givide@ bétiveddthromhtic Enﬁo@&ﬂ@s&ﬁﬁ%%%ﬂﬂ@athéﬁinﬂ){wtan& Bulky f ecting

pat hol ogy, aﬁ'phatllcnaafrﬁglé Xc? slsuc% dp I’Vo Leu ?cathegsE.nOlE,S 9’; 8 a1'1'[1pr:11(r)c|d tg Xle P2 position,

selectivity at the P3 position was significantly less stringent. However, several of the

proteases showed a distinct preference for proline (cathepsin V, S, and papain), leucine
(cathepsin B), or arginine (cathepsin S, cruzain). The proteases showed broad specificity at
25  the P4 position, as no one amino acid was selected over others.
Substrate recognition profiles
To make a variant protease with an altered substrate recognition profile, the amino
acids in the three-dimensional structure that contribute to the substrate selectivity (specificity
determinants) are targeted for mutagenesis. For the serine proteases, numerous structures of
30  family members have defined the surface residues that contribute to extended substrate
specificity (Wang et al., Biochemistry 2001 Aug 28;40(34):10038-46; Hopfner et al.,
Structure Fold Des. 1999 Aug 15;7(8):989-96; Friedrich et al. J Biol Chem. 2002 Jan
18;277(3):2160-8; Waugh et al., Nat Struct Biol. 2000 Sep;7(9):762-5). Structural
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Serine Proteases. In another enbodi ment of the invention, serine proteases
with altered specificity are 10 generated by a structure-based design
approach. Each protease has a series of amno acids that line the active
site pockelyogshgdpiss direct contact with the substrate. pdhy@dsnseite t he
chymotrypsin famly, the backbone interaction between the substrate and
enzyne are conpletely conserved, but the side chain interactions vary
consi derably throughout the famly. The identity of the am no acids that
conprise the SI-S4 pockets of the active site 15 determ nes the substrate
specificity ddterinahts mw&h@wlpwteamaieﬂtsteﬂahﬁrdbiemgalbﬁ@wm l‘iﬂm@@fﬂi& arfiino a¢ié

seri ne protease 0 sa f.ol d. nodifie |th of one
to the ot hermal"—sBé %3 %M 8’6‘?% @islpﬁcl sﬁﬂ’&%et to a
smal | am no ﬁeteﬁkemlﬁa‘ienm,g arpine heidsin gle phﬁraxyi saqlgﬁcdhyﬁdampinﬁiants ofspsdlﬂhi@s in the

Fol Toved by MBnkbe 5T et el B SIS0 100 el R6TPLY 47 e RN 7, 20

novel sulsst rﬁid664$¢iﬂ(9l9f(l>z;1 1922317t D18PBIS the lcdp Betwsen CHsDiSamd Oaﬂsb M&rahd)‘MBto

di seases. ?OO(ﬁ i ne proteases are nenbers of the sanme famly as

chynot rypsi n; } hat they share sequence and structural honol ogy with
chynotrypsin. The active site residues are Aspl02, H s 57, and Ser 195. The
| i near am no acid sequence can be aligned with that of chynotrypsin and
nunbered according to the f3 sheets of chynotrypsin. Insertions and 25

del etions occur in the | oops between the beta sheets, but throughout the
structural famly, the core sheets are conserved. The serine proteases
interact with a substrate in a conserved f3 sheet manner. Up to 6 conserved
hydr ogen bonds can occur between the substrate and the enzyne. Cysteine
Prot eases 30 Papain-like cysteine proteases are a famly of thiol dependent
endo- pepti dases related by structural simlarity to papain. They forma
two-donmain protein with the donains labeled R and L (for right and left)
and | oops from both domains forma substrate recognition cleft. They have a
catalytic triad nmade up of the am no acids Cys 25, H's 159 and Asn 175.

Unli ke 18 WO 2004/031733 PCT/ 1JS2003/ 031719 serine proteases (which
recogni ze and proteolyze a target peptide based on a n-sheet confornmation
of the substrate), this famly of proteases does not have well-defined
pockets for substrate recognition. The main substrate recognition occurs at
the P2 amno acid, (conpared to the Pl residue in serine proteases). 5 The
S2 pocket is the nost selective and best characterized of the protease
substrate recognition sites. It is defined by the am no acids at the
followi ng spatial positions (papain nunbering): 66, 67, 68, 133, 157, 160
and 205. Position 205 plays a role simlar to position
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189 in the serine proteases- a residue buried at the bottom of the pocket
that determnes the specificity. 10 The substrate specificity of a nunber
of cysteine proteases (hunman cathepsin L, V, K, S, F, B, papain, and
cruzai n) WeoSoeWedi7ss ed using a conpl ete diverse positi oEhuSeREBIHY
synthetic conbinatorial library (PS-SCL). The conplete library consists of
P1, P2, P3, and P4 tetrapeptide substrates in which one position is held
fixed while the other three positions are random zed with equal nolar

m xtures of the 20 possible am no acids, giving a total 15 diversity
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\"I'I’hl'qni:ln:I Tm :il’e‘ M\:l\ Ei:[p ia Glu: Gllll }YLou His Alp Ala Gly yes 'I’monbln Leu X. Pro Arn .
ext ended [SEECT LT P [ 0T eSElal| B[ Pl 13., a.,. w €. flol Fayrrgaminoggt ds in
the pri My, SCOHYULRu k2| GCLRT T TRATS| ,mty- w5 | BOZ 1201 (the

N ' Ser Ala

catal yti ctrirad) <189; bettiween 58 5
and 64, and 99 (PI® 182#“‘32&%*‘%@5“1 y 9@#86#89&\%%@@?%@ ﬁeascys 180,
215 and 97 t @reatethar 50%) 1deﬁﬁky 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 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 o.-chymotrypsin and represent the most variable regions of this
structural family. The determinants of specificity are defined by the three-dimensional

10  structure of rat granzyme B in complex with ecotin [IEPD], a macromolecular inhibitor with
a substrate-like binding loop (Waugh er al., Nature Struct. Biol). These structural
determinants of specificity include He99, Argl92, Asn218, Tyr215, Tyrl174, Leul72, Arg226,
and Tyr 151, by chymotrypsin numbering. Interestingly, the other members of the granzyme
family of serine proteases share only two of these amino acids with granzyme B. They are

15  Tyr215and Leu 172, two residues that vary very little across the entire structural family.
This suggests that while the sequence identity of the granzymes is high, their substrate
specificities are very different.
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WD 2004/ 031733 PCTI US2003/ 031719 Table 3. The structural determ nants for
various serine and cysteine proteases and their correspondi ng substrate
specificities. Residues that Determ ne specificity aubstrate a Pee Kielty

8{ 83 82 8wohbdsdsifzztee 318 Way fOa Jla 00 6f |oop fee pSfrushadsifsiae P4 P3 P2
Pl G anrylme We Tyr ule Tyr 14 rte Mn Ile Her a Gy Bar anp no G angne B

Leu Au X Act, - AM GenryaA Ann Val Mat Pan | M Lee Are HO T M ", Gy
Yee G enrylMA a Aln Val G Aep Are urn GanrynaM Ale Bar MM Ph. 16 Lye Are
Lau Hbo a Ala Pro Pro yet O, ion u Al Lou Mt CMhepeltG Phe set Gn Tyr 13
Lye dal le Hi s a A detddninGithe rhle oCthedeapfindacids ¥ extenddd\dpeoificity, leIB]IARI92L e0 G n
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Gy Vol Asp Véntfibuteatio P2 spetificityll Abf218\knd Asghg2rto @3 speletficily, andilr1T4/t0 P42 Lye mar
Ph. HHM 6 Per_Al.

LAl t X quu h'. pWypbee Tyr  B. t Try, 22 Lye
G So b o R Baoh MR piffeadt fhe ol i Y ohpEopel vt ey 75
Any Bar ahy vesrnihed thaeffyot aftke niytatidoenlektended ypedificity. YSind2. thelPir spktificity ofip Say, Sly
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X X VAl P ol repiEactE e daorto M spétigein Tho fiBoideaRBts o Sty Bipeay i 5
Ys Hear. Vac spetificityof glarzyfie Blteveards aaspaytic acidenfbadivids bidt ivbdulbdte dpecifilityim Sl 'y Tar

Anp yen Are ,Facto e e 13 SIn Gn Tyr Ho a Mo Ale Gy ys Feetor Xe X
XAy Are Pﬁhgteee'l%dyéﬁo%ﬁgi? Gn d. Tar Hb S Anp Ale Ay yen e Ale wnn

Par Pi nkM G n 13Fdyitte FBrand Ph sublsiitdy] rhdtatidnat Tyiel 74, Xl 92 aid Asp218dd hdtm Tyr M a
Pl eenm R u ﬁg%ﬁ%nh? ﬂl?feclt_| cjég'em cit)g (SeeS lI‘Xblcl,D J&,%%lg\pv). L¥f74§ i-lll-ér asle‘sD the tllzc):rt]ivity

towards Leu at P4, but the rest of the amino acids continue to be poorly selected. R192A and

N218A both broaden the specificity at P3. Instead of a strong preference for glutamic acid,

Ala, Ser, Glu and Gln are similarly preferred in the mutant. The overall activity (kcat/Km) of

the mutant is less than 10% below the wild type activity toward an ideal wild-type substrate,

15  N-acetyl-Ile-Glu-Pro-Asp-AMC (7-amino-4-methylcoumarin) (Ac-IEPD-AMC).
A much more dramatic effect is observed at the P2 subsite (See Table 4, below). In

wild type granzyme B, the preference is broad with a slight preference for Pro residues. I99A
narrows the P2 specificity to Phe and Tyr residues. Phe is now preferred nearly 5 times over
the average activity of other amino acids at this position. Within the chymotrypsin family of

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

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

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

30  profiled using combinatorial substrate libraries: human granzyme B, tissue type plasminogen
activator, urokinase type plasminogen activator, and membrane type serine protease 1. All
but granzyme B have a preference for serine, glycine and alanine amino acids at the substrate

P2 position.
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15 N-acetyl -Be-QG u- Pro- Asp- AMC ( 7-am no- 4- net hyl coumarin) (Ac-1EPD-AMC). A
much nore dramatic effect is observed at the P2 subsite (See Table 4,
below). In wld type granzyme B, the preference is broad with a slight

pref er enc%{%%mgglgnr esi dues. 199A narrows the P2 specipcraijsbeospsizfshe and Tyr
resi dues. e is now preferred nearly 5 times over the average activity of
other amno acids at this position. Wthin the chynotrypsin famly of 20
serine proteases, nore than a dozen proteases have a small residue at this
structural site, ei t her ramr—as Tesere 1 llrfum e al ani ne or

gl ycine. Fromthis group, rissT vexbeenm pigpftted using

conbi natori al substrate l|i bpar kal | i krein and| plasm n), and
bot h show strong preferences tovvard Pbe amd Tyr{ These t}w results suggest
that any serine proteasdrigEa| U ®IT ST, asoeT| Thr, Ay or Ala at
position 99 will show thg 2f&asgne hydrophobic spgecificity|found in plasm
kal hkrein, plasm n and the 199A gramzyese B| nut arFt. The upderstandi ng of the
P2 specificity deterni nants may be expanded to ttie contrasting mutation and
substrate preference. Nearlx two dozen chynotrypsin-fold serine proteases

have an aronatic anfre Fablegs and %@Eﬁ?t?rﬁlﬁm%dsﬁf ipselected todbe gltsseddntbs have
been 30 profil egadishés afe@suilowd: S6rl 98, A@:bﬁmsawemhldsrs&msphemrm&mr anZere B,

and monbt ane. t yDE e e A7t SEE el 00 RERE A Bl TS RIIN A R, O

for serine, 59l yCyriid, beud71 @ote the oseaminn aliikertion astchmpsedis thyajoeypsi) Lipa32,t i on.

51 'Mitant ‘i‘?’i%‘f%‘l’%gffe&é’%ﬁg Jio el SR EP TR DB B RIS BT *loop
191- 182 220 WThi98;Hed9% and S¥81P0.G u Tyr 14 Arg Asn lie His 6 Gy Ser Arg No

199F Leu Tyr OKi Tylpodifle b@"sﬁm@%@te?s@seﬂ@hﬁmﬁ a&i‘ls%el&éd tb\lge NouifichIRAeds 3 TYr G u
Tyr 14 Arg Asn Ala_H s 6 é G u Tyr 14 Arg Asn Lys

Hs 6 Sty Ser Adsgerived: Wﬁ%ﬁc{eﬁﬁ thF}"im‘°"(3°]G"“‘I"9 P“dP&StNP"&C Fizedjof e W?a% segsfateser  Arg
_I|\_|0r CN;|2 1 'SI'Tr 10?:2 rX?ﬁ‘gn@oﬂsfny gt ik defde@byTthé arﬁlh@acf"dh st the ﬂl@m@.heé\iﬁleﬁﬁbnéNZ 1'?'Vr Liz

u i u
Alya Asn | |>/e Hi s °§ EaP N l_v’eﬂﬁge} %ézzggd(}ﬁ?l%yE&@@?g?ofﬁoﬁsﬁpﬂ&sﬂr? Fg Hs 6

Ay Ser Arg No similar to position 189 in the serine proteases- a residue buried at the bottom of the pockst

that determines the specificity. The other specificity determinants include the following
amino acids (numbered according to papain): 61 and 66 (P3); 19, 20, and 158 (P1).
15 '
Table 6. The structural determinants for various cysteine proteases and their

corresponding substrate specificities.

‘ ‘ Reslduss that Dotef mine Specificity 1 ] Substrate Specificity
Active 8ite Rusidues §3 S2 S1
28 159 | 178 | 61 o8 1] 133 | 187 | 160 | 205 19 20 {158 P4 P3 P2 P1

PRe

Cathepsinl | Cys | His | Asn [ Glu | Gly | Gly | Ala [ Met | Gly | ma | 6in | Gly | Asp | | Cathepsint | X x | tep | ArE

Lys

Cathepsin v Cys | His | Asn | GIn ] Gly | Gly | Ala | Leu | Gly | Ata | GIn | Lys | Asp Cathepsin V X P;'(o Tr:h‘l;yr X
Leu Arg
CathepsinK | Cys | His | Asn | Asp | Gly | Gly | Ala | Lau [ Ale | Leu | GIn | Gly | Asn CathepsinK | X X Pro Lys
Tye
cathepsinS | Cya | His | Asn { Lye | @ty { ety |Gy {va | @y |enalainfay|an||canepsns| x | AP Val LUl e

Tys
CathapsinF | Cys | His | Asn | Lys | Gly | Gly | Ala | Hla | Ala.] Met | GIn | Gly | Asp CalhepsinF | X X Leu | Arg

Cathepein B Cys | His | Asn | Asp | Gly | Gly | Ala | Gly | Ala | Glu | GIn | Gly | Gly CathepsinB | X X val t;g

Pro Val Arg
X [Phetyr] Lys

Arg Leu Arg
X [phetyr| Lys

Papaln Cys | His | Asn | Tyr | Gly | Gly | val | val | Ala | Ser | GIn ]| Gly | Asp Papain X

Cruzain Cys | His | Asn | Ser | Gly [ Gly | Ala | Leu | Gly | Glu | GIn § Gly | Asp Cr uzain X
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Y174A Lou Ala Gu Tyr 14 Arg Asn Ile H's 6 SIy Ser kg No Y174V Lou Val Gu
Tyr 14 Arg Asn lie Hs 6 Ay Ser Arg No 199NN21 Lou Tyr GQu Tyr 14 Arg Ala
Ala Hs 6 Sly Ser Arg No BA R192NN Leu Tyr Qu Tyr 14 Ala Ala lie Hs 6 Ay

Ser Arg Nowo2doaR4y792EIN Lau Tyr Gu Tyr 14 Gu Al a | lgediige@osdve Ser Arg
No 218A 5 Table 5. Effects on Specificity Specificity Profile Mitant P4 P3

P2 P1 Wildtype IleNal Gu X Asp 199F Ile/Val Qu X Asp 199A Ile/Val GQu
Phe Asp 199K IleNal Gu X Asp N218A IleNal x X Asp N216T Ile/Val Ala! X
Asp Ser N218V Ila/Val x X Asp R792A Ille/Val Au X Asp RI192E IleNal Lys! X
Asp G N Bar Yl174A lieiVal Qu X Asp !Leu Y174V IleNai Qu X Asp 199A/ N21
Phe! Ala! Phe Asp BA Lou Ser 23 WD 2004/031733 PCT/ US2003/031719 fli &Val

RIS2A/N lie/Val Alal X Asp 218A G n/ Ser RI92EIN lieNal Arg X Asp
2. Mutagenesis Of The Scaffold Protease

In order to change the substrate preference of a given subsite (S1-S4) for a given
5  amino acid, the specificity determinants that line the binding pocket are mutated, either

individually or 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 Biology, John Wiley and Sons, Inc., Media Pa.). Briefly, a mutagenic

10 oligonucleotide 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 synthesize the complementary strain of the template. After ligation,
the double stranded DNA template is transformed into E. coli for amplification.
Alternatively, single amino acid changes are made using standard, commercially available

15  site-directed mutagenesis kits such as QuikChange (Stratagene). In another embodiment, any

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

3. Express And Purify The Variant Protease
The protease may be expressed in an active or inactive, zymogen form. The protease

20  may be in a heterologously expressing system such as E.coli, Pichia pastoris, S. cerevisae, or
a baculovirus expression system. The protein can either be expressed in an intracellular
environment or excreted into the media. The protease can also be expressed in an in vitro
expression system. To purify the variant protease, column chromatography can be used. The
protease may contain an C-terminal 6-His tag for purification on a Nickel column.

25  Depending on the pl of the protease, a cation or anion exchange column may be appropriate.
The protease can be stored in a low pH buffer that minimizes its catalytic activity so that it
will not degrade itself. Purification can also be accomplished through immunoabsorption, gel
filtration, or any other purification method commonly used in the art.

30 4. Synthesis Of ACC Positional Scanning Libraries
Those of skill in the art will recognize that many methods can be used to prepare the
peptides and the libraries of the invention. In an exemplary embodiment, the library is
screened by attaching a fluorogenically tagged substrate peptide to a solid support. The

25



218A Lys Ala From Tables 4 and 5, the determ nants of specificity sel ected
to be altered in rat granzyne B are as follows: Ser195, Aspl02, H's 57,
Alal89, Ser190, Phel9l, Argl92, Arg226, Ser 58, Gly59, Ser60, Lys6l, |1e62,
Asn63, |1eQd206al03eAT: Asn218, GLulB9, Serl70, 5 Tyrl 71, 23634},3{7qg>te t he
one amno acid i1nsertion as conpared to chynmotrypsin), Lysl/2, Asnl73,
Tyr174, Phel75, Aspl76, Lysl1l77, Alal78, Asnl79, Glul80, Ilel 81, Tyr215,
Lys97, Thr98, 11e99, and Serl OO. For the cysteine proteases, the am no
acids selected to be nodified are | ess well described. The S2 pocket is the
nost sel ect i fisoragshidlesingpraupdfotnesubgtentt meptidetiesypthetizd by condendingdnN-Fhoc

v co- i mons CayeRn sRyaite iEeci s Rhe ook s AR R AL < Geies et M52 15

and 205. PosBmtenhnlep[desS(a) 18(7496) Emd@‘rrbmdsval proqhmséafreu'nnilﬂa Nannﬂhe serine

proteases- a re ue.bur. e cket nes t he
specificity. i otaﬁded‘S& frfnngf’?l E’% (zliFﬂtg J@mé(’ht g‘??}?’? anm no
aci ds (nuﬁbenlmtomﬂmgbﬂaddgxohd apmp:aacml); Aﬁe’lrthu’ujmﬁ&lid?:ﬁ)e pefitide 1Q£hmpﬁﬂnﬂtﬁb58 (P1).
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Specificity mnjugite@peahﬁhmﬂte;edtd&htmdﬁ&ie@paa M. S, 62 S1 26 tap 176 et e9

133 157 t 208, | s. t As
2, S b et B s R e,
Hi s Asn G n okeparBigya fAloegbris péptife éd somaBerial inyladmgpﬂ@abmmﬂpwé Phomdthpd Tyr X X
Cat hapel A x B ieat i Phovidtifh @SRonbbon el £ Bl Gheligniblorhplinth tlg |
Val Sly Phe ® msodgpuphert; (@h¢ontvepgth@irxtcanjpgahwuta Hrshprotzated\arging scid @aletyeps| nF

H's As A
gzyatS heIkal BaQ/Iaé scuAeng%eq&t @&ebé#&n,g%tpéa dékﬁ: &/béﬁ&&% % 3@5 E@d%&ééﬁgrnsrg(
Lou Val Arg m;esmtmpafthe cwlgaﬁsm) @mmmmrebvﬁnma Sﬁ@pécmmgien X Pro
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having a reactive amine moiety; (d) contacting the second conjugate with a second protected
15  amino acid and an activating agent, thereby forming a peptide bond between a carboxyl
group and the reactive amine moiety; and (e) deprotecting, thereby forming a third conjugate
having a reactive amine moiety.
In a preferred embodiment, the method further includes: (f) contacting the third
conjugate with a third protected amino acid and an activating agent, thereby forming a
20  peptide bond between a carboxyl group and the reactive amine moiety; and (e) deprotecting,
thereby forming a fourth conjugate having a reactive amine moiety.
For amino acids that are difficult to couple (Ile, Val, etc), fiee, unreacted amine may
remain on the support and complicate subsequent synthesis and assay operations. A
specialized capping step employing the 3-nitrotriazole active ester of acetic acid in DMF
25  efficiently acylates the remaining aniline. The resulting acetic acid-capped coumarin that
may be present in unpurified substrate sequence solutions is generally not a protease substrate
sequence. Pl-substituted resins that are provided by these methods can be used to prepare
any ACC-fluorogenic substrate.
In a further preferred embodiment, diversity at any particular position or combination of
30  positions is introduced by utilizing a mixture of at least two, preferably at least 6, more
preferably at least 12, and more preferably still, at least 20, amino acids to grow the peptide
chain. The mixtures of amino acids can include of any useful amount of a particular amino

acid in combination with any useful amount of one or more different amino acids. Ina
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Mut agenesis O The Scaffold Protease In order to change the substrate

pr ef er encewf 2064/ 18N subsite (S 1-S4) for a given 5 apifesRediddird he
specificity determ nants that |line the binding pocket are nutated, either

i ndividually or in conbination. In one enbodi nent of the invention, a
saturation nutatgenesis technique is used in which the residue(s) |ining
the pocket is mutated to each of the 20 possible am no acids. This can be
acconpl i shed pmsMgptefmmmmw@ncmth@mmismiwldMﬁGmWG aminoltide@ul ar
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20  acid reagents are commercially available or can be prepared using art-recognized methods.

The use of multiple protecting groups allows selective deblocking and coupling of a
fluorophore to any particular desired side chain. Thus, for example, t-Boc deprotection is
accomplished using TFA in dichloromethane. Fmoc deprotection is accomplished using, for
example, 20% (v/v) piperidine in DMF or N-methylpyrolidone, and 4-methyltrityl

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

30
5. Screen The Protease 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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structure.

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

packed within the capsid particle of the virus. Phage-displayed random protein libraries are
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deprot ecti onyhs, A8 6?1%&1%96 gﬁ&:é\%e rédﬁ&mg@ﬁﬁ&?éc@ntn%%% Qﬁ{d@oﬁéb&ﬁxg' dine in
DMF or N net hyl yr0|done thyltrityl 25 deprotection Is

acconpl i $hed whsﬁ% he Jagp ee;néwmeéadite@t@blgokapgp/wﬂuWFSAeqch theedeteetable changerEA and
5% triisopr Ol%héhﬂ ﬁﬂfcaﬁdﬂ P preseros %&é&ﬁh&c@lﬁp{cﬁ{:@ﬁ%&@dﬁe gnfpRpl i shed

using, for exanple, aqueous nercaptoethanol Renoval of 't-butyl,

t-boc and S-tri tmigmstbe%Oﬁ the ingenéighpanbs esd t%ﬂﬁ%/gfor substantizliyrgsty nown or later

TEA: phenol : V‘@Is@éve%eh?ﬁﬁ&k§ Olhie R4RAE 86titdikthPthe prdRase can Be &nzeﬁom suBtantially
TFA: phenol : wat er 30 5 Screen The Protease  For %ngl ficity
Changes. Ess@h¥ $°&¥°°d?’n°Fﬁ9mé’Bt Ipsone gmbpadiment the.sample iga plinics] sagnp am@%et hods

of the pp@sent anottRY &ibddaend iR rmisfd@anbaﬁmeaaﬂemmg%@%mgoknom in

the art, such as site-directe
aspartic protease, cysté:me protease, metalloprotease and serine protease. The method of the

:r

invention is particularly preferred for the assay of proteases derived from a microorganism,
including, but not limited to, bacteria, fungi, yeast, viruses, and protozoa.
Assaying for protease activity in a solution simply requires adding a quantity of the
25  stock solution to a fluorogenic protease indicator and measuring the subsequent increase in
fluorescence or decrease in excitation band in the absorption spectrum. The solution and the
fluorogenic indicator may also be combined and assayed in a "digestion buffer" that
optimizes activity of the protease. Buffers suitable for assaying protease activity are well
known to those of skill in the art. In general, a buffer is selected with a pH which
30  corresponds to the pH optimum of the particular protease. For example, a buffer particularly
suitable for assaying elastase activity consists of 50 mM sodium phosphate, 1 mM EDTA at
pH 8.9. The measurement is most easily made in a fluorometer, an instrument that provides

an "excitation" light source for the fluorophore and then measures the light subsequently
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the fluorophore at the excitation wavelength of the fluorophore and to detect the resulting

fluorescence at the emission wavelength of the fluorophore. The fluorogenic protease
indicator is a substrate sequence of a protease that changes in fluorescence due to a protease
25  cleaving the indicator.

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

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

30  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 P1-
specificity of the protease.

30



screened for binding to inmobilized targets. Libraries of phage (with each
phage representing an individual nutant) are sorted for enhanced affinity
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sui t abl e,f or [ sphat e,
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quantitating the ratio of Cy3B fluorescence to o-aminobenzoyl fluorescence. If a protease is

selective for the target peptide, it will cleave only the target peptide and not the random
25  library, and thus there will be a high ratio of Cy3B fluorescence to o-aminobenzoyl
fluorescence. (Meldal and Breddam, Anal. Biochem. (1991) 195: 141-147; Gron, et al.
Biochemistry (1992) 31: 6011-6018)
In another preferred embodiment, these methods are used to determine the sequence
specificity of an enzyme, and preferably of an enzymatically active protease. The method
30  includes: (a) contacting the protease with a library of peptides of the invention in such a
manner whereby the fluorogenic moiety is released from the peptide sequence, thereby

forming a fluorescent moiety; (b) detecting the fluorescent moiety; and (c) determining the
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emtted at a particul ar wavel ength. Conparison with a control indicator
solution |lacking the protease provides a neasure of the protease activity.
The activity level nmay be precisely quantified by generating a standard
curve for wfs2dekeiease/ i ndi cator conbi nation in which tpng@ﬁhgmﬁgwchange in
fl uorescence produced by protease solutions of known activity Is

determ ned. While detection of the fluorogenic conpounds is preferably
acconplished using a fluoroneter, detection nay be acconplished by a

vari ety of other nethods well known to those of skill in the art. Thus, for
exanpl e, \Ahersequhﬁ:eforma HeRide e E] therdby diieniifing the lpeptidéasRbRe gpddicitglet ecti on
may be sinply b ual 1 nspection of fluorescence in response to 10
excitation by" Preis}Fre. Detection may al so be by neans of an inage

anal ysi s system Hidﬂrbﬂﬂrétﬂenﬂmﬂinﬁﬁﬁbf%éﬁ-die&ﬂrﬁ%dﬁ&tﬁéﬁ Ttlﬁxﬂeltlﬁﬂdgﬁﬁﬂe?-er hor oth her
i mage acqui si,ti o stem, .Detection al so, be vi sual i zation through a
filter, as urtf ‘P‘Q%i [Gptifdpsthe “?W%F‘BEPE;B’ the’FH%q“ ifyimgdheRratedsty provi de a

Si gngl t hat |d sd5| mteﬁveﬂiauadhlhomﬂfabnecfsbﬂﬁwaﬁeﬁtssetgtﬁtﬁﬂemltawﬂ the ploft@se SIT ﬁnal
nmay be recorde raphic filmor usjng a video analysis system e
si gnal 15 mf%%%bgt%ﬁlgm’a@fﬁtﬁ%?ﬁ@é& bufis prefirably aspartic PY?{)%@"I’ FRECan i mage
anal ysi s systpedwds, niktallbﬂ&l@fe@d%’%i: Sdfrine fﬁbté&se B¢ protéasiabsayedaisig 8 nfetliad Sfde f OF

v suspendi n dISSO|VIn t he sanpl e

pr ot ease activit T I NVO
in a buffer ({&Yen ‘H’é’abﬁF%’[ﬂ ‘*rgths“btsﬁ%u % AR W%‘Bﬁd@&s@ Betilimjte g%?ssayed)
addi ng to t hendhdlete. gﬁhﬁﬁdﬂ@(ﬂﬂﬂﬂbﬁm&tﬁaﬁe‘aﬁﬁﬂaﬂt{\ﬁinﬁﬁdnﬁﬁ:l%hl@ﬂﬁtm&’e&w| ng the

resul ting_ 20 change | fl uorescgen usin ectro Iu onet a shown in
Harris etal embﬁ‘%%"?ﬂ ERtfRse ‘i/g‘f“"e‘gﬁf%m Fg"s’f?@g m, 11p E?ner 16,
1998. The speasmétemy, fungi, 9éiet, Gicuskss arirotbaexcite the fluor ophore at the
excitation wa (gflen%; f thﬁ fl uorophore and to detect the resulting

f1 uor escence % I wavel ength of the fluorophore. The fl uorogenic

prot ease i ndi cat The inéthéd iS wpsitéditepativels| tesieste a)tfanantrpméa@aﬁtetliabﬂtb desirediges i n
fl uorescence due.to

otea | eavi.n e c 0.
st rati ve e RSk o o e e AR ridEe 58plt darts, salbfita e
Sr ofili ngscﬁf case8 TutativonSimrseie p@cﬂéhses)lﬁf veedhoen ?amaelgsﬁhe subkites thatforn the hawatal eto
i stinguis [0 V|n ecificit or t ant n
another 111 St RS Rulf qtoftdabpes el it FERRRFE R e
ext ended 30cmahmmmﬂmehﬁBQMBHmeoaﬁﬁmﬂkmpmmmaahtaﬁm&maTmsamgmexmgamaﬁmes
I nvol ved in bl og coacgsgeaﬁﬂ{é utvtﬂeexenﬁett'leoéndmg%qs%gﬂb%%é ) tﬁs ? constant as

ei ther Lys or %?‘n G F BB eCT I eIt e
prot ease. 30 sWP-wAGOMddmdS&] 733 PCT/U82003/031719 The PS-SCL strategy al | ows

for the r26pi d and Nfu?a%k Ilargtegs%g %t”&a’l@ht thg &]esgéd ngc%cFi‘t? lp}/otfilé:s, as determined by

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

U'('D

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

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

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

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

mutation in the granzyme B scaffold at position 99 from isoleucine to alanine was combined
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substrate sequence specificity. Those of skill in the art will appreciate
that these nethods provide a wide variety of alternative library formats.
For exanple, fixing the P2-position as a |arge hydrophobic anmino acid may
ci rcumvent worgbgusensi al i nternal cleavage by papai n-f ol sgchuphpi@enss and

| ead to proper register of the substrate sequence. Determ nation and
consideration of particular limtations relevant to any particular enzyne or
nmet hod of substrate sequence specificity determ nation are within the

ability of those of skill in the art. In addition to use in assaying for the
presence of withemmﬁemlat@nsiﬁorezwtolﬁespmgihoﬁahhinbtnecreaitﬂhecﬁﬂﬂﬂmedispecaicﬁy) usef ul
for detectin t| sanple 10 (e.qg.,

pr ot ease) . ﬁrﬁte s%ﬁ%ﬁé{ﬁ% %%ggrg%gté’?elﬁ?ﬁle trﬁ%}/etr%teaﬂg%ﬁéeéﬂl ng met hod

further incl udesrottin) tacgeted forfcleavage hﬂlhndchmtnoemedmnﬁmwuyq follbveing txjteria:
qguanti fying . RS anpl e
can be, e.g. Hz}ﬁ%ﬁ?‘%}é‘g? 1(?%?1 %1 TP gﬁl&gﬁﬁ 2’3 s§§ ewasg'eére[}% utgg'ﬁset‘heflre%g’?ﬁ m | k
or senen s Spointedinteyvdisiomfpr EcMgas@atﬁdngeﬂmoﬁqﬂem dleayageyof A panteid will n anot her
preferred e”ﬁ?% &E%Q& 1tstéﬂl%§ignn@ltemg Ssifal %tl!ﬂﬁ%g e?élj g%g{e 15um delﬁr m3 t hat

speci fically cleave ar get “seqtlence % P enzymat ically
active pr ot efollewing Ttiteriad) ﬂmﬂaﬂerimat@desthe(emoswl sndwdoﬁthpemennié) theparar y
containing a r e fluar ore is
e.g. 0-am no 8%‘%5#@4[13%}3&%@3%& oﬁ(?ar}pm&ﬁ% @ m&m i eetsora% fcbﬁg“'? 4 pepti de
substrate seduemieddy ntoemqmuchmg)r ttmctulreprerbﬂme atgernhms q&badegmrfs téiﬂ tebeavage,

whi ch al a | | ench Iuoro ere t aor ophore
is e.g. ﬁPQIS%%é\ (gﬂﬁ%&?fauen g‘%nﬁ%sgﬁs f“ﬁc 0{ g)g mlo Q?Jd%s%épt i de

i brary and fetre likely wmuvmwe Bletifuehasesd tatltsémdwdﬁmeﬁqnoCIe(ade)geeeqnmcenget he
mxture to th r. of Cy3B

fl uorescence ?b%g}%%h%egl@ﬁz%ﬁf ﬁg&o%g%ﬁ%ieﬁg{#{e%&%ﬁgglga’?}sgegneI ective for
t he target pplptea%butttan\hﬁldngerloeshoamnl y the target peptide and not the
random 25 |i brar @Pﬂ! r orescence
to o-am nobenzoy?/I o%@g?:de%grg&t(hwv%n@g’éﬁﬁa %Sisg Qgtfl%%l ?(S: dé(lrjln (1991)
195: 14115147 gene@tequioteases specific far m@mmrgbmy Ir(mg@mrotsm*asmw@bm)ﬂw n anot her
preferred e ] ce

Cpeci 11 oi ty APkl R ob P Sadlk MAEH o il Tt Rt 0 pREE

prot ease. Theendwingdht praense we¢tl}'Geé~ hls@di}le wdhﬂmmr n@monen the mr@an@tm Qohlda
library of pepLidesa® %r%bﬂag%igﬁ?t'ﬂ e %m@%l@%f thdREla Rl Yish

fluorogenic noiety is re rom-t e sequence, thereby form'nga
f | uor escent Has‘pewse, thsyeby eastoring Wéalmécwﬂuo ye‘@mﬂuﬁm@sysmazﬂat (c)

det erm Mg tdiGirembht B hARRA Hiskilind th B@JJo#’?%Qs@ﬁ!n%&iZ%&sﬂ@t@%ﬁ&ﬁ@(}@fori>

epti de sequence, thereby determning t epti de sequence specifici
Br gf ile of Clt ﬁéuﬁ}edplggg)@ u¥ the substrate sequgnce bmdueg sete of the pro(’?ease can altee its y

-specificity and cause it to have a change in substrate sequence specificity. Substrate
sequence specificity can be altered using a small number of mutations.
Using the methods disclosed above, one of ordinary skill in the art can identify and/or
25  prepare a variety of polypeptides that are substantially homologous to a protease scaffold or
allelic variants thereof and retain the proteolytic properties of the wild-type protein. In one
embodiment, these scaffolds comprise the amino acid sequences of trypsin, chymotrypsin,
substilisin, thrombin, plasmin, Factor Xa, uPA, tPA, granzyme B, granzyme A, chymase,
MTSP-1, cathepsin G, elastase, papain, or cruzain. Such polypeptides may include a
30 targeting moiety comprising additional amino acid residues that form an independently
folding binding domain. Such domains include, for example, an extracellular ligand-binding
domain (e.g., one or more fibronectin type IIl domains) of a cytokine receptor;

immunoglobulin domains; DNA binding domains (see, e.g., He et al., Nature 378:92-96,
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In a preferred enbodi nent of the above-described nethod, the nethod further
i ncludes, (d) quantifying the fluorescent noiety, thereby quantifying the
protease. 5 Modreover, in each of the aspects and enbodi nents set forth

her ei nabovgo 20dum3pi®t ease can be substantially any prog@gsoifozié er est,
but is preferably aspartic protease, cysteine protease, netall oprotease or
serine protease. The protease assayed using a nethod of the 1invention can
be derived from substantially any organism including, but not limted to,
manmal s (e.g. humans), birds, reptiles, insects, plants, fungi and the |iKke.
In a pref err &PSLefmity datsiand the likbeSysh polypeptid¢sanayalsp ynstide pdditicmakriolyperdidgani sm
i ncl udi ng, byggndg L : cteria, fungi, yeast, viruses, and

prot ozoa. 6. Ite{r}%’?%%e|r;1ﬂﬂ§§i tée?%sgd_ﬁb- éThe method is repeated iteratively to
create a variant protease that has the desired specificity and selectivity
at each of t REotease BelypePtidenhdi ng subsites, P2, P3, and P4. In sone 15 cases,
mut ations in seripe proteases _have_shown that .each, of the supsites that form
the active site (@P@@PPU LAfESTHEE tha@ﬁ@mgmcfuges&rpomvﬂéﬁap g thegain; hat

nodi fi cats ona@d ségpﬁﬁé bf £prbigass whosi8queide St HrbviBéin byt drle®f the kéaBBIAS Besbribed
specificity st a h_ﬁc,ent Subsites. Thus, engineerin subﬁtéate .Specificity
and sel ecti vPEnt AROEYTRGOR als iaciuges adpint o VR grodsaieany Qhwhese sesidBeRmayshed i n
a step-w seberHangd. froaDthd/bdrsponting tR RS @Shéwitin afPbitevf tHeQcalfofds dewdribqaeci ficity
profiles, as,determnn by .. substrate li.brarjes, are fhen assayed .using

Pl vi dual  p BEERGRTEL eRAAog  PEb CRURRITAGE {prRee erlier auh P Slo

s;aquence. Vgﬁin_aﬁﬁns,pfr@tfmaaﬁl %@1@{ therels &ﬁa/ﬁ_dfeh&}] aflsodinheat, mdxi]cilﬂiﬁﬁhé'?)tﬁ/\ﬁ : I .
cl eave t esjr equenc en presen in the context of the full-Iengt
prot ei n. P@he‘“%ﬁgﬂﬁff °8T°tfth%prf’§?%é‘f§?5‘f‘{9§gfrﬁmi s al so assayed to verify that
its function has lageserdesirseyse dariayt At prdderved peatvaeHikef@dtion inbhdecdngavage event
is nonitored_ b S-PAGE.after incubating t urified full-]e h protein
wtth the var VIR B Rt = R ENEEPoshi i Frbent g beeh iRl of o

conbi ned t o athetuntiro ddids, sddaiter inchiye thé possibility ¢flisseping beadkittional Aesidue aif | on  at
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scaf f ol d1i 0 8Omomkesidnechporh thegarcsizeqichsec iAny aminotacid sebstithtign, msertien, oof mut at i ons
o0 o0t e YAt SOESATS il p A0S HAR LRSI 7o
granzyne B scaistnyhtive subspution dsalefi@d abovem i sol euci ne to al ani ne was conbi ned
32 WD 2004/ 031733 : ] i POS L1 . 218 of
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g f, : _ _ ] plog arePr ot ei ns
target edyf or 6k LAKATRa MM sRBle Ak W indthGodedERlrhild Sl JRdtedsb utbOdidsO W N

criteria:

another embodiment, proteases are produced by recombinant DNA techniques. Alternative
to recombinant expression, a protease protein or polypeptide can be synthesized chemically
using standard peptide synthesis techniques.
Biologically-active portions of protease proteins include peptides comprising amino
25  acid sequences sufficiently homologous to or derived from the amino acid sequences of the
protease proteins that include fewer amino acids than the full-length protease proteins, and
exhibit at least one activity of a protease protein. Typically; biologically-active portions
comprise a domain or motif with at least one activity of the protease protein. A
biologically-active portion of a protease protein is a polypeptide which is, for example, 10,
30 25,50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230,
240, 250, 260, 270, 280, 290, 300 or more amino acid residues in length.
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1) the protein is involved in pathology; 2) there is strong evidence the
protein is the critical 5 point of intervention for treating the pathol ogy;
3) proteolytic cleavage of the protein will [likely destroy its function.
Cl eavage swioemoadsifasn target proteins are identified bypéheszbsasian ng
criteria: 1) they are |l ocated on the exposed surface of the protein; 2) they
are Jlocated in regions that are devoid of secondary structure (i.e. not in
P sheets or a helices), as determ ned by atom c structure or structure
predi ction algorithnms; (these regions tend to be 10 | oops on the surface of
proteins or stal kMomnvem,eitherbiotofgbalbl-mﬁeepmmm))f aﬁk)atehtmywlacmﬂmm@iomsloﬁt sites
that are lik functlon
Cl eavage Squlgk&é%ngﬁ;?%f&e&%ﬁb#% élmcfgiélgglgﬁgg gltleﬁ deva ﬁﬁfrﬁlée &xt ended
substrate spwﬁof@qunmbnmmmﬁmuvmmses but can be | onger or
shorter. In anot v r |sted
catalysis is usezﬁtag%gﬁgﬂhglﬁ%% Jg %%%f%%saggﬁ%%{gcwé& fogg &t arégl%t?slpr otein.
In targetS pr desenbadam&m:rede oftheinytants of thdweaffolds, Aihe amlteabn mueniumbstthmhlly s part
of the catal }/151{1810 Juk ?odoﬂe%fﬁlt §ga§i‘oﬁg\d§scr9t§e§§§rgm of o c%} eerguérﬁs giltﬁené ri"tz"dlds, :
rendering the protease I nactive I'S ne 1n e proper p05| fon’in the
target prot epard retains the fmotional activity ofthtiprdieingeat ddifesap tminp acldsefuémﬂuqaﬂoayl ng the
sanme role as n
S yei o acphlR JERERoll Sl aclohindl O BR3%; HRALE dSbAL
having a hi stcmdprtses mmwcpﬁsypmncm@attlamtM%hbmolsgmlstcr&e anmequénce (P2 or
) s 10 el bR ol Bt RS GHERe BBl DS LchoiG] ke

ecl cause

prot ease can a ave a change
substrat e sedeiingibe Blpetmnﬂa aeuu‘sy of sumftﬂrwdfokbéth@ehesqme@ ong of mymamS 3}

al tered usi NGy A SHRs H BB e@EmtBtiiit RS rotddsd A Py angmﬁ}ﬁd‘&d%@‘éﬁcﬁ?d

above, one of or |nary Ski In the art can |den prepare a
vari ety of pdiagisbpntPoéhomingpusdp theaminstagidispquenop oﬁemf@weeffoﬂ(b In gpothease
scaffold or ?e'fén%h'e&b&ﬁﬁhﬁ%é M&Esfe%ﬁ%px?s@é"m{ Aifd fid J&Eue‘ﬁ&@&t?éag)%&ﬁ of¥,0perti es
of the vmldtpype protein. n o odi ment, these scaffolds corrprlsethe
am no acid séqral@ﬁ@tééo@pamwpquﬁequewﬁﬁmqueﬁcaffomabétqnpﬂlsnmefeltrwr onbi n,

pl asm n, Facifbodifentthéproleli coltpRdls i Enifb act @Q@eﬁ@@at'feasﬁhyﬁg%’hommg§f) 1,

cat hepS| n G elastase, Ppapain, or cruzain. Such polypeptides may include a
30 targeti ngt?r@Fé‘P’;F°@€qu§?‘l“§‘F°ﬁQf%d’ifffF(§W§° d%mi no aci d resi dues that form an

i ndependently folding binding donaln Such domai ns include, for exanple, an
extracel | ul ar_|igand-bi ndin domai n one or nore fibronectin type |11
domai ns) of Reteppimingfdone weenTWﬁwnmgq%afncﬁs donai ns; DNA bi ndi ng

donmai ns ggee, €. gTo détinftle tﬁé acehﬁ{o%ﬁgﬁaﬁwaam%,acﬁ?sec}ﬁ%&@%mclﬁ&&m
ol ypepti des may

PCT/ US2003/ 031719 199 in and. the |ike. Such
al so incl ude a&ﬂﬂlﬂlels‘c’)‘ﬁ‘ﬁpgeﬁ [’5@1‘}9?‘% mg‘@ﬁ%?ﬁr@m%g’r@é?f&&’ E%PSH&IE?I osed above.

Prot ease Pol yjrdhded @bthe sequence of a first amino acid or nucleic acid sequence for optimal

ﬂ

alignment with a second amino or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then compared.
25  When a position in the first sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second sequence, then the molecules are
homologous at that position (i.e., as 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
30  between two sequences. The homology may be determined using computer programs known
in the art, such as GAP software provided in the GCG program package. See, Needleman
and Wunsch, 1970. J Mol Biol 48: 443-453. Using GCG GAP software with the following

settings for nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP
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A pol ypeptide according to the invention includes a pol ypeptide including
the amino 5 acid sequence of a protease whose sequence is provided in any
one of the scaffolds described herein. The invention also includes a mutant
or variant woy pbg@gmsany of whose residues may be changgeri§RMdstAe
correspondi ng resi dues shown in any one of the scaffolds described herein,
while still encoding a protein that maintains its protease activities and
physi ol ogi cal functions, or a functional fragment thereof. In a preferred
enbodi ment, the nutations occur 10 in the Sl-S4 regions of the protease as
detail ed her extenslohlpmgﬁyefmB,,thachfngtr@ﬁﬂ)fﬂaranaogouﬁ haleiacidsequences pefertedase- | | ke

functlonlnc a n..Whi P, tion in
the- sequence igte Bt { e@br ideRes Ryt s iR 1. Ao 800e B BlneP 2

i nclude the p&ssirl9%ity of inserting an additional residue or residues

bet ween two residyes of. the roteln s _the osi ility of

del eti ng one 15 gtheﬁﬂne s?“élg?cgdi P'Vrgeﬁ?rftﬁéh gglgwf v%%%h‘@'r?@glyg'ﬁi? ?ﬁ’noyam d
subst i t ut§ onpolypeptidd sequencesiare 1dﬁxluezﬂ bﬁ)lrdsﬂu@lib(;&ﬂiﬁ%liheﬂ ologt atpaiculanegion 6. | n
favorabl e ci rcumstan hP stifution ‘IjS \é%tlve substitution as
defi ned abov&™RFR™: g‘g‘séﬁ‘m erfeﬁ' EF RVEREN S 3}%" éﬁcﬁg‘-‘ﬁ% L EPBRAEYE K%t eases,
and bi ol ogi captinyalmmgneé seqneﬁcbs mst‘rmmgmodfcomparﬁem idetaiminiag themomberent s,

anal ogs or homalo s t rovi.ded are I de fra ment s
sui tagl e for PO eldg?%cafn cglﬁlaglggﬁlsﬁt(eg‘p‘?‘o’g’égggﬁa '8 I% anot her
enbodi nent , pumxems; o@mnB upbcnhi segecheésyto yieklahdmundoat oﬂmdecltdapdmuoqu dsndmg

Al ternatiye r ot rLokein. or t|de
can be sgldlnt hg}SI zegé}ogpla&ﬂ&h&%gme@%emta ’gﬁ’erd(’feomﬁ rge é’yn Oélsolfg l}/ il gues.
Bi ol ogi cal |'y{iee theweingyy slzea,rasd oﬂllqpb«mglhe;@qlt_rbwtléﬁ) twwldldielpdeerp@tof shqeence _
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fromthe am no sequences Sé prote fcl ude fewer
am no aci ds pblymncleatidef saiiiendee wherkin theqrolyaudeotidotcampnises agaghenethdt basat keast| east
one activity .ol ogi - ' tions
conprise a dcg)e ?rﬁengée%&t@éﬁm%?:??éf%lﬁflgm ag?és gg@i“\%@% ag?hﬁegag{’ %%/%5%8{

prot ei n. 1A bisesjuenye idehtity, raere haellpetdeastHi? pglfceni sgspuence ideatityas campareddo &

pol ypepti de wii r 30 25, 50, 60, 70, 80, 90, 100, 110,
120, 130, 148Q’g%8 é‘f‘é‘%g%‘%%%g%’”%’%ﬁ‘mzoo, 210, 220, 230, 240, 250, 260,
270, 280, 290, 300 or nore am no acid residues in |ength. 34 WO 2004/031733
PCTI U8200310V%V% % A){Eﬁ%ghmg;,per bi ol ogi cal | y-active portions of a

protein, regions of the protein are del eted, can be prepared
by reconbi nant t eBifrinvsatien alsaprevides proteass ohisgeris aefugion proksins. & useddereimngt i onal

activitigs ObhrAeaBPlchitRriPpoteBP DR *fudibh ﬁrﬂﬁﬁ”’@&ﬁbﬂ@?&ﬁpro&&@ pOlyRpa&se has an
am no- acid sequence_ of one of the scaff
operatively-linked to a non-protease polypeptlde A " protease polypeptide" refers to a

polypeptide having an amino acid sequence corresponding to one of the scaffolds described
herein or one of the mutants of the scaffolds, whereas a "non-protease polypeptide" refers to a
polypeptide having an amino acid sequence corresponding to a protein that is not

25  substantially homologous to one of the scaffolds, e.g., a protein that is different from the
scaffolds and that is derived from the same or a different organism. Within 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

30  two biologically-active portions of a protease protein. In yet another embodiment, a protease
fusion protein comprises at least three biologically-active portions of a protease protein.
Within the fusion protein, the term "operatively-linked" is intended to indicate that the
protease polypeptide and the non-protease polypeptide are fused in-frame with one another.
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5 described herein or one of the mutants of the scaffolds. The protease
protein is substantially honol ogous to one of the scaffol ds described
herein or one of the nutants of the scaffolds, and retains the functional
activity ofwdbeepsioisein, yet differs in amno acid sequegggssiesodifro Nat ural
allelic variation or nutagenesis. Accordingly, in another enbodi nent, the
prot ease conprises an am no acid sequence at | east about 45% honol ogous to
the ami no acid 10 sequence of one of the scaffolds described herein or one
of the mutants of the scaffolds, and retains the functional activity of one
of the scaf f dilgonlpmtaasdymiypbptide cim erfued & thé Nittreninms baGitamidus of the poteadel 0l ds.
In a preferr%&%i ment, the protease conprises an am no acid sequence at

| east about ogous to the am no acid sequence of one of the
scaffolds. In anoﬂrheneenmoéimntr&dﬂeiobptﬁteimism,GSﬂHuoqaaseﬁfsMQmﬂhrMﬁeisﬂmn am no

aci d sequence I d S I= equence of

one of the scpagt%%sle g%%gchp%%%f%%/ 5?\%&%@%%9%%&8% aﬂﬁone{‘%ganﬁ POt dase

conpri ses3an ﬁquencpsaSimihfsmmotemSwnficdﬂ;ateﬂmlpmdﬁcaﬁ@%ﬂmmmbgm@mtease t he am no

aci d sequence ? 8&?% of the scaffolds. Determ ning Honol ogy Between Two or

Mor e Sequenceps PFHG det er mi ne t he percent honol ogy of two amino acid

sequences or of t imanothet entodingent, d:emsldI@retaqwiinefumwmvaimh(ﬂmp’to&am opt i mal

conpari son pu a odu 5 ?.mgh eRc of a

(rrst am o agﬁ nges:%ﬁﬂafgﬁg@? ; pﬁm:ﬁm 91;8 'd,‘?l? buimré nt5 th a

second am no fosiomprotedisc insreeps aco roperties invivoesi dues or

nucl eot| %s at cogres 9 0 0 CI d 03| t| 0 nucl eot i. de posi tions

are then conpared. %H%\E én a%eéls:&fl osrlloﬁpﬁ af?r&e?segreoaeﬁne%oélemsg occupi ed by

t he sane am rieteaabgbus signall srguence atrits N-emimge hasermhélost@elise(agonﬂmnghmﬂmsttl on in

(e 500N Gl el e v ORISR e bR O7

to am" no aci cblgnalwquﬁlnee c acid "identi ty") The nucleic acid sequence

honol ogy may be deg PG

sequences. The hO?Y\D 8{%&3%@ eu(}ﬁ?lgl?%{) B“S:‘%g‘%lé‘ ?eegrgprograsrfhtén nown in

the art, l$uchreemntimat BNAttechnigugsr Boi edadplﬁ,rDNAn&a@E@tsmOdlgg fortlpatiffaed. See,

Need! erman %{ﬂﬁl (X an\P softvvare

with the fol P&\A%%gmﬁ u%‘l?%g%mﬁgr el c acl ﬁﬁgcecéﬁg%cgélﬁlggg%a“ sn(%ifl‘

creati on penateechpiques, Snghmlm lsmmie@@o gagpetatded rearini fepivson 3@@9011

ext ensi on pe qﬁld*g cleic acid
@EeSng %Wde Pl%}snrx f’llh]h?ﬁl %Q%éag'ggﬁdsg

sequences referred “to ve ex egrée o entity preferably of at

| east 70% 75%propasts, siabine Mosphansogeatumgity avnid wlosiratrlg doiniag. #nd ensgmaticc e
i denti ty"yof f Rf.fod. qn%ﬂ&héi%ﬂw&nérﬁ, ﬁ{\é‘fuﬁbn beie cQPAeBég&&g s8d b}d&n%ntléna@m ypeptide

sequences are 1dentical on a residue- y resid IS over ﬂpartl cul ar
regi on of techniques including automated DNA synthesizers. Alternatively, PCR ampli

SD_

ation of gene
fragments can be carried out using anchor primers that give rise to complementary overhangs
between two consecutive gene fragments that can subsequently be annealed and reamplified
to generate a chimeric gene sequence (see, e.g., Ausubel et al. (eds.) CURRENT PROTOCOLS IN

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

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

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

can be generated by mutagenesis (e.g., discrete point mutation or truncation of the protease
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conparison. The term "percentage of sequence identity"” is calculated by
conparing two optinmally aligned sequences over that region of conparison,
determ ning the nunber of positions at which the identical nucleic acid
base (e.g. woRoodio3133 G U, or |, in the case of nuclei scagkfdodoiraeurs in
bot h sequences to yield the nunber of matched positions, dividing 10 the
nunber of matched positions by the total nunber of positions in the region
of conparison (i.e., the w ndow size), and nultiplying the result by 100 to
yi el d the percentage of sequence identity. The term "substantial identity"
as used her eproteifdndnagonist ofithe proteaseipretein capfretain splostaptiallyl theptaind cor s suhsetrote,
wherein the G - SEHE -

per cent sequglglggwgﬁﬁuw,gs pref ean% f%@&@é{g@t‘fﬁg étf%gﬁfo%e%?%?a?%%d of ten
90 to 95 per etthe proBaseametein can inbibih piet or mommefahe astititi¢syof thte nhigredly o@Qrring farent

sequence i dep4 Qafiple! g‘gﬁ arison
region. Chi ngfit?:%i{rg%gseégés‘{?gﬁsg?éet el lg’ %@?ﬂ%gﬂ?, 0 g%ggtgﬂ\éf?%?@geggg;r ot ease
chimeric r protsin iThys, spesifiediolpgical sifestsiean be glicitesl by2@atment withsrevatiattiofitimites!
protein” or % |0 Ul JenelrAN £ }ﬁgg%'
operativel y- ﬁngﬁdéld%tlgﬁ?a ngﬁlﬂc??tgt easéﬁgp y“BS‘%E“?‘ Zaf’vag}% pr a{e‘(’fjizlgseet(|t))fot1leypeptide"
refers to a biologicplastivities of theinatyradis oeaviming foroi of theqetein bas fewensidegfentiing t o one
of the scaff glyls: AGHGE o RRGmeBSHE tle MrurflooRimibd ordTUE &ﬁnécaffol ds,
whereas a " nor??%r ot ease pg?fpeptﬁ#tgee" reters toﬂg potﬁ%‘g’tﬁtg%e% aving an

am no aci d sequence corresponding to a protein that is not 25 substantially
honol ogo tggﬂgﬂpf the scaffolds, e.g., a protein that is different from
the scaffol g that is derived fromthe same or a different organism

W thin a proMetiwds ¢ffohibitingdpaptesisy t he prot ease pol ypeptide can correspond to

all or a portion gfofcREQE RIS methéls 1@%@%@&5@ HpopdsiblafRb€ase
fusion protein conprises at | east one biologically-active portion of a

prot ease pr ofRIWR asprogEamnedecel] death glappntole ip deyelopmatcagingand i YFHsei n conpri ses

at |east 30 LwRoIBEOLRRItRRI, Y dREIbpiHEoRRTidnsObsth AlrteBrafdfafd RRSRLRALDDE Bie il N Yet
anot her enbodi ment, a protease  TusSion protein conprises at |east three

bi ol ogi ckl | yPartieylarpoptiensiatppaticylar Hmey a5path ethe,pesmal morphogpretie Aropess Thesi on

protein, theptoBésabf S0 is\BANCtrizBk By butindt liiicAnslQehetaPevenB] CallQode/tir t he
pr ot ease pol ypepti de and .t he. non- protease pol ypgpt i.de are fused in-frane

wi th one anoftibinnctiops ang mierawilly the patopipimyeqndens gyclepychramatin aasgipgtes iy s
pol ypepti de gaGmbe of diséte idssed) EASNRS MiclbusHispnidhts Ghé Stdplddhcofifactslafid pr ot ease

pol ypeptide. I n one, emhodi nent, the fusion proteip is a - protease fusion
protein in wHiehop a'%ﬂ@?@%éb@eaaéﬂ’éﬂg cop °?§xsé§“@§amg§ %‘?F BFE of the
GST (gl uz@t hiretibslup-abd ASukiOh 34E thePlaSMA RMBASe, tHoleiNblealsiup MtPsérl NS can

faci ITtate the e e oo B PO SR P B e

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
occurrence (Cory, Nature 367: 317-18, 1994),

25 In one aspect, the invention provides a method of treating or preventing an apoptosis-
associated disorder in a subject in need thereof by administering to the 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 "therapeutically effective" means that the amount of protease-

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

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

including AIDS/HIV, senescence, neurodegenerative diseases, any degenerative disorder,
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I n anot her enbodi nent, the fusion protein is a Fc fusion in which the
prot ease sequences are fused to the N-term nus of the Fc domain from
i mmunogl obulin G Such fusion proteins can have increased pharmacodynam c
properties wa2ookyaz3zl0 1 n anot her enbodi nent, the fusi oBcRRIREABIIE @
protease protein containing a heterologous signal sequence at its
N-termnus. In certain host cells (e.g., mammalian host cells), expression
and/ or secretion of protease can be increased through use of a heterol ogous
signal sequence. A protease chinmeric or fusion protein of the invention can
be produced lischeriapuidregerfulion celbdeathj avatwtischiviic gy infyutidity, woond-leakngp hrel thdONA
fragments coding for the different pol ypeptide sequences are |igated
together in-frane in accordance with conventional techniques, e.g., by
enpl oyi ng bl unt - eMasylmethods fapgeasurtngdpeptosis; imcluding thosd degaxibedherein,@st kmowhi on
enzyne di gest] . ' for -l at e k N L L RRg-l f cohesive
ends as apprt{))%lr@isagi %?Jrg%/abgﬁuﬁg’gbﬁgg%%%#gg%’ %h%é%{fgg rlrcgﬁr%?ﬂl{dg ogi\?g%c}ad&ﬁgesi rabl e
j 0i ni ng, &and femmyiomby gel Sectiophexesisand of momphalogie exagmntidn beelectron micrésagpyon gene
can be synt hesi \i ' | .t ' S | I ed DNA
synt hesi zers?ﬁl&ﬁ%g?%énﬁﬂélr%&%%}ﬁgﬁ&o?ﬁ}% 1 one Lcl)éh?)g)glgé%v?%o%%s%)gn be
carried out ytomgtrapermits rapid amd qeantifative meageremeérseon apoptotipielisreMamrdiffaemtr hangs
bet ween two Q@ch&%égc%aﬁaa@ﬁrmm@n&n{mgo ?@sﬁliﬁ&'%iﬁ%%ed%dé’esé}ﬁe&‘““ea' ed and
0 ge see, e.g

reanplified nerate a chinmeric gene sequence ., Ausubel et al.
(eds.) CURRENDaRRGI«®A Bal. )CyRanetpll BI5AR8,BONOBlost ofdhese ktheds na@uns, 1992) .

Mo , ' . . ' , ' | d
encode: o' usi SoPR BERIPR EF Uafull iy OISR Mol 2ol AM Raldbin =, T eaY
nucl ei ¢ aci d AR, Beecbit3a¥d),ihaweves teshnigyes asipg s terminaldsoxymnclentidil transferasehe

fusi on noi et th'IﬁN'E' | - ' I

Agoni sts and ( nt ag%ﬂ@%ﬂ %‘Lelg?drﬁ\%%?? %ﬁ@gﬁiﬁgﬁggﬁﬁ@g&z?%?gﬁtd@ﬁﬁiﬁe
prot ease prot3Bi H¥5t1AaL 193c Reasntla sepid flavesytomstrin staining mgthadsdhal ugei Anmexin V

m meti es) O BSadiRlid o HgRnS biposiabh RSy Qlnldie d0LeaRBoRbI LD Can
be generated by nutagenesrs (.e.lg., Iscrete point nmutation or ‘truncation of
t he prot ddse begomegommyacigltyzygibblep@ly nyspetdlomy3tomeyic assays wpasyre caasggoni st of

the protease RfAkLdearighabich @fic@ussaﬁha};aﬂg hiploYis bAlEIiB FPpertiminy HidAREYs ol . Lhe
bi ol ogi cal activities of_ the natural occurring formof the protease

protein. An ﬁ%@@@vaibplem%hmﬁé%{gélﬁﬂﬁcﬁ@i 24995k hi bit one or more of

the activities of aAlfigelia bl tolaidninPerdlf tb cREvelaQasPaschertt)aniibiBhERSREAEOTLI N DY,
for exanple, cleaving the sane target protein as the protease 5 protein.

Thus, speci f iREeBHes @axentew@mswhbg@ir@mﬁfeﬁeé&flwe faspage e Abe RiPiERCa

variant @b |idzhheslcledve Behkt RBteink TveIR&Ed iR APSHHsRRIE, huinb@eytcBRfimeQf mAnahMpafCt W th
a variant having a subset of the biqlogical activities of fhe naturally

occurring forlepanqaepase-%human spsRase-2fuman FaspasePs hutag cpggasq-2, uman BAD,
: human BID, human BAX, human PARP, or human p53. By cleaving these proteins, the

protease thereby inactivates them. In this manner the protease can be used to inhibit
apoptosis.

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

30
Methods of Inducing Apoptosis

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

apoptosis is induced in subject in need thereof by administering a protease in an amount
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subject relative to treatnent with the naturally occurring formof the

prot ease proteins. 10 Apoptosis Methods of Inhibiting Apoptosis Also
included in the invention are nmethods inhibiting apoptosis. Apoptosis, also
known as pragb@pRdsscel | death, plays a role in devel opgeRlus:@shiiseand in
vari ous pathol ogic conditions. In devel oping organi snms, both vertebrate and
I nvertebrate, cells die in 15 particular positions at particular tinmes as
part of the normal norphogenetic process. The process of apoptosis is
characterized by, but not limted to, several events. Cells lose their cell
junctions andiufﬁcipnnv induce apoptesis yThepllistrande den smsmamuoial) aiptieate (egdraomat i n
mar gi nat es | I us a S,

cyt opl asm con L)?ng%gﬁ{ dg%’ocho%ﬁ‘%rge’ eﬁ%@ﬁ%%’%%ec%nsgbj?f& S"ﬁ%ﬁl%fe
conpact ed. Aftogancctldraummmmfunetheoréﬂdopl asmc 20 reticulumand its fusion

Vesi cl o5, "apopt of Oady o LA AN i s RnR B R BRAIERET

bodi es. AS§ f reatinagiogeniconmpéund finchidatiuhare not dimited @ontmdsemtkinmuﬁibiagmnt sis

characteri st | . tterns can
be used as an }dg%aﬂ-%lél@eggﬁ %Lmbﬂ&’o%grl%?\g%wf W ﬁgt%{ﬁrg% gog’f 317-18,
1994). 25 In nhﬁdetakpmdtgrowthéacmmmmonnphmm&!@bpmw(hﬁ\ﬂ)oﬁhlbltoe,am ng or
preventing a ereof by
D o st or neRARES i RRANALAMRHRy ol P HRlRGult L REtobl2

pr ot ease- |nhlmlwuifates@cmmeassmlgblionlarnbmsteetddalﬁtem@am}ve@ty(l‘ISAEbe e.g., any
mamal , Eiog ’c ﬁ%g&ﬁse Z'imﬂ{] 'it@?it:ﬁbc( wg% ftetrmﬁﬁﬁomﬁtﬂtcom% staﬁﬁkw Cow,

horse term er apeut ectr've means t e amount of
pr ot ease 30 mqmlagnm@ﬁ-ofhipmmaréonmlﬂ@, thalidgmide sangjiostatirt, ﬁm@stem quantity

to aneliorat qn%, Qp&gg&ﬁ,to @E@g%ﬁq&‘%ﬂqﬁ%(gmbdggo@gppt osi s associ ated

di sorder inclu exanpl e nodef | ci ency diseases i ncl udi ng

Al DS/ HI V, senesceht@mewmbp@a@geﬁhqmip%wcfv@@as@@msm vith geharotherapeutiti sor der
38 WO 2004/ 03,413 dudd CEk A bt Redrofletapei it © ﬁa‘ﬁds?ﬂeiu&ee%fa}ém fRigkb! death,

acute ischemc in u[_\ly infertility, woun -healin and the [|ike.” Many
met hods fi8r risglienel Tgxqleyrsigtin.suingsing trgpmifgn.iesmsiiabines T AreEadikSd), are known

to the skill eﬂetﬁaaekaammy hy&haa;wmﬂsmn%biagﬁﬂ fa&@d&@}e &msosfdeaa@oﬁdémt hods of

DNA | adder 5 formation Y el ect rophoresi s and ho| ogi'c exam nati on
by el ectron rAdEABEGRgHothi Wﬁ@aﬁ%‘ﬂées F@Hé?fbe%ea%@mm;ﬂaagwym Hiseraniggue,

nMeasuri ng apojsading, dpfrublitift br Mxtubiomt ry. Fl ow cyt orret ry permts rapid and
guantitative measur ement s on apoptotj ¢ c y di fferq? fl ow

cytometric met hodén?nefheweec&sag%@gﬁlfémnw wlaxﬁgnfﬁcﬁn%éf with a protgase i

described0  anamount sufficient to induce apoptosis. The cell population that is exposed to, Z.e.,

contacted with, the protease can be any number of cells, i.e., one or more cells, and can be
provided in vitro, in vivo, or ex vivo. The cells can be contacted with the protease protein, or
transfected with a polynucleotide that encodes the protease.

Some disease conditions are related to the development of a defective down-

25  regulation of apoptosis in the affected cells. For example, neoplasias result, at least in part,
from an apoptosis-resistant state in which cell proliferation signals inappropriately exceed
cell death signals. Furthermore, some DNA viruses such as Epstein-Barr virus, African
swine fever virus and adenovirus, parasitize the host cellular machinery to drive their own
replication. At the same time, they modulate apoptosis to repress cell death and allow the

30  target cell to reproduce the virus. Moreover, certain disease conditions such as
lymphoproliferative conditions, cancer including drug resistant cancer, arthritis,
inflammation, autoimmune diseases and the like may result from a down regulation of cell

death regulation. In such disease conditions, it is desirable to promote apoptotic mechanisms.
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(Darzynkiewicz et al., Cytonetry 13: 795-808, 1992). Most of these nethods
nmeasure 10 apoptotic changes in cells by staining with vari ous DNA dyes (Le.
propi diumiodide (Pl), DAPI, Hoechst 33342), however, techni ques using the
term nal demgonueshi®ati dyl transferase (TUNNEL) or ni ckpetapsbisiae assays
have al so been devel oped (Gorczyca et al., Cancer Res 53: 1945-1951, 1993).
Recently, rapid flow cytonetric staining nethods that use Annexin V for
detection of phosphati dyl serine exposure on the cell surface as a marker of
apoptosi s have 15 beconme commercially avail able. The newest flow cytonetric
assays nmeasure caspase-3 activity, an early marker of cells undergoing
apoptosis and kits for performng th@ggggﬁ g are commercially available
(Ni cholson et al., Npture 376: 37-43, FE A protease can be adm nistered
to cleave a caspase thereby inhibiting its activity. In a preferred
enboi dnent , t Jo 2 f eave caspase-3. The
pr ot ease Zoiggﬁﬂgﬁégﬁ%ﬁggggag?g@?ﬂ%?%?g?ﬁ?ql véf%ed I n apoptosis e.g.,
human cytdchr omre Bre wilditype i gagnzyme Bamﬁuﬁa@pmgnar@l,asmw@amle(ﬁarﬂhunan
caspase-6, h n . N N PARP, or
YRNIBEIDGE g).ZﬂUm%ﬁf‘%etfﬂwe % rﬂghpmug'ﬁgﬁs' \Nr %ﬁ‘%ﬁ&ommﬂm

human p53. By cl eavi ng these protelns, t ease the I nact 1 vat es
them | n thi sherpRHiZoA plagnigNA18AsN2 IBINNDIS VL4, T98F, IAIR. D 74A apbidVoEach 25 In
anot her aspe L84S 1l R bl Ny y, Al . cell with a
protease in Sgunmﬁgﬁgﬁ%%héﬂe? ibk Péeaﬁllpﬁ °§‘%q7‘ﬁﬁﬁ'igﬁefsqgg‘8§t%§$sq?‘ @%'F?‘éj%rgg]lo&gopul ation
that is expofdldwedby fransformativn intaEB& cklipandselection withdleecin fnvitmgdncLalolla nunber of
cells, is@., e g des o QY] | | | Qaviivo, or
ex vi vo, e OOy Peellh GufyicifuoR Ml oS il SRAERT, 18 plililly adefiabtl 1D P
wi th a pol ynirsthed fargalditypgirat@ranayiesB (Hearig eictl e HYS 19%%) (VB):26¢4-26373)-nduci ng

Apoptosi s Ao 1 nfleiifchl fis bR 0L ARR! @ 11995 RAASRTind HNGHNT APOPT 0T -

I n one aspect apoptosis Is_induced In subject in need thereof
admi ni steri n@udccgm@é%ty@gm) methadrel sife direpted\otatgroeyin IAVA primerF e jsirotuss 031719

suffici ent t ehel[9SEGRARPREE Hotward BEmSUEER YCERAT RAETET AARNX CARIBR CC @
primate ge.g., a hunzg%, nouse, rat, Qﬁg, cat, cow, horse, or ‘prg. In
various &3pedtAl @AE AT EE CTIG(SEQIPAN:BiiReverse primasrieats (T ﬁﬁTﬁﬁ‘gﬁ\. ne
di sorder. A pid 668 PPOTPAGRINTI ATAEGE THGIEEG IO 5y. 20F1RA&GINe ehdz® MPOUN.

Exanpl es of an 5 anti-angi ogeni c conpound include, but are not limted to,
a tyrosine kirgeales wasmags sontaiing the wild fyep donblesanded DGy, EitKO PERE®r i nhi bi t or |
a fi brobl ast oi&appifgihe rawkion, hagicfién buftby, BNTPE andthe DNA! Rlyherst8r ARG309r oWt h

factor inhibitor, a matrix metallgprotease (MN inhibitor, an integrin
bl ocker, i nt &vnds fpnapalingand ampplifiqation, thereagtion s stoppest b enyme Dppla¥aseuki n- 12,
pentosan20  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.

25 "I‘he DNA containing the variant granzyme B proteases was transformed into Pichia
pastoris X33 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 of greater than OD600= 1.0. Protein expression was induced by the addition of 0.5%
methanol and held constant over 72 hours. To purify the variant protease, the culture was

30  centrifuged and the 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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pol ysul fate, a cycl ooxygenase inhibitor, a nonsteroidal anti-inflammuatory
(NSAID), a 10 cycl ooxygenase-2 inhibitor, carboxyam dotriazol e,
tetrahydrocortizol, conbretastatin A-4, squal am ne,

6- O chl or ogaeioydesemzbonyl ) -funagi | 1 ol , thalidom de, angpepiygdobisrAgdost atin,
troponin-1, an anti body to VEGF, platelet factor 4 or thronmbospondin. In
sone enbodi nents, the protease is further admnistered with a

chenot herapeuti c conmpound. Exanpl es of chenot herapeutic conpounds i ncl ude,
but are not limted to, 15 paclitaxel, Taxol, |ovastatin, m nosine,

t anoxi f en, Qe iMES)pHe,0, 3M NaClrandi0. aM Na@QB.- Fiekpsultingpidiaabe was3490%(peX)The

adr i amyi . ABBLTRTh e bR 1 coRgnEra e TR EE Aot &i10F AV SR P omy ci .
m t oxant r one stor@eraamd ne, epirubi ci n or idarubicin. In another aspect,

an Amount Suf 11 of SHERYePHIRKnRRA B ke hulntrs i B s

exposed tH, t280nm (azmﬁlaemem loint 1), tittaked wﬁﬂh@hﬁ@peedoam ol 84ID yeattitl lﬂbﬁ‘év@fslyc ells,

The' ool | s caReBvasRemeRny ¢ ook Bt el botash % g rdes 8 Wi i

pol ynucl eoti d€. t hat encodes the protease. Sone di sease conditions are
related to the devel opnent of a defective down 25 regul ation of apoptosis in
the affected cells. For exanple, neoplasias result, at least in part, from
an apopt osi s-ExaaipEtnrﬂynﬂieﬁk énd Scredning vf A€GC Pesitibnal Seamiing Dilgragesal s

| napproprjate XGce cell death signals. Furthernore, some DNA viruses
such as é{’) é‘*‘#gﬁﬂ’ %tlfeﬁ'g African sw ne fever virus and adenovirus,

parasitize the hoﬂaneJaimﬂoawmmHmceﬂqaddmad ptepared lls}eraatxngmammeq:dumaﬂﬁ-4on

the sane tine, the | at 05|s [ epr es atha J% the
w%’x‘%uoc- 2e Vi 4a°e i (c ’alh ga @o t

30 target celalcet{co reproduce reover, I ons
such as Iynphnip)wablxﬁlmdaNaH@Oc@rﬁmgt4iﬁmnok)aw|amﬂded mcshuﬂlpongonkrfu@pweéby ﬂmant

cancer, arthri h O '
result froma d%%én °fr*‘°e§% eg%b-o e S%}{'IEIQﬂl %gﬁegggﬁ%gﬁ? Baﬁg’q?& P s?ﬁfgﬁg as e
condi ti oA§, i4l.5imsmelpwas aidedwithstimingwerthegurst of | It Thedtetntiswas. rexn@/eMd the

20041 031733 EQTLHSRANH0PE S EXONENGS R RS s RLEPBRALARR (s St o 200

of 199A GranZ e rat granzyne was prepared as
descri bed pr emubms gymihjigolid was cetlecwld by fil@a)n ard $@shed ¥itB peveBpotticha 37 1BxaneThe

foll ow ng poi | ' ' . Lasm d: N218A,

N218T, N218\/,,{%g@i@%{dgg%@%@g%d%@%}i%%@}ﬂﬁa%ﬁ%ﬁwl ?Pllgwas confirmed

by sequenci nglmimchuminn‘eaosﬁq wid HunlsAMEX A s (N@K 17 aglobrias solvated willed by

Lranstor gt géoﬁ ikt pSRATY D Riltbdd BIZRAGHR BV bahhagen. | L
ression and puri

Jol | a 10 cation each variant was_identical to
the previou s|vghem20%g@;pendme in DMF (200 ml) was added. After agitation for25 min, the resin

was filtered and washed with DMF (3 times, 200 ml each). 7-Fmoc-aminocoumarin-4-acetic
acid (15 g, 34 mmol), HOBt (4.6 g, 34 mmol), and DMF (150 ml) were added, followed by
diisopropylcarbodiimide (DICI) (5.3 ml, 34 mmol). The mixture was agitated overnight,

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

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

30  added to wells of a MultiChem 96-well reaction apparatus. The resin-containing wells were
solvated with DMF (0.5 ml). After filtration, 20% piperidine in DMF solution (0.5 ml) was
added, followed by agitation for 30 min. The wells of the reaction block were filtered and
washed with DMF (three times with 0.5 ml). To introduce the randomized P2 position, an
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method for wild type rat granzyne B (Harris, et al., JBC, 1998,
(273):27364-27373). The protease rat granzyne B was nutated at Ile 99 to an
Al ani ne using the QuikChange (Stratagene) nethod of site directed

mut at genesiwi 200014831 Ners to i ntroduce the 199A nut ati parAi08303TA0War d
primer: CCA GCG TAT AAT TCT AAG ACA GCC TCC 15 AAT GAC ATC ATG CTG (SEQ I D
NO 3) Reverse priner: CAG CAT GAT GIC ATT GGA GGC TGI CTT AGA ATT ATA CGC
TGG (SEQ ID NO.5). A polynerase chain reaction was nade containing the wild
type doubl e stranded DNA,. the two priners overlapping the nutation, a
reaction buf fisskinetipurixtues of Fnog-pmimoianidp 48 mmeln deq per well; Fyme-aminoreeis, ml%

anneal | 19, anduREl Dl 8l i, ABEUHROR!S.HRBAT TARBACS 3 Ao SAZYIRRRRN! s

20 added to dll_gest the wl cont ai ni ng a nodi alr and

the resul ti n@HhBokEgoc-Blu04Bu @él,ﬁé,ﬁmclfr@ﬂ@“ » PAt ety 9; RU@EH ection
agai nst  ZeoC i P RROHESS; FHo¥-TRWH, thleFmGJ -DREGH VY 6; Fnldb QWs(BIE)Q)W?HnQ@ was

confirnmed by sequencing the granz gene. Thé same protocol 'was used to

make the ¥ emdlerOHg3 SrEmooyithe-(BL, i WP?;PTOVWHH %ﬁmoéﬁpﬁ(gtt@“)%ﬁée@nqcn t he
nmut ageni ¢ pr mhﬁgb&e%ﬁ”&% FNGe- ﬂ)@i&b-@mg gl fiﬁoc\f?fr @Pﬁuﬂéﬁmzy P \Rl-Bfeases

was transfor into Pichia_ pastoris X t he publ’i shed prot ocol

(1 nvi trogen) laAlwesiaeastivtad;with QM@PGF’%WIW@‘I é@é@?’éd-’- dmoe)eBMFn.  The

col ony was ”ﬁﬂﬁ%ﬁ%kh@n@ﬂmﬁ%&ﬂd&b&jm@d&ﬂdﬁ&@ﬂg gﬁ@fé&buwbﬁcwis density
of greater than 00= 1.0. Protein exEres& on_was i nduced by the addition

of 0.5% net R&kd fantb. fkegd.cad veshed wibh proiimes with9.50abi The rendomized ant

prot easejo t h@3Ghd PApRitOASwIE ifeSipbratel MBS satd thahh®. THOBMOAIFARY PAGRIiASRIded.
Gravity based Ioadl n flowed t he supernat ant over a, SP-Sepharose Fast Fl ow

cation exchangeravetand thefesmy was Hashedrath ME fdregfimss with ARmi\nd tregied witth 100
mV Nadl , and omﬁmfatcappmgesamhom wAdm}ﬁ 50, NEﬁamoﬂbHH@B@(Ma%& ¥ udvas{and The

protein was mMV._IVES nd the col um1 washed
with 50 | 4%@&6%%#3%&“‘% (1859 ﬁ%gi%fg'aglw TesiL e Ypshodiilac1 and
0. 5h|v| NaOH de (tR@e!imbdWith0. 9 )8 CHBC], (Bdeaey with 05a1), dndtRbtediith 9ase was
exc ange and cqn orage
b RN v e IV O O S R e S R R R e
tencl o?ibflo (r) Pan c anﬁiélg%eﬁ oﬁngdpmwtﬂe?mgi Zveretewa'&]ﬁeatvﬁdl a%‘ﬁ??wléadigfé]pgr o
S | |

50 mv MES, pkP qﬁ ‘Yglbg m%" élﬁ’& pg t%ﬂasé‘f’n"ﬁnm’(ﬁeadq%%g%wéte "Wt hesi s
and Screeni ngulﬁ&atA%tﬂﬁmgmms dfctad with BtOH (0rSani) @sd cohenAied Mecd. rrhé;ynt hesi s
7- Froc- am nOCO}#I’Tl%sr frtlhe m&w 1t1a|1 (v:ve g vlvgre yop lze%erome&-l %)‘Ilﬁr r?igxltur%eas The total

7- ani nocounarfis
20  amount of substrate in each well was conservatively estimated to be 0.0063 mmol (50%) on

the basis of yields of single substrates.
P1-Fixed Library Synthesis
Multigram 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-
25  well reaction block: sublibraries were denoted by the second fixed position (P4, P3, P2) of 19
amino acids (cysteine was omitted and norleucine was substituted for methionine). Synthesis,
capping, and 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 Fmoc-amino acid monomer, 5 eq of DICI, and 5 eq of HOBt in DMF), rather than
30  isokinetic mixtures, were incorporated in the spatially addressed P2, P3, or P4 positions.
Preparation of the complete diverse and P1-fixed combinatorial libraries was carried
out as described above. The library was aliquoted into 96-well plates to a final concentration
of 250 uM. Variant proteases were diluted in granzyme activity buffer (50 mM Na Hepes,
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acetic acid wth Fnoc-C . 7-Anrinocoumarin-4-acetic acid (10.0 g, 45.6 mol)
and H20O (228 n]) were m xed. NaHCO3 (3.92 g, 45.6 mmpl) was added in small
portions followed by the addition of acetone (228 m). The solution was
cool ed w tWoaswjesesdpath, and Fnoc-Cd (10.7 g, 15 41.5 rm@lgsemesadded with
stirring over the course of 1 h. The ice bath was renoved and the solution
was stirred overnight The acetone was renoved with rotary evaporation and
the resulting gunmmy solid was collected by filtration and washed with
several portions of hexane. ACC-resin was prepared by condensation of Ri nk
Ami de AM r espH 8w, 100 ndMNadt-0.G1% mmmopfoimne%nmbhéuethOnHﬁu 1AM. deitidM r esi n
(21 g, 17 S.S h 20 . 0. nm.). The m X e. sagltated
for 30 nin aﬁ%&‘)VPY f‘l{‘%‘}sg% ‘W%‘#Yﬁ“&?%ﬂﬁ%ﬁ&,m%%&%&ﬁoﬁ? &A)mr?f’ MCdi ne in
DME (200 nl ) appasximatelg dquahfol SOrnMagild e tib gthnaym2 B. rEnaymdticactiviyiimthe RhsAspi | t er ed
and washed w.th DVE (3 t.ines,,200 ocou rin-4-acetic
acid (15 g,%ﬁ‘%ﬁsémﬁﬁﬁé&eﬁh@“& fﬂsge %ﬁ%waﬁg‘%%ﬁ s °‘R%“P§ added,
fol | owed Sy nathé)sBpeitatigr and renisdion wertendasiréd at 3 §bnnd and 460 Jh, respdc)welil'he m xt ure
was agitated overnight, 25 filtered, washed (DVF, three times with 200 nl;
tetrahydrofuran, three times with 200 m; MOH, three tines with 200 nj),
and dried ovExaxEﬁl@B I:hnvnduﬂsl(ihétuﬂ\ilm“iemﬂts oD199AGranegh¢BWas 0.58 mmol /g

(>95% as determ b nal ysi,s. se L| esi s
I ndi vi dual P1- sublg&' u%i nEcrr%lSas ﬁ’gs‘é'grle %Eee peg‘éngxﬁﬁp %13 mol ) was
30 added to Wedrimsetaf EacH\inétéasSiwemE&dwbdtweeaeSOthapmnﬁdss@bufl‘he All

20% pi poll ai ACCTRies e v Wb s SEh been am 808 ol i ClagPee 1 i on

for 30 m n WeR direlel fo tetwdeh 80 heEZObO QL. maapdssmbﬁaiﬁed k&R ﬁmes@/as hed with
DMF (three tinmes with 0.5 m). To introduce the random zed P2 position, an

42 WD 2004/ oﬁthMQfmwe@ﬁfw i3 saepndls At excitation aredeﬂnafsmmclamaﬂﬁo aci ds

[4.8 mol, 1@fmxﬂe£nd\mbhm Eﬁ%&ﬁ@a&ﬁl@ﬂd@im&(ﬁ Alma ormibd
Frnoc- Ar g(be)1 . 5; Fnoc n(Trt) 5.3; Fnoc- Asp( t Bu OH, 3 5;
Froc- GIu(Ot & 3.6; Froc- A@n(Trt)-OH, 5.3; Fnoc-dy-0H, 2 9; Frmc-

His(Trt)i0oH, 3. 5 T}Eaﬁembd WRas@skd tb derden Imgr_aﬁ@ﬂre@" 199A gnanﬁmdsm(ﬁiﬁaqﬂ a
Froc- Ser (Ot PEROREbfoataing comRGROT et ity R Fgiros SR AELHRSCRIEPICH, 3. 5:
Fnoc- Tyr ( O t Thelibrédylwad pfbparEdTisteééﬁbccﬁﬂove ghd afiquowd $ntp PERell ptet @ch fdal h DI CI
(0.5 i 1) waSoReBEoR oF 0 . cFhe i rpiote Wik sl e SARAME GO Cat o
for 3 h, fil M HepesgpEliaohE0 md NaCDIP1¢4 Tweer-20) toeencenttakiof. bEt“mbr) 50 e
oo g Dl B AN AT SRR SR AR B i
(t hree ti nes covictitrafiorbtorving appnakithatelp eqol i 50 MM wild type rat granzyme B Enzymatic
activity in the P1-Asp library was assayed for one hour at 30 °C on the Spectra-Max Delta
fluorimeter. Excitation and emission were measured at 380 nm and 460 nm, respectively.
The profiles of the granzyme B variants were compared to the wild type profile and the
25  differences determined. For the I99A mutant, for example, the specificity at the P2 amino
acid was markedly changed from the wild type. The former broad preference with a slight
preference for proline is replaced with a strong preference for hydrophobic residues such as
Phe and Tyr. The selectivity of the variant protease was also changed. The wild type was
promiscuous at the P2 subsite, hydrolyzing substrates that contain any amino acid at that site.
30  The I99A protease is much more selective. A Phe at the P2 site is preferred to a much higher
degree than any other amino acid (See Table 5, above).
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0.5 m of a capping solution of AcOH (150 I, 2.5 mmol ), HOBt (340 ng, 2.5
mmol), and DICl (390 1, 2.5 mmol) in DMF (10 m). After 4 h of agitation,
the resin was washed with DM (three times with 0.5 m) and CH2Cl2 (three
times Wt hyg.26041733 and treated with a 15 sol ution of YTU$2003/031719

TFA/ TI S/H2O. After incubation for 1 h the reaction block was opened and

pl aced on a 96-deep-well titer plate and the wells were washed with
additional cleavage solution (twice with 0.5 m). The collection plate was
concentrated, and the material {in the substrate-containing wells was

di | ut ed wi t h Expmpledp Protaplytigelepvagsandrinsctivatipniofjtamor megrosisfagtorcanddumer t he

i ndi vidual Weledrgsiyateor ocepidk. | zed from CH3CN H20 m xtures. The total 20
anount of substrate in each well was conservatively estimated to be 0.0063
mol (50% odtecprozclegage of vyiel ds of single substrates. Pl-Fixed Library
Synt hesi s Ml ti grpiisslhted hedtropHils (PMNPWAS tdshdpbRida AG%167R119mER Rt 640 _
synt hesi zed by _the .nethods descri bed. Fnpc-am no aci d-substituted ACC resin
was pl aced i WithP.23xpfetal calf sepmp@CSpand jpqubatedwith yagiquygogeqatrationg pf i3ptease-es wer e
denot ed by t RgecERFOHRe fdlk RFioRGETNENR] or THF-FO3 Affe2) 19 40l 8inafduBRion et SH5°C,

(cysteine was omtted and norl euci ne was substituted for nethionine).

Synthesis, ®Ei59rsighibiiers) were@dded jo ston the Fractiongud ths pmeuntef ENF-Raplessedintathe  hose
descri bed i n iR vk Q¥dnftated uSiBE ELIYA (RobHeh t he exception that for P2, P3, and
P4 sublibraries, individual am no acids (5 eq of Fnoc-am no acid nononer, 5
eq of DICl, JA deav@gent HOBt in DMF), rather than 30 isokinetic nixtures,
wer e incggpor at ed‘zflmo,emﬂé' Mayin'éﬁﬂm%ﬁd'a@ﬂxg cBcen@dtioofpRsidakd 4AS -

conp xe

Preparation of the te . divers nd P1l-f] conpinatorjal libraries was
carried out LS sgmRles VR l@ﬂbﬂ%‘?@ﬁ@ﬁﬁmlamffweéﬂnwssfﬂéal?‘ﬁto 96- wel |
plates to a fpolyadrylamide gelt Galsivesre dritl addékpdled Wok-tag Himodhipasem “oer e diluted in
granzynmne aCtiﬁ\%“Lé r8_uffer (50 mM Na Hepes, 43 WO 20041031733

PCTI VS2003/ 031719 51 €% 100 nM NaCl, 0.01% Tween-20) to concentrations

bet ween 50 nM and'Z[-THF driPMN &kre ifcabatsd Wigth igidhdSincehtratidnPbF pidleasedess abeed t 0

adj ust t vari ant. prog concentration to o i mat equal to 50
nM wi | d Egpea[ﬁ’ggmé'l"gﬂgyﬁgﬁ%exﬁ?ﬁ R’fﬂr? as%?@??WW&ﬁ%%ﬁﬁd’xmﬁ?bﬁéry was
assayed for OINFthPMN adpos2d tdproteasas, Sae Glanttafeth Msibjedcintillitionu Biriefly, #0° celtonpany 5
nane). Excitation and.em ssion wer asuy: . 380 nd 460, .m .
Ceopbet vl y nergRaiea Wih v AR R lRR R P A i i e BB Qo iy e
I ndi vi dual Kitiseiresenae®é proteeseanitibitore r@ellpwert thenwelshed ithvep timeS{be vbauam lebpirafied t a
fluorineter. Eagh t ease.was_ di.l 0 h en 50 an M i assay
but er a1 <R e 8 S AeuhRgn B b diach PrrRBiet ek Beloh Rshod Rt s ane” 500
M  whi | e 26MC couthiat anaut Wallas@Mieroblétd seirgitlation chafteve@daied ford valKiéssdler dEakh assay

cont Al ned | oSl 13 Vi o A AR e o VIO 18515 2B Yeh el Vo 15

seconds at excClta M SSI on ve

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

25  Cleavage Using Protease Phage Display

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

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

30 The combination of an inefficient phage origin of replication and an intact plasmid
origin of replication favors propagation of the vector in the host bacterium as a plasmid (as
RF, replicating form, DNA) rather than as a phage. It can therefore be maintained without
killing the host. Furthermore, possession of a plasmid origin means that it can replicate
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of 380 nmand 460 nm respectively, for a total of 10 m nutes. Al assays
were perfornmed in 1%OMSO. 15 This nmethod was used to screen | 99A granzyne
B. 199A granzynme was profiled in a positional scanning conbinatori al
substrate Jw"og&) determ ne the effect of the nutati brary was
prepared as eg{/:(%sll‘;ggd above and aliquoted into 96-well %Prafysezs&?oghépfi nal
concentration of 250 MM The variant protease was diluted in granzyne
activity buffer (50 nM Na Hepes, pH 8.0, 100 mM NaCl, 0.01 % Tween-20) to
concentrations between 50 nM 20 and 1 pM Initial activity against

Ac- | EPD- AMC \imiepandend of the effici¢stphbgedlike arapagatiopsfabehagemid 0By eintue af then t o one

approxi mately e | to 50 nMw |d. t rat ..ar ne . B. .Enzymatic . activity
T the P1- As TPy Sas sty Bl aéprqriitd ot VRS gitn gfealet decifiing . e
Delta fl uor iphxgemid DEAdntb phage particies. ermi ssi on were neasured at 380 rim and 460
nm respectively.. The_profiles of th anz B vari.gnt rre coppared to
the wid type: pr oftre oL BrireSSutt o i REY B ot F MI ot pfoiima s BE A

mut ant, fHr esssméted usidgatandead tlbhiag mytheds. (Sidhu,Methods iroEnzgmiolbgyy26007a328dl y
changed from 11 d.type. . The forner, broad preferepnce with a.slight

pref er ence fé’??%r?r‘.” b"%/"gor’ta}elbtf%ggv tﬁwgﬁg%‘&ﬁ‘beeﬂ%‘ﬁlg%ﬁgrggﬁfﬂs%fgrophobi c
resi dues suc llispiyedincthesuefadeyuf M 1Bhe a fisloadd the p3 §r p8f Mil B eoat proteiistandpaahanse was
al so changed.. _The wild.t pram scuo at _the.P2 subsite.  hydralyzing
Substrat es t RETEERFHRPIERS aldefivds Santriping et forrnonding 5 the Brer bR IS case | s
much nore selimerdesty #he AddBipde rmdiety lwdll MRAibitithembility fitlef roteasel td deage tha 6éissile gher

degree than any,other amno aci d,.See Table. 5 bove). 44 WO 2004/ Q31733
poT U200 o P 6 BiShroRik iy R%as s mEfoed 0 i B RO rofSe NP GO U1 1 o
necr osi s f actpeptidan Vdriamtprotease displayed phage twith spefieityt for the Rexnelitized tagetavage.

R 160" 5 A Vo o PP el o USRS R hneing i o BB o

concent r at i onsvapf Tppugheensecutive paudsfof parnog, proteased withkenhenged specificty MFvarls or

TNF- R2. After m, Nyl t t L hhik bi wer e
added to st 0|oth etatﬁéetﬁsgau%?‘fec? o g%’lﬁ&%l‘%g gh%o%ﬁg% s%@#ﬁlﬁ%%e@%&?é@%?%ﬁ%% medi a
was quantlpt atasighydeiandjiselate@phagRomtte testeT i spdcdm\hdpelyisiod tHePEptidENF ( 40, 000 cpm)
was i ncubated with varying concentrations of protease and then sanples were
boil ed i n SDS- PAGE sanpl e buffer and exam ned on a 12% pol yacryl am de gel .
Cel s wer e dr iExdmplech. ihecyutliesivand-flugyeséence(ckesuing pf Bbrarig®) C. TNF bi ndi ng
assay. 125l 'H\IFlpcfiveEMiW&e I ncubated with varying concentrations of

pr ot eases as étfove.

A(i). Synthesis

20 Individual P1-substituted Fmoc-amino acid ACC-resin (ca. 25 mg, 0.013 mmol) was
added to wells of a Multi-Chem 96-well reaction apparatus. The resin-containing wells were
solvated with DMF (0.5 mL). A 20% piperidine in DMF solution (0.5 mL) was added
followed by agitation for 30 min. The wells of the reaction block were filtered and washed
with DMF (3x 0.5 mL). In order to introduce the randomized P2 position, an isokinetic

25  mixture (Ostresh, J. M., et al., (1994) Biopolymers 34:1681-9) of Fmoc-amino acids (4.8
mmol, 10 equiv/well; Fmoc-amino acid, mol %: Fmoc-Ala-OH, 3.4; Fmoc-Arg(Pbf)-OH,
6.5; Fmoc-Asn(Trt)-OH, 5.3; Fmoc-Asp(O-t-Bu)-OH, 3.5; Fmoc-Glu(O-t-Bu)-OH, 3.6;
Fmoc-Gln(Trt)-OH, 5.3; Fmoc-Gly-OH, 2.9; Fmoc-His(T1t)-OH, 3.5; Fmoc-Ile-OH, 17 .4;
Fmoc-Leu-OH, 4.9; Fmoc-Lys(Boc)-OH, 6.2; Fmoc-Nle-OH, 3.8; Fmoc-Phe-OH, 2.5; Fmoc-

30  Pro-OH, 4.3; Fmoc-Ser(O-t-Bu)-OH, 2.8; Fmoc-Thr(O-t-Bu)-OH, 4.8; Fmoc-Trp(Boc)-OH,
3.8; Fmoc-Tyr(O-t-Bu)-OH, 4.1; Fmoc-Val-OH, 11.3) was pre-activated with DICI (390 pL,
2.5 mmol), and HOBt (340 mg, 2.5 mmol) in DMF (10 mL). The solution (0.5 mL) was
added to each of the wells. The rqaction block was agitated for 3 h, filtered, and washed with
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15 The bi ndi ng of 1251-TNF exposed to proteases to normal PMN, or the

bi ndi ng of normal 1251- TNF to PMN exposed to proteases, was quantitated
using scintillation. Briefly, 105 cells were incubated with varying
concent r at w50483173351- TNF in 96-wel | filter plates (M ptyR84e83 0o t he
presence of protease inhibitors. Cells were then washed three tines by
vacuum aspiration and then 30 | of scintillation fluid (Wallac) was added
to each well. Scintillation was then 20 counted on a Wallac M crobeta
scintillation counter. (Adapted fromvan Kessel et al., J. Imunol. (1991)
147: 3862- 3868 MA(3dinks0t5anl). dhe sdndomiz&IPY ahd $2 positidns Weft4ficodfdiibed)in thesagppl e 5.

Sel ection of Enz ahl.e of Peptide Sequenc ecific Target Cl eavage
Usi ng Prot eadt eml!%'ggfée %i%pqqéhf é%haém% E{ e‘ﬁ%s(ﬁqu%vegglﬁst?%)ﬁg?g&s gﬁ@ﬁgW}%ﬁ t (i)
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el i cat on oo &3t IR0 R, 5 ook LARAEORHL B P ot o s
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of the vect oppéned trtipléved dn i 96 deepiwelhtites phteahd thewall{ were wabhed wéth additidnaing f or m
DNA) rather than as.a. an therefore be nmaintain wi.t hgut Kkilling
the hoat . Furlhaehiy iR (38 s sl FRGHARFRRE Saf Bl T oI, 5
replicate 45 cuihifigielEwets silveNiticROIBEOG3A1) kad conceldped deiaé. Tife chinentedfl | ci ent
phage- | i pr.o tion of th h 1 d. Hetd ue . of e icildin
Foa st ands oARaniRle? el wind BoRuRAT R cRtalted HEte, Tiionfiablor o
packagi ng of sulsiratgéndach Wl wasooseptatigely gstimiated ko, 0.0063 mow! (0%) hesegpumnease gene
to either the, . 8 M3 coat proteins can be 5 constructed using
standard cl oﬁ'lle%%%ﬁ%?ﬁgég. Ei%idhu, Met hods i n Enzynol ogy, 2000, V328, p333).
A conbi nat ori al | 4@Y.Eneyméticstssayeafilgbresyt hi n t he gene encoding the protease is
then displayed og t . ?? i . coat
proteins and pan n{elhdﬁ &gﬁezl?#so? %g.ﬁglier?%gl z%d‘?&ézdeggﬁ§%e%§% aﬁn‘gelr%lgg)a@‘ﬁrgl\@p i de
corr espohdli n389 omi(Gal, §40.gastal. (1 289) Agal Bidchern 18233 19s26). Theepregortisinyod catatyticellyy wi | |
i nhi bit the ahil.i ] -qgkgg t&4C SCJ SSi| ¢ of the
pr ot ease, ho%te)d\i/dgrﬂ;I %‘Iﬁplfg’ I;rlr%?ﬂ eulgy oe’?ﬁ‘b‘?‘&f %nﬁgc}éﬁgér@%\?\'ﬁ tw ﬁ%‘r"%‘%&%@‘e’%ﬁ%% tion
of the pept itigrationyth MEGBo MIEEMACHTamesen, GdWoleage (1478 Bigghemidablonmalki or t he
i mobi || zed t34.9&L eptide will bind to target peptide coated pl ates,
1319841179,
wher eas non-specific’phage will be washed away. Through consecutiyve rounds

of panni ng, prot eSuhstrate fram the REHEEd weppadissolved ip r pprosimately 4 O’ maquence

can be isgl a I; iy i the 15
al dehydeégndto?gag}l;ﬁ?ggg’gﬁg@fw’ Ozﬁq%gg‘?oest edkﬁ?‘)@g%%@%g%dr g)lvi‘iehgyﬁ% he

peptide. Ex&fpied ngcrofipes e Techpplogigs, (chantilbie Ma-¢ fos a figal spprgnigtion pifk by i es.
pM. Approximately 1.0x10'° mol of each P1-diverse sub-library (6859 compounds) was

added to 20 wells of a 96-well plate for a final concentration of 0.01 pM in each compound.
Hydrolysis reactions were initiated by the addition of enzyme (0.02 nM-100 ﬁM) and
25  monitored fluorometrically with a Perkin Elmer LS50B Luminescence Spectrometer, with
excitation at 380 nm and emission at 450 nm or 460 nm. Assays of the serine proteases were
performed at 25 °C. in a buffer containing 50 mM Tris, pH 8.0, 100 mM NaCl, 0.5 mM
CaCl,, 0.01% Tween-20, and 1% DMSO (from substrates). Assay of the cysteine proteases,
papain and cruzain, was performed at 25 °C. in a buffer containing 100 mM sodium acetate,
30 pHS5.5, 100 mM NaCl, 5 mM DTT, 1 mM EDTA, 0.01% Brij-35, and 1% DMSO (from
substrates).
B. Profiling Proteases with a P1-diverse Library of 137.180 Substrate Sequences
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A. Pl-diverse Library A(i). Synthesis 20 Individual Pl-substituted
Frmoc-am no acid ACC-resin (ca. 25 ng, 0.013 mmol) was added to wells of a
Mul ti-Chem 96-wel |l reaction apparatus. The resin-containing wells were

sol vat ed wwdnoi31¢93. 5 nL). A 20% pi peridine in DVF sol pet@8a00flesz79l) was
added followed by agitation for 30 min. The wells of the reaction bl ock

were filtered and washed with DM (3x 0.5 nmL). In order to introduce the
random zed P2 position, an isokinetic 25 m xture (Gstreesb, J. M, et al.,
(1994) Biopol yners 34:1681-9) of Fnoc-amino acids (4.8 mmol, 10 equiv/well;
Fnoc-am no aci d, Twtestdhe gosdibilitilofatfachingalllamioBeidsAd e P fsjte fHhe substate

F Asn(Trt : .- Bu 3 Ot-B

Foc. G RE Tre ;*eqt’ﬁ“’eél’g d‘vﬁﬁgeuﬁﬁggllb@ygﬂs e EF“&? SIT'%E‘)@“E#’“@’ %né{%ﬁggm es OH
17. 4; ) Fno G(ZI IwSHSS ﬂ'dllzludh daly theTPpdsitivh Bosy3terlticalfy htld doiEtant Bl &1t Aghino dcids;

Fnoc- Phe- NDC.

m. OH 4.3 Fnpe- Ser (O t.- -OH,  2.8;
Fnoc- Thr (O t e’éﬁﬂ‘}d"tﬁﬂsﬁ%mﬁﬁ‘i}@‘ﬁ?{%@é‘}g@f §£é’.(38%“d|?§rl§%3§‘ﬁ‘§ﬂs(°@stsf e oH 4.1
l(:ggg val - 3 ,5edu'im|31)lr hixsurp bl lamiihov/zatids Gorwitbtil dPb 859 fubSithtd sequedcds perwdl)., and HOBt
nyg, nmo

' The s i on ded_t o each
of the wel | sSe¥aRl s?&’ﬁ@?%ﬁ&l?%&g%é" e?@r?‘lél?dtetﬂ t?sbfﬁ‘ W%%IWPE"P@%‘%I T washed
W tg 46 V\aD 2 4daéhtifidation BGhe bindtd) Bl Sbihd 34d. Cﬁ#fndugpdiﬂ siosedths eﬂﬂe}:tedThe )
random zed P3 a P. 03|t|on werelnc ora.te The
Frme of t he. PECHItH 7 Reve P EBaRi st Aty TORED AeL PRt R RGN ( 3x
0. 5I ;n_) , and Purbesié ﬁﬂmwlhs QupLyh). @iasﬂnmphmd:‘aqir&fe‘rem fdrfbaﬁeﬂﬂn()i&@s( 41L )2 5
mol ), c DVF (10 nL
nter 4 ot 81‘%@ %%‘%‘g@fnﬁ‘ M&WWW% ET?SHL) CH2C12
(3x 0.5 nm), smtﬁcity,ahdww avdidtinct peefarece foraspattic agﬁoﬂeﬁllbﬂﬁrﬁﬁiﬁoﬂlﬂy H20. After
I ncubating for reailon bl gc e nd pl aced,. 9
deep-wel | tlll%f’ ]dbquﬁ’ A ’ﬁgm\%’lafg @é‘?@ﬁ%gﬁrggﬁ%wﬁﬂqﬁogwg%&ﬁ gzﬁvage
sol ution (2x tlﬁhcﬁnom;)al pr?feﬁ:ncmiof sdatinecand pilmbe’rhmyemapmmasw,tmﬂam amicbrdzhin
substrat e- t ai I8 di | uted. and concentrat ed
Dt ce. The oot ety Sl Sefbndtsibiniy el L nRer BBt o
CH3CN: H205 m mlthntnghtheiﬁheahnd&stpraﬁmmﬁfodrgmme;bst rate in each well was
conservatively estimted to be 0.0063 nml (50% based upon vyields of

single substrates. A(il). Enzymatic Assay of Library The concentration of
proteol ytic dilnmpw Saseming for cleavnge bfindividunlsmbsteateeasured at 15 280 nm

Ggll, s C, rtionof
E:at alytically ac ummé éggsg%mé%tﬁh%%m g’ypsi%%m%@,& as_ﬁf’%‘n%%} chynot rypsin
was quant i t atselebtristy libuatiesy ave gésayed using individual paptide sMis@Besrorieippiiar olimeson, G
W, et aEO ( ]d%le%)l cﬁh@@p%héﬁgé ﬂ&u{dﬂﬁ Ilcinetic measurements are performed using a Spectra-

Max Delta fluorimeter (Molecular Devices). Each protease is diluted to between 50 nM and
1 pM in assay buffer. All ACC substrates are diluted with MeSO to between 5 and 500 pM,
while AMC substrates are diluted to between 20 and 2000 pM. Each assay contain less than
5% MeSO. Enzymatic activity is monitored every 15 seconds at excitation and emission

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

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

variant protease. The protein is visualized using standard Coomasie blue staining, by
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131:107-117). Substrates fromthe PS-SCLs were dissolved in DVSO

Approxi mately 1.0x10"9 nol 20 of each PI-Lys, P1-Arg, or Pl-Leu sub-library
(361 conpounds) was added to 57 wells of a 96-well mcrofluor plate (Dynex
Technol ogiwgqodee3dss | |y, Va.) for a final concentrati orpcaiuddossosivho

Approxi mately 1.0x10-'0 nol of each Pl-diverse sub-library (6859 conpounds)
was added to 20 wells of a 96-well plate for a fmal concentration of 0.01
pMin each conmpound. Hydrolysis reactions were initiated by the addition of
enzynme (0.02 nM 100 nM and 25 nonitored fluoronetrically with a Perkin

El mer LS50B kutntadiegephyosingpeiid kbalel proteinydr bl Westeni Hlattusing thetappBftiatean and

em ssion at m 4 n says. of .the.serine proteases were . perforned
ot o6 T n antbeRp Rheriiialas i 8 et Gt Bt SRR B
Cad 2, 0. 01%afgetprotedOare exposcti%o ivB@ishf proteassubbd cleavags)evendissagnitofed b dysing st ei ne

prot eases, ' ] . (MaTy i uf fer

Cont ai ni ny 108 e ol Sl fhdme bR RR sBPAGE vied by Buigliib |
EDTA, 0. 01% BYesjenBdot. aviemativcll/BOsélible recemerbeltased msprote@ysidHis ghankifiedbyPr ot eases
with a PI-di % Li brary of 137.180 Substrate Sequences 47 WO 2004/031733

PCT/ US2003/ 0 To test the possibility of attaching all amno acids to
the Pl-site in thEhedagigeaf the mmm eemesisfadidrreieporssaant] 2{(THBRItandlENFiRZ) ar y was

created. The - di . [ o) o pﬁml e

P1- position i@ksﬁéﬁéniﬁﬁgép {sg[eﬁheqqﬁﬁgo%é%ﬂ ﬁ%omgtgs)d %IWFLAA%S 0 aci %E;m xn(‘:i%di ng
cysteine andat hdplmblldgl A EMLIGHO with TR% @] calf3eruar(BCHYand owibatalvsthoerisisst  of
an 5 U0l QtndgheiilorBlondbd, oD Sor el kb o0l B 1B R PINPABO KRS Tl ©
sequences per Well. everal 'serine and cystel ne proteases were profiled to
test the applincubdsioniof Iytoch0 mih k37 "Chprategse finibitorstyeerd afided fofstop e reastiof andike

optimal Pl am Q. ' - . ificity for

| ar ge hydrop%@g%gm(ﬁ%lg%&sw#gii%géﬁwggﬂm'?%%?gﬁgﬁgv@g%ﬁéference for
P1- basi ¢ am no acAlkouginthginvention hpy beepilescriied avithinespect toesppnifid methods of makingasi ¢
am no aci ds L né;nge)s gg,jlé, . DB 1 [
protease to %g%éﬁﬁ-%pcaﬁs%gc%?%i ci tyt?llg%slﬁgf\%g@ﬁgg ig\gt.hlcn(’:t ?%ﬁpﬁéﬂ or
asparti claci cradane changes apd medifiggtionpmachaimade witheut daparténgtfrom the inwentigni di ¢ ami no
acid, Gu. Tr@eﬁ{,ﬂ%ﬁ]{,ﬁe for human neutrophil el astase has the canoni cal
preference for a ﬁyl ne and valine. The cysteine proteases, papain and
cruzain showed t hd-BH48080 cram)ises ingubated ditheaminespreentations ‘Sfp Praieese:i s known

for these enzypRS wekobéilell ROHBNPABE EmpPIS bFFTRAEKEmIHeE b£4 EM% SollyRiryl@hidb Ni ne.
Exanpl e 7. Screening for cleavage of i1 ndivjdual substrates tant proteases

C [
that match twél-&@ss%we@ﬂ@emd@mf%%m@lg}(Ka%akh@ré’P frrned by substrate
librariegsg are asggRy®thdugiHgy ndividual peptide substrates corresponding to
t he

1257 TNF or PMN were incubated with varying concentrations of proteases as above.

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

25  presence of protease inhibitors. Cells were washed three times by vacuum aspiration and 30
uL of scintillation fluid (Wallac) was added to each well. Scintillation was counted on a
Wallac Microbeta scintillation counter. (Adapted from van Kessel et al., J. Immunol. (1991)
147: 3862-3868 and Porteau et al., JBC (1991) 266:18846-18853).

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

point of intervention for treating the pathology; 3) proteolytic cleavage of the protein will
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20 desired cl eavage sequence. | ndividual kinetic neasurenents are perforned
using a Spectra- Max Delta fluorinmeter (Ml ecul ar Devices). Each protease is
diluted to between 50 nMand 1 pMin assay buffer. Al ACC substrates are
di luted wikh haRALe between 5 and 500 M whil e AMC sulsiiab@mspie di | uted
to between 20 and 2000 M Each assay contain |ess than 5% MeSO Enzymatic
activity is nonitored every 15 seconds at excitation and em ssion 25

wavel engt hs of 380 on and 460 nm respectively, for a total of 10 m nutes.
Al'l assays are perfornmed in 1% DVSO. Exanple 8. Screening for cleavage of
ful | -1 ength pikely destroy itsifunctinn. Gleavaga sites wathin target ayateing age wisutifietl &y thet hat t hey

will cleave tgy ext of the
full-length prot“gﬁérﬁ%%d acltglca\}%%n% P‘I’%E&?ﬁ@%#dl{bo{ngﬁh %Eé' assayed to
verify that |1¢<$teﬂmmgmmrﬂ1¢tam d@wdofwednduyeﬂlcbye (zlaeB sﬂeeiavaghelmva),ras The
cl eavage ev It S L& a ng._t.he

%n{e 1§e (hn%f %tgucRXe or%@u%tu pPre on algoﬁﬁh Ehe eq'eg{orr Stgr@ %eal i zed

full-length pro terh varian pro el
usi ng st afdarlecbp€onthe surfach btmo1sinaontailg; ontoyll dﬁfa&@e@@fbﬂs‘ OBtheyBae located at sites

et or o b oyt B 1 A AGUR Mt Taldd of BOLRYLHAEHEL, CLRGE Boulesl

West ern bl ot "using ropri RPernati ve
protein is am@mrswnémkngﬁct@pabhﬂlecmchds»bpr@es&emﬁcuyhd‘matmsayme protein are

exposed to t hor cl eavage event is nonitored by |ysing
the cells angﬁ:(f%ggnsl separ aeﬁlx’%%‘sf}he 1%’?ot ei ns by SDS-PAGB, followed by

vi sual i zat i orilumor Dekibsiy EnatonArok TunidriNecrnasit FugbryReceiter sol ubl e r ecept or

| d t | the t
necr os s actor 1 aukindborofiy BUBECN S bt LR RN, | 10 | OO
t hese t echni quedycedfyandnbgytéssmbcxonbdgescad taphpdytes( mmmcglgMgth at
1x10" cells/ rﬁi'dﬁt&a&f)glm Qz*ﬂer\%ms%é%t&h%cc@@ﬁiﬁh?ﬁ%@f@osﬁm ncubat ed

w th various concentrations of protease t he sta regi on of
TNF- R1 or TNReqptor (\iNFeR1)4nd the pEityzor prgragis factoscﬁcmon{ﬂNFﬁZ) 3TNEplapsot ease

i nhibitors eBtra R rel eased
into the rre\él\ﬁg wasggﬂa??\tl il Q%S{onf;?%ﬁﬂs%&% %@HE@A)N%E)EJ“@% I‘%all nvention

has been l8esmonsatationg ¢f thesypesdym %Mﬂm@oﬁm‘ﬁ%@fb alRgEVeRts ng

enzynes capabb&gf te bRaydios of&ﬁ&%&o-ﬂﬁiﬁﬁﬁﬁ&?'c?ﬁhﬁ?s%ﬂnﬁ% GM-ts inhu&@
apparent that 15 various changesS and

| catlions na eWIt hout
departing fr dhs prRductionefimqialieproteiages seehes exllagampse @QSW’?’XW“’( ang ipsepses kY was

i ncubated wi tﬂ?om&wdnrbﬂdﬁ&m?ms%u% alPbf (R0 b RARSead t&@ﬁ%sssanm&ﬁebﬁu led in
SDS- PAGE sanmpl e buffer and exam ned on a 12% pol yacryl'am de gel. The gels

were dried arRynedestectign. Both typss of INK reqeptprsare %‘Fd from thesell’s gurfage-g 9lPlsg As say .
20  forms that retain their ligand binding ability. These soluble TNFRs can neutralize TNF

activity both in vitro and in vivo, and are believed to act as natural inhibitors to attenuate TNF
signaling.
VEGFR.

Vascular endothelial growth factor (VEGF) is an endothelial cell-specific mitogen

25  normally produced during embryogenesis and adult life. VEGF is a significant mediator of
angiogenesis in a variety of normal and pathological processes, including tamor
development. Tumor vascularization is a vital process for the progression of a tumor to a
stage from which it can metastasize. Three high affinity cognate receptors to VEGF have
been identified: VEGFR-1/Flt-1, VEGFR-2/KDR, and VEGFR-3/Flt-4. VEGFRs are cell

30  surface receptor tyrosine kinases that function as signaling molecules during vascular
development.

EGFR AND HER-2.
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1251 - TNF or PWN were incubated with varying concentrations of proteases as
above. The binding of 125I-TNF exposed to proteases to normal PMN, or the
bi nding of nornmal 1251- TNF to PMN exposed to proteases, was quantified

usi ng sci niyd oad/eaetss Briefly, 105 cells were incubat edpw,bgzoyﬁ(whgg
concentrations of 1251-TNF in 96-well filter plates (MIlipore) in the 25
presence of protease inhibitors. Cells were washed three tines by vacuum
aspiration and 30 gL of scintillation fluid (Wallac) was added to each
well. Scintillation was counted on a Wallac Mcrobeta scintillation
counter. (Adapt edTheé BroB/fainiliketisedptot tyr@dine kihasek 80thpiae fouf heABers: EGFR (HeSH2- 3868

dent 1 11 cat | GHOR? e Beony ek fed b s, Al g ot ot aormelapomes

targeted f or ahld panieigste dndtle funeidningif hermakoels. EdBeteptory) piticildily BGHR @i ng

criteria: r ot ei |s i .o ved. i.n there | sst

evi dence the %&’ﬁ?é‘{) r‘f°ﬁn§1° TtFCLQGCﬁ%PFE‘EaEGB&OPﬁ%I@I\‘}%Im ?af)‘ﬁerf j—f"g‘f”?ng t he
pat hol ogy;5 3)of(BrbB sighafihg &wismgwams ﬁi‘ecﬁahi@m@ ﬁmlﬂiﬂg géhd dmpcl@icamn,aﬂuﬁ&ikﬁsﬂ?,?,

PCT/ US2003/ 03 719 likel estro ts funct on eava e sites,within_target
proteins are TYSHTTPT ELFP 1?55% “sctt"'f t“ié’ﬁasa”e@ ﬁcé?’“%lr%cqvﬁtb"&t%d on
t he exposed sté Ew&e@btowmoﬁMebmdmgbfthélqydeaﬁa growdic ALKE(BGF) kegtsans that are

devoi d of secondar sheets .or . a det er mi ned
by atomic str‘??@‘?’g?%moﬁ’gngﬁ?%ﬁé}bﬂ‘ﬁpét%eeta%v %P&éﬁ’#%ﬁm&@%“gu ons tend
to be 5 |OOpSAI&Iphb§’1bﬁ01ﬁbHitf(EGaﬂﬁse @IBkidhs8ppatiwagd, altikfatedlesdilg to 8¢ll froliferation,
receptor thea/agre Icgcated at sites that are likely to inactivate the
prot ein, ase‘H Yahan, g BIRERET on. O eavage sequences can be four

resi dues in Imghhlp@tmeh'lebb@esx&sended substrate specificity of many
serine proteases, nger, of shorter. . Tunor cr | or And
Tunor Neer os1 o Fadedioivcltavise TG oo RBE STt FIRRE e Shorg lagin Jabl
pro-inflanmathry cytokine that is primarily produced by nonocytes,

macr ophages, and | ynphocytes. TNF initiates signal transduction by
interacting with either of two surface bound receptors, the p55 tunor
necrosi s Wactor receptor (TNF-R) and the p75 tunor necrosis factor

receptor (TNF-R2). !\fﬂr%.?@ aaagecsgg%rgﬁfrse cte d,.ti?kslae ﬁéth&)f SIO| ogy of

rheumatoid arthritis 1 %ons of t he

D

synovi um and synovi al l-e-nﬁ-e-w-t-h- o S
result in the productipn offageher |pr sé‘?ztﬁgcarrrrmagmy cytokmamatlc(nll 1, i1-s,
GwW CSF), induces the l;TFUUE_L, oo nﬁﬁ S A T= CO genase
and stronelysin, and i credBEE the [ erht [°8h 1o\ ﬁ&née\éé? ‘of
osteocl asts; all of thFese ENfeRt s IeadENUKsyn:)th?'ks ﬁ,ﬁﬁnrﬁdtﬁmeﬁggase Hone
destruction. Both typep of TNF reclept grgpar e slaggl | boymdie cell's sdrface as
sol ubl e 20 forns that etar e T ooty bility. These soljubl e
TNFRs can neutralize TNF ahéﬁ%zéll tyl b ?%Fflﬁn % tr%]lga;Fd in vivo, and arje
believed to act as natfral inhibitlorsVEdRattenetake | TNF
STSF stalk
HER-2 KFPD stalk Breast cancer
AEQR stalk
EGFR KYAD stalk | Lung, breast, bladder,
prostate, colorectal, kidney, §
NGPK stalk head & neck cancer
VEGFR-1 SSAY stalk
GTSD stalk
VEGFR-2 AQEK stalk
RIDY loop

20 Example 11. Cleavage Profile of Granzyme B I99A/N218A Mutant
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signaling. VEGFR  Vascul ar endothelial growh factor (VEGF) is an
endot helial cell-specific mtogen 25 normally produced during enbryogenesis
and adult life. VEGF is a significant nedi ator of angiogenesis in a variety

of normal RshaAbdIM300i cal processes, including tumor geygkps®iig Tunor
vascul ari zation is a vital process for the progression of a tunor to a

stage fromwhich it can netastasize. Three high affinity cognate receptors
to VEGF have been identified: VEGFR-1/Flt-1, VEG-R-2/I1 (DR, and

VEGFR- 3/ Flt-4. VEG-Rs are cell 30 surface receptor tyrosine kinases that
function as si gnaIFﬁgnge mbwcﬂieeezluduweioﬂ@mswlﬁdstemﬁhaylaiaeﬂﬁnem apoplolls AND HER- 2.
50 WO 2004/ 031 | US2003/ 0 The Er fam | ceptor tyrosine

i nases conpr PONY SHPRHIRS. Waave BImme b pegieatot b roshorh; | o)
and Er bB4 ( Heand4grineAt lesidiics lesmnﬂﬁedspécﬁvdyldvlﬁmhoxﬂavpdsmpmandaIKiofpart i ci pate
in the functioni f nor tors r ul arly EGFR and
ErbB2 are con%rwg %’SCﬁ?fE’oJEP%?Iﬂ %l?aéﬁe‘%! aﬁ H‘?U%tﬁ?fgéancer

Dysr egul atsi oml&;ﬁofﬁsm&ﬂ@mﬂdzme@e@uﬂs by vari ous nmechani sns, incl ud| ng
gene anplificatio tions creas rece or i rangcr

nutations that i n@?%‘g%ge%ﬂpg&@ﬁy&tfﬂ Oéal i&ﬁ’?ﬁﬁ S‘ngﬁﬁém%‘ §°‘1' ecept ors
t hrough the bseQﬁhn&g thaf is clegved by msmmmsgr@wzmé Bat m&:dﬁdi@ﬁ()-%ﬂa(SBQtID NQO2).

downst r eam si gnal | th u e mto ctiyv in kinas PK) and
The Akt 1 phos PGy P Bieles i i PSS Yo Wﬁsﬁ*{}ﬁeeam ng
to cell prol |P23rPahmDP4 posﬂ:GnsinﬁfPsxsmiliwéry ors-sendbﬁﬁgpmgmrfemm-P?ma_sﬁ i al
ProteolytlcCI vae teol yti I age sites r the proteins
descri bed%abo g‘ﬁ@(ﬁﬁwﬁgl‘% W%h’?%&@%‘%ﬂ% §a’?‘m‘65®§%§e sequences
for selected @e&ﬁa@ate&hpbﬂmbnpspibmdn&amﬁmagﬂt 'Iﬁbmataamomg(ﬂ?tgnrelaﬁjhﬁaéi on
sequence TNF-a AEAK | oo arthrj ti JNFE- t al Crohn S

i Soace. 't Fafnay §efser MPLEY R esio oyt prolipkm i Pt

stal k _ Also, the mutant accommodates large hydrophobic amino acids including phenylalanine and

leucine at the P4 position, where the wild-type generally accommodates only isoleucine and
15  valine.

Figure 4 shows the cleavage of the NH,-FSFDAT-COOH (SEQ ID NO:2) the
caspase-3 inactivation sequence, made up of residues 260-265 of caspase-3, by MALDI mass
spectrometry. The inactivation sequence was incubated with 100 nM wildtype granzyme B
or 1 yM I99A/N218A for 18 hours. The first panel shows the molecular weight of the

20  peptide alone. Shown is a peak representing the correct molecular weight for the uncleaved
peptide. The second panel shows the results of the peptide being mixed with wild type
granzyme B. The peak, again, represents the correct molecular weight for the uncleaved
peptide, showing that wild-type granzyme B does not cleave the peptide. The third panel
shows the results for the peptide with the N218A/I99A mutant granzyme B. Here, the peak

25  has shifted to representing a cleavage product at 538.04, representing a cleavage product of
the appropriate size (538 Da), for the cleaved peptide. The mutant granzyme B efficiently
cleaves the peptide.

Figure 5 shows the results from three individual reactions run on an SDS-PAGE gel.
Three individual tubes containing approximately 50 pM of caspase-3 were incubated in the

30  presence of: in lane 1: buffer only; lane 2: wild-type granzyme B; lane 3: granzyme B
I99A/N218A. Each reaction was terminated by the addition of 2X SDS sample buffer, then

heated to 95 °C, and run on a tricine gel. The first lane shows caspase-3 alone. The second
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VSTR stal k STSF stal k HER-2 KFPD stal k Breast cancer AEQR stal k EGFR KYAD
stal k Lung, breast, bladder, NGPK stalk prostate, colorectal, kidney, head
& neck cancer VEGFR-t SSAY stalk GISD stalk VEGFR-2 AQEK stal k RIDY | oop
20 Exanpl ewidoosdfi?sage Profile of Ganzynme B 199A N218pcikodos1iad VWO

2004/ 031733 PCT/ US2003/031719 Figure 1 shows the sequence of caspase-3, a
protein inplicated in the apoptosis pathway of many cell types. WIld-type
granzynme B cl eaves caspase 3 between the aspartate and serine at residues
175 and 176 respectively. Miutations at positions 99 and 218 of granzyne B,

change the spg,shbwd daypasd-3 with wilditRie@atRyrhsB CTWH@En@QfoWEGﬁp&sB@ vAfd tat e
and 5 al ani ne of reS|du<:ﬁ§ ,@33 and, 264 rﬁ Q tlveliﬁ% shows a
crystal | ogr agi Dot is gble i clea ?’Ié‘ ?R?%’qu on sequence
tT Eat i's C:c eaved bM9A&&MM%ia&£y@gd Baléwmmﬂﬁicuwaedﬂumgﬁfi@spa@‘sa gﬁE@edE NG 2) .
e specificit mut at e ur e W t varyl ng
resi dues at 1"?% 152(5 “f?ﬁ&“’?;?f‘“% O@ﬁcgeaquﬁgﬁv\%@dw W
li brari essinIsgaeNt BAgrkidryiis BR3r stdukGn fxbvhye BoacaGifeiiEer. Vot L dﬂehdhéaw&x and
N218A/ 199A granzyne, B 8#1‘ %he subst [ at specificity at each poagél on is
plotted by afaniued ig 90 ¢fof paspase? 2 %‘FWSHIH ‘S‘E?FP?S%' cliylty napassqye great er
preference fQlapiesyAGDEVDIAMET, Fighé: @Zshaws B biaﬁlﬂowéﬂj’asem &dtivit@ plofledi agfinst
wld-type. Al soygtg%ei tant accqommdates | ar

obi ¢ am no i ds
i ncl udi ng ph %Bd?aﬁlvaéeldcf"ﬁ’ése ‘Tytl‘i’ ﬂ“‘ I\M%é‘l‘t@‘ti'hgﬁﬂn | d-type
gfner ally ?C@ﬁmmd@]ﬁsh 8 FSFg%_brmg%gjh bk i3 fora fhen cdh'&ouaduldﬁtﬁnot Ezh@lﬂlieﬁ:fﬂct&m% the
cl eavage the as acti vation
sequencel 8 W"éf’“l"%@?ﬁ?@é’“‘?ﬁ’@%@? 5@%&?‘{5?@ gl?n}'j'o &£aspase-3
spect VOWE'I[BFYactWit?w snag%Numgggmf&mu ; %msainrmgib@mdvmﬂhtﬂ@&esamewl dtype
granzyne or or our
mol ecul ar wei“tfHM™ g{aﬂ@'“fggl?@?‘i"ﬁ‘gmﬁg' E‘ﬁﬁ’ﬂﬂ’ |"§id; ‘g'zyn#aé‘ﬁﬁg?%ﬁ?ﬁxng t he

correct nol ecelhtie toveongbl. for the uncleaved pepti de. The second panel shows
the results of th'?héaeg)tlde belengwasgﬁsoe uveu\lei'u%ltmgcaspase%acuwtyand

15  apoptosis in cell lysates containing caspase-3. In Figure 7A, indicated amounts of

199A/N218A granzyme B was added to cell lysates and incubated for 18 hours. Caspase-3
activity was then assayed by adding a fluorogenic substrate (Ac-DEVD-AMC) to a final
concentration of 200 uM. At low concentrations the mutant activates caspase-3 by cleaving
at the activation sequence (SEQ ID NO:4), but at high concentrations it inhibits caspase-3 by

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

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

30  type granzyme B was added to cell extracts in all samples, with or without increasing
concentrations of I99A/N218A granzyme B as indicated in Figure 7B. As shown in Figure
7B, the mutant granzyme B antagonized the effect of wildtype granzyme B to induce
apoptosis by inactivating caspase-3. Figure 7B shows a graph with the fraction of caspase-3
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granzynme B. The peak, again, represents the correct nolecular weight for the
uncl eaved peptide, showing that wld-type granzyne B does not cl eave the
peptide. The third panel shows the results for the peptide with the

N218A/ i 99AwBS bz 13anzyme B. Here, the peak 25 has shi ptpfisiofsssgpoesent i ng
a cl eavage product at 538.04, representing a cleavage product of the
appropriate size (538 Da), for the cleaved peptide. The nutant granzyne B
efficiently cleaves the peptide. Figure 5 shows the results fromthree

i ndi vi dual reactions run on an SDS- PAGE get. Three individual tubes

cont ai ni ng apgstiviky wittt elrgingépnpdvitrations efipetan ghnswne inrtbepraseack ofr10Q hid wildo

presence of: | | ane 3.
granzyne B 19 %%BEggmﬁgerg%p}ggﬂmﬁa@% rgsro&m#a t%%"’?% égs‘lf’?l on of 2X
SDS sanpl e budctiety, detieased bélewttedevebit 98s i€ thegpmatence of wild-typt giaozyne Bydbne. The fi r st
| ane shows caspase-3 al one. The second 52 WO 2004/031733 PCT/ US2003/ 031719
| ane, shows caspase-3 with w | d- typegg ZVERTE The third I ane shows
caspase-3 with the mutant granzynme B. e mut ant is able to cleave the
smal | subunit of casp e-3, 199A/ N218A granzyme B cl eaved, and_ jnactivated
full 1ength caspaditheughparicplagembogdiments bavebeerxisglosgdherip n dotailethis hag heem o

pr ot ease, 100ddﬂ%9$vayu>ﬂdiaﬁdﬂe f&@a@amlﬁusueﬁonlonm amd 1k AQAGREIRLE £ 1R B for

18 hours in granzyne actl Vi {L/&Bbuff of _each reaction was diluted

in 90 pL of cYiihtgspectdo theiseqpe el the apnen dahanseyelﬁawoy 4R parqulay, ipds s assayed by

cl eavage of A@onQEa\g!Bteawtheﬁh@ufoes tﬁﬁv&ﬁ&\é\@abﬁut@ﬁcﬂ@ hulierati G Sdid Bvddicaionk by Y
plotted against tine. A/ N218A grapzyne i nact i vat egftﬁ spase-3 to a very

| ow | evel of ‘?;thf‘?‘\‘?lt‘{';be“W‘Ft{?““ﬂ ‘\gdﬁﬁ"%ﬂ%ﬁ?@@ AR ad Seope ioxenlign a8 pr e t han
control, m#th aisﬁdecﬂsgtm@amﬁlst flraeaiofgeefscfeb;giég hbvﬁocﬂ,grd\?ﬁ@éﬁf];f&]asor ﬁ&a@&ﬁp&fﬁe 3
act|V|ty [ o shown_in Figure ere x_of c as ctivity
is shown derlé"é‘ﬁ"eflrt‘b et gt guting feas@mafqrﬂnw&aﬁgl%ﬁ YRR ERedenel
presence of {hbembadiBétits saibeyhieil? OtherugpiicR)ddvaitaley, aA€modifivdtivhedosiddial

wi | d-type only halyes the Vi el.ative to control. The nutant granzyne B
was al so ef f ePPEVERIRhg s5ppas °rf§ﬁ%§§)%\%"é183 activity and 15 apoptosis in
cell lysates containing caspase-3. In Figure 7A, indicated anmounts of

| 99A/ N218A granzyne B was added to cell |ysates and incubated for 18 hours.
Caspase-3 activity was then assayed by adding a fluorogenic substrate
(Ac-DEVD-AMC) to a final concentration of 200 pM At | ow concentrations
tt?e nutant activates caspase-3 by cleaving at the activation sequence (SEQ
ID NO 4), but at high concentrations it inhibits caspase-3 by 20 cl eaving at
the inactivation sequence. Thus, 199A/ N218A granzyme B i nduces apoptosis at

| ow concentrations but inhibits apoptosis at high concentrations. Figure 7A
pl ots caspase-3 activity against increasing concentrations of 199A/ N218A
mut ant granzyne B. As the
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concentration of the nutant granzyne B was increased in cell |ysates, the
caspase-3 activity decreased. 25 Apoptosis was induced in cell |ysates by
addi ng 100 nM of wildtype granzyne B, which activates caspase-3 by cl eaving
at the activation sequence, with or without the indicated anmount of

199A/ N218A granzyme B, and incubated for 18 hours. Caspase-3 activity was
assayed by cl eavage of Ac-DEVD- AMC. Data was nornalized for the background
caspase-3 activity induced by the 199A/ N218A granzyne B. 100 nMof wild 30
type granzyne B was added to cell extracts in all sanples, with or wthout

i ncr easi n&‘y HATIS GLABMEDRES: of 199A/ N218A granzyme B as indicated in Figure

7B. As shown ip Fi qwrﬁeth&ﬁof id@ﬁt@ﬁpgtagtmcgﬁ@azgnaaé(a%agaeavésq duBGird f ect of

wi | dtype granzyme B to I nduce 0SI S ctivating caspase-3. Figure
7B shows sequenspln arget progeifiycootprismgof caspase- 3 53 WD 2004/ 031733

PCT/ US2003/ 0317 ryin cen at| of mutant granzynme B
1 the. pr esendsoSteiBGh thelo bles SVladdn SRACRBnbRArRI i p e
concent r atutatisn of mmatiems in @rseaffoldprafeasé;he caspase 3 act| vity decreased bel ow
the level it was in the presence of wld-typ B..al one. EQUI VALENTS
5 Al t hough parPFaSHIing the 35bHy 0 SPReilicity o8 RO DT oSS O e HGRT 18 HetldR®i |t hi s

has been dQmsirhi s g\@énégalﬂxarrpl e for pur poses of illustration only, and is
not intended to be mting wth respect to the scope of the appended

cl ai ns, whi ch ifentifping thase mmbecw%mhe library that baveeampinercasgd (jeavaas activight or s
t hat vari n ficatio made to
dfor S§AQ§#IE}{JF de sy b?trr]égtg e&%hthe%bg H%)ngff i § 3 hodt ﬁemheggeﬁﬂ .

the i nven scope 0 vention
as 10 def whadmbb{e tabget pﬂoaalms mirdieed,\hmh clecaoiesscdi@esm digatieldged, protease

scaffold, or brary t hel jeved.to be a matter of routine for a

per son of or dli;nary ﬁ?‘%&e“i’%"fi%@"‘aﬁw\{\ﬂeﬂ% know edge of the enbodinents
described herepp actglf}ea{nd?’o?rgﬁ%ﬁcntyagfvé’d&h%ﬂ&%er%Whéms'ﬂaif 8 fdgnRd dered
to be within the scope of | owm ng cl ai ns AIMED IS 1. A

met hod of avethganrtiyityry tie lyaiyt bl pr ot ease(s) that cl eaves a substrate
sequence in a §arqekinds OL L fle: SAITBILS W0:ha0L QVGLAD Rl d BT A6y Pl Rrot cases.

wher ei n each nenber rary conprises a nu a ions in a

scaf f ol d gpecifieiry eomprediorthaigverdpe aativityvifltye kbreryor speC| f| ci ty of each nenber
of the library_in cleavi e substrate sequence and; identifying those
menbers of the>li erW?tR‘gd ‘%fg'i‘}@ b eFP(‘:'P eased cleavage activity

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.

4. A method of identifying a modified protease(s) that cleaves a substrate
sequence in a target protein, comprising:

producing a library of proteases, wherein each member of the library comprises a
mutation or mutations in a scaffold protease;

measuring the activity of each member of the library in cleaving the substrate
sequence;

comparing the activity of each member of the library to the average activity of the
library; and

identifying those members of the library that have an increased cleavage activity

for the substrate sequence compared to the average activity of the library thereby
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and/ or specificity for the substrate sequence, thereby identifying a
nodi fi ed protease(s), wherein the target protein is involved wth or causes
a di sease or pathology. 2. The nmethod of claim1l, wherein: the activity

and/ or specificity of each nmenber of the library is conpared to the average
activity of the library; and the identified proteases are those that have

i ncreased cl eavage activity and/or specificity conpared to the average
activity of the library. 3. The nethod of claim1, wherein: the activity

and/ or spegjEd it . e - { | i ks Ss
w1 ot yporehdty Pl B BEERRIO et HE b bRy 1B ORRELEH o Bl
have an i discasasephtlcdlegvage activity and/or specificity conpared to the

br ot cases) it ol Di/mEnas af et aPine T st T mathrad e F e

conpri si nge cysleRpedtdted |1 brary of proteases, wherein each nenber of the
library conprises a_ nutation or nutations in a scaffold protease, measuring
the activity of. eachhemmpthed obfny REclaimy kdy wherein thgwwumbpex pbmatabiony it @

sequence, sc%ﬂ%a;{/r&g?setiﬁgliﬁﬁ%}’sis@égt%é rf]rgﬁ:f%édr@”ibﬂs 8f1olig 1bidgrary to the

average activit rary; ifyi'hg those nmenbers of the
i brary that have &rhe metheds€dny bf alamye1-dc vhereinythe fnambehef mutasivfieiinea sequence

conpared to e average activity of the library thereby 55 identifying a
roar T ed peobRaEes S0GABRE I theld SPBamiRde e h Y S S bS8 (h ik 16 cauces
a diseaseq,qs, pR1h0180GY and20.The met hod of any of clainms 1-4, wherein the
modi fied protease is a serine or cysteine protease. 6. The nethod of any of
clains 1-4, wh&rein Theemathodeof ay efitctaimsrisd,i whereins ghef seaffeldpraiesseds i n a

library i gée -5 5 .and - 20 q] d of any
of cl ai rrs§e1$c ,d %@%&%&W%@OQP%%?E% lg?\lg’ f“%gﬁg‘?‘s@ga?‘?‘b’?ag?% ease in a
| i brary i sriseey platmathogérogotianton (WPR ), ssudpladminbgerGactivatoB(tPA), Mdinbrade, tyg®, 13,
14, 15, 16,. 17, 18, 19 ,g})d 20. 8. The nethod_of an OLIC ains 1-4, wherein
the scaf f ¥irie proseased dMOP-Lo pEr0EYES f SHNABAHE: gw&m, HRFHSE PPBR
substi i spdpaini, MeRtFBpHI PdsBREN Plasth@AlaflikrefR: coMpleRRhY fRkérS BRI Brbi&ASds vat or
(uPA), tissue plasm nogen activator (tPA), nenbrane type
ADAMTSI13, neural endopeptidases/neprilysin, furin and cruzain.
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 and asthma.
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 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), interleukin-1 receptor (IL-IR), interleukin-2 (IL-2),
interleukin-2 receptor (IL-2R), interleukin-4 (IL-4), interleukin-4 receptor (IL-4R),
interleukin-5 (IL-5), interleukin-5 receptor (IL-5R), interleukin-12 (IL-12), interleukin-12
receptor (IL-12R), interleukin-13 (IL-13), interleukin-13 receptor (IL-13R), CCRS,
CXCR4, glycoprotein 120 (gpl120), glycoprotein 41 (gp4l), 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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serine protease-1 (MISP-1), granzyne A, granzyne B, granzyme M el astase,
chymase, papain, neutrophil elastase, plasma kallikrein, conplenent factor
serine proteases, ADAMIS13, neural endopeptidases/neprilysin, furin and
cruzain. 9. The nethod of any of clainms 1-4, wherein the disease or

pat hology is selected fromanong rheumatoid arthritis, sepsis, cancer,
acqui red i munodeficiency syndrone, respiratory tract infections,

i nfluenza, cardiovascul ar di sease and asthna. 10. The nethod of any of

clainms 1- i Bril el |
sur f ace  noY LA SRS EAAh R PIFURY il ampP eREHR dactor (ORI RaR mfify
prol i f er agiowith faxtqry(ﬂﬁﬁ)né’EC&Fcﬁm nder2 e€ERN 0 CXCRY GCR2,g%ral Akt Bul-df ei n t hat

r egul at esp ~3popt thod of any of clains 1-4, wherein the
t ar get progg‘%&rgigks %%ézd‘m am)ng caspase-3, tunor necrosis factor

(TNF), tunmor ngxrosTig thehbdof dirﬁ/Ccﬁmlainlhs 1{4] WhBein thetarpétepidtein-id ifvolved Jin
i nterl eukin- I [eceptor (IL-IR), interleukin-2 (I1L-2), interleukin-2
receptor fHOPISE)  interleukin-4 (1L-4), interleukin-4 receptor (IL-4R),

interleukin-5 (§ L-Sphe hith6d Bfe&éﬁhﬂrﬁMh@&ﬁ%@iaréét?roﬁgths éaaga%ebeuk' n-12
(IL-12), interleukin-12 receptor (I'L-12R), interleukin-13 (IL-13),

i nt er | euki n- 1314.ecepreomethpd of 8RIm 2QEREKIM TR tHeyastipity ard/or S_pzciﬁ(:'@pl 20),

| ycoprot g I CD4,. .hemm |rat [
(RS usfbfhe et phouss e s FERER b L 1 o 8 Gl oot Bt £
receptor (009ER)d. CD2, CD3, CD40, vascul ar endot hellal growt h factor 56
(VEGF) , fIbI’Ob| ast _ﬁ_[owth factor (FGF), R_Edermal quowth factor (EGF),

t ransf or mi ng crmethgd of vlafm 4, Weherein thegefivity g the identified pretpgse IvcRp,
Src, Akt, m@Felaseab aBfeBstAL fol et 1661K18 o@'afjleﬁs@‘foéo fo}d. The method of any of

clalms 1-4, whereln the target proteinis involved in apoptosis. 13. The
met hod of cl ai .12, Therraetbodhof dney Otfalag'eslﬁrfméctrponmrksmgpb@s;efs of14. T he rret hod

of claim2 or ¢lai.m wher ej V|t for

Pt f1eq or drgule o HEhakIndiier a6t i piole ARUREy ARRERL] BihinrBised 07 o,
at | east cl&ﬁ&@eﬁ@iv&yaﬁdﬁ’orﬁ&am&yhod of claim4, wherein the activi ty of the
identified protease is, increased b | east 10fo|d at |l east 100-fold, or
at | east 1000-$agrtaning ghe mygatiops 106 éqst ieptified profgase withythermuiations Qfctpr i si ng

the stepsspnd ldgﬁtm@dq}r&gasEWF%UMﬁlrmﬁfeﬁ PbtedRCardr Ot €ase |ibrary
identified wth increased eavage activity and/or specificity; conbining

t he nut ations rdﬁntxfymgr\shethqjethcwbmémapomtpe@mew tchmbined repecificityn protdase

that has increased cleavage activity and/or specificity for the substrate sequence.

17.  The method of any of claims 1-4, wherein the steps are repeated iteratively
to create a variant protease having a desired specificity and selectivity.

18.  The method of any of claims 1-4, further comprising testing the identified
protease for cleavage of the target protein comprising the substrate sequence.

19.  The method of claim 18, wherein cleavage is monitored by SDS-PAGE.

20. The method of any of claims 1-4, wherein the activity of each member of
the library is measured by a method comprising:

contacting each member of the library with a sample containing the substrate
sequence comprising a fluorogenic moiety, whereby cleavage of the substrate sequence
by the protease releases a fluorescent moiety;

measuring the fluorescence in the sample; and
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second identified protease to produce a third nodified protease; and

i dentifying whether the conbi nati on produces a conbi ned specificity protease
that has increased cleavage activity and/or specificity for the substrate
sequence. 17. The method of any of clains 1-4, wherein the steps are
repeated iteratively to create a variant protease having a desired
specificity and selectivity. 18. The nethod of any of clains 1-4, further
conprising testing the identified protease for cleavage of the target

protein conpri .09 d. o .m.18,
wherein cl eavagdégﬁéﬁgr}%r}}?l?gfgﬁa%& %%@%%%@S algﬁt?&?lﬁ%%t ot EJ?&JS%HE& cl ai s
1- 4, wher whereinttbe dete¢table ghafge énarhindieati@r ofthe ptekenck iobrmeyzymmtinalsastiedd by a
nmet hod co risigﬁ' cogtagtin each nenber of the library with a sanple

cont ai ni ng}g’f“r‘?@e HierSphitRte ¥gihtice conprising a fluorogenic moiety, whereby

cl eavage of thg].subBlid dlethod ULIME20, Byhekdif the BLiGRSRnESseAeRSred singos escent
noi ety; neasuring the fluorescence in the sanple; and 57 observing whet her

t he sanpl Buerametesdyyimabiasraction ot by Heing a fluprepdeney micERseeRE:  wherein t he

det ect abl e chagpge i, hBgl i r i |y
active protea%% for t gmsugg?%é?gogéahgﬁggi@§§Eﬁ$hghﬁggﬁgg%§: cfg?h120,
wher ei n t hspafticipostesse encysteire pre@aser #ohetaioprgtease, bt aiserinptatease by vi sual

i nspection, or,py in fl yoresgcence Jm croscope. .22. .The t hod of claim
20 br el i m 9125 wnetie fiefnd oh gt SR G euiR SRR HoGh. f AP s, - a
cystei ne pisplagdbRry.a netal | oprotease, or a serine protease 23. The nethod of

any of clainms 1-4, wherein the library is a protease phage ﬂisplax library.
24. Use of a wt4-d- tYsseoha stildsiype penigase spmprigingnatmutation 6F Mytations.onshe i n t he

preparati P%gz%ti&l 6@%8&%} FQ@lirehdi %ﬂﬁn@wﬂ% gaﬂalop%twhe@em:at hol ogy,

wher ei n: protease 1s fornmulate radmnrstratfon 1 n an anmount
sufficient to thegaotease istfamgadted fartadmmnistredion iis an amolineni findiertt to hieayead hol ogy.

25. The use of cl.aiym 24, erei.n. the, number of nmutations is selected from
among 1, ?pggﬁ@?ggﬁd“%@@ .“&%@pnggﬁge_of claim24 or 25, wherein the
pat hol ogy is s®§ ectEgh fidesh ARHBNYM, WRRLIABRAO hemBért &¥ hlifalonsSERBiebted FRACE

acquired innunodeficiengg ééndrone, respiratory tract infections,
i nf 1 uenzaameng Hiloyastlead 1¢28ease, inflammation, and asthma. 27. The use of

any of any of gf ai MphZikeaRclafl 4D s! Rfier@inIhé Patfiology & Sfictédron? LAbEASE-

rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency syndrome, respiratory
tract infections, influenza, cardiovascular disease, inflammation, and asthma.

27.  The use of any of any of claims 24-26, wherein the protease is a serine
protease.

28.  The use of any of claims 24-27, wherein the target protein causes the
pathology.

29.  The use of any of claims 24-28, wherein the patient is a mammal or a
human.

30.  The use of any of claims 24-29, wherein the target protein is selected from
among tumor necrosis factor receptor, interleukin-1, interleukin-1 receptor, interleukin-2,
interleukin-2 receptor, interleukin-4, interleukin-4 receptor, interleukin-5, interleukin-5
receptor, interleukin-12, interleukin-12 receptor, interleukin-13, interleukin-13 receptor,
p-selectin, p-selectin glycoprotein ligand, Substance P, the Bradykinins, factor IX,
immunoglobulin E, immunoglobulin E receptor, CCR5, CXCR4, glycoprotein 120,

glycoprotein 41, CD4, hemaglutinin, respiratory syncytium virus fusion protein, B7,
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28. The use of any of clains 24-27, wherein the target protein causes the
pat hol ogy. 29. The use of any of clains 24-28, wherein the patient is a
manmal or a human. 30. The use of any of clains 24-29, wherein the target
protein is selected from anong tunor necrosis factor receptor,
interleukin-1, interleukin-1 receptor, interleukin-2, interleukin-2
receptor, interleukin-4, interleukin-4 receptor, interleukin-5,
interleukin-5 receptor, interleukin-12, interleukin-12 receptor,

i nt er | eukgpog 3cpanicedl, et Nebdof e&s@ﬁ’l&lprendotlﬂb'lﬁ?!gﬁﬁhh nﬁacth,SeiE@Ft }e@eptor,
gl ycoprotein 1igand, Substance P, the Bradyki nins, factdr [X

i munog! ofiboblastE grawthufastpro F@E ned@pioac epdatheliaC@mowthCemer, EFGE cispenterei n 120,
| byt " P oo ; . s
oo, Erorbine g GBI, BNy Ry e AR e Rt b

factor, VBCR-ABCglntagon syithisedinaasB, gikedahd Edked.or, FGF receptor, endotheli al
grow h factor, EGFI&ece tor, nsform n romh factor, TG- receptor,

tr .
SR, CxCre, CiRe, ArEshiRe Bogplpeptiaces [1Singy | OBE aRfo PO&S/ MBS i rfase- 3,
cdk- 2, angospibifrstlectdd | _oﬁa%Wl@m@hb{@mbﬂgyg%ﬁh%ﬂ% e or nore

mutations at a position selected from anong 192 and 174 by
chynot rypsi n ndérberTheggrapzymer e pglyaeptideeoiBclpion 3 epthieriin dhe augating Bre wher ei n

t he nut at | a | ect f g , , ) A, 8T,

NoTav, R SIRTedRG ARG G, LR S09R0 NARR. NARE, NARE, RERRIBET S o

cl ai m 32, Yiuex eind 1TdVrut ati ons are sel ected from anong 199A/ N218A,

R192A/ N218A, and 2E/ N218A. 34. A conpositio C rrisjng a pol ypeptide 95
% i dentical to ne i AEnaYTe B oalypenitds fclgvraﬁzye@%mm gfiopp gire

pol ypept i gfediastréin BMbAg I99A/ND1 84, R 1BAINSIRA,, @hd RPOAI/NR P, 171, 174, 180, 215,
192, 218, 99, 57, 189, 190 or 276 by chymotrypsin nunbering. 35. The

conposi tion of 34l ai Ancgmpositien, epmprisieg arnelapenside 98 % glgntieal imbeapaasidt  wi t h
al ani ne - ale gk tdroftaRme B hHerett RRY AL AHEE RS SeH b i R HUBE RS oPOST LT O
positions 171, 174, 180, 215, 192, 218, 99, 57, 189, 190 or 226 by chymotrypsin

numbering.

35.  The composition of claim 34, wherein the mutation is isoleucine replaced
with alanine at position 99, and/or asparagine replaced with alanine at position 218.
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